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High sensitivity marks the Superba Short-Wave Set
for A-C operation. See pages 12 and 13.
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SHORT-WAVE

their pocketbooks.

~ROCKETL-~

ONE TUBE BATTERY-OPERATED—\
RECEIVER

Described by Herman Cosman In last Issue of RADIO WORLD
Kit inctudes 4 coils (I5 to 200 meters)

SPECIALLY designed for inexperienced The panel of the receiver
youngsters wishing to explore the short contains three controls, one for
wave spectrum without overstraining regeneration control, one for tuning and one for

The tuning range of this simple set is unbe-
lievably surprising. Many distant stations and

filament control,

Only a few hours are needed to completely as-
semble the “Rocket” one and have it recéiving
with unerring accuracy.

As a GIFT

with a Subscription Order—

A Test Oscillator
Accurate to 19!

domestic short wave

stations are audible
with a good head-
phone and aerial.

Requires one 230
screen grid two-volt
tube, two 1%-volt
dry cells, and one

c
POWERTONE PRODUCTS USE | in¢

ammariund

PARTS EXCLUSIVELY

! kit,  Includ-
blue - print and

four

coils ... 33.95

Wired and tested, $1.00
extra,

Set of batterles for
““Rocket’’ One .§1.39

45.-volt “B” hattery.

Sylvania 230 tube. .70

TRY-MO RADIO CO., INC,

POWERTONE POWER-
= Universal | Handy | TONE
A.C.-D.C. klrgveasacl
. ’ .C.-D.C.
Short-Wave | Servicemen's | short-wave
Receiver Converter
On the first trial, Manual (Deceibedy
it received Mel- WORLD
bourne, Aulstrghlg Regularly, Nov ‘
 —over 11, ’ ’
l;liles é§°m B Full ofll::?onant 1.
ork ty. Work
tiom, orks on
Ut;egl %-‘;13 1-78 Ui all re-
an 6 new i
) 179525 tabe. 2 c celvers.
. ammarlun
:iasrts aggoto 1? fine performance. Tunes from ﬁ%‘liii the short-wate band from 15 to 200
to meters. Housed 1in an attractlve walnut cabinet.
Kit of parts, 4 coils, cablnet ss 9 Cppy FREE “omplete kit of parts, instruc-
and Instructions. ....coe.coee (] with each kit ions, 4 colls, less tubes.... $4o95
Kit of Sylvania Tubes ....5$3.25 sold. Kit of tubes....$1.25 Cabinet...... $1.00
Wired and Tested. .. 6000 2.00 extra Wired and tested................ $1.50 extra

Dept. RW, 85 Cortlandt St., New York
Branch: 179 Greenwich Street

Complete

BARGAIN
BASEMENT

condenser to a
Broadcasting Station.
rHeadquarIers for SERVICEMEN. EXPERI-
MENTERS and DEALERS at lowest prices In the

Everything in radio, from a

city.
Ask for STEVE. Write for catalog.
Ltsmk for the NEON SIGN BARGAIN BASE-

MENT,
POWERTONE AC-DC LONG-SHORT WAVE
SET, complete with Sylvania Tubes—$12.95.
Using HAMMARLUND parts.

TRY-MO RADIO CO.

! 179 Greenwich St., Dept. R.W., New York

COMPLETE TUBE CHARAC-
TERISTICS WITH SOCKET
CONNECTIONS
In Radio World dated Sept. 9, 1933. 15c a copy;

start your sybscription with that issue. Radio
%{’orld. 145 West 45th St., New York City.

ANDERSON’S
AUTO SET

Designed by J. E. ANDERSON

FOREIGN RECEPTION
ON 6-INCH AERIAL

This pew suto set 18 the most nensitive enr
tecelver we have ever come across, Mexican and
Cunadian ststioms were tuned im from New York
City oo a 6-imch aerial. The eircuit. an 8-tube
wuperheterodwns, with automatie volume control.

The 1 parts, imeludi set ehassis and
sot shield, battery box, remote ecomtrol. battery
table, all condensers. resistors and coils, speaker
with shielded cable; and a kit of RCA tubes (two
239, two 336, two 1237, one 89, and one .85) are
tupplied less perial. Cat, 888-E 13...... 434,

Wired model, licemsed by BCA. with eomplete
equipment. less aerial, but imcluding B
Cat. 898-W

Hennessy Radio Pubs. Corp.

N. Y. Ciry

143 Weat 45th St

HE ONLY BOOK OF

ACH turns chart for s

HE new model 30-N Test Oscillator produced
I by Herman Bernard has heen improved by
custom-making each coil to an inductance ac-
curacy of 0.01 per cent (one part in 10,000), and
using a non-warping etched metal scale, so that the
guaranteed frequency accuracy is better than 1%.
Bernard Test Oscillators are the only low-priced
ones that carry any accuracy guarantee.

The features of the Model 30-N oseillator are:

(1)—Works in a.c. {any frequency), d.c. or B
batteries, 90-120 volts, requiring no separate
excitation of filament, hence 1is universal.
Models for 180-240-volt use obtainable.

(2)—Has frequency calibrated dial, for lining
up intermediates and broadecasts, 135 to 1,500
ke.

(3)—Contained in black crinkle
cabinet, with TFormica
copper foil backing.

{4)—Constantly modulated in any and all uses.

(5)—Oseillator proper is isolated from cabinet,
output 1s isolated from both oscillator and
cabinet, and line is fused. Tllustration above
is one-third actual size, 5 x 5 x 3 Inches.
Weight only 3 lbs.

{6)—Oscillator ready for use when received.

(7)—Guaranteed frequency accuracy under gll econ-
ditions. 1%. Calibration not disturbed by
tube replacement.

The Model 30-N will be sent prepaid in United
States or Canada, with tube Inserted In socket,
and direction booklet enclosed, on receipt of $12.00
for a 2-year subscription for Radio World (104
issues, one each week, at regular rate), plus $1.00
for the specially accurate callbration, total $13.00.
For 180-240-volt use, Model 30-ND, $12.00 for
subseription, plus $2.00 -extra for precision and

finish metal
top panel having

for special voltage, total $14.00.

RADIO WORLD

145 West 45th St.,, New York, N. Y.

Quick-Action
Classified

IT8 KIND IN THBE
““The Indue-
entirely

1t

d s of any h
ultra frequencies to the borderline of sudie fre-
:L%l::?m All one bas to do is to read the charts. Accurscy
to 1 pcr_‘cenl. nay '!r’l‘ attained. ;l hh.tbo ﬂ{l.! MPQ “t(x:t any

system 3 It very
high accurscy snd st the same time covered such s wide band
of frequsncies.

A condensed chart in the book 1itself gives the relationship
between frequency, capacity and inductance, while s much
larger chart, issued as & supplement with the book, at pe
extrs charge, gives the same information, altbough coverisg s
wider range, and the ‘‘curves’’ ere straight lines. The con-
densed chart 1s in the book so thst when one hss the book
with him sway from home or lsboratory he still bas sufficient
informstion for everyday . while the supplement, 18z 30
inehes, f5 preferable for the most of

ip chart (either ome), the required
o e tize and osuistion of wire, ‘84
consultant. The 1 an salation o .
manmour of the tubing on which the coll 1s to be
wound, ire selected by the user, and by referring to turns
charts’ for such wires the number of turns on & D
diameter for the desired inductance 1is ascertained.
Thers are thirty-eight eharts, of whieh thirty-six cover the
aumbers of turns and inductive results for the various wire
sizes usad in commercial practice (Nos. 14 to 327, a1 well

as the @ifferent types of eov-

smeters. of %, %, L .
, 1%, 3, 3%,
;%: oy inches.

2% and S 145 West 45th Street

“The Inductance Authority”

By EDWARD M. SHIEPE, B.S., M.EEE. e irt:Tuistionship one_ind

given wire has a separ-
ate curve for each of
the thirteen form diameters

a frequency-ratio ehart, which
gives the frequency ratio of tuning with any inductance,
using any condenser the maximum and minimum capacities of
which are known.

The book contains all the necessery information to give the
final word on coil construction to service men engaged in re-
placement work, home experimenters, shori-wave enthusissts,
amateurs, engineers, teachers, students, etc.

There are ten pages of textual discussion by Mr. Shieps,
graduste of the Massachusetts Institute of Technology and of the
Polytechnic Institute of Brooklyn, in which the comsiderations
for accuracy in attajning inductive values are set forth. These
include original methods.

The curves are for close-wound jnductances, but the text in-
cludes information on correction factors for use of spaced wind-
ing, as well as for inclusion of the coils in shields. The book
therefore covers the fleld fully and surpasses in its sccurscy
any and all hanical aids to i values,

The publisher comsiders this the most useful and practical
book so far published im the radio fleld, in that it dispenses
with the grest amount of computation otherwise necessary for
obtajning inductance values, and disposes of the problem with
speed thst sscrifices no accuracy.

The book bas a flexible colored cover, the page size 11
9 x12 inches and the legibility of all curves (black lines oo

fleld) 1s excellent.
white GRIGITAS 8 Send $4.00 for 84-week sub-
seription for RADIO WORLD
and order at. PIA et

RADIO WORLD fr, T st oS

New York, N. Y. Cazsds

www.americanradiohistorv.com

Advertisements

Te a Word—$1.0¢ Minimum

TELEVISION MOTORS, Discs, Tubes, etc. Con-
C. Denney, R. 2, Bo

fidential prices on request.
286, Norfolk, Virginia

DEALERS, SERVICE MEN AND AGENTS.
Latest Crusader Midget Radios, $5.85. Write for
Distributors,

full  particulars. Chicago Radio
1325 S. Michigan, Dept. 22, Chicago.

NEW RADIO AMATEURS HANDBOOK, 180,000
words, 207 illustrations, 218 pages (10th edition,
issued 1933). Issued by the American Radio Relay
Radi\t; World,

League. Price, $1.00 per copy.
145 West 45th Street, New York, N

“AUTOMOBILE REFINISHING,”
professional refinisher.

pages, 41 illustrations. Price $1.50.
WORLD, 145 W. 45th St.,, New York City.

by C. E.
Packer, Member of S.A.E. For the car zwner and
| A practical handbook oa
the materials, methods and equipment used. 148
RADIO

MODERN TUBE INDEX, all tubes, all the dope,
all manufacturers, socket connections, everything.

Sheet 21 x 27 inches. Price
WORLD, 145 West 45th Street,

Most complete of all.
25e.
New York, N. Y.
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Foreign Reception

Guaranteed

on New Superba Short-Wave Set!

T took nine months for us to
develop the Superba Short-
Wave Set to the point where
it gave such eminently satis-

HE circuit is a seven-tube
superhetérodyne, using two
plug-in coils for éach band,

factory service that it actually
outclassed in performance short-

total four bands, or eight coils.

wave sets selling at three times
the price. Here at last is a low-
priced set that can be matched
against the best and most ex-
pensive and that will pull in a
raft of foreign stations any time
they are receivable. The only
request we make is that you
don’t expect that the set will
bring in a station not on the air

A separate 56 tube is used as
oscillator, while the modulator is
the most sensitive of them all, a
57. The reason for the separate
local oscillator is that the degree
of coupling can be controlled in
the coil design, hence most
astonishing delights are experi-
enced even on the very highest

when tuned for. Other than that,
the world is at your feet. More-
over, WE POSITIVELY GUAR-

frequencies, around 20,000 kc,
when not only low-priced short-

ANTEE FOREIGN RECEP-
TION, for this set is red-hot,
and you’ll be overjoyed with
results. We were, yet we aren’t
given to enthusiasm even over
our own products unless they
run rings around competition.

The Superba Short-Wave Receiver is Compactly Arranged and

Has Parts Effectively Distributed, So That Self-Oscillation is

Completely Avoided at the Amplifying Levels, and Reception

is as Quiet as is Consistent withs High Sensitivity in a Short-
Wave Set.

wave sets usually play dead, but
even high-priced ones drop a
few buckets of sensitivity. Here
the sensitivity stays up. The
sensational 2A6 duo-diode-high
mu-triode helps that greatly.

Hardest Stations Easy Pickin’s on This Set

TO GET the fullest results from a short-wave superhetercdyne it is
necessary to have two intermediate stages (three i-f coils), a high inter-
mediate frequency and automatic volume control. The two stages develop
the sensitivity required for getting those elusive stations, so that very
fine catches will be your deep joy when some of your competiting friends
are scowling. The i-f is 465 kc. Automatic volume control, applied to
both i-f stages, practically eliminates fading, as tested on those foreign

FINE PARTS are used, not selected for low price but for best quality,
including the products of Hammarlund Mfg. Co., Inc., National Company,
etc. The low price is the result of quantity production—whether you
buy the wired set or the kit—and our confidence that teeming thousands
will want to enjoy the splendid results of this exquisite receiver, It is
nothing whatever to tune in a whole raft of foreign stuff, and we demon-
strate this at our factory, too, where receivitig conditions are bad.

stations that commonly are classified as bad faders.
not vary so that the ear can detect it, and so with this set the station
Now, only high-priced sets
have a.v.c.,, except in the Superba, where you get everything you want,

will not swing in and out, but will stay put.

and at low cost.

The intensity does
(we find

Nevertheless, England any afternoon you like.
them not extraordinary on this set) include GSD, GSB, GSG,
Daventry, Eng., EAQ. Madrid, Spain;
toise, France; DJA, DJD(,

Other ordinary results

LSM, Buenos Aires; FYA, Poin-

Berlin, Germany; VK2ME, Sydney, Australia
9.30 a.m. E.S.T.), etc.

Build It Yourself or Get a Wired Model

COMPLETE KIT OF PARTS, INCLUDING
SEVEN TUBES

Cat. SUB-K-—Complete kit for the Superba Short-
Wave Receiver, including the following Arcturus tubes:
One 57, two 58's, one 2A8, one 2A5, one 58 and
one 80. All parts sbsolutely furnished, ineluding colls
and diagrams, except only cabinet and front panel
700 a0 anoaan06aaaa0q - 96660800000000604 - -BAAd $29.88

THE WIRED MODEL, WITH TUBES
For those who do not desire to wire the set them
selves we will wire in our laboratory and carefully
adjust and line it up, so that when you get the
receiver it will be in perfect working order, and
stations the world over will come pouring in.

Cat. SUB-iV.-—Wired model. Complete with tubes,
less cablnet, less front panel.................. $33.62

ALL IN A BEAUTIFUL CABINET,
READY TO GO

We have also two models of cabinet of the
mantel type into which the wired Superba Short-
Wave Receiver 13 put. One is the Gothie model,
with rounded top, the other the Stanton model.
with square top. The finish is walnut. The eve
appeal is excellent,

CA' SUB-WC, wired receiver, complete with
tubes, in cabinet (specify which style), all ready
to tune in the world........ o cloeoanaRoaag 37.37
CAT. CBS. Stanton cabinet only, or CAT. CGTH.
Gothle cabinet only ....... ...$3.75

SUPERTONE PRODUCTS CORP.

35-W HOOPER STREET

Telephone: Wllliamsburg 5-0043

BROOKLYN, N. Y.

SOLDERING IRON

F R E E !

Works on 110-120 volts AC or DC, power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send $1.50
for 13 weeks’ subscription for Radio World
and get these free! Please state if you are
renewing existing aubscription.

RADIO WORLD
145 West 4sth St. N. Y. City

143 West 45th St. New

BOOKS AT A PRICE

“The Superheteredyns,” by J. E. Andersom aad
Herman Bermard. A trestise on the theory
practice of the outstanding circuit of the day.
Bpecial problems of superheterodynes treated au-
thoritatively. Per copy. (Cat. AB-BH), postpaid..50e
“Feothold on Radle,”’ by Anderson and Bernard. A
simple and elementary expositiom of how broad-
casting 1s conducted, with some receiver eircuits
snd sn explanation of their functioming. (Cas.
AB-FH), postpaid ....coovcieieresannrasssnans
HENNESSY RADIO PUBS. CORP.

York City

LAPEL
MICROPHONE

== A single-button car-
= bon-granule lapel mi-
crophone, impedance
v ohms, requiring
\ 4.5-volt excitation, of
[ |2 good frequency char-
o = acteristics, and both
[( (=  handy and inconspicu-
\\\\Eﬁ SiEE ous. Qutside diameter,
\\ RANENIL ) 134 inches. The case
! —,,1} / is chromium- plated
= e brass. The excitation
= may be provided by
] . introducing the micro-
phone in a cathode circuit carrying around 20
to 25 milliamperes, or a 4.5-voit C biasing
battery may be used. Net price, $2.95.

RELIABLE RADIO COMPANY
145 West 45th Street, New York, N. Y.

pastitt

’U!////// i

)

WAFER SOCKETS

6/32 mownting holes, 1-11/16 sinches apart;
central socket hole recommended, inches,
althongh 1% inches may be msed.

UX, with insuletor. ...cccoeveeevenencrcacransn ... 108
UY, with insulator................ s 1 1
8ix-plm, with 1nsuletor....ccvcnerervsncenasnnsen..lle
Soven-pIn, with Insulator.....oneuvuercenencecenes.190

HENNESSY RADIO PUBS. CORP.
145 WEST 45th STREET, N. Y. CITY

Vest Pocket Size Flashlight
for Radio Repair Work—

FREE

Great for getting right down into
" your set!

Obtain one free with 3 months’ subscription
for Radio World at the regular rate of $1.50.
Send postpaid.

Sub. Dept.

RADIO WORLD
145 West &5th Street New York, N. Y.

WwWW.americanradiohistorv.com
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INDUCTANCE COMPUTATION

THE MOST HIGHLY ACCURATE METHOD, AS
COMPARED TO USUAL PROCEDURE THAT
SOMETIMES DEVELOPS 20% ERROR

[The following masterful theoretical discussion of inductance computation is reprinted by special

permission from “The Inductance Authority,” a book consisting
dispense with all computation in determination of inductance.

principally of curve sheets that
The highly accurate formulas

were used for establishing the many points from which the curves were run—Editor.]

By Edward M. Shiepe, B. S., M. E. E.

Massachusetts Institute of Technology and Brooklyn Polytechnic Institute

HE radio engineer has found it trouble-

some getting his coil data. About the

only way he could design a coil having
a given inductance for his radio frequency
circuits was to make several calculations
until he hit upon the right value, or to cut-
and-try. Now and again sporadic attempts
were made to give coil information, but they
were all limited in scope and accuracy.

It has been almost rule-of-thumb to use
the “current-sheet” inductance formula, given
later, and even authoritative writers, while
pointing out the approximate nature of this
formula for the usual radio coils, neglected
to indicate how values of much greater pre-
cision could be obtained. For certain coils
of round wire, this “current-sheet” induct-
ance may be as much as 15 per cent. off
from the true r-f inductance, and it is dis-
paraging to find writers innocently claiming
for it accuracies of better than 1 per cent.
Much of other published coil data suffers
from this inaccuracy.

Method of Calculation

The method of calculation is outlined by
the Bureau of Standards' and will be de-
scribed here. The first step is to calculate
the “current-sheet” inductance L, by the
formula

0395an* K

b
1. “Circular 74’ page 252.

L, = microhenries (¢}

Copyright 1933

where a = radius of coil to center of wire
in ¢ms.

n = total number of turns.

b = length of winding in cms.

K = a function of 2a/b and is given in

Table 1.

In this work we are dealing entirely with
close winding in which case the coil length b
is given by

n

(T.P.Cm.)
where (T.P.Cm.) is the number of turns
per cm, for the particular type of wire and
is given on the curve sheets. Equation (1)
now becomes
1.=.0395 (T.P.Cm.) a’nK (2)

We are dealing exclusively with round
wire. For coils wound with this wire, (2)
gives values which in some cases are as
much as 10 or 12% too large. The induct-
ance for round wire can be obtained much
more precisely by means of correction terms.
The corrected inductance is given by

Lo=1L,—.01257 na(A + B) (3)
where L, is obtained from (2),

A is a function of d/D (where d is the
bare wire diameter and D is the dis-
tance between centers of turns) and is
given in Table II.

B is given in Table III.

Formula (3) takes account of the space
occupied by the insulation, and gives most
precise values for the low-frequency induct-
ance.

All curves in the book were calculated

wWwWw americanradiohistorv com

from (3), each being determined by eleven
or more well-spaced points.

High-Frequency Inductance

For a single-layer inductance coil of round
wire the use of (3) gives a very accurate
value on the basis of uniform current dis-
tribution over the cross section of the wire.
At high frequencies, however, the current
tends to flow on the surface of the wire
and to concentrate itself on the inner side
of the coil2 This decreases the effective
radius of the winding and hence lowers the
inductance. A decrease in radius, however,
also increases the value of K, tending to
keep the inductance constant, but not in fact
doing so because for .all but very short coils
the variation in L due to a change in K is
only about 10 or 20% of the variation in L
due to the change in radius.

At very high frequencies most of the coil
current would flow on the inner surface of
the wires, making the coil function as if its
radius were only greater than that of the
winding-form by slightly more than the
thickness of the insulation on the wire. On
this basis, we can locate the r-f inductance
of a coil as being somewhere between the
low-frequency values corresponding to the
coil-form diameter and to the coil diameter.

The direct calculation of the high-
frequency inductance involves considerable
labor and is of doubtful value for any but

2. Morecroft,

Principles of Radio Communica-
tion,” p’ 156.
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FIG. 1

Typical circuits referred to in the text in connection with inductance computation.

the lower radio frequencies. The best work
on the subject is necessarily very mathe-
matical and may be found by reference to the
publications of the bureau of Standards.?

Circuit Inductance

All r-f circuits are made up of various
combinations of inductance, capacity and re-
sistance. These factors alone, properly eval-
uated, determine the frequency response of
such circuits. We shall discuss each of these
factors separately and give some examples of
their size and calculation.

The great majority of r-f circuits is used
in conjunction with vacuum tubes. The
presence of these tubes alters the values of
inductance, capacity and resistance. As il-
lustrations, take the grid and plate coils of

3. See Hickman, Bureau of Standards. v. 19,
1923-4, for formulas.

4

8- 8¢
FIG. 2

stray capacities are considered.

Figs. 1, 2 and 3. For all frequencies up to
about 30,000 kc. the inductances of the
leads inside the tube are small enough to
be neglected, and the total inductance com-
prises that of the coil and of the wiring
to the tube. In a well-designed circuit for
broadcast frequencies, the lead inductances
are negligible, leaving only the coil induct-
ance for consideration.

How Much Inductance

Let us differentiate between the grid coil
and the plate coil and first consider the grid
coil Lz in Figs. 1, 2 and 3. Neglecting the
effect of resistance on {frequency, we use
curves from ““The Inductance Authority” to
ascertain what inductance is required for the
capacity at hand. Assume that we wish to
tune in a band from 500 to 1500 kc. and that
the maximum capacity, including that of the

4
8+

FIG. 3

Tuning condenser and

8-

condenser, is 0.0005 mid. How much in-
ductance do we need and how low a mini-
mum capacity must we have to make this
possible? Follow the line for 0.0005 mfd.
until it meets the 500 kc. line and read the
corresponding inductance by going up to the
intersection on the wertical scale. It is 203
microhenries., From this point, follow the
203 microhenry line horizontally to the left
until it intersects the 1,500 kc. line, and at
that point read the minimum capacity nec-
essary. It is 0.000056 mfd. Should we want
any frequency overlap, we would have to
increase the inductance slightly -and this
would require an even smaller minimum ca-
pacity. A well-designed broadcast circuit
will have a frequency ratio of about 3 to 1.
Now we go to the wire sheets to find the
number of turns of wire for our secondary.

(Continued on next page)

Shape Factor K of Coil Depending on the Ratio of the Diameter to the Axial Length in any Units

Diameter

1.

1.

1.

1.

1. .

1. .

1. [

1. i
170, 5649
175 e e I 0.5579
180 e 581
1.85.. ... e 5444
100 e 5379
105, e 5316

TABLE 1
Diameter
Length K

2100057, . O BB e e« B - EE 0.5255
210, . e 5137
2200 .o Tl - -k il - I .5025
20, ... ........ %% ¥ .. 4918
20 s .. R - - R 4816
250, 0.4719
20600 . L. - 8. - E- 4626
270, 4537
2O i rrone » Bl - S - - - B - 4452
290, .. 4370
31002 . 5 vt oA g e e 0.4292
SNONN. M. e e N 4217
3208 T - TR - S 4145
SE30N . S, . .. PR Py . 4075
340, .o 4008
3ISON. . WL W B NG 0.3944
B Trhebiat s L - - X X .3882
IN708 . 5. i b | NP . .3822
380, i e 3764
390, .. i 3708
400 e e w xa - - B - 0.3654
410, e 3602
420, . e .3551
430, .. s .3502
440, . e 3455
4.50- 0.3409
4.60 3304
4.70 3321
4.80 3279
4.90 3238
5.00 0.3198
5.20 3122
5.40 .3050
5.60 .2981
5.80 2916
6.00 0.2854
6.20 .2795
6.40 2739
6.60

6.80
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Diameter
Length K
7:00. . .gapmms. EgEs - - - o g - 0.2584
720 i e 2537
TJAO. . .2491
ZA60. . o ovoe e SBEL B - - - o LT 2448
780 o 2406
RI00mww. .. .. ..k . wal PR 0.2366
850, . 2272
0.00. ... e 2185
050, . e 2106
O o B ol & o o o 6 G0 o o BHE .2033
100, .. e 0.2033
170, P N e y Y. -fe .1903
12.0. 0. NN 1790
1310 nerrr ity . P o EEELE 1692
140, e e e e e s 1605
1510999, P99% . PP =T L 0.1527
16.0. o 1457
17:0. 8 o ewsd - LRl L 1394
180. . e 1336
N0, M. e o oo S 1284

350 e e .0808
0o e olol T 0T F T 000 908000000000 6 s 0728
4100 o e o o Rk o) el oo e o e .0664
FMB: . o™ ccconaccaoonogrooodogs 0611
€005 00 090000000000200000003004 0.0528
700 . ..o R 0467
00)o0 00 egbbonatoamagaoaoothbos 0419
O™ o Mo o0 oris0c00awaao0aas .0381
N00YBo0 00 dolbooosogoosa i comeacoo .0350

[The data in the foregoing table were
2685 compiled by the Bureau of Standards and
2633 are not part of the copyright] -
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Let us agree to use No. 28 enameled wire on
a form of one inch diameter. Turning to the
sheet for No. 28 enameled wire on page 41
and following the line for one inch diameter,
we find that it intersects the 203 microhenry
line at 137 turns. This is from the diameter
of the coil form. The coil diameter is larger
than that of the form by the diameter of
one wire, which is 0.0137 inch in this in-
stance. The over-all diameter of the coil
is then about 1.014 inches. What fraction
of the distance between 1 inch and 134
inches is 1.014 inches? An estimate shows
that it is about one-tenth of the way over,
and the corresponding number of turns for
this new diameter is 135, or 2 turns fewer
than before. The r-f inductance may be ex-
pected to be such that the number of turns
required is between 137 and 135, or about
136. If the coil is properly shielded, the
shield will decrease the inductance by about
29%. Noting from equation (2) that for
small changes, the inductance is approxi-
mately proportional to the number of turns,
we must increase this number by 2% to
correct for the loss caused by the shield.
This amounts to .02(136) = 2.7 or about 3
turns, so our coil finally becomes 139 turns
of wire. For large changes in numbers of
turns the inductance is proportional to the
square of the number of turns, for then the
variation in K becomes considerable and
must be taken into account.

The above calculation is on the basis of
73 T. P. I. If we refer again to equation
(2), we see that the inductance is also ap-
proximately proportional to the T. P. 1.
Should our coil have 72 instead of the spe-
cified 73, we shall be low by about 1%
per cent.

Closer Reckoning

Now for the plate circuit inductance, as L:
in Figs. 2 and 3. Once we have determined
the value of L., we proceed in the same
manner for L.

Before we can design L: we must obtain
some more information about the tuned cir-
cuit 1.Cs which we have already specified.
This is the “selectivity factor” which tells us
about how steep our resonance curve is.
This factor is given by

2

27f L,
and should be kept as small as possible by
making the coil of low resistance. The con-
dition for maximum voltage amplification
calls for the following relation to be satis-
fied*

4)

Na

N2 Tp
Li=—— (5
27§ ke

where rv is the internal a-c plate resistance
of the tube and k is the coefficient of the
coupling between L. and L., and depends
almost entirely on the geometrical relation-
ship of two coils. From considerations of
selectivity it turns out that the effective
selectivity factor 7% of the secondary (in-
cluding the effect of the presence of the
primary) is
e
N =M 4 —
k

so the larger the value of k, the smaller the
net selectivity factor of the tuned circuit.
With k = 05, the factor is 3m. For
k = 1. it is 2n.. In the n = 0.5, example (a
common one), the selectivity is 50% poorer.
So we should make the coupling close be-
tween primary and secondary, and Browning
has used values as high as 0.9.

Coil Size

For the screen-gride tube, the plate im-
pedance should be large to match the tube
impedance, so the inductance L: should be
large. However, L: must be kept small
enough so its natural frequency is higher
than the highest frequency to be tuned in, if

4. Glenn H. Browning, Radio News, June 1929.
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FIG. 4

Resistance has an effect on fre-
quency not often considered. This
circuit has formal parameters
treated in the text in connection
with resistance factors.

the circuit is to have a uniform amplification
curve.

The electrical efficiency of a coil is great-
est when it has the largest inductance for a
given length of wire. For low frequencies
this occurs when the diameter is 2.46 times
the length. If we have a coil whose length
is one inch, its diameter should be 2.46 inches
to satisfy this relation, At radio frequencies
the ratio is a little less. IHowever, so long
as we keep the same length of wire, the in-
ductance is almost the same over rather wide
values of this ratio. Thus, if the ratio is
anywhere between 1.5 and 4.5, the decrease
in inductance from the maximum value is
only 3 per cent.

From the viewpoint of circuit or mechani-
cal efficiency, the best coil need not be the
one having the best electrical efficiency. The
trend in receiver design is toward greater
compactness and shielding and both of these
factors have compressed coils to diameters
often one inch or less and caused them to
be wound with fine wire. The selectivity
factors of such coils are high, although the
circuit selectivity may be good. This is be-
cause several tuned circuits are used in a
modern receiver, increasing to a sufficient de-
gree the overall selectivity.

The prevention of oscillations in r-f ampli-
fiers and the proper use of the screen-grid
tube call for shielding of the radio coils.
This shielding decreases the coil inductance
and introduces additional capacity to the coil.
By properly designing the shield, the addi-
tional capacity may be confined to a mneg-
ligible value and the inductance will decrease
only slightly. A good working rule is to
maice the diameter of the shield at least twice
the coil diameter, Doing this, and centering
the coil within the shield, reduces the ca-
pacity to a negligible value and reduces the
inductance by only 1 or 2 per cent.

Coils With Spaced Windings

The coil charts in this book are all for
close winding. For certain applications, es-
pecially in short-wave coils, it is sometimes
found desirable to space the winding, and
doing this alters the self-capacity, r-f re-
sistance, as well as the inductance of the
coil. In this section, we are interested in
the inductance of such coils and we will see
how to obtain it, and with what degree of
accuracy.

Were the attempt made to give charts for
all spacings, such as we have here for close
winding, there would have to be a complete
set of charts for each spacing. A large
number of charts would be necessary. How-
ever, the charts which we now have can be
used to give the inductance of spaced wind-
ings, although the accuracy will not be as
great as for close-wound coils. In what
follows examples of coils will be given, and
it will be seen that the values obtained are
two or three and generally less than five
per cent off from the correct ones.

Given a winding form of a certain dia-
meter, one usually knows how much space
is available for the winding, or the length
of the coil. These two parameters, diameter
and length, determine the shape-factor K
of the solenoid. Tn equation (1) on page
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4 we note that if a, b, (and hence K) are
lLeld constant, the inductance is proportional
to the square of the number of turns n. We
can use this fact to obtain the inductance of
our space-wound coil.

First, we choose the number wire we wish
to use. Then we use the curves for enameled
wire (because they approximate most nearly
the “current-sheet” inductance) and find out
from the T.P.I. how many close-wound
turns may be gotten in the space available,
and what the inductance of this reference
coil is.

Call these n' and L’. If we propose to
wind n spaced-turns, the inductance is

n 3
L=L —
n’

Formula Transposed

If we do not know how many turns to
wind, but do know the required inductance
L, we use the same method except that we
transpose the above formula to read

L %
n=n ( — )
L

We only have to remember that n’ and L'
are the reference coil, and n and L are the
required coil. Tt is helpful to note that the
ratios are always fractional, and that the re-
quired factor is always less than the corre-
sponding reference factor.

Certain facts contribute to making this
method approximate, however, close the
values obtained may be to the correct ones.
The first of these is that the curve sheets
show values of inductance which already
have a correction factor applied (as in equa-
tion 3) and so do not strictly show the
“current-sheet” inductance of equation (1).
Even though the curve sheets did show the
“current-sheet” values, the correction fac-
tor of (3) would have to be applied, especially
for large spacings, to get the corrected in-
ductance. For more accurate work, this can
easily be done. In the following examples,
it was not applied, but the values are seen
to be quite close to the true ones, and gen-
erally sufficient for most work.

Examples of Spaced-Windings

What is the inductance of a coil of 20
equally spaced turns of No. 22 wire on 2
inches diameter, the winding length to be
1.725 inches?

The reference coil has 29 X 1725 =— 50
turns whose inductance is 111.7 microhenries.
The required coil then has an inductance of
111.7 (20/50)° = 111.7 X 0.16 = 17.85 mi-
crohenries. The precise inductance of this
coil is 18.46 microhenries. The 17.85 micro-
henries value is 3.3% low.

Another Coil

What is the inductance of a coil of 10
equally-spaced turns of No. 14 wire on 34
inch diameter, the winding length being 1
1/3 inches?

The reference coil has 15 X 1.333 = 20
turns whose inductance is 3.2 microhenries.
The required coil then has an inductance of
3.20 X 10/20)® = 3.20/4 = 0.80 microhen-
ries. The precise inductance of this coil is
0.84 microhenries, so the value obtained is
less than 5% low of the true inductance.

Case of Known Inductance

It is required to wind a coil of 9.0 micro-
henrics. with equally spaced turns on 1%
inches diameter, the winding to be 1.72
inches long and of No. 20 wire. How many
turns are required?

For a winding length of 1.72 inches of No.
20 wire, 50 turns of close wound enameled
wire can be wound, as seen from the curves,
and the inductance of this reference coil is
421 microhenries. The required number of
turns is therefore 50 (9/42.1)% = 50 X 0.462
or 232 turns. The precise inductance of
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these 23.2 turns is 9.23 microhenries and the
variation is 2.5%.

Circuit Capacity

Besides the tuning capacity C there are
three capacities which must be added to C
to give the total circuit capacity. These are
1, capacity between wiring; 2, coil capacity
and 3, capacity introduced by the presence
of the tube.

Capacity Between Wiring

The capacity between wiring. may amount
to as much as 50 mmid. when the circuit
is shielded. It is customary to ground one
side of the tuned circuit to the shield, as at
B in Figs. 1, 2 and 3, the rotary plates of
the condenser being grounded. The station-
ary plates then have a fixed capacity to any
shielding or metallic parts in the vicinity.
Care should be taken to keep this capacity
low to increase as much as possible the ca-
pacity ratio of the condenser, maximum to
minimum, for the frequency ratio is the
square root of the capacity ratio.

Coil Capacity

Exact formulas for coil capacity are not
known. An approximate value for single-
layer solenoids, good to perhaps 25%, is to
take this capacity in mmid. as equal to the
radius of the coil in centimeters.

For multiple layer coils the internal ca-

TABLE 11

pacity is much larger and practical formu-
las have been developed for its calculation.®

Capacity Due to the Tube

Refer to the input circuits of Figs. 1, 2
and 3. The effective input capacity looking
into the grid circuit of the tube depends upon
the frequency. For frequencies below 160
kc. it is closely given by®

Ro (6)
C—_—C5+Cm+.u-Cm< )
.I'e + Ro
where Cs — capacity between grid and ca-

thode.

Cm = capacity between grid and plate.

4 — amplification factor.

Ro = external plate-circuit resistance.

re = internal a.c. resistance of tube.
For frequencies greater than 160 kc. the in-
put capacity is expressed by the inter-element
capacities, as

CsCn 4 CeCop 4+ CniCop
C= 7)
Cm + CD

where Cp — capacity between plate and ca-
thode.

In the screen-grid tube circuit of Fig. 3
the above expressions reduce to a simpler
form, because this tube has negligible grid-
to-plate capacity. If we put Cn = 0 in (6)
and (7), both expressions become C = Cs.

5. Morecroft “Principles of Radio Communication,”

p. 230.
6. Van Der Bijl, “Thermionic Vacuum Tubes,” Ist
ed., p. 192

Correction Factor for Self-Inductance of the “Current

Sheet” Inductance to Compensate for Insulation
Between Adjacent Turns
d d ; d
D A D A D A
1.00 0.557 0.40 —0.359 0.15 —1.340
0.95 .506 .38 411 .14 1.409
.90 452 .36 465 13 1.483
.85 .394 .34 .522 12 1.563
.80 334 32 .583 1 1.650
0.75 0.269 0.30 —0.647 0.10 —1.746
.70 .200 28 716 .09 1.851
.65 126 26 .790 .08 1.969
.60 .046 24 870 07 2.102
.55 — 041 22 957 .06 2.256 Tyfe
[]
0.50 —0.136 0.20 —1.053 0.05 —2.439 Tube
48 177 .19 1.104 04 2.662 112A
.46 220 I8 1.158 .03 2950 199
44 264 17 1.215 .02 3.355 120
42 311 .16 1.276 .01 4.048. 171A
200A
201A
210
TABLE III 222
Correction Factor for the Mutual Inductance to Com- 224
pensate for the Difference Between the Mutual In- 226
ductance of the Actual Coil and the Mutual Inductance 27
of the “Current Sheet.” The Mutual Inductance 230
Meant is that Between the Individual Turns of the 231
Same Coil 232
Number of Number of 233
turns, n B turns, n B 234
0.000 40 0.315 235 }
2 114 45 317 551
3 166 50 319 236
4 197 60 322
5 218 70 324 237
238
6 0.233 80 0.326 239
7 244 90 327
8 253 100 328 240
9 .260 150 331 245
10 266 200 333 247
250
15 0.286 300 0.334 —56
20 297 400 .335 —57
25 304 500 336
30 308 700 336 —58
35 312 1000 336
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Values of Cs, Cr and Cm for the various
tubes are given in Table 4.

Unity Power-Factor Tuning

Whether f, L or C is made the variable,
with the others fixed in value, the condition
for unity power factor is satisfied when

1 1 R®
f = — ce— ey
LC ¥2
Maximum-Impedance Tuning

This is the usual type of radio tuning and
is called just the “resonance” condition. The
relation between the factors depends on
which of them is variable.

For variable frequency, with constant E,
L, R, C and G the condition for current
resonance or maximum-impedance requires
that

9

1
==
2
//1-2RG ZREN\% R
e b ) = @
Cc*L2 cLre L2

For variable capacity, with constant {, E,
L, R and G the same relation holds (equation
9) as for unity power-factor tuning. That
is, with condenser tuning we have both unity
power-factor and maximum impedance at the
same setting of the condenser. A study of
the vector diagram for this case very clear-
ly shows this to be true.’ ]

For variable inductance, with f, R, C, G
and E constant?

Effect of Resistance on Frequency

The effect of resistance in a resonant cir-
cuit is to decrease the selectivity and gener-
ally lower the resonant frequency. In a well-
designed circuit this resistance is kept as
small as possible for good selectivity, and
doing this decreases the resistance to a low
enough value that its effect on the frequency
is negligible. In a parallel circuit having
negligible resistance, the frequency of reso-
nance is the same as for a series circuit and
is given by

f=i
2r / LC

TABLE IV

®

Tube Capacity Constants

Inter-Electrode Capacities
in Micro-Microfarads

Cm Cg Cp
8.1 42 2.1
3.3 2.5 2.5
41 2.0 2.3
7.4 3.7 21
8.5 32 20
8.1 3.1 2.2
8.0 5.0 4.0
0.025 3.2 12.0
Max.

0.010 5.0 10.0
Max.

8.1 35 22
3.3 3.5 3.0
6.0 3.7 21
5.7 3.7 22
0.025 6.0 11.7
Max.

09 8.9 11.1
0.020 6.4 12.8
0.010 5.0 10.
Max.

0.010 3.7 9.2
Max.

20 35 22
0.3 4.1 8.
0.007 4.0 10.0
Max.

88 34 15
8.0 5.0 3.0
1.25 8.7 13.2
9.0 5.0 3.0
32 3.2 22
0.010 52 6.8
Max.

0.010 5.2 6.8
Max.
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In general, radio circuits are designed so
that the effect of resistance on frequency is
negligible. This is done not so much to
minimize the effect of resistance on fre-
quency as to realize good selectivity in the
circuit. In this section, however, we are
interested in the effect of resistance on fre-
quency, and we shall find that in some cases
as well as for certain methods of tuning
the effect of resistance is of great impor-
tance.

The usual radio circuit has parameters
which may be closely represented by Fig.
(4), in which E is the r-m-s value of the
a-c electromotive force of frequency f, and
G is the conductance in mhos of any leakage
path across the condenser. :

If we vary the frequency of E and meas-
ure the line current I with an ammeter we
shall find that at some frequency f the cur-
rent I becomes a minimum. At this fre-
quency the tank circuit is said to be in
current-resonance or maximum-impedance
resonance. Holding the circuit in this reso-
nant condition we investigate the phase re-
lationship between E and I and we find that
E and I are not quite in phase, so that the
voltage and current maxima and minima oc-
cur just a little out of step. By continuing
to vary the frequency we find such a fre-
quency as will cause voltage and current to
be in phase, but now we no longer have a
minimum line current. In other words, the
frequency for unity power factor is in this
case different from that for maximum im-

pedance. The equations which follow’ all
refer to Fig. (4).
1
f = ——ro
27
/l +2RG R* R242RG (l+2RG)2) %
\ xc (IT cL® 4L2C? (@)

An excellent picture of the process of in-
ductance tuning for the cases where R is a
constant and where R is proportional to L,
can be gained by reading Reuben Lee’s ar-
ticle.

It is thus seen that the frequency of reso-
nance is not always simply a matter of in-
ductance and capacity.

Example of Oscillator and.Detector

Now sce what the practical meaning of
equations (9) and (10) is in an actual case.

Suppose we have a calibrated - oscillator
of constant output and a detector circuit
far enough away from it so that the mutual
coupling between the two will not affect the
inductance in either one. We shall assume
self-bias detection - of the non-grid-current
type such as may be had with a type 57 tube,
negligible leakage across the cgndenser with
no grid-current at maximum 51gna1,_mak1ng
G zero in value. Take L — 200 microhen-
ries (usual broadcast coil), C variable to
about 0.0005 mfd. and let R be 400 ohms.
The value for R is more than twice as much
as it should be, but we are assuming that
the coil is improperly designed and we want
to see what the effect is upon the frequency
response of the circuit.

Ppirst, we set our oscillator to 522 kc. Then
we tune with the condenser, of the detector
and obtain current-resonance at 0.00035 mid.
This is maximum-impedance tuning with va-
riable capacity and is given by equation ).
If, however, we had started with a fixed ca-
pacity of 0.00035 mfd. and varied the fre-
quency of our oscillator for resonance we
would have obtained the resonance peak at
593 ke. as given by equation (10). Had the
coil no resistance, the resonance peak for
either case would have been at 600 ke.

At radio frequencies the resistance of a
solenoid is usually many times its resistance
to direct current. As the frequency of the
current is increased, the current concentrates
nearer and nearer the inner surface of the
coil, as explained in the section on r:f in-
ductance. For the end turns on the coil this

7. Magnusson, ‘Electrical Transients,” 2d ed., p.

192' . . .
b b Lee. Proceedings, Institute of Radio
8 %;‘;‘i::ers, vol. 21, no. 2, February, 1933; p. 7.

Mexican Stations

Call
Letters Owner Location Watts Ke
XEA Alberto Palos Sauza ........ Juan Manuel 383, Guadalajara, Ja. ...ceevenninns 125 1,000
XEB El Buen Tono, S. A......... El Buen Tono 6, México, D. F..oovvvvvnrennnnnen 10,000 1,030
XEC Jesus R. Benavides.......... Independencia 76,, Toluca, Mex. .......oenvvrnes 50 1,000
XED Cia. Radiofonografica, S. A..16 de Septiembre 13, Guadalajara, Jal........... 500 1,150
XEH Constantino de Tarnava ....Padre Mier 215, Monterrey, N. L. ................ 250 1,130
XEI Carlos Gutiérrez ............ Francisco 1. Madero 545, Morelia, Mich..... 125 550
XEJ Juan G. Buttner ............ Avenida Lerdo 309, Ciudad Juarez, Chih. .. 250 1,010
XEK Arturo Martinez ............ Jalapa 51, México, D. F. 100 990
XEL Antonio Garza Castro ...... Aldama 59, Saltillo Coah. 10 1,000
XEN Cerveceria Modelo S. A. ....Motolinia 22, Edif. La Perla, México, D. F....... 1,000 710
XEP Ana Maria Rovalo de
Pasalagua ....ovcivannnensss Hotel Imperial, México, D. F. ........ 0860606 0000 500 780
XEQ Francisco Conde Urdaneta ..Insurgentes 539, México, D. F. .........cunts. 500 1,330
XER-XEF Cia Radiodifusora de Villa
Acufia, S. A, ....oiiiienn. Apartado Postal 30, Villa Acufia, Coah. ........ 150,000 660
XES Fernando Sada .............. Aduana Sur 4, altos, Tampico ......o.vuunee .. 250 1,020
XET México Music Co. S. A. ....Hidalgo 308, Oriente, Monterrey, N. L. .......... 500 690
XEU Fernando Pazos ............. Vicario 12, Veracruz, Ver. ...c....eeveeeeceescas 100 1,010
XEW Cadena Radiodifusora
Mexicana, o 0000000800 16 de Septiembre 9 A., México, D. F, ............ 5,000 910
XEY Bartolomé Garcia Correa ..Calle 65,436, Mérida Yue. ........coocivieiiinnnn. 10 550
XEX Luis F. Petit Jean ......... Aldama 932 Sur, Monterrey, N. L. .............. 50 630
XEAB Humberto Garcia R. ........ Pino Suarez y Juarez, Nuevo Laredo, Tamps..... 7.5 1,450
XEAC Francisco de P. Cabrera ...Jardin Hidalgo Sur, San Luis Potosi, S. L. P... 100 1,290
XEAE Adolfo Labastida, Jr. ....... Ave. D, 542 (A. Postal 42), Tijuana, B. C........ 800 1,000
XEAF Manuel Mascarefias M. ....Hotel Central, Nogales Son. ..........c.c.eevun 100 1,000
XEAI Carlos Gonzalez Caballero ..Calz. del O. Mundial 21, México, D. F..... 00 100 1,090
XEWW  Horacio Remes .............. Calle Canal 42, Veracruz, Ver. .. o 250 1,100
XEAQO Luis L. Castro .............. C. Altamirano 156, Mexicali B. C. 7.5 560
XEAW Cia. Int. Dif. de Reynosa S. A, Reynosa, Tamps. ..........c.cc.. 10,000 960
XEFA Eduardo Limén Segui ...... Mar Meditirraneo 236, Tacuba, D. F. 500 1,250
XEFB }es.us Quintanilla ............ 5 de Mayo Oriente 112, Monterrey, N 100 1,310
XEFC ulio Molina Font .......... Calle £9, 517, Mérida, Yuc. ... 100 1,050
XEFD Carlos de la Sierra ......... Calle 5a. 312, Tijuana, B. C. ........ cevnivennne 300 760
XEFE Rafael T. Carranza .......... Km. 4, Carretera Laredo-Mon
. Tamps. coeeererieseianraonsns 100 1,000
XEFG Manuel Espinosa Tagle ..... Tepic y Lampazos, México, D. F. . 250 1,080
XEFI Feliciano Lopez Islas ....... Ave. Hidalgo 73, Col. Industrial, Chi h. 250 1,000
XEFTJ Rodolfo Junco de la Vega....C. Morelos Oriente 759, Monterrey, N. L. ...... 100 1,000
XEFO Partido Nacional Revolu
cionario ...... .. Ave. Morelos 110, México, D. F. .. 5,000 940
XEFS Salvador Sanche Calle Montes 23, Querétaro, Qro. 1,000
XEFV José Onofre Meza . Tlaxcala 1013, Ciudad Juéirez, Chih. .... 100 1,370
XEFW José Expedito Mar C. Madero Poniente 19, Tampico, Tamp: 70 1,280
XEFZ Manuel Zetina .. Calzada Nonoalco 481, México, D. F. ... 100 1,376
XEPN Cia. Radiodif. de
Negras, S. A. .. .ee...Piedras Negras, Coah. ...... 50,000 585
XETB José A. Bertimen . ....R. Corona 317, Torreén, Coah. 125 1,380
XETE Empresa Teléfono
Ericsson, S. A. .... C. Central 3, Colonia del Valle, México, D. F... 250 9,550
XETH Ramon Huerta .............. Calle 17 Oriente 6, Puebla, Puebla .......... veer 100 860
XETR Cia. Radiod. XETR de la
Ciudad_de México ........ Avenida Julrez 102, México, D. F. ............. 1,000 610
XETU Benito Castillo ......cceune.n ex-Hacienda de la Luz, Pachuca, Hgo... . 100 890
XETW Rafael M. Pefla ............. Edif., “High Life”’, Gante 4, México, D. F. ...... 500 830
XENT Cia. Ind. Universal de
México, D. F. ...... 500000 Apartado 47, Nuevo Laredo, Tamps, ............ 150,000 1,115
XEYZ Angel M. Diez ......vov.n... Ave. Juarez 48, altos, México, D. F. .......... 10,000 760
Government Stations
XFC Gobierno Estado
Aguascalientes ............. Palacio de Gobierno, Aguascalientes, Ags. ...... 350 805
XFO Partido Nacional Revolu-
CIONATIO ...usuvecnieineaanns Ave. Morelos 110, México, D. F. ...ciovivevinnns 5,000 940
XFX Sria. Educacién Publica ....Argentina y L. G. Obregon, México, D. F. . 500 840
XFA Gobierno Aguascalientes ....Apartado Postal 92, Aguascalientes, Ags. .....: 5 5;50
a 1,500
Stations Preparing to Go on Air
XEE Alejandro_ Q. Stevenson ....Aquiles Serdan 1001, Durango, Dgo. ...c.vevenes 50 1,010
XEZ Bartolomé Garcia Correa ...Calle 65, 436, Mérida, Yuc. .......... woeiale e oleiese 500 630
XEM Cia. Radiodifusora
Mexicana, S. A. .......... Rio Rico D., Matamoros, Tamps. .....c.oneeen.. 500,000 660
XETN Miguel Muzquiz ............Matamoros, Tamps. ..c.ceeecveeeirnrecncnnioncns 150,000 845
XEMC Arturo Pifia y Omar
Osvaldo Ortiz ............. Calle 65, 695, Mérida, Yucatdn.......ooeievenens 250
§I€}')Z( José Alvarez del Villar...... 9a. Londres 190, Méxich, D. F. .cocvvnviniennn 500

concentratipn is not the same as it is in the
middle, and so the resistance varies over the
ductance. For the end turns on the coil this
eddy-current losses occur and serve to in-
crease the effective resistance. This resist-
ance is therefore seen to be a complex mat-
ter, best determined by measurement for
specific coils. It may be calculated to about
300 ke. for various coils but the calculations
are quite laborious.

Coils should have negligible values of r-f
resistance. Now there are coils of many
turns of wire and others of few turns, and
although their resistances may be very dif-
ferent, they may be equally efficient (equally
good selectivity). So we speak of the ratio
of resistance to reactance when we wish to
know whether or not a cojl has a low enough
resistance. This factor is usually designated
by 7. From experience we find that the
reactance of a coil should he from 100 to
200 times the resistance at the highest fre-
quency at which the coil is used.” The react-
ance of the coil should be less than 2,000
ohms for broadcast frequencies and may vary
from 1,000 to 2,000 depending on how the

9, Morecroft, “Elements of Radic Communica-

tion,” p. 62.

wWwWw americanradiohistorv com

coil is built. The resistance increases with
the frequency, so that the selectivity factor
n is almost constant over the {frequency
range.

A coil of 60 turns of No. 20 wire having
an inductance of 370 microhenries has an r-f
resistance of 3.3 ohms at 300 kc. At 900
ke. this coil has 16 ohms resistance. While
the frequency tripled, the resistance more
than tripled. Now let us take a similar coil
of only 10 turns of No. 20 wire, having 22
microhenries inductance. At 1,200 kc. its
r-f resistance is 1.3 ohms, while at 3,600
kc. it is only 2.6 ohms. Tripling the fre-
quency for this coil only doubled the r-f
resistance.

Usually for frequencies below 1,500 kc.,
multiple wire cable shows lower r-f resist-
ance than solid wire, while at frequencies
higher than this solid wire has lower resist-
ance.! Radio coils for the highest frequen-
cies are built of solid wire, as the above
shows they should be. Even at the lower fre-
quencies, the use of solid wire usually gives
values of resistance less than twice that for
the corresponding cable of many strands.

10. Morecroft. “Principles of Radio Communica-
tion,” p. 166.



January 20, 1934

RADIO WORLD

9

NEON PEAK VOLTMETER

SIMPLE SLIDE-BACK DEVICE MEASURES
ANY A-C FREQUENCY'’S POTENTIAL

peak a-c voltages by a very simple ar-

rangement. It is based on the fact
that neon tube starts to glow at a definite
voltage, and any voltage less than this can
be measured. Referring to Fig. 1, let N be
the neon tube, E a battery of adjustable
voltage, P a potentiometer by means of
which the voltage can be varied in small
steps, and V a voltmeter by means of which
the voltage applied across the neon tube is
measured.

First short circuit the AC terminals and
adjust the potentiometer and the battery un-
til the neon tube just starts to glow. Note
the voltage. Now reduce the voltage applied
to the tube until the meter reads practically
zero, and then connect the unknown a-c
voltage across the AC terminals. 1f the
peak of the a-c voltage is not very high the
tube will not glow. Then increase the read-
ing on the voltmeter until the tube just be-
gins to glow. Note the reading on the
voltmeter just before the glow started. The
difference between this voltage and the
original reading is equal to the peak value
of the a-c voltage impressed.

Q. NEON tube can be used for measuring

Precautions

Just as the tube begins to glow the volt-
meter reading drops because when the tube
glows it draws current, and this current
flows through a portion of the potentiometer.
However, the tube does not stop glowing
when the voltage has fallen below the start-
ing voltage. It is of first importance to
take the voltage reading at which the tube
begins to glow. This must be done both
when finding the glow point without the
a-c and with it.

The voltage at which the tube glow ceases
cannot be used because of the current that
flows while it is glowing. The current will
take power from the a-c source, and this
would cause a large error in some instances.
Thus there are two reasons why the striking
voltage should be cbserved and not other.

Obviously, the arrangement is not suit-
able for the measurement of alternating
voltages higher than the striking voltage
of the neon tube, for if the voltage is higher,
the tube will glow without the aid of the
d-c voltage, and there would be no means
of determining what the amplitude of the
alternating voltage is.

If a neon tube having a negligible capacity
could be obtained, the arrangement could
be used for measuring radio frequency volt-
ages as well as voltages of audio and com-
mercial frequencies. As the ordinary neon
tube comes it has too much capacity to make
it useful at high frequencies. It is possible,
however, to remove the base of the tube and
use only the two leads. When that is done.
and if the neon tube is of small dimensions,
radio frequency voltages can be measured.

A Slide-back Method

It will be realized that this method of
measuring voltage is closely similar to the
slide-back method of measuring alternating
peak voltages by the vacuum tube. In that
a certain reference bias is established by
noting the voltage on the grid that will yield
a certain plate current. Then the a-c is
applied in series with the bias and the bias

By J. E. Anderson

AcC B
o — O
A
i
£
FIG. 1

This arrangement shows how a neon
tube can be used as indicator in a
slide-back type peak voltmeter.

is reduced until the same current appears in
the plate circuit. The peak voltage is then
equal to the difference between the two
readings of the d-c voltmeter used for meas-
uring the bias.

When the neon tube is used as indicator
in the same arrangement, the glow point is
used as the reference point. It is quite
definite for a given tube, and once estab-
lished it would not have to be measured
again. It is then only necessary to subtract
the reference or striking voltage from the
reading of the voltmeter to get the value of
the peak voltage of the a-c.

Since the peak voltage of a pure sinusoidal
wave is 1.414 times the effective value of the
measured voltage is 0.707 times the volt-
age obtained by the d-c meter.

Once more it is emphasized that the volt-
age should be observed just before the tube
starts to glow. It is not necessary at all
times to watch the neon tube for the appear-
ance of the glow, for it can be more easily
noticed on the voltmeter. The reading goes
up gradually as the applied voltage is in-
creased, and then it drops. Note where the
meter needle is at the highest point. This
does not always work, for whether or not
the meter reading drops depends on how
much of the potentiometer resistance is in
the circuit. If the meter is across the whole
battery there is no drop, but the tube begins
to glow just the same. By adjusting the
number of cells in the battery as well as the
position of the slider on the potentiometer it
is always possible to have a large resistance
in.the circuit when the glow begins, and
hence to insure that there will be a drop in
the meter as the glow begins.

Incidentally, the circuit can also be used
to measure Jd-c voltages without drawing any
current from the source. Thus it would be
possible to measure the voltage drop in a
megohm resistor in the plate circuit of a
tube, where a current-drawing voltmeter
would not give anv appreciable voltage due
to the high drop in the resistance.

When the tube is used for this purnose
the arrangement is not limited to values less
than the striking voltage of the tube. be-
cause the d-c voltage to be measured can be
impressed in series with the batterv, both
so that it aids the battery and so that it op-
poses it. If the unknown voltage is higher

wwWw americanradiohistorv com

than the striking voltage, the unknown
should be connected in opposition to the bat-
tery voltage.

The circuit is very inexpensive to hook
up, simple to use, and fairly reliable. The
voltmeter V can be any current-drawing in-
strument that happens to be handy.

40-110 Megacycle Band
Asked for Television

Washington.

Recommendations regarding broadcast al-
locations for television have been made to
the Federal Radio Commission by Radio
Manufacturers Association. Following ap-
proval by the RMA Television Committee,
of which D. E. Replogle is chairman, and
also of a special RMA committee headed by
Walter E. Holland, the Association has
formally requested the Radio Commission
to reserve for television service a continu-
ous band of frequencies from 40 megacycles
to at least the neighborhood of 110 mega-
cycles. The RMA resolution also declared
that from present indications the television
requirements of the future will be such that
assignments in television band should be at
least four megacycles wide, to provide con-
tinuously entertainment and television ser-
vice.

Additional recommendations to the Radio
Commission regarding the use of frequencies
between 1,500-1,600 ke, recently opened to
use by the Mexico City International Con-
ference, are under consideration. There has
been much comment against such extension
of the broadcast band for a mere increase
in the number of broadcasting stations and
engineering opinion also. favors channel sep-~
aration of 20 kilocycles in this part of the
spectrum.

PERSONALITIES

“Radio is hard work but I like it,” says
Eddie Cantor. He spends an average of
twenty hours supervising the preparation of
the script for his Sunday night Chase &
Sanborn broadcast. Once the continuity is
okaved after many revisions, rehearsals are
held. These consume anywhere from two to
four hours before the*pex;formance is set.

*

Paul Whiteman, despite diet regulations,
goes on occasional cholocate-cake sprees. . . .
Likes gav neckties and flashy cars. . . .
Doesn’t like boats, airplanes or crowded ele-
vators . . .Only sports, swimming and golf-
ing. . . . Is very proud of his friendship
with the Prince of Wales, who calls him by
his first name.

* x %

Four years Gertrude Berg has been re-
cording the doings of the Goldbergs on NBC.
Instead of experiencing a paucity of ideas, a
common complamt with most authors after
long association with one subject, Mrs. Berg
finds thoughts crowd into her mind faster
than she can develop them. To her, the Gold-
bergs have become so real that she just
naturally can’t help writing about them,



10

RADIO WORLD

January 20, 1934

SIX US

E 6F

TRIODE-PENTODE IN ONE ENVELOPE
SERVES AS MIXER WITH EXTERNAL
COUPLING, ALSO DETECTOR AND

FREQUENCY CONVERTER
F

C3 L
e +I0OV. +250V,

FIG. 1

In this mixer the coupling between
oscillator and modulator, otherwise
absent from the 6F7 tube because
there is no electron coupling, is
established by returning cathode to
a point at one-quarter the number
of secondary turns, measured from
ground.

HE 6F7 is a vacuum tube consisting

l of two separate units, a triode unit
and a pentode unit. Both units are
contained within a single bulb and are
constructed around a common cathode
with the triode unit mounted below the

Values of Constants
for the Diagrams

The approximate values of the
constants cited in the six diagrams
on this page and the next are:

Ry=Pentode Self Biasing
Resistor, 1,500 ohms

C1=5.0 mfd. Rs3=Voltage Dropping Re-
sistor, 50,000 ohms

C3=0.05 mfd. Ry=Plate Coupling Re-
sistor, 170,000 ohms

Cs=0.1 mid. Rs=Filter Resistor, 30,000

ohms
Ce=0.0002 mfd. Rs=Plate Coupling Re-
sistor. 300,000 ohms
Cs=0.0024 mfd. Rr=Pentode Grid Leak, 0.5

Meg.
Ce=0.00016 mfd. Rs=Pentode Self-Biasing
Resistor, 5,000 ohms

C7;=0.01 mfd. Re=10,000 ohms. Ro+Rs=
Triode Biasing Resistor

Csy=0.5 mid. Rio=-Filter Resistor, 1.0
meg. .

Cy=0.0005 to R;y=Grid Resistor, 0.5

.001 mfd. meg,
.Cmo= 0.00025 mfd. Riz=Triode Grid Leak, 1.0

meg.
L=I-F Choke Ris=A.V.C. Diode Load,

Coil .0 meg.
R;=0Oscillator Ru=A-F Diode-ILoad Po-
Grid Leak— tentiometer, 0.5 meg.
0.1 megohm Ris=Pentode Self-Biasing
Res., 4,000 ohms variable
R1e=1,50 ohms. Rt
Ris—=Triode Biasing Re-

AMPLIFIER

FREQUENCY CONVERTERI -
F

il

AVC,

FIG. 2

This is considered a better coupling

method for a mixer. The plate
winding is next to it, while to the
winding for the triode is at lower
left, the grid winding is next to it,
while to the right, above Cl, is the
pickup winding, in the cathode leg,
above the biasing resistor.

pentode unit. This tube has a standard
seven-pin base, a cap connection to the
pentode grid on the bulb top, and em-
ploys an ST-12 bulb.

The 6F7 is designed to be used as a
combined oscillator and mixer (first de-
tector) in the superheterodyne receivers.
For this application, the triode is used as
oscillator and the pentode, as mixer.

Other applications of the 6F7 in re-
ceiver design are: The use of the pentode
as an immediate frequency amplifier
with the triode unit connected either as
a fixed-bias triode, grid-lead triode or as
diode second detector; the use of the
triode unit as second detector with the
pentode unit as an audio-frequency ampli-
fier; the use of other combinations in
which the triode functions as an a. v. c.
device or as an inter-channel noise sup-
pressor with the pentode unit used as
detector or amplifier.

Typical operation conditions and char-
acteristics for the 6F7 units in amplifier
and converter service follow :

PENTODE I-F AMPLIFIER & BIASED
TRIODE 2ND DETECTOR
I’F 1)

=
C5
——
Ris C
c R
3 o 16
FIG. 3

If there is to be a substantial signal
input to the second detector, the
triode serves well, while the pen-
tode is used as the preceding inter-
mediate amplifier. Note that the
biases are different. Worked thus,
the detector is less sensitive, but
load-handling is more important.

Maximum allowable plate voltages are:
For the triode unit as an amplifier, 100
volts; for the triode unit as a biased de-
tector, 250 volts; for the pentode unit as
an amplifier or detector, 250 volts. Plate
family and detection curves, curves of the
pentode transfer characteristics, average
characteristics of the pentode unit, opera-
tional characteristics of the pentode as a
frequency converter, and pentode conver-

Converter Service

Triode Pentode

Unit Unit
Plate Voltage... 100 max. 250 max. Volts
Screen Voltage.. ... 100 max. Volts
Grid Voltage.... —3 min* Volts
Oscillator Plate
Current (average) 4 max. ... Milliamperes
Conversion Micromhos

Conductance

*Negative grid-bias voltage should ‘be at least
3 volts greater than peak oscillator voltage. With
peak oscillator voltage of 7 volts and a negative
grid bias of 10 volts, the conversion conductance
is 300 micromhos,

FOscillator grid bias usually obtained by means
of a grid-leak resistor.

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

Heater Voltage.......ccoiviiiiiiiiiiiiiinniieiniiieennnns $O00000000000000 ..6.3 Volts
Heater Current....c..oviviiiiiiianinnne, 0000300000000 : ....0.3 Ampere
Amplifier Service (Class A)

Triode Unit Pentode Unit

Plate Voltage........coovoiunn 100 max. 250* max. 250 Volts
Screen  Voltage. . . 100 max. 100 max. Volts
Grid Voltage....... —3 37.5% —3 min. —3 min.  Volts
Amplification Facto 8 oo 3 900
Plate Resistance.... 17,800 300,000 850,000 Ohms
Mutual Conductance. na 450 1,050 1,100 Micromhos
Mutual Conductance at —35

volts bias.....oieiviiiinn..s 10 10 Micromhos
Plate Current...... 3.5 3 6.4 6.5 Milliamperes
Screen Current 1.6 15 Milliamperes

*This rating applies for biased detector use only. . . . X
+4Grid voltage to be adjusted to give approximately 0.2 milliampere plate current with no input signal.

WWW.americanradiohistorv.com
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Applications
Frequency-Converter

Fig.' 1 is a circuit diagram showing the
6F7 used as a frequency-converter. In
this diagram the oscillator coil has been
tapped and mixing is effected by introduc-
ing oscillator voltage into the common
cathode return to ground. Fig. 2 shows
another circuit of frequency-converter ap-
plication, generally preferable to that
given in Fig. 1.

I-F Amplifier and Second Detector

Fig. 3 illustrates an arrangement
whereby the pentode unit can be used as
an i-f amplifier and the triode unit as a
second detector. A biasing device con-
sisting of a tapped cathode resistor is
used to apply bias voltage to the grids
of the two units. If desired, the biasing
circuit may be arranged so as to include
the cathode current of other tubes in the
receiver such as the 6A7 or the 78. This
makes possible, for purposes of volume
control, the simultaneous adjustment of
grid-bias voltages on all of the controlled
tubes. The method is practical because
cut-off voltages for the 6F7 pentode unit,
the 6A7 pentode unit, and the 78 are ap-
proximately the same for the same plate
voltages.

As a detector for small signal inputs,
the pentode unit is more suitable than the
triode because of its greater sensitivity.
For this reason, the pentode rather than
the triode, is generally used as mixer or
first detector. Either unit may be used
as a second detector, the unit chosen de-
pending upon the level of the input sig-
nal. As a second detector, the triode unit
can deliver sufficient output voltage to
excite a power tube, if the signal input
voltage to the detector is sufficiently high.
This arrangement (in Fig. 3) provides not
only an i-f stage and second detector but
also adequate input to the power output
stage without intermediate audio ampli-
cation.

If automatic volume control is desired,
it is most easily obtained by using the
6B7 (a duplex-diode pentode).

Detector

Although either unit of the 6F7 can be
used as a second detector, the characteris-
tics of the tube are such that the triode
is the preferable unit for this purpose.

When the 6F7 is used as a combination
intermediate, or radio-frequency amplifier,
the pentode, as previously indicated, is
used as the amplifier unit and the triode
as the detector. To interchange these
functions would result in great loss in the
overall gain obtained. Of the two units,
the pentode is the 'better amplifier at
either radio or audio frequencies. Hence,
the most efficient application of the tube
as combined detector and audio amplifier
is that wherein the triode functions as
detector (second) and the pentode, as
audio amplifier. When so employed, the

BIASED TRIODE DETECTOR
8 PENTODE AUDIO AMPLIFIER

i-F OR R-F

+250V.

triode czn be connected for grid-leak or
fixed-bias detection.

A limitation imposed by the common
cathode makes it impossible to obtain
true self-bias detection for the triode
because the pentode plate and screen cur-
rent greatly exceeds the triode detector
plate current in the common cathode. As
a result of this limitation when a tapped
biasing resistor is used in the cathode
return (as in Fig. 4) the bias obtained for
both the pentode and triode units is vir-
tually a fixed bias.

Calculations to determine the size of
biasing resistor should take into con-
sideration this fact. As a grid-leak de-
tector, the triode unit will handle small
signals to give small audio output volt-
ages. As a fixed-bias detector, the
amount of signal that the triode unit will
handle, and also its sensitivity, are de-
termined by the applied grid-bias voltage.

Second Detector and Audio Amplifier

Figs. 4, 5 and 6 clearly show how the
6F7 is used as a detector and audio
amplifier, Fig. 4 shows the pentode
connected as audio amplifier following
the triode unit as a fixed-bias detector
and Fig. 6 shows the same arrangement
except that the triode is connected as a
grid-leak detector. Fig. 5 shows the triode
connected as a diode followed by the
pentode unit connected as an audio ampli-
fier. This arrangement provides diode
detection with delayed automatic volume
control and is accomplished by connect-
ing the triode grid and plate separately
for direct current but together for r-f
input. The grid ‘acts as the diode anode
for detection and the plate with its asso-
ciated circuit provides the delay bias.
Where the series-cathode resistor Ru is
made adjustable, the amount of delay can
be varied.

Operating Characteristics
I-F Amplifier and Second Detector

For operation of the 6F7 as a combi-
nation i-f amplifier and fixed-bias second
detector in the circuit shown in Fig. 3,
plate and screen voltage supplies are 250
and 100 volts respectively. The grid-bias
voltage for the pentode unit is obtained
from the drop across Ris and that for the
triode unit from the drop across Ris and Rie.
Grid-bias voltage for maximum volume-
control setting, should be approximately
20 volts for the detector and 3 volts mini-
mum for the pentode. The variable re-
sistor Ru. provides manual volume contro}
by variation of the grid bias on the i-f
amplifier

Fixed-Bias Detector

Fig. 7 shows curves of fixed-bias de-
tector operation for the 250- and 100-volt
conditions. The radio-frequency input
voltage as well as the corresponding grid-
bias voltage required for a given audio-
frequency output voltage are shown.
These curves were taken with the radio-
frequency input modulated 20%. Within
the upper limits of these curves, the de-

DIODE DETECTOR & PENTODE AUDIO
AMPUFIER WITH DELAYED A.V.C.

O
SOV. +250V.

—+ |

FIG. 5
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tector output will be relatively free from
distortion.

In choosing the value of grid-bias volt-
age, one should he guided by the de-
tector operating conditions. From the
shape of the curves it is noted that de-
tection sensitivity decreases for the higher
values of output. It is best, therefore, to
operate the detector at the lowest bias
voltage commensurate with the audio-
output voltage required. For example,
if the triode detector is to be followed
by a power output tube requiring 14 volts
peak or 10 volts rms, to excite it, the triode
should be biased to approximately 21 volts
for the 250-volt supply condition. If, how-
ever, the tube following the detector re-
quires only a very small input voltage,
such as that required by the 6F7 pentode
unit, i.e. 3 volts peak or 2.1 volts rms, de-
tector sensitivity would be at its best if
a bias voltage of 14.8 volts were supplied
to its grid.

The self-bias voltage can be obtained
from a series-cathode resistance and is
essentially fixed because of the smallness
of the detector plate current as compared
to the pentode plate current, say RCA
Radiotron Co., Inc., and E. T. Cunning-
ham, Inc.

Grid-Leak Detector

Curves for operation as a grid-leak de-
tector were taken with a l.0-meg. grid
leak and a 0.00025 mfd. condenser and
with other values as indicated on the curve
sheets. The grid-leak detector is more
sensitive than the bias detector. It is bet-
ter used as a detector where sensitivity
and small output voltage are required.
Where larger output voltages are neces-
sary fixed-bias detection should be em-
ployed.

The following tabulation of the output
voltages obtainable with 30 per cent.
modulation of the input radio-frequency
signal is representative’ of the maximum
detector output voltages obtainable under
the given conditions:

Triode Triode Pentode Pentode

Plate-Supply Volts 100 250 100 250
Input Volts (RMS) 2.1 3.0 0.7 0.7
Output Volts (RMS) 20 3.85 5.5 8.6

For the triode, these values are at
saturation beyond which the output volt-
age will not increase with increased input
voltage. For the pentode, the above
values represent the points where appre-
ciable distortion commences.

Comparison of the above tabulated
values for the triode portion of the 6F7
with tde corresponding values shown in
Fig. 7 shows quite clearly the differences
in operating levels of the two types of
detectors, their relative sensitivities, and
the gain obtainable with each type.

Fig. 8 shows the screen grid voltage
necessary to obtain maximum audio out-
put at different signal levels for the
pentode unit operated with 250 volts total
d-c supply, 20 per cent. modulation of the
input voltage, and optimum circuit values.
The setting of screen voltage is quite
critical. The accompanying screen cur-

(Continued on next page)

GRID-LEAK TRIODE DETECTOR
& PENTODE AUDIO AMPLIFIER
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AF
m—t—
E_ Ji
:
' l Re Ri1| SRe
<
. .
8 b
= = 4
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FIG. 6
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HIS SHORT - WAVE SET
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FIG. 1

Tl3e circuit of the Superba, a short-wave set that does splendidly on
foreign-country programs. Automatic volume control is included. Stan-
dard plug-in coils are used.

OW, practically for the first time, a
Nhigh-performance a-c short-wave re-
ceiver can be constructed at exceed-
ingly low cost, and yet will give speaker re-
sults entirely satisfactory, with practically
no fading, and with humless a-c operation.

Such a receiver is the one diagrammed, the
developmental work on which is due to Ed-
win Stannard, of Supertone Products Cor-
poration, and on whi¢h he was engaged for
nine months.

It was found that there would be con-
siderable fading unless automatic. volume
control were included. And when such con-
trol was selected of a degree that did not
reduce the sensitivity unbearably, and filtra-
tion was properly introduced, even notorious
fading stations stopped their bad behavior,
not as a complete eradication by metered
test, but at least to a degree that rendered
meter-readable  variations of  intensity
scarcely up to the level of discernment by
the aural test. You could listen but could
not notice the fading. So Mr. Stannard re-
marked: “You hear a set wiht your ears,
and not with a meter, so the automatic vol-
ume control feature is highly desirable.”

2A6 Detector-Amplifier

After sensitivity had been developed to a
degree that seemed satisfactory, but before
it was decided that the set should be
marketed as completely worth-while in every
aspect, a mew tube came out, and it was

tried in many ways. In almost every con-
nection used there was greater sensitivity
than with the tube it replaced. So the 2A6
1s used as the duplex-diode detector, with a
practically linear detecting characteristic,
which means freedom from distortion, and
was resistance-capacity coupled to -the high-
mu triode it contains.

Six-fold Increase

If the receiver were to be used for broad-
casts perhaps the 2A6 would not be so ac-
ceptable in such a receiver, because the am-
plitude of the wave front from broadcasting
stations in the 1,600-540 kc band is far
greater than that of short-wave stations
from overseas. But taking conditions as
they are, and adopting methods that pertain
particularly to short waves, the sensitivity
was increased six times by the proper in-
clusion, circuiting and voltaging of the new
tube, and stations brought in at a poor loca-

(Continued from preceding page)
rent, plate current, and average d-c bias
voltage are also shown in this figure.

Pentode as Audio Amplifier

When used as an audio amplifier, the
pentode may he resistance-capacity
coupled to the preceding detector stage
as illustrated by Figs. 4, 5 and 6. A plate-
coupling resistance of approximately 300,-
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SURE DOES BRING ’EM IN
Il In, If Only They Are On the Air

n Bernard

tion with satisfactory volume and comfort-
ing regularity from Europe, Asia and other

remote points.

The set was designed primarily for those
interested in hearing programs from over
the seas. As every one knows, their num-
ber is legion right now, for we are in the

midst of a short-wave boom. Perhaps per-
sons who grew somewhat tired of regular

broadcast programs as a steady diet for ear

and mind found radio’s renascent fascina-
tion in hearing a station in the foreign land
of their birth, or where their wife was born,
or their fathers and mothers. And besides
the thrill of distance is never dead, only dor-
mant sometimes.

No Loss of Personality

Just for the program type of listener the
receiver, called the Superba, was developed,
and much common sense was applied to the
design. The circuit is a superheterodyne,
with tuned, modulator input and tuned oscil-
lator, the oscillator being a separate tube
(56), while the modulator is a 57. Thus
in the coil construction the coupling is made
different for each band, locking of the two
circuits is prevented, hence r-f selectivity
renders some benefit even on the highest fre-
quencies, and there are peppy results even at
20,000 ke (15 meters), a region where many
short-wave receivers lose their personality.

To attain sufficient sensitivity two stages
of intermediate-frequency  amplification
(three coils) were used, and with proper
filtration and adjustment of the impedance

he 6F7 Tube
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FIG. 2

Rear view of the finished receiver. The parts are compactly arranged
on a metal chassis. Plug-in coil sockets are easily accessible.

load by a parallel resistance across the pri-
mary of the first coil, stability was unfail-
ingly achieved. Hence the set does not
plop into i-f oscillation, as many sets do, and
reception is fairly quiet.

There is bound to be some noise on occa-
sion when one works a sensitive short-wave
set, because the noise is “in the air,” rather
than in the set, and if the receiver is ex-
tremely sensitive, as it should be, and as
this one is, the noise will be heard. But it
isn’t present every day or every night. Many
a time the reception is so clear that one
scarcely can distinguish the result from that
attained from the nearest broadcasting sta-
tion.

Use a Short Aerial

When a receiver is so sensitive a short
aerial, even only a few feet of wire indoors,
may be used. This improves the selectivity
greatly, so that foreign stations close to one
another in frequency, do not interfere. It
seems preferable on nearly all the short-wave
sets that are highly-sensitive to use a short
aerial for that reason, and also because there
is less noise then of the type caused by
heterodynes, as ‘these interferences are
trapped out.

In line with the argument in favor of

000 ohms, with a plate-voltage supply of
250 volts and a screen-grid supply of 50
volts should be used. The resistor in the
grid circuit of the following tube should
be 1.0 meg., if possible. For some tubes,
where 1.0 meg. may be too large a value,
the maximum recommended value should

be used.
Copyright 1933

sensitivity one may notice that virtually all
the short-wave sets have pentode output, as
has the Superba, which uses a 2A5. This
tube is favorable indeed to the designer or
a short-wave set, as it has been noticed that
in a-c designs the hum tends to be higher
than in broadcast sets, perhaps because of
intermodulation, perhaps even through the
rectifier. Therefore it is well to have an in-
directly heated cathode type output tube.
The circuit has a manual trimmer for the

secondary of the antenna coil, a volume con-

trol and besides may be equipped with a
switch to short out the a.v.c. for appeasing
the preference of “hams.” This switch (not
shown) would ground the filtered returns of
the i-f grids, with a high resistance left be-
tween ground and the high side of the sec-
ond detector.

PERSONS:
OF MOMENT

Rudy Vallee fears the day when he may
become fat and bald . . . Favorite dish is
buckwheat cakes with plenty of butter . . .
Always carries at least three toothbrushes
while traveling . . . Pinches the lobe of his
ear when nervous . . . Detests the odor of a
pipe and asks pipe smokers to kindly refrain
from smoking in his presence.

x % %

“A singer is really an athlete. Get out
of condition and blooey goes the voice. It is
an accurate and sensitive barometer of your
physical condition. Plenty of exercise and
lots of sleep are first essentails for a vocal-
ist.”—Frank Luther, tenor.
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COIL-SWITCH UNIT

for “All Waves’ 1s on

g

By Herman Bernard
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HE all-wave coil-switch assembly, An interesting circuit, especially accommodated. Each compartment could be

properly padded, aligned and adjusted,

is one of the products that may be
confidently expected for next season. The
fashion of using plug-in coils no doubt will
wane sufficiently by that time, due to the
style impulse arising from inclusion of the
switching devices in commercial all-wave
sets made now by the larger manufacturers.
There will be a retained interest in plug-in
coils by professionals and experimenters, but
for the general run of users the ¢oil-switch
arrangement is “in the bag.”

The difficulties have surrounded the
switch. The requirements are that the
switch should have extremely low contact
resistance, that is, no higher than the
equivalent resistance resulting from the use
of plug-in coils; that the capacity introduced
by the switch be.small, so that the frequen-
cy of tuning range of the condensers with
any coil will not be reduced much: and that
the switch have a definitive position denoting
infallible contact. All of these problems
have been solved already, so it is up to the

coil manufacturers or specialists to unite the:

switch with the coil system and produce the
much-desired unit.

Design Work Going Forward

It has been said that this will be done.
The reason for saying it is that the design
work in several factories is going forward
and production will follow as soon as the
laboratories give their O.K. In present-day
radio, products are not rushed into produc-
tion and the purchasers left to find out
whether the gadgets work properly. That
may have been all right in boom days,
though this writer thinks it always was all
wrong. nevertheless today the products are
right before they are put on the market.
In other days they may have been right or
wrong when produced, or made right later,
if it was possible to rectify a manufacturing
or design mistake.

The coil-switch assemblies probably will
be made for two or more intermediate fre-
quencies. It is certain that provision will be
made for 175 ke, which is still popular, and
for 465 kc, which is growing in popularity.

There is not much difference in perform-
ance between the two, except that in the

from the viewpoint of total abs.o-
lute bandspread at any carrier
frequency.

broadcast band the inter-channel selectivity
is higher with 175 kc, For all-wive cover-
age, however, a higher intermediate fre-
quency is practically always selected, be-
cause it gives a bit of an edge in the matter
of the carrier frequency and the local oscil-
lator frequency not pulling together, due to
the greater difference between the two.

Tracking Section

Besides these two intermediate frequencies,
175 and 465 ke, there is small need for any
others, unless a tracking condenser is to be
used, as there are such condensers that re-
quire 456 and similar odd intermediate fre-
quencies. However, tracking condensers were
intended only for broadcast-band use. The
tracking section could not possibly be used
for higher frequencies, unless the interme-
diate frequency were changed for each step,
a practical impossibility. due to the enormous
changes required, band for band. The
amount of change is equal to the frequency
span at the carrier level for the band. Thus,
for 456 ke if., broadcast band, assuming 3
to 1 frequency ratio, the highest frequency
might be 1,600 ke, so for the next band the
i. . would have to be 1,516 kc for the second
band and for the third 3,200 k¢, etc, a
ridiculous requirement. The only ~ossibility
would be to use, say, a three-gang condenser
for the broadcast band and arrange the
ewitehine so that for the higher freanenries
the tracking section would not be used, and
a stage thus omitted.

Constructional Hint

The coil-switch assembly can be made by
the handy home constructor along these
general lines: Since three tuned circuits are
used, a shield box, of aluminum or copper,
is constructed, and two walls soldered in
place, to constitute three effective shields.
Tn each of the three compartments the total
number of coils is put. For the circuit
shown there would be four coils. By using
3,-inch diameter tubing the four coils can be

WWW.americanradiohistorv.com

3 x 3 x 3 inches.

The coils are mounted to the bottom,
leads being brought out to the sides, which
are pierced for an insulting strip on which
{ugs or spades are put, for soldering to out-
side connections. The open top of the total
shield may be used at bottom in mounting
the assembly to the chassis, as the chassis
completes the shielding, if metal. If broad-
casts are to be covered, whole band by one
switch setting, meaning 0.00035 mfd. con-
densers or thereabouts, the first short-wave
band should be padded as well as the broad-
cast band. If 0.00015 mifd. condensers are
used, there would be padding for both parts
of the broadcast band as well as for the
first short-wave band.

Variably-Tuned Intermediates

There is another idea in the diagram that
might look like an error. The intermediate
tuning condensers are variable, a regular
three-gang. The object of that is to give a
total absolute bandspread. Should broadcasts
be desired, the i-f condenser would be turned
to a marked position, representing the i. f.
intended (465 kc). No bandspread is need-
ed or desired. For short waves first tuning
is done at the same i-f setting, but if the
i. f. is to beat other than the geometric mean
of the i-f range, then the bandspread is in
both directions. Usually all that can be done
is to lower the frequency. Here it may be
lowered or increased. Let us take a numeri-
cal example.

Suppose the regular i.f. is 465 ke. If this
is to be the geometric mean of the inter-
mediate range then the coils are selected so
that the total tuning range is 806 to 269 kc.
This can be achieved for practical purposes
simply by winding a primary (which is
tuned here) to strike 270 kc at maximum
condenser capacity. The condenser is as-
sumed to be 0.00035 mfd. or larger, and the
frequency ratio 3, which is common.

536 kc Span

Thus, take the total frequency span, 806
to 270 ke, the difference is 536 kc. Starting
at 465 ke, the frequency may be increased
to 806 kc, a difference of 341 kc, and to 270

(Continued on next page)
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FOR BATTERY DEVOTEES-

A SIX-TUBE SUPERHETERODYNE WITH

PUSH-PULL OUTPUT

ANY radio set builders who live in

the country, away from power lines,

request sensitive receivers that can be
operated from small batteries. These sets
must be comparable in sensitivity with a-c
operated receivers, and as far as possible,
they should also be comparable with them
in respect to output power. We might as
well state at the outset that there are no
battery-operated tubes that will give as
much output as the power tubes ordinarily
employed in a-c operated sets. The most
suitable tube is the 33, and two of these can
be used in push-pull to give a fairly large
output. Somewhat more can be obtained
with a single 19 in a Class B amplifier, but
this tube imposes certain restrictions on the
design.

In Fig. 1 is a six-tube battery operated
superheterodyne using two 33 tubes in the
output stage, a 1A6 as oscillator and mixer,
a 34 as intermediate amplifier, a 32 as a
grid biased detector, and a 30 as intermediate
audio amplifier. If more output power is
required than this will give, it is possible to
add two more 33s, putting two of them on
each side of the symmetrical amplifier. This
would double the output power without re-
quiring any higher input voltage. The added
tubes, would, however, increase very much
the drain from the A and B batteries.

The Oscillator

For oscillator the inner elements of the
1A6 tube are used and the circuit employed
is of the tuned grid type. The 350 mmid.
tuning condenser and the series padding con-
denser are placed so that both are grounded
on one side. Since the padding condenser is
in series with the tuned winding it also
serves as a grid stopping condenser and for
that reason no condenser is put in the grid
lead. A leak of 50,000 ohms is connected

By Brunsten Brunn

between grid and the negative end of the
filament to provide a path across the padding
condenser.

The oscillator coil has only two windings,
since no pick-up winding is required when
electron coupling is used. Suitable coils for
this purpose are standard and are available
for all the common intermediate frequencies
employed in superheterodynes. Padding con-
densers also are available for any of the
usual intermediate frequencies, provided that
the tuner covers the broadcast band.

The choke L1 in the plate return lead of
the oscillator should have an inductance of
about 10 millihenries, and may be one of
the 800-turn chokes used in 175 kc inter-
mediate tuners. A 0.1 mifd. condenser is
connected between ground and the junction
of the choke and the tickler.. This filter
combination is desirable, although it is not
absolutely necessary.

The Mixer

There is one radio frequency tuner be-
tween the antenna and the grid of the mixer
tube. The inductance of the secondary of
the transformer should be such that it fits the
350 mmfd. tuning condenser. Shielded coils
of this kind are standard. A word might be
said about the primary on this transformer.
Since there is only one r-f tuner, radio fre-
quency selection will not be great if a large
primary is used. Hence the coil selected
should have a small one, especially if the
antenna employed is high and long. Of
course, the circuit is intended to be used in
the country remote from power supplies.
This means that it will also be remote from
broadcast stations, and therefore an ex-
tremely high selectivity is not needed. This
is fortunate in one sense because, the loca-
tion of the receiver being remote from broad-
cast stations, a high sensitivity is required.

Therefore it might be necessary to use both
a first rate antenna and a good size primary
on the input transformer.

The Intermediate Amplifier

Following the 1A6 mixer tube is a doubly
tuned intermediate frequency transformer,
after which there is a 34 super-control radio
frequency amplifier. Then there is another
doubly tuned intermediate transformer, which
feeds into the grid of the 32 detector.

The intermediate frequency is optional.
Transformers are available for 175 ke, 456
ke, and 465 kc. Right now, perhaps, the 456
ke frequency is the most popular as many
commercial receivers employ it. This is
particularly true when the mixer-oscillator
is of the pentagrid type. When this fre-
quency is chosen there is no difficulty get-
ting the oscillator coil that matches and the
padding condenser.

The Detector Circuit

For detector a 32 is used with grid bias.
In its plate circuit is a filter consisting of
a 10 millihenry choke L2 and two 250 mmfd.
condensers. The grid has fixed bias, which
is obtained from a voltage divider to be dis-
cussed later. The screen voltage on the
detector must be rather low, and for that
reason a 0.25-megohm resistor is put in the
screen lead and it is returned to a point on
the battery where the voltage is 67.5 volts
above the filament.

The coupling between the detector and the
first amplifier is of the usual resistance-
capacity type, the stopping condenser being
0.01 mid., the plate resistor 0.25 megohm,
and the grid leak 0.5 megohm.

The Audio Amplifier

The 30 audio amplifier is coupled to the
(Continued on next page)

Constant Bandspread by I-F Tuning

(Continued from preceding page)

ke, a difference of 195 kc. There has been
no terminology for this method. since the
revelation is beine made now for the first
time, but it is safe to say, I think, that the
system yields a total bandspread of 436 kc
for the frequencies specified, and that this
bandspread is constant for all carrier fre-
quencies, hence gives most relative spread-
out at the higher carrier frequencies, where
it is most necded.

Calibrated Dials

Frequency-Calibrated dials are growing
in their popularity and will be increasingly
used. The question then arises whether the
calibration is upset by the total constant
bandspread method. Yes and no, mostly no.
Again it is a matter of definition, and, as
stated, the definitions have to be developed.
Since the dial of the i-f circuit, or knob
used, has a reference to the exact point
equalling 465 kc, when that point is used
the dial calibration for the tuner holds. If
the 1. f. is calibrated also, particularly this
and that side of the geometric mean, say,
plus 0 to plus 341 kc and minus 0 to minus
195 kc, the total change of 536 kc in the
i-f level would be divided in two equal parts,
and the change from the calibration could

be added or subtracted mentally, using the
341-0-195 reading as taken from the i-f dial.

Of course the radio-frequency tuning
would not be changed, but for the higher fre-
quencies the resultant effectives r-f resist-
ance is such a damper that the heavy burden
for selectivity falls on the i-f level, and is
represented manually by the oscillator fre-
quency dial. If the 1. f. ts altered it is to the
same effect as turning the oscillator dial a
bit, therefore the tracking for higher fre-
quencies will not be disturbed, within the
practical meaning of the word “disturbed”
as applied to a tuned circuit or two that
tend to become broad at the frequencies
where bandspread is most desired.

Credit to Anderson

The total constant bandspread method is
due to J. E. Anderson and represents an
idea that ought to be carried into prac-
tice, many of the advanced experimenters
having received enough information from
the present article to enable them to pro-
duce an experimental receiver that affords
the distinguished benefits that the system
contributes.

The local oscillator is a separate tube
in the circuit diagramed, while the 6A7 is
used as a pentode modulator, the triode ele-
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ment being not used, except to pick up the
oscillation voltage and afford electron
coupling in the modulator. It is just an
idea, and works, but it is not within the
intention of the present writer to state that
electron coupling as pretendedly afforded by
such a tube really exists in the desired ex-
clusive state at higher than broadcast fre-
quencies. The inter-element tube capacities
account for much more of the coupling than
does the naked electron stream or space
charge, and that is also true as to broadcast
frequencies, and results in such strong coup-
ling because the two methods (capacitive
and electronic) are combined. There is less
harmonic intensity by the method diagramed
because the capacity coupling is reduced.
That was the only reason for showing a
separate oscillator.

The circuit as shown is arranged for
universal operation (a.c. or d.c.), 120 volts
estimated, without any limiting resistor be-
ing required. All the voltage is dropped in
the tubes, but a 6-volt pilot lamp, shunted
by a 40-ohm 5-watt resistor, may be added
to the series chain, or one of the new 60-
milliampere pilot lamps put in series with the
biasing resistor of the power tubes. It will
light sufficiently for the purpose of making
the dial scale legible.
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A ONE-TUBE CONVERTER

Short-Wave Device Uses 2A7 Tube

By Einar Andrews
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FIG. 1
The circuit of a one-tube short wave converter utilizing the 2A7 pentagrid
(6A7). It is intended for attachment to a broadcast receiver and to take
the power therefrom.

SHORT-WAVE converter with a
single tube can now do the work of

two tubes, and do it much better, be-

cause of the greater efficiency of the new
tubes and also because of the multiplicity
of grids and anodes in some of these tubes.
The 2A7 is especially suitable for a short
wave converter, for it can function both
as an oscillator and as a mixer. and a circuit

for this tube is shown in Fig. 1. This con-
verter has been designed for attachment to
an existent broadcast receiver utilizing 2.5-
volt tubes. The heater current is supposed
to be taken from the 2.5-volt circuit in the
receiver, which is done by connecting the
heater terminals, H, across the heater wind-
ing in the set. This can be done at any
convenient point. The plate voltage for the

tube is also supposed to be takep from a
convenient point in the receiver. Only two
connections are required for the plate volt-
age, the negative to the chassis and the posi-
tive. Two other leads, of course, are needed
for the heater, and these should be a twisted
pair.

While the converter is supposed to take
its power from the receiver, a filament trans-
former can be used as well to supply the
heater current of 0.8 ampere and the plate
voltage may be taken from any other con-
venient source.

Use of Six-Volt Tube

In case it is more convenient to get a

6.3-volt supply for the heater, the tube can
be a 6A7, and it is not necessary to make
any other change in the circuit. That is,
if a 6A7 is to be used in place of the 2A7, a
voltage of 6.3 volts is applied to the H ter-
minals, everything else remaining the same.
The plate voltage, however, may be reduced
to 135 volts if desired.
_ Some prefer to have a resistance coupler
between the antenna and the first tube, while
others would rather have a tuned circuit.
Both methods are provided for, and the con-
structor can take his choice. The reason
some prefer a resistance coupler is that it
requires only one tuned circuit. and hence
obviates the need for tracking the two tuncd
circuits. Those who prefer a tuned circuit
in the input of the mixer know that more
sensitivity can be obtained with it and that
the greater reach of the circuit well repays
for the extra trouble in tuning and adiust-
ments.

Those who want only one tuned circuit
should put a 10,000-ohm resistor between
the antenna and ground as indicated and
those who want the tuned circuit should re-
place the resistance with a parallel resonant
circuit. In either case the antenna conden-
ser of 100 mmfd. should be used, although
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(Continued from preceding page)
output stage by means of a push-pull input
transformer. The highest permissible volt-
age is applied to the plate of the tube in
order to insure adequate input to the 33s.
This is quite safe provided that the bias on
the 30 is not too low.

A push-pull output transformer is used
between the 33s and the speaker, and this
may be an integral part of the speaker.
Since there is no means of energizing an
electromagnetic speaker field, the speaker
must either be a magnetic or a permanent
field dynamic. There is such a speaker
available especially designed for the 33 tubes.

The addition of two more 33 tubes in the
output stage would require a different speak-

t o s

er, or possibly two speakers in parallel. The
simplest way, perhaps, to add two tubes
would be to have two separate amplifiers,
with two separate speakers, but with the
grids connected in parallel.

Biasing is done by a 45-volt biasing bat-
tery and voltage dividers. The negative of
this battery is connected to the terminal
marked B minus and the positive to the
filament. Across this battery are two volt-
age dividers. One consists of a 500,000-ohm
potentiometer, P, and a limiting resistor, R,
of 7,500 ohms. This divider is used for bias-
ing the grid of the mixer and also the grid
of the intermeédiate frequency amplifier. The
purpose of the limiting resistor is to insure
that the bias shall not be less than three
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volts. The maximum is 45 volts, which is
sufficient to squelch both the mixer and the
intermediate amplifier.

The other divider consists of three re-
sistors in series. R1 next to the filament has
a value of 600 ohms and gives a bias of 6
volts to the detector grid. R2 has a value
of 750 ohms, the drop in which is 7.5 volts.
Therefore the bias on grids of the power
tube and on the first audio amplifier is 13.5
volts. R3 is used only to limit the current
and to drop the voltage not needed by the
amplifiers. Its value sohuld be 3,150 ohms.

Since the current through the voltage divi-
ders would quickly drain the 45 volt battery
if continuous, a switch is put in the circuit so
that it can shut off B current simultaneously

>
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LIST OF PARTS
Coils
One set of four plug-in oscillator coils for
140 mmid. condenser.
One set of four plug-in r-f coils for 140
mmid. condenser.
One 800-turn radio frequency choke.

Condensers
Two 140 mmid. tuning condensers.
One 100 mmifd. variable condenser.
One 100 mmf{d. fixed condenser.
One 0.01 mfd. fixed condenser.
Three 0.1 mfd. by-pass condensers.

Resistors
One 100,000-ohm grid leak leak (or 50,000),
One 9,000-ohm resistor.
One 15,000-ohm resistor.
One 300-ohm bias resistor.

Other Requirements
Two vernier dials.
One small seven-contact socket.
Two four-contact sockets.
Five binding posts.
One grid clip.
One knob for antenna condenser.
One small chassis.

it is not of prime importance when the re-
sistance coupler is employed. When the
tuned circuit is used the antenna series con-
denser is very valuable in making adjust-
ments for highest sensitivity.

The Oscillator

The oscillator is of the tuned grid type.
It has a 100,000-ohm grid leak connected be-
tween the grid and the cathode and a 100
mmid. stopping condenser. It is important
that the grid leak go to the cathode and not
to ground, and it is for this reason the shunt
connection is used, for if the leak were
across the stopping condenser the grid of
the oscillator would be biased, and this does
not work invariably.

The innermost grid of the tube is used as
control grid of the oscillator, and the next
grid as the plate or anode. The oscillator
is tuned with a 140 mmifd. condenser and
the coil is of the plug-in type.

In case blocking should occur in the os-
cillator, the grid leak should be reduced to
about 50,000 ohms, or even less if necessary.
However, in short wave circuits the higher
resistance can usually be used safely. It is
also advisable to try different anode voltages
on the oscillator, but it is not necessary to
apply different voltages on the plate of the
mixer and the anode of the oscillator.

The Mixer

The mixer is the tetrode part of the tube
and the control grid is at top of the tube.
This is connected to the top of the resistor
in the antenna circuit or to the stator of
the mixer variable condenser, whichever in-
put method is used.

A bias resistor of 300 ohms is used in the
cathode lead of the tube to give a bias of
about 3 volts to the control grid, and this
resistor is shunted by a condenser of 0.1
mid.

The screen is given a lower positive po-
tential than the plate, the voltage being di-
vided by a 9,00Q0-ohm resistor in the lead
to the screen and a 15,000-chm resistor be-
tween the screen and ground. A by-pass
condenser of 0.1 mifd. connects the screen

to ground to insure freedom from signal
fluctuations of the screen potential.

In the output circuit of the mixer is a
radio frequency choke coil Ch to effect
coupling between the converter and the
broadcast receiver. A 10-millihenry choke
will do here, one of those 800-turn chokes
employed in 175 kc intermediate frequency
transformers. A condenser of 0.01 mfd. is
connected between this choke and the output
binding post to make it safe to connect the
converter to any broadcast receiver.

Coils Used

The simplest way to get satisfactory coils
is to use plug-in coils of standard make for
the specified condensers. This obviates the
need of making any special adjustments and
it also eliminates troublesome switches.
Coils that fit these condensers are made by
nearly every coil manufacturer. The r-f
coils need only one winding but if the coils
employed have two windings, that is all
right, for only the secondary necd be used.
The oscillator coil requires two windings
and a four prong form. The r-f coil will
also need a four prong base, because we
have no form with fewer prongs.

The entire short wave band will be cov-
ered with four coils, provided they have no
wider overlap than necessary, and those
made usually have the correct coverage.

The Intermediate frequency

The coverage of a given pair of coils will
depend on the intermediate frequency eni-
ployed, that is, the frequency to which the
broadcast set is tuned. Most coils are made
for an intermediate frequency of 465 kc.
Therefore, the broadcast set should be tuned
to the lowest frequency—to 530 kc if it will
tune as low as that. However, the sensitiv-
ity of the converter will depend on the sen-
smvxty of the broadcast set, and since this
is usually least on the low frequencies, it
-will be advantageous to employ a higher in-
termediate frequency at times.

In order to make the converter as flexible

as possible in respect to coverage, the two
tuning condensers, that is, the one in the
oscillator and that in the r-f, should be on
separate controls. This permits the use of
any intermediate frequency within the tun-
ing range of the broadcast receiver. The
fact that both these controls must be set in
a particular way to receive most strongly a
given short wave signal makes tuning a bit
difficult. With a little familiarity with the
circuit, the difficulty soon disappears, how-
ever. There is no difficulty at all if the re-
sistance. input is used for then there is only
one control. When th~ tuned r-f circuit is9
employed tuning will be greatlv facilitated
if the r-f condenser is set at minimum while
the station is located by the oscillator con-
trol. Many stations can be received in this
manner, that is, by setting the r-f tuner at
zero and tuning the circuit with the oscilla-
tor condenser alone. When a station has
heen located, the volume may be mcrea.sed
by tuning the r-f circuit.

The First Band

Most divergence will occur between the
oscillator and r-f condensers when the signal
frequency is immediately above the broad-
cast band, and it will be greater the higher
the intermediate frequency. Therefore, in
order to track approximately, a low interme-
diate frequency should be used on the longer
of the short waves. At times better results
are obtained when the second oscillator coil
and the largest r-f coil are used simultane-
ously. This works quite well when the in-
termediate frequency is high, say near the
upper limit of the broadcast band.

As the signal frequency increases, the
two coils are about of the same inductance
and the two condensers track closely. The
tracking, of course, is closer the lower the
intermediate frequency, but when the signal
frequency is very high, it does not matter
what the intermediate frequency is, for even
if it is 1,500 kc it is small compared with
the signal frequency, so small as to be
scarcely noticed.

Notes on Permeability Tuning

Last week we discussed permeability tun-
ing and showed the construction of a coil,
the use of a coil in a Colpitts oscillator, and
the application of permeability tuned circuits
to a radio frequency amplifier. We did not
show the complete. six-circuit tuner to which
we referred, nor the selectivity possible with
the arrangement.

The six-circuit tuner, four tube amplifier-
detector, to which we referred is shown in
Fig. 4. It will be noticed that there is a
permeabhility tuned resonator in each grid
circuit and also in each plate circuit. Two
of the grid coils are returned to*an auto-
matic volume control device, whereas the
others are not returned to any point. It is
understcod’ that the three plate coils are to
be connected to a positive source of voltage
in the usual manner and that the third grid
should be connected to a suitable negative
bias. The tubes in the circuit are shown
to be of the filament type. This js hardly
consistent with any tubes available, consid-
ering the functions of the various tubes.
Hence we must assume that the cathodes
have been omitted. There is no diffculty
putting them in. The circuit was not drawn
to show the detailed connections of all the
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elements but only to show the placement of
the coils.

The detector circuit shown is a type that
is frequently used in broadcast sets. One
of the diodes is employed for signal recti-
fication and ‘the other for automatic voltage
control. The high potential side of last coil
is connected to the diodes through a con-
denser, one directly and the other through
a second condenser.

The sclectivity attainable with the six-
circuit tuner using permeability has been
found to be greater for the lower signal
frequencies but the difference is not great.
When the signal frequency is 600 ke, it re-
quires a signal about 100 times as strong at
10 kc off resonance as at resonance to put
out the standard output. At 1,400 kc¢ the
signal required is only about 30 times that
required at resonance. When the detuning
is 20 kc it requires a signal about 1,000
times as strong as at resonance. At 30 kc
off resonance the signal required is about
10,000 times. If all the circuits have the

same selectivity and if they are lmed up
exactly, the Q-factor of each circuit is ap-
proximately 150, which is a very good Q
indeed.

FIG. 4
This sketch

shows how six
ferro-inductors
can be used in
a tuned radio
frequency re=-
ceiver of high
gain and high
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selectivity.
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