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ANOTHER MILESTONE OF PROGRESS

ORNELL-DUBILIER has come a long, long way in

' twenty-six years. From exceedingly small quarters on
Broadway in New York, we moved to our present large plant
of three floors and two annexes. The acceptance of C-D con-
densers by the radio and electrical industry now once more
necessitate our removal to still larger quarters in an even
greater, more modern plant in South Plainfield, N. J.

In this new home of ours, covering 33 acres, with 210,000
square feet of plant space, added production facilities, and
closer engineering control, it will be possible to still further
improve a highly-perfected condenser line. Required de-
livery time will naturally be considerably reduced. We
prophesy that in our new home C-D will continue to lead,
because improvement is fundamental with Cornell-Dubilier.

To the engineering fraternity we extend a most cordial
invitation to stop by and inspect the new factory.
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. E. Smith, President

{ational Radio Institute

he man who has directed

1e home study training of

lore men for the Radio

odustry than any other
man in America

HERES

Works for
State of

-~
4" A
*If | had not taken your Course
| would atitl be digging ditches. 1
just started to work for the
state of lllinois, operating thelr
1.000 watt transmitter. 1f unyone
wants to write me about your
Course, | shall be glad to an-
swer.”” R. S. LEWIS. 126 E.
Ashe St., Springfield, .

linois

Pickea up - 0
$1800 While
Learning

.

**] picked up $1800 while studying
und [ call that easy money--the
time 1 gave my Radio work did
not interfere with my other busi-
ness.”’ OTIS DENTON, 14105
lorsin Avenue, Cleveland, Ohio,

FREE LESSON
on Radio Servicing Tips:

1I'll prove that my training
is practical, easy to under-
stand—just what you need
to make money in Radio.
My sample lessun text,
‘“Radio_ Recefver Troubles—
their Cause and Remedy’’
covers a long list of Radle
receiver troubles in A.C.,
D.C., Dbattery, universal,
auto, T. R. F.. super-
heterodyne, all-wave, and
other types of sets. No
obligation. Mail coupon,

WILL TRAIN YOU AT HOME

IN SPARE TIME FOR A

00D RADIO JOB!

TELLS HOW

FR[E BunK MAIL COUPON

Do sou want to make more money? Radio offers
you ‘many opportunities for well-paying spare time
and full time jobs. And you don't_have to give up
your present job or Jeave home and spend a lot of
money to become a Radio Expert.

Many Radio Experts Make
$30, $50, $75 a Week

Radio broadcasting stations employ engineers, oper-
ators, station manugers and pay up to §5,000 a year.
Spare time Radio set servicing pays as much as $200
to $500 a year—full time jobs with Radio jobbers,
manutacturers and dealers as much as $30, 350, $75
a week. DMany Radio Kxperts operate their own
full time or part time Radio sales and service busi-
pesses. Radio manufacturers and jobbers employ
testers, inspectors, foremen, engineers, servicemei,
paying up to $6,000 a year. Radio operators on ships
get good pay and see the world besides. Aytomo-
ile, police, i loud

aviation, commercial Radio, and
speaker systems are mnewer fields offering good op-
portunities now and for the future. Television
promises to open many léood jobs soon. Men ] have
trained are holding good jobs in these branches of
Radio. Read their statements. Mail the coupon.

There’s a Real Future in Radio
for Well Trained Men

Radio already gives jobs to more than 300,000 peo-
ple. In 1935 over %300,000,000 worthh of sets, tubes
and parts were sold—an increase of 20¢} over 19341

Radios were sold in 1935, 25%
1! ,000,000 homes are today
eguipped with Radios, and every year millions of
these sets eglo ont_of date and are replaced with
newer models. Millions more need sgervicing, new
tubes, repairs, etc. Broadcasting stations pay their
employees (exclusive of artists) more than §23,000

a year! And Radio is a new industry, still
fast! A few hundred , $50, $75-a-week jobs have
giown to many thousands in jess than 20 years.

Many Make $5, $10, $15 a Week Extra
in Spare Time While Learning
Practically every neighborhood needs a good spare
time serviceman. The day you enroll I start send-
ing you Extra_Money Job Sheets. They show you
how to do Itadio repair jobs that you can cash in
on quickly. Throughont your training 1 send you
§g‘a)10ns that made good spare time monev—$200 to

Over 1,100,000 auto
more than in 1

rowing

a year—for hundreds of fellows. My training is
amous as “‘the Course that pays for itself.”

1 Give You Practical Experience
My Course is not all book training. 1 send you
special Radio equipment and show you how to

of Men to Make More Money

J. E. SMITH. President, Dept. 6MM414

Dear Mr.
in Radlo,”
wunities In

Sintth:
which
Radio

Without obligating me,
potnts out
and

This FREE BOOK has Helped Hundreds WS%“M

National Racio lustitute, Washington, D. C.

send
the spare time and full
explains jour 50-50 method of train:

conduct experiments and build circuits which
illustrate importaut principles used in modern Ra-
dio receivers, broadcast stations and lond speaker
installations. 1 show 3jom how to build testing
apparatus for use in spare time work from this
equipment. Itead aliont this 50-50 method of
training—how it makes learning at heme inter-

esting, quick, fascinating, practical. Mail coupon.

Money Back Agreement Protects You
1 am so sure that 1 can train you successfully that
1 agree 1n writing to ljenmd every penuy you pa.
me if you mre not satisfied with my SONS AN
Instruction Service ‘ien sou finish, I'll send
you a copy of this agrecment with my Free Book.

Find Out What Radio Offers You
Act Today. Mail the coupon now for “‘Rich Re-
wards in_Eadio.” It’s free to any fellow over 1§
years old. It deacriber Radio’s spare time and
full time apportunitie ard those coming in Tele-
vision; tells about my training in Radio and
Television; shows you uctuml letters from men
have trained, telling what they are doing and
earning. ~Find out what io offers gYOU!
MAIL THE COUPQON im_an envelope, or paste
it on a penny post card—NOW!

J. E. SMITH, President, Dept. 6MM+A
National Radio Institute, Washington, D. C.

MAIL
COUPON
Now /

“'Rich Reswards

oy
&
time oppor-

ing men at

home in spure time to become Radip Experts. (Please Wiite Plainly.)
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Sor Letler Radro.

N ideal gromp of I. F. replacement and

experimental transformers by Ham-

marlund for broadcast and short
waves, for the critical engineer, researeh
student, repairman, and amaileur demanding
superior results for better radio. Ten types
are available in a round can “T” model for
175 and 465 kec. and a square can “ST” model
for 175, 262 and 465 ke.

The electrical characteristics of “T” and
“ST” are identical, with tuned grid and
tuned plate lattice wound coils, impregnated
to prevent moisture effects. The taning con-
densers are the highest grade mica com-
pression type, mounted on Isolantite bases
and adjustable from the top of the shield
can. Leads are RMA color coded, and tagged
for easy installation. Secondaries are either
plain for standard screen grid tubes, or
center tapped for tubes requiring split in-
put circuits,

Aluminum shield of “T” model is 218"
outside diameter x 34" high, with threaded
mounting lugs on 2” centers. The “ST"
aluminum shield can is 23%” high x 1%”
square, with threaded mounting studs on
17%” centers.

Here are, truly, quality transformers, and
now available at the new low price of $1.45
each list!

Write for the special I. F. transformer
bulletin with further details! Just mail the
coupon below,

HAMMARLUND MANUFACTURING CO.. INC
424-438 W. 33rd St., New Yorhk RW-11
[0 Check here tor mew 1. F. Transformer bulletin,

[0 Check here tor Hammarlund General Calalog.
Name .... .... o B |

Alddress
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Now—a high-powered

Radio Engineering
Library

—especially selected by radio specialists of McGraw-
Hill publications.

—to give most complete, dependable coverage of
facts needed by all whose fields are grounded on
radio fundamentals.

—available at a special price and terms.

HESEh books cover c'i)r-

cuit phenomena, tube

tbeory, networks, meas- NEW!
urements, and other subjects

—give specialized treatment The Library now
of all fields of practical de- comprises a revised
sign and application. They selection of books
are books of recognized posi- culled from latest
tion in the literature—books McGraw-Hill pub-
you will refer to and be lications in the
referred to often, if you are radio field.

1 practical designer, re-

searcher or engineer in any
field based on radio, you want
these hooks for the help they give in hundreds of
problems throughout the wbole field of radio en-
gineering.

5 volumes, 3064 pages, 2000 illustrations

1. Glasgow’s RADIO ENGINEERING
2. Hunds PHENOMENA in HIGH FREQUENCY
SYSTEMS

3. Chaffee’s THEORY OF THERMIONIC VACUUM
TUBES

4. Terman’s MEASUREMENTS IN RADIO ENGI-
NEERING

5. Henny’s RADIO ENGINEERING HAND-BOOK

10 days’ examination. Special price. Monthly payments.
$25.00 worth of books cost you only $23.50 under this
offer. Add these standard works to your library now:
pay small monthly installments, while you use the books.

I.__..«-..._s.-..-.........-...__.—_.-._—____
SEND THIS ON-APPROVAL COUPON |
MeGraw-Hill Book Co., Inc., 330 W. 42nd St., N. Y. C. :

Send me Radio Engineering Library, 5 vols., for 10 days’ {
examination on approval. In 10 days I will send $2.50, plus
few cents postage, and $3.00 monthly till $23.50 ia pald, l

1
L}

i

1

|

[}

! or return beoks postpaid. (We pay postage on orders ac-
| companied by remittance of first installment.)
1
|
.
1
1
I
(]

NGB TGN . L B LI R L S, LK
Address ............ . : !
City and State........

Position

|
t
]
|
Campany B CC 5 TR R\Vll-fml

—— e ——— - —— —— — ———— ap ———— —— —

YOU'LL NEED
THIS BOOK!

The New 1936-37 Edition of the Sylvania
Service Booklet Can Bring You New
Profits!

There will be more automobile radios in-
stalled tbis winter than ever before. More
cars will come from the factories equipped
with radios than ever before. A new
source of business and profits is opening
up before your eyes! Will you be pre-
pared to meet it?

You can be prepared with this new
Sylvania Service Booklet! Here are just
a few of the features:

Elimination of motor interference for every
make of 1936 car. . . Tube complement
chart for practically all models of auto-
mobile radio sets, with I.F. peak fre-
quencies. . . Set and Antenna installation
hints. . . Power supply hints, etc. These
and hundreds of other prohlems you will
meet in auto-radio installation and servic-
ing are covered in this amazing book.

Fill out the coupon below and mail it
NOW. You will receive yonr free copy of
this valuable book within a few days.

Hygrade Sylvania Corporation, makers of Syl-
vania Radio Tubes and Hygrade Lamps.
Factories at Emporium, Pa.; Salem, Mass.; and
St. Mary’s, Pa.

SYLVANIA

The Set-Tested Radio Tube

RW-116
HYGRADE SYLVANIA CORPORATION
Emporium, Pa.

Please send without obligation your new service
book, ‘“*Auto-Radio Installation and Servicing.™

Experimenter [0 Amateur O Call.......
Serviceman [0 Employed by dealer O
Independent O

Member Service Organization.

Name .....cecicevnnnniinne.
AQAress .......c..o0ieiiiietiriccnarian
CIty AR, . State
Name of Jobber ...................... L elele
Address 8. ... B s e cedai . od
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UILDING your own? 937 ,

" e
Buyi S.W.
All W‘:l)\,rl: gReieiI\::‘v? NeedO: B L UE R I B B ON

part for a servicing job?
This BIG, NEW RADIO ﬂ Dlo
CATALOG.

CATALOG will make your
selection EASY . .. AND
ECONOMICAL. WHOLE-
SALE RADIO SERVICE
CO., INC., with its tremend-
ous purchasing power, offers
values which cannot be beat!
Five strategetically situated
branches are filled with fine,
fresh stocks of radio prod-
ucts, shipments are made
within twenty-four hours of
the receipt of your order.

0 TPULL IN
THOSE DX’STATIONS

Write today for your copy of Radio’s greatest
catalog—upward of 150 pages—over 2,500 il-
lustrations—more than 50,000 items listed.
Use this valuable book—to make your shop-
ping easy—to save money—ito save time.

EVERYTHING YOU NEED IN RADIO!
Resistors, Condensers, Volume Controls,
Transformers, Wire, Antennae, Speakers,
Tubes—Transmitting and Receiving, Short-
Wave Kits, Parts, Test Equipment. Every-
thing we carry is of the finest, having passed
the rigid inspection of our laboratories before
being accepted. Get the Wholesale habit—
buy with complete confidence.

HOOT MON!TIs SMARRT
T6 BE THR-RIFTY! SEND

FOR THIS BRAW-BONNY
BOOK-"TSYILL SAVE YEMMEY

WHOLESALE RADIO SERVICE C0.nc

CHICAGO.ILL. 5 NEW YORK.NY. o ATLANTA. GA.

WHOLESALES
BI6, FREE
CATALOG, Loo

THRU IT, AND SEE
HoW EASY ')U;l}?/ﬁ

YOUR OUN "

i WHOLESALE RADIO SERY. CO., Inc.
i 100 Sixth Avenue, New York, N. Y.

]
[0\ PLEASE RUSH FREE BLUE RIBBON |
| RADIO CATALOG 65-K11.

|
I NAME

I
| STREET .

90IW.JACKSON BLVD. 100 SIXTH AVENUE 430 W PEACHTREE (V. NW

BRDNX, N.Y. » NEWARK.N.J. BTATE ...........

542 E.FOROMAM RD 9 CENTRAL AVE
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A 4-Gang T.RF. Tuner

Automatic Overload Relay Included
By Jack Goldstein

Mayfair Studio J

Left to right the knobs are for the following: line switch, dial and volume control. The three r.t.

tubes, at right, are in their circuit order, front to back. A four-gang condenser is used because neces-
sary for adequate selectivity.

D[SCRIMIN ATING radio listeners, particu-
larly those who have the cultural asset of
musicianship, often enjoy the use of a tuner with
a separate audio amplifier, because the tuner
may be closely held 1o acoustical tolerances, and
the amplifier, an existing device in the home or
studio, is of notable quality. Therefore the
combination makes for the finest sort of musical
reproduction and the separate power supplies
render the system free of audio regeneration and
other such interaction.

When one desires to select 2 tumer circuit he
has in general the option of a tumed-radio-fre-
quency set or a superheterodyne. With either
circuit the quality may be the same. With the
superheterodyne the problems become more
serious, therefore a person not too keenly versed
in technical radio might prefer the t.r.f. set for
that reason. Likewise the proper tracking of a
superheterodyne and provision of adequate pre-
selection for elimination of all squeals are a task
of proportions. On the same score of preference
for t.r.f. may come the argument that the pass-

age of the full modulation width of the audio
tones, as they appear when counterparts of the
carrier, is accomplished with utter ease, and it is
in general not necessary to make acoustical
measurements.

ENOUGH SELECTIVITY

The sensitivity of either system may be the
same. The superheterodyne always can be made
more selective than the other. But enough
selectivity for -every local purpose is fully ac-
complished in the t.r.f. set, and if there is only
the standard broadcast band to cover, no selec-
tivity trouble need arise, and the separation
should be good enough to permit tuning out a
local, and tuning in a distant station only 10 kc
removed from the local in the frequency
spectrum.

So that there will be sufficient separation it is
prerequisite that there be four tuned circuits,
and preferably that there be tubes between each
succeeding pair of tuned circuits. Thus the ¢ir-
cuit consists of three stages of t.r.f., a tuned
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input to the detector, and nothing much else save
the rectifier and the usual components. In this
instance we have restricted the volume control
to a single unit, especially so as the audio is not
taken care of in the tuner beyond the mere
detection.

And it is detection in the real sense, in that a
negatively biased pentode is used. Hence the
tube is operated in plate bend fashion, as dis-
tinguished from the grid-leak rectifier or the
diode rectifier of the type commonly found in
superheterodynes.

TROUBLESOME STATION

The bias on this tube is nade higher than
what would be present for amplification pur-
poses, and that is accomplished by using a high
value of resistor in the cathode leg of the 6]7,
30,000 ohms, and for low-note protection it is
necessary to bypass this resistor with a very
large capacity. Fortunately, such a capacity is
obtainable in electrolytic form, at 25 mfd., 25
volt rating, although actually the bias voltage

will not be anything near 25 volts. A rating of
10 volts would be sufficient. The important
point is that the capacity must be as high as
stated, and may be still higher.

It is still possible to overload the detector,
particularly on the strongest local in certain
cities and towns. In many places there is
always that single station to cause trouble.
Grid current could flow. That would mean the
voltage as developed by the tuner ahead of the
detector has becoine high enough at peak value
to overcome the effect of the bias on the tube,
hence the grid becomes positive, grid current
flows, and there would be distortion of a high
‘order,~due to detector overload, were not some
special precaution taken against this terrible
nuisance.

THE AUTOMATIC RELAY

The protection is provided by interrupting the
return of the secondary that feeds the detector,
inserting a resistor between that terminal of the

(Continued on following page)

LIST OF PARTS

Coils

Four shielded r-f transformers for 365 mmid.

condensers.
One AC-DC filter choke.

Condensers

One four-gang tuning condenser, 365 inmfd. per
section, with trimmers.

One .00025 mifd. Two .25 mid.

Two .002 mid. One 25 mfd. 25-volt
One .02 mfd. electrolytic.

One .05 mid. Two 8 mifd. electro-
One .1 mid. lytic.

[Fixed condensers are Cornell-Dubilier.}

Resistors
One 40-ohm pilot shunt resistor.

One 150-ohm.

One .05-megohm voluine control potentiometer.
One 30,000-chm bias resistor.

One .5 meg.

Two 1 meg.

One 200-ohm, 30-watt ballast tube.

Other Requirements

Two 6.3 pilot lights.

One line cord with switch,
One six-contact socket.
Four octal sockets.

Four small grid clips.
One five-tube chassis.

One airplane type dial.
Three knobs.
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The | megq. resistor and .05 mfd. condenser across it represent an overload circuit. On the strongest

local, in some communities, the plate-bend detector might be overloaded, therefore when such possi-

bility exists, the detector becomes automatically a rectifier, and the average grid potential is main-
tained negative. This constitutes the overload relay.
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(Continued from preceding page)
secondary and ground, and putting a large
capacity across the resistor. The values used
were 1 meg. and .05 mfd

So when the signal voltage, in those rare in-
stances, does rise to otherwise prohibitive
height, the grid current passes through the
resistor, and the grid is maintained effectively
negative. This is true because of the phenome-
non attaching to all grid-leak rectifiers, that the
rectified voltage is effectively higher than the
average of the a.c. signal input. The discharge

little by this loading, an exception must be made,
e.g., reception of stations 10 kc on one side and
10 kc on the other side of this problem station
is not to be expected.

SIMPLEST RECTIFER

The tuner, as stated, has its own power
supply, but it is a simple one, consistent with
the main objective of retaining simplicity
throughout. Hardly can a substantial circuit be
simpler than a t.rf. tuner, and when a simple
rectifier is added, even the whole becomes an

Angular view taken from the rear shows the detector tube to the right of the rear coil. The tube ele-

vated from the chassis is the B supply rectifier. This elevation was just a convenience and there is

no need to follow the method if there is a chassis hole to accommodate this tube. Ballast tube is
out of sight.

of the condenser through the leak takes place
at a slower pace than does the change in the
alternating current values fed to the rectifier,
hence the biasing effect due to the protective
device is held over, as it were.

A confirmation of the fact is obtained by
injecting a signal voltage high enough to pro-
duce grid current flow and noting that the plate
<urrent decreases, compared to what it is when
a normal value of sngnal voltage is applied
Hence the voltage bias is maintained negative
This is what is wanted always, also it is what is
achieved. The only real difference is that until
the grid current flows there is practically no
load on the grid circuit, but when grid current
flows there is some load, hence for the extra-
strong local, because selectivity is lessened a

easy matter to comprehend, to wire and to line
up. .
The rectifier consists of a double-diode tube,
the 25Z6, but since full-wave rectification is not
needed, the -plates are interconmected, the
cathodes are interconnected, one side of the line
goes to the plates, and the rectified B voltage is
obtained through the cathode bramch, which is
first filtered. This filter consists of an a.c.-d.c.
choke and two 8 mfd. electrolytic condensers.
A ballast tube, 200 ohms, 30 watts, reduces the
a.c. or d.c. line voltage to the values required
for the five tubes. The method ef connecting
the heaters in series, so that a single current of
.3 ampere will pass through all of them, is
shown under the circuit diagram. Two pilot
lamps are included, because the dial was of the
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type that provided brackets and sockets for
‘hem, and the lamps gave a brilliant appearance
.0 the dial disc when the set was turned on.

HEATER CIRCUIT

The diagram reveals that one side of the line
_and in actual construction, it is immaterially
sither side—is connected to the chain of pilot
lamps, which is bridged by a 40-ohm resistor,
and next comes the ballast, attached to either
side of the rectifier heater. The other side of
that heater has an arrow pointing away from it,
in the diagram, thus indicating that some other
heater is to be picked up. The 6J7 has one
heater side to the opposite lead of the line, as
this is a requirement for quietest reception.
What the connection is for the rest of the tubes,
or open sides of heaters partly accounted for,
is shown, as stated, in the detail under the
wiring diagram.

The first photograph showed a side view,
taken with the front partly exposed, and the
three knobs, left to right, are for line switch,
dial shaft and volume control. Also, that view
showed the tubes, front to back, with accom-
panying coils, first r.f, second r.f., third rf.
The detector tube is on the other side of the
fourth coil, which is the last coil in view.

MUST BE SHIELDED WIRE!

An angular view from the rear shows a socket
to which audio amplifier plug may be connected,
also the antenna and ground posts. The antenna
is connected to the right-hand post in this view,
and the wire running from the rear of this post
to the primary terminal used for antenna con-
nection to the first coil, must be shielded. It is
preferable to use that type of shielded wire that
has a thick serving of cotton insulation between
the rubber covering of the wire and the criss-
cross of the external shield. It is useless to
include this shielded wire unless the outside or
shield is grounded, and it is advisable to ground
it near the antenna post, by connection to the
ground post adjacent, and also to ground it in

As the text sets forth, this
tuner is simple to construct,
and the bottom view of
the wired job proves this.
The identities of the con-
trols are plain, the line
switch at lower left, then
the dial shaft, then the
volume control. The a.c.-
d.c. choke is shown at an
angle, lower center. The
chassis opening, as shown,
is required if an airplane
type dial is to be used.

one or two places along the feed to the primary
of the first r.f. coil.

The object of this shielded wire, and ground-
ing of the outer covering, is to prevent common
pickup, which produces feedback of a trouble-
some magnitude. A little feedback perhaps may
be encouraged, as t.r.f. sets can stand some aid
at high radio frequencies on the selectivity score,
but the intensity of the back coupling due to
the antenna wire inside the set serving as pickup
of strays in phase, is altogether too much, and
the shielding must be introduced just as de-
scribed. Otherwise it is admitted the control of
oscillation becomes nearly impossible.

USE LOW-GAIN COILS

If the coils are not of the high-gain type,
there should be no oscillation whatever. At-
tempts to use high-gain coils in such systems as
the four-gang t.r.f. set have proved unsuc-
cessful. The squealing problem rises to insur-
mountable heights. With low-gain coils, there-
fore, the gain is higher than with high-gain
coils, as when oscillation sets in the gain goes
down, and indeed reception, if any, is ruined.

Sometimes at the higher frequencies, say,
1,400 to 1,600 ke, there may be some regenera-
tion. But, as stated, it becomes a virtue, not a
vice because without some regenerative aid there
would be nothing like the selectivity at the
high-frequency end as was found at the low-
frequency end. Roughly speaking the selectivity
would be only one-third as good.

WATCH THE GROUND

If there is anything in this high-frequency
region suggestive of over-regeneration, a small
turn of the volume control will get rid of this,
hecause the control is of the dual-purpose type.
It increases the negative bias, also when it does
that it decreases the input, and in affecting the
input it increasingly loads the antenna winding.
This loading effect can be relied on to get rid
of surplus of regeneration, if any appears.

(Continued on following page)
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Now Six Tubes for A.C.-D.C.

Three-Gang Condenser Improves
Performance

By Lawrence A. Burr

Typical layout for a unmiversal superheterodyne
using a two-gang condenser and unshielded r.f.
and oscillator coils.

OST attention is concentrated on four and
five-tube sets where the a.c-d.c. principle
is invoked, and the main reason is economy of
outlay, whereas it may be considered economy
of a higher sart if, in adding an extra tube,
extra tuning condenser section and extra coil,
the 1mproved reception is properly rated. There
is no getting away from the fact that in all cities,
and in many small communities, and wherever
there is a strong local station, insufficient pre-
selection attaches to the type of receiver of any
sort that includes only a two-gang condenser.
Of course there is utmost simplicity with the
two-gang arrangement, and when one considers
the performance in the light of the cost there
can be little to quarrel with, but if a couple of

dotlars don’t mean too much the performance of
the more discriminating three-gang receiver is
imperative.

In the smaller set, an example of which is
iltustrated in the photograph reproduced here-
with, even honeycomb coils are used in un-
shielded fashion, and they certainly do work
well enough when the antenna coil is placed atop
the chassis, as it is in the illustration, and the
oscillator coil is beneath, thus to avoid any great
stray coupling between them. The object is to
confine oneself to the intended coupling, as that
will be large enough indeed.

The simple honeycomb coil arrangement does
not provide for shielding but when three coils
are used there must be shielding, and of course
this type of coil is widely obtainable com-
mercially.

There is only a little more to the diagram
when the extra tube and its serving components
are added, as can be seen from examination of
that dlagram, where the six tubes comprise an
r.f. pentode amplifier, a pentagrid converter, one
intermediate amplifier, a quadrode detector, a
pentode power tube and a half-wave rectifier.
The current through the heaters is the same, the
heaters therefore may be in series, and a line
cord of 135 ohms, 30 watts, or equivalent ballast
tube, used for diminishing the line voltage to
the sum of the voltages required for the chained
heaters.

The d.c. voltage for the plates of the tubes is
about equal to the r.m.s. of the line voltage, say,
110 volts, and the screens get the same voltage,
unless it is desired to use the detector as a
pentode rather than a quadrode, when a resistor

(Continued from preceding page)

Without disparagement of any stations, it
might be said that most listening is done at
fower radio frequencies, where no peri! of any
over-regeneration is present. The tuner there-
fore should be utterly quiet, in the sense of pro-
ducing no extraneous or internal noises, from
1,400 kc to 540 kc, and from 1,500 kc to 1,600 kc
there may be some regeneration under control,
to advantage.

Mention has been made of the ground post,
one of the two outlets shown on the twin as-
sembly. It should not be suspected that the
chassis connected to line, and ground connected
externally to the post, are the same, They are
qmte different. One side of the line is grounded.
*¥f-ground were brought directly to the chassis,
should the ungrounded side of the line be picked
up by plug insertion in the convenience outlet

there would be a short of the line, due to ground
being connected to both sides. First, the power
company connected ground to one side. Then
you connected ground to the other. It is then
the line fuse serves its purpose.

So the chassis symbol does not represent con-
ductive connection to external ground, and a
stopping condenser of .002 mifd. is placed be-
tween chassis and external ground. An inspec-
tion of the diagram will clear up any doubts
ﬂ'l;!l.t one may have as to which is which, and
why.

In conclusion I might say that this.tuner has
given really delightful performance for several
months and is well worth building. Of course
the audio amplifier should be excellent, because
though the tuner protects quality throughout,
the audio amplifier if not up to par will do all
the injury anything need do to spoi! quality.
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of 1 meg., bypassed to the lower
branch of the line by 8 mfd.,, may be
used. That is, resistor goes from
maximum B, after the a.c.-d.c. choke,
to screen, and condenser goes from
screen to B return. Then of course
the screen is not tied to the plate to
form a quadrode that the diagram
shows. For locations where great
sensitivity is required, the pentode con-
nection is preferable. But quality may
be better in quadrode style.

Values of Constants

Under the wiring diagram the
heater connections are shown pictori-
ally, and as all the values of constants
are imprinted on the diagram, these
may be followed, as the circuit is
authenticated. It should be remarked,
however, that the resistor shown as
.25 meg. for plate load of the second
detector (6J7 or 6C6) may be less,
say, half as much, or even quarter as
much, depending on what is the effect-
ive resistance of the 25 mfd.-30,000-
ohm biasing combination. It is not
possible to predict exactly what the
resistance will be, as the leakage re-
sistance of the electrolytic is unknown
and may be sufficient to reduce the
effective resistance here more than
was supposed theoretically, and more
than was present in the circuit as
built.

The intermediate coils as shown are
of the air core type, and these were
used, but folk in the country, who are
after all the possible sensitivity they
can get, and who evidently need it for
par performance, may use iron-core
intermediates, as these provide a
higher gain and increased selectivity
for a single-i.f. type of amplifier. For
a two-stage amplifier the iron-core
if’s might cause more trouble than
benefit.

Coil Information

It is standard practice to use a
dynamic speaker with 3,000-ohm field
and put this field across the rectifier
output. Thus the field coil has 8 mfd.
across it. All the B current passes
through the a.c.-d.c. choke, and if it is
found that more hum is present than
should be there, the condenser next to
the rectifier may be increased to 16
mfd., or two 8 mfd. may be put there
in parallel.

For the standard broadcast band
only, 175 ke if. is preferable for selec-
tivity and gain reasons, whereupon the
rf. coils consist of 30-turn primaries
over 127 turn secondaries, the oscil-
lator of 40-turn tickler over 102-turn
secondary. - The tubing is 1 inch
diameter, the wire No. 32 enamel, close
wound. The padding condenser Cp
yvoylgi_ be 800-1300 mid. or at least
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Six-tube superheterodvne for a.c.-d.c. operation. providina better performance due to extra tuning, compared to the five-tube set shown in the photoaraph.
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Universal Tube Voltmeters

Rectified Line Current Used for Bias
By DeGulla Gaw

350 30W _

<

IMfd.

Mfda,
I

Universal type tube voltmeter, using a triode. The
rectified current will greatly exceed one milliam-
pere, so the meter is used at less sensitivity than
one ma, the bucking circuit being used for reduc-
tion of the reading to approximately zero. Then
the 0-1 ma meter is substituted, a readjustment
of R made, and the circuit is ready for calibration.

HE half-wave diode rectifier, familiar in B

supply practice, may be used as a vacuum
tube voltmeter. Two examples are given, the
simpler one applied to a triode, the little more
elaborate one to a pentode. If a pentode is
used, the detector type tubes are preferable,
identities being given on the diagram for 6.3-volt
series tubes.

Both tube voltmeters are the same in principle,
and are intended for a.c. application, although
d.c. may be used, if positive of the line is con-
nected to the upper prong of the plug in the
diagrams. Only when the plate is positive,
for either a.c. or d.c. operation, does the tube
conduct.

SENSITIVITY TO POLARITY

Taking the example of the triode, it will be
seen that the tube, which may be a 37, 76 or
6CS, has a limiting resistor, which may be in the
line cord, to reduce the line voltage for the
heater to 6.3 volts. This is marked 350 ohms,
30 watts in the diagram. Plate is connected
to the upper side of the line, and for a.c. opera-
tion this is the side assumed to be positive,
which it always is for half a cycle, or one
alternation, no matter which way the line cord
is connected to the outlet. However, for d.c.
use the tube voltmeter works only with plug
connected to the outlet a particular way, so
reverse if no current flow is indicated.

The meter in each instance is assumed to be
a 0-1 milliammeter. In the case of the triode
more than a milliampere will flow, so a less
sensitive meter is used, or the present meter

shunted for the same purpose with a low re-
sistance, so that needle reads full scale.
Nothing need be connected to the unknown in-
put posts at left. Then a 3-volt dry battery, any
small type, is connected as shown, with battery
positive to the line, negative through a resistor
to the positive side of the meter, the resistor, R,
being large enough at first to prevent exces-
sive reverse current.

If R is 1,500 ohms or so that will be ade-
quate. Then the resistor R is adjusted until
the meter reads zero, as current is being passed
through the meter in reverse direction to the
rectified current.

PRECAUTION AS TO LINE

Now the meter may be safely established at
the 0-1 milliampere sensitivity, and a slight
readjustment of R made, if necessary, until
the meter just reads zero. For any future use,
then, R may be composed of a fixed resistor of
a little less resistance than that now found,
and a variable in series of about one-quarter
that value, the variable used for zero adjust-
ment before each measurement.

The 5 meg. load resistor in the grid circuit
is necessary for application of the negative bias
to the grid. This bias results from the use
of the tube as diode, in familiar leak-condenser
fashion, although the resistor and condenser
are somewhat displaced from their more fa-
miliar position in oscillators and the like.

Since one side of the tube voltmeter must be
connected to the line, as since the line is
grounded, it would be short-dangerous to the
line and the measured circuit to have contin-
uity to d.c., hence a stopping condenser is shown.
This is 1 mfd., paper dielectric, and should have
very little leakage. Since low voltage is to be
connected in series with it, and 5 meg. are prac-
tically in parallel with it, for low impedance
of measured circuit, checked as a resistor at
around 45 volts the condenser should show a
resistance of 3 meg. or more.

DRAWS A LITTLE CURRENT

The rectified current due to the diode being
in series with the line voltage causes a poten-
tial difference across the 1,000-ohm fixed re-
sistor, and this voltage is used as the steady
negative bias.

The voltmeter does draw a little current from
the measured circuit, due to the grid loading for
application of the bias, but this is very small
indeed. If the effective resistance, stopping con-
denser and 5 meg. considered, is 2 meg., the
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current drawn at 5 volts a.c. applied to input
terminals would be only a quarter of a micro-
ampere. At less than assumed maximum volt-
age of 5 volts of course the current would be
less. At any rate, the drain is so small it may
be neglected for practically all uses, including
those of measurement of tuned circuits.

The stopping condenser, however, introduces
an element of reactance to low audio frequen-
cies that must be considered. The capacity re-
actance is 2,650 ohms at 60 cycles, so at low
audio frequencies the measurement will read
less than it should, especially for a load of low
reactance presented by a measured circuit. If
the measured circuit had a reactive load of 2,650
ohms the error would be 50 per cent. At 600
cycles the error would be less under all cir-
cumstances, because the reactance of the con-
denser is 256 ohms, while at 6,000 cycles the
reactance of the condenser is 25.6 ohms, and at
60 kc is 2.56 ohms, which is negligible.

CALIBRATE AT R.F.

So for radio frequencies the circuit is entirely
suitable, only the calibration must be made at
some radio frequency. This would imply a

but here we may introduce the resistance val-
ues shown, omitting R and the battery tem-
porarily, and adjust the screen voltage, start-
ing at zero, until one milliampere flows in the
meter, in other words, needle is at full scale,
when the limiting resistor R may be selec_ted
on the basis of the battery voltage, equalling
1,000 times that voltage. For 3 volts the
resistor would be 3,000 ohms.

SCREEN VOLTAGE CONTROLLING

This adjustment to full scale current of one
milliampere, not practical at once in the other
instance, is possible because the plate current
depends on the screen voltage rather than on
the plate voltage. That is one of the peculiari-
ties and individualities of the screen grid tube.

Like all other tube voltmeters, except the
simple diode, this one has to be calibrated.
Details on how to calibrate were printed in
last month’s issue.

The diode’s rectified voltage (d.c.) is eq_ual
to the average of the a.c. voltage. Assuming
that the ac. is a sine wave, the diode-rectified
voltage equals .636 of the peak, or for r.m.s.
values, 1.111 of the d.c. voltage just discribed.

6J7
6C6
77
The same principle as used in the
e 200000 previous triode example is here ap-
& 5558 plied to a pentode. The rectified
<> 3500 current due tothe diode part of the
© | Jow tube being in series with the line may
T 1 — AN be limited to one milliampere right
sMeg. away, by starting the potentiometer
at zero resistance, arm to line, and
75000 5000 gradually increasing the screen volt-
S R age until one milliampere rectified
W Mfd. current flows. Then, for 1,500 ohm
P s = load resistor, the bias is 1.5 volis
" ! _17._ negative,
1M7d. - !
frequency of 50 kc up, and usually the selection
would be 1,000 kc or some frequency in that
region, at least in the standard broadcast band. R

The calibration then would apply practically
nonreactively to very high frequencies, say, 25
mc.

Of course, the effect of series capacity on
low frequencies may be reduced by increasing
the capacity, using, say 4 mfd., which at 60
cycles would have a reactance of 662.5 ohms,
but electrolytic condensers must not be used.
As nothing below 120 cycles would likely be
measured, the reactance would never be greater
than 331.25 ohms, and would become progres-
sively smaller as the frequencies increased.
Nevertheless the calibration would have to be
made at a radio frequency, would apply strictly
to radio frequencies, but the error on audio
frequencies would be less. Relative values, of
course, could be determined at any one audio
frequency, using 1 mfd. or any higher capacity.

The pentode presents the same general case,

i
]

||

. T

I+ might be assumed that the bucking battery cir-
cuit could be eliminated by this means, but the
ac. input is directly across the Ri-meter circuit,
and the needle fluctuates. It is not practical to
have a condenser across the meter large enough
1o stop this fluctuation, as around 100 mfd. would
be necessary merely only to reduce the fluctua-
tion intensity 50 per cent.
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Practical Line Cord Facts

Resistance and Quick
Wattage Computation

By Herman Bernard

DET RECT.

The greatest heat is dissipated in the line cord
when only a single tube is served, because the
limiting resistance Ry then has to be highest, for
a given current, and the power expended in the
coil resistance element is proportional to the re-
sistance. For the above case, 115 line volis, the
limiting resistor may be 370 ohms. The heater
connections themselves are interchangeable, i.e.,
polarity does not matter.

INE cords being very widely used, some

facts about their selection and use are in
order. The object of the line cord is to reduce
the a.c. or d.c. line voltage, assumed to be 115
volts, to the heater potential required for the
total series-connected tubes. This potential is
equal to the sum of the voltage drops across
each of the series. Thus, if there are three
tubes, each to drop 6.3 volts, then the voltage
drop for the heaters is 6.3 + 6.3 + 6.3, equals
189 volts. Since the drop across each tube is
here the same as that across any one of the
other tubes, the total drop may be taken as the
total number of tubes times the voltage drop re-
quired for one tube, or 3 X 6.3 volts, equals
18.9 volts.

When multiplication is used, the assumption
is made that each tube should drop the same
voltage at the heater as does each other tube,
but since that really does not always apply,
some power tubes and rectifier tubes requiring
about four times as much voltage as a detector
or amplifier tube, heaters alone considered, the
addition method is preferable.

BLEEDER RESISTOR

Another assumption made, and applicable to
the addition or multiplication method, is that the
current through each heater is the same. That
naturally would be required of a simple series
circuit, as there is only one current, and it can
not have two different values. Whenever a tube
carrying more current is-to be included in the
chain, the current drawn by the most conductive
heater is the current to be considered. In other

When two tubes are used, the power expended in
the line cord is a litile less, but another considera-
tion arises. There is a choice of series connection,
and it should be made on the basis shown above,
assuming one tube is a rectifier and the other is a
signal detector. That choice is that detector has
always one side of its heater connected to the
low side of the line. The limiting resistance value
may be 350 ohms for this example.

words, it is the heater that requires the most
current that determines what the total current
through the limiting resistor must be. Then,
to serve tubes requiring less current, these tubes
are set apart, as to heaters, and a single bleeder
resistor is selected of a proper value to take up
the excess current.

The foregoing general statement covers prac-
tically all the current and voltage requirements
for the a.c.-d.c. heater circuits.

Because the line voltage has to be reduced, a
certain loss, in the form of heat, is necessarily
suffered. Hence all line cords get warm. This
condition is not indicative of any defect in the
receiver, oscillator or other operating unit.
Neither is the warm cord any reason for be-
coming alarmed. It may not be the most com-
forting practice to use a line cord, but such use
is widely prevalent, and the present discussion
has to do with -electrical considerations.

Considering now only the tubes that draw a
particular current, the minimum value, which is
.3 ampere for the general run of tubes, the most
heat will be generated when only one tube is
used, uniform resistance wire being supposed.

WHY HEAT IS MAXIMUM

The reason for the maximum heat generation
in the single-tube set is that such a small part
of the total voltage is taken up by the heater
that the large remainder must be taken up by
the line cord. The current is the same in all
instances, and for the same current the power
dissipated is greater, the higher tlie resistance.
In other words, the mere fact that the line cord
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requires more resistance, because called on to
Idrop more voltage, causes the generation of
more heat.

The formula for determination of the resist-
ance required of the line cord, or other limiting
resistor Ry, is as follows:

E-e
R=——
I
where R is the resistance in ohms, E is the line
voltage in volts, e the total voltage in volts to
be dropped by the heater or heaters, and I is
the current in amperes. As E is taken as 115
volts and I equals .3 ampere we have

115-¢

OET.
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IWhen three tubes, one a signal detector and an-
other a rectifier, are used, there is no choice for
the third one, except the immaterial one as to
which side of its heater should go toward the recti-
fier heater and which side toward the detector
heater. The rectifier, whenever convenient, is put
next to the limiting resistor, the value of which for
6.3 volts, .3 ampere tubes, the only ones considered
in the captions, is 320 ohms.

In practice the line cord resistance is of some
convenient round number, as there is nothing
critical about the value, even a requirement of
362 ohms being met in practice by inclusion of
350 ohms, although it is the better to keep
closer to the actually computed value, or, if
there is to be any deviation, that the resistance
he somewhat higher, rather than lower. Say,
370 ohms would be preferable, where 362 ohms
is the computed value, in the case where 350
ohms was cited as an applied value.

RESISTANCES TABULATED

From the formula, then, we may determine
the value of the line cord resistance. If this
value is not imprinted it becomes necessary to
measure the resistance on an ochmmeter, or com-
pute the resistance from measurement of cur-
rent, using a meter and limiting resistor. The
formula for computing the resistance is

E
R=—-Ro
I

where R is the unknown resistance of the line
cord in ohms, E is the voltage in volts of the
cell or battery used with the meter, I is the cur-
rent in amperes through the series meter and
Ro is the value of the limiting resistor that
safeguards the meter from more than full-scale

‘g aluiemm. w g bem, Vg & it AR AR Na

current through the meter may be in milli-
amperes, where .001 equals one milliampere.

Since more than six tubes hardly would be
used, because line-cord sets are normally small
ones, the examples of from one to six tubes
inclusive are given:

Number Resistance of Line
of Tubes Cord in Ohms

1 362

2 341

3 320

4 299

5 278

6 257

RESTRICTED APPLICATION
It should be borne in mind that the foregoing

OET. RT. RECT.
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Now the power tube comes into play. The de
tector and rectifier tubes have assigned positions.
The same definiteness attaches to the power tube
which is put next to the rectifier always, unles:
bleeder considerations are simplified by another
type of location. Here, too, there is no choice
save an immaterial one, because the third tub
or one newly added, may be considered the power
tube. Limiting resistance, 300 ohms.

applies only to the tubes requiring 6.3 vol

across the heaters and that draw .3 ampere whe
that voltage is applied. If the tubes fall int
the voltage and current classification, if th
voltage is correct the current automatically will
be correct, because the tube when functionin

normally has a constant heater resistance of 21
ohms. This resistance may be computed, sinc
it equals the voltage in volts divided by the cur-
rent in amperes, or 6.3/.3 equals 63/3 equals
21 ohms.

It is therefore clear that one tube requires 362
ohms, and two tubes, being one tube more, re-
quires 21 ohms less; three tubes require 4.
ohms less than one tube alone, or 21 ohms les:
than two tubes. The application to the tabu-
lated resistance values for line cords is obvious,
since each succeeding smaller value in the tabl
is just 21 ohms less than the preceding value
To show that clearly, the line cord resistanc
values were given closely. But round number
would be used in practice. Certainly instead
of 299 ohms, 300 ohms would be used, alsa 27
ohms might become in practice 280 ohms, ant
257 ohms become 260 ohms. s

WATTAGE CONSIDERED

We have found that considerable power it

dissipated in the line cord, most power whet

M rmboviasod nea Enallaniiwnn Aarna
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(Continued from preceding page)
one tube is used. The power for a sine wave
equals the product of the voltage and the cur-
rent. Thus for 108.7 volts dropped in the line
cord serving only one tube, with .3 ampere
current as assumed in all the specified cases so
far, the power dissipated would be 108.7 x .3

OET. AT

remaining open sides of the heaters of the two
tubes are interconnected, thus establishing the
series network.

The reason for connecting one side of the
signal detector to the line is that hum is much
less that way, particularly modulation hum. In
addition it is well to put a condenser across the

RECT.
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In a five-tube arrangement there is some choice, as two tubes enjoy a degree of freedom as to heater
connection. Limiting resistance, 280 ohms.

or 32.61 watts. Normally this is accepted as
30 watts.

Because the wattage requirement does not
have to be satisfied precisely, once the line cord
resistance is known the wattage may be ap-
proximately determined by dividing the limit-
ing resistor Ry by ten. Thus, we found 32.61
watts required actually. The line cord resist-
ance was 362 ohms. Divide by ten, the answer
is 36 watts. The error is on the safe side.

This little trick of moving the decimal point
one place to the left is applicable because of
another form of the expression for wattage.

This is

W =1IR

in which W is the unknown wattage in watts,
I is the current in amperes and R is the re-
sistance in ohms. The current is known, .3
ampere, the square of which is .09, which is
close enough to .1 for the quick conversion pur-
poses we have in mind. Actually the current
would have to be .316 for the decimal system to
work out closely, as that value is the square
root of .1.

The foregoing formula also serves to clarify
the reason why the heat loss in the line cord
is greater the fewer the number of tubes served,
since the fewer tubes, the greater is R, hence
the higher the wattage and consequent heat loss.

DIAGRAMS DISCUSSED

The first diagram shows a single tube served,
and is in skeleton form, as are the rest, since
the main object is merely to show the supply,
the heater and the limiting resistor Ry, and tube
location when consequent. When there is one
tube only, then one side of the heater of that
tube has to go to the line. If the line also must
go to a plate, as to a rectifier tube, it is always
that side of the line opposite to the one that
goes directly to one side of a heater.

When there are two tubes, if one is a signal
detector, the other a rectifier in the sense of
changing the line a.c. to d.c, the detector
should have one side of the heater connected
to the line. The other side of the line then goes
to the limiting resistor, the other side of that
resistor to one side of the rectifier, and the two

full line voltage. The capacity may be .1 mfd.
A paper dielectric condenser, not condenser, not
an electrolytic, should be used. If there is to
be a line switch, connect it in the lower leg,
considering the diagrams, and have the con-
denser between the high side of the line and
the set side of the switch. Then the condenser
is not in circuit unless the set is switched on.

STATED ORDER

When there are three tubes, since the rule
about the signal detector is adamant, and the
rectifier is put next to the limiting resistor, a
rule to which an exception will be noted, the
power tube is then placed next to the rectifier,
and the other tube is connected in the one pos-
sible manner. Then which side of heater is
used for connection to an adjoining tube in the
chain does not matter.

The rule then follows naturilly, with signal
detector, rectifier and power tubes fulfilling their
stated order, that the rest of the tubes have
heaters joined in series in any manner that
makes for convenience in wiring or clearance of
radio-frequency leads by these line-current-
carrying wires. The choice rests with the con-
structor and there are no particular rules.

So for four tubes there is no choice, if one
of the four is a power tube, because the signal
detector and rectifier have their assigned posi-
tions, so also the power tube has a particular
pl?)cee in the picture, and there is only one other
tube.

ONE CHOICE HERE

When five tubes are to be considered, a choice
exists, because two tubes may be connected in
any selected or preferred order, but the rest
have fixed positions, if power tube and rectifier
are included. In the six-tube example, there is
a choice applicable to three tubes, there. being
nine different possibilities for even these three
tubes.

So far we have considered in detail tubes that
take .3 ampere, and in the tabulation of line
cord resistance values, only such .3 ampere tubes
as take 6.3 volts across the heater. Since with
a single current, the voltage consideration is
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casily taken care of by addition of the required
voltages of all the tubes, if one or more require
25 volts, the line cord resistance will be less,
and the value may be computed.

But when the current is different for the
heaters there is in general only one difference:
some of the tubes require .3 ampere, one other
tube requires more than .3 ampere, for instance,
.4 ampere. It then becomes necessary, as al-
ready intimated, to assemble the heaters of the
lower current group in a separate series chain,
and put a bleeder resistor Rz across that part.
It would be practical, of course, to put a
separate bleeder resistor across each heater, but
the general case, one bleeder resistor, is simpler
and more economical.

BLEEDER DETERMINATION

How this is done is shown in a diagram. The
power tube is usually the one that requires the
greater current. Since only a single current
will flow through the limniting resistor Ru, it
must be the higher current, say, .4 ampere.
Therefore the line cord resistor is selected on
the basis of .4 ampere flowing. The total
voltage drop is computed by addition of the
heater voltages, and one may assume 4 ampere
through the .3 ampere tubes, as the extra .1
ampere will flow through the bleeder. So, if
there are four tubes, 6.3 volts apiece, the total
voltage to be dropped by the heaters is 25.2
volts, and as the bleeder resistor is to carry .1
ampere, its resistance may be computed as

€
RB: —
1

where R is the unknown bleeder resistance in
ohms, e is the voltage in volts to be dropped
across the total chain of .3 ampere tubes, and
1 is the current in amperes through the bleeder.
Numerically, 25.2/.1 equals 252 ohms for the
example cited. The wattage equals 25.2x.01 or
252 It will be noted that the bleeder
resistor’s wattage requirement may be com-
paratively low in respect to the line cord watt-
age, because the current through the bleeder is

less.
POSITIVE AND NEGATIVE

The rectifier is not placed next to the limiting
resistor Ru in the diagram. It is permissible
to transpose rectifier and power tube, especially
as convenience and economy are served, when
the rectifier is a 6.3 .3 ampere type tube. Other-
wise it is permissible to put the rectifier next
to the limiting resistor, separately paralleling its

OET.

PT.

heater with another resistor to take up the .1
ampere or other difference current, then include
the larger current power tube next, and finally
put in the .3 ampere tubes, with one bleeder for
all of them. However, the diagramed method
e~ . one resistor and is entirely satisfactory.

Manufacturers of line cords do not follow a
common standard, or there is no standard, hence
the color markings of the three wires do not
mean anything in particular. One manufactur-
er’s product has a red wire emerging that
should be connected to the side of the line that
is joined to one side of the detector heater. This
may be referred to as the “cold” side, as with
half-wave rectification, only the other, or “hot”
side of the line, the one leading to the limiting
resistor, produces rectification, when that hot
side is positive. When that upper side is nega-
tive the rectifier idles. Another manufacturer
has a black lead for the cold or “negative” side
of the line. :

Ordinarily the word “negative” would have
10 meaning, as an a.C. wave reverses itself, and
a lead that is now negative is next positive, but,
as stated, the circuit is idling when the lower
branch in the diagrams is positive, and upper
branch negative, so this idling condition may be
ignored, and only the conductive condition con-
sidered, when the upper branch is always posi-
tive, and the lower branch always negative.

TEST RECOMMENDED

Care should be exercised to test the line cord
so that no misconnection results. If the full
line voltage is applied to the heater by mistake
(or even by intention) the heater will burn out.

The following check will be of assistance.
Considering the a.c. cable with built-in line cord
free of any connection, put on ohmmeter or
other continuity tester across the prongs of the
plug. There should be no reading. This is just
a safety check.

Now proceed as follows:

(1) Connect one side of tester to one prong
of plug and consecutively to the terminals of
the three emerging wires, or until a “short” is
read. This is oné side of the line.

(2) Move the one tester lead to the other
prong and put the remaining tester lead to one
after the other of the three cord leads until a
short is read. This is the other side oi the line.

(3) Short the prongs, leave one tester lead
there, and check all three wires. Two will read
shorts as before. The third will read between
short and open, that is, some resistance, and rep-

(Continued on following page)

RECT.

RL

The case of the six-tube receiver.
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(Continued from preceding page)
resents Ru. The precaution is taken under this
heading just to be doubly careful, since when
(1) and (2) were determined, (3) hecame
known. .

The limiting resistor used to be identifiable

%QQ

RECT.

RL
Rg

completed set one or more tubes again begin to
become abnormally bright, open the line switch
at once, or pull the plug out of the wall socket,
as there is something wrong, possibly line con-
nected to heaters directly, or much too low re-
sistance in the line cord.

AT,

The power tube is put next to the rectifier to spare the necessity of an extra bleeder resistor. Assum-
ing .3 ampere, 6.3 volts for the four tubes at loft, .4 ampere in power tube, Rs, the bleeder resistor, is

252 ohms.

by an asbestos covering, but many line cord
manufacturers do not have this distinguishing
characteristic for the limiting resistor lead any
more, and an ohmmeter or other continuity
check becomes imperative. If on turning on a

For 6.3 volts for all tubes, the limiting resistor Ry, is 209 ohms.

As previously set forth, the line cord resist-
ance should be measured as to ohmmage, qnd
this is a precaution in addition to ascertaining
which lead is which. Too low ohmage may
prove disastrous.

National Company Issues

New Spectacular Catalogue

National Company, 61 Sherman Street, Mal-
den, Mass., has just issued a new catalogue,
knows as “Bulletin No. 260,” describing all the
standard parts and equipment it manufactures.
There are 20 pages, each in two colors, and the
listing is right up to the minute. Paper stock,
format and printing are of exceptional excel-
lence. A copy is obtainable on application to
your jobber, or to National Company at the
above address.

Transmitting variable condensers of very
moderate price listings are featured, also a
large variety of receiver variable condensers
and padders. Standard cabinets, low-loss choke
coils, shields, R-39 coil forms, low-loss sockets,
insulators, coil chart frames, i.-f. coils and
air-dielectric condensers, shafts, couplings, and
numerous other parts are listed.

Two pages are devoted to the HRO Re-
ceiver, standard and junior models; one page
to the NC-100 Receiver. The One-Ten Re-
ceiver (one to 10 meters) and the SW-3 Re-
ceiver (15 to 550 meters) are described; also
the FB-7 Amateur Receiver and the HFC-56
Mc Converter. Power units, relay rack units,
oscilloscope apparatus and other equipment
conclude the listings.

Cor;eII-DubiIier TJ)
Rated to 100,000 Volis

The Cornell-Dubilier Type TJ high voltage
transmitting capacitor was recently introduced
to the broadcast and amateur fields. Extremely
compact, (only 224" high for 1 mfd.), filled and
impregnated with Dykanol “A,” they are
hermetically sealed in welded metal containers.
Dykanol “A” is<a special non-inflammable
liquid diphenyl impregnating medium of excep-
tionally high dielectric constant and dielectric
strength remains chemically stable under all
temperature conditions. It has also been pos-
sible to materially improve the leakage resist-
ance and power-factor change by the use of this
impregnating material.

The Type T]J capacitors have been success-
fully operated at voltages exceeding 10% above
their rating. This condenser series is available
in a complete capacity range at voltages up to,
and including 6,000 volts, d.c. Capacitors up to
100,000 volts d.c. can he ohtained in the Type
TB construction. Catalog No. 127, obtainable
from Cornell-Dubilier, 1024 Hamilton Boule-
vard, So. Plainfield, N. J., covers these devices.

The corporation, due to increased business,
has located its factory in South Plainfield, as
the quarters in the Bronx were greatly out-
grown.

The record crowd at the recent nation-wide
Amateur Radio Show held in Chicago testi-
fied to the intense, ever-growing interest in
amateur radio. Leading radio houses vied with
one another in producing attractive exhibits.
ineluded in the Allied display.

Alliea Has NotabIZDispIay

One of the most interesting displays was that
of Allied Radio, a leading mail order house.
Latest products of National, RCA, Hammar-
lund, RTL, Sargent, Hallicrafters, Raytheon
and other well-known radio manufacturers were
represented in the display.
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9 to 15 Meters, Four Tubes

Simple Set in Wooden Cabinet
Looks Professional

By Harry G. Cisin

Allied Engineering Institute
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Simplicity marks the circuit design of

S HORT-WAVE fans may construct an ef-
ficient all-electric, all-wave loudspeaker op-
erated set at a price formerly considered low
for an earphone set. This desirable end has
been attained through careful design, aimed
towards maximum efficiency with minimum cost
of parts. Fads and frills have been discarded.
A straightforward circuit has been designed to
bring in both foreign and domestic short-wave
stations with loudspeaker volume.

The Junior Space Explorer is a four-tube set.
It uses a regenerative 6J7 detector, resistively
coupled to a 38 power output tube. The recti-
fier tube is a 6C5. The fourth tube is a ballast
tube to drop the line voltage to the value re-
quired by the heater series, and is an improve-
ment over the use of a line cord.

CAN GO TO 1,500 METERS

This set uses a system of overlapping plug-in
voils. The shorter leads and better contacts
made possible with plug-in coils result in lower
losses which, in the last analysis, are a decid-
ing factor in determining the distance range
of a receiver. Six plug-in coils are used to
cover the band from 9 to 550 meters. By
means of a special long-wave unit and long-
wave coil, it is possible to increase the range
of this set to 1,500 meters, thus permitting
the reception of airport signals, beacons, com-
mercial code, etc. A ’phone pack is convenient-
ly located at the front of the panel. This pro-
vides a desirable aid for tuning in the more

difficult distant stations.
Thoe hallact t11he and the hoeaterc af tha #tihoce

the four-tube Junior Space Explorer.

are -connected in series across the 110-115 volt
lite. This ballast tube concentrates and local-
izes the heat necessarily developed to obtain the
required voltage drop, keeping it away from
delicate parts such as electrolytic condensers,
but radiating it readily besause of the metal
construction and black finish. The ballast tube
also provides protection from line surges and
this improves operation of the other tubes and
increases their life span. The ballast tube serves
as an automatic fuse in case of a short circuit
and it can be replaced readily at low cost.

ADVANTAGES OF WOODEN CABINET

One of the most important features of the
Junior Space Explorer is the adoption of a
wooden cabinet instead of a metal one. Wood
has many advantages. First of all, machining
is simplified through the use of wood. Possi-
bility of short circuits due to panel contacts is
eliminated, and the wooden cabinet acts as a
sounding board, permitting superior tone quality
to that obtainable with the metal binet.

Since the new self-shielded metal tubes are
employed, there was found no necd for a metal
cabinet. In addition to its other advantages,
wood is lighter and very much cheaper than the
metal. In fact, the cabinet can he constructed
at hoimne by anyone, thus reducing the cost of
a first class receiver to that of the essential
components.

Through the use of a new tyne of crystalline
black lacquer which is put on with a brush like
any othel; paint, the cabinet can be given a very

s tarsnend ~ar $nllnassmarrs heerves N
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attractive and handsome black crackle finish,
at least equalling in appearance finishes sprayed
on metal.

It will be noted that this receiver uses a
minimum number of controls. The station
selector knob is located at the right in a natural
position for easy tuning.

ATTRACTIVE TO NOVICES

The combined switch and regeneration con-

trol is located in the center of the panel. No
other controls are necessary.

Due to the extreme simplicity of the circuit,
a novice can complete the receiver successfully
merely by following a template pictorial dia-
gram. All parts mount directly either on the
baseboard or on the panel. Coils not in use
are inserted in holes drilled for them at the rear
of the baseboard. An idea of the arrangement
of the parts and of the extra coils is given in
the photograph below.

TEMPLATES HOLD UNUSED COILS

Coils not in use are kept at the rear of the baseboard, in which snug holes are provided. The location
of practically all parts is shown in this rear view.

A wooden cabinet is used,

but a new type paint gives

the same appearance as

that of a wrinkle-finished

metal cabinet. Also, wood

is acoustically advanta-
geous.
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Right or Wrong?

PROPOSITIONS

1-—A superheterodyne using a three-gang condenser is sufficient to prevent all squeals
due to inadequate pre-selection, at least in the standard broadcast band.

2—When an a.c. receiver is reported not to function at all, it is proper to insert the plug
into the a.c. outlet and measure all voltages and currents in an effort to determine
what is wrong.

3—Modulation hum is due to radio-frequency-current-carrying parts being too near the
power transformer.

4—Reversa1 of the connections to the primary of a radio-frequency or intermediate-
frequency transformer stops oscillation at these levels, if due to inductive feedback.

S—Overloading of a diode-biased triode results from causing too great a flow of plate
current in that tube, so that the tube is operated near or at saturation, hence large
changes of input produce little or no change in output, and choking results.

ANSWERS

I—Wrong. A three-gang condenser is not sufficient in areas where there are powerful

locals, particularly where one or two of those locals lay down an extraordinarily high
intensity carrier. A three-gang condenser implies a stage of t.r.f., tuned modulator input,
and tuned local oscillator. If there is no t.r.f., but band-pass coupling, the pre-selection will
be no better, usually worse. A four-gang condenser, implying two stages of t.r.f., could
produce sufficient pre-selection for avoidance of all squeals even in congested areas, provided
the receiver is well shielded.

2—Wrong. Before a defective receiver is connected to the line voltage it should be

checked by the point-to-point method, using the ohmmeter principle, and especial care
should be taken in checking the power transformer and filter condensers, Test the con-
densers for short at low voltage, leakage at rated voltage. Offhand connection to the line
may damage the transformer or other parts.

3—Wrong. Modulation hum is primarily due to the line cord picking up carrier energy from

a station, delivering this with the fundamental line a.c. to the rectifier tube, the filter
of which wipes out the carrier but leaves the line frequency in the B feed, thereby putting
hum into all tubes served. If the B filter were sufficiently effective at the fundamental line
frequency, say 60 cycles, the tunable hum should not result. The filter is designed to
work well at 120 cycles, the value to which the line frequency is changed by the full-wave
B rectifier. If the proximity of r.f. parts were the cause, moving the parts away from the
transformer would provide the remedy, but it doesn’t. Ofter putting two condensers, .01
mfd. or larger, across the power transformer primary, grounding the joint of the series
capacities, stops modulation hum, or tunable hum as it is sometimes called, because the
pickup of r.f. by the line cord is bypassed from the rectifier tube.

4—Right. But oscillation is seldom due to inductive feedback, rather to capacity and re-
sistance feedback, so resersal of the connections, to change the phase, seldom affects
oscillation trouble at all.

S—Wrong. The negative bias on the triode is equal to the rectified component of the

diode, assuming full rectified voltage is put into the triode. Hence the stronger the
carrier, the more negative the bias and the less plate current in the triode, so that instead
of overloading heing due to the grid swinging into positive regions, and plate performance
approaching saturation, it is due to cutoff, so choking results, and modulation changes
have small effect, especially as the distortion may run so high that it is impossible to tell
what is being broadcast. A remedy is to use a.v.c. on r.f. and if. tubes. One a.v.c. stage
usually will be sufficient at least to prevent cutoff on the strongest local.
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Quality 6L6 P.A. Amplifier

Very Low Distortion, Simplified Driving

By E. F

THE urge for innovation and development in
the field of public address amplifiers has
been given new impetus by the appearance of
the 6L6 power-output tetrode. The most ob-
vious advantage to be gained with this tube is
very high power (up to 60 watts) with negli-
gible distortion and without the need for more
than two output tubes or very heavy-duty
power supply design.

Another feature of the 6.6—its large power
sensittiity, or output wattage per squared grid-
voltage input—is easy to overlook, though it
means much in the practical design of public
address or phono systems.

To illustrate, consider by contrast an output
stage of two push-pull 45s in Class AB.
Heretofore this has been about the highest
powered quality stage available with two re-
ceiving-type tubes, and was capable of some 18
watts output. When thus operated, it gave 5%
distortion (small, but distinctly noticeable in
spots), at the great expense of well over 200
volts peak driving voltage and almost 2 watts
driving power. Resistance coupling, desirable
because cheap and relatively distortionless, was
out of the question because of the 1 or 2
milliamperes grid current per tube.

THE INPUT TO THE DRIVER

A driver stage and driving transformer which
would do all this and still hold down to 5%
distortion had to be really good, which meant
expensive components and critical adjustments.
both seldom realized in practice. Because of
the necessity of transformer input-coupling,
moreover, a high-mu tetrode or pentode as
driver could not be effectively used; and the
high-mu triodes are out because plate-current
cutoff occurs for them very near or at zero bias,
requiring Class B operation to get any usable
output-voltage swing from them.

The only thing left is a medium-mu triode
like the 56. Remembering that the total turns
ratio of the driver transformer cannot be far
from 1:1 when so much driving power is being
delivered, we find that the total input to the 56
drivers must be of the order of 15 or 20 volts.
A great deal of preamplification would therefore
be necessary with microphones and phono pick-
up input.

DRIVING LESS ONEROUS

So much for the horrible example. Now con-
sider what can be done with a pair of 61.6’s.
Up to 34 watts can be obtained, at the truly
negligible distortion of 2%, with no grid cur-
rent and hence negligible grid power input—
and with a total grid-voltage swing of only 50

Coleman

volts. Thus the power sensitivity, watts output
per grid input volts squared, is some 27 times
that of the 45 stage considered. Now, with no
grid current, we can use resistance coupling,
with as high as half-megohm grid-leaks tying
the 6L6 grids to ground or to fixed-bias voltage.
Under such regime, a pair of 57's or metal
6]7's can be very efficiently used as drivers.

At this point a natural suggestion occurs to
us. The only reason we cannot get a resist-
ance-coupled 57 to give a voltage amplification
comparable with its mu of over 1,500 is that a
very high-resistance plate load is necessary, thus
reducing the available plate voltage by the
amount of the IR drop of the steady plate
current through the plate load. If we step up
the plate supply voltage considerably, we obtain
the double advantage of operating the tube at a
more efficient plate voltage and also allowing
larger plate-voltage swing—that is, larger audio
output voltages.

THE POWER SUPPLY

Since we need a high-voltage supply for the
6L6 plates anyway, nothing is simpler than to
tie the junction of the two half-megohm 57
plate loads directly (or through a decoupling
resistor) to the 400-volt 616 plate supply ter-
minal—or even to get an additional 50 to 100
volts by going back to the high end of the
second or first choke in the power-pack. When
this is done, it is found that the simple two-
stage push-pull rig is worked 'way beyond full
output by all phono pickups and all but the least
sensitive microphones.

Although it is possible to use the total plate
current of 120 milliamperes or so as speaker
field excitation, a more flexible scheme is shown
in the diagram. A 600-0-600 volt 150 ma power
transformer of the sort used in low-power ham
outfits feeds an 83 rectifier, whose output is
filtered by two 300-ohm chokes. Choke-input
(i.e, no condenser tied to high side of first
choke) is used to lower the voltage to where
it is wanted and improve regulation, or voltage-
load characteristic, of the rectifier. A 10-watt
bleeder across the 400-volt output yields screen
supply for the 61.6’s, and is bridged by a large-
capacity electrolytic condenser.

NEED FOR SEPARATE SWITCHES

Note that if the high voltage is turned on
before the 61.6 cathodes have heated up, the
rectifier will work into no load and its voltage
will shoot up till the electrolytic condensers
blow out. Hence separate switches for 6L6
heaters and high voltage must be provided, the
high voltage to go on some 20 seconds after the
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heaters. A simpler solution is to use the heater-
type 83-v as a direct substitute for the 83 rec-
tifier ; it will put in an ample time-delay of its
own.

The speaker field, as shown, is excited by a
separate unit consisting of a 20-watt multi-tap
transformer of the line-voltage changing type
which delivers about 250 volts to an 80 worked
as a half-wave rectifier with its two-plates tied

3-meg. bolonced
volume c“\on/no/

//7 74
p O~

husky speaker indeed to handle all this ampli-
fier can supply without rattling; but even with
a smaller speaker and modest output, such as
for home radio-phonograph use, you will find
the low distortion, reserve power, and operat-
ing dependability of the amplifier out of all
proportion to its cost.

The input circuit shown was designed for a
balanced crystal pickup or crystal microphone,
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Public address amplifier, carefully designed by the author for lowest distortion and full operating safety.

together. The output of this simple rectifier
is fed directly to the speaker field, which is
shunted by 8 mfd. or more of low-voltage
electrolytic condenser. The negative end of
this voitage is tied to ground, and the simple
network across it supplies smooth screen volt-
age for the 57’s.

LOW DISTORTION STRESSED

The recommended plate-to-plate load im-
pedance for the 6L6’s is 6,600 ohms. This con-
dition is satisfied closely enough by using an
output transformer designed for Class AB
2A3's, or the corresponding taps on a universal
type output transformer. It will take a very

and is suitable for any balanced high-impedance
source. For unbalanced sources (i.e., one side
grounded), and for inputs having impedance
lower than a few thousand ohms, a matching
transformer is necessary.

The high-impedance balanced input shown
uses a half-megohm balanced volume control,
which consists merely in two tapered potenti-
ometers ganged on the same shaft so that at any
setting each side of the line is attenuated by the
same fractional amount.

The entire input circuit all the way to the
grid-caps of the 57’s must be carefully shielded;
a twisted two-conductor wire in a single shield
is available for such use.
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Bandswitch and
Regeneration

In Powerful Five-Tube Receiver
By Guy Stokely, E.E.

Eilen Radio Laboratories

Front view of Stokely's five-
tube regenerative band-
switch receiver. Electron
coupling is used for the
regenerative purpose.

MODEL BS-5 receiver has been designed to
meet the requirements of the short-wave
fan who wishes a sensitive and highly efficient
band-switch receiver. Cavering the entire wave-
length range of 12 to 530 meters in five bands
with no skip, this type of instrument does away
with the necessity of continually changing plug-
in coils each time the listener wishes to receive
on a different wave band.

Operating from the owner’s 105 to 130 volt
a.c. or d.c. house lighting system, and contain-
ing a dynamic loudspeaker and automatic head-
phone jack, this unit is completely self-contained
and very compact. The usual botherscme an-
tenna trimmer adjustment has been successfully
eliminated in its design. The regeneration and
bandspread controls are extremely smooth in
operation and even a beginner may obtain ex-
cellent results with it.

CIRCUIT DISCUSSED

Examination of the accompanying circuit dia-
gram reveals the use of the late type tubhes, i.e.,
6D6, 6D6, 76, 43, 25Z5 and a ballast. The first
tube functions as aperiodic r.f. amplifier. There
is an electron-coupled screen grid regenerative
detector and powerful two-stage audio-fre-
quency amplifier with pentode output stage.
Rectifier and completely built-in power supply,
plus ballast, complete the tubes.

Signals are fed into the control grid of the
first 6D6 tube and given a considerable increase
in strength due to the high amplification proper-

ties of this tube. Bias for this stage is furnished
by a resistor-capacity combination. The sup-
pressor grid and cathode are tied together.

The output of the r.f. stage is electro-mag-
netically coupled into the grid winding of the
detector stage, the proper windings for the wave
band in question being selected by means of the
bandswitch. This switch is one having an ex-
tremely low distributed capacity and a very high
r.f. impedance in order to reduce losses to an
absolute minimum. Electron coupling is used in
the oscillator system due to its high order of
sensitivity, selectivity and smooth operation.
The cathode taps on the five coils have been
carefully worked out in order to insure maxi-
mum sensitivity and ease of control.

REGENERATION CONTROL

Regeneration is controlled by means of the
potentiometer, (100,000 ohms) having a spec-
ially tapered resistance characteristic. This
method of oscillation control has no effect what-
ever on the tuning adjustments. The audio
frequency component of the output of the de-
tector stage is fed into the two stage audio
frequency amplifier. Resistance-capacity coup-
ling is used throughout the amplifier in order to
insure the highest quality of reproduction. The
output of the amplifier is ample to work the
dynamic loudspeaker to full capacity on all
signals.

The filaments of all tubes are connected in

(Continued on following page)
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frequency is abandoned.

reactive for all frequencies.
keep it equal to (L/C)%.

vary the effective resistance of the circuit.

Resonance—What Do You Think It Is?

B Y resonance is usually understood the sharp increase in the response to a regular pericdic
force as a result of balance of reactances, one negative, the other positive.
associated with the idea of resonance is that it occurs, for a given combination of capacitance
and inductance, at a given frequency. The definition of resonance varies.
defined as the condition which gives maximum current through a circuit, or maximum voltage
across it. At other times it is defined as the condition which gives zero reactance.
two definitions are not necessarily identical, especially in the parallel-tuned circuit.
they are generally different for the parallel circuit.

In view of these definitions, is it possible to adjust a circuit so that it is resonant at all
frequencies? It is, provided that the idea of a sharp increase in the response at a particular
If the resistances in the two branches of a parallel-resonant circuit
be made equal, say, by adding resistance in series with the condenser, and if the resistance
in either branch is made equal to the square root of L/C ratio, then the circuit is non-
If this circuit is to retain the adjustment it is necessary to
leave it fixed and to vary the frequency impressed on it, or else vary the resistance so as to

or the capacitance in this circuit would be to
If the inductance is 250 microhenries and the
capacitance 100 mmid., each branch requires 1,580 ohms.—Grant Furness.

The only object of changing the inductance

Strongly

Sometimes it is

These
Indeed,

Wavelengths Covered by Compact Set

(Continued from preceding page)

series and lighted directly from the house light-
ing system, the voltage being reduced to the
proper value by means of the series ballast.
Rectification is accomplished by the 25Z5 tube,
and the current is filtered by the choke-capacity
combination having a total of 60 mid. and 30
henries. This is ample to remove the last trace
of ac. hum. Field excitation for the dynamic
speaker is obtained from the input side of the
filter system. The capacity C12 is used in order
to eliminate all traces of tunable hum.

2089,
«0001
wide [ e

= —

o1t

The approximate wavelength coverages of
each of the five steps, in meters, are as follows :
})goto 26; 25 to 50; 48 to 90; 83 to 204; 202 to

Operated from any aerial having an overall
length of from 20 to 90 feet, this receiver is
capable of consistent foreign as well as domestic
short wave reception at full loudspeaker
strength.

This receiver is also available for use with
metal tubes.

The same circuit applies.

01 whts « 525 BaLLAST

';%.l

The first circuit, at left, is aperiodic.

choke for RFC. Note the switching arrangement.

Next comes the tuned circuit, parallel fed, a high inductance

This is Stokely’s receiver.

Suppression of Half of the Wave

It is possible to arrange an oscillator so that apparently it radiates only half the wave, even
though this fact does not fit into conventional theory.
The phenomenon was observed in Rapio WoRLD's laboratory when the oscillator was caused

to beat with a station.

The characteristic rise from zero beat to inaudible pitch was obtainable

only when the oscillator was varied from zero in one direction, and no beat existed when the

variation was in the other direction.
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The Two A.V.C. Delays

One Depends on Voltage,
Other on Cand R

By Wright Hoagland

TWO types of delay occur in automatic
volume control. Since any delay must be
related to time, hoth are related to time. How-
ever, since in one instance the diode plate is
negatively biased so that there will be no con-
duction, hence no a.v.c., until the signal reaches
an amplitude greater than the d.c. bias, this will
be referred to as voltage delay. Actually it is
often called time delay, but the second instance
is one where time plays the full part, and that
will be called time delay for the present. It
consists of selection of resistor-capacity filter
constants in the return circuits to make the
a.v.c. act, whenever it does act, a little bit after
the signal detector acts.

If there is too much time delay the a.v.c.
action is called sluggish. That means it is
effective an appreciable period after the station
is tuned in. So for the tuning purpose there is
for a brief moment effectively no a.v.c, and a
certain loudness is attained, whereas as soon as
the a.v.c. gets working, its effect on reducing
the loudness may lead a customer to wonder if
there is something wrong with the set. Perhaps
there is.

THE SIMPLE CASE

If there were only one resistor and one con-
denser in the filter circuit the duration of the
delay could be easily computed as the reciprocal
of the product of the capacity in microfarads
and the resistance in megohms. Actually there
is more resistance, also usually more capacity
purposely included.

First, the audio detector has a load resistor
and likely a capacity across this resistor. If
there is no voltage delay, then the same detector
may serve for a.v.c,, in which case there is a
resistor in series with the high end of the diode
load, and besides there is the filter resistor of
the coil return circuit of the controlled tube.
All these increase the quantity of capacity and
resistance, so the time constant will be higher,
the frequency lower.

What is meant by frequency? It is the
number of cycles per second, or fractional cycle
per second, that the a.v.c. system requires to
take hold. The formula was given for the
simple case. It can be seen that the higher the
time constant, the lower the frequency, because
the formula is a reciprocal. Thus, if the
capacity is .05 mfd. and the resistor is 1 meg
the product is .05 and the frequency is 1/. 05
equals 100/5 or 20 cycles.

In general, it is well to select resistors and
condensers so that the time constant will fall
within .04 to .09 inclusive. The equivalent ter-
minal frequencies for these are 25 and 11 cycles,
hence effects produced in from 1/25 to 1/11 of

a second.
ANTENNA TEST

To get a closer result in the combination, con-
sider the time constants separately take the
geometric mean (square root of product of the
two), then apply the formula as given.

However, without resort to any computation,
it is practical to use a very short antenna, a few
feet of wire, on a sensitive receiver, with a
strong local tuned in. Have the extreme end
of this wire bare. Then suddenly pinch it with
forefinger and thumb. The capacity effect of
the body is such that considerable augmentation
of pickup is produced, and the length of time
taken to estahlish a marked difference in quan-
tity of sound when the pinching is done is some-
what a measure of the rapidity with which the
a.v.c. takes hold. If it seems to take time nearly
as great as one second, the circuit constants may
be altered, i.e, resistance reduced or capacity
reduced or both reduced, to seed up the action.

If the a.v.c. works too fast it will follow the
radio frequency sufficiently to act on the modu-
lation frequencies in a degenerative manner.
If a.v.c. is too slow then locals blast in during

tuning.
QUALITY PRESERVED

The considerable amount of tuning in if.
channels, particularly where two i.f. stages are
used (three coils) is consistent with passage of
a sufficiently wide band to admit the full modu-
lation transmitted, if circuit constants otherwise
are correct. When a.v.c. is included, and par-
ticularly when there is voltage delay when there
must be another diode, or another twin of the
diode brothers, sideband cutting is avoided due
to the load presented to the circuit by the diode,
and also to the Q reduction caused by the
resistor-capacity filter circuits.

Except for these facts, the selectivity easily
could become excessive, and the higher audio
frequencies would be wiped out, which is what
is meant by the expression sideband cutting.
There could be elimination of lower frequencies
from sidebands, too, but the expression as com-
monly used does not include that interpretation,

(Continued on following page)
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Here only one stage is subjected to automatic volume control, being the
only intermediate amplifier tube, the 6K7 third from left. The filter resistor
is | meg., across which is .05 mfd, fime constant 05 frequency 20 cycles. But

(Continued from preceding page)
because the selectivity works an evil from the
outside in, and could not reach the very low
notes without wiping out the whole reception.
The receiver that is so selective that it does not
receive anything fortunately has no vogue in
the present market.

The only ready way to use a.v.c. is through
diode action. Hence the rectifier draws current
and if there are two diodes, for audio detection

VIR
25000 FIELD

-]'au/d.

TS —
SV
J 4 .I’Alf/:l- EACH

Tevra. ewra.

indicating voltmeter.

and a.v.c. rectification, ‘a fittle more current is
drawn.

In the foregoing the ‘most usual cases were
considered, where the intermediate amplifier is
peaked. It is possible to produce a wider band
width at reduced sensitivity, and of conrse there
is reduced selectivity, by aligning for band-pass
effect. This in substance means one -circuit is
detuned somewhat from the other. The effort
is to establish a flat top. This is a phrase

there is .25 meg. additional to ground, se the real time constant is .0625,
frequency 1/.0625 = 16, or action in 1/16 second. VM is the resonance-
The a.v.c. may be switched on or off.

rather than a fact, as two humps usually appear,
and there is some semblance of flatness, but
really not a flat top in any literal sense. Those
who align sets for persous not interested in
maximum sensitivity but rather in getting good
registration of the higher audio frequencies, as
well as preservation uf the other frequencies of
modulation, could utilize the band-pass effect,
although the alignment operation normally is
best performed with an oscilloscope.
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Tube Input Capacity

lts Effect on Audio Amplifier Shown

HE effects of the in-

SYLVANIA TYPE 6Q7
rcTve weut

put impedance of
tubes on the performance

i
ADDED QRO-PLATE  CAMOTANCE
Poro000 reat Fke 3000 G4,

Ese2s0 voms  FREG* 400 ~

of circuits may be very

camanes

appreciable in many cases

IeTOMLETTRODE
Cwssasuon Coutsesmurn
Corsanarn

and are often overlooked

in circuit design work. It

is the purpose of this En-

gineering News Letter to

present some quantitative

data on this subject that
will be readily usable by

circuit engineers.

INPUT IMPEDANCE

The input impedance of
a vacuum tube is usually

represented by a resist-

ance in parallel with a
capacitance. While the
resistance component at
audio frequencies is often
of such magnitude that it
may be neglected, the
magnitude of this component is a function of
the interelectrode capacitances (rated capaci-
tances), the gain of the stage involving the
tube, and the phase angle of the plate load. For
purposes of simplicity the use of purely resistive
loads is considered here so that, neglecting the
output capacitance of the tube, the last factor
becomes unity.

The following approximate formula is readily
derived from an examination of the circuit with
currents and voltages involved :

Ceﬂ- input — C‘ + (l + A) Cnl
where Ce¢ is the rated input capacitance,
Cer is the rated grid-plate capacitance, and A
is the amplification of the stage. The deriva-
tion of this formula is given in a separate box
herewith.

TWO TEST METHODS

This formula enables the prediction of the
effective dynamic input capacitance from stan-
dard tube ratings and a knowledge of the circuit
used with the tube. All the data presented in
this Engineering News Letter were obtained
experimentally by direct measurement of the in-
put capacitance using the input of the tube under
test as the “unknown” arm of a capacitance
bridge. In making these measurements pre-
cautions were taken to minimize the effects of
stray capacitance to ground of the tube and cir-
cuit and to make the input signal to the tube
small in amplitude compared with the grid bias
voltage. The measurements were made using a
frequency of 1,000 cycles.

A slower but equally satisfactory method of
measuring the effective input capacitance is by

FIG. |

With a plate load of 100,000 ohms,
3,000 ohms, and a test frequency of 400 cycles, the rise in
effective input capacity due to increase grid-plate capacity.

a biasing resistor of

means of the usual audio fidelity setup. In this
method the voltage-frequency characteristic of
a resistance in the output of a tube is noted with
the input of a succeeding tube connected across
this resistance. This succeeding ‘tube is the one
whose input capacitance is to be determined,
and must be used with the correct load and
operating voltages. After this frequency char-
acteristic_is obtained, the input of the second
tube is disconnected from the resistance acting
as the load for the first tube and a variable
capacitor substituted across that resistance. The
variable capacitor is then adjusted until the
first frequency characteristic is duplicated. The
resulting capacitance of the variable unit is
equivalent in value to the effective input capaci-
tance of the tube. Care must be taken that
capacitances of wiring, particularly between
the grid and plate circuits, do not cause ab-
normally high readings.

Table 1 gives a summary of the effective input
capacitances of a number of representative tube
types, at the usual operating voltages, with
plate loads such as generally employed.

Fig. 1 shows the effect on input capacitance
of adding capacitance, such as that resulting
from wiring, between the grid and plate of a
tube.

IMPORTANT TO HIGH FIDELITY

Obviously such wiring capacitance becomes of
great importance in high fidelity amplifiers, both
as regards its actual magnitude and its con-
stancy from unit to unit. It takes only a slight
variation in grid-plate capacitance to cause a
large change in input capacitance, particularly
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TABLE | . .

E ffective (n[mt_Ca,{?acitance° Plate Load Derlvai‘lon Of FOI'mUIQ
éé}én in Mzcrm;zzzcrofarads 11»500&)735 fOI' |npui‘ CﬂpﬂCltance
6C5G .ovnvernnne 50. e 50,000
6C6 (Pentode) .. 8.............. 250,000
6C6 (Triode) ... 38.............. 50,000 c
6F5 «oovivnnns 162 ceeeinens 250,000 " T
6F5 ............ 120, ..ot 100,000
6F5G ........... 155, ... 250,000
6F5G ........... 124, .. .0einn 150,000 e
6F6 ............ ZPoooaoaaaaaoans d &F o
6F6G ........... 28 e 7,000* hd
6)J5G ...l 7S 50,000
6K5G ........... 107. .. 100,000* Jl||||||||
6K6G ..vnrennn 38 7,600 -
g]]:gG ------------ gg -------------- g.ggg: Circuit for measuring capacity effects.
607 ... el 2(5)8:888
6Q7 ... 64, ... 100, The approximate formula for effective
28;8 """""" ?}5 """"""""" fgg-ggg input capacitance may be derived as fol-
007G ..o Moo A0 | O rring to the circuit diagram, M
6R7G ........... 35. .. e 50,000 represents the signal voltage at the grid,

°These capacitance values are the averages
of five tubes of each type.

*A4.C. impedances. All other loads shown
are resistors.

with the high mu types, so that the fidelity of
an amplifier will be subject to considerable vari-
ation when the wiring capacitances are not care-
fully controlled.

If a bypass capacitor is connected across the
plate load, the input capacitance is reduced along
with the gain of the stage particularly at the
higher frequencies. The resistance component
of the input impedance may also be reduced to
a value which must be considered, especially
when a resistor filter is used in series with the
grid. Under these conditions a voltage divider
effect may be attained which will greatly reduce
the high frequency output.

The variation of effective input capacitance
of a tube, as a function gain, is usefully em-
ployed at present in signal-seeking circuits
(automatic frequency control) and in automatic
tone compensation circuits. It is to be expected
that other useful applications of this character-
istic of vacuum tubes may be forthcoming.

[(Engineering News Letter No. 30, of Hy-
grade Sylvania Corporation.]

Masked Component Present
for Resistance of Grid

Even if there is no grid current measurable
with a d.c. instrument, there may be a resist-
ance component in the input capacity of a tube.
This is mainly due to reflected plate resistance
as a result of the grid-plate capacity.

while N represents the signal voltage
across the plate load L. Now if L = 0,
N would equal zero, the capacitance cur-
rent resulting from the voltage on the grid
would flow through Cs and Css in parallel
and its value would be a function of M
only. Accordingly, under this condition
the effective input capacitance would be
equal to the rated input capacitance as
ordinarily measured, namely Cs + Cer.

PHASE STATED

If L is made finite so that N = AM
where A is the voltage amplification at-
tained, we know that for all practical pur-
poses N is 180° out of phase with M so
that the current through Cep is a function
of M + N or M + AM, while the cur-
rent through Cs is still a function of M.
The effect of increasing the voltage across
Cse has the same effect as increasing the
value of Cep by the same factor. This is
obvious, as the current through a capaci-
tance is equal to Ew C.

SIMPLIFICATION

Accordingly, the capacitative current
from the grid is equal to M & Coree tnputs
and of course:

Mo Core tnputy = MeCs + (M +
AM) @ Cep
as the effect of the plate-cathode capaci-
tance is ordinarily negligible.

Therefore, dividing by @ M we arrive
at the formula mentioned in the text,
namely : o

Cen- input — Cs + (1 + A) Cor

In this formula A is the effective volt-
age amplification, which may be written

A=uL/(L+rp).
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Tobe Announces Windo-Pole Antenna
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Windo-Pole antenna, installed in a jiffy, provides
ample pickup.

The Windo-Pole aerial is a new patented
product announced by the Tobe Deutschmann
Corporation, Canton, Mass., as being of particu-
lar interest to the radio serviceman and dealer.
It is a pole type antenna and can be readily
mounted to any window sash or sill at 45
degrees or horizontally. Its length extended is
eight feet, and is said to provide ample pick-up
with a modern receiver. While not primarily
a noise reduction antenna, it is claimed that its
use results in a superior signal to noise ratio
in many instances, as it can be located in a
noise-free area, while some portion of other
antennas almost invariably projects into a
noise field.

The Windo-Pole is recommended as a
permanent installation and for demonstration
purposes. Collapsed, it is readily portable by

the serviceman, and its use insures against
demonstrating a receiver with a possible de-
fective antenna system. The antenna is incon-
spicuous and is approved by landlords where
other antennas are forbidden. The Toby Windo-
Pole is supplied complete with insulated mount-
ing bracket and lead-in strip. It actually takes
only ten seconds to install the Windo-Pole. No
tools are required. The clamp is slipped over
the side window-casing and thumb screw
tightened.

It is highly suitable for use in apartment
houses and in private houses.

According to a report from the engineering
department of the Corporation, recent tests have
demonstrated the superiority of the pole type
antenna also for automotive radio reception.
Measurements were made, using as a basis of
comparison a roof type antenna in a fabric-roof
car having demonstrably better characteristics
than either an under-chassis or running-board
aerial. The pole antenna was a standard “Auto-
Pole” having an extended length of eight feet
and telescoping in three sections to five and
three feet.

Tests were made with a powerful signal
generator, modulated at 400 cycles and radiating
from an antenna located sufficiently far from
the auto radio to insure uniform field distribu-
tion. The output of the receiver was measured
directly on a decibel meter. The gain with the

antenna fully extended was 17 db. With one
section telescoped the gain over the ordinary
(Continued on following page)

The pole type antenna for automobiles has been
subjected to tests that show its superiority. Both
antennas are Tobe products,
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Super with Phase Inverter

and Ray Index

Cross-Continent Reception on Nine-Tube Receiver
By Kenneth H. Tiffany

THIS eight-tube standard-broadcast
band superheterodyne, nine tubes if
the ray indicator tube is included, follows
a proved circuit and produces very re-
markable results. The sensitivity and
selectivity are high enough to permit the
reception of far-distant stations, and
especially have West Coast stations been
tuned in, at a New Jersey location, early
in the morning.

There is no difficulty in the tuning pro-
cess, either, as the ray indicator tube is
included for the sole purpose of facili-
tating tuning. As is well known by this
time, the tube is very sensitive to small
changes, and the shadow angle is nar-
rowed as the voltage produced by reso-
nance is increased, so that there is visual
indication for any station that can be
tuned in audibly. The additional advan-
tage is that the station can be tuned in
very exactly, a requirement difficult to
meet aurally because of the inclusion of
automatic volume control.

When there is such control present,
true resonance develops a certain output
voltage, or quantity of sound in the
speaker, when a station is being received,
and also nositions a little off resonance
nroduce about the same level of output.
The more effective the a.v.c. the greater
the tendency toward such equality. The
tone is best at true resonance and there-
fo;e quality is aided by a ray indicator
tube.

The illustration typifies the situation of
tuning rendered so simple with the rav
indicator tube that a boy four years old
encounters no difficulty. The indicator
tube is mounted horizontally, above the
tuning condenser.

There are four knobs. The upper one
works the dial. At lower right is a
10,000-ohm wire-wound potentiometer for
radio-frequency volume control. At lower
center is a .5 meg. potentiometer for
audio-frequency volume control, shown
elsewhere with long shaft. This is the
device that the boy in the photograph is
manipulating. At lower right is the tone

The author's four-year-old son, Robert Henry Tiffany, iuning'his father's superheterodyne, with which West Coast stations

control, a.c. switch attached. Two
tubes are served by the three coils
next to the tuning condenser,
as one of the tubes is of the

were tuned in from a location in New Jersey.

double-purpose type, a 6A7 penta-
grid converter, which supplies the
oscillation and enables input of the
r.f. level and output at the inter-

mediate-frequency level. Note that
the first intermediate transformer
is the third object at right, count-
ing from the front.

Full rectified voltage is not given

* the grid of the 75, yet the full rectified
voltage is used for a.v.c. This precaution
is taken for reasons discovered experi-
mentally. The high mu tube will not
stand anything and everything as input,
and operating conditions require therefore
that a limitation be imposed, which the
extra .05 meg. resistor accomplishes,
because in reality more that is enjoyable
is obtained that way, since overloading is
avoided, and reception can not be sensibly
called such if accompanied by distortion.

It will be noticed that the triode part
of the 75 is not diode-biased, but has a
bias resulting from the voltage difference
across a resistor of 3,500 ohms in the
cathode leg. Thus the cathode is at a
few volts potential above ground, or posi-
tive, and yet those tubes controlled by
automatic volume methods are returned
to that cathode, hence at no signal could
be easily run with positive grids, with
consequent noise and distortion due to
the flow of grid current.

To avoid this condition the semi-fixed
bias on the controlled tubes is raised.
For instance, if the 75 has its cathode
lifted 3 volts above ground, the controlled
grids would draw current if they had
about 3 volts semi-fixed bias, but when
their cathode resistors drop 6 volts, at no
signal input, the grids then are at the
potential difference, 6 minus 3, or 3 volts,
which is the standard value, for 250 volts
on the plates. So instead of 300 ohms
for biasing resistors, values for two of
the controlled tubes will be found as 600
ohms, which about doubles the voltage
drop, while the semi-steady voltage drop
on the 6A7 biasing resistor should be
around 4 to 4.5 volts, and if it is not, the
resistor marked 250 ohms should be made
300 ohms or a little more, to accomplish
the specified result.

In this way the input to the detector
tube is properly safeguarded as to tone
quality and clarity generally, and the next
consideration is the audio amplifier.

(Continued on following page)
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CONTINENTAL BARRIER

CIRCUIT OF SET THAT SMASHED
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Circuit used by the author, including a phase inverter, the balancing of which is discussed in the text.

(Continued from
preceding page)

It must be expected that
the proper balancing of the
phase inverter will require
some attention. It so hap-
pened that the constants
given in the diagram proved
out very well, and no doubt
they may be followed with
duplicated results, consider-
ing the input to and output
from the 76. For instance, a
5 meg. resistor with a 4
meg. resistor bypassed by a
.1 meg. condenser constitutes
the input. In this way the
input capacity and output
capacity were balanced, as
the output capacity is con-
siderably larger in the tube
itself, and the capacity-re-
sistor filter just mentioned
did the trick.

However, in attempting to
balance the circuit without
any elaborate equipment it is
well to consider the follow-
ing plan. The .1 mfd. con-
denser may be connected
only across the .4 meg. re-
sistor, that is, lead shown to
ground is moved up to the
joint of the .4 meg. and .5
meg. resistors. Then the rest
of the circuit is wired at the
output as shown.

This output is as follows.
With two .05 meg. resistors,
one directly from plate to B
plus, the other from ground
up toward the cathode, we
have equal resistance load,
and anything taken from the
cathode branch is just about
180 degrees out of phase
from whatever is taken from
the plate branch. It is un-
derstood, of course, that
plate to cathode constitutes
the plate circuit.

So looking out of plate
and cathode we have the
positions from which the
feed to a pair of push-pull
tubes may be taken. There
was enough a.f. regeneration
in the circuit to permit the
absence of a bypass con-
denser across the 76 biasing
resistor of 3,000 ohms, but it
is recommended that a con-
denser of 8 mfd. or so be
tried in this position, for if
the volume increases, then
the condenser is necessary,
or, if there is no change, it
is unnecessary.

Now it is advisable to go
back to the .1 mfd. con-

-,
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BOARD FORBIDS
SELLING “TIME”
IN TELEVISION

Washington.

Television development must continue indefi-
nitely on an “experimental” basis, without any
commercial status or privileges, according to
formal orders issued by the Federal Communi-
cations Commission. The new rules were made
and follow the informal engineering conferences
held in Washington last June in which Radio
Manufacturers Association, Inc., participated.
The rules also ‘apply to international, facsimile,
high-frequency and relay broadcasting.

No service charges may be made, directly or
indirectly, by licensees of television broadcast
stations, under the Commission’s new orders.
In experimental television broadcasting, no com-
mercial announcements will be permitted except
the name of the sponsor or product or the tele-
vising of the trade mark, symbol, slogan or
product made. The only exception is permis-
sion for limited commercial announcements
aurally when the television experiments are in-
cidental and not featured,

To insure that future experimental broadcast-
ing of television shall be actually “experimental”
and non-commercial, the Commission’s new
rules also prohibit any broadcast announce-
ment except of the call letter of the experi-
mental television station and prohibits any
charges by stations or networks or solicitation
of commercial accounts for the aural and visual
programs of experimental stations. Similar re-
strictions also apply to futuro facsimile, inter-
national, ultrahigh frequency and relay experi-
mental broadcasting. :

Results of Antenna Tests
(Continued from preceding page)

aerial was 15 db, and completely telescoped 8.5
db, which is still better than a 100 per cent
gain,

The superiority of this type aerial was first
recognized by police radio experts, and its adop-
tion by patrol cars is now widespread, while
more and more pleasure cars are being en-
countered on the road with a pole type aerial
clamped to the rear bumper bracket. The Auto-
Pole will more than prove its worth when snow
flies for the under-car type aerial and running-
board type aerial cannot stand the wear and tear
of ice and snow drifts when passing over them.

Literature Wanted

Readoars whose names and addresses are
printed herewith desire trade literature on
parts and apparatus for use in radio con-
struction. Readers desiring their names
and addresses listed should send thalr
request on postcard or in letter to Literature
Editor, Radioc World, 145 West Forty-fifth
Street, New York, N. Y.

Bruce Deer, Electrical Engineer, Narooma, N. S. W,
Australia. X

J. S. Jackson, 305-12th St., Bowling Green, Kentucky.

Donald Roberts, 1129 Oregon, Lawrence. Kansas.

Nat Gelbman, 145 Saratoga Ave., Yonkers, N. Y,

Willmar K. Roberts, 1846 Leon Street, Gainesville,
Florida.

I. Theodore Deitert, 298 High Street, Webster, Mass.

E. W. Richards, 3804 E. 192nd St., Seattle, Wash.

F. S. Richards, 33 Phillips Street, Andover, Mass., on
parts and apparatus for construction of cable and
treasure locaters. .

Richard J. Gatling, 251 Fairview Ave., Bogota, N. J.
John E. Thompson, Rt. No. 1, Box 78, Monee, IIL.,
on aull radio and recording apparatus. i
Arthur Baitman, 164 W. 83rd Street, New York City.
R. W. Deitrick, P. O. Box 685, Clarkspork, Idahq. on
parts and apparatus for use in radio and television
construction.
Edward Koski,
Bob, Murphey,

8902 Chalfonte, Detroit, Mich.

710 E. River Street,” El Paso, Texas.

Geo. E. Olson, P. O. Box 1259, Vallejo, Calif.

William S. Herman, 879 Whitlock Ave., New York,
N. Y., trade literature and technical booklets.

R. C. Hembree, Bungalow A, 213 East First, Hutchin-
son, Kans.

Thomas E.
Ariz. . .

Basil Graham, No. 2 Elderige Plc., Elmira, N. Y.

James F. Barbee, P. O. Box 25, Hernando, Miss.

Perfect Radio Service, St. Honore (Gironde Temis-
couata), P. Q., Capada, |

A. H. Membery, 9337 Lessing,
radio books. i

J. Shack, 1041 Quincy St., Chicago, Il

H. B. Johnson, Raymond, Nebr. L. .

F.OA. Field, 8 View Court, Mt. Auburn, Cincinnati,

hio.

Roland V. Daer, 230 West 76th St., New York, N. Y.

Ramon Hernandez, Central Soledad, Jovellanos, Pro-
vincia Mantanzas, Cuba.

Spencer Plyler, Misenheimer, N. C. .

Joseph Johnson, 3445 Evadine Ave., Hamtramck, Mich.

1. Badin, 323 Beaver St., No. Adams, Mass.

Sasser's Radio Service, 770-3rd Ave., Bartow, Fla.

Peter N. Kramer, 137 N. Fourth St,, Aurora, IlL

Anthony G. Farrell, 54 Gaines Place, Rensselaer, N. Y.

Bryan Meisel, 266 W. Chemury Pl, Elmira, N. Y

J. 'H. Vinson, 701 N. Ely St., Carrollton, Mo.

H. Winterhalter, Cor. Germantown and Clement, Day-
ton, Ohio.

Harvey Ayres, 314 Penna. Ave., Elmira, New York.

H. M. Brouwers, 392 Aberdeen Ave., Hamilton, Ont..
Canada.

H. B. Talbott, Jayton, Texas.

1. Jeyl. 1455 Otto St., Chicago, Il

N. Marx, 1455 Otto St.. Chicago, IlL

Giller’s Confty., 1457 Otto St., Chicago, HL

Jeseph H. Fesnick, 604 E. 141st St., Bronx, New York.

Luther Jones, 1942 N. 11th St., Philadelphia, Pa.

Walter Niewerth, Anartado 123, Cali (Colombia). So.

Amer.
H. N. Butler, c¢/o lofmayer Dry Goods Co., Albany,
Georgia.
Dudley S. Weaver, 239 College Ave., Kent, Ohio.
l\lorri; Hashmall, 1141 East 165th St., New York,

New, P. O. Box I3, Congress Junction,

Detroit, Mich.,, on

Morgan E. Leonard, Drawer 71, Iron Mountain, Mich.
l’aﬁl W. Reynolds, 84 Ridge Ave., Newton Centre,
ass.

Wmn. E. Lennon, Elkins Park, Penna.

Joe A. Krajcovic, Box 192, Empire, Ohio.

J. W. Landon, Box 6425, N. S., Pittsburgh, Penna.

A, L. Condon, 1211 East Spring St., New Albany,
Indiana.

1. C. Applebaum, 317 Springfield Ave., Newark, N. J.
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denser, connect it to ground again, instead of
just across the .4 meg. resistor, and now see
whether the bypass condenser across the 3,000-
ohm biasing resistor makes any change in the
volume. Again, if it does, include it, or, as it
is likely there will be no change now with
condenser in or out, leave it out, and leave the
.1 mfd. eondenser connected to ground.

The arrangment of the B supply choke coils
is such as to provide sufficient filtration and
proper valtaging. All the B current is passed
through the speaker field, while only the B
current for the tubes ahead is passed through
the small choke.

" is, what is to be the bottom of the coil

The
oscillator coil is wound the same way, only
there are 75 turns of No. 32 enamel wire for
the secondary, and the primary or tickler has
40 turns. It is of no great consequence what
the primary wire is in any case, except that it
should not be very large diameter wire com-
pared to that used for the secondary. The same
kind of wire suffices for both windings of all
coils, and all cases presuppose tight winding,
that is, one turn as close to another as possible.

The diagram does not show the comnections
for the ray indicator tube, as some may prefer
to use a meter. If so, a 0-6 voltineter may be

Two views of the superheterodyne that provided cross-continent reception,

The .5 meg. audio velume

control has the long shaft.

Aside from what has been stated, everything
is standard in the set, and even the phase in-
verter is acquiring that title.

Each section of the three-gang condenser has
a capacity of .000365 mfd. If one desires to
wind the coils himself he may do so by using
one-inch diameter tubing, putting on 127 turns
of No. 32 enamel wire for the secondaries of
the two r.f. coils, and with insulating wrapper
between, put on primaries of 35 turns, wound
over the secondaries, near the ground end, that

connected across the 600 ohm resistar of the.
6D6, or a 0-10 milliammeter put in series with
the plate of this tube, or 0-20 ma in series with,
the 10,000-ohm wire-wound resistor.

For inclusion of the ray indicator tube, the
6E5 would have heater connected to the 6.3 volt:
source, plate to a 1 meg. resistor returned to
250 volts, target direct to 250 volts, and with
cathode to ground, grid would go to the joint
of the two resistors that constitute the load of
the 75s diode.

Many Obsolete Sets Are in Use on Farms

Washington.

Among rural owners of radio receivers there
is a large percentage of obsolete sets, according
to an official survey by the Federal Communica-
tions Comimission.

The Commission’s survey included 116,000
postcard questionnaires. It was concluded with
total usable returns of 32,671 postcards from
rural owners of radio sets. Very few 1935 re-
ceiving sets were included in the survey, but
the Commission’s official returns showed that
nearly half of the rural receivers in use at the
time of the survey were more than four years
old. More than two-thirds of the farm sets
contained from five to seven tubes and this,
according to the Commission’s report, indicates
that the average farm receiver was a super.

Following is a tabulation in the Commission’s
report:

Year of
Receiver Per Cent
1929 or earlier.............ccooun. ... 26.1
1930 .o 12.7
1931 .o e 10.1
1932 . 12.1
1933 oo 13.8
1034 21.6
1035 i 3.6
Number of

Tubes Per Cent
dorless.......coiiiiiiiiiiiiiii.. 5.6
S 0 7ot e 69.9
8ormore.......cooiiiiiiinian.. vo.. 245
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Overload, Commonest Evil

Remedies to Apply and Tests to Make
By Capt. Peter V. O'Rourke

SOMETIMES just a simple remedy will

make the performance of a superheterodyne
top-notch, compared to previous poor reception.
Troubles may be due to the set being too sensi-
tive, or gain too high, though the working sen-
sitivity may be low. Then if the gain is re-
ducéd to practical values the sensitivity is in-
creased a great deal. This is one of the pecu-
. liarities to be expected.

One of the expedients sometimes used in set
construction is the inclusion of high-gain coils
at the r.f. level (excluding the local oscillator
coil from this category, as the tube functions
at a higher frequency). If one desires to op-
erate with a very small antenna the high-gain
coils may be used, but with certain precautions.

FIXING SCREEN VOLTAGE

One of the first considerations is to get the
d.c. voltages right. This may be done con-
veniently at a stage where there is no a.v.c.
The first, or only, r.f. stage may be the one, as
it has been found that a.v.c. applied here re-
duces the sensitivity without increasing the de-
gree of control proportionately, and so from
this stage a.v.c. may be omitted. Then a 300-
ohm resistor supplies the semi-fixed bias, and a
high resistance voltmeter is put across this re-
sistor when the tube circuit is complete and
there is no signal fed to the set, i.e, antenna
is disconnected.

O/0DE-BIASED
TRIODE

The screen voltage is apportioned usually
from a bleeder network, the object of which is
to keep the screen voltage constant independent
of the signal fed to the set. Therefore two re-
sistors are connected in series, and to their
joint the screen is attached.

Since these two resistors are across the total
available B voltage for the r.f. and if. tubes, if
the upper resistor, the one from B plus to
screen, is about equal to the lower resistor, and
neither of them a comparatively high resistance,
the bleeder current will be sufficient for the
stabilizing objective, and the screen voltage
may be adjusted by varying the value of the
lower resistor (R:) until the voltage across
the 300-ohm biasing resistor is just three volts,
for 250 volts applied to the plate, which is
loaded with any impedance of negligible d.c.
resistance. In r.f. and if. circuits this is prac-
tically always true, but the presence of a very
high resistance plate load, as in audio circuits,
would necessitate some amendments. But audio
circuits are not now considered.

THE PLATE CURRENT CHANGE

If the biasing voltage reads less than 3 volts,
this is usually due to the screen voltage being
too low, therefore the variable resistor R: would
be put in the upper position, between B plus
and screen. The upper resistor should be 5
watts rating, or more, for values around 10,000

8
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A diode-biased triode, and particularly pentode, may be overloaded readily, and cause most annoying

distortion, due to too low plate current. Again less than the full rectified voltage may be taken off,

even for maximum volume position of the potentiometer. Also the B voltage applied to the triode

or pentode should be as high as practically obtainable. A method of getting higher B voltage by
using two chokes is shown.
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ohms. The adjustment would be made, either
by sliding a conductive tab, or turning a knob
or shaft, until three volts are read from cathode
to ground. If the bias is too high the variable
resistor, as shown in the diagram, is in the cor-
rect place, and the adjustment is made.

An exception to the above is that if the re-
sistance between screen and B plus is too small,

\Y

being a contributing cause to the reception of
a given station at two points on the dial not
far removed from each other. This would apply
to several local stations, but not to distant ones.

It is assumed that the intermediate amplifier
is not oscillating nor in a condition verging on
oscillation. To stop oscillation a suitable diode
filter is used, as shown in the first diagram,

— Lt D100E
.3 Fg -00025 Mfd.
e E =
TT TT
AAAA -
J .05 |
5 3 MEd. osweg. : -
? ” & v 20 Mm£d.
" B9 RF.LF 3 e
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. / e I 1t
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ADJUST UNTIL
SMOCTS NO OVERLOAD ON

LOUVDEST STATION

Some r.f. or i.f. tube not subject to a. v. c. may be used for establishing the proper screen voltage.
The resistance network affecting the screen voltage is adjusted {at R1) until the voltage drop across

the cathode biasing resistor is the recommended value, usually three volts.

Overload of the audio

amplifier is prevented by limiting the amount of rectified voltage taken off (at right).

that is, the applied voltages to these elements
are nearly equal, the screen draws nearly as
much current as the plate, and so increasing
the screen voltage may decrease the bias, be-
cause the net change is due to greater reduction
of plate current than increase in screen cur-
rent. It should be remembered that the plate
current is dependent on the screen voltage, and
hardly at all on the plate voltage.

Once the screen voltage has been established
it should be checked nevertheless by high re-
sistance voltmeter measurement. If the resis-
tances used in the bleeder are of the order of
10,000 ohms, then the usual 1,000-ohms-per-
volt instrument will suffice, and the reading
from B plus to B minus should be the same as
the sum of the independent readings from B
plus to screen and from screen to ground. If
there is any noticeable difference between sum
and single reading then the meter has insufficient
ohms-per-volt for the present measurement.

TWO-SPOT RECEPTION

With the plate, screen and bias voltages cor-
rect at this stage, attention now may be directed
to the second detector. The peril of an over-
loaded diode detector may be dismissed as an
unlikely condition, since the diode will stand
nearly 100 volts, and the subsequent tube never
will. Hence audio overload is a common evil,
and it introduces detection in the audio channel,

where a small capacity, 20 mmfid., is from the
coil return to cathode, a radio-frequency choke
coil continues the d.c. feed to the load resistor,
and across this load resistor is a .0001 mid. con-
denser. The value of the choke may be up to
25 millihenries, but if the intermediate frequency
is unusually high, and the lowest broadcast
frequency is therefore inordinately close to the
i.f., regeneration may set in at 600 kc or there-
abouts, and all stations to the lowest receivable
frequency be attended by squmeals. . In that in-
stance the choke should be of much inductance.

PROTECTING THE BIAS

If a.v.c. is used on only one tube, the voltage
taken from the rectification circuit of the second
detector, or demodulator, it should be the full
rectified voltage, as this improves the control,
but since the danger of an overloaded audio
channel exists, less than the full rectified voltage
will be necessary for a.f. input. The reduction
is accomplished by interposing between the load
resistor, shown as .5 meg in the first diagram,
a resistor of such value the effect of the bias
on the following audio tube is not completely
overcome.

For instance, assume no signal is fed to the
set, or preferably that the grid of the first audio
amplifier tube is grounded directly, and a plate
current reading taken for this tube, with normal

(Continued on following page)
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High Signal-to-Noise Ratio
Design Factors for Accomplishment Set Forth

with NC-100 Receiver as Basis
By James Millen

P ERHAPS the greatest problem in designing
a modern high-frequency receiver is to ob-
tain high usable sensitivity. By “usable” sensi-
tivity is meant the strength of the weakest sig-
nal that can actually be copied, and this value
is usually quite different from that obtained by
connecting up a signal generator and simply
measuring the input required to produce a stan-
dard output at the speaker.

The reason for this difference is obvious.
When actually receiving a signal, the important
thing is to have the signal enough louder than
the background noise to permit accurate copy-
ing of the signal. Many sets which give stan-
dard output with a signal of less than one mi-
crovolt are so noisy that it is very difficult to
read any signal weaker than ten microvolts.

In short, the important thing is the signal-
to-noise ratio. This fact is so well understood
that there is much discussion of a new test pro-
cedure that would place emphasis upon read-
ibility rather than upon absolute sensitivity.

FIRST R.F. STAGE CONTROLLING

Unfortunately, achieving a high signal-to-
noise ratio is both difficult and expensive. It
requires the highest possible efficiency in r. f.
and i. f. circuits. This means not only costly
materials and painstaking adjustment, but an
advanced design that takes advantage of every
means to reduce noise and increase the signal.

Since any noise generated in the first r. f.
stage of the receiver is amplified by the suc-
ceeding stages along with the signal, most of
the improvement in signal-to-noise ratio must
be achieved at this point. Low-loss construc-

FIG. |
The coils are permanently in place in
their shielded assembly, which is moved
by rack and pinion action, so that the
coils for any one band are right under
the tuning condenser. This makes for
high efficiency, yet introducing the con-
venience of front-panel switching.

tion will of itself reduce the background noise
somewhat, but the greatest benefits come from
increasing the gain. High gain requires that
the tube work into a high impedance, and this

FIG. 2

Intimate view of the coil compartment. Two coils
are shown removed from their position in the
assembly.
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ohms. The adjustment would be made, either
by sliding a conductive tab, or turning a knob
or shaft, until three volts are read from cathode
to ground. If the bias is too high the variable
resistor, as shown in the diagram, is in the cor-
rect place, and the adjustment is made.

An exception to the above is that if the re-
sistance between screen and B plus is too small,

|

being a contributing cause to the reception o
a given station at two points on the dial no
far removed from each other. This would appl:
to several local stations, but not to distant ones

It is assumed that the intermediate amplifie
is not oscillating nor in a condition verging o1
oscillation. To stop oscillation a suitable diod
filter is used, as shown in the first diagram
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LOUDEST STATION

Some r.f. or if. tube not subject to a. v. c. may be used for establishing the proper screen voltage

The resistance network affecting the screen voltage is adjusted {at R1} until the voltage drop acro:

the cathode biasing resistor is the recommended value, usually three volts. Overload of the audi
amplifier is prevented by limiting the amount of rectified voltage taken off (at right).

that is, the applied voltages to these elements
are nearly equal, the screen draws nearly as
much current as the plate, and so increasing
the screen voltage may decrease the bias, be-
cause the net change is due to greater reduction
of plate current than increase in screen cur-
rent. It should be remembered that the plate
current is dependent on the screen voltage, and
hardly at all on the plate voltage.

Once the screen voltage has been established
it should be checked nevertheless by high re-
sistance voltmeter measurement. If the resis-
tances used in the bleeder are of the order of
10,000 ohms, then the usual 1,000-ohms-per-
volt instrument will suffice, and the reading
from B plus to B minus should be the same as
the sum of the independent readings from B
plus to screen and from screen to ground. If
there is any noticeable difference between sum
and single reading then the meter has insufficient
ohms-per-volt for the present measurement.

TWO-SPOT RECEPTION

With the plate, screen and bias voltages cor-
rect at this stage, attention now may be directed
to the second detector. The peril of an over-
loaded diode detector may be dismissed as an
unlikely condition, since the diode will stand
nearly 100 volts, and the subsequent tube never
will. Hence audio overload is a common evil,
and it introduces detection in the audio channel,

where a small capacity, 20 mmfd., is from th
coil return to cathode, a radio-frequency chok
coil continues the d.c. feed to the load resistos
and across this load resistor is a .0001 mfd. con
denser. The value of the choke may be up t
25 millihenries, but if the intermediate frequenc
is unusually high, and the lowest broadcas
frequency is therefore inordinately close to th
if., regeneration may set in at 600 kc or there
abouts, and all stations to the lowest receivabl
frequency be attended by squeals. . In that ir
stance the choke should be of much inductanc

PROTECTING THE BIAS

If a.v.c. is used on only one tube, the voltag
taken from the rectification circuit of the secon
detector, or demodulator, it should he the fu
rectified voltage, as this improves the contro
but since the danger of an overloaded audi
channel exists, less than the full rectified voltag
will be necessary for a.f. input. The reductio
is accomplished by interposing between the loa
resistor, shown as .5 meg in the first diagran
a resistor of such value the effect of the bis
on the following audio tube is not completel
overcome.

For instance, assume no signal is fed to th
set, or preferably that the grid of the first audi
amplifier tube is grounded directly, and a plat
current reading taken for this tube, with norm:

(Continued on following page)
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(Continued from preceding page)
self-bias @r .fixed bias present, Direct coupling is
not now under consideration. The plate cur-
rent is the result of the plate voltage and bias
voltage and may be noted. Then the grid is
returned directly to cathode, no loading, and the
plate current noted. Now we have the value of
plate current that represents zero grid bias.

Restoring the biasing system to what it was
and should be, say, a triode with 10 to 20 volts
negative on the grid, we know the no-signal
current, and even with antenna disconnected this
may be a bit higher than was found when re-
turning grid through a shortening wire to
cathode, because the noises amplified in the set
produce some rectification and deliver some
small audio signal value to the driver that may
be noticed in terms of plate current increase.

AN ASIDE ON NOISE

By the way, if this increase is substantial,
then there is a bad tube, loose connection, poor
contact or other trouble in the set, as the noise
should not be so great as to result in any seri-
ous change of plate current reading.

For transformer loading of the plate circuit,
no isolation, the plate current for normal bias
may be around 10 milliamperes, for resistive
loading it may be around one or two milli-
amperes, nevertheless it is the limiting value
we are seeking. This should be a plate current
never more than the value found for zero-bias
under the experimental method just discussed.
“Thus for 20 milliamperes found at first, we shall
:accept a limit of 20 milliamperes on station test,
-and for 2 milliamperes a limit of 2 milliamperes.
These are the assumed values for grid shorted
:to cathode.

Now tune in the strongest local. If there is
a.v.C. is it necessary to have a tuning indicator,
which may be a high-resistance voltmeter across
ithe cathode biasing resistor of any a.v. con-
ttrolled tube. The meter will read a certain
lhias voltage, then will read less as the station
its tumed in, and when the meter reads least

arn;ll;Du_I:ilier—C;ndé;\gers
Flew Ocean with Richman, Too

Possillly the fastest round trip to Europe
ever undlertdken by a radio part was that by
several Connell-Dubilier condensers incorporated
in the new gafio eompass which played a vital
part in the agccessful completion of the round
trip flight to and from Europe recently under-
taken by Harry Richman and Dick Merrill in
the airplane “Lady Peace.”

Cornell-Dubilier condensers were used in the
construction of the Dayton Products Com-
pany’s recently perfected radio compass and
the radio compass functioned perfectly during
the flight.

The type of condensers used was Type DH.
This is a Dykanol filled, hermetically sealed
condenser which is particularly impervious to
climatic conditions and extreme dampness and
humidity.

voltage, the station is “tuned in on the nose.”
The idea that stations have noses is peculiar to
radio men.

Now the resistor that was interposed between
the diode load of .5 meg. and the end of the r.f.
choke coil is adjusted. If there is overload the
plate current will reach or nearly reach the
value found experimentally for zero bias, if the
extra resistance is negligible compared to the
rest of the load.

IMPROVED |I. F. FILTRATION

By increasing the variable until the plate
current of the driver tube (first audio) is below
the prescribed limits, the overload problem is
practically solved. The adjustable resistor may
be measured and a fixed resistance put in its
place, of the same value. Remember the strong-
est local in your guide.

This method has an additional effect, in that
it aids i.f. filtration. Much less i.f. will get into
the audio tube, hence the double-tuning-in of
stations may stop, also the i.f. channel becomes
much quieter. The reduction of gain may or
may not reduce the practical sensitivity, de-
pending on whether the gain had pressed the
receiver under certain reception conditions to
levels beyond its capability of good or any re-
production. Nevertheless the set has been made
workable and has been protected from a very
serious form of distortion. If the sensitivity has
heen decreased somewhat, and is desired to be
recaptured for some special DX work, then a
switch may be put across the additional resis-
tance load of the diode, although with sets fully
controlled by the automatic yolume method this
is hardly advisable, as the extra bias due to the
station is small when the station carrier itself
is weak,

If gain control is present at the r.f. or if.
level, some particular setting is selected for non-
overload, and the position is not ¢hanged except
for DX work.

In the second diagram the valye of .05 meg.
has been selected as the limiting one, and the
rest of the diode load this time is a potentiom-
cter of .5 meg. The diode and the driver are in
the same envelope, ie., this is a twin-diode-
triode, and one of the diodes either is not used,
as shown, or may be connected to the other
diode.

Connection of the slider is made to the grid,
and volume is controlled by taking off as much
or as little as desired from the available rectified
signal. What is put into the grid is pulsating
d.c. The stronger the station, the more negative
the grid, i.e., the bias works against the signal
here too, as with transformer coupling or resis-
tor-capacity coupling.

HEARING NOTHING AT ALL

In the reactive examples the bias is negative
to start with, and the signal effectively reduces
this, whereas in the diode-biased example the
starting bias is zero, and the signal makes it
more negative. It is clear that a strong enough
signal will make the bias so much negative as
to cut off the plate current, hence if the station
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is tuned in “on the nose,’ it is just possible
that nothing will be heard, though it is the
strongest local!

The test for overload here is very simple. A
current meter is put in series with the triode
plate, and the limiting resistor is selected (.05
meg. shown) on the basis of strongest local
being tuned in, limiting resistance high enough
to insure readily observable plate current on a
0-1 milliammeter, say, .2 milliampere. That
would be normally the first deflection bar on the
meter $cale.

Plate current cutoff is related to the B
voltage, and since avoidance of cutoff, or even
its approximation, is greatly desired, the B
voltage for the plate of the triode, or pentode,
should he taken from the highest available fil-
tered B voltage tap.

Many build receivers with the dynamic speak-
er's field serving as the only B filter choke.
Naturally a lot of voltage is dropped in the field,
particularly since the power tube plate curreit
goes through the field. An average drop of 100
volts or so may be expected. Around 80 volts
more of B voltage is obtainabie if we use a low-

resistance filter choke that will stand the power .
~-“or any reproducible frequencies in fact, nor so

resistance in that choke. -+~ slow that the a.v.c. action is postponed until

tube current, and have around 200 ohms d.c.

GREATER POWER OUTPUT

Not only may we return the diode-biased
tube’s plate to that point, but since we have in-
creased the available B voltage for the
output tube, we have increased the power
output capabilities as well. Some recasting of
the biasing of the power tubes may be required
so that the recommended limit of plate current
for them will not now be exceeded.

Performance is much better, from the diode-
biased triode’s position, when the B voltage is
increased as recommended. If the receiver is
sizable, then all the other tubes may be served
by. the high-resistance field of the speaker, which

.is transferred to the position shown in the sec-

ond diagram.

The filtration will be sufficient, if the low-re-
sistance choke will stand the current, but in-
sufficient if the choke is worked anywhere near
saturation, because the inductance reduces sharp-
ly as saturation is approached. The inductance
therefore depends on the amount of direct cur-
rent, and is not a constant, despite much opinion

to the contrary.

The second diagram includes the B rectifier,
and it will be seen that the primary Has two
.05 mid. condensers across it in series, center
of the capacities grounded. These reduce or
eliminate interference caused by the line feeding

-

r.f. to the set, and in particular are often a rem-
edy for modulation hum, present only when a
station is tuned in. If general hum is present,
putting a .1 meg. resistor in series with the
triode plate load resistor of .25 meg., and con-
necting a 8 mifd. electrolytic condenser of 500-
volt rating from joint to ground, will usually
get rid of this trouble.

VALUES FOR A.V.C.

The a.v.c. circuit, leading to the left, has a
1 meg. resistor. The locai resistance of the diode
is about .5 meg. The capacities across the load
may be neglected for the moment. However,
the filter resistor of the r.f. or if. circuits sub-
ject to av.c., under diode loading and a.v.c.
flter resistance as shown, should be around .1
meg. and the bypass capacity, from coil return
to ground or cathode in the controlled circuits,
05 meg. The time constant for each then will
be approximately 1.6 meg. x .05=.08, equiva-
fent to a frequency of 1/.08 or 12.5 cycles.

This frequency is lower than the lowest the
set can reproduce, so no audible trouble will re-
sult, and the speed of the a.v.c. action is not
so great as to attenuate high audio frequencies,

* after the station is tuned in with much greater
than final resting volume. A speed of one-
twelfth of a second is fast enough.

In the foregoing mention has been made of
tuning in stations at two adjacent points. The
cause is not to be confused with alternate re-
ception on short waves, due to poor pre-selec-
tion affording about equal response when the os-
cillator frequency is lower, as well as when it
is higher, than the station frequency. Nor should
the remark that detection in the audio channel
is a contributant be regarded as indicating that
this is the sole or principal cause of the trouble.

If there is overloading, there may be no re-
ception, particularly in the example of diode-
biasing, which already has been stressed. That
obtains for tuning in the station “on the nose.”
But if the station is incorrectly tuned in, i.e.,
“off the nose,” say, perhaps somewhere around
the cheekbone or the ear, the off-resonant volt-
age is not great enough to stop reception, or
even create any overload, so at a point one side
of resonance that station is heard, at another
point, the other side resonance, the station is
heard again, nothing heard in between and two-
spot tuning is suffered. With no overload from
any cause, reception is strictly sne-spot as least
for the standard broadcast band, or intermediate
short waves, before r.f.-oscillatar frequency dif-
ference becomes a small percentage of either..

International 10 kc Limit

The International Broadcasting Union, repre-
senting all the leading broadcasting organiza-
tions of Europe, has recommended in its pro-
posals for the Bucharest radio conference that
a minimum of 10 kc separation be adopted for
short-wave stations.

The separation, which is uniformly observed

Proposed for Short Waves

in the United States, “is necessary to insure
good reception,” the Union states.

“It is necessary to consider a greater sepa-
ration corresponding to two or three channels
of 10 kc between stations which can be received
simultaneously with a field of the same order of
strength in the same region,” it adds.
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High Signal-to-Noise Ratio
Design Factors for Accomplishment Set Forth

with NC-100 Receiver as Basis
By James Millen

P ERHAPS the greatest problem in designing
a modern high-frequency receiver is to ob-
tain high usable sensitivity. By “usable” sensi-
tivity is meant the strength of the weakest sig-
nal that can actually be copied, and this value
is usually quite different from that obtained by
connecting up a signal generator and simply
measuring the input required to produce a stan-
dard output at the speaker.

The reason for this difference is obvious.
When actually receiving a signal, the important
thing is to have the signal enough louder than
the background noise to permit accurate copy-
ing of the signal. Many sets which give stan-
dard output with a signal of less than one mi-
crovolt are so noisy that it is very difficult to
read any signal weaker than ten microvolts.

In short, the important thing is the signal-
to-noise ratio. This fact is so well understood
that there is much discussion of a new test pro-
cedure that would place emphasis upon read-
ibility rather than upon absolute sensitivity.

FIRST R.F. STAGE CONTROLLING

Unfortunately, achieving a high signal-to-
noise ratio is both difficult and expensive. It
requires the highest possible efficiency in r. f.
and i. f. circuits. This means not only costly
materials and painstaking adjustment, but an
advanced design that takes advantage of every
means to reduce noise and increase the signal.

Since any noise generated in the first r. f.
stage of the receiver is amplified by the suc-
ceeding stages along with the signal, most of
the improvement in signal-to-noise ratio must
be achieved at this point. Low-loss construc-

FIG. 1
The coils are permanently in place in
their shielded assembly, which is moved
by rack and pinion action, so that the
coils for any one band are right under
the tuning condenser. This makes for
high efficiency, yet introducing the con-
venience of front-panel switching.

tion will of itself reduce the background noise
somewhat, but the greatest benefits come from
increasing the gain. High gain requires that
the tube work into a high impedance, and this

FIG. 2

Intimate view of the coil compartment. Two coils
are shown removed from their position in the
assembly.
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FIG. 3

Appearance of the front panel is very striking, consideration having been given to eye appeal as well
as to electrical efficiency. :

in turn requires that the losses be low, that the
coils be of efficient form factor, that the shield-
ing be of generous proportions, and that the
L/C ratio be as high as possible.

Considering tlese in turn, low losses require
the use of high quality insulation (Isolantite or
R-39) with air used as the dielectric in all h. f.
circuits. Coils must be designed with electrical
efficiency, not small size, as the criterion.
Shielding should be designed to fit the coils, and
not vice versa. A high L/C ratio requires that
the tuning condenser be as small as practical.
For a given tuning range, the condenser size
is determined by the minimum capacity. Conse-
juertly, the layout should be arranged to permit
short leads to reduce stray capacity.

THE SWITCH PROBLEM

In addition to these positive virtues, certain
common faults must be avoided. To prevent
absorption losses, all coils must be individually
shielded. Whatever contacts are used in the
range changing system must provide dependable
low-resistance connections.

There is no difficulty in filling all of these
requirements when plug-in coils are used, but if
an attempt is made to use a conventional .ccil
switch, we are faced with a problem in dimen-
sions. Large, individually shielded coils and air
dielectric padding condensers take up a lot of
room, making long leads necessary and increas-
ing stray capacity. High performance com-
munication type receivers such as the Natjonal
HRO still use plug-in coils for this reason, but
where convenience is of primary importance

some sort of knob-controlled switching is desir-
able.

The National NC-100 Receiver is particular-
ly interesting in this connection because it rep-
resents a successful and unusual solution of this
problem. In effect, plug-in coils are actually
used, but they are all contained within the re-
ceiver, and ranges are selected by a knob on
the front panel. Fig. 1 shows the general ar-
rangement.

THE UNIQUE COIL SYSTEM

The h. f. and oscillator coils required for the
five ranges are mounted in a heavy cast alumi-
num shield, together with their trimming con-
densers. This shield is mounted on a track,
so that it can slide back and forth under the
chassis. Movement of the assembly is con-
trolled by a knob on the front panel, operating
through a rack and pinion, By this means, the
coil range in use is brought directly below the
main tuning condenser and close to the tubes,
thus making leads short.

This design also fills the other requirements
for coil efficiency, as is evident from Fig. 2.
Each of the fifteen h. f. and oscillator coils is
mounted in its own individual shielded compart-
ment, together with its air-dielectric trimming
condenser. It is obvious that the shielding is
very complete, and, as would be expected, there
are no measurable losses from absorption by
idle coils. Further, by moving the idle coils
completely out of the way, the individual coils

(Continued on following page)
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(Continued from preceding page)
are not cramped for space as they would be if
grouped around a coil switch.

COILS SNAP INTO POSITION

Fig. 2 also shows two of the coils removed
from the shield. The mounting base is of
low-loss R-39, with the five contacts moulded
in. The coil and the air-dielectric condenser
are both mounted on this base and wired as a
unit. The contacts themselves are similar to
a tube prong, and operate against stationary
side-wipe contacts on the chassis. The con-
struction is patterned after that used in trans-

FIG. 4
What you see
when you look

from top at the
chassis is an or-
derly array of
components, each
of high calibre,
selected to insure
maximum per-
formance. Admit-
ting the difficulty
of handling all
tuned stages on
all bands, this ar-
rangement is a
contribution o
the complete
solution,

mitting tube sockets, and has proved to be
thoroughly reliable.

Quite aside from its merits in helping to.

achieve very high signal-to-noise ratio, the mov-
able coil tuning unit has other very definite ad-
vantages. As constructed, the coils lock into
position after each shift with a definite snap.
This positive detent action, together with the
accuracy of the slide, insures that the coils will
come to exactly the same position every time,
thus making calibration exact and reliable.
This is of great importance.

CLOSE LIMITS FOR CONSTANTS

The micrometer dial on the precision tuning
condenser reads direct to one part in five hun-
dred. Accuracy of this order is almost essential
for precise calibration and accurate logging, but
it obviously means that circuit constants must
be held within close limits. It also requires that
the temperature drift be kept small, and here
again the arrangement described is of great
help. With coils located below the chassis,

in the coolest part of the receiver, temperature
variations are reduced to a minimum.
Although signal-to-noise ratio is largely de-
termined by the characteristics of the first r.f.
stage, the other h.f. circuits are vitally im-
portant. Upon the tuned circuit of the detector
is placed a large share of the burden of elim-
inating image frequencies, and it must provide
as much gain as possible consistent with high
selectivity. Consequently, efficient design is
practically as important in the detector as it is
in the first r.f. stage. The oscillator likewise
requires very careful design, for upon the sta-
bility of the h.f. oscillator the calibration of the

Experience has shown that

receiver depends.
separate tubes for the detector and oscillator
give more stable operation than a combination
type, especially on shorter wavelengths.

THE I.LF. CHANNEL

The intermediate frequency amplifier of the
NC-100 Receiver is of high-gain construction.
In general its details are more or less con-
ventional. Two stages are used, and all tuned
circuits have air dielectric condensers and Litz
honeycomb coils. To avoid the reduction of
gain and selectivity in the last stage, which
occurs when diode rectifiers are used, due to
the load which they put on the tuned circuit,
the second detector is a biased triode. The cir-
cuit is not loaded by the a.v.c., for a separate
tube is used, giving amplified and delayed action.

High selectivity in the intermediate frequency
amplifier makes an appreciable reduction in
background noise, because much of the noise is
of high enough frequency to be rejected hy a

(Continued on page 46)
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SERVICE BUREAU

Inductance Measurements Next

By Leroy

S ERVICING is progressing fast. Only a few
years ago practically no service man used
an oscilloscope, or was interested in a capacity
meter and checker. The next step seems to be
a requirement for measurement of inductance.
Indeed, some part of this step has been taken, as
bridges that include inductance measurements
are on the market.

There is one problem that buffaloes practically
cvery service man, and that is superheterodyne
tracking, where the inductances are mismatched.
The usual procedure is to send the set back to
the factory. However, as servicing methods and
knowledge improve, the service man sends fewer
and fewer sets back to the factory. Sometimes
there is no factory to which to send the set.
You know how the radio business is.

PROBLEMS FOR YOU

How can you tell if the coils are wrong?
How can you distinguish whether the oscillator

C. Wilson

coil is wrong, or the r.f. coils are wrong, pro-
vided you can establish the fact that they do not
match? What is the key to the solution of the
coil mystery? Think it over and see if you
have any sort of an answer to that problem.

Of course the solution depends on being able
to measure accurately radio-frequency induct-
ances. Besides, some knowledpe must be ap-
plied to the inductance facts that the inductance
meter brings out. How can vou tell what the
inductance should be, without knowing under
which case the selection was intended to be
made? There are three cases: (1), for oscil-
lator minimum trimming capacity exceeding r.f.
minimum capacity; (2), for r.f. minimum
capacity exceeding oscillator capacity; (3)
where the trimming capacity in both instances is
deemed to be zero.

Remember that in r.f. inductance measurement
the thing that counts is the true inductance, and

(Continued on following page)

(Continued from page 44)
well-designed amplifier. The amount of the im-
provement depends on the selectivity of the if.
channel, of course. The crystal (single signal)
filter represents this idea carried to its logical
conclusion.

When static or interference is present, the
crystal will make the noise about 100 times
weaker, thereby greatly improving the readi-
bility of the signal. The crystal is invaluable
in communication work for this reason, but it
is hardly suitable for broadcast reception, since
it rejects most of the sidebands of the signal
and tone quality is very poor for this reason.

The last court of appeal in reducing noise is
the audio. It is too late to do much at this
point, but what little can be done is done on
the NC-100. As will be seen by referring to
the circuit diagram, the tone control has a tuned
circuit instead of the usual condenser. With
the tone control dial set at 0, the frequency re-
sponse of the receiver is flat from 50 to 10,000
cycles. When the control is rotated to the ex-
treme counter-clockwise position, high-frequency
cutoff occurs at about 1,500 cycles. Rotated to
the extreme clockwise position, low-frequency
cutoff starts at 300 cycles, and the characteristic
rises about 6 db between 1,000 and 5,000 cycles.
When receiving fairly weak signals through
considerable interference it is often helpful to

retard the tone control so that the noise will be
reduced in comparison with the signal.

So much for the general subject of signal-to-
noise ratio. By way of conclusion a brief gen-
eral description of the receiver is in order.

As is evident from the circuit diagram, the
NC-100 is a twelve-tube superheterodyne. It
covers all frequencies from 540 to 30,000 kc in
five ranges. The circuit employed on all ranges
consists of one stage of tuned rf, separate,
tuned first detector, high-frequency oscillator,
two if. stages, a bias type power detector and
a transformer-coupled push-pull pentode output
stage. Maximum undistorted output is ten
watts. A separate tube is employed to provide
amplified and delayed a.v.c. action and a separ-
ate beat frequency oscillator is coupled to the
second detector for c. w. reception. A built-in
power supply provides all voltages required, in-
cluding excitation for a dynamic speaker field.
A 6ES5 tube acts as an indicator both when tun-
ing and when using the calibrated r.f. gain con-
trol for signal strength measurement.

[The foregoing gives an insight into the NC-
100 Receiver. The engineering and experi-
mental work preceding the finished product is
replete with fascinating technical revelations.
These are being restudied and classified and wwill
be the subject of an article to be published in
an early issue—FEDIToR.]
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(Continued from preceding page)

not the apparent inductance which is a fictitious
quantity, since the capacity in circuit, even if
only the distributed capacity of the coil, is
treated as an inductive reactance, which it dis-
tinctly is not. You do not make a capacity an
inductance by calling it an inductance.

Just as the capacity problem exists for radio-
frequency values, so do problems exist for low-
frequency inductance, such as B supply choke
coils, speaker fields, etc., including audio trans-
formers that carry considerable primary current.
It is well known that the core affects the in-
ductance. With high-permeability material the
reduction of inductance with increase of d.c.
through the winding is very considerable. With
all devices it is ratable. Therefore it becomes
necessary to measure the inductance under actual
conditions of loading, that is, with d.c. flowing
that actually flows when the coil is in its oper-
ating condition in a set, with the superimposed
a.c. present likewise. In other words, the in-
ductance meter should be able to measure the
inductance of the field or choke or transformer
not only without removing any part from the
set, or unsoldering a single wire, but rather
when the full set is working, and the normal
ol)glration conditions, currents and voltages pre-
vail.

Ray Tube Sensitivity
Aids Measuring Devices

Here is a flexible device of compact construc-
tion which has been designed for the measure-
ment of capacitances and resistances. It has a
built-in rectifier, a condenser filter, and a volt-
age divider.

The rectifier is a 1-V heater type tube. Visual
indications are employed. For some measure-
ments a ray indicator tube, a 6E5 tube, is used.
This tube is very sensitive to changes in voltage
on its grid.

The other indicator is a neon tube, which is
used for other tests and measurements. By
means of an intricate, yet convenient, switching
arrangement different ranges for both capaci-
tances and resistance can be selected. There are
three terminals for connecting the unknown.

Of these the red is common for both resistance
and capacitance measurements. The other
terminals are appropriately marked with RES.
and COND.

Besides the provision for d.c. supply for
strictly direct current measurements, there is
also provision for using 60-cycle a.c.

MEeNNOHIN W. GRrAvALoOT,
Boston, Mass.

! R
20——4 4 C;
304
5 4 0—4
o— R NEON =
+——©@RED
I (© COND.

A handy capacitance
and resistance bridge
for measuring with
either alternating or

direct current. A ray
indicator tube is em-
ployed for showing
balance. An alternative
method for certain
tests is a neon tube
indicator.
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Radio Treasure Quest

Circuits and Methods for Wresting

Precious Secrets from Earth
By J. E. Anderson
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FIG. 31
The impulse generating circuit together with means for measuring the a-c impedance and the d-c re-
sistance of the earth between the two grounded electrodes.

This is the third and final instalment
of J. E. Anderson’s notable article on
radio circuits for treasure-secking. Next
month a general, comparative article will
conclude his discussion of this absorbing
topic.—EDITOR.

A METHOD of locating mineral deposits and
electrically conducting bodies underground
based on the sudden transmission of an intense
current pulse through the ground has also been
devised by Jakosky. The current pulse, which
ynay be that of the discharge ot a large con-
denser charged to a high voltage, is impressed
on the earth between two metal rods driven into
the ground at a suitable distance apart. The
ground between the two metal stakes is then ex-
plored by means of a receiver which has bheen
designed so that it integrates the current pulse,
for example, a ballistic galvaiometer. By
nieans of such an instrument, or a similar one, it
is an easy matter to measure the energy of the
received pulse; for the energy is equal to the
time integral during a time T seconds of R#dt,
or to I’RT. In this 7 is the instantaneous value

of the current, R the ground resistance between
the two grounded electrodes in the receiving in-
strument, I is the effective value of the current
pulse during the time T. By measuring this
energy at many points in the field under similar
conditions, it is possible to determine the nature
of the soil under the surface, for the presence of
any conducting bodies will be¢ indicated by a
marked distortion of the current flow lines.

TRANSMITTING CIRCUIT

The circuit in Fig. 31 is a suitable arrange-
ment for generating the high current pulses and
for impressing them between two points in the
ground, marked P and P’ and labeled output.
Provision is made for impressing either a pure
direct current or an alternating current. The
choice between the two is made by switch S..
The purpose of these is to enable the operator
to measure either the d-c resistance R between
the two grounded points or the a-c impedance Z,
or l)oth Appropriatc instruments are incorpo-
rated in the circuit for measuring the currents
and voltages required. When either of these
circuits are to be used, the switches Ss and S,
are set so that P and P’ are included in the
circuit.

The condenser which holds the charge is C.
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FIG. 32
A snmplrFed sketch showing the arrangement of the
energizer circuit and the receiver circuit. The
grounded electrodes are shown along the
dotted line.

It should have a large value. It is charged
through a variable inductance coil L, a variable
resistor R;, and a limiting resistor Re. The bat-
tery E is the charging battery and the milliam-
meter Ma measures the current. The purpose
of L and the variable resistor R, is to change
the rate of discharge of the condenser and thus
to change the shape of the current pulse during
the discharge period. The switch connected to
R: is set at S: for charging and at S. for dis-
charging. This switch is arranged so that the
charging and discharging can be done rapidly.

SIMPLIFIED SCHEMATIC

In Fig. 32 is shown a simplified layout of
the transmitter and the receiver. Two leads
from the energizer, or transmitter, run parallel
to b and ¢ and thence the two wires run in
opposite directions to points @ and d. Thence
the leads are run to the grounded stakes, here
indicated by ¢ and f. The lines ae and df are
at right angles to the lines abcd and cghf. The
two end lines which appear to be vertical are
really lying on the ground.

The receiver is arranged the same as the
transmitter but its leads are shorter. This the
distance gh between the grounded receiver
stakes is small compared with the distance cf
between the grounded transmitter stakes. The
midway point between g and 4 is also the mid-
way point between ¢ and f, but the receiver
stakes are not always on the line joining the
transmitter stakes. They may be on lines
parallel with ef.

sectional view of a portion of the earth
being studied, together with the arrangement of
the transmitter and receiver circuits, is shown
in Fig. 33. Directly under the survey equip-
ment is assumed to be a conducting layer or a
metal pipe. The dotted lines show the course
the current pulses will take. Since the con-
ducting layer or pipe has a much higher elec-
trical conductivity than the surrounding earth,
most of electrical current will flow directly
down to the conductor rather than flow through
the earth above the conductor. If the earth
under the equipment were homogeneous, the
current would follow the geometrically shortest
path, for this then would also be the electrically

shortest path. In the figure the end lines of the
transmitter and the receiver appear to run up-
ward. Actually they are horizontal.

METHODS OF DETECTING

In the preceding figures the receiver was con-
nected conductively to ground. But there are
other methods in which the effect of any buried
conductor may be studied. For example, in-
stead of measuring the current pulses picked ur
by two grounded electrodes, the electric or the
magnetic field may be measured at the observa-
tion points. If the electric field is to be mea-
sured, the use of a Hertzian doublet antenna is
indicated ; and if the magnetic field is to be
measured, a loop is the proper means for getting
an indication.

The magnetic method is illustrated in Fig. 34
SS’ is the surface of the earth in the neighbor-
hood of the observation points. CC’ is the cen-
ter of the buried conducting body or a pipe. The
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FIG. 33

A section of the earth below the receiving anc

transmitting equipment showing the relative posi

tions of the ground electrodes. A conductinc
layer under the surface is also represented.

point of observation is directly above CC’. The
point abcd on the surface is a section of the
lead similarly marked in Fig. 32. A magnetic
field exists about abcd as is indicated by the
concentric circles. This field is due to the flow
of the electric pulses in the conductor from ¢
to d. Since the conductor lies on the ground
the magnetic field on the ground at the observa.
tion point O will be vertical, and this vertica
component is indicated by F.
(Continued on following page)
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FIG. 34

This shows the primary and secondary magnetic
fields, the first about the above ground conducto
and the second about the buried one. The ver
tical, Fv, and horizontal Fu components of the fielc
can be measured separately on the surface.
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There is also a magnetic field about CC’
because the conductor carries current. This
may be either the result of induction or of con-
duction, or a combination of the two. If the
observation point is directly over CC’ the mag-
netic field at the surface due to the current in
CC' will be horizontal. It is indicated by Fn.

The two field components Fv and Frn may be
separately measured by means of a loop pro-
vided it is placed properly, or their resultant
may be measured with the loop. The loop
placed for maximum signal will give the direc-
tion of the resultant; and the current induced
in the loop will give the intensity which may
be measured with a ballistic magnetometer
directly or with a ballistic galvanometer in
conjunction with a suitable rectifier.

A ballistic galvanometer or magnetometer is
an instrument in which the period of swing of

FIG. 35
This shows the variations in the vertical and hori-
zontal components of the magnetic field as the
observer moves on the surface at right angles to
the buried conductor.

the movable coil or of the swinging magnet is
very long compared with the time it takes the
current pulse to discharge. The effect, whether
it be a current pulse or a magnetic pulse, is
over before the moving element has had time
to move through any appreciable angle. Under
such conditions, and if the damping is negligible,
the total deflection is proportional to the
quantity of electricity that flows.

FINDING CONDUCTOR CENTER

In Fig. 35 is illustrated the method used for
determining the center of the conductor under-
ground. SS’ is the surface of the earth in the
immediate vicinity of the tests. CC’ is the
center of the conductor. The magnetic field
about this conductor is represented by a number
of concentric circles. Suppose we measure the
vertical and horizontal components of the field

at the left of the center of the conductor. If
the field from the ad part of the circuit is
pointing toward the right, which it will for a
certain polarity of the current, it is clear that
the direction of the resultant magnetic field will
point upward and toward the right. The hori-
zontal component will be composed of the mag-
netic field due to the primary current, which is
all horizontal, and the horizontal component of
the secondary field. At the extreme left this
will be mostly vertical and therefore the re-
sultant field will point sharply upward. As we
move toward the right and toward the center
of the conductor, the direction of the resultant
magnetic field will change until at a point
directly over the center of the buried conductor
it will be horizontal for then both the primary
and the secondary fields are horizontal.

The magnetic field due to the primary con-
ductor remains constant along the line of mea-
surement, which is at right angles to the line
joining the two grounded electrodes of the
transmitter, and it also remains horizontal.
Hence the variation in direction and magnitude
of the resultant is due to the variation in the
secondary field alone. The expected variations
in the vertical and horizontal components of the
resultant field are shown in the sketch directly
over the magnetic field illustration in Fig. 35, H
being the horizontal and V the vertical com-
ponents. In order to coordinate the magnetic
field figure with the graph, the axis of ordinates
has been drawn so that it passes through the
center of the buried conductor.

ALWAYS POSITIVE

It will be noticed that the horizontal com-
ponent H plots into a curve that is symmetrical
about the axis of ordinates, and that it is always
positive, that is, always points in the upward
direction. From left to right, the intensity
first increases slowly and then more rapidly,
coming to a maximum at a point directly over
the buried conductor. Then it decreases in ex-
actly the same way as it increased. The vertical
component V also increases, from left to right,
but 1t attains its maximum value at a point to
the left of the conductor. Then it decreases
rapidly. reaching zero at the point directly over
the buried body. At this point the field changes
sign, as the magnetic field points downward in-
stead of upward. The curve in the fourth
quadrant is just like that in the second except
that the sign is reversed. The vertical com-
ponent, therefore, is symmetrical about the
origin,

It is clear that the location of the buried
conductor can be determined by measuring
either the vertical or the horizontal component.
If the horizontal component is determined, the
instrument will be directly over the conductor
when the intensity of the field is greatest; if
the vertical component is measured, the instru-
ment will be directly over the buried body when
the intensity is zero. As in all measurements
of the kind, the most accurate readings will be
obtained when the no-intensity position is
determined.

It will be noticed that if the observations are
made directly on the resultant field, the read-

"o
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ings will be maximum when the loop is directly
above the conductor and then the field will be
horizontal. In order to measure the resultant
it will be necessary to have a loop that can be
rotated about a horizontal axis parallel with the
long dimension of the underground conductor.
At the point of maximum signal strength, that
is, direstly over the conductor, the plane of the
loop will be vertical. It then points to the
buried conductor. If it were not for the in-
fluence of the steady horizontal component, the
loop would always point directly to the con-
ductor when set for maximum signal.

METHOD OF TAKING A SURVEY

In exploring a region by the present method
the transmitter should be set up at any suitable
place in the field, with the two grounded elec-
trodes considerable distance apart, say 1,000

FIG. 36
Two loops, with rectifiers and galvanometers, by
means of which the vertical and horizontal com-
ponents of the magnetic field can be measured.

feet. Then field measurements should be made
in the neighborhood of the center of the sys-
tem, that is, half way between the two stakes.
These should first be made in line with the
stakes and then in lines parallel with that line,
on both sides of it. The points of measurement
should be at intersections of coordinate lines
suitably spaced in both directions. Afterward
the data collected should be entered on graphs,
such as that illustrated, and the information
gleaned from these graphs should be collated.
If the maximum of the resultant field does not
fall on the same coordinate line on all the
graphs, it means that the long dimension of the
buried conductor is running at an angle with
these lines. The course of the conductor can be
easily traced. Moreover, when it becomes nec-
essary to move the transmitting apparatus, the
positions of these maxima will indicate in which
direction to move it in order to follow the con-
ductor. The second time the equipment is set
up, and on succeeding times, it is well to set
the grounded stakes so that the line between
them is at right angles with the axis of the
conductor.

In Fig. 36 are shown two loop-detector com-
binations suitable for receiving the pulses sent

ved b 4l arttiarmront v Fioe 21 cenerinlly far

magnetic field measurements. A crystal recti-
fier is indicated in each case but any other type
of rectifier will do just as well. Loops are more
suitable for reception of alternating current sig-
nals, but they can also be used for transients,
such as those of the discharge of a condenser.
There is nothing against the use of oscillatory
discharges, of course. They might be made such
by reducing the resistance in series with the
charged condenser. The frequency of the
oscillatory discharge will then depend on the
capacity of the condenser, the inductance in the
circnit, and to some extent on the resistance.
The duration of an oscillatory discharge can be
varied by means of resistance variation. The
lower the resistance the longer a discharge will
last.

A RECEIVING CIRCUIT

Fig. 37 shows details of a receiving circuit in
which the detector is conductively connected to
the earth. G is a ballistic galvanometer in
series with the two grounded electrodes g and
h. The only essential part in the circuit above
ground is the galvanometer. The rest of the
circuit is therefore convenience. Thus there is
a condenser C which may be cut into the circuit
to block the current in case the potential dif-
ference between the grounded electrodes is ex-
cessively high. This condenser may be cut into
the circuit by opening the switch connected
across it. There is also a condenser C, in
shunt with the galvanometer, which may be dis-
connected by opening a switch. Co is a shunt
to cut down the portion of the current pulses
that goes into the galvanometer. A damping
resistance may also be connected across the
galvanometer, in place of Co, by means of the
switch. This alters the period of swing of the
instrument and the length of time it swings
after it has received a given impulse.

There is also a provision in the circuit for
balancing out the effect of stray earth potentials.
A low voltage battery E is provided for this
purpose together with a potentiometer across it
by means of which any desired portion of the
battery voltage may be connected in series with
the galvanometer. Since the earth potential
may be in either direction in respect to the
desired potential between g and h, a reversing
switch is inserted in the circuit. The earth po-
tentials are balanced out when, with the switch
across C closed, there is no steady deflection in
the galvanometer.

DISTINCTIVE FEATURES OF METHOD

The distinguishing features of this method of
exploring for buried treasure is the use of a
high current pulse of short duration and
ballistic instruments for measuring its effect at
various points in the area to be prospected for
minerals or other conductors. In respect to the
method of impressing the signals on the ground,
this method is similar to other methods em-
ploying conductive coupling between the trans-
mitter and the ground. In respect to the layout
of the field for observation points, this method
is like all other methods, because the points may

(Continued on followina daace)
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(Continued on following page)
be laid out either on Cartesian or polar co-
ordinates. The square layout is the simplest to
use and for that reason is the one most gen-
erally employed.

In order to get very large current pulses into
the ground it is necessary not only to have a
condenser of very large capacity but also to
have a very high voltage for charging it. The
condenser, of course, must be able to stand the
high voltage used. . ;

The quantity of electricity that can be im-
pressed on a condenser is equal to the product
of the capacity and the voltage to which the
cnodenser is charged. Thus if Q is the capacity
in coulombs, V the voltage in volts, and C the
capacity in farads, we have the relation
Q=CV. If this quantity is discharged in a
time T seconds, at a uniform rate, the electric
current is I=CV/T. Now suppose that the
discharge occurs in a tenth of a second, that
the voltage is 500 volts, and that the capacity
of the condenser is 10 mfd. The mean current
during the one-tenth second will then be 50
milliamperes. The maximum current, which
occurs at the start of the discharge is many
times higher than the mean current.

struments are costly and not easily portable.
The trouble is not that they are heavy and
cumbersome but that they are delicate and re-
quire careful mounting and leveling before they
will give correct readings. Their high cost,
perhaps, rules them out of use in many cases
where this method of prospecting could be ad-
vantageously used. .

The illustrative drawings showing the re-
sultant magnetic field have been based on the
presence of a definite conductor in the ground,
such as a pipe line, an electrical conductor, or
an elongated orebody having a high conduc-
tivity. But there are many valuable deposits
which are no conductors at all, but rather in-
sulators, and very few natural deposits are
elongated like a pipe even if they are conduc-
tive. The method miay still be used, however,
even when the mineral is not a conductor, or
when it is not an elongated body. It will work
in any case where there is a pronounced in-
homogeniety of electrical conductivity. Even if
the mineral under ground is a perfect insulator,
its presence will disturb the magnetic field set
up, and the location and nature of such a body
then become a matter of interpreting the field
data obtained. It will take experience to draw

DAMPING

FIG. 37
The details of a receiving
circuit designed for con-
ductive coupling between
the ballistic galvanometer
G and the energized
ground. A potentiometer,
with a battery, is provided
for compensating earth
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The actual value of a current pulse, and hence
of the magnetic field, as received at any ob-
servation point depends not only on the dis-
charge current but also on the distribution of
the current after it has entered the ground. In
the first place the discharge current depends on
the resistance in the ground as well as on the
resistance of that part of the circuit which is
above ground. Since there is no way of chang-
ing the resistance in the ground to increase or
decrease the current provision is made in the
above-ground circuit. About the only way of
increasing the pulses for a given condenser is
to increase the voltage of the battery used for
charging.

DISADVANTAGES OF METHOD

This current pulse method of exploring the
sub-soil for conductors is not free from faults.
Perhaps the gravest is the need of a ballistic
receiving instrument of some kind, either a
magnetometer for measuring directly the mag-
netic field set up or a galvanometer by means
of which the field strength can be measured
with a loop and a rectifier circuit. Such in-

potentials.

the right conclusions in some instances, and for
that reason the novice had better begin with
pipe lines and the like.

While hundreds of patents on geophysical
exploration devices have been granted, and the
claims in them run into thousands, there is a
remarkable uniformity of method. An electro-
magnetic field is set up in the area to be ex-
plored and the disturbance in that field is
measured at many points in the area.

WGY Asks 500 Kilowatts

Schenectady, N. Y.

The General Electric Company, owners of
station WGY, KOA and KGO and pioneers in
radio broadcastings, has filed an application
with the Federal Communications Commission
asking permission to increase the power of
WGY in Schenectady from 50 to 500 kilowatts.
Along with this petition on General Electric
Company asked permission to remove its trans-
mitter station from the South Schenectady
plot on the Mariaville road to some other loca-
tion yet to be determined.
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Frequency Modulation

Poses Some Impressive Problems

By Einar

FREQUENCY modulation has been studied
for a good many years, yet few applications
of it have been made in the communication art.
The reason for this, no doubt, is difficulty in
effecting the applications. Maj. Edwin H. Arm-
strong published a paper on the subject and
demonstrated the theory by means of a circuit.
1t was extremely complex. This fact was the
only one that left any impression on some who
heard the paper read and saw the demonstration.
In view of the many claimed advantages of this
method, some practical applications of the prin-
ciple should soon be brought out. One of the
outstanding advantages of the scheme is that an
extremely high selectivity is possible, and that
without the sacrifice of side band frequencies.

Just what is frequency modulation and in
what manner does it differ from amplitude
modutlation?

In amplitude modulation the amplitude of the
carrier frequency current varies according to
the amplitude of the modulation frequency. The
envelope of the trace has the same shape as the
modulating wave. After detection, the output
is a wave of the modulating frequency.

SOME PROBLEMS POSED

In frequency modulation the carrier amplitude
remains constant and the frequency is varied
according to the intensity of the modulating
frequency wave. The envelope consists of
straight tines. The theory of this method of
modulation, though it is very complex relatively,
is sound, but there are difficulties.

Suppose, for example, we have an audio cur-
rent of amplitude I. This is used for modulating
the frequency of a radio-frequency carrier.
After detection, the output is proportional to L.
Is the frequency the same as that of the I
current, or is it the same as that of some other
current that happens to have the same intensity
as 1? There is one difficulty.

Suppose the frequency modulation is the other
way about. The carrier amplitude remains con-
stant and so does that of the modulating fre-
quency. The frequency of the carrier, however,
is varied according to the frequency of the
modulating wave. After detecting this signal
the output is of the modulating wave frequency.
But how about the amplitude? Is that the same
for all waves of all frequencies? If so, how is
the intensity of one sound distinguished from
that of another? Well, there is another difficulty.

DEPTH OF MODULATION

One way of obtaining frequency modulation is
to vibrate one plate of a condenser by means of
a loudspeaker or by means of the microphone
directly, and then make this condenser a part
of the oscillating circuit.

P LD 4 s ancity  increases, the

_____

Andrews

frequency is either increased or decreased,
depending on the details of the arrangement.
But the greater the intensity of the driving cur-
rent of the condenser, the greater is the range
of the frequency modulation. This fact can be
made to express intensity differences in the
detected sound.

Frequency differences, of course, can be ex-
pressed by the rate at which the {frequency
modulating goes through complete changes, or
cycles. The depth of modulation, then, is deter-
mined by the range of frequency modulation,
whereas the frequency of the modulation is
determined by the rate at which the depth cycles
change, regardless of the amplitude of the
depths.

Ready to Cheer for
“Systematic Servicing”,
But Nof Quite Yet

A systematic servicing method, an idea pro-
posed in last month’s Rapio WorLp, would be
fine if it could be accomplished, but I have my
doubts. Receivers are not of -just one kind.
There is no end to the variety. The system
would have no end, either, as it would have to
be longer than the problem. That is the
rigorous rule for every remedy. It must outrun
the ailment.

Nevertheless I appreciate the courage behind
the idea Herman Bernard proposed, and if the
system can be developed I'm for it. That is, 1
am always on the winner's side after he has
won, although I may have voted for the loser.
1 vote that the “system” will lose. You can
outvote me, and others like me, by developing
a system. 1 do not expect that to be done
overnight.

When I get a set to repair first of all I check
the tubes, in a tube checker, outside the set, free
from bad influences. That might be Step No. 1
of your expected system. Then I check for
shorts and low resistances (partly shorted
constants) and for opens. All this is done of
course without voltaging the receiver. There
is Step No. 2. Now for No. 3, the quest is for
unusual troubles, e. g., electrolysis in if. trans-
formers, low Q coils etc. You see, to get only
to Step 3 you (or I) need an oscilloscope and
a Q meter, apparatus not a large percentage of
service men pOSSESses.

1 hesitate like the dickens to turn on the set
to determine whether it does play, as that is
risky, but sometimes I have to do that against
my will.

GAsTON V. QUELLETIER.
Des Moines, Ia.
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Answers to Questions on the Building and Servicing
of Radio and Allied Devices.

SINGLE-TUBE MULTIVIBRATOR

I WAS glad to see a twin-tube multivibrator
described in Radio University last month,
Such a device, though with two separate tubes,
has been used by me for a long time, and it is
an excellent audio oscillator, performing as
you set forth. I was wondering whether you
could print a circuit of a one-tube device of
this nature, that is, not even twin tubes in one
envelope, but just a single tube in a single
envelope?—0O. W. D.

Yes, this is entirely feasible, and the method
was described in the March 2d, 1935, issue of
Rapto Wortp. The standard multivibrator, be-

<
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The one-tube multivibrator. The audio frequency
generated equals approximately .159/[R.R.C

{Cp + Ce}]% where R is in megohms and C in
microfarads.

ing a two-tube resistance-capacity-coupled de-
vice, back-coupled to produce oscillation, is
such only because the grid and plate phases in
a single tube are opposite. If, however, the tube
is set up as a negative resistance oscillator, say,
of the current-controlled relaxation type, where
the phenomenon does not depend on secondary
emission, there will be the same practically
free inertia. The tubes that lend themselves to
such use are the 6C6, 57, 77 and 6J7. The
suppressor grid has to be brought out inde-
pendently in the tube manufacture, and such is
done with these tubes. The screen is used as
the effective plate, at the highest B voltage,
while the formal plate is returned to a lower
voltage, plate current not utilized; also, the

normal control grid may be used for attenuation
purposes, while the suppressor grid serves as
the real control grid, to which the screen cir-
cuit, or effective plate, is coupled through a
condenser, as diagramed. The phase inversion
accomplished by two tubes in the formal multi-
vibrator to produce oscillation is unnecessary.
The No. 3 grid, normal suppressor, now used
as control grid, when made more negative de-
flects electrons toward the cathode and thus the
plate current decreases. The formal plate is
meant, and, as stated, the current in this circuit
is not utilized. Some of the electrons rebound-
ing toward the cathode, however, are attracted
to the positively-voltaged screen, which serves -
as the true plate, and the current in this branch
then increases. Now, ignoring the formal plate,
which is effectively grounded, and comparing
Grid No. 3 to Grid No. 2, or formal suppressor
to formal screen, when the suppressor voltage
is made more negative, or decreases, the screen
current increases. This proves the existence of
the negative resistance characteristic. One need
only consider Grid No. 2 as the plate and Grid
No. 3 as the control grid to see that there
exists a negative grid-plate transconductance.
The amount of negative bias on Grid No. |
may be varied to affect the quantity of oscil-
lation output, and the output device may be
connected in series \zith ths Grid No. 3.
*

HIGH GAIN COILS IN SUPER

M Y home-built superheterodyne did not have
quite as much pep as I expected, so I took
out the two r. f. coils, with their small or low-
gain primaries, and I put in coils with high-
gain primaries. The pair is practically standard.
The antenna coil has a large honeycomb pri-
mary inductively related to the secondary, and
besides two turns of wire brought from the an-
tenna side of the primary around the secondary,
other end of this small winding free, as the
capacity effect alone is intended to be utilized.
The interstage coil has a relatively high induct-
ance primary, a honeycomb, non-inductively
situated inside the secondary, with the capacity
coupling through the two turns. My trouble is
that I tune in some local stations at two places
on the dial, the set overloads badly, and while
one might roughly say the theoretical sensitiv-
ity has increased, the practical sensitivity has
not, as I do not get more volume except from
700 kc to 530 ke, than I did before. Can you
suggest a remedy ’—C. R. D.
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The gain at the r. {. level has been increased
greatly, in fact, too much, for the conditions
that prevail. You said nothing about automatic
volume control, but if high-gain coils are used
on the standard broadcast band, a. v. ¢. must be
included for all i. f. stages, and should be ap-
plied also to the modulator input. However,
that may be the state of affairs already existing.
Therefore you are using an antenna input far
too strong for the receiver and will find that if
you shorten the aerial very materially, either
physically, or electrically, by insertion of a
small capacity series condenser, your overload
trouble will disappear. This is the same cause
that produces the two-point response for strong
locals. If you live in a locality where there
are numerous broadcasting stations, the an-
tenna may have to be reduced to a few feet,
or the series condenser may have to be as
small as 50 mmid. A little experimenting will
yield the correct constants readily. You did
not say that when the volume control is turned
all the way up on strong locals, reception al-
most stops, or becomes greatly distorted, but
this condition would be concomitant with the
other. The one remedy should cure all
troubles.

x % *

THREE OR FOUR GANGS?

SOMEBODY asked you a few months ago
about the use of three-gang and four-gang
condensers, and, as I recall it, you did not spe-
cially state which theory was right. You said
some manufacturers use four gangs on the
standard broadcast band, three gangs on lower
and higher frequencies, while others use four
gangs on the highest frequency band only,
three gangs on the rest, and it was a matter
of engineering opinion which choice should pre-
»\lrzai%j Can you be more definite this time?—

We were quite definite the last time in stat-
ing that the selection depended on the import-
ance the design engineer attached to the bands
under consideration. We did not state which
band we considered the most important to us,
if economy required any restriction, but are
free to declare it to be the standard broadcast
band, and it is here we would prefer four
gangs. The reason is the better image re-
jection and improved inter-channel selectivity,
hence reduction of chirps, squeals, howls and

7600 KC + 465 KC = 2065 KC
465/1600 = 29%

birdies in tuning. Since highest quality is ex-
pected only on this band the device for attain-
ing greatest freedom from interference, hence
permitting no interfering with quality, should
be in this band. If the circuit is so designed

_as to produce the necessary freedom from in-

terference on this band, and economy requires
that the number of coils be reduced, hence four
gangs can not be used on more than one band,
then that band naturally would be the highest
frequency one, where the need for image sup-
pression is greatest, for the suppression becomes
less the higher the station frequencies, because
the object and image frequencies differ by a
much smaller percentage of the intermediate
frequency. Waiving the consideration of econ-
omy, of course it is best to have four gangs
on all bands, as especially as the band one con-
siders most important may not be the same one
so somebody else so considers, and the best pos-
sible performance on all bands is the logical
engineering choice. .

I.LF. COILS COMPARED

[S there a substantial advantage in the use of
air-dielectric i. f. transformers over mica-di-
electric compression type, also pie-wound coils
in i. f. transformers over plain-wound, also
metal-core i. f. over air-core?—K. W. C.

The air-dielectric type condenser is far pre-
ferable because the capacity stays put, hence
the sensitivity of the i. f. channel remains uni-
form. The mica type has its good uses, espe-
cially where economical considerations are im-
portant, but is more subject to change due to
meteorological and vibrational causes. The pie-
wound method is used where the coil inductance
has to be relatively large, the shield relatively
small, so that the cross-sectional distance of
the winding is reduced, due to distribution
among several coils, hence coils are not so
close to the shield, and losses less. This may
not be very important in some i. f. channels
where there is more gain obtainable than can be
fully utilized. The metal-core coils permit less
wire for a given inductance, hence also im-
proves the coil Q. ) .

*

INDUCTANCE MEASUREMENT

HICH is the simplest of the r. f. induct-
ance rneasurement methods you have out-
lined in a series of articles just concluded (July,

The modulator and oscilla-
tor circuits of a super-

MODULATOR

+

25000 KC + 465 KC = 25465 KC
" 265/25000 = 1.86 %

heterodyne are symbolized.
For the standard broadcast
band's highest frequency
to ratio of the difference
between modulator and
oscillator frequencies to
the carrier is 29%. For 25
megacycles the percent-
age is only 1.86. The
smaller the percentage the
greater the need for ore-
selection.

OSCILLATOR
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August, September and October, 1936) ? Your
recommendation would be appreciated—D. M.

Measure the wavelength of a circuit in which
the coil is put in parallel, with any or no ex-
ternal capacity across it, square this wave-
length, then add 281.73 mmfd. across the cir-
cuit, measuring the new wavelength, square this
also, subtract the smaller from the larger
squared term and the answer is the inductance
in centimeters. For microhenries divide by
1,000. The method measures the true or pure
inductance and eliminates the effect of the dis-
tributed capacity, which effect influences the
apparent inductance.

* *

*
ACCURACY, DIAL VS CURVE

IN general, can greater accuracy be obtained
from readmg a dial or from reading a curve?

(xreater accuracy obtains from reading a dial.
First of all, the curve is hased on dial readings,
hence can not be more accurate than them.
Moreover, a precision dial may be read to one
part in 1,000, but it is impractical to have a
sheet large enough to permit curve readings to
much better than one part in a hundred. So the
dial may be ten times more accurate (.1 per
cent error) compared to the curve (1 per cent
error).

* o %

CAPACITY TESTER

WHAT is the type of capacity tester that
tells you the magnitude of the capacity to
put in any circuit to accomplish the desired
end?—L. W. D.

The tester you refer to has various condensers
in it, of different capacities, and these are
switched into circuit, so that the capacity re-
quired for a replacement can be determined on
the basis of results in the receiver. The dia-
gram herewith represents such a tester and fol-
lows a commercial product, the one manufac-
tured by Sprague. .

ANTENNA IMPEDANCE

INDLY state the impedance test for a
tuned transmitting antenna, giving the
formula.—K. R.
If the antenna input is tuned, the impedance
is resistive. This condition exists when the an-

tenna leads form a smooth line, the terminals
bemg chosen at a current node or antinode.
The input resistance then may be obtained by
the use of a second section of smooth line
whose length is equal to a quarter wavelength
and whose characteristic impedance Z, is any
convenient value. The second section of smooth
line is connected between the antenna input
leads and the source of power. A device for
measuring current or voltage is introduced at’
each end of the auxiliary line. If the currents
or voltages so read are designated I and E, and
the subscripts n and f are used, respectnvely,
to denote the ends of the line nearer to or
farther from the transmitter, the antenna im-
pedance is given by the following expressions:
o 1o o LI
ZP P~ —
If En
where Z: is the antenna impedance and Z, is
the characteristic imped:mc:.
*

BALLYHOO SILENCER

WHAT is a ballyhoo silencer and may it
be incorporated externally to a set to im-
prove reception?—M. S.

A ballyhoo silencer is a switching device,
usually across the antenna input of a set, con-
nected thereto by long leads that permit ‘“re-
mote control” of the set’s input. When an
announcer on a sponsored program starts to
deliver his sales talk which some call ballyhoo,
the switch is closed, and nothing is heard, a
guess being made as to the duration of the sales
talk, when the switch is opened and the pro-
gram heard again. It does not seem right to
listen to a program for which a sponsor pays
and then to refuse even to listen to his repre-
sentative’s encouragement to buy the product
or service.

* * %

EMISSION DEFINED

INDLY define and distinguish thermionic
emission and electron emission, also define
secondary emission.—W. C. H.

Thermionic emission is the emission of elec-
trons or ions under the influence of heat. Elec-
tron emission is the liberation of electrons from
an electrode into the surrounding space. In a
vacuum tube electron emission is the rate at
which the electrons are emitted from a cathode,
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Surge Arres

By switching various capacities into circuit, starting with the lowest, the rnagmiude of the capacity re-
quired to do a particular filtering or bypassing job is determined. The diagram is that of a commer-
cial product, manufactured by Sprague.
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ordinarily measured as the current carried by
the electrons under the influence of a potential
sufficient to draw away all the electrons. Thus
when the full cathode or filament emission is
attracted to the plate, the plate current is equal
to the emission current. Secondary emission
is electron emission under the influence of elec-
tron or ion bombardment. Hence when elec-
trons are drawn from the cathode to the plate
under the influence of the plate polarizing po-
tential, some of them rebound from the plate and
thus, moving in the opposite direction to normal,
diminish the plate current and limit the plate

efficiency.
* & %

SIGNAL GENERATOR ACCURACY

H OW can the accuracy of a signal generator
be improved to such an extent that one
may rely on the measurement even of a short-
wave station’s frequency, as determined by the
generator 7—L. W.

The reliability of a signal generator is upset
as some high frequency is approached where
the inconstancy of the tube and circuit have a
noticeable effect on the frequency of genera-
tion. Thus, at low frequencies slight input
capacity and plate resistance changes, as take
place during operation, and even d.c. voltage
changes, do not affect the frequency much. To
around 10 mc or so the stability of the oscillator
therefore may be excellent, and the problem
of accuracy becomes largely a mechanical one,
relating to the accuracy to which the dial may
be read, the permanence of the relationship of
dial to the condenser, and the absence of par-
allax in reading. The capacity range of the
condenser, or difference between maximum and
minimum capacity, should be smaller than in
commercial receivers. A resultant frequency
ratio of 2 to 1 might be considered maximum,
especially as the accuracy to which the calibra-
tion may be made depends inversely on the
magnitude of the frequency or capacity ratio.
So a .0001 mfd. variable condenser, or other
arrangement to reduce the frequency or capacity
ratio, is a great aid to accuracy. For stabiliza-
tion purposes various schemes may be used, but
few of them apply to variable frequency oscil-
lators. A stabilized Colpitts, variable in fre-
quencies, is practical, and for extremely accurate
work a temperature oven may be desirable. This
works on a relay principle to maintain the tem-
perature about the *tubf a;nd parts constant.

LOW-RANGE TUBE VOLTMETER

KINDLY show a very simple tube voltmeter.
using a 30 tube and low plate voltage, with-
out grid biasing battery, also give directions
for calibration.—0O. W.

The diagram shows the tube voltmeter you
request. With no resistor in the negative fila-
ment leg, and grid connected directly to nega-
tive filament, hence to minus A, note the plate
current reading. Next connect grid to minus A
through the resistor of several megohms. If
there is a plate current reduction it is due
to grid current. Insert a fixed resistor in the

n TR T g P A, T 1

ohms) that there is no change in plate current
now, comparing grid returned directly to nega-
tive A (not negative filament this time) and
return indirectly to the same point through the
resistor. The filament voltage originally ad-
justed to exactly two ~volts is readjusted by
using less resistance of the 30-ohm rheostat to
restore the two full volts. Measure the drop
across the negative filament resistor. Since this
is a very small resistance, a few ohms, the

L5V. o
= 'I'—‘_
FOR METER
— A+3V.
I 300
/ |

T
SEVERAL
MEGS.

BOTTOM OF SOCKET

Simpla tube voltmeter, using low plate voltage,
no grid biasing battery, and providing e low a.c.
voltage range, around .5 volt maximum.

drop will be about a quarter of a volt or s
Any increase in this drop, by using more re-
sistance, say, until the plate current is nearlyI
zero, when the 30-ohms also are reduced to re-
establish two volts across the filament, estab-
lishes the range. This may be around half a
volt. When the same d.c. voltage as the drop
across the negative filament resistor is in-
troduced in reverse between grid and A minus
(positive of cell to grid, and a potentiometer
taking off fractional volts), and the voltage bias
for stopping grid current, previously found,
as around a quarter volt, is subtracted, the maxi-
mum peak voltage measurable is approximated.
The r.ms. value would be .707 of the peak.
Calibration methods need not be repeated here,
as they were discussed in last month’s article on
tube voltmeters. Please read carefully the di-
rections therein given.
* % %

POSITIVE MU OSCILLATOR

N the dynatron oscillator is the mu negative

or positive? What is the answer in respect
to the oscillator, also of the negative resistance
type, that does not depend on secondary emis-
sion?—O. B. |

In the dynatron the mu does not figure. I
the other the mu is positive.

THE ANTENNA PRIMARY

Small or medium antenna primaries ar
preferable for superheterodynes on the standarc
broadcast band because interference is less

amecaniyn Carnras



58 : RADIO WORLD

November, 1936

Quick, Watson, theBridge!

Here's One Most Rapid to Create
By Jack Tully

A VERY simple bridge may be set up as
shown in the diagram. A 6H6 tube is
shown because it is necessary that there be two
separate cathodes. The same purpose would be
served by using any two equal tubes as diodes.
If they are triodes, etc., the elements other than
heater and cathode may be interconnected.
While the diagram shows the bridge as in
actual operation, the first step would be to wire
up as shown, except not to connect the bottom
part of R: to the line. Just leave it free. R
is about 50,000 ohms, but is selected of a closer
value, such as will result in exactlv full-scale
deflection of the 0-1 milliammeter. Under these

- i _%i

> >

Ry Ry

A handy method of quickly establishing a bridge
circuit, useful for many measurements.

conditions both diodes are functioning, the cur-
rent of the left-hand diode alone passing
through the meter.

The object of establishing just one milli-
ampere is to limit the current to full-scale de-
flection of the meter, even if R, is zero.

MATCHED PAIRS

Now when R: is inserted, adjustable in a
range that includes the fixed value found for R,
the bridge may be brought into balance. This
condition exists when the potential at one
cathode is exactly the same as the potential at
the other cathode. In other words, there is
balance when there is no difference.

Now if the resistance values of R, and R.
are measured separately and compared, if there
is any unbalance in the diode this may be
determined. For instance, assuming a differ-
ence, the diode that requires the  higher re-

sistance is more conductive than the other
diode. If the search is for a diode with true
internal balance, different diodes may be tried
until a pair is found that satisfies the condition
R:=R.. For this exploration Rs need not be
changed. But when the resistance of R, is
measured, this should be done with the bridge
disconnected from the voltage source, which
is the line.

BRIDGE ANALYZED

The bridge condition consists of the follow-
ing: The plates of both diodes are connected
to one side of the a.c. line, the cathode of each
has a separate load resistor, one terminal of
each resistor being common to the other side
of the line. Therefore, with R, for plate resist-
ance and Rvu for load resistor we have
RpRu: across the line, as and likewise ResRis
likewise, with the meter between the junctures
of the Ro’s and the Ru's.

Bridge measurements depend on cancelling
unbalance or reading unbalance directly, and in
the present instance the null point is at one end,
not at center. This requires that the unknowns
shall shunt R, for the simplest case. If known
values of resistance are used as standards, the
device may be calibrated as a medium and low-
range ohmmeter.

As ac. in use, the impedance aspect comes
into play, and inductance and capacity may be
determined likewise. Anything put across R,
will increase the current, thus make the meter
read higher. R. as a short will not make the
meter go off scale.

COMPARING VOLTAGES

The voltage may be too high, however, for
measuring the capacity of electrolytics, because
their leakage resistance may be low compared
to the capacity reactance, and thus falsify the
reading. Also, small capacities, of the mica
group, can not be determined, and the voltage
is too low for any noticeable change in current
even with .01 mifd. across R.. The capacity
reactance, and because of the enormous resist-
ance to leakage therefore practically the im-
pedance, of the mica condenser is 265,000 ohms,
which is out of proportion to the load resistance.
There is no point to increasing the load resist-
ance without introduction of a more sensitive
meter.

If the two plates of the balanced bridge as
are disjoined, then a.c. from another source.
even of another frequency, may be injected, and
the unknown will equal the known when the

(Continued on following page)



November, 1936

RADIO WORLD 59

PHENOMENAL FACTS

" R.F. Best Tracked at LF.—Crystals Are
Inductive-Capacitative Relays—Rod Fixes
Frequencies — Off-Resonant Oscillations

By Brunsten Brunn

TRACKING

in Superheterodyne

THE tracking problem in a superheterodyne
is either solved very easily by the set builder,
or it is not solved at all, unless he also happens
to be somewhat of a radio engineer. The reason
is that the main part of the problem is solved, if
solved at all, by the maker of the coils that go
into the circuit.

Assuming that the gang condenser used in the
superheterodyne has all sections equal, not only
in maximum capacity but all the way, the first
part of the tracking problem is then to get a
set of coils of the proper inductance.

All the coils designed for radio-frequency
tuning should be the same, and these coils should
determine the range of the tuner, that is, when
taken in conjunction with the given tuning con-
densers. But the inductance in the oscillator
should be different, smaller when the oscillator
frequency is to be higher than the signal fre-
quency. The amount by which it is to be smaller
depends on the intermediate frequency that is to
be used.

For an intermediate frequency of 456 kc the
oscillator for the broadcast band may have an
inductance 57 per cent. as high as the inductance
in the r.f. circuits. If the oscillator coil has
much more or much less inductance than this,
only approximate tracking is possible. At best,
adjustments will prove unsatisfactory.

Only a change in the inductance will improve

matters. Perhaps this change can be effected by
adding or subtracting a turn, but the necessary
change may be more.

The phenomenal fact is that the best way to
measure the tracking of a superheterodyne is to
feed the receiver an unmodulated signal equal
to the signal that is to be received at a given
setting and then noting the intermediate fre-
quency generated, by means of an i.f. oscillator.
The best way to get the proper unmodulated
signal is to make one of the r.f. tubes an oscil-
lator. The signal frequency will then have the
right value wherever the condenser is set, but
it is necessary to limit the output of this
oscillator.

Tracking in any superheterodyne can be
effective to within about one per cent. of the
intermediate frequency provided the tuning band
is not wider than the broadcast band. As this
is widened the deviation from tracking increases
rapidly. For example, the best possible tracking
in a circuit covering the broadcast band might
be off 5 kc at 550 kc. At 530 kc this same
oscillator may be off as much as 20 ke. At the
other end of the scale the same situation exists.
For best possible tracking the oscillator may be
off 5 ke at 1,550 ke, but at 1,570 kc it may be
off 20 or more kilocycles. To prevent the devia-
tion from becoming excessive at the ends of the
tuning band, the adjustments of the trimmer and
tracking condensers should be about 50 kc from
the ends. If the band is much wider than the
broadcast band, the total maximum variation, at
four points, will be more than one per cent. but
it will be no greater at the ends than at 1,250
and 750 ke, When the tracking is optimum.

(Continued on following page)

Grounding Precautions for Bridge

(Continued from preceding page)
balance is restored. This restoration is accom-
plished by varying the voltage of the unknown,
Or, instead of the line a.. being used at all,
two radio frequencies may be substituted, al-
though the heater feed has to be retained of
course.

PUSH-PULL TUBES

The sometimes tough problem of selecting
two tubes that have equal dynamic character-
istics for push-pull may be solved with the aid
of this circuit, by connecting plate of one tube

to one side of the meter, plate of the other tube
to other side of the meter, filament to the junc-
ture of Re, and grids tied together and returned
to negative of a C battery, positive of which
goes to the return side of the line (lower branch
in diagram).

As one side of the line may be grounded, the
tube circuit under test for balance should not
have filament winding center connected else-
where than to one side of the line. One tube
may be left in the test circuit and others put
in the remaining test circuit, one at a time, until
balance is restored.
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RACO AC-4

Communication

Receiver
21/,-655 Meters

An All-Purpose Receiver
That Defies Competition

And when we say communica-
tien receiver we MEAN it.
The AC-4 i3 built to the
highest amateur specifications
for serious communication and
long distance reception under
all conditions. Isolantite insu-
tated high frequency and band-
spread tuning condenser;
centinuous, all electrica

eration stability; euper - re-

short wave bands.

which is really quiet.

generation below 15 meters; and a host of other festures,
The 20 meter band, for instance, covers 100 degrees on the
big 83%4‘ German silver bard-spread dfal
hand capacity effect. You will be amazed at the way
thc AC-4 separates the crowdel foreign statiens on the only cabinet and tubes........ )

BUILT-IN A.C. POWER PACK Yilrinsianditatiog

The AC-4 uges three of the powerful new Sylvania 6J5G
tubes as electron coupled detector and two sisge audio,
plus an 80 rectifier with built-in high valtsge supply 110 volt A.C. line................

RADIO CONSTRUCTORS LABORATORIES

AN OUTSTANDING ACHIEVEMENT!

band-spread; perfect regen- THE MOST REMARKABLE RADIO VALUE WE HAVE EVER OFFERED

Crystaline finished metal cablnet
Kit of four picked Sylvania tubes.

Separate pancl controls for antenns coupling. audio volume
and regeneration. A standby switch
with NO an earphone jack which cuts out the speaker.

RACO AC-4; Complete Kit of parts, unwired,

is provided and also

.l.eu 310.75

SPECIAL PRICE ON COMPLETE RACO AC-4;
wired. tested and ready to operate frum any 315,35

Dept. RA, 138 Liberty St.
New York, N. Y.

THREE TUBE SHORT WAVE
RADIO only $3.25

(Less tubes, phones, unwired)

A real, powerful.
3-tube radio set
capable of bring-
ing in amateurs.
broadcast sta
tions, police calls,
and foreign as
well as domestic
short wave sta-
tions with excel-
lent volume under
fair conditions.
Operates entirely from your AC or DC
house current. Range 10-60D meters. Ex-
tremely simple to build and operate. Fu:-
nished complete with coil and detailed in-
structions.

2-TUBE BATTERY SET
Operates from inexpensive dry batteries.

3-TUBE BATTERY SET
Operates from inexpensive dry batteries.

Kits wired, extra, 75c. Tubes, extra, S0c
each. Cannon ball double headphones, ex-
tra, $1.35,

FREE: Large, illustrated catalogue of short wave receivers and tr

\
|
!
1
|

BS-6

6-Tube
Band switch

Receiver
12 to 600 meters
A powerful, sen-
sitive, and selec-
tive 8W receiver
covering the en-
tire wave-length
span of 13 to 60D
meters in 5 ateps.

built-in power supply.
HUM-FREE—Hj-fidelity & loudspeak

NO PLUG-IN CCILS are used. Simply turn the waveband selector switch
and enjoy recepiion on any wavelength witbin this range,
Uses two 6D8, one 76, one 43, one E42A and one 25Z5 tubes as RF
1l eleciron led screen grid “regenerative detector. powerful 2
stage audio amplifier with pentode output stags, rectifier, and complete

GREAT
CONDITIONS.

type

vernier disl—band spread tuning contrel-—sutomstic headphone jack—ex-

tremely smooth acting controls—operates from your AC or DC house current

—beautiful, heavy, black shrivel fipish chassis and cabinet.
DELIVERS L 8, KER E

ON THE GREAT

PRICE, complete with 6 tubes, cabinet, spesker, wired, s] 695

ready to USe.,e.spseccnn. BRIV o lu o s o /ole o

sDesker shi detatied t'v’ct'lnns' £10.¢
Speaker an alle nstructions,
Jess tubes, eabinet, unwired..... 510‘95
SPECIAL: Complete kit, cabinet,
tubes and instructions, unwired.. 314'95
(If metal tubes are preferrsd to glass
type, add $1)

ER| QUD! OLYM.
l MAJORITY OF SHORT WAVE FOREIGN STATIONS UNDER FAIR
i
|
|
i

AMATEURS:
Mode! BS-6-AB has
same specifications as

equipped with plate
voltage cut-off switch.
Add $1.00 to above
price,

Send for your copy.
EILEN RADIO LABORATORIES, Dept. RW12, 136 Liberty Street, New York City

ansmitters.
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R.F. Best Tracked at LF.—Crystals Are
Inductive-Capacitative Relays—Rod Fixes
Frequencies — Off-Resonant Oscillations

By Brunsten Brunn

TRACKING

in Superheterodyne

’I‘Hh tracking problem in a superheterodyne
is either solved very easily by the set builder,
or it is not solved at all, unless he also happens
to be somewhat of a radio engineer. The reason
is that the main part of the problem is solved, if
solved at all, by the maker of the coils that go
into the circuit.

Assuming that the gang condenser used in the
superheterodyne has all sections equal, not only
in maximum capacity but all the way, the first
part of the tracking problem is then to get a
set of coils of the proper inductance.

All the coils designed for radio-frequency
tuning should be the same, and these coils should
determine the range of the tuner, that is, when
taken in conjunction with the given tuning con-
densers. But the inductance in the oscillator
should be different, smaller when the oscillator
frequency is to be higher than the signal fre-
quency. The amount by which it is to be smaller
depends on the intermediate frequency that is to
be used.

For an intermediate frequency of 456 kc the
oscillator for the broadcast band may have an
inductance 57 per cent. as high as the inductance
in the rf. circuits. If the oscillator coil has
much more or much less inductance than this,
only approximate tracking is possible. At best,
adjustments will prove unsatisfactory.

Only a change in the inductance will improve

matters. Perhaps this change can be effected by
adding or subtracting a turn, but the necessary
change may be more.

The phenomenal fact is that the best way to
measure the tracking of a superheterodyne is to
feed the receiver an unmodulated signal equal
to the signal that is to be received at a given
setting and then noting the intermediate fre-
quency generated, by means of an if. oscillator.
The best way to get the proper unmodulated
signal is to make one of the r.f. tubes an oscil-
lator. The signal frequency will then have the
right value wherever the condenser is set, but
it is necessary to limit the output of this
oscillator.

Tracking in any superheterodyne can be
effective to within about one per cent. of the
intermediate frequency provided the tuning band
is not wider than the broadcast band. As this
is widened the deviation from tracking increases
rapidly. For example, the best possible tracking
in a circuit covering the broadcast band might
be off 5 kc at 550 ke. At 530 kc this same
oscillator may be off as much as 20 ke. At the
other end of the scale the same situation exists.
For best possible tracking the oscillator may be
off 5 kc at 1,550 ke, but at 1,570 kc it may be
off 20 or more kilocycles. To prevent the devia-
tion from becoming excessive at the ends of the
tuning band, the adjustments of the trimmer and
tracking condensers should be about 50 kc from
the ends. 1If the band is much wider than the
broadcast band, the total maximum variation, at
four points, will be more than one per cent. but
it will be no greater at the ends than at 1,250
and 750 kc. When the tracking is optimum.

(Continued on following page)

Grounding Precautions for Bridge

(Continued from preceding page)
balance is restored. This restoration is accom-
plished by varying the voltage of the unknown.
Or, instead of the line a.c. being used at all,
two radio frequencies may be substituted, al-
though the heater feed has to be retained of
course.

PUSH-PULL TUBES

The sometimes tough problem of selecting
two tubes that have equal dynamic character-
istics for push-pull may be solved with the aid
~f this circuit. by connecting plate of one tube

to one side of the meter, plate of the other tube
to other side of the meter, filament to the junc-
ture of Rs, and grids tied together and returned
to negative of a C battery, positive of which
goes to the return side of the line (lower branch
in diagram).

As one side of the line may be grounded, the
tube circuit under test for balance should not
have filament winding center connected else-
where than to one side of the line. One tube
may be left in the test circuit and others put
in the remaining test circuit, one at a time, until
balance is restored.
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PHENOMENAL
ROD

Magnetostriction
Oscillator Explained

WHEN a rod or wire of certain magnetic
metals and alloys is magnetized it changes
its length by an amount which depends on the
magnetostrictive property of the substance.
Magnetostriction is the name applied to this
change of size. Pure nickel and many of its
alloys are strongly magnetostrictive. Two com-
mon alloys which show the property are
Nichrome and Monel metal. Another nickel
alloy showing the property is the steel known
as invar, which contains about 36 per cent.
nickel and 64 per cent. iron.

The change in length of these metals and
alloys under magnetization is similar to the
change in dimensions of a piezo crystal when it
1s subjected to electric stresses. Just as piezo-
clectric crystals are used in constant-frequency
oscillators, so magnetostrictive rods are used for
the same purpose, but at considerably lower fre-
quencies. Whereas crystals are suitable for fre-
quencies in excess of 50 kc, magnetostrictive
oscillators are useful below that frequency and
away down in the audio range.

When such a magnetostrictive rod is used to
control the frequency of an oscillator, it is
ordinarily placed inside two windings of a trans-
former, as a kind of free core. One of the
windings is in the plate circuit of a tube and
the other is in the grid circuit. They are con-
nected in series, as in a Hartley oscillator, but
they are connected in opposite phase. There is
a condenser across the two windings, or be-
tween the grid and the plate.

When the electric circuit is tuned to the same
frequency as the rod, or very nearly to that, the
rod will control the frequency generated.

CRYSTALS
INDUCTIVE

Applies to Narrow
Frequencies

WHEN a piezo-electric crystal is used in an
electric circuit it is placed between two
metal plates, or a tin foil is attached to each
side. Obviously, this forms a condenser, for
there are two electrodes separated by a dielec-
tric. The dielectric constant of quartz is about
4.5. Hence the capacitance of this condenser is
4.5 times greater than if the dielectric were air,

If this device is put on an a.c. bridge and its
reactance measured for different frequencies, the
measurements would show that at some fre-
quencies the reactance would be positive. That
is, the crystal is then an inductance. The range
of frequencies in which it is an inductance is
very narrow. Above and below this band the
crystal is a capacity.

The reason why it is inductive is it con-
stitutes an effective tuned circuit coupled to the
driving circuit in much the same way as a tuned
secondary is coupled to the primary. It is the
mass inertia in the quartz that accounts for the
equivalent inductance. A loudspeaker or a pair
of headphones presents the same kind of re-
actance variation as a piezo crystal. The piezo-
electric property of the quartz is only a means
for driving the crystal.

ANOTHER
OSCILLATOR

That Oscillates Off
Resonance

Recently chere have appeared oscillators of
the negative resistance type which require the
use of a grid connection.” That is, they are not
true dynatron oscillators. Neither are they
feedback oscillators of the usual type. A tuned
circuit is connected to the screen and the sup-
pressor, used as control grid, is connected to
ground through a high resistance. The positive
voltage on the screen is higher than that on the
plate. A characteristic of a tube operated in
this fashion is that the screen current increases
as the control grid voltage decreases. This
mneans that there is no change of phase. The
mu of the tube is positive.

When this is the case, oscillation can take
place if the grid to screen reactance is negative,
the grid to cathode reactance also negative, but
the reactance from the screen to the cathode
must be inductive. The tuned circuit therefore
must be off its resonance point in the positive
direction. The tube grid to cathode capacity is
sufficient to supply the necessary negative re-
actance.

Fewer and Better
Coils Is His Plea

Coils used in radio could be much better than
they are. A Q of 25 is high indeed for com-
mercial coils, yet a Q of 75 is attainable without
great difficulty. The main reason for the present
status seems to be economy of room and dough.
Here’s for fewer and better coils (not babies).

Leonarp J. KRAVMELL,
Cincinnati, O.
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featuring SPLIT-SECOND INSTALLATION!

A NEW ANTENNA WITH
LOW NOISE PICK-UP!

WINDO-
POLE

This is the first real departure

in antenna installation for many
years! At last the whole prob-
lem of a good antenna installa-
tion, with low noise pick-up, is
solved|

IDEAL FOR
APARTMENT HOMES

ALSO...the TOBE Auto Pole

Thousands of cars are now equipped with
the TOBE AUTO POLE—unquestionably the

HIS is a real time saver for service men and

consumers alike. You can install this TOBE

WINDO-POLE ANTENNA in a few easy sec-
onds. No tools required. ..inconspicuous...ap-
proved by apartment house landlords. . .quickly
removed. ..and giving all the performam:e of a
big antenna installation.

SERVICE MEN, ATTENTION! How often have you
wanted a quickly-installed aerial for demonstration
purposes? This is just the portable unit you want!
While not primarily a noise reduction antenna, it
is so portable that a noise-free location can usually
be found. It is just as effective, for small homes
as for apartment houses.

most effective auto antenna ever devised.
By actual measurements signals show an
increase of 17 db on the TOBE AUTO POLE
as compared with the standard auto roof-
top antennal

MAIL THE COUPON

If your dealer or jobber can't supply you,
mail the coupon below for the TOBE
WINDO-POLE at $1.95 list, or the TOBE
AUTO POLE at $3.95 list. We pay all carry-
ing charges.

Skillfully manufactured at Canton, Mass., by
the makers of TOBE Condensers and Filterettes

— e S MRy S
TOBE
DEUTSCHMAN
CORP.
Canton, Mass.

Please send me at once
the following:

[0 Tobe Winde-Pelo at
$1.95 each. [J Tobe Auto
Pole at $3.95 each. OO I am
enclosing $
full payment.
charges prepaid.

/
/

WINDO"POLE / Name

Trade Mark Reg. Pat. Pend.

..........................

Addresg
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HAMS! S. W. FANS ! ]
HARRISON Attention Dealers

HAS IT!! TOBE WINDOW POLE

Nlo n:]anter ‘vhat you may necld-—nyou wéll ﬂtlidf llu lbyatter S I Y A * P bl
oquipped to serve you—economically and satisfyingly.
We carry a most complete stock of all standard lines. olves our ntenna roblems
Also hard-to-get parts! The latest amateur communications o o
receivers are on demonstration. Time Payment Plan. Read Aboui’ H’ in Th|s lssue
d 0utth-of-rto‘:netrs \\;1111 find our Mt;“ ;.'erex; Department gerv-
ce the fastest and our prices the lowest.

DISTRIBUTED BY

COME TO THE FRIENDLY HAM STORE!

HARRISON RADIO COMPANY Fischer Distributing Corpn.

12 West Broadway — 227 Greenwich Street 19 Park P|ace N' Y' CH’Y
NEW YORK CITY

BArclay 7-0555

WHEN WRITING TO ADVERTISERS
PLEASE MENTION THAT YOU SAW THE
ADVERTISEMENT IN RADIO WORLD.

H. G. CISIN’S NEW 1937
METAL TUBE JUNIOR

SPACE EXPLORER

—~Radio World 1s $3.50 a year, and Popular Mechianics Maga-
zine is $2.50 a year. ular Mochanics Msgssine does not
cut rates, but Radio World will send hoth publications te gw
for one nlrl for $3.75. Radio World, 145 .West -45th #St.,

, RAOIO WORLO AND POPULAR MECHANICS MAGAZINE
| New York Ci

MOd l 6B COMPLETE KiT—High quality Find-All parts including Loud Speaker.

€ dlagram, instructions (unwired, less tubes, coils, cabinet). — — — 3
Four Find-All Short Wave Coils—$1.65. Two Broadcast Coils—85¢. Special Long Wave Coil
with L. W. Unit—85¢. Set of Four Matched Tubes inc. K-105-A—$2.95. Two ornamental
Rings for Panel Front—25¢ each.

All-Electric 4-Tube Receiver
COMMUNICATION TYPE—PROFESSIONAL PERFORMANCE
CERTIFIED FOREIGN RECEPTION

81X bands, range 9 to 560 meters continuous coverage—also long wave to 1500 meters if desired.
Self-contained power supply and full-toned quulity speaker. Phone jack at frent. Antenna
control. Dual regeneration control. Metal 6J7 pentode regen. det.; metal 6C5 screen grid lst
audio; newest metal fube K-105-A Ballast; 38 power output pentode, Full-vision triple calibrated
dial. Precision Instrument type Bar Knob. Operates a.c. (any frequency) or d.c. Cisin Cireuit
Patent pend. No, 592,586. Easily built—no dual purpose tubes to complicate wiring. Wood
cabinet easily made saves cost of metal and gives superior tone quality. Full directions with kit.

H. G. CISIN, Chief Engineer ALLIED ENGINEERING INSTITUTE

Dept. R 98 PARK PLACE New York, N. Y.
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AMATEUR RADIO LICENSES. Resident snd eorrespondence
courses. Kvery graduate a licensed operator. New York Wire-
less Bchool, 1128 Broadway, New York.

USED ENCYCLOPEDIAS, Correspendence School Courses. etc.
Mention interost for reply. Educational Course Exchange, 908
Cottage Grove, Flint, Michigan,

40 ACRES—near White Biver, unimproved, poultry
$100; $5 down, $5 monthly. Free Hst and Hterature,
bard, 274 Grossman Bldg., Kansas City, Kansas.

land,
Hub-

STEER HORNS FOR SALE. Seven feet spread, fine decora-
tion for den or office. Lee Bertillion, Mineola, Texas.

GUARANTEED RADIO TUBES, 8D, 89¢; 42, 39¢c: midget
radio, $7.55. Free literature. Hanns, 1411 Pacific Street.
Brooklyn, New York,

BARGAIN LISTS 6c.—We buy hing. BI-Cam-Ex. Dept.
RW1, 1451 Broadway, New York.m,t 3 P

THREE CAMERAS 1in ome. Takes snapshots, m
18mm movies. Springmotor driven. Only $5.00 brand new.
Films $1.00. Send no money. Psy postman. Projectors $1.00
up. Free lists. Home Movies, Box 82-RW, Easton, Ps.

SPECIAL 2-FOR-1 OFFER
RADIO WORLD

Radio World is $2.50 a year (12 issues), 25c. per
copy. Canada and foreign, $3.00 yearly, Offers of
Radio World and other worthwhile publications for
one full year on each (NET):

DR?JDS{)O WORLD and SHORT-WAVE CRAFT,

O RADIO  WORLD and POPULAR SCIENCE
MONTHLY, $3.50.

O RADIO WORLD and RADIO-CRAFT (12 is-
sues), $3.50.

0 RADIO WORLD and RADIO INDEX (monthly,
10 issues). stations, programs, etc., $3.50.

0 RADIO WORLD and SERVICE (monthly), $3.50.

0 RADIO WORLD and EVERYDAY SCIENCE AND

MECHANICS (monthly), $3.50.

0 RADIO WORLD and' BOYS' LIFE (monthly, 12
issues), $3.50.

00 RADIO WORLD and MOTION PICTURE MAGA
ZINE (monthly), $3.50.

DR&I&I’O WORLD and TRUE STORY (monthly),

0 RADIO WORLD and LIBERTY (weekly), $3.00,
U. S. only. .

Select any one of these magazines and get for
an entire year by sending in a year's subscription
for RADIO WORLD at the regular price, $2.50, plus
a small additional amount, per quotations above.
(Add $1.50 for extra foreign or Canadian postage for
both publications.)

City and State........... codBooodo 6000000 002000000000 ool

O If renewing an existing or expiring subscription
for RADIO WORLD, put cross in square.
O If renewing an existing or expiring subscription
for other magazines, put cross in square.
Special Trial Offer for Radio World only: $1.00
for 5 months, dposgaid. Mail order with remittance
to Radio World Office. NET.

—_— -

The Remedy for...
ANNOYING COIL
PROBLEMS!

INDING solenaid cofls for radio fre-
quencies requires knewledge of the
number of turns of any selected type
of wire on any sensible diameter to attain
an inductance suitable for the tuning condenser
and lowest frequency. Hence, with capacity
and frequency known, there are two unknowns:
(1), the required inductance; (2), the number

The

that
answers are obtained without computation by
use of “The Inductance Authority,” by Edward

of turns to establish inductance.

M. Shiepe, and an 18 x 20’ supplement. On
the large supplement are plotted the “curves”
of frequency, capacity and inductance in
straight lines, so for a desired low frequency
and known capacity the unknown inductance
is solved by mere inspection. The number of
turns for attainment of that inductance, for all
popular tubing diameters and all generally used
wire diameters and wire insulations, is read
from the inductance-turns charts which are in
the bound volume. Coil and set manufac-
turers, as well as home and shop experi-
menters, students and teachers freely use this
book. Accuracy is 1%. The only book of its
kind in the world.

Order Cat. INA (price includes bound volume
and supplement) postpaid anywhere $z 00
on earth o
The supplement chart is obtainable separately,
CAT. SIA @ 25c postimid.

Or send $5.00 for a two-year subscrip-
tion for RADIG WORLD, regular rate,
and this valuable book will be sent
FREE. Order Cat. PR-SIA. Supplement
25¢ extra (totad $5.35).

Those specially interested in coil data for the
standard broadcast band will find extremely
valuable a straight-line chart of frequency.
capacity and indictance. 500 to 2,500 kc very
closely plotted, 2,50 to 12,000 less closely,
published in the October, 1936, issue of RADIO
WORLD. Order Cat. 695. 25c per copy

(extra).
BOOK DEPARTMENT

RADIC WORLD

145 West 45th Street, New York City
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the EXPERIMENTERS
TREASURE HOUSE

Since 1923, we have been catering to the needs
of Radio and Electrical Experimenters. From
cat-whisker to television tubes, miniature mo-
tors, relays from 29c to $6. SO—photoelectnc cells,
neon lamps from 15c to $1.50, in fact anything
and everything you may need, in stock or know
where to obtain for you. We have been shop-
ping agents for well-known schools and institu-
tions for many years, why not for you?

B LAN Headquarters for Parts—Since 1928

THE RADIO MAN, INC.
W-177 Greenwich St., New York, N. Y.
N8 CATALOGUE — BUT

LOWEST PRICES

Record Piano Music at 3375 r.p.m. with

UNIVERSAL
Professional Recording Machine

New, improved design—Superlative performance—Solid,
heavy — Precision machined — 18-in  distortion proof
turntable disc—Constant speed rim drive—110-volt AC
100% synchrorous reversible motor—Individually eali-
brated timing bar provides for both 33-1/3 and 78
r.p.m. at 90, 110 and 130 lines per in.—Solid steel
bar slide—The climax of four years of research znd
oxperiment.

UNIVERSAL MICROPHONE CO., LTD
424 Warren Lane, Inglewood, Cal., U.

METAL CHASSIS

We can supply chassis for any make receiver,
experimental or otherwise.
iries 1d be 10 (TP
nnd complete detafls enabling us to give
quick service as to prices and delivery.
Dept. R.W. 738
KORROL MFG. CO., Inc.
232 Greenwich St. New York City

WHEN WRITING TO ADVERTISERS
PLEASE MENTION THAT YOU SAW THE
ADVERTISEMENT IN RADIO WORLD.

81194 00 of lmunnce at age 21 $813. 00
at 35, Other ages in proportion in this
Old Line Legal Reserve Company that
sells without agents and gives the sav-

ing to its policy holders. Postal has
pald out $43,000.000 in 31 successful
years. It has millions §n assets snd re-
serves. Just write a card today with your
name, address and exact date of birth and
you will get full detalls and rates for
your uge by return mail. Insurance 1s
vital! Act promptly while rates are low.
POSTAL LIFE INSURANCE COMPANY
Dept. RD-195—51i Fifth Avenue, New York

"AN HOUR A DAY
WITH RIDER"
—_— = John F. Rider has writ-

ten a series of pocket-
sized books, 60c each,
with the idea readers
will spend amn hour a
day reading and study-
ing them, and thus
acquiring a full servic-
ing knowledge. Latest
of these is devoted
to automatic volume
control (a.v.c.). The
subject is fully covered.
64 pages. Well illus-
trated. Order Cat.
RAVC postpaid @ 60c.

"ALTERNATING CURRENTS"

"“Alternatimg Currents in Radio Receivers,”” Hour-a-Day,
is & comprehensive book covering the basic functions of
the various components of a radio receiver, what each
unit does and how it works. Varlous types of parsallel
and serles resonsnt circuits, different kinds of coupling,
inductance, reactance, 1mpednnce. and how these elec-
trical phenomena are employed in radio practice, sre
%Ilgoemlained 80 pages. Order Cat. RAC, postpald,
c.

=R N

ﬂ

A clear explanation of
what happens when a cir-
cult is tuned to resonance.
All types of circuits de-
scribed and how and why
they work. How these
circuits should be aligned
g0 that marimum eff-
clency fs obtained. Knowl-
edge of the latest high-
fidelity 1-f. =mplifiers is
becoming more and more
necesssry and ‘‘Resonance
and Alignment’” tells what
you should know about all
this. 84 pages. Order Cat.
RRA. postpaid. @ 60c.

o
RESONANCE
and

ALIGNMENT

~

( ~ZmEZO-rpImozrzonmE;

"D. C. VOLTAGE DISTRIBUTION"

Every recelver contains some sort of d.c. distribution
system supplying the d.c. voltages from the power unit
to the elements of the tubes. The many different forms
these systems take are thoroughly described in Rider’s
“D.C. Voltage Distribution,” which explains networks
from the simplest to the most complicated. The caleu-
lations of the value of the resistors and their wattage
ratings are more clearly described than ever before,
in this brand new combination of theory and Dractlce
64 pages. Order Cat. RDCVD, postpaid.

[Above four “Hour-a-Day" books are all of the
series published to date. All have hard covers.
The order of their publicatwn is No. 1 A.C.;
No. 2, Resonance; No. 3, D.C.; No. 4, A.V.C.]

RIDER'S MANUALS
Vol. Vll—(new) Rider's Volume VII has 1600 pages!
This is the biggest and best Manual thst
has ever been published. In Volume VII the number
ot manufzcturers has been increased and therefore the
size of the b was fncreased. The greatest collection
of servicing data ever gathered and not only from the
large manufacturers, but the smaller ones as well. Not
only 1936-37 sets, but many old timers. 100-page
INAEX vuveecnoecnceocescnsnsesssnssssaoncnne $10.00
Vol. Vl—Data on sets produced up to October, 1935—
the start of the metal tube era—are con-
tained in this Manual. Double-Spread pages are used
for the more complicated recefvers. 1240 pages, $7.50
Vol. V—Sets manufactured up to October, 1934—and
older sets, too—are covered in this volume.
Electrical and mechanjcal data are given so that every-
thing is where you want it. 1,200 pages........ $7.50
Vol. 1¥Y—In this volume will be found Information on
recefvers manufactured up to March, 1934.
WILIS T S 58560880 0 800 AB60 0 JO0AEEE0G
Vol. 1 i—?els rell‘;;sed from the middle of 1932 to

upe are presented in this volume.
1.070 rues oja 18 o1 foaNe) ks Siers o0 oYe o apuiatomiefo oje o lo) < o 7.50
Vol. ll—Data on sets manufactured

between early 1931 and the middle of 1932.
Many eets unavailable when Vol. I was published
will be found In Vol. II. 800 pages............ $6.50
Vol.  |—This volume contains infor on the old

timers—from 1919 up to 1931—and there are
still many of these in use today. 1.000 pages.... $7.50
[Order Rider Manuals by volume mumbers as
listed above. Remit with order. Books 1will be
sent postpatd]
io Worl
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THE SKY

11, — 555 METERS

A SENSATIONAL PRICE
ON A

REMARKABLE SET

Doltar For Dollar, We Believe This To Be The Biggest
Value In Raclo That Has Ever Been Offered To The
Short Wave Fan. A big powerful radio with a tre-
mendous tuning range. A unique dial with plenty of
bandspread, and look st it’s sizel Bandswitching from
15 to 600 meters. No plug-in colls — just snap a
switch and there, at your finger tips, are all the thrills
that radio can offer: Short wave foreign stations, ship
to shore conversations, inter-continental telephones,
aeroplanes, police, amateurs, experimental television,
Apex stations, dlrect pickups of sport events on the
ultra-high frequencies, etc., etc. And, finally. the
regular long wave broadcasting stations with a good
dynamic speaker to reproduce the programs for you.
(Note: The ultra-high frequencies, below 15 meters,
are handled by a separate built-in high (requency
tuning unit using a ceramic insulated three plate

ELECTRON COUPLED REGENER
The SKYROCKET uses a carefully developed and englneerc
detectors {(regcnerative and super-regenerative) and the new
distortion output. The new Sylvania 6J5G high frequency tu
The most successful of the regenerative c.
double regenerative control,

t

while another 6K7 serves as a

THE SUPERIOR INSTRUMENTS COMPANY with
thelr past record of service instrument design and
manufacturing experience has at last decided to enter
the radio receiver fleld.

The SKYROCKET iz the final result.

The experienced radio experimenter is bound to ac
claim it as the MOST SENSATIONAL VALUE IN

uning
ATIO
d dreuit consisting of one stage R.F.
258603 power amplificr tube with its large.
be is used as super-regen. detect
ircuits has Dheer adopted,

ROCKET

THE KING OF THEM ALLI
condenser and self supporting interchangeable
PLUS SUPER-REGENERATION

coils).
N
amplification. two
low harmonic
or.

utilizing the 6K7 metal tubc s detector
stege of untuned R.F. amplification.

THE SKYROCKET KIT; complete wifh drilled pancl
and chassis, wired switcheoll assembly, power pack. higb

with

frequency tuning assembly, dynamic speaker,

ete. less tubes and cabinet......... $ll-95
Metal Cabinet, black crackled finish.............. . 2.50
Pive tested Sylvania tubes 3.8%
A:gambly. wiring and testing.......... oo 3.00

RADIO TODAY!

SUPERIOR INSTRUMENTS CO.

SPECIAL COMBINATION PRICE ON COMPLETE
SKYROCKET; wired. tested and guaranteed for one
vear; ready to plug in te 110 volt ontlet $19 95
(AC. or D.C.) and operate .

Dept. 101, 139 Cedar Street, New York, N. Y.

. . these 2 books

PRINCIPLES of
PUBLIC ADDRESS SYSTEMS

A practical bandbook, full of useful in-
formation, fully illustrated, written
M. N. Beitman, an enginecer and noted au-
thority on audio amplifiers.

siders in detail various microphones,

radio and phonograph inputs, acoustic feed-
back, mixing and volume controls, use of
vacuum tubes, interstage coupling, power
amplifiers, output coupling, loud speaker
placement, the decibel, P.A. measurements,
power level, and other points of importance,
including actual circuit diagrams of tested
P.A. systems.

MATHEMATICS

of Radio Servicing

Introduces and explains the use of arith
metic and elementary algebra in connection
with units, color code, meter scales, Obm’s
Law, alternating currents, ohmmeter testing
wattage rating, series and parallel comnec
tions, capacity, inductance, mixed cireuits
vacuum tubes, curves, the decibel, etc., etc.
and has numerous examples.

Plainly written and easy to understand
Only useful data included. M. N. Beitman
suthor. Size, 8% x 11 in.

Price, 50c each book.

SUPREME PUBLICATIONS
3727 West I3th St. Chicago, Nlinoi:
e

aied| RADIO'S
419 | GREATEST
VALUES’

G
:{,MATEUR GeAR “»
A. SYSTEMS

NEW CATALOG

Send for the new 1937 ALLIED Radio Catalog!-—Radio’s

Leading Supply Guide. 152 pages packed with 10,000
selected and approved parts; dozens of Set.Bullders’ kits:
newest Amateur transmitting and receiving gear; complete
lines of Public Address equipment; high aquality fest in-
struments ; latest books, tools, etc. You need this great
book !—it contains Everything in Radio at lowest prices!
ALLIED SELLS FOR LESS. Wu buy in vast quanti-
ties, pay less and so can sell for less, Every item is
tested and approved by ALLIED’s expert engineers—your
assurance of quality always. Send epupon for FREE copy!

ALLIED RADIO CORP.. Dept. §6-L I
833 W. Jackson Blvd., Chicago, Iil. .
Send me your FREE 1937 Radio Catalog. =
NAME oot intiranae et aeeausnonoseneanoneatosesisanassas .
AdAress .......ciiiiiiiiei ittt .
(LTI TSP - 1 111 State e .
sssssseeeewssnessssnd
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AN OUTSTANDING ACHIEVEMENT!

RACO AC-4

Communication

Receiver
21/,.555 Meters

An All-Purpose Receiver
That Defies Competition

And when we say communica-
tion receiver we MEAN It,
The AC-4 13 built to the
highest amateur specifications
for serious communication and
long distance reception under
all conditions. Isolantite insu-
l1ated high frequency and band-
spread tuning condenser;
continuous, all electrical,
band-spread; perfect regen-
eration stability; super - re-
generation below 15 meters; and a host of other features.
The 20 meter band, for instance, covers 100 degrees on the
big 8%’ German silver bard-spread disl with
hand capacity effect. You will be amazed at the way
the AC-4 separates the crowded foreign stations on the
rhort wave bands.

BUILT-IN A.C, POWER PACK

The AC-4 uses three of the powerful new Bylvania 6J5G
tubes as electron coupled detector and two stage audio,
plus an 80 rectifier with bullt-in high voltage supply

THE MOST REMARKABLE RADIO VALUE WE HAVE EVER OFFERED

Separate pancl controls for antenna coupling. audio volume
and regeneration. A standby switch is provided and alse
an earphone jack which cuts out the spesher.
RACO AC-4; Complete Kit uf parts, unwired, less 310,75
only cabinet and tubes
Crystaline finished metal cabinet
Kit of four picked Sylvania tube
Wiring and testing

SPECIAL PRICE ON COMPLETE RACO AC-4:
wired. tested and ready to operate from any 315,35
110 volt A.C. line...... (00 00kAadoeE00 5 <00 < oo

November, 1936

which is really quiet.

RADIO CONSTRUCTORS LABORATORIES

Dept. RA, 136 Liberty St.
New York, N. Y.

THREE TUBE SHORT WAVE
RADIO only $3.25

(Less tubes, phones, unwired)

A real, peowerful,
3-tube radio set
capable of bring-
ing in amateurs,
broadcast sta.
tions, police calls,
and foreign as
well as domestic
short wave sta-
tions with excel-
lent volume under
fair conditions.
Operates entirely from your AC or DC
house current. Range 10-600 meters. Ex-
tremely simple to build and operate. Fur-
nished complete with coil and detailed in-
structions.

2-TUBE. BATTERY SET
Operates from inexpensive dry batteries.

3-TUBE. BATTERY SET
Operates from inexpensive dry batteries.

Kits wired, extra, 75c. Tubes, extra, S0c
each. Cannon ball double headphones, ex-
tra, $1.35.

i
|
l

\Ctend

BS-6

6-Tube
Band switch

Receiver
12 to 600 meters
A powerful, sen-
sitive, and selec-
tive 8W recelver
covering the en-
tire wave-length
span of 12 to 600
meters in § steps.
NO PLUG-IN CCILS are used. Simply turn the waveband selector switch
and enjoy reception on any wavelength within this range.

Uses two 6D6, one 76, one 43, one K42A and one 25Z5 tubes as RF
amplifier, electron coupled screen grid regenerative detector, powerful 2
stage audio amplifier with pentode output stage, rectifier, and complete
built-in power su| pldv.

HUM-FREE—HI{-fidelity dynamic loudspesker—illuminated, airplane type
vernier dial—band spread tuning control—automatic hesdphone jack—ez-
tremely smooth acting controls—operates from your AC or house eurrent
—beautiful, heavy, black shrivel fipish chassis snd cabinet.

DELI GREAT 8. ER VOLUME ON THE GREAT
MAJORITY OF SHORT WAVE FOREIGN S8TATIONS UNDER FAIR

CONDITIONS. s 9
PRICE, complete with 6 .tubes, cabinet, speaker, wired, 5
TOAAY 10 UBE.,c.vpcuceiocemosocccocccescccssacssasscnsascs

AMATEURS:

BS-6 KIT, of necessary parts, including Model BS-6-AB hasl

speaker and detailed fnstructions, game specifications as!
Jess tubes, cabinet, unwired..... $10.95 '{*3-'6 m:lx:legtmtil:;;e .’3
SPECIAL: Complete kit, cabinet, circuit for 30-40-80-
tubes and instructions, unwired.. $l4'95 160 M bands and is

(If metal tubes are preferred to glass

voltage cut-off switch,
type, add $1) Ad Lt

d $1.00 to sbove
price,

1 S

FREE: Large, illustrated catalogue of short wave receivers and transmitters.
Send for your copy.
EILEN RADIO LABORATORIES, Dept. RW12, 136 Liberty Street, New York City



NC-100
RECEIVER

denser capacity, wi
high frequencies.

2. ISOLATES IDLE COILS

3. ASSURES PRECISE TUNING
The shifting mecha/ms?ri gs each set of coils

into positive, exa?L M )&Unhke many coil

switches, turning th‘: rang\c cﬁangmg knob does
not tune thereceiv \‘ i

tributes a smocthne S5 4b; '.makcs_rxunmg easy,
‘ and an accuracy tHa R‘es T’og.gmg precise. The

effective scale length is twejve feet, and readings

are direct to one part in fivé hundred.
NATIONAL COMPANY, INC.,, MALDEN, MASS.
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@ Uses large 3" Sq. Triplett Instrument.
AC.DC Voltage scales read: 10-50-
250-500-1000 at 1000 ohms per volt.

Milliampere Scale Reads: 1-10-50-250.

Ohm Scale Reads: low %-300; high to
250,000.

A complete instrument for all servicing

needs. Can be used for all AC-DC voltage, Case and Panel: Black Molded.

current and resistances analyses.

Low Loss Range Selector Switch.
LEATHER CARRYING CASE for Model 666, Complete with Alligator Clips; Battery
Model 669, supplied extra. Very attractive,

of black heavy leather with finished edges and Test Leads.
and strap. DEALER PRICE

SEE YOUR JOBBER « WRITE FOR CATALOG

—————————————---'

The Triplett Electrical Instrument Co.

2711 Harmon St., Bluffton, Ohio. I
Without obligation please send me

{J More information Model 666 1

1 am aiso interested in........... ... . ... . .. l |

Name ... . e 1 i

Address ... i, l .
1

(41 $ 7558080 a8a00AA0aaG 868086 State.................. r



