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v RCA V§-099 Far;n Pack and RCA VS-036 A Batteries

. « « fOr extra energy . - . extra hours

® It's RCA’s special “Radio Mix” in these super-
powered radio batteries that gives them longer life oz
less cost per hour! The RCA V8-099 Farm Pack will
power a 4-tube battery set for a period s longer than
the average farm pack—at least @ full season’s service!
The RCA VS-036 A battery has twice the life of average
cells . . . 50 per cent more life than standard “long-life”

SELL RCA BATTERIES—THE COMPLETE LINE

m':g :WB%WW W%‘B L

Flashlight

Portabie A's Portable B's Portable AB's

TUBE DEPARTMENT

HARRISON. N. J.

types in heavy-drain portable radio receiver service!
What's more, the RCA VS-099 and VS-036 are leak-
resistant, swell-proof and climate-proof—because they’re
sealed in steel. They stay powerful and fresh!
The RCA VS$-099 and VS-036 give the customer the
most for his money. You can get your stock conveniently
and quickly from your local RCA Distributor.

FOR THE RADIO AND ELECTRONIC TRADE

Farm B's Farm AB's Industrial

1y

Farm A's

RADIO CORPORATION of AMERICA
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I TRAINED THESE MEN AT HOME

Sixteen Years’ Previous
Experience

‘Before I emrolled with NRI. Fhad
¢ 16 vears of actual Radio experi-
. but found many helps in
vour Course. T am now Adminis-
trative Assistant to the Officer in
Charge of a U.S. Army Applied
Flectronics School.”’ —Wallace G.
Baptist, 1947 Willow Spring Road.
Dundalk, Maryland.

Seven Years’ Previous Experience.
Now Department Head
‘I did not start as a heginner,
but had seven years’ experience
a8 8 commercial Radio operator.
Last April | came to work for the
Gates Rubber Company to set up.
train and install a complete in
dustrial equipment department.'”
~—Norman R. Ileod. Denver. Colo.

=g

NRI Training Heips Operator
Win Advance

“‘Before taking the N1 Course I
felt T was a phony holding a job
a8 Assistant Communications Op-
erator. Now I feel I am worthy
of the job and future advance-
ment, - have advanced to As-
sistant  Aireratt  Communicator.”’

John Keller, s, Market St..
Martinsburg. Pa.

Ten Years' Previous Experience,
Dubles Earnings

“1 had been servicing Radios for
ten years. I found it necessary to
get t hoe technical knowledge |
lacked, so enrolled with NRI. |
believe mry earnings have more
than cousled since taking the
NRI Coumse.”’—I. L, Ilankey, Ir.,
278 W. 5th St., Frederick, Md.

My Course Teaches Timesaving
Service Methods, Techniques,

Television, FM, Electronics

Here are just a few of the topics
covered:

Photoelectric
with Relays
Peak and Band-Pass R.F. Tuning

Control Circuits

Circuits

Broadcast, All-Wave and Tele-
vision Superhet Receiver
Principles

Light-Sensitive Cells for Control
Circuits

The Vacuum Tube as an A.C.
Generator in Radio-Television
Circuits

Current, Voltage and Resistance
Measurements

Vacuum Tube Voltmeters, Cath-
ode Ray Oscilloscopes

Frequency Modulated Signals,
the F-M Receiver

Automatic Tuning Control Sys-
tems

Professional
Techniques

How to Isolate Defective Sec-
tion and Stage

How ro Isolate Defective Cir-
cuit and Part

Tuning Circuit Troubles

Field and Bench Testing of
Radio Parts

Uses for Optics in Electronics
and Television

Practical Hectronic Equipment

Essentials «f Outdoor and In-
door Public Address Systems

Radio

Servicing

YOu
BUILD THIS

" COMPLETE RECEIVER

NOW LET THIS WORLD-FAMOUS
NRI COURSE HELP YOU STEP AHEAD

THE way to EARN more money in Radio
is to handle MORE service jobs in
LESS time! And the N.R.I. Course is de-
signed to help you do just that! With
NR.I. training, you KNOW the short-
cuts and timesavers that specd up routine
repair jobs. You KNOW how to locate
trouble fast on the tough jobs as well as
the easier ones. And you KNOW up-to-
date servicing methods needed on FM,
Television and Electronics.
Find Out What N.R.I. Can Do for YOU
Read the letters at top of this page.
They are from just a few of many man
who were working in Radio before they
took my training. I helped them get ahead
and I can help you. Mail the coupon for
my 64-page book, “How to be a Success
in Radio, Television, Electronics,” FREE.
See how I train you at home, how I give
you UP-TO-DATE. PRACTICAL knowl-
edge how you get professional ex-
perience building, testing, repairing real
Radio circuits with kits I send.

Fn EE FREE to show you how quickly
you learn from my illustrated,

easy-to-understand lessons. No obligation. Get
Sample Lesson and Book by mailing coupon. Just
mail Coupon NOW in envelope or paste on penny
postal! J. E. Smith, President, Dept. 8DR, The
National Radio Institute, Pioneer Home Studv
Radio School, Washington 9, D. C.

I'll send you a Sample Lesson

Mr. ). E. SMITH, President, Dept. 8Dx
National Radio Institute

o i

J. E. SMITH, President
National Radio Institute

VETERANS

APPROVED
UNDER
G. I. BILL

[ ]
l . TELEVISION '
1 Washington 9, D. C. LECTRONIES '

Mail me FREE Sample Lesson and 64
WITH STANDARD RADIO : paage book. (No Salesman will call. Please [ ]
PARTS | SUPPLY M write plainly.) s
. . [}
You get valuable experience testing and repairing this and B Name. '
many other circuits you build from N.R.I. Kits. These kits : Address ...l '
are not loaned to you, but become your property. Mail B Gy Zone. .. ... .. State. ... 3
l coupon for full details! - 7 Check If Veteran H
e DL L L LY LY T 1 37 Y i e S
April, 1948

w
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ATTENUATORS ... Llewellyn Bates Keim

LIQUID DIELECTRICS FOR VARIABLE CONDENSERS. __ Sidney Wald

PROTELGRAM—A NEW PROJECTION TELEVISION SYSTEM

BEAD-SUPPORTED COAXIAL ATTENUATORS

............ Herbert J. Carlin and John W. E. Griemsmann
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RADIO-ELECTRONIC ENGINEERING is published each

month as a special edition in a limited number of copies of

RADIO NEWS, by the Ziff-Davis Publishing Company, 185 N.
Wabash Avenve, Chicago 1, lllinois.

COVER PHOTO—By Acme

Kurt A. Oplinger of Westinghouse Elec. Co.. Pittsburgh, Pa. at
the controls of the automatic pilot which he helped develop.
The unit is mounted on a turntable for testing purposes, to
simulate motion of a plane in flight. Three small gyros
are contained in the unit to control the motion of the plane.

ENGINEERING DEPT.
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ATTENUATORY

LLEWELLYN BATES KEIM
Consulting Radio Physicist*®

By

HE modern attenuator has

evolved through the last two

decades from a simple, crude,
slide wire unit, reminiscent of an old-
fashioned filament rheostat, to the
present day precision unit universally
used in broadcasting and sound re-
cording installations and in labora-
tory measurement procedures. How-
ever, little has been written during
this period to assist the younger en-
gineer and newcomer to these indus-
tries in the proper method of using
these devices; and even less has been
written on the selection of the correct
type of attenuator for a specific use
and the reasons for that selection.
The catalogues offered by the makers
of these units do not give any real as-
sistance on technical data. So the
author will attempt to cover all as-
pects of this field of the sound indus-
try.

In order to present the matter
clearly, varying uses and applications
of attenuators will be discussed be-
fore attacking the problem of select-
ing the proper type for a particular
application. A discussion of the elec-
trical circuits associated with these
interesting controls will be dealt with
later.

Three forms of the attenuator can
serve as a simple gain control for am-
plifiers, but the most frequently
chosen is the potentiometer. The tee,
ladder or tone-compensated ladder
are used, depending upon the purpose
of the amplifier, but the high imped-
ance gain control is most popular.
Both broadcasters and sound men
have found the cheap paper with car-
bon deposit type of resistance far
from satisfactory and have insisted
upon a step-by-step construction of
the gain control, whose resistance ele-
ments themselves are frequently of
the carbon resistance type, selected
for both accuracy of calibration and
freedom from noise in the audio spec-
trum. Wire wound resistances can
also be used, but their higher cost is
not justified except in precise labora-
tory installations. Figs. 2 and 5A show
the circuits of these units; Fig. 3 is a
modern attenuator of the potentiom-
eter type.

Studio installations of speech input
equipment almost universally use lad-
ders (Fig. 2C) or bridged tee (Fig. 5B)
attenuators as the mixing and volume

- Formerly Sales Ma/nag;'r, The Daven
Company, Newark, N. J.

APRIL, 1948

Copyright Altee Ser* ce Corp.

Fig. 1. The Roxy Theatre Control Console. Provision is made for 52 slide attenuators: 38
are shown in operation. In left foreground, front rotary attenuator is stereophonic contro)

First of two papers covering the modern atlenuator
as used in the broadcasting and sound industries.
Problems of use and proper selection are discussed.

level controls. Where the cost factor
must be considered, a poteniometer
is frequently used as master gain con-
trol, but only where the entire speech
equipment is built as a unit incor-
porating amplifiers and mixing equip-
ment in one housing. This is done to
avoid long, high impedance leads, and
the attendant danger of hum pickup.
The design of a mixing system is cov-
ered in later paragraphs.

Changing the characteristic imped-
ance of a sound channel is often nec-
essary, particularly in test installa-
tions, and a special type of attenuator
is available for this purpose, offering
either the minimum loss for the ratio
of impedances matched, or a constant
loss for any ratio selected. This is a
little known but useful piece of equip-
ment for the research worker.

Installations of any form of public
address equipment for sound rein-
forcement present the problem of con-
trol of level from individual or groups
of loudspeakers where a single ampli-
fier feeds more than one transducer.
The power attenuator can be used to
control the sound level delivered with-
out altering the volume from the re-
maining speakers connected to the

ENGINEERING DEPT.
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same power amplifier source. Such
installations are desirable when it is
necessary to give the individual con-
trol of the speaker near him without
affecting the group. As the control
must dissipate power, its size and se-
lection depends upon the level at
which the loudspeaker is designed to
work. Frequently these devices for
group control assume large physical
dimensions. In this connection it is
well to observe that the power rating
of such devices is based upon sine
waveform, and use for speech and
music will allow a slight overloading
of the control with safety. However,
not more than 25 per-cent overload
can be economically tolerated uniess
it is for a very short pericd of time,
or the attenuator’s life is endangered.

There are more complicated uses of
attenuators and a few of them are
discussed here. The tone compensat-
ing attenuator, a newcomer, is illus-
trated in Fig. 4, and this unit can be
converted from the intended function
to a straight ladder by means of the
special external connections shown.
Electrically, it appears diagrammed
in Fig. 7TA. Here we find a unit espe-
cially engineered to overcome the lass

3
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Fig. 2. (A) Potentiometer schematic. (B) The Tee pad. Note that

all three resistors vary simultaneously. (C) The Ladder schematic.

of sensitivity of the human ear to
certain tones at low volume levels,
but attenuators can generally be used
to achieve tone compensation where
they are merely elements of a com-
plex correcting circuit, as in the fa-
miliar equalizing units offered in the
trade. In the recording process, at
33% r.p.m. used in making transcrip-
tions, there must be considerable
equalization as the recording radius
is reduced. Attenuators lend them-
selves nicely to this function, and can
be actuated by the recording lead
screw mechanism or manipulated sep-
arately at the discretion of the re-
cording engineer. When attached to
the recorder they take the form of
sliding units, or those with an arc
movement, operated through mechan-
ical linkages to the traveling record-
ing head.

Readers who attended the 1936-37
Dallas, Texas exposition perhaps wit-
nessed the open air stereophonic
sound installation, where the voice of
the performing artist moved across
stage, with the actor’s motion. This
is a special application of attenuators,
which in its simplest form allows one
control to govern two banks of power

Fig. 3. The Potentiometer.

amplifers and their loudspeakers. At
mid-position, half power is delivered
to each bank of loudspeakers and as
rotation takes place, left or right of
center, one bank of speakers is driven
at full power, while the other is great-
ly reduced, but not quite cut off. Thus
there is an illusion of movement of
the projected voice. The degree of
loss introduced is in the neighborhood
of 12-15 decibels. A variant of this
was automatically accomplished in a
separate sound track run coinciden-
tally with the projection print of Fan-
tasia, and was utilized in those thea-
ters which had been equipped to handle
this type of sound projection.

The last special use of attenuators
to be discussed here is the application
in circuits measuring volume level,
The familiar decibel meter, a rectifier
type of voltmeter, has long been used
in all sound installations, and is still
widely used in laboratory, test, and
recording studios. Where it is neces-
sary to terminate the measured cir-
cuit in its characteristic impedance,
the meter can be connected to a tee
pad across the line thus serving to
adjust the range of the meter too. If
it is electrically possible to bridge the

A 20 step unit with protective cover removed.

ENGINEERING DEPT.
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meter across the circuit to bBe meas-
ured, a potentiometer can be used.
The accuracy of measurement is de-
termined by the accuracy of calibra-
tion of the resistances built into these
meter multipliers. Eight years ago
the broadcasting organizations coop-
erated in developing a standard meas-
uring instrument, the VU meter,
which today is universally used in
that industry. Possessing specific, de-
sirable ballistic characteristics and
reading a power level of plus 4 dbm.* at
zero VU on its scale, it is clearly evi-
dent that some form of multiplier is
necessary here too. This takes the
form of a pure tee pad, so that the
characteristics of the meter are not
changed, nor any inordinate loss im-
posed upon the audio line being meas-
ured. A small attenuator, in the form
of a rheostat, is incorporated in these
circuits wherever it is necessary to
standardize many instruments
throughout a broadcasting network
to read alike. Such standardization
takes place daily with a constant tone
signal transmitted before network op-
erations commence.

So far we have been talking about
variable attenuators, but there is a
vast field of applications for fixed at-
tenuators, or fixed pads. In mixing
installations, the several incoming
signals are frequently not of identical
level and any great discrepancy can
be compensated for by a fixed pad of
suitable circuit configuration—to
match the general schematic of the
mixer—balanced or unbalanced to
ground. When two amplifiers are
coupled together at low impedance,
good engineering practice dictates
that at least six decibels of loss in the
form of a fixed attenuator should be
included in the circuit between the
two connected transformer windings.
This will eliminate any circulating
audio currents.

Multiple end use of a single source
of sound energy, such as feeding both
an AM and FM transmitter or driving
many power amplifiers in a sound
system, calls for the use of a dividing
network. This is a form of fixed at-
tenuator, offering a small loss be-
tween the source and its respective
loads, but simultanecusly presenting
considerable separation between the
several loads. Inverted, the same pad
becomes a combining network, for as-
sembling several sources into one load.
Usually these pads are designed to
present a uniform impedance to all
terminals, and assume several com-
plicated circuit configurations, but
they are all examples of attenuators.

‘When connecting a bridging ampli-
fier across a properly terminated
junction of source and load, a bridg-
ing pad can be used, if the second

*Reference level 1 mw. at 600 ohms Z.
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EVERYTHING

YOU WANT......in a high quality

e Coverage: 540 ke to 54.5
Mc

e Five bands

e Accurately calibrated slide
rule dials

e Full electrical bandspread
e Series noise limiter

e Universal antenna input
e Built-in PM speaker

e Beat oscillator

e 2.5 watt audio output

low cost receiver
hallicrafters NEw S-53

Hallicrafters Model $-53 takes an important position in the
Hallicrafters line of high quality communications receivers.
Completely modern. Superbly engineered for top flight perform-
ance at remarkably low price. All the Hallicrafters built-in
quality features amateurs expect and demand in a good receiver,
Extended frequency range from 540 kc to 54.5 Mc in five bands.
Uses two Mc IF which positively eliminates all amateur station
images or repeat points within the ham bands. The strikingly
designed, edge lighted dial is precisely calibrated. A separate
bandspread control provides full electrical bandspread on all
frequency bands. Latest series type noise limiter circuit; voltage
stabilized oscillator ; iron core I F's: built-in PM dynamic speaker.
Rich satin-black steel cabinet with satin chrome (rim. Complete
with seven wbes and rectifier. 105-125 volts, 50-60

cycles AC F 8 a4 bwe o $79-50

.

Overall wuning range: 540 ke to 54.5 Mc. Band 1

540-1630 Kc; Band 2: 2.5-6.3 Mc: Band 3: 6.3-

1.6 Mc: Band 4: 14-31 Mc; Band 5: 48-54.5 Mc.

Controls: main tuning, bandspread, band-
switch, RF gain, audio volume, tone control
noise limiter, standby-receive, phone-code switch,
speaker-headphone switch and phone jack on rear

Cot o taes - o

£

=

//’”’/}/’:’—'//’%

VQ5-GHE

panel. Input jack for record player pickup con-
nection.

New superhet circuit uses: 1—6C4 oscillator;
1 —6BAG6 mixer: 2—6BAG6 IF's; 6H6 detector-
AVC-noise limiter; 6SC7 BFO-1st audio; 6K6GT
audio output and SY3 rectifier.

Size: 127" x 678" x 774".

Copyright 1948, The Hallicrafters Co.

hallicrafters

RADIO

THE HALLICRAFTERS CO.
4401 W. Fifth Ave., Chicago 24, lllinois

MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT

LISTEN FOR THE W: hallicrafters WMW

Hallicrafters mobile, radio-equipped expedition now operating via short wave
from the Mountains of the Moon, Africa. Listen for these call letters:

VQ3-HGE

VQ4-EHG VQS-HEG

Visit your distributor for maps, itinerary, schedules, other details.

www americanradiohictorv com
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[ NOW e
SMALLER THAN EVER!

OCCUPIES ONLY 34 OF A CUBIC INCH

A new solution to the space problem in your
smallest electronic equipment

WHEN FEDERAL first introduced the Miniature
Selenium Rectifier to replace the rectifier tube in
AC-DC radio receivers, it was the smallest, most
compact unit of its type ever developed. Now 13"
the new 75-Ma rectifier is even smaller than before
—providing additional space savings so valuable in
modern miniature receivers and equipment. It’s —
easier to install in restricted spaces—leaves more

“hand room” to work in. And this reduction in size
has been made without any sacrifice in performance
or dependability. In fact, it incorporates added

APPROXIMATE DIMENSIONS
75-Ma Rectifier — No. 402D3150

. afety factors for 1 trouble-free operation. |
: safety factors for longer trouble-free ope a E_%
z Compared to a rectifier tube, this space-saving 4 max %

Selenium Rectifier offers the advantages of longer R
life, rugged all-metal construction, only twosoldered
connections, and instantaneous current output
without warm-up. For complete data on the new
75-Ma rectifier, write to Federal today-Dept. I 559,

NOTE: This rectifier is electrically
interchangeable with Rectifier
No. 402D2788.

RSN W Federal Telephone and Radio Corporation

o

SELENIUM and INTELIN DIVISION, 1000 Passaic Ave., East Newark, New Jersey

KEEP":‘G FdEDtRAL YEARS AHEAD...is IT&T's world-wide

research and engineering organization, of which the Federal s i i

Telecommunication Laboratories, Nutley, N. J., is @ unit. In Canada: —Federal Electric Manufacturing Company, Lid., Mantreal, P. Q.
Export Distributors : —International Standard Eleciric Corp. 67 Broad S1., N. Y.

6 RADIO NEWS
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Telephone equfprnent 1s constantly
visible forces of nature which seck to

fight corrosion — an enemy able to

An example: for vears lead cable ha

The battle wooden ducts. Then in certain areas something began
to eat the sheath, exposing wires to moisture. Corrosion
chemists of the Laboratories were called in. The corro-
Of the sion, they found, came from acetic acid generated in the
wood during the preservative treatment then in use. They
pumped in neutralizing ammonia. Corrosion stopped.
atoms Now telephone duct wood is controlled for acidity.

surfaces of contacts with sulphide.

A Bell Laboratories corrosion en-
gineer examining samples during
an exposure test on corrosion-
resistant finishes and alloys

BELL TELEPHONE LABORATORIES

34
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by atom. On all fronts, Bell Laboratories chemists must

circuit noisy or perhaps to sever it altogether.

In a large city, smoke-polluted air was coating the silver

sulted. Chemists discovered minute traces of sulphur
vapor in theair. They filtered incoming air with activated
charcoal. Today, the latest telephone contacts are of
palladium — not affected by sulphur.

Corrosion in metals is only one tvpe of deterioration
which engages Bell chemists against hostile forces. Plas-
tics, paper, metals, rubber, textiles, coils, waxes and woods
all have enemies. But knowledge, and persistence, are
steadily winning out—to the benefit of the telephone user.

at war against in-
take it apart, atom

make a telephone

d lain protected in

Noisy circuits re-

e 8

o

&

T e

e~

Y

EXPLORING AND INVENTING, DEVISING AND
PERFECTING FOR CONTINUED IMPROVEMENTS
AND ECONOMIES IN TELEPHONE SERVICE

RADIO NEWS
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|mproved "Adashaft. Radiohm!

SIX TYPES OF SHAFTS GIVE YOU WIDE VARIETY!

K-185 3” Fluted “Adashaft” (supplied standard) K-176 1%," Split *Adashaft”

Knurl

ﬁ

T e w

K-166 3" Auto Type ‘“‘Adashoft’ Long Guide Funnel Short Guide Funnel

K-167 6" Auto Type ‘“‘Adashaft”

K-165- 10" “*Adashaft” }," flat

)

K-184 Siotted Insulating Coupler

K-161 Coupler Shaft

P See how "Adashaft” Radiohms cut down overhead on service and repairs!

NOW; YOU CAN HAVE a small stock of con-
trols on hand, yet be prepared to handle

almost any kind of control replacement prob-
lem for your customers! Yes, that's what
Centralab “Adashaft” Radiohms give you, and
that’s why more and more radio service deal-
ers are using them to speed up service and cut

down inventory.

Centralab “Adashaft” Radiohms are availa-
April, 1948

ble in all sizes for all Model “"M” volume
control applications. See for yourself how they
can streamline your service operations. Ask
your jobber about them, or write direct for

further information.

Centralab

Division of GLOBE-UNION INC., Milwaukee
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(entralab Announces an

BEFORE ASSEMBLY

=~ See how EASILY and
QUICKLY “Adashaft’”* Ra-
diohms can be assembled!

No WIGGLE, no wobble, no slip
when you use Centralab’s “*Ada-
shaft” Radiohm. Just insert shaft
pilot in hole provided in control ,
stub shaft, and slip “C” washer into e “Adashaft”
place. Quick as a wink, control and ' .
shaft become an integral unit, ready
for smooth, troublz-free operation.
Notice the wide selection of shaft
types which Centralab offers you —
for every kind of set from large radio-
phonograph combinations to small
automobile receivers, Shafts are rug-
ged—Dbuilt to withstand hard usage,
yet easy to cut to lengths required.
*Trademark registerea

< -

AFTER ASSEMBLY

Where line switches are required,
use CRL attachable Switch Covers!

Available in five types for “R” Radiohms, 4
types for "M” Radiohms, 1 type for E Radi-
ohms. Minimum life of 50,000 mechanical and
tions. Underwriters approved.
com-

electrical opera .
Contact arrier is propelled by full-floating,

pression type spring, provideseasy, positiveaction.
Rated ar 3 amp. 125 volts; 1 amp., 250 volts.

. RADIO NEWS
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SAVE TIME— SAVE MONEY

SAVE TUBES....

With the New HYTRON
Miniature Pin STRAIGHTENER

Ever cussed the pins of miniatures when they
broke as you fussed to straighten them with
your fingers or with long-nose pliers? Unfor-
tunately the pins have to be pliable to avoid
cracked buttons. But you can make pin
straightening easy and safe.

For only 49¢ — less than cost — a fraction of
normal price, you can own a new Hytron Mini-
ature Pin Straightener. You then merely press
a 7-pin miniature gently into the Straightener
until the button base seats squarely. Presto,
the pins are straight again! Best of all, avoid-
ing just one broken tube can pay for the
Straightener twice over.

Features: precision die of wear and rust resist-
ant steel for long life and close tolerances,
production-tested, easy clean-out, adapted to
hand or bench use. It’s faster, cheaper, safer
to use the Straightener always before plug-
ging in miniatures. You need three Pin
Straighteners — for bench — for field tool kit
— for counter. Available only from Hytron
jobbers. Order yours today.

Z~

ONLY 49¢c

AT YOUR HYTRON JOBBER’S

A PREVIEW

The Hytron Miniature Tube Pin Straightener and
Handy Tube Tapper are just tha beginning. Watch
tor more lower-than-cost Hytron tube tools de-

Hytron Handy Tube Tapper — novel and useful tool
locates elusive intermittent “shorts” and “opens”.
A Pencil, eraser, and tube tapper. Fits breast pocket.
time — help you make more money. Follow the Compact and nonmetallic. Rugged and effective.
Hytron ads for announcements. Order the tools Only 5c at your Hytron jobber’s.

from your Hytron jobber.

signed especially for you. They will save you

g@ e— =
NDIX RADIO,

1

-
{ BE

Bendix MRT-3A, 152-162 mc f-m taxicab transmitter uses Hytron
tubes generously.

Companies with top names like Bendix pick top quality compo-
nents. You, too, choose the best when you ask for Hytron. Join
the leaders. Specify Hytron tubes.

These service tools made
available to you on a
non - profit basis by both
Hytron and its jobbers.

YTRD

MAIN OFFICE: SALEM, MASSACHUSETTS
April, 1948 31
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LET THIS“ AUTOMATIC TEACHER’

GHIRARDI SAVES YOU TIME
—HELPS YOU MAKE MONEY

Ghirardi's RADIO TROUBLESHOOTER S
HANDBOOK is the ideal manual to show you
eriuctly how torepair radios at honie in spare time—
quickly and without a lot of previous experience
or costly test equipment. It contains MORE THAN
4 POUNDS OF FACTUAL, time-saving money-
making repair data for repairing all models and
makes of radios better, faster and more profitably
than you may have thought possible!

REPAIR 2 RADIOS IN THE TIME
NORMALLY REQUIRED FOR ONE!

RADIO TROUBLESHOOTER'S HANDBOOK can
easily pay for itself the first time you use it. You
don't have to study it. Simply look up the make,
niodel, and trouble svmptom of the Radio vou want
to repair and go to work. No lost time! Clear instruc-
tions tell exactly what the trouble is likely to be—
LEXACTLY bow to fix it. Actually, this big 744-pace
manual-size IANDBOOK brings vou factual, specific
repair data for the common troubles that occur in
practically every radio in use today—for over 4800
most popular models of Home and Auto radio receivers
and Automatic record changers of 202 manufacturers!
In addition, there are hundreds of pages of helpful
repair charts, tube charts, data on tuning alignment.
transformer troubles, tube and parts substitution, etc.,
etc.—all for only $5 ($5.50 foreign

onan UNRESERVED 5 DAY
MONLY-BACK
GUARANTLEL!

show you exactly how to repair over |

4800 RADIO MODELS

without expensive test .equipment!

Get 2 Complete RADIO-ELECTRONIC

SERVICE EDUCATION

AT HOME— WITHOUT AN INSTRUCTOR

81 A. A. Ghirardi’'s big 1300-page
MODERN RADIO SLERVIC-
ING is the finest, most complete
@ instruction book on Radio-Llec-
g tronic service work for either the
novice or the professional Radio-
Electronic serviceman—bar none.
RRead from the beginning, iv is 2
COMPLETE COURSE IN
SERVICING by the most mod-
ern methodls Used for reference
g it is an invaluable mneans of brush-
1300 pages, 706 illus. ing up on any servicing problen:.
723 review questions Gives complete information on

all essential service instrument

Dept. RN-48, MURRAY HILL BOOKS, INC.,
232 Madison Ave., New York 16, N. Y.

Enclosed find $. ...for books checked or [1 send C.0.D.
(in U.S.A. only) for this amount plus postage. If not fully satis-
factory. 1 may return the books at the end of 5 days and receive
my money back.

0 MODERN RADIO 0 RADIO TROUBLE-
SERVICING SHOOTER'S HANDBOOK
$5 ($5.50 foreign) $5 ($5.50 foreign)
[] Special Money-saving combination
Both big books for only $3.50 ($10.50 foreign)

D P e S USRI  Npe— .
Nddress ju e s o e D Tmsnei: - - Teme. o ORI - T <[] TR

City & Dist. No. ....................... State il AL, =T e
(Please print or write plainly)

COMPLETE DATA ON TEST INSTRUMENTS—
TROUBLESHOOTING—REPAIR

types; how they work (with wiring
diagrams), when and why to use
them; how to build your own; pre-
liminary trouble checks, circuit and
parts analysis: parts repair, replace-
ment. substitution; obscure radio
troubles. aliening and neutralizing;
interference reduction—and hundreds
of other sub;ects including How to
Start and Operate a Successful Radio-
Electronic Se-vice Business. 723 self-
testing review questions heip you
check your progress EVERY STEP
OF THE WAY. Only $5 complete
($5.50 foreign.)

“You Can’t Go Wrong on
Ghirardi Radio Book’’

N
Mo
OFFER! Get BOTH big

books — Radio’s most fa-
mous Service Library —

over 2030 pages ~— at a
bargain combination price.
See coupon.

www americanradiohistorvy com

eleven years. He was also associated
with the Pan American Airways Sys-
tem for eighteen months during the
war as a flight radio officer on trans-
Pacific clippers.

Before joining the Farnsworth com-
pany two years ago, Mr. Patton was

! the acting chief engineer of the Com-

mon Carrier Engineering Section of
the Federal Communications Commis-
sion. During the war, he served with
the Board of War Communications
and was the Engineering Depart-
ment’s representative in the coordina-

| tion of activities with the FCC legal

staff.
RAY HUTMACHER is Utah Radio Prod-
ucts, Division of Internation:tl Detrola
Corporation’s new
representative in Il-
linois, Wisconsin, \
and St. Louis Coun-
ty, Missouri. Also
appointed at the
same time as Mr.
Hutmacher, of Ray
Hutmacher & Asso-
ciates of Chicago,
was William S. Lee of Detroit, who
will cover the entire state of Michigan
for Utah.

Both Mr. Lee and Mr. Hutmacher

| have many years’ experience in the

| Sparks - Withington

marketing of radio replacement parts
and are well-known through their re-
spective territories.
DAVID T. SIEGEL, Chicago manufactur-
er, has announced the purchase of
American Relay & Controls, Inc. This
company manuiactures electrical re-
lays, switches, and specialized controls.
The newly purchased firm is now
located at 4900 West Flournoy Street,
Chicago 44, Illinois.
® Y *
FRED T. STERRITT, was recently ap-
pointed Advertising and Sales Promo-
tion Manager of

Company’s Radio
and Appliance Divi-
sion.

Mr. Sterritt, re-
cently District Mer-
chandiser for Spar-
ton in Chicago and
Northern Illinois,
had been an advertising and sales pro-
motion executive for Sparton for some
years belore the war, and later acted
in a similar capacity for Zenith Radio
Corporation.

* ES *

GENERAL ELECTRIC COMPANY has ap-
pointed Richard H. Rudolph as Sales

| Manager of precision and laboratory

test equipment and crystals for the
Specialty Division.

Formerly a commercial engineer in
the division, he will now have charge
of the sale of this equipment to nucle-
onic, research, manufacturing, and
educational organizations.

Mr. Rudolph holds a B.S. degree in
electrical engineering from Ohio Uni-
versity. In 1943 he joined General

(Continued on page 201)
RADIO NEWS
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READ MORE RANGES - MORE ACCURATELY- MORE EASILY

12 D. C. Voltage Ranges on 4.4"scale.
Mirrored for Accuracy. Special
multipliers for permanent ac-
curacy.

6 A. C. Voltage Ranges on 4" Scale.
Mirrored for Accuracy. Special
multipliers for permanent ac-
curacy.

6 D. C. Current Ranges on 4.4"
Scale. Mirrored for Accuracy.
Wire wound shunts for perma-
nent accuracy.

3 Resistance Ranges on 5" scale.
Mirrored for Accuracy. Special
multipliers for permanent
accuracy.

8 Decibel Ranges on 3.33"” scale.
Mirrored for Accuracy. Special
multipliers for permanent
accuracy.

CAUTION ON HIGH VOLTS

MODEL 625 NA 4 K e R _

A S e

 MODEL
625-NA

Dealer Net Price $459

rp —_—

e AT R

For the Man who lakes Pride in his work

The new Model 625-NA, with 39 ranges and many RANGES
added features, is the widest range tester of its type. Note D. C. VOLTS: 0-1.25.5.-25.125.-500.2500, at
the long mirror scale on the large 6” meter for easier, R N Te550 2 S n T OTE e fT
more accurate reading. Resistance ranges to 40 meg- A. C. VOLTS; 0-2.5-10-50-250-1000-5000, at
ohms give you all the ranges needed for general servic- D6 MICRO AMBERES: 0-50, at 250 Millivolts
ing, plus Television and FM. And with 10,000 ohms per Moty " AMPERES: 0-1-10-100-1000, 2t 250
volt . C. you can check many audio and high imped- B, CoRimes 010 s zso it
ance circuits where a Vacuum Tubg V01.t meter is ordi- S 00 (B40.000 s o e s
narily requ_ued. A.proven super-service instrument for Reference level "C DB at 1.73 . on 00 ohim line)
laboratory, field maintenance and radio repair. at 10,000 Ohms/Volt

Write for complete technical information on Dept. N47.

TRIPLETT ELECTRICAL INSTRUMENT €O. - BLUFFTON, OHIO

in Canada: Triplett Instruments of Canada, Georgetown, Ontario

April, 1948

www americanradiohistorv com
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PROJECTION TELEVISION!

Convert your RCA 630 or Crosley 307 to this
- . :

OUTSTANDING .
TELEVISION
CONVERSION
OF 1948!

The gigantic
picture this
set is capable
of projecting
must be seen
to be believed!
One set con-
verted by a
Los Angeles
company,
was demon-

strated at practically any 10” set
S ’ E n
the Shriner’s can be converted to

Temple in Projection Television. o
Los Angeles, during the Rose Bowl game.
It was viewed by 4800 people at one sitting'
A 12xl16-foot rear projection plastic screen of
our type was used.

F 1.9 TELEVISION PROJECTION LENS ‘

i

With the useo
the basic com-
ponents below,
diagrams ani
mstructions
which are pro-
vided for the
RCA 630 and
Crosley 307

Dimension—
Length 7°,
eter 414",
F 1.9 EF. 5in. (127.0

mm). This lens in-

corporates in barrel a

corrective  lens  for

use with a 5TP4 pro-

Jection tube. It is

easily removable for .

use with flat type tubes. Lens can be utilized to
project picture sizes from several inches to 7x9 feet.
Made by Bausch & Lomb Optical Co. $'|25 00
R R0 0 60 0AR a8 000 aanaa 08860090 4 -
Mounting ring available for above lens. . Price $2.50

30 KV RF POWER SUPPLY

Dimensions—
Length 14", Width
11, Height 111;".
This unit has a low
voltage supply sepa-
rate from high volt-
age pack. Low volt-
age DC supply has
control which enables
you to vary voltage
from alpgmlxir}m:ely 12 KVhto 40 KV. Unit has focus
control built in for use with 5TP4 projecs

tion tube. Price, complete.... .. ... p ..... $99'50

Diam-

STAND FOR PROJECTION TELEVISION SETS

Dimensions—23" High, 25 Wide, 1814" Depth.
For use with RCA 630 chassis or Crosley table model
sets. Unit mounted on ball bearing soft tired wheels.
Depth is designed to accommodate RF Power Sup-
ply. Open grill allows free circulation of air. This
stand a natural for mounting scopes and other lab.
equipment for easy mobility. Speecify whether for
Television use or shop. Stand as shown in top

plote $31.50
REAR PROJECTION TELEVISION SCREENS

The screen surface consists of a conglomerate arrange-
ment of microscopic plastic erystals that “‘Pin
Point’’ the projected 1mage providing unexcelled
angular viewing with a minimum loss of projected
light. It is estimated that there is a loss of approx-
imately 10% of light viewing the image at 45 degrees
off center.

Light transmission percentages are controlled to
obtain the maximum efficiency of the television
optical projection system.

The percentage of 809, of transmission has been
determined as that providing maximum effleiency.
Stock shcets arc available from 3xi teet down.
Specify inside dimensions 0f screen desired. If
larger sizes are required, they can be made to order.
Franies can be had on request, small sizes $5.00—

large sizes $10.00. $4 50
.

Price of screen, per 8q. f00t.....000nnnnean.
Include 25% Deposit With Order, Balance C.0.D.

Pioneers in Projection Talavizion

SPELLMAN TELEVISION COMPANY

2898 JEROME AVENUE, NEW YORK 58, M. Y.
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RALPH T. BRENGLE of Potter and
Brumfield Sales Cowmpany, Chicago,
was reelected presi-
dent of the National
Association of Re-
lay Manufacturers
at their first annual
meeting at the
Graemere Hotel, in
Chicago.

Daniel R. Dooley,
vice-president in
charge of sales of C. P. Clare & Co.,
Chicago, was elected vice-president;
J. J. Rowell of Guardian Electric Mfg.
Company, Chicago, secretary and
treasurer. Directors elected included:
H. W. Pfeffer, Struthers-Dunn, Inc.,
Philadelphia, Pa.; L. V. Roughan,
Price Electric Co., Frederick, Md.; E.
Gillette, Allied Control Co., Inc., New
York, N. Y.; H. L. Huntsinger, R. B. M.
Division, Essex Wire Corp., Logans-
port, Ind.; and Fred W, Falk, Advance
Relay Company, Los Angeles, Cal.

A constitution and by-laws were
adopted and a committee on standards
and nomenclature appointed to make
a thorough study of the subject of re-
lay contact ratings with a view to set-
ting acceptable standards.

* *® *
NEWELL B. PARSONS, associated for
the past several years with Webster-
Chicago Corporation, has been ap-
pointed sales representativé for the
company.

Mr. Parsons will cover the Chicago
and Milwaukee trading areas for the
Webster-Chicago line of recorders,
record changers, and phonographs in
order to maintain closer contact with
manufacturers, distributors, and
dealers.

* * *

HARLEY R. WALL has been named man-
ager of Air King’'s contract division.
In his new capacity,
Mr. Wall will con-
tact all private
brand users in the
country.

Previously Mr.
Wall was associ-
ated with Interna-
tional Detrola Cor-
poration as Sales
Manager and prior to that was con-
nected with the 8parks-Withington
Company.

* * *

BELDEN MANUFACTURING COMPANY,
Chicago manufacturers of electrical
wire and cable products, recently in-
ducted four new members into their
25-Year Club. All received watches
in recognition of their quarter-century
of service.

These four members are, H. W.

www americanradiohistorvy com

Clough, Vice-President, who joined the
company in April of 1922; Shelton
Wright, industrial sales division, who
joined a little more than a week after
Mr. Clough; Hoyne Howe, also of in-
dustrial sales, who came with the
company in May of 1922, and Thomas
P. Redmond, in charge of sales esti-
mating for the merchandise division,
an employee since December of 1922.
* * *
SIGHTMASTER CORP. of New York
has appointed Henry L. Haines and
John Cooper French as Philadelphia
representatives. Mr. Haines and Mr.
French will have offices at 1500 Wal-
nut Street, Philadelphia, Pa., where
they will be in charge of sales and dis-
tribution of the Sightmaster line of
television receivers.
*® Ed *

CARL K. NICKELL was recently ap-
pointed Vice-President in Charge of
Sales for the H. M.
Tower Corporation,
Crosley distributors
in Connecticut.

For the past two
years Mr. Nickell
was Sales Manager
for the J. N. Ceazan
Company, Crosley
distributors in San
Diego, California, and previously he
was associated with the Midland Com-
pany, of Indianapolis. Mr. Nickell is
a veteran of the radio and electric ap-
pliance industry.

* * *®
OWEN P. NANGLE, district sales man-
ager for Zenith Radio Corporation,
died recently at Grant Hospital in Chi-
cago at the age of 42.

Mr. Nangle started in radio sales in
1935, and served during the war with
the Army-Navy Expediting Production
Agency. He joined Zenith Radio Dis-
tributing Corporation in 1944 as key
account salesman in Chicago, and in
September, 1947 was appointed dis-
trict sales manager of Zenith Radio
Corporation, serving Lower Michigan
and most of Indiana.

* * *
PHILIPS B. PATTON, for the past two
years technical coordinator of the
Mobile Communications Division of
the Farnsworth Television & Radio
Corporation, has been appointed West
Coast engineering and sales represent-
ative of the Division.

Mr. Patton will make his headquar-
ters at 42 Beverly Street, in San Fran-
cisco and will represent Farnsworth’s
mobile products in California, Oregon,
Washington, and Nevada.

A native of California, Mr. Patton
was with the Western Union Tele-
graph Company in San Francisco for

RADIO NEWS
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Checks virtually all receiving type tubes, including
the nine pin types. Tuning indicator tubes are
checked by visual indication—just as if they were
operating in a set.

Tube checker “short” light remains “on” unless

there is a short. This gives constant indication of
the YTW-1’s operation.

@ Loads are so chosen that tubes “on their way out”

will show up as weak or questionable, even though
their mutual conductance may be within factory
tolerances. This is a prime advantage of the emission
check.

Where tubes have internal “jumpers” it is possible
to tell that “jumpers” are present and they are indi-
cated on the roll chart by asterisks.

Makes “‘short” tests with minimum stress on delicate
tube elements. It is possible to directly identify the
shorted elements.

@ Like numbered pins on all sockets are connected—

sockets for tubes developed in the future, easily
connected.
Roll chart is placed directly under the levers for

easy reading and fast operation and can be readily
removed for replacement.

@ The YTW-1 includes an exceptionally accurate d-c

voltmeter.

Save time—save money—speed service—order the YTW-1 today. For complete
information write: General Electric Company, Electronics Park, Syracuse, N. Y.

GENERAL @3 ELECTRIC

www americanradiohistorv com

TUBE CHECKER YTW-1
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BENDIX

100 WATT

TRANSMITTER

49.95

coverage transmitter.)
Four separate output tanks.

FOUR SEPARATE ELECTRONIC COUPLED OSCILLATORS CHECK
VALUES: Three 807 Tubes, four 125K7, one 2 inch 5 amp. RF meter, four
Separate Master oscillators. {These can be easily changed to cover 20-40-80
meters and by using crystal for the 10 meter band you will have a complete

One 4 position selector channel switch having seven sections which changes
the ECO, IPA and output tanks simultaneously. All the controls are mounted on
the front panel. The housing is cast aluminum; shields and case are sheet
aluminum. Dimensions 11 x 12 x 15 inches, weighing 35 Ibs. Complete,
\\simple instructions for conversion furnished. Complete with tubes.

THESE

110-VOLT
AC SUPERHETERODYNE RECEIVER

This crystal fixed frequency receiver comes with full conversion
instructions for variable tuning of cll ham bands ond broadcost.
A highly selective superheterodyne receiver, 110 V. A.C. power
supply built in. Using the following tubes: 6K7-—RF Amplifier;
6K8 Output and Noise Suppressor; 80 Rectifier. Dimensions—
3Vax19x11 % inches. Comes complete, brand $] 6 95
new, with one set of coils ond two sets of tubes. . .

Extrasetof €oilse..ve . veiiiiineninernennaannns $2.95

FREQUENCY METER

We have just received another shipment

BC-221

of these meters, probably our last. Com-
plete with tubes, crystal, calibration chart
{from 125kc to 20,000kc) ond guwaran-
teed occuracy of .01% or 500 cycles
whichever is greater. These are slightly
used but guoranteed

perfect and A-1........ $36'75

TRANSMITTER

Here is one of the greatest offerings in
war-surplus! Hundreds sold ot $20 and
now closed out at an amazingly low price.
Brond new. Battery operated {672 v B
and 1% v A) Frequency B8O to 105 mc.
Complete with 2—1G4 tubes and full
instruction manual. Ready fo go on the

air.
Less Batteries...... G000 R O $6'9 5

PANEL |

a

ALL METERS BRAND NEW AND

GUARANTEED

West 2 Round 0O-300 D.C.-M.A $2.97

GE 2 "Round 0O-500 D.C.-M.A. 297
Simpson 2" Round 0-15 D.C.-V. 2.97
Triplett 2° Square 0-40 D.C.-V. 297
%JE %' gound 0-300 D.C.-V. 2.97

‘ Square O-150 A.C.-V. 3.49

- 4 2

o an toms $O5¢
Washingto™ a6 00
Al order® : with
or less <©% bove

OF WASHINGTON, 0. C.

NAVY SPEAKER

Stromberg Carlson and RCA water-
proof speakers. Brand new in origi-
nal cortons. 25 Watt PM driver unit
with line matching transformer and
projector mounted in heavy duty
round metal boffle. Ideal for com-
municotion receivers and sound sys-
tems ot lowest

price ever cﬁered.$ 1 4'95

1-222 SIGNAL
GENERATOR

Brand new; Freguency from 8MC
to 230 MC in 2 bonds. Colibration
graph furnished. Crystal controlled
check points. 110V AC power sup-
ply. Output attenuotor. Dial cali-
brotion 10 points per division. A
true laboratory instrument. A $350

value $54.95

foronly.........

TS-13 HANDSET

Combining a 200
ohm carbon mike
and 2500 ohm ear-

. phone with butterfly
% switch for listen and

talk, Has &’ flexible

rubber cord with
4 1—P155 and PL68
i plugs attached.

MAGNETIC HEADPHONES

2000 ohms, 8 cords with Army

Bk e 2 $1.98

938 FSTREET. N.W. WASH.4.D. C.
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CRYSTALS!

In the greatest purchase of radio transmitting erystals ever made
by one wholesaler in the history of the Radio Parts Industry Sun
Radio acquired title to over a half million dollars ($500.000) of
Army Surplus, precision butlt, exactly tooled crystals in moisture
prool holders which are shock mounted. Please note that crystal
shipments of 6 or less are packed in cloth containers to expedite
handling. . . . No worry because all crystals are shock mounted
and guaranteed delivered perfect. All crystals have Army AMC
harmonie rating but Sun encloses directions for deriving the correct
fundamental frequency in kilocyecles.

CRYSTALS WITH A MILLION USES

Fractions Omitted

ke ke ke ke ke ke ke ke ke ke ke ke
412 420 429 437 445 457 469 479 430 497 506 516
413 422 430 438 446 458 470 481 491 498 507 518
414 423 431 440 447 459 472 483 492 501 508 519
415 424 433 441 448 462 473 484 493 502 509 522
416 425 434 442 451 463 474 485 494 503 511 523
418 426 435 443 453 466 475 487 495 504 512

413 427 436 444 468 477 488 49 505 515

euch_

Far Crystal Contralied
Signal Generators

L.F. Frequency ‘ Crystal Frequency
Standards Standards
ke ke ke 98.356kc 525ke

450 454.166  461.111|Easily altered for 100 596 388 531.944 536111
S e P g - .

051388 455556 464815 0 Srendard Mounted | o397 533333 537 500

452.777 459.259 465.277 |holder. SII66 572 538888

99¢ each | $3.89 each | 99¢ each

ASSORTED MISCELLANE-
OUS CRYSTALS

Fractions Omitted |

| FOR HAM AND GENERAL
USE

Fractions Omitted

370ke 376k 38lkc 384kc 38Tke

o ke 3k 402kc A0Sk 40Bke
391 3% 403 4 0

5 30 39¢ each 392 397 402 a7 all

priced at-a fraction of the 393 398

cost of thelr holders alone. | 3%4 401 79¢ each

« Payments must accompany order. Enclose 20c for postage and
bhandling. Minimum order—$2.00 plus postage.
o Crystals are shipped packed in cloth bags inasmuch as they are

Kshuck mounted. All shipments guaranteed.

o S

/‘

SCR-522 VHF XMTR-RCVR

The finest oll purpose equipment on the surplus market.
Tunes 100-156 MC. Don't confuse these with other in-
complete and abused 522s. Sun Radio offers electronically
perfect and guaranteed 522s ... AND COMPLETE with
tubes {one 10 tube superhet receiver with squelch circuit
and one 7 tube transmitter), remote control box, 28 volt
dynamotor {can be converted to 110V operation), 4
RS but
crystals and ALL CABLE CONNECTO $24.95

fess cables. ...vvuninennnneeeennnnans

‘»’;og]?b 5-GANG TUNING CONDENSER
= Brand new . . . 5 gang, 365 mmfd. per
section . . . a truly precision built con-
denser with ceramic insulation, A $13.50
volue in the greatest offering ever mode

in tuning condensers for$2 95
L]

ONMYevasosossosacacsasses

RADIO NEWS
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April,

Face the Facts! FM can be a Smash Hit . . . if YOU
don’t smash it — by selling the public “LAME
DUCK’’ FM tuners.

FM "“bloopers’” . . . “fly-by-night’’ FM tuners . . .
chiselling, cut-corner, half-way FM equipment
can ONLY give a black eye to FM — and to the
misguided dealer who sells them.

Why not play the proven winner . . . the FM
PILOTUNER . . . which knows no compromise on
quality! Into the Pilotuner go Pilot Radio’s more
than 30 years of experience . . . the “"know-how'’
that assures complete satisfaction—first, last and
always.

A sensation in ‘47, the amazing PILOTUNER is
headed for an even greater ‘48. Display it—pro-
mote.it . . . get your share of the new business,
extra traffic, satisfied customers! Send coupon
now for complete information.

PILOT raDpIO cOorRPORATION

37-06 36th ST., LONG ISLAND CITY, N.Y.
Makers of PILOTONE VINYLITE RECORDS + PIONEERS IN FM

1948

i
e
i
BT

o
i
G
-

Y.

6%" high,
8% wide,
i 5%" deep

EROAE 1o

Gof RUES e
Pided e

| o retail at $29.95

Slightly Higher West of Rockies

: PILOT RADIO CORP., 37-06 36th St., long Island City, N.Y..
| Send me full information concerning the FM PILOTUNER.
]
!
' NAME ------------------------------------------------
]
U ADDRESS ............... BT, . .« - o . PR AR P .
!
[
) L0 ZONE NO..... STATE........
4
]
25
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ADDS 3 NEW
LCETI

NEW MODEL 905A "SPARX"
SIGNAL TRACER AND
UNIVERSAL TEST SPEAKER

The new “SPARX" is here — the super-sensitive r.f., i.f. a.f
signal tracer, phono pick-up, microphone and speaker tester.
Like all SILVER LCETI, it goes far beyond the ordinary. Built-in
is a 6" PM speaker and 8 watt truly universal output transformer
with two panel switches give impedances of 325 thru 70,0001 single or
push-pull. In the new 905A “SPARX” you get the world’s finest signal tracer,
the world’s most universal test speaker, separately usable universal output
transformer — three instruments for the price of one.

NEW FM & TV SWEEP
SIGNAL GENERATOR

FM and TV are here — must be serviced by every technician
today. Model 909 and any good ‘scope does the TV and FM
alignment job — visvally — easily — simply — perfectly — and
fast. Three bands 2 thru 266 me., linear electronic sweep panel
variable from 40 ke. to 10 mec. It's no wonder Model 909 —
first announced in late January — is the “hottest” instrument in radio.
Model 909 is another “must”’ for every service laboratory — new Silver
inventions make it newest and by far the best. With complete instructions.

ONLY

48.50 ner

e g

NEW MODEL 910
UNIVERSAL TEST SPEAKER

Six-inch high-quality PM speaker and 8 watt truly universal
output transformer of the new “SPARX” give you any trans-
former impedance, single or push-pull, from 325 thru 70,000 ..
Panel jacks and switches permit combined or independent use
of transformer and/or high-quality 6” PM (3 £L voice coil) SR
speaker. Chart on panel instantly shows correct switch positions for 30
different jmpedances — can’t get lost. Size and style matches “VOMAX”,
906 FM/AM Signal Generator — all SILVER LCET!

< ?v LCETI — Laboratory Caliber Electronic Test Instruments.
' See them at your favorite jobber.

1 OVER 37 YEARS OF RADIO ENGINEERING ACHIEVEMENT

SEND FOR COMPLETE CATALOG. '
See these and Silver communication ch : g{

transmitters, receivers, ‘‘Micromatch’’, % ‘%% o9 W

TV preamplifier, pretuned freq. mul-

fiplier at your jobber.

EXECUTIVE OFFICES: 1240 MAIN ST., HARTFORD 3, CONN.
FACTORY GCGFFICE: 12499 MAIN S5T., HARTFORD 3, CONN.
RADIO NEWS
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Get these 2 BI1C BOOKS

you are already employed in the
great Radlo industry, you know how
great the demand is for trained. experi-
enced servicemen, oberators and tech-

P with new developments in F.M..
Television and Klectronies. The Radlo
industry is alive with opportunity for the
qualified technlcian whose knowledge is
up-to-the-minute. You can he an FM.,
» and Television speclalist . . . get into the
lucrative Iladio Service Field . owh a
business of your own. If you prefer. Nu-
tional Schools of Los Angeles. for over 40
years a practical resident and home 5mdy
trade school, haz put into eifect its New
1948 Training Program. This program,
adapted to Natlonal's Master Shop Method
Home Study Course, can qualify you in

)i4
i niclans. You know how fast the fleld is
i . growing and how Important it is to keep
uj
“"‘“‘%
;

You buitd this fine
modern Superhetere
odyne Receiver and
other units, with
the complete stand-
ard parts we send
you., This valuable
equipment becomes
yours to use and
keep.

NOW! New Professional

Multitester Included! This versatiie test-
ing instrument is portable and complete wlth
test leads and hatteries. Simple to operate, ac-
curate and dependable. You will he ahle to
quickly locate trouble and adjust the most deli-
Cate eircuits, You can use the Multitester at home

or on service calls, It is designed to measure
AC and DC volts. cuirrent. resistance and decibles.
You wili be proud to own and use this valuable
professional instrument.

ONAL 3CHOOLS your spare time as a Radio and Television

techniclan. For details of thls Program
fill out and mail the coubon below.

SHOP METHOD HOME TRAINING
FROM A TECHNICAL TRADE RESIDENT SCHOOL

NATH

National Schools brings its excluslve Shop Method of training right into your own home.
You can learn the most up-to-date approved practical training projects, systems and mod-
ern circuits from. the very beginning in your spare time. Here is sound and practical home
training—the development of experienced instructors working with students right in the
shops, NEW Television and Broadcast Studios and Experimental Laboratories of NA-
Tlol:?;.\L SCHOOLS—one of the most advanced technical trade education centers in the
worl|

Take Advantage Now of these Outstanding Features of National
Schools 1948 Training Program
-I National Schools’ 1948 Course is planned to prepare you for real success in Radio. Tele-
® visjon and Electronics.
2 Experimental equipment supplied with the Course has been completely revised to give
® you the most up-to-date practical experience with new circuits. new units, ete.
right in your own home.
New Television Lessons have been expanded to Rive
® you training In the latest developments in this im-
portant field.
4 The 1948 Course includes a Professional Multitester
® (shown above) for your use in spare or full-time

Radio work.

Send Coupon 5§, Natlonal Schools gives you advanced training—the
.

key to the better positions fn Radio. Television.

und rove to Electronics.
Experience js the best teacher. You learn by experience P You are sent standard Experimental Equipment. VETERANS
with the exclusive Natlonal Shop-Method of Home Train- YOUI’SQ" what 6. including tubes and accessories. for buildinz a It you qualify
ing.  With the apparatus semt you, you actually build modern Short Wave and Standard Broadcast Su- | for training un-
various types of standard equipment—a powerful super- YOU can do perheterodyne Receiver. All equipment becomes der G. 1. Bil

heterodvne receiver, a signal 5 your personal proberty.
r s geerstongunf suciohoscilliter, National Schools' 43 years of experience In check the coupon

in RADIO and

low power Rudio transmitter and other units. You make tests Q for a Special
. ] " Technical Trade Training . . our modern
and conduct experiments that show you the why and how of TELEVISION! shops and laboratories . . . highly trained in- Bulletin.

Radio. You understand what makes the various elements of
Electronics operate because you actually see them work for
you. Not only do you galn splendid experience by this
method of learning, but you receirve valuable equipment you
will use ou the job im the practice of your profession as a
Radio Technician. Mall the coupon and learn what this
Weans to you.

structors are back of your time-tested Training
Plans for a bLrighter future.

G. I. APPROVED

NA'I'IONAI. SCHOOI.S

T T ot S el MEMEE o TR N H
Examine the exclusive National Shop Method of Home Train- NATlONAL SCHOOLS/ Dept. RN-4 (Mall in envelope or
See for yourself how sound and practical it is. Be con- H ] e S J 4 -
{-lll:red that you ean learn Radio. Electronics. Television— I 4000 South Figueroa Street. Los Angeles 37, Callfornia paste on penny post card) l
quickly and easlly In your spare time. This trial is ABSOLUTELY i Mail mel FREE medtwo bo;)ks menu?lneduln your ad, including s sample lesson of your ]
REE. course. understand no salesman will call on me.
Mail the coupon here for the books that tell you the complete story of ' 1
National Schools Master Shop Method of Home Training in Radio. NAME AGE ]
Electronics and Television, ] B L R R R T T T T YRR PP PR PRI 1
This is the MODERN SYSTEM OF TRAINING. it matches the rapid '
prosress constantly being made in Radio. Television and Electronics. It ADDRESS ...ccieeeoshorsopesiorsetonnssassrnssossssssssisacsscsrossossssioscensssansons l
is TIME TESTED. too. XNational Schools has been training men for . l
more than a third of a century. It is the very same training that has c _ZONE
helped thousands to more pay and greater opbortunity. You owe it to | ITY ...oeoen OO b o N '
yourself-——your future—to read the book °*Your Future in Radio. 1 +s.. Check here if Veteran of World War II H
ElecD:)r:mcs and Television”—FREE to you when you send in the , T ———
cou -
23
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HOWARD W. SAMS WINS “OSCAR™ FOR
AID TO RADIO SERVICE INDUSTRY!

PHOTOFACT Publications Cited as
Outstanding Effort in Behalf of Servicemen

"For Outstanding Efforts in Behalf of the Radio Service Industry”’—reads the
citation of the first annual award bestowed on Howard W. Sams by the Federa-
tion of Radio Servicemens' Associations of Pennsylvania. The “Oscar” was pre-
sented before a group of over 600 persons, including many radio industry

The handsomeplaque awarded to Howard
W. Sams carries the inscription: ‘“The
Federation of Radio Servicemen’s Asso-
ciations of Pennsylvania Award to
Howard W. Sams in Recognition of His
Qutstanding Efforts in Behalf of the
Radio Service Industry, 1947.” The
award is a tribute to the practical use-
fulness of PHOTOFACT Publications—
the world’s finest radio service data—in-
dispensable to the Radio Serviceman.

leaders, at a banquet held on January
12, 1948, at Philadelphia’s Bellevue-
Stratford Hotel. The surprise ceremony
was arranged as a demonstration of ap-
preciation for the significant, practical
aid made available to Radio Servicemen
in PHOTOFACT Publications, and for the
efforts of the SAMS’ organization in be-
half of the Radio Service Industry. This
spontaneous demonstration marks a
milestone in the Radio Service field. It is
a healthy sign of growing recognition
of the Serviceman’s importance to the
Radio Industry.

These.Are the Award Wmnmg Service Aids that Earn More Money for You!

Own PHOTOFACT Volumes 1, 2 and 3—
world’s most complete, accurate, practical
radio service data manuals. Here is every-
thing you need for faster, easier, more profit-
able servicing—bound in easy-to-use volumes.
Exclusive Standard Notation Schematics;
photo views keyed to complete replacement
parts lists; exhaustive electrical and mechani-
cal analysis of every set covered. Brings you
right up to January 1948! Have the exclusive
advantages that are now earning bigger
profits for thousands of servicemen!

Vol. 1. All post-war models up to Jan. 1, 1947.
Vol. 2. Models from Jan. 1,1947 to July 1,1947.
Vol. 3. Models from July 1,1947 to Jan.1,1948.

YOUR PRICE, EACH VOLUME, IN 51839
EASY-TO-USE DELUXE BINDER .

nowaro w. SAMS z co., nc.
INDIAMAPOLIS &,

Radio Receiver
"~ Tube Placement Guide

Shows you exactly where to re-
place each tube in 5500 radio
models, covering 1938 to 1947
receivers. Each tube layout is
illustrated by a clear, accurate
diagram. Saves time-—elimi-
nates risky hit-and-miss meth-
ods. You’ll use this handy
pocket-sized book every single day. 192 pages,
completely indexed. Order several copies $125
now. ONLY .. .. ... .. ... ... . ... . ]

The book that shows you
the one right way to string
a dial cord. Here, for the
first time, in one handy
pocket-sized book, are all
available dial cord dia-
grams covering over 2300
receivers, 1938 through
1946. Makes dial cord restringing jobs
quick and simple. A “must” for every
service bench and tool kit.

Order your copies now. ONLY . 75(

Expori— Ad. Auriemo— B9 Braad 51, New York 4, N, ¥.—U, 5. of America

Conada— A, C, Simmaads & Sons, 301 King 5t., Eesi—Taranis, Ontaria

PHOTOFACT SERVICE

""The Service that pays for itself over and aver again®’

each).
OSend........ SAMS’ 1947 AUTOMATIC REC-
ORD CHANGER MANUAL(S) at $4.95 each.
O Send...... SAMS’ DIAL CORD STRINGING
INDIANA GUIDE(S) at $0.75 per copy.
Name. ... ..o e
Address. ... ... ...
City. ... i State. . .......

www americanradiohicetorv com

Mail This Order Form
to HOWARD W. SAMS & CO.,,

2924 E. Washington St.,
My (check) (money order) for $..... .. enclosed.

O Se
GUIDE(S) at $1.25 per copy.

0O Send PHOTOFACT Volume 3 (including Sets
Nos. 21 through 30) in DeLuxe Binder, $18.39.

0 Send Volume 2.

1947 Automatic Record
Changer Manual

Nothing like it! Complete,
accurate data on over 40
post-war models. Exclusive
exploded views, photos from
all angles. Gives full change
cycle data, information on
adjustments, service hints
and kinks, complete parts
lists. PLUS—for the first
time—complete data on
leading WIRE, RIBBON, TAPE and PAPER
DISC RECORDERS! 400 pages; hard $A95
cover; opens flat. Order now! ONLY. ... 4

INC.
Indianapolis 6, Indiana.

4444444444 SAMS’ TUBE PLACEMENT

0O Send Volume 1 ($18.39

RADIO NEWS
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...or Burning

Your business, too, is built on cus-
tomer confidence! And your reputa-
tion is too valuable to risk with
inferior or unknown products. The
cost of the parts you use in the aver-
age repair job is insignificant com-

CAPACITORS

April, 1948

Are you Building a Business

your Bridges?

Would you patronize a dentist who filled your teeth
with plaster of Paris?

Would you trust your children’s lives to a doctor who
prescribed cut-rate pills?

pared with your investment in your
reputation.

That’s why we say— YOUR CUS-
TOMERS AND YOUR REPUTA-
TION CAN AFFORD ONLY THE
BEST! . ..SPRAGUE.

*KOOLOHM
RESISTORS

o

i

e A
gt | el

* T.M. Reg.
U. S. Pat. Off.

SPRAGUE PRODUCTS COMPANY, North Adams, Mass.

JOBBING DISTRIBUTING ORGANIZATION FOR PRODUCTS OF SPRAGUE ELECTRIC CO.

Re ‘:“f KnoW You're Righty
. a

The superiority of the new Sprague type TM High-Tempera-
ture Molded Paper Capacitors didn’t happen by chance. You
can use this better unit in your work today only because of
more than four years of intensive research and one of the
largest retooling programs in Sprague’s history. That's why
we can say “The First Truly Practical Molded Paper Tubulars
are Sprague TM’s” —and it is also the reason you can use
them on any job with confidence and pride.

o Highly Heat Resistant ¢ Conservatively Rated

* Moisture Resistant ¢ Small in Size

¢ Non-inflammable ¢ Mechanically Rugged
¢ Completely Insulated

www americanradiohistorv com


www.americanradiohistory.com

PRICE ECONOMY
1 MERIT QUALITY!

In transformers the greatest economy is

found in the highest quality. It is quality

thruout that insures dependable perfor-

MERIT Model D" mance, freedom from service. But MERIT
Quality can also be had at a first saving.

Check These Values with Your Local Jobber
MERIT PLATE TRANSFORMERS

List Sec. Rms. Sec. DC oC .
Type No. Price Volts Volis Sec. M.A. ke
P-3157  $ 9.25 (660-660)F (500) 250 i
3 (550-550) (400)
B P-3159 10.00 (900-900) (750) 225
{800-800) (600)

+ Mas 40 volt bies top

Dimensions

P-3157 H. w. D. Mig.
4% 3.13/16 4% D
j P-3159 4% 3.13/16 5% D

T

B PBODESTE.O’_MERW

TELEPHONE

4427 North Clark St. Long Beach 6311  CHICAGO 40 ILL.

www americanradiohistorvy com
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SPOT RADIO NEWS

facturers “may exceed 18,500,000, com-
pared with 15,000,000 in 1946, the pre-
vious industry record.” Forty-eight
will have to go some to beat that.

ORE MORE television item that you
may have missed and might be of in-
terest. The Crosley Division of the
Avco Manufacturing Corporation, Cin-
cinnati, has come up with a gadget
that makes it possible for you to see
your home-set television screen with-
out wearing out the rug moving your
chair in front of the set. It's called a

| “Swing-a-View” picture tube. It can
| be turned from side to side over a

sixty degree angle. The gadget is al-
ready in quantity production and is
scheduled for early distribution in all
areas having television service. It en-
ables viewers to swivel the screen so
that they may watch the picture di-
rectly from any point in a room within
a 60 degree arc in front of the receiver.

ALL OF WEICH, for our money,
isn’t quite as interesting as some dope
we picked up the other day on a ham
station—J2ROC, at Nagoya, Japan.
Maybe you’'ve heard of it—it was very
much on the air during the Texas City
disaster last year. One of Japan’s
strongest amateur stations, it is op-
erated by hams in the Fifth Air Force.

| For the job it did in informing U.S.

troops with relatives in Texas City, it
earned the American Radio Relay
Certificate of Merit, but reporting
Texas City to Americans in Japan is
only one of the many things the little
station does. Indeed, it is one of the
busiest communications terminals in
the Orient, from all we hear. It’s pure
ham—operated as a spare-time hobby
by two Ajr Force captains- Stanley
Rodby and Frank Bowden. They are
Rod and Tex to their friends on both
sides of the Pacific. In a typical morn-
ing, they will complete calls to Tampa,
Florida (a worried private-first-class
wanting to talk to his sick mother);
Chicago (a sergeant who has won a
jeep in a raffle and wants his wife to
sell the family jalopy before joining
him in Japan), and Minneapolis
(strictly romance between a Tokyo
captain and his bride-to-be).

MOST CALLS are made directly over
telephone rather than through a mike
at the ham shack. The boys hook the
phone directly into their radio trans-
mitter. Thus, when a man in Nayoga
wants to talk to his wife in Wabash,
Indiana, he phones the ham shack
from his office desk and stands by for
a hook-up. Sometimes, with a station
already alerted on this end of the line,
calls go through with a speed rivalling
long distance. Helping civilians talk
with distant relatives is the same the
whole world over at times, if what Rod
and Tex report is true. There was the
case of the WAC who wanted to talk
to her mother, just for the fun of it,
and finally they got the call through.
Both mother and daughter devoted
(Continued on page 140)

RADIO NEWS
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! * Industrial
| _ =~ ELECTRONICS

ABOVE: TELEVISION offers YOU one of today's thrilling, newer 5
fields with possibilities for a bright and promising future. The
above scene shows some of the modern equipment at D.T.I.
used in preparing men for TELEVISION.

Get FREE Facts About
YOUR Future in These Fields )

SEE HOW YOU MAY MAKE REAL
MONEY, HAVE A GOOD JOB, OR
A _BUSINESS OF YOUR OWN...

Mail the coupon below and you will receive, abso-

lutely FREE, facts showing how you may get started _ F =

toward a good job or a business of your own in ; gL

RADIO or ELECTRONICS. See how readily you may One of today's most promising fields is INDUSTRIAL ELEC-

begin to realize your life-long ambition for a REAL TRONICS. D.T.I. can prepare you for this field — either at

FUTURE. See how you may make your start toward home or in our modern Chf‘cago !abc{ratories. See HC?W‘you
; B . . may get started toward this fascinating work now. Fill in —

a fll:'e;& ft{hzt algo 1r:iclud;s ciuchAmtereshf;xg.yd brazn‘c}:‘};es mail the coupon below today!

as F- adio, Broadcast Radio, Aviation Radio, 2-Way

Train Radio, Police-Cab-Truck Radio, Sound Recording. 2 TRAINING PLANS — TAKE YOUR CHOICE

TION’ 1. You may come to our modern, Chicago laboratories, where you
! NO EXPERIENCE NECESSARY train with the aid of capable instructors and some of the finest Radio-
Our Chicago Laboratory and Home Training have Elecironic equipment, We will find comfortable living quarters for
been designed to prepare you and to get you started you.
in Radio and Electronics — whether or not you have 2 . A
487 a2 higher education or previous experience. Don't o Or _‘f you prefe.r, yougmay, STUDY. AT HOME — using modern,
delay . . . mail the coupon below today! cocmmercial-type radio equipment, well illustrated lessons and HOME
MOVIES. You can do this in your SPARE TIME, without interfering
with your present job.

VALUABLE EMPLOYMENT SERVICE

When you complete either training, our effective Employ-
ment Service goes to work for you, to help you get started
toward a real future in Radio-Electronics. Don't delay!

MAIL THIS OPPORTUNITY COUPON NOW!

n a0 S S I SR EEEEEEEREERTER
@ Mr. E. B, DeVRY, President ACCEPTED FOR G.l. -1
DeForest’s Training, Inc.
< 2533 N. Ashland Ave., Dept. RN-E4 TRAINlNG e
& Chicago 14, lllinois 4
B Please show me how | may get started toward a good job or B
T business of my own in Radio-Electronics. €
8 Name Age "
A - = S— -
With our HOME TRAINING you receive actual radio parts —g Address Apt e
from which you make 133 experiments and build 7 radio
receivers . . . plus loose-leaf lessons with fold-out diagrams City Zone State &
.. . plus HOME MOVIES to help you learn easier, faster. -
If under 16, check here for If a discharged Veteran of
[ ] special information. World War 11, check here. L]

. . .
DeForest’s Tl‘ﬂll‘lll‘lg, Inc. EEEES S ESEEE NS EEENEEENS
Associated with the DeVry Corporation

CH'CAGO, ".LINOIS Builders of Electronic & Movie Equipment
April, 1948 19
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TELEVISION
COMPONENTS...

for engineers, experi-
menters, servicemen and
set builders. These genu-
ine RCA components plus
everything else youneed.

201R1, Width Control....... e
201R2, Projection size control. ...

201R3, Horizontal ||neur|'y
control .

204X1, LF. and Video conl kit. ...
20411, Filament choke,.,...,..

20878, Horizontal
synch-discriminator. ...

20101, Deflection yoke
direct view

201D2, Deflection yoke,
projection, ,

201X1, Yoke mounting hood , . ...
20201, Focus coil ,

203D1, lon trap mugne'

20471, Horiz. output transformer. .
20473, Horiz. output transfarmer
211T1, Horiz. output transformer..
21172, Horiz. output tronsfarmer..
20472, Vertical output trans
208T1, Horiz. bl-osc. tronsformer..
20872, Vertical bl-osc. trans . .. , .
20873, Horiz. bl-osc. trans

RCA 13.channel RF assembly
{complete front end for tele
receiver) . .. _.........0.i0.

IN STOCK AT ALL TIMES oll makes
and types of TV tubes. Also complete
TV set construction kits.

Be sure and visit our exhibit at the
IRE Show and see all the above on
display at Booth 19.

Mate: All prices ore Het, F.0.0.
MN.Y.C. ond ore subjeef to change
withaut notice.

I.O 3 1800

103 West 43rd St,, New York 18, Y
o e I G AT S R A |
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% Presenting latest information on the Radio Industry.

By FRED HAMILIN

Washington Editor, RADIO NEWS

IF ANYBODY ASKS YOU to guess
which is going to grow faster this year
—FM or television—you’ll probably be
nearer right if you answer, “Both.”
FM is, of course, more nearly estab-
lished with a wider sector of the pub-
lic, and growing spectacularly. But
some of the things that are happening
in television these days make it seem
a safe bet to expect anything to hap-
pen—and soon. Everybody—including

large segments of the public which the’

industry anticipated it would take
years to win—is showing signs of go-
ing for video in a bigger and bigger
way.

TO PUT IT MORE conservatively,
both these branches of the radio indus-
try are unquestionably in for a big
year. A broad hint of what’s in store
for FM was revealed not long ago
when the Radio Manufacturers Asso-
ciation, in releasing its final round-up
figures for 1947, showed that a total
of 1,175,104 FM-AM receivers were
produced during the year, as compared
with only 181,485 in 1946. FM-AM pro-
duction shows every sign of going be-
yond the 47 figure this year, assuring
an even wider listener potential. FM
stations, keeping pace, are in the four-
figure brackets as of the most recent
Federal Communications Commission
totals—1010 broadcasting stations au-
thorized.

TELEVISION SET production in
1947 was just under the total number
of FM-AM receivers made the year be-
fore. The ’47 television figure was 178,-
571 as contrasted with 6476 during '46.
But by the end of the year—and the
trend continues—television set produc-
tion had jumped from 5437 during Jan-
uary to nearly 30,000 in December.
These sets have been accepted so en-
thusiastically by the public that a
parallel rush to FCC for television
licenses is now going on. So great are
the current demands for broadcast
posts that there seems a very real
danger there will not be enough spec-
trum, as now reserved for commercial
video, to go around. Nearly one hun-
dred stations are on the air, with as
many more applications pending.

AS FOR THE BROADCASTING
end of the field—and audience ac-
ceptance—a number of surprising
things have been happening. First
place, Joe Public has decided what he

wwWw.americanradiohistorv.com

likes and has found ways of seeing it,
whether he can afford a set or not.
Second place, he's been talking televi-
sion up among his friends. Programs
have also improved. Television is
therefore reaching a surprisingly large
audience in a surprisingly short time.

INDICATIONS ARE that broadcast-
ers aren’t too eager to have the audi-
ence grow too rapidly. Few days back,
for instance, a big movie house in New
York wired radio editors that they
were going to telecast boxing bouts
from a local arena on a “giant” movie
screen. Few days later, editors were
informed that the show had been called
off. NBC, running the telecast, had
said “no” on the grounds that the
broadcast was their property and they
didn’t like the idea. The theater took
the ruling without putting up a fight.
Could be, another time, another thea-
ter would take it to court. But nobody
has seemed to want to so far in televi-
sion history, and if nobody does, you’'ll
see your telecasts, not in a movie, but
in a bar or your home.

STRAW-IN-THE-WIND as to tele-
vision’s drawing power is a recent an-
nouncement by the Veterans Adminis-
tration that they are going to use the
medium as one means of reaching vet-
erans. This is the first large-scale use
of television by a government agency.
The Administration has produced five
16-mm. sound film cartoon shorts,
ranging from one to three minutes, and
prints will be distributed from branch
offices.

IN THE EXCITEMENT and headlin-
ing being done over FM and television,
sight should not be lost of the fact that
standard broadcasting is doing nicely,
thank you. Better than its precocious
kid brothers, if you want to know.
FCC reports that the number of au-
thorized AM stations increased by 167
in the last six months of ’'47, as con-
trasted with an FM increase of only
92, and .TV’s jump from 66 to 73—
only seven. Boxcar figures featured the
year-end RMA AM round-up, for while
FM-AM sets were breaking all rec-
ords with 1,175,104, and television was
running up its score of 178,571, the
grand total RMA score on all sets was
17,695,677. AM’s made up most of the
difference. These totals are for RMA
manufacturers only. The Association
says that total production by all manu-

RADIO NEWS
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Reay April Ist—-
The Gth Edition

SALES of previous editions

offer the best evidence of

its worth.

Edition  Year  Copies sold
Ist 1937 51,000
2nd 1938 25,000
3rd 1939 55,000
4th 1941 60,000
5th 1946 75,000

Here’s what you get:

Data on correct replace-
ment parts

Circuit information
Servicing hints

Installation notes

! - IF peaks
Tube complements and
number of tubes

References to Rider, giving
volume and page number

RESERVE YOUR
COPY NOW

Mallory Radio Service Encyclopedia

Here it is—up to date—the only accurate, authorita-
tive radio service engineers guide, complete in one
volume—the Mallory Radio Service Encyclopedia,

6th Edition.

Made up in the same easy-to-use form that proved
so popular in the Sth Edition, it gives you the
complete facts on servicing all pre-war and post-war
sets . . . volume and tone controls, capacitors, and
vibrators . . . circuit information, servicing hints,
installation notes, IF peaks, tube complements and

number of tubes . .. and in addition, cross-index to
Rider by volume and page number for easy reference.
NO OTHER BOOK GIVES YOU ALL THIS IN-
FORMATION—that’s why it’s a MUST for every

radio service engineer.

25% more listings than the 5th Edition. Our ability
to supply these books is taxed to the limit. The only
way of being sure that you will get your copy quickly
is to order a copy today. Your Mallory Distributor
will reserve one for you. The cost to you is $2.00 net.
It’s the buy of the year.

THE MALLORY RADIO SERVICE ENCYCLOPEDIA

Complete—Authoritative—All in One Volume

P.R.MALLORY & CO.Inc. 4&F CAPACITORS . .. CONTROLS ... VIBRATORS ...

A L L R SWITCHES . .. RESISTORS ... RECTIFIERS . ..
VIBRAPACK* POWER SUPPLIES . . . FILTERS

APPROVED PRECISION PRODUCTS

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

April, 1948

®Reg. U. S. Pot. O,
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New SUPREME 1

1947

F M.

and Televisio
Spraveinad lnﬂ"”"’"‘m

F.M. and Television

Use this new giant manual of
factory instructions for trouble-
shooting, repairing, and alignment
of any 1947-1948 F.M. and Tele-
vision set. Covers every popular
make, including F.M. tuners. AM-
FM combinations, and all types of
television receivers. Detailed cir-
cuit diagrams, theory of operation,
test hints, alignment data, includ-
ing both meter and oscilloscope
methods. This is the material you
need to fix any modern F.M. or
Television set. Don't turn this prof-
itable work away for lack of knowl-
edge and information. Use this
newest Supreme manual to save
time and money on your very next
F.M. job. Data presented on 192
large-size pages, 834 x
11 in. Sturdy, manual- oo
style binding. Special
price, postpaid.......

B
Most - Often - Need

e ooy

Most
1048

RADIO
DIAGRAMS

tion
Y Informati

L
o N SEITHAY
L aures Y
L 2%

New 1948 Manual

Be prepared to repair quickly
all new 1948 receivers. In this
big single volume you have
clearly-printed, large sche-
matics, needed alienment data,
replacement parts lists, voltage
values and information on
stage gain, location of trimmers
and dial stringing, for almost
all recently released sets. A
worthy companion to the 7 pre-
vious volumes used by over
120,000 shrewd radio serviee-
men. New manual covers mod-
els of 42 different manufactur-
egsz. Giant size: ?’i%xll inches,
192 pages + index.
Manvflql-style binding. $2°°

—

Bargain price, only

YOU CAN SERVICE ALL OLDER RADIOS WITH
SUFREME DM GRAH MAH’HM:

. b B by ¢ LY N T -
1947 1946 1942 1940 1939 1926-1938
MOST-OFTEN-NEEDED RADIO DIAGRAMS DIAGRAMS
Each manual has between 192 and 208 pages of dia- 52 00 240 Pages
grams and service hints: large size, 8/,x11”, Price, each O Price $2.50

1941 o

Record Changer Manuals

Post-War Models

Service expertly all modern
(1945-1948) record changers.
Just follow simplified factory
instructions to make needed
adjustments and repairs. Hun-
dreds of photographs and ex-
ploded views; thousands of test
hints: service instructions for
all popular makes. Large size:
814x11”. 144 fact-filled pages.
Availableatyourjob-
ber or sent postpaid, so
special price, only. .

See Your Radio Jobber or Send Coupon —

ASH P

9 South Kedzie Ave.
16

Pre-War Models

Just what you need to repair
quickly thousands of pre-war
(before 1942) automatic record
changers, manual units, pick-
ups, wireless oscillators, record-
ers, and combinations. Hun-
dreds of mechanical and elec-
trical diagrams. Instructions
for adJuatmenta and repairs.
Most popular units of all makes.
128 large pages; size:
814x11 inches. so
Price postpaid, only —

wme Publica tions

——
PUBLISHERS OF RADIO BOOKS, MANUALS, AND DIAGRAMS
————————

L] Chicago 12, lllinois

948 and Fo Mo Manuals

BIGGEST BARGAIN IN RADIO DIAGRAMS

Make these two new mammoth volumes vour money-
saving source for data on all recently released receivers.
Learn about modern circuit developments, be ready to
repair any new radio no matter how complex. You pay
only $2.00 for each of these large manuals. With these
two volumes on your workbench there is nothing else
to buy, nothing else to pay — a whole vear of service
data and radio diagrams yours for a couple of dollars
total. Again Supreme Publications beats all competition
and gives radio servicemen greatest bargains in service
information. Read about other volumes for previous
vears described below at left. No-risk examination
granted to servicemen.

FIND ALL RADIO FAULTS DOUBLE-QUICK

You can speed-up and simplify radio repairs with
SUPREME PUBLICATIONS Manuals. Service radios
faster, better, easier, save time and money, use these
most-often-needed diagram manuals to get ahead, earn
movre per hour. For the remarkable bargain price (only
$2 for most volumes) you are assured of having in your
shop and on the job, needed diagrams and other essen-
tial repair data on 4 out of 5 sets you will ever service.
Every popular radio of all makes from old-timers to new
1948 sets, including F.M. and Television, is covered.
Clearly printed circuits, parts lists, alignment data, and
helpful service hints are the facts you need to improve
your servicing ability. Save hours each day, every day.
begin to earn more by making repairs in minutes in-
stead of hours. Let these manuals furnish vou with
diagrams for 80% of all sets. There is no need to spend
large sums for bulky, space-wasting manuals, or to buy
additional drawings every few weeks; be wise, use
SUPREME Manuals to get the most in diagrams and
service data for the smallest cost.

SATISFACTION GUARANTEED

Select Supreme Diagram Manuals and Rec-
ord Changer Books you want to examine.

Models Made by:
R.C.A., Zenith,
Philco, Sears, Fada,

Compiled by
M. N. Beitman
radio engineer,
teacher,
author, and
serviceman.

These manuals pay for
themselves with time saved
on a few jobs—after that
yvou use them FREE. See
listing in left-hand column.
Send trial coupon. Use these
manuals in your own home or
shop for 10 days at our risk.
Decide for yourself that Su-
preme Publications are the
greatest values in service
data. You must be completely
satisfied, or return manuals
and receive your money back.
Write today—24-hour ship-
ping service.

Emerson, Belmont,
Detrola, Crosley.
United Motors,
G.E.. Westinghouse,
Arvin, Majestic.
Midwest, Meck,
Olympic, Pilot,
Stewart - Warner.
Admiral, Delco.
Stromberg- Carlson,
Western Auto
Sparton, Motorola,
Wards, Gamble.
and many others.

NO

RISK TRIAL ORDER COUPON

i

E Ship the following manuals on trial under your O 1948 PRICED E
E guarantee of satisfaction or money-back. O 1947 AT ONLY &
H J New F.M. and Television Manual $2.00 | O 1946 E
H a
H O Post-War Record Changers....... 1.50 O 194) s H
941 s

[ Pre-War Record Players & Recorders 1.50 S 1940 é

.3 O I am enclosing 3......, send postpaid. 0O 1939 EACH E
1 O Send C.0.D. I am enclosing $.......... deposit. | [0 1926-1938..... $2.50 E
i H
H

1 F3 R0 660000000 60 000608000800 0008008000000800000000060000000030306008 68 H

:

' G ORRG06A6 0000 0600088686000 888000000080000000000000a 8 ARBEEEARESE b H

SUPREME PUBLICATIONS, 9 S. Kedzie Ave., Chicago 12, ILL.
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“For Unfailing Dependability

Give Me @HM" TE

You can be sure the resistors, rheostats, and tap switches
you buy will provide accurate, dependable service if they’re
made by Ohmite. Every Ohmite product is designed and
constructed to stand up under severe operating conditions
... to give extra performance ... to withstand the effects
of shock, vibration, temperature extremes, altitude, and
humidity. This extra performance is the reason thousands
of particular parts buyers are regular Ohmite customers. # Close Control

RHEOSTATS

All ceramic and metal. Winding is perma-
nently locked in vitreous, enamecl. Metal-
graphite contact brush insures perfect
contact with negligible wear on the wire.
Available in 10 sizes from 25 to 1000 watts.

@ Vitreous-Enameled
RESISTORS

Vitreous enamel permanently locks and
insulates each turn of wire on ceramic core.
Prevents shorts, conducts generated heat
away. All types and resistance values from
5 to 1500 watts.

@ High Current
TAP SWITCHES

Compact, dependable, and convenient to
operate. Heavy, one-picce ceramic body is
unaffected by arcing. Five models, A.C.
ratings 10 to 100 amperes.

Write Today for o

R Ohmite Catalog \:;“-.:‘7? }
No. 19 ) ”"\ 5
Provides 16 pages of &€ =€ 0=
useful data on the selec- S gi»
tion and application of T

rheostats, resistors, tap

switches, chokes, at- g

tenuators, and other e

equipment. -
OHMITE

MANUFACTURING COMPANY
4883 Flournoy St., Chicago 44, IIl.

S N R o0
RHEOSTATS ¢ RESISTORS « TAP SWITCHES « CHOKES « ATTENUATORS

April, 1948 15
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DEDICATED TO
THE CONSTANT
BETTERMENT
OF SOUND

ONE STANDARD
OF QUALITY
ONLY...THE
HIGHEST

250 W. 57th ST,

NEW YORK 19

1161

N. VINE ST,

HOLLYWOOD

38

ALTEC LANSING SCIENTISTS
BASIC IMPROVEMENTS IN HIGH QUALITY
SOUND REPRODUCTION IN NEW SPEAKERS

N

|

NEW 603B MULTICELL
DIA-CONE SPEAKER

The new 603B Multicell Dia-cone
speaker is as superior to the origi-
nal 603 Model as the 603 was supe-
rior to its competitors. The new
603B has a 30% larger Alnico V
i)ermanent magnet; massive circu-

ar magnetic circuit; almost 100%
increase in acoustic efficiency (2.5
db increase over the 603).

SPECIFICATIONS

Angle of Horizontal

<@ NEW MODEL 604B DUPLEX SPEAKER SHOWS
REMARKABLE EFFICIENCY AND PERFORMANCE

Authorities on sound quality—|
the experts in the broadcasting,
recording, and motion picture in-
dustries—who considered the pre-
vious Altec Lansing Duplex
speaker (the 604) as the finest two-
way speaker unit that science has
produced, were literally thunder-
struck when they listened to ‘'pre-
views'’ of the new improved Model

604B. Among outstanding new fea-
tures are: 1 cycle crossover
frequency using the new N-1000B |
network with adjustable high fre-
quency control; an exclusive Altec
Lansing development used with
the high frequency metal dia-
phragm to smooth the frequency
response beyond belief from 1,000
cycles to 16,000 cycles.

SPECIFICATIONS

Angle of Horizontal

Distribution ......... 60°
Angle of Vertical

Distribution ......... 40°
Power Rating .........

i

NEW MODEL 600 8B
DIA-CONE SPEAKER

“‘Greater quality per dollar’’ de-
scribes the new low-priced high
quality 600B Dia-cone speaker
unit. Because of the high efficiency,
small space requirements. light
weight and superior quality of re-
production, the 600B is ideal for
home use. sound reinforcement sys-
tems and industrial applications.

Network Impedance ...16 ohms
Required Amplifier

Output Impedance .,.8-16 ohms
Diameter -3
Depth .................
Weight ..

NEW 8" MODEL 4008B
DIA-CONE SPEAKER

A low-priced high quality unit
with a much higher efficiency than
is found in ordinary 8” speakers:
important in use with amplifier ca-
pable of delivering only from 5 or
6 watts. Exceptionally high power
rating results from Altec Lansing
design and use of a large Alnico V
permanent magnet.

Distribution ......... 60°
Angle of Vertical SPECIFICATIONS SPECIFICATIONS
Distribution ........ 40° .
Power Rating ......... 25 watts Power Rating ......... 20 watts Power Rating .......... 12 watts
Voice Coil Impedance. .8 ohms Voice Coil Impedance..8 ohms Voice Coil Impedance.. 8 ohms
Required Amplifier Required Amplifier Required Amplifier
Output Impedance. ...6-10 ohms Output Impedance ...6-10 ohms Output Impedance ...4-8 ohms
Voice Coil Diameter....3” Voice Coil Diameter....3” Voice Coil Diameter....13%”
Weight ................ 18 Ibs. Speaker Diameter ..... 12157 Speaker Diameter ..... 8.~
Speaker Diameter ..... 15-3/16” Depth ............. ... 5147 Speaker Depth ......... 39"
Depth ................. Weight ................ 12 lbs Weight ................ 4 1lbs.
o e e o e s - ———— —— - " = ———— - o —— —— — — e ——
SEND FOR ILLUSTRATED BROCHURE
DESCRIBING THE NEW IMPROVED LINE
OF ALTEC LANSING HIGH QUALITY SPEAKERS
NAME .o et e e e -
BUSINESS e
ADDRESS. ..o ene
CITY e STATE ... .. ...

www americanradiohistorvy com

DISCLOSE

Altec Lansing Corporation,
one of the world’s largest
makers of professional and
theatre-type speaker systems,
has announced a new, basic-
ally improved line of general
purpose, high quality
speakers. Altec scientists call
attention to the fact that these
new speakers,—constituting a
complete new line— have been
fundamentally re-engineered,
and are the result of the
application of new scientific
discoveries resulting from in-
tensive original research in
Altec Lansing laboratories;
they are not, it is emphasized,
mere modifications or ‘“‘re-
working” of present models.
The new line of speakers is
offered “with the fullest con-
viction that never before has
such a superb group of
speakers been presented to a
discriminating and quality-
conscious public.”

FREQUENCY RESPONSE
CURVES PUBLISHED IN
ILLUSTRATED BROCHURE

With the announcement of
the new line of speakers, Altec
Lansing announces that fre-
quency response curves will
be published on all its
speakers. These curves are
guaranteed to be accurate, de-
pendable and true reproduc-
tions, made on production run
speakers with equipment used
by Motion Picture Research
Council for establishing
speaker system standards in
the motion picture industry.

ALTEC

LANSING CORFORATION

USE ADDRESS NEAREST YOU: |
250 W. 57th St., New York 18 :
1161 N. Vine St., Hollywood 38 |

RADIO NEWS
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You walk into an eerie room. The
door swings shut and you're wrapped
in a silence so complete that it’s
an effort to listen. Sound in this
vault-like cavern is reduced to the
minimum of hearing,

But even silence has a sound of its
own. Faintly you hear a subdued hiss;
sometimes a soft hum. Scientists have
suggested this may be the “noise” of
molecules hitting the eardrums. Others
wonder if it is caused by the coursing
of the body’s bloodstream.

On the walls, ceiling, beneath the open,
grated floor of this RCA sound laboratory,

April, 1948

Ever hear S/LENCE ?

hangs enough heavy rug padding to cover
250 average living rooms. Sound is smoth-
ered in its folds—echoes and distortion are
wiped out.

When acoustic scientists at RCA
Laboratories want to study the actual
voice of an instrument, they take it to
this room. What they hear then is the
instrument itself —and only the instru-
ment. They get a true measure of per-
formance.

Information gained here is part of
such advances as: The “Golden Throat”
tone system found only in RCA Victor
radios and Victrola radio-phonographs
. . . superb sound systems for television

www americanradiohistorv com

...the true-to-life quality of RCA
Victor records . . . high-fidelity micro-
phones, clear voices for motion pic-
tures, public address systems, and
interoffice communications.

Research at RCA Laboratories moves

along many paths. Advanced scientifie
thinking is part of any product bearing
the names RCA, or RCA Victor.
When in Radio City, New York, be
sure to see the radio, television and
electronic wonders on display at RCA
Exhibition Hall, 36 West 49th Street.
Free admission. Radio Corporation of
America, RCA Building, Radio City,
N.Y.20.

RADIO CORPORATION of AMERICA

13
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MANCHESTER-CHANDLER HAS ALL 16

g (AND VOL. XVIl ON ORDER)

s”ccsssﬂlglu‘ © © 0000000000020 0000000000060 00000000s000

%

**No Shop
Can Give Efficient Service
Without ... These Volumes®’®

“Rider Manvals give us the authentic
data we need to locate quickly trouble
in sets brought us for repair. This speed
means time and money saved, means
Rider Manuals have been a profitable
investment for us. We feel no shop can

presentations of manufacturers’
original servicing data on Ameri-
can-made receivers issued since
1920. This is vital information.

Rider Manuals keep pace with the

. . . 3 manufacturers’' releases. Volume
give efficient service without the informa- XVII, just out, contains both FM and
tion contained in these volumes,” says AM ,:efs r;c d changers and
G. B. Manchester of the Manchester- ’ or ange

Chandler Co., Portlond, Ore.

So say successful servicemen ev-
erywhere, over whose benches you
will find well-used copies of all 16
Rider Manuals. For, during the past
seventeen years, money-making
shops have depended upon ‘‘The

wire recorders. The separate ‘“‘How
It Works’' book explains theory
and complexities of new receivers.
Hundreds of Rider-exclusive
‘‘Clarified-schematics,’’ time-saving
breakdowns of multi-band jobs,
are also in Volume XVHN.

Nowhere else but in Rider Manuals
will you find such coverage!

World’'s Greatest Compilation of
Radio Servicing Data'’ for authentic

?M NEED ALL 17—ORDER TODAY

VOLUME XVil.............. ,815.00 Record Changers and Recorders $ 9.00
Volume XVI . . <« . - 8.40 Master Index, (covering Maauals,

Volume XV . . . . .18.00  Vols. | to XV) .1.50
Volumes XIV 1o VIl (ea. vol.) . .15.00 yore. jngividual Volumes VI, Vil and Vit
Yolume VI .11.00 wilt be replaced after this year by a single

Abridged Manuals | to V (one vol.) 17.50 Abridged Manual Vol. VI to VilI.

JOHN F. RIDER, PUBLISHER, Inc., 404 Fourth Avenue, N. Y. 16
Export Agent: Rocke International Corp., 13 E. 40th St., N.Y.C. Cable ARLAB

RIDER MANUALS

¢a¢e ?om 540# the Sc9n

of Successful Servicing

12 RADIO NEWS
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April,

With %gaj'}é Famous

Sealed in Steel Construction

The clean, streamlined appearance and compactness of CT’s
new Sealed in Steel construction contribute timmeasurably to
the trim, precision-like effect of any electronic equipment.

In addition, CT Transformers provide “steel wall” pro-
tection against atmospheric moisture, efficient magnetic and
electro-static shielding, unsurpassed strength and rigidity to
withstand shock and vibration, and unusual convenience of
mounting.

Two base styles are available for most of the units in this
catalog line, one with clearly identified solder lugs in a
phenolic terminal board, the other with RMA color coded
leads, stripped and tinned for easy soldering.

The design of these new power transformers assures maxi-
mum performance with minimum physical size and minimum
temperature rise in accordance with RMA standards.

The wide range of carefully selected ratings achieves maxi-
mum flexibility of application, close matching with today’s
preferred types of tubes, and conformance with all industry
standards.

Write direct for catalog illustrating, describing and listing the
complete line, or contact your nearest radio parts jobber at once.

i

3501 ADDISON STREET o

1948

Typical

Motorola FM two-way radiotelephone

re-

ceiver utilizing Sealed in Steel Chicago Transformers.

PLATE AND FILAMENT SUPPLY TRANSFORMERS
Primary 117 Volts, 50-60 Cycles

For CAPACITOR INPUT SYSTEMS
-

Catalog
Number

PC-55
PC-70
PC-85
PC-105
PC-120
PC-150
PC-200

PR-55
PR-70
PR-85
PR-105
PR-120
PR-150
PR-200

PR-300

Also available in the Sealed in Steel constructions:

HIGH VOLTAGE
SECONDARY FILAMENTS
D.C.
AC. D.C. Volts | Rectifier No. 1 No. 2
Volts Ma. OutputVoits Amps. Volts Amps. Volts Amps.
270-0-270 55 260 5 2 63CT2 ......
335-0-335 70 320 5 2 63CT3  ......
330-0-330 85 320 5 2 63CT3 ......
345-0-345 105 320 5 2 63CT35 ......
375-0-375 120 380 5 3 63CT4 ... ..
370-0-370 150 390 5 3 63CT4 63CT 1
385-0-385 200 390 5 3 63CT45 63CT
For REACTOR INPUT SYSTEMS

| 350.0-350 55 260 5 2 63CT2
425-0-425 70 320 5 2 63CT3
440-0-440 85 325 5 2 63CT3
445-0-445 105 325 5 2 6.3CT35
500-0-500 120 400 5 3 63CT4 o0 0
505.0-505 150 400 5 3 63CT4 6.3CT 1
520-0-520 200 410 5 3 63CT45 63CT1
550-370-75-0

-75-370-550 300 425 5 & 63CT5 6.3CT 1

FILTER REACTORS with current ratings to match power transformers above.
FILAMENT TRANSFORMERS to meet o wide range of modern tube
requirements.
AUDIO TRANSFORMERS — Input, Output,
provide uniformly high fidelity response in three frequency ranges: 30-15,000
cycles, 50-10,000 cyctes, and 200-3,500 cycles.

CHICAGO 18, ILLINOIS

WWW americanradiohistorv com

Driver, and Modvulation — that
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LOOKING FOR

HIGH
FIDELITY

g4
Characteristic of%g:é New Full

INPUT TRANSFORMERS

(CoTes —Tr —TrpedEneE W Power Frequency Range Input and Output Transformers
_N°_L oy > ,fg%g;{:;f;fﬂcﬁ Cevell ol They provide response within 14 db over the full range from
i € ol *Pri. — ohms . .
Bl-1 ”;:F}f’ G,I,?gs y ' _______ 4‘5&‘_501000 ohms CT.... 20 dbm. 30 to 15,000 cycles ... and response within +1 db up to 20,000
53 g GSrn‘ndgsle or zg;i':ggo&)lg%hﬂ'smérﬂ e cycles. That’s tested performance . . . not just a curve.
Line bridging to *Pri. —8,000/6,000 ohms CT ) Their percentage of distortion is exceptionally low over the
BF3 PP [Gridsyy ooy B :,S,ﬁ_':zg’é)/()l‘)sg'gf,;fzf -~ t20dbm. full range . . . at low as well as high frequencies.
BI-4 Line to line........... zieg.:zggﬁgg :#msscgj.. +-20 dbm. They're Sealed in Steel to protect the delicate, fine wire
r m . . . . . . .
BI-5 Line to line....... ... »Sec.—-goonso ohnésTCT.. +30 dbm. coil windings against corrosion by atmospheric moisture. The
Interstage—P.P_ Plates to *Pri.—20,000 ohms 3 jev
Bl-6  Single or P.P. Grids.. *Sec.—50,000 ohms CT.... 20 dbm. drawn steel cases are compact and streamlined . . . help achieve
- e e N a clean, uncluttered appearance for any gear.
Cataiog TR e Input units have hum-bucking core construction and addi-
No. Agplicatign Primary—Secondary Level tional inner cases of special alloy for hum shielding of —70 dbm
Pri.—15,000 ohms at 0 to | or better.
10 ma d-c........
BO-1 Single Plate to Line.... *Sec.—600/150 ohms CT.. 20 dbm. o
502 “Pri. —20,000 ohms CT. ... For 250-watt, 1-KW, and 5-KW Transmitters
-2 P.F. Plates to Line..... *Sec.—600/150 ohms CT 30 dbm. . .
8o ) *Pri.—S,OO()lohms cT..... Matched sets of Driver and Modulation Transformers, and
2" I3 PR B ~,§$§‘:‘§f’§’<{oi‘,’,m‘§“’c"%_°ﬁ; +40 dbm. | Modulation Reactors, Response within +1 db over the Full
180-4 P.P. Plates to Line ... 0355'_?80035%;::1&”” +43 dbm, Frequency Range of 30 to 15,000 cycles. Distortion very low . ..
Sec.—600/150 ohms CT; well within FCC limits for transmitters.
BO-5 P.P. Plates to Line..... 16/8/4 ohms...... —+37 dbm. |

“THas tertiary winding to provide 15% inverse feedback.
*Split and balanced windings.

Distributorships for this new stock line are now being established.
For full information, see your radio parts jobber or write direct.

ADDISON STREET + CHICAGO 18, ILLINOIS

= 3501

10 RADIO NEWS
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“ALLIED’S NEW

1948 RADIO CATALOG

172 VALUE-PACKED PAGES

B Sem({m ¢z noor!

The Preferred Radio Buying Guide

It’s off the press—the new 1948 ALLIED Radio Catalog!
Get the Radio Buying Guide that’s used by thousands
of expert servicemen, engineers, soundmen, Amateurs,
builders and experimenters. The new ALLIED Catalog—
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TEN YEARS OF PROGRESS

AS WE go to press with this issue,
we look back over the past ten
years to April, 1938. That was the
date that Ziff-Davis took over the pub-
lishing of Rapio News. It appeared at
that time that radio had about reached
its ultimate objective as an entertain-
ment medium. The art of television
was still in an experimental stage and
no one could venture a guess as to
when video would become a reality.
Early television programs were quite
satisfactory, considering that few
were engaged in any serious research
and those who witnessed those early
pictures felt that some day they too
would like a television receiver in
their homes.

The outbreak of war applied a quick
brake to any further development of
television except for military pur-
poses. Now, ten years later, we find
that the entire radio-electronic indus-
try is beginning to feel the impact
from the rapid acceptance of video by
the public. It has been reliably pre-
dicted that by the end of this year
nearly 40% of our population will be
within range of at least one television
station.

As new transmitters loom on the
horizon, more and more service tech-
nicians will realize that they have, at
their finger tips, a real opportunity to
take an active part in the fastest
growing industry of our time. We
know of several groups of advanced
radio technicians who have already
formed small groups to handle the de-
mands for installation and mainte-
nance of TV sets in the larger cities
such as Chicago, New York, Los An-
geles, etc.

We, too, are bending our efforts to
satisfy the ever-increasing demand for
more and more technical information
for our expanding readership.

We recognize the fact that we must,
at all times, keep pace with our indus-
try and broaden our service to our
readers and advertisers. Itis fact, not
fancy, that editorial material is ap-
pearing each month in Rapio News in
ever increasing quantity. We have
continuously assigned top quality au-
thors to present specialized material
in such a manner as to be of greatest
help to the majority of radio-elec-
tronic minded readers.

Paper shortages have long prevent-
ed us from printing enough copies of
Rapio NEws every month to satisfy an
ever increasing readership. This sit-
uation has been somewhat relieved. As
a result we go to press with a run of
over 252,000 copies. This represents

www.americanradiohistorv.com

about five times the number of copies
that came off the presses ten years
ago in April, 1938. Of even more im-
portance to our readers and advertis-
ers is that because of their continued
interest and support we have been able
to give them much more editorial ma-
terial each month than any other sim-
ilar publication.

Many new advertisers have come in-
to Rabpro News, but the additional
number of pages required for these
new accounts has resulted in an addi-
tional quota of editorial space for new
features and departments, such as
“Mac’s Radio Service Shop.” Don’t let
that title fool you. The series is jam-
packed with some well founded advice,
not from a fiction writer, but from an
established radio serviceman who has
learned radio the hard way. Don't
miss it!

Our follow-up article on the Record-
ing Amplifier, (page 54, January, 1948,
Rapio NEws) is scheduled for the next
issue. We will have a separate Dynam-
ic Noise Suppressor unit all complete
and ready for you constructors of au-
dio equipment. And we have improved
the circuit of the record-reproduce
amplifier as the result of exhaustive
tests on all types of records, etc. Watch
for the complete data in next month’s
issue.

Don’t miss Milton Kiver’'s excel-
lent article on TV set comparisons in
this issue. You'll be needing such in-
formation almost before you realize it.

We have assigned a new series of
articles on sound and p.a. to one of the
country’s outstanding audio engineers.
This series will tell you how to select
and install every known type of equip-
ment designed for the distribution of
sound and how to conduct a profitable
business along these lines. This is
scheduled to start in an early issue.

There is a definite trend toward cus-
tom built tuners and audio equipment
in many cities. Many servicemen are
already specializing on such installa-
tions. Handsome profits may be made
from the sale of AM-FM tuners and
quality amplifiers. In fact, many new
homes are now being built with special
provisions for the installation of such
equipment. Complete data is now be-
ing compiled on a wide assortment of
these units and is scheduled to appear
soon.

We look forward to other new uses
for radio, electronics, television, and
facsimile in future years with optimis-
tic enthusiasm. Yes—the vacuum tube
will continue to be man’s most useful
servant. covceeeneeineaneaaa.....OR.
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amplifier does not possess a bridging
transformer. This special pad of-
fers high impedance to the source,
generally 20,000 ohms, and presents a
lower impedance, usually 600 ohms, to
the amplifier input terminals. How-
ever, any manner of impedance ratio
can be engineered into these pads, in
accordance with the equipment re-
quirements. The high degree of isola-
tion thus afforded the main circuit
prevents any noise being introduced
from the auxiliary amplifier or other
device bridged.

In order to properly guide anyone
in the choice of an attenuator for a
specific application problem, the phys-
ical forms in which attenuators are
most generally fabricated should be
considered. Possibly, because they are
an outgrowth of the old rheostats
used in the early days of radio, they
are most frequently made in a circu-
lar form, with diameters varying from
1.75” to 3.5", governed by the me-
chanical requirements of parts and
contact placement. The rotary mo-
tion approximates 345 degrees of arc.
These are most generally used. How-
ever, the comparatively new sector
attenuator, illustrated in Fig. 6, has
been used in many complex theatre
installations (Fig. 1). Straight line
motion, ease of controlling more than
one unit with each hand, fast adjust-
ment and the ability to gang several
for simultaneous operation has made
this unit extremely popular. Formerly
there was an attempt to translate the
rotary motion to a linear one through
the use of pulleys and cords, as shown
some while ago in a Hollywood mix-
ing and re-recording installation, but
this makeshift is no longer necessary.
Another very recent use of the sector
attenuator was to mount it on the
familiar transcription playback ma-
chine so the operator could release
the cued record and open his gain
with the motion of one hand with
imperceptible time loss. ABC has
made a number of these installations,
with great operating success.

Electrically, modern attenuators
can be grouped into four main classi-
fications. (Of these, two classes are
variations of each other.) These are
the ladder, tee, bridged tee, and po-
tentiometer. It may be well to refer
to Figs. 2 and 5B, to review the elec-
trical differences among these units.
Although at one time or another addi-
tional forms of attenuators have been
made, these have been discarded as
outmoded, because of their perform-
ance, now considered inferior. Circuit
position is the dominant factor in the
selection of the correct attenuator.
The salient points are:

The ladder, Fig. 2C, has but one row
of contacts and moving arm. It is
easy to operate, possesses smooth mo-
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Fig. 4. Daven type LAC 720 tone compensating ladder attenuator. Notice
the five extra contacts to convert this unit to a straight ladder if desired.

tion, is quiet electrically and mechani-
cally and relatively low in cost. But
since it offers an insertion loss of 6 db.,
and because this means cutting in
half the gain of the source signal,
additional amplification is necessary.
If the impedance ratio of the ladder
can be made 1:2, then the insertion
loss becomes 2 db. This change in
impedance ratio is also an undesir-
able factor. A special case of zero
insertion loss ladder has been made,
but it is costly and mechanically com-
plex, and therefore has not met with
wide commercial acceptance.

The tee pad of Fig. 2B requires two
or three sets of contacts. The latter is
for the pure tee, but no collector rings
are used. While it is possibly a bit
harder to rotate, the advantages of
a zero insertion loss and smoother
impedance characteristics favor the

selection of this form of control. The
bridged tee offers smoother over-all
impedance characteristics when the
brush shunts a pair of contacts and
requires fewer resistors in its con-
struction. Consequently, it is cheaper
to make than the tee pad, but the
latter is the more accurate and better
for the precision measurement of
laboratory equipment.

The potentiometer, as its name im-
plies, is a voltage measuring device,
and is usually found in high imped-
ance installations. Similar to the lad-
der in physical appearance (Fig. 2A),
these units can be made compara-
tively economically, commensurate
with their accuracy and the smooth-
ness of control they afford. It is ap-
parent that the load side of the po-
tentiometer offers a varying imped-
ance, and unless this can be accepted,

Fig. 5. (A) Tone compensated ladder, simple form. (B) Bridged
Tee attenuator. Note that both resistors vary simultaneously.
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Fig. 6. The Sector or Slide Atten-
uator introduced by Tech Laborator-
ies. Any electrical confiquration can
be built in this mechanical form.

its compensated form must be used.
However any type of compensation
presents serious frequency discrimi-
nation even at audio frequencies, due
to the series resistors, and the at-
tendant Miller effect in the grid cir-
cuit to which it is connected. (See
Fig. 7B.)

Fifteen years ago, mixer circuits
were almost universally of the low
level variety, that is, mixing took
place right after the microphone, and
before any amplification had been in-
serted into the system. This was prac-
tical then, as most microphones were
not of the highest fidelity, possessed
higher output than now, and the
noises introduced by the mixer were
not so noticeable. With the accept-
ance and universal use of the wide
range, high fidelity, low output micro-
phone and transcription reproducer,
some form of pre-amplification became
essential. Mixer circuits then were
moved to a higher level position in the
speech input installation, and this is
the generally accepted form today.
Consequently, we shall consider such

mixers here with the exception of
those mixers used in some forms of
remote broadcasting pickup equip-
ment, where low level mixing still
persists, for economy of pre-ampli-
fiers required and power drain upon
the battery power supply frequently
employed for this form of equipment.
The ladder is almost universally used
for low level mixing circuits because
it tends to be quieter. An attenuator’s
noise, along with the signal, receives
the effect of the full system amplifica-
tion so consideration must be given to
noise characteristics. Today it is pos-
sible to make attenuators so quiet
that the only noise they introduce is
that of thermal agitation of compon-
ent resistors. Even this is less than
that due to thermal agitation tube
noises. However, the ladder is also
used in high level mixing where cost
of components is a consideration and
where ease of rotation is desirable.
If the mixing installation is a large
one, and the inclusion of ladder at-
tenuators will tend to increase the
loss of the mixer, then bridged tee
pads are to be recommended. They
are the better of the two for this serv-
ice, and frequently are used as master
gain controls. But as already noted,
in complete console construction mas-
ter gain control is frequently a po-
tentiometer. Noise voltages intro-
duced by the controls are smaller in
high level mixing, and, with a suitable
form of internal wiring, the noise can
be made to decrease with the signal
as added loss is inserted in the circuit.

Perhaps because of the lack of de-
scription in the makers’ catalogues,
a great deal of misunderstanding ex-
ists as to what differentiates a linear
from a tapered control, and where
each should be used.

A linear control is just what its
name implies—the loss it introduces

Fig. 7. (A) Electrical connections of the LAC 720 shown in Fig. 4. (B) Schematic
of the compensated potentiometer. Build-out resistors keep total impedance constant.
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is a linear function, and increases an
identical amount for each step of ro-
tation. Thus the amount of loss in-
serted is uniform for each increment
of motion of the knob, and the total
loss is as stated on the nameplate of
the unit. Smooth opening and closing
of a program is impossible if the
control used has a loss of 40 decibels,
and the circuit has a sound level of
about 60 decibels above the thresh-
hold of hearing. The first step will
be up 20 decibels from silence, clearly
an undesirable condition.

The tapered control, on the other
hand, offers a uniform amount of at-
tenuation per step for approximately
70-75 per-cent of its travel, and then
increasing amounts for each extra
step of attentuation, so that the over-
all loss it is possible to introduce into
the circuit is far and above that of
a similar linear control of like number
of steps and loss per step. Electrical
smoothness of operation of the con-
trolled circuit is thus afforded, with-
out any sudden jump from no signal
to one of appreciable level. It should
be mentioned here that while tapered
controls of only 20 steps are quite
common, smoother operation, espe-
cially on tones of long sustained dura-
tion is afforded by controls of 30 or
more steps. Thus, in selecting con-
trols for a deluxe mixer, the control
having the greater number of steps is
more than proportionately desirable.

While the master gain control has
usually been selected from among the
linear controls offered, the writer
from his years of operational and con-
sulting experience recommends that
this too be tapered, with one excep-
tion, and that is for the system master
in network operation, where this con-
trol is used only to compensate for
line level losses. All studio masters
should be tapered so that the mixing
operator can then open or close his
show with a multiplicity of micro-
phones in use at their preset levels
without having to manipulate a num-
ber of controls simultaneously. Those
stations and studios that have fol-
lowed this recommendation are more
than pleased with the operating fa-
cility it provided.

What is probably the next most con-
fusing problem in selecting an atten-
uator is what loss per step to buy.
This is not a problem simply solved.
It involves many factors. Still some
points can be mentioned for guidance.
The over-all gain of the amplifiers
installed, the level of the sources be-
ing mixed and the outgoing level,
whether feeding a line or a recording
head all bear on this problem. It can
be stated that generally the low cost
mixer can be designed with controls of
the tapered variety offering loss of

(Continued on page 21)
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Fig. 1, Liquidilled variable con-
denser components. Capacity range
—36 to 220 mmid. Working voltage,
5000 peak: puncture voltage, 8500
peak; frequency. 2 mc.: temperature.
—58 to +85°C.. spacing. .030 inch:
power factor, .0001 to .000S.

lication commented on the desira-
bility of utilizing oil as a dielectric
for high power variable capacitors.

lN 1924 a Bureau of Standards pub-

The reference stated that *. . . using
ordinary petroleum oils about doubles
the capacity. Condensers with oil as
a dielectric are very well suited for
power condensers. The breakdown
voltage is very high, dielectric and
brush losses low, and on account of
the high dielectric constant of some
oils, it is easy to get a large capacity
in moderate volume.”

While this statement is undoubtedly
true under certain conditions, the rig-
ors of most practical applications have
seriously limited the use of variable
capacitors with liquid dielectrics.
Questions of operating frequency, tem-
perature range, losses, and mainte-
nance have in general remained indefi-
nite, and a host of misconceptions as
to the electrical properties of various
liquid insulators have become the basis
of much skepticism as to their prac-
ticability and utility in radio frequency
condensers.

There are several fields of electrical
engineering wherein the use of petro-
leum oils has been developed to a high
level. The use of oil in circuit break-
ers, switches, insulating bushings,
transformers and high voltage cables
has been thoroughly discussed in the
literature. However, all of the appli-
cations referred to are limited in op-
erating frequency to several hundred
cycles. Moreover, the oil in many
cases has been used as a cooling me-
dium (transformers) or an arc quench-
ing medium (circuit breakers and
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Liquid Dielectrics
for Variable Condensers

By Sidney Wald

Aviation Equipment Engineer, RCA

Results of tests and recommendations concerning
the use of liquid dielectrics in variable capacitors.

switches). In some applications of
power-engineering, oils are used in
high voltage underground cables to
reinforce the insulating properties of
paper as a dielectric and to increase
the breakdown potential of the cable.
Examples have been cited where oil-
filled cables are being operated at volt-
ages up to 130 kv. In all of these low
frequency power applications, permit-
tivity has been unimportant except as
the lower values would be more de-
sirable to reduce the displacement
current.

In the electronics field various di-
electric liquids are used as saturants
and fillers for paper capacitors. Three
types of liquids in general use include
mineral oil, castor oil, and chlorinated
diphenyl compounds. These capacitors
have not been used or recommended
for critical tuning applications or at
radio frequencies. They are used as
low frquency by-pass and buffer ca-

ENGINEERING DEPT.
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pacitators where the principal require-
ments are high capacity and high di-
electric strength. For example, castor
oil filled capacitors may lose as much
as 20 per-cent of their capacity when
the temperature drops to —50° C. Py-
ranol capacitors suffer a loss of capac-
ity at low temperatures.

The principal advantage of the Py-
ranol type of liquid is its non-inflam-
mability. Neither castor oil nor the
chlorinated compounds are suitable
for exacting or critical applications
due to their rapid change of electrical
and physical constants with tempera-
ture and frequency. It may be noted
in passing that oil-filled paper capaci-
tors are not self-healing, that is, the
first flash-over destroys the unit.

Variable \ir Capacitors

This form of capacitor for radio fre-
quency resonant circuits has been the
accepted standard of excellence up to

7
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Fig. 2. Equivalent circuit of test capacitor.

and including the present state of the
art. Some of the more familiar ad-
vantages of the air capacitors are:

1. Stability of capacity with changes
in temperature, pressure, humidity,
composition of air, frequency and ap-
plied voltage.

2. Extremely low power loss or very
high @ (over 10,000). The power loss
of an air capacitor is not due to the
loss in the air dielectric but to the
parts involved in mechanical construc-
tion such as plates, supports, solid in-
sulation and terminals,

3. Low cost and ease of fabrication.

4. Self-healing after breakdown.

The disadvantages include low ca-
pacity for a given size, and relatively
low breakdown voltage gradient. (For
large spacings, this voltage is approx-
imately 31 kv. (max.) per centimeter
at sea level. This reduces to about 6
kv. per centimeter at 40,000 feet of
altitude at room temperature.)

For airborne communication trans-
mitters, variable tuning capacitors are
required in the frequency range of 1
to 20 megacycles. These units must be
small in size and weight, have rel-
atively high capacity and withstand
high r.f. voltages at altitudes up to
50,000 feet. Capacitors with air di-
electric become extremely large and
heavy for this application. It is, of
course, commercially feasible to con-
struct high pressure variable air ca-
pacitors to withstand high voltage,
but these units are bulky and again

have a very poor capacity/size ratio.
Generally, compressed gas capacitors
require intermittent pumping to main-
tain the required pressure.

Since liquid dielectrics possess the
desirable electrical characteristics of
high capacity per unit size together
with high dielectric strength for short
gaps, they would appear to be a good
solution to the aircraft condenser
problem.

In order for variable tuning ca-
pacitors to function properly in mod-
ern high altitude aircraft, they must
be capable of maintaining constant
capacity, low loss, high dielectric
strength, and long life under the fol-
lowing conditions:

1. Temperature range of —55°C.
to 4+85°C.

2. External barometric pressure
from sea level to that existing at 50,-
000 feet altitude.

3. Humidity variations up to tem-
porary immersion in salt water.

4. Frequency range from 1 to 10
me. (for present requirements).

5. Capacity up to 600 micromicro-
farads.

6. High current carrying ability
(up to 20 amps. r.m.s.).

There are many liquid dielectrics
capable of fulfilling some of these con-
ditions, but usually they are deficient
in one or more of the remaining re-
quirements. In terms of physical
properties of liquids, the specifications
call for a freezing or pour point well
below —50°C. and low vapor pressure
at 485°C. )

The liquid should be non-inflam-
mable or possibly no more dangerous
to handle than ordinary Kkerosene.
The flash point should not be under
100°F. Finally, the material should
be non-toxic and capable of being
maintained at elevated temperatures
for long periods of time in a hermeti-
cally sealed enclosure.

The most desirable fluids would be

Table 1. Physical properties of various dielectric fluids.
| { Flash Pt. . . | Vol. Coeﬁ Ofog-x
. Supplier (RDistigl(,: °((::1 'ére%g étnilgae (S;pecx_tzc I}E(:;];ll;:t l()){ (_p%nts;oi/ao)
; ange®C. (?up . °C. ravity Fr g Pt. (30 to + 85)
10-C General
Transil Oil. Electric 250-400| 135 —40°C. |0.0008 0.00107
Mineral Ins.
Oil—Light..|Sun Qil Co. 132 —45°C.
Univolt Std. Oil of
No. 35....| N.J. 149 —40°C.
T-76 Oil.. . .|Socony Vac.
N.Y. 104 —55°C.
Sun Spirits.|Sun Oil Co. [149-207| 38 49 | 0.811
Special
Heavy
Spirits Atlantic f
No. 58. . ..|Ref. Co. 186-235] 64 60 | 0.811
Fluid No. |Dow-Corning B.P. 316 no effect on
500 5 centi- Chemical Co.l 120 at |rubber or elas- | 0.918 | —70°C. | 0.001095 at
stokes. . .. L4mm. tomers 3°0C.
Instrument |Gulf Refining | l 0.000656
Oil “A”...| Co. 135 ’ —50°C. 0.000704
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those with low permanent dipole mo-
ment and high permittivity (large in-
duced dipole polarization). This com-
bination would yield a liquid having
little temperature sensitivity and good
dielectric constant with low power fac-
tor over a wide frequency range. Ad-
ditional requirements are, of course,
low freezing point, low coefficient of
volumetric expansion, high boiling
point, and negligible reaction with the
shaft seal in the hermetically sealed
container.

The most common group of sub-
stances meeting the above require-
ments and which are liquid at ordi-
nary temperatures are the petroleum
hydrocarbons.®? These liquids are of
two distinct origins. One group is de-
rived from naphthenic crude petrol-
eum, the other from paraffin crudes.
In general, the pour point (low tem-
perature solidification) of the naph-
thenic distillates is much lower than
that of the paraffin base distillates.
Consequently, other factors being
equal, it is more desirable to utilize
the former for low temperature work.

Petroleum distillates have the addi-
tional advantage of being composed
principally of mixtures of saturated
hydrocarbons, few double bond earbon
atoms being available to take on oxy-
gen or other elements. Prolonged
heating at about 100°C. in contact
with air will cause these liquids to
oxidize slowly. In order to prevent all
oxidization and deterioration the lig-
uid must completely fill a hermetically
sealed container with no exposure to
atmospheric oxygen. Units which are
not subject to vibration or overturn
(i.e. for stationary use) may employ
an inert gas such as nitrogen in con-
tact with the fluid.

Liquids like Pyranol, styrene mon-
omer, castor oil, halowax oil, and
chlorinated naphthalene were consid-
ered unsuitable for various reasons
such as high freezing point, thermal
instability at prolonged high temper-
atures, or excessive variation of di-
electric constant with changes in am-
bient temperature.

Since some of the most important
requirements are mechanical in na-
ture, a large group of liquids was im-
mediately excluded. All liquids to be
checked electrically must have a pour
point below —50°C., and not more
than about 125 mm. vapor pressure at
85°C.

After selection of the liquids to be
tested, they must each be processed or
purified to make them useful as di-
electric liquids. There are three dis-
tinet factors involved in processing
the fluid.

1. Removal of solids, such as lint,
fibers, and colloidal particles.?

2. Removal of moisture (colloidal
and dissolved water.
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3. Elimination of dissolved gases
(including air and CO,)}.

'Tests Performed

1. Spark-over voltage at approx-
imately 2000 kc. vs. temperature at
constant pressure. Comparison of 60
cycle and r.f. values.

2. @ vs. frequency at room temp.

3. @ vs. temp. at 2 and 9 mc.

4. Dielectric constant vs. temp.

5. Dielectric constant vs, freq.

Test Methods

In order to arrive at the dielectric
constant and losses of a liquid dielec-
tric, it is necessary to utilize the liquid
as a filler in a parallel plate air ca-
pacitor whose characteristics are
known. In this tase a type APC
(brass plates, silver plated) Hammar-
lund double bearing capacitor with
dry capacity of approximately 106
pufd. and 0.025 to 0.030 inch spacing
was chosen. This capacitor was in-
stalled in a pint-size glass mason jar
fitted with mycalex lid and neoprene
lid gasket. Besides the capacitor ter-
minal studs, the lid contained a neo-
prene bushed hole for a thermometer.
See Fig. 3.

A Boonton Type 160A @ meter was
the basic measuring instrument used
to determine the losses and dielectric
constant of the various insulating
liquids.

In order to secure controlled tem-
perature variation, the test capacitor
with fluid and thermometer immersed
is set in a “dry ice” bath until the
indicated fluid temperature is below
—55°C. Then the test capacitor is
checked on the @ meter while the
temperature rises slowly to the am-
bient value.

For temperatures between ambient
(25-30°C.) and 85°C. a thermostati-
cally controlled Weber oven is used to
bring the test cell up to the high
temperature. The jar is removed
from the oven, transferred to the @
meter, and measurements made as
the temperature falls to the ambient
value.

Formulas

In using the @ meter to determine
@ and dielectric constant K the @
meter is resonated at 2 me. with a
test coil whose @ is about 250. Read-
ings C, and @, are recorded. The
test capacitor is connected across the
capacity terminals, and the @ meter
is again tuned to resonance.

New readings of @, and C, are re-
corded.

eI &
=T X&Xg M

where @, = @ of unknown liquid and
capacitor assembly. The dielectric
constant K of the liquid is:

Qx
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G -G

K = C

2
where C, = dry capacity of the test
cell.

Due to the unavoidable series dis-
tributed inductance of the test capac-
itor, high frequency measurements are
in error to a certain degree because
of approach of series resonance. In
order to correct for the inductance of
the capacitor and leads, we make use
of the equivalent circuit shown in
Fig. 2.

The inductance of the capacitor is
found by short circuiting the plates
at the center and measuring the in-
ductance in series with a larger stand-

ard coil. Then:

253 X 101 (Cy — C)
k=""rpcuc @
where:

L, = series inductance microhenries

C,=@ meter setting with L,
shorted out (ppfd).

C,= @ meter setting with L, in
series with larger coil (pufd).

= frequency (kc.).

Once the residual inductance L, is
known, the true capacity may be ob-
tained from the apparent measured
capacity by:
Xey = Xe, + X1
where:

X., = true capacitive reactance

X., — measured capacitive re-
actance ‘

X, = inductive reactance of capac-
itor = L,

C,=1/X_, = true capacity

If it is desirable to arrive at the true
@ of the liquid rather than the result-
ant of the liquid and container and
capacitor, the following formula may
be used:

Q1 Qs

TERMINALS N THERMOMETER
MYCALEX CLAMPING
Lo RING

<
-4
% 7
4 — i
Z = 7
NEOPRENE -/ — 7 te—GLASS
GASKET — ~/] CONTAINER
7 g
5 4
7 —— v
’ — /
7 7
7 Zi
7 L
z 7
z -
/ ~ 7
2 7
72
GITTI 77777770777 L7
Lorzzrriz2272, Y,

Fig. 3. Test Capacitor.

Q, = @ of empty test capacitor in
container (corrected for inductance of
leads)

@, = Q of filled capacitor (corrected
for inductance of leads)

K = true dielectric constant of
liquid (checked at a frequency less
than 1/10 of the resonant frequency
of the filled unit)

Q, = true @ of liquid.

For a low loss test capacitor this
correction will be small and is given
here if extreme accuracy in the de-
termination of @ is required.

The apparent high frequency @ of
the filled capacitor is in error (too
low) because of the effect of the in-
ductance of the leads. This is an ap-
preciable error and must be corrected
to obtain the true value.

The true high frequency @ of the -
capacitor is:

Q

th:T——";T‘""""'(G)

where:
Q;; = true @ of capacitor at a fre-
quency approaching natural resonance

S Q — Q:/K "~ ° ®) (Continued om page 25)
Table III. Tabulated results of tests at 9 mc. except for 4 columns at
right, which are at 2 me. Q values given are for the complete assembly.
%) Measured Q at Q at 2 mc.
o Edfa _—i (Measured) |
gy |£5% N
Eg +g Minimum | Inimum
- =828 Q2 .) at
Ligid |58 | DR8] 55| 420 485 | Qatlemp- | g5 | 435|455 | Temp, Faed,
HE £
S2|1018
58| & | ;
Atlantic {
Special....... 2.10/—11 | 660 | 650 | 720 620 at —40
Heavy Spirits |
Sun Min. Ins. |
GOil Light..... 2.30|—6 ‘ 230 | 450 | 670 1150 at —10j 230 {1400 1800/ 100 at —25
E 10-C I
Transil Oil. . .|2.26| -7 200 | 470 | 560 i\130 at —15 |
Esso Univolt | \
No. 35 Oil....|2.26| -7 300 | 450 | 580 (120 at —25
Gulf Instru- | Over,
ment Oil “A”.]|2.25/—6.5| 280 | 550 | 610 [190 at —15] 300 |2600| 4000 200 at —30
Dow-Corning ‘
Fluid No. 500 Over
5¢s. Viscosity.| 2,771 —23 | 236 | 785 | 900 1236 at —55| 650 '3500| 6000/ 650 at —55
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Fig. 1. Over-all view of
complete unit. High-voltage
supply is in the foreground.

LGRAM-

A New Projection
Television Nystem

COMPACT, light weight, ef-
A ficient projection television sys-

tem producing a clear 12 x 16
inch image from a 1.4 x 1.86 inch pic-
ture on the face of a new magnetic 2.5
inch cathode-ray tube was shown for
the first time in this country at the New
York Radio Engineering Show. Desig-
nated by the trademark Protelgram, the
system consists of three small units: a
short cathode-ray tube 3NP4, a metal
optical box with foeusing and deflection
coils, and a high-voltage power supply.
The system originated in the Philips
Research Laboratories in Holland, and
was further developed in the Engineer-
ing Laboratories of North American
Philips in this country.

By using a high-perfection 2.5 inch
cathode-ray tube with very small spot
size and an efficient fine grain phosphor
screen, Protelgram makes it possible to
manufacture projection-type television

10

sets which are considerably less complex
than other projection systems used so
far and to incorporate a 12 x 16 inch
television picture in relatively small
cabinets. A resolution of 450 lines on
the 12 x 16 inch viewing screen with a
contrast ratio of 30:1 and a highlight
brightness of 45 foot-lamberts produce
an image of extremely pleasing quality.
The color of the picture is an agreeable
white which stands up very well under
average ambient lighting conditions.

One of its major features is that the
system can be driven by a normal
10BP4-type 10 inch direct-viewing
chassis, with little or no alterations,
but with considerable economy.

This development will make large size
television pictures an actuality for the
average manufacturer in the near
future.

In general, Protelgram can be driven
from a chassis designed to operate a

ENGINEERING DEPT.
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This new projection television sys-~
tem uses a 3 inch cathode~ray tube
and produces a picture 12x16 inches
on a screen 31 inches from the lens.

10BP4-type, 10 inch, direct-viewing,
cathode-ray tube at 9 kilovolt second-
anode potential, provided that an input
power of 50 milliamperes at 350 volts
d.c. and 1.2 amperes at 6.3 volts a.c.
(which may usually be obtained from a
10BP4-type chassis) is available for the
high-voltage unit.

The following components usually re-
quired for a 10BP4-type, 10 inch, direct-
viewing set are not needed or already
contained in the Protelgram system:

Focus coil

Deflection coil

Ion trap circuit and its d.c. supply

10BP4 tube socket and wires

10BP4 high-voltage cable

9-kilovolt high-voltage supply with
rectifier tube, filter capacitor and so-
called “kick-back” winding, or such com-
ponents as might be used for a separate
r.f.—or pulse-type high voltage supply

Miscellaneous mounting provisions for
10 inch tube

Tube-mask and safety glass.
Depending upon specific cireuit proper-
ties, other simplifications or economies
can be obtained. Protelgram is designed
to comply, to the greatest extent, with
standard cireuit practice.

The application of the Protelgram
system is considerably less complex than
with other projection systems. This is
reflected in appreciable cost reduction
in complete projection-type receivers.
The physical size, light weight and ease
of mounting allow a reduction in cabinet
size and permit great flexibility of cabi-
net design.

Deseription

The “projection box” (Fig. 5) serves
to enlarge the 1.4 x 1.86 inch picture,
available on the face of the projection
tube, to a size of 12 x 16 inches on the
viewing screen. Means are provided for
alignment of the projection tube with
respect to the optical elements within
the projection box. Dimensions are 14
inches long, 9 inches wide and 9 inches
high; the projection tube (including its
socket) extends approximately 8 inches
beyond the 14 inch dimension of the pro-
jection box. Simple mounting brackets
are provided. Special provisions for ad-
justment of the projection box with re-
spect to the cabinet, which might be
required in some special cases, are not
supplied. A throw distance of 31 inches
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from the corrector lens, which is part of
the projection box, to the viewing screen
is required. This light throw forms an
elongated projected beam with a circu-
lar base of 4.5 inch diameter at the cor-
rector lens and a rectangular base of
12 x 16 inches at the viewing screen, for
which unobstructed clearance is needed.
The projected beam may be folded by
the use of one or more auxiliary plane
cabinet mirrors. The optical elements
consist of a circular concave mirror of
6 inch diameter with a radius of cur-
vature of 200 mm., a corrector plate
with an effective aperture of 4.5 inches
and a plane mirror.

Focusing and deflection coils are an
integral part of the Protelgram pro-
jection box and are supplied with it. A
nominal value of 1000 ampere-turns is
required for the focusing coil. Two
types of coils are available, the series
and the shunt. For the series, » = 300
ohms and 41 = 120 ma, = 10% ; for the
shunt type, » = 11,200 ohms and i —
20 ma, > 10%. Focusing coil leads of
standard length are 36 inches long.

Approximate deflection yoke specifi-
cations are, for horizontal deflection,
L = 8.5 millihenry and » = 15 ohms;
for vertical deflection, L = 50 milli-
henry and » = 65 ohms. The deflection
angle is 40 degrees.

Description of the 3NP4

Sealed to the 2.5 inch face of the
3NP4 (Fig. 4) is a plate of optically
correct special glass which is not dis-
colored by the low intensity, soft x-
radiation caused by the 25 kv. electron
bombardment. The tube, a triode of five-
prong base, requires a special socket.
Tube length is 10.5 inches, diameter of
the neck is 0.875 inches. The neck with-
stands 25 kv. strain and does not ac-
cumulate disturbing static charges.
Near the face of tube is a glass cup,
which surrounds the second-anode con-
tact, and into which fits a molded

Fig. 4. The new 2% inch magnetic
cathode-ray tube, type 3NP4. Picture
size is 1.4 inches by 1.86 inches.

APRIL, 1948

thermo-plastic cable terminal carrying
the 25 kv. potential.

An aluminum coating on the phosphor
sereen increases light output and pre-
vents ion spots, eliminating the need for
an ion trap. This fine grain screen gives
off a pleasant white light with a color
temperature of approximately 6200
degrees Kelvin, which is highly satis-
factory under average ambient lighting
conditions. The second-anode inside
coating covers most of the cone. The
outside Aquadag coating is grounded
and serves as a static shield. Capaci-
tance between the two coatings serves
as the final filter capacitor for the 25
kv. unit.

The average beam current is approxi-
mately 90 microamperes. Highlight
peaks reach 500 microamperes and
higher. Spot size remains substantially
constant at approximately 0.003 inch,
even with a peak brightness on the tube
face of 3000 foot-lamberts.

For focusing, a 1000 ampere-turn coil
is used; deflection coils are of standard
electrical specifications. Total deflection
angle is 40 degrees and full deflection
can be obtained with the excitation re-
quired to deflect a 10BP4-type, 10 inch,
direct-viewing cathode-ray tube oper-
ated at 9 kv. Approximately 50 volts
peak to peak is required to drive the
picture grid. The filament operates at
6.3 volts, 0.75 ampere.

The 25 kv. High-Voltage Unit

The compact high-voltage power sup-
ply (Fig. 2) has great stability and no
r.f. radiation. It occupies a space 8%
x 4% x T inches.

Mounted on the 7 x 4.5 inch chassis of
the unit are a 6SR7 (duplex-diode tri-
ode), a 6BG6G (beam power amplifier),
circuit components and a sealed trans-
former assembly. The sealed trans-
former assembly contains the following
components, which are impregnated and

(Continued on page 27)

Fig. 2. Cover has been removed to give
closer view of the new stabls 25 kv.
high-voltage second anode supply.

Fig. 3. Alignment assembly of the new
Norelco Protelgram television system has
adjustments which align tube in the
optical system. A 3NP4 tube is used.

Fig. 5. Inside view of the optical unit with alignment assembly inserted. Mote
optical triangle formed by the spherical misrror, the plane mirror with an
elliptical hole providing clearance for the tube face. and the corrector lzns.
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Coaxial
Attenuators

NERGY dissipating broad band
E coaxial attenuators may be
made at microwave frequencies
by wutilizing a metallized resistance
film for the inner conductor. The
metallized films used are thin com-
pared with the depth of penetration
insuring essentially uniform current
distribution through the thickness of
the film at microwave frequencies,
and permitting application of the dis-
tributed parameter solution for trans-
mission lines in the design of the at-
tenuator unitst. The metallic film is
shown formed on a glass tube in Fig. 3.
As will be evident later, the section
of coaxial line having the resistive
metallic film is characterized by a
complex characteristic impedance and
propagation constant which are func-
tions of the resistance per unit length
of the metallic film. This resistance
per unit length, however, is independ-
ent of frequency, thus permitting
prediction of performance from cal-
culations based on audio frequency
resistance measurements. Special
techniques have been developed for
calculation of the microwave perform-
ance using approximate expressions
for the complex propagation constant
and characteristic impedance.
In order to insure broad band oper-
ation of the complete attenuator up

*This work was done under contract NObs-
28376 between the Microwave Research Institute
of the Polytechnic Institute of Brooklyn and the
U.S. Navy Bureau of Ships. This paper was pre-
sented at the 1947 National Electronics Conference
in Chicago.
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band.

to frequencies of 10,000 mc., where
even short lengths of line are an ap-
preciable fraction of a wavelength,
special couplings and bead supports
were devised which allow the unit to
terminate in type N jack pins and
plugs, without the introduction of
large components of reflection.

The continuous film attenuator con-
sists of a single section of metallized
glass. The ends of the film are con-
nected to high conductivity platinized
collars to which bullets are soldered
so that the unit may be inserted as
the center conductor of a coaxial cas-
ing. Fig. 3A illustrates the construc-
tion of the attenuator insert.

The constants which characterize
such a lossy transmission line are:

R = total re51stance of the lossy

film

r = resistance per unit length

=R/l

L = inductance per unit length

C = capacitance per unit length

g = leakance per unit length, as- .

sumed zero
1 = {otal length of lossy film
The characteristic impedance of the
continuous film section is given by:

_ r+jwl _ L T
% \/g+jwc_\/5 V17X
=Z,N1T—jX. .. ... ¢ §)
where ;
Z.=lossless characteristic imped-
ance of the section
X = a wavelength variable =
/272, = RN/27Z,]
ENGINEERING DEPT.

www americanradiohistorv com

. Over-all view of a bead-supported coaxial attenua-
tor for use in the 4000-10,000 mc,

range of frequencies.

By

HERBERT J. CARLIN and
JOHN W. E. GRIEMSMANN

Microwave Research Institute of the
Polytechnic

Institute of Brooklyn.

Theory. design, and construction of coaxial
attenuators for the 4000 to 10.000 me.
VSWR is held to a very low value.*

w = radian frequency = 2=v/\
v = velocity of propagation
The propagation constant is:

=V +jeD)g+50)
2w
=]—)\ V1—jX =

where:

a+JB8 . ... (2

a = attenuation constant in nepers
per unit length

B = phase constant in radians per
unit length

1f 6 = Re 4/ 1 — jX (Re = real part)

o= —1Im+ 1—jX (Im = imaginary)

then

g.=\/1—]1\—5—]a' N )
2 .

7=—;(a+]6) ........ L@

The total attenuation of the contin-
uous film attenuator neglecting mis-
match losses is therefore given by:
270l

N B ()

For the ideal attenuator, ar should
be independent of frequency, or the
ratio ¢/A is required to remain con-
stant. This condition cannot be com-
pletely realized over very broad fre-
quency bands but may be closely ap-
proached under proper design condi-
tions. To indicate these, a useful ap-
proximation may be employed for
c=—Im+ 1—jX.
c=aX1—-bX%) ... ..... . (6)

ar = ol =
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where, for 0<X<2, a¢=0452, b=
0.0362.

Using the approximation of Eqt. (6)
in Eqt. (5), the total attenuation is
given by:

(7

. aR .
or = & (1 —bX9
If the parameters of design and fre-
quency limits of operation are chosen
so that X is small, Eqt. (7) indicates
that the attenuation will be nearly
constant over the frequency band and
equal to a nominal value:
aR
7z &
The second term of Eqt. (7) is re-
sponsible for the variation in attenua-

a7

tion. Using Eqt. (8), this may be
written:
ox? = b ( 21r2 ) [21ra(l/>\)

= constant X A)? . )
where A4) is the nommal attenuatlon
per unit length, the latter measured
in wavelengths:
A) = d's/(I/N) . (9a)

Therefore, to realize a small attenu-
ation spread over the frequency limits
of operation, the design parameter,
A), must be small, and hence the
longer the maximum wavelength and
the higher the nominal attenuation,
the greater must be the length of the
unit. Essentially, this sets an upper
limit of attenuation, and a lower limit
of frequency for this type of attenu-
ator since it is mechanically undesir-
able to increase the length of the
metallized-glass insert beyond a value
of 6” to 8”.

It is important that the reflections
introduced by the junction of the lossy
film section and the main transmis-
sion line be small, so that matched
conditions be maintained as closely as
possible. The reflection at the junc-
tion of two transmission lines is given
by:

_Zo — Zload
Zo + Zloud ’

The assumption is now made that
the attenuation of the length of lossy
film is great enough so that the input
impedance is the same as that of an
infinite length of lossy line, or iden-
tical with the characteristic imped-
ance Z, Utilizing this in conjunction
with Eqt. (10) and the usual trans-
mission line impedance relationships,
the expression for the total reflection
at the input terminals of a continuous
film attenuator becomes:

.,
IG5

Ky = (10

1y

The second term within the bracket
of Eqt. (11) represents the contribu-
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Fig. 2. Cross-section of coaxial attenuator for the frequency band at 4000-10.000 mc.

tion to the total reflection by the
back end of the attenuator. The ef-
fect of this component is usually
small, since its magnitude is reduced
by an exponential factor of twice the
total attenuation of the insert. If
then this second term is neglected, the
reflection may be simplified to:

ar\ 1 ap 1
41" 4dx (l/ )\)

Eqt. (12) indicates that for the re-
flection factor to be small, the wave-
length variable A4) must be small
This is the same conclusion arrived at
from the previous study of attenua-
tion spread with frequency. There-
fore, both from the standpoint of low
attenuation variation with respect to
frequency, and low reflection factor,
with frequency band and maximum
mechanical length specified, an upper
limit is placed on maximum allowable
total attenuation.

Reference to Eqt. (12) indicates that
the mismatch of a single film attenu-
ator increases with A). The latter is
inversely proportional to frequency,
so that maximum reflection for a
given unit occurs at the low frequency
end of the band. Therefore, in order
to improve over-all broad band per-
formance, it becomes desirable to ap-
ply some method of compensation

|Kr| = a4 (12)

Fig. 3.

which will correct for the high stand-
ing wave ratio which occurs at the
longer wavelengths. This compensa-
tion was introduced by adding, as a
portion of the pad, lengths of low at-
tenuation resistive sections. These
were arranged symmetrically at
either end of the main section of at-
tenuating film as shown in Fig. 3C.

The short length of matching sec-
tion causes an additional component
of reflection, which arises at the junc-
tion of the matching and main films.
This is adjusted to combine with the
other components of reflection pres-
ent so that minimum standing wave
ratio occurs near the low frequency
end of the band. The resultant VSWR
spectrum curve is of the type shown
in Fig. 3D.

This method of compensation can
be analyzed quantitatively by con-
sidering the total reflection at the
input end of the attenuator. If rela-
tively high loss is assumed in the main
attenuating film, that is between the
points x, and x, of Fig. 3C, the total
reflection factor at the input end may
be written as:

_ "'7’1)‘ 1(271'11 ]

Kr = |75 ¢ 12 11
- an + @

2 T +3) 13)

(A) Continuous section metalized glass attenuator with (B) standing wave ratio.

(C) Compensated section metallized glass attenuator with (D)} standing wave ratio.
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Fig. 4. Attenuation and voltage standing
wave ratio for a 6 db. metallized glass
attenuator plotted against wavelength.

drly _ [U-n + ar: _aﬂ- An

LT n L1t
Cn+Dar ... (15)
n=0.1.2 .. ..

From Eqt. (15) it is seen that when
K, =0, 1, is somewhat greater than
an odd multiple of a quarter wave-
length. For small values of attenua-
tion, I, approaches this value closely,
or:

1.2¢ 21.0
oge0s |4/ Yo 11=2"4+1>\,,. s
116120.2 \ i
ar128198 A Eqt. (16) may be considered only a
Gios3ra il rough estimate at the higher values
10aE 190 ] -— of attenuation, but a useful one for
480 186 5 : - qualitative analysis.
WAVELENCEE SCM From the above discussion it is
Fig. 5. Attenuation and VSWR of a clear that the advantage of matching

20 db. metallized glass attenuator.

1, = length of compensating film
1, = length of main attenuating film
ar, = total attenuation introduced by

a compensating section
a7, = total attenuation introduced by

main section.

The second term of Eqt. (13) is the
reflection introduced by the junction
of main and compensating sections of
film at the point z, of Fig. 3C. Since
the attenuation of the compensator,
ar,, is small, this second term is com-
parable in magnitude to the first and
may be adjusted to cancel the initial
term. The condition for such a zero
in total reflection is that the two
terms be equal in magnitude and 180°
out of phase. Thatis:

11 = € —l._ 11 (14)

ar —ar1 | ar an:'

Fig. 6. (A) Grooved bead with (B) reactive cancellation.

sections for broad band operation
is that instead of monotonically in-
creasing the reflection versus frequency
function of the single section attenuator
shown in Fig. 3A, a characteristic may
be obtained which has one or more
minima, as shown in Fig. 3D. Since the
continuous film attenuator has a max-
imum reflection at the low frequency
end of the band, a minimum is intro-
duced near this frequency and the
length of compensating section de-
signed accordingly, using Eqt. (16) as
a rough guide.

Fig. 3D shows a maximum in the
VSWR characteristic near midband.
It is important to determine the ap-
proximate frequency and magnitude
of this point. Such a maximum will
result when the two terms of Eqt.
(13) are in phase. This occurs at an
approximate wavelength:

an

Am =2ml,,m=0,1,2

(C) Bullet for attenuator

insert and (D) bullet shoulder cancellation. (C) and (D) are admittance diagrams.
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Substituting this in Eqt. (13) for m
= 1, a simple expression for max-
imum reflection is obtained:

| K, =22 (18)
m

Thus the attenuation of the com-
pensator should be small for low
values of |K,, |. To determine the length
of the main section, Eqt. (14) may
be rewritten as:

a
=a_n—_nTn""""(19)

(14 ™)

1, is determined by the required

zero in reflection, and since ar, must

be small for low maximum reflection
factor, |K,|, the denominator of Eqt.

(19) is small, or other things being

equal a low maximum reflection de-

mands a long length of main section,

1,.

An approximate design procedure
may be summarized as follows:

1. With the band limits specified, de-
termine the length of compensating
film, I, by Eqt. (16) with » = O,
and A, chosen near the low fre-
quency end of the band. For fre-
quencies of 4000-10,000 mc. A, =
70 cm. The exact determination
of this design point is somewhat
more involved than given here.
Further details are given in a com-
panion paper.!

2. Determine the attenuation of the
compensating section by inserting
the maximum permissible value of
reflection in Eqt. (18).

3. The attenuation of the main sec-
tion is found by subtracting the
total compensator attenuation from
the required total attenuation. Thus
g, = @y —2a,,.

4. The length of main section I, is
now given by Eqt. (19).

5. The resistance of the main and
compensating sections can be ascer-
tained from the values of «, and a,
by using Eqt. (7).

Although both the continuous film
attenuator and the compensating at-
tenuator have similar attenuation-
frequency curves, and a similar design
criterion in that long length makes
for improved performance, for a given
mechanical length and frequency band
the compensating section attenuator
will be superior in operation, with re-
spect to mismatch. Thus the metal-
lized-glass insert of a 20 db. at-
tenuator designed as a 6” continuous
film gave a theoretical maximum
VSWR of 1.20. This was not consid-
ered sufficiently low, since with the
addition of couplings the mismatch
would be too great. The same total
length of insert designed as a com-
pensated section unit had a maximum
VSWR of only 1.10. However, since
the continuous film inserts are easier
to build, they are preferred where
(Continued on page 29)
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By SIDNEY MOSKOWITZ and JOSEPH RACKER

Federal Telecommunication Laboratories

Part IV of this series covers the design and
construction of delay networks in common use.

HE articles presented heretofore
in this series covering the de-

sign of amplifiers! and shapers?
were, in general, characterized by the
fact that basically familiar circuits
were used, modified to permit pulse
transmission. These circuits, on the
whole, employ standard, commercially
available components. This will not
be true of the subject matter to be
covered in this article. Delay lines
are not standard items and must usu-
ally be designed to meet a specific
requirement by the engineer. Hence
the importance of this article.

Delay lines are used to perform
many special operations on pulse volt-
ages. In some applications, such as
electronic computers, pulses must be
stored for a given period of time in
order to permit the operation of cir-
cuits which require a finite time for
their actuation. This is done by utiliz-
ing a circuit which has a definite pe-
riod of transmission between its input
and output. The pulse is then said
to be delayed and the circuit is called
a delay or storage network.

Delay circuits are also employed to
measure time intervals and form
pulses in radar applications; provide
channel separation in time seqguence
in multiplex communication systems;
and for synchronization of sweep cir-
cuits in oscilloscopes.

Several types of delay lines have
been evolved. Pulse delays of the
order of a thousandth of a microsecond
may be accomplished through the use
of conventional transmission lines,
usually coaxial cable. In the range of

APRIL, 1948

0.01 to 100 microseconds, either a vari-
ation of the coaxial cable or an arti-
ficial line consisting of m-derived
filter sections may be used. Above
this range up to several thousand
microseconds, the pulse may be de-
layed by transmitting it via supersonic
waves through a liquid or solid me-
dium.

From the above, it is obvious that
a review of transmission line theory
would be helpful in understanding
pulse delaying storage circuits. The
characteristics of a transmission line
that are of interest are the character-
istic impedance, cut-off frequency, at-
tenuation and time delay.

The characteristic impedance of the

NI
mmédm

)’

1,

Fig. 1. (Top) Typical artificial line
using multilayer “universally” wound
coils to achieve a higher delay per unit
length than the single layer type. Fig.
2. (Bottom) Typical video delay cable.

line, sometimes referred to as the
natural, iterative, or surge imped-
ance, is usually denoted by Z, and
expressed in ohms. If a line is in-
finitely long, its input impedance will
be equal to Z,. The input impedance
will also be equal to the characteristic
impedance for a finite line terminated
in an impedance equal to Z .

In terms of the electrical constants
of the line, the characteristic imped-
ance is equal to:

Zy e \/51—;:16 ohms @
where:

R is resistance in ohms per unit
length

L is inductance in henrys per unit
length

Close-up of a lumped line using thesingle-layer. continuously wound coil.
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tions produced on a transmission line
due to different load impedances.

INPUT

INPUT

C is capacitance in farads per unit
length

G is conductance in ohms per unit
length

From this relationship it can be
seen that the characteristic impedance
is essentially equal to VL/C and is
independent of frequency if wL»R and
«wC»@G. This will generally be the case
for all radio frequencies and for all
but the lowest audio frequencies. At
the frequencies where R is comparable
to «L and G is comparable to «C, the
characteristic impedance varies with
frequency and approaches VE/G as
the frequency approaches zero. It
should be noted that if R/L is equal
to G/C, the characteristic impedance
is a pure resistance, equal to VL/C,
at all frequencies and the line is said
to be distortionless.

Knowledge of the characteristic im-

pedance is necessary for determining
the magnitude and phase of volages re-
flected from the termination of the line.
The vector ratio of the incident wave
voltage to that of the reflected wave
(see Fig. 3A), known as the coefficient
of reflection, is given by:

- Zu/Zy — 1
ZJZ. F 1

where K is the coefficient of reflection.

Thus if a line is shortcircuited at
the output, Z;, = 0, K is then equal
to —1. This means that the voltage
is completely reflected but in negative
polarity as shown in Fig. 3B. If the
line is open, Z, = 0o (infinity), and
K = 1 so that the voltage is com-
pletely reflected in the same polarity
(Fig. 3C). For the case Z, = Z,, K=0
which indicates that no reflection oc-
curs.

The second important parameter of
a transmission line is its attenuation.
The attenuation has been determined
to be the real part of the following
expression:

a = Real part of y =

Real part of ¥ (R+jwl) (G+juC)” (3)

where « is the attenuation in nepers
per unit length and v is the propaga-
tion constant.

At very low frequencies the attenu-
ation is minimum and equal to VR/G.
This attenuation increases with fre-
quency for wL»R and «wC»@G, it becomes:
a = U - %nepers per unit length. (4)

2Z, 2
where Z, is equal to VL/C.

The first term in this expression

represents the attenuation due to

Typical artificial delay line using a continuously wound coil.
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losses in the conductors. The resist-

ance, B, increases with frequency due

to the skin effect in accordance with

the following expression:

R, = 83.2 _x_/fd10_9 R ohms per cm . (5)

where:
f —

second

the frequency in cycles per

, __ resistivity of conductor
" resistivity of copper

d = the diameter of conductor in
cm.

The second part of Eqt. (4) is the
loss due to the dielectric. Here again
the loss increases with frequency since
G is equal to:

G =wCPmhospercm. . . . . . . 6)
where P is the power factor of the
dielectric.

Of course L and C may also vary
with frequency. However these ef-
fects are usually small compared to
the variation in R and G and can be
neglected in the calculation of the
attenuation. It should be noted that
for the special case where R/L is
equal to G/C, the attenuation is in-
dependent of frequency and is equal
to VR/G.

The imaginary part of Eqt. (3) rep-
resents the phase constant of the line.
For wL»R and «C»G, the phase con-
stant becomes:

0=w\/LC............(7)
where @ is the phase constant.

Thus for such a transmission line,
the angle of transmission delay is
proportional to frequency. The time
delay, T, is related to the angle, g, by:

T =86/wseconds perfoot . . . . . . (8)

so that T = VLC.

This means that for lines in which
wL»R and «C»G, the time delay is in-
dependent of frequency and therefore
no pulse distortion, due to non-uni-
form phase response, will occur.

It is known that the phase velocity,
v, of the wave traveling through a
uniform line must be:

1 1 c

v=7=‘/—_c=xlzft.persec‘. . (9

where:

# is the permeability of the material

¢ is the dielectric constant

¢ is the velocity of light.

It is the property of the electromag-
netic field that, for a dissipationless,
uniform line in free space, L and C
are so related that their product is
constant and the phase velocity is
equal to the velocity of light (or u, €
are equal to 1). The time delay of
these lines would therefore be equal
to:

T = LC= .0011 microsecond per ft. . (10)
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The use of a dielectric other than
air to separate the conductors of the
line decreases the velocity of propa-
gation and therefore increases the

time delay by a factor of Ve One of
the most common insulators is poly-
ethylene whose dielectric constant is
approximately 2.25. The time delay
of a polyethylene insulated line is
therefore:

T = .0017 microseconds per ft. (1)

Speecial Delay Lines

It was noted above that a delay of
only .0017 microseconds per foot is
obtained with polyethylene lines. It
would be impractical to use these
lines for delays of the order of micro-
seconds since prohibitively long lines
would be necessary. Consequently
lines with more delay per unit length
are required. There are a number of
ways in which this can be accom-
plished.

One method would be to increase
the delay of a coaxial cable by wind-
ing the inner conductor around the
core in a manner similar to a sol-
enoid. There are two possible expla-
nations for the increase in delay. The
first is that the inductance per unit
length has been increased and since
delay is equal to Vv LC, the delay has
been increased. LC in this case is not
a constant since the line is no longer
a uniform line.

Another approach is that the ve-
locity of propagation remains the
same; however, the wave now follows
the inner conductor around the core
rather than traveling in a straight line
as before. Thus if there are n turns
per foot and the diameter of the core
is d, the distance the wave travels for
each foot of cable is approximately
(for m»l) :
l=nndfeet. . . (12)
where 1 is the length of the inner
conductor.

Thus the delay of the line is in-
creased by (nwd) or is equal to, for
polyethylene coaxial cable:

T = .0017 n = d microsec. per ft. (13)

This latter “rule of thumb” formula
provides a very good first approxima-
tion particularly when the spacing be-
tween the inner and outer conductor
is not large. However, it should be
noted that this delay is also propor-
tional to Vpee. In fact, insulators
with higher dielectric constants
(Saran) and cores with higher perme-
abilities (iron) are often employed to
increase the delay.

There are two commercially avail-
able delay lines. One is the spiral
delay line manufactured by Federal
Telephone and Radio Corporation.
The appearance and construction of

APRIL, 1948
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Fig. 4. Spiral delay cable.

this cable is exactly similar to that of
a solid dielectric coaxial cable. The
only difference is that the inner con-
ductor is a helix of enameled wire
closely wound over an insulating core
as shown in Fig. 4. The time delay of
this cable has been determined to be:

475 X 10"t rnave

T = ——
Vlogio D /d

usec./ft. (14)
where:

n — the turns per foot

a = diameter of inner conductor
from wire center to wire center in
inches

D = outer diameter over dielectric

d = diameter over inner conductor.

The characteristics of Federal’s
K-71 spiral delay line are as follows:

Turns per inch—112

Overall diameter—0.405 inch

Characteristic impedance—950 ohms

Capacitance—44 ppfd./foot

Time delay—0.042 psec./ft.

The other commercially available
delay cable is the video delay line
(shown in Fig. 2) developed by Gen-
eral Electric. This line consists of an
inner conductor wound around a flex-
ible insulating core of polyvinylidene
chloride (“Saran”) about 0.19” in di-
ameter. A layer of insulating tape
serves as a dielectric between the con-
ductors of the line. The outer con-
ductor is a braid of insulated wires
connected together at one end of the
line. A cotton covering and an outer

shell of polyvinyl tubing complete
the line. The delay of this line has
been determined to be:

T = 7x10-3n D v D/se psec. [ ft. . . (15)
where: ‘

n = the turns per foot

D = the diameter of the line

s — the separation between inner

and outer conductor.

A typical video delay line has the
following characteristics:

Turns per inch—277

Characteristic impedance—1100

Capacitance—42 uufd./inch

Time delay—0.55 usec/ft.

It should be noted that the induct-
ance of these lines varies appreciably
with frequency. A number of factors
contribute to this variation among
which is the fact that as the wave-
length along the line becomes short,
an out-of-phase coupling between suc-
cessive turns exists which may result
in a material decrease in effective in-
ductance. This change in inductance,
of course, causes the delay to become
a function of frequency also. Fig. 6
shows the delay error vs. frequency
of a cable with a solenoid type of
inner conductor.

Lumped Lines

For delays of the order of 10 micro-
seconds, or when low characteristic
impedances are required (both the
spiral and video delay lines have high

Fig. 5. Schematic and one cell “constant k” prototype of a lumped line.
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Fig. 6. Delay error as a func-
tion of frequency, low-frequen-
cy delay. and line diameter.

characteristic impedances), a lumped-
constant, sometimes called artificial,
line can be utilized. These lines em-
ploy coils and condensers in a manner
which simulates a transmission line.
Either a single section lumped line
may be used or a large number of cas-
caded sections. In designing these
lines we are interested in maintaining
the phase delay proportional to fre-
quency (time delay independent of
frequency), develop a maximum de-
lay per section (except for special
cases), and keep the attenuation as
low as possible. The characteristic
impedance is also of prime importance
but its optimum value varies for dif-
ferent applications.

Theory of Lumped Lines

The configuration of coils and con-
densers shown in Fig. 5A which make
up an artificial line can be considered
to be a ladder of four terminal net-
works (Fig. 5B), each four terminal
network consisting of a “constant K”
type, T network terminated in the
characteristic impedance of the line
as shown in Fig. 5C. If we place a
voltage e; across the input of this net-
work, the output voltage, e,, will be
equal to:

s \2
ama[1-2() ()
wy wy,
(-G
wo !
where w, = 2/VLC, is 27 times the

cut-off frequency, f,, and » is the an-
gular frequency of e;

When w/w.«l, thisequationreducesto:

(16)

2w

wo

er X (l—j )e;= ie—i29r@0 (17

This latter relationship between e,
and e, indicates that the output volt-
age is the same as the input voltage
except that it is delayed in phase by
an angle equal to 2w/w,. The time de-
lay of this network is, as previously
indicated by Eqt. (8), the phase delay
divided by the angular frequency or:

: 2
P Lomm L _ B 2

wo w wo

\/ Loco ’

It is thus seen that if the network
is designed to have a much higher cut-
off frequency than the highest fre-
quency applied to it, the input wave
will be delayed by a period, equal to
T, without any appreciable distortion.

(18)

This requirement of w«w, however,
makes this circuit impractical since
the delay of each four terminal net-
work or cell is inversely proportional
to the cut-off frequency and is there-
fore very low. Furthermore, the more
cells that are used, the higher the cut-
off frequency since any distortion that
does occur within one cell, for a given
f, is multiplied with each additional
section. In order to maintain the same
over-all distortion, the cut-off fre-
quency must consequently be increased
by a factor approximately equal to
/n, where n is the number of sections
used.

In designating the four terminal
network shown in Fig. 5C as one cell

Fig. 7. Delay vs. frequency curve for different values of m greater '.hun_l.
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of the artificial line shown in Fig. 5A,
it was assumed that there was no mu-
tual coupling between successive coils.
However, if these coils are mutually
coupled, as shown in Fig. 8A, the re-
sulting four terminal network takes
the form of an m-derived filter as
shown in Fig. 8B. With this type of a
network, it is possible by proper se-
lection of m, to pass without distor-
tion frequencies that are a much
higher percentage of the cut-off fre-
quency than is possible with the use
of the ‘“constant K” type of network.

It can be shown that the ratio of
output voltage to input voltage of an
m-~derived filter is approximately:
esfei =1 — e .. ... . (18a)
when §, the phase constant is equal
to:

m2x

VIt 1)
where z is equal to w/w.

The time delay, T, can then easily
be found by dividing ¢ by . Fig. 7
plots Tw, versus = (w/w,) for different
values of m greater than one. From
this figure it can be seen that when
m = 1275, the delay is most nearly
constant over the longest per-cent of
the cut-off frequency, i.e. about 75
per-cent. For this reason, m = 1275
is the value chosen in the design of
these lines. From this graph it can
also be seen that the time delay over
the range where it remains nearly con-
stant with frequency is equal to:
T =2m/wo =0.404/f, . . .
for m =1.275.

It should also be noted that m = 1

corresponds to the “constant K" net-
work.

= 2arcsin (19)

(20)

Pesign of Lumped Lines

With the determination of the opti-
mum value of m, the design of the
lumped lines can be undertaken. The
problem involved consists of selecting
and spacing L/2 and C of Fig. 5B in
such a manner that the circuit be-
comes equivalent to the network
shown in Fig. 8B, with m = 1.275. The
elements comprising the m-derived
network are related to those of the
“constant K’ prototype by the follow-
ing expressions:

L/2 = (1 +m?) Lo/4m = 52 L, . (21)
C=mCy=1.275C, (22)
M= — (1 —m?) Lo/4m = 0013 L, . (23)

where M is the mutual coupling.

From these equations for L/2 and M,
the coefficient of coupling, k, between
two series coils can be given as:

p=-M _ = Q=m)L/im
/2 1 + m?) Lo/4m
_Q=m) 9
a5 = 0.12. (24)
(Continued on page 30)
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WHEN a manufacturer puts his trademark

on a product, he not only expresses pride in his own
workmanship, but also his confidence in the trade-
marks of those who have contributed vital parts to its
manufacture. For instance - on capacitors he recog-
nizes the El-Menco branding as his assurance of

trustworthy performance under all operating conditions.
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NEW PHYSICS LAB FOR SYLVANIA

The first of a series of modern re-
search labs for Sylvania Center, Bay-
side, N.Y., will be completed this fall.
Fully equipped for scientific research in
fluorescent lighting, radio, radar, tele-
vision and the general electronics field,
the lab will cost about $900,000. In ad-
dition to the physics lab there will be
others for metallurgical research,

electrochemical re-
search and advanced product develop-
ment. The project, when finished, will
be the first campus type scientific re-
search center in the corporate limits of
New York City.

chemical research,

“ELECTRONIC TRACKS” FOR AIRCRAFT

An air navigation and traffic control
system, called Tricon, is being developed
by General Electric engineers at Elec-
tronics Park, Syracuse, N.Y. Using
triple coincidences of pulses as the base
of the system, a master station and
“slave” units, a 50-mile section can be
scanned with triple coincidence about
once a second. An airplane in the area
continually establishes its position by
means similar to the block system in
railroading. The master station thus
has complete data on a given sector and
transmits the information to the instru-
ment panel of each aircraft in the area.
Lights corresponding to commands
“turn left,” “hold,” etc., can also be
flashed.

ROYALTY-FREE PATENTS

Sixty patents on the production and
use of electrical apparatus have been
released for unrestricted licensing by
the Office of Alien Property, Depart-
ment of Justice, Washington 25, D.C.
Some of their most important applica-
tions were formerly limited by pre-war
patent agreements. They are now avail-
able on a royalty-free, non-exclusive
basis for an administrative fee of $15.
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The patents can be used in the fields
of prime movers and their accessories,
control of electricity for light, ‘heat,
power and traction purposes, and in
steam turbines, reduction gears, con-
densing plants, heat exchangers and
certain types of pumps. The list of
patents is available without cost and
copies of the patents may be purchased
for $.25 from Commissioner of Patents,
Washington 25, D.C.

CHICAGO I.R.E. CONFERENCE

The annual Chicago I.R.E. Confer-
ence will be held on April 17 at the
Illinois Institute of Technology. It will
be an all-day affair featuring exhibits
of new commercial products and a
presentation of technical papers which
should be of interest to all radio and
electronic engineers within a 500-mile
radius of Chicago. The registration fee
is $1.50 and further information may be
obtained from Lloyd Hershey of the
Hallicrafters Co., 4401 W, 5th St., Chi-
cago, Ill.

MEASURING OZONE

Variation in the total amount of ozone
in the stratosphere has a direct correla-
tion with latitute and season, and dif-
ferent types of air masses show varia-

.
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tions in ozone content, which are as-
sociated with their origin or movement.
However, there is no proof of direct
relationship between ozone variations
and current weather conditions. But
if such correlations do exist, ozone data
may become useful in weather forecast-
ing.

A technique of measuring the total
ozone of the stratosphere has been de-
veloped by the National Bureau of
Standards, Washington 25, D.C. Ground-
based equipment employing a photocell
and selected filters makes use of photo-
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tubes sensitive to ultraviolet radiation.
Ozone, strongly absorbent within a spe-
cific region, affects the spectral distribu-
tion of sunlight reaching the earth’s
surface. When transmittances of the
filters are measured for sunlight, the
observed value depends upon solar
energy distribution, and therefore is a
function of the amount of ozone within
the beam of sunlight under study.

940-960 MC. FM EQUIPMENT

Final development of FM studio to
transmitter link equipment for 940 to
960 mec. has been announced by Readio
Engineering Laboratories, Inc., 35-54
36th St., Long Island City 1, N.Y. This
equipment consists of a transmitter, re-
ceiver, monitor, transmitting and re-
ceiving antennas with their supporting
structures, and a supply of transmission
line. It is the result of a program of
studio to transmitter link design, ac-
celerated by demand of broadcasters
for equipment capable of operating in
the band allocated by the F.C.C.

NEW LITERATURE

Voltage Regulators

A complete series of papers analyzing
applications, circuits, and construction
of electronic a.c. voltage regulators and
Nobatrons has been released for free
distribution by Sorensen & Company,
Inc., 375 Fairfield Avenue, Stamford,
Conn. The pamphlets, compiled and
written by the chief engineer and the
project engineer of the company, have,
for the most part, been published in
electronic journals.

Phenolic Bobbins

Mayfair Molded Products
which specializes in volume produec-
tion of small phenolic pieces, has
put out a pamphlet describing standard
sizes of molded phenolic bobbins which
are now available. They are manufac-
tured by using stock molds. Inquiries
should be addressed to 4440 North Els-
ton Ave., Chicago 30, Ill.

Corp.,

Par-Metal Products

Par-Metal Products Corp., 32-62 49th
Street, Long Island City 3, N.Y., has
released a booklet which presents a
complete description of cabinets, chassis,
panels, racks and accessories as applied
to electronic apparatus. Catalogues may
be obtained by writing to the firm.

@D e

Erratum: In the March issue, p. 24, was an
item describing the Western Electric Inter-

modulation Distortion equzpment The last
line of this item should read “Output levels
range between 23 and mmus 44 dbm. at
600 ohm output impedance.” Since this item
was published, the equipment has been im-
proved and now is capable of being used
down to minus 105 dbm.
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Attenuators
(Continued from page 6)

2 db. per step, i _— S I o A
and a master
gain control of
15 to 2 db. per
step. When it is
possible to engi-
neer the more
flexible system,
and for all net-
work and simi-
lar stations, the
mixing controls
are best selected
to offer 1.5 db.
per step with at
least 30 steps of
control, and a
similar master,
or one of even 45 steps is to be desired. The system master
is never more that 1.0 db. per step, with 0.5 db. quite fre-
quently found. In all recording installations, where a most
careful control of the sound level must be maintained to
prevent over-cutting into adjacent grooves, a master gain
of 0.5 db. per step is a prerequisite.

For monitoring amplifiers and those used in p a. work, a
control as coarse as 3 db./step is allowable, and is good
engineering practice. For audiometric and laboratory
work, the decade attenuator is selected, with two bridged
tee pads connected in tandem to afford control of 1 db. per
step for a total of 110 db.

From many contacts in this field, the writer became
aware that some means of cueing a record, or an incoming
program source without throwing a switch would be a
great boon to the broadcast mixing operator. Any saving
of time and manual effort in this work is very desirable.
Accordingly, during his tenure with the Daven Co., this
control was suggested to them. The operation of this unit
(illustrated mechanically and electrically in Fig. 8) is
quite normal, with the exception that a detent is applied at
the off position. To cue the incoming source it is merely
necessary to continue the counterclockwise rotation, where-
upon the source is automatically transferred, without loss,
to a separate contact. Any reasonable number of cue con-
tacts can be multiplied to the input of a single cueing ampli-
fier. This control allows performance of another very im-
portant function, transferring a microphone from the main
system to a reverberation chamber, then restoring it to
straight use, all without switching operations. Other uses
will become apparent to the designer of speech input equip-
ment. Its wide commercial acceptance by the trade will soon
require its incorporation on any studio facilities offered to
the broadcast station field by equipment manufacturers.

In closing this first part, some mention of the cost of
the attenuators involved in a speech system seems in order.
Generally speaking, they represent between 25 per-cent
and 35 per-cent of the total cost of components of such an
installation, so the engineer building his own gear can be
guided accordingly. Whether the ladder or tee pad will be
selected is a matter of both cost and amount of mixing loss
that can be tolerated. With the present day use of silver
alloy contacts, selected resistance wire or carbon resis-
tances, proper soldering and quality control, the noises in-
troduced by the controls themselves are in the order of 140
db. below a zero reference level of 6 milliwatts. Conse-
quently the engineer must base his selection and choice of
controls upon the needs of his system, as to amount of
attenuation and fineness or gradation of control, and
upon the amount of impedance change that can be toler-

ated. D

Fig. 8. The Daven Cueing Attenuator.
and its proper schematic for wiring.
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Can Give You Prompt
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—types "A"”, “B"” (or "Z")
and “C" ... all standard sizes,
heads, threads, points and
platings. Minimum order,
100,000 of a kind. Special sizes
where required.

Tell us what units (and quan-
tities) you need and we’ll
gladly send you samples, quo-
tations and approximate deliv-
ery schedules.

We shall be glad to
quote you, also, on
STANDARD MACHINE SCREWS
BRASS . .. 100,000 Minimum
STEEL . .. 200,000 Minimum

SPECIALS aﬁf

XCEPTIONAL facilities for making
SPECIALS (Steel or Stainless
Steel) to your specifications . . . or for
converting your screw-machine parts
to the cold forged process at substan-
tial savings. Precision made to close
tolerances: stronger, tougher, cheaper
and more durable. All automatic sec-
ondary operations.

Give us samples, sketches or blue
prints, plus supplementary data about
use, functions, tolerances, etc.. so we
may quote you promptly.

CAMCAR PRODUCTS CO.
610 18th Avenve
ROCKFORD, ILLINOIS
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LABORATORY AMPLIFIER

A laboratory amplifier incorporating
the Beott dynamic noise suppressor is
now heing manufactured by H. H. Scott,
Inc., 355 Putnam Ave., Cambridge,
Mazz, Eupplied with a matched variable
reluctancs pickup cartridge, the unit
provides u complete phonograph system
except for turntable and loudspeaker.

There is a 20 watt output with less than
two per-cent distortion. Maximum fre-
quency range exceeds 20,000 cycles—
with- the dynamic noise suppressor, re-
sponse is flat to 10,000 cycles and ex-
tends to 16,000 cycles. Independent
tone controls allow boost or attenuation
at either end of the frequency range,
and a whistle filter is provided for AM
reception.

PRECISION CHANNEL LIMITING
Precision channel limiting without
cutting the channel width and sacrific-

ing high signal to noise ratio is ac-
complished by a high band pass filter
of the cavity resonator type to suppress
interference. The development of the
cavity brings the principles of Motorola
Ine.’s “Precision Selectivity’”’ receiver
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system into the r.f. earrier system fre-
quency of the 152-162 me. band. The
cavity resonator is designed to permit
two transmitters to operate from a
single antenna when channels are sepa-
rated by 1 me. or more. When used with
receivers it will eliminate interference
of high signal intensity from nearby
stations. Inquiries should be addressed
to 4545 Augusta Blvd., Chicago 51, Ill.

MULTICHANNEL DATA RECORDER

An electronie-magnetic multichannel
data recorder has been developed by
the Cook Research Laboratories, 1457
Diversey Parkway, Chicago 14, IIl. It
is applicable to the recording of test or
performance data of any kind that can
be picked up electrically or audibly by
a magnetic recorder. Specifications in-
clude an over-all drift of less than 2

per-cent and an over-all interpretation
accuracy of == 2 per-cent. Tape capacity
is thirty minutes and the shock acceler-
ation handling capabilities go up to 75
G’s.

DISTORTION AND NOISE METER

The Specialty Division of the General
Electric Co., Electronics Park, Syracuse,
N.Y., has produced a distortion and
noise analyzer, type YDA-1, for broad-
cast, television, research, and develop-
mental applications. The unit will meas-
ure percentage distortion down to 0.1
per-cent, measure the hum or noise in
an audio signal, act as a high sensitivity
vacuum tube voltmeter, and perform as
a frequency meter over the range of
50-15,000 cycles. Weighing approxi-
mately 45 pounds, it is 21 x 10% x 15
inches.

NEW POTENTIOMETER
Newest in the line of precision vari-
able resistors produced by the Tech-
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nology Instrument Corp. is the type
RV3-5 potentiometer. It has’ standard

features of precious metal contacts, two
rotor take-off brushes, continuous 360
precision

degree rotation, resistance

winding, and dust proof construction.
The important improvement is the re-
duction in overall depth, measuring
15/16 inches. The power rating is 5
watts and it is available in nine stand-
ard resistance values ranging from 100
ohms to 50,000 ohms. Detailed informa-
tion is available by writing to the manu-
facturer at 10568 Main St., Waltham 54,
Mass.

LABORATORY MONITOR

Model Su-3 has recently been de-
veloped by Tracerlab, Inc. for specific
use as a routine contamination monitor
in radio aectivity laboratories. It is a
small, compact portable a.c. operated
counting rate meter of moderate ac-
curacy, with three full scale meter
ranges of 200, 2000 and 20,000 counts
per minute. It comes complete, equipped
with a thin miea window, sensitive
Geiger tube, enclosed in a probe con-
nected by a four foot length of shielded

cable. Further data is available from
the laboratory at 55 Oliver St., Boston
10, Mass.

SOUND PRESSURE MEASUREMENTS

Absolute sound pressure measure-
ments can now be made over the com-
plete audible and ultrasonic frequency
range to 250 ke. Model GA-1005, manu-
factured by Massa Laboratories, Inec.,
3868 Carnegie Ave., Cleveland 15, O.,
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combines a standard microphone, a
shock mounted preamplifier with a 25
foot output cable and a power supply
unit and batteries for such measure-
ment. Diffraction errors are completely
eliminated beyond 20 ke. because the

microphone diameter is only % inch.
Other data is available on request.

AUTOMATIC WELDER

An electronic welding and timing de-
vice is the newest machine designed to
cope with the small, light parts diffieult
to process manually. In addition to de-
creasing the necessary amount of labor,
the welder reduces shrinkage. As-
semblies or small parts are fed to a

\
|

=

o e e b

S ——

turret either by hand or automatically
from a hopper. Components can be
shaped so that welded parts leaving the
machine are ready for assembly into
the final product. The manufacturer is
Tweezer-Weld Corp., 1060 Broad St.,
Newark, N.J.

EL-3 EQUALIZER
A new EL-3 Equalizer has been de-

veloped by Radio-Music Corporation,
Port Chester, N. Y. Designed for sim-
plified operation plus fine reproduc-
tion, it affords high quality tone re-
production with both Vertical and
Lateral recordings.

The EL-3 Equalizer uses one arm for
Vertical and one arm for Lateral only
on one turntable, or separate tables, by
connecting both arms to the Equalizer.
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Switching the EL-3 Equalizer from
Vertical equalization to Lateral allows
changing from one arm to the other. At
the same time, correct equalization is
thrown in.

Both the RMC Vertical and Lateral
reproducers can be replaced by the
RMC universal head on either or both
units.

For further information write to
Radio-Music Corporation, Port Ches-
ter, New York, for Bulletin EL3-44.

SMOOTH POWER MOTOR
Redesigned to meet increased power

requirements of wire and tape record-
ing units, a RM-4 smooth power mo-
tor for general small motor applica-
tions was announced by the General
Industries Co., Elyria, Ohio.

The new model includes the addi-
tion of a bottom motor cover and spe-
cial locating and locking means for
both top and bottom covers, which as-
sures high accuracy in alignment of
rotor within the stator bore. Com-
bined with dynamic balancing of each
rotor, these features result in greater
freedom from vibration, minimum
noise and magnetic field radiation.

The motor is compact 3% x 33% x
2%-inches over the main body of the
motor, and weighs 4% pounds. It is

a four pole, shaded pole induction mo-
tor, designed for 60 cycle a.c. opera-
tion at 115 volts.

GAMMA RADIATION METER

A gamma ray meter of the ionization
chamber type, combining stable oper-
ation with rugged construction, has been
designed primarily for field surveys.
The portable meter has four ranges of

sensitivity and is calibrated to read in
roentgens over full scale readings of
2.5, 25, 250 and 2500 millircentgens per
hour. The case is watertight and the
entire unit hermetically sealed. A color
code is provided with the range switch
for visual indiecation of the range at
(Continued on page 26)
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paper tubes by leading manufacturers of electrical,
radio and electronic products. With over 15 years
of specialized experience, PARAMOUNT can pro-
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coil forms or other uses. Square, rectangular, or
round. Hi-Dielectric, Hi-Strength, Kraft, Fish Paper,
Red Rope, or any combination, wound on auto-
matic machines. Tolerances plus or minus .002".
Made to your specifications or engineered for you.
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LARGE SCREEN TELEVISION

Projection television featuring a
variable size picture that can be in-
creased to theatre screen dimensions
has been developed by Tradio, Inc., As-

bury Park, N.J. It includes an alumi-
num screen, a projection unit mounting
of tube and lens and a control unit
housed in a compact rack case; the
whole known as Tradiovision. The con-
trol unit may be completely divorced
from the projector, making it possible
to hook up several projector units to
one master control.

TELEVISION CAMERA

A streamlined fifty-six pound tele-
vision camera, believed to be the light-
est television camera ever built for
studio applications, has been developed
by the Transmitter Division of the
General Electric Company’s Elec-
tronics Department at Syracuse, N. Y.

Equipped with a turret of three
lenses, the new camera is mounted on
a mobile dolly and may, because of its
weight and specially designed head, be
operated with fingertip control.
Though the camera is designed- pri-
marily for studio work, it may be
adapted to operate over greater dis-
tances with a telephoto lens.

The camera will produce acceptable
pictures at 50-foot-candles and £/3.5.
Smaller stop openings may be used for
greater depth of focus if 100-200 foot-
candles are supplied. The unit em-
ploys an optical view-finder.

REFLECTIVE TYPE OPTICAL SYSTEM
Television screen images having six
to seven times the illumination that can
be transmitted by the highly efficient
f/2 lens system are being reproduced

24

by a reflective type optical system. Con-
cave spherical glass reflectors, machine
pressed in cast iron molds like oven
glassware, have an important part in
solving the problem of transmitting
enough light from the cathode ray pro-
jector tube to the screen for good visi-
bility and satisfactory magnification.
Such reflectors, made by McKee Glass
Co., Jeannette, Pa., have recently been
incorporated in television sets for com-
mercial and home use.

DUAL ICONOSCOPE FILM PICKUP

The Television Equipment Division of
Allen B. du Mont Labs, Inc., 42 Harding
Ave., Clifton, N.J., announces the dual
iconoscope film pickup system. Housed
in metal cabinets, the units are floor-

mounted or mounted on a track at-
tached to the wall, allowing rapid posi-
tioning. The control console is built in
sections, all units being mounted on
sliders which facilitate access to com-
ponents, tubes and wiring. The controls
on the panels are laid out in four arcs
and the over-all frequency response is
flat up to 6 megacycles, permitting ex-
cellent picture resolution.

TV RECORDING CAMERA

Eastman Kodak Co., Rochester 4,
N.Y., announces a 16 mm. motion pic-
ture camera for recording television
programs on film. The first of its kind,
it produces movies directly from the
face of the monitoring “picture tube”
in a television broadcasting station. De-
veloped in collaboration with the NBC
studio at station WNBT and the Allen
B. du Mont studio at station WABD, it
is expected to facilitate reuse of pro-
grams, keeping records for legal use,
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and rebroadcasting for a potential film
network of television.

BEYQND HORIZON TELEVISION

Expansion of television service to
communities beyond the horizon, and
even to homes in valleys cut off by
mountains from the primary trans-
mitting antenna, has been proven
practicable by tests conducted re-
cently by Station WBRE of Wilkes-
Barre, Pa., with the cooperation of
NBC and RCA Victor.

Television signals picked up by a
mountain-top antenna from the
WNBT transmitter in New York, 105
miles away, were suecessfully ampli-
fied and carried by an RCA microwave
television relay system to six RCA
Victor television receivers in the
WBRE booth at the Wyoming Valley
Parade of Progress in the Field Artil-
lery Armory at Kingston.

The Wilkes-Barre experiment con-
stituted a pioneer test of repeater-
type television station operation, and
was one of the first in which micro-
wave relay equipment was used to
carry television “over the hump” by
beaming it from an elevated receiv-
ing antenna down to receivers or a re-
broadcast transmitter in an area
ringed by mountains.

ORTHICON CAMERA

Developed and manufactured by
Allen B. du Mont Laboratories, Inc., 2
Main Ave., Passaic, N.J., a new image-
orthicon camera features a super-
sensitive image-orthicon pickup tube, a
lens turret of four lenses of various
focal lengths and controls concentrated
at the rear of the camera. It also in-

corporates the electronic viewfinder,
wide voltage control, and an intercom-
munication system for the studio or
outside crew. Further information on
the television camera may be secured
by writing the laboratory.

G-E TELEVISION TRANSMITTER
General Electric, Electronics Park,

Syracuse, N. Y., has developed new

television transmitters, types TT-6-A

(Continued on page 28)
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Liquid Dielectrices
(Continued from page 9)

w = 2nf (where f is the frequency
of measurement, cycles)

I, = series inductance of leads

C = true capacity (corrected for
series resonance effect)

Q@,, = apparent high frequency @
(as measured on @ meter).

Results of Tests

When properly processed, all fluids
tested are able to withstand 8500 volts
(peak) at 2500 kc. This measurement
is made with an APC type capacitor
having a gap between plates of 0.025
to 0.030 inches at an ambient tempera-
ture of 25°C. Repeated flashovers
when voltages in excess of 8500 are
applied cause no damage if severe arc-
ing is not permitted to take place.
Thus if the circuit is protected by a
limiting device, the capacitor may
withstand an indefinite number of in-
dividual breakdowns without perma-
nent injury.

When the capacitor is initially
placed in service one or two prelim-
inary sparks may be observed to take
place at lower potentials than noted
above. However, these breakdowns
are harmless and are part of a process
known as cataphoresis. This has been
noted by many observers.1! It seems
that residual impurities are cleaned
up by the action of the electric field.

It is found that liquids which have
not had all moisture removed suffer
a reduction in dielectric strength be-
low a temperature of 0°C. A small
amount of moisture in the liquid will
cause spark-over at 8500 volts in the
above gap. Moisture has very little
effect from 0°C. to +85°C.

Although liquids are commonly as-
sumed to be incompressible, it has
been found that the dielectric strength
varies to a large degree with the ex-
ternal pressure. Removable of at-
mospheric pressure by means of a
vacuum pump applied to the test
capacitor caused the breakdown volt-
age to decrease from 8500 to 3000
volts. According to Schwaiger, the
breakdown voltage of oil increases
about 90kv/per cm. per atmosphere.
It is thus very desirable to maintain
a pressure in the capacitor no lower
than atmospheric and if possible to
increase the value to the maximum
practicable.

The addition of water (2 drops to 1
pint of fluid) has the effect of reduc-
ing the breakdown strength from 8500
volts across 0.025 gap to 6000 even
after the mixture is thoroughly agi-
tated to simulate distributed moisture.
This test is performed above 0°C.

After the addition of two drops of
water as above, a pinch of dust was
sprinkled into the liquid, and the mix-
ture agitated to distribute to impuri-
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ties. The dielectric strength fell from
6000 to 2800, showing that the dust
problem is normally much more im-
portant than the moisture problem.
With the addition of 15 pounds per sq.
inch of pressure, the breakdown was
decreased to 4300 volts.

Due to the number of variable fac-
tors involved in the processing and
handling of dielectric fluids it is desir-
able to have the actual working volt-
age of the capacitor far below the
ultimate strength of the dielectric. It
is intended to operate a capacitor with
0.025 to 0.030 spacing at 2500 peak
volts. This gives a factor of safety
of about 5 to insure reliability under
any condition of operation. Schwai-
ger? recommends a maximum working
gradient of 50 kv. per centimeter.

The selection of any one liquid for
a given application will in general be
a compromise depending upon the
particular application. For example,
the most desirable liquid considering
losses and capacity would undoubtedly
be the Dow-Corning Fluid No. 500.
However, inspection of the percent
capacity change over the operating
range will prevent the use of this ma-
terial unless the temperature can be
kept constant.

The ordinary transformer oils, of
which 10-C Transil Oil is a good ex-
ample, has one outstanding disad-
vantage, namely, in the temperature

range 0 to —30° C., the @ falls to an
extremely low value. This would be
detrimental to the operation of trans-
mitting equipment since the power
output will decrease. While it is
possible that the internal heat gen-
erated due to the increased loss would
tend to correct this condition, the time
taken for the @ to recover may be
excessive. Of the mineral oils, Gulf
Instrument Oil “A” represents the
best material of those tested. Its
usefulness is impaired by the low
value to which @ falls at low tem-
peratures.
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CHARLES FRANCIS ADAMS, JR. has been elected presi-
dent of Raytheon Manufacturing Company, Waltham,
Massachusetts. He replaces Laurence K. Marshall, who
has been elected chairman of the board. Mr. Adams was
a director of Raytheon for several years prior to entering
the Naval Service during the war. He has been a director

since May, 1946 and executive vice-president since May,
1947,

E. G. F. ARNOTThas been appointed assistant director
of research for the Westinghouse Lamp Division. He
joined the company in 1932 after being an instructor of
physics at Princeton for two years, and has been a factory
engineer in electronic tube manufacturing, an electronic
engineer, and later a member of the research staff. Mr.
Arnott is a specialist in the study of gas discharges for
fluorescent lamps and electronie tubes.

DONALD H. COOPER, staff member of NBC station
WRC in Washington, D.C. since 1928, has been appointed
chief engineer. He is responsible for all NBC Washington
broadeasting plant facilities and the engineering staff of
WRC, WRC-FM and television station WNBW. Mr. Cooper
is a graduate of the George Mason School and Loomis
Radio School and was formerly employed by the Inde-
pendent Wireless Co. and the RCA Marine Division.

R. P. LAMONS has joined the Federal Telephone and
Radio Corp. as the District Representative for broadcast
equipment. His territory will cover Illinois, Indiana,
Michigan, Ohio, Kentucky, Minnesota, Wisconsin, Missouri
and Kansas. Mr. Lamons was formerly associated with the
Western Electric Co., in radar equipment and with the
Andrew Corp. as Eastern Representative. He is a graduate
of the Illinois Institute of Technology.

DONALD W. PUGSLEY, designing engineer for General
Electric television receivers, was awarded honorable men-
tion as “an outstanding young electrical engineer” by Eta
Kappa Nu, electrical engineering fraternity. The award
is based on accomplishment in engineering, social, and
community activities as well as cultural and educational
endeavors. Mr. Pugsley has been associated with the
General Electric Company for thirteen years.

IRVIN R. WEIR has been named the new designing engi-
neer of the transmitter division of General Electric at
Electronics Park. Formerly section engineer, with com-
plete responsibility for engineering and drafting activities
at the Syracuse plant during the war, he will now be in
charge of the design of all Transmitter Division products.
Mr. Weir entered the employ of the company in 1921 and
is a senior member of the Institute of Radio Engineers.
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New Products

(Continued from page 23)

which the survey meter is set. Victoreen
Instrument Co., 5906 Hough Ave., Cleve-
land 3, O., designed and manufactures
the tool.

DEPTH SOUNDER

Trident Products, Inc., 110 W. Ala-
meda St., Burbank, Cal., annocunces a
new all electronic depth sounder de-
signed for commercial craft and yachts

of moderate size. As many as five re-
peaters may be connected to the master
indicator and the sounder may be oper-
ated from 6, 12, 32, or 110 volts d.c.
Power drain is 30 watts and depths to
100 fathoms, or 600 feet, are continu-
ously indicated on a large indirectly
illuminated scale.

PORTABLE VOLTAGE CONTROL

Completely self-contained, measuring
9 x 8 x 7 inches and incorporating a
405 watt variable aute-transformer and
a 0-150 voltmeter, this new portable
voltage control is suitable for laboratory
control or research work. Four plug-in
load receptacles eliminate the need for
tedious wiring jobs which would ordi-
narily be necessary in improving a hook-

up of variable auto-transformer, volt-
meter and load. The instrument is pro-
duced by Andrew Technical Service, 111
E. Delaware Pl., Chicago 11, IIl.

TEMPERATURE CONTROLS

A series of inexpensive temperature
controllers has been designed recently.
Only a small portion of current is al-
lowed through the heating elements,
enough to maintain definite tempera-
tures, no resistance is used—so no cur-
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rent is wasted. Available with or with-
out pyrometers, these stepless input
controllers are suitable for electric and
gas furnaces, ovens, pots and similar

e
!
applications. Inquiries should be di-

rected to the K. H. Huppert Co., 6830
Cottage Grove Ave., Chicago 37, Ill.

POWDER-IRON PRODUCTS

A variety of powder-iron cores, core
assemblies, coil assemblies and filter
units in several types are being offered
by Lenkurt Electric Co., 1115 County
Rd., San Carlos, Calif. The firm special-
izes in parts requiring extreme tempera-
ture and magnetic stabilities, emphasiz-

|
"'i'“‘

Parts can be
supplied in any powder desired, but
three standard materials are listed:
they cover frequency ranges of 100 cps.
to 90 ke., 50 ke. to 5 me. and 1 me. to
200 me.

ing production control.

REGISTRATION CONTROL
A registration control for use with

packaging machines using web-fed
wrappers has been developed by the
Ripley Co., Inc., of Middletown, Conn.
It is said to be so sensitive that cor-
rection in the positioning of wrapping
material is possible on low color con-
trasts as red or brown on yellow.
The control consists of a scanner
and amplifier and built-in relay with
connections provided so that the cam
on the feed of the packaging machine
automatically corrects the position of
the label whenever the web of ma-
terial gets out of register due to slip-
page or stretching. Because of the
sensitive circuit, the same method of
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scanning may be used for opaque,
translucent or transparent material.
The control operates at 750 per min-
ute with correction on any sequence
of registration marks such as every
5th, 10th, etc.

@
Protelgram
(Continued from page 11)

sealed under high vacuum: three special
miniature rectifier 1Z2 diodes, trans-
former coil, high-voltage condensers and
core pieces of “Ferroxcube,” Philips’
newly developed low loss magnetic ma-
terial.

The triode section of the 6SRT acts
as a 1000 cycle sawtooth oscillator and
drives the 6BG6G. This 6BG6G is biased
near cutoff and produces 1000 cycle peak
voltages in the plate circuit, which is
part of the high-voltage transformer
primary. The 1000 cycle 6BG6G plate
pulses, which are almost equal to its
maximum emission, start a 25 ke. train
of damped oscillations because the
transformer is tuned to approximately
25 ke. The first oscillation peaks of
about 8.5 kv. charge the tripler circuit
filter condensers and are rectified by the
three rectifier-diodes. By connecting the
8.5 kv. output of each rectifier stage in
series, 25.5 kv. is obtained.

Filaments of the three rectifier tubes,
requiring 0.5 watt each, are fed by
subsequent oscillation peaks from three
separate secondary windings.

Part of the 25 ke, voltage is used as
a negative feedback voltage which, after
rectification by the two diode sections in
the 6SR7, is supplied to the 6BG6G con-
trol grid. Thus, the amount of current
through the high-voltage transformer
primary can be controlled to improve
the external 25 kv. regulation charac-
teristic.

Three input connection wires are re-
quired for ground, filament, and 350
volt B supply.

Input requirements call for a heater
supply of 6.3 v. a.c. at 1.2 a., one side
grounded, and a plate supply of 350
volts at 50 ma, with 150 microamperes
high voltage drain.

Typical output performance figures,

with constant input supply voltages are |

25.5 kv., = 2 kv. at no load, a voltage
drop of less than 600 v. at 60 micro-
amperes drain and less than 1200 v. at
125 microamperes drain.

The high voltage unit can be mounted
in various specific positions (according
to manufacturer’s mounting specifica-
tions for the 6BG6G) within a distance
from the second-anode contact of the
3NP4 tube in the projection box, which
is limited by the length (15 inches) of
its insulated second-anode connection
cable.

~ @D
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Television

(Continued from page 24)

and TT-6-B with a 5 kw. visual trans-
mitter and a 2% kw. aural transmit-
ter, incorporating the well known
phasitron modulator, for operation on
television chanrnels 1 through 13. Both
transmitters meet or exceed the pres-
ent FCC and RMA standards.

MULTIVISION VIEWERS

The problem of a clear, comfortable
view of television at a distance has been
solved by Industrial Television, Inc.,
359 Lexington Ave., Clifton, N.J. They
have produced a unit called multivision

S A

viewer, a large-screen viewer which can
be attached to a small-screen receiver,
thus avoiding the cost of a large re-
ceiver. One or more viewers can be
attached, and the remote control per-
mits the unit to be in the most advanta-
geous position.

TV ANTENNAS
A solution to the problem of apart-

ment house owners and their tenants
who want good television reception
without spoiling the appearance of the
apartment house roof is offered by the
Engineering Department of the Radio
Manufacturers Association in a book-
let released recently.

The proffered solution, the booklet
explains, “has been found in a Dis-
tribution System which uses an an-
tenna or combination of antennas, an
amplifier, cables, and an outlet box
for each apartment.

“The antennas are mounted on the
rooftop and are oriented or ‘sited’ at
the time of installation so as to give
the best reception for each station in
the vicinity. Where strong signals
from the transmitter are available—
such as might be the case in the cen-
ter of a city—or where there are only
a few receivers drawing from the sys-
tem, amplifiers may not be required.

“Individual apartments are con-
nected to the system or the amplifier,
if one is being used, by means of a
low-loss transmission line connected
through conduit to the various apart-
ments, each equipped with a connection
box similar to an ordinary wall outlet.”

D
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New
TUBES

RCA TUBES
SMALL ELECTRON TUBES

RCA’s new “Special Red” tubes, 5691,
5692, 5693 are small type tubes specifi-
cally designed for those industrial and
commercial applications requiring tube
features of exceptional uniformity and
stability and rigidity of charactegistics
to resist shock and vibration. The “gird-
er” construction holds internal ele-
ments rigidly in adjustment, and a pro-
longed seasoning process minimizes
changes in characteristics during oper-
ation. The tube has a minimum life
specification of 10,000 hours, or about
14 months of continuous round-the-clock
service.

The “Special Red” tubes are recom-
mended, in general, as replacements for
the 6SL7-GT, 6SN7-GT and 6SJ7. A
technical booklet, RSB 1000, providing
detailed descriptions and operating data
for the tubes, is available upon request

from the RCA Tube Department, Com-
mercial Engineering Section, Harrison,
N.J.

TUBE SOCKETS

Electronic tube sockets for trans-
mitting and industrial tubes have been
made available by the Tube Division of
General Electric Company’s Electronics
Department at Schenectady, N.Y. The
sockets, in a wide range of sizes,
include panel-mounted and chassis
mounted styles and are built to NEMA
specifications. The body is molded in
one piece from BM120 black bakelite,
with barriers for insulation and creep-
age paths. Contacts are constructed
from phosnic bronze, with four lines of
contact for the length of the whole pin.

MINIATURE TUBES
Three new tubes, the 6A S5, 35C5 and
the 50C5 are being produced by RCA.

] The 6AS5 is intended for use in the
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output stage of low-cost automobile and
a.c. operated receivers. It is capable
of delivering 2.2 watts at the relatively

e

low plate and screen voltages of 150
and 110 volts, respectively.

The 35C5 and 50C5 are intended for
use in the output stage of a.c.—d.c.
receivers. They are designed with high
power sensitivity and high efficiency,
being capable of providing 1.5 watts
and 1.9 watts, respectively, with 110
volts on plate and screen.

VOLTAGE-REFERENCE TUBE

The 5651 is a miniature, voltage-
reference tube of the cold-cathode, glow-
discharge type, designed for extreme
voltage stability. Voltage fluctuation at
any current value within the operating-
current range of 1.5 to 3.5 milliamperes
is less than 0.1 volt. The 5651 main-

|3
tains a d.c. operating voltage of ap-
proximately 87 volts, this characteristic
being essentially independent of ambient
temperature. More information ean be
obtained from the RCA Tube Depart-
ment, Harrison, New Jersey.

~~ B
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1-3 incl.—AIEE Great Lakes Dis-
trict Meeting, Des Moines, Towa.

7-9, incl.—Midwest Power Con-
ference, Stevens, Hotel, Chicago.

17—Chicago IRE Conference,
sponsored by the Chicago Section of
the Institute of Radio Engineers; to be
held at the IIT campus.

24 —Television Conference, spon-
sored by the Cincinnati Section of the
Institute of Radio Engineers.

26-28 incl—IRE-RMA Spring
Meeting on Transmitters, Syracuse
Hotel, Syracuse, N. Y.

28-30 incl—AXEE North Eastern
District Meeting, New Haven, Conn.

MAY

11-14 incL,—Radio Parts and
Electronic Equipment Conference
and Show, Stevens Hotel, Chicago.

22—New England Radio Engi-
neering Meeting sponsored by North
Atlantic Region of IRE, Hotel Con-
tinental, Cambridge, Mass.

21-25 incl.——AIEE Summer General
Meeting, Mexico City, Mex.

SEPT.-0CT.
Sept. 30-Oct. 1-2 incl.—Pacific Elec-

tronic Exhibition, Biltmore Hotel Ball-

room, Los Angeles, Calif. ‘
* * *

MONTHLY MEETINGS |

Institute of Radio Engineers, |
Chicago Section. Don Haines, Secre-
tary, CAPitol 6500.

Dinner, 6:00 P.M., Bolling’s Restau-
rant, ground floor of the Engineering
Building, 205 W. Wacker Drive. Price
$1.75 per plate. Call Don Haines for
reservations. Program, 7:15 P.M., En-
gineering Auditorium, second floor of
the Engineering Building.

April 17—Annual Chicago IRE Con- l
ference, see announcement above. This
Conference takes the place of the reg- |
ular meeting.

American Institute of Eleetrieal I
Engineers, Chicago Section. F. D.
Troxel, Secretary, FRAnklin 7130. |

Program, 7:00 P.M., 6th floor As-
sembly Hall, Civic Opera Building. 20
N. Wacker Drive. |

April 22-——Electronics Group—*“Flu-
orescent Lamps and Electronic Be-
haviour” by Charles Stover, District
Engineer, Midland Sales District, G.E.
Co. Lamp Dept., Chicago, Ili.

—o~ |
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Bead-Supported Atten.
(Continued from page 14)

tolerances permit. The insert used for
the 6 db. attenuator is of the continuous
film design (see Fig. 4). The 20 db.
unit, whose performance curves are
shown on Fig. 5, is a compensated
film design. All are 6" in over-all
length of insert.

In order to allow widest general ap-
plication of the attenuators and yet
permit broad band coverage, special
type N couplings were employed with
a jack situated at one end and a plug
at the other, as shown in Fig. 2. The
couplings will mate with standard
Army-Navy type UG 21 B/U and UG
23 B/U couplings, but require special
bead supports in each of the mating
units in order to give the desired
broad band performance.

The cross-section of the “grooved”
bead support is shown in Fig. 6A. For
the major section of the bead length,
S, the ratio of outer to inner diameter
is arranged to give the same char-
acteristic impedance for this dielec-
tric filled line as for the standard loss-
less line. The outer diameter of this
bead, however, is greater than the
inner diameter of the outer conductor
of the casing, resulting in the appear-
ance of field distortion and added
lumped capacitance * at the metallic
discontinuity in the outer conductor.
This is evident from an inspection of
Fig. 2. These capacitive discontinui-
ties are responsible for sizeable mis-
match in the neighborhood of 10,000
mc. To compensate for this effect,
grooved bead sections of thickness, d,
acting effectively as inductances, are

arranged to cancel the reactance pro-| :
duced by the discontinuity at each end |

of the bead. The scheme for this can-
cellation is shown in the admittance
locus of Fig. 6B. The discontinuity
capacitance represented by the length
Y, d is cancelled by a short travel, db,
in the grooved section which is a
transmission line of lower character-
istic admittance, Y,. The remaining
mismatch produced by the admittance
Ya is a very small fraction of the dis-
continuity susceptance. Since the
length, Yod, varies linearly with fre-
quency and the length, db, nearly so,
this cancellation is very broadband.
Fig. 6C illustrates the bullet used to
terminate the attenuator insert. Sec-
tion ab of this bullet is greater in
diameter than the main line in order
to permit the metallized-glass to be
slipped in and soldered securely. Al-
though the capacitive discontinuity is
small, this oversized section repre-
sents a line whose characteristic im-
pedance differs from Z, the lossless
characteristic impedance of the main
line. Hence, a mismatch is introduced
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which is especially noticeable at 10,-
000 mc.

Cancellation of this effect is accom-
plished by a neighboring reduced
diameter section, bc. The admittance
locus trace is shown on an exagger-
ated scale in Fig. 6D. The length of
arc ab which is the result of the en-
larged section of characteristic ad-
mittance Y, is cancelled by the length
of arc bc resulting from the reduced
diameter section of relatively low
characteristic admittance ¥,  This
cancellation is also inherently broad
band, since the length of traces ab
and bc vary in a similar manner as
the frequency changes.

The complete mechanical design of
an attenuator insert and casing for
the frequency band 4,000-10,000 mc.
is shown in Fig. 2. The attenuations
of the units designed by the procedure
outlined in this paper are 3, 6, 10, and
20 db. All inserts fit interchangeably
in the casing of Fig. 2.

Figs. 4 and 5 show the experimen-
tally determined attenuation and
VSWR characteristics of two of these
units. The variation in attenuation for
any of the units is less than 0.012 db.
per db. of nominal attenuation, per cm.
of wavelength band spread. In no case
does the VSWR measure more than
1.30 over the entire band. It will be
noted that the VSWR curves only
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roughly follow the theoretical shape
indicated by Figs. 3B and 3D. This
is mainly due to the effect of the type
N couplings and .bullets discussed
earlier in this paper. The effect of
these components is emphasized at
the high frequencies where the VSWR
curve shows peak values for all the
units,

REFERENCES:

1. Griemsmann, J.W.E., “Metallized Film
Coaxial Attenuators,” a paper presented at
the Rochester Fall Meeting of the I.R.E.

2.  Whinnery, Jamieson, and Robbins,
“Coawial Line Discontinuities,” Proceedings
of the I.R.E., Vol. 32, No. 11, Nov. 19}4.

~Da
Delay Lines
(Continued from page 18)

L, and C, are determined from a
knowledge of the required character-
istic impedance, which is equal to
VL,/C, and the cut-off frequency,
which is equal to 0.404/VL.C,. The
characteristic impedance of the line is
selected so that it matches the circuit
in which it is to be used. Where there
is an option the characteristic imped-
ance should be made as low as possi-
ble. This follows because the lower L
is, or conversely the higher C can be
made to give a particular VL. C, val-
ue, the smaller the size and attenua-
tion of the line. For generally the
higher L is the greater the size and
attenuation of the line, while the
value of C, within reasonable limits,
has very little effect upon either of
these two parameters. Consequently
C, is made as large as possible being
limited, for any given f,, by the re-
quired characteristic impedance.

The cut-off frequency is determined
from the knowledge of the pulse
shape. It was shown in a previous
article that a “rule of thumb” method
for calculating the bandwidth or max-
imum frequency of a pulse is to set
the maximum frequency equal to
1/2t,, where t, is the build-up time.
The cut-off frequency of the network
is then set at 1.33 to 2 times \?/Z times
the maximum frequency.

To review briefly, the following are
the design formulae for an m-derived
type of artificial line for m = 1.275:

T = 0404/fo ..... (a) Ly = Zo/v‘n'fo 0ooo (b)
Co=1/nfoZs...(c) L=104L,..... (d)
C=1275Cs....(e) M =0013L,...(D)
Ek=012........ (g) n=1T)T ...... (h)
where 7" is the total delay
From experience, the following pro-

cedure has been developed for the de-
sign of this type of line.

1. A suitable value of characteristic
impedance is chosen, consistent with
the circuit requirements.

2. From a knowledge of the pulse
shape, for which the line is to be used,

30

e X mLo/2 mig/2
1-mZLg
4am
o mCo
(A) ®

- used,

Fig. 8. Single cell of a lumped line which
has mutual coupling between successive
coils. Takes form of an m-derived filter.

the maximum frequency to be trans-
mitted is determined. The cut-off fre-
quency of a line cell is then taken to
be from 1.33 to 2 times this maximum
frequency.

3. From the calculated value of f,,
the delay of one cell of the line is de-
termined by means of Eqt. (25a).

4. The number of cells necessary to
provide the total delay is found from
Eqt. (25h). The cut off frequency of
each cell must then be multiplied by

\3/75. This, of course, reduces T so that
additional cells may be required. This
process is repeated until a value of f,
consistent with bandwidth and total
delay requirements, is found.

5. From Eqts. 25, the constants of
the line are calculated. Since only
standard values of capacitors can be
the nearest standard value
should be chosen, after which revised
values of L, and Z, are calculated.

6. Both ends of the line should be
terminated in a half pi section with m
equal to 0.6. However, reasonably
good termination may be obtained by
terminating the ends with capacity
equal to C/2.

Construction of the Line

For lines having small delay or lines
with a low characteristic impedance
(less than 1000 ohms), and high cut-off
frequency, where physical size is not
the prime consideration, the inductive
portion may be made up of a single
layer, continuously wound solenoid.
For longer delays it may be more con-
venient to make up the inductance in
the form of a multilayer coil usually
wound in the universal manner.

The formula for the number of
turns, N, necessary to provide a given
inductance, L, for a single layer sole-
noid is:

N = (42;19L) ¥ .

(26)

PHOTO CREDITS
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where L is the inductance per cell in
microhenrys and a is the radius of the
coil form in inches.

In order to achieve the proper cou-
pling between coils so that k equals
0.12, the condition that I/d equals 1.7
must be satisfied, where [ is the length
of one cell inductance and d is the
diameter of the coil form.

For multilayer coils, the number of
turns may be found from:

N = (3—0‘8—L)%. :

D N

where D is the inside diameter of the
coil, i.e., the diameter of the rod on
which the coils are to be mounted.
Both the width and the height of the
coil winding should be equal to D/2.
The number of turns per square inch
of coil area may be found in the wire
tables given in electrical hand-
books.?- ¢ The wire size is chosen from
these tables to fit into the required
space. If the wire size given is im-
practical, then the value of D must be
changed accordingly.

The coils should be spaced on the
supporting rod in such a manner as to
make the coupling coefficient between
successive coils equal to 0.12. This
value may be found by measuring the
inductance of one coil with the adja-
cent one first open circuited, and then
short circuited. The spacing is ad-
justed until :

L.s 12
Lo

where L . is the short circuited in-
ductance and L, is the open circuited
inductance.

When the proper spacing is deter-
mined, spacers having a thickness
equal to the coupling distance may be
made and used as guides for the coils
to be mounted on the rod.

=0.986. . .

Attenuation in Lumped-Constant
Delay Lines

The attenuation of a lumped-con-
stant line is not an important parame-
ter as long as the number of cells is
not large. However, when the line
consists of more than about fifteen
cells, the attenuation may become an
important factor in the design and op-
eration of the line. Attenuation in a
line may be due to several causes, i.e.,
losses due to wire resistance, losses in
the condensers, and losses in the coil
core material. At the usual pulse fre-
quencies, the dielectric losses may be
neglected, and in fact, for frequencies
up to 15 mc., experience indicates that
any losses that do occur are nearly en-
tirely due to the d.c. resistance of the
wire.

As in Eqt. (3), the attenuation is the
real part of the propagation constant,
and from this we may derive that:
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.= 1.91)7'(\/1—4__1/-02—1 )h

neperspercell . . . . . .. . . (29
; _ wLly  wL(1+4+2k)
where Q = 1'42K = ~_Rdc

L is the inductance of one cell and
R,. is the d.c. resistance of one cell.

The value of @ may be found in
terms of the number of turns, N,
characteristic impedance, Z, and the
cut-off frequency, f,, from:

Q = 1280 XN @S (30
where R, is the resistance per 1000
feet of wire.

If @ is large compared to 1, which
is usually the case, then Eqt. (29) re-
duces to:

__Ra
NN (Zofd)
From this equation it can be seen
that at high frequencies, where @ is
large, the attenuation is constant and
depends upoen the wire size used.

In designing the line, a cut-and-try
method is used. The values of L and C
are calculated, after which a size of
wire is chosen to fit the required phys-
ical dimensions of the line. The at-
tenuation of the line is then calcu-
lated. If it is excessive, a larger wire
size is chosen. To use this wire, the
physical dimensions, characteristic im-
pedance, or cut-off frequency must be
changed to be consistent with the
other electrical requirements of the
line.

a = 0.00106 (31)

Supersonic Delay Lines

At the present time, pulse delays
greater than 100 microseconds are dif-
ficult to obtain by purely electrical
circuits because of the large physical
size that such a line assumes. It is con-
ceivable, however, that improvements
in high dielectric materials will make
the development of such long delay
lines practical.

An alternative method of obtaining
long delays is to transform the elec-
trical pulse into a supersonic wave, in
the form of compressional vibrations,
which travels through the medium
with a relatively low velocity. The de-
lay per unit length of the medium will
thereupon be relatively high.

The velocity of propagation of a su-
personic wave is given by:

v=~NE/P. ... .. ... ... 32
where E is the Young’s modulus of the
medium, and P is the density of the
medium.

It should be noted that an analogy
exists between the electrical and
acoustical lines with the inductance
and capacitance being replaced by the
reciprocal of Young’s modulus and the
density.

APRIL, 1948

The acoustical lines are also anal-
ogous to the electrical ones in that the
same parameters are of importance,
i.e., delay time, characteristic imped-
ance, attenuation and cut-off fre-
quency. Unfortunately this art has
not progressed to the point where com-
plete design equations have been
evolved and frequently a cut-and-try
method provides the best approach.

A supersonic delay line consists of
a transducer, which converts the elec-
trical energy to acoustical energy, a
medium through which the compres-
sional vibrations travel, and another
transducer which reconverts the acous-
tical energy to electrical energy. As
may be expected, the maximum con-
version efficiency is obtained when the
transducer impedance matches the line
impedance.

There are a number of transducers
and mediums that can be used. The
most common of these is the mercury-
quartz combination in which the quartz
transducer has a high acoustical im-
pedance approximately equal to the
mercury medium. Consequently ade-
quate coupling is readily obtained.

The time delay of mercury lines is
given by the following expression:
T = (17.42 + 0.0052 °C) microsec./in. (33)
where °C is the temperature of the
mercury in °C, so that at 20°C,, the
delay per inch of a mercury line is
17.52 microseconds. The variation of
delay with temperature may be objec-
tionable in some applications, in which
case the mercury lines must be kept
at a constant temperature by care-
fully controlled thermal devices.

The theoretical determination of the
attenuation of mercury lines cannot
be readily made since the causes of
this attenuation are not completely
understood. It is known, however, that
the losses due to the medium alone
increase as the square of the fre-
quency. In addition, there are other
effects such as the “wall effect” which
increases the attenuation as the square
root of frequency and inversely as the
diameter of the mercury tube. In a
typical 0.25” diameter mercury delay
line, the attenuation is .27 nepers per
foot.

The line is so constructed as to
avoid reflections at the ends. This
is achieved by inserting a material
such as lead or ceramic at the ends of
the tube containing the mercury (be-
hind the quartz plates).

The disadvantage of mercury lines
lies in the fact that an elaborate con-
struction is necessary, and once con-
structed only a single value of delay
may be obtained from it; that is, it
cannot be tapped or shortened. Recent
investigation into the use of magneto-
strictive effects, i.e., contraction and
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expansion of a metallic rod in accord-
ance with a voltage applied across a
coil surrounding the rod, for obtaining
supersonic waves, indicates that this
type of line may be more flexible. The
delay of these lines can be adjusted to
suit individual applications and may
be tapped with ease.
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STOP THAT THIEF

BEFORE HE STERALS.
ELECTRONIC RADIO

PROTECTS — Your Home, Factory, Warehouse,
Barn, Fur Vault, Jewelry Displays, Filing Cabinets,
Safes, Valuable Papers. Detects intrusion, fire, tres-
passing. Proven effective for over 15 years. Works
on a foolproof capacity principle when protected
area is approached. Used by Government agencies
| Service Stations, Offices, Industrial plants, Homes.

Can easily be installed by any electrician or radio
service man. Write for complete descriptive bulletin

1904 LINCOLN-LIBERTY BLDG.
PHILADELPHIA 7, PENNA.
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An Answer toYour Needs!

RADIO TEST
INSTRUMENTS

by Rufus P. Turner
Consulting Engineer, RADIO NEWS

TELLS HOW TO CONSTRUCT, CALIBRATE, AND
USE ELECTRONIC AND RADIO TEST EQUIPMENT

This well illustrated and practical manual will be an asset to any
radio man’s service library. It shows how to build, how to prop-
erly calibrate, how to use dozens of different types of radio and
electronic testing devices. It covers briefly the theoretical explana-
tion of radio, but only to make sure the reader first understands
electrical and radio theory. The major portion of the book is de-
voted to technical data, which is presented in clear, understandable
language. An ideal text for the practical radio man and a must
for the radio serviceman.

Graphically Illustrated

Included are 182 informative illustrations—diagrams, charts,
tables, and photographs—carefully chosen by the author to illus-
trate his sixteen chapters. RADIO TEST INSTRUMENTS is a
unique presentation of a culmination of the author’s own practices
and applications. He has constructed and calibrated, tested and
built, each piece of equipment described. And he shows how you
can build and use these test instruments.

Covers Fully All These Test Instruments

® Multipliers ® Vacuum-Tube ® Substitution-Type

® Resistors Voltmeters Capacitance

* Multi-Range ® Decibel Meters Checkers
Voltmeters ® Bridge-Type ® Resonant In-

* Multi-Range Impedance Meters ductometers
Ammeters ® Direct-Reading ® Precision Re-

e Ohmmeters Impedence Meters sistance Bridge

® Ultra-High- ® Simple Capacitor  ® High-Gain Null
Resistance Meg- Checkers Detectors
ohmmeters e Compact Capacitor ® Oscilloscopes

® Volt-Ohm- Checkers ® R.F. Test Os-
Milliammeters o Simple Coil cillators

* Wattmeters Checkers ® and many others

Price $4.50. Use convenient coupon
with full return privilege

ZIFF-DAVIS PUBLISHING COMPANY
185 North Wabash Avenue, Chicago 1, lil.
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REVISED EDITION
NOW AVAILABLE!

ACCURATE . . . AUTHORITATIVE
PROFUSELY ILLUSTRATED

221 PAGES; 182 ILLUSTRATIONS
AN EXCEPTIONAL VALUE

FOR ONLY

$4.50

Ziff-Davis Publishing Company, Dept. REE
185 North Wabash Ave., Chicage 1, III.

which please send me one copy of RADIO TEST IN-
STRUMENTS. I understand that I may return book
within five days for full refund if I am not entirely

|
|
|
|
[
|
| pleased.
I
I
|
|
I

l
l
|
I am enclosing $4.50 (check or money order) for ;
l
l
l
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Here's the receiver you've been wait-
ing for! A real communication receiver
covering all frequencies from 500 kes
to 35 mcs, the brand new NC-33 offers
the same fine workmanship that dis-
tinguishes National's more expensive
receivers. Dollar for dollar, feature for
feature, it's better built, batter looking,
better performing! See it — compare
it — today at your dealer's. You'll de-
cide it's the perfect choice for your

shack, living room, playroom or den!

TO FIND YOUR NEAREST NATIONAL DEALER SEE
THE CLASSIFIED SECTION OF YOUR "PHONE BOOK

BIG RECEIVER QUALITY ns'l

THE NEW
NATIONAL

NC-33

$ 595

AMATEUR NET

- Operates from 110-120 volts AC or
- DC. Ideal for shipboard and other

uses where DC only is available.

Electrical bandspread on all bands!
Broadcast, amateur, police and for-
eign bands plainly marked.

. Automatic noise limiter assures op-
-¢ timum reception under all operating
~ conditions.

CW oscillator with pitch control
provides superb CW reception.

Lightweight — easy
to carry.

gl BioNew.
R ool Cotoly

2 | NATIONAL COMPANY, Inc. |
_n_n_t “n.“_L | 61 Sherman St., Malden 48, Mass. '
e — = s o Lined

© : | Gentlemen: Please send me your new 1948 catalog
EST. did . | of National receivers, components and parts. :

. ; : NAME g wmaim cmmgend® oo, o S5, Be s e v oo o Bfge
NATIONAL COMPANY, Inc. | o ,
MALDEB;I,EMASSACHUSE?;‘I'S | SRR Z ONE ...... STATE ......... l

April, 1948
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SELECT from the

Many Bliley crystal units are first pro-
duced on a custom-built basis for special
application. Quite often these designs con-
tain outstanding features that are desir-
able in many applications and when this
occurs the unit is included in our catalog
listing. Our Bulletin 36 contains 22 stand-
ard crystal units, all widely used in com-
mercial and governmental applications.

Bliley engineers are constantly utilizing

CRYSTALS

our many years of specialized experience
to solve new frequency control probiems.
If you have a frequency control applica-
tion, whether standard or specialized, we
can probably come up with the right an-
swer. Remember to specify Bliley TECH-
NIQUALITY crystals for greater accura-
cy, stability, quality, and advance design.

WRITE FOR YOUR COPY OF BULLETIN 36

RADIO NEWS
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HE LETTER reproduced here speaks for itself and
T—G-E Speakers. The superb engineering which
makes this speaker ideal for outdoor use, also makes-
it ideal for replacement in Lome receivers, where
widely varying conditions of dryness and humidity
affect speaker performance.

Here is an opportunity to develop the speaker
replacement market to its fullest extent and push the
outdoor theatre market.

G-E Speakers are competitively priced—and in
quality they are outstanding. Build speaker business
now. Send us your order.

For complete information write:

General Electric Company, Electronics Department,
Electronics Park, Syracuse, New York,

GENERAL 79 ELECTRIC
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Reputation is built alone through continued supremacy. Of the
many points that help to make Radiart VIBRATORS the leader in
the field, the factor of quiet, noiseless operation has reached o
new point of perfection because of recent engineering develop-
ments. Here is vibrator operation at its best! Servicemen every-
where depend on the engineering skill of Radiart to serve their
customers interests best. They know Radiart is always correct,

electrically and mechanically for each recommended application.

It Costs No More To Get A Red Seal VIBRATOR, Radiart Includes

This Important Feature . . . At Regular Low Prices

The Radiart Corp.

CLEVELAND 2, OHIO
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Fig. 1. Fastering antenna in position.
trol unit transmitter is shown in the foreground.

By R. C. SCHMIDT, WIVDY, and

L. A. WILLIANIS

Raythzon Manufacturing Company

Two channel operation,

31 and 53 megacycles,

provides complete 180 degree rudder control.

IMPLICITY is the keynote in

the design of any piece of radio

remote control equipment for
model boats or aircraft, because light
weight, low battery consumption,
troublefree operation, and low cost,
all hinge upon this factor.

In the radio control of the model
sailboat described here, the necessary
control operations are solely those of
turning the rudder either to left or
right at will, this operation being per-
formed by a small permanent magnet
reversible electric motor and suitable
gear train. The remote radio link

April, 1948

must, therefore, either carry two in-
teiligence channels or alternatively, a
single channel could be used to alter-
nately select one and then the other
control operation. This “selector” sys-
tem or single channel control can be
made to accommodate a larger num-
ber of control operations. However,
since the operations occur in a fixed
sequence, it is at times a very slow
and unwieldy method of control
Also, it is quite common for the re-
ceiving equipment to get out of se-
quence with the remote transmitter;
thus some form of repositioning of the

www americanradiohistorv com

selector is necessary in the selector
system, which usually boils down to
another intelligence channel. For
this reason a sysiem was chosen using
two separate radio channels.

The boat used for this experiment is
a “Class A” type. The hull is of
mahogany planked construction with
a length of 6 ft. and a beam of 14
inches. The single mast is about 8
ft. in length.

Receiver

The receiving equipment consists of
two single tube receivers using Ray-
theon type RK61 tubes operating in
the 50-54 mc. amateur band. The
RK®61 is a subminiature version of the
prewar RK®62. This tube operates in
a simple superregenerative circuit,
and has a small relay in its plate cir-
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MOTOR

Ry, R—3 megohm, V3 w. res.

Rz, R,L—10,000 ohm, wirewound rheostat

C;. Cs—3-30 pufd. trimmer cond.

Co, Cr—35 uufd. air trimmer

Ca, Cy—100 pufd. mica cond.

C,, C;—.05 ufd.. 200 v. cond.

Li.L~—6 t. #14 copper wire, c.t., 7/16" i.d.,
spaced wire diam.

RFC,, RFCor—46" length. #36 d.s.c. wire
wound on 1 megohm, 145 w. res.

B,—1%Y; volt flashlight cell

Bs—45 volt ““B” battery

B.,—12 volt standard flashlight cell

V,, V.—RK61 tube

Motor—Pittman 12 volt model railroad motor
(See text)

RL,, RL,—8000 ohm, s.p.d.t. sensitive relay
(Sigma #4F)

S,—S.p.s.t. toggle sw.

S.—Midget knife sw.

Sav S;—Microswitch (See text)

Fig. 2. Schematic diagram of receiver. Two superrecenerative receivers are used
as a means of reversing motor. These receivers operate on different channels.

cuit. Plate current under “the no re-
ceived signal” condition is 1.5 ma,,
and triggers to 0.5 ma. or less depend-
ing upon signal strength. The plate
circuit relay must therefore operate
within this range of plate current
change. The Sigma model 4F relay
usually serves adequately here. This
relay has an 8000 ohm coil, and can
be adjusted to operate on as little as
0.2 ma. current change. With some

Fig. 3. Aligning receiver. A 0-5 or a 0-10 milliammeter is
clipped across the open knife switch (S,) for tuning the unit.

tubes the optimum relay resistance
may be as low as 5000 ohms.

As regards power supply, the RK61
receiver is very economical, requiring
only 1.5 volts at 50 ma. each for fila-
ment supply, and 45 volts at 1.5 ma.
for the plate.

Rudder Control Mechanism

The motor used is a Pittman 12
volt d.c., 6000 r.p.m. model railroad

www americanradiohistorv com

Fig 4. Under chassis view of receiver.
lays are mounted atop the metal covers of rheostats R, R..

type, which can be obtained at any
hobby craft store. It draws about .3
to 4 amp. under full load. In order
to assure easy operation, a 3000 to 1
gear reduction was used. In length of
time with the motor operating under
load, the rudder may be shifted from
full left to full right in about 15
seconds.

There are many ways of applying
this control. The main purpose was to
find a simple, positive, and variable
mechanism which would be practi-
cally foolproof. The complete mech-
anism may be placed under the deck
or above deck. The reason for plac-
ing the mechanism above deck in this
case was to save hull damage in case
of bad operation. The unit is enclosed
in a watertight metal box with all
operating parts inside (see Fig. 3).
It was only necessary to drill one hole
in the deck to allow for wiring. Using
this method, the rudder can be moved
to any position up to 90° left or right
from the neutral or center point.

By the use of 2 microswitches (8§,
S, Fig. 2) for limit switches the
rudder cannot move beyond the S0°
position.

Cireuit and Construction Details

Fig. 2
receiver

includes the circuit of the
and associated motor drive
for the rudder. The receivers are
mounted on a piece of lucite which
fits flush with the hatch. The tuning
condensers, O, C: and plate current
adjustment resistors, R, R. are
brought out through the top, along
with midget knife switch 8.. This
switch affords a convenient means of
inserting a 5 or 10 ma. current meter
in the plate circuit for tuning pur-
poses. The photograph of Fig. 4
shows the arrangement of component
parts below decks. The sensitive re-
lays were bolted to the metal back

The two sensitive re-

RADIO NEWS
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covers of the control rheostats to con-
serve space. The RK61's are mounted
horizontally in a cradle also made of
lucite, and are held in place with
rubber bands. The tubes have 2 inch
tinned leads which may be used to
wire them directly into the circuit if
space is at a premium or the leads
may be trimmed to 3/16” and plugged
into subminiature tube sockets which
are available. From the tube re-
placement angle, the use of sockets is
better.

Connections from the receiver are
cabled and brought to a common ter-
minal board mounted in the bottom
of the hull, as are all the leads from
batteries, motor, and the limit
switches on the motor. The limit
switches, 8., S, serve to open the
motor circuit when the rudder has
reached the limit of its travel in either
direction.

The transmitter consists of a very
simple push-pull oscillator using two
957 acorn tubes with 1.5 volts on the
filaments from two paralleled inter-
mediate size flashlight cells. The plate
supply is a pair of 67% volt “B” bat-
teries of the type used in portable
broadcast radios. The complete trans-
mitter unit is housed in an aluminum
box 4%"” x 4%” x 10”. The control
switch 8, is a single-gang, 2-circuit,
3-position rotary switch. This switch,
when turned to the left of center,
connects the filaments only. When
turned to the right of center, it
powers the filaments, and also cuts in
the padding condenser, C. thus ob-
taining the second control channel
frequency. In the interests of sim-
plicity, it was decided to switch the
filament circuit only for turning the
transmitter off and on to either
channel. The short time delay while
the tubes are warming is unnotice-
able for practical operation in this
type of application. However, a sep-
arate filament switch with S, in the
plate lead would be satisfactory also.

The photo, Fig. 6, is an internal
view of the transmitter. A small sub-
chassis partitions the batteries, and
mounts the transmitter circuit com-
ponents. The 957 sockets are mounted
back-to-back and in a vertical po-
sition. The condensers, C, and C,, are
mounted on a pillar-supported piece
of lucite, so that they can be tuned
from the top of the transmitter box
through two appropriate holes. The
quarter-wave whip antenna plugs into
a feedthrough insulator also located
in the top of the box.

In tuning the transmitter, S, is
turned so that C. is not connected.
Then C. is tuned to the high frequen-
cy control channel, i.e, approximately
53 me. Then, switching over to the
position which includes C, in the cir-
cuit, C, is tuned for the low frequency
channel at 51 mec. It has been found
more convenient to set the transmitter
just once, and make subsequent tun-
ing adjustments on the two receivers.
Thus, having once set the transmitter
well within the band, there will be no

(Continued on puge 176)
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‘RUDCER POSITICN.
) DIGATOR

Fig. 5. "Coming about”-— Boston’s Back Bay section is the backdrop for this demonstra-
tion. The mdder position indicator should be visible to the operator at all times.

\
E _ READY \

Fig. 6. Internal view of transmitier control unit. Condensers C, and C, are mounted
on a polystyrene bracket supported from the subchassis by a metal rod. A.

Fig. 7. Boat carries 500 sq. in. of sail to conform with “Class A" racing standards.
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MON

Y-What You Need
And How/To Get It

By R. W. PITMAN
Pres.. The Charter Bank of Philadelphia

Bank credit plays an important role

in your business success. Investigate

the possibilities of using this serviee.

OT being possessed of Aladdin’s
N lamp, I want to confess imme-

diately that I don't know how
much money you need, and I certainly
can’t tell you how to get it, even if I
did know how much you need. If I
were possessed of such knowledge, I
would apply it to my own personal use
and probably would be in Florida now,
instead of in Philadelphia talking to
you.

In fact, I have always been impa-
tient of these experts who visit me and
explain how ‘intelligent” manage-
ment will improve my financial con-
dition. That “intelligence” usually
means that I should buy something
they have for sale. I become impa-
tient because investigation usually in-
dicates that they, themselves, are fre-
quently financially worse off than I
am, if that is possible.

Without previous approval from
your Committee, therefore, I will take
the liberty of changing the title of my
remarks to “BANK CREDIT-HOW
TO BUILD IT—HOW TO USE IT—
AND HOW TO TREAT IT.” Now like
a good Methodist preacher, having
stated my text, I will proceed to pay
little attention to it.

During my nearly 30 years in the
banking business, I have seen a num-
ber of our large industries grow from
infancy to maturity, and I have seen
the pioneers in those businesses who
had imagination and courage grow
with the industry. I have seen too
many of those pioneers, however, with-
out imagination and without courage

42

fall far behind the industry and finally
lose out entirely.

Take the automobile industry. Many
successful dealers, distributors, and
factory executives today were the fel-
lows who, 30 years ago, opened up a
shop to tinker with these new contrap-
tions in the hopes that when the toy
of luxury became the necessity of to-
day, they would be an integral part of
that growth, with profit to themselves.
More frequently they did not succeed
because, along with their inventive
genius and curiosity which attracted
them to this horseless carriage, they
did not have the business ability nec-
essary to finance their growth. Nor
did they have the imagination which
would cause them to employ in their
business the knowledge and use of
financing which is a condition preced-
ent to the growth of any business.

I have seen the same things happen,
and so have you, in the early develop-
ment of radio stations, the electric ap-
pliance business (such as refrigera-
tors, washing machines, etc.), the farm
implement business and, going way
back, the sewing machine business—
all durable goods which can only be
manufactured in quantity and sold in
quantity (which means service in vol-
ume) through the use of sound bank-
ing as a fixed and important part of
the business.

You and I also have seen ‘“grease

* Our thanks to Howard Browning for permis-
sion to reproduce this speech which was orig-
inally presented at the “Town Meeting of Radio
Technicians” held at the Bellevue-Stratford Hotel
in Philadelphia.
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monkeys” with one truck develop an
interstate trucking business as large
as a small railroad. Too many of
their companies, however, have fallen
by the wayside because of their inabil-
ity to envisage the essentiality of
sound bookkeeping and bank credit in
the growth of their business.

It seems to me that you people here
today are on the ground floor of an
industry which has a future potential
as great or greater than most of those
I have enumerated. How to keep apace
with that development from a bank-
er’s viewpoint is something that we
might consider for a few minutes.

In the first place, don't ever forget
that the banker is as anxious to do
business with you as you are to do
business with him. He has money to
sell just as you have service to sell.
If he doesn’t lend money, he can’t stay
in business any more than you can
stay in business if you don’t have cus-
tomers.

Don’t let the marble fronts and
barred windows of banks frighten you.
The banker does that to emphasize se-
curity and safety in order to attract
depositors who furnish him with his
raw material which is money. When
you talk to your banker, get on a per-
sonal basis with him just as fast as
you can. Don’t withhold any of your
money problems any more than you
would withhold pertinent matters from
vour doctor. lawyer, or priest. Fre-
guently you will find that he can ad-
vise you from his varied experience in
watching other people make mistakes
as well as successes, and give you in-
formation sometimes more valuable
than any loan he might make to you.

Keep in mind that he is the trustee
for the funds of other people—many
times the lifelong savings of other peo-
ple. When he tells you he can’t serve
you, keep in mind that he is turning
away a customer who might make him
money, but he is doing so because it is,
in his opinion, (1) not good for you,
or (2) not good for the investment of
the funds which have been entrusted
to him.

A banker wants to know three
things before he lends you money.
They are; (1) can you pay?, (2) will
you pay?, and (3) can he make you
pay? Let’s take them up in order:

Can you pay ?—In seeking an answer
to this question, he wants to know just
what your experience and technical
ability are in your particular kind of
business. He wants to know what vol-
ume of business you do and what profit
vou make in this business. He wants
to know what sort of an employee or-
ganization you have and whether or
not your customers are satisfied peo-
pie. In other words, do you deliver
a service which will react to your
profit? If you are in the merchandis-
ing business, merchandising a con-
crete commodity rather than a type of
service, he wants to know the source
of supply, whether it is steady or not,
and whether your suppliers are satis-
fied to do business with you.

(Continued on page 161)
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How would you define “high fidelity.

quality

! around “high fidelity,” “wide frequency range”
and “tone quality,” it is high time that the radio
industry and the audio engineering profession carefully
orient their thinking and talking about these terms.
Clear definitions of meaning and function are a crying
need today, because “high fidelity,” *“wide frequency
range,” and “tone quality” have now become part of our
language; their misuse and misinterpretation reflect ad-
versely on the radio industry and on audio engineers.

Popular opinion tends to interrelate the three attri-
hutes, assuming a double dose of, say, high fidelity will
improve the most ordinary receiver or record player and
a triple dose of the three will produce results paralleling
nothing less than Gabriel’s horn. Manufacturers and
dealers have done little to correct such a belief, assuming
that it is incorrect.

Much of the widespread confusion has arisen from
irresponsible bandying of these terms by manufacturers
and dealers in their consumer advertising. The listening
and buying public is not only confused but also disillu-
sioned as to the possibilities of ever owning a set that
lives up to the Shangri-la of sound promised in advertis-
ing specifications.

The confusion has led to controversy. Popular writers
are accusing the industry of failing to give the public
what it wants and deserves in the way of fidelity and
guality. Other writers are taking it out on the public,
saying the listener doesn’t know what he wants to hear
and isn't interested at all in wide range listening. All
this leaves those in the industry with an important ob-
ligation to clarify, define, and explain.

Is there a common denominator in high fidelity, tone
quality, and wide frequency range? Let us ask, “What
is high fidelity ?” Is it quality? Is it wide-range repro-
duction of the original? Or is it merely faithful repro-
duction of a good or bad original? Most audio engineers
would answer ‘“yes” to the last question, ‘‘no” to the two
preceding. If the proper definition hinges, as it must,
on ‘faithfulness of reproduction of the original,” and
this implies no distortion, let us now ask whether “fidel-
ity and ‘“‘quality” are synonymous, related, or exist in-
dependent of one another.

A moment’s thought is sufficient to make it obvious
that no matter how faithfully a program is reproduced,
a discordant original performance remains much the
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‘ FITH so much debate and controversy raging

Too Much Confusion
Too Little Clarification

By

HARRY W. BECKER

Chief Eng.. Electronic Sound Eng. Co.

. so

*“wide frequency range.”” and ““tone

— are they synonymons or does each have its own connoiation?

same way. So-called “tone quality” depends on the har-
monics or overtones issuing forth from the resonant
cavity of the originating musical instrument. Under
strict laws of nature, for a musical tone to sound pleas-
ing to the ear, the harmonic or overtone must lose
strength as it goes up in pitch; or, in other words, the
energy per cycle of vibration must decrease as the fre-
quency of vibration increases. In actual practice, mu-
sical instruments do not strictly obey this rule. If they
did, an oboe would sound like a violin. The characteristic
sounds of the various instruments are due to a variance
in the strength of these overtone vibrations and are
judged either good or bad by the effect of the beats thus
produced on the ear. A Stradivarius violin reproduces
overtones that give it a distinguished, pleasing tone
quality. Unpalatable tone quality in an inferior violin,
or in one poorly played, will be unpalatable tone quality
when reproduced with high fidelity. This is obvious to
any student of the audio processes, but it is so often
overlooked by the public. Overlooking this one point has
caused as much confusion over high fidelity as anything.
Wherever misconceptions on this point occur, whether in
the industry or the public, every effort should be made
to straighten out the misunderstanding.

What about public disappointment in wide frequency
range and more specifically in FM sets? The public was
told it would get ‘““quality” in FM. Yet, there are numer-
ous examples of obtaining much betier tone quality on
AM on a narrower frequency band than on FM with the
highly-touted wide frequency range.

The truth of the matter is that wide range reproduc-
tion in many cases has not been pleasant from the lis-
tener’s point of view. The reason for this is simple. A
wide range will reproduce the overtones of a musical
instrument and make possible easier recognition of the
instrument, assuming the reproducing system has virtu-
ally no distortion. However, radio manufacturers have not
as yet made available to the public sets capable of repro-
ducing a wide frequency range and maintaining tone qual-
ity at the same time. In the future when sets of this type
are available, we will have true high fidelity.

In many cases, the original is quality. The tonal balance
is perfect, the distribution of energy is proper, the effect is
pleasing, and yet the reproduction is a distinct disappoint-
ment.

(Continued on page 164)
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Transmitter-receiver and antenna are carried in this pressurized container made of spun
magnesium and lamiaated fiber glass. Single cable connects unit to scope shown at left.

the well-known wartime APS-10.

It weighs only 115 pounds, in-
volves only two units, and for flexi-
bility of operation surpasses any radar
yvet airborne. It is an X-band navi-
gational radar equipment complete
within itself, and provides radar map-
ping, responder beacon operations, ob-
stacle detection, and weather map-
ping. The Army Air Forces call it the
AN/APS-42 (XA-2). It is intended
for service in both military and com-
mercial aircraft, preferably in a chin
or belly location. In both positions it
will furnish a nominal 360° scan.

THIS outfit doubles the range of

Top view of transmitter-receiver.
Gyroscope and motors keep unit
approximately level during flight.

For mapping, the equipment sup-
plies an approximate cosecant-squared
pattern from the antenna, for use in
mapping areas adjacent to the path
of flight, to show contours and type of
terrain traversed.

In responder beacon operation, it
transmits a 2.2 microsecond pulse and
receives on a frequency of 9310 meg-
acycles, with automatic frequency
control for picking up signals from
transponder type beacons operating
in this band. The antenna utilizes a
cosecant-squared pattern for beacon
operation to minimize any differences
in altitude of the aircraft or angle of

Signals and echoes flow out and
in through this short radar an-
tenna and parabolic reflector.
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rew type radar unii.

Design and operational features of a

It is compact,

light in weight, and excels all other

airborne equipment.

By
L. W, MALLACH

Project Eng., The Houston Corp.

flight while triggering and receiving
a beacon.

For obstacle detection, this radar
transmits a pencil beam approxi-
mately six degrees vertically and hori-
zontally in the approximate plane of
the aircraft. This is useful for detect-
ing the position of any reflected ob-
ject within the swept pattern, particu-
larly mountains and other aircraft.

Of considerable importance. too, is
the fact that the equipment also may
be used for detecting areas of heavy
moisture content and the accompany-
ing turbulent areas with which they
may be associated. For this service,
a 2.2 microsecond pulse with a pencil
beam is transmitted.

Of the two experimental units com-
pleted, one has gone to the All
Weather Flying Squadron, the other
to the Aircraft Radio Laboratory
both at Wright Field—for in-service
testing. A total of 107 production units
now are being manufactured for the
Navy, for assignment to planes flown
by NATS.

Tests so far indicate substantial ful-
fillment of the design objectives for
transport-type radar navigation equip-
ment. Problems involved consisted
basically of evaluating the functions
of wartime airborne radar which
would seem more useful for air trans-
port uses.

Among the functions studied were
the bombing type radar’s ability to
map large land areas, the fighter ra-
dar’s ability to detect other aircraft
in the vicinity, and the paratrooper’s
radar equipment used for beacon navi-
gation and more-or-less precise navi-
gation of uncharted areas.

In looking over the field of wartime
equipment, it became evident that the
radar best suited for commercial use
was the APS-10. But serious disad-
vantages were inherent. Accordingly,
it was decided to utilize basic design,
and add other desirable radar fea-
tures, together with operational sim-
plification and antenna stabilization.

Final design, as evolved by The
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Houston Corporation on AAF con-
tract, includes these principal fea-
tures; low over-all weight; compact-
ness; flexibility of operation, as noted
in the first paragraph; higher power,
in order to achieve the results men-
tioned more easily; stabilization of the
antenna to present a better picture
regardless of aircraft attitude; simpli-
city of operation requiring a minimum
of pilot-operated controls, and relia-
bility of operation over long periods of
time by simplification of adjustments
and components.

To accomplish these features, the
cquipment was designed so that the
radar transmitter-receiver and an-
tenna were mounted in one spherical
package measuring 33 inches in diam-
eter and 36 inches over-all height.
Such a package or unit is suitable for
either belly or chin mounting with
approximately 21 inches of the cylin-
der protruding below the aircraft skin
with antenna enclosed. This unit is
stabilized by an internal arrangement
so that the antenna is mounted on
gimbal rings with servos providing
automatic stabilization for 25 degrees
either direction in roll and 20 degrees
in pitch.

Inasmuch as the transmitter-re-
ceiver is mounted directly over the
antenna, the maximum electrical ef-
ficiency is achieved through the short-
ening of the connecting cables. All
components required for the opera-
tion of the transmitter-receiver-an-
tenna are stabilized and mounted
within this package, which is also
pressurized by an integral air pressure
pump actuated by an automatic pres-
sure switch. By this means, the entire
assembly is maintained at sea level
pressure up to 30,000 feet, thus pro-
viding a minimum of disturbances
from high voltage discharges or other
high altitude phenomena.

The indicator employed is a stand-
ard 7-inch type cathode-ray tube using
a PPI type display. This display is,
in effect, a polar coordinate map of
the surrounding area, with the plane’s
position being in the center of the
tube and the relative angle to other

Electroform wave guide mixer {duplexer assembly).

Pictures (A. B. and C) of a hurricane on a radar unit which scans complete circle
around the station instead of merely an area in any one directicn. as shown in D, E,
ard F. The storm (A} appears as a great white blob on the radar scope as the hurri-
cane passes almost directly overhead. As the clouds travel northeast (B), the imace
moves from the center of the scope. In picture C only wisps of clouds remain as the
hurricane moves away. Pictures D, E, and F, taken on another type of radar. were
made from Army station near Orlando. Florida. In picture D, the center of the storm.
at lower left, is bordered by hazy concentric arcs. These are line squalls. Above
them other hazy spots are masses of rain clouds. In pictures E and F the hurricane
comes closer. Position of radar unit is in the bright area at the tcp of the photograph.

ocbjects being indicated by the angle
in degrees from the *op of the tube,
the top being the straight-ahead di-
rection.

In order to simplify the operation
and make it suitable for the pilot to
handle his own radar equipment with
a minimum of effort, several controls
are mounted on the indicator:

1. A combination “on-off” and
“range” switch. In the maximum
counter-clockwise position the equip-
ment is “off,” while moving the switch
to any range position turns the equip-
ment ‘“on.” Subsequent operation is
automatic after an initial three-min-
ute warm-up time-delay period. The
ranges provided are 5, 15, 50, and
150 nautical miles, with five evenly
spaced range marks on each range,

together with “range-in-use” lights
above the indicator tube.
2. A “function switch.” This pro-

vides for the versatility of operation
of the equipment. The first position is
“mapping,” which provides for a radi-
ated beam known as cosecant-squared
or equal energy; and, as its name im-
plies, it distributes an equal amount of
transmitted power to the ground in
the immediate vicinity of the ship as
well as at the horizon. Therefore, all
of the ground contour from immedi-
ately ahead of the plane to the hori-
zon is reproduced on the indicator, as
a contour map of the surrounding area.

In the next position, “obstacle de-
tection,” the antenna pattern is a very
narrow or pencil shape beam which is

(Continued on puye 178)

Trigger generator and sensitivity time control.
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Fig. 1. Over-all view of equipment re-
quired for “singing” doorbell. The speaker
is mounted outdoors near the doorbell.

By

RICHARD H.

!
i
| -

HOUSTON

Neon tube relaxation oscillators provide any

desired series of musical notes in novelty unit.

SHORT time ago the author
A was preparing for a novelty

party and was stuck for a good
gag to start the evening off right.
This was during the short-lived reign
of the erstwhile popular song “Open
the Door, Richard,” and that phrase
was very common around the writer’s
house. An idea!—of course-—a door-
bell that would play ‘“Open the Door,
Richard”!

The device was constructed and
proved to be very successful at the
party (even got a plug in a local
paper!). Since that time the gadget
has been retuned occasionally and has
provided a lot of fun by playing
snatches of tunes appropriate to the
season or occasion. The small amount
of effort spent in building such a de-
vice will be well worthwhile for any
reader who goes in for novel gadgets.

The doorbell (as we shall call it for

46

the sake of simplicity) was built in the
best haywire tradition due to the short
time available, but there is no reason
why the mechanism shown in Fig. 1
could not be built more substantially
and put into an attractive cabinet,
rather than into a cardboard box, as
was the author’s unit.

The doorbell consists of an oscil-
lator, an amplifier and speaker, a
motor-driven keying mechanism, and
simple control circuits. The push-
button at the door operates a relay
which causes the keying mechanism
to play, in succession, the notes of the
desired tune.

The notes are produced by a neon-
bulb relaxation oscillator, consisting
of N, and the RC combinations R.C,,
R.C: . .. etc. The frequency of the
oscillator, and therefore the pitch of
the note produced, depends upon the
values of B and C. As anyone famil-
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iar with such circuits knows, the ex-

‘act values of R and C for any given

frequency will vary quite a lot from
one circuit to another. For that rea-
son, no values are given for the RC
combinations, however the following
approximate values may be used as a
start. R is composed of a fixed re-
sistor and a potentiometer for tuning
to different notes.

Since it is difficult to make a neon-
bulb oscillator operate over a very
great frequency range, the five RC
combinations were chosen so that each
potentiometer would cover a different
range of tones. Thus the lowest fre-
quency RC combination will handle
the first three or four notes of the
scale; the next highest frequency com-
bination will handle the next three or
four notes, and so on. The values of
the resistors and potentiometers and
those of the condensers used to pro-
duce the lowest and highest notes are
as follows:

Note Res. Pot. Cond
Lowest ............. 500,000 1 meq. .01
Highest ............ 100.000 500.000 .005

While experimenting to find correct
RC combinations, remember that in-
creasing either the resistance or the
capacitance lowers the tone.

The neon bulb in the original model
was a type NE-16, a two-contact bulb
with no series resistor in the base. A
different type of neon bulb will oper-
ate just as satisfactorily if an NE-16
is not available, but the RC value ap-
proximations may not be too close.
Actual tuning of the oscillator will
be described later.

The output of the oscillator is
coupled by Cs to the grid of V,, a
6F6. No volume control was incorpo-
rated, however one could be put in
the 6F6 grid circuit if desired. A
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500.000 ohm control should be used
with a 100,000 ohm resistor between
C. and the top of the control to iso-
late the oscillator from load changes
produced by varying the setting of
the volume control. The arm of the
control should connect to the gria o
V.. The amplifier is strictly conven-
tional and drives a 6-inch speaker. A
01 pfd. condenser, C:, is connected
from the plate of V. to ground to
eliminate some of the oscillator har-
monics.

The heart of the gadget is the mo-
tor-driven switching drum. As can
be seen in Figs. 1 and 5, the drum is
made from ¢ tin can with a “push-in”
lid (like =z paint can). The drum
serves to switch the different RC com-
bhinations into the neon bulb circuit.
Six strips of phosphor-bronze (or
spring metal of any kind will work)
are mounted so as to wipe on the can
as it revolves. Five of these
“brushes” (tone brushes) are con-
nected to the RC circuits, the other
one (collector brush) to the neon
bulb. These six brushes enable the
device to play a wide variety of tunes,
however, additional tone brushes and
RC combinations would make the
tune selection more flexible. A sheet
of paper with holes properly spaced
to produce the desired notes is
wrapped around the drum underneath
the five tone brushes, and is held in
place with a strip of Scotch tape.
The collector brush rides on the can
at all times. Then as the drum turns,
the tone brushes make contact
through the holes in the paper, key-
ing the oscillator in correct sequence
to produce the desired unotes. Care
must be taken to see that no two tone
brushes ever touch the drum at the
same time, since even an instant’s
double contact may cause the next
note to be erratic.

The axle of the drum consists of
two long 6-32 machine screws in cen-
tered holes in the ends of the drum.
The screws are secured with nuts on
the outside of the drum. Neo elabo-
rate bearings are necessary. The end
of the axle screw merely passes
through a hole in a strip of metal,
and the screw is prevented from slid-
ing out by two nuts tightened to-
gether as can be seen in Fig. 5.

The lid of the can used as the drum
contains another long 6-32 screw
mounted like the axle, but off-center.
This screw actuates a normally-closed
microswitch which -stops the drum
after one complete revolution. The
lid may be pried out and rotated to
adjust the stopping point if necessary.

The drum is driven by a small 117
volt a.c. motor through a string-and-
rubber-band belt. The motor circuits
which were used are included in Fig.
2. The pulley sizes will depend on
the speed of the motor, but should be
chosen so as to make the drum revolve
once in about five seconds.

The power supply is conventional
and delivers about 350 volts. The
power transformer mounting shown
in Fig. 1 is not recommended, but
is simply part of the previously-men-
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tioned haywire! Don’'t forget the
fuse, because safety demands that a
piece of equipment to be operated un-
attended for long periods be well-
fused. The reader will note that
voltage for the neon bulb is supplied
from a VR-105. This was done, as a
Adeluxe gesture, to prevent sudden
frequency shifts due to line surges
which are numerous in an apartment.
such as tre one the writer is forced
to occupy. Long-time drift due to
changes in the oscillator components
can be compensated by means of the
potentiometers.

The control circuits are very sim-
ple. The push-button operates RL,
causing 117 volts to be applied to the
coil of RL,, RL, is used merely to
isolate the 117-volt line from the
push-button. When RL. closes, 117
volts is applied to the motor. Two
contacts on RL. act as locking con-
tacts to hold the relay closed. When
the switching drum has made one
full rotation, S, (Fig. 2} is actuated,
opening the locking circuit, releas-
ing RL., and stopping the motor

There is practically no limit to the
choice of appropriate tunes to be set
up on the switching drum. One of the
best and most time-resistant selec-
tions is the part of the ditty about
Barnacle Bill that says, “I'll come
down and let you in's This phrase
will be used in the example of tun-
ing to follow. Novelty songs like the
one for which the gadget was orig-
inally built come out frequently and
are good sources. On the serious side,
there are songs appropriate to various

NORMALLV CLOSED MICROSWITCH
ACTUATED BY STUD
ON REVOLVING DRUM

S| &

LOW VOLTAGE
DC RELAY MOTOR

RL2
R7VAGC
RELAY

[ H7N
607U
AC.

PUSH BUTTON

ORY
CELLS

RL,—6 wvolt d.c. relay, s.p.s.t. sw., normally
open (Potter & Brumfield PR3D or Guard-
ian type 200-1)

RL,—117 volt a.c. relay, d.p.s.t. sw.. normelly
open (Potter & Brumfield PR7 A or Guardian
type 200-2)

S$;—S8.p.s.t. microswitch on drum (See text)

Molor—117 volt motor (See text)

Dry Cells—6 vol: battery

Push-button—Push-to-close sw.

Fig. 2. Diagram for motor drive assembly.

seasons and holidays, such as Christ-
mas and Easter, and for Halloween,
we all know the spooky little phrase
used on the radio as the ghost goes
a-haunting. And how about leaving

a musical message when you find
you’ll be gone overnight: “We won't
be home until morning!” These are

only suggestions—let your imagina-
tion take it from there.

Tuning the notes is no great trick
and requires only an average musical
car. No attempt was made to tune
the notes to any standard pitch since
few of the writer’s friends are gifted

(Continued on page 122)

Fig. 3. Schematic diagram of relaxation oscillators. amplifier, and power supply.
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Rl, R:_:. R3, R4, R:,, Ra. R:, Rs. Ry, Rw—sce text
R,;—500,000 ohm, V5 w. res.

R,—470 ohm, 1 n. res.

R,x—7500 ohm, 10 w. res.

C;, Cy, Cy, Cy, C;—See text

Cy—.001 ufd., 400 v. cond.

Cr—.01 ufd., 600 v. cond.

Ci—25 ufd., 50 v. elec. cond.

Cy—30 pfd., 400 v. elec. cond.

N,—Neon lamp (GE NE-16)

TO HEATER

8, —S8.p.s.t. toggle sw.

F—117 volt line fuse

T1—Power trans. 350-0-350 ».
@ 3 amps.; 6.3 v. @ 2 amps.

T.—Output trans. (Single 6F6 to v.c.)

CH,—20 hy., 60 ma. filter choke

Spkr.—6” I’M speaker

1—6F6 tube

1—5U4 tube

I—VR-105 tube

@ 60 ma.; 5 v.
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By
DR. LOUIS BADER

Assoc. Prof. of Marketing. School of Commerce, N.Y.U.

With unprecedented opportunities existing in the retail field no radio
dealer needs (o fail. Using tested business techniques can avert disaster.

rate among retail stores was

high. It was not unusual for 20
per-cent to 25 per-cent of new retail
stores to close up in their first year
for a variety of reasons. Within three
years 50 per-cent of them closed. In
some years, in the 1930’s, 200 to 300
thousand small businesses closed their
doors. Where small businesses closed
because of failures that took the own-
ers through bankruptcy proceedings
the reasons for the failures were
stated by impartial students as due to
the incompetence and inexperience of
the owner and lack of capital, which
together accounted for roughly over
75 per-cent of the failures. Competi-
tion, fraud, failure of others, depres-
sion, and other reasons accounted for
the rest. Incompetence could consist,
among other things, of having too
many radios in stock at the wrong
time.

Since 1940 failures have been small
in number and many newcomers
among small business men probably do
not realize that failures occur or why.
Quite possibly we shall be out from
under the abnormal conditions of the
war and its aftermath within another
year or two and many businessmen
will have to look the devil of failure
in the eye. If you are one of these
men, are you going to be able to say
“Get thee behind me, Satan?” Believe
it or not, you can say it.

We could develop this lugubrious
thesis that many small business enter-
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P RIOR to World War II the death

prises cannot be successful because of
the owners’ incompetence, inexperi-
ence and insufficiency of capital; that
these owners should not have started
their businesses because they were not
necessary; that the location selected
was not the right one; or that the
necessary investigation as to the pos-
sibility of success was not made, and
so on,

Such an article would be negative
and no great good would be served.
We want to be constructive, and we
contend that small business enter-
prises do not need to fail or close up
shop,—especially in the radio and
appliance service-dealer field except

under the special circumstances that

it should not have been started at all.
We base our assumption on:

1. The big market that should exist
over the next 10 or 15 years for radios,
appliances, and their servicing.

2. The small businessman need not
be incompetent and inexperienced and
he can make his capital be sufficient to
establish a business and grow into
success.

Take the first of these—the big
market. There are more than 143,000,-
000 people in the United States and
by 1960 there will probably be about
160,000.000. This number breaks down
into nearly 40,000,000 families. About
30,000,000 of these are now being
served with electricity. The electric
power companies will catch up to an-
other 5,000,000 families over the next
ten years. Nearly 3,000,000 of these
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40,000,000 families are doubling up
with other families. During the next
ten years many of these and 5,000.000
more other new families will move
into homes of their own. Several mil-
lion of the older families will move
into new homes. On top of this we
now know we can reach an annual
national income of more than two
hundred billion dollars by 1960 if we
wish. A huge sum will be spent each
year for homes not now equipped, for
new homes needing full equipment,
and for replacement of worn and ob-
solete appliances, radios, and televi-
sion sets. There is good reason to be-
lieve that the sum so spent will, over
a period of years, average out at more
than three billion dollars annually
and may possibly reach five billion
dollars. Look at the appliances
(Table 2) that can be offered through
your store to prospective customers,
and think of the new devices which
might come on to the market during
the next 15 years. Except for radios,
in the field of large appliances, we
are far from the point of saturation.
In fact, the market for television sets
is only beginning. In addition many
of the appliances in use are ob-
solete and should be replaced. All the
while that the dealer works in this
market to secure business there is a
steady run of business coming along
in the servicing end of this industry.
All the large appliances sooner or
later need servicing. An aggressive
and progressive service department
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will dig out and receive a substantial
amount of business in this field and
encourage the purchase of new prod-
ucts. Do you wonder. Mr. Dealer, why
some people grow almost lyrical over
the business possibilities in this indus-
trv? You must. too. if you want to
have the right attitude toward the
possibilities of growth for your busi-
ness.

There is one short-run hitch to this
exposition of the size of the market.
Most economic analysts and a good
many businessmen expect a recession
in business beginning sometime in
1948. A survey among the members
of the New York Credit Men's Asso-
ciation shows 80 per-cent of them ex-
pect this recession. They think so be-
cause prices are high, it is getting
harder to sell, and inventories are pil-
ing up. Because of what followed
World War I, a recession can be ex-
pected. But, even among those who ex-
pect one. many believe it will not be
severe nor of long duration and that
after it a prolonged period of prosper-
ity will follow. We are inclined to be
optimistic and. therefore, we do not
expect much of a depression, but look
for a long period of prosperity. How-
ever, we must not forget that reces-
sion or depression results largely
from what men do. Quite possibly
men might this time do the things
that effectively put the brakes on a
depression and set the wheels of pros-
perity whirling. Anyway, that s
what I hope will happen.

Now for the sccond proposition,
which in effect is to be a statement on
how to build a successful business.
Such a statement should be worth a
million dollars. It is believed that
ordinarily for every successful con-
cern 20 to 25 others in the same indus-
try are only just getting by and still
others by the hundreds fail, and by the
thousands just close up.

A good many small businessmen
start their business adventures on an
emotional basis, “they want to be their
own bosses.” Apparently they do not
ask the questions, “Is there a real need
for my business; have 1 something to
offer customers that is distinctly to
their advantage and, therefore, worth
their while to give me their trade?”
Many small businessmen start out
hopelessly handicapped by this highly
selfishly emotional basis which con-
stitutes, in all too many cases. the
main reason for opening a new busi-
ness.

There is nothing dishonorable about
wanting to be one's own boss, but a
business to be successful in getting and
keeping customers must be based on
service—service to those whose patron-
age is necessary to the success of the
enterprise. If you don’t know what
service you should give, or if you are
not prepared to give it, then you
should not start a business or you

(Continued on page 198)

——
Table 1. Fifty-nine ways to gain customers’
good will as suggested by R. F. Chisholm in
his book. “YourOwn Store and How to Run It.”
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15.

16.

20.

21.

30.

3l.

32,
33.
34.
3s.

42.

44.

45.

48.

51.

52.

53.

56.

57.

CUSTOMER RELATIONS

We greet as many customers Os pos- 7.
sible by name.

We have a personal word or two with
customers, when possible.

. . 8.
We greet customers immediately when
they enter the store even if we must
keep them waiting before serving. 9

We take the greatest of care to assure
the utmost courtesy in handling custom- 10.
ers, even the difficult ones. Staff avoids
giving a flat “no’’ to a request for mer-

chandise not in stock. 1.

We try to have patience in explaining

official regulations fo customers in « 12.
conciliatory fashion.
We give special consideration to the 13.

tired shopper.

We distribute available goods equitably
among regular unity t ("
and also among acceptable new people
in the community.

We avoid the patronizing phrase ‘‘we
can let you have’’ and use instead “‘we
will see that you get.”

We express genuine regret when un-
able to supply cust s’ requi ts.
We consult customers regarding ways of
improving service.

We refer customers to a competitor
when we are out of an item and are_not
afraid to express praise of a competitor.
We will do favors for customers gladly,
not grudgingly.
We pay attention
couples.

to newly married

STAFF ENCOURAGEMENT

We are obliging over minor requests 22.
from customers.

We encourage clerks to take added care 23.
in personal cppearance, and to smile.

We endeavor to work out a bonus plan

for clerks which will give them an inter-

est in the store as a whole. 24.
We study the methods used by chain
stores and other stores in nearby towns

and cities to see what methods can be
adapted to our own store.

We develop a complete store re-ar- 25.
rangement plan and then undertake one
section at a time as money and material 26.
become available.

We modernize store front if materials 27.
are available.

We carry on painting of outside and in-
side of store more or less continuously.
We cut down old-fashioned. high type
of shelving to present a modern stream-
lined appearance.

We clean window background, paint or
renew to create best effects.

We remove window backgrounds wholly
or partially so as to allow a view from
the street right into the store—the whole
store becomes a show window.

We deparimentalize our store for easier
unit stock control, and put plans into
effect in at least one department by way
of getting the system started well in
advance.

We maintain
crowded.

We arrange merchandise to encourage
self-selection.

We move counters back to within about
21, feet from shelving to provide max-
imum aisle space for customers and
eliminate as many counters as possible,
replacing them with modern bunks.

We set up a self-serve section where it
is feasible.

spacious aisles, not

MERCHANDISE

suggestions about 36.

in other depart-

We give customers
related merchandise
ments,

We keep both reserve stocks and count- 37.
er stocks orderly and clean.

We carefully study substitute merchan-
dise to avoid undue inventories and to
make sure of timely liquidation.

We instruct all clerks to keep a “Want 39.
Book.’

We review stock regularly to find out

38.

We add o certain amount of novelty
merchandise to brighten up current of-
ferings.

We maintain prominent display of free
supply goods.

We maintain a small stock of scarce
goods for emergency purposes, regard-
less of other demands.

We make a special effort to procure
short-supply goods in genuine cases of
emergency need.

why certain lines are not selling. 40. We set up a desirable objective for stock
We continue special seasonal promo- turnover in each section of store.
tions _°’ appropriate goods. 41. We concentrate on quality merchandise
We display odd and broken lines for and avoid buying inferior goods merely
quick sale and eliminate all old goods. because they are available.

PRICING
We bring prices into line with current 43. We maintain established special dis-
cash competition. counts for churches, etc.

DISPLAYS
We change window displays at regular another to give old customers something
intervals even more carefully than in new to look at.
normal times, in order to avoid «a 46. We make use of empty shelving for dis-
*tired’’ appearance. play purposes by use of display

alcoves.
We keep making attractive innovations 47. We create a patriotic or seasonable at-
in the store, featuring one section after mosphere in store displays.
ADVERTISING

We maintain local advertising. 50. We donate advertising space in local

We maintain direct mail promotions.

papers to patriotic or charity campaigns.

COMMUNITY AFFAIRS

We join the organization of merchants
for improvement of local merchandising,
and to assist in local patriotic work.
We participate in local charity organiza-
tions such as Red Cross,—but avoid 55.
“trying to run things.”

We attend meetings of farm forum radio

54.

programs to keep informed on farmers’
problems.

We influence town officials to provide
parking space for farmers and others.
We avoid exiremes in shortening store
hours., having due consideration for
tarmers’ and workers’ shopping time.

SUPPLIER RELATIONS

We concentrate buying with few sup- 58.
pliers and work faithfully with the

salesmen concerned.

We take full advantage of ways in
which reliable wholesalers can be of  39.
assistance.

We ask salesmen and other {riends to
suggest improvements which may have
been overlooked.

We visit suppliers as regularly as pos-
sible and ask for their advice.
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Putting the 522
TRANSMITTER -
on 6 and 10

By H. S. BRIER. W9EGQ

Only minor changes are required to convert this

popular war surplus item into a workable ham rig.

HE “522” (625A) transmitter

I works as well on six and ten

meters as on two meters. Its
reputation on two meters makes it
unnecessary to say more. The conver-
sion is simple, and should take less
than an hour to complete.

Locate the 20 gufd. ceramic coupling
condensers between the 12A6 fre-
quency multiplier tank condenser and
the 832A tripler grids. Unsolder them
from the condenser and bend out of
the way. Next unsolder the 20 pufd.
coupling condensers between the tri-
pler plate circuit and the final am-
plifier grids from the hairpin tank.

Connect the free ends of the am-
plifier grid coupling condensers to the
stators of the 12A6 tank condenser
with two lengths of #12 wire. These
leads should be exactly the same
length, and are run through ventilat-
ing holes in the chassis on each side
of the tripler tube socket. This re-
moves the 832A tripler from the cir-
cuit, and the tube should be removed
from the socket.

30

For ten meters approximately ten
pufd. of capacity must be added to the
12A6 tank circuit. Either a 3-30 pufd.
ceramic trimmer condenser, or a ce-
ramic fixed condenser may be used.
The easiest place to install it is where
the #12 wires join the amplifier grid
coupling condensers.

Remove the final amplifier and an-
tenna coils. Replace them with ten-
meter coils, specifications for which
are given in Table 1. If a balanced
feeder system is to be used, remove
the jumper grounding one antenna
output terminal at this time. This
completes the changes required for
ten-meter operation. Tuning instruc-
tions and power requirements will be
given later.

For six-meter operation the 832A
tripler is removed from the circuit as
outlined above, and three turns are
removed from the 12A6 tank coil
This coil is supported by its leads be-
side the tuning condenser. At first
glance it appears almost impossible
to remove this coil without dis-
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Bottom view of converted SCR-522 war
surplus unit. All changes. as explained in
the text. can be made without difficulty.

mantling the transmitter. Actually
it comes out with little difficulty. The
coil contains 15 turns, tapped at the
eighth turn. Remove two turns fomr
the eight-turn end. and one turn from
the other end, and re-install the ccil

The oscillator will cover almost the
entire six-meter band without change;
however to reach 54 megacycles, one
turn must be removed from the oscil-
lator coil. Replace the final ampli-
fler and antenna coils (see Table 1),
and unground the output link, and the
50-54 megacycle conversion is com-
pleted.

Original power requirements were
300 volts at 250 milliamperes, “B,”
150 volts at ten milliamperes bias,
and 13 volts at 2.35 amperes for fila-
ments. Eliminating the 832A tripler
reduces the “B” drain to 150 milli-
amperes, and the filament drain to
1.55 amperes. A few additional
changes permit further simplification
of the power requirements by elimi-
nating the bias supply.

To do so three steps are necessary:
Unground the 12A6 modulator cath-
odes, and return to ground through
a 225-250 ohm, five watt resistor.
Next remove the load from terminal
four of the modulator driver trans-
former (part number 159) and ground
the terminal to the chassis. Finally,
replace the 6000 ohm grid resistor of
the 832A amplifier with one of 15,000
ohms. This resistor is mounted on the
partition separating the audio and
r.f. sections of the transmitter, and
alongside of plug 123-2.

Power connections to plug 123-2 are
as follows: 300 volts to pin three or
four (they are connected together);
bias, if used, to pin one; hot filament
to pin two; and pin eight is the
common ground. A single-button car-
bon microphone with a three-volt bat-
tery in series connects between pin
one of plug 123-1 and ground.

The transmitter is designed to use
four pretuned frequencies, and while
the sliders, etc.,, may be removed
without difficulty, this feature is even
more easily retained. Push the first
slider home, and measure the distance
from it to the protruding end of the
next slider. Allow the slider to spring
back to its original position. Then
drill a one-eighth inch diameter hole
through all four sliders. The center
of this hole should be exactly one-six-
teenth of an inch less than the pre-
viously measured distance from the
end of the sliders. To choose a chan-
nel, the correct slider is pushed home,
and a one-eighth inch metal shaft in-
serted in the hole through the re-
maining sliders; thereby holding
them in position.

Tuning is simple. Connect a one
milliampere meter, with an internal
resistance of 100 ohms, to the meter
terminals. Loosen the wing nuts on

(Continued on page 112)
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By

J. C. Michalowiez

Dept. of Elec. Eng.
Catholic University of America

’I‘HE constant effort to obtain in-
terference-less, high-fidelity ra-
dio reception, has resulted in
the birth of the frequency modulation
receiver. The rapid progression from
the use of the 50 mc. band to the new
FCC-allotted 100 mec. band. has shown
a need for an easily constructed re-
ceiver, using readily obtainable tubes
and components. Conventional cir-
cuits and practice are followed in the
design of this receiver in order to keep
to a minimum the need for fussy and
tedious adjustments and alignment,
The heterodyne high frequency sec-
tion consists of a trio of the popular
acorn-type tubes; a 956 for the in-
put high-frequency amplifier, a 955
as the high frequency local oscillator,
and a 954 as the frequency converter.
The two stages of intermediate fre-
quency amplification use 6ACTs fol-
lowed by two limiter stages using
6SH7’s. A double-diode 6H6, used for
the discriminator, rounds out the fre-
quency modulated section. The rec-
tified plate voltage is obtained through
use of a 5Y3 full-wave rectifier and a
VR150/30 is used to stabilize the high-
frequency plate voltages. A 6U5 tun-
ing eye is incorporated to facilitate
ease in accurate tuning. The tube
complement was especially chosen to
include such tubes as have been made
readily available through the surplus
market.

Since not only simplicity in design
but also neatness in appearance is the
aim in the layout of this receiver, the
elimination of all but the “essentials”
is effected on the front panel, as shown
in Fig. 1. The main tuning con-
denser dial, a National type ACN, has
the place of prominence, directly be-
low which is the volume control knob
coupled to the ‘“on-off” switch. The
tuning eye is placed as high as pos-
sible for ease of visibility, and with
the audio output jack placed in line
with the volume control. completes the
layout of the front panel controls. The
rear chassis attachments consist of
(reading from left to right as shown in
Fig. 4) 117 volt a.c. input receptacle,
117 volt a.c. output receptacle for
auxiliary apparatus such as an audio
amplifier, an optional speaker jack
if the audio amplifier is mounted on
the same chassis and, finally, the lim-
iter microammeter receptacle.

April, 1918

Fig, 1.

Front panel view of
the home-built FM receiver.

Complete construection details for building your

own new band. 88-108 megacyele, home receiver.

All components, with the exception
of the high frequency amplifier-oscil-
lator-mixer stage, are mounted on a
metal 12” x 10” x 3” chassis, as shown
in Fig. 5. Reading clockwise around
the high-frequency subchassis are the
two stages of intermediate frequency
amplification consisting of T, V. T,
V., and T.; the two limiter stages, V;
and Vs; and the discriminator stage,
T, and V.. The rectified power sup-
ply with its transformer, T; the full-
wave rectifier tube, V,, the voltage
regulator, V,, and the filter units, CH,,
C,. and C. are placed as a group at
the lower right.

The high frequency stage is con-
structed as an integral unit, pri-
marily to provide the ultimate in in-
terstage shielding and secondly, to al-
low for convenience in aligning the
unit alone. This unit is shown with
its top and two side plates removed
in Fig. 3. It consists of an aluminum
box 7" x 3%” x 3" in size. A piece
of lucite is used as the top for this
unit, with holes drilled directly above
the air trimmers, C,, C, and Cu to
facilitate ease in alignment. Three
15 wpufd. variable condensers, C. C,
and C.., are used as the main tuning
device, being ganged together by
means of fiber-disc flexible couplers.

The forward compartment of the
unit includes the input grid coil, L.
and the condenser, C: (not visible in
Fig. 3). This tuned circuit is connected

www americanradiohietorv com

to the grid pin of the 956 amplifier
tube which protrudes through the in-
terstage shield. Antenna input is pro-
vided through a double-holed recepta-
cle to which is connected the input
inductor, L,. This receptacle is mounted
on the top cover of the high frequency
unit and is shown lying beside the sub-
chassis in Fig. 3. The middle compart-
ment houses the 956 amplifier tube,
the 954 mixer and the mixer tuned
circuit, L; and C,. The plate pin of the
954 mixer passes through the bottom
of the sub-chassis, thus being com-
pletely shielded from the high fre-
quency network. The aft compartment
contains the local oscillator circuit,
consisting of the 955 oscillator-triode
and its tuned-grid circuit, Ls, Ci.. Os-
cillator-mixer coupling is obtained by
merely inserting an insulated con-
ductor through the interstage shield
from the oscillator compartment into
the mixer compartment and terminat-
ing it in the near vicinity of the mixer
grid. This is indicated on the wiring
diagram as C.. With the exception of
the high frequency amplifier grid in-
ductor, L., and the antenna coupler,
L,, all the coils are mounted on %
inch polystyrene forms cemented in
place.

Electrical Cireuit

The schematic diagram of the re-
ceiver is shown in Fig. 2. The 950-
series tubes adapt themselves very
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well to this 100 megacycle application
when utilizing conventional circuits.
At these frequencies, however, great
care must be taken to minimize lead
length and reduce parasitic oscilla-
tions. The use of the new “button”
type, low capacitance condenser will
be found to have an advantage in such
circuits, since its construction per-
mits direct connection to other com-
ponents and tube socket terminals
without the use of any hook-up wire
whatsoever. The use of mica con-
densers throughout the other circuits
will be found more desirable than the
use of paper condensers.

Each one of the tuning condensers
has its own trimmer, a 1 to 4 gufd. air
condenser. Mica trimmers are not de-
sirable at these frequencies, as they
are not as stable as air condensers
and are more susceptible to ‘“‘drift”
due to the change in atmospheric con-
ditions. The oscillator signal is still
further stabilized by the use of a volt-
age regulator tube in the plate volt-
age circuit. The oscillator heater and
plate chokes, RF(C; and RFC.:, consist
of about 60 turns of #28 enamelled
copper wire wound on a conventional
one watt, 5 megohm carbon resistor.
The design data for the various high-
frequency inductors may be found in
Table 1. These coils have been de-
signed to be used with an if. fre-
quency of 10.7 mec.

Closer adjustment for the desired
bandwidth and Tresonant points can
be obtained by increasing or decreas-
ing the spacing between turns, if the
variation of the number of turns af-
fords too coarse an adjustment. The
inductance of the coil L, depends, of
course, upon the impedance of the in-
put transmission line and should be
constructed to comply with its char-
acteristics. Specifications as shown
for L, are for use with a 300 ohm an-
tenna feed-in line.

The intermediate frequency circuit
consists of two stages using 6ACT
pentodes. Although the i.f. trans-
formers used in the receiver built by
the author were home constructed.
commercial products having a 10.7
me. mid-frequency will operate as
well. Such transformers are readily
available, the National Company’s
IFM and IFN transformers being of a
suitable type. Parasitic oscillations
in these stages are kept to a minimum
by careful interstage shielding, gen-
erous use of mica condensers. and the
occasional insertion of 100 ohm re-
sistors in the screen-grid and plate
circuits. The use of these low-value
resistors offers enough impedance at
these high frequencies to be very ef-
fective and yet have negligible re-
sistance to the flow of direct current.

Two limiter stages are employed
since the use of only one limiter stage
allows considerable interference, es-
pecially ignition noise, to come
through, whereas the additional stage
cuts this interference to zero. How-

—
Fig. 2. Complete schematic diagram of the FM
tuner. A good. high-idelity audio amplifier
should be used in conjunction with the unit.
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ever, if the interference resulting from
the use of a single limiter stage is not
objectionable, more over-all gain can
be obtained by replacing a limiter
stage with an additional if. stage,
since the gain per limiter stage is
usually no more than unity. But good
engineering practice demands the use
of two limiter stages for high quality
reception, and the sacrificing of this
single stage for more gain is poor
economy. The time constants in lim-
iter circuits should be relatively fast.
The time constant of the grid circuit
of the first limiter stage, consisting
of R.. and C., is almost twice that of
the second limiter stage consisting of
R: and C... Thus, whatever inter-
ference is allowed to pass the first
limiter stage is made negligible by the
time the signal reaches the discrimi-
nator stage. A meter jack for a mi-
croammeter is inserted in the grid cir-
cuit of the second limiter to aid in i.f.
transformer and high frequency stage
alignment.

The discriminator stage employs the
conventional 6H6 double-diode for
frequency demodulation. Here, again,
the disceriminator transformer was
constructed by the author, but a Na-
tionul Company IFL transformer will
serve as well. The output of the dis-
criminator is terminated in an audio
frequency de-emphasizer network
consisting of R.: and Cw. The purpose
of this network is to de-accentuate
the frequency emphasis toward the
upper audio frequency that is intro-
duced in an FM transmitter. The de-
emphasizer is connected to a one-
megohm potentiometer and then to
the audio output jack. No audio cir-
cuit is provided, although the power
circuit has ample capacity to energize
a single audio stage, employing, say,
a 6V6 beam-power amplifier.

It must be kept in mind that since
high fidelity is the aim of frequency
modulation reception, good engineer-
ing should not end with the comple-
tion of the discriminator stage. The
output should be terminated in an
amplifier, flat within 2 db. of 1000
cycles-per-second over the audio range
from 30 to 15,000 cycles-per-second.
An amplifier, employing two stages
of “Class A” amplification, trans-
former-coupled to a push-pull 6V6
stage will serve the purpose very
well. Also, no compromise should be
made in the physical size of the
speaker. It should be at least a 12-
inch model mounted within an effi-
cient baffle.

The rectified plate voltage supply
needs no explanation, emphasis being
placed on good filtering, consisting
here of a C-L-C network. A VR150
tube, a gaseous regulator, is incor-
porated to prevent any drift in the
oscillator and mixer stages.

Alignment

The alignment of an FM receiver
consists of practically the same tests
that are performed upon an AM re-
ceiver, although certain precautions
must be heeded in order to obtain the
best of results. If a FM signal gen-
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Fig. 3. Inside view of the high frequency sub-chassis assembly.

erator is available, its use is most de-
sirable but not absolutely essential.
If the conventional amplitude mod-
ulated signal generator is to be used,
1t must, of course, cover the 100 mega-
eycle band. It must also generate
a signal in the 10 megacycle neigh-
borhood with good frequency spread,
since the FM circuits have a band-
width of as much as 200 kilocycles.
The best portion of the receiver in
which to start alignment, is the inter-
mediate frequency amplifier circuit.
Since the limiter input voltage and the
applied antenna signal strength have
to bear a definite relation to each
aother, it is the limiter voltage that
should be inspected in making the

alignment tests. An appropriate mi-
croammeter inserted in the jack, J,,
will measure this voltage. Many per-
sons have the habit, in aligning FM as
well as AM receivers, of obtaining an
over-all characteristic of the entire i.f.
amplifier, rather than stage by stage.
Such a procedure consists of varying,
at random, all the different adjust-
ments of the i.f. transformers until
the over-all characteristic appears to
be satisfactory. In narrow-band AM,
this procedure may be permissible, but
in broad-band FM, this technique is
not conducive to the production of the
best quality. Such practice generally
results, when applied to FM receivers,
(Continued on page 190)

Fig. 4. Rear view of receiver. See Fig. 5 for identification of components.
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Fig. 1. Panel view of completed test

instrument. For

identification of

various controls refer to the text.

All in one—this instrument provides a signal
tracer. hi-fi andio amplifier. a variable d.e.
output as well as various heater voltages.

OW many times have you the
experimenter, serviceman, or
amateur wished you had a

power supply at hand that would give
you 2.5, 6.3, or 7.5 volts for a filament
supply or a variable plate voltage
supply for testing a new tube circuit;
or how many times could you have
used a good power supply for testing
the low power stages of a new rig you
just finished building ? I bet you have
also wished at sometime or another
you had a built-up audio amplifier
for testing detector and r.f. circuits,
microphones, pickup units, and loud-
speakers. A good public address sys-
tem is also handy to have around, as
well as an audio amplifier for trou-
bleshooting a radio receiver by the
audible signal method.

A piece of equipment that would
do these things and then some was
built for my workshop several months
ago. It has really proved its worth
in saving time and making tests and
experiments less tiring. This unit is
so simple in design and easy. as well
as inexpensive, to construct, that its
value was not fully appreciated.
Friends that have seen this unit have
commented on its value and expressed
the desire to build a similar one. Be-
cause of the good results obtained and

51

the enthusiasm of friends this article
was written so other interested par-
ties could build up a similar unit.
All parts used in this construction
were found in the junk box or pur-
chased on surplus sales. The basic
unit of this device is the power sup-
ply that will deliver about 350 volts
at 200 mils. The output from the
SU4G rectifier is connected to a dou-
ble section filter for obtaining a low
percentage of hum ripple voltage.
The supply output voltage is also con-
tinuously variable from 0-325 volts
and delivers up to 75 mils. (More
current may be had by paralleling the
regulator tube). This is accomplished
by a circuit consisting of a 6H6 which
is connected in such a manner as to
obtain a bias voltage for the grid of
a current regulator tube such as a
2A3, 6A3, 6B4G or 6A5G. By vary-
ing R. or the knob on the upper
right hand side of the instruments
panel the voltage is made variable
from zero to the maximum voltage.
In Fig. 1 the terminal strip along the
bottom of the panel gives 2.5v.. 6.3v,,
and 7.5v. a.c. which are supplied from
a separate universal filament trans-
former. Terminals on the panel
marked “—” and ‘“+” are the vari-
able “B” voltage while the terminals
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marked “Output” are for the fixed
“B" voltage. The output voltage and
current are indicated by a milliam-
meter on the front panel. A selector
switch to the left of the meter selects
the meter ranges of 25, 50, 250, and
500 volts and 2.5, 50. and 250 mils.
These scales were chosen since the
meter movement was 1 mil and the
meter had a 0-25 volt scale, which
saved drawing a new scale. A “50”
was drawn with a numeral guide un-
der the “253" at .full scale, making in-
terpretation of the different ranges
selected easy. The metering circuit
is connected to the power supply so
it reads the voltage and current of
the variable output terminals only.
With the variable voltage control
knob turned all the way up the meter
reads the full output voltage of the
supply.

The different range scales are
achieved by adding series resistors
for the voltage ranges and placing
different shunts across the meter for
the current ranges. The easiest and
least expensive method of setting up
the different ranges is to series or
parallel resistors you may have on
hand until the correct readings are
obtained. With the power supply
turned on and the voltage control set
at maximum, set the meter selector
switch to the 500 volt position. By
means of an external voltmeter or
multirange tester, measure the volt-
age at the “minus” and “plus” ter-
minals. Insert the proper resistors
in the meter circuit until the panel
meter reads the same. This voltage
will be around 375 to 400 volts, no
load. With the range switch set for
250 volts, turn down the voltage con-
trol until the external meter reads
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250 volts. Place the necessary re-
sistor or resistors in the metering
circuit until the panel meter reads
250 volts. The same procedure is fol-
lowed for the other voltage scales.
The current shunts are low resist-
ance. They may be wound with #28
copper magnet wire if Nichrome is
not available. The shunts are also
selected by cut and try. The external
meter is again used in series with
a dummy load such as a 50 watt ad-
justable 4000 ohm resistor. The re-
sistance is adjusted until the current
is proper for full scale readings. The
shunts are then connected so the panel
meter reads the same as the external
meter. If you know the resistance of
your 0-1 mil. meter and want to spend
the money for multipliers and shunts,
it is an easy matter to calculate the
proper values. Any radio handbook
gives the formula for this procedure.

The power supply switch is located
just to the right of the pilot lamp in
the center of the instrument. A
switch to the left of the pilot lamp
controls the hi-fidelity audio amplifier
operation by opening or closing the
filament circuit to the audio tubes.
This allows the use of the power sup-
ply without the load of the amplifier
when it is not needed. In order to
take full advantage of the versatile
performance of this unit, an excep-
tionally good audio system is incor-
porated. A type 6SL7 dual triode
functions as an audio inverter and
drives two 6V6's in push-pull as a
final amplifier. For high fidelity
operation, control R, is rotated to its
minimum resistance position which
shorts out condenser C,. With this set-
ting a small amcunt of the audio out-
put is fed back to the cathode of the
inverter tube thus producing inverse

feedback at all frequencies. For bass
boost, resistance R.. is increased thus
placing condenser C. in series with
the inverse feedback lead. This al-
lows the higher frequencies to pass
as before but effectively blocks the
lower frequencies, thus preventing
degeneration of the bass. In the high
fidelity position, the audio response
curve of the amplifier is essentially
flat from 60 to 15,000 cycles and an
output of 5 watts with less than 5%
harmonic distortion is easily attain-
able.

A 6C5 triode amplifier is used ahead
of the 6SL7 inverter to provide suffi-
cient voltage gain for phono pickups
and crystal microphones. Two input
jacks, connected in parallel, are lo-
cated to the extreme left of the panel.
The double jack is not necessary but
was installed in case, at a later date,

(Continued on page 166)

Fig. 2. Complete schematic diagram for service test instrument. The secondary winding of T, must be properly polarized

with relation to the feedback circuit.

Should oscillation occur. it would indicate that leads should be reversed.

J

RI6

R,—2500 ohm. Y3 w. res.
R,—1000 ohm, V/;, w. res.

R:—2 megohm, V5 w. res.
R,—50,000 ohm. V5> ». res.

R7, Rix—500.000 ohm, Y5 w. res.
R.y. Ry—3000 ohm, V2 w. res.
Ry, Rui. Ria Riy Ryy—25,000 ohm, Yy w. res.
R5— 10,000 ohm. 10 w. res.
Rs—10.000 ohm, YV, ». res.
R\;—200 ohmn, 10 ». res.
R13—50,000 ohm rheostat
R,y—125,000 ohm, 1 w. res.
R.,,~—20,000 ohm, 25 w. res.
Rii—100,000 ohm po.
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R,—500,000 ohm lincar taper pot. 5 e Ros. R. f— — Fi .
R;—I i e r:’s. per p Roo. R4, R.,. Ris;, Roy, Roo—See text T,—Fil. trans. 2.5 v. @ 2 amps.; 6.3 v. @ 5

C,. Cy-—100 pufd. mica cond.

C.,—.01 ufd., 450 v. cond.

C:—-10 ufd., 25 v. elec. cond.

C,, Cy. C.o—8 ntd.. 450 v. elec. cond.

Cy, Co—.1 ufd., 450 v. cond.

C:—25 pfd., 50 v. elec. cond.

Cs—.05 ufd.. 450 ». cond.

C,—1 pfd.. 450 v, paper cond.

Ji, J.—Closed circuit jack

T,—Output trans. 8000 ohm p-to-p to 4 ohm
Yolo

T,—Power trans. 375-0-375 @ 200 ma.; 6
ct. @ 3 amps; 3 v. @ 2 amps.; 2.5 v,
amps.

3.
@ 2

amps.; 7.5 v. @ 3 amps.
§:—D.p., 3-pos. rotary sw.
Su, $a—S8.p.s.t. toggle sw.
S§,—2-pole, 6-pos. rotary sw.
PL—6.3 v. pilot light
SP,—6Y2” PM speaker
CH,—S5 hy,, 200 ma. filter choke
CH.—12 hy., 200 ma. filter choke
M—0-1 ma. d.c. meter (See text)
1—1IN34 selenium rectifier

1—6SL7 tube

1—6ES5 tube 1—6C5 tube
1—5U4 tube 1—2A43 tube
1—6HS6 tube 2—6V6 tubes

April, 1918
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Front panel view of completed narrow-band FM transmitter.

With but two frequency multiplier stages. this

unit supplies 10 watts on 10 meters and a con-

servative 15 watts on 20. 40, and 80 meters.

HE much discussed and often
praised BCI-less NBFM has been
* placed on an experimental basis
on 3850-3900, 14,200-14,250, 28,500-29,-
000 and 51,000-52,500 kcs. Therefore,
some simple, v.f.o.-controlled NBFM
exciter-transmitter unit is in order.
The exciter-transmitter to be de-
scribed was designed with the inten-
tion of seeing just what could be done
with a v.f.o. combining NBFM, volt-
age regulated power supply on the
oscillator, break-in keying, and all-
band operation. In this layout, each
stage, beginning with the oscillator,
was completed before proceeding to
the next, thereby reducing the pos-
sibility of unexpected “bugs” and
eliminating any as they showed up.
This plan paid dividends, as the final
product required only slight changes
in the number of coil turns.

The author took advantage of sur-
plus parts to keep down the total cost.
For high quality NBFM operation, an
inexpensive crystal mike may be used.
Ads in current issues of Rabro NEWS
were utilized to full advantage in pur-
chasing parts for this rig.

As an exciter, this unit has suffi-
cient output to drive a high-power
beam amplifier like push-pull 813’s.
Experience has shown that equal
results can usually be obtained from
a simple variable-frequency oscil-
lator followed by an efficient quad-
rupler than can be realized through
the use of a crystal oscillator which
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doubles in its plate circuit followed
by a doubler.

A glance at the schematic shows
the 6SJ7 (V,) v.f.o. operating on 80
meters. The 6AG7 (V.) Class A r.f.
amplifier serves as an untuned isolat-
ing r.f. stage. The 6SL7 (Vi) fre-
quency modulator tunes as any r.f.
amplifier, C: also serving to vary the
magnitude and phase angle of the R,.
Increased deviation is obtained in this
FM circuit by use of a powdered iron-
slug coil form. The author uses one
obtained from a surplus SCR-522A
crystal tuning circuit. It is % inch
in diameter by 2 inches long. Any
powdered coil form may be used, how-
ever.

The second 6SL7 (V.) is used as a
two-stage speech amplifier. An or-
dinary, inexpensive crystal mike
works smoothly with this duo-triode
speech amplifier.

The Frequency Modulaior

The only noteworthy feature of this
circuit is the FM adjustment shown
in the schematic diagram. The con-
denser (C.;) is nothing more than two
short lengths of insulated wire twisted
together for three turns. The cir-
cuit arrangement is similar to the
familiar plate neutralization. Here,
however, the connection is for the
purpose of increasing the frequency
modulation. Once installed, no fur-
ther adjustment is necessary.

In tuning the condenser Ci, it will
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By

J. P. SIMMONS. WGERT

be found that the plates will nor-
mally be set near % meshed and need
hardly be touched during frequency
changes of several hundred kilocycles
in the v.f.o.

The phone-monitor circuit is handy
for checking the quality of speech.

The Quadrupler

A 6AG7 (V,), with the control and
screen grids operating as in pentode
amplification, serves as an efficient
doubler, tripler, or quadrupler. The
6AG7 is capacity-coupled to the plate
of the frequency modulator through
Ciws, a 100 pufd. mica condenser. This
stage is biased by a 1 megohm (Ru)
resistor in the grid return. It also
has an optional keying circuit. This
is sometimes desirable as it permits
the v.f.o. to be shifted and monitored
(in the receiver) while the key is up.
The combination of the 150 ohm re-
sistor (Rus) and .01 ufd. bypass con-
denser (C,) in the cathode circuit
permits the stage to double, triple,
or quadruple with sufficient excita-
tion to the next doubler and allows
the oscillator to be keyed on c.w. with
a resulting clean cut note.

All of the ground return connec-
tions are brought to a single ground
point on a tie-post mounted along-
side the isolantite socket. With the
cathode bias resistor indicated, the
plate current is held to a safe value
when the oscillator key is up.

The 6L6 Power Doubler

The output from the 6AG7 buffer,
doubler, tripler, or quadrupler is fed
directly from the 6AGT7 plate to the
616 grid through a 50 wpufd. midget
variable coupling condenser (Cu).
Several values of coupling condenser
were tried, however, and while the
capacity was not found to be especial-
ly critical, a 50 wufd. APC type gave
optimum results. Bias on this stage
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is obtained from two sources. Grid
leak bias is provided by a 100,000 ohm
resistor R, in the grid return cir-
cuit. The tube is also biased by the
use of a 400 ohm cathode resistor,
R, The cathode is bypassed to
ground by a .01 ufd. paper condenser
(C:). A 50 ohm, 1 watt resistor in
series with the grid leak and another
in the plate circuit are provided for
reading 616 grid and plate currents.
The meter switch is connected directly
across same. A series resistor (R:)
supplies the screen voltage and the
screen is bypassed with Cu, a .02 ufd.
paper condenser. Series feed is used
but the ground potential end of L; is
bypassed to allow the plate condenser
to be directly mounted on the metal
panel.

Inspection of the photograph shows
a large space where the 6L6 coil is lo-
cated. The author has planned a
bandswitching coil assembly with
“end links” to be placed here.

Mechanical Details
The author’s v.f.o. covers 3488-4050

ke. The photographs show the
method of attaching the v.f.o. tuning

condenser. Duraluminum (galvanized
iron can be used, too) brackets were
bent to proper size in an ordinary
bench vise. Two brackets are used,
one underneath and the other in front
of the v.f.o. main tuning condenser.
The vernier dial (from a surplus
Army coil unit) is secured to the
front panel and coupled to the v.f.o.
condenser via an insulated coupling.
However, a metal one may be used.
The v.f.o. coil form was also individu-
ally shielded to further isolate and
eliminate temperature changes. (An
empty rectangular spice can may be
used for the v.f.o. coil shield). The
v.f.o. coil was secured to the chassis
with four machine screws, the coil
connections being run directly through
large holes in the chassis, connec-
tions being made to the screws projec-
ting underneath.

The shield around the v.f.o. deflects
heat from other tubes thereby provid-
ing additional freedom from drift
caused by condenser temperature
change. The author also uses shields
around the doubler stages, but the
one around the v.f.o. is the most im-
portant. The other two could be

eliminated to simplify the construc-
tion, especially for those not having
metal bending facilities available.
The chassis, and shields were made of
surplus .060” thick 24SO, the panel of
.091” thick 24ST. The chassis is
10”"x17"x3", the panel is 19”x12”. A
standard manufactured chassis may
be used, however. An aluminum
chassis is highly recommended due to
the high conductivity of this metal
for grounding purposes. Shielding
the v.f.o. and anchoring the oscillator
coil and tuning condenser are neces-
sary to stability.

The parts list gives the components
used. The author placed tie posts
near each tube socket under the
" chassis to provide convenient ground-
ing points for bypasses, etc., and then
interconnected all the individual
grounded tie points. This provides
definite grounding and eliminates un-
certain grounds when using the
chassis as common ground. The lat-
ter is necessary with a steel chassis.
Each frequency multiplier coil is
mounted adjacent to its respective
tube. The 6AG7 doubler “tank” con-
denser is mounted approximately un-

Complete schematic diagram of the NBFM transmitter. A v..o. is incorporated.
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Ry, Re, Ry—26,000 ohm, 1 w. res.

R Ry, Rr—500,000 ohm, V5 w. res.

R,—6000 ohm, 1 w. res.

R;, Riy—150 ohm, 5 w. wirewound res.

R—30,000 ohm, 2 w. res.

R—1000 ohm, 2 w. wirewound res.

R—50.000 ohm, V5 w. res.

R,y—1 megohm, V5 w. res.

Ry, Rig, Rigs Roy—50 ohm, 1 ». res.

Ri;—1 megohm, 1 w. res.

R\;—22,000 ohm, 2 w. res.

R+—100,000 ohm, 1 w. res.

R;—400 ohm, 10 w. wirewound res.

R.:y—40,000 ohm, 10 w. wirewound res.

R.,,—500.000 ohm pot.

Ry, Ry—250,000 ohm, V5 w. res.

R, Rys—1000 0hm, 1 w, res.

Rox—30,000 ohm, 50 w. wirewound res.
(with slider)

Cy—140 uufd. straight line var. cond.
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C>—350 uufd. ceramicon cond.

Cy—20 pufd. ceramicon cond.

C—300 pufd. ceramicon cond.

C;. Cy, C;, Cy\—.002 pfd., 400 v. cond.

Cy, Cys, Cys, Cug, C3o—100 pufd. mica cond.

Cy—.003 ufd., 100 v. cond.

Cyo, Ci, Car—.05 ufd., 400 ». cond.

C»—50 ppfd. mica cond.

Cir—See text

Ci5, Cuy, Cao, Coy, Crg, C3—.01 pufd., 600 ».
cond.

Cier Cor—75 upfd. var. cond.

Ci:, Cuny, Cor—.005 pufd., 600 v. cond.

C.5—50 uufd. midget var. cond. { APC type)

C.5—.02 pfd., 600 v. cond.

Cow—35 uufd. midget var. cond.

Cyz, C3s—40 ufd., 450 ». elec. cond.

Cy—2 ufd., 600 v. bathtub cond.

Cay—.1 pufd., 600 v. cond.

Jy, J2. Jy—Closed circuit jack

J,—Open circunt jack

T,—Power trans., 425-0-425 @ 200 ma.; 6.3
Y. @ 4 amps.; 5 v. @ 3 amps.

PS8, PS,—Parasitic suppressor, 50 ohm, Yy w.
res. with 10 t. #20 en. wire

CH1—6 hy., 75 ma. filter choke

CH.—10 hy.,200 ma. filter choke

S, —S8.p.s.t. toggle sw.

Meter-sw—2-pole, 4-pos. sw.

Meter—0-50 ma. d.c. meter ( See text)

Ly, Ly, Ly, Ly, Ly—See coil table

RFC,, RFC,, RFC3—R.f. choke (National
R-100U or equivalent )

RFC,, RFCs—R.f. choke, #20 en. closewound,
1”7 coil length on V4" form

PLi—6.3 v. pilot lamp

1—6L6 tube

2—68L7 tubes

1—VR-105 tube

1—5T4 tube

1—68J7 tube
2—6AG7 tubes

April, 1948
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Top view shows placement of the required shield partitions.

der its inductance. The coil forms
used are 4-prong polystyrene of stand-
ard make, 1% ” in diameter. Small
surplus standoff insulators are used
to support the 616 ‘“tank” coil. The
6L6 was wound around a 6AG7 tube
as a coil form for 20 and 10 meters,
spaced the diameter of the #12 wire.
A jack-bar and coil strips were made
from polystyrene strips, banana plugs,
and jacks. For 40 and 80 meters, #20
wire is used. (Slip a thin sheet of
plexiglass or strips around the 6AG7
before winding the coil). After wind-
ing the coils apply Dwuco household
cement; after 35 or 6 minutes, the
6AGT tube is withdrawn leaving neat
coils. (Leave the plexiglass sheet or
strips in the forms, but trim to make
neat). More cement may be applied
to insure rigidity for rough handling.
Underneath the chassis, parts are
grouped around respective tube sock-
ets and as convenience dictates. Two
terminals are provided at the left rear
of the chassis for completing the “B
minus” connection to ground through
the separate contacts on the antenna
relay. A switch may serve the same

Osc. L,—10l5 t. #20 en.. 114” diam.,
spaced diam. of wire

Osc. L,—3 t. #20 en., interwound at
“ground’” end of L;

6AG7 Lg—50 t. #31 en., 1p” diam. close-

FM wound, tapped at 15 t. from
““ground” end (Iron core slug
—see text)

6AG7 L,—80 m.—36 t. #20 en. 113"
diam. closewound
40 m.—18 t. #20 en. 1l3”
diam. spaced 1/16”
20m.—8 t. #20 en., 114” diam.
1”7 long

6L6 L—80 m.—41 t. #20 en., 1”7 diam.
closewound
40 m.—20 t. #20 en., 1”7 diam.
spaced 1/16”
20 m.—12 t. #12 en,, 1” diam.
spaced diam. of wire
10 m.—7 t. #12 en., 1” diam.
spaced 13”

Coil winding data.
purpose. The blank hole on the front

panel is for the phone monitor jack.

A power supply delivering 400 volts
at 200 ma. is used. However, the
total plate current is only around
125 ma. under load. This insures good
regulation under Kkeying. The plate
transformer also supplies the filament
voltages.

Under chassis view identifies placement of major components.
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Antenna Coupling

The antenna coupling circuit con-
sists of 3 turns fed to the #12 copper
two-inch spaced transmission line
feeding the 3-element rotary through
the 5" 10” long RG-8-U matching trans-
former. Any of the capacitive, in-
ductive, or link coupling circuits will
be suitable however with other types
of antennas.

Tuning Up

There is only one point that need
be brought up in connection with tun-
ing the unit. It is possible to tune the
quadrupler stage to the 3rd instead of
the 4th harmonic of the v.f.o. unit.
This will come in handy during the
Autumn of 1949 when the 21 mega-
cycle band opens up. After coupling
an antenna or final amplifier to the
exciter, it will be necessary to check
the amount of deviation by monitor-
ing the 20 or 10 meter carrier, adjvst-
ing the gain or deviation control to
about half open while talking into
the microphone and setting Ci slight-
ly off resonance. A drop in the 6AG7
grid current of about .1 or .3 ma. will
be noted. On 75 meters, the maxi-
mum deviation will run around 1500
cycles or a trifle better, with the gamn
control well open.

The author incorporated meter
switching to check the current in the
various circuits. A 0-50 milliammeter.
with the internal shunt removed, is
used. Convenient shunts were made
from what looked like #31 wire,
which was wound around 1” lengths
of 14” polystyrene rod and held in
place with Duco household cement.
The individual shunts were sccured
directly to the meter switch and the
twisted wires run from there to the
individual circuits being metered. Any
meter with a convenient scale may be
used, however.

Final Notes

“The currents drawn by the 6AGT
and 6L6 doubler stages run approx-
imately 25 ma. and 46 ma. respec-
tively. Under keying, they are prac-
tically unchanged, varying only a few
milliamperes. This is an advantage
as it does not place a large varying
load on the power supply and helps
keep the voltage steady for driftless
v.f.o. operation on c.w. For optimum
performance, the 616 should be loaded
to 50 milliamperes. On 10 meters, the
unloaded 6L6 plate current will dip to
about 22 milliamperes, on 20, 40, and
80 meters proportionately lower {with
excitation). The output on ten will run
about 10 watts and the efficiency ap-
proximately 45 per-cent.

This exciter is the result of two
other NBFM, v.f.o.-controlled units
which were built up and completeiy
dismantled before a satisfactory unit
was completed. The parts totaled
approximately $37.50 less the crystal
microphone, at current new and sur-
plus prices.

If desired, an 829B with the control
grids in push-pull and the plates in
parallel (this allows the 829B to dou-

(Continued on page 192)
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MODERN

TELEVISI0
RECEIVERS

By

MILTON S. KIVER*

vision throughout the country has

changed from “Is television com-
mercially available?” to “How long
will it take to reach my community ?”
The progressive serviceman, recogniz-
ing this onsweeping trend, will now
concentrate doubly hard on familiar-
izing himself with the operation of
each television receiver as it appears
on the market. As an aid toward this
end, this article and those that follow
will analyze various television receiver
circuits, tracing the signal paths from
input terminals to image tube and
loudspeaker, and compare the meth-
ods employed by different manufactur-
ers to achieve similar results.

lN the last year, the status of tele-

R. F. Systems

The logical starting point in any
system is where the incoming signal
is received. In this respect, a televi-
sion receiver is similar to the standard
broadcast set. Television receivers
currently being marketed are designed
with an input impedance of 300 ochms.
This exactly matches the characteris-
tic impedance of the recently devel-
oped parallel-wire polyethylene trans-
mission line and permits direct connec-
tion between the two. In addition,
many of the newer wide-band anten-
nas have impedances of 300 ohms and
the erection of a completely matched
antenna system is thus quite readily
effected. The foregoing consideration
is an important one because mismatch-
ing at any point in the antenna lead-in
system results in a loss of signal
power.

The television signal occupies a 6
mec. bandwidth and input circuits must
be capable of adequately receiving a
signal this wide. Toward this end,
closely coupled and heavily loaded
coils are a necessity. The ideal input

* Mr. Kiver is the author of “U.H.F. Simph-
fied,” "F.M, Simplifiecd” and “Television Sim-

phfied”—all published by D. Van Nostrand Com-
pany. Ine.. New York.
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Close-up of Philco Precision Channel Selector. showing how easy it

is to insert coils for various channels.

This switch provides for

any 8 channels of the 13 assigned by the FCC: and since a maxi-
mum of 7 stations is possible in any one metropolitan area. this
Channel Selector can be used in any location in the United States.

Part 1.

response curve is shown in Fig. 1A,
However, the practical modification
more closely approaches the curve
shown in Fig. 1B. The dip or valley
in the center is a result of the close
coupling; it should. however, never ex-
ceed 30 per-cent of the peak or total
amplitude of the curve. The sound and
video carriers. separated by 4.5 mc,
are located at either end of the curve,
within the 90 per-cent response region.

So much for the general require-
ments of the input stages of a televi-
sion receiver. Now let us investigate
the actual form of the circuits them-
selves.

Fig. 1. (A) The ideal r.1. response curve,
and (B) the practical modification.

SHOULD NOT
EXCEED 30%
OF OVERALL VALVE

(8)
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An analysis of the r.. stages incorporated in
present-day. commercially-built telerision receirvers.
In future articles of this series. the author will
present a stage-by-stage comparison of all TV sets.
Alignment and service techniques will also be corvered.

RCA Receivers

The r.f. section of the RCA receiv-
ers (all models containing 7" and 10"
direct-viewing screens) is designed
around a circuit which departs shargly
from so-called conventional design. In
the first place, the r.f. amplifier, con-
verter, and oscillator contain 6J6 dou-
ble triode tubes and ordinarily triodes
are not suitable for high-frequency
use. However, the 6J6. the 6C4. and
others have been specially designed for
high-frequency operation. They are
small in size, with interelectrode ca-
pacitances reduced to a minimum and
connecting leads made as short as pos-
sible. When used in push-pull arrange-
ment or as grounded-grid amplifiers,
they function with good results. Any
slight tendency toward oscillation can
usually be overcome by inserting small
neutralizing condensers. This is the
purpose of C, and C: in Fig. 2. The in-
put circuit is untuned. T, serving to
short-circuit all low-frequency signals
picked up by the antenna. R, and R:
are the terminating resistors for the
300-ohm antenna transmission line,
providing also a d.c. path for the bias-
ing voltage from the contrast control
to the grids of the r.f. amplifier.

The 13-channel tuning arrangement
in the plate circuit of the r.f. amplifier
is an artificial quarter-wave transmis-
sion line. The line is balanced, con-
taining series inductances in each sec-
tion of the line. Coils L. and L.. pro-
vide the proper inductance to tune the
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Picture Model 'It'uning'
Type 3 Bpe Methoc'l_
Tube g
Manutfacturer Model Size Scx:een ° g . RF
No. m (diam.) Size 5 £ S« Armplifier
21 = ] g | 2 |28
LR 208|525
a4 £ 0o da
T-VI12 X | 12 74x10 | X [ X 616
Andrea C-VI12 X 12 75x10 X ‘ X! | Same as Model T-V]12
CO-VI12 X 12 7Y%x10 "X Xt | Same as Model T-V]12
Belmont 21A21 X 7 Slhhx 44| X X 6AKS
801 X 10 6 x 8 X X 6AUB
General — —
Electric 802 X 10 6 x 8 X X | Same as Model 801
VT71 X 7 4% 6 X X i of 7F8
Motorola [—
VT101 X ! 10 63%x 8lh X | X 6AGS
481000 | X | 10 6 x8 | X X 6AGS
Phileco |‘ = =
481050 | X 10 6 x 8 | x | X | Same asModel 48-1000
—_— |—]
48-2500 X 5 15 x20 J X [ X 6AGS
621TS X 7 4Vix 5% | X | | X 616
630TS X 10 | 6%x 8| X | % 616
721TS X 10 6%x 8% | X | X 616
630TCS X 10 634x 8lh l X X Same as Model 630TS
o 721TCS | X 10 6%z 84 | x | X | Same as Model 721TS
730TV1 X 10 63sx 8% ’ X X Same as Model 721TS
730Tv2 | X 10 6%x 815 ’ X X | Same as Model 721TS
641TV | X 10 | e%x 8% | x X 6l6
8TS30 X 10 63%x 8|} X X Same as Model 630TS
648PTK X 5} 15 x20 | X X 616
|
T-502 X | 10 6 x 8 | X X 6AGS
T-507 | X 5 |21 xl6 X | X2 6AGS
| |
United States | T-525 X 5 25 x19 X | X* | Same as Model T-507
Television | |
T-530 X S 30 x221% ‘ X X? | Same as Model T-507
T-621 | X 5 | 22uxlel | X "X | Same as Model T-507
! The Andrea receivers employ a tuner “‘turret” which is somewhat similar to the
Philco tuner except that all 13 channels are wired into position. The r.f., modulator,
and oscillator tubes, with their circuit components, are also contained within the copper-
plated steel case. This reduces reradiation and protects the circuits from external fields.
? The r.f. tuning circuits of U.S.T. receivers closely resemble those employed in G.E.
receivers. See explanation in article.

Table 1. A comparison of present-day television receivers. The above chart
includes only those models which are on the market and which have been
discussed in the article thus far. As new models become available, they
will be added to chart and adequate explanation of their operation given.

circuit to channel 13, 210-216 mc,
Iron-core slugs in L. and L. permit
adjustment of each coil's inductance.
L to Lx on one side of the line, and
L. to L, on the other side of the line,
are fixed sections which are added in
series to L»s and L as the shorting bar
is moved progressively down the line.
Note that the highest frequency is ob-
tained when the shorting bar is closest
to the plates of the tubes. With each
movement of the bar to the left, more
inductance is inserted into the circuit.

The physical construction of each of
the inductances L, to L. is a small
non-adjustable- silver strap between
the switch contacts. Each strap is cut
to provide a 6-mc. change in frequency.
Coils Ly, and L. bridge the gap be-
tween 174 mec., channel 7, and 88 mc.,
channel 6. For the lower television
channels, L, to Ly, and L. to L. are
used. These coils are constructed in
the form of a “figure eight.” Signal
coupling between the r.f. amplifier and
the mixer is achieved by C;, C,, C;, and
a single turn of link coupling.
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For servicing purposes, an open coil
in either section of the tuning line will
disrupt operation for that channel and
all lower ones. It will not, however,
interfere with the operation of higher
frequency channels. If this seems
puzzling, remember that the “B+4" of
the other section can travel through
the shorting bar to the plate connected
to the affected line. However, an open
circuit in both sections of the line, on
any channel, will disrupt all operation.
Voltage or resistance checks will then
reveal the open coil.

G. E. Sets

In the General Electric television re-
ceiver, Model 801, the r.f. amplifier em-
ploys a 6AU6 high-frequency pentode
connected as a grounded-grid triode
amplifier. See Fig. 3. Triodes are su-
perior to pentodes because of their
lower noise factor and in this portion
of the receiver tube noise is an impor-
tant consideration. In addition, the
use of a triode does not noticeably re-
duce the gain of the set because of

www americanradiohistorv com

the low plate load impedance employed
in television receivers. To permit a
6 mc. signal to pass with uniform am-
plification, loading resistors reduce the
impedance of the tuning circuit to a
value somewhere between 2000 and
10,000 ohms.

Fig. 4 illustrates why pentode and
triode tubes give comparable gains in
television receiver circuits. The am-
plified signal divides between the plate
resistance of the tube and the tuned
output circuit. Since a pentode's inter-
nal resistance is considerably higher
than the impedance of the tuned cir-
cuit, most of the amplified signal is
lost in the tube. Consequently, the
over-all gain is low and it is possible
to achieve practically as much gain
with a well-designed triode.

In grounded-grid amplifiers, the grid
is grounded and the input signal is fed
into the cathode. The grid r.f. poten-
tial is zero and the cathode potential
fluctuates in accordance with the in-
put signal. The effect on the plate cur-
rent is the same as if the cathode had
been kept fixed in potential and the
grid voltage was varied. The chief
advantage is the fact that a grounded
grid acts as a shield between the input
and output circuits and prevents the
tube from oscillating. See page 178
for more detailed explanation.

In the G.E. receiver, the antenna is
connected into the cathode circuit of
the r.f. amplifier. The input impedance
is 300 ohms, again matching the poly-
ethylene twin-conductor transmission
line. L, is a simple high-pass filter re-
jecting all low-frequency signals. The
cathode chokes, L. to L., are placed in
series with the cathode resistor to pre-
vent the input impedance from being
lowered by the shunting effect of the
total stray capacity to ground of the
cathode of the tube. The choke value
is changed with frequency. R, and C.
provide cathode bias.

The r.f. amplifier is coupled to the
mixer tube through a wide-band trans-
former. One such unit is provided for
each channel. The windings are self-
tuned by the distributed and tube
capacities to provide maximum gain
through a high L/C ratio. On chan-
nels 1 and 2, the transformer is triple-
tuned to prevent the image frequen-
cies of the 88-108 mc. FM band from
causing interference. The r.f. coils for
each channel are placed physically
near the oscillator coils (of the same
channel) in order that both voltages
combine at the mixer grid.

Belmont Radio

In each of the previous circuits, the
various channels were brought into
position by means of a selector switch.
The Belmont television receiver, Model
21A21, employs continuous tuning over
the thirteen channels. The tuning as-
sembly, shown in Fig. 5, is a perme-
ability tuner in which the movable
slugs of each coil are mechanically
ganged together and moved in or out
of the coils when the front dial is
rotated.

When a station selector switch is
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Fig. 2. The simulated transmission line tuning arrangement used in RCA television receivers.

used, the switch is turned to the de-
sired channel and a fine-tuning con-
trol is adjusted for best sound quality
from the loudspeaker. In the Belmont
receiver, the tuning knob is rotated
for best sound output from the loud-
speaker. Tuning is a bit more com-
plicated with continuous tuning be-
cause, for any particular channel, the
sound can be heard at three separate
but closely adjacent positions of the
dial. However, the center position is the
correct one. Note that with continu-
cus tuning, the fine-tuning control is
eliminated. (For those who are not
familiar with television receivers, the
fine-tuning control is a vernier adjust-
ment on the local oscillator frequency.
It is designed to permit the set user
to counteract the effect of oscillator
drift.)

There are two sets of coils in each
of the front-end stages, of which only
one set is used at any one time. See
Fig. 6. T, T, and T. operate only on
the six lower television channels. When
the set is tuned to channel 7 and above,
a low-high band switch on the front
panel (see Fig. 7) is placed in the high
position. The active coils in the set
now become T., T, and T..

The r.f. amplifier uses a 6AK5 high-
frequency pentode whose gain is con-
trolled by the automatic gain control
(a.g.c.) voltage developed in the video
2nd detector. (A.g.c. in a television re-
ceiver is equivalent to a.v.c. in a sound
receiver). Bandswitch S,.4 and 8,
connects the antenna to coupling coil
T,.x on the low band and to coil T, on
the high band. The output of the r.f.
amplifier is impedance-coupled to the
converter.

April, 1948

Philco Receivers

The front-end of Philco television
receivers employ a tuner turret in
which coils for each channel may be
separately inserted. Provision is made
on the rotating turret to mount eight
of the thirteen sets of coils, thereby
enabling any set to receive eight sta-
tions. Since any one community is as-
signed a maximum of seven stations,
the set will thus permit complete
coverage.

The antenna coil and r.f. amplifier
input coil are mounted on one assem-
bly; the mixer and local-oscillator coil

are mounted on a second assembly.
These two assemblies then constitute
the complete set for one channel.
Examination of the schematic dia-
gram, Fig. 8, reveals that separate
transmission lines are used for the
high and low-frequency television
channels. This permits the use of two
antenna arrays, each specifically de-
signed for one band of frequencies. The
six lower channels connect to the low
frequency antenna; the seven upper
channels to the high-frequency anten-
na. This arrangement is particularly
effective when television signals come

Fig. 3. The r.f. amplifier stage of the G.E. Model 801 and 802 television receivers.
Note: r.f. coils and switch points for channels 6 through 12 not shown. Coils Ts
through T.: cerrespond to channels 6 through 12 and are connected the same as Ts.
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Fig. 4. A pentode r.f. amplifier
(A) and its equivalent circuit (B).

Fig. 5. Tuning assembly used in the Bel-
mont Model 21A21 television receiver.

Fig. 7. Front panel layout of the Bel
mont Model 21A21 television receiver.

from widely separated points of the
compass.

The antenna coil is coupled to the
r.f. amplifier input coil through a ter-
tiary winding. This latter resonant
circuit increases the coupling between
the other two circuits and produces a
wide spread, double-peaked response
curve. See Fig. 9B.

The r.f. amplifier itself employs a
6AGS pentode, with a.g.c.,, normal
cathode bias, and a small amount of
degenerative feedback voltage. The
latter is useful for stabilizing the cir-
cuit and reducing the effect of tube
and circuit changes on signal gain. The
output of the r.f. amplifier is imped-
ance-coupled to the following 6AGSH
mixer.

The tuned circuit in the r.f. ampli-
fier output (actually the mixer grid
input) is, as far as the incoming
signals are concerned, a series reson-
ant circuit. The response of this cou-

Fig. 6. The r.f. section of the Belmont television receiver.
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pling network is peaked, producing a
curve such as indicated in Fig. 9A. If
we combine this response curve with
the broad, double-peaked input re-
sponse curve, we obtain an over-all
response which is fairly linear for the
required 6 mec. This is shown in Fig.
9C. The oscillator coil is coupled to
the r.f. amplifier output coil, thereby
permitting these two voltages to com-
bine at the mixer.

Motorola Receivers

Most television receivers currently
manufactured have a 300-ohm input
impedance; Motorola sets, however,
have provision for either 75 or 300-
ohm lines. This is accomplished sim-
ply by using the full primary winding
of the input transformer for the 300-
ohm line and half of the winding for
the 75-ohm coaxial line. See Figs. 10
and 11. Inductance of a coil is propor-
tional to the square of the number of
turns. Doubling the number of turns
produces four times the inductance
and, at the same frequency, four times
the impedance. 300 ohms is four times
75 ohms.

The secondary of the input trans-
former, T,, consists of a high and low
frequency winding in series. The low
frequency coil is tuned for each of the
six lower channels by changing the
tuning condenser across the coil. The
high-frequency coils in series with the
low-frequency coils do not present
enough inductance to interfere with
the operation of the low-frequency
coils. For channels 7 through 13, con-
densers C,, C-, and (., short out the low
frequency resonant circuit. A simple
short across the low-frequency coil is
not the most effective method of elimi-
nating the effect of this coil because
of the switch and lead inductance
present. A more effective short is ob-
tained by developing a series resonant
circuit composed of the switch and lead
inductance and the condensers placed
across the low-frequency winding.

To insure the proper 6 mc. band-
width, loading resistors R, and R: are
used.

The r.f. amplifier is very similar to
those previously described, but the
coupling circuit between the r.f. ampli-
fier and the mixer is new. The cou-
pling network is a critically double-
tuned circuit with mutual coupling
provided by C. and Cs. In the simpli-
fied diagram, Fig. 11, the two variable
inductances, L4 and Ls, represent each
of the pairs of coils shown as L,
through L. in Fig. 10. Each pair of
coils is pretuned to the same frequency
by means of a brass slug. C1 represents
the output capacity of the 6AG5 plus
distributed capacitances; C5 is the in-
put capacitance of the 6J6 plus dis-
tributed wiring capacitance.

In this type of tuned circuit, the
bandwidth is determined by the degree
of coupling and the @ of each coil. The
degree of coupling is controlled by the
size of Cy and C:;. The smaller these
capacitances, the greater the mutual
impedance and the greater the band-
width. The values C, and Cs chosen

(Continued on page 142)
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AC was pleased to find his
M brand-new assistant waiting

at the door of the shop when
he came down to open up. The Kkid
greeted him with a shy smile, his
curly red hair looking like a torch in
the bright rays of the Spring sun.

“Right on time, eh Barney?” Mac
said as he unlocked the door of the
radio shop and motioned the youth in-
side.

“Yes, sir. Mom was so afraid that
I might be late for work the very first
day that she had me eating breakfast
at five-thirty.”

Mac's leathery face wrinkled in a
sympathetic grin as he shrugged his
broad shoulders into his shop coat and
fastened the belt. He waved the boy
into a chair and lcaned back against
the desk in front of him. “Barney,”
he asked, “just how much do you know
about radio service?”

“Not much that I'm really sure of,
Mr. McGregor,” Barney confessed. *I
had a little radio theory in physics in
high school, and I picked up some
more while I was studying to get my
amateur license. My transmitter and
some of the other gear around the
ham shack are homne-built, but that
was mostly a case of copying them out
of books and magazines. I think you
had better just figure that I am plenty
dumb about radio but that I don’t
want to stay that way.”

“Good! The less a fellow thinks he
knows about anything the easier he
learns. You will pick up a lot just
watching and listening, but that is not
enough. If we are going to make a
real serviceman out of you, you must
know the ‘why’ as well as the ‘how’ of
fixing radios. I'll give you some books
to read, and I want to hear you com-
ing up with lots of questions. If I can,
I'll answer them; and if I can’t we'll
dig out the answers together.”

Barney nodded his head vigorously
in approval of this program.

“Well,” Mac said, picking up some
cardboard tags from the dcsk, “we
may as well start right now. Miss
Perkins usually takes care of things
up front here, but she doesn’t come to
work until nine o’clock. Incidentally,
do not let her fool you. She likes to
think that she is a sharp-tongued old
sour-puss, while she really has a heart
as big and as soft as they come—but
don’t ever let her know you know it.”

Barney's blue eyes twinkled. ‘I
think I understand, sir. Mom is a
little like that.”

“As 1 was saying,” Mac went on,
“there will be times, say during her
lunch hour, when you will have to
take sets in. When you do, always fill
out one of these cards and fasten it to
the set.”

He handed one of the numbered
tags to Barney and continued. “Be
sure to get down correctly the name,
address, and phone number of the cus-
tomer. On that space on the back,
write out the complaint with the set.
Is it dead? noisy ? distorting? cutting
out? How long has it been that way ?
If if cuts out, how long does it take

April, 1918

Mac's RADIO
ERVICE SHOP

By JOHN T. FRYE

MAC HIRES A HELPER

for it to do so after it has been turned
on? Does it cut out entirely or just
drop in volume? Does the dial lamp
go out? Does anything such as jarring
the set or snapping on a light seem to
bring it back? Does the trouble occur
at any particular time of day or on
any particular station?”

Barney's eyes were beginning to
look a little glazed, but Mac went on
relentlessly. “Don’t forget to ask the
customer if he can think of any little
things he noticed wrong with the re-
ceiver before this last trouble showed
up, little things that did not warrant
taking it to a repairman but which he
would like to have corrected while it is
in the shop?”

“Are we just giving him a sales line,
sir?” Barney asked.

The corners of Mac’s mouth twitched
at that “we,” but he explained gravely,
“Not at all! It is true that the cus-
tomer likes to have his troubles taken
seriously, but those questions are to
help us. Quite often a minute spent
in getting information on a set’s be-
havior will save you an hour hunting
trouble. Miss Perkins is a jim-dandy
at collecting this information, and
often the trouble with a set can be
figured out just from reading what
she has down on the card. She is
good.”

“I suppose the fellow who reads the
card has to know a little something,
too,” Barney ventured without a trace
of a smile.

“It helps,” Mac agreed, looking at
him sharply.

“What do I do with the set after I
get its case history ?”

www americanradiohietorv com

“That depends on whether or not it
is an ‘intermittent’. An intermittent is
any set that has some trouble that
shows up only part of the time. The
trouble may be cutting out, changes
in volume, distortion, and so on; but
if the condition comes and goes, the
set is an intermittent.”

“What do I do with one of those?”

“Mostly nothing, except to carry it
gently back into the shop. 1 want
these sets disturbed just as little as
possible until I get a chance to hear
them misbehave. They can tell you
a lot about what ails them if you can
just hear them go through their rou-
tine once.”

“What if the sets are not intermit-
tent ?”

“First, check to see if there is a way
of knowing where the tubes belong,
either in the form of a chart pasted to
the cabinet or chassis or by numbers
stamped on or near the sockets. If
not, draw up a little tube-position
chart before taking out the tubes.”

“Do I check the tubes?”

“Not until I have shown you how
I want it done. You just wipe them
clean, using carbon-tetrachloride to
remove any gum, and place them in a
cardboard box together with the tube-
diagram and the tag number of the
set to which they belong. Come on
back in the shop and I'll show you
what you do then.”

Barney followed Mac through the
swinging-door back into the service
shop. Mac went across the room and
opened the door of a small closet-like
compartment. Inside was a short

(Continued on page 114)
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Part 1. Covering the design problems encountered

in constructing a television oscilloscope. Complete

- 00 , 00

construction details will be presented next meonth.
NUMBER of very excellent
articles have appeared in the

A literature describing various

types of oscilloscopes suitable for use
in connection with audio frequency
work. As is well known, such work
entails the use of frequencies from
approximately 20 to 15,000 cycles-per-
second, and the usual “garden variety”

of scope does a fine job within these
frequency limits. Contrasted to these
relatively simple requirements, how-
ever, an oscilloscope suited for tele-
vision work must permit observation
of a variety of relatively complicated
waveforms over a much wider fre-
quency range. The usual oscilloscope
is, unfortunately, not often capable of

Fig. 1. Simplified block diagram of a typical deflection amplifier.
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satisfying
quirements.

This series of two articles is in-
tended for those who may be inter-
ested in knowing the design require-
ments for an oscilloscope suitable for
general television use and also for
those who may desire to construct a
versatile instrument suited for both
audio and television applications. The
first article will discuss the require-
ments which such an instrument must
meet to be suitable for television use,
and, in addition, will describe some
circuits capable of satisfying these
requirements. The second article will
describe a practical instrument, utiliz-
ing these circuits, which will not only
permit observation of the waveforms
in another television receiver, but
may also be used as the picture and
scanning portions of a television re-
ceiver itself.

In the television oscilloscope, the
following parts of the instrument
must come in for special attention:

(1) Horizontal and vertical deflec-

tion amplifiers,

(2) Horizontal and vertical scan-
ning (sweep) circuits,

Video voltage connection to the
cathode-ray tube,
Power supplies.

RADIO NEWS
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Succeeding paragraphs discuss these
features in the order listed.

Deflection Amplifiers

To simplify the design of an oscil-
loscope, the design of both the hori-
zontal and vertical deflection ampli-
fiers is often made identical. This is
particularly desirable in the case of a
scope for television use, since the
usage requirements for both are
nearly identical. The comments which
follow will, therefore, apply equally
to both.

The deflection amplifiers should
meet the following specifications:

ta) Frequency response—flat from
20 cycles to 200 ke.,

Available amplification—at
least 150.

(c) Input voltage range—0.1 volt to
200 volts peak-to-peak.

Output voltage-—essentially dis-
tortionless with sufficient out-
put to deflect the cathode-ray
tube beam at least 1% times
the screen diameter,

Gain Control-—of a type which
will not alter frequency re-
sponse.

The reasons behind these require-
ments may be of interest. The lower
limit of the frequency response has
been chosen at 20 cycles-per-second
simply to assure the proper perform-
ance of the instrument at low audio
frequencies, in the event it is desired
tc use it for that purpose. The high
frequency limit is determined prin-
cipally by the frequency of the saw-
tooth scanning voltage which the am-
plifier must handle without distor-
tion. It can be shown mathematically
that an amplifier must have a sub-
stantially flat frequency response to
at least the 10th harmonic frequency
of a saw-tooth-shaped oscillation in
order to amplify this voltage with-
out appreciable distortion. Since the
frequency of the horizontal scanning
voltage in a standard 525 line tele-
vision picture is 15,750 cycles-per-sec-
ond, the amplifier must be flat up to
157.5 ke. (10 X 15,750 cycles = 157.5
ke.). The upper limit of 200 ke. was,
therefore, chosen, since this gave a
comfortable margin above the re-
quired limit of 157.5 kec. and permits
saw-tooth scanning rates up to 20,-
000 cycles-per-second to be used or ob-
served, if desired.

The available amplification was
chosen at 150 as a minimum since it
was felt that an oscilloscope should
permit observation of voltages in the
order of 0.1 volt. With a deflection
sensitivity of 100 volts/inch, which is
a not uncommon value, this would
mean that a 0.1 volt peak-to-peak a.c.
signal would be about 343" high if the
gain were exactly 150.

The input voltage range limits were
chosen as 0.1 and 200 volts peak-to-
peak, since practically all voltages
normally observed on an oscilloscope
fall within these limits. In the in-
strument to be described in the next
article, provision has been made for
observing higher voltages by bringing
out a direct connection to the deflec-

(b)

(d)

(e)
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Fig. 2. (A) Wiring diagram of one form of input selector and step attenuator. (B) Dia-
gram of “LOW" position attenuator. (C) Diagram of “SCAN’ position attenuator,

B+
6J5, 26SN7, Evc.

FROM
INPUT
_SELECTOR
25v.]( 25
+ 1\~
2 £ contRO!
10K 1ok SE2NTROL
N (A)

NEXT AMP. STAGE

B+ NEXT AMP,
6J5, e 6SN7, erc. STASE

FROM
INPUT
SELECTOR

b3

2 (.25
> AN /T
CONTROL

2imea

I

(8)

Fiqg. 3.

(A) Diagram of a typical cathode follower stage preceding the actual am-

plifier stages of a deflection amplifier. (B) Alternate cathode follower circuit. This
method is not preferred as momentary pattern shift occurs when gain is changed.

tion plates on the rear of the chassis.

The reason for the essentially dis-
tortionless characteristic of the am-
plifier is obvious. In addition, it is
deemed essential that sufficient output
voltage be available from the ampli-
fiers to deflect the beam at least 1%
times the cathode-ray tube screen
width while maintaining the desired
distortionless performance. The am-
plifier to be described in the second
article of this series is of particular
interest on this point, since it is ca-
pable of an undistorted output in ex-
cess of 400 volts peak-to-peak.

The gain control of a wide-band
amplifier cannot be the more familiar
high-resistance grid input potentiom-
eter as used in audio work, since
such a gain control discriminates very
badly against the higher frequencies,
principally because of the bypassing
effect of the grid-to-cathode capacity
at these higher frequencies. This dif-

CATHODE-RAY TUBE s——8

Fig. 4. Basic circuit for video-
type amplifier stage. The various
stray capacities affecting high-
frequency response are dotted.

ficulty can be readily overcome by in-
serting the gain control in a cathode
follower circuit output. This point
will be discussed in greater detail

Fig. 5. (A) Deflection amplifier circuit suitable for single-ended deflec-
tion. (B) Deflection amplifier circuit suitable for push-pull deflection.
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Fig. 6. (A) Linear saw-tooth scanning voltage waveform. (B) Non-linear saw-
tooth scanning voltage waveform. (C) Appearance of two ‘sine waves as
seen with linear saw-tooth scanning voltage. (D) Appearance of two sine
waves as seen with non-linear saw-tooth scanning voltage shown (B) above.
considerably to the proper perform-
B+ AR s I ance of the whole circuit. Mentally
SAWTOOTH rotating the selector switch to the
S “HIGH” position, it will be noted that

SYNCHRONIZING
SIGNAL INPUT

I

-

Fig. 7. Basic circuit for the gas-triode
type of saw-tooth scanning oscillator.

when describing the cathode follower.

Fig. 1 is a block diagram of one com-
plete deflection amplifier such as
might be found in an oscilloscope hav-
ing the previously described char-
acteristics. Fig. 2A gives the sche-
matic diagram of one form of input
selector and attenuator which meets
the bandwidth and input voltage re-
quirements. While this assortment of
condensers and resistors may seem a
bit complex, they actually contribute

the input jack is thus directly con-
nected to the grid of the cathode fol-
lower tube through the .25 ufd. cou-
pling condenser. As the grid return of
the cathode follower to ground is 2
megohms when the switch is in this
position, the input circuit offers a very
small loading effect to the circuits
under test.

The switch is used in this “HIGH”
gain position when small voltages are

being observed. However, when it
becomes necessary to view larger
voltages, an attenuator must be in-

serted between the input terminal and
the cathode follower grid to prevent
the larger voltages from overloading
this tube. This is accomplished by ro-
tating the switch to the “LOW” gain
position. In this position, only one-
tenth (1/10) of the input voltage ap-
pears at the grid of the cathode-fol-
lower tube, thus permitting input
voltages ten times greater to be ob-
served on the oscilloscope.

Fig. 8. Complete circuit for gas-triode type saw-tooth scanning oscillator.

I

O
B+ 750 V.
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Y
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N . cig)
ars Tamee ca] cs c6 c? cs R 7
: T T TTT

coil

SR8

TO AMPLIFIER

RV

R;—30,000 ohm pot.
Rs—25,000 ohm, V5 w. res.
R;—200,000 ohm, 4 w. res.
R,—5 megohm pot.
R;—800,000 ohm, 2 w. res.
Ri+—500 ohm, Y, w. res.
R—3000 ohm rheostat

R;—2 megohm, Y3 w. res.
R,—300,000 ohm, Y3 w. res.
Cy,—.1 pfd., 600 v. cond.
Cy—25 ufd., 50 v. elec. cond.
C:—400 pufd. mica cond.

=

C,—.25 ufd., 800 ». cond.
C;—.07 ufd., 800 v. cond.
C;~—.025 ufd., 80O v. cond.
C—.005 pufd., 800 v. cond.
C«—.002 yufd., 800 v. cond.
Co—.5 ufd., 800 v. cond.
Cyp—3-30 upufd. trimmer
Note: Frequency coverage: Switch pos. #1,
15 to 60; Pos. #2, 50 to 200; Pos. #3, 180
to 600; Pos. #4, 500 to 2000; Pos. #5, 1400
to 5400; and Pos. #6, 5000 to 20,000 cycles.
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The attenuator itself is shown, with-
out the other components, in Fig. 2B.
The wiring capacity and the grid-to-
ground capacity are both shown as a
dotted condenser to assist the expla-
nation. At low frequencies, the re-
sistance portion of the attenuator
would be sufficient, because the small
capacity of the grid circuit, which
may run around 10 gufd. will have no
appreciable effect. However, as the
frequency goes higher, the reactance
of this capacity gets smaller and thus
has the same effect as though an-
other resistor were added across the
200,000 ohms already there. This ef-
fect is sufficient to change the at-
tenuation from 10:1, for which the re-
sistors are calculated, to 20:1 at 20
kec. and 37:1 at 200 kc., using the 10
ppfd. grid-to-ground capacity figure.

To overcome this effect, an addi-
tional capacity attenuator is added in
parallel with the resistance attenu-
ator. These capacities are propor-
tioned to assure the same degree of
attenuation at the higher frequencies
as the resistors alone afford at the
lower frequencies, thus eliminating
the frequency discriminating effects
of the resistance attenuator by itself
to the higher frequencies. The ad-
justment of the small 3-30 pufd. trim-
mer to make the relationship between
the resistors and condensers exactly
correct is described in the second in-
stallment.

The “SCAN” position of the input
selector connects the output of the
saw-tooth oscillator to the input of
the cathode follower through its own
attenuator. The need for this addi-
tional attenuator is best explained by
considering the design of a saw-tooth
oscillator itself. Generally speaking,
it is desirable to get the largest pos-
sible output from any saw-tooth os-
cillator while still maintaining the de-
sired scanning linearity, since the
waveform is more nearly a perfect
saw-tooth shape at higher output

‘voltages, and the return trace time is

generally shorter. Accordingly, an at-
tenuator is desirable to reduce the
voltage from the scanning oscillator
to a usable value at the grid of the
cathode follower, since this output
voltage is generally much larger than
the deflection amplifier requires.

This scanning voltage attenuator
utilizes the same principles as those
described for the “LOW?” position at-
tenuator, but is adjusted in a some-
what different manner. As shown in
Fig. 2C, the smaller of the two at-
tenuator capacities is actually the ca-
pacity of the 2 megohm resistor it-
self, while the larger capacity across
the 300,000 ohm resistor is made vari-
able to permit exact adjustment.

Fig. 3A shows the cathode follower
itself, the variable amplifier gain con-
trol, and the input grid of the first
amplifier stage. One unconventional
feature will be noted about this ar-
rangement. Instead of connecting the
variable control in the cathode cir-
cuit and placing a fixed resistor in
the grid circuit, illustrated in Fig. 3B,

(Continued on page 192)
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sensitive-type receivers, the de-

sirability of some method of
providing automatic volume control
became apparent.

The first type of automatic volume
control, which consisted of rectify-
ing the amplified r.f. voltage and con-
trolling the bias of an amplifier stage,
is the most widely used a.v.c. method.

Such a method of a.v.c. control is
a vast improvement over none, but
does have its limitations, the limita-
tions consisting of steadily increasing
output as the input is increased.

Amplified a.v.c. control tends to
correct this situation. The amplified
a.v.c. control described in this article
should be classed as an improvement
over conventional a.v.c. amplifiers, the
word “improvement” meaning an ad-
ditional stage of amplification, which
is used only for the purpose of in-
creasing the voltage before rectifica-
tion.

The measurements, shown in Table
1, were made on a one-stage audio
amplifier with a.v.c. control (see Fig.
1). The measurements were made by
increasing the input to the amplifier
in one-decibel steps and measuring the
db. output change of the amplifier.

On an average the a.v.c. amplifier
was able to maintain the output con-
stant within .15 db. when the input
was changed 1 db. The obvious error
in the output measurements was
caused by inability to observe voltage
measurements with such a slight
change.

The measurements indicate the
ability of this type of a.v.c. amplifier
to maintain linear increase as the in-
put voltage is varied. The conven-
tional a.v.c. amplifier does not have
this linear characteristic nor the
ability to maintain reasonably con-
stant output voltages when large in-
put variations are experienced. The
stability of the a.v.c. amplifier is ex-
cellent.

Tests were conducted over a period
of months in a constant level audio
application, and the output voltage
variation was less than 1 db. During
these tests no adjustment was made
in any part of the circuit.

April, 1948

SOON after the appearance of

AV.C. AMPLIFIER

An a.v.e. cireunit providing essentially constant
a.f. or r.. output for widely varying inputs.

By J. T. GOODE
The Rollin Co.

INPUT CHANGE OUTPUT CHANGE
(in db.) (in db.)
0 0
1 .1
2 3
3 S
4 .8
5 9
[} 1.0
7 1.1
8 1.2
9 L3
10 1.5
11 L7
12 1.9
13 2.0
14 2.1
15 2.2
16 2.3
17 2.5

Table 1. Actual measurements made
on a one-stage audio amplifier em-
ploying the a.v.c. control described.

This type a.v.c. amplifier operates
with equal stability in r.f. applications.
Fig. 2 indicates circuit values for an
r.f. application.

This a.v.c. amplifier requires a nega-
tive potential of approximately 75

volts. This voltage is not critical but
should be maintained at a constant
level. The use of a voltage regulator
tube to maintain this voltage constant
is desirable. The voltage regulator
tube is an excellent equivalent filter
condenser, producing practically pure
d.c. without the use of filter chokes.
The amount of current furnished by
this bias supply is infinitesimal with
the exception of the current drawn by
the voltage regulator tube. Such being
the case, one-half of the high voltage
winding of a power transformer may
be used and rectified for this purpose
without overloading the transformer.

Another method of obtaining bias
without batteries is to build a simple
r.f. oscillator and rectify the r.f. This
method is less desirable than the cir-
cuit indicated in Fig. 1. The r.f. bias
supply has definite limitations if the
a.v.c. amplifier is to be used in a re-
ceiver. Serious beat notes can result

(Continued on page 158)

Fig. 1. Diagram of a.v.c. amplifier. Note that bias voltage is obtained from one-half
of transformer’s high voltage winding. Balance of 5Y3 power supply is not used.
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R,—500,000 ohm pot.

res.
R;—75,000 ohm, V5 w. res.
Rg—1 megohm pot.
R, ,—150,000 ohm, V5 w. res.
R1o—10,000 ohm, 2 w, res. (See text)
R,5—30,000 ohm, 5 w. wirewound res.

Ry, Rg, Ry, Rs, Ry, Ry, Rio—500,000 ohm, Y3 w.

2 7 T +iS0 V.

C,, Cy, Cy, Cy, Cs5, Cr—.1 pfd., 200 . cond.
Ce—.25 pfd., 200 . cond.

Cs—20 ufd., 150 v. elec. cond.

T,—Power trans. (See text)

1—6G6 tube

1—685Q7 tube

1—VR75 tube

1—6X5 tube 1—5Y3 tube

www americanradiohietorv com

67


www.americanradiohistory.com

/\

S Meter Calibration Techniques
for Communications Receivers

By
ROBERT M.

LARGE variety of surplus
A Army and Navy communica-
tions receivers has been placed
on the market since the termination
of the war. Many of these units make
excellent amateur communications re-
ceivers after relatively few modifica-
tions. Various articles have been
written on these conversions and mod-
ifications from time to time. Of these
modifications, there is one about which
very little has been written, namely,
the actual calibration of an “S” meter
in “S” units for a given receiver.
The purpose of this article is three-
fold. First, it will tell how an “S”

The most critical phase in building
an *°S* meter is its calibration.

Here’s how it should be done.

BERLER,
W2EPC

meter can easily be added to any re-
ceiver. Second, the method for cali-
brating the “S” meter will be given,
and finally, some interesting and per-
haps unfamiliar facts will be brought
to the attention of the radio amateur
about “S” meters.

Although the following calibration
methods for an “S” meter were used
by the author for an Army BC-348-Q
receiver, the same circuit and calibra-
tion methods may be used for almost
any other receiver.

One of the chief differences in the
“S” meter described here and those
that are commonly used in other re-

Fig. 1. Rear view of the BC-348-Q chassis. The “S” meter v.t.v.m. and audio power
amplifier tube are shown as constructed on the genemotor panel. The slotted control
shaft is the zero set for the meter, R,. The tube at the left is the v.t.v.m.’s 6SN7GT.

64
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ceivers is that, in this case, the *S”
meter actually measures the a.v.c.
voltage rather than the change of
plate current in the i.f. amplifiers.
This “S” meter is incorporated in a
balanced bridge vacuum tube volt-
meter circuit.

Three advantages of using this type
of S meter circuit become apparent.

1. The i.f. plate circuit doesn’t have
to be broken into in order to insert
the meter, as is the case with the
usual S meter and its associated
resistor balancing network.

2. The sensitivity of this type of
"S"™ meter can be tailored to fit the
particular receiver to which it is be-
ing adapted.

3. Once the bridge is balanced, the
“S” meter seldom has to be readjusted
for zero setting or for recalibration.

A circuit diagram of the “‘S” meter
v.t.v.m, is shown in Fig. 3A. The vac-
uum tube bridge consists of a 6SN7
dual triode tube. Each triode section
is used as a leg in the bridge. The
other two legs of the bridge consist
of resistors B; and B, R. is a vari-
able meter shunt resistor and is used
to fix the sensitivity of the “S” meter
which is a 0-200 microammeter. The
bridge is balanced for a zero meter
reading by adjusting resistor R a
5000 ohm wirewound pot. Once this
bridge is balanced, it seldom needs to
be readjusted even though the line
voltage may vary. The grid of one
section of the 6SN7 is grounded while
the grid of the other section is con-
nected to the a.v.c. bus at the point
where it is bypassed to ground by the
a.v.c. filter condenser.

Since no official standard for the
value of an “S” unit has been pre-
scribed, it still remains a more or less
arbitrary figure. Two basic “S” meter
units are described in the following
text. One basic unit may use each
microvolt of r.f. input to the receiver
as an “S” unit. Using this type of
“S” unit, one may give a comparative
signal strength report in microvolts
increase from one value to another.
Another basic “S” unit which may also
be used is based on a six decibel in-
crease in microvolts per “S” unit to
the receiver. This unit represents an
increase in power of four times at the
transmitter.

Two pieces of equipment will be
needed before the receiver can be
calibrated. They are; (a) a signal
generator calibrated in microvolt out-
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put. No modulation is used during
calibration; and (b) an RMA standard
dummy antenna.

A standard dummy antenna can be
put together very simply as shown in
Fig. 3B. It is advisable to place the
entire dummy antenna inside a
shielded box. Connections between
the signal generator, dummy antenna,
and the receiver, should be made with
r.f. shielded wire.

The next step to take is to prepare
a chart for the actual calibration of
the “S” meter as shown in Fig. 3C.
In the first column are listed the “S”
units from zero to nine. In the sec-
ond column is listed the calculated
signal generator output setting in
microvolts for each “S” unit. The
value of these signal generator set-
tings depend on what the basic “S”
unit is. . The third column lists the
reading on the microammeter for each
setting of the signal generator in “S”
units.

A chart is provided (Fig. 3D) for
those who desire to use a six decibel
increase per “S” unit. This “Decibels
Expressed as Voltage Ratios” chart
uses one microvolt as a reference.

Before the actual calibration of the
receiver is begun, allow both the sig-
nal generator and the receiver to
warm up for at least one-half hour.
In order to adjust the “S” meter to
zero signal strength, short the an-
tenna and ground terminals of the re-
ceiver together .so that no outside sig-
nals will be picked up. With the r.f.
gain control set for maximum, adjust
resistor R, until the meter needle is
on the zero mark. The receiver is
now ready to be calibrated.

Connect the output of the signal
generator through the dummy antenna
to the receiver as illustrated in Fig. 5.
The r.f. connecting wires should be as
short as it is practical to make them
so that losses and extraneous pickup
will be kept to a minimum value. In
fact, if possible, this whole procedure
should be carried on in a shielded
cage or room for best results.

Set both the signal generator and
the receiver to a frequency in the cen-
ter of the amateur band most fre-
quently used. The receiver r.f. gain
control is still set for maximum gain.
With the signal generator microvolt
output control set at its minimum set-
ting, gradually increase this control
until the “S” meter just begins to
move off the zero mark. Record this
setting of the signal generator in
microvolts as this value will then be-
come the reference level from which
“S” units will be calibrated. Using
the chart shown in Fig. 3C, fill in the
“S” unit reference level just obtained
in the second column opposite “S’-0.
From this reference level voltage, all
“S” units will be obtained by adding
on the value of microvolts needed,
which in turn, is decided by the basic
“S” unit chosen. Next, the signal
generator output control is set for an
“S9” signal as taken from the second
column in microvolts. Adjust the
shunt resistor R, so that the meter

April, 1918
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Fig. 2.

Front panel view of the BC-348-Q on which the ”“S” meter was mounted.

The panel projection type meter was used in order to avoid a large hole-drilling job.

needle reads 150 microamperes. This
point on the meter will represent an
“S9” signal. All other “S” units will
fall in-between this point and zero.
Reduce the signal generator to zero
and short the receiver antenna and
ground terminals together once again.
Check to make sure that the meter
needle returns to zero. If not, read-

just resistor R. slightly to make this
correction. The “S” meter is now
ready to be calibrated.

Record the meter readings for each
value of “S” unit for which the signal
generator is set, in the third column.
When this chart is completely filled
out, enough information will be avail-

(Continued on page 204)

Fig. 3. (A) Wiring diagram for "’S” meter vacuum tube voltmeter. (B) RMA
standard dummy antenna. (C) “’S” meter calibration chart. (D) “Decibels ex-

pressed as voltage ratios” chart.

The reference voltage is one microvolt.
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Front view of v.h.{.
converter in jts 6"
square utility box.
A Millen crystal
socket serves as the
antenna binding post (left).

band are a “must” and many of

the gang would like to have one
but have hesitated because of the
complications arising due to the ne-
cessity for building an i.f. system, not
to mention the host of other ‘“bugs”
present in the construction of v.h.f.
supers.

Since 1941, several simple superhet
systems have been built and used by
the writer. All of them consisted of
converters fed into a ready-made i.f.
system—a General Electric JFM90
“Translator.” This unit is an excellent
prewar-built FM tuner (41-51 mc.)
with a self-contained power supply
and a low-level audio output adequate
for headphone reception. This output
may be connected to an amplifier for
speaker work, if desired. However,
crystal headphones give a fine re-
sponse.

Of late, this converter has been
used, with excellent results, ahead of
an HRO. The oscillator frequency
was shifted to permit the use of a 30
me. if. (on the HRO). No other
changes were required and reception
of “good” 144 mec. signals are now
possible.

Such a simple v.h.f. converter is
diagrammed in Fig. 2, and includes a
pair »f 955 triode acorns in both mixer
and oscillator circuits. The output of
the mixer feeds into a tuned circuit,
link-coupled to a coax line running to
the dipole antenna connection on the
JFM90 FM tuner or to the HRO.

The high-C oscillator tunes the
frequency range 103 to 107 mc. (for
an i.f. of 41 mc.) or 114-118 mec. (for

70

SUPERHETS for the 144-148 mc.

Hole on the right was left after
antenna coupling device, now unused, was removed.
small dial at right is on the r.f. mixer condenser and the
large dial with vernier drive tunes the oscillator condenser.

The

use with a 30 mc. i.f.) and is capaci-
tively coupled to the mixer grid.
Neither complications nor difficulties
arise from this sort of lashup, as
“tracking” was not even considered.
The required power (150-200 volts
plate and 6.3 volts filament) may be
obtained from the “Translator” but
at W1CA, an external power supply
with a VR150 tube is normally used.
The layout of the converter can
follow the dictates of purse and imag-
ination. It is advantageous to en-
close it in a metal shield. A 6” x 6" x

Fig. 1. Schematic diagram of the 6S]7 first
limiter tube in the G.E. JFM90 FM “Transla-
tor”” showing components added to furnish
AM reception and limiter-grid current meas-
urement. The normal low-level a.. output of
the “Translator” is used for FM reception.

18T LIMITER-6SJ7

e
—
3
0

R;—250,000 ohm, YV, w. res. (added)

R\,—2.2 megohm, Y, w. res. (in “Translator’)
R\:—47,000 ohm, V5 w. res. (in “Translator’”)
C,—.05 ufd., 400 v. cond. (added)
Cog—Trimmer (in “Translator”)

Cs—47 pufd. ceramic cond. (in “Translator”)
Jy—Open circuit jack (added)

J.—Closed circuit jack (added)
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A. DAVID MIDDELTON, WiCA

Construction details for an efficient
triode, 144-148 me. band converter,
used in eonjunction with a modified
G.E. JFM90 “*Translator.,” or an HRO.

6” utility box houses such a unit
neatly and easily. The components
are mounted on a subchassis and on
the front panel, and not on the inside
of the can. Naturally, the L-C leads
of the mixer and the oscillator should
be kept short. A variable antenna
pickup loop might prove useful, but,
at W1CA, the loop is jammed between
the turns of L., adjusted until the
proper coupling is obtained, and left
there. The mixer tuning condenser,
C,, is not ganged with the oscillator
tuning control, thus making a “two-
handed” job of tuning, but saving
much work and worry in construction.
The mixer, by the way, tunes sharply,
especially when the point of regen-
eration (which is also maximum gain)
is reached. A smooth-working dial is
used on the oscillator condenser, C..
The oscillator bandset condenser is a
screwdriver adjusted midget soldered
directly onto the terminals of C.
Large size wire and sturdy construc-
tion result in a stable oscillator.
Adjusting the Converter

After building the converter, the
first step in adjustment, is to set
L.-C. to the desired i.f. frequency.
Set the JFM90 on some point near the
low frequency end of the band, say 41
me. If a suitable signal generator is
available, feed a 41 mec. signal into
the i.f. system via the i.f. transformer,
(L,-Cs) and adjust C, until the maxi-
mum response of the limiter-grid cur-
rent is indicated on a meter plugged
into J. (Fig. 1.). (This meter instal-
lation will be covered later.)

If no signal generator is available,
connect an antenna to the plate pin
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of the mixer tube socket and tune C.
for maximum response on any avail-
able 40-50 mec. FM signal. The setting
for C. can be changed to lower the
frequency (more capacity) after hit-
ting resonance. This procedure will
serve to get a signal through the unit
for checking purposes.

The next step is to spot the band,
approximately 100 mc., on the oscil-
lator. If a calibrated wavemeter is
on hand, this is a simple task, but if
not, the job is fairly complicated and
you will have to devise some method
of checking the 100 mec. point on the
oscillator. At WI1CA this was done
with a lot of luck plus the aid of a
pair of black cats, (in push-pull), as
the first “two and a half” signal came
in on the converter without the writer
manually tuning the dial, when a
station about 20 miles away “fell in”
or drifted onto the spot where the
oscillator was sitting. Since this is
not likely to happen again, the writer
will leave this problem up to the in-
herent ingenuity of the constructor.
But—don’t despair! You will eventu-
ally hit the right frequency with the
oscillator. Beware of the spurious
ones, however, they will only lead you
down a blind alley infested with a flock
of very-much-unwanted “birdies.”

Just as a suggestion, try picking up
the 4th subharmonic of the 100 mec.
v.h.f. oscillator at 25 mc. on your cali-
brated low-frequency receiver. Or, if
you have a receiver tuning to 33 mc,
the 3rd subharmonic will be easier to
locate.

The best method of hitting the right
spot is, of course, to rig up a set of
Lecher wires and to calibrate an ab-
sorption wavemeter covering from——
say—95 to 100 me. This will be a
useful gadget around the shack if you
are fooling with v.h.f. superhets and

L4

S

GCOAX.

L2
ct
Lt = é
T0 3
ANT. )
~
144-148 MC.
4. <L
=T
LS
103-107 MC.
s cé c?
144118 MC. é _&
7 s
cs)
!

6.3V

Ry—10,000 ohm, V4 w. res.

R,—47.000 ohm, 1 w. res.

R.,—20,000 ohm, V3 w. res.

R,—10.000 ohm, 1 w. res.

Cy, Co—17.5 pufd. midget var. cond.
(Hammarlund HF-15)

Co, Co—10 ppfd. ceramic cond.

Cs, Co—100 ppfd. mica cond.

C,—50 ppfd. midget var. cond.
(Hammarlund APC-50)

Cs, C10—.002 pfd., mica cond.

'S0V.0.C

Ce—25 uufd. midget var. cond. (bandset)
(Hammarlund APC-25)

S—S.p.s.t. toggle sw. (standby switch)

J—Coaxial fitting for cable to JFM90 or HRO

Li—1 t. #18 en., %" i.d.

L—4t f14en., 33" 1d.

Ly—6 t. #20 en., 3" i.d., spaced ¥,;” long

Le—2t. #20 en., " i.d., wound at “cold”
end of L,

L.—3¢t #14 en.,

2—955 tubes

¥s” i.d., spaced V3", c.t.

Fig. 2,

it's well worth the time and effort
expended in its construction. A four-
turn coil (3th inch i.d.) spaced about
1 inch long, tuned with a 25 ppfd.
midget variable, will do the trick. Ad-
just the spacing to obtain a bit of
bandspread in the vicinity of 100 mc.
The mixer circuit is, of course,
tuned to the incoming signal fre-
quency and the 144-148 mc. band
should fall in the tuning range of
L.-C.. It is necessary to have a two
meter antenna connected to L, during
the adjustment procedure as the
mixer ‘“takes off” when unloaded.

Complete schematic diagram of 2Z-meter superheterodyne converter.

Once the oscillator is on frequency,
and the mixer is on band, reception of
loud signals should be accomplished
without difficulty. A local two-meter
transmitter may be used, or if there
are loud signals, they will suffice, ex-
cept that the usual practice will be
that Joe Blow will sign off just when
you really need his signal!

After getting some sort of a signal
through the converter, peak up the
i.f. system (by adjusting C.), trim up
the mixer and adjust the antenna
coupling plus C.. Keep trying until

(Continued on puge 80)

(Left) Top view of the converter. The high-C oscillator is located on the right hand aluminum strip. The dial is cou-
pled to the tuning condenser through an isolated coupling. Between the two aluminum strips may be seen the
mixer-oscillator coupling condenser, a ceramic type. The mixer section is on the left hand strip. A short length of
300 ohm line connects the antenna binding posts to a one-turn antenna pickup loop jammed in between the turns of
the mixer tuned circuit, The i.f. transformer’s tuning condenser is a screw-adjusted midget located at the rear of the
mixer section. The mixer output is terminated in the coaxial fitting shown at the bottom of the photograph. This
fitting fastens to the rear panel of the cabinet. (Right) Below chassis view of the converter. The if. transformer is
shown in the foreground. A power cable, terminated on lugs, runs through a grommetted hole in the rear panel.
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realized that in order to obtain
the utmost fidelity and min-
imum record wear, some means
should be provided to offset the ten-
dency of the pickup tone arm to ‘“ride
up” on a groove during reproduction.
Many theories have been advanced
regarding the effects of “tracking
error,” with the result that the lay-
man is often confused when attempt-
ing to understand the fundamental
rules that govern the final results.
So-called straight arm phono pick-
ups were commonly used up until a
few years ago. Little thought was
given to the effects of proper “track-
ing” and “groove skating.” The dis-
tortion caused by improperly designed
tone arms meant but little as few in-
struments were capable of attaining
high fidelity. The old conventional
tone arm was designed somewhat as il-
lustrated in Fig. 1. Note that the
tone arm swings in an arc (A-B) as
indicated. With this type of tone arm
there is only one point on the record,
that near the center of swing, where
the needle or reproducing stylus will
be seated correctly within the groove.
At any other position of the arm
travel, the stylus will either be forced
to the right or to the left of that posi-
tion. In other words, the pickup ele-
ment or cartridge will not be at right
angles to the direction of travel.
This tracking error becomes greater
as the two extremes are reached by
the needle as the angles become
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ENGINEERS, several years ago,

By OLINV Hh READ |
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greater with a resulting increase in
distortion and record wear. At all
positions except that at which the
needle appears at right angles to the
groove there will be a tendency for
the needle to ride up on the walls of
the groove. This becomes rather seri-
ous as the outside or inside grooves
are reached as the action becomes
more exaggerated.

Groove Skating

Groove skating results from im-
proper tracking. Under such condi-
tions it is impossible for the needle
to reproduce properly as a great part
of the applied needle pressure is from
the sides or “walls” of the groove.
This has a tendency to actually steer
the needle away from its normal rest-
ing condition (Fig. 1C). There can
be only one pivot point for the tone
arm. Obviously then, the only remedy
to offset the tendency of the needle
to ride up on the walls of the groove
is to change the straight arm design
to one which will “offset” the angle
thus enabling the needle to approach
a closer correct angle with relation-
ship to the groove.

Fig. 2 illustrates several offset
heads of improved design. Further
improvement is obtained when. the
point of the reproducing needle con-
tact is swung through a lower arc,
one farther from the normal hub line
or center hole of the record, as illus-
trated in Fig. 3.

We now find that the new arc starts

wwWw americanradiohistorv com

" Modern offset type tione
arm reduces record wear.

below D and the needle travels ap-
proximately 3" below the arc shown
in Fig. 1. Three possible positions
for the needle are illustrated; one
at the outside groove, another at
point F, and the other at the inside
groove of the record. Note that we
approach a right angle to the groove
as the arm travels throughout the rec-
ord and a better average is maintained
due to the offset position of the head.

Considerable record wear will re-
sult if the foregoing considerations
are not met. If a needle. especially a
sharp one used on commercial press-
ings, is allowed to ride up on the sides
or walls of the groove, it can only re-
sult in continuous wear on the record
material at the point of needle con-
tact. Sound modulations are cut into
the sides of each groove, not at only
one side. Naturally then, we must
take the required steps and make cer-
tain that the needle is allowed to en-
gage both walls at the same time with
even pressure or, more accurately, to
see that the needle is “seated” prop-
erly.

The effects of improper tracking
become even more acute with tran-
scription and home recording blanks
as the record material is considerably
softer and the walls of the groove are
more subject to mechanical distortion
than are- commercial hard shellac
pressings.

An improvement can be made in
the playback setup by employing pick-
ups of the lightweight class—those

RADIO NEWS
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having a needle pressure of from %
ounce to 2 ounces. On the other
hand, too little pressure is not rec-
ommended as this too can actually
increase the wear on the groove walls.
The pickup, therefore, must have
enough point pressure to permit the
needle to “seat” in the bottom of the
groove and to be able to guide the
complete pickup arm across the rec-
ord in a horizontal plane.

The use of sapphire playback styli
(needles) is recommended for all
types of soft disc materials, due to
the ability of the stylus to maintain
a correct shape for hundreds of play-
ings. While these are more expen-
sive initially, the cost is offset by the
saving in replacements.

As an analogy, we might point out
that in early machines, such as the
cylindrical record phonographs and
other dictating machines, the locus of
the reproducing stylus is in the
straight line with perfect tangency
to the groove at every point on the
record. In the case of reproduction
by means of the conventional pivoted
tone arm, the locus (the path) of the
needle point is the arc of a circle.
Perfect tangency to the groove is pos-
sible at only one or two points on
the record, as previously mentioned.
Tracking error is the result of a piv-
oted tone arm and is obviously an in-
verse function of the length of the
tone arm.

Tone Arm Length

Fig. 4 illustrates a graphical method
for determining tone arm length de-
veloped by Mr. Roy Dally.! To arrive
at the proper over-all length of a
tone arm, and the included angle of
offset, any shape or design of tone
arm may be laid out over the back-
bone as long as the essential dimen-
sions are not disturbed.

First lay out, full size, the outside
groove of a twelve inch record. This
averages 11%” in diameter. Then lay
out the inside groove of a 10” record,
which is about 4”. The only factor
that must be known beforehand is the
distance from the center of the rec-
ord to the lateral bearing which is
usually the center of the mounting
hole. This is an arbitrary distance
and depends upon the space available.
Let us use, for illustration, a dimen-
sion of 7”. Locate this point with
reference to the record center. Now
construct a center groove which lies
equidistant between the outer and
inner grooves. Lay in line A-4 which
is a tangent to the center groove.
Construct the arc B-B whose radius
is the distance from the mounting
hole to the record center. Using this
same radius, locate the compass
needle on tangent line 4-4 so that the
compass point intersects the tangent
point X in the center groove.

Construct an arc C-C so that both
ends intersect B-B. Draw the straight
line D-D which passes through the arc

1. Dally, oy, Consulting Eng., The Elec-
trovox Co., Inc.: “Tone Arm Design,” Radio,
July. 1944,

April, 1918

T o)
| S

(A)

A T N T

(8)

Fig. 1. (A) Straight tone arm. (B) How not to mount
a tone arm. {C) Variations of groove skating.

intersections and line E-E. The point
Y then represents the needle point
and the distance from Y to the mount-
ing hole center becomes 71143” The
146” is the distance the needle point
must be beyond the center of the rec-
ord when the pickup is mounted in
order to insure proper tracking.

Next construct the arc F-F whose
radius is 111144”. Draw tangents G-G,
H-H, and I-I, using a right triangle
between the record center and inter-
section points of grooves and tangent
lines. Then draw lines from the
mounting hole center to the same
points. The three included angles
shown indicate the degree of offset
necessary to have perfect tracking at
those respective grooves.

An average included angle would be
about 27 degrees which would permit
an error on one side of 1 degree and
on the other side 1'2 degrees. This
gives the total tracking error of 2%
degrees.

Stvli and Record Wear
The perfect reproducing needle or

. stylus would be one which would

maintain its shape throughout many
thousands of playings. Regular com-
mercial records, as purchased in mu-
sic and radio stores, use a shellac base
rather than the soft lacquer material
used to coat the surfaces of home and
transcription discs. The purpose of
the shellac, other than that of a bond-
(Continued on puge 116)

Fig. 2. Note the variation of offset angles on these modern tone arms.
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Compiled by KENNETH R. BOORD

UR congratulations go to the
0 Swedish Radio (Radiotjanst),

Stockholm, on its weekly pro-
gram on short-wave dedicated to DX-
ers around the world. This special
service is heard each Saturday at
0245%*, SBO, 6.065, and SBT, 15,155;
1000, SDB-2, 10.780, and SBT, 15.155;
2000, SBU, 9.535, and SDB-2, 10.780.
The scripts are prepared by Arne
Skoog, president of the “International
League of Short-Wave Editors,” and
one of Sweden’s foremost authorities
on international radio. They are read
by Mr. Bergsten, one of Radiotjanst’s
English announcers. Mr. Skoog ad-
vises that “this new service is a trib-
ute to international goodwill, but will
also keep short-wave listeners in-
formed regarding broadcasts from
Sweden and on DX news from all over
the world. The first transmission is
intended primarily for the Pacific
Area, but also for ‘morning owls’ in
Europe and Africa; the second period
is most suitable for listeners in Europe
and Africa, but can also be heard well
in America; the third transmission is
intended for America. Reception re-
ports will be greatly appreciated.”
(IRC’s should be used.) A monthly
program for short-wave listeners in

Sweden (presumably on the last Sun-
day of each month) is also being
radiated over the Swedish National
Network and on short-wave from SBT,
15.155, and SDB-2, 10.780, at 1700-1715;
it is in Swedish although on occasion
it is planned to include recordings of
foreign broadcasts; it is preceded by
songs of Vera Lynn.

And now some
news:

A program in Esperanto is being
broadcast on the first Sunday of each
month at 1000 (relayed from Malmo)
from Swedish outlets of SDB-2, 10.780,
and SBT, 15.155; will continue until
the International Congress of Esper-
antists in Malmo in July; consists of
talks and messages concerning this
Congress and lasts 15 minutes. Dan-
ska Brigaderadion (The Danish Forces’
Radio) in Germany is back on 6.225 at
0400-0600, 0800-1000, 1400-1600 daily.
Radio Sumatra is heard in Sweden on
7.210 to 0935. Reykjavik, Iceland, is
definitely on the air each Sunday on
12.235 at 1115-1145. (Skoog, Sweden)

A Middle East station heard in Syd-
ney, Australia, has been identified as
an oil company’s transmitter, HZZ, in
Saudi-Arabia; uses 16.400, 12.200, 8.672
for communications and for the broad-

“press-time” late

This well-equipped listening post and recording laboratory is that of Henry Callahan,
Narberth, Pennsylvania. The receiver is a Hammarlund ““Super-Pro.” The unit in the
left foreground is a television set. Mr. Callahan records many overseas broadcasts and
sends the recordings (at his own expense) to stations abroad so engineers can "hear”
how their signals come in in the Eastern United States. He has furnished many hard-to-
find recordings (either originals or dubs) requested by European short-wave stations, and
has long been a staunch supporter of PC], “The Happy Station,” in Hilversum, Holland.
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casting of aircraft movements. The
British voice sometimes heard is that
of the Medical Officer, although an
American voice is most frequently in
use. Sometimes they use Arabic when
contacting Cairo. The “Radio Club of
Mocambique” is anxious to receive re-
ports from listeners on its Sunday
transmission over CR7BJ, 9.645, at
0200-0700; QRA is P.O. Box 594, Lou-
renco Marques, Portuguese East Af-
rica. Paris is using a new frequency
of 6.120 at 0700-0830. (Radio Austra-
lia)

The station heard well in Eastern
U.S. afternoons on (measured) 7.953
is Radio Falange de Alicante, Spain,
signs off 1800; is just above Radio Bis-
sau, 7.948. QRA of EAJ-43 is Radio
Clube de Tenerife, Estaciones EAJ-43
y EA8AB, Apartado de Correos 225,
Santa Cruz de Tenerife, Islas Cana-
rias. (Kary)

An airmail report just in from Doro-
thy Sanderson, Australia, reports Ma-
kassar heard around 14 megacycles at
0730 with news in Dutch and music,
fair signal. Other tips from Miss San-
derson include JBBK, 4.400, Korea,
news in Russian 0530 (this one is heard
in Texas and occasionally I have heard
it here in West Virginia, weak at
0730) ; Pnom-Penh, Fr. Indo-China, on
12.36, news in Chinese at 0615; ZBW3,
9.525, Hongkong, BBC news relay 0600.

Riggle, Ohio, reports an unidentified
station at 0145 on 9.54 with rooster
crowing following an announcement
(not English); sounds Middle Eastern
or African); closes down shortly, so
may be testing. Mozambique ?

HCJB, Quito, Ecuador, informs me
that its 4.107 outlet was closed down
Sunday, February 8, “since we feel
that 50 meters (5.995), our new outlet,
will serve everyone who had been
served by our 73-meter outlet, as well
or better and should serve many new
listeners at greater distances as well;
unless we should get a tremendous re-
sponse from listeners requesting us to
return to 73 meters because they can-
not receive us on 50 meters, we will no
longer use the 73-meter band (which
was intended primarily for listeners
in Ecuador).” HCJB also advises that
within some months they expect to
carry on tests in the 16-meter band,
and that they should have a new and

(Continued on page 146)

*(Note: Unless otherwise stated, time herein
is expressed in American EST on a 24-hour
clock basis; add 5 hours for GCT.
means in the English language.)
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Fig. 1.

Front panel view of the home-built receiver.

By CARL V. HAYS, weRnTtpP

This communications receiver, eovering
the 10, 20, 40, and 75 meter bands. incorporates

many interesting innovations. These features will no

doubt give you new ideas for improving your superheterodyne.

HE receiver in question, while

I an excellent one, is of quite an

elaborate and expensive design.
It is not intended that the reader copy
it as is, but rather study its design for
ideas to incorporate in supers of his
own choosing. Accordingly the treat-
ment will be confined to a discussion of
the many interesting and varied inno-
vations in design.

Te begin with, the receiver is basi-
cally a double-conversion superhet, in-
tended primarily for the reception of
phone signals under the most difficult
conditions. Considered as a whole it
appears highly complicated; actually
it is not. The tube lineup, 26 including
voltage regulator and rectifiers, is mis-
leading in that of this number, only 17
are used on any one band, certainly
not an inordinate number.

The double conversion involves, of
course, triple detection. This problem
is simplified by having the first detec-
tor at all times fixed tuned, reversing
the usual procedure in such receivers.
It is not a “screwball” circuit: Collins
uses the idea to excellent advantage
in a contemporary design. This design
differs only in that self-excited oscil-
lators were used instead of expensive
crystals. They have been highly satis-
factory.

A look at the Hammarlund “Super-
Pro” series of receivers will readily
show where the grounded-cathode r.f.
and i.f. stages were derived. This cir-
cuit is superior to all others tried for

April, 1948

high gain and extreme quietness, when
plate voltages on the order of 200 volts
and screen voltages of about 120 volts
are used. Such a voltage scheme is
used throughout the r.f. and if. sec-
{ions.

Some local amateurs have noted
with surprise the lack of a crystal in
such an elaborate set-up. Perusal  of

the schematic of the fixed i.f. will show
a twelve-circuit bandpass i.f. which is
the only thing we’ve found that gives
the requisite steep-sided, flat-top char-
acteristic absolutely necessary for
really good phone reception. The wide-
skirted, pinpoint peak of a crystal is
simply out of the question for phone
work, hence this design. The small

Fig. 2. Schematic diagram of the audio stages of the receiver.
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R,—2000 ohm wirewound pot.
R., R\—50,000 ohm, 1 w. res.
R,—500,000 ohm pot.
R—15,000 ohm, 1 w. res.

R5, R~—2500 ohm, 1 w. res.
Ry—100,000 ohm, 1 w. res.
R.—10,000 ohm, 1 w. res.
Ri—300 ohm, 10 w. res.
R1,—3000 ohm, 10 w. res.
R,.—5000 ohm, ¥V, w. res.

Cq. €y, Co—.05 pufd., 600 v. oil-filled cond.
C,, C:—10 ufd., 50 v. elec. cond.
C,—(In bandpass assembly)

+275V.

C;, Cs—8 ufd., 450 v. elec. cond.

Co—25 ufd., 50 v. elec. cond.

S—S.p.s.t. toggle sw.

Ty—Audio bandpass filter (Stancor #C-2332-1)

T,—Audio input trans. Single plate 1o P.P.
grids (Stancor #A4-4401 )

Ts——CQutput trans., 10,000 ohm P.P. plates to
500 ohm line (Stancor #A4-3842)

M—0-1 ma. d.c. meter

Hetrofil—Hetrofil filter (Millen #70721)

Rect.—Meter rectifier

2—6J5 tubes

1o—6H6 tube 2—6F6 tubes
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Fig. 3. Top view of chassis shows placement of various components.
Four converter chassis, identical in design but covering four separate
ham bands, are shown. Bandswitching is accomplished at the outputs
of these sections, thus eliminating coil and condenser switching.

trimmers noted in the under chassis
view are used to adjust the coupling
between stages. With the aid of an
oscilloscope and a ‘“wobbujator,” the
bandwidth has been set for just under
five kc., about the optimum for phone.

In conjunction with this bandpass,
a simple, effective audio bandpass has

been incorporated by use of the Millen
“Hetrofil” across the 500 ohm output
and the inclusion of the Stancor “Hi-
Fi” treble-bass control unit in the au-
dio input stages. They show up to good
advantage when the going is tough.
Audio selectivity can be adjusted from
booming bass, to a ‘“tinpanny” tele-

phone sound, assuring intelligent re-
ception under the worst of crowded
conditions. The “Hetrofil” acts pre-
cisely like the phasing control of a
crystal stage; heterodynes can be prac-
tically eliminated with simplicity and
low-cost by inclusion of such a unit to
any existent receiver. The one shown
is included in the basic design, but it
can be quickly and simply hooked into
the output of any receiver.

A noise limiter on high frequencies
is a necessity, and the one incorpo-
rated in this receiver is in the circuit
at all times. If a noise limiter is
needed at all, it should be in the cir-
cuit constantly, to grab off the sudden,
unexpected blurts of noise that often
mean missing an important call sign,
ete. The limiter is of the series type,
and all constants are standard. Plenty
of audio gain was incorporated to pre-
clude its dropping the output to too
low a level.

The audio section is conventional,
except as previously noted. Precau-
tions were taken, such as elaborate
shielding right up to the five hundred
ohm output leads to the speaker, as
well as thorough filtering and decou-
pling. Such practice is advocated in
the handbooks, and needs no further
comment.

The power supply, a husky utility
type, utilizes two separate supplies for
audio and r.f., if stages. A look at
Fig. 8 will show both the power sup-
plies and the simple, relay-controlled
remote circuits. The power supplies
utilize transformers, chokes, and a
single, husky filament transformer,
mounted under the receiver chassis.
The relays shown are especially se-
lected for the purpose. RL. serves to

Fig. 4. Circuit diagram of the fixed frequency i.f.. a.v.c., and third detector stages. Diagram for b.” 0. is shown in inset.
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C,. C,. C;, Cs, Cio. Ci6 C1a—.05 pfd., 600 v.
oil-filled cond.

C,, Cs, C11—3-30 upfd. trimmer cond.

Cs. C;. Cy, Cy3. C1,—100 ppfd. silver mica cond.

Cy,—10 pfd., 100 v. elec. cond.

Cis—8 nfd., 450 v. elec. cond.

Ci—.5 ufd., 200 v. cond.

Ty, To. T3, Ty, Ts, Ty—456 ke. i.f. trans.
(Millen $#60456)

200w k4

RFC,—60 mh. r.f. choke
CH3;—135 hy. audio choke (Stancor #C-2301)

$.. 5.8
2—6SH7 tubes

+10% v.(REG.

L,—456 kc. b.f.o. trans. (Millen #63456) Grid
leak and cond. in b.f.0. assembly
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ground directly the centertap of
power supply T., the audio supply, and
to connect the centertap of power sup-
ply T, the r.f./i.f. supply, to the bias/
a.v.c. circuits on the receiver chassis
proper; the antenna relay (see also
Fig. 10) grounds the antenna, when
the transmitter is on the air, for pro-
tection.

The power supply filters are husky
units as are all bypass and coupling
condensers throughout. These by-
passes should be noted carefully, for
circuit operation is dependent on the
choice of the best units obtainable.
We chose 600 volt, oil-filled, metal-
cased types in .05 and .01 ufd. and sil-
ver-capped micas in 500 volt type for
100 ppfd. use. These are used for grid-
blocking in the converter stages, oscil-
lators, and tuned and fixed i.f. stages.

An inspection of Fig. 5 will show
how the tunable i.f., second detectors,
and oscillator operate to convert in-
coming 1500-3500 kc. signal-channel
signals to the fixed-i.f. frequency of
456 kc. These circuits comprise the
main tuning dial of the receiver, on
which all actual tuning is performed.
A three-gang, s.l.f. condenser of 140
pufd. per section used in conjunction
with the coils wound on Millen type
74001 shielded forms, enables the op-
erator to calculate frequency at a
glance, since each dial division of the
National NPW-0 drive unit is exactly
3 ke. on all bands, and each amateur
band starts at 100 on the dial. The
2000 ke. between 1500/3500 ke. is
spread over exactly 400 dial divisions
since perfectly linear tuning is pro-
vided by means of the s.l.f. condenser.
While this dial is covering, at all
times, the range 1500-3500 kc., one
rapidly becomes used to thinking of it
as covering the actual ham bands in
use.

The tuned i.f. section is fed proper
signal frequency, as desired, by the
bandswitch shown in Fig. 10. By means
of this device used in conjunction with
separate converter chassis for each
band it is not necessary to switch coils
and condensers at any time. It gives
bandswitching with none of the usual
losses. The only leads carrying r.f.
which are switched are the antenna
and detector “B plus”/output leads, as
shown. This has resulted in no appar-
ent losses of any kind, since signal
strength is the same through the
switching arrangement as when the
circuit was wired directly during ex-
periments. The sensitivity of the tuned
i.f. section is such that, trimmed to hit
75 meters and with fifteen feet of wire
capacity-coupled to the hot side of the
primary of the 6SG7 tuned i.f. coil,
house-volume phone signals were
copied from practically all districts,
the “S” meter showing readings of
S7/9 plus on an average. A good deal
of the signal transfer {o this section
can be credited to the use of the ex-
cellent, quickly installed ceramic feed-
throughs which show no bypass ca-
pacity effects when used for r.f.

The four converter chassis are all
identical in design, with appropriate
sizes of condensers (padding) used to
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0sC.
6J5,

TO BAND SWITCH

ROTOR-SECTION C AV.C. +200V.

R, Ry, R~—1000 ohm, 1 w. res.
Ro—1 megohm, YV, w. res.
R, R;, R,—50,000 ohm. 1 w. res.

R:—35 megohm, V> w. res.

C,, C;5. Cy, Cyy, C;;—.05 ufd., 600 ». oil-filled
cond.

C., C;, C;\—140 upufd./sec. sd.f. 3-gang tuning
cond.

Cy, Co. C1o—5-50 pufd. silver ceramic trimmer
cond.

1l
cu]l|

RB

TO 1 .11 PRI, 4105V (REG.)

Cy, Cay C15—100 ppfd. silver mica cond.

Ly, L;i—30 t. £40 en., closenwound at cold end
of Ly, L;

L., L,—110 t. £40 en., closesound on 14"
form with tuning slug.

L,—110 t. #40 en., tapped at 35 t., closewound
on V5" form with tuning slug.

Coils wound on Millen £#74001 shielded forms

1—6S8G7 tube

1—68J7 tube

1—6J5 tube

Fig. 5. Schematic diagram of tuned i.f., second detector, and second oscillator stages.

FIXED OSC.

TOSECTION A% -2 v. BIAS TO SECTION 8%

R,—1 megohm, YV, w. res.

R.—47,000 ohm, 1 w. res.

R.. R,—1000 ohm, 1 w. res.

R—5 megohm, V5 w. res.

R.—70,000 ohm, 1 w. res.

R,—50,000 ohm, 1 . res.

Cy, Co—35 pufd. tuning cond. (all chassis)
(Millen #23935)

Cs, C;0 Cyi—Air trimmer; 35 pupufd. for 10
meter; 50 upufd. for 20 meter; 75 pufd. for
40 meter; 100 upfd. for 75 meter. (Millen
Series 29000)

Ca, Ci, C,,—100 pufd. silver mica cond.

¥ON BAND SWITCH

TO SECTION C* TO SEGTION D*

Cs, Cs, Cy, Cyy, C1.—.05 ufd., 600 v. oil-filted
cond.

Ly, Ly, Li—10 t. for 10 mcter; 18 t. for 20
meter; 38 t. for 40 meter; 65 t. for 75 meter.

L,—4 t. for 10 meter; 7 t. for 20 meter; 9 t.
for 40 meter; 20 1. for 75 meter.

All coils wound with £40 en., closewound on
15" diam. forms with tuning slug. (Millen
type 74001.) Coils L, and L, to be tapped
1/3 of the turns from ground end.

1—6AKS5 tube

1—9001 rube

1—9002 tube

Fig. 6. Schematic diagram of r.f.,

hit all bands. Again, as can be seen
from inspection of the top chassis pho-
tograph, neat and compact high-gain

detector, and fixed oscillator stages.

coil forms in their self-contained
shields have been used. It is probable
that the receiver, in its present form,

Fig. 7. Top view of the power supply and control circuit unit.
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C,—8 ufd., 600 v. elec. cond.
2y C3, Cg, Ce—20 pfd., 450 v. elec. cond.
C—.05 pfd., 600 v. oil-filled cond.
RL,—115 v. a.c. relay, d.p.s.t. sw., normally
closed (Ward-Leonard 507-511)
$;—S.p.s.t. toggle sw.
So—S.p.s.t. 117 v, a.c. rotary sw.

ul +200 V.
& €
el P CHl CH2 3 +105V.
nry. Fl c.-rl = c2 c3 )
A. C. Cc4
‘ | ] 4+ 1 T
) — =
T2 E 3 +275V.
Ny A
“ CH3 CH4
80 [«] c6
—[ —= 2ZR2
POWER C.T.
—O
Q=
RLI
ik <
TO ANT. RELAY
Ry, R—50,000 ohm, 25 w. semi-variable res. T,—Power trans., 350-0-350 v. @ 120 ma.;

5v.ct. @ 2 amps.

T,—Power trans., 370-0-370 v. @ 150 ma.;
5 v. et 2 amps.

CHy, CH,~—10.5 hy., 110 ma. filter choke

CH,, CH,—7 hy., 150 ma. filter choke

2—80 tubes

1—O0B2 tube (Hytron)

Fig. 8. Wiring diagram for the power and control circuit unit.

would not have been possible without
the use of these well designed and con-
ceived products. The tunable iron slug
incorporated in them allows precise
matching of inductances.

All tuning condensers on the four
converter chassis are double spaced,
isolantite insulated 35 waufd. affairs,
ganged by means of insulated flexible
couplings, and mounted from the main
chassis, directly under their respective
converter sections by means of L-
shaped pieces of aluminum. All trim-

ming and padding is done by silver-
plated, isolantite mounted condensers,
of appropriate capacity for the fre-
quencies involved.

Actual circuits of the converter
chassis duplicate those of the tuned
i.f. section, being of the quiet, high-
gain type made possible by the use of
power-bias on r.f. and detector stages.
The oscillators are conventional Hart-
ley triode types, fixed tuned to fre-
quencies 1500 kc. below their respec-
tive converter tubes. The tube types

Fig. 9. Under chassis view of the home-built deluxe superheterodyne receiver.

www americanradiohistorv com

Dial drive unit National Company

Type NPW-0

Panel Croname #27083
Pilot Light Croname #27075
Dials Croname #298
Knobs Croname #6102
Ceramic feedthroughs Millen  #32150
Octal sockets Millen  #33008
Octal socket shields Millen 733888
Miniature sockets Millen  #33307

Miscellanecus components used in
construction of the deluxe receiver.

used are familiar, and excellent for the
purposes. All sockets for the minia-
tures (6AKS5, 9001, 9002) and the octal
sockets for the coil forms are of stea-
tite, thus insuring no losses from this
source.

Such an elaborate and long-planned
receiver needs a ‘“front” to match the
“innards,” if for no other reason than
vanity. A distinctive, and attractive,
black anodized aluminum panel was
secured for the job. A machined design
surfaced on the blackened aluminum
makes an extremely attractive front
for the receiver, as do the four chrome
planetary dials and drives. These four
controls tune the ganged condensers
under their respective converter chas-
sis, and provide smooth, easy control
of this critical function. The pilot
light, between the two meters, is a
clever device. By means of variable
polaroid discs incorporated in it, the
operator does not have to look at a
blazing crimson eye continually-—a
slight twist of the bezel serves to dim
the light to any desired degree.

Controls for the receiver (Fig. 1)
are as follows: Top, from left to right,
“S” meter switch; “S" meter; variable
intensity pilot light; audio output me-
ter; and audio meter switch. Below
the meters, center, is the knob for the
“Hetrofil.” Below this, from left to
right, are the 80, 40, 20 and 10 meter
converter controls. Below these, again,
left to right, r.f. gain; audio treble;
a.v.c. switch; filaments and *“B-plus”
control switch; main tuning dial;
bandswitch; standby switch, audio
bass; and audio gain. Knobs visible on
the back of the chassis are for noise-
limiter threshold setting, and “S”
meter zero.

Theory of operation, briefly, is as
follows: Imagine you are tuned, and
switched, to 14,000 kc. This represents
the frequency the converter section
(20 meter) is receiving, and convert-
ing to a suitable i.f. frequency for the
tunable i.f. section to handle (Fig. 5),
Now, since all fixed oscillators of the
converter sections (Fig. 6) are tuned
1500 ke. lower than the bottom-edge
frequency of the respective band cov-
ered, your twenty-meter oscillator is
fixed-tuned to 12,500 kc., giving a fre-
quency difference of 1500 kc. which is
received on the main tuning dial of
the tuned i.f. section (Fig. 5) by tun-
ing to its lower-frequency range,
namely, 1500 kc. Any signal, then, on
14,000 kc. will be received at this point.
When the converter section (20 meter)
is tuned to the high end of its range,
14,000/14,400 kc., an i.f. freguency-
difference of 14,400 minus 12,500 kc.

(Continued on page 130)
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Model VH-15 Speech Master, a new completely weatherproof 15-inch Hypex, is the
latest addition to the JENSEN Hypex family, thus expanding this line of projectors to
cover a wide range of sizes and prices. Designed only for speech reproduction, without
compromise to music requirements, it affords greater naturalness in the low frequencies
than do other Speech Masters. Model VH-15 is recommended for sound reinforcement,
indoors and out, where distinct natural speech reproduction is required to carry through
high noise levels.

Developed acoustic length, 36 inches. Useful response, 190 to 6,000 cps. Voice coil
impedance, 8 ohms. Polar coverage angle, 90 degrees, Power rating 15 watts maximum
speech signal input. Mouth diameter 15%"; overall length 15".

List Price

Model VH-15 Speech Master (5T-757) 3 . . . . . . . . . $47.00

*Hypex and Speech
Master are Registered
Jensen Trode Morks.

NOTE THESE FEATURES

® Horn designed to JENSEN Hypex
formulo tPot. 2,338,262) for improved

. Moddl VH-91
Speect Master
Lizs Price

® Non-ferrous and stoinless steel rust-
proof fittings. Phenolic diaphragm.

acoustical performance.

® Alnico V driver unit completely en-
closed, yet replaceable without special
toals.

® Trunnions odjustoble through 180 de-
grees, lock projector in position simply
by tightening two nuts with small
wranch.

® Rustproof, weotherproof terminal box;
no exposed terminals. No soldering
needed to connect.

® Improved weatherproof finish on all
metal parts. Horn finished in two.tone
baked enomel.

® Power rating 15 wotts moximum
speech signol input.

JENSEN MANUFACTURING COMPANY
6617 S. LARAMIE AVE., CHICAGO 38
In Canada: Copper Wire Products, Ltd., 11 King St. W., Toronte

@gdtynm and d//anaﬂw/a/ww o/ Fene dcoceslic gga%nwnl
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&

INDUSTRIES Co.

PICTURE IF & SOUND IF STRIP and FRONT END. This sensational

picture If & Sound If Strip developed by our engineering staff en-

ables you to build a 10"-12""-15"-20" direct view or projection type
receiver with FM sound. Supplied with a

™
/

F 119

PICTURE IF STAGES 5§ picture IF
stages of amplification and second
detector. SOUND IF STAGES 2 IF
stages -with limiter and discrim-
inator. VIDEO STAGES 2 stages of
video with a frequency response of
45 mecyss ONE DC RESTORER. IF
FREQUENCY audio 21.25 — picture

DUMONT

DuMont Inputuner tunes continu-
ously from 44 to 216 megacycles
without a break — covers all 13
television channels as well as FM,
amateur, and aviation channels.
For ease and convenience of oper-
ation no band switching of any
kind is required when tuning from

| channel to channel with the inputuner system. Just one simple

operation to reach any desired station.

BAUSCH & LOMSB
TELEVISION PROJECTION LENS

Television Industries Co. is proud to announce that they have

been appointed

# 201D!

ELEV]SION

NDUSTRIES

13 channel RF front end unit. The front
end covers channels from 44 to 88
mc/s and 174 to 216 mc/s (I3
channels). Matched antenna in-
put for 300 ohm line. Tubes:
1-6J6 RF amplifier
converter 1-6J6 oscillator.

30

® DEALERS
NET

national

Bausch & Lomb f: 1.9 Television Projection Lens,
orders filled immediately.

d

Contact Us for your Local Distributor

1-6J6

e

Picture IF band width 4.5 me/s.
All the above circuits and tubes
are contained on one chassis. Front
end unit on separate chassis. Both
picture IF and sound IF delivered
completely wired, tested, tubed,
and matched ready for use,

597 90

for the
Sample

2 5 00
® DEALERS NET PRICE

wholesale distributors

DEFLECTION COILS

Deflection Yoke similar to RCA part

$13.75

LIsT

540 BUSHWICK AVE.

BROOKLYN &, HN. Y.

wwWw americanradiohistorv com

W E N e

2-Meter Converter
(Continued from page 71) [
|

maximum signal response is obtained
as indicated by the limiter-grid cur-
rent. At W1CA a Lighthouse tube os-
cillator will push the meter up to 0.9
ma., when the converter is lined up
| properly. Distant signals will vary
| from 0.1 upward, depending on their
| power, antennas, polarization, and
other variable factors.

| AM reception is accomplished by
making an addition to the JFM90 as
shown in Fig. 1. A condenser, C;, and
a resistor, R. are added to a conven-
iently-located junction of Cix and Cx
and R, in the ‘“Translator.” Those
component numbers were obtained
from G.E.s published schematic dia-
| gram. The values of these compon-
| ents and the associated circuits.are
shown, so that no difficulty should be
had in locating them in the JFMDO90.
The addition of J. will permit the
measurement (on a 1 ma. d.c. meter)
}of the limiter-grid current. This will
be a most welcome addition as it per-
mits the accurate determination of
| received signal levels.

| To obtain maximum performance
| from this v.hf. converter, it is desira-
| ble to adjust the amount of coupling
| between L, and L. until the mixer is
just below the point of regeneration.
It may be necessary to vary the resist-
ance in the cathode (R:) to bring the
| tube up to this “hot” point. At W1CA,
with a four-element beam, fed with
300 ohm line, the mixer is adjusted so
that oscillation does not occur in the
band. What happens outside does not

matter, but such a procedure will
really “warm” up the unit—on the
(band!

The sensitivity is increased tremen-
dously by these adjustments. For ex-
ample, a signal before peaking, may
be pushing the grid meter up to 0.1 or
so, and after proper adjustments, this
same signal will be 0.7 or 0.8 milliam-
peres.

Care in construction and particu-
larly in peaking up all the circuits
will really pay off. The excellent per-
formance of this converter is surpris-
ing. The advantages of a super will
be immediately apparent when you
hear some of those weak signals you
| never heard before. Try “FM” recep-

tion on the modulated oscillators, and
“AM” on the stable AM signals.

} When the converter is used with the
HRO, the oscillator is changed to

- |cover the 114-118 mc. range (by de-

creasing capacity of Cs) and the coax
output cable is connected to the HRO
antenna posts. The ‘“‘ground” side of
| the coax is grounded at the HRO.
| Place the HRO on approximately 30
| me. and operate the converter in the
| usual manner. Crystal-controlled and
| other stable 2-meter signals will be
received as easily as those on the
llower frequency bands.
Good luck!

l —Bo-

RADIO NEWS



www.americanradiohistory.com

Army BC-645 LF.F.

Brand New 450 M.C.

2 hig units: all in one.
5 tube 450 megacvcle luned line transmitter.
4-THT7, 2-TE6, 2-6F6, 2-955, 1-WE 316\

sale price.
tification
new factory cartoned,

“Friend or Foe” Army BC-643.
weight 25 1bs.

MCW or phone transmitter.

TRANSMITTER
RECEIVER

A 10 tube superhet receiver for 450 Megacycle, a
Both are two channel.
The tubes
that come wilh this unit are worth more than our
This unit originally designed for iden-
Brand
Furnished
with four page conversion instructions for a CW or
How to build a 110

5Q95

) 7 Opt'rﬂ!lnn i
-7 0.7 lmcmvn t sensit
R K¢ TF,

it;
Uses 3—INBGT,
1—-HHGT tubes, 6 tube

lator, cl C final with 2—.

and cr
200 KC.
output an_vaice.
receiver, 3800 to 5800 KC,

power suppl ies,

Army BC-65

BC-654——Two for $25.00

transmitter, wit

tuning network, Colpitts thermal compensated
5 30TA tubes in parallel,

oscillator for checking f!lqlllncy every

25 watts output on (W an

Frequency range. transmxtter and

complete with cover: furnished with all tubes nece
sary for the operation of the trans.
These units are used ;mtgm good

80 METER
XMITTER RECEIVER

Portable voice and CW transmitter and receiver for portable, smobile, and fixed station
7-tube supelheternd\ ne :ecexver with 3.5 microvolt sensitivity on voice and
55

CW,
—1 A7(- .

antenna
oseil-

11, watts

Ideal for Hams! Comes

and rec.

yPE:

ln(\;:i_tts undistorted power nutput.

RECORD CHANGER
o T

Brand new factory car-
toned. This changer

volt AC power supply, ete. 12 volt dynamotor, condition. Shipping weight 50 Ibs. .. . S5: 2 for

§2.95 extra. WE-316A tube $.99, BC-645..$9.95. $3%80, op 8 Vivrator Pack 6 for 12 v.D.C. input

2 for $19.00. §COOP. BC-654 Less all tuhes. Net. .. .$7.95

MAGUIRE AUTOMATIC 9 95 NEW COMMA.ND REC. with
. Diagrams

COMMAND
XMITTERS

4595

SCOOP PRICE

$39.95

Only 56 of these to sell.
Awplifier straps on shoul-
der, then just hold mega-
phone and speak into mike,
mounted _on rear of pro-
jector. These units are
brand new. Amplifier ix
dry hattery operated. Just
bull trigger switch., am-
plifier comes on_ imme-
diately. Ne 39.95

MARKER BEACON
REC. $2.95

BC 1023 A Marker beacon receiver.
Designed for reception of modulated
signals of the 75 MC band. Varlable
tuning permits coverage of 62 to 80
AMC. Brand new tactory cartoned.
With tubes 6SQ7, U6, 6SC7 and
128117.  Overates directly from 12
or 14 volts DC. Priced for quick
sale only $2.95.
SCOOP! 110 M.C. REC. $6.95

BC-733 D Localizer Receiver

Freq. 108-110 Mc:
compblement ;

Now only...$
NEAR NEW CONDITION,
A RED HOT VALUE.
We guarantee every condenser to be of fresh stock.
Made by nationally known manufacturers, No¢ junk..

F.P. Electrolytics
.$.39 20 \1)451) 350V, 20x
.4

9 -8
59 2020 ’n(]\ 2\ v
Tubular Electrolytics

Exactly as you huy every day. RBest National Brand. If
Lhos(' are not brands you prefer. your money bach.
& Mfd 450v Aluminum Tubular. .
20 Mtd 150y Aluminum Tubular
1 for $3.50

" Compact Paper Tubular Eledrolyhcs
ondensers, FIexubIe Leads

40x20 MFD 150V,
40x20 150V 10-25V

40x20 150V, 200-6 v

.19
v .39

RxRxR “PD B Volt, Long l(‘d(l\ .$0. 49 IO for $4.50
\01( . 9; 10 for  3.50
. d9y 10 for 4.50
"ME .89; 10 for 5.25
H()T IT)

R‘(HYQ MFD Inverted Aluminum_Can Condenser 4350

Valt. standard Screw Mounting., Made by Aerovox,
Sheeial, $0.69; 10 (Or. .. .. ... $6.25
Hllv the ever made

best 600 volt ruhll]dr conden:
All plastic covered. 14 the regular price.
L0005

“Ul AP o s oo aaannonnaacana
11 N
I EACH

J1le 5
You like

L sl

Folded Dl-pote anwnna for FM and Tele-

Super value.
vision. Complete with 60 fee
and 4 low-loss stand-off msulatnrs This fulded di-pole
covers frequencies 42 through 108 megacveles.  Trom
horne action makex exact tuning to any one weak sta-
tion.  Furmished with adjustable mounting bracket.
5 foot mast. Made for Ntromberg- Carlsun Stock
Mt-300—Net, $4.95; lots of three, $4.5 \\ewht
4 1bs. lndiv:dually packed.

of tin 300 ohm line

each.

| should sell for three »
I times our price. Latest With each command trans-
I % two-post, quick change mitter, we furnish a sche-
! : | {)."Df- Has Der;lnine'g, matic of the BC-458 (All
I uilt-in needle, shuts o B
|1'5_ 3} ®\ on the last record. Plays c?r‘nma‘nldl Tran:smltt.ers' ar(:
| /12 10" or 10 12~ records. esaenltla y the same; excep
Aero Changer, Base size 12 x 13 inches. $=2.95 for frequency.)
VM-806 Changer, Rase size 13 x 14 ine hes 4.
Oak  (win-post changer Base size 14 x 14 Near New !;C :15‘- 4 to 5.3 MC with Tubes....$2.95
inches % :732 Brand New BC-157, 4 to 5.3 MC with Tubes. ggg
Aviola Changer, Base size 11% x 12 inches. . 4. .
R ! Brand New B( .95
4\:\1/011%'(12m)(l;:: 25.00 Twin Rack for 2 Transmitters....,.... .99
Made T6 fit leatheretie Dases for above chang- . Q?;f"{‘:w(‘gge;gﬁ ‘\Il%tdul..;t.u.r' with 88 v 'd.yna- 1.95
1 s . '
Specity motor ..... 0880805 5036000000a00aR0B00000 . 2.95
Brand ELECT:“ZE{&HONE RDF RECEIVER
& N
New B $19.95

MM-26-C  Combass Re-
ceiver. Brand new fac-
tory cartoned. This unit
covers from 150 to 1500
KC inclusive; in  three
bands. Complete with
eleven tubes of the 6 volt
type; 68AT, $SK7, 6F6,
etc. Has 28 volt built-
in dynamotor. There is no dial built on unit and no
remote cables are provided. MM-26-C receiver $19.95.
Remote control §3.95 extra,

Manually operated 109p................ $6.95 extra

SCR 269G A.D.F. 539 50

SCR-269G Automatic
RRadio Direction Find-
er has 17 tubes. Fre-
quency coverage from
200 to 1750 KC, in-
clusive. Receivers
are in perfect condl-
tion, A1l of the
component parts are
new.  Consists of re-
ceiver. new RDF loop.
cahles, wlugs, ete.

$39.50. Only

remote control. relay. dehydrator,
This is & terrific value at only

50 are available,
52950

SCR-518

. ALTIMETER
Brand New
Famous SCR 518 A
Altimeter. Brand new

factory cartoned. Worth
over $900.00. Made by
RCA. Complete as pic-
tured. Has 29 tubes.
This is the complete

@}f (‘ifs:n.%%

\\orks in the 500 MC region.

unit. Transmitter. receiver, power supply and 3”
scope indicator. Reads altitude up to 30,000 ft, Oper-
s on 28 volts. D.C. Complete with tubes, 6SK7, 2

ate

8012, 2 68J7. 6C8. 6SN7, 6F8, 23D4, 6Y6, 6V,
6ACT 3 2X2, 954, 955. 956, 6J5 and 3 in. CR tube
18081°. A RED hot scoop at only §29.95 comnlete.

ARMY $§%

Field Telephones

EE-8 Army field telephone.
These units are used, but in
good condition. Priced com-
plete with telephone hand set,
hand powered magneto and
canvas carrying bag: as pic-

tured. Net $6.95, each.
TUBE 95
SCOOP
BRAND NEW
AM  61A Indicator Amplifier.

Brand new factory cartoned. Has
28 volt DC Blower motor and
fan. 2 2mfd 1000 volt cond. 2
2X .5 . 1000 volt cond. and
many other parts. Complete with
15 tubes, 7 68SX7, 3 VR 105,
5Y3. 3 68LT7, 8016. As a salvage
item this is a RED ot Buy The
tubes are worth more than our
price. Weight 30 lbs.

Net .$9.96

Order your Aircraft command
receivers from McGee. We
furnish you a schematic of
the BC-454 (all ave the same
except for frequency). Also,
a diagram showing how to
convert receivers for 110 volt
operation,

Near  New BC-433, 200 to 500 KC with Tubes
Drand New 13C-454, 3 to 6 MC with Tubes.
Near New BC-454, 3 to 6 MC with Tubes.
New BC-455, 6 to 9 MC with Tuhes.
Brand New BC-946. Broadcast 850 to 1300
KC. with Tuhes and lnstructions. . ,..
Triple Remot Control Head for 3 receivers.
Triple Mounting Rack for 3 receivers
28 volt Rtec. Dynamotor. .. ..... ..

Brand New BC-453, 200 to 500 KC with Tubes §

-N WNbbN

Lo lDlDlDlDlD
[-ltel, 10 NG (G181 1))

PE 206A INVERTE

i P.E.-206A Inverter.
' factory cartoned. For 25
volts input. Output of 80
(plus or minus 3 volts)
cyeles, at 500 volt amperes,
a perfect Inverter.
regulator. built-in

voltage
"‘A‘ ping weight 45 Ihs.
PE-2064 Net

BRAND NEW $4.

Brand new

Has carhon pile

A 20 stack selenium rectifier.

R—
95

to 285
volts
at  ®oo
This is

control.
Ship-

$4.95

PE 101C DYNAMOTOR BRAND NEW $
Dynamotor Pl-101¢.  [nput voltage 13 ar

DC, at 12.6 or 6.3 amps.
at 135 Mils and 800 volts at 20 Mils,

Output voltage 400 volts DC
9 volts AC at

2.95

26 volrs

PULSE FORMING NETWORKS

Used in small radar modulators, avail-
able in three sizes, 67 ohins impedance.
7.5 Kilowatt rating.

7.5

H-603, one micro second, 200
pulses per second............ 81.95
H-601, three micro seconds, 200

s per second. ...l
. 16 micro \emndﬁ. 60 pul
ee of ateve for only

Crysta)  Calibrator, giv
multivibrator,
plete, Jess
tubes
handy
price

~ PORTA-POWER
Electro 1'orta PPower. Con-
verts any 4, 5, or 6 tube
1% volt, 90 mlt portable or
tarm radio to 110 volt AC
operation.  Multiple socket
arrangement makes easy,
quick connection possible.
Every shop should have one of these.
value. Ncoob price

item

1.2 amps. Brand new factory cartoned. Shipping
weight 13 1bs. PE-10T¢ Net........ .
TURBO AMPLIFIER $1.95

Alrcraft Turbo Amplifier, complete with 4

tubes. K7, 7Y4 and 2—7C5. Terrific sal-

vage scoop. Ideal to wreck for parts.

‘Priced new with tubes... ... ... .. ... ....81.95
M(();nhh Special, Turbo amplifier less tuhes

nly

i

Crystal Callbrcfor $2.95

beat note through an Xtal synced,
Furnished com-

1o have.

Regular

.69

50 Ko

FItENY

diameter.
ate on from
volts 60
Model 1I-

receiver,
$2.95. 2 for

SELSYN INDICATORS $2.95

Selsyn indjcators. 57
Will oper-

cyele AC.
used as either selsyn

transmitter or selsyn
Scoop I'tice,

15 to 24

can he

85 a0

VIBRATOR SCOOP $1.99

Heavy Duty Vlhrator—\rade for
Freq.

135 ma 6-110 volt eonventional
bower transformer, with all wind-
ings: will run phono motor.

(Use with above ribrator.)

81
$1.99

5.95

SMAL-L PHONO MOTOR. This 110 volt AC,

Order one just to have around for replacement.

Scoop price, $1.49; Two for................

Get On Our Mailing List—Write for Qur New Fiyer——New Low Priced Television Kifs, ete.

phono motor is used on $0% of all automatic changers.

60 evcle

2.79

McGEE RADIO COMPANY

PRICES
FOB
KANSAS CITY

SEND 25% DEPOSIT—BALANCE C.O.D.
1225 McGEE ST., KANSAS CITY, MISSOURI

April. 1948
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PERSONAL

6%2" x 3%4" x 4%’

® Two-Tone Ivory, Red Plastic Cab.
® 4.Tube Superhet © AVC,

Size:

This kit is ready tor immediate delivery. The same nationally known factory that
manufactures tens of thousands of this radio, is line-producing this radio kit for us.
Lvery part, from the cabinet down to the last vesistor, is matched. The chassis is
ready punched; all you do, is mount the parts and wire. This radio kit will assemble
into a beautiful personal radio for vou, just the same as it does for the factory.
We furnish you a diagram. photograph of the completed chassis and full assemhly
instructions so that those with a minimmum knowledge of radioc may wire this kit.
The beautiful case is made of metal with plastic hinged lid and snap on back. The
weite face oi the receiver Igl& an Inlaid gold design. The circuit is the conventional

ARMCHAIR
CABINET

ONLY 52995

Beautifully made walnut
drmchair eabinet. Outside
dimensions 247 high, 161/2‘»'

Ample

deep, and 27" wide,
room for radio receiver 147
long, 9” high and
Will hold a changer up
14” square. Will accommo-

e
Hinged lid cm ers

partment.
changer compartment. Cab-
inet Ar-15 Net $29.95. Detrola automatic changer

512 95 e‘(tra Twin post Oak changer $17.95 extra.

20- WATT UTILITY AMP. KIT, $l7 95

Build this 20 watt utility
110 volt AC. 20 Watt power

ampiifier. Ready punched receiver.

chassis, size 12 X 6 x 214 two 6V6 and 5Y3.
inches. Has two input cir- fevel

cuits. on e mike and one .

Bhono Mike stage has 135
B gain. for crystal or dy-
namic mike. Has bass and
treble controls. Designed
for use with PM speal\ers. has 8-18 ohm output trans-

o
former. 'All'parts “and easv-iofollow diagram furnisned, with 12" P.M. speaker
including tube; 2—68SN7, 835, 2—6 GA. .)23. Kit With tubes .........D
Model B0-LX ... o oo 8% ETOLEEA t $17.95

PORTABLE RADIO KIT
MAKES A $32.50 RADIO
Weighs Only 3% Lbs.

® Loop Aerial, Built-in Lid
® Looks like and is a Commercial Radio Kit
® Two-Gang Cond., Lucite Dial ® Simple Assembly and Wiring Instructions

OOP MODEL X45 PERSONAL PORTABLE KIT WIRED AND TESTED WITH BATTERIES. NET §(7

8- TUBE 'RADIO KIT WITH COAXIAL SPEAKER $37.95

A COMBINED BROADCAST SUPEHNET RADIO
CHASSIS AND 15 WATT P.

HEAVY DUTY 12”7 P.M. SPEAKER
CROW B8” SLIDE RULE DIAL.

REC. BROAD, 550 TO 1700 KC AND 19 TO 49
METERS

PUSH PULL 8V6—TONE CONTROLS
INPUTS FOR CRYSTAL OR

PHONO-PICKUP.
BUILD THIS DELUXE CHASSIS

Here is something new in radio.
extra gain stage for crystal or dynamic mikes.

PRK-10 Radio-Amp. Kit

$|495

two gang suberhet type. with A.V.C. Re-
ceives the hroadeast band. 540 to 1650 KC,
Uses miniature tubes: IR5 converter, 1S5
detector A.V.C.. 1T4 amplifier and 3S4
power amplitier. Alnico V I’M speaker.
The loop antenna is built in the lid. Ra-
dio comes on automatically when 11d onens
Priced complete with tubes and 67% volr
Nothing else to buy. Model X-45. Price

Complete <

with Bafferlel\.;/

Operates on self-contained batteries.
‘B"” battery and flash eell {Not AC-DC)
$14.95. gshipping wetght 6 Tbs.

A. SYSTE

2 GANG COND.

MIKES AND
WE FURNISH EVERYTHING TO

WHY NOT ORDER THE ARMCHAIR CABINET
WITH THIS KIT

HAS INPUT GAIN FOR THE G.E. VARIABLE
RELUCTANCE PICKUP

CHASSIS SIZE 9172 x 11 x 87 HIGH
A real 15 watt power amplifier with bass and treble controls.

Has
And on the same chassis, a standard superhet radio

We furnisl'\‘ all ;a?rts. knobs, escutcheon plate and tubes: 6SA7, 6SK7, 6SR7, 6SN7, 6S8J7,

o cabinet.
making this unit ideal for recording as well as P.A. use.
schematic diagram and photos of the completed chassis.

Extra care in designing the power supply section assures low hum
We furnish everything as well as
built-in high frequency tweeter.) This is our

Weight 35 1bs.
537 95
finest Kit. s ceccddepon conenn bl a s

10 kit; except it is furnished with a 12”7
Cinaudagraph wide range spealker. (Has

2% G

® 4-Tube Broadcast Superhet
® Priced Complete with Batteries
® Dynamic Speaker @ Slide Rule Dial

PORTABLE KIT MODEL K-PX. Small size leath-
erette covered case 9x5%%x5. Easy to build. Oper-
ates on self contained B and A batteries. Ree.
Broadcast 550 to 1600 K.C. Incorporates a standard
superhet circuit with ave. Has 3 inch Alnico five
PM speaker. Priced Oomplete with batteries, pie-
torial diagram and tubes lRa 185. 1T4 and 384, Not AC DC, but straight battery
operated. Has 2 gang cond. Everyone should have ome of these personal portables.
Lverything furnished. Kit K-PX Net $10.95

CPR-15. Exactly the same kit as the PRK-
$16.95

3.WAY PORTABLE KIT,

® 4 Tubes Plus Disc Rectifier
® 300 Hour Battery Pack Included
o Beautifully Buiit Portable Case

Build this powerful, 4-tube, 3-way portable Kkit:
Operates on_ 110 volts AC or DC or self contained
batteries. Receives broadcast 550 to 1650 K.C. In-
corporates a standard superhet circuit with AVC
and loop Ant. Has Alnico § PM Speaker. 2 gang
condenser. All Parts and batteries are furnished
ineluding tubes. Disc Rectifier, 1RS, 1T4, 185 and
381, Has attractive leatherette portable cabinet
size 7x9x9. Weight 14 Ibs. Kit Model 3-ZA.

5-Tube AC-DC Broadcast Kit, $9. 95

BEAUTIFUL 10” PLASTIC CABINET
LOOP AERIAL e VERNIER DIAL
DYNAMIC SPEAKER e EASY TO BUILD

Kit Model P-85. e have finally been able to achieve
our goal. Here it is. A good 5-tube broadcast AC DC
superhet radio receiver for less than ten dollars. The
beautiful 10 inch plastic cabinet ix made of the finest
material. The chassis is of the standard accepted super-
het design. 456 KC ifs AVC and 5 inch Almico 5 PM speaker. Attractive vernier
dial. Two gang tuning condenser. loop ant. We defy anyone to offer a better
working AC DC receiver kit. Priced complete with diagram, photos and tubes
12BL6, 12BA6, 12AT6, 50135 and 35W4. Nothing else to buy. You can’t go wrong
on this value. Kit Model P-85. ... .oeereereereneens o GNE A5 Tona o - e o0 Net $9.95

AMPLIFIER KIT, $10.95
PUSH PULL 6V6 OUTPUT TUBES

GAIN FOR MIKE AND PICK-UP
EVERYTHING FURNISHED. EASY TO WIRE
FINE TONE QUALITY

12 watt amplifier kit, Ideal for high quality record plaver as
Matched component parts, ready
One control fades from phono to microphone. Gain enough
for 110 volt AC 60
cycle operation. Priced complete with tubes: 2—6V6, 6SN7, 6SH7 and rectifier.
Diagrams and photos furnished. Kit AC-12. Net $10. 95 12” Alnico 5 1’M
speaker $6.95 extra; crystal microphone and desk stand $4_95 extra,

l 2-WATT Net $16.95 WEEE—.

KIT MODEL AC-12.
well as public address or recording amplifier,
punched chassis pan.
for crystal or dynamtic microphone, 100 mil power transformer,

) 1949 MODEL AMERICAN AND
e - AC-DC KIT FOREIGN KIT
. JERREE A
oy~ $12.95 $14.95
e PAE S e Y R 550 to 1600 KC
ceives Broadcast, 540 to

1650 KC. Has full length and 6 to 18 MC
1llummatud slide rule

. Choice of Ivory or
1 V\dlnut plastic cabinet.

WALNUT
CABINET KIT

$11.95

Attractive 13” walnut cabi- |
net AC-DC radio kit. with
illuminated slide rule dial,
Has made-to-fit metal front
grille. Incorporates a stand-
ard 2 gang superhet circuit.

This radio kit is housed In an attractive grey opalescent Loop antennua. ready-

Full high eflicicncy 2 gang finished metal cabinet. Incorporates a ezandard 2 ga 14 punched chassis. This is another one of our line pro-

superhet circuit. with loop superhet circlit. Reccives Broadcast (550 to 1600 KC) duction radio kits. Every pagt is furnished. Includes

antenna. Ready punched and foreign short wave (6 to 18 Megacycles). Thi; kit tuhes 125A7. 128K7, 12SQ7, 352Z5 and 501.6. Dia-

full 5~ Every part fits. Everything is complete, nothing elsc to buy: just as all our kits gram, photos and mstru}:tlons arc included. Has full

furnished, includlng tubes.  125a7. 128K L7, 128Q7. Readyv-punched chassis. It will go together just as it 57 Alnico 5 PM  speaker. Receives broadcast 550 to

35Z3 and 50L6. This kit will go together just like 1t would down a pmducnon line. Has full 57 PM speake) 16:0 KC Shipping weight 9 lbs Model ES-6. Net
would on the production line, Dlagram. photos and in- Complete with tube: 28A7, 12SK7. 128Q7

structions are furnished. Shipping weight 9 lbs. Kit 50L6. Diagram, photos and instructions arc fu:mshevl SCOOP The above model ES-6 WIRED AND TESTLD.

model XA-49. Net $12.95 Shipping weight 10 Ibs.

Kit model DT-5.

Net 314 in either Blond or Walnut cabinet. Net $14,

7-TUBE AC-KIT, $19.95

KIT K-7A. Easily asselnbled into a fine working, attrac-
tive, transformer type AC, broadcast receiver; 550 to
1700 KC. Has push-pull audio, tone control and 63"
Alnico 5 PM speaker. Beautifully made 14” walnut cab-
inet. Incorporates a standard superhet circuit, with
AVC and loop antenna. All parts, schematic and tubes
68SA7, 6SK7, 6H6, 6SN7, 2—6V6's and 5Y3 furnished,
Has full 90 mil. power trans, Weight 17 lbs.

Dealers Net $19,95

PORTABLE RADIO RECORDER KIT, $54.95

$90.00 value for onty $54.95. We furnish every part to

build a powerful radio and dual speed recorder. The attrac-
tive leatherette case houses the sensitive superhet broadcast
radio and General Industries ROOL 33 ‘M dual

78 RP
speed recorder; lay back mechanism. & tube re-
ceiver and ampiifier is all on one chassis; 12SA7, 128Q7,
128SK7, 128L7, mike gain; two 33L6 push-pull output:
plus disc rectlﬁer Has plenty of gain for crystal or dy-
namic mike. 6" heav, PM speakér and ton
control. Kit G- 31 everything complete with tubes and
diagram. $54.95." CryStal mike and desk stand $4.9
extra. This is without a doubt one of the best wvalues m
kits we have ever offered. Wt. 40

McGEE RADIO COMPANY

WRITE FOR CATALOG SEND 25% DEPOSIT — BALANCE C. O. D.
PRICES F.0.B. K C 1225 McGEE ST., KANSAS CITY, MISSOURI
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PORTABLE WIRE RECORDER %6995

Kit
and p
with

879.

includes wired and tested 12 watt amplifier, expressly

DELUXE WIRE RECORDER, $79.95 STANDARD PORTABLE MODEL, $69.95

This wire recorder incorporates all necessary circuits Portable Wire Recorder Model GN-11

for recording and playbacks. —Has built-in eraser cir- Has ready wired and tested 5 tube AC type amplifier
cuit. The amplifier is of the AC transformer type, with pu@}l-pull 6V6 tubes. Built-in eraser cireuit
with push-pull 6V6 output tfubes. Has tone control 1 ) e ik o h ick P .
and fader control. Input stage for wire recording from nput for erystal mike or phono pick-up. Diagrams
either crystal mike. radio receiver or phono pick-ub. show how you can record from any radio receiver.
Amplifler is wired, tested and ready to operate. This 3 position switch enables you to quickly change from
unit is classified as a kit, only hecause you have to record to playback or conventional P. A. system.

mount the Webster wire recording mechanisnt. am-
plifier and speaker. Everything is furnished. includ-

This amp delivers 12 watts of good clean audio.

ing a 15 minute spool of recording wire. Here js what you get: Webster 79 recording mechanism, with 15 minute spoot
4 g made for wire recording of wire, attractive leatherette covered case, 6” heavy duty PM speaker and
PM speaker. furnished wired and tested 12 watt AC wire recording amplifier. All you do is mount

ublic address use. Leatherette split type case and 107 | h ! . 0 T
Kit model GN-12. Net the amp, recording mechanism and speaker. Simple instructions furnished.

regular $52,92 Webster wire recording mechanisin.
985. Crystal mike and desk stand $4.985 extra.

Portable Recorder Model GN-11 Net $69.95. Crystal mike $4.95 extra.

12255975 1571 S2175 1571375 o iginre

127 3 pound Alnico three 2[‘530 .00 valu}f 157 dhl‘ﬂh 4&5 . h iy i

magnet w 14" h elity. super heavy duty speaker. Guaranteed top qual-

vx‘hi‘ge m\‘»llth Al {4 . Buac;.tm watt permanent magnet speak- ity and made by a nationally Here is without a doubt the best bargain

: op quality er. This speaker is tops. Has known manufacturer. Ilatest in the whole U. 9 umbo 15 in.

PM speaker for public ad- p Y T H f w2 = 3

dress and fine home repro a 11", 8 mxin Vt)u‘; coil and productéon, bral}d new de{,(()ly speaker made for the famous Aireon
058 - a 7 und nico 3 magnet. cartoned. A full 13”7 speaker, ke s standard 1 16 ohm

duction use. You can't go | The N pound magnet in this | with 1000 obn feld and. & ;](‘)11(‘5 rc“o];(l al]:inl"oo[?ohm ﬁ:/lzmehe fold

wrong on this nationally | speaker produces a force fac- 11%”, 16 ohm voice coil, This i

known speaker value. Every tor, that is unexcelled by any speaker will take 30 watts, may be easily excited by hooking to your

speaker guaranteed brand other speaker magnet. Guar- with exceptional high and_low radio_or amplifier as a bleeder. Packed

new, factory cartoned and ant;;d to_be a name grnng frequency reproduction. Well in original cartons. Xully guaranteed.

g, st “orotuction. A | UKL PR SPSRKET ARt | Rorih tpice S pnicsy SIOTC | Here I Sour chanee to get 3 speaker that

$20.00 value. Stock No. Stock No. 15PV. Ne', 521.95 Two for $26.50. Every speak- will bring out those low notes. Our
k. Net $9.95. each. Two for $41 er puaranteed. scoop price, $9.95 each.

157 high fidelity dynamic SPEAKER

'CARTONED RADIO TUBES 39¢

How can you go wrong. Every tube
guaranteed.  Full replacement. EACH

75% F ALL THE TUBES YOU USE FOR 49c¢ ....

Guaranteed Standard Brands Cartoned and Uncartoned

100 "HY-VAC™ ASSORTED FOR ONLY $35.00 49c Each 59¢ 69c 79¢

YOU PICK TYPES FROM THIS LIST * oSy or a each . tecnchb each

384 1625 12J5 14Q7 octai Tubes 1
HY-VAC 5U46G 5 6SN7 12567 1447 '/Sc \;:’" SOAS '{2 :"’l"

128A7 GT  6Q7 GT 25L6 GT  50BS 12K8 6BA6 | 5Y3G 955 68G7 12SH7 14B6 35A5 octa
12SK7 GT  6K6 GT 7017 GT_ IT4 12A6 BE6 | 6AC7 6SA7 6SR7 12847 25L6 GT INS GT 7A7 Tubes
128Q7 GT  6V6 GT 117L7 GT  IL4 12SF7  6AT6 | 6C5 6SC7 6V6 GT 12SA7 35L6 GT {H5 GT 787 ILNS
35L6 GT 6X5 GT 11723 U4 6F5 X4 6H6 6SD7 6X5 GT 12SL7 3525 GT (A7 GT 7€7 ILCé
3525 GT 6SA7 GT  (2AT6 (R5 615 BJ6 | 6J5 6SF7 6AB7 1287 35W4 (A5 GT 77 ILH4
50L6 GT 6SD7 GT  12BAS 1S5 6517 6AKS  6K7 65Q7 12AT6 128Q7 5085 305 GT IN7 ILB4
6K7 GT 6SK7 GT  I2BE6 304 128)7  6BH6 9001 6SH7 12BA6 (2SR7 35Y4 7C5 ILA4
6A8 GT 6SN7 GT  35W4 384 6AJ5 6C5 9002 6547 12BE6 50L6 7v4 ILDS
5Y3 GT 65Q7 GT 35BS 1B4 6SF5 9003 6SK7 12H6 128K7 024

Popular P.M. Speakers ‘,.f//*\\

AT

EVERY SPEAKER GUARANTEED

4 in.

Alnico V. mag. ............ $0.99

6 in.

Alnico V. mag. ...........
. P.M. 1.47 oz.

Bi
5
6
6
6 in.
8
g
(]

1

LPIMD 14T oz

LESS THAN HALF PRICE

P.M. 1 oz

P.M. 1 oz

P.M. 3.16 oz
oz.

ONELWNN=———
©OOLLOOOL L=
GIARMNNNDOOO

- Alnico

12 in,
Coil.

. Dynamic. 450 ohm fleld
in. Dynamic. 450 ohm rield.
. Dynamie. 3000 ohmn field
. 2 ohm field for heavy duty auto radlo

. Dynam
. Dynamic. 1000 ohm field

SAVE ON FIELD SPEAKERS

. 1000 ohm field. ..

RCA 450 ™ Reg. 10.00 net 14" Voice
Scoop Price......... . ...

*"HOTTEST PICK ME UP RADIO IN AMERICA"

NO

NET EACH $22.95

Model 747—3 way personal ra-

dio.

1650 K(. Small size only 4x5x8
Inches. However. uses tull size

Darts
loop.
minia;
fler.
larger
tone |

TALLER THAN A PEN

LOTS OF 3 $21.95

Receives broadcast 550 to

with 2-gang condenser and
Priced complete with 4
ture tubes and disc recti-
These sets are only slightly
than the smallest personal ragio. Volume and
ike a big set. Kit of batteries $2.05 extra.

Modpl 8008, Black plastic cablpet............$11.95
Lots ©f 3. ... iiiuiiniiinninuss .$10.95
Model 800W Whns plastic’ cabine ...512.95
Lots of 3. . . ..$11.95
Weight 3 These are Dealer's Prloos

MECK PEE WEE SUPER $11.95

Meck. 5 tube superhet: using
minfature tubes. Small plastio
cabinet (7x4x5”), 2 gang con-
denser, loop antenna. Alnico
5 PM speaker. This is a red
hot value in & small radlo re-
ceiver; broadcast 550 to 1650
KC. Priced with tubes; ready
to play.

SCOOP! ON NEW C.R. TUBES
Brand New Fully Guaranteed

PORTABLE P.A.
$39.95

3IBIPL ...l $1.95 BN 55586600 $1.95 18 watt complete portabie
3BPl .......... 1.95 TFPT ..., 2.95 public address systen. ilas
5 CPI .......... 1.95 9LD7 .......... 2.95 inputs for a crystal or dy-

namic mike and phono
pick-up. Has push-pul
7C5 tubes in output. At-
tractive leatherette covered
split type case. Priced

5 BI’4—Has white screen; ideal for telerision..$2.96

2 Band coil, condenser kit. Consists of a8 matched 2
gang condenser, band switch and antenna and oscil-

lator coil: for broadcast and foreign short wave. complete with two 10" 1M sneakers This is a com-
Neoop price $1.985. plete public address system wired ready to play. Stock
Crystal hand mike, with 12 feet of cable. A handy No. RC€-18. Net $39.95. Priced complete with
item to have around. Scoop Dprice; while they last, c“\‘dl mike and 4io~k stand.

$3.95. each.

'G.E. Variable Reluc-
tance Pick-up ...$4.65

Scoop—Pre-amplitier for (en-

SPEAKERS WITH OUTPUT ATTACHED .

5 in. .M. 1.47 oz. Almico V. mag. with 50L6 output. '
Special $ 1,

5 in. P.M. 1.47 oz Alnico V. mag. mth Push-Pull

o

OULPUL L8NS, ... eiiiiiia Scoop $1.69 e e}'al Electric Variable Reluc-
51 in. G.E. P.M. Square with 50L6 output trans. . ! oo td'{cll‘) pick- Ull’n Easily con-
mounts in place of regular 6 in. speaker...... $l. nected to any at or AC-DC amplifier. Wired and
6 in. P.M. 1.47 Alnico V. magnet with 7000 ohm Dri- Tested, with 68CT or (128C7) tube. Diagram for
mary output trans. .................. Special $2.285 connections is furnished. Decify whether you want
lieavy Duty 8" 150 Ohm Speaker with 6V6 pre-amplitier for A or AC-DC use. Net price, l’re-

2.95 amp. with Tube and G.E. Pick-up—$6.985.
G.E. Variable reluctance pick-up cartridge with per-
manent needle. Net $4.69.

1948 MODEL—MIKE- BROADCASTER

ONLY $7.95
Broadeasts 800 to 1500
KC from either a phono- °

OUEDUL .ottt it catiie e ananns $

POPULAR OVAL SPEAKERS
4x6 in. P.M. 1.47 oz. Alnico V. mag..
5x7 in. M. 2,15 nz. Alnico V. mag.
4x6 Dynamlc 450 ohm fleld.........

PORTABLE RECORD PLAYER KITS graph - pick-up “or a
KIT MODEL J-41. Our crystal or dvnamic mike.
leader record player Makes any radio receiver 48
kit, dF]lne mmni' low P.A. system, record
nee € scratch; in- - B
BLR ST | Do ecoming :
erette covered portable Bkt AT i S N i
case rim-drive photo quality. Has fader con- S L @
or. high output trol from mike to record. simulating a regular bro..
%3[’]51231 glcll‘;,\‘}ll’ s’:}'g—:kgr cast station. This is a powerful medel: using 2-351.6
70L7 ready wired and 12807 and 35Z5 tubes. Priced with tubes and con-
tested amplifier. No necting instructions. Wired and tested. Works on 110
rh-:u;sz t'g d?‘ Jtu:ten}r:;relt volts AC-DC. Crystal mike and desk stand $1.95 ex-
¢ par i rase,
T Pare® yihe. and vl {r:ta. Model DE-5 truiy a de-luxe imike-phono oscit
ume_controls. ALOI _
Kit Model
e $14.95 3-TUBE PHONO OSC. ONLY $4.95
. . ., Model DE-4 — Phonograph oseil.
Kit mode! f1:X. fHas a beautifully made leatherette 2
covered portable case: similar in “appearance to our fey s K%ma?ﬁﬁitsrof-"ﬂ: OO,
model J-41. Has an even speed 78 RP\l phono motor, E ck-up. A new powem{, c‘;-‘;cw'
liznt weight crystal pick-up and a powerful, 4 tube used to usure plenty of

transformer type: wired and tested, push- pull 7C5 phono
amphﬁer Has separate tone and volume controls. Full
6La”, heavy duty P’M speaker. All vou do, is mount the
amplifier, motor and pick-u ?( is the last word
in portable record players. it Gl {. Net $22.9S.

power, Has variable gain con-

trol for pr1 o ;e rmodutation.
Priced \\l(h tuu=s rearly to op-

erate, two 5 wa.

Above kit model 61X, with “n'ule post automatic Model DE-4_Net -$4.98
record changer $29.95. SUPERNET BROADCAST
NER for connection to

POWERFUL SINGLE REC-
QRO PLAYER KIT Z-26.
Housed in an attractive
leatherette covered cabinet.
Latest 78 RPM rim drive
motor and light weight pick-
up Ready wired and tested

phmm amp. or P.A. system.
Compact chassns 5%81/5x3
inches. May be mounted in-
side the record player cabi-
net. Redquires only three
commctmm to mpl fie:

S l\'l
Complete \\ith tubes, loop
antenna, dial and instruc-

PM speaker (Alnico V). This -
k tions for connecting to any amplifier. Net_ $7.95.
be t type

it easily slips together

Priced complete with tubes s e il Specify if tuner is to used with AC or AC-DC
and hook-up instructions. Kit Z-26. .. ... .. Net $9.95 amplifier. w

McGEE RADIO COMPANY "iFoi e 100 o or ennsns cnv: mssous

April, 1948
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HICKOK OSCILLOGRAPH
The new Hickok Model 505 cathode-
ray oscillograph utilizes the new
S5UP-1 tube with a 5" screen.
The Model 505 features a wide and

narrow band FM oscillator which
makes a separate FM oscillator un-
necessary; a wide-band, high gain
vertical amplifier up to 1 megacycle;
a modulation circuit which permits
the FM oscillator to be either inter-
nally or externally modulated; a de-
modulator which permits any modu-
lated r.f. signal to be viewed; a self-
contained mixer circuit which per-
mits FM output with any good signal
generator; a signal tracer jack; sinu-
soidal sweep with phasing control; and
a three-range frequency compensated
attenuator network for the vertical
amplifier.

For detailed literature on the Model
505 write the Hickok Electrical In-
strument Co., 10524 Dupont Avenue,
Cleveland 8, Ohio.

"POCKETRACER"

Radex Corporation of Chicago is
now marketing a pocket-sized uni-
versal signal generator which has
been designed for all types of trouble-
shooting.

The r.f. and audio signal source of

the multivibrator type can be used
for the quick analysis of circuit diffi-
culties. The unit generates a universal
frequency which can be used for align-
ment or test purposes, while an audio
frequency is generated in addition to

R4

r.f. and i.f. Total current consump-
tion of the unit is only 140 ma.

A single penlite type flashlight bat-
tery is used to power the unit.

Additional information on the
“Pocketracer” may be secured from
Radex Corporation, 2076 Elston Ave-
nue, Chicago 14, Illinois.

"MEGA-PIPPER"

Kay Electric Company is currently
in production on a new instrument for
the quick and accurate alignment of
television receivers.

Known as the ‘“Mega-Pipper,” this
unit gives four precise crystal con-
trolled pips which are independent of
the circuit under test. These pips es-
tablish the picture, sound carrier, and
also the adjacent channel points. No
switching or adjustment is necessary
for frequency control. Since the pips
are fed directly into an oscilloscope,
the pips are visible at all times, even
in the traps where the highest preci-
sion is required.

The “Mega-Pipper” is designed to
be used with the company’s “Mega-
Sweep” or “Mega-Match” instruments.

Prices and additional information
on this unit will be supplied by Kay
Electric Company, Pine Brook, New
Jersey.

TELE-BOOSTER

Vision Research Laboratories has

developed a device which is said to

boost weak stations to a point where
suitable reception is possible.

Known as the “Tele-Booster,” the
unit is a compact, simply-installed r.f.
amplifier with self-contained power
supply. It is connected to the tele-
vision receiver by installing the unit
in series with the receiving antenna.
Since the ‘“‘Tele-Booster” is a selec-
tive amplifier, it increases the strength
of the desired signal and tends to re-
ject unwanted off-channel interfer-
ence. A two-position switch on the
front panel of the wooden cabinet cuts
the unit in and out of the circuit at
will. When in the ‘“off” position the
antenna is connected directly to the
television receiver and has no effect
upon normal signals which require no
boosting.
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The cabinet, which measures 3" x 5"
X 6”, is available in either walnut or
mahogany finish. The “Tele-Booster”
is furnished in three models; Model
TVL for Channels 1 through 6; Model
TVH for Channels 7 through 13; and
Model FM for 88 to 108 mc.

Additional information will be sup-
plied by Vision Research Laborato-
ries, 87-50 Lefferts Boulevard, Rich-
mond Hill, New York.

SWEEP CALIBRATOR
The Model GL-22 sweep calibrator
has been added to the Browning line
of electronic equipment.
This is a pulsed timing marker os-
cillator designed for use with standard

oscilloscopes and synchroscopes for
the measurement of time intervals on
either triggered or recurrent sweeps.
Variable amplitude markers of either
polarity are provided with sufficient
amplitude for use as intensity mark-
ers or directly on the cathode-ray
tube plates as deflection markers.

Available markers include; .1, .5, 1,
10, and 100 microseconds. A positive
or negative variable width gate pulse
output is provided for test purposes.
The duration of this pulse corresponds
to the duration of the marker group.
Operation of the calibrator may be by
use of external synchronizing trig-
gers or from its own trigger gen-
erator with output triggers of both
polarities available at front panel con-
nections.

Additional information on the Model
GL-22 may be secured from Browning
Laboratories, Inc., Winchester, Massa-
chusetts.

PORTABLE P.A. SYSTEM

The RSiltronic Company of Pitts-
burgh, Pennsylvania, has developed a
fully portable public address system
which is particularly suited for in-
dustrial plants, carnivals, municipal
agencies, crowd control, instruction,
sales meetings, etc.

The PA-4 is housed in a sturdily
built carrying case and is completely
self-contained. The unit measures
9” x T%" x 12" and weighs, complete
with batteries, just 12 pounds.

The unit has a high gain, three-
stage amplifier; crystal, high fidelity

RADIO NEWS
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~aEACH FOR KEN-RAD--

711 never find a betier tube:

You

Ken-Rad tubes have been built for 26 years
on the idea that when you please the service-
man—you please everybody!

By actual tube experience, servicemen
know Ken-Rad research and engineering
are outstanding. They know Ken-Rad pro-
duction is painstaking—with test after test to
make doubly sure there’s no higher stand-
ard of performance.

Dependability, above everything else, is
why servicemen everywhere say, "Reach for
Ken-Rad—you'll never find a better tube.”’

“We build tubes to build

N ) ...
rouR REPUTATION” ) Ay

Metal Mounting Dept., where grid
turns are accurately aligned in
beam type mounts. (Below) Align-
ing grid turns in speclal jig before
welding to supports.

Practically every radio serviceman knows
Ken-Rad tubes. Ee depends on them.

And there's plenty of reason for this con-  s&
fidence. Ken-Raas are made exclusively to
meet the exacting demands of servicemen.
They're quality tubes, with stamina and
endurance.

This is important. Because it takes more
than good service to build repeat business.
It takes good tubes, too. Ken-Rad tubes.

Use them and you can count on custom-
ers coming back, satistied.

The o’
Serviceman’s / 7.
Tube )

KEN-RAD %%

PRODUCT CF GENERAL ELECTRIC COMPANY
Schenectady 5, New ‘York

April, 1948 83

waany americanradiohistaorvy com



www.americanradiohistory.com

FAMOUS MAKE
RF CHOKE
2.5 Milhenrys
500 Ma. DC
Brand New
Six thin universal pies, isolantite core, in~
sulated mounting brackets. Sensa- 59
tional value at our low price of..... c

PHANTOM ANTENNA
A-27 Sig. Corps
Parts alone worth twice
the price! Contains high
quality mycalex insu-
lated dual spaced trans-
mitting condenser. 150
mmfd; two heavy duty resistors, pointer

knob, scale, leads, and clips. 98
All for only |~

Nationally Known
“Yelvet Action"
VERNIER DIAL

You’'ll recognize this one! We
can't mention name because
of ‘terrific low price! Four-
inch dial, engine-divided
scale, and vernier, tlush with scale. 6 to 1
planetary drive, Fits 4" shatt. $ l 69
BRAND NEW, now only........ o

HAND REAMER

Every service shop needs
this useful tool. Made of
solid, high quality tool
steel, reams up to %” hole.
DON'T MISS THIS WON-
DERFUL VALUE. We've

only a limited
quantity at 69:

SOCKET WRENCH
KIiT
Another necessary
tool for every ham, 5 VR
repairman, experimenter, Consists of
right-angle ball-bearing wrench with six
interchangeable sockets from %” down to
3/16. In handy metal container. 35c
A REAL BARGAIN AT............
TWO. SPEED
PLANETARY
DRIVE

Fitg condenser shaft
back of panel, or dial
knob shaft. 5to1and 1
to 1 ratios. For any %” shaft. ONLY A
FEW LEFT AT THIS 79c
LOW PRICE

AIR PADDER
CONDENSERS
Low loss insulated padders,
have screw driver adjust-
ment and locking nut. EXCEPTIONAL
VALUE!
15 mmfd

25 mmfd
YOUR CHOICE

10 for $1.90

Please include 25% Deposit with order,
Balance C.0.D, Minimum C.0.D. Order $5.00.
DEPARTMENT 28-G

RADIO = ELECTRONIC

distributors of
and SOUND EQUIPMENT
80 PARK PLACE, N. v. 7
Phone:. Digby 9-3050

86

microphone cased in a streamlined
die cast housing; and a heavy-duty 6"
PM speaker. The PA-4 uses three

i

>

tubes and three easily replaced, long
life batteries.

Additional details and literatutre on
the PA-4 are available from The Sil-
tronic Company, Point Building, Pitts-
burgh 22, Pennsylvania.

TIRE STATIC POWDER KITS

General Cement Mfg. Co. has re-
cently developed a tire static powder
which is said to improve auto radio
reception and eliminate contact shock.

The new Kits include an easy-to-use
injector for introducing the static
powder into tire tubes without com-
pletely deflating the tires. The pow-
der is blown into the tire’s inner tube
under air pressure. The tire air pres-
sure is merely reduced 5 to 10 pounds,
the injector is attached to the tube
valve stem and the proper air pressure
is again adjusted in the tire. The
powder is automatically blown and
distributed into the inner tube.

The kit includes an injector and
sufficient static powder. for five tires.
Further information on the kits will
be furnished by General Cement Mfg.
Co., 919 Taylor Ave., Rockford, Ill.

PIN STRAIGHTENER
The second of a series of specially
designed servicemen's shop tools, a
miniature pin straightener, has been
announced by Hytrou Radio & Elec-

tromics Corp. of Salem, Massachusetts.
Designed to make the serviceman’s
job easier and more profitable, this
new tool is built of special stainless
steel and aluminum for long life and
trouble-free performance.
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“from - 0-1000-100,000;

Special mounting holes are provided
to permit the straightener to be fas-
tened to the service bench. The units
are priced to permit each serviceman
to have one for the bench, one for the
tool kit, and one for the counter near
the tube tester.

Distribution of these miniature pin
straighteners is being made <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>