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where you see the

name STANCOR

you can count on

SERVICE

The famous black-and-yellow STANCOR em-
blem stands for SERVICE ... in guatanteed
transformer performance . . . and in the friendly
helpfulness of the Authorized STANCOR Dis-
tributor . . . who stands behind the product he
sells. . .. Yes, whercver you see the STANCGR
emblem you know you will find the most com-
plete sclection of Replacement and General Pur-
pose Transformers . . . advanced designs . . . and
the universal application that make STANCOR
first with radio service men. . .. You bet you can
look to STANCOR . . . for the standard of per-
formance that assures you of satisfied customers,

'TRANSFORMERS

STANDARD TRANSFORMER CORPORATION - 1500 N. HALSTED ST., CHICAGO 22, ILL.



SWAP - BUY - SELL

SWAP OR SELL—Hickok v.t.v.m., latest
#£203. Need late tube checker or what
have you? J. Musin, 206 E. 40th St.,
New York 16, N. Y.

JOB WANTED—Am willing to take job

as radio service helper. Now going to
night school learning advanced radio re-
pair. Or will take job as a trainee in
radio work, store or factory. Kurt W.
Kahle, 467 E. 169th St., Bronx, New
York 56, N. Y.

FOR SALE—3310 Simpson sig. gener-
ator, $35; #400 Simpson tube tester,
$36; EL-320 Simpson ohmmeter, $35.
Wiring diagrams furnished. Acme Radio
Service, 809-14th Ave. North, Minneap-
olis 11, Minn,

FOR SALE OR TRADE—Dynamotor PE-
73-C, 1000v 350ma. output; 28v d.c.
input. Extra fuses, brushes, connecting
plugs included. $20 or will trade for
frequency meter or other test or ham
eqpt. Donald Vietorson, 255 Eastern
Parkway, Brooklyn 16, N. Y.

WORK WANTED—Radio student, veteran,
attending school, desires part time job
in radlo fleld in vicinity of Newark or
immediate suburbs, Theodore Paganetti,
2724 Palisade Ave.,, Weehawken, N. J

FOR SALE—Rider manuals 1, 2, 38, 4;
Modern Radio Servicing; Radio Trouble-

shooter’s Manual; Supreme H85 tube

tester and misc, parts and tubes. John

DMurejezyk, 35 No. Summer St., Adams,
ass.

FOR SALE — Superior radic and tube
tester #1280, first class shape, only
$15. F.0.B. Johnson Radio Service,
Austin, Minn.

WANTED—25 cycle phono motors and
power transformers. Will buy or swap.
I have 60 cycle transformers and phono
motors for sale, Friendly Radio Service,
166 Walnut St., Lockport, N. Y.

FOR SALE—Rebuilt TBY Pack Walkie-
Talkie. Crystal controlled. Rechargeable
power supply. 40 lbs. Fine receiver, hi-
f transmitter. 10 meters. 7 tubes. Guar-
anteed. Schematics & instructions includ-
ed. $40, Gil Arroyo, 87 Benmore Ave.,
Franklin Square, New York.

FOR SALE—Sprague Telohmike 18,
$40; Supreme Audolyzer 562, $98:
G-E rube tester TC-3, $40; G-E UMS3,
$28. All late models in original cartons
with instructions. Edwin Larason, Route
3, Delaware, Ohio.

WANTED—Signal generator, oscilloscope,
20,000 ohm per volt tester. Am inter-
ested in any radio test egqpt. Describe
fully, state price. Ben Benson, Inwood,
Manitoba, Canada.

WILL SWAP—Large assortment radio
parts incl. 100 tubes, mikes, 30-watt
amplifier, 3 meters, v-o-m, etc. Write for
detailed list. Want 8mm movie eqpt. or
other radio parts. What have you. A.
Miller, 850 E. 156th St., New York 55,
N. Y.

FOR SALE—General Electric 2 amp.
Tungar battery charger, complete, brand
new; also Ohmite 150hm variable T-pad,
25-watt. Both for $12 plus postage. M.
S. Schaefer, 280 Wadsworth Ave., New
York 33, N. Y.

WANTED—Hickok 08-12 or Precision
E-200 signal generator; also Stancor 131
D.C. power pack. Must be in good con-
dition. Name lowest price. Dave’s Radlo,
1316—42nd St., Brooklyn 19, N. Y.

WANTED—32L7 or 25A7 tube. Cash or
trade, What do you need? Leslie Brow-
nell, 125 DuBois St., DuBois, Pa.

WANTED—TFinancial help to develop a
very useful and practical idea. Write for
details. August Golla, Rt. #1, Box 114,
Converse, Texas.

WANTED—Following Rider hooks: Radie
Service Questions & Answers Vol. 2;
Servicing Auto Radio Receivers; Vibrator
Power Supplies; Mathematies of Radio;
Practical Testing Systems; Practical
Radie Repairing Hints. Paul Capito, 637
W. 21 St., Erie, Pa.

FOR SALE-—Hickok 532P tube tester:
191X signal generator; 203 Electronic
vom.; and Solar BQC 1-60 condenser
checker. Also Rider manuals VI to XIV.
Richard Fruechete, New Albin, Iowa.

FOR TRADE—Sams Photofact Folders 1
to 10 for Rider manuals Vol. VI or
later in good condition, E. Bond, Bone-
steel, South Dakota,

FOR SALE—Complete 1925 International
Corresp. School radio course consisting
of 26 booklets. Bill Thoma, 69 S. Sper-
ling Ave., Dayton, Ohio.

WILL TRADE—Unused Stancor trans-
former. 5, 6.3 and 800v secondaries,
rated 120 m.a. What will you trade?
Chas. 0. Holomon, Colorado State Hos-
pital, Pueblo, Col., ¢/0 Engineering.

FOR SALE—Well equipped radio shop.
Test eqpt., tubes, parts and service
manuals. Only cash accepted. Reason for
selling—going to college. For full par-
ticulars. see or write: Cox Radio Service,
Box 341, Anson, Texas.

YOUR OWN AD

The Sprague Trading Post is a
free advertising service for
the benefit of our radio
friends. Providing only that it
fits in with the spirit of this
service, we'll gladly run your
own ad in the first available
issue of one of the six radio
magazines in which this fea-
ture appears. Write CARE-
FULLY or print. Hold it to 40

Send your ad to
Dept. RM-37, SPRAGUE PRODUCTS COMPANY,
North Adams, Mass.

(Jobbing distributing organization for products of
the Sprague Electric Co.)

RUN HERE FREE

words or less. Confine it to
radio  subjects. Make sure
your meaning is clear., No
commercial advertising or the
offering of merchandise to the
highest bidder is acceptable.
Sprague, of course, assumes
no responsibility in connection
with merchandise bought or
sold through these columns or
for the resulting transactions.

Sprague Type LM's!

SPRAGUE ATOMS

The Handiest Dry Electrolytic Capacitor for
Vertical Chassis Mounting

These unique Sprague Type LM Atoms with their uni-
versal mounting feature are just the thing for reolacing
inverted can, spade-lug or other types of vertically-
mounted capacitors, They fit any chassis hole from 3/16”
to 7/8” diameter. Special clamps fasten securely to the
chassis in an instant. Separate positive and separate neg-
ative leads can be connected together to get common
positive or negative sections.
common positive section capacitors because section-to-
section electrolysis is eliminated. Available in popular
capacities at leading jobbers. Ask for them by name—

Ideal for replacing old

FOR SALE—AI new precislon instru-
ments, models 954P, $89.95; #£915
counter checker, $79; #912, $54.50;
E200 signal generator, $59.95; Approved
signal generator, $45. Embassy Radio &
Appliance Co., 64 Gramatan Ave., Mt.
Vernon, N. Y.

FOR SALE—Webber model 50 tube tes-
ter, complete with charts. Brought up to
date to test loktals. $20. George U.
Hanold, Rt. #1, Wonewoe, Wisc.

FOR SALE—Complete stoek tubes In-
cluding receiving & transmitting, parts
and supplies. Good discounts. State what
vou need. Edward Howell, 501 West Har-
den St., Graham, N. C.

WANTED—Rider manuals 1-5, §, 11, 15
and service equipment. Diek Wheaton,
452 Park Ave., Valparaiso, Ind.

FOR SALE OR SWAP—Dumont 5” screen,
2208 oscilloscope, hi-sensitivity type,
like new. Also two 34 h.p. Westinghouse
motors, 220v 60 ey. 3-phase explosion
proof, 5"x2%" shaft, 1200 r.p.m. hall
bearings, new. AAA Appliances Co., 8
Eaton Place, Newark 7, N. J.

WANTED—Circuit diagram of Dayrad tube
tester serlal number 20-C-24016 by Radlo
Produets Company. Frank Schillinger,
Route #£5, East St. Louis, Ill.

WANTED—Model ““Little Pro” 12LP Fed-
eral recorder. Will pay cash or trade.
Tiny’s Radio 8hop, 500 S. St., Sacra-
mento 14, Calif.

WORK WANTED—Radio service. Indus-
trious young man. Experienced. Write
for details to James Glassel, 8t. Crolx
Falls, Wis.

FOR SALE—New Superior #450 tube
tester, $39; used Superior #1230 signal

generator, $29; 35 new tubes and 10
slightly used tubes. $20. Write for list.
Robert Klinge, 7600 Penn S8t., Kamsas
City 5, Mo.

WANTED—Dynamotor complete in case
for BC 312 receiver, David F. deLemos,
Box 231, Bolinas, Martin Couaty, Calif.

FOR SALE—Jackson 523 3" oscillograpk’
new Motorela 45B12 1000 hr. batters
radios. John Repa, Jr., Richlandtown, Pa.

WANTED—WORK IN RADI0O FIELD—
Experience; army radlo operator, repair-
man for 3 years, service work in local
shop, signal corps training, DeForest’s.
Veteran, married, age 26, V. E. Ander-
son, 512 W, 8th St., Fremont, Nebr.

WANTED—Any or all of the following
European tubes; ECL-11; ECH-11; EBF-
11. Also need schematic of European
Radlo model MS195W. Price ns object.
Floyd W. Wilton, Greenfleld, Il

WANTED TG BUY OR TRADE—Radie
parts, test eqpt., recording and phonc
eqpt., P. A. supplies. Have for trade
Ab-8 Astatic pickup, American #4100
V-0-M meter. Walter Bartell, 1107 N.
Western Ave., Chicago 22, Il

WANTED — Q. E. phonograph motor
F#5NC50GM2 115v 680 cy. State rondition
and price. Charles M. Conley, 806—24th
St., Ogden, Utah.

WANTED — Hallicrafters 8 X-2 8 A and
speaker. Must be new or in perfect con-
ditlon. Ronald Tew, 1288 Meadowbrook
Ave., Los Angeles 385, Calif.

POSITION WANTED-—Ex-radio technician
wants position as Jr. E.E. or electronies
technician B.K.E., industrial experience,
age 33. Norman Vought, 7455 64th Lane,
Glendale, L. L., N. Y.

ASK FOR SPRAGUE CAPACITORS and *KOOLOHM RESISTORS by name!

¢ Trademark Reg. U.S. Pat. Off,
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To supply your

ALLORY is pretty fussy about the taper and resistance
values of the controls it makes. That’s because it has a
thorough knowledge of controls in all original receiving sets
... conscientiously duplicates these controls with a stream-

lined, but complete line of replacements.

INSIST ON MALLORY—
Mallory Double Tapped Midget Controls are a case in point. THE COMPLETE CONTROL LINE

They come in ten resistance values—to supply every need! By

merely combining them with the right Mallory Plug-In Shaft,
Mallory is the manufacturer
that offers:

e 33 Correctly Tapered Wire-Wound

you can duplicate most double tapped original controls in the

“special”’ category.

. , . Controls
Furthermore, Mallory provides large double tapPed 001‘1trols in e 31 Values in Single Tapped
four resistance values. These are to replace originals with fixed Controls
shafts of 3 inches or less. ® 10 Values in Double Tapped
Coritrols

12 Clutch Type Controls
10 Universal Dual Controls
92 Popular Special Controls

See the Mallory Catalog for the complete story. Or contact

your Mallory distributor.

You Expect More — and Get More —from Mallory

P. R. MALLORY & CO,, knc., INDIANAPOLIS 6, INDIANA..
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THOUSANDS OF ITEMS!
Ant ... FM and Television ..........Milton Kauf 6
" ::::nsission lines anadnmafc:inzvslysslf::s Hon Ratman ‘ OUTSTAN DING VALU ES!

10 | Just off the press—48 exciting
pages of radio parts, equipment,
and supplies for dealers, service-
men, amateurs, maintenance,
testing, building and experiment-
, ing—Thousands of items NOW
16 IN STOCK and ready for IMME-
DIATE SHIPMENT! Big feature
sections of Radio Sets, Commu-

The Vertical Sweep-Television Receivers . . Morton Scheraga

Number four of a series on the television receiver

Servicing Automatic Record Changers . ...Norman L. Chalfin 14

Maintenance and repair |

Oscillators and Converfers .............Monroe M. Lange
Their theory and common faults

The Industry Presents .............ccovviiiiennnanee.... 24 nications Receivers, Amplifiers,
Replacement Parts, Ham Gear,

Radio Service Bench ..........................Max Alth 29 Record Players and Portables,
Repairing aged TRF Receivers Record Changers and Complete
Sound Systems. Page after page

The Notebook ........cciivieiniinneenonneenneneenss 31 of bargains in top-quality stand-
Shop suggestions ard-make radio parts and elec-

tronic equipment.

Mail Coupon NOW for FREE COPY

Electronically Speaking .....................cceve... 34 Mail coupon below TODAY for
your FREE COPY of this latest
Concord Buying Guide and Bar-

gain Catalog of Radio needs
WiLLIAM F. BOoYCE JOSEPH J. ROCHE AL JOHNSTON ou can order for SAME DAY

Publisher fitor Jobber Sales SHIPMENT from complete
stocks in Chicago and Atlanta.

OvertheBench ............................John T. Frye 33
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The business-like way to make money is to keep
plugging ahead at your bench. If your stock is lean
and you have to run to the distributor every time you
need a volume control, you're frittering away your
valuable “bench time” and income. Stock up too high
on “special” volume controls and you may wind up
behind an inventory 8-ball.

HERE’S THE RIGHT ANSWER 9 OUT OF 10 TIMES

The sensible solution to your volume control re-
placements is the IRC Century Line. Over 90% (by
actual analysis) of all jobs can be taken care of by these
112 types of volume controls. As a matter of fact, you
don’t even need the entire 112; a selection of only 70
Type D IRC Volume Controls and 11 Tap-In Shafts
may handle most of your work. So see your IRC
Distributor right away and save your bench time,
patience, and money with IRC.

THE IRC CENTURY LINE

The 112 Volume Controls and 5 Switches That Solve
Over 90% of Your Replacement Problems . . . . .

® 70 Universal Type D Controls with @ 7 Dual Controls with Fixed Shafts

1 easily installed Tap-in Shafts *9 Controls for Specific Service

®16 Popular Type Controls with Used with Fixed Shafts

Fixed Shafts ® 2 Special Controls for Power Re-

®8 Clutch Type Controls with quirements with Tap-in Shafts

Fixed Shafts ® 5 Switches

Bring yourself up fo date with the new No. 4 Edifion
of this amazingly popular and useful manual. Con-
tains detailed replacement information on nearly all
models up to 1946. Complete listing of 1941-42
models . . . the ones now coming in for repair. 156
pages. 25c at your IRC Distributor.

HILADELPHIA 8, PA.

401 N. BROAD STREET

Wherever the Circuit says ﬂ-

In Canada: International Resistance Co., Lid., Toronto, Licensee
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by
Milton Kaufman
RCA Institute

This is the first of two articles on FM and television
theory. It gives an easily understood explanation of

transmission lines and matching systems.

Now THAT TELEVISION and FM

sets are beginning to roll off the
production lines in large quantities,
the average serviceman will be
called upon to select and install
highly efficient antenna systems. It
cannot be too strongly emphasized
that the success or failure of ob-
taining satisfactory reception at the
high frequencies used for these
services depends to a great extent
on the antenna installation.

In the case of the average broad-
cast band receiver, practically any
antenna system chosen will usually
be successful. The only penalties
which might result from a hap-
hazard selection would be either a
reduction in signal strength with-
out distortion, or an increase in
noise pickup. This is not the case
when dealing with the problems to

6

be met in the television and FM
bands.

The purpose of this series of arti-
cles is to provide the serviceman
and technician with enough infor-
mation and practical examples so
that he may reach a successful solu-
tion to most of the difficulties to be
encountered in the field.

The problems of antenna instal-
lation can be broken down into three
major divisions:

1. The selection and installation
of transmission lines.

2. The selection, installation and
orientation of the antenna.

3. The proper matching of the
transmission line to the antenna
and receiver.

Fach one of.these divisions is of
critical importance in the perform-

Wwww-americanradiohistorvy com

ance of the antenna system.
Transmission Lines

The function of a theoretically
perfect transmission line is to con-
vey the energy which is picked up
by the antenna to the receiver in
such a manner that no losses occur
during the transmission. It is es-
sential that the line itself does not
pick any stray energy.

Three factors to which losses may
be attributed are:

1. Dielectric loss which results
from power dissipated in the form
of heat within the insulation mate-
rial.

2. Radiation loss, resulting from
power being transferred into space
or to nearby conducting objects.

3. Copper loss, due to the re-
sistance of the conductor.

MARCH 1947 @ RADIO MAINTENANCE



When considering losses in trans-
mission lines used for receiving
purposes, the copper loss can gen-
erally be neglected because of the
small amount of power involved.

There are now commercially
available a number of excellent
transmission lines. The choice of
the particular type to be used will
depend upon each individual situa-
tion. Lines may be classified gen-
erally as follows:

1. Twisted pair

2. Shielded pair

3. Two wire parallel conductor

4. Concentric (er coaxial) line

Twisted Pair

This consists of two insulated
wires twisted upon each other to
form a flexible line. A twisted pair
has characteristic impedances rang-
ing from 40 to 150 ohms. It is the
most economical and flexible line,
but has the greatest dielectric losses.
One such typical line has a voltage
loss of 4 db per hundred feet at 50
megacycles. This loss increases with
frequency and results in an effi-
ciency of less than 50 per cent for
a hundred foot length (See Fig. 2).

The twisted pair line is recom-
mended only for comparatively
short lengths, 50 feet or less, and
in regions of high signal strength.
It is “balanced” to ground, but is
unshielded. A line is said to be bal-
anced when the capacitance between
each conductor and ground is uni-
form along the entire length of the
line. If radiation from an un-
shielded line is to be avoided, the
current flow in each conductor must
be equal in order to set up equal
and opposite magnetic fields which
cancel out. This condition will re-
sult only if the line is well in the
clear of all conducting objects. The
line should not be permitted to
swing freely, but must be fastened
securely at regular intervals with
high quality insulators.

Shielded Pair

This consists of two separate
parallel conductors  which are insu-
lated from each other by a low loss
dielectric, such as the new plastic,
Polythene. The conductors are con-
tained within a tubing made of cop-
per braid which acts as a shield.
The entire assembly is covered with
a rubber or plastic composition to
afford weatherproofing. The shield-
ed pair has two outstanding ad-

RADIO MAINTENANCE ¢
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Fig. 1 Four types of transmission line now being used with FM and felevision
antennas: (A) Twisted pair; (B) Two wire parallel conductor; (C) Ceaxial
cable; (D) Shielded parallel pair.

vantages. First, is the fact that
the conductors are shielded against
pickup from stray interference;
and, secondly, the line is balanced
to ground at all points due to the
enclosing shield. Therefore, it may
be run close to conducting objects
without fear of its becoming un-
balanced. The effect of unbalance
would be to increase the losses re-
sulting from radiation. This line
may be used in areas where local
interference exists. The efficiency,
however, is not much better than
for the twisted pair, and its length
should be restricted to about 75
feet or less. The impedance values
range from 50 to 100 ohms.

Two Wire Parallel Conductor

The two wire parallel conductor
which is enclosed im a plastic rib-
bon of Polythene is rapidly becom-
ing one of the most popular types
in use today. Polythene is a syn-
thetic plastic material with a yellow-
ish waxy appearance. It has the best
electrical characteristics of any ma-
terial yet developed for this pur-
pose. It is manufactured by the
American  Phenolic  Corporation
(Amphenol), Federal Telephone
and Radio Corporation, and a num-
ber of other concerns.

The line features great flexibility
and low loss, and is available in im-
pedance values ranging from 75 to

300 ohms. A 300 ohm line of this
type will match perfectly to a folded
dipole antenna (to be described
later), and to many television re-
ceivers which have an input im-
pedance of 300 ohms. The attenua-
tion of the line at 50 megacycles is
approximately 1.2 db per hundred
feet, which gives it an efficiency of
almost 80 per cent. This means that,
of all the energy picked up by the
antenna, 80 per cent will be de-
livered to the receiver. Howevers
since the line is of the balanced type
and unshielded, the same precau-
tions should be taken as with the

-~ To Follewing Page

'VOLTAGE LOSS IN DB.
EFFICIENCY LOSS
IN=2,

°

% 7091
RAVO-

Fig. ‘2 A curve showing the voltage
loss in db and the efficiency loss in per
cent for various standing wave ratios.
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twisted pair. It is not recommended
for use in extremely noisy locations.
Lengths up to 150 or 200 feet will
give good results.

Concentrie (or Coaxial) Line

This is by far the most efficient
type of all. It consists of an insu-
lated center wire enclosed by a con-
centric " metallic outer covering
which may be either solid or flexi-
ble. The signal energy is confined
to the inside of the line; hence,
there is no loss of power due to
radiation. The outer conductor acts
as a shield, thus the line is not sub-
ject to pickup from stray fields and
may be used in noisy locations
where other lines would be inef-
fectual. It is available in impedances
ranging from 10 to 150 ohms. The
line is of the unbalanced type and
must be correctly terminated at the
receiver with the shield connected
to ground. The attenuation depends
on the insulating material used, and
for Polythene may be as low as 0.4
db per hundred feet. This results
in a line efficiency of almost 95 per
cent (See Tig. 2). If the length is
to be more than 50 feet, the line
should be made with high grade
insulation, such as Polythene or
Copalene; tc keep dielectric losses
to a minimum. ;

It must be remembered that what-
ever the type used, the line must be
properly matched to both the an-
tenna and the receiver if efficiency
losses due to reflections are to be
avoided.

In summary, Table I has been
prepared, listing the important char-
acteristics of the different lines.
(See Fig. 3).

Characteristic Impedance

One of the most important ex-
pressions used in describing a trans-
mission line is its characteristic (or
surge) impedance, expressed - in
ohms. The characteristic impedance
must be chosen properly so as to
match the input impedance of the
receiver and the impedance of the
antenna. Otherwise, large standing
wave ratios will reduce the efficiency
of the antenna system. The factors
which determine the magnitude of
this impedance are the diameter of

TYPE OF SURGE ATTENUATION | EFFICIENCY| MAXIMUM BALANGED | SHIELDED
LINE IMPEDENCE | IN DB. PER IN % RECOMMENDED OR OR
100 FT. AT LENGTH IN UNBALANCED | UNSHIELDED
FROM| TO |50 MC. FEET
TWISTED
PAIR 40 | 150 4 42 50 BAL. UNS.
SHIELDED
PAIR 40 |00 15— 3 50~78 50— 75 BAL. s,
TWO- WIRE
PARALLEL]| 75 {300 L2 75 150 BAL. UNS.
{ POLYTHENE)
COAXIAL
(POLYTHENE) '© 150 4 92 400 UNBAL. s.

Fig. 3 The above chart shows the important characteristics of the various
types of transmission line.

the conductors, the spacing between
the conductors, and the dielectric
constant of the insulating material
used to separate them. The wider
the spacing and the smaller the di-
ameter of the conductors, the great-
er will be the value of the char-
acteristic impedance. However, an
increase in the dielectric constant
above that of air will reduce the
characteristic impedance, Useful
values for television and FM range
from 50 to 300 ohms.

For a two wire parallel line with
air dielectric, the impedance is giv-
en by the formula

Z = 276 log b/a
where b is equal to the spacing be-
tween the conductors measured
from center to center, and a is equal
to the radius of one conductor.

Fig. 4 shows values of character-
istic impedance for various wire
sizes and spacings. If the dielectric
is other than air, the answer must
be multiplied by a factor 1 over the
square root of K, where K is equal
to the dielectric constant. For Poly-
+hene dielectric, simply multiply the
results obtained from the graph by
0.675.

For a coaxial line with air dielec-
tric, the impedance is given by the
formula

Z = 138 log b/a
where b is equal to the inner diam-
eter of the outer conductor, and a
is equal to the outer diameter of
the inner conductor. For a line
using Polythene dielectric, multiply

the results obtained from the graph
(Fig. 5) by 0.675.

Standing Waves

It was previously mentioned that
a mismatch of impedances between
the transmission line and the re-
ceiver would cause standing waves
to be set up on the line and a loss
of signal strength at the receiver.
The system shown in Fig. 6A is
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Fig. 4 A chart giving the impedance of

iwo wire parallel transmission line (air

dielectric) using various combination
of spacing and conductor size.
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perfectly matched. The input coil
to the receiver has an impedance of
75 ohms which is being fed by a
transmission line of 75 ohms, and
this in turn is fed from a dipole
antenna which also has an 1m-
pedance of 75 ohms. Therefore, all
of the energy going down the line
will be absorbed at the receiver and
no reflection will occur. Thus, there
will be no standing waves on the
transmission lines, and a maximum
efficiency will result.

Now, refer to Fig. 6B and it will
be seen that, although the antenna
and transmission lines are matched,
the transmission line is not matched
to the receiver, This mismatch is
in the ratio of 300 to 75, or 4 to 1.
Therefore, the standing wave ratio
is also 4 to 1.

Referring to the graph of Fig. 2,
it is found that a standing wave
ratio of 4 corresponds to an effi-
ciency loss of 37 per cent, which is
due only to the mismatch and does
not include the dielectric loss. This
loss, due to mismatching, occurs be-
cause some of the signal is not ab-
sorbed by the load (receiver input
coil) and is reflected back to the
antenna. The reflected wave, com-
bining with the original, creates an
effect known as standing waves.

The waves which are stationary
in position along the line radiate
into space and induce currents into
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INNER DIAMETER OF THE
OUTER COND. IN INCHES

Fig. 5 A chart showing the impedance

of concentric transmission line (air di-

electric) for different combinations of
inside and outside conductor sizes.
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Fig. 6 Correctly and incorrectly matched antenna systems.
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RECEIVER & LINE ARE
MISMATCHED

In {A) the 75-

ohm line matches at both the antenna and receiver ends; and, therefore, the

match is correct.

In (B) the 75-ohm line matches the antenna but does not

match the input of the receiver.

FOLDED
DIPOLE
P

A
[+
302 Z2=150n LINE Zs7 E?Sn.

$eion

RECVR.

EXAMPLE OF "Q" MATCHING

Fig. 7 A matched system using a @
section. The @ section acts as a trans-
former. To obtain desirable efficiency,
the conductors used in the @ section
should be of fairly large diameter.

nearby conductors. Not only is the
efficiency reduced, but if the line is
over 50 feet in length, ghost images
may be seen on a television screen,
due to the reflections. If the line is
less than 50 feet long, the ghost
effect will be negligible.

It is important to note that mis-
matches as high as 2 to 1 are usual-
ly considered acceptable, and will
reduce the efficiency by only 10 per
cent (See Fig. 2). This means that
a transmission line with an im-
pedance of 150 ohms could be used
to match antenna impedances from
75 to 300 ohms. However, it is al-
ways desirable to attempt as close
a match as practicable.

Matching

To obtain maximum efficiency
and the elimination of ghosts, the
transmission line, antenna, and the
receiver should be matched as close-
ly as possible. Thus, it is sometimes
necessary to make use of matching
devices.

Of these, variations in the use of
quarter wave matching sections are
perhaps the most practical. Wher-
ever used, the matching sections
should be made of large diameter
conductors, such as 14 inch tubing,
to insure sufficient band width.
Spacings and diameters for various
values of impedances are given in
Fig. 4,

REFLEGTOR
DIPOLE
< RECVR.
LINE Z=
25‘-&?-1. RECVR. Z 75-
pmmaZ  75-300a | 5300
.,32\.4

EXAMPLE OF OPEN %-
MATCHING
Fig. 8 An open end quarter wave stub

used to match a 75 or 300 ochm line to
a 25 ohm antenna.

The method of procedure to be
used if matching becomes neces-
sary is: First, select a transmission
line to match the input impedance
of the receiver; then if the mis-
match from line to antenna is great-
er than 2 to 1, select the appropriate
matching section. For example, a
television receiver has an input im-
pedance of 75 ohms, and it has been
decided to use a folded dipole an-
tenna which has an impedance of
300 ohms. Select a transmission
line to match the receiver. Thus,
the chosen line will have an im-
pedance of 75 ohms. However, the
mismatch of 300 to 75 is greater
than the allowable 2 to 1, and the
use of a matching transformer is
necessary.

One of the most efficient schemes
is the so-called “Q)” matching sec-
tion. This consists of a quarter
wave stub of the proper impedance,
placed between the antenna and
transmission line (See Fig. 7). The
impedance of the stub is given by
the formula

Z = ~/Za X Z1
where Za is equal to the impedance
of the antenna, and Z1 is equal to
the impedance of the transmission
line. For the example in question

Z = /75 X 300 = 150 ohms
The length of the stub depends on

the center frequency of the anfenna,
- To Page 32
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Morton Scheragn
Allen B. DuMont Labs.

This is the fourth of seven
articles discussing the var-
ious sections of the tele-
vision receiver.

N PREVIOUS ARTICLES, we have

- dealt with those circuits of a
television receiver which select and
amplify the video signal and bring
it up to a level sufficient to drive
the grid of the cathode-ray tube. In
this article, we begin the study of
the circuits that control the motion
of the electron beam and cause it to
trace out a picture in exact syn-
chronism with that being scanned at
the station.

The electron beam is simultan-
eously moved in two directions 15,-
750 times a second horizontally and
60 times a second vertically. After
the electron beam scans 26214 lines
horizontally and arrives at the bot-
tom of the picture, a vertical syn-
chronizing pulse is applied to the
deflection system and brings it back
again to the top of the screen. This
vertical motion occurs 60 times a
second and is the repetition rate of
the vertical sweep system, which

Fig. 2 A video signal showing the
combined sync pulse and picture infor-
mation,

LOW PLATE
VOLTAGE |

Fig. 3 Simplified circuit of a triode
clipper and its input and output wave-
forms.

TO HORIZONTAL SWEEP SYSTEM

section we shall treat in detail in
this article.

Fig. 1 is a block diagram of the
vertical sweep circuits showing the
signal path from the second video
detector to the deflecting plates or
coils. At the second detector, the
composite video signal is obtained
which carries both the picture in-
formation and the synchronizing
pulses. These portions of the video
signal are shown in Fig. 2. The pic-
ture information is applied to the
grid of the cathode-ray tube, while
the synchronizing pulses must be
separated and directed to the sweep
oscillators. This separating of the
sync portion is known as clipping
and is accomplished generally by a
diode or a biased triode. A triode
clipper and the resulting clipped
sync level are shown in Fig. 3.

The chief advantage of the triode
clipper over the diode is the ampli-
fication that is obtained in addition

TO VERTICAL

FROM SYNC.
VIDEO—SEPARATOR
DETECTOR CIRCUITS

Fig. 1

10

VERTICAL
INTEGRATING
CIRCUIT

VERTICAL
OSCILLATOR

SAW-TOOTH SAW-TOOTH DEFLECTING
GENERATOR AMPLIFIER PLé%FLSS OR
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A block diagram of the vertical sweep system used in a television receiver.
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Fig. 4 A simplified diagram showing the synchronizing and deflection circuits
used in a television receiver.

to the clipping action. Usually an-
other stage of sync amplification is
used ; and sometimes even a second
sync separator is introduced that
clips noise pulses that might exist
on the sync signal. Such a: sync
separation circuit is used in the
RCA TRK 120 and is shown in
Fig. 4.

With the sync pulses removed
from the composite signal, it is then
necessary to separate the 60 cycle
vertical sync pulses from the 15,750
cycle horizontal sync pulses. This
separation is accomplished by apply-
ing the combined sync signal to the
filter network shown in Fig. 5. This
network is known as an integrating
circuit. It consists of a series re-
sistance and capacitance, with the
output taken across the capacitance.
In some receivers, two and even
three such networks are cascaded
for better integrating action. The
time constant of the RC circuit is
approximately equal to the duration
of the horizontal pulses, hence little
charge is stored by the capacitance
due to a horizontal pulse. The
longer duration serrated pulses of
the vertical sync signal, on the other
hand, rapidly build up larger charges
on the capacitors. The result is the
integrated vertical signal shown in
Fig. 6.

The polarity of the vertical pulses
required at the output of the inte-
grating circuit depends upon the

RADIO MAINTENANCE # MARCH 1947

type of synchronizing oscillator
used, the two most common in tele-
vision scanning circuits being the
blocking oscillator and the multi-
vibrator. For the former, a positive
pulse is required, while the latter
can be synchronized by either a
positive or negative pulse, depend-
ing upon where it is introduced.
The synchronizing of the vertical
oscillator by the integrated pulse
will be illustrated for the blocking
oscillator shown in Fig. 4. It con-
sists of a tube whose grid is trans-
former coupled to the plate. As the
plate current increases, the grid is
driven positive, causing current to
flow. This grid current builds up a
negative voltage across resistance
R-1, which in turn charges con-

- To Following Page

o EQUALIZING
PULSES

HORIZONTAL:
SYNC:PULSES -
il

SERRATED
VERT. SYNG.
PULSE

R-3

SIZE PEAKING
CONT. RESISTOR
1
I
R4
VERT.
LINEAR-
iTY
CONT. L.
VERT.
L ggmrsrgne
1 = TROL

Fig. 5 A resistance capacitance net-
work used to integrate the vertical
serrated sync pulse.

EQUALIZING
PULSES

Fig. 6 A, a composite sync signal showing the horizontal symc pulses, the

equalizing pulses and the vertical serrated sync pulses.

B, the separated

vertical sync pulse after it passes through the integrating circuit.
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THE VEERTICAL SWEEP

~» From Preceding Page

denser C-1. When the plate current
stops increasing and begins to de-
crease, the reversal in current
through the transformer places a
negative voltage on the grid. The
negative charge on the grid and con-
denser C-1 will then leak off slowly
through R-1, until the grid reaches
a potential where plate current can
again flow. This cycle of grid volt-
age is shown in Fig. 7.

If now a synchronizing pulse is
applied to the grid at a time T which
raises the grid voltage to a point
where plate current will flow, the
oscillator will “trigger” at T rather
than at its natural frequency. In
this manner, the synchronizing
pulses keep the blocking oscillator
in step with the scanning motion oc-
curring at the transmitter. The grid
resistance R-1 controls the free
running frequency of the oscillator.
1t is commonly called the wertical
hold comtrol and is usually variable
so that it can be adjusted by the
serviceman for best synchronization.

The synchronizing blocking oscil-
lator is coupled to the vertical dis-
charge tube which generates a saw-
tooth voltage across condenser C-2.
The amplitude of this saw-tooth
voltage depends upon the RC con-
stant of this circuit. R-2 is variable
and is the amplitude control which
is usually labeled the wertical size
control.

For electrostatic deflection, it is
only necessary to amplify the saw-
tooth voltage and apply it to the
plates of the cathode-ray tube. Elec-
tromagnetic deflection, however, re-
quires that a saw-tooth current in-
stead of voltage be passed through
the deflection coil. To produce the
saw-tooth current, a ‘voltage as
shown in Fig. 8D must be impressed
across the coil. This type of wave-
form is generated by inserting a
resistor in series with the charging
condenser (R-3 of Iig. 4). This
resistor is sometimes referred to as
a peaking resistor.

The generated waveform D is fed
to the wvertical output amplifier
which is transformer coupled to the
yoke in order to match the high plate

12

impedance to the low impedence
presented by the yoke. Since the
saw-tooth voltage output to the am-
plifier may not be perfectly linear,
or distortion may arise in the trans-
former and yoke coupling, the cath-
ode resistor of the amplifier is made
variable. This permits adjusting the
bias of the tube so that some non-
linearity can be compensated for by
operating the tube on a different
part of its characteristic. R-4 is
therefore referred to as the wvertical
linearity control.

This functional description of the

CURRENT IN
MAGNETIC
DEFLECTION
ColL

OR PU
INDUCTANCE TO
PRODUCE SAW-
TOOTH CURRENT

INPUT VOLTAGE

FOR PURE RES-

ISTANCE TO

PRODUCE ‘SAW-
" TOOTH CUR.

INPUT . VOLTAGE
REQUIRED FOR
COMBINATION

. OF RESISTANCE

- AND INDUCT-
ANCE TO

- PRODUCE SAW-
TOOTH CURRENT
IN YOKE

vertical sweep system will enable
us to understand the troubleshooting
problems that generally arise in
these circuits.

Common Troubles

No Vertical Sweep. 1f some por-
tion of the vertical sweep system
fails, vertical scanning ceases and a
very bright horizontal line will ap-
pear on the cathode-ray tube. If
the receiver is left on too long after
the failure occurs, the line may be
burned into the tube screen because

Fig. 8 The waveforms necessary to obtain magnetic deflection: A, the wave-

form of the current in the magnetic deflection coil; B, the input voltage neces-

sary to produce a saw-tooth current in a pure inductance; C, the input voli-

age necessary to produce a saw-tooth current in a pure resistance; D, the in-

put voltage required to produce a saw-tooth current in a combination resist-
ance and inductance such as found in the yoke.
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of the comcentration of the electron
beam on a small area of the tube.
When attempting to locate the fault,
the set can be left on; but turn the
brightness control down so that the
beam is barely visible.

An oscillograph is the instrument
that will most rapidly facilitate the
isolation of the troule. First, set the
oscillograph for 60 cycle sweep so
that the waveforms of the vertical
sweep system can be observed.
Starting at the grid of the oscillator,
check the characteristic pulse at
that point, as, for example, the grid
waveform of a blocking tube oscilla-
tor shown in Fig. 7. If this stage is
oscillating, proceed to the plate of
the discharge tube where a saw-
tooth voltage should be observed.
Continue tracing the signal path to
the grid of the amplifier tube where
the saw-tooth voltage is injected. 1f
the signal is coming through to the
grid, the next point to observe the
saw-tooth voltage is the high side
of the yoke secondary. Do not place
the oscillograph across the high side
of the coupling transformer pri-
mary for an induced voltage as high
as 1000 volts may be generated in
some circuits which would break
down the input components of the
oscillograph.

By signal tracing the vertical
scanning system and knowing which
waveforms to look for, any open
circuit can readily be detected.

Loss of Vertical Synchronization.
This condition is shown in Fig. 9
where the pattern rolls and the
blanking bars are observed. Usually
readjustment of the vertical hold
control will lock the oscillator in
again if it has drifted out of syn-
chronization. In some cases, a com-
ponent may have failed in the in-
tegration circuit or in the separa-
tion circuits so that no sync pulse
is present, permitting the oscillator
to run free. To check quickly for a

good synchronizing pulse, pull out

the oscillator tube and place the
oscillograph across the grid pin of
the oscillator tube socket. If no
sync pulse appears at this point, go
back to the input of the integrator
circuit where the composite clipped
sync should be present. Continue
the signal tracing, if need be, to the
input of the sync clipping circuits
and finally to the output of the sec-
ond detector. If the sync level ap-
pears compressed at the second de-
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tector, or a poor video signal 1s ob-
tained at this point, then the fault
lies in the video IF or RF circuits
and should be tracked down as out-
lined in Parts T and II.

Vertical Size Too Large or Small.
Adjust the vertical size control until
the correct size is obtained. See Fig.
10 for an example of an incorrectly
set size control.

Poor Vertical Lincarity. Adjust
the vertical linearity control for the
best linearity. This adjustment may
affect the size so that the size con-
trol should be simultaneously read-
justed.

Fold-over at the Top of the Pic-
ture. 1f the peaking resistor is off
value, fold-over as shown in Fig. 11
will take place. First check the
waveform at the grid of the output
amplifier to see if a peaking pulse
such as that shown in Fig. 8D is
present. Now substitute a variable
resistor for the peaking resistor and
adjust 1t until a peaking pulse
strong enough to eliminate fold-over
is obtained. The value of resistance
can then be measured on an ohm-
meter and a fixed resistor equal in
value soldered in its place.

Picture off Center. See Fig. 12
for an illustration of this fault. Ad-
just the vertical centering control to
bring the picture into correct posi-
tion. The wvertical positioning 1is
usually accomplished by injecting a
variable DC voltage in series with
the yoke. A typical positioning cir-
cuit is shown in Fig. 4.

These are ‘the common faults to
look for when troubleshooting the
vertical sweep system. Several
other troubles may arise which the
serviceman has little control over;
yet it is well to be aware of them.
For example, momentary loss of
synchronization may be due to line
voltage surges or ignition inter-
ference from a passing automobile.
Severe RF interference may also
cause unstable synchronization ; and
unless it can be trapped out of the
RF stages, there is little use in look-
ing for the fault in the sweep cir-
cuits.  Usually, however, most
troubles in the wvertical scanning
system can be located and corrected
by signal tracing and adjustment of
the variable controls.

In the next article, we shall dis-
cuss the horizontal sweep system
which is analogous in many ways
to the vertical circuits. ¥ ¥ v

Towaxas
REW YORR

Fig. 9 A test pattern showing the
loss of vertical synchronization.

WXy
BLN TORK  or

Fig. 10 A test pattern illustrating the
effect of an incorrectly set vertical
size control.

Fig. 11 A test pattern showing fold-
over resulting from improper peaking
of the vertical saw-tooth voltage.

Fig. 12 A test pattern illustrating the
effect of an incorrectly set vertical
centering control.
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'N THE PAST FEW YEARS, a num-
ber of sound recording and re-
producing devices which utilize
magnetic tape, magnetic wire, and
various embossed groove plastic
tapes have been developed. While
these devices have already found
their place, there is little likeli-
hood that they will displace disc
reproducing equipment in the near
future,

With the new improved types of
automatic record changers now on
the market, and public interest con-
stantly increasing, all indications
are that the disc recording business
will be bigger than ever. The serv-
iceman is going to encounter many
more record changer phonographs
and receivers equipped with record
changers than he has in the past.
An understanding of the operation

14

by Norman L. Chalfin

of changers and the ability to re-
pair them will be vital. Complete
understanding of record changer
mechanisms can only come after
careful examination of the various
types. This article is designed to
assist in that understanding and to
point out some of the more com-
mon faults.

Record changers may be grouped
into two broad categories: The
single side sequence changers, and
those which turn each record over
and play the second side.

The single-side sequence changer
is by far the most common. There
are two types of single-side chang-
er: The drop type, in which each
new record drops from the bottom
of a stack onto a turntable (See
Fig. 1), is played and remains there
while the next record drops on

WAWW- americanradiohicstory ecom
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top of it; and the obsolete ejec-
tor changer, in which the record is
pushed off the turntable into a
hopper after being played.

A record changer can be broken
down into four groups of parts,
each group doing a specific part of
the job. The first group is the elec-
trical system comprising the motor
and the power source. The second
group consists of a combination of
cams, gears, and mechanical link-
ages which derive their power from
the turntable motion and provide
the sequence of change cycle. The
third group is the record stacking
or supply mechanism, and the
fourth is the tone arm.

The majority of record changers
employ synchronous AC motors.
These motors have very few parts
which wear or burn out. A few
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units have been made which em-
ploy universal type motors. In this
type there are brushes, commuta-
tors, and in some instances gear
trains and governor assemblies.

The drop type, single-side se-
quence changer, as stated previous-
ly, is the most common type of
record changer in use today. Refer-
ence will be made to other than
drop type equipment when the prin-
ciples involved are the same.

The following sequence of opera-
tion is basic for all drop type rec-
ord changers:

The sequence begins at the mo-
ment the starting lever or button
is pushed. (1) The tone arm is
lifted from the rest position and
moved out of the way to permit
(2) the record to fall into place
on the turntable, (3) The tone
arm is lowered onto the record. A
slight start is given to get the stylus
into the first groove (most records
have a run-in groove). (4) After
playing the record, the tone arm
trips the cycling mechanism which,
in turn, lifts it off the record and
moves it out of the path of the next
record. (5) The operations de-
scribed in (1), (2), (3), and (4)
are repeated through all the records
in the stack until the end of the
last record is reached. (6) When
the end of the last record is reached,
either ene of two actions takes
place, depending upon the type of
changer. In some changers, the
tone arm is lifted to its rest post
and the motor shuts off; in others,
the motor does not shut off for the
last record in the stack and, thus,
the record is played over and over
until the mechanism is turned off.

Even though all drop type chang-
ers are alike in their sequence of
operation, the mechanical means
used to accomplish these operations
vary tremendously. In order to
understand any particular type of
changer, a great deal of time can
be saved if its operation is ob-
served through several cycles. In
doing so, pick out a single opera-
tion and concentrate on it until it
is understood. Unlike the electrical
and electronic equipment which the
serviceman usually works with, a
record changer is a mechanical de-
vice and its operation can be ob-
served with the eye. This makes
the job of understanding a changer
very simple.

The fact that a number of opera-
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Fig. 1

A toggle post drop type record changer.

LS A

This type of record changer

is rapidly gaining in popularity.

tions take place at the same time
does make the record changer seem
complex at first glance; but by
breaking the operation down ite
a sequence, as we have done here,
the problem is simplified.

Keep in mind the fact that most
of the motions are initiated by a
previous action. For example, the
tone arm moving across the record
trips the mechanism which moves
the arm out of the way and drops
the next record an the table.

Some actions take place simul-
taneously as in the above where the

WWW- americanradiohistory com

tone arm 1s being moved out of
the way and the next record is be-
ing dropped.

There are two common types of
drop record feed: The slicer type
which has been in use for quite a
few years, and the new toggle post
type which 1s gaining rapidly in
popularity.

In the slicer type, the unplayed
stack of records rests on two or
three slicer blades which are mount-
ed on posts as shown in Fig. 2.
In these changers, the turntable

— To Page 26
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Since the advent of the superheterodyne, a large num-
ber of circuits have been devised for the purpose of
converting the incoming signal to the intermediate
frequency. The author discusses these circuits and

some of their peculiarities.

SCIL
nd

SINCE THE ADVENT of the super-
heterodyne receiver, innumer-
able tubes and circuits have been de-
signed to produce the desired inter-
mediate frequency. All have had
their advantages and disadvantages,
but progress is constantly being
made toward the “ideal” circuit.
While it is common knowledge to
the radioman that the local oscil-
lator “beats” with the incoming
signal frequency, thus creating the
intermediate frequency, a more thor-
ough understanding of the critical
circuits involved will undoubtedly
reduce the time spent analyzing and
repairing sets having defects in
these circuits.

Before discussing the various
oscillators and converters (or mix-
ers) found in the modern receiver,
it will be advantageous to review
certain fundamentals. Fig. 1 is a
partial block diagram of a super-
heterodyne. Frequently a stage of
RF amplification (preselector) is
added before the first detector to
give increased selectivity and sen-
sitivity. The first detector is either
a converter, if the local oscillator
and first detector are combined into
one tube, or a mixer if a separate
oscillator tube is utilized. The
term “first detector” may be con-
fusing as detection in the sense of
separating the audio component
from the RF does not occur. How-
ever, the tube is biased almost at
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cut-off in order to have rectification
take place. This is necessary if a
difference frequency is to be pro-
duced. Incidentally, just as in an
ordinary plate detector, the tube

also acts as an amplifier.

Fig. 2 is a simplified diagram of
how the resultant IF wave is ob-
tained. Two facts should be borne
in mind in regard to this heterodyn-
ing action. One, that the greater

the difference between the ampli-:

tude of the two voltages, the more
nearly will the IF approach a sine

| INCOMING
1 SIGNAL
1 (1600 KC)

FIRST

DETECTOR | TO GRID

OF I-F M
AMPLIFIER |1

Ldc
OSC/LLATOR
(2056 KG)

Fig. 1 A partial block diagram of a
superheterodyne receiver showing the
first detector and local oscillator.

wave. Secondly, that the amplitude
of the resultant will be proportional
to the smaller (in this case the
signal). The illustration shows the
normal condition where the oscil-
lator voltage is greater than the in-
coming signal voltage. If the os-
-illator and signal voltages are equal,
distortion of the IF results. When
the oscillator voltage is less than the
incoming signal, a loss results. In
the case of a modulated signal, that
modulation is transferred to the dif-
ference frequency envelope also.

Appearing in the plate circuit
then, are the applied frequencies,
their sum and their difference. By
placing a parallel resonant circuit,
which has a low impedance to all
frequencies except the difference
frequency, in series with the plate,
maximum voltage at this latter fre-
quency will be developed and fed
to the IF amplifier grid.

That, in brief, is the overall pic-
ture of what takes place in the initial
stages of a superheterodyne re-
ceiver. However, let us contemplate
the specific methods used and the
problems which may arise in this
part of the receiver.

Oscillators

Considering the oscillator first,
what major requisites should it
have? Stability, naturally, is of
prime consideration. In fact, the
more expensive receivers employ
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special automatic frequency control
circuits (see October 1946 Rapio
MAINTENANCE) to make sure that
the frequency is correct. Two, the
oscillator must be able to cover the
band to be received, and also to
“track” with the mixer and pre-
selector with which it is ganged. In
other weords, although it tunes over
a different band of {frequencies,
there must always be a constant dif-
ference between it and the signal
frequency. As previously men-
tioned, the amplitude of oscillations
has to be greater than the signal
voltage to insure the governing of
the IF by the signal. A higher con-
version transconductance (the ratio
of the IF output current to the sig-
nal input voltage) is achieved by
the same means. This oscillator
voltage usually varies from 5 to 15
volts peak RY¥, depending on the
circuit. The limiting factor is the
amount of control grid bias on the
first detector. A consideration of
how to measure this oscillator volt-
age and its effects on the operation
of a receiver will be dealt with in
the latter part of the article under
servicing problems.

The four most common types of
basic oscillator circuits in use to
satisfy the above conditions are the
modified Hartley, the tickler feed-
back (the tuned grid or tuned

= SIGNAL
i emammemm ENVELOPE OF I-F

p——

e OSC. OUTPUT
asassse OSC. OUTPUT MINUS
SIGNAL

Fig. 2 Pattern showing the incoming signal, the oscillator output and the

signal at the input to the iF.

plate), the Meissner and the Col-
pitts (Fig. 3A, 3B, 3C, 3D). The
latter is especially adaptable where
permeability tuning is employed. In
the Hartley, feedback is accom-
plished inductively through a com-
mon tank circuit for the plate and
grid. The tickler oscillator is simi-
lar except that two separate coils are
used and are placed near one an-
other for coupling. The Meissner

circuit uses a floating tank to couple
mutually the two coils, and the Col-
pitts employs capacitive feedback.
Instead of going into any detail re-
garding these circuits, let us make a
general observation of how a power
oscillator works.

An oscillator is actually an AC
generator. In order to accemplish
this, the tube must first of all be an

— To Following Page
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Fig. 3 Four types of oscillator circuits: A, a modified Hariley; B, a tickler feedback type; C, a Meissner; D, a
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amplifier. This is necessary because
a portion of the output must be fed
back to the grid circuit to make up
for the losses there. The feedback
must be regenerative, that is, posi-
tive in order to sustain oscillations.
This is equivalent to giving a swing-

ing pendulum a “kick” at the proper’

time to keep it going.

Optimum coupling between plate
and grid must be supplied to insure
a constant amount of feedback volt-
age, at both high and low fre-
quencies. The determination of the
amount of coupling needed is the
design engineer’s job and i§ gov-
erned largely by the number of
turns on the grid and plate coils and
their proximity. It will be of help
to the serviceman to recognize the
effects of insufficient or excessive
coupling. The former will cause the
oscillations to stop at the low end,
and the latter will cause the well
known “birdies” to appear.

A compensating device is needed
to keep the amplitude of oscillations
constant. For this last reason, as
well as to make the oscillator self-
starting, automatic grid-leak biasing
is used (R, and C, of Fig. 3A).
The “fly-wheel” action of the tank
circuit, which is the charge and dis-
charge of C through L of Fig. 3A,
generates the AC and determines
the frequency

1

(f=—).
2xvLC

When the tube is oscillating, the
grid is driven positive for a small

- part of the cycle. Consequently,
some electrons are attracted to it,
charging up the grid condenser C,.
This condenser subsequently dis-
charges through the grid leak re-
sistor, Ry, to ground, furnishing the
required class C negative bias.

Up to this point, no mention has
been made as to the choice of fre-
quency range of the oscillator aside
from the fact that it differs from
the signal frequency by the amount
of the intermediate frequency. As-
suming a signal of 800 kc and an IF
of 456 ke, the oscillator may operate
at 800 plus 456, which is 1256 ke, or
800 minus 456, which is 344 kc, and
still provide a difference frequency
of 456 kc. Why then, in broadcast

18

receivers, is the higher frequency
used? The answer lies in the com-
parative tuning range needed in
each case. Using the low frequency
side and assuming an intermediate
frequency of 456 ke, with a receiv-
ing range of 550 ke—1600 kc, the
oscillator must tune from 94-—1144
ke. The ratio of 'oscillator fre-

quency change in this case is 1600:,
The

550 or approximately 3:1.
great difference between these two
ratios of change results in a track-
ing problem physically difficult to
overcome. By using the high fre-
quency side, the oscillator frequency
must be varied from 2056 kc to
1006 ke, which is equal to a ratio
of 2:1. This ratio is much closer
to the antenna ratio of 3:1 and,
therefore, presents a much simpler
tracking problem. For this reason,
the oscillator is universally operated
on the high side of the intermediate
frequency.

The oscillator tuning condenser is
ganged to the antenna and mixer to
provide single dial control. Some
means must therefore be taken to
provide for the different LC prod-
ucts necessary, in each case, to cover
the respective frequency bands. This
may be done in two ways: By mak-
ing the oscillator tuning condenser
physically smaller, or by placing a
comparatively large variable con-
denser called a ““padder” in series
with the main tuning condenser to
accomplish the same results (C, in
Fig. 3A). At the high frequency
end, a small trimmer (C; of Fig.
3A) is utilized.

Intermediate Frequency

No discussion of a superhetero-
dyne oscillator would be complete
without mentioning the factors gov-
erning the choice of the interme-
diate frequency. These factors are
selectivity, gain, image rejection,
and the heterodyning of stations.
Good selectivity and maximum gain
are obtained by using a low IF. On
the other hand, the higher the IF,
the better the image rejection.
Therefore, a compromise is made
with most modern receivers using

455, 456 or 465 ke.

An image is the result of two
signals, differing by"twice the IF,

combining with the oscillator to pro-
duce the same difference frequency.
For example, signal 800 ke, oscilla-
tor 975, IF 175 kc; also signal 1150
ke, oscillator 975 ke, IF 175 ke. If
both signals are present at the an-
tenna, both will be heard in the out-
put unless the antenna circuit is very
selective which is not common.

Assuming an IF of 465 ke, the
oscillator will be operating at 1265
kc and the image at 1730 kc. Not
only will this be beyond the broad-
cast band but the percentage of dif-
ference between the desired and
image signal will be greater.

The other consideration is why
not choose some IF like 450 or
460 kc? Once again the engineer did
not merely pull a number out of a
hat. Since broadcast stations are
separated by 10 ke, it is possible
to receive two signals at let us say
1000 ke and 550 ke which will het-
erodyne to product an IF of 450 kc.
This phenomenon is actually famil-
iar to anyone who has ever aligned
a set with a signal generator that
was off frequency. After the align-
ment is completed, no matter where
the receiver dial is set, a confusion
of two stations is always heard.
When this occurs, setting the IFs
off a few kilocycles is usually a
solution.

Thus far, oscillation of the proper
frequencies and amplitude have
been created. This oscillator voltage
must then be injected into the first
detector. Depending on the type
of first detector, various methods of
injection may be used. Fig. 4A, 4B,
4C, 4D and 4E illustrate some con-
vention systems used.

The disadvantages of control
grid and cathode injection are two-
fold: The danger of driving the
control grid positive, producing grid
current thus lowering the selectivity
and sensitivity of the circuit; and
the possibility that a strong signal
will “interlock” with the oscillator
causing a loss of useful heterodyn-
ing action. If a mixer stage does
show a loss of gain, it is advisable to
insert a low range milliammeter in
series with the signal to check for
grid current. If a current reading is
obtained, it is an indication of inad-
equate bias on the first detector, ex-
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Fig. 4 Five types of converter circuit: A, the pentagrid converter using
electron coupling; B, control grid injection, capacitive coupling; C. cathode
injection, inductive coupling; D, screen grid injection, capacitive coupling;
E. suppressor grid injection, capacitive coupling.
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cessive oscillator plate. voltage, too
large a value of grid leak resistance
or coupling condenser, or both.

When screen or suppressor injec-
tion is employed, the signal and
oscillator voltages are mixed in the
electron stream. The principal ob-
jection here is that the oscillator
voltage must be higher since the am-
plification of the screen and sup-
pressor is lower. The overall per-
formance of the plate tank suffers
also because of the lowered Q.

Pentagrid Converters

The above difficulties led to the
development of the now familiar
pentagrid or five grid tubes. The
6L7 mixer is typical. It is pictor-
ially represented in Fig. 5A and
schematically in Fig. 5B. Grid
number one, the top cap, is closest
to the cathode and is the signal grid
of the remote cut-off variety for use
with automatic volume control.
Grid number two and number four,
the screen grids, are connected in-
ternally, electrostatically shielding
grid number one from grid number
three (the oscillator input grid) and
effectively reducing the capacitance
between them. Grid number 5 is
the suppressor. Two factors, then,
control the electrons leaving the
cathode: The signal and the oscilla-~
tor. The electron stream is there-
fore modulated by both frequencies
causing the difference frequency to
appear in the plate current. As
there is very little coupling between
the oscillator and the signal, the
6L7 gives satisfactory results when
used for short-wave reception.

For economy in both cost and
space, the pentagrid converter has
been devised. Typifying these are
the popular 65A7 and the 6A8. Not
only has economy been achieved but
excellent operating characteristics as
well. Nevertheless, the converter
has proved to be the root of many
superheterodyne troubles. Very
often after having localized the diffi-
culty to the converter, it is necessary
to experiment with two, three or
even more tubes, before getting the
circuit to work properly. This, even
though all check good on a checker.
Indeed, this substitution may prove
to be just a temporary relief. Hence,
it will be well worthwhile to analyze
the theory of operation of these two
converters.

Referring to Fig. 6, grid one and

— To Following Page
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grid two of the 6A8 are the triode
oscillator grid and anode respec-
tively. Grids three and five are in-
ternally connected, forming a shield
around the variable mu signal grid,
number four. The oscillator grid
may be considered as a gate control-
ling the current pulses to the rest
of the tube as it goes alternately
positive and negative. Due to the
high positive charge on grid three
and the negative potential on grid
four, a cloud of electrons forms in
front of grid four, called the virtual
cathode. The signal voltage will
then determine the number of elee-
trons the plate draws from the vir-
tual cathode. This explains how it
is possible to have plate current,
even though grid one may be 30
volts negative. Here again the plate
current is modulated by both the
oscillator and signal, and the IF
appears in the output.

While the operation of this type
converter is very satisfactory, slight
variations of the oscillator fre-
quency can occur due to the repul-
sion of the electrons in the virtual
cathode, back to the actual cathode.
Automatic volume control bias ap-
plied to the signal grid often causes
this, resulting in a distorted output.
How this is overcome in the newer
6SA7 tubes, together with their
other advantages, will be seen
shortly.

The 6SA7 (see Fig. 7) has all
the electrodes brought down to the
base, allowing shorter, rigidly con-
structed connecting leads. This is
important in preventing spurious
oscillations from occurring. A sim-
ple, three-connection, tapped oscil-
lator coil is generally employed with
the lower resistance between cathode
and ground.

Grid number one is the oscillator

- To Page 22
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Fig. 6 &6A8 pentagrid converter.
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Fig. 5 A, the internal construction of a pentagrid vacuum tube. B, a schem-

atic diagram showing a 6L7 pentagrid mixer.
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grid; grids two and four are the
screens and act as the oscillator
anode. The signal is introduced to
grid three, and grid five is the sup-
pressor. It is connected to the outer
shell; and when grounded, auto-
matically furnished a shield if a
metal 6SA7 is used. Occasionally
when a glass tube is used to replace
a metal one, undesired oscillations
are produced. A pair of collector
plates are conneécted to grid two;
and due to their strategic position
and positive charge, intercept any
electrons which might be repelled
back to the .cathode by the signal
grid. Just as in the 6AS, the elec-
tron stream is varied at both oscilla-
tor and signal frequencies.

The other two general classifica-
tions of converters with which the
radio repairman will come in con-
tact are the two-in-one type, like the
6J8 and the 6K& The former,
called a triode-heptode, is merely
a 61.7 with a built-in triode section
which takes the place of the 6C5
oscillator (see Fig. 5B). The 6K8,
triode-hexode (see Fig 8) looks
rather complicated at first glance;
but if broken down it will be seen
that a single cathode is used for the
triode and hexode. The oscillator
grid completely surrounds the cath-
ode, serving the dual function of
an oscillator grid and first grid of
the mixer. The oscillator plate is on
one side of it and the remainder of
the tube on the other. The side of
the oscillator grid facing the plate
of the triode is the oscillator control
grid, and the other side modulates
the electron stream going to the
plate of the hexode, similar to the
action of grid number one of the
6A8. The remainder of the hexode
section functions as a 6A8, except
that the oscillator anode is removed
from the path of the electrons trav-
elling to the mixer plate. As the os-
cillator and mixer sections are so
well isolated, the 6K8 may be used
at higher frequencies without dan-
ger of interaction between the os-
cillator and signal. This separation
also eliminates trouble from the
AVC system.

Now, with the theory of oscilla-
tors and converters behind us, let us
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Fig. 7 6SA7 pentagrid converter.

see how we will deal with some of
their common servicing problems.

What are the symptons of oscilla-
tor-converter (mixer) troubles?
Reception on just part of the band,
reception of one station only, loss
of either short-wave or standard
broadcast signals on combination
sets, images, annoying oscillations,
hum, hiss, motorboating, distortion,
poor sensitivity, and naturally a
completely dead receiver, may all
be due to these circuits. Of course,
the presence of some of the above
indications might perhaps be caused
by some other stage. Consequently,
as in all troubleshooting, the prime
objective is first to localize the diffi-
culty. The usual methods, such as
the injection of a signal from a test
oscillator, the use of a signal tracer,
the “shock” method, voltage and re-
sistance readings, etc., may be used
to accomplish this, depending on the
nature of the difficulty.

As the oscillator is the more
critical of the two circuits being dis-
cussed, it more frequently is the rea-
son for abnormal reception. One of
the things necessary, then, is to be
able to determine whether it is os-
cillating or not. Recalling the
theory of the oscillator, as discussed
above, it will be remembered that
the oscillator grid goes positive for
part of the cycle, drawing grid cur-
rent which furnishes the bias.
‘What, then, is the bias condition
when the tube is not oscillating ? Ob-
viously, it is zero. Therefore, a
simple means of testing for oscil-
lations is merely to measure the volt-
age drop across the grid leak re-
sistor (negative in respect to
ground). This measure should be
taken with a vacuum tube voltmeter,
if possible, to avoid loading down

G2
SCREEN SCREEN
GRIDS GRID
G4 INJECTOR
COMMON GRID
CATHODE 0SC. GRID

0SC. PLATE
Fig. 8 6K8 Triode-hexode.

the circuit. The reading should be
between 5 and 30 volts, depending
on the circuit. The ganged tuning
condenser should be rotated slowly
while making the measurement to
observe whether it remains fairly
constant over the entire frequency
range. A reading of a fraction of
a volt is merely due to the contact
potential  (electrons haphazardly
striking the grid and leaking off
through the grid leak, causing an
IR drop). Subnormal or zero volt-
age may be caused by a poor tube,
an open circuit, shorted coil, shorted
or too small a grid leak resistor, a
shorted tuning condenser or an open
coupling condenser. Another less ap-
parent cause of erratic readings is
the rearrangement of parts from
their original position while making
a repair. Great care should be taken
to avoid this as the oscillator energy
may then be absorbed by a nearby
circuit. The cause of reception of
one station only, of reception on
just part of the band, or no recep-
tion at all, may be detected in the
above manner.

An abnormally high reading can
be due to a high resistance solder
joint developed by corrosion, too
large a value of grid leak resistor,
excessively high plate voltage, or
overcoupling. These may be the

— To Page 28

MARCH 1947 e RADIO MAINTENANCE



Mi-12296 ... 30 watts

Superbly styled in satin chrome
and black. Plenty of power for
the large auditorium, hotel and
playground class of installation.

MI -12295 . . . I5 watts
Medium power, smart appearance
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taurant, or sound truck.

Specifications
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circuit—achieving highly desirable frequency response and
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Rl rsedlenss mereshene Both have individual volume controls for each input,
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4, 8,15, 60, 250 ohms each model being obtained with only 3 mzllivolts inpus.
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companion items of the complete RCA “Package Sound”
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RCA 6J7 input tubes . . . greatly re-
duce microphonics and hum.
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CAPACITOR MOUNTING
DEVICE

A new easy-mounting stud-disc and plate

mounting device is now being used on all
Solar Type DH dry electrolytic capacitors.
The new design permits secure clamping of
the capacitor to set chassis in a vertical
position when Type DH units are used to
replace old screw-base or twist-prong elec-
trolytics. No additional chassis holes are
required. For flat under-chassis mounting,
the stud-disc is easily removable by bend-
ing two tabs; capacitors may then be fast-
ened by a universal mounting strap pack-
aged with each capacitor.

MULTI-PLUG OUTLET BOX

Allied Laboratory's new multi-plug outlet
box, Model 3001-A, is a small unit contain-

24

ing eight standard receptacles which can
be plugged into any convenient wall outlet,
AC or DC, 110-125 Volts. The boxes can
be pyramided, that is, one can be plugged
into another. Two fuses protect the main
line against shorts and overloads.

A neon pilot light tells AC from DC, and
signals "voltage on all plugs™; long stroke
toggle switch breaks both legs of the line.
The Multi-Plug comes complete with 15
12 ft. of heavy duty rubber
appliance cord, and unbreakable flat plug.

amp. fuses,

It has convenient fuse-extractor posts for
easy replacement and rubber mounting
feet. Cabinet dimensions are 3" x 4” x 5",
net weight—I1 Ib. 9 oz.

NYLON PHONOGRAPH NEEDLE

A phonograph needle with a nylon plastic
knee is being introduced by Webster-Chi-
cago Corporation. The internal resistance
or self-damping characteristic of nylon
greatly suppresses all mechanical resonances
such as needle scratch and surface noises,
and improves tracking at low needle pres-
sure. The nylon knee, between aluminum

shaft and sapphire jewel tip, absorbs and

www americanradiohistorvy com
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reduces needle and surface noises, prolongs
the life of the tip, protects records, and
produces a high fidelity of record repro-
duction.

CATHODE-RAY OSCILLOSCOPE

Electronic Development Laboratory of Chi-
cago has announced two new cathode-ray
oscilloscopes, the Model 41 equipped with
a 3” tube and the Model 49 equipped with
a 5" tube. Both models have a deflection
sensitivity of 0.5 volt RMS per inch and a
frequency response essentially flat from 10
cycles to 300 kilocycles. The new instru-
ments are mounted in welded steel, black
wrinkle-finish cabinets. These instruments are
designed for use by the serviceman. For
further information, write to Electronic De-

— To Page 40
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With the addition of the new Simpson “No
Backlash”* Roll Chart to the 1947 version of
our Model 305, this famous instrument becomes
beyond question the finest tube-tester on the
market in its price range. Read the description
of this new Roll Chart in the panel below.

Model 305RC provides for filament voltages from
.5 volts to and including 120 volts. It tests loctalc,
single ended tubes, bantams, midgets, miniatures, bal-
last tubes, gaseous rectifiers, acorn tubes, Christmas
tree bulbs, and all popular radio receiver tubes.

Like other Simpson tube-testers, the Model 305RC
incorporates 3-way switching which makes it possible
to test any tube regardless of its base connections or the
internal connections of its elements. This method, the
result of exhaustive research and expensive construc-
tion, protects the Model 305RC against obsolesence to
a degree not enjoyed by competitive testers. No adap-
ters or special sockets are required. In addition to hav-
ing a complete set of sockets for every tube now on the
market, this tester has a spare socket, to provide for
future tube developments.

The Model 305RC has provision for testing pilot.
lamps of various voltages as well as Christmas tree
bulbs. It tests gaseous rectifiers of the OZ4 type—also
tests ballast tubes direct in socket for burnouts and
opens. Has neon bulb of proper sensitivity for check-
ing shorts. This tube-tester is fused, and has the latest
improved circuit. It provides for line adjustment from
; 100 to 130 volts, with smooth vernier control.
Exclusive Features Make A . . .
Model 305RC is distinguished for its beautiful ex-
This the Finest Roll Chart Ever N .
Designod for Tube-Testers o terior. It has a two-tone metal panel in red and black
ranes _ Tev s on a satin-finished background. Sockets and controls
**"No Backlash’* feature of this Roll Chart auto- ' are symmetrically arranged for quick operation. The
chw‘l:"Yk ’ﬂk‘es ue ait slﬂ:k l'n’"'e. paper :hﬂf: ¢ large, modern, fan-shaped instrument has an excep-
and, y xeeping Ii¥ In consran ension, makes 1 3 T » w »» .
impossible to furn the selector wheel without tlonal_ly long scale. It has gOOd and “bad .EnghSh
turning chart. Gives precision selection at all . marklﬂss, also a percentage scale for matching and
times. Also prevents. chart from tearing or get- comparing tubes. Cases, both portablet and counter
ting cut of alignment. style, are made of strongly built hardwood, durably

Gearing is such that only & turns of selector i i
wheel will run the entire length of the 12Va el ety (e,

;:s;h::".recd The clear Lucite window is just Size, 11"x11"x6”. Wt. 10 lbs. Shipping wt, 15 Ibs.
wide enough to show 2 tube settings, or both ! Dealer’s net price, portable or counter model......$59.50

settings on a multi-purpose tube. For 60 cycle 115 volt current only.

i ni 1} in 3 S
5:};‘7; f: f':o":":::::'z::ey ::k;':k:“:e':”:n::{:s":r | For 220 volt or 60 cycle, add..‘. ............................. 7.50
install new chart. b Standard Model 305, with book-type speed chart 49.50
Chart ingeniously fastened to rollers, affording - A
easy replacement and constant alignment. ; Counter Model 305RC. Same instrument
Rigid,” light-weight construction. Gear driving 5 as portable model, but set in fine walnut

mechanism incorporates heavy-duty precision g 5 g N
Brazs qearsiand parts: RN finished hardwood case, with tilted, easy-
;. to-use panel.

+Finished hardwood cases are standard on port-
able models. When these are not available, the
instrument is housed in attractive simulated-leather
covered case.

SIMPSON ELECTRIC COMPANY

5200-5218 W. Kinzie Street, Chicago 44, Illlinois
in Canada, Bach-Simpson, Ltd., London, Ont,
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SERVICING AUTO-
MATIC RECORD
CHANGERS

— From Page 15

spindle is long enough to project
through the unplayed records, thus
guiding them as they fall onto the
turntable. The most common
trouble developed by these chang-
ers is due to the non-uniform thick-
ness of records which often causes
bending of the slicer blades.

The toggle post type of changer,
as shown in Fig. 1 and Fig. 3,
consists of a long spindle into
which is incorporated a small tog-
gle. The upper part of the spin-
dle is tilted so that the records
set on it are held at an angle. The
outside edges of the records rest
on a shelf. One of the common
troubles of this type of changer is
bending of the toggle post.

A number of the more expen-
sive record changers are equipped
with a mechanism which shuts off
the unit when the last record has
been played. In one of the meth-
ods used, the weight of the un-
played records holds a switch closed.
This switch is in parallel with a
motor circuit switch which is
opented by the tone arm each time
it reaches the rest position. When
the last record has dropped on the
turntable, the switch held closed by
the pressure of the unplayed rec-
ords opens and, thus, when the
tone arm reaches the rest position
and the motor switch opens, the
mechanism is shut off. If there are
unplayed records stacked on the
pressure-actuated switch, it will re-
main closed during the time the
tone arm-actuated switch is open,
keeping the circuit complete and
permitting the motor to continue
operation. See Fig. 4.

Common Faults

Most record changer faults are
difficult to anticipate because they
are usually characteristic to a par-
ticular type and make of changer.
There are, however, a few faults
which are common to many differ-
ent makes. The blades used in
the slicer type are often bent out
of shape by too thick or too thi-
records. This trouble manifests
itself in the chipping of records or

26

Fig. 2 The slicer type record changer,

B -
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This changer is equipped with a re-

cording as well as a playing head.

Fig. 3 A toggle post changer with an enlarged view of the spindle.

The

spindle on the left is in normal position; the spindle on the right is in posi-
tion to drop a record onto the turntable.

in the complete jamming of the
mechanism.

In the toggle post type of record
changer, the spindle is often bent
by rough usage. This causes the
toggle to become inoperative and
thus records will not drop onto the
turntable properly.

Reproducing cartridge troubies

WAAMA americanradiohistory -com

are common to all types of record
changers. American’ made chang-
ers use piezo-electric crystal car-
tridges almost exclusively, These
units are subject to fracture when
dropped or violently knocked
about, and to disintegration when
exposed to excessive heat or mois-
ture. In either case, the symptom
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As last record drops
down, pressure is relieved
and switch opens.

As arm returns to
rest, pressure opens
switch,

NORMALLY
CLOSED

MOTOR
WINDING

SET TO LOW RESISTANCE
|~ SCALE {0-100.n)

0-I00° OHMS

Y

COMMUTATOR TYPE
PHONO MOTOR

» 81—0

Fig. 5 A resistor and ohmmeter connected across the commutator as shown
above is used to check brush contact as described in the fext.

is extreme distortion. If distortion
is present in a unit, the cartridge
itself should be checked with a
pair of headphones connected across
the pickup leads.

The stylus in the permanent
stylus type of cartridge is often
chipped. A chipped stylus will

cause severe damage to records and
should be rectified before it is used
again, Broken styli in this type
of cartridge can only be replaced
by returning the units to the man-
ufacturer,

In record changers which use
motors having commutators, motor
trouble due to malfunctioning of
the brushes is quite common. Worn
brushes permit the brush holder
parts to come in contact with the
commutator and cut into it. In
some cases, foreign substances
such as metal particles, sand, or
dirt, get between the brushes and
the commutator and cause marking.

These difficulties can be avoided

RADIO MAINTENANCE e MARCH 1947

by periodic inspection, cleaning,
and replacement of the brushes
when they have become worn. Re-
placing brushes is a simple opera-
tion, but must be done carefully
in order that the brushes make
proper contact with the commutator.
The surface of the brush must have
the proper contour so that its en-
tire surface rests against the com-
mutator segments. Poor contact
results in sparking which will mark
the commutator and eventually
make the motor inoperative.

A simple test for good brush-
to-commutator contact can be
made by disconnecting the mo-
tor from the power line and con-
necting an ohmmeter and a suitable
resistance in series across the
brushes as shown in Fig. 4. The
resistance should be such that it
gives a mid-scale ‘indication on a
low resistance range. The arma-
ture should be spun by hand; and

- To Page 30

BUILT FOR

Technical Newspaper
for Radio Servicemen

Like Cun-
ningham

Tubes, Radio

Service Newsis
right down
your alley. It’s
published bi-
monthly and
keepsservicemen
completely up to date on new tubes,
improved testing methods, latest
repair hints, and valuable technical
data that can’t be obtained elsewhere.

You’'re missing a lot if you don’t
read Radio Service News regularly,
because it’s geared directly to your
business requirements. Like Cun-
ningham tubes, it's built for service.
And as an added service to you, your
Cunningham Distributor keeps a
supply on hand. They’re free for the
asking of course.

For more service —TURN THE PAGE &

(Punningham

Hectron Tubes

A product o.f
“RADIO CORPORATION OF AMERICA

Harrison, N, J.
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So superior as to be imitated, “VOMAX” stands unequalled. it
alone gives you the astronomically high meter input resistance so
necessary to servicing AM, FM and TELE receivers — a feoture
not attained by, imitations. Add a total of 51 voltage, current,
resistance and db. ranges. That's why: “"VOMAX".is the over-
whelming choice of experts — be it for use or copying. Can you.
afford. less than the best — when the best costs you least?

"QUICKEST TROUBLE
FINDER EVER”
says J. P. FITZGERALD

. of his new “SPARX” visval-aural,
dynamic signal tracer, writing from
Madison, Wisc.: ” . . . cannot afford
to be without this valuable instrument
one minute. It is the quickest trouble-
finding apparatus | have ever used.”
To repair any radio you've first got

to find the frouble. “SPARX” will lo- .

cate r.f., i.f., a.f. trouble in 30 seconds
per tube! Think what that means in
profits to the thousands of your com-
petitors already using “SPARX”. It
will boost your profits, too . . .

IMITATION . ..
SINCEREST OF
FLATTERY

* The true worth of “VOMAX"”
is -proven not alone by over-
whelming preference by service
technicians, by research labor-
ataries. It gets top rating
through the copying of its new
‘inventions by at least four -
manvufacturers!  No imitation
provides -the range, utility or
univer-sality exclusive to
“"VOMAX”. Recognized by
those “in the know”, sales of
“VOMAX"” far exceed those
of any would-be competitor:
So, cost to you of the genvine,
original  “VOMAX” is from
10%, to over 65%, lower than
its imitations, Only $59.85 net.

“SPARX"” is the same ‘great “buy” at only $39.90 as
“"VOMAX”, world’s most popular, most copied, universal
vacuum-tube voltmeter. Of matching size and “style,

-thousands in use orove its vital worth to every service

techaician interested in guarding his profits. “SPARX”
traces signals through a receiver from antenna to speaker,
circit by circuit, locating trouble points, both audibly
and visually. Its speaker switches to panel jacks for shop
test use — another SILVER pluswvalve:

Send Post Card for Catalog for new measuring equipment,
communication receivers, fransmitters, kits, parfs. See them at

your favorite Jobber.

OVER 36 YEARS OF RADIO ENGINEERING ACHIEVEMENT

Y Fenrote- Scboer Coz, Soec:

1249 MAIN ST., HARTFORD 3, CONNECTICUT

OSCILLATORS AND
CONVERTERS

— From Page 22

cause of a receiver blocking or
howling.

If the oscillator is suspected, def-
inate proof may be obtained in the
following manner. Referring to
Fig. 7, the oscillator circuit should
be broken at point X. A signal
generator with a DC blocking con-
denser may then be connected from
grid to ground. The receiver is set
to some local station and the signal
generator tuned to that frequency
plus the IF, using an unmodulated
output. The signal generator is thus
being used as the local oscillator;
and as the receiver and signal gen-
erator are varied over the entire
band (always keeping the signal
generator at a frequency higher than
the receiver) all stations should be
tuned in normally. If such is the
case, the oscillator is without a
doubt at fault.

If the complaint is poor sensi-
tivity and distortion, it is advisable
to check for mixer signal grid cur-
rent as previously described. This
grid current, remember, is due to
the fact that the oscillator signal
voltage is exceeding the first detec-
tor grid bias.

Many times, a customer will
bring in a set saying that it sounds
more like a motor boat than a radio.
Too large a time constant (R times
C) of the grid leak and coupling
condenser will cause the oscillator
to block, that is, to remain cut off
for too long a period. This starting
and stopping of oscillations may ap-
pear as a motorboating sound in the
speaker. The trouble may also be
due to a poorly regulated power
supply which causes the oscillator
anode voltage to shift. Circuits are
often used which make this voltage
somewhat independent of the rest
of the receiver. A separate tap on
the power supply is utilized. In this
case, an extra R-C hum filter is
usually added for this voltage. In-
cidentally, it is the failure of one
of the components of this filter
which gives rise to tunable hum.

Depending on the type of con-
verter used, difficulty may be ex-
perienced when automatic volume
control is used. If it is necessary to

- To Page 30
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Repairing Aged TRF Receivers

THE SERVICING of an aged TRF
presents a threefold problem;
not only must the defective unit be
repaired or replaced, but the entire
set usually needs an overhaul. Often
circuit changes must be made to
improve its performance.

Starting at the front end, you will
run into some dated circuits: An-
tennas connected directly to the grid
of the first RF tube, as shown in
Fig. 1, with a resistor, or an un-
tuned RF coil shunted to ground,
dual volume controls, one half of
which act as a shunt across the an-
tenna circuit. It will be recalled
that these sets were designed- for
operation in the day when broad-
casting stations were far apart and
few between. The problem then
was not to obtain good selectivity

ACME AC 7

AUDIOLA 889

Fig. 1 In the older TRF's, the antenna

is usually connected directly to the

grid of the first RF amplifier as shown
in the simplified schematics above,
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By Max Alth

but to get as much of the weak sig-
nal into the set as possible.

These circuits should be changed.
All controls in RF circuits should
be removed, and control of volume
effected by a simple “pot” arrange-
ment in the grid of the first audio
stage. If feedback and hum are en-
countered, use shielded leads and
ground the case and shaft of the
volume control. The reason for this
change is to secure quieter control
action and to eliminate detuning
when the volume control is used.

A coil, wound so that its base or
lowest frequency is higher than the
set’s highest tuning frequency,
should be connected between the
grid and ground, or between the
grid and cathode circuit of the first
RT stage, and the resistors (or
what have you) removed. Since this
coil is not being tuned by the vari-
able condenser, its peak must be
left above that of the other RF
coils in order to prevent uneven
gain over the tuning range. For ex-
ample, if the new coil were peaked
at 600 kilocycles, the set would have
several times more gain at 600, 1200
and 1800 kc than at other points in
the band. The RF stage would be
in line at these frequencies.

An antenna coupling coil should
be wound on the same coil form.
Use only a few turns, as shown in
Fig. 2, so as to keep it a “link” and
not a tuned circuit. Adjust the cou-
pling, bearing in mind that the
greater the coupling, the less the
selectivity, and vice versa. Slide it
up, and down, and vary the num-
ber of turns until an optimum point
is reached. Then it can be fixed
with a few drops of cement. One

— To Page 36

Imprinted Scotch Tape
makes your customers stick

Here’s another Cunningham “first” —
genuine, easy-to-use Scotch Tape, with
your name, address and phone num-
ber imprinted in blue on orange
background. Each roll contains 72
feet of %''-wide tape.

Use this tape on letters, packages,
tubes and repair jobs and customers
will remember where to go the next
time they need a repair job or Cun-
ningham tubes, the tube of high qual-
ity. Your Cunningham Distributor
will take care of the details.

For more sales—TURN THE PAGE >

unningham

Flectron Tubes
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Harrison, N. J.
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OSCILLATORS
AND CONVERTERS

~+ From Page 28

tune back and forth across a station
three or four times before it can be
received properly, this may be the
trouble. The AVC voltage changes
the amount of current drawn by the
converter which detunes the oscilla-
tor. In this case the AVC system
must be checked.

In  conclusion, it should be
stressed that when oscillator volt-
ages are measured, the filament volt-
age should not be neglected, espec-
1ally in automobile and portable sets.
Too low a filament voltage will
either mean non-operation or poor
performance. Insufficient operating
voltages on the other elements cause
a “hiss.” In all the above instances,
it has been taken for granted that
the set is in perfect alignment. Nat-
urally, if this is not the case, proper
operation will not be achieved.

From the foregoing discussion
and from experience also, the ser-
viceman will readily concede the
fact that repairing a set with os-
cillator-converter defects is a job
requiring skill and knowledge of
the principles involved. Much time
can be saved and improved custo-
mer relations maintained by apply-
ing the theory of the circuit in ques-
tion to the practical problem at
hand. » » »

RECORD CHANGERS

— From Page 27

if the brushes. are making good
contact, there will be very little
fluctuation of the ohmmeter needle.
Erratic brush contact will result

in fluctuation of the ohmmeter

needle. Erratic brush contact is
caused by the brush difhculties al-
ready described, and also by loose
brushes, high spots and/or a pitted
commutator.

A badly pitted commutator can
often be repaired by removing it
and turning it down on a lathe.
Slight pits or high spots can be
removed with fine sand- or glass-
paper. Never use emery paper on
a commutator as it is an electrical
conductor and will become embed-

~+ To Page 32
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Each month the reader sending in the best suggestion re-
ceives a crisp ten dollar bill. For all others published, RADIO
MAINTENANCE will pay five doilars. Let's hear from you.

PLUG TO
POWER

2 PORGELAIN
SOCKETS

.CONNECTING WIRE
BETWEEN SOCKETS
BACK OF DRAWING

BENCH
CONNECTION

==
PLUG SOCKET

Checking Power Supplies

SOCKET AND BULB mounted and

connected as shown in the ac-
companying illustration are useful
in making a quick and accurate
check for power pack troubles.
When a set is plugged in, the 100
watt lamp will light and then dim
as the tube filaments heat if the set
is okay. If the lamp burns bril-
liantly, there is a short in either the
power transformer, the rectifier
tube or some other unit in the pow-
er supply.

Using this method to check a set
eliminates the possibility of further
damage due to shorts. A 100 watt
lamp should be used.

Frank H. Geilfuss
2704 Stratford Rd.
Columbia, S. C.
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Warped Records

When a customer is having trou-
ble with warped records which are
particularly valuable to him and
which do not play properly because
of slippage, it is often possible to
fix his record player so that he may
play them. Three small round spots
of felt flock are mounted on the
turntable as shown in the illustra-
tion. The flock is held on by blue
undercoat and should be about 3%
inch in diameter and as thin as pos-
sible.

James C. McGuire
Hollywood Radio Supply Inc.
Los Angeles, Calif.

SOLUTION

Removing Speuker Cones
Speaker cones which are ce-
mented to the speaker frame can be

easily removed without damage by

immersing the speaker rim in sol-
— To Page 36
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Lighted Indoor Sign
Helps Sell More Tubes
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WITH.

Here’s another Cunningham special—
an 7lluminated parchment sign in four
colors that will add more sell and attrac-
tiveness to your store interior. It's
double-faced to provide maximum in-
door display, and it lets your customers
know you use the tubes built for service.

Get one of these signs from your
Cunningham Distributor today. It’s an
inexpensive way of tying in with “big
C” and building customer confidence.

For expert guidance—TURN THE PAGE ﬁ%‘
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ANY RADIO SERVICE

This big ™\
book shows 3
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IT PAYS TO SPECIALIZE
iIN SOMETHING DIFFERENT

There’s good money in electric niotor repair!
The field is not crowded—and what could be a
finer, more profitable addition to your already
established radio service business? Every home

you visit on radic work has many motor-driven
appliances.

Be the man who can repair them!

ELECTRIC MOTOR RE-
PAIR, the unique new beok by
the publishers of the famous
Ghirardi Radio-Electronic books,
teaches you the work from the
very beginning. Explains every
detail of motor trougle diagnos-
ing, repair and rewinding. Cov-
ers ac and d-¢ motors, syn-
chronous motors and generators
and BOTH mechanical and elec-
trical control systems.

A "BENCH" BOOK

Based on what you can learn
from this big book alone, you can
train for prompt, profitable motor
service. Quick reference guides for
use right at the bench show exactly
how to handle gpecific jobs. Inval-
uable for beginners or for daily
reference in busy shops. Unique
Duo-Spiral Binding divides book
into 2 sections permitting text and
the mniore than 900 diagrams and
illustrations to be seen AT THE
SAME TIME.

Send coupon _ now!
Practice from ELEC-
TRi MOTOR

fied return book and
every cent will be
cheerfully refunded.

mail today

l Dept. RM-37, Murray Hili Books, Inc.,
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RECORD CHANGERS

— From Page 30

ded between the commutator seg-
ments and cause shorts.

When installing new brushes,
they may be given the proper con-
tour by wrapping a piece of fine
sandpaper around the commutator,
inserting the new brushes, and ro-
tating the armature manually while
applying pressure on the back end
of the brushes.

These are but a few of the many
troubles which will be encountered
in the servicing of automatic record
changers. When working with a
changer, always remember that it
is a delicate mechanical device and
should not be forced or handled
roughly. Proper lubrication is of
primary importance. Record chang-
ers often freeze and become com-
pletely inoperative because they are
not lubricated.

While, as previously stated, this
article does not cover the complete
story of record changers, it is
hoped that the information con-
tained herein will be of help to the
serviceman in his work on this type
of equipment. ¥ ¥ ¥

ANTENNAS-
FM AND TELEVISION

— From Page 9

assumed to be 70 megacycles, and
is given by the graph in Fig. 9 as
3.34 feet. A standard 150 ohm line
may be used, but the conductors
should be of fairly large diameter.

Another use of the quarter wave
section as an impedance matching
device is shown in Fig. 8. This is
known as the open end stub. A
dipole used with a close spaced re-
flector has an impedance of about
25 ohms. It is assumed that the
transmission line which is matched
to the receiver has an impedance of
75 ohms.

If a “Q” section were to be used,
its impedance would have to be
equal to 44 ohms. This is a rather
awkward value to attain, but two
75 ohm sections in parallel giving
an impedance of 3714 ohms could
be used.

A more practical method, how-
ever, would be to use the open quar-

Fig. 9 The length of a quarter wave

matching stub for the various FM and

television frequencies is shown in the
above chart.

ter wave section. While the im-
pedance at the antenna is equal to
25 ohms, the open end of the section
has a very high resistive impedance.
Thus, between the antenna and the
open end, there exists what amounts
to a continuously varying impedance.
transformer with a low impedance
at the antenna and a very high im-
pedance at the open end. It is only
necessary to select the correct posi-
tion by means of a simple clamp in
order to match any desired im-
pedance. A few experimental posi-
tions will soon reveal the proper
point by obtaining maximum signal
strength at the receiver and the
elimination of ghosts due to line re-
flections.

In conclusion, several important
considerations are presented here as
a summary:

1. The transmission line should
be chosen to match the impedance
of the receiver.

2. A mismatch at the antenna of
2 to 1 is permissible, although a
better match is advantageous.

3. If the mismatch of impedances
between the antenna and the trans-
mission line is more than 2 to 1, use
a matching system which is most
suitable.

4. If a matching system is used,
large diameter conductors are best
for band width considerations.

Next month’s article will deal
with the various types of antennas,
and practical hints for correct in-
stallation, » » »
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by John T. Frye

How MUCH EQUIPMENT do you
need to service radios?

That is a question that is asked
every day—often by the serviceman
of himself—and the answer is not
so simple as some might think.

In the first place, there is no one
right answer. Each individual case
requires a separate analysis and a
different solution. There are, how-
ever, certain broad generalities that
apply to all cases and aid materially
in their solution; and it is the pur-
pose of this article to discuss these
basic considerations.

Personally, I firmly believe that
every instrument or tool on the
service bench should justify its
presence there by bringing in a sub-
stantial increase in revenue to the
serviceman beyond its initial cost
and its upkeep. This applies to
everything from the dentist’s mir-
ror for examining “hidden” socket
connections to the very latest thing
in super-duper, crystal-controlled,
frequency-modulated signal gener-
ators. This by no means excludes
the “handy” gadgets. These devices
invariably permit us to do our work
more easily and in less time ; and in
the radio service game, time is
money. What I do mean is that
every piece of equipment should
work. I do not hold with the theory
that a lot of expensive instruments
are worth buying simply because
“they impress the customer.” The
only thing that really impresses the
customer is how his set performs
when he gets it home. Instead of
buying equipment to make you look
like a better serviceman, buy instru-
ments that will make you a better
serviceman.

Location and the class of patrons
you have have much to do with the
equipment you need. If your shop
is in a sparsely settled section of the

RADIO MAINTENANCE e MARCH 1947

country and your customers own
straightforward receivers, if the
volume of your business is regu-
lated more by geography than any-
thing else, and if that volume is not
so great that you cannot take care
of it easily, the basic analyzer-tube-
tester-signal-generator combination
will probably enable you to give as
satisfactory service as if you had a
modern electronic laboratory at
vour disposal; moreover, the pur-
chase of a five-inch oscilloscope
would add practically nothing to
your income.

On the other hand, a serviceman
in a metropolitan area, especially
one in a wealthy neighborhood, al-
most has to have a ’scope, a vac-
uum tube voltmeter, a signal tracer,
and a signal generator for aligning
FM sets. If he has many sound
systems to service, a good audio
oscillator is another “must.” Com-
petition being keen, he needs every
possible aid to enable him to turn
out the finest possible work in the
shortest possible time. He must be
equipped to service every type of
electronic device up to and includ-
ing the most modern television set.
Inability to do so, even though it is
entirely due to his lack of proper
equipment, will be charged up to his
lack of knowledge. The valuable
word-of-mouth advertising that can
snowball into more and more busi-
ness may easily go into reverse and
cut into the class of trade he is
equipped to handle. Tt is a funny
quirk of human nature that we like
to have even our simplest problems
solved by an expert. The reasoning
goes that if you can repair Mr. A’s
complicated television set, you are
the man to fix Mr. B’s punch-board
midget. Is there a one of you
who has not had a customer tell you

— To Page 35

JOHN RIDER SAYS...

Keep Pace
With Progress

““New broadcasting
services, such as FM
and TV, tend to change
well-established engi-
neering practices, selling methods, and
programming techniques. Advance-
ments of this sort have the same effect
on servicing procedures. Antiquated
systems and obsolete test equipment
no longer suffice.

“Still, there is hesitancy on the part
of many servicemen to invest in mod-
ern equipment capable of handling
anything that comes along in the way
of a receiver. The tendency is to try to
get by with equipment on hand.

“Thisis being penny-wiseand pound-
foolish. If it does nothing else, modern
equipment speeds up your work . . .
enables you to take on more jobs. And,
of course, it pays off in top receiver
performance for your customers.

“In short . . . if you want to stay out
front, give first consideration to your
working tools.”

A pi-oduct of

RADIO CORPORATION OF AMERICA -}

Harrison, N. J.
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Ype.

- Here's a handy cross-index listing of |
tandard controls—wire-wound, com-
osition-element, tapped, fixed-shaft
nd Ad-A-Shaft, dual-composition,
power rheostats, and L- and T-pads. |
The Clarostat controls are arranged
umerically according to types.
Wherever other brands have corre-
ponding types, same are indicated
n parallel columns.

Printed on handy cards, strung to-
gether to hang on convenient nail or
hook, this Replacement-Control Selec- %f;
or will save you untold time, trouble %
nd guessing in picking the right con-
trol, every time.

Ask your Clarostat distributor for the
Replacement-Control Selector. Hell #
gladly give you one. Ask for latest . i
Clarostat catalog. Or write us direct, =

CLAROSTAT MFG. CO., Inc. - 283-7 N.Gth St., Brooklyn, N.Y.
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ONCE AGAIN PIONEERING the field,
Howard W. Sams & Co., Inc.,, are
opening a radio service clinic. The
purpose of the clinic is to determine
which servicing routines are the
fastest and most economical and to
develop time charts and suggested
consumer charges. All routines
and methods will be developed in
actual practice as the clinic will do
work for a score of retail service
shops, dealers and jobbers on a
consulting basis.

The Howard W. Sams Institute is
at present publishing a group of
monographs on subjects of vital
interest to every radio serviceman.
Among those already completed
“How Much Is Your Labor

are:
Worth?”; “Accounting Procedures
for Radio Service Engineers”;

“How to Make Radio Cabinet Re-
pairs”; and “How to Increase Your
Business.” These and other help-
ful services are available to the sub-
scribers to the PhotoFact Folder
Service.

AccorpING TO Walter L. Law-
rence of the RCA Engineering
Products Department, the 57 li-
censes or station construction per-
mits which have been granted by
the FCC assure that 32.8 per cent
of the nation’s population will have
television. Licenses and construc-
tion permits have been granted for
thirty metropolitan districts.

AN ALL-ELECTRONIC single pic-
ture tube, color television system has
been patented by Color Television,
Inc., of San Francisco. According
to the company, the system does
not use rotating or mechanical discs,
and receivers can be manufactured
at a cost of approximately $25 to
$35 more than the cost of present
black and white receivers. The re-
ceived images are reproduced in a

«V9m»w‘8:&
Bt B e

lNG

group on a single picture tube and
are then projected through filters
and combined optically to form the
color picture on the screen.

GE’s 100ra FM radio broadcast
transmitter has been shipped from
its electronics plant, becoming the
first company to reach the century
production mark in this expanding
new radio field. At present, Gen-
eral Electric is working to fill more
than a hundred additional orders
for these FM units. Most of the
units have gone to newspapers and
broadcasters, though some have
been received by colleges and uni-
versities.

TELEVISION BROADCAST SERVICE
for Latin America is being consid-
ered by leaders of the radio broad-
casting industry in Mexico, Cuba,
Puerto Rico, Brazil, Argentina and
Chile, following RCA’s first dem-
onstration in Mexico City of mod-
ern television,

A NEW DEVELOPMENT whereby
pictures and sound can be trans-
mitted from one point to another
over a light beam instead of radio
waves was demonstrated recently.
The new invention has been named
“photovision” by its author, Dr.
Allen B. Du Mont. It simplifies the
problem of transmitting television
programs in short range relays, as
from a football field to the main
transmitter. The system operates in
light or darkness and without any
interference from static or other
interference inherent in radio and
will transmit color pictures as well
as black and white images.

The coaxial cable transmission
systems similar to those new in use
are tremendously expensive to in-

-» To Page 40
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What are These Feuturez(of |

Rider Manual Veol. XV
Worth to Y_O_U?

What, in dollars-and-cents, is it worth to you, to have
these exclusive features of Volume XV at your fingertips;
this year, next year—for as long as the receivers produced
during 1946 keep coming to you? (Volume | is still paying
profits to those who bought it sixteen years ago!) Figure
it out for yourself.

e ]
A\ {4’ 5-{‘-e(£ wz‘w fiod”! F‘A

Y “Clarified schematics” do a job which you have
had to do on every multiband receiver and combina-

she wants you to fix her dial cord
because she has been told you are
the best radioman in town?

The most of us are between these
two extremes. Many of us live in
towns beyond the reach of television
or FM stations, but we are called
upon to service fine radios and com-
binations, and we do have more
work than we can do. In such cases,
a vacuum tube voltmeter and a sig-
nal tracer make the soundest of in-
vestments, for they enable us to do
more work and so make more |
money in a given amount of time.
It is possible that we can use our
knowledge of our art to do as good
a job without these instruments as ||
we can with them ; but we do so at
the expense ef time; and that
time, as we must never forget,
means money. An example that
comes to mind is in the aligning of
an AFC circuit. It is possible to
open the cathode circuit of the con-
trol tube and by inserting a milliam-
meter to arrive at the proper setting
of the discriminator tuning con-
denser; but it is much easier and
faster to use a vacuum tube volt-

JUST OUT

RIDER MANUAL
VOLUME XV —2000 Pages

(Plys 150 page '‘How It Works"') tion set coming into your shop. *‘Clarified schematics™

i break down the composite diagrams of hundreds of

Nowhere else will you find
anything to equal Yolume XV
in completeness and helpful-
ness. Nowhere else will you
" find the wealth of vital servic-
) ing data—receiver schematics,
} voltage data, alignment data,
» resistance values, chassis lay-
1 outs and wiring, and trimmer
i. connections for receivers that
]' were issued in 1946, Mowhere

complicated multiband receivers, providing individ-
ual schematics of each circuit as it exists with each
turn of the wave band or equipment switch. With a
“clarified schematic”” before you, you save the time
heretofore spent tracing out an original schematic
to find which components are in operation under

different positions of the wave band switch. We have

saved this time for your shop, by doing it for you
else will you find such author-
itative data so complete and
30 systematically bound in
one volume, ever ready, year
after year for quick, easy
reference.

in our laboratories.

?———-
WHAT'S IT WORTH TO YOU?

— .

SEPARATE BOOK —"HOW IT WORKS"

Y Accampanying each copy of Valume XV is the
150 page book "How It works,” a practical guide
to the theories of operation of the new technical

RIDER MANUALS—IN 15 VOLUMES

Volume XV ovevrreeneneans $18.00 _
meter. v:|u::es XIV to VIl each volume.. 15.00 features of the latest receivers.
There is something to be said for Volime VI .o.ouniinnonn 11.00 WHAT'S IT WORTH TO YOU?
buying instruments before vou Abridged Manuals | to V (1 vol.). 1750 L, — .
ying Y Record Changers and Recorders. ... 9.00 '

actually need them in order to in-
crease your knowledge of your field
and to prepare yourself to use these
instruments when a need for them
does arise. However, it must be re-
membered that radio service instru-
ments grow obsolete very, very
quickly because of the rapid prog-
ress of radio itself. If you can af-
ford to purchase a piece of equip-

OTHER IMPORTANT FEATURES

Y% All popular "HAM" COMMUNICATION RECEIVERS are covered.

ORDER
TODAY

ment you do not actually need in

% “Clarified schematics’ on all SCOTT muftiwave RECEIVERS.
Y MAGNAVOX Receiver Amplifier Combinations (from 1937 to '46).
Y Maximum coverage of postwar RECORD PLAYER COMBINATIONS.

WHAT’S IT WORTH TO YOU?

JOHN F. RIDER Publi‘sher |ch. 404 rounh Ave., New York 16, N. Y.

EXPORT DIVISION: ROCKE-INTERNATIONAL CORP

« 13 E 40th St New York City =

Cable: ARLAB.

your work but that you would like

“play” with, go ahead and buy
1t but con51der first whether or not
there is some tool or instrument the
possession of which would expedite
the progress of a set through your
shop. If there is, you would do bet-
ter to buy that mstead of the play-
thing,

There is, though, one piece of
equipment, in a manner of speak-
ing, that is absolutely essential in
every shop in the land; and that is
a reliable, up-to-the-minute source
of information as to what is going
on in the field of radio servicing.

Do you remember when they

RADICO MAINTEMANCE ® MARCH 1947

used to refer to a good doctor as
“well read”? Well, reading is what
makes a good serviceman. It makes
him familiar with new circuits long
before he sees them in his shop; it
keeps him abreast with the latest
methods and tools for doing his
work; it enables him to transfer
from his tiny village service bench
to a large city service shop without
faltering or feeling ill-at-ease. Yes,
reading is the one thing that will
keep in tiptop condition the most
valuable and indispensable service
instrument of them all: His intel-
ligent mastery of his craft. » » »

7

E ‘‘Servicing by Signal Substitution

Learn about this modern dynomic approach
to radio servicing with ONLY BASIC TEST
EQUIPMENT.

.. Fully described in o 120 page book
available from your Precision Distributor or
factory ot 35¢.

. Schools are invited to inquire regarding
quanmy orders fram our Educational Division.

PRECISION

APPARATUS COMPANY INC.
ELMHURST 2, N. Y.

Manufacturers of Fme Test Equipme

.‘3“

nt
IADIO # TELEVISION.: A _ELECTRICAL: ¢ MlORATOkV
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The world's leading
producer of auto
aerials presents
models unsurpassed

m...
Each smart looking model is engi-

DESIGN { neered and equipped to fit every car

on the road.

Every model has been tested and ap-
proved by car and radio set manu-
facturers.

QUALITY{

Always ‘‘most for the money’” Ward
aerials are going down in price Feb.
1, 1947. List prices will be from
$2.95 up.

Write us for full information!

IN CANADA: Atlas Radio Corp., 560 King Street, West, Toronto, Ontario, Canada

EXPORT DEPARTMENT: C. O. Brandes, Mgr., 4900 Euclid Avenue, Cleveland 3, Ohio

THE NOTEBOOK

— From Page 31

DOLLAR
VALUE

THE WARD PRODUCTS CORP.
1523 EAST 45th STREEY
CLEVELAND 3, OHIO

Transvision Television Kit
Offers you a High Quality

TELEVISION RECEIVER

ready for Easy, Rapid Assembly vent as shown in the diagram.

About 34 inch of solvent should be
poured into the pan. The speaker is
placed face down in the solvent for
a few minutes and the cone will
come free. The solvent can be
stored in a bottle to prevent evapo-
ration when not in use.

Joseph Tusinski
1214 Seaboard Ave.
South Norfolk 6, Va.

Easy-te-Assemble: N%_ knowiedge of televisian

required. easy-to-follow IN-
STRUCTION SHEET gives you all the knowl-
edge you need.
This Kit- INCLUDES SOUND, all component
parts, and the following:—
1. Specially designed Tele-

vision Antenna.

APhono Switch

BB T cyere | When ataching 2 phonograph 10
3P NP a set not designed for use with one,
O ey ) Ofh0 3 ¢ 5159 50 1t Is necessary to provide a switch

fead-in_cable, : which will be most convenient and

Operates on [10V,:
50-60 cycies A.C.

10% DEPOSIT WITH ALL ORDERS
Promptly )

seemingly built in. If the set uses
push buttons of the switch type, one
of the push button circuits can be
disconnected and the phono On-Off
switch connected in its place.

Karl Kiser
45 West 76 Street
New York, New York

509 ARCH ST., PHILA. 6, PA.
LOmbard 3-0513
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THE SERVICE BENCH

— From Page 29

end of this coil can be grounded,
the other connected to the antenna,
or both ends can be brought out and
connected to a transmission line. A
twisted pair of rubber covered wires
will do, as shown in Fig. 2.

Some of the sets use a multi-
tuned circuit preceding a series of
untuned RF stages. You can be
tricky with these sets and replace
the ganged tuner with a factory-
made iron core push button unit.
Or you can use a single or double
tunable iron core arrangement. The
iron core tuners will deliver more
signal with greater selectivity be-
cause of their much higher “Q,”

The untuned RF amplifiers are
constructed rather peculiarly and
some of the servicemen meeting
them for the first time will have a
little difficulty. They are usually
made by taking two wires and wind-
ing them together on a single coil
form (See Fig. 3). Usually the
winding is made in three or four
pies, each pie wound in a different
direction. When unwinding the
coils, both wires must be unwound
simultaneously. The coils are prone
to inter-wire leakage and, when de-
fective, can easily be rewound. Use
new double cotton or silk covered
wire. Do not splice a break and re-

BRUNSWICK
3KBR

CHANGE TO
THIS +»

OR
THIS»

Fig. 2 Either one of the above meth-
ods of coupling the antenna is an im-
provement over the original.

MARCH 1947 e RADIO MAINTENANCE



UNTUNED RF GOIL
DETAIL

Fig. 3 The construction of an untuned
RF coil used in the older receivers.

wind using the old wire. The wind-
ing need not be exact as anything
within a dozen turns will do.

After. the antenna and volume
control changes have been made, all
the resistors and condensers that
form part of a tuned circuit should
be carefully checked. If these con-
densers are of paper, or of open
mica and brass construction, they
should be replaced. The resistors
should conform to specifications.
Leakage across a condenser in a
tuned circuit broadens the response
of that circuit and defeats our pur-
pose.

Next, the RF stages should be
aligned. Do this with a buzzer, sta-
tic, or any type of broad signal
generator. With a broad signal, you
can adjust the padders without
rocking the condenser gang. The
signal rocks for you. Check the
broadness of tuning of each stage
and the set’s overall gain. In most
cases, it will be necessary to remove
the RE coils and bake them. Oc-
casionally you will find a coil with
beeswax protecting it. Do not touch
this type. Generally the coils are
merely shellac-covered and moisture
seeps in. Bake them dry and cover
them with several coats of coil ce-
ment.

Replace the coils and check the
alignment over the entire band.
Many of the early manufacturers
constructed their gang condensers
of sheets of aluminum set in white
metal. This metal warps and cracks
with age. It is very possible that
some of the plates have visibly
moved. Don’t try bending the

— To Following Page
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SPECIAL SOLDERING GUN
ADVANTAGES

TH STAYS TINNED
NO BURNING

SEE WHERE
YOU SOLDER

SOLDER AROUND
CORNERS

Service and maintenance men
can save time by the fast heat-
ing of the Soldering Gua.
of che new induction principle, 5 second
soldering heat is supplied from a light weight
built-in transformer.

The loop type tip gives you other advantages that are im-
portant in soldering. Good balaace with weight close to
your hand makes it easiet to use. The narrow tip gets in
between a lot of wiring with ease. Conaections can be
made without burniag insuiation. The tip can be formed
readily to work in tight places.
See your radio parts distributor for a demonstration, or
write direct for descriptive bulletin.

* 100 Watts
* intermittent Operation With Trigger Switch
% Can't Overheat or Burn Out

* Impact Resisting Case

* Handle Stays Cool

* Good Balance—Weight Close To Hand

By use

N5 Voits 80 Cycles

8i2 PACKER ST.

Export Depf ~—25 Warren Sfreef New York 7, M. Y.
In Canada—Atlas Radio Corp., Ltd., 560 King Street N. W., Toronto, Ont.

[ONEY
in your

.

POCKET”

y

Radio Servxcemen who take the-.

Jensen Phonograph Needle Sales-

kit on service calls say they" ‘would

above, helps _denionstrate -
ds

show
fine needles, sells “on sxght
$$$5 to your inconie.

ﬁContams 3 Jensen Concert Nee-

d}@s retzulmg at:$1: each, and 3
p ensen Genume Sapphxre Needles

JENSEN INDUSTRIES, Iné,

when you curry J}"he hundy Jensen Salesklf

- ments you‘

at'$2.50. each. Needles are beautl-
fully packaged. Adds profit to every

~ call;; What's'more, Jensen phono-
aot be without it. This, ‘handy” kit, /graph needles augment your work,

.assure fully clear tone of* the instru-
pair, make a
sound bener. F ;
. Gmeram‘ disconnts 10 servicemen
“boost'y your i tucome. WRITE TODAY
for complete details.

327 SOUTH WO0OD ST, CHICAGO 12, ILL




You; Opinions

— Oscillograph — Sig. Generator — VTVM — etc. Your Shop Layout

® Your Trouble Shooting Procedures — Television
AM — FM

® Your Public Address System — planning —
installation — operation — maintenance

® Your Alig t Techniq
AM — FM

Your Radio Service Bench
Your Service Kit for outside jobs

Your Business News

— Television ~— Your Tools

THE MAGAZINE
WITH EVERYTHING YOU NEED

INE

RADIO MAINTENANCE MAGAZINE
460 Bloomfield Avenue, Montclair, N. J.

Please send me RADIO MAINTENANCE magazine every month for
{3 | year at $2.50 ] 2 years at $4.00

Name
Address
City-State

*Qccupation

Title {Service Mgr., etc.)

Employed by

*Business or professional classifications are required to serve you better. Each subscriber
will profit by writing one of the following classifications in space indicated.

INDEPENDENT SERVICEMAN—DEALER SERVICEMAN—SERVICE
MANAGER—DEALER—DISTRIBUTOR—JOBBER

State your trade or occupation if not listed

38

MONTHLY

). SPECIAL

IMPROYED WIRELESS AUTOMATIC
RECORD PLAYER

FOOL PROOF Plays (4 Ten or (2
Twelve inch records

TONE ARM at one setting.

Plays through any number of radios in the house
simultaneously without wires or connections. Aluminum
tone arm with featherweight crystal cartridge. Attrac-
tive leatherette covered base. Liphtweight.

63:000 +onneunennntaneneenns Net $27.92

SELF-CONTAINED AUTOMATIC RECORD CHANGER
PHONOGRAPH. Same as ahove, hut with self-contained
5” PM Speaker, Amplifier Unit, Tone & Volume

Controls.
63-050 ..... 0000a00000000630800 . Net $39.95
Write for FREE 1947 Parts Gulde

‘UTS? N

U. §. RADIO SUPPLY

5116 HARPER AVENUE

CHICAGO 15, ILLINOIS
DEPT. MA3

~+ From Preceding Page

plates back into place unless you
absolutely have to; the white metal
breaks very easily. Make your cor-
rections by bending and cutting the
end plates. Some of the condensers
are already slotted for this purpose.
Use a tuning rod to determine first
whether or not a circuit can be
brought into tune, or whether it is
shorted or open.

Many of the sets using 26s and
27s are neutralized. A tube with
its grid tuned to the same frequency
as its plate will go into oscillation
if its grid to plate capacity is high
enough. The cure is the impression
on the grid of an out of phase volt-
age equal to the inter-electrode volt-
age. This is accomplished by con-
necting a small variable condenser
from the grid to a point on the
plate coil as shown in Fig. 4. The
condenser is adjusted until the out
of phase voltage equals the inter-
electrode capacitance voltage. Use
an open filament tube in the stage
to be adjusted, or slip a piece of
drinking straw over the filament
prong, and turn the condenser until
the signal heard in the speaker is at
minimum. If the silent spot is

MARCH 1947 & RADIO MAINTENANCE



?Z“erl” ioudst
Loudspeaker

Air-column speakers are something
really new in sound. The idea is so
new that it may take a little thinking
to grasp it, but it's really quite simple.

A diaphragm driver is actually a pis-
ton air compressor of variable speed.
Its low efliciency is suitable for in-
door use, but to cover large outdoor
areas higher efficiency is required.

The logical means is an ordinary air
compressor. We couldn’t use this sim-
ple method of generating audio power
until VOCAL-AIRE driver units were
developed. In this system, steady air
pressure is modulated by the Voice
Valve just as your larynx modulates
your breath to produce speech. Since
generation of air pressure is not the
function of the driver unit we don't
need tremendous 500-watt amplifiers.

The compressed air supply comes from
a motor or gas-engine unit or from
any other available source. For port-
able use, the gas-engine compressor
also supplies the 110-volt A.C. for the
amplifier.

A special amplifier has been
designed to match the VOCAL-
AIRE driver unit. The impedance
of the driver varies with the
frequency of the signal and the
VOCAL-AIRE amplifier matches
this condition to achieve peak
efficiency.

The coverage of these speak-
ers may be hard to accept —
but two drivers, each driving
a pair of horns, cover the Yale
Bowl which is 900’ long, 500°
wide and seats 75,000 persons.
Two 20-watt amplifiers in cascade
are all that is needed, one amplifier
for each driver unit.

The compressor can be switched on
and off remotely, from mike or am-
plifier. . . or a switch at the mike
may be used to control plate voltage
for stand-by.

Servicemen: If you haven't read up
on air column speakers, we'll be
glad to send you literature describing
our system and if you have occasion
to service our equipment, a request
on your business stationery will bring
you a free copy of our Service Manual,

Voeal Aike sound

Systems are made by

.

NORWALKi**CONN.

RADIO MAINTENANCE = MARCH 1947

broad, turn up the volume or use a

stronger station.

Now the set should be perma-
nently aligned and the wave traps,
if any, adjusted. There are two
basic types of wave trap. One is the
absorption type in which the tuned
circuit is coupled to the antenna coil
(as shown in Fig. 5). When the
trap is tuned to the unwanted fre-
quency, it absorbs and dissipates
some of the signal. The other type
consists of a series tuned circuit.
In this hook-up, the tuned circuit
i1s in series with the antenna and
offers greatest resistance to the
passage of current at the frequency
it is tuned to. A series wave trap
can easily be constructed with a
broadcast frequency RF choke and
a 50-350 uufd padding condenser
(See Fig. 6).

It is sometimes possible to replace
low gain tubes with higher gain
tubes. For example, a 56 will re-
place a 27 and give a gain of nine

- To Following Page

Fig. 4 Method used to neutralize a
stage to prevent oscillation and insta-
bility.

FADA 10-11 30-35
ABSORPTION TYPE WAVE TRAP

Fig. 5 An absorption type wave trap.
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SERIES TYPE WAVE
TRAP

Fig. 6 A series type wave trap which
can be constructed from an RF choke
and a trimmer condenser.

@ A twist of the knob . .
' wink-of the indicator eye .

the positive

.‘a glance
ur: the big, easy-fo-read dial through the
precision pointer . . . unothe'réglance at
the multiplier switch—and you've gol
your capacitance or resistance reading.
Power factar and Izakage readings also =
available with equal ‘simplicity. Checks

for shorts and opens. It's all done in a

jifty— yet with real accuracy.
That's what you gel in the Aerovox
- Model 76 Capacitance-Resistance Bridge

just emerced from the Aerovox Engineer-
_ing loboratory in response to the de-- &
mand: for-a simple, accurate, moderate-

priced insfrument for uise in service shop,
laboratory,zor out in the field. You just
can’t afford 16 get along without it in
this fast:m L :

your ﬁ}rogox distributor or write us .
he ““Jifty Checking” descriptive bul-

letd -
this instrumient and dry- it for yourself.
Y | wantzto 1 iwi‘rh yout

NDL

AEROVOX CORP., NEW BEDFORD,MASS,, U.S.A.

Export: 13 E. 40th St., New York 16, N.Y. « Cable: ‘ARLAB’

tn Canada: AEROVOX CANADA LTD., Hamilton, Oat.
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BOLAND AND BOYCE PUBLICATION

OCTOBER 1945

A
JANUARY 1946
THE PROBLEMS OF ORGANIZATION
TELEVISION RECEIVER INSTALLATION — This
article will Initiate the serviceman into the first
step in television—its installation.
RADIO MAINTENANCE IN AVIATION
USING THE OSCILLOGRAPH FOR DISTORTION
MEASUREMENTS

FEBRUARY 1946

APRIL 19464

PA SYSTEMS—This article covers a general dis-

cussion of all the opportunities and procedures

for the serviceman about to enter the public ad-

dress field.,

A MIDGET AUDIO FREQUENCY OSCILLATOR

IF | WERE A SERYICEMAN

AN E%UALIZED AMPLIFIER FOR MAGNETIC
PICKUPS

MAY 1946

PA SYSTEMS-—This articie covers Initial layout of
a modern PA system in bars, dance halls, audi-
toriums, etc.

TEST PANEL FOR THE MODERN BENCH
RINGING THE BELL

JUNE-JULY 1946

FUNDAMENTALS OF TELEVISION
YOLUME CONTROL TAPERS

THE ELECTRONIC VOLT OHMMETER
VECTOR ANALYSIS

AUGUST 1946

AVC CIRCUITS

FM TROUBLESHOOTING

TELEVISION RECEIVER FUNDAMENTALS
RECORD CHANGERS

SEPTEMBER 1946

NOVEMBER 1946

PART 1l TEST & ALIGNING TELEVISION
RECEIVERS

DON'T FORGET THE DIAL LAMP

THE OSCILLOGRAPH . . . HOW TO USE IT
CRYSTAL PICK-UPS

DECEMBER 1946

TELEVISION RECEIVERS . . . THE RF SECTION
TUNING [INDICATORS
PARYT 11 THE OSCILLOGRAPH . . . HOW TO

USE IT
REPLACING AUTO CABLES

JANUARY 1947

SERVICING BY EAR
TELEVISION RECEIVERS . . . VIDEO CHARNNEL
PART (I} THE OSCILLOGRAPH . . . HOW T

USE IT
MINIATURE TUBE CHART

FEBRUARY 1947

SELENIUM RECTIFIERS

THE AUDIO OSCILLATOR

PARST IV—THE OSCILLOGRAPH . . .
USE IT

TELEVISION RECEIVERS—
THE SOUND CHANNEL

HOW TO
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460 Bloomfield Ave.
Montclair, N. 4.
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~> From Preceding Page

as compared to a gain of three, with
no circuit changes. This change and
other changes will not always work
as the increased gain will some-
times throw the set into oscillation
and cause blocking despite neutrali-
zation and increased shielding. ¥ »

ELECTRONICALLY
SPEAKING

~-» From Page 34

stall and ‘have, therefore, been a
major obstacle to television in small
communities. The new system will
result in a great reduction in the
cost of transmission. ¥ ¥ ¥

INDUSTRY PRESENTS

— From Page 24

velopment Laboratory, 2655 West 19 Street,
Chicago 8, Il

PORTABLE RADIO

A new portable radio, the Rejuven-Air, is
available from Electromatic Manufacturing
Corporation, New York City. It comes in
a two-color leatherette carrying case, 10!,
x 124" x 414" and weighs about eleven
pounds.

VIS-O-GLOW ARRESTER

A revised model of the Vis-O-Glow light-
ning arrester for radio is being introduced
by the L. S. Brach Mfg. Corp. of Newark,
N. J. In this arrester, use is made of a
highly sensitive rare gas tube in multiple
with heavy conductive plates, forming an
auxiliary air gap. The air gap plates do not
function except when. the current enters
the antenna in excess of the capacity of
the fube. Inductive discharges are taken
care of by the rare gas tube. The casing
has a slow-burning inhibiter.

MARCH 1947 e RADIO MAINTENANCE



Saaled-in
Mournt

Exhausted

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

LITTLE ONES

That’s right. Big power tubes help build little receiving tubes. Secret of the
electronic tube is its ability to pass a controlled stream of electrons through a
vacuum. During the intricate exhaust process, electronic induction heating assists
in creating that vacuum.

The induction heater (small illustration) is a 750-kilocycle, 6-tube, 10-kilowatt
power oscillator whose tank coil is coupled to the exhaust coils. Four of these
coils poised over Hytron 12SA7GT sealed-in mounts are caught by the camera a
split second before the exhaust machine automatically positions them around
the mounts.

High frequency current in the coils quickly heats red hot by induction the inter-
nal metal parts of the mounts. Gas driven oft is sucked through the exhaust tube
of each mount by the vacuum pumps. Heater leads riding in the two circular
tracks supply filament power to activate each cathode. Also by induction heating,
“getters” are flashed to absorb residual gasses. Fingers of gas flame finally melt
and seal off the exhaust tubes.

An intricate machine—assisted by electronics itself —performs the ticklish ex-
haust job easily, speedily. Again know-how supplants the element of human error
with the infallibility of the machine. Machine-paced, a sequence of finely-controlled
precision operations gives you Hytron tubes of typically uniform quality.

not, write for it today.

MAIN OFFICE: SALEM, MASSACHUSETTS

wWwWWwW americanradiohistorv com

Have you received your
copy of the new, compre-
hensive Hytron Miniature
Tube Reference Guide? [
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'WHEN YOU

We can supply you better and faster. All cur
items are made by the best manufacturers. ...
Here under one roof the Radio Serviceman can find
all he needs to equip and stock his shop.

» TEST EQUIPMENT e PA EQUIPMENT
* PARTS *»TUBES TOOLS

sBOOKS & MANUALS

500 Reading Road

HDI.UB Hin HOGG Cincinnati 2, Ohio
PArkway 3617

Wholesale Radio and Electronic Components P. A. Equipment

B il



