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OVER 70 STORES
COAST-TO-COAST

ARIZONA
Phoenix: 3905 East Thomas Rd.
CALIFORNIA
Anocheim: 507 East Kotello Ave.
Bakersfield: 1308 19th St.
Lo Habras 1511 West Whittier 8lvd.
Long Beach: 3974 Atantic Ave.
Los Angeles:
Downey: Stonewood Shop. Cir.
Lodere Shopping Center:
5305 Centinela Ave.
Mission Hills: 10919 Sepulveda Bivd.
Resedo: 19389 Victory ot Tampa
Torrance: 22519 Howthorne Bivd.
West Covinar 2516 Eost Workmon Ave,
West L. A.: Pico Blvd. ot Overlond
Ockland {San Leondro): Bay Fair Shop. Ctr.
Sacramento: 700 Fulton Ave,
San Diego (La Mesa): Grossmont Shop. Cir,
Sonta Ana: Bristol Plaza Shop. Crr.,
1212 South Bnstol
COLORADO
Denver: 798 South Sonta Fe
CONNECTICUT
Homden: Hamden Mart. Shop. Ctr.
Manchester: Monchester Shop. Porkode
Neow Haven: 92 York St.
New London: New London Shop. Ctr,
Stemford: 29 High Ridge Rd.
West Hartford: g? So. Main St.
LLINOIS
Chicage: Evergreen Plaza ot 95th $1,
MAINE
Portland: Pine Tree Shop. Cir.

MASSACHUSETTS

Boston:
187 Washington 51,
594 Waoshington §.
110 Federal St,
Braintree: South Shore Plaza
Brocktan: Westgate Mall
Brookline: 730 Commonwealth Ave,
Cambridge: Fresh Pond Shop. Cre,
Framinghem: Shoppers’ World
Lowelli Central Shop. Plazo
Savgus: N. £ Shop. Crr.
Springflelds 1182 Main St
West Sprinafield: Century Shop. Cir,
Worcester: Lincoln plaza
MINNESOTA
St. Paul 473 North Snelling
MISSOURI
St. Louist 1125 Pine St.
NEW HAMPSHIRE
Manchester: 1247 Elm Si.
NEW MEXICO
Albuguerque: 6315 Lomos, N. E.
NEW YORK
8inghamton (Vestal): Vastal Shop. Plaza
Buffalo (Clarence}: Transitown Shop. Ctr,
:‘ew anlu‘.l |‘28 Avej "‘lhcek Amaricas
yl n):
Syracuse: 3057 Erie Blvd. East
OHIO
Cincinnati: 852 Swilton Cir,
OKLAHOMA
Oklohoma Citys Mayfalr Shap. Ctr.
Tulse: 2730 South Harvard
OREGON
Portlond: 1928 N. E. 42nd St.
PENNSYLVANIA
Philadelphio:
2327G Cotimen Ave., Roosevelt Mall
1128 Walnut Sr,
RHODE ISLAND
Cranstons 1301 Reservolr Ave.
Eost Providence: Shoppers’ Town
TEXAS
Abilenes 2910 North First St
Aslington: Collins ot Park Row
Brownsvitle: 847 S. E, Elizabath 51,
Dallas:
1601 Moin St.
Medollion Center
125 Wynnewood Village
Fort Worth:
1515 So. University Dr.
900 East Barry St.
3524 East Denton Highwoy
2615 West 7th St.
Houston:
845B Gull Freeway
322 Northline Mall
Bellaire: 4759 Bissonnat
San Antonio: 150 Wondsrlond Shop. Cir.
Sherman: 1620 Highwoay 75 North
Wacot 1016 Austin Ave.
VIRGINIA
Arlington: Washington-lee Shop. Cir.
WASHINGTON

tr.

Seattle:
2028 Third Ave.
837 N.E 110th S1.
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RADIO SHACK

Citizens' Band
Transcelver

Qale!

==

2 FOR $78.00

® Built-in Mk /S
° Pus/)-fo-Ta//(eLef:ral(er

® Range up ¢ 5
o Sens anc.{/) ° 8 Miles

Crystals Supplied
Operates on 117 VAC

LOWEST PRICE
FOR A 3-WATT

IN THE COUNTRY
(B TRANSCEIVER

RADIO SHACK stuns the C

Receive Ch. 5

“Intercom-type’
to talk . | .yp
re'k?ase to list
with €Xceptionally clea

3 r mod
to 8 miles. No tangle of

You, our price js irresistible!

Or shop in person t
21-1160. Ship. wt. 2 l!)),;).ur o

and ON -w
the market under $60!Lgpirg

mike/speaker- d
! © depress |
Or raise to talk conu'n?:ouslyever

€n. Arm’s length ¢

ulation! Range
f : u
erqs, no & 2

each. Handsome
case. If CB s for
Mail order today
rest Radio Shack.

B world with the
att transceiver on
tes on 117 VAC.

OMmunication

with
Crystals for

Walkie-Talkie
b 95 Each
| 3 Singly

Dual-Channel, Use
with SELECTaCOM.
»| 100 mw. output.

#21-904
i .-l same as above with
| 12 trans., battery
# 21-906. $49.95

6-Transistor
Walkie Talkie

T 2]95 Each .
Singly
Up to 1 Mile. Tunes

with SELECTaCOM.
100 mw. output.

#21-1139.

Same with 9 trans.
Up to 2 miles.
#21-1001. $29.95.

‘‘Space Patrol’’
Walkie-Talkie

950 Each in
Pairs

America's favorite
wired hand radio.
Ready to use; not a
kit! Talk up to 1
mile!

#60-3030.

- -
o

AC/DC POWER SUPPLY CONVERTER

Operate any of the 100 mw. Walkie-Talkies above on 117
VAC house current. Conserve battery power. Sturdy table-
top stand for base station operation. 2x31/2x412". #21-1002.

1 O 0 5 O O O S N D G O
= MAIL TO YOUR NEAREST RADIO SHACK STORE I
74
[ Please send items | have checked ot right. (] 21-1160, SELECT2COM []
SHIPPING '

ADD 50¢ PER ORDER FOR PACKING AND W o, =
! [] 21906, TRC-33 ]
NAME (print)_________ [] 21-904, TRC-22 ]
: [] 211139, TRC-1 [ |
O Send me a SRR B % 21-1001, TRC-2 =

FREE 15966 21-1002, Converter
Calalsg. CITY STATE = "ZIp = et =

Circle 2 on reader’s service card
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BEST ROUTE TO RELIABLE MEASUREMENTS

GO WITH THE

NEW GREEN LINE

THIS WAY TO SMART NEW DESIGN
- THIS WAY TO ADVANCED HIGH PERFORMANCE

636 AF SINE SQUARE GENERATOR

@ u@ ;

——
® e

P ERECSE euecTAONCE

780 REGULATED POWER SUPPLY

MODEL 636

AF SINE SQUARE GENERATOR —
20 cps to 200 kc in four ranges.
Less than 0.25% sine wave dis-
Itortjion at 10 vrms into 600 ohms
oad.

Kit: $45.95 Net Wired: $61.95 Net

Go with the new PRECISE Green Line.

It's the scenic route for your test measurements—
headed straight for value and accuracy. These unique
instruments have color dynamic front panels fea-
turing easy-on-the-eyes Green to aid readability and
accuracy. New functional design and layout make
operation fast and foolproof. Underneath, they're
humming with sophisticated circuitry checked out for
reliability. That's why, now more than ever, you'll find
the going’s smoothest with PRECISE test instruments.
Go all the way with PRECISE scopes, VTVMs, power
supplies, signal generators, tube testers, decade
boxes and probes.

|

MODEL 780

CONTINUOUSLY VARIABLE REGU-
LATED VOLTAGE SUPPLY—Regu-
lated dc output from 0 to +400v
at 150 ma, and 0 to—150 v bias.
Also provides unregulated ac.
Meters for voltage and current.

Wired: $99.95 Net

MODEL 905

VACUUM TUBE VOLTMETER —
Comes with assembled dc/ac-
ohms probe. Direct reading of p-p
voltages. Separate ac low voltage
scale. Low 0.5 vdc range for tran-
sistor circuit measurements.

Kit: $32.95 Net Wired: $49.95 Net

-

FREE! 1001 kit with case

Get this compact, convert-
ible tool set free with your
purchase of any PRECISE
instrument (except probes
and decade boxes). Included
are nutdrivers, screwdrivers
and a handy tote case. Avail-
able only during our Green
Line introduction. Supplies
are limited, so make tracks
to your PRECISE distributor
and get this free gift now!

N

Circle 3 on reader’s service card
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Over 55 Years of Electronic Publishing

GUEST EDITORIAL

33

The Past and Fature of Test Equipment ... . . . John R. Meagher

TEST INSTRUMENTS

34

36

a9

42

46

51

52

56

COMPLETE . &0
DIRECTORY

72

79
AUDIO
48

GENERAL

Your Slp—A Serviee Tool o Juek Larr
Griiide fo antaaih-runnimeg profession :.:? 1»‘!:;_;.1 szpfrt'.s i) .l’-:tllflfr}ﬁfs, Liju

Calibrate Your Seope v b e o [ronsyRt e e Riobort € Middleton
Make it miech more 1Lrl.u¢.:h

Bornout-P'roof Your ¥OM for Less Than s Dollar. HER LS e £ M Dezettal
Tlie Puiier mupy stitd prive, diae vhe cafl e’ Burn vt

The Versatile Tip Meter .00 L fufus P Turner
Learn fow te pae this compact, inexpensive instriment

Do You Understand What You Read on Your Meter? Art Margalis
Nothing (s saveed, Keep o few gratos of selt hemly-aohen usfng-merees

Meterless DC Volvmeter . R A, Stasior
A e hiours ondo o bucks brings ].u.- LA e n:.'f panicet meter

Component Carve Tracer | ik red Blechman
il vl vind blvefbor Saayrking. ."u_,a.ur for e seepe

i o1t 5 e e e b s e fom fusk

Simrpde chonges push yoor 200-ke sodpe o 2 me .'HIrf Bt g iy }rj

Signul-Makers
Erpetashe-minnte conndup of AM, EM, ivdie, voler, sieeep,
merker & meltiplex gererators

Equipment Heport: B & K Model 801 Capacitor Analysi: EICD
435 DE/Widehand Oscillosvope ; EMC Model 107A VTYM

Whnt's on the Cover?

New Designs in Complementary Amplifier/Loudspeakers ...George L. Augspurger
After several false starts, integrated amplifier/speakers
may be on the way

22  Service Climic ... Jack Darr
The Misleading Reading
38 What’s Your EQ?
40 SCR Trigger for Your Photoflash ...~ Lyman E. Greenlee
Easy-to-build addition for strobes prevents pitted shutter contacts
45 What’s New
TELEVISION
94 How to Set Up a Color Bar Generator Wrong
Pitfalls carefully collected and cataloged
o .,
THE DEPARTMENTS :’,“
14 Correspondence 83 New Products 98 Noteworthy Circuits e
104 New Books 97 New Semiconductors & Tubes 77 Technotes Member,
88 New Literature 4 News Briefs 100 Try This One Institute of High Fidelity
38 50 Years A Radio-Electronics
80 Reader’s Service Page ears Ago is indexed In

Applied Science

& Technology Index
{Formerly

Industrial Arts Index).

HUGO GERNSBACK, editor-in chief and publisher. M. HARVEY GERNSBACK, editor. Fred Shunaman, managing editor. Robert F. Scott, W2PWG,

technical editor. Peter

E. Sutheim, associate editor. Jack Darr, service editor. |. Queen, editorial associate. John J. Lamson,
eastern sales manager. Wm. Lyon McLaughlin, technical illustration director.
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NEWS BRIEFS

ROBERT SARNOFF RCA PRESIDENT
Robert W. Sarnoff was elected

president of the Radio Corporation of

America at the last directors meeting,

President Elmer Engstrom was pro-
moted to chief executive officer, chair-
man of the executive committee. Gen-
eral David Sarnoff, turning over to
Engstrom the duties of chief executive
officer, will continue o serve as execu-
tive chairman of the board, while
Robert Sarnofl’s former position of
NBC chairman will be taken over by
Robert E. Kintner.

COMPUTER ROUNDS UP SCOFFLAWS

Motorists who failed to answer
traffic-violation summonses, and crim-
inals of a graver kind, like car thieves,
were rocked back on their heels re-
cently as the New York City Police
Department began experiments with a
computerized method of picking up
violators of the law. The technique
worked so well that it caught a lady
driver on a major traffic artery in
New York. while police and reporters
were on the way to a spot where a
simulated demonstration for the press
has been set up. About 200 members
of the press witnessed the catch, which
was an unexpected bonus in a demon-
stration of Operation Corral—Com-
puter Orieated Retrieval of Auto Lar-
cenists. The lady was arrested for hav-
ing ignored for some months a sum-
mons for running through a red light.

The system, whose heart is a
Univac 490 real-time computer at the
US Pavilion at the World’s Fair, has
been under test since May. A patrol-
man in an observer car reads off li-
cense plates as the cars swish by. The
numbers are fed by radio to the com-

4

puter, which has a memory drum con-
taining the license plate numbers of
some 30.000 stolen cars and 80,000
scofilaws. The machine rings a bell
when it recognizes a number. The
number is printed out on a teletype
machine and the opcrator radios a pa-
trol car, which is spotted far enough
ahead to be in a good position to pur-
suc the flagged car.

Variations on clectronic sleuth-
ing are used in Detroit. Chicago, Ala-
meda County. Calif.. and St. louis.
Detroit’s computer prepares lists of
stolen goods, digests crime reports
quickly and idenrifies criminals. Chi-
cago’s system. called Operation Crime
Stop, has led to more than 3,800 ar-
rests since April 1964.

FCC REQUESTS CONTROL
OVER POTENTIAL INTERFERENCE

PRODUCERS

The FCC has asked that the 1934
Federal Communications Act be
amended to give the commission au-
thority to regulate emission from any
devices that can put out enough radio-
frequency energy by radiation, con-
duction or other means to interfere
harmfully with radio communication.

There is now no law giving the
FCC authority to prevent potential in-
terference-producing equipment from
being manufactured and sold, though
the FCC can immediately take action

once it is in the hands of the user and
interference has actually been pro-
duced.

Among the devices that the FCC
has listed as possible interference pro-
ducers are electronic garage-door
openers, some electronic toys. high-
powered electronic heaters, diathermy
machines and welding equipment.

NATESA ELECTS OFFICERS

AT NATIONAL CONVENTION

The National Alliance of Tele-
vision & Electronics Service Associa-
tions held its annual convention at the
end of August. This was the fifteenth
NATESA convention. Officers elected
were John Gibson. of Roanoke. Va..
president; Andy Archie, Nashville,
secretary-general; Tom Easum, Mem-
phis, treasurer.

According to John Gibson, the
new president, NATSEA will devote
its main attention during the next year
to CATV, licensing and extended war-
ranties.

RCA OFFERS 15-INCH

RECTANGULAR COLOR TUBE

RCA dramatized the announce-
ment of a new color TV tube to be
delivered in limited quantities in the
first. quarter of 1966 by demonstrating
a “simulated” 15-inch tube. Showings
were held in the East and the West.
While the tube demonstrated was not

New York City police officers and patrolman stand by ready for action as Univac 490
computer reports by telerype that a stolen vehicle has been spotted. Policewoman is in-
structing radio patrol car in the field 1o apprehend suspect.

WWW.americanradiohistorv.com
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At Sea 1> On Land i In the Ain._.!

Job Opportunities are G-R-0-W-1-N-G for Ee, ==
DeVRY-TRAINED ELECTRONICS TECHNICIANS

DeVry Tech President Inspects Electronic Devices
Aboard the World's Longest Ship . . . S.S. FRANCE
. . . Pride of the French Line Fleet!

Thousands of men 18-45 who knew nothing about Electronics when
they first contacted DeVry Tech are now EARNING GOOD
MONEY in JOBS THEY LIKE because they took advantage of

this invitation:
Send the coupon below for free, no-obligation FACTS about
JOB OPPORTUNITIES in Electronics . . . plus details on our
&Rof\illl%) methods of helping men prepare for a start in

is field.

Many who sent coupons are now in some of the most interesting
and promising jobs imaginable — working aboard ships similar to
the S.S. FRANCE, or at missile centers, or in TV studios. They are
in Computer work, Radar, Automation and Industrial Control,
Radio and Television, or other exciting branches of this vast, grow-
ing field.

These men discovered they didn’t have to be technical wizards or
have an advanced education to prepare for careers in Electronics.
No . . . a real desire to get ahead is far more important!
Eye-opening facts describe DeVry’s amazingly simplified and prac-
tical spare time educational programs designed especially for men
unable to leave their homes. Also included are details of the indus-
try — recognized day and evening programs in our Chicago or
Toronto Laboratories. Yours for the asking, too, are facts on the
actual job placement service DeVry Tech offers all its graduates.
ACT NOW and soon you may be among the well-prepared DeVry
men starting out in the better-paying opportunity field of Elec-<_
tronics. Send the coupon today. i

A CAPTAIN'S CAPTAIN

Remarkable developments in electronics have
helped make possible such luxury liners as the
S.S. France, of which Joseph Ropars is command-
ant. Ropars is known as a captain's captain, one of
the most popufar masters of the French Line's
trans-atlantic fleet.

DeVRY

Technical Institute

CHICAGO Get Two Free Booklets!

Matil Opportunity Coupon Today.

DeVRY TECHNICAL INSTITUTE

4141 Belmont Ave., Chicago, Ill. 60641 Dept. RE-11-v

Please give me your two free booklets, *‘Pocket Guide to Real
Earnings’’ and ‘“‘Clectronics in Space Travel'’; also include details
on how to prepare for a career in Electronics. | am interested in
the following opportunity felds (check one or more):

[J Space & Missile Electronics [J Communications

[J Television & Radio [J Computers

[J Microwaves J Industrial Electronics

[J Automation Electronics [J Broadcasting

[0 Radar [ Electronic Control

[ 1 AM INTERESTED IN AUTOMOTIVE AND MAINTENANCE ELEC.
TRICITY. Please supply further information.

NAME AGE

ADDRESS APT

CITY. STATE ZONE.

O Check here if you are under 16 years of age

2099 Available in Canada

ACCREDITED MEMBER QF NATIONAL HOME STUDY COUNCIL
Circle 4 on reader’s service card
NOVEMBER, 1965 5
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brand new

...and very important. ..

(JUAM COLOR TV
REPLACEMENT
SPEAKERS PREVENT
COLOR PICTURE

DISTORTION

OFTEN CAUSED BY sTRAY ¢
MAGNETIC FIELDS FROM %
ORDINARY LOUDSPEAKERS

COMPLETE TUNER
OVERHAUL

the one RCA expects to put on the
market, it was intended to demonstrate
to color manufacturers the feasibility
of the new size and to assist them in
“consideration of design details and
help promote color picture tube inter-
changeability within the industry,” in
other words to encourage compatabil-
ity and all-around replaceability.

The tube actually demonstrated
was in a 14-inch rather than a 15-inch
glass bulb and the mask was cut from
a piece intended for a 25-inch tube.
The screen spacing of the mask for the
15-inch tube will be different, RCA
spokesmen stated.

A second reason for the demon-
stration appeared to be a desire to es-
tablish the 15-inch tube as being a
logical size in the family of color TV
tubes, between that of G-E’s 11-inch
and the larger 19 inches.

ALL MAKES - ONE PRICE

A )

fes

-

COAXIAL CABLE HANDLES

32,400 CHANNELS

A new coaxial cable system, with
nearly twice the capacity of any broad-
band system now in use, has been an-
nounced at Bell Telephone Laborato-
ries. The new system, the L-4, covers
a broader band than even microwave
radio. The cable contains 28 coaxial
conductors and operates at frequencies
twice as high as those used in its prede-
cessor, the L-3.

The L-4 marks the first use of
transistor repeaters in a coaxial cable
system. They are spaced every 2 miles.
In addition, there are regulating net-
works about every 14 miles, equalizing
networks every 50 miles and additional
equalizing networks at main repeater

When you use an ordinary loudspeaker in a
color TV sel, you're looking for trouble . . .
picture trouble. The external magnelic fields
from standard loudspeakers will deflect the
primary color beams, causing poor registra-
tion and distorted pictyres.

ALL LABOR
AND PARTS

(EXCEPT TUBES
& TRANSISTORS)*

RADIO-ELECTRONICS is published by

Gernsback Publications, Inc.

Chairman of the Board: Hugo Gernsback

President: M. Harvey Gernsback

Vice President-Secretary: G. Aliquo

Vice President.Treasurer: Charles A. Raible
Editorial, Advertising, Subscription and

Executive offices: 154 West 14th Street, New

York 10011.

Subscribers: When requesting change of ad-

dress please furnish an address label from a

recent issue. Allow one month for change of

address.

QUAM RESEARCH SOLVES
THIS PROBLEM An entirely )

new construction technique, developed in *
the Quam laboratories, encases the magnet
in steel, eliminating the possibility of stray
magnetic fields and the problems they
cause! These new Quam speakers have been

Guaranteed Color Alignment—No Addit. Charge

Simply send us the defective tuner complete; include
tubes, shield cover and any damaged parts with model
number and complaint. Your tuner will be expertly
overhauled and returned Promptly, performance re-
stored, aligned to original standards and warranted
for 90 days.

UV combination tuner must be single chassis type;
dismantle tandem UHF and VHF tuners and send in
the defective unit only.

Exact Replacements are available for tuners unfit for
overhaul. As low as $12.95 exchange. (Replacements
are new or rebuilt.)

Fioneers i 1y Tuner Uverhauling

CASTLE

TV TUNER SERVICE, INC.

MAIN PLANT: 5715 N. Western Ave., Chicago 45, Illinois

EAST: 41.96 Vernon Blvd., Long Island City 1, N.Y.

IN CANADA: Castle Television.Services, Ltd. . . .
Nation-wide service

*Major Parts are additional in Canada

ADVERTISING REPRESENTATIVES: East:
John J. Lamson, Eastern Sales Manager,
RADIO-ELECTRONICS, 154 West 14th Street,
New York 10011, 212 AL5-7755; Midwest: P. H.
Dempers Co., 740 North Rush Street. Chicago,
Illinois 60611, 312 M| 2-4245; Texas/Arkansas:
Media Representatives, Inc., 2600 Douglas
Avenue, Irving, Texas 57060, 214 BL 5-6573;
West Coast/Oklahoma: Husted-Coughlin, inc.,
1830 W. 8th Street, Los Angeles, Calif. 90057,
213 389-3132; Husted-Coughlin, Inc., 444 Mar-
ket Street, San Francisco, Calif. 94111, 415
GA 1-0151; United Kingdom: Publishing & Dis-
tributing Co., Ltd., Mitre House, 177 Regent
St., London W.1, England.

< Circle 5 on reader’s service card

eagerly adopted by leading color TV set
manufacturers. Quam now takes pride in
making them available for your replace-
ment use. Five sizes (3" x 5, 4", 4" x 67,
514", 8") . .. in stock at your distributor.

QUAM

QUAM-NICHOLS COMPANY
234 E. Marquette Rd. « Chicago, lll. 60637

Circle 6 on reader’s service card
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careers for technicians at IBM

To technicians who seek important roles in today’s technology, IBM offers
careers in the world of computers. Modern computer systems and new solid state
technologies have created rewarding jobs for technicians in Research, Develop-
ment, Manufacturing and Systems Test. IBM is an Equal Opportunity Employer.

Owego, New York

Chemical Technicians: Experience in chemical
technology, engineering physics or in any of the
following: electrochemistry, lamination, adhesives,
electroplating, etching, oxide coating, photo-resist,
evaporation techniques.

Electromechanical Technicians: Experience in as-
sembly and maintenance of automatic production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Electronic Technicians: Experience in mainte-
nance, calibration and repair of complex elec-
tronic test equipment, and development of high-
speed circuitry.

Welder: Mag-lithium experience with toolmaking
capability.

Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

D. J. Carison, Dept. 649L

IBM Corporation

Space Guidance Center

Owego, New York 13827

IBM

Endicott, New York

Process Engineering Technicians: Planning, design
or construction of automatic processing equip-
ment. A.A.S. degree or formal tool and model-
maker training required. Related experience pre-
ferred.

Electrical Designeis: Requires A.A.S. degree or
equivalent training in electrical technology. Experi-
ence needed in solid state circuitry and printed
circuits for design of automatic component and
handling equipment.

Toolmakers: Must have completed formalized tool
and modelmaker apprentice program; 2 years’ ex-
perience working to close tolerances on dies, fix-
tures, gauges and special machine tools.

Please write, outlining your education and experi-
ence, to:

J. C. Lloyd, Dept. 649L

IBM Corporation

1701 North Street

Endicott, New York 13760

IBM

Fishkill, New York

Electromechanical Technicians: Experienced in as-
sembly and maintenance of automated production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Designers: Mechanism design of automatic pro-
duction equipment.

Electronic Technicians: Experienced in mainte-
nance, calibration and repair of complex electronic
test equipment, and development of high-speed
circuitry.

Semiconductor Technicians: Experienced in semi-
conductor process development and manufactur-
ing.

Toolmakers: Building of semiautomatic and auto-
matic tooling to extreme close tolerances.
Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

T. F. Flaherty, Dept. 649L

1BM Corporation

East Fishkill Facility, Route 52

Hopewell Junction, New York 12533

IBM

Kingston, New York

Etectronic Technicians: For work assignments with
the Kingston manufacturing test organization. Up-
on completion of initial training, qualified appli-
cants will be given positions involving testing, trou-
bie-shooting and repairing core storage units, tape
drives, display devices, drums, transmission con-
trot equipment and other peripherat devices asso-
ciated with some of the world’s largest and most
advanced electronic data processing equipment.
Qualifications: A.A.S. degree in electronic tech-
nology preferred; a certificate of completion from
an accredited 2-year technical school or equiva-
lent experience will be considered.

Please write, outlining your education and experi-
ence, to:

P. Palker, Dept. 649L

IBM Corporation

Neighborhood Road

Kingston, New York

IBM

NOVEMBER, 1965
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DISGOVER THE EASE AND EXCITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits—"Bite Size” Texts

Only NRI offers you this pioneering method of simpli-
fied 3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. It's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. If you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NRI has simplified Electronics by producing “bite
size'’ lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI's exclusive Achievement
Kit, containing everything you need to get started fast.
(INustrated at right.)

NRI has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm intc a new
adventure filled with the excitement of discovery.

NRI has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause *‘‘problems’ in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It's the priceless ‘“‘third dimension” in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

YOU GET MORE FOR
YOUR MONEY FROM NRI
Mail the postage-free card now for your free NRI cata-
log. Then, compare if you like. You'll find—as have so
many thousands of others—that NRI training can’'t be
beat. Read about your first lessons in the attractive
new Achievement Kit sent the day we receive your en-
rollment; about “bite size,” easily read texts and care-
fully designed custom training equipment. See why
NRI gives you more value. Whatever your reason for
wanting more knowledge of Electronics, you'll find NRI
has an instruction plan for you. Choose from three ma-
jor training programs in TV /Radio Servicing, Industrial
Electronics and Complete Communications. Or select
from specialized courses for men with specific wants
or needs. Check the course of most interest to you on
the postage-free card and mail today for your free NRI
catalog. No obligation. No salesman will call. NATIONAL
Rap10 INSTITUTE, Electronics Div., Washington, D.C. 20001.

Career? Part-Time Earnings? Hobby? Choose From 10 Training Plans

1. TELEVISION-RADIO SERVICING

Complete training from basic fundamentals
of electricity to home entertainment equip-
ment. You learn how to fix radios, hi-fi and
stereo sets, black-and-white and color TV,
PA systems, etc. A profitable field full or
part-time.

2. COMPLETE COMMUNICAT!ONS*
Designed to teach and provide you with
actual practice in operation, service and
maintenance of AM, FM and TV broadcasting
stations. Also covers marine, aviation, mo-
bile radio, facsimile, microwave, radar.

3. INDUSTRIAL-MILITARY ELECTRONICS
From basic principles to computers. A com-
prehensive training plan that teaches you the
fundamentals, then takes you into such
modern-day miracles as servos, telemetry,
multiplexing, pulse circuitry, data process-
ing, other career-building subjects.

4. FCC LICENSE K

Specifically designed short course to pre-
pare you for your First Class FCC Radio-
telephone License examinations. You begin

NOVEMBER, 1965

with a thorough background in fundamental
Electronic principles, advance to required
subjects covering equipment and procedures.

5. BASIC ELECTRONICS

A concise course to teach modern Electronics
terminology and components. A wealth of
practical, useful information to help you
better understand the field, to give you some
technical knowledge. For anyone who wants
a basic understanding of Radio-TV Electronics.

6. MATH FOR ELECTRONICS

A brief course for engineers and technicians
who need a quick review of the essential
mathematics used in industry, in communi-
cations, in government jobs. Basic arithmetic
review, short-cut formulas, modern digital
numbers systems, much, much more.

7. ELECTRONICS FOR AUTOMATION

This course not for beginners. Offered for
men with some fundamental knowledge of
Electronics who want a better understanding
of Automation in current use. Covers process
control, ultrasonics, telemetering and remote
control, electromechanical measurements,
other key subjects.

www americanradiohistorv. com

8. AVIATION COMMUNICATIONS*

This course prepares you to install, maintain,
service aircraft communications equipment.
Covers direction finders, ranges, markers,
Loran, Shoran, radar, landing systems. Earn
your First Class FCC License with Radar
Endorsement.

9. MOBILE COMMUNICATIONS K

Learn to install and maintain mobile equip-
ment and associated base stations. Covers
transmitters and receivers used by police
and fire departments, public utilities, con-
struction projects, taxis, etc. Prepares you
for a First Class FCC License.

10. MARINE COMMUNICATIONS*

Covers transmitters, direction finders, depth
indicators, radar, Sonar, other equipment
used on commercial ships and thousands of
pleasure boats. Prepares you for your First
Class FCC License with Radar Endorsement.

*You must pass your FCC License
exam (any Communications course)
or NR! refunds in full the tuition
you have paid.
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TUNER REPAIRS

Includes ALL parts (except tubes)...
ALL labor on A_LI. makes for com-

Elfa?e overhaul.

Q50

FAST, 24-HOUR SERVICE

with FULL YEAR WARRANTY

Sarkes Tarzian, Inc., largest manufacturer of
TV and FM tuners, maintains two completely-
equipped Service Centers, offering fast, de-
pendable tuner repair service. Tarzian-made
tuners received one day will be repaired and
shipped out the next. More time may be re-
quired on other makes. Every channel checked
and realigned per manufacturer's specs. Tar-
zian offers full, 12-month guarantee against de-
fective workmanship and parts failure due to
normal usage. Cost, including all tabor and
parts (except tubes), is only $9.50 and $15 for
UV combinations. No additional costs. No
hidden charges. You pay shipping. Replace-
ments at low cost are available on tuners beyond
practical repair.

Always send TV make, chassis and Model
number with faulty tuner. Check with your local
distributor for Sarkes Tarzian replacement
tuners, parts, or repair service. Or, use the
address nearest you for fast factory repair
service.

SARKES TARZIAN, INC.
TUNER SERVICE DIVISION

Dept. 200
10654 Magnolia Blvd.,

Dept. 200
537 South Walnut St.,
Bloomington, Indiana North Hollywood, Calif.
Tel: 332-6055 Tel: 769-2720
MANUFACTURERS DF TUNERS, SEMICONDUCTORS,
AIR TRIMMERS, FM RADIOS, AM-FM RADIOS,
AUDIO TAPE and BROADCAST EQUIPMENT

12

stations as much 160 miles apart. Thus
repeater gain is kept constant, though
changes in temperature and other fac-
tors vary the cable losses. Voice chan-
nels can thus be maintained over
routes of several thousand miles.

TV ON 30-KC BANDWIDTH
USES VELOCITY SCANNING

A New York engineer, George J.
Doundoulakis, has patented a velocity-
scanning system that can transmit a
high-definition picture in a bandwidth
of only 30 kc. Mr. Doundoulakis and
his associate, Ira Kamen, state that the
narrow bandwidth will make it possible
to use standard Ya-inch audio tape at
15 inches per second.

The new system, called Sonic
Vee, will also make closed-circuit line
charges much cheaper, and may have
applications in FM. It may be possible
to send television pictures over part of
the subsidiary channel (SCA) that
many stations now use in supplying
paid radio music services to restau-
rants, supermarkets, offices, etc.

BRIEF BRIEF

That part of Jupiter’s radio emis-
sions that lies in the 10-meter region
appears to be linked with the position
of its satellite Io, according to G. A.
Dulk and J. W. Warwick of the Uni-
versity of Colorado. Bursts of emission
occur when the satellite is 90° and 240°
from superior conjunction (when the
satellite is behind Jupiter as seen from
earth).

CALENDAR OF EVENTS

1965 National Electronics Conference, Oct.
25-27; McCormick Place, Chicago, lIl.

98th SMPTE Technical Conference, Oct. 31-
Nov. 5; Queen Elizabeth Hotel, Montreal, Que.

International Electron Devices  Meeting
(IEDM), Oct. 20-22; Sheraton Park Hotel,
Washington, D. C.

18th Annual Conference on Engineering in
Medicine & Biology, Nov. 10-12; Univ. of
Pennsylvania & Sheraton Hotel, Philadelphia,
Pa.

International Conference on UHF Television,
Nov. 22-23; London, England

Fall Joint Computer Conference, Nov. 30-Dec.
2; Convention Center, Las Vegas, Nev.

Philco Service Training Meetings: Birmingham,
Ala., Nov. 16, T. J. Hotel; Philco Distributors,
Inc.; Gadsden, Ala., Nov. 18, Holiday Inn;
Montgomery, Ala., Nov. 23, South Ala. Distrib.
Co.; Andalusia, Ala., Nov. 24, J. B. Restaurant;
Columbia, S. C., Nov. 29, Brown-Rogers-Dixon
Co.; Winston-Salem, N. C., Dec. 1, Brown-
Rogers-Dixon Co.; Raleigh, N. C.,, Dec. 2,
Brown-Rogers-Dixon Co.; Chattanooga, Tenn.,
Dec. 13, Philco Distributors, Inc.; Knoxville,
Tenn., Dec. 15, Philco Distributors, Inc. For
more detailed information, exact times and
places, contact the local Philco distributor.

www.americanradiohistorv.com

SPECIAL

GOLOR

ISSUE

send just
1 will send you this special
COLOR TV issue of

PF REP R/TER

%7%
There’s no better way to acquaint you with
theinvaluable, practical help PFREPORTER
offers you month-after-month in your elec-
tfonics work, than to start your subscription
with a copy of the special November Color
TV issue for just one cent!

We’ll enter your subscription with Novem-
ber and send you the next 11 issues for only
$2.49—regular subscription rate is $5.00 per
year—so you save ONE-HALF!

To see what we mean about the practical

value of PF REPORTER, here are just some
of the features in the Color TV issue:
Know Your 1966 Color Circuits « Guideposts to
Color Servicing » Color Troubles « AFC for Color
Tuners ¢ Analysis of Color TV Waveforms -«
Overall Alignment in Color Receivers » Conver-
gence with Station Signals « State-of-Art Report
on Color Transmission & Reception » Making
Color Servicing Big Business « Recent Color
Circuit » Notes on Test Equipment « Guide to
Color-Set Chassis Layouts » Common Troubles
in Older Color Sets » Color Technician’s Case-
book—AND MUCH MORE!

A single issue of PF REPORTER can bring
you information and help worth many times
our special low introductory subscription

price. And here’s your solid guarantee: Sub-
scribe to PF REPORTER today. If youaren't

.completely satisfied it’s the best magazine in

the electronics servicing field, just let us know
and we’ll refund the unexpired portion of your
subscription immediately.

SPECIAL HALF-PRICE PF REPORTER
INTRODUCTORY SUBSCRIPTION OFFER!

| PF REPORTER, Dept. RER-11
Box 68003, Indianapolis, Ind. 46268

I DOkay—here's my penny — start my
subscription with your Special Nov.
Color TV issue, and bill me for $2.49
for a fuli one-year term (regular rate
is $5 per year).

|

| [ $2.50 enclosed 0 Bill me
o

I Firm

I Address

I city State Zip

= Tl N

Circle 7 on reader’s service card
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From now through December 15, 1965
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Get a Color-TV TEST Picture Tube with every
Bar/Dot/Crosshatch Generator you buy

RCA WR-64B Color

Yes! You read right!

From now through December 15, 1965—
with every purchase of an RCA WR-64B
Color Bar Generator—you get a FREE
color-TV TEST picture tube for use in
your color-TV test jig. This is a 21-
inch 70° round color-TV TEST picture
tube, electrically guaranteed six months
from first installation date. These tubes
will have minor mechanical (not elec-
trical) defects. .. they’re not quite good
enough to go into a new TV set but per-
fectly adequate for testing purposes.

How to get your FREE Color Test Tube
Simply buy an RCA WR-64B Color
Bar Generator— THE essential color-
TV test instrument—between now and
December 15, 1965. Fill out your war-
ranty registration card and attach the
red identification label on the WR-64B
carton. Send them to RCA, Test Equip-

NOVEMBER, 1965

ment Headquarters, Bldg. 17-2, Harri-
son, N.J. We send you the tube (either
from Lancaster, Pa. or Marion, Ind.)
freight charges collect. To allow for
postal delay, we will honor cards re-
ceived up until December 31st.

Don’t miss out on this never-before of-
fer. You've got to have a color-bar gen-
erator anyway—so be sure you buy it
now —at the regular price—while you
can get a FREE color test tube.

$189.50* )

Obtional distributor resale pricey subject to change with-
out notice. Price may be higher in Alaska., Hawail and
the West.

RCA WR-64B Color
Bar/Dot/Crosshatch Generator

RCA ELECTRONIC COMPONENTS AND DEVJCES, HARRISON, NEW JERSEY

The Most Trusted Name in Electronics

®

Circle 8 on reader's service card
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YOU CAN RECORD FIDELIPACS

i |

Fidelipac cartridge may not be recorded
at home. He is half right. One pair of
the stereo tracks may be recorded on
any home four-track recorder with
3.75-ips speed.

You can thus record whatever
music you like best on these tapes and
change it when you get tired of it. But
you get only half normal playing time.

Full details were given in High
Fidelity magazine, June 1965, page 100.
Newark Electronics sells the cartridges

loaded with blank tape.

Dear Editor:

About “Tape Players for Your
Car”:

Fred Blechman states that the Wichita, Kan.

CHARLES D. HaupT

FINEST

9]
T
e
w
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JACKSON..

Is IEE55- =&

|
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...1T’S THE FINEST

is $234.95
too much to pay for a
TUBE TESTER?

Tt can be too much if you have little use for a tube tester. But if you are a
technician on the go, who believes an investment in top equipment is a
sound investment in your own skill, ability and livelihood, then the Model
658-1 DYNAMIC OUTPUT TUBE TESTER is your greatest bargain.
No other tube tester available makes so many accurate tests on more
tubes, so quickly. Makes a true rectifier test, handling high current types
with ease + tests grid leakage up to 80 megohms < heater current on
series string tubes « heater continuity without warm-up - indicates strik-
ing point and operating range for regulator and reference tubes « pro-
vides the right sensitivity for triple shorts sensitivity test on each tube +
dynamic test for eye tubes * accurate test on all 12-volt hybrid tubes -
famous Jackson life-line test. Among the many extraordinary features
of the Model 658-1 is the brilliant dynamic output principle, providing
the most valid kind of test for amplifiers, by considering the entire output
curve of the tube —not just a small portion. Fast push-button sequence
switching makes set-up time less than tube warm-up time. Convenient
angled view zig-zag color coded roll chart is read right on the panel.
Don't settle for less than the ultra reliability of the Model 658-1.

*Model 658-1 DYNAMIC OUTPUT TUBE TESTER...Net... $234.95

Sece your Jackson distributor, or write for catalog

JACKSON ELECTRICAL INSTRUMENT COMPANY

IF IT'S A JACKSON...iT'S THE

Circle 9 on reader’s service card
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DEGAUSSING DEGARBLED
Dear Editor:

1 read with interest the article “Put-
ting in an Automatic Degausser” in the
October issue. The author wrote that it
is necessary to remove the chassis to in-
stall the kit. Actually, it is usually neces-
sary only to remove the tuner subchassis.

Though it does not pertain to our
kit (which is added to sets without auto-
matic degaussing), 1 thought your read-
ers would like to know of a servicing
problem in the RCA CTCI16.

Considerable care must be taken
when replacing the four degaussing coils
installed as original equipment in the
RCA set. It is very easy to get these
hooked up backward. While the service
information on the chassis shows one
part number as correct for all four coils,
actually two of the coils are different.
On these, the red and black leads are
crossed inside the white tape around
the coils before they are connected to
the windings. This reverses the polarity.
Be sure to compare the internal con-
nections on the replacement with the
original before installation. Reverse, or
cross, the leads if necessary. This will
make sure that the coils are in the cor-
rect phase so that they will aid each
other. Disregard the color code on the
leads.

Dick PAVEK
Colman Electronic Products
Amarillo, Tex.

REVERSED ELECTROLYTICS?

Dear Editor:

In your September 1965 Technotes
section is an article “Reversed-Polarity
Electrolytics in Ford Radios” submitted
by a Mr. James R. Giles. The conclusions
drawn by Mr. Giles are incorrect.

First C2-a can and does see both po-
larities of dc voltage. With zero or small
rf input signals the terminal labled “+”
is actually about —0.3 vdc negative with
respect to the common terminal. How-
ever, as the rf input is increased, a posi-
tive-going avc voltage is generated and
applied across C2-a so that, with 5,000
microvolts input, the voltage across C2-a
is zero. With 1 volt rf input (a not un-
common condition), the voltage across
C2-a is approximately 1.2 volts positive.

C2-b does have a negative voltage
of approximately 0.2 applied to its plus
terminal at all times. Thus, under no-
signal input conditions both capacitors
are indeed “reversed-biased” as Mr. Giles
states. The significant factor is that the
reverse voltages are always well under
a 14 volt dc.

As you well know, the anode of an
electrolytic capacitor differs from the
cathode only by the presence of alumi-
num oxide on its surface. Normally this
oxide film is formed chemically on the
anode foil to the desired thickness as de-
termined by voltage-rating requirements.
However, if no deliberate forming is

RADIO-ELECTRONICS
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YOU GET PRODUCT PLUS FROM YOUR SYLVANIA DISTRIBUTOR

Nowyou
~can earn while
- you earn.

. aEbl e ety i e Earn valuable prizes
ou earn valuable free prizes just by buying picture in Sylvanla’s new SMB

Dealer Awards Program

tubes and receiving tubes now in our Sylvania Means

Business program.

Every time you order Sylvania picture or receiving
tubes from a participating distributor, you receive SMB
Dealer Certificates. These certificates are redeemable for
an exciting selection of gifts for yourself, your family
and your home.

- You get one certificate for every $12.50 worth of re-
ceiving tubes and one certificate for every SILVER
SCREEN 858, color bright 85™ or COLOR SCREEN 85
picture tube.

So you earn twice: even bigger profits and top quality
prizes. Sylvania Means Business.

See your participating Sylvania distributor for all the
details. Or write to CADD, 1100 Main St., Buffalo, N.Y.

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GFEZE
Circle 10 on reader’s service card
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It’s easy to see...

the tremendous plus value in antenna specialists’

w' Colorguard”

Fluorescent International Orange
emergency mobile antennas!

Available in many styles, types, frequencies for ©® CITIZENS RADIO SERVICE
@ POLICE ®REACT TEAMS @ FiRE DEPARTMENTS @ CIVIL DEFENSE
© MARINE ®H.E.L.P. GROUPS

Garis
g P ._::rj-amr:‘._g

el

The Antenna Specialists Co.
12435 Euclid Avenue, Cleveland, Ohio 44106
Gentlemen:

Please send complete information on your new line
of “COLORGUARD" Emergency Mobile Antennas for
professional and citizens radio services.

CO.
A div. of Anzac Industries, Inc. NAME
12435 Euclid Ave., Cleveland, Ohio 44106
Export Div.: “Stripes of Quality™* ADDRESS oo —— e ———
64-14 Woodside Ave.,
Woodside 77, N.Y. 'l‘ CITY STATE ZiP

W You PRIZE N
¢ arviOn 12E 1T

Positively —
'« CONTAINS NO CARBON TETRACHLORIDE

 HARMLESS TO ANY PLASTICS KNOWN TO
KRYLON

» CLEANS AS IT LUBRICATES
o NON-FLAMMABLE
o NON-CORROSIVE . . . NON-TOXIC

Contact your local jobber for Tuner Cleaner and other everyday
Krylon aerosol products—Crystal Clear, Let-Go (oil penetrant),
Red Insulating Varnish, Silicone Lubricant, Cleaner and Degreaser

If you prize it...KRYLON-ize it!®

=

CLEANER

and LUBRICANT
SPRAY
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done, the mere exposure of aluminum
foil to air, or to the electrolyte solu-
tion, will produce an oxide layer which
will block up to 1 volt dc. This 1-
volt oxide film is unavoidable and it does
not deteriorate with age regardless of the
polarity of applied voltage. Thus the
capacitor in question can honestly be
rated at 4-3 to —1 vdc and as such will
always have a 3 to 1 safety factor over
maximum applied voltages.

We have produced well over one
million radios using this particular ca-
pacitor and feel that we are justly proud
of the reliability of this design.

J. M. MILLER
Bendix Corp.
Baltimore, Md.

DON'T TWIDDLE

Dear Editor:

On Mr. Mivec’s “—CB service
call” in the June issue, one of the pit-
falls of transmitter servicing by inexpe-
rienced service technicians is demon-
strated. I hope his customer did not re-
ceive an off-frequency citation!

He tuned the oscillator coil
‘.. . One more turn for maximum os-
cillator stability.” Any adjustment of
this circuit will change the frequency,
yet here he was, in a truck on a cold
day with no frequency meter, and cer-
tainly an improper environment for
using one if it was on hand. The rule is:
Don’t touch the oscillator tuning unless

3

you are measuring the frequency.

ROBERT W. SCHOENING
Bloomington, Minn.

HANDS OFF, MECHANICS!

Dear Editor:

On Mr. Babcock’s experiences
with electronic ignition and auto me-
chanics (Correspondence, Aug. 1965):
it is true that mechanics do not trust
something electronic installed in a car’s
wiring. One of my cars acquired an FM
tuner a few years ago, and I naturally
installed a few resistors in the lines to
suppress noise. Several times since,
when I have sent the car in to be over-
hauled or even just tuned up, unless I
remembered to give express instruc-
tions to the contrary, when I got my
car back, all my suppression equipment
had been removed and thrown away.
The mechanics were not trying to gouge
me with new parts (I know them that
well), but threw out my stuff because
they did not understand it (especially
the resistor between the coil and the
distributor).

Moral of the story—if you want a
mechanic to work on your car and you
have a bunch of special stuff on it, warn
him about it, and tell him what not to
do, or you’ll have to scrounge up parts
again.

STEPHEN A. KALLIS, JR.
Huntsville, Ala. END
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Photofact Annual Index

MASTER INDEX T4 TME AUTHORIDALIVE SERVICE DATA FORINE ELECTROMIES INQESIRY

COMPLETE
PHOTOFACT COVERAGE

COVERS PHOTOFACT SETS 1
THROUGH 800 (At PHOTO-
FACT FOLDER relesses from
Aprif 1, 1946 to January, 1966
. . . All PHOTOFACT Special-
1zed Series volumes released
through Jan. 19661

IMPORTANT: Use this Master

Annual index with the latest
current Suppiement for com-

for your use e S
throughout 1966

sued m February, May and

September of each year,

Soe Compiete Table of
Contents on Page 1

send today for your instant handy guide
to the world’s finest electronic service data!

covers over 65,000 iistings of: NEW “PHOTOFACT ANNUAL INDEX’ AND
TV Receivers » Home & Auto Radios ¢ Phonos & Hi-Fi 3 SUPPLEMENTS NOW PROVIDE COMPLETE
CB Radios ¢ Tape Recorders ¢ Record Changers REFERENCE TO PHOTOFACT COVERAGE:

NOW INCLUDES—

e Special Index to Color TV Receivers = el Pt ey tebiA i Ul

Index—your ‘‘master’ reference

e Complete Listing of Sams Technical Books throughout 1966. Once you are SEND FOR
e Complete List of Sams Distributors on our mailing list, you will auto-
P U matically receive three additional
Send today for this valuable 128-page guide covering virtually Index Supplements (in February, FREE
every model of home-entertainment electronic equipment l':AeagF') ;23 ng’:g:‘ﬁgr&ﬁ?ﬁ? otg
produced since 1946! Helps you locate the proper PHOTO- Photofact coverage of the latest ANNUAL
FACT Folder to quickly solve any service problem in any equipment released. !
model. PHOTOFACT provides everything you need in com-
plete, uniform style for quick, effective repairs: Famous o ——— . ——— — —
Standard Notation Schematics packed with the service de- | HOWARD W. SAMS & CO., Dept. REF-11 |
tails you need; Full Photo Coverage of all chassis views; Com- | 4300 W. 62nd St., indianapolis, Indiana 46206 |
plete Replacement Parts Lists; Tube Placement Diagrams; | [] Send FREE 1966 Photofact Annual Index and * |
Alignment Instructions; CircuiTrace® for printed boards; i place my name on your mailing list to receive the Supplements |
Disassembly Instructicns; Dial Cord Diagrams; Changer and | |
Recarder “Exploded Views’'—plus dozens of other great fea- { [ Send full information on FREE Encyclopedia Offer, Easy-Buy |
tures. Send coupon for your FREE copy of the latest PHOTO- | Photofact Library Plan and Standing Order Subscription |
FACT Index to the service data you need! : My Distributor is ; }
EREEL::. i ¢t I R e |
ENCYCLOFED/|A—the supreme gift for your family—~FREE | Attn.: |
with your purchase of a PHOTOFACT Library! This inval- | |
uable Treasury of Knowledge for all the family sells at | Address |
retail for $145.50—now yours FREE with the purchase of | |
225 PHOTOFACT Sets or more. See your Sams Distributor | city Zone State I

for the exciting details, or send coupon today! =

Circle 12 on reader’s service card
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Government Report” Points Out Rapidly Growing Job Opportunities:
Need for Trained Electronics Technicians An Important Factor
By Bill Gordon, RCA Institutes, Inc.

President Johnson Emphasizes
Need. In his 1964 annual man-
power report, President Johnson
indicated that the demands for
manpower are expanding most in,
among other fields, service and
technical (including technician)
occupations. This expansion is the
result of a handful of causes under-
lying today's big changes in the
occupational picture: (1) increas-
ing complexity of modern technol-
ogy, (2) trend toward automation
of industrial processes, (3) growth
of new areas of work, such as in
the field of atomic energy, earth
satellites and other space pro-
grams, and (4) data systems analy-
sis and data processing. Indicative
also of the growing importance of
the use of technicians is a recent
revision of the ‘‘List of Critical
Occupations’’ published by the U.S.
Department of Labor in which tech-
nicians are listed for the first time
by the U.S. Government.

Salary Levels for Trained Techni-
cians Rising Fast. Beginning sal-
aries for graduates of top level
technician education programs
have continued to go up during the
past five years, at a faster rate than
salaries of similar types of jobs.
In fact, a U.S. Labor Department
projection based on the figures
shows that by 1970, technician sal-
aries will average an all-time high.

Nuclear Instrumentation

Technical Education is One of To-
day’s Best Investments. Today, a
person interested in becoming a
technician can choose Home Train-
ing or Classroom Training to begin
building his career. One of the
nation’s largest schools devoted to
training electronics technicians,
RCA Institutes, offers a wide variety
of courses in both categories. In
addition, the RCA ‘“AUTOTEXT”
Programmed Instruction Method is
helping people learn faster and
easier so they can get started on
their careers in the shortest pos-
sible time. Dramatic proof comes
from the success stories of count-
less graduates who find profitable
positions in government, industry,
or in their own businesses.

Of the total 696,000 technicians
needed by 1970, it can be esti-
mated that electronics technicians
at all levels will form a vital core
in today's major job picture.

sugcientists, Engineers, and Technicians in the 1960’s” U.S. Department of Labor, Bureau of Labor Statistics.
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RCA DEVELOPS AN EASY WAY TO LEARN ELECTRONICS AT HOME

New “Career Programs” Help Train You For Expanding Job Opportunities.
RCA "AUTOTEXT” Instruction Method Speeds Learning

Choose an RCA “‘Career Program’ that will
train you for the job you want in Electronics!
No time wasted learning things you'll never
get to use. ‘‘Career Programs' answer the
need for today's growing job opportunities
for trained Electronics Technicians. They can
help you get the job you want faster and
easier than you ever dreamed possible!

And each ‘“‘Career Program’ starts with the
amazing ““AUTOTEXT" Programmed Instruc-
tion Method—the scientific way to learn that’s
almost automatic! “AUTOTEXT’' helps even
those who have had trouble with ordinary
methods of home training in the past. This
is the ‘‘Space Age’’ way to learn everything
you need to know with the least amount of
time and effort!

Choose a “Career Program’’ now. Each one
is designed to train you for a specific, re-
warding career in one of the following ex-
citing fields:

| TELEVISION SERVICING

® FCC LICENSE PREPARATION

® AUTOMATION ELECTRONICS

| AUTOMATIC CONTROLS

® DIGITAL TECHNIQUES

® TELECOMMUNICATIONS

® INDUSTRIAL ELECTRONICS

® NUCLEAR INSTRUMENTATION

® SOLID STATE ELECTRONICS

® ELECTRONICS DRAFTING

In addition to these ‘‘Career Programs' RCA
Institutes offers a wide variety of separate

Radar Microwave

NOVEMBER, 1965

courses on many subjects—from Electronics
Fundamentals to Computer Programming.

VALUABLE EQUIPMENT INCLUDED

And, with your RCA Training, you receive
top-quality equipment to keep and use on the
job. When you train with RCA Institutes,
you never have to take apart one piece to
build another. You'll get the new Programmed
Electronics Breadboard which provides limit-
less experimentation...and, with which you
construct a working signal generator and
a superheterodyne AM Receiver,

SPECIAL BONUS —

OSCILLOSCOPE and METER KITS

Valuable Oscilloscope and Multimeter Kits
are yours at no additional cost when you
enroll in any one of the RCA Career Pro-
grams .. .”must” equipment for electronics
technicians in almost all jobs.

LIBERAL TUITION PLAN

Only RCA offers you this most economical
way to learn. You pay for lessons only as
you order them. No long term contracts.
You may stop your training at any time with-
out owing a cent.

CLASSROOM TRAINING ALSO AVAILABLE

If you prefer to learn in a classroom, RCA
Institutes maintains one of the largest schools
of its kind where the latest classroom and
laboratory training is available in day or
evening sessions. You may be admitted with.
out any previous technical training.

Circle 13 on reader’s service card
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Preparatory courses are available if you
haven’t completed high school. Cceducational
classes start four times a year.

FREE PLACEMENT SERVICE

RCA Institutes records prove that in a recent
class 9 out of 10 Resident Schoo! students
who used the Free Placement Service had
their jobs waiting for them when they gradu.
ated. And, many of these jobs were with top
companies in the field—IBM, Bell Telephone
Labs, General Electric, RCA, and radio and
TV stations, and other communications sys-
tems throughout the world.

SEND THE ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION WITHOUT
OBLIGATION, NO SALESMAN WILL CALL.
VALUABLE FREE BOOK INCLUDED. CHECK
HOME STUDY OR CLASSROOM TRAINING,

S,

Computer Programming

RCA INSTITUTES, Inc., pept. ZRE-NS

A Service of Radio Corporation of America
350 West 4th St., New York, N. Y. 10014

THE MOST TRUSTED NAME IN ELECTRONICS

"AUTOTEXT"~—An RCA Trademark
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SERVICE CLINIC

By JACK DARR service Editor

The Misleading Reading

DOES YOUR METER MEAN WHAT IT SAYS?
If it tells you, “10 volts here”, is it right?

Well there are times, for example,
a perfectly good ac voltmeter will give
you a wildly inaccurate reading with no
relation to the actual voitage! Now let’s
see why it does that.

Table I shows readings from four
ac voltmeters. A is a 10,000-ohm-per-
volt type, B a 5,000-ohm-per-volt, and C
is a vtvm (using a vacuum-tube ac rec-
tifier). D is a very cheap imported type,
thrown in for comparison. A, B and C
are made by well known US instrument
firms, and are in perfect shape. The ac
voltage of Table I comes from an os-
cilloscope calibrator; a scope was used
to “monitor” all voltages for all tests.

On a 10-voit (rms) sine wave, we
got 10 volts, except for meter D. Now
look at Table II. Hmmm. The voltage is
the same, on the scope, but look what’s
happened to our readings. The fre-
quency is still the same, 60 cycles, but
the source is now a square wave.

JOV RM§— —
0
TABLE 1
Voltage: 60-cycle sine wave, 10.0 volts rms.
Meter Indicated
A 10.00
B 10.00
(o] 10.00
D 8.0

At the same frequency and volt-
age, look at Table ITI. Wow! Worse and
more of it. Also, note the difference
when the prods are reversed. (On an ac
voltage? How come?) This is n0f an ac
voltage; it’s voltage spikes on the cath-
ode of the vertical oscillator of a TV
set—actually pulsating dc with a steady
12-volt dc component.

7.07VRMS — —

TABLE 1l

Voltage: square-wave, 7.07 volts ‘rms'", 60
cycles
Meter Indicated
A 15.0
B 9.8
o] 9.0
D 5.2

Meter A has a full-wave bridge
rectifier; B has a half-wave. Look at the
drastic change when the prods are re-
versed: 8 volts for A and 28 volts for B.
What would this do to you if you were
trying to find trouble in a circuit?

In Table IV, we read the grid volt-
age on the horizontal output tube, at
15,750 cycles. Oddly, these are nearer

o V\/\/\/\
[

— — —l2v

TABLE 11
Voltage: 12.0 volts peak to peak, 60 cycles
with 12 volts dc, from vertical osc. cathode
Meter Indicated
A 18.0 (50-volt range)
A, prods reversed 10.0
B 28.0 (60-volt range)
B, rev. Small off-scale reading
C 7.0 (12-volt range)
D 4.5
D, rev: 6.0

tests all

MODEL 88—Tests receiving tubes including novars, nuvistors, newest 10-pin types, compactrons
and magnovals. PLUS: Picture tube adaptor with 12-pin socket fits more than 400 cathode ray
picture tubes including 110° deflection types. Grid Circuit Test, Tube Merit Test and Filament Test
... quickly find cathode emission leaks, shorts, grid emission, gas error, filament continuity and
cathode-to-heater emission. Stationary receiving tube chassis. Complete with speed-indexed setup

tubes!

data, pin straighteners and 12-pin picture tube socket on 2-foot cable.

OTHER SECO TUBE TESTERS: Model 98—grid circuit,
heater current and tube merit tester; Deluxe Model 107B—
grid circuit, dynamic mutual conductance and cathode

emission tube tester.
All-Transistor
Color Bar

IOW! &z

Model 900 sets new standards
inengineering and design. True
precision instrument offering
brightest dots; purest color
quality: exceptionally square
wave shapes!
Takesthe''guess’’ $ 95
out of color TV

servicing.

Dealer Net

22

Model 810
Motor Speed and
Torque Control

Controls speed of
hand power tools up
to Y3 H.P. with one
dial—exclusive torque
control on other dial.
For 115 VAC.

539°

5 Dealer

MODEL 88
TUBE YESTER

Net

Popular low cost tester —complete
with adapter for more than
400 Cathode Ray Picture Tubes!

$7450

Dealer Net

SECO ELECTRONICS CORP.

[_,— 1209-C So. Clover Dr., Minneapolis, Minn, 55420
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Grantham School of Electronics Makes Your Move Easier

Advancement in your electronics career is an important objective. Grantham School of
Electronics exists for the purpose of helping you and others like you accomplish that objective.
The Grantham educational program is “employment oriented.” It can prepare you for employ-
ment in electronics in as little as 4 months, and for an A.S.E.E. degree in 18 months.

The Grantham degree program is laid out in such a manner the first semester (first 4 months)
prepares you for the first class F.C.C. license and for technical employment in communications,
and the first two semesters prepare you for employment as a television technician in a TV-service
shop or TV-broadcast station. Therefore, if you should choose to discontinue your electronics
education at the end of either the first or second semester, you can still enjoy a productive career
in electronics. Also, if you wish to continue and earn your Associate degree, your ability to work
in electronics after the first semester may enable you to “pay your way” through the rest of the
course.

Daytime and evening course schedules are offered at the main school in Hollywood, Calif.,
and at the Grantham extension divisions located in Seattle, Kansas City, and Washington, D.C.
Also, F.C.C. license preparation is offered by correspondence from Hollywood. The last two se-
mesters of the degree program are offered only at the Hollywood school.

Get complete details in our free 48-page booklet. Mail the coupon, or telephone the division
of the school nearest you; phone numbers and addresses ... e

are llst€d below. ¢ {Mail in envelope or poste on postal card) 1:
National Headquarters Office 54-§ |}
Grantham School of Electronics

i

]

[}
Prepare for Employment and/or Advancement in Electronics i

! 1505 N. Western Ave., Hollywood 27, Calif.

I Gentlemen: !
GRANTHAM SCHOOL OF ELECTRONICS E Please send me your FREE 48-page booklet, i

[ ] 7 1]
Hollywood Division Phone: 5 CAREERS IN ELECTRONICS. !
1505 N. Western Ave., Hollywood, Calif. 90027 469-7878 | - &

L , " _u .
Seattle Division Phone: : (PLEASE PRINT) :
408 Marion Street, Seattle, Wash, 98104 MA 2-7227 | Address .

]
Kansas City Division Phone: i ity
3123 Gillham Road, Kansas City, Mo. 64109 JE 1-6320 } state
Washington Division Phone: i ]
818 — 18th Street, N.W., Washington, D.C. 20006  298-7460 | _'2" INTERESTED IN: [ HOME STUDY [IRESIDENT cLAsses
Circle 15 on reader’s service card
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LOOK! A NEW
ELECTRONICS
SLIDE RULE

with complete
instruction program

Here’s a great new way to solve electronic
problems accurately, easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule is the only
rule designed specifically for the exacting
requirements of electronics computation. It
comes complete with an illustrated Instruc-
tion Course. You get four AUTO-PRO-
GRAMMED' lessons . . . each with a short
quiz you can send in for grading and con-
sultation by CIE’s expert instructors.

See for yourself. Learn how towhip through

NAME .

Send
coupon
today—

ADDRESS.

F

I

|

I

I
A
MM stioe RuLE
|

I

|

L

ary.___
A leader in Electronics Training...since 1934

s s S . e e B it e i St A W S e e

all kinds of reactance, resonance, inductance,
AC and DC circuitry problems in seconds . . .
become a whiz at conventional computations
too!

This all-metal 10" rule is made to our rigid
specs by Pickett, Inc. . . .comes complete with
top grain leather carryingcase and Instruction
Course. A $50 value for less than $20. Send
coupon for FREE illustrated booklet and
FREE Pocket Electronics Data Guide. with-
out obligation. Cleveland Institute of Elec-
tronics, 1776 E. 17th St., Dept. RE-116,
Cleveland, Ohio 44114. *TRADEMARK

Cleveland Institute|
of Electronics !

| 1776 E. 17th St., Dept. RE-116, Cleveland, Ohio 44114 I

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail
promptly and get FREE Pocket Electronics Data Guide too! i

(Please Pring

_COUNTY.

STATE. -~ _ZIP_
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ATTENTION!

cB OPERATORS

save on citizens radio equipment

| Discontinued
| International

Models From

Radio Exchange

Select that extra trans-
ceiver for mobile or base
installation, or equip a new
station. Our stock includes
international types as well
as other makes.

Write Today for A
Complete List of
Equipment in Stock

i S N

RADIO EXCHANGE
18 NO. LEE, OKLA. CITY, OKLA. 73102
Division Of International Crystal Mfg. Co.

Dealing In Used Citizens
Radio Equipment

the true value than the 60-cycle vertical
waveforms! Perhaps because this is a
trapezoidal waveform, not a spike. The
actual voltage is 110 peak to peak,
which, if you work it out with the sine-
wave formula, comes out about 40 volts
rms.

1oV P-P
= —= E35V
|
TABLE IV
Voltage: 110 peak to peak, horizontal output
tube grid, 15,750 cycles. —35 volts dc to ground
Meter Indicated

A 39.0

B 0.4

S 40.0

D 35.0

That’s what happens. Now, w/hy?
The typical ac voltmeter is a dc micro-
ammeter with a rectifier; some use full-
wave bridges, some half-wave, and some
use tubes (6ALS, etc.). Any dc present
when an ac reading is taken will find a
conducting path through the rectifier,
and upset the accuracy of the reading!

These meters are calibrated on the
rms value of a perfect 60-cycle sine
wave. If we change the waveform or the
frequency, the reading changes dras-
tically. So, square, pulse and spike
waveforms simply aren’t going to read
anywhere near their true value.

What conclusions can we draw
from this experiment? (Which, inci-
dentaily, you can repeat for yourself
very casily.) One, if you want to meas-
ure only 60-cycle sine-wave ac, fine.
Two, if there is any dc component, as
there will be in tube plate circuits,
transistor collectors and so on, you will
have to usc a series (blocking) capaci-
tor if you want anything like the actual
ac voltage. Any capacitor big enough to
have negligible reactance at the test
frequency is fine (2 to 4 uf for the lowest
range of a 20,000-ohm/volt meter is
adequate down to 30 cycles. The higher
the frequency and the input resistance
of the meter, the smaller the capacitor
can be.)

That takes care of one problem,
but what about the spikes and pulses?
The answer is simple: Don’t! To read

This column is for your service
problems—TYV, radio, audio or general
and industrial electronics. We answer
all questions individually by mail, free
of charge, and the more interesting
ones will be printed here.

If you’re really stuck, write us.
we'll do our best to help you. Don't
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 154 West 14th
Street, New York 10011.
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MALLORY

TiDs for Technicians

How to reduce ripple
In solid state circuits

CAPACITORS

- -
A G

NOVEMBER, 1965

Many of the new solid state circuits you’ll be working
with are line operated. This means that the power supply
has to produce just about as pure DC as possible, at
anywhere from 3 to 25 volts. How do you get ripple
down to the rock bottom minimum, so there's no trace
of 60 cycle hum in the output?

First tip: start out with a full wave rectifier. This
inherently gives you far less filtering to do than a half-
wave rectifier. If you need up to 1.5 amperes DC, the
simplest way to do the job is to use a Mallory Type FW
full wave bridge circuit package. All four rectifiers are
factory-connected in this compact, encapsulated unit.
All you need to do is connect the four leadwires—
AC input and DC output—in your circuit, and you’re
ready to go. You'll save yourself some money, because
the package costs appreciably less than four separate
rectifiers. Or you can use a full wave center tap ... we
have packaged circuits with either positive or negative
center, also rated 1.5 amperes. And if you need higher
currents, take a look at our stud-mount and press-fit
types which go up to 25 amperes.

Next tip: use a lot of capacitance. Brute force filtering
is the sure way to kill ripple. And when it comes to
packaging maximum capacity into a filter, the Mallory
line gives you a broad choice. The ‘“‘mostest microfarads’
comes in the CG computer grade series, where you can
get up to 115,000 mfd. at 3 volts in standard, off-the-shelf
parts . . . dollar for dollar, the most filter for your money.
But you don’t always need this much capacitance, or
perhaps you have limitations on physical size. Then
take a look at what you can get in Mallory TC capacitors
(the horizontal mounting type): up to 1000 mid.,
at 50 volts.

Or maybe you’d prefer a vertical twist-mount type.
That’s our famous FP series. Up to 10,000 mfd. at
6 volts, or 7,500 mfd. at 25 volts in single units, and
slightly less in multiple-section types.

Your Mallory distributor carries a wide selection ready
for immediate delivery. See him soon. He’s your best
source for everything that’s best in electronic components.
Mallory Distributor Products Company, a division of
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.
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pulse and spike voliages, use the only
instrument that’ll give you an accurate
indication: the oscilloscope with a volr-
age calibrator. If you don’t have a cali-
brator, use the voltage from the heater
supply of your tube tester, and work out
peak, peak-to-peak, and rms from the
formula. After all, in TV service work
what we need to know about any signal
is “Is it there at all, and if so, is it abour
the correct value?” Accuracy down to
.001 % isn’t necessary.

While running these tests, I won-
dered if there was any way to work out

a formula so that we could use common
ac voltmeters and then convert. Turns
out there isn’t—or at least I didn’t find
one. There are so many variables—dc
voltage, actual waveshape, and so on—
that I don’t think it can be done with
any usable accuracy.

So, remember this: make it a habit
to know the limitations of any test
equipment you use, so that you won’t be
led up the garden path by false indica-
tions! (We've got enough trouble as it
is, without our test equipment telling us
fairy tales!)

NEW B &K MODEL 606 DYNA-JET

LATEST

TESTS

TUBES
QUICKLY

This new B&K Tube Tester provides the
sockets and the features you need to test
the latest color and compactron receiving
tubes, as well as older types.

You can test for all shorts, grid emission,
leakage and gas; and check cathode emission
the accurate way—under simulated load con-
itions! Each section of a multiple section
tube is checked. With the Model 606, you
won’t reject the good tubes, and you’ll quickly
find the bad ones, reducing call backs, selling
more tubes, and increasing service profit.

You'll find “tough dogs” and weak tubes
with the exclusive adjustable grid emission
test, which has a sensitivity of over 100
megohms. Tube sockets have phosphor bronze

AND

contacts for long, trouble-free life. Complete tube
listings are provided in a handy reference index.

This efficient instrument, in a small, handsome,
leathcrette covered carry case, will perform profes-

sionally on house calls or the service

1 CC(]R 4 j"Ev'[ )7’ benltl:h.Itslowdprieeﬁv:illsoonbepaidfor
- with increased profit.

/ Net $7995

PORTABLE /[LOW COST [PROFESSIONAL

&
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QUALITY SHOS TS G0 EMISSION
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For additional
information
write for
Catalog AP-22.

STRAIGHTEMEA
c

zoTal tOR
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B& K MANUFACTURING CO.

DIVISION OF DYNASCAN CORPORATION
1801 W. BELLE PLAINE AVE.. CHICAGO, ILL. 60613

Canada: Atlas Radio Corp.,
Export: Empire Exporters, 123 Grand 5t., New York 13, U.S.A,
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TEST YOKE/CRT FOR BENCH

I have a 17HP4 tube I'd like to rig up
as a test CRT to mount over my bench,
with a universal yoke for 90° and 110°
sets. How can I do it?—C. A., Cap de la
Madeleine, Que.

It'd be handy, but there are prob-
lems. Horizontal deflection coils aren’t
hooked up the same in all sets—some
are in parallel, like G-E; some with
center taps, and most of them in series.
Vertical coils are mostly in series. A
typical yoke is shown. Dashed lines show
resistors and capacitors required in some
sets. Your best bet would be to bring all
connections out to individual pin jacks.
Then you can make up adapter cables
with sockets to fit the sets, or clips, for
those without plug-in yokes.

You’ll have to check the schematic
carefully on each set to get the horizon-
tal coils hooked up right. Even then,
you'll get odd effects on a few of them
from a slight mismatch. However, the
scheme might be made to work fairly
well. You’'ll find a difference in sweep
between the 90° and 110° sets, for it
takes quite a bit more power to sweep a
110° tube. However, if you remember
and don’t waste time trying to find the
cause of a narrow raster, it could be OK.

A good average horizontal coil in-
ductance for these sets would be some-
where around 18 mh, with the vertical
around 25 to 30 mh. (Most 90° yokes
seem to run about 40 mh, 110° yokes
about 15.)

You can make up an adapter cable
for the CRT base with different sockets
on it, and bring these terminals out to
pin jacks too. Be sure to label all pin
jacks so that you’ll know what you're
hooking up! END

A e N -
REPAIR RECORD CHANGERS

If you can fix a TV set, you can whip a record
changer back in shape. This article tells how.
The trick is knowing the unique functions of
a variety of ports. Lots of photos, special
pointers, secrets of the trade make learning
easy. You'll see what to do, what not to do,
to become an expert.
Coming in December

RADIO-ELECTRONICS
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~ > Perfection results from

" CHOICE...NOT CHANCE _

Since no single phono cartridge can be all things to all people,
we earnestly recommend that you employ these individual
criteria in selecting your personal cartridge from the broad

Shure Stereo Dynetic group:

YOUR EAR: First and foremost, listen. There are subtle dii-
ferences in tonality that beggar description and are quite
unrelated to “bare” specifications—yet add immeasurably

to your personal listening pleasure.

YOUR EQUIPMENT: Consider first your tone arm’s range of

tracking forces. Too, keep in mind that the cartridge ordinarily
represents the smallest monetary investment in the system, yet
the ultimate sound delivered depends first on the signal re-
produced by the cartridge . .
your entire system.

YOUR EXCHEQUER: Shure cartridges cover the entire eco-
nomic spectrum. And they are ALL Shure in quality, all Shure

. “skimping” here downgrades

in performance. Even the least costly has received copious

critical acclaim.

RUGGED AND )
RESPONSIVE

M44c g
| SHURE|

_=

MODEL M44-C

An exceptionally rugged cartridge
that tracks at forces up to 5 grams.
Ideal for older model, heavier-
tracking turntables, or where chil-
dren or guests have access to your
system. Retractile stylus prevents
record damage. 15° tracking for
minimal IM and Harmonic distor-
tion. Truly musical sound. Only
$17.95

-

N J

" ECONOMICAL

TREND-SETTER

M44 SERIES

Premium quality at a modest price.
15° tracking angle conforms to
standard adopted by major record
companies. Remarkably low M
and Harmonic distortion . . . excel-
lent channel separation, providing
superlative stereo effect. Scratch-
proof retractile stylus. M44-5 with
.0005” stylus for %4 10 1/2 gram
tracking. Only $21.95. M44-7 for
1'/2 to 3 grams, .0007” stylus. Only
$19.95

\

(" ALL THE MOST
WANTED FEATURES

M55E
15° TRACKING, ELLIPTICAL STYLUS

Professional performance at a
modest price. Compares favorably
to the incomparable Shure V-15.
except that it is produced under
standard Shure quality control and
manufacturing techniques. Re-
markable freedom from IM, Har-
monic and tracing distortion. Will
definitely and audibly improve the
sound of monaural as well as
stereo records. A special value at
$35.50. Upgrade M44 cartridge (if
you can track at 1/2 grams or less)
&wilh NSSE stylus, $20.00

/" THE “FLOATING” )\
CARTRIDGE

MSOE GARD-A-MATIC®
WITH ELLIPTICAL STYLUS

Bounce-proof, scratch-proof per-
formance for Garrard Lab 80 and
Model A70 Series automatic turn-
tables. Especially useful for appli-
cations where floor vibration is a
problem. Spring-mounted in tone
arm shell. Unique safety feature
retracts stylus and cartridge when
force exceeds 1'/2 grams . . . pre-
vents scratching record and dam-
aging stylus. $38.00

J

N

b
4

THE ULTIMATE!

V-15
WITH
BI-RADIAL ELLIPTICAL STYLUS

For the purist who wants the very
best, regardless of price. Reduces
tracing (pinch effect), IM and Har-
monic distortion to unprecedented
lows. 15° tracking. Scratch-proof,
too. Produced under famed Shure
Master Quality Control Program

. literally hand-made and in-
dividually tested. In a class by it-
self for mono as well as stereo
discs. For manual or automatic
turntables tracking. at 3% to 12

\  grams. $62.50

/
~

J

~

K

“THE BEST
PICK-UP ARM IN
THE WORLD”

SHURE SME

Provides features and quality un-
attainable in ANY other tone arm.
Made by British craftsmen to sin-
gularly close tolerances and stand-
ards. Utterly accurate adjustments
for every critical factor relating to
perfect tracking . . . it realizes the
full potential of the cartridge and
record. Model 3012 for 16” records
$110.50; Mode! 3009 for 12" rec-
ords $100.50

g

SHURE M

High Fidelity Phono Cartridges . . . World Standard Wherever Sound Quality is Paramount

_
D getice.

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois
Circle 20 on reader's service card
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you!

It’s a fact. There are thousands of jobs like this avail-
able right now for skilled electronics technicians. What’s
more, these men are going to be in even greater demand
in the years ahead. But how about you? Where do you
fit into the picture? Your opportunity will never be
greater . . . so act now to take advantage of it. The first
step? Learn electronic fundamentals . . . develop a
practical understanding of transistors, troubleshooting
techniques, pulse circuitry, micro-electronics, computers
and many other exciting new developments. Prepare
yourself now for a job with a bright future. .. unlimited

28

opportunity . . . lasting security . . , and a steadily-
increasing salary.

Over 15,500 ambitious men are using Cleveland
Institute Electronics Training Programs as a stepping
stone to the good jobs in electronics. Why not join them?
You will learn at home, in your spare time, and tuition
is remarkably low. Read the important information on
the facing page. Then fill out the postage-free reply
card and drop it in the mail today. Without obligation
we’ll send you all the details. But act now . . . and get
Jyour high-paying job just that muck sooner.

RADIO-ELECTRONICS
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How You Can Succeed In Electronics
. . » Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . . .
without obligation,

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to main-
tain and service all types of
transmitting equipment.

B A B D
O Ut P X .....7::1’

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitiers,

4., Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this “‘com-~
pact’’ program , . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
‘Welding, Industrial Controls,
Servomechanisms, and Solid
State Devices.

An FCC License ... or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we’re so certain of their effectiveness, we make this
exclusive offer:

The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund all tuition payments. You
get an FCC License . . . or your money back!

CIE's AUIOPR“GRAMM[D lessons help you

learn faster and easier

Cleveland Institute uses the new programmed learning
approach. Our AUTO-PROGRAMMED* lessons pre-
sent facts and concepts in small, easy-to-understand bits
... reinforce them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You, too, will absorb . . .
retain . . . advance at your own pace.

Free nationwide job placement service .. . for

life, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General

*TRADEMARK

‘Electric, General Telephone and Electronics, IBM,

Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.
Electronics is a fast moving, dynamic industry
... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

- Full accreditation . . . your assurance of
competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.
Mail Reply Card Today.

SOEVA.,

Cleveland Institute of Electronics

Cli

NOVEMBER, 1965

1776 East 17th Street, Dept. RE-10.Cleveland, Ohio 44114
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Be super-critical.

Whether you're looking for the fun
and economy of building quality

kits or you want ready-to-use

factory-wired equipment — before
you buy, examine carefully. Compare

EICO with anybody else — feature
for feature, chassis for chassis,

part for part. The more critical you
are, the more you'll see for yourself

that your best buy is EICO.

EICO)

Over 3,000,000 EICO instruments now in use! Preferred by engineers, scientists, technicians
and students. EICO equipment is available nation-wide through 2500 EICO dealers.

New Mode! 435 — DC Wideband Scope. Top-
quality DC 4.5mc scope with 3” tlat-face CRT.
Zener calibrator. Outperforms 5” scopes three
times its size, facilitates on-location color TV
and other servicing. $99.95 kit, $149.95 wired.

New Model 342 — FM Multiplex Signal Generator.
Design lab quality. Both composite audio and
FM RF outputs. Inputs for stereo audio source
for store demonstrations, critical A/B listening
tests. $149.95 wired.

New Model 965 — FaradOhm Bridge/Analyzer.
9-range, ltow-voltage capacitance-resistance
bridge safely measures even 1-volt electrolytics.
Metered bridge balance, leakage test voltage
(6 DC VIVM ranges 1.5-500V), !eakage current
(11 DC VTAM ranges 0.15ua-15ma). DC VIVM &
VTAM externally usable. $129.95 wired.

New Model 1030 — Regulated Power Supply.
Speeds troubfeshooting, design work, production
line testing, electronics teaching. Variable bias
and plate sources regulated to Y3 of 1%: 0-150V
@ 2ma; 0-400V @ up to 150ma. Ripple less than
3mv rms. Unregulated fil. volts of 6.3V & 12.6V,
@ 3A. Switchable, morlitoring milliammeter and

, voltmeter, $59.95 kit, $99.95 wired.

New Model 378 Audio Generator. Near-distortion-
less sine wave generator (< 0.1% 20-20,000c)
providing fast, convenient, switch-selection of
frequencies from 1c to 110kc (lc steps lc-
100c, 10c steps 100c-1kc, 100¢ steps 1kc-10ke,
1kc steps 10kc-110kc). 8-pos. 10db/step output
attenuator & fine attenuator. Qutput meter (412"
200ua) with 8 voltage ranges & db scale, $49.95
kit, $69.95 wired.

New Model 440 Scope. Lowest-priced quality
oscilloscope available. Excellent for electronics
teaching and home workshop. Flat 2¢c-500kc. 3”
flat-face new CRT. Compact, light, rugged.
$49.95 kit, $69.95 wired.

New Model 779 — Sentinel 23 CB Transceiver.
23-channel frequency synthesizer provides crys-
{al-controlied transmit and receive on all 23
channels. No additional crystals to buy ever!
Features include dual conversion, illuminated
S/RF meter, adjustable squelch and noise lim-
iter, TVI filter, 117VAC and 12VDC transistor-
ized dual power supply. Also serves as 3.5 watt
P.A. system. $169.95 wired.

New Model 712 — Sentinel 12 Dual Conversion
S-watt CB Transceiver. Permits 12-channel crys-
tal-controlled transmit and receive, plus 23-
channel tunable receive. Incorporates adjustable
squelch & noise limiter, & switches for 3.5 watt
P.A. use, spotting, & Part 15 operation. Trans-
istorized 12VDC & 117VAC dual power supply.
$99.95 wired only.

New Model 3566 — All Solid-State Automatic FM
MPX Stereo Tuner/Amplifier. No tubes, not even
nuvistors. Delivers 112 watts IHF total to 4 ohms,
75 watts to 8 ohms. Completely pre-wired and
pre-aligned RF, IF and MPX circuitry, plus plug-
in transistor sockets. $219.95 kit (optional wal-
nut cabinet $14.95), $325.00 wired including
walnut cabinet. UL approved.

Model ST70 70-Watt Integrated Stereo Amplifier.
Best buy of highest ranked stereo amplifiers
according to independent testing. $99.95 kit,
$149.95 wired. ST40 40-Watt Integrated Stereo
Amplifier, $79.95 kit, $129.95 wired. ST97 Match-
ing FM MPX Stereo Tuner, $89.95 kit, $139.95
wired.
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New Model 753 — The one and only SSB/AM/CW
Tri-Band Transceiver Kit. 200 watts PEP on 80,
40 and 20 meters. Receiver offset tuning, built-
in YOX, high level dynamic ALC. Unequatled per-
formance, features and appearance. Sensation-
ally priced at $179.95 kit, $299.95 wired.

EICO Electronic Instrument Co., Inc.
131-01 39th Ave., Flushing, N.Y. 11352

Send for FREE catalog describing the full EICO line
of 200 best buys and name of nearest dealer.

I’m interested in:

[ test equipment

[3 hi-fi

[J ham radio

OcB

Name

Address

City
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JouN R. MEAGHER
Manager, ELECTRONIC
INSTRUMENTS OPERATIONS
RCA ELECTRONIC

COMPONENTS & DEVICES

The Past and Future
of Test Equipment

GuesT EpITORIAL BY JOHN R. MEAGHER

N 1919 I acquired my first piece of radio test equipment, a

door buzzer. When connected in series with four No. 6

dry cells, this instrument created and radiated electrical
interference that was picked up in the antenna circuit of my
first crystal receiver. Using this morec-or-less white-noise sig-
nal, I could find a sensitive spot on the galena crystal by pa-
tiently manipulating the cat’s-whisker. My sccond picce of
test equipment was a click type continuity checker—a pair of
“2000-ohm” headphones connected in serics with one or more
dry cells.

My third piece of test equipment was a reflecting gal-
vanometer. Its sensitivity was a few microamperes per divi-
sion. With it, I could make comparative measurements of the
cffectiveness of different antennas, tuning arrangements and
detectors.

Crystal sets were quickly superseded by tube sets, start-
ing with regenerative receivers and progressing through
tuned rf amplifiers to the superheterodyne. Ac power sup-
plies, screen-grid and pentode tubes soon made their appear-
ance, also short-wave sets and car radios.

As receivers became more complicated, the need for
qualified radio repairmen and suitable service test equipment
also grew. Radio repairmen evolved successfully from the
ranks of hobbyists, amatecurs, experimenters, electrical repair-

As a service authority who has lectured to radio and television
servicing groups in virtuallv every state, John R. Meagher has be-
come one of the nation’s best known experts in these fields.

Starting with a high-school vacation stint on one of Gern-
shack’s early publications, then as a technical editor of Wireless
Age in the early '20’s, followed by research laboratory work and,
since 1936, when he joined RCA as technical ediror, field engi-
neer, author and lecturer. John Meagher has devoted his years
to technical radio and TV services.

Closely ussociated with television servicing problems from
the first black-and-whire receivers, he developed the TV Dynamic
Demonstrator, an outgrowth of the original Radio Demonstrator
le devised in 1936. In 1946 he compiled the RCA Pict-O-Guides
—illustrations showing the most common faults of TV sets as ob-
served on the screens of picture tubes.

Mr. Meagher is now active in the development, design and
promotion of RCA test equipment.

NOVEMBER, 1965
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Hugo Gernsback, Editor-in-Chief

men and students. Test equipment also evolved, but at a
slower pace. In the early days of radio, the principal test
equipment consisted of separate meters, one for dc voltage,
one for ac voltage and one for direct current. Progress was
made when manufacturers began incorporating several volt-
age or current ranges in each meter. This led eventually to
the multimeter or volt-ohm-milliammeter, which combines
many functions and ranges in a single compact instrument.

The first multimeters usually had l-ma meter move-
ments, with a scnsitivity of 1,000 ohms per volt for dc.

An important advance was made when new magnet
materials made it possible to use 50-ua movements in multi-
meters, giving a sensitivity of 20,000 ohms per volt for dc.
This improvement reduced the resistive loading effect of the
meter and gave truer indications of voltage in high-resistance
circuits, but the capacitive loading effect of the test leads
(50 to 100 pf) meant, and still means, that a 20,000-ohm-
per-volt vom cannot be connected to a tuned circuit, such as
an i.f. circuit, without detuning the stage, hence agc voltage
cannot be read at the grids without seriously disturbing the
circuit action. The same limitation applics to measurement of
oscillator grid voltage.

The VoltOhmyst, first introduced by John Rider in the
late 1930’s, was, in my opinion, the most important advance
In service test equipment. The VoltOhmyst was a special
type of vivm, with a 1-megohm isolating resistor in the probe
tip, with a fixed input resistance of 10 or 11 megohms on all
de voltage ranges, and with a burnout-proof electronically
protected meter. The isolating resistor effectively eliminates
the capacitance effect of the input cable or test leads, thus
making it possible to measure age voltage at the grids of the
tubes, or developed oscillator grid voltage, without appre-
ciably affecting the action of the circuit.

Again in my opinion, this instrument is the most impor-
tant and most useful item of test equipment in radio and TV
service shops, just as the 20,000-ohm-per-volt vom remains
the principal item for field use.

The tube tester is probably the next item of importance.
There wasn’t much need for such an instrument in the early
1920’s. There were only a few kinds of tubes, all simple
filament type triodes. If the filament lit, if there was no vis-
ible cvidence of gas and if there was no obviously broken
internal conncction, the tube was probably OK.

Present-day TV technicians are offered a wide variety
of service type tube testers. The drastic decline in the number
of new tube types is giving test-cquipment manufacturers a
much-needed breathing spell to consolidate and improve
existing designs.

Cathode-ray oscilloscopes made their appearance in the
radio service field in the carly 1930’s, but very few service
men bought them. It wasn’t until the mushroom growth of
TV after World War II that technicians began to appreciate
the value of scopes for localizing troubles. T believe that the
majority of TV technicians still do not take full advantage of
the assistance that a good oscilloscope can give. Tt takes
study, time and effort to become expert in interpreting ab-
normal CRO patterns. Schools, manufacturers and technical
writers still have a job to do in making it casier for technicians
to understand what they see on the scope.

Rf-i.f. alignment, which had never been a real problem
in radio receivers, became very important in TV sets, and
even more so in color TV. Experienced TV technicians know
that it 1s very helpful to check the overall rf-i.f. response in
“dogs”, where the cause of trouble is obscure. Good sweep
and marker generators are not cheap, but they are essential
for progressive TV service shops.

continued on page 78
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YOUR SHOP — A SERVICE TOOL

Your shop’s layout and equipment can work for or against you.

Read about the simple steps you can take toward a more efficient work setup

By JACK DARR
SERVICE EDITOR

THE BIGGEST, COSTLIEST, MOST ELABO-
rate tool you work with is your shop.
Like any tool, your shop can /ielp you or
hinder you, depending on how well you
use it. While this article is aimed mainly
at the men who try to make a living out
of one, these principles will make home
hobby shops more useful and enjoyable.

Here's the basic principle: we need
a shop setup that will let us get a set in,
tested, repaired and out again in the
lcast possible time. The two keys are
convenience and traffic flow, plus a
goodly amount of self-discipline. (I'm
not saying 1 do all these things myself
all the time—just do as I say, not as I
do!)

COUNTER

SERVICE ™~

SALES

BENCH
|

SERVICE

SALES

\

Fig. 1—Shop layoui: is important for
smooth flow of sales and service tiraffic.
At (a) is convenlent one-room, one-door
layout; (b), two-room layout, which should
have back door «irect to service area.
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Fig. 2—L-shaped corner bench, with instruments conveniently arrayed in some order
related to amount of use they get, is terrific help. Wheeled, slat-top cart, same height
as bench, is practically a necessity.

The overall layout of the work area
is first. There arc two types of shops:
service-and-sales, and service-only. If
you sell, make sure that service jobs are
never hauled in and out through the
sales/display area. Load and unload
service work directly into the service
section. With only one entrance, the
layout of Fig. I-a is better than Fig. 1-b.
With a back door. of course. 1-b is very
handy. There are lots of possible varia-
tions, but remember the principles.

The working area

This is where you do the actual
testing and repair work. The key here
is convenience. The ideal setup is one
that lets you concentrate on the work
itself, without having to worry about in-
convenient things around the bench.

Most jobs will be simple: tubes, re-

WWW.americanradiohistorv.com

sistors, capacitors, etc. So, set up your
most-often-used test equipment within
easy reach: vivm, capacitor tester,
scope, etc. Near, but not in the way, the
secondary equipment: sweep generator,
flyback tester and so on. Keep all test
equipment where it can be seen and
reached, but never where it will be in
the way.

Keep the common hand tools on
the bench where you can pick them up
instantly: nut drivers, screwdrivers,
long-nose and cutter pliers, soldering
iron, etc. Keep the others nearby, but
not in a place that takes too much time
to reach.

Try out different setups for the test
equipment. While you're working, look
out for things that are inconvenient,
then see if you can figure out a way to
make improvements. It’s easy.

RADIO-ELECTRONICS
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Your parts stock

You nced parts handy, yet out of
the way. Keep them all arranged so that
you know where they are: tubes on a
shelf, by the numbers, resistors and ca-
pacitors on shelves or in small cabinets;
flybacks, controls and less commonly
used parts in a place where they can be
found and reached, but nearby.
A handy sctup for a long, narrow shop
is a bench along one long wall and the
parts shelf on the other: then, all you
have to dois turn around and reach!

The storage area

About the most common fault in
shops is a lack of storage space. Far too
many of us use the bench! Don’t! We
must have a place where sets can be
kept out of the way while waiting to be
worked on. or, once fixed, while waiting
for delivery.

Shop discipline

The hardest part of the whole
thing is discipline! I mean us; thee and
me! My bad habits have cost me money.
Force yourself to do things right, and
in time it’ll get to be a habit (a good
habit this time).

Step 1 in this is keep the bench
clean. This means one joh on the bench
at a time. When vou bring a job into
the shop, do you have to put it on the
floor while yvou shovel off a place on the
bench? Then you’re the guy I’m talking
to! The storage space should be all
ready, so that this new job can be put
away there to wait its turn. Be sure that
all jobs are tagged the minute they come
in, and that the tags are placed so that
they can be seen immediately.

Never leave “awaiting-parts” sets
on the bench; pick ’em up and get them
into the storage area. Suggestion:divide
your storage area into three sections—
fixed sets, unfixed sets and awaiting-parts
sets. Put the finished sets nearest the
door for fastest loading. Another sug-
gestion: if you find several sets that need
parts, put ’em all together, make up a
list, and make one trip to the distribu-
tor’s do for them all. Sounds obvious—
but do you doit?

Transport

Moving sets around the shop can be
easy or hard. Save the poor old back
by making up some carts on casters, like
the one in Fig. 2. If you're a halfway
good carpenter, as most of us are, you
can make one of them in less than an
hour. Make them so that the top comes
out exactly level with the bench. Don’t
forget the height of the casters. Making
the cart so that the top is very nearly
the same width as the shop door is also
handy: if a set hangs over the cart
edges, you know right away that it’s not
going to make it through the door! Try

NOVEMBER, 1965
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DOWN I TABLE
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/ | \
/ * \
[ ]
TV : TV
You - i BENCH

Fig. 3—How to set up a wall-hung mirror
to serve sets on floor and hench.

a couple of these to begin with, and add
more later.

When you bring in a set, roll a cart
up to the back of the truck. Pick up the
set, turn around, and there’s the cart.
Much less strain on the back! Table
models of all kinds, even color sets, can
be rolled into the work area, the back
puiled off, and many service jobs done
without moving it again. The open-slat
construction of the cart top lets you take
out the mounting bolts from below
without lifting the chassis. If it must be
pulled, the bolts can be taken out and
the chassis slid off onto the bench.

If the tube stays in the cabinet, it
can be hooked up with extension cables
for the CRT, yoke, high voltage, ctc.
This is handy for heavy color sets.

For consoles, make up low plat-
forms on casters, in the same way.

When the job is done, the set can
be rolled into the storage area. If the
set needs parts, the chassis can be put on
top and the cabinet undernecath, as in
Fig 2. Put all loose parts and knobs in-
side the cabinet.

The little time-savers

Little things can save a heck of a
lot of time. Here are a few that have
worked out very well for me:

Save little cardboard boxes. When
you take a set out of the cabinet, put all
the bolts, knobs and loose parts in a box
and keep the box with the set. Hunting
for knobs and odd parts can waste a tre-
mendous amount of time!

When you take out bad tubes or
parts, just put them into another small
box. When you finish, take them out and
list them on the job ticket.

Get, or make up yourself, a full
set of extension cables for yokes, CRT,
high-voltage lead, etc. You can get
these for color TV sets, too. This lets
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you leave the cabinet on the cart and
put only the chassis on the bench.

Get a big mirror, about 2 X 4 feet
if possible. Mount it on the wall at one
end of the bench, about 6 to 8 feet
above the floor. Tilt it down and set it
so that you can sce the whole bench and
at Jeast 3 feet of the floor, as in Fig. 3.
This lets you sce the bench and floor
arca. and saves a lot of the time you
would waste trying to get a small stand
mirror set just right. Also. if you have a
shelf over the bench for test equipment,
try putting a smaller mirror on the back
wall, under the shelf, right in front of
you. Very handy for portable TV’s.
You can often pick up discarded dresser
mirrors behind furniture stores.

Put a “clothespin” quick-disconnect
antenna clip on the bench antenna lead-
in. If the TV has the two little pins for
the antenna lead, use one of the little
phenolic boards you find on the backs
of those sets. Plug the pins into their
sockets, and clip the clothespin to the
SCTews.

Keep a cheater cord plugged in and
ready on the bench at all times.

A 4- or 6-inch PM speaker. with
about 4 feet of two-conductor cord and
alligator clips, makes a handy test
speaker. Mount it above the bench out
of the way.

Keep a lookout for new “gadget”
tools: nut-holding nut drivers, or screw-
holding screwdrivers; forceps, clips or
any kind of odd tool that will save time
in doing some one particular job. They
don’t cost much, and most of them can
be worth a lot in time saved.

There’s just one idea behind all
this. What we want to do is get our shop
set up so that we can bring in a set,
test it, repair it and get it home again
in the least possible time. Anything that
slows this process will cost you money.
All you have to scll is time: vour time!
Figure this out: if you have a minimum
service charge (and you’d better have!)
and you can make minor changes so
that you can get out only one more TV
set per day, that's a clear gain of at least
that much and perhaps more! From ac-
tual experiments, you ought to be able
to get two more per day! END

1
I You can obtain, free of charge, ,
| more information or literature I
I about products and services ad- |
I vertised or editorially featured I
| in this issue of |
| RADIO-ELECTRONICS. |
i |
| |
I |
I |
I |
| |

Simply circle the appropriate
numbers on the Readers’ Service
Card bound into this copy and
mail today!


www.americanradiohistory.com

CALIBRATE YOUR SCOPE

Even an inexpensive scope can measure voltage,
time and frequency—if it's properly calibrated.

THE SINGLE MOST REWARDING THING
you can do right now is to trot over to
your bench and calibrate your oscillo-
scope. If it has calibration markings,
check ’em: if it’s never been calibrated,
do so now. It’s easy, it’ll teach you
things about your scope, and it will
make that king of instruments even
more useful.

The basic calibration is for vertical
sensitivity, and takes advantage of the
decade vertical attenuator on most mod-
ern scopes. (If yours doesn’t have one,
don’t go away.) If you have a dc scope,
it is very easy to make the initial cali-
bration with a mercury cell or battery,
as shown in Fig. 1. The vernier vertical-
gain control is adjusted for a conven-
ient reference deflection, such as 1 dc
volt per inch. For ac, the scnsitivity of
the scope will be | peak-to-peak volt per
inch.

DC SCOPE — ™%

MERCURY BATTERY

Fig. I—Adjusi the vernier vertical gain con-
trol for a reference deflection.

If the decade (step) attenuator is
accurate, the scope can now be used to
measure dc or peak-to-pecak voltages
over a wide range. Normally, when the
decade attenuator is turned from its X1
to its X 10 position, the reference sensi-
tivity is reduced to 0.1. The vertical
sensitivity in the X 10 position (assum-
ing 1 volt for the X 1 position) would be
10 dc or peak-to-peak volts per inch.
However. you cannot know that the
decade attenuator is accurate unless you
check its calibration. This can be done
with a series of precision resistors, as in
Fig. 2.

A 60-cycle source is used, so that
only the resistive part of the scope’s in-
put impedance is signifiant. (At that
low a frequency, the capacitance is neg-
ligible.) Voltage is chosen for conven-
ience—let's say 100 volts rms. Its abso-
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By ROBERT G. MIDDLETON

X1,00C

DIVIDER

90004

9000

Fig. 2—Basic check of scope’s attenuator.
Actual voltage is not important. Calibra-
tions are the inverse of those on the scope.

lute value is not important. Precision
(1%) resistors are connected in a di-
vider chain to obtain decade relations
on the successive steps. The values in
Fig. 2 give a low source resistance
which is not seriously loaded by the
scope’s input impedance. The 9,000-
ohm resistor should be rated at 1 watt;
the smaller resistors may be rated at 4
watt.

Observe the trace height at each
step. It should be the same at all cor-
responding settings of both switches.
That is, the height at the X 1 position
of attenuator and divider should be the
same as the height at the X 10 position
of both switches. Likewise, the samec
deflection should be obtained with the
step attenuator set to its X 100 position
at the X 100 tap of the divider, etc.

Suppose you don’t find the same
deflection on various positions of the
step attenuator? This means that the

Fig. 3—This scope has a terminal that car-
ries an 18-volt p—p calibrating voltage.
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resistors in the scope'’s attenuator net-
work are off value, and need replace-
ment. But think for a moment about
how high accuracy you need. One well-
known service scope is manufactured
with 2% decade resistors; another uses
5% resistors; still another is made with
10% resistors. You might choose to re-
place all the decade resistors with 1%
values. That’s up to you.

Initial calibration—ac scope

Now let’s go back to the beginning
and consider the initial calibration of an
ac scope. A mercury cell or battery can
be used, although it is not convenient.
Before an ac scope will respond stead-
ily to the dc battery voltage, the voltage
would have to be chopped into a square
wave. Furthermore, the chopper would
need to operate at a frequency within
the flat response range of the scope,
such as 60 cycles. Hence, it is more con-
venient to use a calibrated ac source.

v|® .
g
TEST SIGNAL

Fig. 4—Measure the calibrating voltage
with an accurate vivm.

Most modern scopes have a front-
panel terminal for this. For example,
the scope in Fig. 3 has an 18-volt peak-
to-peak test signal, available at the termi-
nal just left of the horizontal input post.
This is a 60-cycle voltage. Note carefuily
that this is a nominal value, which de-
pends on the line voltage. So, always use
an accurate vtvm, as shown in Fig. 4, to
check the calibrating voltage. The test
signal has appreciable harmonic content,
but this is of no concern as long as you
are working with peak-to-peak voltages.
Although you could use a vom, which
indicates rms voltages, by converting
to peak-to-peak values, your goal of ac-
curacy becomes difficult to reach. Har-

RADIO-ELECTRONICS


www.americanradiohistory.com
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Fig. 5—Typical scope step attenuator.

monics in the test signal cause the rms
voltmeter to rcad more or less incor-
rectlv, even if the voltmeter is inher-
ently quite accurate—for pure sine
wavces,

To check decade atienuation of an
ac scope, use the same test sctup as in
Fig. 2. Test-instrument users often want
to know why the decade resistors are
sometimes widely off-value. The usual
cause is accidental overload. Fig. 5
shows a typical step-attenuator configu-
ration. If a high ac input voltage is acci-

VARIABLE AC VOLTAGE

Fig. 6—Setup for calibrating a continuous-
Iv variable vertical-gain control.

dentally applied, such as from a TV
sweep circuit, abnormal current flow
can overheat the resistors. Keep in
mind, too. that capacitors occasionally
become leaky or shorted, giving the
effect of resistors too low in value. If
C, should open, there will be little or
no detlection.

Calibration of vernier
vertical-gain control

It is very convenicent to have a cali-
braied vernier vertical-gain  control.
Then a pattern can be brought to a ref-
crence height, such as 3 inches on the
scope screen, and its peak-to-peak volt-
age is indicated directly by the settings
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of the vertical gain controls. A small
minority of service scopes are factory-
calibrated this way. Most scopes have a
vernier gain control merely marked
zero to 10, or zero to 100, or not at all.
You can relate these arbitrary divi-
sions to peak-to-peak voltage with the
calibrating setup of Fig. 6.

The variable ac voltage can be ob-
tained from a variable autotransformer,
or from a small transformer with a po-
tentiometer. It is most convenient to use
a peak-to-peak vtvm, because you can
forget about waveform error. Calibra-
tion data can be plotted as shown for a
typical scope in Fig. 7. It is advisable to
usc log-log graph paper, because the

10 T=L

8
AN
% \

PEAK-TO-PEAK VOLTS

<A 2 4 6 8 10
VERNIER GAIN CONTROL SETTING

Fig. 7—Sample chart of p-p voliage versus
gain-control setting.

VERT. POS \

g

VERNfER.
VERT SENSITIVITY

SCALE LIGHT

Fig. 8—Peak-to-peak scale
can be hand-calibrated.

vernier gain control has a very non-
linear characteristic, and the curve is
much casier to plot and read on log-log
coordinates. The gain control may not
be useful over the first 20% of its
range; many scopes tend to overload at
such low control settings. Thus, data
were taken only over the range from 2
to 10 for Fig. 7.

Since a graph is less convenient
than a direct-reading scale, vou may
prefer to hand-calibrate a scale for the
vernier gain control. A scale for the
usciul operating range of a typical gain
control is shown in Fig. 8. The calibra-
tions indicate peak-to-peak voltage on
the X 10 range. When the step attenua-
tor is sct to the X | position, the deci-
mal point is shifted one place to the left.
Or, when the step attenuator is turped
to its X 100 position, the decimal point
is shifted one position to the right. Thus,
the peak-to-peak scale is as casy to read

i e

T VEANIER
SWEEP TIME HOR._SENS

i SWEEP EXPAND

v,
CAL
. 4

~

NT. +

. @y
N, . A

SYNC
LINE

EXT

Fig. 9—Professional scope with time-calibrated sweep and attenuators.
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as an ohmmeter scale.

It might occur to you that some
kind of tapered potentiometer could be
used as a vernier gain control to make
the peak-to-peak calibration vs rotation
more uniform. This is quite practical.
Again—it’s up to you.

As tubes in the vertical amplifier
weaken, the calibrated gain control be-
comes inaccurate. So, check the cali-
bration occasionally, and replace tubes
that show a slump in mutual conduct-
ance. A calibration control can be add-
ed to the vertical amplifier to adjust the
amplifier gain (analogous to a vtvm
calibration control), but that’s a subject
for another article.

Horizontal frequency calibration

Nearly all more expensive scopes
have calibrated sweeps. A typical pro-
fessional scope is illustrated in Fg. 9.
Calibrated swecep is a very useful fea-
ture, because it indicates the frequency
of a displayed waveform, and measures
the rise time of square waves or pulses.
Service type scopes provide only a rough
indication of the sawtooth rate (Fig.
10). If you wish, you can calibrate the
vernier frequency control accurately,
and get much of the usefulness of fac-
tory-calibrated sweeps.

Fig. 10—Couarse-frequency switch is rough
indicator of sweep rate.

A good audio oscillator is most
convenient for this. Simply feed the out-
put from the audio oscillator into the
vertical input terminals of the scope. Do
not advance the sync amplitude control
farther than necessary to lock the sine-
wave pattern; otherwise the frequency
of the sawtooth oscillator will be dis-
turbed objectionably. Adjust the sweep
rate to display one cycle on the scope
screen; the audio oscillator then indi-
cates the sawtooth frequency. You can
cither plot a curve of frequency vs
vernier sweep control indication, or
draw up a hand-calibrated frequency
scale.

If the audio oscillator range is too
limited, use a good AM generator to
calibrate the scope at high sweep rates.
Note that the vernier frequency control
usually does nor “repeat” its calibration
from one step to the next of the coarse
frequency switch. Therefore, you must
calibrate the vernier control on cach
step of the coarse control. As the saw-
tooth-oscillator tube ages, the original
calibrations change gradually, Hence, it
is good practice to check calibration oc-
casionally, and replace that tube if nec-
essary.

Some scopes have regulated power
supplies, and others do not. Unregulated
power supplics make a scope pretty sus-
ceptible to line-voltage variations. Both
sensitivity and swcep rate are affected by
substantial changes in line voltage.
However, it is very easy to provide the
equivalent of a regulated power supply
by using an automatic line-voltage reg-
ulating transformer. In addition to opti-
mizing calibration accuracy, a regulat-
ing transformer also minimizes pattern
bounce duc to voltage fluctuation. If both
the scope and the equipment under test
are powered from a regulating trans-
former, you will have maximum stabil-
ity. END

WHAT'S YOUR EQ?

Corner to Corner

A tetra-
hedron (pyra-
mid with a tri-
angular base)
is constructed,
using  l-ohm
resistors for
the sides. What
is the resist-
ance between
any two cor-
ners?—Jack L.
Shagena, Jr.

ALL | OHM

Flip-Flop Circuit

NE1 and NE2 are NE-23 necon
glow lamps. Under stable conditions,

Three puzzlers for the students, theoretician
and practical man. Simple? Doubte-check your
answers before you say you've solved them. if
you have an interesting or unusual puzzle (with
an answer) send it to us. We will pay $10 for
each one accepted. We're especially interested in
service stinkers or engineering stumpers on ac-
tual electronic equipment. We get so many let-
ters we can’t answer individual ones, but we’ll
print the more interesting solutions—ones the
original authors never thought of.

Write EQ Editor, Radio-Electronics, 154 West
14th Street, New York, N. Y. 10011,

Answers to this month’s puzzles are on
page 103.

38

onec lamp is on and the other is off. NEI
has a firing voltage of 70 and a main-
taining voltage of 55. NE2 has a firing
voltage of 80 and a maintaining voltage
of 65. A standard audio output trans-
former steps up the input voltage to a
pcak amplitude of 45 or more.

+150v
}
220K
NE[ NE 2
D
e 30:I
2 100000 - ¢
$5.6K 50— 56K b
2 N

—-l fe-.5 sEC
1 A 1.5V +— 1
' o_.l_l_ ’

INPUT PULSE

If a positive input pulse of 1.5-
volt amplitude is applied to terminal A,
which lamp will flop into steady conduc-
tion? Assume that, for each lamp, the
extinguishing voltage equals the main-
taining voltage.—Kendull Collins

Black Box No. 1,001

A black epoxy cube 1 inch on a
side, with no internal power source, has
four terminals. Terminals 1 and 2 are
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Conducted by
E. D. CLARK

2 4
[
METER
' BLACK J..- 'OT%'
= = 10uF
oV
BATT
( 3
}-oe—o—

connected to a 10-volt dc supply with an
ammeter (or milliammeter) in serics.

A dc voltmeter and scope show
only about Y2 volt dc when connected
to terminals 3 and 4—but no ac.

Any capacitor between .001 and
10uf will reduce the input current (as
read on the meter) by about 50% if
placed across terminals 3 and 4. What’s
in the box?—Dave Koller

50 Pears go

In Gernsback Publications
In November, 1915
Electrical Experimenter
New York to Honolulu by Radio
Phone
Photographing Sound Waves Elec-
trically
How to Build a Wave Meter
High Frequency Currents and Appa-
ratus
Amateur Station that Aided Uncle
Sam
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Burnout-Proof Your VOM
For Less than a Dollar

Two silicon diodes paralleled back to back prevent burned-out meter coils

By L. M. DEZETTEL

WHEN YOU CAN PROTECT AN EXPENSIVE
meter movement from overvoltage
burnout so cheaply, everyone should
hurry to add this simple gimmick to his
vom. It costs only 77¢, for a pair of sili-
con diodes, and that’s all you need to
buy. There are no wiring changes. You
connect the two diodes in parallel (but
with reversed polarity) across the meter
movement.

You've secn this described briefly
before, but here is the complete story.
Silicon diodes have almost infinite re-
sistance when reverse-biased. Silicon
diodes also have the happy characteris-
tics of having extremely high resistance
when forward-biased—up to a certain
point—somewhere around 500 mv. This
is called the threshold voltage. Beyond
that the curve of current vs voltage rises
rapidly, and this characteristic is what

73 MA ———
7.9MA 1]
0.91MA 0—0—\
| 100 A |
L1Su A
14 0.125u A

)
LN
L AN DI
A
6 54 32 1 0. g
REVERSE BIAS <— 0 rg —*FORWARD BIAS

Fig. I—Diode forward characteristic is the
secret of this simple protection. Diode’s re-
sistance is extremely high even with for-
ward bias until that bias reaches about 0.5
to 0.7 volt. Then conduction hegins abrupt-
Iv, shunting excess current around the nme-
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protects the meter movement.

The 1,000-ohms-per-volt vom de-
sign is based on a 50-mv full-scale de-
flection. The coil of the meter move-
ment can stand more than 10 times the
voltage for maximum deflection before
current through it will do any harm. By
that time the diode takes over and car-
riecs most of the current from overload.
On heavy overloads the needle will be
pinned, but the coil is protected against
burnout.

The graph shows actual measure-
ments made on a pair of bargain silicon
diodes (Allied Radio stock No. 39 U
669-M). Note the sudden rise in current
when the threshold voltage is overcome.
Below the knee of the curve. the cur-
rent conducted by the diode is tiny com-
pared to the current taken by the meter.
Thus meter accuracy is hardly affected.

In the Knight-Kit 1,000-ohm/volt
vom to which this protection was added,
for instance, 50 mv across the meter
movement gives full-scale deflection.
Full-scale current through the meter
movement (including a 100-ohm shunt-
ing resistor) is 1 ma. At 50 mv. the cur-
rent through the forward-biased diode is
less than 0.1 ga, which means less than
.01% eifect on accuracy. The reverse-
biased diode draws no current.

(Note: In this particular vom, a
400-pa meter movement provides 1.000-
ohm/volt sensitivity on ac, because of
the shunting effect of the ac rectifier.
The 150-ohm movement is shunted by
a 100-ohm resistor on dc ranges to re-
tain the same sensitivity.) The curve
shows that you can’t get | volt across
the meter movement on any volt range;
yet the movement will take 1 volt with-
out burnout.

There are limitations in this meth-

Connect di-
odes in par-
allel back-to-
back right at
the meter ter-
minals.
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Knight-Kit 1,000-ohm/volt vom on which
this diode-protection trick is used.

od of protection which you must be
aware of. Protection depends on some
resistance being in series with the cir-
cuit so that the principal voltage drop
during overload takes place there. This
is provided in all the dc and ac ranges of
any vom, in the multiplier resistors of
these instruments. It is also part of all
resistance ranges, except the “backup”
range, sometimes identified as LO OHMS.
Low-value resistances are measured by
paralleling across the meter movement,
and there is no protective series resistor.

© AAAr
+ 49500
e
IMA,500
®

Fig. 2—Typical circuit of 5-volt range of
a 1,000-ohm/voli vom. If, without the di-
ode, 500 volts were suddenly applied to
the terminals marked 4+ and —, 100 ma
would flow through the meter coil and proh-
ably burn it our. With the diode connected,
the meter is protected.

One other thing to keep in mind:
Even though the series resistance pro-
tects the meter movement, there is no
protection against overheating the mul-
uplier resistor. Leaving an overvoltage
on for a while will heat up the series
resistance and may change its value, if
not actually burn it out. It is necessary
only to know this, not to worry about it.
If you are paying attention to what you
are doing, you will catch the overload
in time. Even if you don’t, it is cheaper

to replace a resistor than the meter
movement.
That second diode, with its

reversed polarity, protects against over-
voltage in case you have connected
your meter probes to excessive voltage
backward. END
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Author's flash is
built into rugged
steel box. Meter
is visible on top
surfce of box, just
under flash svnc
wire.  Sensitivity
control, with
locking nut, is R7
in Fig. 2.

SCR TRIGGER FOR
YOUR PHOTOFLASH

Prevent pitted shutter contacts and insure reliable pictures

with your strobe light

EXPERIMENTS WITH THE GENERAL
Electric’s Experimenter Line GE-X5
silicon controlled rectifier indicated that
it would make an excellent triggering
device for a photoflash unit. Rugged,
dependable, small, the X5 will easily
handle the current surge requirements,
and can be triggered by an extremely
small signal of 200 microwatts or less. it
is also inexpensive. All the parts neces-
sary to convert to the GE-X5 triggering
circuit can be fitted into most photoflash
units with room to spare. Parts values
are noncritical. With the SCR, arcing
shutter contacts are eliminated entirely,
and shock hazard is rcduced.

Fig. 1 is a typical speedlight wiring
diagram. This circuit is for 117 volts ac.
The circuit for battery operation is
identical except for the primary of the
power transformer (T1), which would
then be wound for use with transistors
or a vibrator. Most of the electronic
flash equipment now on the market uses
a firing or triggering circuit that dis-
charges a capacitor through a small
transformer (T2) similar to a model-
airplane ignition coil. This transformer
provides a single high-voltage pulse to
ignite the flashtube. The pulse is gener-

40

By LYMAN E. GREENLEE

ated when capacitor C4 is discharged
through the primary winding. The ca-
pacitor may have a value from 0.1 to 0.5
uf. The charging voltage may vary from
75 to 200 volts dc.

This triggering circuit works, but
has some very serious faults. The capac-
itor discharge soon burns up the shutter
contacts, and the user can get a very
unpleasant shock at the shutter connec-
tion. The shock itself is not hazardous,
but it can causc the recipient to drop an

PWR TRANS

HIGH Tl o D2
(o

expensive camera. To avoid burning up
the shutter contacts in a hurry, C4 is
kept as small as possible. This means
that triggering will be erratic unless the
shutter contacts are kept clean and free
from pitting. It is next to impossible for
the ordinary camera owner to disassem-
ble the shutter on his camera to clean
the flash contacts. The SCR firing circuit
reduces the load on shutter contacts to
less than a milliampere.

The modified flash with the SCR
trigger circuit is shown in Fig. 2. Capac-
itor C4 of Fig. 1 is disconnected at point
X and moved to X1 in Fig. 2. The shut-
ter tripping connection is moved to the
free end of R5. The rest of the circuit
shown in Fig. 1 is left as is, and the com-
ponents and wiring shown in Fig. 2 as
heavy lines are added.

Since C4 must operate at reversed
polarity to discharge through the SCR,
a simple power supply is needed. Resis-
tors R7, R8, R9 and the diode rectifier
supply the negative voltage needed to
maintain a charge across C4. This volt-
age can be varied by adjusting potenti-
ometer R7. After the correct setting is
found experimentally, R7 can be re-
placed by two fixed resistors if there is
no space available to mount the pot in
the speedlight case. The SCR can be
wired into the circuit, using reasonable
care in handling and soldering to pre-
vent damage.

Since C4 will no longer be dis-
charged through the shutter contacts, it
can be made larger for more reliable
triggering. The usual value for C4 is
0.25 uf or less. We can use up to 1.0 pf
with the SCR, or the largest capacitor
that will fit into the space. The working
voltage of C4 should be at least 200, and
the capacitor must be a good-quality,
low-leakage component, preferably with
a Mylar or oil-impregnatd paper di-
electric. To check the voltage across
C4, connect a vtvm from point X! to
ground. Set the voltage at 50 to 75 (not
critical) by adjusting R7. The minimum
triggering voltage across C4 will be
about 40, and the maximum just below
the value that produces self-triggering

Sl

’l c2 R2

FLASH TUBE

FA-I04,ETC
{
T 525,F 1.5 MEG X
arsv [z W
SHUTTER TRIGGER
CONNECTION TRANS

T2

j ): RI
17 v AC

2700 10w

=

Fig. 1—Typical small electronic photoflash unit (from Sprague Electronic Flash Hand-
book). Direct discharge of C4 through shutter contacts for triggering can damage contacts

quickly.
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by operating the SCR too close to its
breakdown level.

The shutter triggers the discharge
through RS, which is 10,000 ohms. This
resistance may vary from 5,000 to 15,-
000 ohms with negligible effect on trig-
gering. R6 may vary from 75,000 ohms
to 150.000 ohms. The purpose of R6 is
to hold the SCR turned off by tying the
gate to the cathode, and the value of R6
determines the sensitivity of the trigger-
ing. Triggering occurs at a definite point
as the gate potential is moved toward
the anode potential. For our purpose, a
point is chosen that will give reliable
trigger action with minimum load on
the shutter contacts.

RS is a limiting resistor to hold the
discharge through the shutter contacts
to a lower level. The potential of the
gate is the same as that of the cathode,
since the shutter connection is normally
open. By using a vtvm we can measure
the voltage across C4 by measuring the
voltage across the shutter contacts and
allowing for the drop across R5 and R6.
This is a useful check point in case of
trouble. The primary purpose of RS is
to protect the shutter contacts if the
SCR should short between gate and
cathode.

R5 and R6 were chosen arbitrarily
to allow approximately 1 ma to flow
through the shutter contacts. The ab-
solute maximum sensitivity of the SCR
is in the neighborhood of 200 pua, so this
allows a good safety factor to insure
positive triggering.

Most photoflash units are negative-
ground. However, in case the positive
side of storage capacitors Cl and C2
should be grounded, the triggering cir-
cuit remains the same except that we
can now eliminate D3 and tie R9 di-
rectly to the minus side of the storage
capacitors. Tt is necessary to maintain
the correct polarity across C4, and this
means that the positive side of C4 must
be grounded through the primary of T2.
In case of doubt, measure the voltage
across C4 to check for proper polarity.

Some earlier speedlights used a
type 0AS gas-discharge trigger tube. To
modify these circuits for use with the
SCR, rewire the circuit as shown in
Fig. 2. Where the flashtube operates at
2,500 volts, the total value of R7. RS
and R9 should be 12 megohms. Make
R8 and R9Y total 10 megohms, and use
five resistors in series because of the
high voltage. Each resistor may vary be-
tween 1.8 and 2.2 megohms. Choose a
string of five that will make a total value
close to 10 megohms. Use 1-watt car-
bon resistors. 10% tolerance. Increase
the value of R7 to 2 megohms, or con-
nect a |-meg resistor between the lower
end of R7 and ground to give the proper
voltage across C4. You should be able
to vary the voltage across C4 from 40
to about 150 by adjusting R7. Excessive
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Fig. 2—Flash unit author built, based on circuit of Fig. 1 but with SCR triggering cir-
cuit and voltmeter added. Heavy lines indicate new wiring.

Cl, €2—525 uf, 450 volits, electrolytic (special
photoflash capacitors—Sprague FF-1 or
equivalent)

C3-—.05 pf, 400 volts, paper

C4—0.5 uf, (or existing capacitor), 200 volts or
more

C5-—.002 uf, 1600 volts, paper

D1, D2—silicon rectifiers, 750 peak inverse
volts, 750 ma forward current

D3—silicon rectifier, 400 peak inverse volts, 500
ma forward current

F—fuse, 1 ampere

M—1-ma miniature meter, used as 500-voit me-
ter (see text)

R1—470 ohms, 2 watts

R3, R4—3.3 megohms, 1% watt (or single 6.8-
meg 1Y% -watt resistor)

voltage across C4 will cause the SCR to
break down internally, so do not let the
voltage exceed 175.

Fig. 2 shows the circuit I am now
using. Note that the value of R1 has
been changed to 470 ohms (from 270
ohms) to reduce the peak voltage across
the photoflash storage capacitors, and
its position changed. Al-ma meter has
been added with two series resistors to
form a 0-500 voltmeter. Resistors R10
and R11 were selected to make the meter
read full scale with 500 volts dc. This is
fairly easy to do by picking 10% values
from stock. The voltmeter indicates the
actual voltage across the storage capaci-
tors with far greater accuracy than a
neon flasher. The neon bulb is at best
only a rough indication of the charge in
the capacitor bank. It will start to blink
at about 350 volts and continue to do so
until the unit recycles. With the volt-
meter, pictures can be taken with far
more accuracy since shots can be made
at a specific voltage. T used a miniature
milliammeter, only 1 inch in diameter,
so it takes up very little space.

On my equipment, the minimum
triggering voltage at point X1 is about
40 volts with a 0.5-uf capacitor (C4),
and the GE-X5 is triggered successfully
when the voltage is raised to 175,
which is beyond the maximum setting
of R7. (Voltages across C4 will creep
higher than indicated by a vtvm con-

R2—1.5 megohms, 1, watt

R5—10,000 ohms, Y, watt

R6-—100,000 ohms % watt

R7—pot, 1 megohm, linear, 1 watt

R8—1 megohm, 1 watt

R9—2.2 megohms, 1 watt

S—single-pole, 4-position rotary switch

SCR—GE-X5 silicon controlled rectifier, or

2N2324, 2N2325 or 2N2326

Tl—photoflash power transformer, Stancor
P-6425

T2—photoflash trigger transformer (G-E 86G41,
Stancor P-6426 or model airplane ignition
coil)

Flash tube-—100 watt-second, 450 voits (Sprague
FA-104, Kemlite U-5W or equivalent)

Miscellaneous hardware

nected from X! to ground.) Even at
the maximum of 175 volts, there is no
tendency for the SCR to fire spontane-
ously before the shutter is tripped.

With  consistent triggering  at
around 75 volts, and also at 175 volts, it
would seem that the SCR could be
safely run at around 100 volts indefi-
nitely with little chance of breakdown.
The SCR triggering circuit has been far
more reliable than the original shown
in Fig. 1. With the original firing cir-
cuit, I had to disassemble my Rollei to
clean the shutter contacts after a few
months of use. This is not an easy job.
With the new circuit, there have been
fewer missed shots, less spoiled film,
and no cleaning of shutter contacts.

This triggering circuit represents a
worth-while modification for any elec-
tronic flash equipment. Shutter con-
tacts should last indefinitely with it.
Cost of the job should not exceed $8,
and this includes the cost of the GE-X5
SCR. END

Radio-Electronics
Is Your Magazine!

Tell us what you want to see in it. Your
suggestions may make it a better maga-
zine for the rest of the readers as well
as yourself. Write to the Editor, Rapio-
ELECTRONICS, 154 West 14th St., New
York, N. Y. 10011.
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Everybody who uses it loves it, but still it remains

one of the least common low-priced test instruments!

THE VERSATILE DIP METER

By RUFUS P. TURNER

QUESTION: WHAT IS SMALL, INEXPEN-
sive, cats little power, can be a tunable rf
oscillator or a wavemeter, can measure
capacitors, inductors and Q, can tune
circuits and antennas and be held in
one hand?

Our title is the answer. The dip
meter can do all these things and more;
yet, though it’s been around in one form
or another for over 35 years, it seems
that hardly anyone uses it except hams
—and not too many of them. Well,
you're missing out on a good thing!

Pick up a dip meter. It’s a small
box (Fig. 1), usually small enough to
fit in your palm. A plug-in coil sticks
out one end, like a probe—which it is.
There’s a dc milli- or microammeter
usually calibrated in arbitrary numbers,
and a large tuning dial calibrated in
frequency—often made to be turned by
the thumb of the same hand you're
holding the dipper with.

When the instrument is switched
on, the mecter shows a steady current.
If the dipper probe coil is now brought
necar an external circuit tuned to the
same frequency, the meter dips sharply.
The frequency of the external circuit
can be read directly from the dipper
dial. The external circuit need not be
energized—it can he completely “cold.”

During most of its history, the dip-
per used a vacuum tube in a simple
oscillator circuit, and its meter read
grid current. Hence the name “grid-dip
oscillator.” But in late years, a transis-
tor or tunnel diode (neither of which
has a grid) is often used instead, so
the new term dip meter is more appro-
priate.

Basic theory

A dead (not energized) tuned cir-
cuit (tank) absorbs rf cnergy from a
circuit if it is coupled to the circuit and
tuned to its operating frequency. In
Fig. 2-a, the external (cold) tank is
L1-Cl, and the live (hot) tank is L2-C2.
(It may be the plate tank of an oscilla-
tor or amplifier.) When the cold tank
is tuned to the frequency of the hot
tank by adjusting Cl, it absorbs energy
from the hot tank. Since this robs the
hot tank of some cnergy, the reading
of meter M will rise. This much is sim-
ply the principle of the absorption
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Fig. 1—Typical modern dip meter.

wavemeter, or wavetrap; to make such
a wavemeter uscful for determining un-
known radio frequencies, you nced
only calibrate the dial of variable ca-
pacitor Cl. Plug-in coils extend the fre-
quency coverage.

The wavemeter principle works
fine as long as the circuit under test is
hot and has a meter to read. But what
about checking the frequency of a cold
tank? Just reverse the two! Make the
frequency-calibrated  tank  (L1-Cl}
part of a low-powered oscillator con-
taining an indicating meter (Fig. 2-b).
Then the cold circuit under test will
rob the now hot test circuit, and the
meter will dip. Now you have a dip
meter.

Practical dippers

Dip meters come in tube, transis-
tor and tunnel-diode versions, as kits or
factory-built. With plug-in coils, they
cover a frequency range of 100 kc to
300 mc in overlapping bands, the exact
coverage varying among makes and
models. Transistor and tunnel diode
types are battery-operated and thus
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completely portable. Tube instruments
contain miniature, usually ac power sup-
plies.

Fig. 3 shows typical circuits. Fig.
3-a 1s a tube type ultraudion oscillator
powered by an ac-operated supply.
The predip deflection of microammecter
M is set to some convenient spot as high
on the scale as desired by R. This de-
flection varies from one end of the tun-
ing range to the other. Dual variable
capacitor Cl tunes the circuit. Switch
S cuts the oscillator without cooling
the tube heater.

Fig. 3-b shows a transistor circuit.
Here, Q is a high-frequency transistor.
R1 has the same function as R in the
tube circuit (setting the meter), and
C1 is the tuning capacitor. Since none
of the transistor’s dc electrode currents
is as sensitive as tube grid current, the
microammeter is used as a radio-fre-
quency millivoltmeter (with germani-
um diode D, coupling capacitor C2 and
rheostat R2—the latter to prevent the
meter from pinning).

Fig. 3-c shows a tunnel-diode cir-
cuit. Tunnel diode D1 oscillates when

RADIO-ELECTRONICS
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its dc bius is set to the critical voltage
with R. As in the transistor circuit, mi-
croammeter M is a radio-frequency
millivoltmeter, with germanium diode
D2 and coupling capacitor C2. In each
of the three circuits, a plug-in coil L
determines the tuning range. Frequen-
cies within that range are read directly
from the calibrated diul of the tuning
capacitor.

In each of the circuits, opening op-
erating switch S disables the oscillator
and turns the instrument into an ab-
sorption wavemcter for testing hot cir-
cuits. Some commercial dip meters
have a headphone jack for listening to
the signal from a hot circuit. and some
provide switch-selected amplitude
modulation of the dip oscillator.

The tube type dip meter provides
the sharpest response, in most situa-
tions. The semiconductor types are
somewhat [less sensitive. but they are
completely free from the power line,
cool, shock-free and free from undesir-
able coupling. They are also instant
starters.

Dip-meter applications

The dip meter has many more ap-
plications in electronics than we can de-
scribe here. Here are some of the most
common; they will suggest others. The
“pointers” referred to in the instruc-
tions are in the following section, Point-
ers on Operation.

Resonant frequency, cold circuit. Cou-
ple the dip meter (dm) loosely to the
cold tank under test. Switch the dm on
and determine the resonant frequency
of the cold tank by tuning the dm for
dip and reading the frequency from
the dm dial. See Pointers I and 2

Resonant frequency, hot circuit. Switch
the dm oscillator off (that is, open S
in Fig. 3-a, 3-b and 3-c. Couple the dm
loosely to the hot tank under test and
determine the resonant frequency by
tuning the dm for peak deflection (the
opposite of dip) of the dm microam-
meter. Reading the unknown frequency
from the dm dial. See Pointers I and 2.

Presetting a cold circuit. A cold grid or
plate tank, wavetrap. filter or i.f. trans-
former can easily be pretuned with a
dm. Switch on the dm and set its dial
to the desired frequency. Couple the
dm loosely to the cold circuit. Adjust
the variable capacitor or slug in the
cold circuit until the dm dips sharply.
See Pointer 3.

Checking frequency by heterodyne.
The method just described of checking
the frequency of a hot circuit uses the
dm as an absorption wavemeter with
visual indicator. The heterodyne meth-
od is more accurate. If your dm has a
headphone jack, plug in high-impe-
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dance headphones. Switch on the dm
and couple it loosely to the signal
source. Determine the unknown fre-
quency by tuning the dm to zero beat
—as heard in the hcadphones—and
reading the frequency from the dm
dial. This method works best with an
unmodulated signal from the hot cir-
cuit. See Pointers 1,2 and 3.

Monitoring a signal. If the dm is
equipped with a headphone jack, it
may be used as a monitor for either
CW or AM signals. For CW, switch on
the dm and couple it loosely to the sig-

PLUG-IN COIL

sy FREQUENCY METER
meter RELATION ! READING |
a4 HIGH
A Low
> 1, HIGH

nal source. Then tune in the signal, set-
ting the dm dial for the most pleasing
beat note. For AM, switch off the dm
and couple it loosely to the signal
source. Then, tune in the signal. setting
the dm dial for loudest sound in the
headphones. For either AM or CW, if
the headphone signal is too loud, de-
crease the coupling.

Generating signals. The dm is not in-
tended to be a precise rf signal gener-
ator. Still, it can be useful as a test os-
cillator. To use it as one, switch it on,
couple it loosely to the device under

IN2070
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Fig. 3—Three basic dip meter circuits: a—Tube design with ac power supply; b—Tran-

sistor version,

battery operated; c—Tunnel-diode 1vpe, battery operated. In all circuits,

plug-in coils are wound to cover desired frequency range with capacitor used. See datu

m various radio handbooks.

www.americanradiohistorv.com

43


www.americanradiohistory.com

test, and set the dm dial to the de-
sired frequency. Most dm's deliver an
unmodulated signal, but a few models
have an internal modulator for produc-
ing AM. Signal strength may be var-
ied by increasing or decreasing the
coupling between dm and device un-
der test. See Pointers I, 2 and 3.

When you use the dm as a test os-

cillator, if no coil is accessible for mag-
netic coupling to the device under test.
try capacitive coupling. An insulated
wire with one turn looped around (but
not touching) the dm coil, and the oth-
er end connected to the input terminal
of the device often works well.
Checking capacitors. An unknown ca-
pacitor (nonelectrolytic) may be meas-
ured by using the dm to find the reso-
nant frequency (f) of a cold tank made
up with this unknown capacitance (C)
and an accurately known inductance
(L), and then calculating the capaci-
tance from the known L and measured
f values.

Fig. 4 shows the test setup. Here,
the unknown capacitance C is connect-
ed to an accurately known inductance
L (rf choke or other coil whose induc-
tance has recently been checked—100
wh is a convenient value). Switch on
the dm and couple it loosely to the coil.
Tune the dm for dip (see Pointers I
and 2), and read the frequency from
the dm dial. Calculate the unknown ca-
pacitance:

25.330

(0 =~y

(C is in picofarads, f in megacycles and
L in microhenrys.)

Example. With a 100-uzh test coil,
the resonant frequency with an unknown
capacitance is 2,800 kc. What is the
capacitance?

f=2,800kc = 2.8 mc

25330 25330
C=358%28x 100~ 7.84 X 100~
253
S = 323t

Checking inductance. An unknown in-
ductance can be determined by using
the dm to find the resonant frequency
(f) of a cold tank in which this induc-
tance is connected to a capacitor of ac-
curately known capacitance (C), and
calculating the inductance from the
known capacitance (C) and measured
frequency (f).

Fig. 5 shows the test setup. Here,
unknown inductance L forms a cold
tank with the known capacitor C,
which can be a good-grade mica ca-
pacitor whose capacitance has recent-
ly been checked. 100 pf is a convenient
value. To make the test, switch on the
dm and couple it loosely to the un-
known inductance. Tune the dm for
dip (see Pointers I and 2), and read
the frequency from the dial. Calculate
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Fig. 5—Checking inductance with the dip
meter.

the unknown inductance:

25,330
2) L= —Fc

where L is in microhenrys, f in mega-
cycles and C in picofarads.

Example. With a 100-pf test ca-
pacitor, the resonant frequency with an
unknown inductance is 7.5 mc. What
is the inductance?

25330 25330
L=5575 %100 5625 x 100
25330 _ 45 n
5.625

The dip meter can do a whole lot
of jobs—fast—that ordinarily take sever-
al instruments. Ger in the habit of us-
ing it! Pointers on operation.

1. Always use the loosest coupling
(greatest scparation between dm coil
and circuit under test) that gives a dis-
cernible dip.

2. Always tune from the low-fre-
quency end of the tuning dial to the
high-frequency end. Stop at the first
dip. When you have no clue to the un-
known frequency, start with the lowest-
frequency dm coil, and change coils
successively upward until you find a
dip.

3. How precise the dm will be
when used as an emergency test oscil-
lator depends on how—and how recent-
ly—it was calibrated, how sturdily it is
built and how stable the power supply
is. The accuracy of good low-cost in-
struments is =10% to =20% of indicat-
ed frequency. Frequency error is in-
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creased considerably by pulling action
when the dm is coupled too tightly to
the circuit under test.

4. Allow 30 minutes warmup be-
fore you use a tube dip meter.

5. Treat the dm with the same
care you give any delicate electronic in-
strument: Protect it from vibration,
shock, temperature and humidity ex-
tremes, and tampering. Avoid overloads
from high-powered hot circuits. Cali-
brate it from time to time. END

This alphabetical list of dip meters contains all
the makes and models available to experiment-
ers (except Aerovox and Quement, for which
information was not available as we went to
press). Specifications given here are only
enough to acquaint you with the instruments;
the manufacturers will be delighted to send you
more details on request. Mention this Radio-
Electronics directory when you write.

B & W 600. 1.75 to 260 mc with 6 coils. Ac
power. Sensitivity control, phone jack, on-off-
diode switch. 3 x 3 x 7 in., 2 Ib. $55. Barker &
Witliamson, Inc., Bristol, Pa.

Eico 710. 400 kc to 250 mc with 8 coils. Ac
power. Sensitivity control. phone jack, oscilla-
tor-diode switch, on-off switch. 1:7-ratio tuning
drive. 2% x 29/16 x 6% in., 3 Ib. $29.95 kit,
$49.95 wired. EICO Electronic Instrument Co.,
Inc., 131-01 39th Ave., Flushing, N.Y. 11352

Heathkit HM-10A “Tunnel Dipper.” 3 to 260 mc
with 6 coils. 1.5-volt battery power supply. Sen-
sitivity control, off-diode-oscillator switch. Tun-
nel diode oscillator, diode detector and voltage
stabilizer, 3-transistor dc amplifier. 5% x
213/16 x 43/16 in., 1% Ib. $34.95 kit (not
available wired). Heath Co., Benton Harbor,
Mich. 49023

Knight-kit G-30. 1.5 to 300 mc with 6 coils. Ac
power. Sensitivity control, phone jack. Can be
used as crystal oscillator by inserting crystal
instead of coil. 6% x 3% x 1% in., 11 Ib.
$19.95 kit, $29.95 wired. Allied Radio Corp.,
100 No. Western Ave., Chicago, Ill. 60680

Lafayette 99 R 2503, 1.7 to 180 mc with 6 coils.
Ac power. Nuvistor oscillator. Sensitivity control.
234 x 5% x 134 in., 11, |b. $22.95 wired. Lafay-
ette Radio Electronics Corp., 111 Jericho Tpke.,
Syosset, N.Y. 11791

Measurements Corp. Series 59. Three oscillator
units, available separately, plus separate power
supply containing meter and controls. 53-LF
oscillator: 100 ke to 4.5 mc, with 4 coils. 59-STD
oscillator: 2.2 to 420 mc with 7 coils. 59-UHF
oscillator: 420 to 940 mc in one range. All units
individually calibrated to =2% accuracy: all
have either CW, 120-cycle modulated or exter-
nally modulated output. Models 59-LF and 59-
STD, $98.50; model 53-UHF, $128.50. All prices
tess power supply. Model 59 power supply, for
115 or 230 volts ac, contains regulated dc sup-
ply for any of the above oscillator units, oscil-
lator grid-current meter, phone jack, modulation
jack, sensitivity control, diode-oscillator switch.
5% x 6% x 7% in. $75. Measurements Corp.,
PO Box 180, Boonton, N.J. 07005

Millen 90651. 1.7 to 300 mc with 7 coils fur-
nished; accessory coils to 225 kc. Calibrated to
+29%, Ac power; provision for battery operation.
Separate plate and heater power switches;
phone jack. 7 x 33/16 x 3% in., 3% |b. $68.85.
90661 Industrial model, same as 90651 except
hand-calibrated to =0.5%. Has industrial power
cord with 3-prong plug, metal carrying case.
90662-A Industrial model covers 225 kc to 300
mc, hand calibrated to 0.5% Built-in transistor
tone modulator and transistor dc amplifier.
Switch selects off, diode, oscillator, modulated
oscillator. Phone jack, sensitivity adjustment.
Metal carrying case. Size and weight same as
other models. $1.95. James Millen Mfg. Co., 150
Exchange St., Malden 48, Mass.

Waters 331 “Little Dipper.” 2 to 230 mc with
7 coils. Calibration accuracy *=3%; each coil
carries separate frequency scale. Transistor os-
cillator, dec amplifier, 1-kc tone generator for
modulation. Power supply: four 1%-volt penlite
cells. Diode-oscillator-modulated oscillator
switch; sensitivity control. 7 x 2¥%, x 2% in., 1 |b
6 oz. $129.75. Waters Mfg., Inc., Boston Post
Rd., Wayland, Mass.
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WHAT'S NEW

NOVEMBER,

1965

POCKET-SIZE TV — 3L, in.
high, 114 in. wide, 415 in.
deep! Picture appears on 1-in.
electrostatic CRT. Design is
conventional intercarrier, fixed-
tuned to ch 11, but all circuits
except video amplifier and
sweep use integrated circuitry.
SCR’s are used for vertical and
horizontal sweep. A 20-kc in-
verter develops high voltage.
Set is powered by rechargeable
batteries. Designed by West-
inghouse Defense & Space
Center, tiny TV is not for sale,

LOOK ME IN THE LASER! This
is a public-demonstration mod-
el of a laser transmitter RCA
will install on Gemini 7. Con-
versations by laser beam will
be tried between Gemini 7 and
ground stations. Heart of the
actual (left) device is new
room-temperature gallium ar-
senide laser diode. Four are
used, located behind small lens
openings. Large opening is for
telescope used to aim transmit-
ter at laser receiver beacon at
White Sands Missile Range.

’ f ' iy

EXPERIMENTAL FUEL-CELL SYSTEM generates pure oxygen
from two waste preducts of breathing—carbon dioxide and
water. Normal cell uses cxygen in reaction with fuel-—such as
hydrogen—to generate electricity. Here, process is reversed:
cell eats electricity, makes oxygen. Obvious application? Space-
capsule oxygen generation. Westinghouse, developer of sys-
tem, estimates four men could be supplied from equipment
weighing 60 to 75 |b camplete, occupying only 3 ¢u ft and
taking about 1 kw power.

MASSIVE FINAL COILS are part of new Hughes-designed
250,000-watt AM short-wave transmitier for Voice of America
service to Southeast Asia. To be located in Phifippines, trans-
mitter is tunable to any of 20 preset freauencies between 3.95
and 26.5 mc. Maximum tuning time is 20 secconds.
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Even a real innocent like this bias box can mess up a dignosis.

Do You Understand What
You Read on Your Meter?

Don’t believe everything you read on its sweet face. The instrument

may be doing everything its maker meant it to do, yet still lead you on

a fool’'s chase

TEST INSTRUMENTS EXTEND MY EYES,
ears and fingers so they can detect de-
fective electronic components. But
those same instruments do not always
tell me the truth.

A bias box is a must during an agc
seizure. A flyback tester pins the blame
in a matter of minutes. A scope gives a
valuable look-sec at waveforms, and a
tube tester saves the day when you don’t
have a substitute tube. But, you must
know the limitations of your test gear
to use it properly.

Unfortunately you learn those only
by experience. Let me tell you about
some of the times my favorite pieces
led me astray.

The infallible bias box

Our regular bench man was on va-
cation so I brought Joe, one of the
roadmen, into the shop to repair chas-
sis. I worked with him (in an advisory
sort of way) from my desk.

I hooked the bias box into the age
line. Sure enough, the trouble cleared.
That proved it. It must be agc trouble.
I unhooked the box.

Something didn’t quite look right
to me. The sequence wasn’t quite true.
Then 1 realized: When [ disconnected
the box, the trouble didn’t reappear.
The picture remained fine.

I turned off the TV, pulied out the
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schematic and examined the circuit for
a few minutes. It was a conventional
agc and i.f. strip.

I turned the TV on and watched
it. It came on fine. Then as the minutes
passed the picture gradually became
more contrasty. It got darker and dark-
er, developed tunable ghosts and then
overloaded completely.

All went smoothly till the second
day. “Art!” he called. “This Airline js
driving me bugs.”

I walked over. “What’s it doing?”

He had it on. The chassis was half
hanging out of the cabinet and there
was a viewable picture in the mirror.

The picture was way overloaded,
almost negative, and out of sync with
a slight buzz in the sound. It was clas-
sic agc overload. 1 switched on a dis-
tant station. The trouble cleared. I
switched back to a local station. The
trouble came back.

1 said, “Take the bias box and
clamp the age.”

Joe smiled. “Way ahead of you. I
attached the box here,” and he pointed
to the bottom of the first i.f. grid re-
sistor at the agc junction point.

“What happened?”

“The trouble cleared up.”

“That’s it,” 1 said. “I’ve never seen
that test fail. If you hook the bias box
into the agc line and the trouble dis-
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appears, you have agc trouble. If it
stays, the trouble is in the rf, i.f., video
or sync stage.”

He snorted. “Oh yeah? 1 checked
every part in the agc circuit by substi-
tution and the trouble is still there.”

I trusted Joe, but I figured I'd bet-
ter check over his work. We can all
make mistakes, especially when we
aren’t working on the bench day in.
day out.

Even though the bias-box test had
indicated age, the condition looked like
an i.f. circuit was oscillating. T took a
.05-uf capacitor and began bridging
in the i.f. amplifiers. When [ bridged
the first-i.f. screen bypass, the trouble
cleared. I changed the .005-uf screcn
capacitor and the first i.f. tube, a
3BZ6. The trouble disappeared.

I explained the job to my man.
“The first i.f. stage had an open screen
bypass. That changed the circuit from
an amplifier to a form of oscillator. But
it didn’t start oscillating right away.
The oscillations took a little time to
build up. When we installed the bias
box, we damped the oscillation since
it was unstable to start with.”

Joe moaned. “What about
bias-box agc test that always works?”

I answered, “Change the always to
almost always.”

that

The safe-bet flyback tester

A distributor salesman, Bill, burst
into the store one day and waved a box
at me. “Art, I got a deal for you that’s
going to save you beaucoup time.”

I said quietly, “Yes, what is it?”

He ripped open a box and pulled
out a shiny new flyback tester. “You
see this beaut? It’s a flyback and yoke
tester. We have a special deal. It’s gua-
ranteed to work on all flybacks. That
means all you have to do is disconnect
a few wires, use the tester and you
know what’s what right away.”

I nodded. “But it doesn’t always
work.”
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Connecting the bias box relieved all the
symptoms of agc trouble. But there was
nothing wrong with the agc! An open screen
bypass caused an i.f. stage to oscillate after
a few minutes; hiasing the tube with the
hox killed the oscillation.
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“Ha!” he laughed
“That’s what you say.”

1 continued. “l never saw that one,
but the ones we have do not test all
flybacks.”

I could see the challenge make his
eyes light up. He was getting into one
of his promise-him-anything-but-make-
the-sale moods.

“This one is different. It’s gor to
work; it will work. If it doesn’t work
on all flybacks, I’ll give it to you.”

He knew he was in hot water as
soon as he said it. I snapped him up.
“You’re on,” I said.

He swallowed audibly as we
walked back into the shop. Up on a
shelf was a Philco 1600-series TV from
1951. A few of the men in the shop
had heard the confrontation and
stopped to watch us.

I turned on the TV. It came on
perfect with a good, bright, wide pic-
ture. I turned it off and turned to him.
“Bill, do you agree that flyback must
be good, or else the picture wouldn’t
be so good?

He nodded and gulped again. 1
pulled off the high-voltage cage, unsol-
dered the width coil, pulled out the
high-voltage rectifiers and just for good
measure unsoldered a few other con-
nections, just to be sure there would be
no circuits across the flyback windings.

I plugged in the tester, let it heat
for about a minute and connected the
leads to the horizontal output cap and
the high-voltage rectifier cap according
to the instructions.

I flipped the function switch to
FLYBACK and the needle dipped into
the SHORTED region. Bill's eyes wid-
ened.

He walked over, his head shaking
slowly. He checked and double-
checked my procedure. Then he picked
up a new flyback from my stock and
tested it. The needle this time rose into
the goop part of the scale.

He checked the Philco again.
There was no doubt in his mind. The
tester was giving an incorrect reading.
I executed the coup de grace by recon-
necting the Philco flyback and turning
the TV on again. The picture was beau-
tiful.

confidently.

6CD6-6
HORIZ OUTPUT
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Flyback of Philco 51-T2102 reads bad on
dip-type testers even if it's good.
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He turned to me with a sick smile
on his face. “Art, you can have the
tester, but could you let me sell it to
you through the company? I’ll pay you
the price of the tester in cash in three
or four weeks.”

“Bill, 1 want the tester, but I’ll pay
for it. The bet wasn't really fair since
I didn’t put up anything, and I knew
how this grid-dip type tester was going
to work on that flyback. It’s a good fly-
back checker, but, like all test equip-
ment, it has limitations.”

Bill was bewildered. “But why
does it work that way?” he wanted to
know.

‘I don’t know myself,” I confessed.
“Some day I'll put it on the bench and
run a few tests. Maybe I'll find out.”

The strange color syndrome

My roadmen carry a tube tester
with them for one reason. With all the
new tubes, they can’t always test by di-
rect substitution. When they run up
against a tube they can’t substitute,
they test it on a tiny emission checker
they carry with them.

One of them called me. He was
on a house call at a friend of mine who
is a computer technician and knows
something about TV. My man Barry
got on the phone and said, “Art, your
friend Jonathan is giving me a hard
time.”

I said. “Put him on.”

Jon blurted, “Art, you know I un-
derstand my color TV, right.”

“Right.”

“Well,” he continued, “I checked
the TV out. There is no color. The
black-and-white is fine. In fact, I re-
converged the set just to be sure it was
OK.”

I said, “Convergence has nothing
to do with whether you’re getting color
or not.”

“] found that out, but the conver-
gence won’t hurt the set, right?”

“Right,” 1 agreed and thought,
it’s all according to the job you did.

“Now. Art, I took all the tubes into
work and tested them on our big con-
ductance checker. The engineer had to
work out some of the settings for me,
but I tested all the tubes. They are per-
fect.”

“What did Barry do?”

“He doesn’t have some of the tubes
so he brought in that little emission
tester of his. They all checked good on
his tester too.”

“So what’s the problem?”

“l want him to pull the chassis and
find the bad component. He won’t do
it.”

“Let me talk to him.”

Barry said calmly, “Art.”

“What’s the problem?”

“There’s no color,” said Barry.
“This set uses a 6X9 triode-pentode for

<) METER
‘ TESTER POWER

TRANS

=

{ TUBE UNDER
TEST

An emission tester is a useful tool, but tiubes
that chieck good on it may still work errati-
cally or not at all in their circuits. It tests
emission of tubes by tying all elements ex-
cept cathode to plate and indicating relative
[)/ntc’ current on meter.

first and second bandpass amplifier. I
don’t have one. There’s none in the
shop. We’ll have to get one out of the
city.”

“Are you sure it’s the tube?”

“Of course not. My checker says
the tube is good. But I've had a lot of
that in these color sets. I want a new
6X9 in the set before 1 go any further.

“Put Jon back on.”

He was annoyed. “Oh, all right,
but I——"" Jon came back.

“Jon, we’ll have to go along with
Barry. After all, it would be silly to do
a lot of troubleshooting looking for a
bad component if it’s just the 6X9 that’s
bad.”

He grumbled, “But the testers all
read good.”

“Nevertheles, I'll have a 6X9 sent
out immediately.”

He hung up without saying good-
bye. T called down to the distributor.
They had 6X9’s in stock and I ordered
a few of them. They would send them
out by special messenger for a small
fee. If it worked, I was going to bill Jon
for the messenger service.

Barry came in at the same time as
the tubes arrived, grabbed them and
left. Ahout 20 minutes later the phone
rang. It was Jon.

An aggravated Jon shouted, “It
was that lousy 6X9!”

“So relax.” We saved you bench
labor fees.”

He was not pleased. “You better
throw those lousy little testers away.”

I answered, “Not at all. They pull
us out of a lot of tight situations. You
just have to have a feel for when they
are right or wrong.”

I’m sure you have had similar situ-
ations. Every picce of test equipment
has its own particular set of conditions
where it will mislead you. When you
know that no one piece is perfect, and
when it won’t perform, it becomes that
much more valuable to you. END
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New Designs
in Complementary
Amplifier/ Loudspeakers

By GEORGE L. AUGSPURGER

FOR YEARS, ENGINEERS lIAVE BEEN AWARE OF THE INTIMATE
relationship between a speaker and its audio power source.
Theoretically at least, an integrated system in which the am-
plifier and speaker are tailored to each other should be able
to deliver results superior to those from a separate speaker
system and an all-purpose amplifier.

Yet, “powered speakers” have been rare, probably be-
cause most component manufacturers have traditionally spe-
cialized in only one restricted field. Within the last few years,
this situation has changed. Companies previously known only
for speakers, such as James B. Lansing and KLH, now make
electronic equipment. Amplifier and tuner manufacturers
such as Scott and Fisher now market speaker systems.

Also, a manufacturer does not like to limit his market
potential by restricting a speaker to one specific amplifier.
A third point is that the hi-fi purist has been led to believe
that he can get best possible sound by assembling individual
components, each as nearly perfect as possible. The notion
of “‘compensating” one component to match another makes
him wonder if the manufacturer is not trying to cover up
deficiencies which shouldn’t be there in the first place.

Four reputable and well established firms are now mar-
keting complementary speaker/ amplifier systems. Before dis-
cussing specific products however, it might be a good idea to
consider the basic problems involved.

One big reason why a complementary speaker/amplifier
is SO attractive is that today’s music enthusiast demands com-
pact speaker systems. When you try to get full-range repro-
duction trom a small box, you run into problems which may
be solved better by designing a special amplifier than by jug-
gling the factors in the speaker alone.

For example, Fig. 1 shows what happens when a high-
quality 8-inch speaker is mounted in a small box—say, about
1 cubic foot of internal volume. The low-frequency rolloff
is a result of the restricting eftect of the small enclosure.
The high-frequency droop is a characteristic of the speaker
itself (the curve is not meant to represent any particular

Ampex model 622 Amplifier/Speaker

unit—more or less typical of a good speaker in the $20 to $40
price class.)

Equalizing the speaker

There is no point in going into what exactly is meant
by “flat” response in a speaker, or whether we ecven want
flat response once we agree on a definition. But there is no
question, I think, that everyone would prefer a system which
has more bass and treble than that indicated by Fig. 1. We
can often make it sound better by applying corrective equal-
ization.

There are two ways of going about it. One is to insert
an equalizing network in the amplifier circuit. There are lim-
its: building a $300 equalizer to make a $30 speaker sound
better is obviously not the way to advance the state of the
art. Apart from this, we cannot apply too much bass or treb-
le boost without overloading the speaker or the amplifier
under normal operating conditions. Nevertheless, a reason-
ably simple R-C network can smooth the response of the
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Fig. 1—Frequency response and relative im-
pedance of typical 8-inch speaker in small
cabinet. Damping will lower the impedance
peak, and corrective equalization can ex-

tend response.
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speaker and improve its performance noticeably.”

A second, and somewhat more unusual, approach is to
use the impedance characteristics of the speaker to let it se-
lect its own equalization.

Let's take a second look at Fig. 1. The response curve
is assumed to have been measured with constant voltage fed
to the speaker. In other words, this is the curve you get if
you drive the speaker from an amplifier with a relatively
high damping factor—8 or more. But it we lower the damp-
ing factor, interesting things happen to the speaker’s response
curve. The amplifier no longer delivers constant-voltage sig-
nal. Instead, it feeds /nore drive to the speaker where the
impedance is high, and less where it is low (Fig. 2).

If we are lucky enough to have the impedance curve
correspond in some degree to the corrective equalization we
need, we can get a definite improvement by adjusting the
damping fuctor to best suit the particular speaker system.
This is why some makers publish response curves with a no-
tation that the internal impedance of the amplifier has been
adjusted to give the smoothest response.

There is a certain damping factor which will give best
results from any particular spcaker system. And by using
that with additional electronic cqualization, the {ull potential

*Although circuit values become u little awhward, there is no reason why
such a corrective circuit cannot be inserted between the speaker and the am-
plificr output. This is exactly what KLH does in its Model [4. In this instance,
the speaker does not require a special complementary amplifier.

FREQ-CONTOURING ————
NETWORKS

NG %

680K 470PF) 220K 006 VOLUME ECL82/6BM8(2)

nsv
Fig. 3—KLH 8 has two principal frequency-
correcting networks in feedback loops, shown A

here circled. Treble control, in plate circuit 30PF

of 6BS8, looks like common “high-cut” tvpe, but actually ranges from 10 db
treble boost through flat to abour 10 db cut (at 10kc). How? Ratio detector
output is not fully de-emphasized, so receiver uses some of the treble boost
built into FM signal at transmirter. Note, at input, the 68,000-0hm resistor, which .
is normally followed by .001 or .0012-uf capacitor. Here, the capacitor is only

330 pf, leaving high-end response up about 10-12 db at 10 ke.
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FREQ

of the speaker can be realized with a minimum of cir-
cuit complications.

Commercial systems—how designed?

One of the oldest manufacturers of high-quality comple-
mentary speaker/amplifier combinations is Ampex. A number
of years ago when «l/l good speaker systems were very large,
Ampex began demonstrating its small integrated speaker/
amplifiers to astounded audiophiles.

“But how does Ampex get such good sound from a little
box?” hi-fi enthusiasts would ask. The answer is that they
powered the speaker from an amplifier equalized to match
the speaker’s performance in that particular enclosure. Am-
pex has produced a number of thesc units over the years.
They are engineered and styled to be used with Ampex tape
recorders.

Tn a typical Ampex unil, an cqualization network is in
the feedback loop of the power amplifier. The circuit boosts
treble response somewhat to compensate for the characteris-
tics of the speaker, and also boosts bass to overcome the re-
strictions of the small cabinet volume. If an auxiliary speaker
is plugged into the juck provided, the built-in speaker is si-
lenced, and the equalization circuit is bypassed.

Small Ampex units generally use a highly efficient 8-inch
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EM/ model DLS-1 amplifier/speaker. Rear view
shows vacuum-tube amplifier in buse of cabiner.
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Fig. 4—Semi-schematic of IBL stereo Energizer (one :
channel). Plug-in equalizer board adjusts frequency I
response contour and damping factor. Response net- |
work is passive, at input to amplifier; damping is con- |
trolled by current feedback through (in this case) 0.5- I
ohumn resistor. ]
|
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loudspeaker with a 2-inch edge-wound copper-ribbon voice
coil and an aluminum center dome {to handle the range
above 5,000 cycles or thereabouts). The speaker is speci-
fically designed for the system, and it is not recommended
for general-purpose use even though it resembles certain
commercial 8-inch units.

Another system in which a vacuum-tube amplifier and a
matching speaker system uare installed in the same cabinet is
the EMI DLS-1. Unlike the Ampex, this is not a portable
unit, although it is not particularly large as speaker systems
go. It is designed primarily for use as a professional monitor,
and this accounts for the tall thin shape. The speakers are
positioned about 4 feet above floor level so that a listener
will hear about the same sound, standing or seated.

Like some other EMI speaker systems, the DLS-1 uses
an clliptical spcaker for the woofer. Two small direct-radia-
tor tweeters are mounted directly above the woofer to give
a dispersion pattern with its greatest spread horizontally.

The 25-watt amplifier in the base of the column has
four adjustable controls (factory-set) to balance the overall
response and gain of the system to standard specifications.
By making the equalization adjustable, EMI can compensate,
not only for the inherent characteristics of the speakers and
enclosure, but for small variations between individual units.

A third speaker/amplifier combination, quite familiar to
US audiophiles, is the heart of the KLH Model 11 sterco
phonograph. In this unit, KLLH engincers decided to correct
the inevitable limitations of a tiny speaker enclosure by pro-
viding complementary equalization in the amplifier.

Unlike the Ampex and EMI, however, the Model 11
has its speakers physically separated from the matching am-
plifier. This makes it possible to keep the size of the speaker
systems at an absolute minimum. It also means that a pair
of speakers can be driven from a single complementary stereo
amplifier. In the previously described systcms, each speaker
cabinet has its own monophonic amplifier built in.

Again, equalization is provided by correcting the fre-
quency responsc curve clectronically. The tone-control net-

JBL Solid-State Energizer adjustable for variety of speakers.
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work, a feedback system, is designed so that when the bass
control is physically centered, there is a 4-db-per-octave boost
from about 500 cycles down to about 75 cycles, below which
the amplifier’s response falls off rapidly to prevent driving the
small speaker into distortion at frequencies below its resonant
point. There is no special emphasis on controlling the damp-
ing factor of the amplifier. As mentioned previously, KLH
makes the same speaker components available with a passive
equalizing network so that they can be used with any standard
power amplifier.

The equalizing components in the KLH Model 8, an
FM receiver, are shown in Fig. 3.

James B. Lansing has combined the “built-in” concept
of Ampex with the single stereo amplifier idea of KLH and
the adjustable equalization feature of the EMI and added
several entirely new developments of its own. The JBL Solid-
State Energizer is basically a transistor stereo power ampli-
fier, however, it installs directly in one speaker cabinet of a
stereo pair.

Mounting the Energizer directly in the speaker enclosure
is practical because the entire faceplate of the unit is really
a cast aluminum heat sink for the output transistors. With
the heat problem out of the way (transistors generate much
less heat than vacuum tubes to begin with), JBL engineers
were free to design an audio power source that would literal-
Iy become a part of a specific speaker system.

The Energizer is flexible enough in its characteristics to
match a variety of different speaker systems. A plug-in
etched-circuit equalizer board (Fig. 4) controls the damping
factor for the speaker system. Because no output transformer
is used (a characteristic shared by other high-quality transis-
torized circuits), stable performance and uniform damping
can be maintained into the 10-cycle region.

In addition to controlling the damping factor, the plug-
in board can include electronic equalization as well. Because
boards are available to match each speaker system JBL
makes, any system can be supplied as a standard speaker, or
as an integrated “Energizer/ Transducer”.

A new hi-fi trend?

There is every reason to believe that increasing num-
bers of manufacturers will offer complementary speaker/am-
plifiers in the future. The freedom from tube replacement,
overheating and microphonics that comes with transistors
means that combining speaker and amplifier in the same
package is now as practical as it is thcoretically desirable.
But there is no immediate rush to get rid of the conventional
speaker or the all-purpose power amplifier. None of the four
companies mentioned is committed entirely to the powered-
speaker concept.

I believe that in the next § years, the hi-fi industry will
see a definite de-emphasis of the separate power amplifier.
Instead, the audiophile will have his choice of an all-in-one
amplifier/control center or the separate control center driv-
ing an all-in-one amplifier/speaker. END
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Meterless
DC Voltmeter

Light, tiny, accurate, simple and cheap—
only a single unijunction transistor and no
expensive movement!

By DR. R. A. STASIOR~

Rugged and small, this voltmeter can
be dropped without being damaged or
losing calibration. It has only one scale,
0 to 500 volts, but the low end (0 to 100
volts) is expanded, allowing flashlight
batteries and transistor circuits to be
tested accurately. The 0.5-megohm input
impedance loads the circuit being tested
very little. A Mallory TR-146 mercury
battery with long shelf life and excellent
voltage regulation gives accuracy at a
low price.

RS
200K RO
o (l)/Rzl\g/f ADJUST =
- 10K 8.4vT
MERCURY
R7 T
R2 500K i,
72w
GE-XIO
RI B2
500K
IW 1% BI
JACK FOR Bl
XTAL
LEARPHONE z
.~C
Towr B2

FULL-SCALE”
ADJUST

T -
LOOP FOR RADIO
PICKUP~-APPROX
8 T. No.24 ENAM

AROUND INSIDE
OF CASE

Meterless Meter works on simplified poten-
tiometer principle.

C—.01 uf paper

Q—Type GE-X10 unijunction transistor (G-E
Electronics Experimenter line) or 2N2160

R1—500,000 ohms, 1 watt, 1%

R2—pot, 500,000 ohms audio taper

R3—3,900 ohms, Y% watt, 10%

R4—pot, 10,000 ohms linear

R5—200,000 ohms, 1, watt, 5% or 1%

R6—pot, 10,000 ohms, linear

R7—3,300 ohms, ¥, watt, 10%

S—spst on-off switch (part of R2 in original
unit)

BATT—8.4-volt mercury battery (Mallory TR-
146)

Plastic box,

knobs, miscellaneous hardware

The operating principle is to com-
pare the voltage at the voltmeter input
with a reference voltage. A potentiome-
ter adjusts the input voltage until it is
exactly equal to the reference. The po-
tentiometer can be calibrated to indicate

the input voltage.
A unijunction transistor GE-X10

* Application engincer, Semiconductor Products
Dept., General Electric Co.
NOVEMBER, 1965 51

The Meterless Meter with lid open. Knobs
at left adjust miniature zero and full-scale

generates the reference and detects when
the input and reference voltages are
equal. Whenever the input exceeds the
reference voltage, the unijunction tran-
sistor generates an audio tone. The tone
drops in frequency as the voltages ap-
proach each other, and stops when the
voltages are equal.

The tone can be detected in either
of two ways. A crystal earphone is suit-
able, or, instead, any radio can be placed
close to the voltmeter to detect the high-
frequency harmonics generated. For best
results tune the radio to a quiet spot on
the low-frequency end of the band and
turn up the volume. The radio should be
close to the capacitor leads for maximum
volume. You’ll hear an audio tone when-
ever the unijunction is oscillating.

To use the voltmeter, connect the in-
put leads to the voltage source you want
to measure. Whilel you listen with the
earphone or radio, turn on the voltmeter
and rotate the potentiometer knob until
you just hear an audio tone. The dial
then indicates the input voltage.

Ripple or ac superimposed on the
dc can be detected by a change in the
tone character.

Two very nearly equal voltages can
be recognized by setting the potentio-

e

R e

21AT23y3 &Y JARINID
l*b‘.

pots; jack is for crystal earphone. Note
wire loop running around inside of case.

meter to produce a low-frequency audio
tone with one voltage and then noting the
change in pitch as the other voltage is
measured. The change in pitch is also
useful in detecting lack of regulation in
power supplies.

For calibrating the voltmeter, the
easiest and most accurate approach is to
mark its scale to agree with that of an
accurate conventional voltmeter. The
zero set and full-scale-set potentiometers
can be replaced with fixed resistors of
3,900 and 3,300 ohms, respectively, if
this calibration procedure is used. This
reduces the circuits cost and size.

Another way is to use the scale be-
low. Adjust the voltage-indicating po-
tentiometer to its maximum value and
short the input terminals. Adjust the
zero-set potentiometer until oscillations
just stop. Align the pointer on the volt-
age-indicating knob with the O mark on
the scale. This gives reasonable accuracy
at the low-voltage end of the scale. Now
connect the input terminals to the high-
est known voltage available. Set the volt-
age-indicating pointer to this voltage.
Adjust the full-scale-set potentiometer
until the scale reading is correct. For
better accuracy, adjust the zero-set and
full-scale-set a second time. END
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COMPONENT CURVE TRACER

Quickly built box adapts your scope to check practically any common electronic

part: diodes, resistors, capacitors, transistors, inductors, SCR’s . . .

IF YOU OWN A SCOPE, CHANCES ARE
you don’t use it as much as you could
—possibly only for the more exotic op-

crations, like TV or FM alignment,
modulation checking, or waveform
analysis. But wouldn’t you get more

use out of your scope if you could use
it to check all kinds of components, es-
pecially the tricky-to-test semiconduc-
tors?

Well. with only four parts in its
circuitry, the Component Curve Tracer
will display a characteristic tracc on
your scope for regular and unijunction
transistors, diodes, silicon controlled
rectifiers and photoconductors. You’ll
be able to test and approximate the
value of capacitors, resistors. potenti-
ometers and inductors. And you can
check the continuity of lights, switches,
fuses, circuit brcakers and relays or
transformers having resistance up to
100,000 ohms! Not only that, but the
necessary calibration is built into the
unit!

The ultra-simple Component Curve
Tracer schematic is shown in Fig. 1.
Once the circuit operation is under-
stood. youwll find it extremely simple
and effective. Let's see how it works.

With the line cord plugged into an
outlet, a 60-cycle sine wave at slightly
over 6.3 volts rms appears at the out-
put of T. With no component connect-
ed across them, T’s full sinc-wave volt-
age appears between J2 and J3 (since
no current flows through R1, and hence
no voltage is dropped across it). Now
let’s assume a dead short is placed
across J2-J3. This effectively “grounds”
J3, and the full sine-wave output of T
now appears across J1-J2. 1f J2-J3 is

(SEE TEXT)
<
VERT Ji
(SEE TEXT) " - ©
q
F 3.3K
5 . 72w
7 v % 6.3V X
60~ -q! %
S GND J2
. o;’,& CALIB t
< R2 |
=] 33K b4
r ' |/2w/ |
& Horiz 43

COMPONENT UNDER TEST

Fig. 1—Circuit of the Component Curve
Tracer.

52

By FRED BLECHMAN K6UGT

left open, and calibration switch S is
closed, equal wvoltages will appear
across J1-J2 und J2-J3, since R1 and R2
are equal in value, with “ground” at
their junction.

An oscilloscope connected to VERT,
GND and HORiZ as shown in Fig. 2
(shielded leads are not necessary) will
display characteristic patterns that de-
pend on what is connected across the
GND and Horiz binding posts. A semi-
conductor diode, for example, is polar-
ity-sensitive and conducts only when
biased in the proper direction. During
half the input cycle it acts as a short cir-
cuit across GND—HORIZ, fracing a verti-
cal line on the scope screen; during the
other half cycle, it “looks like” an open
circuit and traces a horizontal line. The
result is an L-shape for a good diode.
Each type of component has character-
istics that yield a distinctive tracc on
the scope. With very little practice,
vou’ll learn to distinguish them.

Construction

A small two-piece aluminum box
makes a convenient housing. The only
precaution in wiring is to be surce that
the transformer input is not connected
to the case, to avoid a severe shock
hazard. Use a two-terminal so'der lug
strip for wiring the linc cord to the
transformer primary leads, and run the

www americanradiohistorv. com
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CALIBRATE  SHORT CIRCUIT  OPEN CIRCUIT
A 8 ¢
H. POS
o ADJUST GAIN
V. POS —— CONTROLS
/ CENTERED 45°
TRACE, ABOUT 1/2
L SCREEN DIAMETER
v ean—10 ——:EiAng HORIZ INPUT
HOR—‘O';_/’
VERT S| sweep sELECTOR
INPUT—1y) 51 HORIZ INPUT
I‘GND CURVE TRACER
117V AC DEPRESS TO
p CALIBRATE
,&@
VERT- GND HOR!Z CALIB

Fig. 2—How 10 connect and calibrate the
Tracer.

line cord into the box through a rubber
grommet, with a strain-relief knot on
the inside of the box. The binding post
and pushbutton switch terminals allow
the remainder of the wiring to be point-
to-point—no additional terminal strips
are needed. External alligator-clip leads
attached to the GND and HoRriZ bind-
ing posts are handy.

Construction shouldn’t take over

RADIO-ELECTRONICS
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BREAKDOWN VOLTAGE

GND catw  HORIZ
ANODE

DIODE HOOKUP GOOD DIODE  POLARITY REVERSED ZENER DIODE
A B c D

GNOD

BASE
(PNP SHOWN)

HORIZ PNP: BASE TO GND PNP: BASE TO HORIZ
TRANSISTOR HOOKUP NPN: BASE TO HORIZ NPN :BASE TO GND

A B [

ONORORN

TUNNEL DIODE
(INCREASED HORIZ GAIN)

SELENIUM RECTIFIER TUNNEL DIODE

GND CATH

SILICON CONTROLLED CR
RECTIFIER HOOKUP GATE OPEN

H 1

SLIGHT TAIL OK i
HORIZ .
ANODE GATE jions, ri

SCR
GATE TO GND

EMITTER

UNIJUNCTION HOOKUP

HORIZ

30°

EMITTER OPEN EMITTER TO GND EMITTER TO HORIZ
E F G

Fig. 4—Testing transistors with the Tracer. In checking unijunc-

tions, right end of sloping line turns up when emitter is con-
nected to base 2 and left end turns down when emitter is con-

nected to base 1.
J

Fig. 3—Diode and rectifier tests with the Tracer.

an hour. Marking with decals or dry-
transfer labels completes the unit.

Current drain from the secondary
of transformer T is only about 2 ma
with GND—HORIZ shorted, so there’s no
worry about the power rating of T.
Anything over 15 mw will do! The
little 600-ma transformers. rated at
nearly 4 warts, are the smallest and least
expensive commonly available. Calibra-
tion switch S may be a slide, toggle, lever
or rotary type instead of the pushbutton
switch 1 used—but the small size and
low price of the pushbutton are hard to
beat.

Calibration

Connect the Curve Tracer to your
scope as shown in Fig. 2. Be sure to put
the sweep sclector to the “Horizontal”

r “External” position. When the Trac-
er’s cord is plugged into an ac outlet,
you should get a horizontal line on the
scope screen (with nothing connected
across GND—HORIZ). Now close the cali-
bration switch; the line on the screen
will tilt. Adjust the scope’s vertical and
horizontal gain and positioning controls
until the display is a straight line tilted
at a 45° angle, centered on the screen,
and covering about half the screen di-
ameter. This completes calibration, and
the oscilloscope controls will not need
to be adjusted again, except as indi-
cated in specific tests that follow.

Don’t be surprised, incidentally, if
all your patterns seem to be the reverse
of the patterns shown in the illustrations
and photos. If your calibration line
slants in the opposite direction from
that shown in Fig. 2-a, all your pat-
terns will be flipped left-for-right
around the scope screen’s vertical cen-
terline. This is a result of the direction
of horizontal deflection in your scope
(left to right or right to left), which
varies with different makes. Also, the
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slight double line shown on the photos
is the result of slight phase shift be-
tween vertical and horizontal deflection
voltages at 60 cycles, and is nothing to
worry about.

Testing components

About the only common electronic
components the Curve Tracer won’t
test in some manner are quartz crystals
and batteries. Just about everything else
can be given a functional or continuity
test as described in the following para-
graphs. In all cases, the component un-
der test is connected between the GND
and Horiz binding posts, with “polar-
ity” as described. A short is shown by
a vertical line (Fig. 2-b), an open by
a horizontal line (Fig. 2-c).

Semiconductor diodes. Connect
the anode (arrowhead on symbol) to
GND and the cathode (bar on symbol)

to HOR1Z, as shown in Fig. 3-a. A good
diode will look like Fig. 3-b. If you've
connected the diode with the anode
and cathode inverted. the pattern will
be inverted (Fig. 3-c); this allows you
to identify the polarity of unmarked di-
odes. If the vertex of the L-shape is
rounded, or if either leg is much short-
er than the other, or slanted from the
horizontal or vertical, the diode should
be discarded.

Zener diodes. Connect as for any
other diode. If the Zener “breakdown”
voltage is below about 10 volts, you’ll
get a pattern like Fig. 3-d. The dis-
tance of the breakdown ledge from the
vertex is a measure of the Zener volt-
age, from zero at the vertex, to 10 volts
at the end of the horizontal leg.

Selenium rectifiers. Connect as
shown in Fig. 3-a. Typical pattern is
Fig. 3-¢. Note the rounded vertex and

Inside the Curve Tracer.
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Calibration
trace—45°, half
screen diameter

Short circuit be-
tween terminals
GND-HORIZ

Selenium recti-
fier: rounded
knee

Tunnel diode
with trace ex-
panded

Potentiometer:
various shaft set-
tings  (multiple
exposure)

Good semicon-
ductor diode

Zener diode:

8.5-volt  break-
down

Good 0.27-uf
capacitor

the short vertical leg, slightly slanted,
indicative of poor transfer characteris-
tics, high forward voltage drop, and
some forward resistance. These are
characteristic of selenium rectifiers, and
should not be cause for concern unless
the vertical leg is very short or very
slanted.

Tunnel diodes. Connect as shown
in Fig. 3-a. The initial display will be
as shown in Fig. 3-f—two vertical lines
with a gap in the center. However, by
increasing the scope’s horizontal gain,
you can get the pattern of Fig. 3-g, al-
most the classical tunnel-diode curve!
Remember to recalibrate the scope (re-
duce horizontal gain) before testing
other components.

Silicon controlled rectifiers
{SCR’s). Connect as shown in Fig. 3-h,
with the gate not connected. The pat-
tern should be as shown in Fig. 3-i,
possibly with a slight slanted tail. Now,
with a cliplead, conncct the gate to
GND, and you should get the pattern
of Fig. 3-j, since the SCR will now con-
duct during the half-cycle when the
anode and gate are positive with re-
spect to the cathode.

Transistors. Since, basically, a
transistor is two diodes joined at the
base, we’ll test it that way. First, con-
nect the transistor as shown in Fig. 4-a.
(Note: actually the emitter and col-
lector connections could be inter-
changed with no effect.) The basc is
not connected. The pattern should be
a straight or slightly kinked horizontal
line—if the line is arc-shaped, the tran-
sistor is leaky. If the transistor is short-
ed, the line will be vertical.

Now touch the base lead to the
GND terminal and you should get Fig.
4-b for a p-n-p transistor, Fig. 4-¢ for
an n-p-n. This allows you to determine
the polarity of an unmarked unit. Now
swing the base lead to the HORIZ termi-
nal and the pattern should invert (Fig.
4-c for p-n-p, Fig. 4-b for n-p-n).

If, in either of these last two tests,
there is no L-pattern, the transistor
junction is open. If the pattern is badly
distorted, the transistor is leaky. If one
leg of the L is slanted, the diode action
is not good: vertical leg slanted means
high forward resistance; horizontal leg
slanted means low reverse resistance
(leaky). Power transistors normally
show symptoms of very high leakage
since, relatively speaking, they have
high leakage. Test a few known good
power transistors to get a “feel” for how
they should look with the Curve Trac-
er; you'll find the patterns variable, but
opens and shorts will still show up in-
stantly.

Unijunction transistors (UJT’s).
Fig. 4-d shows the connections. Initi-
ally, the emitter lead is not connected.
The pattern should be a straight line,

www americanradiohistorv.com

The Curve Tracer was
checked by a member of
RADIO - ELECTRONICS’
staff and found to work
just as described. It was
. extremely

BENCH

interesting to
watch it check a large

number of very different

devices without any need
for adjustment. It is especially useful as a com-
parator. The angle for a given resistor is noted,
or the horizontal and vertical controls set so
a capacitor produces a perfect circle. Then any
deviation from the angle or the circle indicates
a capacitor or resistor larger or smaller than
the standard. The direction of deviation shows
which way the difference lies. Power transistors
can be compared to a standard (known-good)
transistor as well.

slanted about 30° from the horizontal,
Fig. 4-e. Now touch the emitter lead
to the GND binding post. The upper end
of the pattern should swing vertical, as
shown in Fig. 4-f. When the emitter
Iead is touched to the HowriZ terminal
(base 1 of the UJT), the lower end of
the line should swing vertical (Fig. 4-g).

Resistors. Since an open circuit be-
tween GND and HORIZ shows as a hori-
zontal line, and a short circuit shows
as a vertical line, it stands to reason
that a finite nonzero value of resistance
will show as somcthing in betwecen—a
slanted line. Fig. 5 is a plot of the an-
gle of this line from the horizontal as a
function of resistance. Of course, the
Curve Tracer must be calibrated for the
chart to be valid. Values from 100 to
100,000 ohms can be estimated. Less
than 100 ohms is essentially vertical;
more than 100,000 ohms is essentially
horizontal. The unknown resistance is
merely placed across GND—HORIZ, the an-
gle estimated, and the resistance read
from Fig. 5.

Potentiometers. Connect the cen-
ter lug and cither end of the pot be-
tween HORIZ and GND. As the shaft of
the pot is rotated the display will be a
straight line that swings between verti-
cal and horizontal. A jumpy or fuzzy
trace indicates a noisy unit, which
should be squirted with contact clean-
er or discarded. The resistance value
can be estimated from Fig. 5 by judg-
ing or measuring the trace angle from
the horizontal.

Photoconductors. Connect  be-
tween HoOrIZ and GND. Keep the face
of the cell covered with your hand. The
trace should be horizontal, or at a slight
angle, indicating the high dark resist-
ance of the cell. Now expose the sur-
face of the cell to light and the line
will slant toward the vertical. By using
Fig. 5 you can estimate the resistance

RADIO-ELECTRONICS
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DEGREES OF TILT FROM HORIZONTAL
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RESISTANCE - OHMS

Fig. 5—Plor of tilt-angle of scope trace against resistance makes it possible to
find approximate values of resistors and of pots in various positions.

for any particular light value—an cxotic
light meter! Also, this allows you to
match photoconductors for similar
characteristics, which may vary consid-
erably even between units of the same
part number.

Capacitors. Calibrate thc scopc as
described previously. Connect the un-
known or suspect capacitor between
HORr1Z and GNb without regard for po-
larity, even for electrolytics. The pat-
tern on the scope screen for a good unit
will be an ellipse, with the long (major)
axis horizontal for values up to 0.85 uf.

At about 0.85 uf, the pattern is a circle,
and above this value the major axis is
oriented vertically. By measuring the
ratio of the horizontal axis to the verti-
cal axis and referring to Fig. 6, you can
estimate the value of the capacitor. This
is particularly useful for those difficult-
to-test low-voltage, low-value electro-
lytic and disc capacitors so common in
transistor circuits today. When testing
capacitors, if the major axis ot the el-
lipsc is tilted, throw the capacitor away
——its leakage is much too high.

Inductors, transformers, relays.

.08

CAPACITANCE—MICROFARADS

.06

.04

N

.02

N

.0t

al 2 4 6 810 2

4 6 810 20 40 60 80100

HORIZONTAL / VERTICAL AXIS RATIO

Fig. 6—Size of scope ellipse’s horizontal axis, divided by size of vertical axis,

is proportional to capacitance.
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Connected between HORIZ and GND, an
inductor will show an eclliptical pattern,
with the major axis tilted. Generally
speaking, values of less than about 5 h
will show an ellipse with the major
axis inclined toward the vertical, with
around 5 h showing as a circle. Above
5 h the major axis tilts toward the hori-
zontal. Unfortunately, this is only a
very rough indication of inductance,
since the capacitance of the windings
combines with the inductance, and
what the scope shows is the effect of
the combination, including phase shift.
Since the method of winding an
inductor, the number of turns and the
wire size all contribute to the resistance
and distributed capacitance, trying to
specify the value of inductance indi-
cated with the Curve Tracer is not
much more than a “ballpark figure.”
However, this test is useful to show up
units that are either open or shorted.
Furthermore, you can spot a unit with
shorted turns by comparing the suspect
unit with a known good one just like it!
Continuity tests. Obviously, since
a vertical display indicates a very low
resistance between HORIZ and GND, the
Curve Tracer can be used to check the
continuity of switches, lights, fuses, cir-
cuit breakers, circuit wiring, etc. Ad-
mittedly, an ochmmeter, buzzer or light
device can test continuity also, but this
is just another application for the Curye
Tracer, not its primary design goal.

Precautions

The very low power in the Com-
ponent Curve Tracer avoids harm to
even the most delicate components.
Tunnel diodes, microwave diodes and
vhf transistors, all notoriously easy to
ruin, have been checked without dam-
age. The transformer isolates the oper-
ator from the power line, and built-in
resistor R1 limits the output current to
a couple of milliamperes even when the
output terminals (HORIZ and GND) are
shorted.

Only two potential “danger” condi-
tions exist: don’t connect anything ex-
cept the scope lead to the VERT termi-
nal, since it is directly connected to the
transformer output. Make sure, as pre-
viously mentioned, that the transform-
er primary leads are insulated from the
hox. If you want to use the Curve
Tracer as a handy 6.3-volt l-amp ac
supply. and want to be certain of mak-
ing it burnout proof, put a l-amp fuse
at the point marked “X” in Fig. 1. You
can now connect between VERT and
Horiz for use as a substitute filament
transformer.

The Component Curve Tracer is
simplicity itself in construction, costs
very little to build and, with a little
practice, performs tests easily and
quickly that would otherwise require
an array of exotic test equipment. END
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SCOPE x 100

Your low-cost 200-kc scope can be improved by a factor of 100 in gain

and bandwidth with just an evening’s work and very little expense

By TOM JASKI

ARE YOU UNHAPPY WITH YOUR
economy oscilloscope? Did you under-
estimate your future needs when you
bought it, or did you just run out of
money? In cither case, if your scope is
now too limited for your needs, here is
a way to make a silk purse out of the
sow’s car. For it is relatively casy to ex-
tend the sensitivity of your small scope
and not very expensive, and it is cven
feasible to increase the bandwidth. For
a few pennies you can speed up the
sweep generator or slow it down. 1 can’t
promise a truly “professional” scope
without many other changes, but you
will sce some drastic changes in per-
formance with simple changes in cir-
cuitry.

What arc the limitations of scopes
—and why are they? First of all is sensi-
tivity. A certain voltage difference is
needed to deflect the CRT beam a
given distance, and to get this voltage
the signal is amplified. Sensitivity then
depends on the deflection sensitivity of
the CRT and the gain of the vertical
deflection amplifier. Improve either or
both, and you gain sensitivity.

The other factor, handwidth, is a
little more complicated. The CRT is
willing, up to about 30 mc at least. But

NEW SUPPLY - POINT
DECOUPLING -

HV RECT (OPTIONAL)

6X 4 SOCKET

..,'-

56

D4 p

240V

H.K
D2

H

D3 62
NEG
RI R2 SUPPLY |

YW S
L 470k FOCUS 1SOK  INTEN -9i5V
= 250 K 50 K

Fig. 1—How to lower focusing voltage
when you change CRT tvpe.

the signal is lost in the amplifier if the
frequency gets too high. FEconomy
scopes are generally limited to about
200 to 400 kc. This is a matter of time
constants in the amplifier. Large plate-
load resistors, used to get high gain
with few stages, excessive capacitance
in the wiring and tube elements, and
deflection plate capacitance in the CRT,
all conspire to lower the maximum fre-
quency that can be displayed.

We can compensate for much of
the excessive capacitance by introduc-
ing inductance at well chosen places in
the circuit. In doing so we also lower
the plate load resistances, sacrificing
gain in the amplifier. Gain and band-
width are inevitably related inversely
for a given amplifier. To obtain more
bandwidth for the same sensitivity we

NEW RECTS

Silicon rectifiers and new decoupling, as shown in Fig. 2.
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Author’s 12-vear-old Heathkit OL-1
the patient in the surgery described here.
Small black knob at hottom of pannel is of
now new svnc control; vertical attenuator
occupies former sync control’s hole.

was

must improve both the time constants
and the gain of the amplifier.

How to go about it

Some scnsitivity can be gained
simply by changing CRT’s. Table 1
shows the deflection sensitivities of the
most likely CRT’s to be used. Note that
if you change from a 3GPl (o one of
the other types, vou may have to change
the socket or focus voltage. The focus
voltage for many CRT’s of the same
screen size falls within the same general
range. However, actual focus voltages
available vary with the make and model
of the oscilloscope and may not cover
nearly the range listed in the table. The
optimum focus voltage for the tube you
select as a replacement may be outside
the range of the focus control in your
scope. You can change the range of
available focus voltage by selecting new
values for R1 and R2 (Fig. 1), while
keeping the total value of the voltage
divider relatively constant. Note well
that if you change from a 3GP! to a
3WPI you can nearly double the scope’s
sensitivity.

A second way to increase sensitiv-
ity is to install a series resistor in the
high-voltage supply to lower the total
voltage applied to the CRT. However,
this reduces the brightness and pro-
duces a larger, less-accurate spot. In
general, a decrease in high voltage wili
increase sensitivity in about the same
proportion.

RADIO-ELECTRONICS
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EXTERNAL DEFL

.005 .005
B+ 12aU7 'YIEXT

S22k S22k "
1’ | Meg
AN— + TO VERT
DEFL
> PLATES
W
02689
12AU7

VERT POS

Fig. 2——Original vertical deflection amplifier in 3-inch Heath OL-1 (newer 10-21 is very
similar). Wiring and parts shown as heavy lines affect bandwidth seriously.

Pitfalls in CRT substitution

If you plan carefully and know
what to watch out for, you should not
have any difficulty in making a success-
ful CRT substitution.

Deflection electrodes (plates) D3
and D4 are nearer to the gun than DI
and D2 and are more sensitive. D3-D4
are normally used for vertical deflection.
But, you should check your scope before
replacing the CRT. In a few of the older
scopes and some cconomy models, D1-
D2 are used for vertical deflection and a
simple low-output swcep oscillator
drives D3-D4.

Also, some CRT’s, such as the
3API and 5MPI, have one horizontal
and one vertical deflection plate con-
nected to a common terminal and are
not designed for push-pull deflection.

Another point to watch is the
length of the replacement CRT. It might
be a tough job squeezing a longer tube

may have to purchase one to fit a new
tube.

Increasing amplifier gain

The best, and most complicated.
way to increase a scope’s sensitivity is
to modify the amplifier. Since this in-
volves changes in the scope’s circuitry,
you might as well do the whole job and
improve the bandwidth, too.

The scope I worked over was an
old Heath OL-I, forerunner of the
10-21. While the 10-21 uscs a 3RPI and
the OL-1 uses a 3GP1, their deflection
and sweep circuits are quite similar. The
sume considerations, with possibly
slight variation in values, should hold
for economy 5-inch oscilloscopes. Where
the original vertical sensitivity is listed
as =2 db from 2 cycles to 200 ke, the
final product has approximately +0.5
db to —5 db variation from 2 cycles to
5 mc. The 2-db point now lies well over

into the scope. Too, if the original CRT 2 mc (hence a 10:1 improvement in
has a tight-fitting contoured shield, you bandwidth). The sensitivity at 1,000
’
CRT’'s YOU CAN USE
Vert. defl.
sensitivity Overall
(dcv/in. when Focusing length
Type A2 is 1,000 v) voltage (in.) Socket
3AP1/906° 73 285 1115 Medium 7-pin
3GPP 56-84 163-291 117 11-pin medium-
(16-299%, A2) shell Magnal
3KP1 38-52 160-300 113/ 11-pin medium-
shell Magnal
3RP1 52-70 165-310 93 12-pin small-
(16-319, A2) shell Duodecal
3WP1 28.5-35 165-310 1154 10- or 12-pin
small-shell
- Duodecal
5AP1° 90'* 430" 13 11-pin large-
wafer Magnal
5BP1/1802 47-67* 253-422* 17Y%; 11-pin large-
m wafer Magnal
5MP1® 60° 250° 1574 Large 7-pin
5UP1 23-31 170-320 15Y%; 12-pin small-
(17-329%, A2) shell Duodecal

1 A2 is 1,500 volts
2 Average value

3 Obsolete. May be available only from military surplus sources.
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cycles, originally 0.25 volt rms per inch,
is now approximately .025 volt per inch
with a 3WPI and .05 volt rms per inch
with the original 3GP1. (A possible im-
provement of more than 10:1 in sensi-
tivity; therefore a gain—~bandwidth im-
provement of 100 times!)

As shown in the photos, the origi-
nal printed circuit can be used in the
OL-1 (the 10-21 does not use a print-
ed circuit). Fig. 2 shows the original
schematic of the vertical deflection am-
plifier. Fig. 3 shows the modified am-
plifier. The parts and wiring shown as
heavier lines are new or replaced. Notice
the low plate-load-resistor values, with
peaking coils in series. On the OL-1 it
is best to modify the vertical position
circuit as shown. The extra wiring to
external terminals for the plates should
also be removed, since it seriously af-
fects performance at the upper end of
the frequency range. Rise time of the
new circuit is about 0.1 usec or less.

Note that the ECC81 (replacing
the cathode follower and amplifier
12AU7) and the ECC82 (replacing the
final amplifier 12AU7) are installed in
the original sockets. Parts for these
tubes can be mounted on or under the

3AP1/906
5MPI
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R’l LI_RII

i

6AKS
HV RECT

TR,
WV E
ol

How 6AKS5 socket is mounted under chassis on
right next to pc board. This keeps leads short.

printed-circuit board, as shown in the
photos.

As a first step, I removed the 6X4
and replaced it with silicon diodes. This
lowered the heater load on the trans-
former and thus provided for the extra
tube, the 6AKS amplifier. I also re-
placed the high-voltage rectifier, but
that is optional. Not much is gained.

Because silicon rectifiers have a
much smaller voltage drop than tubes,

4 5
)

= 6.3V
HEATERS

OPTIONAL

VERT ATTENUATOR

INPUT

Cq |
3-30 PF A

ce Y
70-I50PF T gf I

Fig. 3—Modified vertical amplifier. Only
new parts are labelled with codes and values.
If you use the attenuator, connect its
ground to the same point as the first-stage
grounded cathode resistor.

C1—0.25 uf, 25 volts, ceramic (mount on back
pc board)

C2—0.1 uf 600 volts, paper or ceramic (mount
on 6AKS5 socket)

C3—.001 uf, 600 volts, paper (replace existing
.02-uf on pc board)

C4—3—30-pf trimmer (mount on atten. switch)

C5—47 pf, Mylar (mount on atten. switch)

C6—70--150-pf trimmer (mount on atten. switch)

C7—270 pf ceramic (mount on atten. switch)

C8—50 uf, 150 volts, electrolytic (mount on
chassis)

L1, L3—62 ph (J. W. Miller 4630)

L2, L6, L7—24 uh (J. W. Miller 4626)
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terminal strip

—

HOLE WHERE 6X 4 SOCKET wWAS

Le

.  TSECC B2 SOCKET %

Above chassis: new plate loads and inductances. Holes for original
plate load resistors now take one lead eaclt of new resistors: in-

ductors span remaining leads. L6 and L7 (left) are suspended in

leads to CRT.

supply voltage will rise by about 10%.
This higher voltage may exceed the rat-
ings of some components, so either re-
place them with higher-rated ones or
increase the value of the first filter resis-
tor to bring the voltage back down.

A new filtered and decoupled sup-
ply point is desirable. The photos show
it installed on the transformer bracket
under the chassis. The 6AKS5 socket is
soldered to the lugs of a terminal strip

under the chassis. This is not manda-
tory, but it reduces chances of hum
pickup in this tube. It can also be in-
stalled in the 6X4 socket (rewired, of
course).

Note in the photos that I removed
the sync control to accommodate in its
place a new attenuator switch, also
shown in Fig. 3. This is optional, but
with the additional sensitivity you will
find it much more comfortable to have

NEW SUPPLY POINT &
(FIG. 5}
1K 1K
R5 R7
L4 s ECCB82
R4 1K 100pH 100uH
24uH L6
c2 2.7K 2.7K
— R6 » R8
24uH L2 .| ﬁ3_9K R9
33KRIO
6AKS5 6
24uH L7

001
RI7 c3
1008 J_:

1008
RII
1 50K CT
) RI3 § VERT PQS
c8-50uF & "f"
= 1s5ovT

L4, L5—100 uxh (J. W. Miller 4632) (Mount on
Snds of upright resistors R5—R6 and R7 -
8

R1—2,700 ohms (mount on pc board bottom)}
R2—470,000 chms (mount on socket bottom}
R3—3,300 ohms (mount on 6AK5 socket lug)
R4—1,000 ohms (mount on terminal strip)
RS, R7—1,000 ohms, 2 watts (mount one end
on pc board—remove 22,000-ohm res)
R6, R8—2,700 ohms, 2 watts (mount like R5,

R7)

R9, R10—3,900 ochms (suspend on wire to defl.
plates)

R11—100 ohms (mount on back of socket)

R12—2,200 ohms (mount on pc board, parallel
to existing 2,200-ohm res)

WWW.americanradiohistorv.com

R13—pot, 50,000 ohms, center-tapped (mount
on front panel)

R14—3.3 megochms (mount on atten. switch)

R15—330,000 ohms (mount on atten. switch)

R16—36,000 ohms (mount on atten. switch)

R17—100 ohms (mount like R11)

R18—4.7 megohms (mount on terminal strip)

All resistors % watt carbon, 10% except as

noted

V—6AKS

See text for hardware, sockets and other parts
for the modifications. Parts for modifica-
tions to sweep and CRT circuits, etc. are
given in Figs. 2, 5 and 6

RADIO-ELECTRONICS
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the attenuator. The trimmers are ad-
justed by displaying a 1,000-cycle
square wave, removing overshoot and
rounding, starting with the X100 step.
You will probably have to go back and
forth through the attenuator steps sev-
eral times before both trimmers are ad-
justed satisfactorily. Use an insulated
screwdriver for the job.

Wiring must be carefully consid-
ered. At scveral megacycles. even a few
inchecs of wire become meaningful, and
may decrease amplifier performance
considerably. If wires must be run some
distance, run them out in the open and

HY
RECT

{SEMICON RECT
OPTIONAL- SEE
TEXT)

TARZIAN F4 (4)
360V

Hnrv
TO NEW
6AKS STAGE

I

= S

i

Fig. 5—Changing to silicon rectifiers re-
duces load on power transformer. New re-
sistor and electrolytic decouple new ampli-
fier stage. Each rectifier must be rated at
600 volts minimum-——suclh as Sarkes Tarzian
F-6 (IN2484) or RCA IN3195. The HV
rectifier should be two 800-volt diodes in
series—sucl as RCA IN3196,

HOLE FOR ATTENUATOR

NEW VERT
POSITION
CONTROL

Rl\ 6AK5 SW
RI3 -

NOVEMBER,
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SWITCH AND
RESISTOR FOR HIGHER
SWEEP SPEED

22K

FROM VERT
AMPL

SYNC
INPUT

- FREQ

VERNIER
7.5 Meg 470K
INPUT =

HORIZ

00l
0l _EXTERNAL
CAP FOR LOW
J:J SWEEP SPEED
CYCLES

©

Fig. 4—How to speed up sweep by lowering plate resistor in multivibrator; how to bring
out terminal for increasing sweep time (slow sweep) by adding external capacitor. One end
of the external timing capacitor goes into the added jack; the other connects to ground.

as direct as possible—no dressing in
neat loops against the chassis. Remem-
ber, 100, when testing the scope that
now at the higher frequencies any long
coax test cable will have its own effect
on the input. Use short shielded con-
nections with as little capacitance as
you can get. Shorter connections were
my main reason for mounting the 6AKS5
where it is.

Sweep circuit

Now that you have a scope that
will respond in the megacycle range,
the old 100-kc sweep circuit may not
satisfy you. Fig. 4 shows how you can
spced up the sweep circuit by about
2:1 without any further changes. By

NEW SYNC CONTROL POSITION
EEP TIME SWITCH

e

Rear view of
front panel
shows new loca-
tion of sync con-
trol. Control
was moved with-
out disconnect-
ing any wires.
Plenty of space
if you use a min-
iature switch for
the attenuator.

www americanradiohistorv com

replacing the capacitors with smaller
ones, you may gain some speed, de-
pending on how neatly the sweep cir-
cuit is wired. Fig. 4 also shows how to
bring out a terminal for an external ca-
pacitor to slow down the sweep rate.
This has a limit; if you slow down the
sweep below 2 cycles per second it will
start losing linearity due to the ac-cou-
pled horizontal-deflection amplifier, It
is in most cases not worth while to alter
that circuit unless you anticipate much
work with slow sweeps. That is another
story.

Fig. 5 shows changes in the power
supply to accommodate the extra stage.

Z-axis, too!

A final touch in improving the
scope’s versatility is to add a Z-axis ter-
minal, allowing the scope to be used for
checking TV circuitry, and for time mea-
surements with Z-uaxis (intensity} mod-

CRT

Ol Z AXIS

d
-4

1600V

I00K

-HV
Fig. 6—How to add a Z-axis-modulation
terminal to your scope.

ulation. Fig. 6 shows how it can be
done. This does not degrade scope per-
formance in any way. By providing
timed pulses on the Z-axis, either blank-
ing part of the trace or creating thicker
places on it, you can inject a timing
signal without interfering with the ver-
tical amplifier at all.

Total cost of the entire modification
(not including a new CRT, if used)
comes to about $15 for all new parts—
hardly a fortune. END
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SIGNAL-MAKERS

An up-to-the-minute directory of every kind of signal-generator
likely to be useful in the hobby or service shop!

Units are listed in alphabetical order under
their classification: RF, Audio, Sweep, etc.
All specifications were supplied by the manufacturers.

AM RF GENERATORS

Clemens—Model $G-83A. Precision all-transistor
instrument covers 50 kc to 54 mc in 6 bands
with 1% calibration accuracy. Output voltage
across 50-ohm load adjustable in 1-db steps
from 0.6 uv to 160 mv and twice these values
open-circuit. Leakage field measured 3 ft away
equivalent to less than 0.3 uv at output ter-
minals.

Rf signal may be modulated by 400-cycle
internal oscillator or external source. Input of
1.5 v rms required for 50 % modulation. Modula-
tion level, variable from 0% to 50%, indicated
on panel meter. Modulation flat within 1 db
from 100 to 5,000 cycles and within 3 db from
50 cycles to 10 ke. Incidental FM negligible be-
low 10 mc and less than .05% at 50 mc.

On 7th band, rf oscillator is controlled by
1-mc .029% crystal with harmonics usable to at
least 20 mc.

Operates from 9-volt transistor battery or
built-in ac supply. 10V, x 1214 x 7% in. 19 |b
(shpg wt). $275.—Clemens Manufacturing
Co., 630 S. Berry Rd., St. Louis, Mo. 63122.
Conar—Model 280 covers 170 k¢ to 60 mc on
fundamentals and from 60 to 120 mc on har-
monics. Has 400-cycle oscillator for modula-
tion and audio tests. Output level at least 1 volt
p-p 170 ke to 5 mc and at least 20 mv up to
60 mc. Af output at least 5 volts p-p. Accuracy
better than 3%. CW and AM outputs variable
with coarse and vernier attenuators.

Nine-inch dial with 6:1 planetary drive. Sin-
gle cable for 400-cycle audio and modulated and
unmodulated rf outputs. Solid-state 117-volt
60-cycie supply.

Two tubes and selenium rectifier. 9% x
7Y, x 61 in. 8 |b. $24.95 kit, $35.95 wired.—

Conar Instruments, Div. National Radio Insti-
tute, 3939 Wisconsin Ave., Washington, D.C.

EICO—Model 315. The manufacturer's deluxe
rf signal generator. Calibrated coverage 75 kc
to 50 mc in 5 fundamental ranges and 13-150
mc on harmonics in 2 bands. Has 400-cycle
internal modulation and provision for external
modulation. Bandspread tuning for good reseta-
bility. Dial accuracy better than 1% all bands.
Regulated power supply, fully shielded chassis
and attenuators and line filters for minimum
leakage radiation.

Has 4 tubes including rectifier. 117 vac.
13 x 12 x 7 in. 18 Ib. $49.95 kit, $69.95 wired.

Model 320. Five fundamental ranges cover
150 ke to 34 mc. Two calibrated harmonic
ranges cover 22-102 mc. Has Hartley rf oscil-
lator with 6:1 vernier tuning for more accurate
and easier setting. Rf output over 100,000 uv.
Colpitts oscillator for internal modulation and
400-cycle output at 1.5-2 volts.

Two tubes, 117 vac. 8 x 10 x 434 in. 8 |b.
$24.95 kit only.

Model 324. Range 150 kc to 145 mc on
fundamentals in 6 bands, 111-435 mc on cali-
brated harmonics. Dial calibration accuracy
1.5%. Colpitts rf oscillator plate-modulated by
cathode follower. A 400-cycle Colpitts oscillator
provides modulation level adjustable to 50%.
Rf output to 100,000 uv, af output to 10 volts.

Etched aluminum tuning diat viewed
through two heavy plastic windows with illumi-
nated hairlines. Coarse rf attenuator has two
20-db steps; fine attenuator provides continu-
ous control. Copper-plated chassis, line filters
and shielded output cables.

Two tubes and selenium rectifier. 117 vac,
8 watts. 8 x 10 x 4% in. 8 Ib. $28.95 kit, $39.95
wired.—EICO Electronic Instrument Co., 131.01
39th Ave., Flushing, N.Y. 11352,
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EMC—Model 502 has 6 bands covering 115 kc
toc 110 mc on fundamentals and to 220 mc on
second harmonics. Colpitts rf oscillator with
400-cycle internal modulation available. Rf ac-
curracy within 1.5%. Cathode-follower output
with attenuator. Has jack for external modula-
tion and shielded output lead.

117 vac. 6% x 6% x 4 in. 4 1b. $17.95 kit,
$24.95 wired.

Model 700 (Rf-AF-Crystal Marker-TV Bar
Generator) covers from 18 cycles to 108 mc on
fundamentals and to 216 mc on harmonics.
Basically a Colpitts rf oscillator and Wien-
bridge audio oscillator providing sine- and
square-wave outputs from 18 cycles through
300 kc. Rf signal modulated by any signal de-
veloped by af oscillator or external source.

External crystal can be plugged in to pro-
duce markers on a scope trace or to check
700's accuracy by listening for zero beat in a
receiver or phones plugged into AF-RF OUTPUT
jack. Modulated oscillator, when tuned to a TV
channel frequency, can produce vertical and
horizontal bars for TV linearity adjustments.

Two tubes plus selenium rectifier. 117 vac.
14 x 10 x 6 in. 10 Ib. $55.90.—Electronic Meas-
urements Corp., 625 Broadway, New York,
N.Y. 10012
Heathkit—Model 1G-102. Tunes from 100 kc to
110 mc in 6 bands and from 100-220 mc on
harmonics. Frequency accuracy *=2%. Output
0.1 volt across 50 ohms. Internal modulation
30% at 400 cycles. External 3.volt af source
provides 30% modulation. Af output (400 cy-
cles) 10 volts open-circuit. Output impedance
50 ohms.

Features 2 Hartley rf oscillators. One uses
bandswitched coils for 100 kc through 32 mc.
The second has coil permanently connected to
minimize calibration errors on frequencies
above 30 mc. Preassembled and aligned coil
and bandswitch assembly.

Two tubes, silicon rectifier. 61 x 9% x 5
in. 415 Ib. $27.95 kit, $54.95 wired.

Model 1G-42, a laboratory-type instrument
for testing and aligning radio receivers and
making sensitivity, selectivity and signal-to-
noise measurements. Has 5 bands covering
from 100 ke to 31 me. Output impedance 50
ohms, continuously variable from approximate-
ly 5 to 100,000 uv.

Fine attenuator is continuously variable
and feeds coarse attenuator consisting of four
20-db and one 26-db step. Panel meter can be
switched to indicate rf level at output of fine at-
tenuator, or modulation level. Rf signal may be
modulated from 0% to 50% by built-in 400-
cycle osciltator or signal from external source.

Features triple shielding, shielded attenua-
tors and line filters to minimize leakage, and
voltage regulation and grid-modulated buffer
amplifier for stability.

Four tubes, 3 crystal diodes and selenium
rectifier. 13 x 8% x 7 in. 15 |b. $56.95 (kit).—
Heath Co., Benton Harbor, Mich.

Hickock—Model 288AX Universal Crystal-Con-
trolled Signal Generator produces CW, AM and
FM (narrow-band) signals for overall and stage-
by-stage alignment of AM and FM receivers.
CW and AM coverage: 35 kc to 110 mc in 8
bands. 400-cycle internal modulation or exter-
nal source. FM coverage: 35 kc to 110 mc
(0-30-kc sweep); 1-160 mc (0-150- and 0-450-
ke sweeps); 1 mc fixed (0-30-kc sweep); 50 mc
fixed (0-150- and 0-450-kc sweeps).

Crystal output: Choice of 100-kc or 1-mc
CW or 400-cycle AM. 100 kc provides har-
monics to 15 mc. 1 mc has harmonics to 125
mc. Af output: 20-15,000 cycles or 400 cycles.

Qutput: Vernier control and 3-stage 40-db
step attenuator. Output meter calibrated —10
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to 46, 46 to +22 and +22 {0 +38 db.

Six tubes including rectifier. 115 vac, 30
watts. 16 x 13 x 7 in. 30 Ib. $315.

Model 295X Microvolt and Crystal-Con-
trolled Signal Generator produces wide range
of highly stable variable and crystal-controlled
frequencies at accurately metered output levels
as low as 0.1 pxv. Used for receiver gain tests,
rf and i.f. alignment, sensitivity and selectivity
measurements and for adjusting afc and agc.

Variable rf oscillator tunable 125 kc to 175
mc in 8 fundamental ranges. (Separate oscilla-
tor is used on 120-175-mc range.) Calibration
accuracy 1%. Qutput level variable from 0.1 to
over 100,000 pv in 6 attenuator steps. Output
impedance 50 ohms. May be moduiated ap-
proximately 30% by 400-cycle oscillator.

The crystal oscillator—supplied with 1-mc
.05% crystal-——can be used with fundamental
type crystals from 400 kc to 20 mc and har-
monic types from 20 to 175 mc. Maximum out-
put about 2 voits. Qutput impedance variable
from O to 5,000 ohms. Can be modulated by
400-cycle source.

The 400-cycle oscillator delivers signal vari-
able from 1-volt maximum. Output impedance
varies from O to 50,000 ohms.

Constructed for minimum spurious radia-
tion. All leads to shielded vfo chassis pass
through 2-section low-pass filters.

Eleven tubes including rectifier, ballast and
2 voltage regulators. 105-125 volts, 50-400
cycles. 90 watts at 60 cycles. 19 x 1215 x 9 in.
47 b (shpg wt). $655.—Hickok Electrical In-
strument Co., 10514 Dupont Ave., Cleveland,
Ohio 44108
Knight-Kit—Model KG-650 rf signal generator
kit. Five bands cover 160 kc to 112 mc on
fundamentals. Usable second harmonics to 224
mec. Colpitts rf and af oscillators. The 400-cycle
oscillator can modulate rf oscillator or serve as
signal source for audio troubleshooting. Rf out-
put more than 0.4 volt, controlled by 3-position
switched attenuator and continuously variable
control. Af output more than 10 volts.

Two tubes, selenium rectifier. 110-130 vac.
7% x 10%3 x 514 in. 8% Ib. $23.95 kit, $32.95
factory assembled.—Allied Radio Corp., 100 No.
Western Ave., Chicago, Ill. 60680.
Lafayette—Model 99R5015 tunes 120 k¢ to 130
mc in 6 fundamental ranges and 120-260 mc
on harmonics. Two-step coarse attenuator de-
livers 100,000 and 100 gv maximum rf to ver-
nier control. Can be modulated by 400-cycle
internal oscillator or external source. Audio
(400 cycles) adjustable from maximum of about
8 volts. 414-in. etched aluminum vernier dial.

Two tubes, silicon rectifier. 105-125 vac.
7 x 10% x 5% in. 9 Ib (shpg wt). $29.95.—
Lafayette Radio Electronics Corp., 111 Jericho
Turnpike, Syosset, N. Y. 11791
Mercury—The model 1500 uses 7 overlapping
bands to cover from 115 ke to 110 mc. A 400-
cycie internai source can be used to modulate
rf signal or for af troubleshooting. Permanently
attached coaxial output cable. Etched dial with
vernier drive.

One tube, selenium rectifier. 110-120 vac.
10 x 6 x 4% in. 5 Ib. $37.50.—Mercury Elec-
tronics Corp., Mineola, N. Y. 11501

Precision—Model E-200C Multi-band signai-
Marking Generator for circuit alignment and
troubleshooting and as a variable marker
source for a sweep generator. Coverage 88 kc
to 440 mc (to 110 mc on fundamentals). Hand-.
calibrated 61%-in. aluminum dial direct-reading
in 10 bands to 440 mc; accuracy 1% all bands.
Has 0-1,000 vernier scale for hand-calibration
and frequency spotting. The 400-cycle oscillator
delivers over 50 volts of adjustable sine-wave
output. Direct-reading control varies modula-
tion from 0% to 100%.

Features double-shielded stepiess rf attenu-
ators, compartment shielding, electrostatically
shielded power transformer and ac line filters
for minimum radiation. Built-in agc-avc sub-
stitution source.

Three tubes including rectifier. 13 x 11,
x 6% in. 16 b (shpg wt). $109.95

Model G-30 designed for full coverage of
all AM, FM and TV applications. TV i.f., FM and
other often-used frequencies especially marked
on dial for rapid selection. Covers 160 kc to 240
mc in 8 direct-reading bands (to 120 mc¢ on
fundamentals). Modulation percentage contin-
uously variable. The 15-30.5- and 20-60-mc

continued on page 66

RADIO-ELECTRONICS


www.americanradiohistory.com

Why are most all-band antennas larger, heavier, more
difficult to install and less effective than Winegard's
Chroma-Tel? Simply because they're nothing more
than VHF antennas with UHF antennas added on.

The Chroma-Tel is much more!

It's the first integrated antenna created especially
for all-band UHF-VHF color operation. And it's super-
compact. In fact, it's half the size of other all-band
color antennas.

Here's how we did it. Our new Chroma-Lens Direc-
tor System intermixes bothVHF and UHF directors on
the same linear plane without sacrificing performance.

Model CT-80 $27.50

That's a first! And our Impedance Correlators (spe-
cial phasing wires that automatically increase the im-
pedance of Chroma-Tel's elements to 300 ohms) are
placed only 53%" apart instead of the usual 10" to 14",

The result? Half the bulk; half the wind loading; half
the storage space; half the truck space; and half the
weight of other all-band antennas—and at a much
lower price!

That's Chroma-Tel . . . the most efficient, easiest-
to-install (UHF-VHF-FM) high gain antenna ever de-
veloped. For complete information, askyour distributor
or write for Fact-Finder §242 today.

e

!
!
!
L 2

All Chroma-Tels include
Winegard's model CS-283 UHF-

Winegard Impedance
Correlators insure 300
ohm impedance on
each element.

VHF signal splitter. Hangs be-
hind setand separates UHF and
VHF signal coming from an-
tenna to the 2 sets of terminals
on set. It's FREE

Model CT-90 $37.50

Mode! CT-40 $17.50

Compare Size and Price:

V type
Winegard Chroma-Tel (Approximate Figures)
Boom Length: 60" 140”7
Total Weight: 5 Ibs., 1 oz. 10 lbs., 3 oz.
Carton Size: .97 cu.ft.(less than 1) 5.8 cu. ft.
Eiements: 17 12
List Price: $217.50 $50.00

NOVEMBER, 1965

Winegard Co.

ANTENNA SYSTEMS
8000 Kirkwood ® Burlington, lowa

Circle 22 on reader’s service card
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f

“Get more
education

or
get out of

electronics

...that's my advice?”

N
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff,

But, if you supplement your experience with more education
in electronics, you can become a specialist. You'll enjoy good
income and excellent security. You won't have to worry about
automation or advances in technology putting you out of a job.

How can you get the additional education you must have to
protect your future—and the future of those who depend on
you? Going back to school isn't easy for a man with a job
and family obligations.

CREI Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with the assurance thatwhat you learn can be applied onthe job
immediately to make you worth more money to your employer.

You're eligible for a CREI Program if you work in electronics
and have a high school education. Our FREE book gives
complete information. For your copy, airmail postpaid card
or write: CREI, Dept. 1411C 3224 Sixteenth Street, N.W,,
Washington, D.C. 20010

Founded 1927

CRET

Accredited Member
of The National Home Study Councll

NOVEMBER, 1965 65
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bands are ‘““bandspread” for accurate markers
on i.f. alignment curves, Rf output over 100,000
unv; 400-cycle output up to 15 volts.

117 vac, 11Y% x 7 x 5% in. 9 |b (shpg wt).
G-30W  (wired) $44.95, G-30PCK (semi-kit)
$39.95, G-30K (kit) $32.95.—Precision Appara-
tus, Inc., 80-00 Cooper Ave., Glendale, N. Y.
11227

Triplett—Model 3432-A covers 160 kc to 110
mc in 7 fundamental ranges and to 220 mc on
harmonics. Easily read 63%-in. etched alumi-
num dial. Double-shielded rf circuits and cath-
ode-follower buffer and output stage for good
stability. Variable and 3-position rf output at-
tenuators. 400-cycle modulation variable up to
100%.

Three tubes including rectifier. 115 vac.
1511/32 x 111/32 x 6% in. 30 Ib (shpg wt).
$119.50.—Triplett Electrical Instrument Co.,
Bluffton, Ohio
RCA—Type WR-50A, a versatile portable signal
generator for shop or field applications requir-

ing a CW or AM signal between 85 kc and 40
mc. Six overlapping ranges. Built-in crystal cali-
brator with front-panel crystal socket. Internal
400-cycle audio oscillator. Permanently attached
output cables with blocking capacitors. Contin-
uous and 2-step rf attenuators and af output/
modulation control.

Maximum open-circuit output voltage (all
ranges): .05. Audio output at least 8 volts rms
across 15,000-ohm load. Af/input-output im-
pedance 16,000 ohms (maximum, 400 cycles).

Two tubes. 105-125 vac. 15 watts. 734 x
53 x 4% in. 5 Ib. $39.95 (kit), $59.95 wired.—
RCA Electronic Components & Devices, Harrison,
N. J.

AUDIO GENERATORS

B & W—Model 210 audio oscillator covers 10
cycles to 100 kc in 4 ranges. Output up to 10 v
into 600 ohms, *1 db (referenced to 5 kc).

The famous MERCURY Model 1101
TUBE TESTER NOW in a

wire-it-yourself

KIT!

illustrated

step-by-step
instructions
make the
Model 1101
easy-to-
build ...

A PORTABLE
MASTERPIECE

Modern, airplane
luggage design
scuff-proof gray
case ... Weighs
only 4 ibs. 818"
X 113" X 3V,

S
A
3
e B:
[ZINTI i

Nothing has been spared, engineering-wise or
production-wise in making the Model 1101
your best tube tester buy. Tests more tubes for
dynamic cathode emission, shorts, grid leakage
and gas than many testers costing hundreds of
doliars. Will test the new Decals, the new 7-pin
Nuvistors and the new Magnovals. Also tests
Compactrons, 10-pin types, Novars, Nuvistors,
battery type, auto radio hybrid tubes foreign
and hi-fi tubes and industrial tube types. In-
cludes the most complete tube chart in the field.

® Also tests all popular picture tubes

33495
Model 1101K...Kit...... Net

Model 1101...Wired... $49.95 net

EMPLOYS EXCLUSIVE
2-POINT TEST PRINCIPLE

w# assures a 100% short test (shorts
are one of the most common
causes for tube failure)...they
cannot get by the Model 1101

o assures that all sections of multi-
section tubes will be fully tested

w your greatest safeguard against
obsolescence

See your parts distributor. ..
or write for complete catalog

ELECTRONICS CORPORATIO

315 Roslyn Road, Mineola, New York 11501

Circle 24 on reader’s service card
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Calibration accuracy +=29% over entire range.
Distortion less than 0.29% at 5 v out from 50 to
20,000 cycles, slightly higher at higher outputs
and frequency extremes. Hum and noise 70 db
below 5 v output. Output impedance 600 ohms
(balanced, center-tapped), 600 ohms (unbal-
anced) or 150 ohms unbalanced. 115 volts ac,
50 watts; 3-prong power plug (adapter for two-
hole receptacles supplied). 6 x 9 x 12 in,, 11 |b.
$186.50. Barker & Williamson, Inc., Bristol, Pa.

Clough-Brengle—Model 179-A beat-frequency
oscillator covers 25 to 15,000 cycles in one con-
tinuous band. Beats 250-kc fixed oscillator
against 250-235-kc variable oscillator. Calibra-
tion accuracy within 5 cycles from 25 to 300
cycles; within 10 from 300 to 1,000; within 2%
above 1,000. Output 100 mw into 600 chm load,
controlled by constant-impedance continuously
variable attenuator; also 100 mw into 20,000-
ohm load from high-impedance output ter-
minals, controlled by potentiometer. Distortion
less than 5% above 100 cycles at any output
level; not more than 10% below 100 cycles to
25 cycles. Hum more than 54 db down for any
setting of level controls. Output on 600-ohm
connection flat 100 to 8,000 cycles, falls less
than 1% db at 25 cycles and 1 db at 15 kc.
Output to load much greater than 50,000 ohms
equally flat. 6 tubes. 115 voits ac, 30 watts
(models available for 230 volts and 115 volts
25-40 cycles). 7% x 8% x 14 in. 17 ib. $105.
Model 182-A Audiomatic (audio sweep)
generator basically identical to 179-A (above)
in specs and circuitry, except sawtooth-swept
reactance tube circuit permits repetitive sweep-
ing across audio range to allow direct ob-
servation of audio frequency response on os-
cilloscope. Logarithmic sweep; rate 5-6 per sec-
ond; can be switched to 1 sweep every 5 to 8
seconds for judging speaker response, listening
for peaks, etc. Cathode-follower sawtooth out-
put feeds horizontal input of scope with same
sawtooth used to sweep frequency; this as-
sures perfect synchronization, 11 tubes. 115
volts, ac (230-volt and 25-cycle models avail-
able). 715 x 16% x 10 in.,, 21 1b. $185.
Model 610-A Audiomatic (audio sweep)
generator is manual or electronically swept
beat-frequency generator. Manual range 25 to
46,000 cycles in continuous sweep (no band-
switching). Automatic-sweep range determined
by setting of manual dial (lower limit) and
sweep width control; maximum 20 kc. Cali-
bration accuracy *(1% -+ 5 cycles) after
zero-beat setting. Automatic sweep is linear
with time; can be internally generated or ap-
plied externally. Outputs: 4,000 ohms, 100 mw,
unbalanced; 600 ohms, 19 dbm, balanced or
unbalanced; 600-chm center-tap accessible for
connection to external circuit. Both outputs con-
tinuously variable over 40 db; 600-ohm output
has additional switchable balanced pads to cut
by 10, 20 or 30 db. Output flat from 50 cycles
to 10 ke, rises 0.3 db at 20 cycles, drops less
than 1 db at 46 kc (1.5 db at extreme ends of
range on 600-ohm output). Distortion less than
0.5% over most of range, rises slightly at ex-
tremes. Hum less than 0.1% (60 db down).
Sweep rate variable 2 to 10 per second. 14
tubes. 105-125 vac (others available), 50 watts.
191, x 11 x 15 in,, 48 Ib. $485. Clough-Brengle
Co., 6014 Broadway, Chicago, lll. 60626

EICO—Model 377 sine & square wave genera-
tor produces 20-cycle to 200-kc sine waves in
4 bands; square waves from 60 cycles to 50 k¢
(5% tilt at 60 cycles, 5% rounding at 50 kc).
Calibration accuracy 3% or 1 cycle, whichever
greater. Output flat =1.5 db from 60 cycles to
150 kec. Output 10 v across 1,000 ohms (100
mw); 8 v across 500 ohms, 14 across 10,000
ohms or higher. Distortion less than 1%; hum
less than 0.4% of rated output. 117 vac, 50
watts. 5 tubes. 7% x 11% x 7% in., 13 |b.
$37.95 kit, $54.95 wired.—EICO Electronic In-
strument Co., 131-01 39th Ave., Flushing, N.Y.
11352

Heathkit—Model 1G-72 audio generator fea-
tures switch-selected frequencies—two signifi-
cant figures and multiplier (X 1, 10, 100 or
1,000) with 3 switches. Frequency range 10
cycles to 100 kc. Output switch-attenuated in 8
ranges, also continuously variable control, .003
v (full-scale reading on meter) to 1 v with 600-
ohm load; to 10 v into 10,000-ohm or higher
load. Output metered continuously on 4-in. rec-
tifier type voltmeter with 2 voltage and 1 db
scales; meter accuracy *+5% of full scale with
correct termination. Frequency accuracy 59%.
Distortion less than 0.1% from 20 cycles to 20
kc. Internal 600-ohm load available on all but
2 highest output ranges. 3 tubes. 105-125 vac,
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40 watts. 91 x 6% x 5 in, 6 Ib. $41.95 Kkit,
$64.95 wired.

Model 1G-82 sine-square-wave gener-
ator produces sine waves from 20 cycles to 1
megacycle in 5 ranges; less than 0.25% distor-
tion from 20 cycles to 20 kc. Output voltage
level switchable in 4 ranges: 0 to .01, 0.1, 1 or
10 v; also continuously variable. Source im-
pedance is high on 10-v range, 600 ohms £10%
on others. Output is flat ®£1.5 db from 20
cycles to 1 mc. Unit generates square waves
from 20 cycles to 1 mc with rise time less than
0.15 psec. Output voltage switchable 0 to 0.1, 1
or 10 v peak to peak; also continuously varia-
ble. Source impedance 52 ochms on 0.1- and 1-v
ranges; up to 220 ohms on 10-v range. Schmitt-
trigger square-wave shaper. Frequency accuracy
5%. Sine and square outputs usable simultane-
ously. 5 tubes. 105-125 vac, 55 watts. 13 x 8%
x 7 in., 10 Ib. $51.95 kit; available wired as
EUW-27 for $94. Heath Co., Benton Harbor,
Mich. 49023
Knight—Model KG-653 covers 20 cycles to 1
megacycle in 5 bands, flat =1 db over entire
range. OQutput is continuously variable and
step-attenuated from 0 to 10 v into 600 ohms.
Distortion less than 0.25% from 100 cycles to
20 kc; less than 0.39% over entire range; less
than 0.5% at 2 volts into 600 ohms. 4 tubes.
105-125 vac. 7Y% x 10% x 8% in., 14 Ib.
$39.95 kit (not available wired). Allied Radio
Corp., 100 No. Western Ave., Chicago, I!l. 60680

Lafayette—Model 99R5014 sine-square audio
generator covers 20 cycles to 200 kc in 4
bands; it makes square waves from 60 cycles
to 30 ke (5% tilt and 5% rounding, respec-
tively). Switch selects either sine or square
waves at common pair of output terminals. Cali-
bration accuracy =*3%. Distortion less than
2%. Response *1.5 db from 60 to 150,000
cycles. Output voltage 7 max into 1 megohm;
5 max into 10,000 ohms. 3 tubes. 117 vac. 7 x
101 x 53 in., 8.6 Ib. $35.95. Lafayette Radio
Electronics Corp., 111 Jericho Turnpike, Syos-
set, N.Y. 11791

Paco—Model G-34 sine/square generator
covers 7 to 750,000 cycles on both wave-
forms. Max output approx 160 mw into 600
ohms (approx 10 v); flat within 0.5 db 120
cycles to 120 kc; within 1 db 7 cycles to 750 ke.
Distortion 0.5% or less 20 cycles to 20 kc.
Square-wave output 20 v peak to peak, no load;
rise time less than 0.15 usec. Output amplitude
control: 3-step, 20-db/step attenuator plus con-
tinuously variable control. Frequency accuracy
+59%,. Meter jacks for ordinary voltmeter to
monitor output level. 117 vac. 13 x 8% x 7
in., 12 Ib. G-34K (kit) $65.95; G-34W (wired)
$99.95.—Precision Apparatus Co., Inc., 80-00
Cooper Ave.. Glendale, N.Y. 11227
Precision—Mode! E-310 wide-range sine and
square wave generator covers 5 to 600,000
cycles in § bands with 2% or 1-cycle accuracy
(whichever greater) and 1-db or less variation
band-to-band. Distortion less than 1% over en-
tire range. Sine-wave output 10 v into 600
ohms. Square-wave output 10 v peak to peak,
0.2-usec rise time. 4-position step attenuator
plus continuous control regulate output. Ter-
minals for output-monitoring meter. 12:1-ratio
dial. 117 vac. 11% x 9 x 11% in., 24 |b. Wired
only, $199.95.—Precision Apparatus Co., Inc,
80-00 Cooper Ave. Glendale, N.Y. 11227.

RCA—Model WA-44C sine/square-wave gener-
ator has 4 overlapping bands covering sine-
wave frequencies from 20 cycles to 200 kc.
Calibration accuracy =5%. Output 8 v rms into
100,000 ohms and 75 pf essentially flat *=1.5
db from 30 to 100,000 cycles. Distortion 0.25%
or less over audio range. Hum less than 0.1%.
4.position decade attenuator also selects sine or
square waves. Continuously variable output
control. Single-scale brushed-aluminum dial
with etched lettering. Separate 60-cycle output
terminals for intermodulation measurements
have separate level control. 105-125 vac, 40
watts. 4 tubes. 7 x 1011/16 x 61 in., 10% Ib.
$98.50.—RCA Electronic Components & De-
vices, Harrison, N.J.

Waveforms—Model 510B extended-range oscil-
lator is ‘'briefcase portable’ size, covers 18
cycles to 1.1 mc in 5 ranges. Distortion less
than 0.2% over most of range at 2 v output
into 10,000-ochm or higher load; some increase
at higher outputs and very low frequencies.
Output 10 volts open circuit, constant +0.5
db from 18 cycles to 200 kc for any output-
control setting above 0.1 v. Output control
logarithmic, continuously variable, calibrated
approximately in volts. Internal impedance 400
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ohms. Calibration accuracy *=2% from 18 cy-
cles to 210 kc (1% on special order); =10%
to 1.1 mc. Stability *+0.2% for line-voltage
variation from 105 to 130 volts; 0.5% for tem-
perature range O to 50°C, 18 cycles to 100 kc.
Hum and noise 0.5 mv or 60 db below signal,
whichever greater. 3 tubes. 117 vac, 40 va.
Accessory bolt-on matching transformer T-10
available to feed 150-ohm or balanced or un-
balanced 600-ohm loads. 6 x 4% x 6 in., 6 lb.
$180.

Model 511A solid-state sine-and-square
generator cover 10 cycles to 12 mc with calibra-
tion accuracy of *(3% + 0.1 cycle). Output
impedance is 50 ohms, making it suitable for
video as well as audio work. Output level is 3 v
into 50 ohms, 6 v open-circuit (sine: 3 v rms;
square: 3 v peak to peak). Response flat =1 db.
Attenuator steps: 3 v, 300 mv, 30 mv, 3 mv.
Sine-wave distortion 0.25% at 1 kc, 1% at 1 mc,
2% at 10 mc. Square-wave rise time 0.5 usec.
115/230 vac. 6 x 4% x 6 in., 5 Ib. $700. Wave-
forms, Inc.,, 333 Sixth Ave.,, New York, N.Y.

NOTE: Waveforms, Inc. produces more
than a dozen generators between the price ex-
tremes of $180 and $700. Write the manufac-
turer for literature.

FM STEREO
MULTIPLEX GENERATORS

All generators have a crystal-controlled 19-kc
pilot tone accurate within 2 cycles, as required
by the FCC, and a 38-kc subcarrier accurate
within 4 cycles.

EICO—Model 342 provides composite and FM rf
outputs. Separation 40 db minimum from 200
cycles to 10 kc; 30 db minimum from 50 cycles
to 15 kc. Composite output 0 to 8 v p-p con-
tinuously variable; output impedance 1.5K, In-
ternal modulation oscillator frequency approx
1 kec; distortion 0.3%. External modulation re-
quirements: 1 v rms each channel for max
composite output; input impedance 10K. Stereo
source modulation requirements: 1 v rms each
channel for max composite output; input im-
pedance 1 meg. Input amplifiers provide 75-
usec pre-emphasis. FM mpx rf output 200 mv
at 50 ohms. Deviation control to 75 kc (= 100%
modulation). 19-kc pilot phase adjustable *=45°
to carrier; amplitude adjustable 0-15% of max
composite signal. Pilot may be switched off.
Signals available: L + R, L — R, L only, R
only, 19-kc pilot only, stereo source. Frequency
response 40 cycles to 15 kc *1 db. Total har-
monic distortion «1%. Scope can be synced
from internal 1-kc oscillator, external modulat-
ing source or 19-kc pilot. 117 v ac. 814 x 534 x
12% in., 10 Ib. $149.95, wired only.—Eico
Electronic Instrument Co., 131-01 39th Ave.,
Flushing, N.Y. 11352

Fisher—Model 300 includes FM signal genera-
tor, nominally 100 mc, but tunable 97 to 103
mc. Composite stereo output variable 0 to 6
v p-p; output impedance 300 ohms. Choice of
flat (20 cycles to 20 kc, =% db) response or
standard 75-usec pre-emphasis (=1 db). Har-
monic distortion below 0.25% at max output;
hum and noise, more than 55 db below max out-
put. 19-ke pilot variable 0—250 mv or fixed 1.5 v;
output impedance 300 ohms. Audio oscillator
signals used internally; available externally from
back-pane! jack: output voltage 2.5 rms; output
impedance 5K; frequencies: 1 kc or 8 ke £5%
(switched by panel selector); harmonic distor-
tion below 0.3%. Panel selector offers choice
of: 19 ke out only, 1 kc left, 8 kc left, 1 ke right,
8 kc right, 1 ke left/60 cycles right, or external
modulation. Output meter is true peak-to-peak
indicator with separate scales for composite
output, 19-kc pilot level and modulation (devia-
tion) of FM generator. Outputs: composite mpx;
100-mc FM mpx; 19-kc pilot; audio oscillator
(rear). Inputs: external modulation (left, right);
SCA (0.5 v for FCC-required 10% modulation).
FM generator frequency response 20 cycles to
150 ke *0.5 db; harmonic distortion ~~ 0.25%
for 75-kc deviation; hum and noise >, 50 db be-
low 75-kc deviation; carrier stability .02%. Out-
put 300 mv. Power 117 v, 50 watts. 8 x 10 x 12
in., 17 |b. $495.—Fisher Radio Corp., 21-21
44th Drive, Long island City, N.Y. 11001

Heathkit—Model 1G-112 has 100-mc FM rf os-
cillator adjustable 22 mc. Oscillator can be
modulated with left channel, right channel,
left-plus-right 1n phase or monophonic signal.
Deviation adjustable to 75 kc. FM osciliator
also functions as 60-cycle swept oscillator
(sweep width adjustable to 750 kc) for aligning
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Zip through Scott’s
new solid state FM
stereo tuner kit
in one afternoon

Four to six hours! That's all you need to
zip through Scott’s new LT-112 FM stereo
tuner kit. Start after lunch . . . enjoy superb
stereo at dinner. B Scott solid state circuitry
is the key to the LT-112’s superior perform-
ance. Costly silicon transistors give per-
formance unapproached by any other kit
on the market. The LT-112 is kit-brother
to Scott’s best-selling 312 solid state stereo
tuner, of which Audio said, *. . . one of the
finest tuners anywhere.” M Your LT-112
arrives with all critical circuitry pre-wired,
pre-tested, pre-aligned, and mounted on
heavy-duty printed circuit boards. Scott’s
exclusive life-size, full-color construction
book details every step . . . makes perfect
wiring almost automatic. M You'd never
believe a kit so easy to build could be so
packed with features. Built into the LT-112
is a new Scott invention . . . the Tri-modu-
Jation meter, used for a Signal Strength
Indicator, Zero Center Indicator, and Align-
ment Meter. B See your Scott dealer today,
and pick up an LT-112 tuner kit. .. $179.95
plus one enjoyable afternoon will net you
a lifetime of listening pleasure.

For complete information on Scott’s kits & components:

write: Dept. 570-11

SCOTT®

H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass.
Export: Scott International, Maynard, Mass. Cable
HIFI. Prices shightly higher west of Rockies. Prices
and specifications subject to change without notice.

Circle 25 on reader’s service card
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FM tuner if. strips and detectors. Rf attenua-
tor: three 20-db pads switched in by 3 slide
switches; total 60 db. Crystal-controlled markers
at 10.7, 90.95, 96.30, 101.65 and 107 mc. Com-
posite signal available without rf (see outputs
listed above under “oscillator can be . . .").
Audio outputs available: 400 cycles, 1 ke, 5 ke,
19 kc; 38 kc; 65 or 67 ke (SCA); max distortion
at 400 cycles, 1 and 5 k¢, 5%. 6 tubes. 105-125
v ac, 35 watts (230v model available). 10'% x
8 x 13 in., 8 Ib. $99 kit.—Heath Co., Benton
Harbor, Mich. 49023

Hickok—Model 725 is self-contained, generating
its own audio and rf. Rf output tunable 92 to
104 mc, amplitude variable 50 to 1,000 av,
frequency-modulated with audio or composite
stereo signal. Internal audio oscillators produce
stable, low-distortion signals of 400 and 1,200
cycles. Composite output variable 0-4 v p-p;
output impedance 250 ohms. Unit accepts ex-
ternal modulation from audio oscillator or
stereo program source for listening tests and
demonstrations. Standard 75-usec pre-emphasis
provided optionally via panel switch. Internal
67-kc SCA subcarrier generator for adjusting
67-kc receiver traps. Regulated B+. 12 tubes,
1 transistor. 117 v ac, 60 watts. 1414 x 18 x 7
in.,, 23 |b. $495.

Model 727 all-transistor FM stereo gen-
erator with an rf output, intended especially
for in-home service. Audio composite output
contains left or right 1-kc signal generated in-
ternally. Composite signal continuously varia-
ble 0—~4 v p-p. Mono output 1-kc signal 1.8 v p-p.
19-kc pilot, 0.5 v p-p. 38-kc subcarrier 2-4 v
p-p; 67-kc SCA 2 v p-p. Rf output 100 mc, 500
uv. Separation 35 db or better. Unit operates
from 22.5-v battery; accessory plug-in power
supply available for 117-volt service. 12 transis-
tors. 11 x 8% x 5 in.. 6 Ib. $199.95.—Hickok
Electrical Instrument Co., 10514 Dupont Ave.,
Cleveland 8, Ohio
Karg—Model MX-1G features 40-db minimum
separation; no internal FM generator. Composite
output level variable 0-15 v p-p; output im-
pedance 600 ohms. internal modulating oscil-
lator 1 kc; voltage from external modulating
source for maximum composite-signal level 15
v p-p. 19-kc pilot adjustable 0% to 15% of
composite. Frequency response 40 cycles to 15
kc =1 db; distortion «1%. Unit accepts SCA
input from external oscillator, 20 to 75 k¢, 3 v
rms for 10% modulation. Scope-sync signals
available: pilot, audio, from internal or external
sources. Accepts stereo program material from
tape or disc. Channels modulated separately,
together in stereo or together in mono. 4 tubes.
105-125 v ac, 50 watts. Rack model 19 x 514 x
51 in.; cabinet model 15% x 5 x 5% in. Rack
model $255, cabinet model $250; kit $150
(cabinet model).—Karg Laboratories, Inc., 162
Ely Ave., So. Norwalk, Conn.
Precision—Model E-490 appears to te identical
to Karg MX-1G (see Karg) except for minor panel
details. $249.95, wired only. —Precision Appar-
atus Co., Inc., 80-00 Cooper Ave., Glendale, N.
Y. 11227
RCA—Model WR-52A stereo FM signal simulator
offers choice of left stereo, right stereo or mono
at composite output; same on FM rf carrier
(100 mc tunable); rf carrier can be swept at
60-cycle rate, from 0 to 750-kc swing for FM
i.f. and detector alignment. FM stereo rf devi-
ation adjustable 0 to 75 kc; output up to 0.1
v rms. Meter indicates deviation and 19-kc pilot
level. Internal sine-wave frequencies 400 cycles,
1 ke, 5 ke (distortion 2%); 19 and 38 kc avail-
able externally. Also 67 and 72 kc for trap
alignment. External modulation terminals per-
mit modulating either right or left channel with
external audio. Composite output level adjust-
able 0-9 v p-p open circuit; source impedance
5K. 6 tubes. 115-125 v ac, 40 watts. 13%, x 10
x 8 in., 123, Ib. $250.—RCA Electronic Compo-
nents & Devices, Harrison, N.J.

Scott—Model 830 is intended for design and
production-testing of multiplex adapters and
tuners. No FM rf output (can be used with any
professional FM generator). Inputs for: audio
oscillator (600 ohms balanced), 7 v rms push-
pull for max output, 50 cycles to 15 ke, insertion
loss 3 db; modulator input L and R—=, 100K in-
put impedance per channel, approx 10 db gain
at 400 cycles, 75-usec pre-emphasis. Level con-
tinuously variable. Input approximately 0.7 v
rms for full output. Also monitoring inputs
(high-impedance) for demodulated L and R sig-
nals. Composite signal output 14 v p-p into
10K min load resistance, total distortion «1%.
Qutput impedance 500 ohms; residual subcar.
rier unbalance, hum and noise 60 db below
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max output. Pilot signal (alone) amplitude 0 to
0.5 v rms. Terminals for connecting scope or
vtvm switchable to 6 critical points such as
pilot signal at point of insertion to filter, com-
posite signal at output, etc. Terminals for scope
horizontal deflection or sync switchable to 4
points. Frequency response. audio oscillator in-
put amplifier: 1 cycle to 150 kc (—3-db points);
modulator input amplifier flat to 1 cycle at low
end, standard 75-usec pre-emphasis at high
end; composite output amplifier If response
down to 1 cycle, sharp cutoff at approx 55 kc,
constant delay over passband by adjustable
phase-corrector network. Trap at 76 kc (—35
db); 20 db down above 76 kc. Pilot 19-kc
crystal-controlled =2 cycles, stability 20 ppm;
output to 0.5 v rms, phase adjustable 4+60° to
—60°. Dc-powered heaters in critical stages,
regulated B-+. 17 tubes. 115 v *10%, 125
watts. Mounted on standard 19-in. rack panel
7 in. high. $600.—H. H. Scott Instrument Div.,
111 Powdermill Rd., Maynard, Mass. 01754
Sencore—Model MX129 FM multiplex generator
and analyzer produces composite multiplex,
pilot, subcarrier and FM rf signals. Composite
output 0-7 v p-p; impedance 2,000 ohms; fre-
quency response 20 cycles to 20 kc; modulates
FM rf oscillator to 50%. 19-kc pilot voltage O
to 1 v p-p; modulates oscillator to 10%. SCA
frequency 67 kc *100 cycles, 8 v p-p fixed;
modulates rf oscillator 10%, fixed. L & R ex-
ternal inputs, 5K impedance, 10 v p-p max in-
put. Panel meter reads p-p composite volts or
composite modulation (deviation). Can be
switched for external use in 2 ranges: 3 and 30
v p-p. 19 transistors. 105-125 vac, 4 watts. 10
x 9% x 4 in., 7% Ib. $166.11.—Sencore, Inc.,
426 So. Westgate Dr., Addison, Ill.

TV-FM
SWEEP GENERATORS

Blonder-Tongue—Model 4122 solid-state vhf-
uhf sweep generator. Vhf: frequency range 10-
240 mc, sweep width 5-220 mc continuously
adjustable; output 0.5 voit rms into 75-ohm
load. Uhf: frequency range 470-890 mc, sweep
width 5-420 mc continuously adjustable; output
0.1 volt rms into 75 ohms. Output level con-
stant =0.5 db over both ranges. SWR 1.5:1
max. Sweep rate 60 cycles, retrace blanked.
Temperature range —20° to -}+140°F. One 10-
db and two 20-db slide attenuators.

Includes 75-ohm output connector for post-
detector marker injection, phase-reversing
switch, test point for regulated power supply,
BTF-type connectors and 117-volt 6-amp utility
outlet.

105-130 vac, 10 watts. 111, x 8l x 714

in. 13 Ib. $595.—Blonder-Tongue, 9 Alling St.,
Newark 2, N.J.
EICO—Model 369 TV-FM sweep and marker
generator uses saturable reactor type sweep.
Includes variable and crystal marker oscillators
and built-in marker adder. Sweep oscillator
ranges: 3-7.5, 6-16, 16-42, 36-95 and 75-
220 mc. Maximum output level (controlled by
4-step decade and continuous attenuators): 0.3
volt on first 3 ranges, 0.2 on the next range
and 0.1 volt on the highest. Regulation *0.5
db on first 4 ranges, = 1 db on the last.

Sweep width continuously variable up to
20 mc, depending on range. Marker osciflator
fundamental ranges are 2-6, 6-20 and 20-75
mc. Calibrated harmonic range 60-225 mc.
Supplied with 4.5-mc marker crystal. Other
crystals can be plugged into front panel. Crys-
tal and variable markers mixed internally.
Marker and rf oscillator dials have 6:1 vernier
drives. All necessary cables supplied.

117 vac, 50 watts. 8% x 12% x 7 in. 17
Ib. $89.95 kit, $139.95 wired.

Model 360 TV-FM sweep generator covers
500 kc to 228 mc on fundamentals with sweep
width continuously variable from 0 to max of
30 mc. Uses electromechanical sweep. Built-in
crystal marker osciillator.

117 vac, 8 x 10 x 634 in. 11 |b. $39.95
kit only.—EICO Electronic Instrument Co., 131-
01 39th Ave., Flushing, N.Y. 11352,
Heathkit—Model FMO-1 FM test oscillator gen-
erates all signals necessary for aligning FM
broadcast receivers. Supplies 90-, 100- and 107-
mc signals for front-end alignment and 10.7-mc
with sweep variable from 200 kc to over 1 mc
for i.f. and detector alignment. Modulation 400
cycles. Markers 10.7 mc (crystal) and 100 kc.

105-125 vac, 12 watts. 7% x 43 x 43
in. 5 Ib. $34.95 kit.

Model 1G-52 TV alignment generator. Sup-
plies sweep and marker signals for TV and FM

receiver alignment. Saturable-inductor sweep
circuit covers 3.6 to 220 mc in 4 bands. Sweep
width adjustable from 0 to 42 mc, depending
on range. Crystal marker 4.5 mc and harmonics.
Variable marker 19-60 mc on fundamentals,
57-180 mc on harmonics. External rf marker
signal can be mixed with crystal and variable
markers to provide 3 markers on one trace.
Step and fine attenuators for sweep output;
separate attenuator for markers. Blanking and
phase control. Output impedance 50 ohms.

105-125 vac, 50 watts. 13 x 8% x 7 in.
14 1b. $67.95 kit.—Health Co., Benton Harbor,
Mich. 49023
Hickok—Model 615 TV sweep and marker
alignment generator. Sweep ranges 0-50, 50-
100, and 175-225 mc with deviation adjustable
0-15 mc. Rms output .07 volt on the first 2
ranges and 0.12 volt on the highest. Amplitude
variation over swept range less than 0.1 db
per mc. Output impedance 90 ohms; 300 ohms
with accessory adapter.

Marker frequency ranges 2.5-5.5, 19-50
and 54-108 mc on fundamentals and 108-216
on harmonics. Variable marker and 4.5-mc
crystal can be amplitude-modulated to 30%.

105-125 vac, 25 watts. 1314 x 161 x 8
in 30 Ib. $359.50.—Hickok Electrical Instrument
Co., 10514 Dupont Ave., Cleveland 8, Ohio
Knight-Kit—Model KG-652 rf sweep generator
uses electromechanical frequency modulator
and heterodyning to cover 300 kc to 250 mc
in 4 fundamental ranges. Rf output over 0.15
volt and constant within 1 db over all ranges.
Sweep frequency 60 cycles; sweep width 0 to
13 mc. Undesirable frequencies above 50 mc
attenuated 20 db on 0.3-50-mc band. Crystal
marker oscillator with dual crystal socket on
panel. Crystal and external marker signals can
bgoomixed. Blanking phase variable through
180°.

110-130 vac, 45 watts. 8% x 12% x 7 in.
14 1b. (shpg wt.). $44.95 kit.—Allied Radio Corp.,
100 No. Western Ave., Chicago, 1ll. 60680
PACO—Model G-32 sweep generator and
marker adder. Frequency coverage 3-213 mc
in 5 fundamental ranges and 400-1080 mc on
harmonics. Adjustable sweep width varies from
0 to 3 mc on lowest range (3-7 mc) to a maxi-
mum of 30 mc on highest range. Output im-
pedance 50 ohms terminated.

Includes internal blanking and agc that
holds amplitude constant over any one band.
Marker adder permits control of marker width
and amplitude independent of trace size on
scope. Continuous control over sweep width
and pattern height. Supplied with 5 cables.

17 vac. 13 x 8% x 7 in. 15 Ib (shpg wt).
$85.95 kit, $159.95 wired.—Precision Appara-
tus, Inc., 80-00 Cooper Ave., Glendale, N.Y.
11227
RCA—Model WR-69A TV/FM sweep generator
uses preset switch positions for 12 vhf TV
channels and FM broadcast band. Separate i.f./
video output frequencies continuously variabie
from 50 kc to 50 mc. Sweep bandwidth variable
from 50 kc to 20 mc on if./video and FM
bands and at least 12 mc on TV channels. Out-
put essentially flat and free from spurious re-
sponses.

Features dual piston-type attenuators with
smooth output control from 5 uv to 0.1 volt;
adjustable blanking, shielding for minimum
stray radiation, two 0-12.volt negative supplies
for agc biasing. Rf output impedance 300 ohms
balanced. 1.f./video output impedance 100
ohms.

105-125 vac. 45 watts. 13% x 10 x 7 in.
16 Ib. $295.—RCA Electronic Components & De-
vices, Harrison, N.J.

TV PATTERN
GENERATORS

Amphenol—Model 860 Color Commander offers
standard color bar, dot and crossshatch pat-
terns, plus single vertical and single horizontal
line for centering, 15 horizontal bars, 20 verti-
cal bars, single dot for convergence, and 3-bar
color pattern (R—Y, B—Y, —R—Y) for
fast adjustments. All silicon transistors, crystal-
controlled patterns. Rf output is ch. 3 or 4—
slide switch on panel. Battery operated (12.6-
13.5 v), 0.3 watt. Optional ac power supply.
$19.95, fits battery compartment. 5 x 9 x 4 in.,
4 1b. $149.95.—Amphenol Distributor Div.,
Amphenol-Borg Electronics Corp., 2875 So. 25
St. Broadview, Ill. 60155

B&K—1076 Television Analyst is complete
signal-generating source for point-by-point trou-
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bleshooting in black-and-white or color sets.
Supplies audio and video rf and i.f. signals.
Switch selection of ch. 2-13. Flying-spot scan-
ner transmits in black-and-white any positive
transparency approximately 3 x 4 in. (test pat-
terns, pictures, written messages, etc.). Gener-
ates 4.5-mc FM sound carrier modulated to
25-kc deviation (100%) with 400-cycle audio.
400-cycle audio available separately. Vertical
and horizontal driving pulses for checking
sweep circuits; sync signals of reversible po-
larity and variable amplitude; vertical-output
plate-drive signal, vertical yoke-test signal; B-
boost and high-voitage indicators. Leakage, con-
tinuity tests for horizontal output transformer
and yoke; shorted-turn test. Agc keying pulse
and bias substitution. Dot, crosshatch, color
bar and burst signals for color convergence
and circuit adjustment. Horizontal oscillator
crystal controlled. Unit can be used as display
or video paging system in stores, hospitals,
conventions, etc. High-level viedo output can
modulate picture tube directly. 110-120 vac.
10% x 17 x 10 in, 25 Ib. $329.95.

Model 1245 is all-transistor, provides crys-
tal-controlled 10-bar keyed rainbow color bar
display, dot, crosshatch, horizontal and verti-
cal line patterns. Gun-killer switches. Color
amplitude control varies output level between
0% and 200%. Rf output 5,000 uv on ch. 3,
4 or 5. Regulated power supply, 117 volts ac.
8% x 2% x 8% in, 3 |b. $13495—B & K
Mfg. Co., 1801 W. Belle Plaine Ave., Chicago,
1l. 60613
EICO—Model 380 solid-state NTSC color gener-
ator delivers dots, horizontal and vertical lines
and crosshatch signals at both rf and video
outputs. Rf output on ch. 3. Output level,
0-50,000 uv into 300 ohms, is high enough to
prevent interference from local ch. 3 broadcast.

Video output, positive and negative po-
larity, 0-10 v p-p into 4,700 ohms. NTSC colors:
yellow, |, red, R—Y, magenta, Q B-Y,
blue, cyan, green, white. Bars and crosshatch:
13 vertical and 10 horizontal (variable-thick-
ness) bars. Dots: 130 variable size.

117 vac, 8% x 534 x 6% in. 8 Ib. $109.95
kit, $159.95 wired.—EICO Electronic Instrument
Co., 131-01 39th Ave., Flushing, N. Y. 11352,
Heathkit—Model 1G-62 color bar and dot gen-
erator provides the usual color bars, and dot,
crosshatch and vertical- and horizontal-bar
patterns. In addition, it produces a unique
crosshatch pattern of unusuaily wide bars called
shading bars. This pattern has 4 levels of bright-
ness and is used for gray-scale tracking adjust-
ments.

Rf signal is tunable ch. 2-6 at a level
variable from approximately 100 to 100,000
uv. The crystal-controlled sound carrier is not
modulated. Video output, positive or negative,
is variable from O to 10 v p-p, open circuit.
All modulation signals are crystal-controlled.
Dot pattern consists of 180 dots (less those
lost in blanking) approximately 2 lines in di-
ameter. Bar and crosshatch patterns are com-
posed of 15 horizontal and 12 vertical lines.
The 10 crystal-controiled vertical color bars are
developed by the offset carrier method. Each
bar has a white leading edge and black trailing
edge for checking color registration.

117 vac, 70 watts. 13 x 8% x 7 in. 10 Ib.
$64.95—Heath Co., Benton Harbor, Mich.
49023
Hickok—Madel 656XC color bar, white dot-bar
generator features NTSC standard color and
brightness. Generates 3 primaries, 3 comple-
mentaries, plus black and white and all stand-
ard alignment signals. Dot, bar and crosshatch
patterns and sync pulses controlled by 315-kc
crystal.

Dot pattern consists of 300 dots per frame
(minus those lost in blanking). Minimum size
is 2 lines. Choice of 20 vertical or 15 horizontal
bars. (Count includes those generated during
blanking interval.) Video output 0-2 v p-p with
positive or negative polarity. Rf output on ch.
2-6, modulated with choice of patterns or
color signals. Separate output from 3.58-mc
burst oscillator. Sound carrier provided for
fine-tuning adjustments.

105-125 vac, 40 watts. 1634 x 18% x 7%
in. 34 lb. $549.

Model 660 generator is designed for fast
service in the field. Dot and crosshatch patterns
same as model 656XC. All signals and patterns
crystal-controlled. Color display consists of
orange, red. magenta, blue, cyan and green
bars. Video output 0-4 voits p-p, positive or
negative polarity. Rf output .05 v max, .001 v
minimum, modulated 60% by desired signal.
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Ratio of sync to video variable from 10 to 90%.

105-125 vac, 40 watts. 10% x 10Y%, x
514 in. 15 Ib. $245.

Model 661 Chrom-Aligner has many of the
design features of the 656XC. Produces correct
NTSC standard colors with sync, blanking and
burst in correct pedestal position. In addition
to the 6 NTSC standard colors, it produces
the standard demodulator signals and dot,
crosshatch and bar patterns. Separate video
output. Rf output on channels 3 and 4.

115 vac, 20 watts. 20 Ib (shpg wt). $349.50.

Model 662, called the Installer’'s Color TV
Generator, supplies complete convergence sig-
nals—dots, crosshatch and vertical and hori-
zontal bars. Dot pattern has 500 dots less than
2 lines wide and one line thick. Features a
new alignment signal that provides a single
horizontal bar at the exact burst frequency,
allowing an instant check of hue control range,
chroma and demodulator alignment.

105-125 vac, 25 watts. 11 x 8% x 53 in.
8 Ib. $159.95.

Model 760 Video Scanner is a flying-spot
type generator. Crosshatch and dot slides are
used for convergence and linearity adjustments.
Does not produce color bars.

Video output 2 v p-p across 75 ohms. Rf
output on ch. 2-6. Output variable down from
50,000 uv. Scanning frequencies interlaced and
crystal controlled. Resolution in excess of 450
lines—5.5 mc.

105-125 vac, 145 watts. 11% x 17 x 19
in. 43 Ib. $455.—MHickok Electrical Instrument
Co., 10514 Dupont Ave. Cleveland 8, Ohio.
Jackson—Model 800 color-bar/dot generator
is crystal-controlled. Features pushbutton func-
tion and pattern selection for simpler and faster

operation. Function buttons are ON-OFF,
SOUND, PATTERN and STANDBY. The 12
buttons select crosshatch, horizontal lines,

vertical lines and dot patterns; yellow, red,
R — Y, magenta, B — Y, blue, cyan and green
bars. Positive or negative video polarity se-
lected by switch. A gun-killer switch cuts off
any one or combination of any 2 of the 3 color
guns.

117 vac. 137% x 9 x 5 in. 12% Ib. $239.95.
—Jackson Electrical Instrument Co., 124
McDonough St., Dayton, Ohio
Lectrotech—Model V6 is all-transistor; 189-kc
crystal oscillator drives divider chain. Pattern
selector offers choice of crosshatch, dots, verti-
cal lines only, horizontal lines only or color
bars.  Voltage-regulated supply. Gun-killer
switches. Rf output on ch. 3, 4 or 5 more
than 10,000 pv. Color level control for color
sync checks, marked MINIMUM, NORMAL,
MAXIMUM (normal = 100% modulation). Hori-
zontal line adjust control sets lines 1 to 4 lines
wide. Cables permanently attached, housed in
test-lead compartment. 117 vac. 4% x 7% x
10% in., 7% Ib. $99.50.

Lectrotech—Model V7 generator includes vec-
torscope. Keyed rainbow color signal produces
10 color bars spaced 30°. Scope presents visual
display of phase angles and amplitudes of each
bar signal. Self-calibrating circuitry uses built-
in CRT to adjust timing (divider) circuits. Crys-
tal-controlled divider chain is all-transistor (only
2 tubes used in unit). Gun-killer switches, ad-
justable horizontal line width. Voltage-regulated.
Pattern selector gives cross-hatch, dots, vertical
or horizontal lines only and color bars. Color
level control for checking color sync. Video level
control varies video output between 0 and 2
v p-p. Video polarity switch. Intensity, focus,
horizontal and vertical position controls for
built-in CRT. Cables permanently attached,
stored in compartment. 117 vac. 8% x 7%
x 127% in, 13 Ib. $189.50—Lectrotech Inc.,
1737 W. Devon Ave., Chicago, Ill. 60626
Paco—Model G-36. Specifications essentially
same as E-450 below. 13 x 18%, x 7Y in. 14 |b
(shpg wt). $119.95 kit, $179.95 wired.
Precision—Model E-450 generates color bars,
dots, horizontal bars, vertical bars and cross-
hatch pattern. Rf output on ch. 3 or 4, 50 mv
max. Sound-carrier amplitude 10% of pix car-
rier. 300 ohms output impedance. A single
cable connection to set’s antenna terminals,
and 3 controls simplify operation. Voltage
regulation and crystal control insure maximum
stability.

115 vac, 13 x 12 x 8 in. 14 |b (shpg wt).
$189.95.—Precision  Apparatus, Inc., 80-00
Cooper Ave., Glendale, N.Y. 11227
RCA—Model WR-64B color-bar/dot/crosshatch
generator uses crystal-controlled circuits for
maximum accuracy and stability. Crosshatch

continued on page 72
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New 96-page book gives
step-by-step instructions for

SIMPLE
ELECTRONIC
PROJECTS

You Can Build NOW!

How would you like to make a sun-powered radio,
or a walkie-talkie, an intercom, a broadeast sta.
tion, a burglar alarm,, a code transmitter, or any
one of 50 exciting, easy-to-build projects? It's
simple — the Semitronics way. .

 Easy-to-bulld projects described In simple fan-
guage with clear diagrams.

* No technical background needed — just pliers,
screwdriver and soldering iron.

¢ Ali parts inexpensive, re-usable for many projects.

IDEAL FOR BEGINNERS OF ALL AGES

With the new Semitronics handbook “Electronic
Projects,” any student, beginner or hobbyist can
have the fun and excitement of building elec-
tronic projects that work — even if you never
worked with electronics before, Semitronics
makes it simple, with this illustrated handbook,
and easy-to-find parts, all available at Jow cost
from your dealer’s Semitronics Efectronics Center.

THE FUN WAY TO LEARN
This educational science program provides an ex-
citing and fascinating introduction to electronics
and the space age. Students will find the Semi-
tronics program especially appealing, as they
learn new facts in a practical, enjoyable way. Try
your first project now — just for the fum of it.

LOOK for the Semitronics Electronics Center
i at Your Local Dealer OR...
SEND $2 for your Projects Book

ELECTRONIC .

PROJECTS (Includes postage and handling)
TR m— ey T0:

_ | Semilronics
| Corp.

265 Canal St., New York, N.Y.10013

Enclosed Is §.

send me
coples of the Semitron 50-Projects Book postpaid.
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New Ideas For Christmas Giving ...
A Gift For Everyone . . . In This Vast Heathkit’Selection!

% S RIS e
a8 At

TR

Kit GR-43

'159%

New Heathkit 10-Band Transistor Portable!

10 bands tune Longwave, Standard Broadcast, FM and 2-22.5 mc
Shortwave. 16 transistors, 6 diodes, and 44 factory assembled and
pretuned circuits. Two separate AM & FM tuners and IF strips.
FM tuner & IF strip are same components used in deluxe Heathkit
FM stereo gear. 2 built-in antennas. Battery saver switch cuts
current drain up to 35%. Rotating tuning dial. Dial light. 4
simple controls for tuning, volume, tone, AFC and band switch-
ing. 4 x 6” PM speaker. Earphone & built-in jack. Optional 117
v. AC converter/battery charger available @ $6.95. Time zone map
& “listener’s guide.” Man size: 1312”7 W x 5%” D x 10%¢” H. 17 Ibs,

Kit GD-983
Now Only

$799[l[l

ldeal Gift For The Whole Family . . .
Heathkit®/Thomas Organs!

The Heathkit/Thomas “Coronado” Transistor Organ, (illust.)
boasts 17 organ voices, two 44-note keyboards, Leslie plus 2-unit
main speaker system, 28 notes of chimes, 13-note heel & toe
pedalboard, color-tone attack & repeat percussion, matching
bench, plus many more professional features. 242 lbs. Also the
Heathkit/Thomas “Artiste” Transistor Organ with 10 voices, two
37-note keyboards, repeat percussion, etc. now at only $332. 154
Ibs. . . . Both organs have all genuine Thomas factory fabricated
components.

New 23-Channel, 5-Watt Transistor CB Transceiver!

23 crystal-controlled transmit & receive channels for the utmost
reliability . . . at competitive prices! All-transistor circuit for
instant operation, low battery drain . . . only .75 A transmit, .12
A receive. Only 278” H x 77 W x 104” D . . . ideal for car, boat,
any 12 v. neg. gnd. mobile use. “S” meter, adjustable squelch,
ANL, built-in speaker, ceramic PTT mike, aluminum cabinet.
8 Ibs. Kit GWA-14-1, optional AC power supply, 5 lbs., $14.95.

Kit SB-110

|3

New 6-Meter SSB Ham Transceiver

Full SSB-CW transceive operation on 6 meters. 180 watts PEP
SSB—150 watts CW. Operates fixed or mobile; PTT and VOX.
Switch-selection of upper sideband, lower sideband, and CW.
Covers 50-52 mc with crystals supplied, total coverage 49.5—54
mec. Famous Heath SB series Linear Master Oscillator for true
linear tuning. Built-in 100 kc calibrator and antenna switching.
Accessory mobile mount SBA-100-1 . . . $14.95. 23 Ibs.

o o
onvwave

0/500660

New Deluxe Shortwave Radio

Compare it to sets costing $150 and more! 5 bands  Kit GR-54
cover 200-400 k¢, AM, and 2-30 mc. Tuned RF
stage, crystal filter for greater selectivity, 2 detec- $ 95
tors for AM and SSB, tuning meter, bandspread
tuning, code practice monitor, automatic noise lim-
iter, automatic volume control, antenna trimmer,

built-in 4” x 6” speaker, headphone jack, gray metal
cabinet, and free SWL antenna. 25 lbs.
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Kit HD-10

g

¥

New Heathkit Solid-State Electronic Keyer

All solid-state circuitry. Speed range—15 to 60 words per minute.
Solid-state switching—no relays to stick or clatter. Adaptable to
either right or left handed operators. Convertible to semi-automatic
operation. Variable dot-space ratio. Self-completing dashes. Sealed
switches on paddle—no exposed contacts to clean or adjust. Built-
in paddle—“feel” is adjustable to your fist during assembly. “Hold”
switch for transmitter tuning. Transformer-operated power supply
isolates keyer from line power. Fused for protection. 6 1bs.

RADIO-ELECTRONICS
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.. .“Do-It-Yourself” Heathgifts!

Now Choose From 2 Heathkit® Transistor Stereo Receivers!

New 30-Watt Transistor FM Stereo Receiver . . .

Less Than $100!

Features 31 transistors, 11 diodes for cool, natural
transistor sound; 20 watts RMS, 30 watts IHF music
power @ £ db, 15 to 60,000 cps; wideband FM/FM
stereo tuner plus two preamplifiers & two power
amplifiers; front panel stereo headphone jack; com-
pact 378" H x 15%” W x 12” D size. Assemibles in
20 hours or less. Custom mount it in a wall, or
optional Heath cabinets (walnut $9.95, beige metal
$3.95) 16 Ibs.

66-Watt Transistor AM/FM Stereo Receiver

Kit AR-14 Just add 2 speakers for a complete stereo system. X

$ 95 Boasts AM/FM/FM Stereo tuning; 46-transistor, Kit AR-13A
17-diode circuit for cool, instant operation and nat- Now Only
ural transistor sound; 66 watts IHF music power (40

(less cabinet) watts RMS) at *+1 db from 15 to 30,000 cps; auto-

matic switching to stereo; preassembled & aligned
“front-end” & AM-FM IF strip; walnut cab. 35 Ibs.

$]84UU

Best Hi-Fi News Of 65 .

MEATHKIT o5 oz galn 0 on

s |

L R T T—

New Transistor FM/FM Stereo Tuner

Heath's easiest to build stereo/hi-fi kit . . . takes
only 4 to 6 hours! 14 transistor, 5 diode circuit for
cool instant operation, transparent transistor sound.
Phase control assures best stereo performance. 3
transistor “front-end” plus 4-stage IF section. Fil-
tered outputs for direct stereo recording. Automatic
stereo indicator light. Preassembled & uligned
“front-end.” Install in a wall or either Heath cabinet
(walnut $7.95, beige metal $3.50). 6 Ibs.

NEW
1966 CATALOG!

Comaow w0

r.—_—_—l__ =%
| HEATHKIT 1966 |
23,

for your free copy.

e e —-————————————Buy Now—Use This Order Blank————————— 1
|

Heath Company, Dept. 20-11 |
Benton Harbor, Michigan 49023 HEATEHEIT|}
|

[J Please send FREE Heathkit Catalog |
Model Description Weight Price =

I

I

I

. . i I
I

in full color . .. describe == - — = I
) T I
Name__ - o I el |
(Please Print)- |

Address___ — — W 1§ ]
City__ = _state.zp. ]
SHIP VIA: ]
[J Parcel Post [ Express Collect [J Freight [ 20% Included, C.0.D. [J Best Way |
All prices & specifications subject to change without notice. |

P c— — —— — — —— —————— o ———— o

NOVEMBER, 1965

. . New Low-Cost Transistor Stereo

Free! 108 pages ... many
these and over 250 easy-

to-build Heathkits. Save
up to 50%. Mail coupon

Twins!

o gy

9 . 0 O

Matching 30-Watt Transistor Stereo Amplifier

Assembles in 10 hours or less! 17 transistors, 6
diodes. 20 watts RMS, 30 watts IHF music power
@ *1 db, 15 to 60,000 cps. No audio transformers
. assures minimum phase shift, extended response,
lower distortion. Solid-state power supply plus elec-
tronic filter for regulation within 10%. Accommo-
dates phono, tuner, auxiliary . .. 4, 8, 16 ohm speaker
impedances. Lighted panel. Installs in wall, or Heath
cabinets (walnut $7.95, metal $3.50). 10 Ibs.

Kit AJ-14

$4995

(less cabinet)

Kit AA-14

35995

(less cabinet)

Circle 27 on reader’s service card
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ELECTRONICS’ & TV TECHNICIANS!
“It's Got To Be In Your Pocket!’’

IT’S AN INDISPENSABLE TROUBLESHOOTER
MINITEST |, a transistorized blocking oscillator for
every electronics technician or engineer. Handy

signal transmitter for finding defective circuits in
LF, IF and HF oscillatory circuits, transformers
and chokes as well as in sound pick-ups and
transmitters of all types. ...

. and its Twin: MINITEST 1, a transistorized
blocking oscillator for every TV Technician. A
signal generater for finding defective circuits in
VHF and UHF tuners and converters, as well as
video i.f. and output stages. Can also be used
as bar pattern or net pattern generator.

EACH TWIN:
—is the size of a ball-point pen
—is switched on & off like a ball-point pen
—weighs less than 1 oz.
—works on a 1.5 V battery
—is guaranteed for six months

—is imported from Germany (W)

] MINITEST | Net $7.95 ] MINITEST 11 Net $8.95
[J TWIN-MINS (I & Il if purchased together)

Net $16.50
Clip coupon and mail with check or Money
Order. We pay the postage—Sorry, no COD
shipments.

e o e o A g — 7

| AZTEC ENGINEERING COMPANY |
| R.D. #2 Lebanon, N.J. |
I Name: |
I Address: _ I
| } - |
‘{- Dealer & Jobbers inquiries invited. :

Circle 28 on reader’s service card

INJECTORALL

THE NEEDLE DOES THE JOB!

B e e
‘\ NEW!

| lNJ ECTORAL

i02G_U. 3. PAT. OFF

CTUNER
CLEANER

N
CLEANS AND RENO
owl

A\ NOISE £ROM Vi
3y CONTROLS AND T8 3
. v~
jj - cant LI
CAN'T EVAPO! f

TIGER ofa CI.EANER

Injectoralls Tuner Cleaner-No.399WN...

is the best cleaner on the market today. it

cteans better, and fasbl' than all other cleaners
d ...Jeaves awax-free coating that

protects and fubricates contacts. Equipped with

the Injectorall Ginch steel needle i reaches

hard-to-get-at places in tuners. Ask for...
INJECTORALL TUNER CLEANER in the blister-pack.

NO. 899WN
6 oz... $1.95 net

Great Neck, N.Y. 11024

INJECTORALL
ELECTRONICS
CORPORATION....

Circle 29 on reader’s service card

and dot patterns provide fixed number of lines
and dots for easy convergence, size, and
linearity adjustments. Color pattern has 10
bars spaced at 30° phase angles for color
phasing, ‘demodulator, and matrix adjustments.
Has chroma control to check receiver sync-
lock action. Gun-killer switches on panel.
Crystal-controlled picture and sound output on
ch. 3. Ch. 4 crystals available. Sound carrier
can be modulated for accurate setting of set's
fine tuning control.

105-125 vac, 40 watts, 131% x 10 x 8 in.
131 1b. $189.50.—RCA Electronic Components
& Devices. Harrison, N..

Seco—Model 900 generates keyed-offset-car-
rier RCA-type color bars, dots, crosshatch,
vertical and horizontal bars. Dot size adjust-
able. Rf output on ch. 2, 3 or 4, modulated
with color bars, convergence signals or sync
only. Output 100 mv into 300 ohms. Gun-killer
switches. Pattern selector has ‘clear raster”
position for purity checks and gray-scale track-
ing. Color output control, color quality control
(stops drift due to slow beat between burst
and scanning frequencies). All-transistor; Zener-
regulated power supply. 105-125 vac, 6 watts.
8%, x 10% x 3% in, 6 Ib. $129.95.—Seco
Electronics Corp., 1201 So. Clover Dr., Min-
neapolis, Minn. 55420

Sencore—Model CA122A color circuit analyzer
produces 6 basic patterns: color bars (crystal-
controllied), white dots, vertical, horizontal and
shading bars, crosshatch. Color bars are RCA
type (10). Crystal-controlled divider chain.
Color-gun interrupters. Sync and video polarity-
reversible, both variable *=30 v p-p. Crystal-
controlled 4.5-mc sound carrier, 900-cycle
audio signal provided. 11 tubes. 117 vac. 10
x 14 x 8 in., 10 Ib. $183.75.

Model CG126 generates 10 crystal-con-
trolled 30°-spaced color bars, adjustable
white dots, crosshatch pattern, vertical and
horizontal bars. Rf output factory set to ch. 4,
can be moved to ch. 3 or 5. Color output
adjustable 0% to 2009%. Standby switch. 9
tubes. 117 vac, 35 watts. 11 x 8 x 6 in,, 91 Ib.
$107.75.

Model CG135 offers 10 standard color

bars, crystal-controlled, 30° between each. White
dots of adjustable size, crosshatch, vertical
and horizontal bars. Color-gun kitlers. Com-
posite video and sync available to permit in-
jection after i.f. strip and detector. 4.5-mc audio
carrier can be inserted in rf output to aid in
tuning. Rf output on ch. 3, 4 or 5. Composite
video output polarity reversible, =2 v p-p;
composite sync output —2 v p-p. All-transistor.
Attached cables store in compartment. 117 vac,
3.5 watts. 9% x 10 x 4 in, 8 |b. $146.95—
Sencore, Inc., 426 So. Westgate Dr., Addison,
1.
Simpson—Mode! 430 generates 8-bar pattern
compatibie with all color demodulation systems.
Rf output (10,000 uv) covers ch. 2-6 (7-13 on
harmonics); rf attenuator has 15-db range.
Video output O to 3.5 v p-p. Chroma attenuator
switch: 0, —6, —15 db; variable attenuator
—15 to 5 db. Video polarity reversible. 4.5-mc
signal available to aid tuning. Other outputs:
15,750-cycle sync pulse, 3.58-mc sine wave.
117 volts, 100 watts. 11 x 141 x 1614 in,
30% |b. $395.—Simpson Electric Co., Inc.,
5200 W. Kinzie St., Chicago, Ill. 60644

RF MARKER GENERATORS

RCA—WR99A crystal-calibrated marker com-
bines functions of multiple-marker generator,
crystal calibrator and heterodyne frequency
meter. Continuous coverage from 19 to 260 mc
in 8 ranges. For servicing and aligning TV, com-
munications and other receivers within its
range. Checks TV rf and i.f. bandpass and
vertical and horizontal linearity. Checks fre-
quency of unknown signals fed into it by zero-
beat method. Calibration can be checked at 242
1-mc intervals or at 250- and 500-kc check
points throughout the range. The 1- and 1Q-mc
calibrator crystals have 0.01% accuracy.
Internal modulation: 1 me, 10 me, 4.5 mc
600 cycles or a combination of 4.5 mc and 600
kec. Sound and picture carrier markers available
simultaneously. External modulation from any
source up to 10 mc, fundamental crystal from
1 to 30 mc or plug-in L-C circuit from 100 kc
to 10 mec. Output impedance 90 ohms. At-
tenuator: 0-60 db in twelve 5-db steps.
105-125 vac, 45 watts. 10 x 13%% x 7 in.
17 Ib. $256.50.—RCA Electronic Components &
Devices, Harrison, N.J.
Precision—E200-C. See AM generators.
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