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There's a lot more enjoyment coming your way 
from the brand new Pioneer OUTPERFORMERS. 
We are intrccucing an exciting array 4f all new 
products; compacts, tapedecks, stereo receivers, 
tuners, amplifiers, speaker systems, turrtables and 
headphones that will delight even the most discrim- 
inating liste-ter. 
Illustrated he-e is the brand new SX -44C Stereo 
Receiver. P easing in every deta 1, a small/ styled, 
midnight black front panel with 3- dimension sub- 
dued illuminaion graces the esthetic handcrafted 
cabinet. Its FET front -end provides excel ent sel- 
ectivity and delivers clear, interference -frea recep- 
tion. Frequency response is 20 - 70 k-lz inputs; 

magnetic phono, tape monitor and auxiliary. Out- 
standing sensitivity. Music power is a solid 40 watts 
(IHF) with stereo channel separation at better than 
60 db ( phono). 

Priced at only $189.95, the Pioneer SX -440 is an 
ideal component for the budget minded or the 
audiophile. You'll discover qualities of sound you 
never knew existed with the full line of OUTPER- 
FORMERS which only Pioneer can bring you. 

See and hear the PIONEER OUTPERFORMERS at 
your franchised Pioneer dealer. Write for details. 

PIONEER ELECTRONICS U.S.A. CORPORATION 
140 Smith St., Farmingdale, N.Y., 11735 (516) 694 -7720 

POWEA 
ot, 

rn..r.nes 

BASS 

West Coast Regional Office 

PIONEERaíV? 
1335 West 134th St. Gardena, Calif. 90249 (213) 323 -2374 and 321 -1076 

Circle 8 on reader service card 
In Canada: S. H. Parker Co. Ontario 
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from 

Technician to -2 
`AsCOIM:q 
Advance beyond the technician level 

Become an electronics engineer 

l n the Grantham electronics engineering program, you can 
earn the Degree of Associate in Science in Electronics 
Engineering (the ASEE) mostly by borne study - and can 
continue in resident classes to earn your BSEE. In this 
program you can acquire an extensive knowledge of engi- 
neering, for greater prestige and better pay. 

In America's race to the moon and outer space, more 
and more engineers are needed. By becoming an elec- 
tronics engineer, you can move into the forefront of tech- 
nology and engineering, and be an important part of this 
exciting age. You can help make things happen and be 
properly rewarded for doing so. 

The demand for engineers continues to increase; elec- 
tronics engineers are needed in the space program and in 
many other military and domestic projects. In a recent 
survey conducted by the Engineering Manpower Commis- 
sion of the Engineers Joint Council, it was found that 
engineering employment in the electrical and electronics 
industries is expected to increase by 40% in ten years. The 
need for engineers is increasing faster than the population 
as a whole. The survey report indicates that in the next 
decade, employers expect to need almost twice as nual)' 
new engineering graduates as are likely to be available. 

If you have the desire to be an engineer, the determina- 
tion to stick to your objective, and a reasonably good 
aptitude for mathematics and technology, the Grantham 
educational program can produce the wanted results for 
you. But make no mistake about it, to become an elec- 
tronics engineer requires work. You must be willing to do 
that work; otherwise you can never reach your objective, 
regardless of what course of instruction you may choose. 

Grantham School of Engineering 
Specializing in Electronics since 1951 

SEPTEMBER 1969 

1505 N. Western Ave. 

Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

Orantbam cfjoot of Ungineering 
lias contrrrrD on 

0b 11 t) Or 

tllr brgrer of 

associate in timer in Qfeetronicg 0,ngineering 

mim all the riaMe ant pnnitrab thertunto apprrtammg. In tanteo thereat 1181 mplema 

but, mane» bas breo usutb by the irhool abmimetratien upon rrrommtnbahan of the 

tautly at Ihr cahoot on tSb_GQ ' bao of i .19 6 

$nvbent 

Bran 

The Grantham home study program in electronics engi- 
neering consists of five "correspondence semesters" made 
up of a total of 370 lessons, followed by a two -week period 
of review and examination at the School. The prerequisite 
for enrollment in this program is high school graduation 
(or equivalent) and at least one year of experience as an 
electronics technician. 

This accredited ASEE Degree program covers a review 
of basic electronic circuits and systems, applied engineer- 
ing mathematics (including algebra, trigonometry, and 
calculus), classical and modern physics, technical writing, 
computer systems, electrical networks, and semiconductor 
circuit analysis and design. The ASEE Degree is awarded 
upon satisfactory completion of the 370 correspondence 
lessons and the final two -week residency at the School. 

The Grantham educational program in electronics 
places heavy stress on fundamental concepts of logic and 
mathematics rather than on superficial manipulative 
skills. Since these fundamental ideas arc largely unfamil- 
iar to many electronics technicians, it is necessary to de- 
velop them in a systematic manner. 

Accreditation and G.I. Bill Approval 
Grantham School of Engineering is accredited by the 
Accrediting Commission of the National Home Study 
Council, is approved under the G.I. Bill, and is author - 
ized under the laws of the State of California to grant 
academic degrees. 

1- 
Grantham School of Engineering RE -9'69 

1505 N. Western Ave., Hollywood, Calif. 90027 

Please mail your free Bulletin, which explains how the 
Grantham educational program can prepare me for my 
A sociate in Science Degree in Electronics Enginccrin;. 

Name Age 

Address 

City State Zip 
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NEW &TIMELY 
Volume 40 Number 9 RADIO- ELECTRONICS September 1969 

LIGHT `DISCS' PINPOINT DISTANCE TO THE MOON 

A small reflector aimed at 
earth by Apollo 11 astronauts 
from the moon's surface is be- 
ing used with a telescope - 
mounted laser for precise 
measurements of the distance 
to the moon. 

The laser is used to fire 
10 -nsec bursts of light 
through a 60 -inch Air Force 
telescope on an Arizona 
mountain top. The light 
pulses are 10 feet thick and 
21/2 miles wide when they 
finally reach the lunar sur- 
face. The minute portion of 
light reflected back to the 
telescope is timed by a ce- 
sium -beam atomic clock, 
which pinpoints the distance 
to within 11/2 meters. 

Dr. Renne S. Julian 
(photo), the Hughes Aircraft 
Co. scientist who built the 
rangefinder system for the 
A.F., said the laser can also 
be used to determine conti- 
nental drift and "wandering" 
of the earth's poles in addi- 
tion to other measurements. 

The Q- switched ruby 
laser has three amplifier ruby 
stages that produce 10 -Joule 
pulses. The pulse beam di- 
verges 2 seconds of arc as it 
leaves the telescope. 

2 

LOOKING AHEAD 
by DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 

More bright color tubes 
Picture brightness definitely will be a competitive 

weapon in the 1970 color sets. In addition to the high - 
brightness tubes reported last month, new super -bright 
versions have now been reported by Zenith, Sylvania, 
Westinghouse and Admiral. 

The Zenith "Chromacolor" tube is quite a radical 
departure from conventional shadow -mask tube design, 
and is claimed to deliver 117% more brightness and 25% 
greater contrast than Zenith's previous model. While the 
standard shadow -mask tube has phosphor dots larger than 
the electron beam which excites them, Zenith's tube has a 
larger electron beam and smaller phosphor dots, with a 
contrast- enhancing black "surround" providing a "guard 
band" between the phosphor dots. 

Zenith calls its mask an "iris mask" because the holes 
are enlarged after the phosphor dots are deposited, to make 
possible the larger electron beam. A higher light- trans- 
mission glass is used in the faceplate, since a low- trans- 
mission glass isn't needed to provide contrast. Zenith plans 
to phase into production a new electron gun to further 
increase brightness and resolution. 

Computerized production 
RCA recently lifted the curtain on phase one of a 

project which has quietly been in the works for some eight 
years -an electronically controlled plant to produce eke- 

(continued on page 4) 

CASSETTE CARTRIDGES 
HOLD 1 HOUR OF VTR 

A prototype video tape re- 
corder that uses cassette tape 
cartridges has been built by 
Sony Corp. The company ex- 
pects to sell the cassette vt[ 
within two years for about 
$500. Prerecorded tapes would 
cost about $28 and last for 
1000 replays. 

The cassettes use two 
tracks on a I -inch tape, and 
at the vtr's 31/4- inches per 
second provide one hour of 
playing time. If successfully 
marketed, the Sony VTR 
could provide stiff competi- 
tion for the CBS electronic 
video recording system that 
uses a special film instead of 
magnetic tape. ( "Looking 
Ahead," February, 1969). 
The EVR system may also 
reach the consumer market 
within a few years. 

SEMICONDUCTORS FOR 
LARGE -SCALE HEATING 

The use of glassy semi- 
conductor materials for large - 
scale heating was predicted by 
a British solid -state physicist. 
Writing in the New Scientist, 
Prof. A.K. Jonscher said that 
cheap resistive solid -state ma- 
terials for heating buildings 
and roads is feasible "in the 
near future." 

Glassy or amphorous 
semiconductors have so far 
been used only for bistable 
switching and memory ele- 
ments (see "All About Ovon- 
ics," RADIO -ELECTRONICS, 
May, 1969). They can be 
manufactured in large quanti- 
ties since a crystal growing 
process involving strict purity 
control is not a requirement. 

IN THIS ISSUE 

Tired of having to cross the 
room to turn off your TV 
set? Why not build a re- 
mote control that can op- 
erate anything you plug 
into it. It's foolproof 
against false triggering. 

RADIO -ELECTRONICS 

de. 
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Radio -Electronics 
September 1969 Over 60 Years of Electronics Publishing 

BUILD ONE OF THESE 

Sonic Remote -Control Relay. 36 Larry Wilson 

Whistle power your home 

IC Digital Clock 43 Ed Lord 

Instant readout- hours, minutes, seconds 

IC Frequency Counter 52 Bob Botos 

Digital readout of frequency or events -Part 2 

Lab Power Supply 62 Leonard Anderson 

Automatic voltage and current regulation -Part 2 

TELEVISION 

TV Antenna Tests 23 . . . .Larry Steckler 

Field tests of the latest models 

Kwik -FixT" Troubleshooting Charts . 47 Forest Belt 

Staked B-F and i.f. circuits 

Fix Special Circuits in Solid State TV . . 70 Matt Mandl 

In The Shop 92 Jack Darr 

Service Clinic 93 Jack Darr 

AUDIO-HI-FI--STEREO 
New For You 32 Chester H. Lawrence 

Knight -Kit KG -387 90 -Watt Guitar Amp 

New 15 -Watt IC Amplifier 33 Jim Ashe 

A hybrid poker package 

GENERAL ELECTRONICS 

Looking Ahead 2 . David Lachenbruch 

Current happenings with future overtones 

Tools for Electronics 39 .Thomas R. Haskett 

`Y How to select and use them 

How IC's Work 59 Bob Hibberd 

Integrated circuit logic families 

Equipment Report 91 . , . , John R. Free 

Eico Dot -Bar Generator, Spar Power Supply 

Sonic Remote -Control unit features a 
solid -state filter to prevent false trigger- 
ing. see page 36 

IC Digital Clock electronically winKs off 
hours, minutes and seconds. Fcr com- 
plete details ... see page 4.3 

Up in the air over TV antennas? Read 
the results of R -E's down- to- eart=t field 
tests. see page 23 

DEPARTMENTS 

Correspondence 12 New Products 81 Reader Service 79 

New & Timely 2 New literature 85 Technotes 102 
New Books 103 New Tubes apd Semiconductors 35 Try This One 1.01 

Noteworthy Circuits 96 
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New &Timely 

FIBER OPTICS USED IN SEC TUBE 
CORNING, N.Y. -Tiny 

glass light pipes 12 times 
smaller in diameter than a 
human hair help provide the 
rapid -scan color telecasts 
from space in the Apollo se- 
ries. 

The fiber optics are used 
in the Westinghouse SEC 
(secondary electron conduc- 
tion) TV camera tube 
(photo), first used for color 
broadcasts from Apollo 10. A 
precise mosaic of the fibers 
are fused to the faceplace of 
the camera tube for this appli- 
cation of the fibers. 

One side of the tube's 
fiber optic faceplate is coated 
with a photosensitive mate- 
rial that converts light into 
electrons. The fiber optics 
used in the TV camera tube 
were made by Corning Glass 
Works. 

NEW ZENITH TUBE 

CHICAGO -A new 23 -inch 
color TV picture tube dubbed 
the Chromacolor tube has 
been introduced by Zenith for 
its 1970 line. The tube fea- 
tures a black- surround for the 
phosphor dots. This permits 
use of high- transmission glass 
with 25% greater contrast 
and twice the brightness of 
conventional tubes. RCA an- 
nounced a similar color tube 
earlier (New & Timely, Au- 
gust). 

Key to the Chromacolor's 
performance is a new iris 
(shadow) mask. The mask 
allows smaller and more effi- 
cient phosphor dots in con- 
junction with a larger 
electron beam. The entire 

COMPUTER 'SPIES' 

A cloak and dagger case 
involving computer "spies" 
was recently disclosed by the 
West German magazine Der 
Spiegel. An engineer em- 
ployed at a West German 
computing center apparently 
duplicated magnetic tapes 
containing considerable data 
about the personnel, produc- 
tion, policy and profits of 
some 3000 German firms. 
The duplicate tapes were then 
handed over to the East Ger- 
mans. According to the mag- 
azine, the engineer also 
supplied information on the 
best IBM computer model for 
decoding the tapes. 

phosphor dot area is "excited" 
instead of only 45 -65% of 
the dot area as with conven- 
tional tubes. The Chromacol- 
or incorporates a new rare - 
earth red phosphor and more 
efficient green and blue phos- 
phors. 

ELECTRONIC MAGAZINE 
TO USE EVR 

The first issue of an "elec- 
tronic" magazine will be pub- 
lished in 1970 by Delta Publi- 
cations and TeleGeneral Corp. 
The biweekly magazine will be 
published on electronic video 
recording (EVR) cartridges, 
recently introduced by CBS. 

The magazine. Computer 
TeleJournal, will cover the 
electronic data processing 
field with news and visual 
training articles. The journal 
will be supported by TV- 
type commercials. TeleJournal 
plans to initially distribute 200 
VTR editions this fall. and ex- 
pand production to some 500 
cartridges next spring. 

IN THIS ISSUE 

Use the right tool for the 
job. You've heard it be- 
fore, but where do you find 
out what the right tool is? 
Starting this month we're 
presenting a special clip - 
and -file series by Tom Has - 
kett to explain the ins and 
outs of electronic tools. 

USSR RADIO JAMMING 
REACHES NEW PEAK 

A sharp increase in jamming 
of Voice of America broad- 
casts to the Soviet Union has 
been attributed to improved 
Russian technical skill or bet- 
ter use of old equipment. The 
interference with Russian and 
Ukrainian language programs 
now exceeds the level reached 
in 1963 before jamming was 
halted. 

United States Information 
Agency officials said the de- 
cision to resume jamming was 
made after the Czechoslova- 

kian invasion last summer. 
Officials told The New York 
Times they could see no politi- 
cal motive for the jamming. 

NEXT MONTH 

October is a hi -fi spec- 
tacular. There's a 200 - 
watt stereo project built 
entirely with IC's. Once 
you've built one, hook 
up the 10- channel IC 
color organ project we'll 
also present. There's 
more audio too! 

LOOKING AHEAD 
(continued from page 2) 

tronic equipment. The company revealed that it is now 
building stereo -FM -AM tuners for its phonograph consoles 
in a computerized plant near Indianapolis, which is the 
pilot for computerization of all of RCA's consumer product 
operations in the next 10 years. 

The tuner being produced by the computer- controlled 
system was also computer -designed, uses only 70 parts com- 
pared with 294 discrete components in a typical tuner. At 
the heart of the tuner are 16 thick -film ceramic modules. 
RCA claims the design of this single item would have 
taken 10 years if accomplished without computerization. 

In RCA's plant, each step in production -from raw 
materials through subassemblies to final product -is checked 
by computer, which not only detects errors in assembly 
but tells how to correct them. RCA believes this computer 
production system eventually will eliminate conventional 
components, building products from raw materials in a 
single plant. It also saves time and inventory, and can be 
quickly responsive to market conditions, by automatically 
gearing production to computer information on market 
demand. 

A company spokesman says a computerized plant may 
reduce the production time for a color television set from 30 
to four days -at the same time reducing costs by eliminat- 
ing many assembly operations and cutting down rejects and 
excessive inventories of parts and finished products. 

Thin black- and -white tube 
Philco -Ford is now showing a prototype thin mono- 

chrome TV set with 13 -inch screen, which is only 51/2 
inches deep -and with no "doghouse" on the back. The 
secret is in the picture tube, whose neck emerges at an 
oblique angle from one side, instead of straight out the back. 

Although production plans haven't been disclosed, 
Philco says costs would be about the same as for a con- 
ventionally designed b -w receiver. The tube is made from 
two pieces of flat pressed glass for front and rear panels. 
Distortion is corrected by a rectangular yoke and magnetic 
deflection circuits. 

More video players 
The search for a practical home video player is taking 

(continued on page 6) 
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Special 
$5 Offer 

LearnTVrepair...1O day trial! 
Don't take our word for it -prove it to yourself! 

If you don't agree with every word we say about 
ICS's new TV Servicing /Repair course -we lose 
the bet and you lose nothing. 

Send Just $5 
Simply send us $5 for the first text of the course. 

Read through it. See how simple and easy-to- under- 
stand the instruction is. And how thorough. Then 
decide for yourself. While this first text will not, by 
any means, give you a complete training -it will 
convince you how easy it is to learn -the ICS way. 

And, if by chance you're not convinced - 
simply return the text within the 10 day trial period 
and receive a full refund. 

Worth Much More 
As a part of the complete course, this text is 

worth much more than $5. This special trial is simply 
our way of showing you how completely confident 
we are that the ICS TV Servicing /Repair course can 
stand up to any TV Repair training you can get any- 
where, at any price -yet the full cost is only 399. 

In just a few months you can be trouble- shoot- 
ing on color sets. Just the first two texts combined 
will enable you to repair 70 percent of all TV 
troubles. Instruction is simple, very easy to grasp. 
Photos show you what a TV screen looks like when 
everything is normal, and what it looks like when 
trouble fouls it up. The texts tell you how to remedy 
the problem and why that remedy is best. What's 
more, quizzes are spotted throughout the course so 
you car check your progress. 

Course is Short ... Complete 
All in all, the course consists of 6 texts . . . 

936 pages of concise, easy -to- follow instruction ... 
plus 329 detailed illustrations . . . a dictionary of 
TV terms geared directly to course material -which 
will be invaluable during the course and later. 

At the end, you get the coveted ICS diploma, 

SEPTEMBER 1969 

plus membership in the ICS TV Servicing Academy. 
And by that time you will be able to handle tough, 
multiple TV problems on color sets as well as black 
and white -100% of all TV malfunctions! This 
could mean a tremendous future for you. Full -time, 
part -time, your own business. 

The National Electronic Associations found this 
ICS course so thorough, so helpful, easy to grasp 
that they approved it (first home study course ever 
to receive such an honor) for use in their own ap- 
prenticeship training program. 

Act Now 
You have nothing to lose. Send coupon today 

or write ICS, Scranton. Pa. 18515. Then examine 
the first text. See for yourself. If, during the 10 day 
trial period, you're not convinced -just return the 
text. And we'll refund quickly. 

I 
C 

5 International Correspondence Schools 
Division of Intext 

ICS. Scranton, Pa. 18515 (GSç131H) 

Here's my $5.00. Send me tt-c ' ist text cf th ICS 
TV Servicing /Repair Course. If I not convinced .vitn- 

n 10 days that this is the most thorough and easy :o 
understand way to learn TV repair, you'll refund my 
money and that's that. 

Name 
(please print) 

Address 

City- State Zip# 

Send the full course. I've inc ..ded $99 -pi..t e 

.áx. (And I'll still have the 10 day t, al -efund priviie:: 

Return This Coupon Today For 10 Day Trial. 

Circle 10 on reader service card 
5 

www.americanradiohistory.com

www.americanradiohistory.com


LOOKING AHEAD 

new directions. The latest proposal, under serious study by 
a major firm, is believed to involve a "self- destruct" prin- 
ciple. Not a recorder, but a playback -only device, the 
product is designed to play special video tape cartridges 
which can be run through the machine only once -can't 
be rewound -and must then be exchanged for new program 
material. 

The machine, understood to be under development by 
Cartridge TV, Inc., is believed to be backed by Avco Corp., 
a conglomerate firm with large interests in the entertain- 
ment and television broadcasting field. The cartridge uses 
quarter -inch tape, helically scanned. 

Another machine which uses quarter -inch helically - 
scanned tape is about to go into production. Although not 
designed for consumer use, it's noteworthy because of its 
extremely compact size and low weight -only 16 pounds. 
The four -piece package includes a recorder -playback ma- 
chine, which operates for 20 minutes on a 5 -inch reel, a 

combination microphone- camera, a monitor with 3 -inch 
screen, and a rechargeable battery pack. The combination, 
by Roberts Electronics, is expected to be available next year 
at about $1700. It records and plays back in monochrome 
only. 

TV X -ray regulations 
Department of Health, Education and Welfare has 

proposed X -Ray safety standards for color television receiv- 
ers -but they were quickly called back for further study 
when a technical advisory committee objected. 

The proposed standards would have accepted the 
current upper limit of 0.5 milliroentgens per hour at 5 

centimeters from any surface of the receiver, but modified 
this limit to apply to "any point accessible to an individual 
under any conditions of operation or service." In addition, 
the limit would have been reduced to 0.1 milliroentgens as 
of mid -1972. 

Members of the technical advisory committee, com- 
posed of members drawn from science, industry and the 
general public, noted that no instrument had yet been de- 

vised that could consistently measure radiation at the 0.1- 
milliroentgen point, which in many cases could be lower 
than the general background radiation. The government 
agreed to restudy the subject. 

Both industry and government agree that it is desir- 
able to eliminate all possibilities of radiation from color 
television receivers. A workable standard must be developed 
by January 1, under the Radiation Health and Safety Act 
of 1969. 

Unusual new products 
Each year, some unique new electronic products are 

introduced. Many are never heard from again, while a se- 
lect few actually make it at the marketplace. Here are some 
we observed recently: 

A four- screen television set, very similar to one de- 
scribed several years ago in RADIO -ELECTRONICS by Hugo 
Gernsback, is being manufactured in Germany by Nord - 
mende, which says it will export a U.S. -standards version 
next year. The receiver has a 23 -inch color tube at viewing 
level, with three small monochrome tubes arrayed below it. 
It can simultaneously display the programs of four chan- 
nels and is designed for those who must -or wish to -know 
what's on four stations at once. Suggested U.S. price: 
about $2500. 

The success of the cassette has prompted TDK Corp. of 
Japan to demonstrate a micro- cassette, one quarter the size 
of a standard cassette. It is claimed to play for 45 to 60 
minutes to 15/16 ips. Olympus Optical Co. will soon in- 
troduce a vest -pocket cassette recorder designed to use the 
razor -blade -size cassette. 

A very vocal automobile burglar alarm will be marketed 
soon by Ballistics Control Corp. It's also a two -track cartridge 
tape player. Just before the car is locked, a special cartridge 
is inserted in the player and locked into place. If the 
vehicle is broken into, the tape starts to play, screaming: 
"Help, help, I am being stolen!" A special switch defeats 
the volume control to let the player shout at ear -splitting 
level. R -E 
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Castle, the pioneer of television tuner overhauling, offers the following services to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and models. 

VHF or UHF tuner $9.95 
UHF -VHF combination (one piece chassis) $9.95 
TRANSISTOR tuner $9.95 

COLOR tuner $9.95 
(Guaranteed color alignment ... no additional charge) 

Overhaul includes parts, except tubes and transistors. 
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 restored, 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. 
And remember -for over a decade Castle has been the leader 
in this specialized field . .. your assurance of the best in 
TV tuner overhauling. 

CUSTOM REPLACEMENTS 
Exact replacements are available for tuners that our inspec- 
tion reveals are unfit for overhaul. As low as $12.95 ex- 
change. (Replacements are new or rebuilt.) 

UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are availab.e with the 
following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.' Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4rr 3" 41.25 45.75 8.95 

CRIS Series 600mA 13/4rr 3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4rr 3" 41.25 45.75 9.50 

CR6XL Parallel 6.3v 21/2'r 12" 41.25 45.75 10.45 

CR7XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 11.00 

*Selector shaft length measured from tuner front apron 
to extreme tip of shaft. 

These Castle replacement tuners are all equipped with memory me tun- 
ing, UHF position with plug input for UHF tuner, rear shaft eete rs'on and 
switch for remote control motor drive ... they come complete wits hard- 
ware and component kit to adapt for use in thousands of pcpular TV 
receivers. 

Order universal replacements out of Main Plant (Ch;cago) 
only. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT: 5715 N. Western Ave., Chicago, Illinois 60645 

EAST: 41 -96 Vernon Blvd., Long Island City, N.Y. 11101 
Circle I I un reader.serrice card 
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iou get more 
for your money 
from NRI- 
America's oldest and largest Electronic, 
Radio -TV home -study school 

Compare if you like. You'll find -as have so 
many thousands of others -that NRI training 
can't be beat. From the delivery of your first les- 
sons in the remarkable, new Achievement Kit we 
send you, to "bite size," easily -read texts and 
carefully designed training equipment ... NRI 
gives you more value. 

Shown below is a dramatic, pictorial example of 
all of the training materials included in just one 
NRI Course. Everything you see pictured below is 
included in low -cost NRI training. Other major 
NRI courses are equally complete. Text for text, 
kit for kit, dollar for dollar -your best home - 
study buy is NRI. 

All this is yours -from Achievement Kit to the 
only Color TV specifically designed for training 
-when you enroll for NRI's TV -Radio Servicing 
course. Other courses are equally complete. 
But NRI training is more than kits and "bite- 
size" texts. It's also personal services which 
have made NRI a 50 -year leader in the home - 
study field. Mail the postage -free card today. 

s z ä.á á 

Approved under GI BILL 
If you served since January 
31, 1955, or are in service, 
check GI line in postage - 
free card. 

,-y 
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GET A FASTER START WITH NRI'S 

NEW EXCLUSIVE ACHIEVEMENT KIT 

The day we receive your enrollment application we 

mail out your Achievement Kit. It contains everything 
you need to make an easy, fast start in the Electronics 
training of your choice. This attractive, new starter kit 
is an outstanding, logical way to introduce you to home - 
study as NRI teaches it ... an unparalleled example 
of the value of NRI training ... training that is backed 
up by a dedicated staff and the personal attention you 
should expect of a home -study school. It is your first 
of a number of special training aids carefully devel- 
oped by the NRI laboratories to make your adventure 
into Electronics absorbing, meaningful. What's in the 
Achievement Kit? Your first group of lesson texts; a 

rich vinyl desk folder to hold your study material; the 
industry's most complete Radio -TV Electronics Dic- 

tionary; valuable reference texts; lesson answer sheets; 
pre- addressed envelopes; pencils; pen; engi- 
neer's ruler -even postage. No other school 
has anything like the NRI Achievement Kit. 

OVER 50 YEARS OF LEADERSHIP 

LEARNING BECOMES AN ABSORBING 

ADVENTURE WITH NRI TRAINING KITS 

Electronics comes alive with NRI training kits. What 
better way to learn than by doing it? That's why NRI 
pioneered and perfected the "home lab" technique of 
learning at home in your spare time. You get your 
hands on actual parts and use them to build, experi- 
ment, explore, discover. NRI invites comparison with 
training equipment offered by any other school. Begin 
NOW this exciting program of practical learning. It's 
the best way to understand the skills of the finest 
technicians -and make their techniques your own. 
Whatever your reason for wanting to increase your 
knowledge of Electronics ... whatever your field of 
interest ... whatever your education ... there's an 
NRI instruction plan to fit your needs, at low tuition 
rates to fit your budget. Get all the facts about NRI 

training plans, NRI training equipment. Fill in and 
mail the attached postage -free card today. 
No salesman will call. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

IN ELECTRONICS TRAINI 

Accredited by the Accrediting Commission of the National Home Study Council 

NEW 
COLOR TV 

NG 
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Join "THE TROUBLESHOOTERS" 
They get paid top salaries 

for keeping today's 
electronic world running 

Suddenly the whole world is 
going electronic! And behind the 

microwave towers, push -button 
phones, computers, mobile radio, 

television equipment, guided 
missiles, etc., stand 

THE TROUBLESHOOTERS 
-the men needed to inspect, 

install, and service these 
modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks - 

without having to quit your job 
or go to college in order 

to get the necessary training. 

1 8 
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jUST THINK how much in demand you would be if you 
could prevent a TV station from going off the air by 

repairing a transmitter ...keep a whole assembly line 
moving by fixing automated production controls ...pre- 
vent a bank, an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got to 
move in, take over, and keep things running. That calls 
for one of a new breed of technicians -The Trouble- 
shooters. 

Because they prevent expensive mistakes or delays, 
they get top pay -and a title to match. At Xerox and 
Philco, they're called Technical Representatives. At IBM 
they're Customer Engineers. In radio or TV, they're the 
Broadcast Engineers. 

What do you need to break into the ranks of The 
Troubleshooters? You might think you need a college 
degree, but you don't. What you need is know -how -the 
kind a good TV service technician has -only lots more. 

Think With Your Head, Not Your Hands 

As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on -you 
must be able to take it apart "in your head." You'll have 
to know enough Electronics to understand the engineer- 
ing specs, read the wiring diagrams, and calculate how 
the circuits should test at any given point. 

Learning all this can be much simpler than you think. 
In fact, you can master it without setting foot in a class - 
room...and without giving up your job! 

For over 30 years, the Cleveland Institute of Electron- 
ics has specialized in teaching Electronics at home. We've 
developed special techniques that make learning easy, 
even if you've had trouble studying before. Our AuTO- 
PROGRAMMED® lessons build your knowledge as easily 
and solidly as you'd build a brick wall -one brick at a 
time. And our instruction is personal. Your teacher not 
only grades your work, he analyzes it to make sure you 
are thinking correctly. And he returns it the same day 
received, while everything is fresh in your mind. 

Always Up -To -Date 

To keep up with the latest developments, our courses 
are constantly being revised. This year CIE students are 

NE 
WCOLLEGE 

-LEVEL 
COURSE IN 

ELECTRONICS 
ENGINEERING 
for men with prior experience 
in Electronics. Covers steady - 
state and transient network 
theory, solid state physics 
and circuitry pulse tech- 
niques, computer logic and 
mathematics through calcu- 
lus. A college -level course for 
men already working in Elec- 
tronics. 

getting new lessons in Laser Theory and Application, 
Microminiaturization, Single Sideband Techniques, Pulse 
Theory and Application, and Boolean Algebra. 

In addition, there is complete material on the latest 
troubleshooting techniques including Tandem System, 
Localizing through Bracketing, Equal Likelihood and 
Half -Split Division, and In- circuit Transistor Checking. 
There are special lessons on servicing two -way mobile 
radio equipment, a lucrative field in which many of our 
students have set up their own businesses. 

Your FCC License -or Your Money Back! 

Two -way mobile work and many other types of trouble- 
shooting call for a Government FCC License, and our 
training is designed to get it for you. But even if your 
work doesn't require a license, it's a good idea to get one. 
Your FCC License will be accepted anywhere as proof 
of good electronics training. 

And no wonder. The licensing exam is so tough that 
two out of three non -CIE men who take it fail, But our 
training is so effective that 9 out of 10 CIE graduates 
pass. That's why we can offer this famous warranty with 
confidence: If you complete a license preparation course, 
you get your FCC License -or your money back. 

Mail Card for 2 Free Books 

Want to know more? Send for our 44 -page catalog de- 
scribing our courses and the latest opportunities in Elec- 
tronics. We'll send a special book on how to get a 
Government FCC License. Both are free -just mail the 
bound -in postpaid card. If card is missing, use coupon 
below. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. If 
you served on active duty since January 31, 1955, or are 
in service now, check box on card or coupon for G.I. 
Bill information. 

C 1 E Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

r 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

Please send me without cost or obligation: 
1. Your 44 -page book "How to Succeed in Electronics" describ'ng 
the job opportunities in Electronics today, and how your courses can 
prepare me for them. 

2. Your book on "How To Get A Commercial FCC License." 
I am especially interested in: 

Electronics Broadcast First. Class 
Technology Engineering FCC License 

Electronic Industrial Electronics 
Communications Electronics Engiraeerilg 

Name 
(PLEASE PRINT) 

Address 

City State 7ip 

Check here for G. I. Bill information. -64 

(- -- 
Circle 20 on reader service card 
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to 
prThe 

first Einator was 
ove a point. Because youngl mu- 

sicians, in a search for more volume, 
were literally driving the guts out of 
some very good speakers mounted in 
some very poor enclosures. 

It started an intensive investigation 
into the failure of speakers (ours and 
the competition) used by gull ars and or- 
gans. The testing was very rugged. For 
instance, we took miles of high -speed 
motion pictures while test speakers de- 
stroyed themselves with sound. 

We found out a lot about how to im- 
prove our speakers. But we also learned 
that by simply putting our SRO /15 
speaker in a folded horn enclosure we 
created a combination that was unbeat- 
able for efficiency, high power handling 
capacity, low distortion, and extended 
bass. It was an important first step. 

Of course, this now meant we needed 
a solid high end. So we added the time- 

tested 1829 treble driver and 8HD horn, 
or (optionally) a T25A treble driver plus 
a pair of T35 super tweeters. These com- 
binations were a revelation to musicians. 
They got more sound power per watt 
than they thought possible. And they 
could use the Eliminator for both vocals 
or instruments. 

But we weren't quite satisfied. If the 
Eliminator was good for popular music, 
what would it do with other kinds of 
program material? So we tested it in 
good rooms and bad rooms. With test 
instruments and with live audiences. And 
we decided that the Eliminator was too 
good to sell only to the young. 

For example, in one test installation 
in a difficult domed building, four E -V 
Eliminator I speakers far out performed 
an elaborate multicell installation in nat- 
uralness of sound for voice and music, 
in uniform sound pressure level through- 
out the listening area, and in the ability 
to reproduce the extremes of loudness 

of a big, driving jazz band with ease. 

Granted, the E -V Eliminators have a 
flash of chrome. But don't be misled. 
They perform to beat the band. And 
they solve problems. Get turned on to 
the great sound of the E -V Eliminators 
today. It can open up an important new 
market ...and shock your old ones! 

ELIMINATOR I 3-way system: Response 55- 15000 Hz; Power 
Handling Capacity 100 watts RMS (white noise shaped to strin- 
gent load guitar frequency spectrum); Dispersion 100 °; Sound 
Pressure Level 122 db at 4' with full power input; Suggested 
Resale $339.50. 

ELIMINATOR II 2-way system: Response 55 to 
1C000 Hz; Power Handling Capacity 100 watts RMS 
(soaped to stringent loud guitar frequency spec- 
trum): Dispersion 1a3°; Sound Pressure Level 123 
db at 4' with full power input; Suggested Resale 
$319.50. 

ELECTRO-VOICE, MC., Dept. 996E 
613 Cecil Street, Buchanan, Michigan 49107 

A SUBSIDIARY 0r GULTON INDUSTRIES. INC. 
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New antennas 
for color 

TV 
by LARRY STECKLER 

MANAGING EDITOR 

-[OW DO YOU TEST A COLOR TV ANTENNA? IN THE AN- 
tenna lab you set it up on a mast equipped with a rota- 
tor. The mast is carefully located so it is shielded fro 
actual broadcagaY signals. Then you set up a trans- 
math g antenn i at some s ecitic distance from the T1' 

ou transrftit a- constant strength signal at 
------- --- -tá desired frequency and measure the signal strength -- wing -received: While receiving the signal y90 rotate 

the T1Z_ antenna and draw a pattern that_ show g_th . 
-- -eceiving antenna's characteristics. 

.- That's great for an antenna manufactufer wfiö is 

trying to design his antenna to deliver maximum gain 
and minimum side lobes. But in practical use it is just 
a little bit different. For once you have erected an an- 
tenna on your roof you're no longer in the laboratory. 
That antenna will be receiving signals from a number 
of transmitters simultaneously. It will be picking up 
both direct and reflected signals. It will not be per- 

E Circle 21 an render .service card 

mate + our 
hat you are inter 

ure it will deli '=r? 
So we performed .r al v' _ e an- 

tennas mentioned in this article. We ca- 
lions in Long Island, New York at distances of 25, 45, 
and 75 miles from the transmitting anterr "fNé":7- - 

Empire State Building in New York f7itr--+ con- 
nected these antennas to a Heathkit GR-68 1 z ;LIr "1V 

receiver (23 -inch screen with a 50 -ft length )f 300 - 
ohm twin -lead. Then we viewed and reported in the 
results. We used the same set at all three locations. We 
mounted all the antennas in the same spot, on the 
same mast, one at a time in each location, ir d we 
rated the reception we viewed. 
Excellent, good, fair or poori 

Now, how did we rate reception? We've I beled 
what was viewed as excellent, good, fair, and Foor. An 

23 
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"excellent" picture means perfect reception -no snow, 
no ghosts, no wavering, no confetti, no color drifting in 
and out, and more than adequate signal strength. In 
some instances some of the antennas we tested were 
"too good" for the distance. They delivered so much 
signal that it was necessary to reduce the amount of 
signal delivered to the receiver with a resitive pad. 
These show up in the listings as excellent* (note the 
asterisk) . 

A "good" picture is also no snow, no ghosts, clear 
and sharp, no confetti and no color drift. But in this 
instance signal strength at the set was just adequate 
and any interference, like that caused by a plane pass- 
ing overhead would upset the perfect appearance. 

A "fair" picture is one with minimal but visible 
amount of snow indicating insufficient signal strength. 
Color would occasionally fade out for brief intervals 
and confetti would become visible. An antenna rated 
fair could be used, but a more elaborate antenna is in- 
dicated. Note however, that if an antenna is rated 
"fair'', at say a distance of 45 miles, it might well be 
rated "excellent" at 25 miles. 

A "poor" picture is one that is unpleasant to 
watch. There is heavy "snow ", the picture is not clear, 
and wavering flickering and noise is common as is lack 
of color and heavy confetti. Again, the same antenna, 
moved closer to the transmitter will be upgraded. For 
clarification a set of photographs illustrate the various 
types of signal reception conditions just described. 
Are they all the same? 

Yes and no is the only answer to that one. Most 
antennas in a given price range do seem to offer simi- 
lar performance, but they are made differently, they 
don't look alike and offer different fringe benefits. 

Almost every TV antenna made today is weather- 
proofed. This is done by coating the aluminum ele- 
ments with either a colorful (usually gold) finish. The 
purpose is to protect the aluminum elements against 
corrosion. The color is usually intended to make the 
protection visible and prove that it is there. Actually, 
this protection is more cosmetic than anything else. 

For when aluminum corrodes (oxidizes) it forms 
a thin white layer of oxide and the process stops. It is 
not like a piece of steel rusting. That process continues 
until there is no steel left. So while that white oxide 
coating might not look too good, it will have little effect 
on how well the antenna works or how long it lasts. 

As to appearance, this depends upon the theory 
around which the antenna is built. One type uses a 
group of very similar elements one behind the other 
and each one shorter than the one in front of it (longer 
if you count the other way). Another trend is equal 
size elements. Still another uses a multitude of varied 
length elements in what seems like a haphazard man- 
ner. But no matter what the shape and physical ap- 
pearance it's the performance that counts. 

There are other physical differences that can 
make a difference. For example, Sylvania uses seam- 
less tubing to make the elements of their antennas. If 
you want to mount your antenna in an area where 
high winds are common, the added strength of this 
type construction could be extremely advantageous. 
Booster amplifiers can be added. 

Several makes of antennas provide for mast- or 
boon -mounted booster amplifiers. This is important if 
you are in a reception area where an amplifier is re- 
quired. If you can't mast -mount the amplifier and 
have to locate it at the set it may not do the job you 

EXCELLENT GOOD 
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expect from it. 
If the antenna you select is physically long; long 

enough to require additional bracing, look for a unit 
that includes a brace or has a double boon to provide 
that needed additional support. In any event, if you 
use a large antenna you will probably have to provide 
guy -wire supports to prevent it from breaking off the 
mast in high winds or wintertime icing and snow con- 
ditions. 

One word about masts here. If at all possible use 
a galvanized steel mast. Sure, they may rust, but they 
are considerably stronger than an aluminum mast of 
the same dimensions. 
Antenna installation techniques 

Every antenna we tested was a fold -out design. 
That means that after you are up on the roof you fold 
out the antenna elements, lock them into place and 
then put the antenna on the mast. This way you don't 
have to handle an assembled antenna and try to get up 
on the roof at the same time. 

When installing an antenna, there are some basic 
precautions you should observe: 

1. Make sure there are no dangerous obstruc- 
tions close by -high voltage wires are a particular 
danger. 

2. Whenever possible enlist the aid of another 
person. Two -man antenna installations are much eas- 
ier and safer. 

3. Avoid installing antennas on windy days. 
4. If the roof has an uncomfortable pitch, use a 

safety rope fastening you to some secure point to pro- 
tect against falling off the roof. 

5. Always ground the mast and use a lightning 
arrester on the antenna lead -in. And ground to a se- 

cure ground not just any old pipe sticking out the roof. 
What about FM 

Many all- channel vhf TV antennas act as a good 
FM antenna too, but some are designed to deliberately 
eliminate FM reception to improve performance on 
TV frequencies. So if FM reception is important, pick 
an antenna designed to deliver it. 
UHF antenna tests to come 

We made no tests of uhf performance and there- 
fore the table only details reception of channels of 2 
through 13. We did however test the vhf performance 
of vhf -uhf combination antennas. 
Miscellaneous notes of this and that 

Many of the combination types include frequency 
splitters. These devices attach to the antenna terminals 
of the TV receiver and couple the set to the antenna 
lead -in. Separate connection for the uhf and vht termi- 
nals on the set are provided. Make sure the appropriate 
leads are connected to the appropriate termnirals. In 
some instances a three -way splitter is provided to 
break the signal coming down the lead -in into v °hf, uhf 
and FM frequencies. 

One antenna maker, Winegard issues a special 
2 -year warranty with their antenna. It provides that 
should your antenna be damaged by wind or other 
weather conditions during this period. it will be re- 
placed at a fixed price that is about 40% less than the 
full list price of the antenna at the time of purchase. A 
complete price replacement schedule is included with 
each warranty. This price does not include installation 
charges. 

The table on antenna performance is on the next 
page. We feel you will find it a valuable aid in select- 
ing the antenna that's best for you. R -E 

FAIR POOR 
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ANTENNA PERFORMANCE TEST RESULTS 

MANUFACTURER MODEL PERFORMANCE AT DISTANCE OF 

25 MILES 45 MILES 70 MILES 
Channel Master 
Ellenville, New York 

1210 
1211 
3661 
3617 

Excellent* 
Excellent* 
Excellent* 
Excellent'' 

Excellent* 
Excellent* 
Excellent 
Excellent 

Excellent 
Excellent 
Good 
Good 

The Finney Company 
34 West Interstate St. 
Bedford, Ohio 44146 

* *Also available in 
75 -ohm version 

CSV -7 ** 
CSV -10 ** 
CSV -18 ** 
CSB -2* * 

CSC -3 
CSD -3 

Excellent 
Excellent 
Excellent* 
Good 
Excellent 
Excellent 

Good 
Excellent 
Excellent* 
Fair 
Good 
Excellent 

Poor 
Good 
Excellent 
Poor 
Fair 
Good 

Gavin Instruments Inc. 
1450 U.S. Route 22 
Sommerville, N.J. 08876 

1011SB 
1015SB 
1019C 
1113B 
1118B 
1122B 

Excellent* 
Excellent* 
Excellent* 
Excellent* 
Excellent* 
Excellent* 

Good 
Excellent 
Excellent* 
Good 
Excellent 
Excellent 

Fair 
Good 
Excellent 
Poor 
Good 
Good 

Jerrold Electronics Corp. 
401 Walnut St. 
Philadelphia, Pa. 19106 

PIX -45 
CG -82 
PX -B50 
VU -934 

Good 
Excellent 
Good 
Excellent* 

Good 
Good 
Fair 
Excellent 

Fair 
Fair 
Poor 
Excellent 

JFD Electronics Corp. 
1462 62nd St. 
Brooklyn, N.Y. 11219 

LPV -VU90 
LPV -VU120 
LPV VU150 
LPV -VU180 
LP -TV 100 
LP -TV130 
LP-TV 160 
LP -TV190 

Excellent 
Excellent* 
Excellent: 
Excellent* 
Excellent 
Excellent* 
Excellent* 
Excellent* 

Good 
Excellent 
Excellent* 
Excellent* 
Good 
Excellent 
Excellent 
Excellent* 

Poor 
Fair 
Good 
Excellent 
Poor 
Fair 
Good 
Excellent 

Kay- Townes Antenna Co. 
P.O. Box 593 
Rome, Ga. 30161 

CT -18G 
CT -24G 
CT -30G 
CT -34G 
CT -42G 

Excellent 
Excellent 
Excellent* 
Excellent* 
Excellent* 

Fair 
Good 
Good 
Excellent 
Excellent* 

Poor 
Fair 
Fair 
Good 
Excellent 

RCA Corp. 
Parts & Accessories 
2000 Clements Bridge Rd. 
Deptford, N.J.08096 

10B910 
10B917 
10B920 
10B925 
I0B930 

Excellent 
Excellent* 
Excellent' 
Excellent* 
Excellent' 

Good 
Good 
Excellent 
Excellent* 
Excellent* 

Poor 
Fair 
Good 
Good 
Excellent 

S &A Electronics. Inc. 
202 W. Florence St. 
Toledo, Ohio 43605 

ST -20 
UVM -30 
UVM -40 

Excellent* 
Excellent* 
Excellent* 

Excellent 
Good 
Excellent 

Excellent 
Fair 
Good 

Sylvania Electric Co. 
730 Third Ave. 
New York, N.Y. 10017 

1OVU 
20VU 
30VU 

Excellent 
Excellent* 
Excellent* 

Good 
Excellent 
Excellent* 

Fair 
Good 
Excellent 

Winegard Co. 
3000 Kirkwood St. 
Burlington, Iowa 52602 

CW -46 
CW -48 
SC -80 
SC -81 
SC -52 
SC -53 
SC -54 

Excellent 
Excellent:': 
Excellent 
Excellent* 
Excellent 
Excellent* 
Excellent* 

Fair 
Good 
Good 
Good 
Good 
Excellent 
Excellent* 

Poor 
Poor 
Fair 
Good 
Fair 
Good 
Excellent 

Zenith Sales Co. 
1900 N. Austin Ave. 
Chicago. III. 60639 

973 -87 
973 -92 

Excellent 
Excellent* 

Good 
Excellent 

Fair 
Good 

*Required pad at antenna terminals of TV set. 
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Unless you are an advanced CBer, 

you probably can't use Johnsón's 

New Messenger 124 full- function, 23- channel base station. 289 95 
(less mike) 

If you're an operator with a purpose . . . consider this, the most 
sophisticated of all Johnson 27 MHz base stations . . . from the 
largest and most experienced of all manufacturers of citizens and 
industrial two -way radio. 

To the advanced CB operator, the Messenger 124 means complete 
mastery of the equipment -a degree of control and measurement 
that permits, for the first time, full utilization of all the enormous 
power, hairline selectivity, sensitivity and noise suppression of which 
the incomparable Johnson circuitry is capable. 

Whatever your requirement, the Messenger 124 offers a new expe- 
rience in base station performance. 

Features 

-± 3 kHz Delta fine tuning Adjustable microphone gain with mod- 
ulation adjustment to 100% 21/2" four -way professional meter, 
measures SWR, output, % modulation and receive 4.3 MHz crystal 
filter for unequalled selectivity Built -in speech compression 
Panel- controlled, series -type threshold noise limiter Built -in tone 
control Built -in 117 VAC /12 VDC power supply 14 tuned circuits 
FET for superior gain Dual conversion receiver 

E. F. JOHNSON COMPANY 
Waseca, Minnesota 56093 

Circle 22 on reader service card 
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"Get more 
education 
or 
get out of 
electronics 
...that's my advice 

28 

Expanded 
coverage of 
solid state 
electronics 
including 
integrated 
circuits ! 
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SEPTEMBER 1969 

Ask any man who really knows the electronics industry. 

Opportunities are few for men without advanced tech- 
nical education. If you stay on that level, you'li 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 that what 
you learn can be applied on the job immediately to 
make you worth more money to your employer. 

You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Mail postpaid 
card for your copy. If card is detached, use coupon 
below or write: CREI, Dept. 1409H, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 

r 

founded 1917 

Aooredrted Member of the Nerione/ Nome Srudy (cune,' 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1409H, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. 12m 
employed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in 
O Electronic Engineering Technology O Computers 

Space Electronics Nuclear Engineering Technology 

NEW! Digital Communications O NEW!! ndustrial Automatioi J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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avwar 
AUTOMATICJ 

STAPLE GUNS 
CUT WIRE & CABLE 

INSTALLATION COSTS 
. . . without cutting into insulation! 

SAFE! Grooved Guide positions wire for 
proper staple envelopment! Grooved Driving 
Blade stops staple at right depth of penetration 
to prevent cutting into wire or cable insulation! 

No. T-18-Fits wires up to 
3/16" in diameter. 

BELL, 
TELEPHONE, 

THERMOSTAT, 
INTERCOM, 
BURGLAR 

ALARM 
and other low 
voltage wiring. 

Uses T -18 
staples with 3/16" round crown 

in 3/8" leg length only. 

No. T -25 -Fits wires up to / 
1/4" in diameter. 

i Same basic construction 
and fastens same 
wires as No. T -18. 

Also used for 
RADIANT 

HEAT WIRE 

Uses T -25 staples ' r 
with 1/4" round crown in 9/32 ",. 
3/8 ", 7/16" and 9/16" leg lengths.,;' .1 

T -18 and T -25 staples also available in Monel and 
with beige, brown and ivory finish at extra cost. 

No T -75 -Fits wires and cables ` 
up to 1/2" in diameter. 

RADIANT HEAT 
CABLE, 

OF CABLE, f, 
WIRE CONDUIT 

COPPER TUBING 
or any non -metallic 

sheathed cable. 
Also used as 

DRIVE RINGS r in stringing wires. 

Uses T -75 staples with 1/2" 
flat crown in 9/16 ", 5/8" and 

7/8" leg lengthy 
u 

Arrow Automatic Staple Guns save 70% in time 
and effort on every type of wire or cable fasten- 
ing job. Arrow staples are specially designed with 
divergent -pointed legs for easier driving and 
rosin -coated for greater holding power! All -steel 
construction and high- carbon hardened steel 
working parts are your assurance of maximum 
long -life_ service and trouble -free performance. 

Ask your Electrical Supply Dealer 
or write for further details. 

/ saddle Brook, New Jersey 07883 
"Pioneers and Pacesetters 

For Almost A Half Century" 
Circle 24 on reader service card 

NEW FOR YOU 
For manufacturer's literature, circle No. 23 on Reader Service Card. 

Knight -Kit KG -387 90 -watt guitar amplifier kit 

This kit is only part kit. The 
speaker system which used two 12- 
inch Jensen heavy duty speakers is 
completely assembled when you re- 
ceive it. The amplifier unit, which you 
do assemble yourself, sits piggyback, 
atop the speaker enclosure. 

Assembly is rapid and compara- 
tively easy. The instruction manual is 
quite clear and precise and the pic- 
torial presentation of the various as- 
sembly steps is excellent. 

The field -effect transistors used in 
the preamp stages deliver a low noise 
level (60 dB down) with distortion 
free sound. 

The high input impedance is an 
advantage too. It permits maximum 
transference of deliberate harmonics 
for better tonal color. The amplifier 
has two channels with two inputs per 
channel. The normal channel is in- 
tended for the lead instrument or per- 
former. The second channel brings in 
tremelo and /or reverberation. The 
tremelo has separate rate and inten- 
sity controls for maximum flexibility. 

Remote switching through a plug - 
in foot pedal (it's included with the 
kit) lets the performer control reverb 
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and tremelo while leaving his hands 
free. 

Controls provided are Volume, 
Treble, and Bass on the normal chan- 
nel; and Volume, Treble, and Bass, 
plus Tremelo Intensity, Tremelo Rate; 
and Reverb Depth. 

The units are portable. Each one 
is provided with a strap -type carrying 
handle. Total weight is about 50' 
pounds. The speaker enclosure mea- 
sures 26' x 10 x 221/4 inches; the 
amplifier, 53/4 x 193/4 x 83/4 inches. 
-Chester H. Lawrence 

SPECIFICATIONS 
Power Output: 90 watts peak music; 

30 watts rms 
Bass Boost: 9 dB minimum at 80 Hz 
Treble Variation: 20 dB at 10 KHz 
Reverb Depth: Variable; 75% maxi- 

mum 
Tremelo Depth: Variable; 2 to 10 Hz 
Signal -to -Noise Ratio: 60 dB below 

rated power output 
Input Sensitivity: 40 mV for rated 

output 
Input Impedance: 500,000 ohms 
Input Capacitance: 10 pF maximum 
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Poseer IC's are growing up. This 
smaller -than -a- matchbox hybrid trait packs 
a man -.sise scallop 

Experiment With 

15 -WATT IC POWERHOUSE 

By JIM ASHE 

A FEW YEARS AGO AN AUDIO AMPLI- 

fier delivering several watts of power 

was regarded as a novelty if it could 
be packaged into the general dimen- 
sions of a book. Now transistor and 
thick -film technologies have produced 
a 15 -watt IC amplifier so small you 

can drop one or two in your jacket 
pocket and forget where you left 

them. 
Bendix Semiconductor Division's 

BHA -0002 amplifier requires only a, 
few external components, a 30 -volt 
supply and about 350 mV of signal 
to deliver 15 watts of clean audio 
into a 3.2 -ohm speaker. Yet the IC 

takes up only about 0.67 cubic inch. 
In a typical circuit its 3 -db points 
are around 20 Hz and 30 kHz. and 
its third -harmonic distortion will up- 
set few if any listeners. 

Amplifier specifications 
The unit is a five -transistor, di- 

rect- coupled, complementary output 
circuit in a convenient 10- terminal 
package. Mechanical details appear in 

Fig. 1. For a 15 -watt output this 
building -block device should be 

mounted on a heat sink equivalent to 

a piece of '/s -inch aluminum at least 
6 inches square. It may he operated 
without a heat sink under 2 watts. 
A key specification is the 30 -watt 
maximum dissipation for a case tern - 
perature of 122° F. On the test bench, 
part of the case (arrow) appeared 
to originate most of the heat, but 
good practice is to heat -sink the en- 
tire bottom surface. A good thermal- 

SEPTEMBER 1969 

r, 2.05"--.1 

6 °I 
°4 7° 
°3 8° 
02 Be 
° t 10° 

040 DIA. GOLD 
PLATED COPPER 

MAX. DISSIPATION 

1.05" 

NOTE: PIN PROJECT 
AWAY FROM HEAT SINK 

0T31" 

T 

Fig. 1- Mechanical details of Bendix's 
BHA -0002 15 -watt IC power amplifier. 

Fig. 2 -Use this test circuit, and the IC 
can be used without alterations for 
most applications. The 1K pot is ad- 
justed for desired resting current 

INPUT 

+ 30V 
SUPPLY 

o 

IK 

TABLE I 

MAX. SUPPLY VOLTAGE : 40V. 
MAX. SUPPLY CURRENT: 1.2 A. 

POWER DISS. 30W. 
MAX. OPERATING CASE TEMP. 100 ° 

POWER GAIN AT 15W., I KHz , 6008 
TYPICAL 

INPUT VOLTAGE AT I5W., I KHz, 
0.5V MAX. 

FRED. RESPONSE MINUS 2 DB PO 1 rS 

IN TEST CIRCUIT: 25Hz , 20KHz 
AT 15W. 

EFFICIENCY: 60% MAX. 

DISTORTION AT 1KHz 15 W., I% MAX. 

INPUT IMPEDANCE 18K OHMS MAX. 

NOISE OUTPUT RELATIVE TO IE W. 

OUTPUT WITH OPEN- CIRCUIT INPUT 

OVER BAND FROM 50Hz TO 10KHz: 

- 70 DB. 

THERMAL RESISTANCE FROM ANC' ON 

TO CASE: 5 °C /WATT MAX. 

2000 N, F 

30V 

I( 

470 Sl 

220 

.05 

3 E S2 
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jointing paste should be used, with 
the IC secured by the convenient 
bracket provided with the device. 

Electrically, the BHA -0002 IC is 
a low- output- resistance, 60 -db gain 
amplifier. This is not 60 db voltage 
gain. There is an impedance reduc- 
tion from 18,000 ohms input resis- 
tance to the 3.2 -ohm load, with an 
actual voltage gain of about 20. Note 
the rated output of 15 watts into 3.2 
ohms is achieved with a 500 -mV 
(maximum) or 350 -mV (typical) in- 
put. 

Complete electrical specifications 
appear in Table I. Except where 

TYPICAL FREQUENCY RESPONSE 

Q. in 

ó -2 

To. ° -3 - 
10 100 1000 IOK 

FREQUENCY(HZ) 

DISTORTION VS OUTPUT POWER 

1.2 

1.0 

0.8 

0.6 - 
J 

1 1 1 1 1 1 1 1 

0 2 4 6 8 10 12 14 16 

WATTS OUTPUT 

indicated, these are test -circuit char- 
acteristics (Fig. 2). 

Performance curves (Fig. 3) 
show third- harmonic distortion under 
2% and good wide -band response, 
and indicate distortion doesn't sneak 
up on you as power level increases. 
The power vs. voltage chart suggests 
there's not much to be gained by 
operating the IC at less than 14 volts. 
This was verified on the workbench. 

This transformerless amplifier 
cannot develop the same power into 
an 8- or 16 -ohm load that it does 
into a 3.2 -ohm load. If load resistance 
is doubled, the power delivered into 

HARMONIC DISTORTION VS FREQUENCY 

2.0 

1.6 

1.2 

0.8 

1 , . 1 , 

IO 100 1000 IOK 
FREQUENCY (HZ) 

OUTPUT POWER VS SUPPLY VOLTS 

24 

20 

16 

12 

8 

4 

14 20 25 30 35 
SUPPLY VOLTS 

Fig. 3- Performance curves for the IC. Output depends on power supply voltage. 604------- 
R7 R8 

7 A BOOST 
LOOP 

INPUT 

INTERNAL BIAS 
AND FEEDBACK 

LOOP 

010 
SIGNAL 
GROUND- 

Fig. 4 -The BHA -0002 schematic. Resistor 
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J POWER 
AND 
OUTPUT 
GROUND 

J 

OUTPUT 

EXTERNAL 
NEGATIVE 
FEEDBACK 
LOOP 

between terminals 4 -5 sets the gain. 

the load goes down by one -half. If 
you have 8 -ohm speakers, a simple 
solution is to use two in parallel. 

How It Works 
The BHA -0002 circuit is showr 

in Fig. 4. There are two input termi- 
nals: No. 3, signal input, and No. 4. 
feedback. Resistors R3 and R4 are 
of very different values, so these ter- 
minals are not interchangeable. Ter- 
minal 3 measures 18,000 ohms, sc 
from this and the electrical specs it 
Table I, we know the driving or pre- 
amplifier circuit should be able tc 
deliver a maximum of 0.5 volt intc 
an 18,000 -ohm load (see Fig. 5). 

In Q1's emitter circuit is termi- 
nal 1, which is to be connected to 
an external emitter- bypass capacitor. 
The signal from Ql's collector is ap- 
plied to the bases of Q2 and Q4, and 
a hit of feedback through Cl pro- 
vides for a circuit high- frequency 
rolloff. All voltage gain in the IC 
takes place in Q1's collector circuit. 

Looking at Q2 and Q4, you may 
think for a moment that we have 
something really new: a phase- invert- 
ing emitter follower. No, transistors 
Q2 and Q3 add up to an npn Dar- 
lington pair, which works as an emit- 
ter follower down to terminal 8, 
while Q4 and Q5 are a complemen- 
tary Darlington pair acting as another 
emitter follower from terminal 8 
toward ground. In this arrangement, 
a large signal of either polarity finds 
an emitter follower in its most ef- 
fective style of operation- carrying 
lots of current -to deliver maximum 
power to the load. This is our quasi - 
complementary audio amplifier. 

From terminal 8 there is a con- 
nection back through R2 to the input 
terminal. If we assign a "plus" to the 
input and follow it through the cir- 
cuit and back through R2, we see it 
comes back minus, so R2 is both 
feedback and bias resistor. This loop, 
entirely within the IC, controls over- 
all gain and cannot be adjusted ex- 
ternally. But two other loops are 
available which have some effect on 
gain and frequency characteristics. 

The first proceeds from output 
terminal 8 back to terminal 2. This 
is a positive -feedback boost loop. It 
increases overall gain slightly, and 
probably improves positive -going lin- 
earity too, although this was not 
apparent in eyeball oscilloscope 
checks. The other loop proceeds from 
the output back to terminal 6. Ca- 
pacitor values here are not critical. 

Finally, there are bias -adjust ter- 
minals 4 and 5. These provide for 
adjusting the resting bias current to 
a few milliamperes, and various re- 
sistances will be needed for different 
BHA -0002 samples. To reduce rest- 
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ing current, use smaller resistors. The 
two IC's I tested seemed happy with 
330 and 560 ohms (1/2W) respective- 
ly, in place of the 1000 ohms Bendix 
uses in its standard testing circuit. 

Fig. 2 shows an extra RC net- 
work across the output load. Two 
test samples did not seem unstable 
without this extra load, which does 
not necessarily eliminate the possibil- 
ity this network provides a high -fre- 
quency stabilizing effect for some 
production -run IC's. Another possi- 
bility is that this network is provided 
to neutralize a bit of inductive reac- 
tance not shown in R,,, but inherent 
in some specific application. 

Application notes 
Some electronic devices are hard 

to work with. You might say they 
are "nervous." But the Bendix BHA - 
0002 created an entirely different 
impression: that of a well -engineered 
and stable circuit. One of two sam- 
ples absorbed a real beating on the 
lab bench but continued to work. If 
the BHA -0002 is used according to 
specs, it should be very satisfactory. 

One point not mentioned in the 
Bendix literature could be important 
in hobbyist and one -of applications 
where power supplies typically have 
uncertain specifications. The IC draws 
a heavy current when delivering pow- 
er, which then drops to a few mil- 
liamperes under resting conditions. If 
supply regulation is not too good, 
supply voltage soars. 

But the IC's idling current seems 
to show a rather strong dependence 
upon supply -voltage threshold. When 
the supply voltage rises over this crit- 
ical value, which depends upon the 
IC and the value of resistance be- 
tween static current zooms. A safety 
Zener across the supply output ter- 
minals 4 and 5, could be an excellent 
safety provision (Fig. 6). 

EQUIVALENT RESISTANCE 
TO SIMULATE PREAMPLIFIER 

VOLTAGE DROP UNDER LOAD 

R 

OPEN- CIRCUIT 
PREAMPLIFIER 
OUTPUT VOLTAGE 

IBK 

Fig. 5 -A preamp sees the amplifier as 
an 18K resistor demanding 0.5 volt. 

ZENER CARRIES 
118 TIMES 

TRANSISTOR 
CURRENT 

SUPPLY 
TERMINALS 

POWER 
TRANSISTOR 

Fig. 6- Circuit 
age as load falls 

SUPPLY 
OPEN- 

CIRCUIT 
VOLTAGE 

ZENER VOLTAGE 
PLUS 

TRANSISTOR 
BASE - EMITTE 

VOLTAGE 

CLASS B 
LOAD 

CIRCUIT 

stabilizes supply volt - 

from 0.5 A to a few mA. 

THIS LOW - 
CURRENT REGION 
IS ELIMINATED BY 

SAFETY ZENER 

{ 

LJJi 

MAXIMUM 
RATED 

CURRENT 

SUPPLY LOAD mA - 
Fig. 7 -Power supply characteristics 
with safety Zener in the circuit. 

t SUPPLY 
14 -30V 

INPUT 

5µF 
200µ F 

30V 
+ 

RL 
3.2-1611 

Fig. 8 -The IC with two capacitors 
and a resistor makes a nice of output 
stage for a tuner or a phono preamp. 

Here a Zener diode (or two or 
three of them in series) are connect- 
ed to a transistor to form an "am- 
plified Zener." This dodge substitutes 
an inexpensive Zener for an expensive 
one. The transistor, following the 
dictates of the Zener in its base cir- 
cuit, thinks it's a very good Zener 
itself, and does a superior regulating 
job. The Zener goes into breakdown 
at a few volts above full -load supply 
voltage, giving the supply output 
characteristic of Fig. 7. 

Since the Zener generates no 
heat when the IC is delivering heavy 
power, and the amplifier is resting 
when the amplified Zener is dissipat- 
ing power, both can be installed on 
the same heat sink. The actual Zener 
diodes can be placed elsewhere on a 
convenient circuit board. 

The Bendix test circuit (Fig. 2), 
will serve for most practical applica- 
tions. Some of the electrolytic capaci- 
tors may be smaller if the IC is used 
for communications rather than hi -fi 
application. 

Look again at Fig. 2 and the 
schematic of the BHA -0002 in Fig. 
4. When you trace the feedback 
loops, which are all ac- coupled. and 
observe the two ground terminals, 
you'll notice the input circuit seems 
to be floating. Why? 

It's because terminal 9, the Gow- 
er ground, also carries very heavy 
signal currents. If this same terminal 
is the input- circuit ground return. 
there can be an unwanted feedback 
loop from the output back to the 
input across wiring or grounding re- 
sistance. Bendix eliminated this possi- 
bility by providing a special separate 
ground return for the tiny input cur- 
rents. A suggested input arrange- 
ment appears in Fig. 8, if you're will- 
ing to get by with slightly reduced 
bandwidth, gain and somewhat high- 
er distortion. R -E 

NEW TUBES AND SEMICONDUCTORS 
13JP22 -NEW COLOR PICTURE TUBE 

This tube, made by Admiral, is 
the first US -made 13 -inch color CRT. 
It has almost twice as many color dots 
per square inch as other similar -size 
types. The result is a great increase 
in detail and clarity. 

The 13JP22 features low -voltage 
focusing, vacuum -deposited shielding 
for stable static convergence and a 
thermally compensated mask assem- 
bly for stable color purity. The low - 
voltage focus element is insensitive to 
variations in high voltage applied to the 
Ultor. 

Less than 14 inches in overall 

SEPTEMBER 1969 

length, the new tube is extremely light 
in weight due to a new implosion pro- 
tection system incorporating steel 
banding around the outer edge of face 
plate. 

NEW VIDEO OUTPUT TRANSISTORS 

The SE7055, SE7056 and SE- 
7057 are high -voltage npn transistors 
designed especially for use in televi- 
sion video output circuits. The SE- 
7055 is a 220 -volt unit with a col- 
lector -base capacitance of only 3 pF. 
The SE7056 and SE7057 are rated 
at 300 and 450 volts, respectively. 
The 300 -volt unit has a collector -base 

capacitance of 3.5 pF and the other 
has a capacitance of 2.5 pF. 

These three Fairchild units are 
supplied in TO -39 packages and fea- 
ture a dissipation of 7 watts at :5 °C 
case temperature or 1 watt at :5 °C 
ambient. Typical frequency response 
extends to 80 MHz when driving up 
to 10 mA. Their design eliminates the 
need for picture -tube arc protection 
diodes. Other applications include 
such service as drivers for storage 
tubes, electroluminescent displays, 
high- voltage indicator tube and for 
high -voltage switching, regulator and 
power supply circuits. R -E 
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by LARRY E. WILSON 

DO YOU ENVY YOUR NEIGHBOR 
when he turns his TV set on and off 
from his easy chair? And how about 
that set in the bedroom? Hate to get 
up and cross the cold floor to turn it 
off after the late show? The Sonic I 
will take care of these problems. 
"Tweet," your set's on; "tweet," it's 
off. You can't misplace the transmit- 
ter either. 

Remember some of the unpleas- 
ant traits of sound -operated controls? 
Set them for maximum sensitivity and 
any nearby noise triggers them. Cut 
the sensitivity, and you have to shout 
into the pickup before they operate. 

The Sonic I eliminates both these 
problems through frequency discrimi- 
nation and noise suppression. 

Circuit operation 
A 21/4 -inch PM speaker is used 

as the sound pickup (Fig. I ). To 
match the 80 -ohm speaker impedance 
without using a transformer, Ql is 
connected as a common -base ampli- 
fier. The amplified signal from Ql is 
applied to the input of selective ampli- 
fier Q2. Three capacitors (C3, C4 and 
C.5), two resistors (R4 and R.5), and 
Q2's input impedance form a phase - 
shift network that feeds back Q2's out- 
put to the base in phase with the input 
at only one particular frequency. 

Consequently, only signals of the 
correct (pass) frequency are ampli- 
fied. This type of active filter can 
readily achieve a Q of over 100 at 
frequencies where inductors of thou- 
sands of henries would be needed in 
an LC network. 
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The amplified signal passes from 
the selective amplifier to the base of 
Q3. There it is rectified and amplified 
to turn on silicon controlled rectifier 
SCRI, which in turn pulls in impulse - 
ratchet -relay RYI. This relay is modi- 
fied to open and close the power 
contact on alternate operations. [A 
Cornell Dubilier Electronics Type 
1450 program relay was used, but 
may now be difficult or impossible to 
obtain. See the parts list for alternate 
relays.- Editorl 

The Sonic I will operate only 
when it "hears" a specific frequency. 
But a noise impulse (such as a hand 
clap or sneeze) contains all frequen- 
cies and could actuate the relay. Ca- 
pacitor C8 and RIO introduce a small 
time delay at the collector of Q3, pre- 
venting the voltage from rising until a 
large number of cycles of the pass 
frequency have occurred. The steep 
wavefront noise is not present long 
enough to allow C5 to charge to the 
SCR trigger voltage, and noise im- 
munity is assured. Capacitor Cl0 pre- 
vents line transients from turning on 
Q4. 

Construction 
For the circuit board, use a piece 

of Vectorboard or plain drilled phe- 
nolic. The speaker and ac outlet shown 
in the photo were glued on. 

The values of C3, C4 and C5 
determine the operating frequency. I 
have found that 0.008 -µF capacitors 
are just about right for a medium - 
frequency whistle (2 kHz). The op- 
erating frequency is approximately 
0.033/R4C4 in kHz. Install a ratchet 
impulse relay as shown in the photo. 

REMOTE 

A `tweet' or `hoot' operates anything 
filter and time -delay circuits 

it as a TV remote control for a start. 

The relay bracket is made from 1/16- 
inch aluminum. 

The Sonic I cabinet shown was 
made with' /4 -inch fir plywood, under- 
coated with latex paint, sanded smooth 
and sprayed with flat black enamel. 
Grille cloth was cut to size and glued 
in place. 

CAUTION. Any cabinet used to 
house the Sonic I should be a noncon- 
ductor! The ac line is connected di- 
rectly to one side of the circuit, and 
housing the Sonic I in a metallic cabi- 
net could present a serious shock haz- 
ard in the home. 

How to adjust 
Check the wiring and plug in the 

Sonic I. Use a scope or the 5 -volt ac 
(or less) range of a vtvm to measure 
the voltage across R7. Adjust sensi- 
tivity pot R6 until the selective ampli- 
fier is oscillating. Set the voltage at 0.3 
volt rms (0.45 volt p -p). 

Whistle into the speaker, chang- 
ing pitch until the relay clicks. This is 
the operating frequency. 

If the relay doesn't operate the 
first time you try it, turn the sensitivity 
pot completely clockwise and the re- 
lay should pull in and hold. Back the 
pot off until the relay drops out. This 
shows that everything up to Q1 is 
operating properly. 

(Incidentally, you can use this 
method to adjust the Sonic I if you 
don't have a scope or a vtvm. back 
off the pot a few degrees past the 
point where the relay drops out. This 
should be sufficient for most applica- 
tions of the circuit.) 

Check all connections for cold 
solder joints and measure B +; it 
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;R9 
r 33K 

03 
2N3703 

CONTROL 

Slick As A Whistle 

you plug into the Sonic I. Solid -state 
prevent false noise triggering. Use 
It will add a nere note to your life. 

should be between 10 and 15 volts. 
Low B+ indicates a short, while too 
high B+ tells you that not enough 
current is being drawn. Transistor 
Q1's collector and Q2's emitter should 
be about one -half the B+ voltage. If 
the relay doesn't pull in with the pot 
advanced all the way, you may need 

Cl, C8, -50 AF, 6 -volt electrolytic capacitor 
(Lafayette 991-16077) 

C2, C7- 0.1 -µF, 100 -volt epoxy capacitor 
(Sprague Type 225P- 10491) 

C3, C4, C5 -- 0033- -01 -µF molded tubular ca- 

pacitor (value depends on desired oper- 
ating frequency). (Sprague Type 160P- 

6TM) 
C6-560 pF, 500 -volt ceramic -disc capacitor 

(Centralab Type CE -561) 
C9- 100 -µF, 35 volt aluminum electrolytic 

capacitor (Mallory Type MTAIOOF35) 
D1- 750 -mA, 200 -Ply silicon diode 
RY1 -117 -volt impulse ratchet relay (Cornell 

DYNAMIC 
MIKE 

PICKUP 
8OR 

01 

2N2923 

RI 
4.7 MEG 

---}CI T 50/6V 

a higher -gain transistor for Q2. Mini- 
mum beta should be around 100. 

If the relay "machine guns" when 
installed in the cabinet, you have 
acoustic feedback. Check the voltage 
across R 10C8. It should be zero. If 
not, back off the pot until you obtain 
a zero reading. If this doesn't help, 

PARTS LIST 

Dubilier Electronics Type 1450 program 
relay, available from Electronic Distribu- 
torslnc., 4900 North Elston Ave., Chicago, 
111. 60630 (see text). Guardian Type IR- 

640L -A -120), or Potter & Brumfield PC or 
AC Series.) 

Ql, Q2- 2N2923 transistor (G. E.) 
Q3- 2N3703 transistor (T. L) 
Q4- C106B2 silicon controlled rectifier (G. E.) 

All resistors are 1/2 watt, 10% 
R1-4.7 megohms 
R2- 100,000 ohms 
R3 -1.2 megohms 
R4, R5 -2200 ohms 

' R2 
;I00K 

R3 
I2MEG 

it 1/V. 

C2 
-1 

R8 
470K 02 

2N2923 

C3- SENSITIVITY 

R4 
2.2K 

C7 
1 

R6 
*C4 R5 1.5K 

2.2 K `- R7 -- C6 
3.3K 

T 
560pF 

RIO 
1K 

you may need a lower -gain transistor 
for Q3. 

Plug your TV (or whatever is to 
be controlled) into the outlet on the 
Sonic I, and the Sonic I into a wall 
outlet. Turn on the TV set, then 
whistle the right tone and, "click -' the 
TV's off and, "click," it's on again- 

R6 -1500 -ohm potentiometer (Mallory 
MTC152L1) 

R7 -3300 ohms 
R8- 470,000 ohms 
R9- 33,000 ohms 
R10 -1000 ohms 
R11- 22,000 ohms 
S01-117-volt 2 -prong ac receptacle : 

Jones 2R2) 2R2) 
SPKR1- 214-inch, 80 -ohm PM speaker 
MISC -3 x 6 -inch piece of phenolic bcard or 

Vectorboard, nonmetallic cabinet. 6 -32 X 

3/8 -inch machine screws, 6 -32 r . a. strip 
of 11/2 X 1/16 -inch aluminum, g i- cloth 

Dl 
750 MA 

200 PIV 

RV I 

IMPULSE 
RATCHET RELAY 

--*-11!)---- 
SCRI 

C106B2n 

`V 
C8 

+ 50/6V 

T 

+N 

C9 - 100/35V 

R11 
22K 

1117V 
AC 

x .0033 - -01 DEPENDING ON OPERATING FREQUENCY - SEE TEXT 

Fig. 1- Signal from pickup speaker is amplified by Q1 and fed to Q2, whose input impedance and an RC network forrr a filter. 
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You may need a little practice to hit 
the right pitch on the first try as the 
filter is very sharp. 

If you're too lazy to practice, try 
my method -just "hoot." You can 
pack a lot more energy into a "hoot" 
and the richer harmonic content of the 
"hoot" usually will trigger the relay. 

You can also tune a dime store whis- 
tle to the relay frequency. Get a "cal- 
liope" type whistle (the kind with a 

piston to vary the pitch) and adjust 
the slide until the relay operates from 
across the room. Glue the slider in 
place with cement. This makes a use- 
ful transmitter for those who can't 

whistle the same note twice. 
I have made several Sonic l's and 

attached them to my TV set and table 
lamps. Tuned to different frequencies, 
I can control a whole room full of 
equipment just by whistling the right 
"tune." Your imagination can find 
many other uses for the Sonic I. R -E 

RI 

CI 

R3 

R2 

C2 

Q2 

C5 

C3 

C4 

R4 

R8 C7 R9 / SCRt DI 

R5 R7 C6 R6 CIO RIO 04 C8 SOI RII RYI 

Chassis -view of the Sonic 1. RYI is a modified C -D program relay. Similar types listed in parts list may he substituted. 

MAKE AN R -E REFERENCE MANUAL 
This issue, starting on the facing page is a very special series of articles on Tools For Electron- 
ics. The complete series will cover every tool you are likely to run into while engaged in the 
many varied facets of electronics. 

Other material including nomographs, special subject reports and important reference tables 
and charts, will be published in the same format in future issues. Each month we will present 
8 new pages for your manual. To put your book into shape cut out the next four pages (two 
sheets) following the dashed lines. Then arrange the pages in the proper order (follow the 
numbers at the bottom of each page). Next fasten them together at the top. 

If you wish you can purchase a special hardcover binder to keep your Reference Manual 
pages together. It has a dark blue fabric cover and is gold stamped Radio -Electronics Ref- 
erence Manual. The cost is $1.00, postpaid. Order from N. Estrada, 27 Slate Lane, South 
Hauppauge, N. Y. 
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COVER STORY 

BUILD R-E's 

IC Digital 
Clocks 

Decorators wild! Pick your style, build the kind 
of clock you like best 

by ED LORD 

BUILDING A DIGITAL CLOCK IS A GREAT PROJECT WITH A REWARD - 

ing climax. The 6 -digit clock described here besides being a great 
conversation piece, will make an outstanding piece of furniture 
for your desk or living room. 

Digital clocks, like most accurate instruments, are ex- 
pensive. However, since the advent of IC's and with ads ances 
in the state -of- the -art a digital clock can be a reality. This 
clock can be built for about $250.00 with six digits as 
described here. For the more economically minded, a four 
digit model can be made for considerably less leaving out 
IC10 and IC8, V5 and V6. A little scavaging (like we all seem 
to be masters at), and a well stocked scrap barrel can also do 
wonders in saving the bank roll. 

The NIXIE tube readouts can be remoted. This gives the 
builder the utmost in freedom of design. Two of the clocks on 
the cover are good examples of this technique. The black 
desk -set clock was originally a desk radio that was redesigned 
and converted to a six -digit clock. Its electronics are packaged 
separately and can be unobtrusively secured to the side of a 
desk. The cramped space dictated the use of rectangular 
NIXIE tubes type B. 

The red clock started its life as a bed lamp. After a trip to 
a junk shop it was resurrected and now is a four -digit clock 
with the electronics mounted behind the bezel. A friend of 
mine packaged the readout for his clock in a roll -on deoderant 
can and mounted it on the neck -piece of a broken goose neck 
lamp. He packaged the electronics in the base. It's real Buck 
Rogers masterpiece that fits well into his modern home furnish- 
ings. A trip through a second -hand junk store or your local 
drug store will give you many great ideas for a great new and 
original digital clock design. 

The two most important ingredients in my clock, the IC's 
and readouts, were chosen very carefully. The IC's are the 
heart of the clock so I was especially careful here. I use 
SN7490N counters and SN7441N NIXIE tube drivers made 
by Texas Instruments. They have good noise immunity for a 
5V IC and can be counted on for reliability and long life. The 
Burroughs B -5750S NIXIE tubes were chosen because they 
were originally designed for a calculator market as a high 
pressure tube and they are the best available when one digit 
must remain on for any length of time. (The 0 in the first 
digit is on for 9 hours at a time, the 1 is on for 3 hours.) 

How it works 
Clock operation can be broken down into basic subsys- 

tems -the 13 o'clock reset circuit, the basic counting circuits, 
the timing circuits and, of course, the power supply. 
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The power supply is a simple half -wave rectifier that 
provides pulse input to the timing circuits. Also provision is 
made through transistor Q5 and the 6.3V Zener diode for 5.6 
volt V. Also B+ is tapped from the 117 Vac input and 
converted to +170 Vdc by the voltage booster D9, R16, and 
C1. Capacitor C12 is installed across the secondary to re- 
move line transients on the input pulse (see Fig. 1). 

Timing circuit 
The half -wave 60 -Hz input to the timing circuit is 

shaped to positive square wave pulses by Q4 and associated 
circuitry (see Fig. 5 and Fig. 3). The resulting 60 -Hz square 
wave is applied to pin 14 of the divide by 10 counter, IC 12. 
These counters count on the negative going side of the square 
wave. Output from IC 12 a 6 pps square wave is applied to pin 
14 of ICC 13, a divide by 6 counter. IC 13's output is a I pps 
square wave which is applied to pin 14 of IC 11. The counter is 
wired in a divide by 10 configuration. It resets when 9 is dis- 
played and the square wave goes negative. The counter outputs 
standard 8421 BCD which is applied to readout driver IC 10. 
Basically IC 10 is a BCD to decimal decoder driver with output 
transistors that can handle enough current to directly drive the 
NIXIE tube. It provides the first seconds digit for a 0 through 9 
readout. When the 9 is displayed on the first NIXIE tube, V6, 
codes D and A (see logic table) go high as the counter resets to 
zero and D goes low. IC 9, the divide by six counter, is pulsed. 
The BCD output of this counter is decoded and displayed on 
V5 the second significant digit in the clock. This cycle repeats 
with IC 9 counting once for each 10 counts of IC 11. 

When IC 9 reaches 5, logic codes C and A are high. 
C (pin 8) is connected to the input pin (14) of IC 7 which is 
the first digit of the "minutes" section of the clock. IC 7 and its 

PULSE 
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117 o lt: 
VAC á ó 47µF 
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2' 2 

R16 
BA 30 250v 
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associated decoder driver, IC 6, are wired in the same con- 
figuration as the 0 -9 indicator in the seconds section (IC 11, 
IC 10 and V6). Operating IC 7 and IC 6 cause 0 -9 (minutes) 
to be displayed on V4. When 9 comes up logic D and A are 
high and cause an input to be felt at pin 14 of IC 5, the 
0 -5 portion of the minutes indicator. (Remember, the count 
occurs as the pulse goes toward negative in these counters.) 
The minutes 0 -5 is wired exactly the same as the seconds 0 -5 
section and operates in a similar manner. When 5 is displayed 
on V3 and logic C and A is high, the C is felt on pin 14 of the 
divide by 10 counter, IC 3. This counter counts once each time 
IC 5 resets and is wired similarly to IC 7 and IC 11 with 
the one important difference described in the next paragraph. 

Reset circuit 
The problem in the hours circuit is that V2 must count 

from 1 o'clock to zero as VI indicates a 1 for 10 o'clock. V2 
must then count 1 and 2, then reset to 1 o'clock. This done 
by wiring decoder driver IC 2 so it thinks it is displaying a 0 
on V2 when it actually is displaying 1. When it thinks it is 
displaying a I, it is actually showing a 2 and so until it displays 
a 0 which the decoder driver thinks is a 9. After the zero is 
displayed the counter resets to zero, logic D and A are high 
causing flip flop IC 1 to change state and turn off Q1 and turn 
on Q2 which extinguishes the 0 displayed on V 1 and lights 
the 1. (See Fig. 2) . 

As V2 counts to a 3 (would appear as 13 on hours indi- 
cators V1 and V2) logic B goes high which causes pin 2 of 
IC 2 to go high. Simultaneously current flow through D2 is 
routed from B to E of Q3 causing pin 2 of IC I to go low and 
reset the flip flop. The result is that 0 lights on V I, pins 2 
and 3 in IC 3 are high and IC 3 resets to 1. The count cycle 

VI V2 V3 V4 V5 V6 

Fig. 1 -The power 
supply. B -plus is 
boosted by tying 
it to V,., supply. 

Fig. 3 -The tim- 
ing circuit uses IC 
frequency dividers 
and B5750 -S read- 
outs. 

Fig. 2 -One 
o'clock reset cir- 
cuit operates once 
each half of a 24- 
hour day. 
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1 -0 begins again for the second half of the 24 -hour day. 

Construction tips 
Assembling this project can be extremely complicated be- 

cause of the number of IC's and associated components. To 
simplify procedures a bit I strongly recommend using IC 
sockets. There are two reasons. First and foremost, if you 
apply too much heat to an IC lead, chances are you'll zap the 
IC and when you consider you will be soldering upwards of 
180 IC leads your odds are short on a perfect job. Second and of 
paramount importance from an operational standpoint, is the 
fact that IC characteristics will vary somewhat and a quick 
switch of IC's may solve a problem that otherwise might have 
to be corrected by a value change in the associated circuitry. 

Tables are provided for both component to component and 
point -to -point Vector board wiring. Either method is effective. 
However, if you are not an experienced builder with many 
"projects" under your belt I'd suggest using the Vector board 
chart as it is the simplest and most straightforward. 

Follow the steps in the order listed and you will be home 
free after a few evenings of enjoyable labor. 
1. Select a high quality 1C compatible Vector board and cut it 

so you have exactly 59 holes across and down. This will give 
you a 6 -inch square board. The transformer gives the unit a 
height of 21/4 ". If you are going to remote your readout cut 
the Vector board down to 52 holes on the D side and run 
the wires directly from the IC socket pins to your readout. 
However, you might be better off wiring the board before you 
cut it, otherwise you will have to convert the wiring table to 

your board layout. Remember if you are using other than 
B -5750S readout tubes you will have to convert to the pin 
layout of the tube you are using. Burrougl s Corporation, 
Box 1226, Plainfield, New Jersey will send free their spec 
sheets for the tube you are using. 
2. Mark the Vector board at 10 hole intervals with a felt 
marking pen. This will make hole identification easier when 
you begin assembly. 
3. Insert tube sockets, IC sockets, and components as in Fig. 4. 
Do not insert the IC's or readouts into their sockets until 
wiring is completed. 

LOGIC TABLE 

DISPLAYED NO. LOGE 
V. V;,-V4 D C B A 

1 0 0 0 C 0 
2 1 0 0 0 1 

3 2 0 0 1 0 
4 3 0 0 1 1 

5 4 0 1 0 0 
6 5 0 1 0 1 

7 6 0 1 1 0 

8 7 0 1 1 1 

9 8 1 0 C 0 
0 9 1 0 0 1 

Capacitors 
C1- 30 -AF, 250V electrolytic 
C2- 500 -1/F, 25V electrolytic 
C3- 250 -µF, 25V electrolytic 
C4- C11 -0.1 µF, 50V 
C12-47 F, 50V 

All resistors 10% or 5% 
R1 -R1O- 10,000 ohms, 1 /4W 
R11 -1000 ohms, 1/2W 
R12 -5100 ohms, '/4 W 
R13, R16-18 ohms, ' /4W 
R14 -100 ohms, 1/2W 
R15- 100,000 ohms, 1 /2W 
R17- 10,000 ohms, 1/2W 

o 
B+ 

02 

R7/e tR9 
20K S 20K 

/10 

10T091 

PARTS LIST 

Semiconductors 
D1, D2, D8 -1N914 diode (G.E.) 
D3, D4, D5, D6- 1N2070 diode (T.I.) 
D7- 1N1766 diode (G.E.) 
D9-1N2071 diode (T.I.) 
Q1, Q2, Q5 -40346 (RCA) 
Q3, Q4- 2N3646 (Fairchild) or MPS3646 

(Motorola) 
Integrated Circuits 
IC1- SN7470N (T.I.) 
IC3, IC5, IC7, IC9, IC11, IC12, IC13- SN7490N 

(T.I.) 
IC2, IC4, IC6, IC8, ICIO- SN7441AN (T.I.) 
Other parts TI- Filament transformer, 12.5V ct, 1.5A 

(Triad F -25X) 

1OTO51 

B. 

4875621 

1C2 

6 S I 

5 N 2 
4 7 3 
3 4 

4 5 
4 6 

9 3 

RI2 
51K 

ICI 

14 S 1 

13 N 2,--. - 
12 7 3.-4-.-.-6 

,r--- - ió / s '- D1 

é IN914 2N3646 Ñ 
03 i 

34510 

IC4 

16 S I 

15 N 2 
147 3- 
13 4 4- 
II 4 6 
10 I 7 I 

9ÁN8 

2 

103 

14 ST 
13 N 2 

112 4 4 
1095 
9 06 
8 N7 

D2 
IN914 

CONNECT 
vcc 

SN7490N PIN 5 

SN7441A PIN 5 

SN7470N PIN 14 

GAO 

PIN 10 

PIN 12 

PIN T 

10TO91 
B+ 

185 
10K 

17 

32645112 

11 1 

3764510 

V1- V6- B5750S tubes (Burroughs) 
S1, S2 -spst switch 
MISC -6 Nixie tube sockets (Burroughs SK- 

207), 13 dual in -line IC sockets. 
Note: Components not found through normal 

sources may be ordered from the 1969 
Allied Industrial Electronics Catalog (100 
N. Western Ave., Chicago, III. 60680) or 
the 1969 Newark Electroni;; Corp. cata- 
log (500 N. Pulaski Roam. Chicago, III. 
60624). 
Burroughs Nixie tubes may be obtained 
from local Burrough distritLtors or write 
Burroughs Corp., Electroric Components 
Division, Box 1220, Plainf'eld, N.J. 07061 
for distributors. 
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Fig. 5- Schematic of the shaping, counting and readout circuits. The power supply and parts layout are on cage 44. 
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4. Insert the four ground standoffs into position and wire them 
together with bare wire. 
5. Insert the four V,.,. standoffs into position as in Fig. 4 and 
wire them together with hare wire. You will have to insulate 

from ground after wiring is complete. This is done with 
strips of plastic electrical tape. 
6. Make the wiring connections as shown in the Table below. 
end of this article. 
7. Insulate V,.,. from ground as described in step 5. 
8. Insert the IC's and readout tubes into their sockets. The 
notch on the IC's should be pointed toward the front of the 
clock. 
9. Recheck your wiring and you're all set for years of accurate 
time telling. 

COMPONENT AND VECTOR BOARD WIRING 

COMPONENT VECTOR BOARD 
From To From To 
IC1-2 Q3-C/ 

R11 All, D28 A4, D20 
IC1-3 IC3-11 All, D29 A14, D30 
IC1-3 IC1-11 All, D29 A8, D30 
IC1-4 IC1-14 All, D30 A8, D27 
IC1-4 IC1-10 All, D30 A8, D31 
IC1-5 IC1-7 All, D31 All, D33 
IC1-5 GRD All, D31 GRD 
IC1-5 IC1-9 All, D31 A8, D33 
IC1-6 R8 All, D32 A4, D18 
IC1-8 IC3-3 A8, D33 A17, D29 
IC1-8 D1 A8, D33 A2, D31 
IC1-8 R10 A8, D33 A6, D18 
IC1-12 IC3-12 A8, D29 A14, D29 
IC1-12 IC3-1 A8, D29 A17, D27 
IC1-12 IC2-3 A8, D29 A17, D13 
IC1-14 C4 A8, D17 A6, D29 
IC3-2 D2 A17, D28 A3, D35 
IC3-2 IC3-9 A17, D28 A14, D32 
IC3-2 IC2-6 A17, D28 A17, D16 
IC2-1 V2-11 A17, D1 A15, D6 
IC2-2 V2-12 A17, D12 A15, D7 
1C2-4 IC3-11 A14, D17 A15, D4 
IC2-5 VCC A17, D14 A14, D30 
IC2-7 IC3-8 A17, D15 VCC 
IC2-8 V2-3 A17, D17 A14, D33 
IC2'-9 V2-4 A17, D18 A16, D5 
IC2-10 V2-9 A14, D17 A15 D4 
IC2-11 V2-8 A14, D16 A15, D3 
IC2-13 V2-5 A14, D14 A16, D3 
IC2-14 V2-6 A14, D13 A16, D2 
IC2-15 V2-2 A14, D12 A16, D16 
IC2-16 V2-1 A14, D11 A16, D17 
IC2-12 GND A14, D15 GRD 
IC3-5 C5 A17, D31 A14, D29 
IC3-7 IC3-10 A17, D33 A14, D31 
IC3-10 GND A14, D31 GRD 
IC3-14 IC5-8 A14, 017 A25, D33 

IC3-14 IC5-3 A14, D17 A28, D29 
IC3-14 IC4-7 A14, D17 A28, D17 
IC4-3 IC5-1 A28, D13 A28, D27 

IC4-3 IC5-12 A28, D13 A25, D29 

IC4-4 IC5-11 A28, D14 A25, D30 

IC4-5 VCC A28, D15 VCC 
IC4-6 IC5-9 A28, D16 A28, D33 
IC4-6 IC5-2 A28, D16 A28, D28 
IC4-8 V3-2 A28, D18 A27, D6 
IC4-9 V3-3 A25, D18 A27, D5 
IC4-12 GND A28, D15 GRD 
IC4-13 V3-4 A25, 014 A27, D4 
IC4-14 V3-5 A25, D13 A27, D3 

IC4-15 V3-1 A25, 012 A27, D7 

IC4-16 V3-12 A25, D11 A26, D7 

IC5-5 C5 A28, D31 A19, D29 
IC5-6 IC5-10 A28, D32 A25, D31 

IC5-10 GND A25, D31 GRD 
IC5-14 IC7-11 A25, D27 A31, D30 
IC5-14 IC6-4 A25, D27 A34, D14 
IC6-1 V4-9 A34, D11 A32, D4 
IC6-2 V4-11 A34, D12 A32, D6 

IC6-3 IC7-1 A34, 013 A34, D17 

IC6-3 IC7-12 A34, D13 A31, D29 

46 

IC6-5 VCC 
IC6-6 IC7-9 

IC6-7 IC7-8 

IC6-8 V4-2 
IC6-9 V4-3 
IC6-10 V4-8 

IC6-11 V4-6 
IC6-12 GND 
IC6-13 V4-4 
IC6-14 V4-5 
IC6-15 V4-1 

IC6-16 V4-12 
IC7-2 IC7-6 

IC7-2 IC7-10 
IC7-5 C7 
IC7-10 GND 
IC7-14 IC9-3 

IC7-14 IC8-7 

IC7-14 IC9-8 

IC8-3 IC9-1 

IC8-3 IC9-12 
IC8-4 IC9-11 
IC8-5 VCC 
IC8-6 IC9-9 

IC8-6 IC9-2 

IC8-8 V5-2 
IC8-9 V5-3 

IC8-12 GND 
IC8-13 V5-4 
IC8-14 V5-5 

IC8-15 V5-1 

IC8-16 V5-12 
IC9-5 C8 
IC9-6 IC9-10 

IC9-10 GND 
IC9-14 S1 

IC10-1 V6-9 

IC10-2 V6-11 

IC10-3 IC-11-1 

IC10-3 IC11-12 

IC10-5 VCC 
IC10-6 IC11-9 

IC10-7 IC11-8 

IC10-8 V6-2 

IC10-9 V6-3 
IC10-10 V6-8 

IC10-11 V6-6 
IC10-12 GND 
IC10-13 V6-4 
IC10-14 V6-5 
IC10-15 V6-1 

IC10-16 V6-12 
IC11-2 IC11-6 
IC11-2 IC11-10 
IC11-5 C9 
IC11-10 GND 
IC11-11 IC10-4 

IC11-11 S1-NC 
IC11-14 S2 
IC12-1 IC12-12 

IC12-2 IC12-6 

IC12-2 IC12-10 

IC12-5 C10 
IC12-14 S2 
IC12-14 Q4-C 
IC12-11 IC13-14 

IC13-1 IC13-12 

IC13-2 IC13-9 

IC13-3 IC13-8 

IC13-3 S2 
IC13-5 C11 
IC13-6 GND 
IC13-6 IC13-10 

R8 R7 
R7 Ql-B 
Q1-C V1-12 
Q1-E GND 
R10 R9 

A34, D15 VCC 
A34, D16 A31, D32 
A34, D17 A31, D33 
A34, D18 A33, D6 
A31, D18 A33, D5 
A31, D17 A32, D3 
A31, D16 A33, D2 
A31, 015 GND 
A31, 014 A33, D4 
A31, D13 A33, D3 
A31, D12 A33, D7 
A31, D11 A32, D2 
A34, D28 A34, D32 
A34, D28 A31, D31 
A34, D31 A36, D29 
A31, D31 GND 
A31, D27 A45, D29 
A31, D27 A17, D45 
A31, D27 A42, D33 
A45, D13 A45, D27 
A45, D13 A42, D28 
A45, D14 A42, D30 
A45, D15 VCC 
A45, D16 A42, D32 
A45, D16 A45, D28 
A45, D18 A44, D6 
A42, D18 A44, D5 
A42, D15 GND 
A42, D14 A44, D4 
A42, 013 A44, D3 
A42, D12 A44, D2 
A42, D11 A43, D7 
A45, D31 A40, D29 
A45, D32 A43, D31 
A42, D31 GND 
A42, D27 
A51, D11 A49, D4 
A51, D12 A49, D6 
A51, D13 A51, D27 
A51, D13 A48, D29 
A51, D15 VCC 
A51, D16 A48, D32 
451, D17 A48, D33 
A51, D18 A50, D6 
A48, D18 A50, D5 
A48, D17 A49, D3 
A48, D16 A50, D2 
A48, D15 GND 
A48, D14 A50, D4 
A48, D13 A50, D3 
A48, D12 A50, D7 
A48, D11 A49, D7 
A51, D28 A51, D32 
A51, D28 A48, D31 
A51, D31 A53, D29 
A48, D31 GND 
A48, D30 A51, 014 
A48, D30 
A48, D27 
A45, D40 A42, D42 
A45, D41 A45, D45 
A45, D41 A42, D44 
A45, D44 A40, D42 
A42, D40 
A42, D40 A37, D40 
A42, D43 A48, D40 
A51, D40 A48, D42 
A51, D41 A48, D45 
A51, D42 A48, D46 
A51, D42 S2 
A51, D44 A53, D42 
A51, D45 GND 
A51, D45 A48, D44 
A6, D15 A6, D15 
A3, D17 A5, D13 
A4, D12 A9, D7 
A6, D12 GND 
A8, D15 A8, D15 

( continued on page 88 ) 
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NEW R -E EXCLUSIVE 
stacked -Bt 
IF stages 
AOC controlled 

Kwik- FIxTM picture and waveform charts 
by Forest H. Belt & Associates 

SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST 

SYPMTOM PIC DESCRIPTION 

Waving; symp- 
toms of AGC 
overload; buzz in 

sound some- 
times. 

Video mostly 
washed out; 
some smearing. 

Picture almost 
solid ringing; 
sync poor; signs 
of overload. 

Complete white- 
out; only some- 
times is slight 
hint of picture 
visible. 

Ringing ghosts 
in picture; video 
often very weak; 
fine tuning 
affects ringing 
strongly. 

Washed -out 
picture; vertical 
sync very poor; 
smear. 

Ringing in pic; 
sometimes weak 
video; some- 
times overload. 

Pic video washed 
out; blanking 
bar visible at 
right; foldup 
at bottoni. 

VOLTAGE 

not 
much 
help 

all 
voltages 
above 
normal 

Clamp voltage 
doesn't reach 
V1- grid -pin -1 

V1- plate -pin -5 
V2- plate -pin -5 

not 
conclusive 

V2 -grid -pin -1 

VI -plate-pin-5 

Clamp voltage 
doesn't reach 
V1- grid -pin -1 

not 
much 
help 

Use this Guide to help you find which key voltage or 
waveform to check first. 

.Stytcly the screen with receiver operating "normally." 

.11cçt helpful clues to fault are found at key test points 
rnclicarec/. 

SE'TEA.BER 1969 

WAVEFORM 

W F3 

WF4 

WF3 

not 
much 
help 

whichever 
is 

at 
zero V p -p 

WF3 
WF4 

not 
much 
help 

WF3 
WF4 

not 
much 
help 

PAF- 

C4 
C5 
R11 

R10 - 

R3 open 

supply 
resistors 
or 
transfo-mer 
primanes 

R4 
plus 
all 
capacitors. 

R11 

C4 
C5 

C5 

an Easy -Read" feature by FOREST H. BELT 8 Associates 1969 

.11ake voltage or waveform checks as indicated for Icrcen 
symptoms. 
Use Voltage Guide or Waveform Guide to analyze results 
of tests. 
For quick check, test or substitute parts .shown as most 
likely cause of symptom. 
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The Circuits 
MANY MODERN CHASSIS, INCLUDING COLOR SETS, USE 
this arrangement for first and second IF stages. For all 
practical purposes, the cathode -plate paths inside the two 
tubes are in series with each other across the B+ line. 
Plate current in one is about the same as in the other. 
AGC can thus control both stages; cutting down gain in 
one also reduces gain of the other. Most of the set's 
alignment adjustments are in these two stages, including 
traps. Major task of the stages is to amplify video -modu- 
lated IF signal. Sound- carrier IF is reduced by a trap, to 
avoid beat interference that might reach the CRT. 

Signal Behavior 
IF signal is coupled through Cl and C2 to Ti. 

Absorption trap L shunts adjacent- channel picture -IF 
carrier to ground through C3. Ti couples IF signal to VI. 
A trap in Ti attenuates the IF sound carrier, to give the 
response curve of the IF strip the best shape. Absorption 
trap L2 shunts adjacent- channel sound carrier to ground 
through C4. R3 and C5 are decoupling for the AGC line. 
R1 loads the primary of Ti and R2 loads the secondary; 
both broaden the tuned -circuit responses. 

The amplified output of V1 is coupled by T2 to the 
grid of V2. C6 decouples T2 from the plate supply line 
and grounds VI's screen for RF. R5 damps any tendency 
to parasitic oscillation. T2 has an internal adjacent -chan- 
nel picture- carrier absorption trap. R6 broadens the re- 
sponse of T2. C7 decouples T2 from the supply line, 
grounding the bottom of the T2 secondary for RF. 

C8 is RF ground for the cathode of V2, leaving R8 
unbypassed. V2 amplifies IF signal and T3 couples it to 
the third IF amp stage (not shown). C9 is screen bypass 
and decoupling for the T3 primary. 

DC Distribution 
DC plate current flows up through R4 to the VI 

cathode, through VI, the primary of T2, R7, R8, V2. the 
primary of T3, R12, and to the B+ line. Also, R9 -R11 
are parallel with R8- V2- T3 -R12. To further complicate, 
RIO makes a divider with R11. However, main DC path 
is through the two tubes. Other versions have other odd 
parallel DC circuits. 

DC control voltage from the AGC line reaches the 
VI grid through R3, L2, and the T1 secondary. Some 
cathode bias is supplied by R4. but AGC has most control 
of plate -current flow. Screen supply path is through R5. 

CI C2 
68pF 15pF 

FROM MIXER 
1C3 

75pF 

39.75 MHz 
ADJ. CHANNEL 

PIX TRAP 

48 

LI 

4725 MHz - ADJ. CHANNEL 
SOUND TRAP 

41.25 MHz 
SOUND TRAP 

1 

e 

Rl d 22K 
o 

TI 
I o 
Iio 
. o 

l 

C4 
.001 T K3 

*CLAMP VOLTAGE 
APPLIED HERE 

LF. AGC 

wFL 

135V 

-4V* 7 

R2 
2.7K 

Bias path for V2 includes R8, R9, and the secondary 
of T2. Divider RIO -R11 stabilizes voltage at key -point -A. 
Voltage at the cathode of V2 depends on conduction of 
both VI and V2. It's always a few volts less positive 
than the grid, and varies with signal because of AGC. V2 
screen is fed by R12. 

Station and Control Effects 
Tuning in a station has considerable effect on DC 

voltages. AGC voltage drives the grid of VI further 
negative. This bias cuts down plate current, and plate 
voltage goes up. That raises the positive voltage on the 
cathode of V2. That biases V2 more heavily and cuts 
down its plate current. Plate and screen voltages rise. 

Similar voltage shifts take place when the AGC 
control is turned, if the set has one. In noise -canceling 
AGC /sync stages, setting the noise- immunity control can 
also affect AGC voltage and thus the DC voltages. 

Quick Troubleshooting 
First thing to do is overcome external effects. Clamp 

the AGC line at whatever negative voltage value is 
recommended by the manufacturer for alignment. That's 
what has been done for these Kwik- FixT`I guides. 

Next check out all DC voltages. If some are wrong, 
use the DC Voltage Guides to pin down and clear up 
that trouble. If all DC circuits check okay, the trouble 
is probably a signal fault. 

Alignment is the most sure way to find signal- circuit 
ailments in IF stages. That's why the Waveform Guides 
in this Kwik -Fix" are sweep- response curves. Set up the 
sweep generator for alignment as the manufacturer rec- 
ommends. Best results are with post- injection markers. 
Feed the sweep signal into the mixer test point in the 
tuner, and keep its output as low as will make a curve 
on the scope. Quickly go through the alignment. If the 
curves don't work out right, move on to the troubleshoot- 
ing procedure using the Waveform Guides. 

With the Guides, don't scope the response curve at 
the output of the video detector as usual. Instead, use a 
demodulator probe to scope points WF1 through WF4. 
You'll be surprised how quick and dependable this 
method of servicing is. The "Shape Changed" waveforms 
in the Guides, if you compare peaks and dips with the 
marker positions, even show which frequencies in the 
response are deficient (or overpeaked). R -E 

3975 MHz 
ADJ. CHANNEL 
PIX TRAP 

4 
I 

FIRST I.F. AMPL I 

T2 o°,4 

q R5 

40V IOII 

6 

R4 
56A 

C6 --- 
470 pF 

47.25 MHz 
ADJ. CHANNEL 
SOUND TRAP 

r 

Mq0OND I.F AMPL 

45V 
/ 

5 V2 

7 245V 

R6 6 

T3 

8.2K 

R7 R8 
IK 33A 

C7 
.001 

001 
15K 

RIO 
150K 

Rll 
150K 

C9 
001 

R12 
1K 

TO 
THIRD 
I.F. AMPL 

250V 
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DC VOLTAGES AS GUIDES 

Voltage change + to zero very low low slightly low slightly high high 

Key -point -A 
Normal 135 V 

C7 short C6 short, Iky 
C7 leaky 
C8 short 
C9 short 
R8 open 

C4 short 
C5 short 
C8 leaky 

R7 open R4 open, hi 
R10 open 

Vl- cathode -pin -2 
Normal 
0.2 V 

. 

C6 short 
C7 short 
C8 short 
C9 short 
R5 open 
R7 open 
R8 open 
R10 low 

R12 open C8 leaky 
R7 high 
R11 open 
R12 high 

C5 leaky 
R10 high 

C4 short 
C5 short 
R4 open, hi 
R10 open 
R11 low 

V1- plate -pin -5 
Normal 135 V 

C6 short 
C8 short 
R7 open 
T2 pri open 

C7 short 
C8 v. leaky 

C4 short 
C5 short 
C6 leaky 
C7 leaky 
C8 leaky 
C9 short 
R8 open 
R11 open 
R12 open, hi 
R10 low 

C8 slt Iky 
R9 open 

R10 high R4 open, hi 
R5 open 
R10 open 
R11 low 

VI-screen-pin-6 
Normal 140 V 

C6 short 
C8 short 
R5 open 
R7 open 

C7 short 
C8 v. likely 

C4 short 
C5 short 
C8 leaky 
C9 short 
R7 high 
R8 open 
R11 open, lo 
R12 open, hi 
R10 low 

C8 slt. Iky 
R9 open 

R10 high F'4 open, hi 
F10 open 
R11 low 

V2- grid -pin -1 
Normal 135 V 

C7 short 
T2 sec open 

C6 short C6 leaky 
C7 leaky 
C8 short 
C9 short 
R7 high 
R8 open 
R10 low 
R11 open 
R12 open, hi 

C4 short 
C5 short 
C8 leaky 
C9 leaky 
R8 high 
R9 open 

R10 high R4 open, hi 
R5 open 
RIO open 
R:1 low 

V2- cathode -pin -2 
Normal 145 V 

C6 short 
C7 short 

C6 leaky 
C8 short 
C9 short 
R8 open 
R10 low 
R11 open 
R12 open 

C4 short 
C5 short 
C8 leaky 
C9 leaky 
R8 high 
R9 open 

R10 high R4 ,:-.,pen, hi 
RE open 
R10 open 
R11 low 

V2- plate -pin -5 C9 short 
R12 open 
T3 pri open 

C9 leaky C6 short 
C8 short 
C9 leaky 

Use this Guide to help you pinpoint a faulty part. 
Measure each of the seven key voltages with a vtvm. 
For each, move across to the column describing the change 
you find. 
Notice which parts might cause each change. Their notice 
which parts are repeated in whatever combination of voltage 
changes you observe. 

SEPTEMBER 1969 

Test those parts individually for the fault described. 
NOTE: In ordinary operation, all dc voltages in thr.se tivo 
stages vary with signal strength. Surest way to test is s.-itir agc 
clamped as described in text. 

NOTE: For more guides to narrow down the faulty part 
further, see Waveform Guides. 
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WAVEFORMS AS GUIDES 

IMPORTANT: For all waveform guides, a sweep signal 
is fed into the mixer test point on the tuner. Center fre- 
quency is about 43 MHz, sweep width about 10 MHz 
( from 38 to 48 MHz). The IF AGC is kept at all times 
clamped to whatever voltage is recommended by the 
manufacturer: in this stage, it is -4 volts. 

A demodulator probe is used to scope each key test 
point. The scope's vertical input is switched so that 2 

volts peak to peak fills the graticule. The height of the 
sweep response curve is controlled by adjusting sweep 
generator output. Most curves shown are 1.5 volts. 

The multiple markers are your key to analyzing the 
shape of a curve. Notice where each peak and dip is in 
relation to the markers. The B & K model 415 alignment 
generator has been used here, because it can display 
several post -injection markers simultaneously. When 
needed. the model 415 can show markers horizontally so 
you can see them easier (see "WF4, R2 open "). At each 
key test point, only significant markers are used. The 
curves that show symptoms always include exactly the 
same markers as the "Normal" version, so you can 
analyze the shape more accurately. 

1 

WF1 Normal Markers: 41.25 MHz (Snd) 
39.75 MHz 45.75 MHz (Pix) 

Taken just past the DC- blocking capacitor at the input to the IF stage. The dipping effect 
of the 39.75 -MHz adjacent -channel picture- carrier trap is obvious -the curve is right 
down on the base line at that marker. The effect of the 41.25 -MHz sound -carrier absorp- 
tion trap is apparent, too; notice the definite dip of the curve at that marker. The 
high peak in this response curve is somewhere above 45.75 MHz, since it is to the right 
of the 45.75 -MHz picture -carrier marker. Its position is a result of tuned circuits in the 
mixer output (in the tuner). Amplification at lower frequencies (to the left of the peak) 
is boosted by tuned circuits farther along in the IF section. 

V p-p low V p -p high V p -p zero 

Cl open 

44'_-' ; L 

T' 
: 

WF2 Normal Markers: 
39.75 MHz 
41.25 MHz 

45.75 MHz 
47.25 MHz 

Response curve at grid of first amplifier. Effects of both input traps are more pronounced; 
see the well defined dips in the curve at the first two markers. Main peak is now well to 
left of 45.75 MHz marker, due to effects of transformer Ti and 47.25 -MHz adjacent - 
channel sound -carrier trap through which sweep signal has now passed. You'll also notice 
you have to turn down generator output signal some, to make display fit on scope 
screen. There's an extra marker -at 47.25 MHz -and curve is way down at that point. 
That's because of trap L2. 

V p -p low V p -p high V p -p zero 

Cl open 
C2 open 

Cl short C2 short C3 short 
C3 open 

11 
C4 open 

R4 open R2 open 
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WF3 Normal Markers: 42.5 MHz 
39.75 MHz 45.75 MHz 
41.25 MHz 47.25 MHz 

This curve includes the effect of tuned circuit T2, evidenced by the tail peak at the 
42.5 -MHz marker. That's the resonant frequency of T2. There's also a noticeable flatten- 
ing near the first marker, because a second 39.75 -MHz trap is part of T2- The curve is 

also relatively lower at the 45.75 -MHz marker because amplification by V= has been 
concentrated heavily at the resonant frequency of its output load, T2. You find it neces- 
sary to turn the sweep -generator output down when moving your demodulator probe 
from WF2 to WF3; the tube has added considerable gain. At this point, yol're looking 
at the combined effects of many tuned circuits: the mixer coils (not visible h the sche- 
matic), L1, T1, L2, and T2; that includes the traps in T1 and T2. 

V p -p low V p -p high V p -p zero 

C6 leaky C4 short Cl open 
C7 sit lky C5 short C2 open 
C8 leaky R3 open C6 short 
C9 leaky R10 open C7 short 
R5 open C8 short 
R11 open C9 short 

R4 open 
R7 open 

Cl short 

C4 open 

R2 open 

C2 short 

C6 open 
C9 open 

C8 open 

C5 short 

C7 open 

R10 open 

C6 leaky 
C7 leaky 
C8 leaky 
C9 leaky 

R12 open 

C6 short 
C7 short 
C8 short 
09 short 

R8 open 

WF4 Normal Markers: 42.17 MHz 4CDlor) 
39.75 MHz 45.75 MHz 
41.25 MHz 47.25 MHz 

Curve here is beginning to take on look of overall bandpass response. Effect of T3 is 
to pull up right side of curve. just down- frequency from (to the left of 45.75 -MHz 
marker. (Compare with WF3.) Sweep -generator output is about same as for WF3. Color - 
carrier marker at 42.17 MHz is added to show its position on down- frecuency (left) 
slope. Upper- frequency slope is steeper near base line, due to effect of anot'ler 47.25 - 
MHz adjacent -channel sound -carrier trap which is part of T3. 

V p -p low V p -p high V p -p zero 

C6 leaky C4 short Cl open 
C8 leaky C5 short C2 open 
C9 leaky C6 slt Iky C7 short 

R3 open C8 short 
R10 open C9 short 

R4 open 
R5 open 
R7 open 
R8 open 
R11 open 

Cl short 

C3 open 

C7 open 

C2 short C5 short 

C4 open 

C8 open 

C6 open 

C6 leaky 
C7 leaky 
C8 leaky 
C9 leaky 

C9 open R2 open 

C6 short 
C7 short 
CB short 
C9 short 

CO 1 open 

Use this guide and the Voltages Guide to help pin down 
fault possibilities. 

With a demodulator probe, check the four key response 
curves. 

SEPTEMBER 1969 

Note amplitude. If it's los- or high, check parrs in those 
columns. 
Note curve shape, particularly height and slop' of curves 
at markers. If there's- a change, compare wish the guides 
and change the parts suggested. 

51 

www.americanradiohistory.com

www.americanradiohistory.com


BUILD 

Digital RTL 
Frequency Counter 

Here's the data you need to complete the counter. 
You'll enjoy the four digit readout too. 

by BOB BOTOS 

LAST MONTH WE STARTED YOU OFF 
building this counter. But the article 
was so long we could not get it into 
one issue. Here's the rest of the infor- 
mation you need to complete your 
counter. So now get to work, finish the 
job and put it on your bench. One 
point. The right hand column of the 
table in Fig. 1 which we published last 
month has an error -it is transposed 
top -to- bottom. 

The period selector 
The period selector selects one 

and only one period of either the in- 
coming signal to the counter, with the 
counter in the PERIOD mode, or of the 
oscillator, with the counter in the 
FREQUENCY mode. The period se- 
lected, in the form of a low or logical 
zero. is then used as the gate time for 
the NOR logic count gate. In the pe- 
riod mode, the count gate allows pas- 
sage of the oscillator signal for one 
period of the incoming signal. In the 
frequency mode, the count gate passes 
the incoming signal for one period of 
the oscillator signal. 

The period selection is accom- 
plished by using a dual J -K flip -flop 
(IC 15) connected as in Fig. 2. The 
initial state is preset (during the reset 
cycle) so that the Q outputs of both 
devices are in the low state. The first 
negative transition of the incoming 
signal causes Q., to go high. The sec- 
ond negative transition causes QA to 
go low, which in turn causes Q to 
go high. Q 's high is passed by the 
series -connected NOR gates (IC 14) 
to the direct clear of A, which in- 
hibits any further transitions until 
the devices are reset. The high condi- 
tion of the Q output of flip -flop A 
exists only during one complete period 
of the input to the period selector. This 
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The completed counter looks like this. 

Closeup of the preamp as seen from the 
prescaler side of the circuit board. 

USE UMOT000 
c15 ISEE 5O7E4. Ik PLATT OF 

Di OF F5.2 ` 
C13 ¡¡g; MS+; 1005 

'-Tic) e4 Câ iRECT2 

Another preamp closeup. This time from 
the other side -the predriver section. 

high state is inverted and becomes the 
gate timing signal. 

At first glance it appears that the 
Q output could be used directly and 
eliminate the need for the inversion. 
However, an RTL J -K flip -flop be- 
haves in the following way: As the 
toggle input is clocked, the negative 
transitions actually cause the Q out- 
put, when high, to attempt to go low. 
Since the direct clear is held high, Q 
immediately returns to the high state. 
Consequently, the Q output will have 
a negative spike appearing at each 
negative transition of the toggle in- 
put. 

On the other hand, a high on the 
direct clear insures that the Q output 
remains low during the toggle input 
transitions. Therefore, it is desirable 
to use the Q output and to invert, 
rather than cope with negative spikes 
on the Q output. 

During the normal operating se- 
quence of the period selector, 
must be kept low and CIA must be 
connected to Q,,. To reset the selec- 
tor, both CIA and C,+ must go high. 
A dpdt switch could perform this 
function, were it not for contact 
bounce. This problem is described in 
the following section. 

Manual reset 

The counter is reset by setting the 
Q outputs of all flip -flops to the low 
state. This is accomplished by making 
all direct clears high. Here, a simple 
switch is inefficient because if contact 
bounce is present,. malfunctioning re- 
sults. 

The circuit used is independent 
of contact- bounce duration, and is in 
essence a bistable multivibrator (IC 16) 
connected as in Fig. 2. 
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R21 
R20 
R19 
Riß 
R25 
R24 
R23 
R22 

Most of the IC's are located on this perforated phenolic board. Four decimal readouts all in a row. The components for only 
This "in tight" photo shows exactly how they are arranged. one readout are labeled, the others simply repeat. 

Capacitors 
Cl. C4, C6, C16-0.01 µF 
C2, C3-50-µF, 50V electrolytic 
C5-10-µF, 6V electrolytic 
C7-500-µF, 3V electrolytic 
C8-30 pF 
C9-0.0015 µF 
C10, C11-1000-µF, 25V electrolytic 
C12-0.5 µF 
C13, C15-0.1 µF 
C14-9-35 pF 

All resistors 10% unless noted 
RI, R13- 10,000 ohms, ' /4W 
R2 -2200 ohms, 14W 
R3, R5, R14, R18 
R19, R20, R21 -1000 ohms, '/4W 
4 -68 ohms 
R6, R7, R11- 56,000 ohms, 1/4 W 
R8, R9, R10 -3900 ohms, 1/4W 

R12 -240 ohms, 1W 
R15, R16 -500 -ohm, 1/2W linear potentiometer 
R17- 2500 -ohm, 1 /2W linear potentiometer 
R22 -3320 ohms, 1/2W, I% 

PARTS LIST 
R23 -1500 ohms, ' /2W, 1% 
R24 -825 ohms, 1/2W, 1% 
R25 -392 ohms, 1/2W, 1% 

Semiconductors ( "M" prefix indicates Moto- 
rola) 

REGT 1- MSD6102 
RECT 2- MMD7000 
REGT 3- MDA920.1 
D1- MSD6102 (one -half used) 
D2, D3, D4- 1N4001 
D5- MZ500 -11 
Q1, Q4- MJE520 transistor 
Q2, Q3, Q5, Q7, Q8, Q9, Q10- MPS2923 

transistor 
Q6- MPS6517 transistor 

Integrated Circuits 
ICI-MC15552G 
IC2-MC838P 
IC3-MC789P 
IC4-MC788P 
IC5, IC6, IC7, IC8, IC9, IC11, IC12, IC13, 

I C 17-M C790 P 

IC10, IC14, IC16-MC724P 
I C 15-M C790 P 

Other parts 
T1- filiment transformer. Triad F -25X or 

equal 
L1- 100 -mH inductor 
XTAL -1 -MHz crystal 
LM1 -NE -51 neon lamp 
F1- 0.25A, slow -blow fuse 
M1 -0 -10 mA meter. Note: The readout mod- 

ule described in the November 1968 issue 
is available as a $10 kit from Southwest 
Technical Products Inc., 217 West Rhap- 
sody, San Antonio, Texas 28216. Also: 
M1 with special scale $2.25. or the mod- 
ule PC board (etched and drilled), $1.00. 

SI, S2, S3, S4, S7, S9 -spdt switch 
S6-2P, S- position roatary switch 
SW8 -spdt switch (may be snap- action push- 

button type) 
MISC -9 x 6 x 5 -inch (LHW) chassis, J1 con- 

nector 

Waveforms measured: 

COUNTER SPECIFICATIONS 

sine, square, or negative pulses with greater than 30 nanosecs duration 

Type of measurement: frequency, period, random pulse counting with selected gate times 

Input impedance: 10,000 ohms typical, 7000 ohms minimum (ac impedance in the sensitive voltage range de- 
pends on the forward conductance of the input protection diodes, and diminishes rapidly 
under overdriven conditions) 

Input frequency range: 10 Hz -20 MHz guaranteed; 4 Hz -30 MHz typical 

Input period range: 50 nsecs to 100 msecs 

Gate time selection: 1 msec to 10 secs in decade steps 

Input protection: ±50 Vdc; 1 volt peak in the unattenuated position; conservatively up to 200 volts peak in the 
attenuated position 

Input sensitivity: 50 mV rms guaranteed, 25 mV rms typical 

Readout: 4 -digit decimal; fixed decimal point location; ranging accomplished by rotary switch 

Accuracy: ±0.05 %. ±1 count; with self -calibration using line frequency, to -±0.1% 

Resetting: manual or automatic 

S E P T E M B E R 1 9 6 9 53 

www.americanradiohistory.com

www.americanradiohistory.com


Can you solve these 
two basic problems in 
electronics? 

Lamp 1 Lamp 2 Lamp 3 

This one is relatively simple: 

When Switch Sz is closed, which lamp 
bulbs light up? 

Note: If you had completed only the first lesson 
of any of the RCA Institutes Home Study programs, 
you could have solved this problem. 

(d -d) s11oA OZ -z walgoJd 
dn 34611 Ils, eLn -I. welgoJd :SEI3MSNd 
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Z: 10 volt zener diodes 

This one's a little more difficult: 

What is the output voltage (p -p)? 
Note: If you had completed the first lesson in the 
new courses in Solid State Electronics, you could 
have easily solved this problem. 

These new courses include the latest findings 
and techniques in this field. Information you must 
have if you are to service today's expanding 
multitude of solid state instruments and devices 
used in Television, Digital, and Communications 
Equipment. 

If you had completed an entire RCA Institutes 
Home Study Course in Semiconductor 
Electronics, Digital Electronics, or Solid State 
Electronics, you should now be qualified 
for a good paying position in the field you choose. 
Send for complete information. Take that first 
essential step now by mailing the attached card. 
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RCA Institutes Autotext learning method 
makes problem -solving easier... 
gets you started faster towards a good -paying career in electronics 

Are you just a beginner with an interest in 
electronics? Or, are you already making a living 
in electronics, and want to brush -up or expand 
your knowledge? In either case, RCA has the 
training you need. And Autotext, RCA Institutes' 
own method of Home Training will help you learn 
more quickly and with less effort. 

Wide Range of Courses 
Select from a wide range of courses. Pick the 
one that suits you best and check it off on the 
attached card. Courses are available for beginners 
and advanced technicians. 

Electronics Fundamentals 
Black & White Television Servicing 
(Transistorized TV Kit Available) 
Color Television Servicing (Color TV Kit Available) 
FCC License Preparation 
Automatic Controls 
Automation Electronics 
Industrial Electronics 
Nuclear Instrumentation 
Electronics Drafting 
Computer Programming 

Plus these new 
up -to- the -minute courses 
Semiconductor Electronics 
Digital Electronics Build and keep this 

Solid State Electronics 
valuable oscilloscope. 

Communications Electronics 

Prepare for good paying 
positions in fields like these 
Television Servicing 
Telecommunications 
Mobile Communications 
CATV 
Broadcasting 
Marine Communications 
Nuclear Instrumentation 
Industrial Electronics 
Automation 
Computer Programming 
Solid State 
Electronics Drafting 

SEPTEMBER 1969 

In the new program on Solid 
State Electronics you will study 
the effects of .temperature and 
leakage characteristics of 
transistors. 

RC,' 

Valuable Equipment -Yours To Keep 

A variety of RCA Institutes engineered kits are 
included in your program of study. Each kit is yours 
to keep when you've completed the course. 
Among the kits you construct and keep is a working 
signal generator, a multimeter, a fully 
transistorized breadboard superheterodyne 
AM receiver, and the all- important oscilloscope. 
These 4 kits are at no extra cost. Compare this 
selection with other home study schools. 

Convenient Payment Plans 
RCA Institutes offers liberal monthly payment 
plans to suit your budget. 

Classroom Training Also Available 
RCA Institutes operates one of the largest technical 
schools of its kind. Day and evening classes. No 
previous training is required. Preparatory courses 
are available. Classes start four times a year. 

Job Placement Service, Too! 
Companies like Bell Telephone Labs, GE, 
Honeywell, IBM, RCA, Westinghouse, Xerox, and 
major radio and TV networks have regularly 
employed graduates through RCA Institutes' own 
placement service. 

All RCA Institutes courses and programs are 
approved for veterans under the new G.I. Bill. 

Send Attached Postage Paid Card 
Today. Check Home Study or 
Classroom Training. 

Accredited Member National Home Study Council. 

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept. RE -99 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name 

Address 

(please print) 
Age 

City State Zip 

L J 
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Readout adjustments are back here. All 
four are alike so only one is identified 
in detail. 

Readout calibrator circuit. Note that 
transistors Q1 and Q4 are mounted on 
the chassis to provide proper heat sink- 
ing. 

Composite view of the interior of the counter. Look carefully 
and you will be able to identify to location of all the parts 
shown in the other photos on these pages. 

BATTERY CHARGER REGULATOR 

I have a 12 -volt storage battery 
that I use for an occasional auto ra- 
dio service job and for powering a 
camp light during the summer. To 
keep it charged I use the regulator 
circuit shown. It turns the charger on 
when the battery drops to 12.8 and off 
when it rises to 13.2. 

The battery voltage is applied 
across a voltage divider consisting of 
D1, an 8 -12 -volt Zener diode, and 
the 1500 -ohm resistor. The voltage 
across this resistor depends on the 
charge on the battery. This variable 
voltage is tapped off and fed to the 
base of Q1 through an adjustable 
voltage divider. The 10,000 -ohm pot 
is adjusted just to the point where the 
relay drops out when the battery is 
fully charged. 

The relay can be any type that will 

pull in at 10 volts. I used an old tele- 
phone relay that needs about 25 mA. 

Switch Si and R1 may be omitted 
if the regulator is to be in continuous 
operation. If SI is a pushbutton or 
momentary toggle or slide switch, 
closing it will cause the relay to pull 
in and keep the charger on the line 
until the battery is fully charged. If SI 
is a normal switch, closing it will per- 
mit the charger to recycle as often as 
the battery voltage drops below a 
preset level. The value of R1 should 
be selected for the relay being used. - 
C. J. Erksend 

This is a full 
size view of 
the circuit 
board for the 
Anderson Lab 
Power Supply 
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by BOB HIBBERD 
TEXAS INSTRUMENTS, DALLAS, TEXAS 

A LOGIC SYSTEM TO DO A PARTICULAR JOB 
can be designed using "black boxes" 
which have defined input and output con- 
ditions. From the viewpoint of the logic 
system, it does not matter what is in a 
box, only what it does. Integrated cir- 
cuits are the accepted choice for the 
logic circuits inside the boxes, but there 
are many ways to use them. Different 
manufacturers have adopted different ap- 
proaches to circuit design. These families 
of logic circuits -RTL, ECL, DCTL, 
DTL, TTL, etc. -may have bewildered 
and confused those not intimately con- 
cerned with integrated circuits. 

This issue, the "classic" families of 
integrated logic circuits are described, to 
help the nonexpert engineer and tech- 
nician to become more familiar with 
their operation and with the differences 
between the several types. No attempt is 
made to present detailed, specific infor- 
mation on any of the types. If you under- 
stand the basic design and operation, the 
details of a particular type are best ob- 
tained from the manufacturer's data. 

Early digital IC's were based on dis- 
crete component circuit designs, and 
were not necessarily the best arrange- 
ment. They were followed by better 
types, designed to use the capabilities and 
economical considerations of monolithic 
integrated circuit techniques. Although 
some of the earlier types are now tending 
to drop out, they are included here to 
present a complete picture. 

Most digital IC's operate between 
cutoff and saturation, and the various 
types differ in the logic coupling between 
inverter stages to give NOR or NAND 
circuits with the required fan -in and fan - 
out properties. 

IC logic gates 
Before describing the various fami- 

lies, let's look at the general characteris- 
tics of integrated circuit logic gates. 

Logic circuits are normally connect- 
ed in cascade -the output of one gate is 
connected to the input of one or more 
subsequent gates, and so on. Thus, the 
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What They Are- 
How They Work 

Learn the ins and outs of digital IC 

logic gates in this continuing series -Part 4 

switching action of one circuit depends, 
not only on its own output characteristic, 
but also on the input characteristic of the 
next gate. Consider the simple case of 
one inverter circuit driving another (Fig. 
1). Assume that the input of the first 
stage is initially positive (logic 1) and 
is pulsed almost down to zero (logic 0). 
With the second transistor not connected, 
the first -stage output voltage at B will 
swing from V ce,,, about 0.2 volt (logic 
0) to Vcc (logic 1). 

Now consider what happens if the 
second stage is connected. When the in- 
put voltage to the first transistor falls, 
its collector voltage starts to rise toward 
VI.c, but when it reaches about 0.7 volt, 
the base -emitter junction of the second 
transistor starts to conduct, and current 
flows down through RL into its base. 
Then the voltage at Q1's collector is held 
at Q2's base -emitter diode voltage and 
does not rise above about 0.9 volt. Thus, 
the voltage swing at Q1's output is 
from 0.2 volt (logic 0) to 0.9 volt (logic 
1). The value of RL is such that the 

Fig. 1 (above)- Direct- coupled inverter 
arrangement generates a logic 0 output 
similar to the input at QI when Q2 is 
driven to saturation by QI's "1" output. 
Fig. 2 (right) -Combined load line for QI 
is shown in a, while the voltage transfer 
characteristics is drawn in b. 

current flowing into Q2's base drives Q2 
into saturation, and its collectors voltage 
falls to VCs) ;,t) to give a logic 0 at the 
output of the second stage. 

Load resistance R1, and the input 
characteristic of Q2's base -emitter junc- 
tion result in a combined load line for 
transistor Q1, as in Fig. 2 -a. The forward - 
voltage transfer characteristic is now as 
shown in Fig. 2 -b. You can see that the 
output swing of transistor Q I. from 0.2 
volt (logic 0) to 0.9 volt (logic I ), gives 
satisfactory operating points for the in- 
put of transistor Q2. which in turn gives 
the same swing at its output when it is 
connected to the input of the next stage. 

The conditions for satisfactory 
switching between the two states are 
these: When Q1 is saturated, its collector 
voltage must be low enough to keep Q2 
cut off. And when Q1 is cut off. the base 
current flowing into Q2 mu,t ,)e high 
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VIN 

o 
1V 

VT 
t 

ZERO 

O 

oVCC 

OUT 

1V 

Fig. 3 -A logic 1 (positive) input to this DCTL 
a logic 0 output. However, transistor variations 

o 

o 

o 

NOR gate at A, B or C causes 
can hinder this type of circuit. 

--------- ...-- ̀ 
I ----- r --- 

y 
, _ I 

I ` % r t--.:,------- ) 
r j I 

J 
Fig. 4- Adding base resistors to this basic DCTL circuit reduces current- hogging effect 
of setup in Fig. 3, but added RC value lowers switching speed. 

enough to saturate Q2. The two operat- 
ing points with this simple direct -con- 
nected circuit are well defined, the 0 

state by the collector saturation voltage 
of the transistor, VCE,aa,,; and the 1 state 
by the base -emitter diode voltage of 
the transistor in the saturated condition, 
unisi,.an 

Threshold voltage 
The voltage level at the input of a 

circuit, at which the circuit changes from 
one state to the other, is called the 
threshold voltage. One approximation to 
this is the voltage at the midpoint of the 
transition between the two states. This 
is the point VT in Fig. 2 -b, the threshold 
voltage in this example being 0.7 volt. 

In many logic circuits, the value of 
threshold voltage is partly dependent on 
the base -emitter diode characteristics. 
Since these change with temperature. the 
threshold voltage also changes with tem- 
perature. The detailed circuit design must 
allow for this. Later we will see how 
the value of threshold voltage also de- 
pends upon the circuit arrangement. 

Noise margin 
In logic systems, "noise" refers to 

any unwanted voltage at the input of a 
circuit. If such a noise voltage is high 
enough, it could cause the circuit to 
change state with no change in signal 
voltage, causing false operation. The dif- 
ference between the operating point and 
the threshold voltage gives a measure of 

60 

the noise margin of the circuit -the max- 
imum value of noise voltage that the cir- 
cuit can tolerate without changing states. 
The operating points are usually depen- 
dent on temperature, in addition to the 
threshold voltage, so the noise margin 
of the circuit is also temperature- depen- 
dent in operation. 

It is relatively straightforward to 
specify the dc noise margin of a circuit, 
but more difficult to define and specify ac 
noise margin because of transient effects. 
More will be said about noise immunity 
later during the description of the var- 
ious logic families. 

Operating speed 
It takes a finite time for a circuit to 

change from one state to the other. In a 
transistor, this is the time required for 
the base current to supply charge to, or 
remove charge from, the capacitive ele- 
ments associated with the transistor 
structure, to produce the required volt- 
age change at the output. In a circuit. 
additional time is required to charge any 
capacitance associated with the load. 
Thus there is a time delay between the 
application of a signal at the input. and 
the change of state at the output. This 
time delay is called the propagation de- 
lay of a circuit. 

Values of delay vary considerably, 
depending on the particular circuit and 
transistor structure, but with integrated 
logic circuits are usually in the range 
of 5 to 50 nsec per gate (a nanosecond 

is 10-9 sec). In a complete logic system, 
a number of gates are connected in se- 
ries, and the overall propagation delay 
is the delay per gate multiplied by the 
number of gates in series. 

An electric current propagates along 
a wire at a rate of about 9 inches per 
nanosecond. With discrete component 
circuits, the time delay due to the current 
traveling along the interconnecting wires 
could be comparable to the circuit delay. 
With IC's, the interconnections are very 
short, and the time delay due to current 
propagation is usually negligible com- 
pared with the circuit delay. 

Fan -in and fan -out 
The fan -out is the number of circuits 

a gate can drive from one state to the 
other simultaneously. Each circuit has an 
associated input resistance and capaci- 
tance, and the driving gate must be de- 
signed so its internal impedance allows 
sufficient voltage swing to be produced at 
its output with all load circuits connected. 

The fan -in is the number of inputs a 
gate is designed to accommodate. 

Operating temperature 
All semiconductor devices are tem- 

perature- sensitive, and a circuit can oper- 
ate satisfactorily only over a certain tem- 
perature range. The IC manufacturer 
designs his circuits according to their in- 
tended application, and specifies their op- 
erating temperature range in his data 
sheets. Military types are generally speci- 
fied to operate between -55 °C to 
+125°C and industrial types between 
0 °C to 4 -70 °C. 

Power dissipation 
The power dissipation of a logic cir- 

cuit is usually defined as the supply pow- 
er required for the gate to operate with a 
50% duty cycle. that is, equal times in 
the 0 to I states. The power dissipation 
of typical logic integrated circuits ranges 
from a few milliwatts to about 50 mW 
per gate, depending on the type of circuit. 
In general. high -speed circuits with short 
propagation delay require higher power. 

Digital logic circuit families 
As stated earlier, there are several 

logic circuit groups or families, based 
mainly on different methods for carrying 
out the logic and coupling to inverter 
stages. For example, in Direct -Coupled 
Transistor Logic (DCTL), transistors are 
used for the logic with direct coupling 
between stages. With Resistance Tran- 
sistor Logic (RTL), series resistors are 
included in a DCTL circuit. Diode Tran- 
sistor Logic (DTL) uses diodes as logic 
elements, and Transistor Transistor Logic 
(TTL) uses a multi- emitter transistor in- 
stead of the diodes. In Emitter -Coupled 
Logic (ECL), the circuits are coupled by 
a common -emitter resistor, and Comple- 
mentary Transistor Logic (CTL) uses 
a combination of pnp and npn types of 
transistors. 

For each family, variations of a bas- 
ic gate circuit are used to design a range 
of logic circuits with compatible input 
and output logic levels. In a complete 
logic system, it is generally necessary to 
use logic circuits of one family only. 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Direct -coupled transistor 
logic (DCTL) 

In the DCTL system, the output of a 
gate is directly connected to the input 
of the next gate. A DCTL NOR gate is 
shown in Fig. 3. The input voltage is nor- 
mally derived from the collector of the 
previous gate and the output connects 
directly to input of the following gate as 
indicated by the dotted circuits. 

If a positive voltage (logic 1) is con- 
nected to input A or B or C. the respec- 
tive transistor saturates and the output 
voltage drops to the saturation voltage of 
the transistor to give a logic 0 output. 
With the dotted driving and load gates 
connected, the logic voltage swing at 
both input and output of the NOR gate 
is approximately from 0.2 volt for logic 
0, to 0.9 volt for logic 1, as previously 
described with reference to Fig. 2. The 
threshold voltage will be about 0.7 volt. 

The advantage of the system is its 
simplicity, but the problem is that its op- 
eration is affected by slight differences 
between the characteristics of different 
transistors. If one transistor has a base - 
emitter voltage slightly lower than oth- 
ers in parallel, it takes most of the avail- 
able current and prevents proper overall 
operation of the circuit. This is called 
current hogging. To reduce the effect, 
resistors are included in series with each 
base lead, so that the base current is 
less dependent on the individual base - 
emitter characteristics. The circuit is then 
known as Resistor Transistor Logic. The 
simple DCTL circuit is now rarely used 
and will not be discussed further. 

Resistor transistor logic (RTL) 
Resistor transistor logic was the first 

family of logic circuits established as a 
standard catalog line. The basic arrange- 
ment is in Fig. 4. Here you can see the 
series resistors added to each transistor. 
By reducing the current -hogging effect, 
the use of the resistors allows a larger 
fan -out. Against this, the series resistors 
have an adverse effect on the switching 
speed of the circuit, since the input ca- 
pacitance of the transistors must now be 
charged and discharged through addi- 
tional resistance which gives the circuit 
an increased time constant. Thus with 
RTL, there must be a compromise be- 
tween fan -out and switching speed. 

Typical values are a fan -out of 4 or 
5 with a switching delay of 50 nsec. The 
operating points and logic voltage swing 
are similar to those for the DCTL circuit. 
The RTL circuit has a relatively poor 
noise immunity. The noise margin from 
the logic 0 state to the threshold voltage 
is about 0.5 volt, but from the logic I 

state to the threshold voltage it is only 0.2 
volt. 

Switching speed of an RTL circuit 
can be improved by adding a capacitor 
in parallel with the series resistor. This 
variation is called Resistor- Capacitor 
Transistor Logic (RCTL) and is shown 
in Fig. 5. The capacitor lets leading and 
trailing edges of a signal pulse bypass 
the resistor so the transistor input ca- 
pacitance charges more quickly. The use 
of the capacitor also allows higher values 
of resistor, with the possibility of lower 

SEPTEMBER 1969 

Vce + 

I Fo 
TIT 

I N-- /r 4 
1.-1 

LL,, 

/ I `> 

o 

I 

I -ii-1 

J 
Fig. 5- Faster switching speed can be gained in RTL circuits by paralleling series 
resistors with capacitors to bypass leading and trailing pulse edges. 

power dissipation per gate. The RCTL 
circuit, however, is not ideal from the 
IC viewpoint as it includes a high pro- 
portion of resistors and capacitors, which 
are relatively costly because of the large 
area they occupy. Both RTL and RCTL 
circuits are still used in established equip- 
ment, but are rarely used for any new 
development. 

Diode transistor logic (DTL) O 

o 
o 

The next family of integrated logic 
circuits to become established is the diode 
transistor logic circuit shown in Fig. 6. 
The logic is performed by input diodes 
D1, D2 and D3, and the signal is then 
coupled through series diode Ds to an 
inverter stage consisting of a transistor 
and its load resistor. The overall DTL 
circuit constitutes a NAND gate. 

If all inputs are at logic I with a 
positive signal voltage equal to Vcc, the 
three input diodes are reverse -biased and 
pass no current. Series diode Ds is for- 
ward- biased and current flows through 
R and Ds into the base of the transistor 
and holds it in saturation, with the low 
collector voltage, VcE,,,,,,, giving a logic 
0 at the output. 

If one of the inputs drops to ground 
potential, logic 0, the corresponding in- 
put diode conducts and current flows 
down through R and the diode. The po- 
tential at X drops to the voltage across 
the input diode, which is now about 0.7 
volt. This is not sufficient to drive current 
through diode D, plus the base -emitter 
junction of the transistor in series. Thus 
no base current flows, the transistor is 
cut off and the collector potential rises 
to V,.E to give a logic 1 output. 

Going back to the condition when 
all inputs are at positive V,.E potential, 
the input diodes are reverse -biased and 
current flows through R and D, into the 
base of the transistor. The potential at 
X is approximately 1.4 volt, 0.7 volt 
across series diode D, and 0.7 volt 
across the base -emitter junction of the 
transistor. Now let one input voltage be 
reduced gradually. 

For the associated input diode to 
start to conduct, it is necessary to reduce 
the input voltage down to 0.7 volt so that 
there is a forward voltage of 0.7 volt 
across the diode. Then the diode con- 
ducts, the voltage at X falls to 0.7 volt 

DI 

02 

D3 

VCC+ 

OUT 

VIN 

VCC 
VT 

ZERO 

Vcc 

*UT 
+ 

ZERO 

Fig. 6 -NAND gate circuit usi,ig input 
diodes. DTL is faster than RTL circuits. 

and the transistor is cut off. So the 
threshold voltage of this circuit is 0.7 
volt. If two diodes in series are -.iced for 
Ds, the threshold voltage is increased by 
an additional 0.7 volt to 1.4 vok (this is 
usually done in practical DTL circuits). 

With a logic 1 input, the input resis- 
tance of the gate is high -the d odes are 
reverse -biased, and so the gate daes not 
load the previous circuit. Thus the logic 
1 output level from a previous DTL cir- 
cuit can be the full supply voltage Vcc. 
If this is set at 4 volts, the two operating 
points at input and output of the gate 
will be 0.2 volt for logic 0. and 4 volts for 
logic 1. If two series diodes are used 
with a threshold voltage of 1.4 volts, the 
0 state noise margin will be 1.2 volts. sub- 
stantially better than that of the RCTL 
circuit. 

The DTL circuit switches faster than 
the RTL circuit since the signal passes 
through the low forward resistance of the 
diodes to the transistor. A typical delay 
time is 25 nsec. A high fan -out up to 
the order of 8 is possible because of the 
high input impedance of the subsequent 
gates in the logic 1 state. The use of 
diodes in the DTL gate, rather than re- 
sistors and capacitors as in RCTL. makes 
it more economical in integrated circuit 
form. 

NEXT MONTH 
In the October part of this series, well look 
at further examples of IC logic families. 
A few of the areas to be covered are irans- 
istor- transistor logic and MOSFE7 icgic 
circuits. 
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IC LAB 
POWER 
SUPPLY 
Part 2- Details on how to layout, 

calibrate and test your voltage /current 

regulating power supply 

by LEONARD H. ANDERSON 

IN THE FIRST PART OF THIS ARTICLE 

(last month) the basic operation of 
this voltage and current -regulating 
power supply was described. Opera- 
tion of control- sensing circuits, and 
calibration procedures concludes the 
article. 

Control and sensing circuitry 
A 1 -mA reference current flows, 

so RE and R, must have values equal 
to 1000 ohms per volt. Rs drop 
is limited to 1 -volt to keep error - 
amplifier voltage swing low and to 
limit high- current dissipation. This es- 
tablishes R, as 1000 ohms maximum. 
R, drop should be limited to less than 
1 volt for output currents greater 
than 2 amps. 

RE, can be a standard potenti- 
ometer, multiturn potentiometer or 
switch -selected precision resistors. 
Oak offers a special switch wafer in 
which four resistors are intercon- 
nected for 10 resistance values. I 

picked a switch with 1000 -ohm in- 
crements (1 -volt steps) in series 
with a calibrated standard potenti- 
ometer for fine control. The STANDBY/ 

OPERATE Switch is optional. The 
STANDBY position shorts RE, for zero 
output volts. 

R, is a group of accurate re- 
sistors selected by a current range 
switch. Minimum current range se- 
lected must be greater than reference 
current. Power dissipation at high 
currents must be watched since un- 
due heating will affect accuracy. Ac- 
curate low -ohm resistors are difficult 
to obtain but several 5% carbon - 
composition resistors can be paral- 

62 

leled. There is good probability that 
a group of ten 10 -ohm, 5% resistors 
will give 3% accuracy at I ohm. 

A 1 -volt scale voltmeter can be 
bridged across Rs for continuous 
current readings, but R, must be 
increased in value to compensate for 
meter resistance. When total volt- 
meter resistance is known, R, can be 
computed by: 

R,, 
RS 

IGRM - 1.0 
where R equals total meter resistance 
in ohms, and Is is range current in 
amps. Table II shows several repre- 
sentative values of R, for two meters. 

Long leads and high current 
ranges introduce voltage error due to 
drop in lead resistance. Connecting 
common and voltage- sensing connec- 
tions directly at the load eliminates 
this error. How it is done with the 
aid of two extra terminals is shown 
in Fig. 5. Each sense and output 
terminal pair are strapped together 
when short leads are used. Wire 
tables can be consulted for specific 
applications. For example, 10 feet of 
No. 18 (two 5 -foot leads) will cause 
a 0.063 -volt change with a 1 -amp 
current change if remote sensing isn't 
used. 

Contact resistance voltage drop 
of the current range switch can be as 
great as 50 mV. This is a 5% error at 
1 amp. The extra range- switch pole 
shown in Fig. 5 eliminates this by 
placing the drop out of the sensing cir- 
cuit. 

Range switch rating is impor- 
tant. Most contact ratings are given 
for "holding" conditions when con- 
tacts are stationary. Making and 
breaking currents are 1/3d to 1/5th 

of holding currents. Conventional 12- 
position rotary switches, such as the 
Centralab PA series, are unsuitable 
for 300 mA or greater. 

A recommended switching sys- 
tem with range resistors in series is 
presented in Fig. 6. A shorting or 
nonshorting switch contact system 
can be used. Note that individual re- 
sistor values are lower due to series 
connection. If contacts fail in the 
open position, the lowest range is 
automatically in- circuit. 

Calibration and testing 
A semi- breadboard test layout 

at this stage isn't necessary but is a 
lot easier. Any calculation mistakes 
will show up now and the chassis will 
not have to be torn up. Assemble 
the power transistor and heat sink 
at this stage. Transistor /sink insula- 
tion is not necessary if the heat -sink 
mounting can be insulated. Use a 
good thermal -conductivity silicone 
grease for transistor mounting. Range 
switches can also be prewired. 

First, check the regulator board 
alone. Connect its supply transform- 
er with a variable autotransformer 
on the line side. Run up line voltage 
and measure both 15 -volt supply lines; 
they should increase together. Pin 6 
of each IC will remain at about -14 
volts since their inputs are not com- 
plete. Transistor Q5's emitter output 
to the series transistor will measure 
about -41/2 volts and this transistor 
will be slightly warm, dissipating 
about 0.2 watt. 

Zener voltage can be read at 
each sense input with a high- resis- 
tance voltmeter. 2N3638 Zeners will 
be 6.5 0.5 volt. Both lamp termi- 
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nais will be zero at this time. 
Either setup of Fig. 7 can be 

made but Fig. 7 -b is preferred since 
7 -a has two error sources: multimeter 
inaccuracy and meter resistance 
which will become part of trimming 
resistance. 

Adjust trimmers R1 and R6 for 
exactly 1.0 mA in Fig. 7 -a and zero 
volts in Fig. 7 -b. Better sensitivity and 
accuracy for 7 -b are obtained when 
several mercury cells are used. Mul- 
tiply the 1.35K resistor by the num- 
ber of cells. For fixed trimming resist- 
ance, temporarily connect a variable 
in position; match a fixed resistor to 
the variable resistor value and install. 

Indicator lamp circuits are also 
checked with Fig. 7 -b. Connect the 
lamps. With no sense input, lamps 
should be off. Connect the Fig. 7 -b 

} circuit to current sense input. If the 
1.35K resistor is slightly low, the I 

lamp should light. It may be at half - 
brilliance at exactly 1.35K. The same 
test is done with the voltage sense in- 
put and E lamp. The lamps can also 
be used for final R1, R6 setting. 

Calibration is now complete and 
trimmer shafts should be secured with 
a dab of Glyptal or lacquer. 

Interconnect all raw -dc supply 
components separately with the vari- 
able autotransformer on line. Run up 
line voltage, measuring dc across Cr. 
Full line should have 1.4 times sec- 
ondary- winding rms voltage with no 
ripple. Rectifiers can be checked by 
connecting a resistive load for full 
current. 

Interconnect all components. 
Make certain that sense inputs are 
not reversed. Set voltage to zero and 
current for maximum. Turn on line. 
The E lamp should light, regulator 
board output will be about 0.33 to 
0.5 volt, and the series transistor 
should be cool. A voltmeter on the 
output terminals should indicate zero. 

Retain the voltmeter and ad- 
vance voltage with RE. The voltme- 
ter should follow control settings: but 
if precision resistors are used in 
control, the voltmeter will probably 
be less accurate than the supply. 

Make up a resistive load for nearly 
maximum voltage and half of maxi- 
mum current. Connect it to the out- 
put terminals, observing voltmeter 
reading. Voltmeter indication should 
remain stationary with no needle jerk. 
Decrease the current control poten- 
tiometer. At about half setting, de- 
pending on the value of the dummy 
load, the E lamp will go out and I 
lamp come on. 

Remove the dummy load and 
connect a scope to the output ter- 
minals. Reduce voltage settings to a 
few volts and look for any evidence 
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Table II- Values for Load Current Sampling Resistor, R 

with Typical Current Meter Connections 

Current 
Range No Meter 

100 ohms /Volt 
meter (1 mA, 46 ohms 

internal res. in 
series 953 ohms) 

5000 ohms /Volt 
meter (200 , A, 
1K int. res. in 

series 4020 ohms) 

Power 
Dissipation 

in Watts 
2 Amp 0.500* 0.500* 0.500* 2 
1 Amp 1.00* 1.00* 1.00* 1 

500 mA 2.00* 2.00* 2.00* 1/2 
300 mA 3.33* 3.34* 3.33` 1/3 
200 mA 5.00* 5.03* 5.01* 1/5 
100 mA 10.0 (10.0) 10.10 (10.0) 10.02 (10.0) 1 /10 

50 mA 20.0 (20.0) 20.41 (20.5) 20.08 (20.0) under 1/10 
30mA 33.3 (33.2) 34.48 (34.8) 33.56 (34.0 in 

parallel with 
" 

2610) 
20 mA 50.0 (49.9) 52.63 (53.6 in 50.51 (51.1 in " 

parallel with parallel with 
2940) 4320) 

10 mA 100 (100) 
200 (200) 

111.1 (110) 
250 (249) 

102.0 (102) 
208.3 (210) 

,, 

" 5 mA 
3 mA 333 (332) 500 (499) 357.1 (357) " 

* *2 mA 500 (499) 1000 (1.00 K) 555.5 (562 in 
parallel with 
44.2 K) 

*Values under ten ohms should be made up of paralled resistors for accuracy and 
power dissipation; IRC type AS -2 resistors are available at 2 Watts and 1% ac- 
curacy in 1, 2, and 3.3 ohms. 

* *Two milliampere range not recommended, too close to reference current. 
All resistances in ohms; figures in parentheses indicate nearest values of manufac- 
turers' stock 1% tolerance resistors. 
Resistances are for 1.00 volt drop at full range. 

CONTACT 
RESISTANCE 

VOLTAGE DROP 

OR 
CURRENT 
RANGE 
SWITCH 

1/V1r- 

O+SENSE 

+OUT 

^ COUT LONG 
LEADS 

o 

TO I SENSE 
REGULATOR 
BOARD INPUT RI 

o 

o 
IEXTRA RANGE 
I SWITCH POLE 

-OUT 

0- SENSE 

SENSE LINES 
CONNECTED 
DIRECTLY AT 
LOAD 

LOAD 

TO E SENSE 
REGULATOR 
BOARD INPUT RE 

Fig. 5 -Add extra range -pole switch to increase the accuracy of the supply by 
moving the voltage drop due to the range switch from sensing circuit. 

of oscillation. Older- design power 
transistors will have limited frequency 
response and can introduce phase 
shift in the loop. Change C2 and C4 
values to stop oscillation. 

The following two tests should 
be made in sequence. Set voltage any- 
where above zero, current range to 
maximum but current potentiometer 
to zero. Short the output termi- 
nals; the I lamp should indicate cur- 
rent control. Increase the current po- 
tentiometer (a current meter will 

re- 

track pot setting) to 100 %. The se- 
ries transistor will become warm. 
Your transistor dissipation and heat - 
sink calculations are now being tested. 
It is a very good idea to measure 
transistor case temperature physically 
at this step. If operation is ok, let 
everything warm a few minutes. 

Remove the short and set cur- 
rent range to minimum, voltage to 1 

or 2 volts. Insufficient Ion() com- 
pensation is indicated by output volt- 
age being slightly higher than setting. 
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Your NTS success package 
Choose a career in electronics: 
Computers,. Color TV Servicing. 
Automation. Communications. 
Whatever the field, NTS has a 

complete home -study package to 
get you to the top faster. 10 thor- 
ough training courses. Each in- 
cludes everything to give you the 
working knowledge required of 
successful technicians. 

NTS Project- Method Training is 
the practical way to learn elec- 
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tronics. It's a proven combination 
of lessons and the best profes- 
sional kit equipment available. 
NTS provides the biggest selec- 
tion of kits ever offered in home - 
study . . . all at no extra cost. 
You'll construct these exciting 
kits to fully understand electronic 
circuits, components, and con- 
cepts. Our Project- Method lets 
you build skills by putting theory 
into practice ... by working with 
your hands, as well as your head. 

The NTS "learn and practice" ap- 
proach makes training at home 
really easy. All it takes is a few 
hours a week ... whether you're 
starting from scratch or in ad- 
vanced courses. This is the all - 
inclusive success package that 
put thousands of men into the 
best paying jobs ... or into their 
own business. If "just a living" 
isn't good enough for you, now is 
the time to get something better 
going for you! 

RADIO -ELECTRONICS 
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NTS COMPUTER 
ELECTRONICS 
This is the future. And it's hap- 
pening now. The number of com- 
puters will increase many times 
in the next few years. 

Exclusive new 
Compu- Trainer® 

NTS offers a solid grounding in 
computer operation, wiring, data 
processing and programming. 
One of the 10 important kits in- 
cluded is our exclusive Compu- 
Trainer®. It's a fully operational 
computer logic trainer - loaded 
with integrated circuits - the first 
ever offered in home study. It in- 
troduces you quickly to how, 
what, when and why of computers 
... from theory to practical serv- 
icing techniques. This unit is 
capable of performing 50,000 op- 
erations per second. And it's sent 
at no extra cost. 

NTS COLOR TV 
SERVICING 
This is a broad, easily understood 

COLOR TV 
295 SO. IN. PICTURE 

program designed to make you a 
complete home -entertainment 
service technician. Included, at 
no extra cost, is a color TV 
that has more features than any 
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set on the market. You also learn 
all about stereo, hi -fi, multiplex 
systems, and become a specialist 
in Color TV Servicing. Kits also 
include AM -SW radio, solid -state 
radio, field- effect transistor volt - 
ohmmeter, electronic tube tester, 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
You're trained in the "push -but- 
ton" electronics that keep indus- 
try going and growing ... from 
relay type controls to highly 
advanced systems essential to 
production. You receive 16 kits in- 
cluding a 5" wide band oscillo- 
scope, and the new NTS elec- 
tronics lab: a 
fascinating NTS 
exclusive 
experi- 
mental 
laboratory. 
A complete 
workshop 
which 
makes you 
familiar 
with solid - 
state, 
miniature, 
and integrated 
circuits. 

5" 
Oscilloscope 

NTS ELECTRONIC 
COMMUNICATIONS 
The use of 2 -way radio systems in 
private and commercial applica- 
tions is skyrocketing. NTS pre- 
pares you for the big -money 
opportunities in the field of trans- 
mitting and receiving equipment. 
Your tuition will be refunded in 
full if you cannot pass the FCC 
exam for a 1st Class Commercial 
Radio- Telephone License within 

5 Watt AM Transmitter & Receiver 

six months after successfully 
completing this course. You build 
valuable kits including Amateur - 
Phone 6 Meter VHF Transceiver, 
solid -state Radio , and a field - 

effect transistor volt - ohmmeter. 

CLASSROOM TRAINING 
AT LOS ANGELES 
You can take classroom training 
at Los Angeles in sunny Southern 
California. NTS occupies a city 
block with over a million dollars 
in facilities devoted exclusively to 
technical training. Check box in 
coupon. 

NATIONAL O' SCHOOLS 
World -Wide Training Since 19Z 5 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, J.S.A. 

APPROVED FOR 
VETERANS 
Accredited Member: National As- 
sociation of Trade and Technical 
Schools, National Home Study 
Council. 

r 
TODAY, MAIL 
COUPON 
FOR FREE 
COLOR 
CATALOG 
AND SAMPLE 

N S GUIDE 

Et:L-40N ICS 

LESSON. 
NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa St., Los Angeles, Ca if. 90037 

Please rush Free Color Cata og and 
Sample Lesson, plus information on 
field checked below. No obi gation. 
No salesman will call. 

MASTER COURSE IN COLOR 
TV SERVICING 
COLOR TV SERVICING 
MASTER COURSE IN TL & 
RADIO SERVICING 
PRACTICAL TV & RADIO 
SERVICING 
MASTER COURSE IN ELEC- 
TRONIC COMMUNICATIONS 
FCC LICENSE COURSE 
MASTER COURSE IN ELEC- 
TRONICS TECHNOLOGY 
INDUSTRIAL AND AUTOMATION 
ELECTRONICS 
COMPUTER ELECTRONICS 
BASIC ELECTRONICS 

Name Age 

Address 

City State Zip 
Check if interested in Veteran 7-3ining 
under new G.I. Bill. 
Check if interested ONLY in ClESsroom 
Training at Los Angeles. Dept. YD6.99J 
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TO I -SENSE INPUT VIA RI 

CURRENT 
METER 

+ (FOR PNP) _ = 

CIRCUIT FOR ± I% ACCURACY 

r --in o 

OR EMITTER 
In In 

10.511 0 17,811 a 348011 0 348011. 

3.0 n 

2Ao IA 300 
mA 

10.7.0. 23.711 

1000 

69.811 

300 10 

2558 

30 
mA mA mA mA 

In AND 3.On RESISTORS ARE DALE RS -2B 
REMAINDER ARE DALE DCS- 1/2; ALL ±I% 

TO I -SENSE 
INPUT VIA RI 

2.0 n 
INEXPENSIVE CIRCUIT 

+- 6% ACCURACY OVERALL 

MINUS 
OUTPUT 

TERMINAL 

noon 

(FOR PNP) 

ALL RESISTORS OHMITE 1/2 WATT, + -5% 

SENSE INPUT 

REGULATOR 
BOARD 

COMMON ! 

SENSE INPUT 

REGULATOR 
BOARD 

COMMON 

o 

+ MULTIMETER SET TO 
INDICATE 1 mA AT 
OR NEAR FULL 
SCALE 

1.35K ±1% 

ZERO -CENTER 
MILLIVOLTMETER 
OR LOW SCALE 
VTVM 

b 

- FRESH 
+ MERCURY 

CELL 

NOTE: IN BOTH (a) AND (b), POLARITIES ARE SHOWN 
FOR CURRENT -SENSE REFERENCE ALIGNMENT; 
REVERSE POLARITIES FOR VOLTAGE- SENSE. 

Shunt R20 with another resistor to 
restore tracking. This test must be 
performed with series transistor at 
maximum temperature. 

Line -frequency ripple in output 
will be less than 5 mV peak -to -peak 
per 10 volts output. 

A note on multiturn potentiom- 
eters for control: Some types will 
have up to 3% tolerance on total re- 
sistance even though linearity is much 
better. Total resistance is compensat- 
ed by setting trimmers with near - 
maximum voltage and comparison 
with an accurate voltmeter on output. 
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MINUS 
OUTPUT 

TERMINAL 

Fig. 6 -Range switch setup 
for 1% accuracy (top cir- 
cuit) Less critical setup del- 
ivers 6% accuracy. Use the 
one that gives the accuracy 
level you require. 

Foil side of the circuit 
board is shown full 
size on page 58. 

Fig. 7 -a- Reference current 
circuit for the power sup- 
ply. b- Preferred bridge - 
null technique provides still 
greater accuracy where ap- 
plication demands it. 

Chassis construction 
Layout can be anything desired. 

The transistor heat sink must have an 
easy airflow path. High- current ver- 
sions should also have some heat sink- 
ing for raw -dc supply rectifiers. Regu- 
lator board mounting may be by 
spacers or right -angle brackets. 

I used 5 x 7 -inch chassis with the 
regulator board inside, transformers 
and electrolytics on the outside. I used 
Masonite for the front panel. Mason - 
ite must have a good primer, such as 
zinc chromate, to close the porous 
surface. For added panel support, add 

an insulated bracket from the meter 
terminals to the chassis. 

"Hot" heat -sinking mounting can 
be made by oak or maple strips at- 
tached to the chassis rear. 

One version of this supply was 
built on a 5 x 9 x 3 -inch chassis with 
normal top surface as the front panel. 
Transformers, heat sink and elec- 
trolytics were mounted on the "bot- 
tom plate" (now back plate) outside 
surface and the regulator board on 
inside surface. 

Access holes for trimmer poten- 
tiometers are recommended. 

Repeat all operations tests after 
wiring is finished. 

The definite voltage- setting capa- 
bility frees a voltmeter for other uses. 
As circuits are built up on a bread- 
board, current limiting can be ad- 
vanced for each circuit. Any overcur- 
rent glitches will switch in current 
limiting and indicate it. Current limit- 
ing can take over on an increment 
smaller than approximately 1% of the 
full range. 

Constant -current regulation with 
overvoltage limiting is excellent for dc 
tests of transistors. Two supplies will 
make any forward or reverse dc tran- 
sistor test. 

One unique use for a low -volt- 
age, high- current version is as a pre- 
cision electroplating supply. 

The supply can also be used as a 
meter calibrator. The 1% control re- 
sistors and careful calibration make it 
more accurate than any average mul- 
timeter or vtvm. 

When the supply is used with 
fast -pulse circuits, supply leads can 
introduce series inductance with load. 
A bypass capacitor should be added 
directly at the load to lessen the prob- 
lem in this case. 

For an investment of $40 or less, 
you will have an accurate, depend- 
able, easy -to -use, useful instrument for 
the workshop. 

S EIECToN 
i cS 

C- 

R-E 

"What do you mean? You suppose 
you made a LITTLE mistake!" 

Circle 26 
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Every minute is longer up there. 
You can save as many as 20 or 30 

of those long minutes when you put up 
one of our larger antennas, because 
they're pre -assembled. Our snap- joints 
take only seconds to lock in place. 

Sylvania antennas are equipped with 
a double boom (for strength and ri- 
gidity) . 

All have strong, seamless, half -inch 
tubular elements (not rolled -over 
strips of aluminum). 

All aluminum parts are gold -alo- 

-.,.`"-.:r 

dized inside and out (not sprayed, but 
dipped) . 

Even more care goes into the elec- 
tronics. 

We've peaked our antennas for flat 
response over the entire 6 MHz band- 
width of each TV channel. Flat re- 
sponse is absolutely necessary for good 
color reception. Otherwise, color ren- 
dition may be lost. 

You also need high gain- that's ob- 
vious. But coupled with high directiv- 
ity to knock out interference. Polar 

patterns from our antennas show al- 
most complete rejection of signals from 
the rear and sides. 

We designed our antennas so you 
wouldn't have to (1) climb back up 
there or (2) fiddle around up there. 

We know that the fiddler on the roof 
is just fiddling his own money away. 
For more information on our line of 
antennas see your Sylvania distributor. 

SYLVAN IA 
GENERAI TELEPHONE & ELF'1RONICS 

Here's where we 
can save you time. 
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vat1s- 
ville! 

New BELL P/A 
MODULAR AMP line 
has 20, 45, 90 

and 200W output 
-RMS ratings 

Man, what a power output range! 
And what a variety of input 
configurations ... practically 
unlimited ... with up to 8 input 
modules arrangeable in any 
combination (even with separate 
muting and limiting functions!) 

The only p.a. amps with FET's 

up front for true Hi 2 input (or 
bal. to 2 with trans.). All silicon 
solid state design. 

Exclusive, fully automatic 
output circuit protection saves 
time, labor, components ... 
eliminates guesswork. See your 
local electronics distributor, 
or send for full specs. 

BELLA 
professional appeal 
BELL P/A PRODUCTS CORPORATION 
1209 North Fifth St., Columbus, Ohio 43201 
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FIX THOSE SPECIAL 
SOLID -STATE TV CIRCUITS 

by MATTHEW MANDL 
CONTRIBUTING EDITOR 

TRANSISTORS CAN DO ALMOST EVERY - 

thing tubes can. But their characteris- 
tics are so different that special circuit 
designs must often be used to get de- 
sired results. 

The triode is still the most popu- 
lar transistor type, and neutralization 
is a must in rf amplifier stages to pre- 
vent oscillation. Transistors have low - 
impedance characteristics and are pri- 
marily current amplifiers. Thus, extra 
stages are often used to increase signal 
levels. Typical examples include driver 
stages in vertical and horizontal sweep 
systems and the added stages in video 
amplifiers. 

Set manufacturers often use spe- 
cial circuits peculiar to their own de- 
sign and not found in other sets. 
Sometimes, however, a new circuit 
that improves the performance of a 
particular stage is adopted by others 
and becomes standard TV design. 

What hampers servicing, how- 
ever, is the lack of knowledge on how 
the new circuit functions as well as its 
purpose. While we can make voltage 
measurements, observe scope patterns 
and check components, for final trou- 
ble localization, knowing "how it 
works" helps expedite the job. 

White control and noise cancel 

The Westinghouse transistor TV 
chassis V- 2483 -1 (a black -and -white 
19 -inch receiver) has a white -level 
control (see Fig. 1). The term white 

level refers to that level of the video 
signal near the base of the blanking 
pedestal as shown in Fig. 2. The top of 
the blanking pulse drives the picture 
tube into cutoff, thus representing 
black. Hence, video signals ranging 
from the bottom to the top of the 
blanking pedestal appear as brilliant 
white to very dark scenes. 

The white -level control of Fig. 1 

regulates the voltage on the base of 
the first video amplifier (forward 
bias). This controls the gain of the 
stage and determines the signal drive 
applied to the second video amplifier 
and the video output. 

This control is preset at the fac- 
tory, but these sets are now several 
years old and will be coming into your 
shop more frequently. When replac- 
ing any video amplifier transistor or 

( continued on page 72) 

HORIZ 
SYNC. 
PULSE 

BLACKER THAN 
BLACK REGION 

(MAX DARK LEVEL) 

HORIZ 
BLANKING (BLACK LEVEL) 

DARK-LEVEL WHITE- 
VIDEO_ LEVEL 

VIDEO 

-**----MAX WHITE LEVEL 

Fig. 2- Compositive video signal shows 
white -level video adjusted by the con- 
trol. 

VIDEO DET 
IN295 -A loon 

FROM tt( 
3rd. I.F. IIC 
AMPL I I 

14µH 

6.8 p F 

I40µH á a 

3.3pF 3.3K 

.001 

TO I F 
2211 30011 5 6K 

STAGES WHITE 
LEVEL 

lOrI5VT T.001 
12V 

14V 

NOISE 

11.8 V 

IN295 -A 

TO /I5V 

Ist VIDEO 
AMPL 

I2V 
CANCEL 

OV 

TO BASE 
OF 2nd VIDEO 
AMPL 

60V 

9.8V 

6.8K 

I. 
47011 

30051 
NOISE 
ADJ 

Fig. 1- Circuit for white -level control and noise -cancel adjust in Westinghouse 
V- 2483 -1 transistor chassis. White -level control sets video signal amplitude. 
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IF YOU REALLY VALUE YOUR RECORDS 

DON'T UNDERRATE 
THE GRAM! 

(... a commentary on the critical role of tracking forces in 

evaluating trackability and trackability claims) 

TRACKABILITY: 
The "secret" of High Trackability is to enable the stylus tip to follow 
the hyper -complex record groove up to and beyond the theoretical 
cutting limits of modern recordings -not only at select and discrete 
frequencies, but across the entire audible spectrum -and at light 
tracking forces that are below both the threshold of audible record 
wear and excessive stylus tip wear. 
The key parameter is "AT LIGHT TRACKING FORCES!" 

A general rule covering trackability is: the higher the tracking force, 
the greater the ability of the stylus to stay in the groove. Unfortunately, 
at higher forces you are trading trackability for trouble. At a glance, 
the difference between 3/4 gram and 1, 11/2, or 2 grams may not appear 
significant. You could not possibly detect the difference by touch. But 
your record can! And so can the stylus! 

TRACKING FORCES: 
Perhaps it will help your visualization of the forces involved to trans- 
late "grams" to actual pounds per square inch of pressure on the 
record groove. For example, using 3/4 gram of force as a reference 
(with a .2 mil x .7 mil radius elliptical stylus) means that 60,000 lbs. 
(30 tons) per square inch is the resultant pressure on the groove 
walls. At one gram, this increases to 66,000 lbs. per square inch, an 
increase of three tons per square inch -and at 11 grams, the force 
rises to 75,000 lbs. per square inch, an increase of 71 tons per square 
inch. At two grams, or 83,000 lbs. per square inch, 11% tons per 
square inch have been added over the 3 gram force. At 21/2 grams, or 
88,000 lbs. per square inch, a whopping 14 tons per square inch have 
been added! 
The table below indicates the tracking force in grams and pounds, 
ranging from 3/4 gram to 21 grams -plus their respective resultant 
pressures in pounds per square inch. 

TRACKING FORCE GROOVE WALL PRESSURE 

GRAMS POUNDS POUNDS PER SQUARE INCH 

(See Note No. 1) 

3% .0017 60,000 
1 .0022 66,000 +10% (over 3/4 gram) 
11/2 .0033 75,000 +25% (over 3/4 gram) 
2 .0044 83,000 +38% (over 3/4 gram) 
21/2 .0055 88,000 +47% (over 3/4 gram) 

SPECIAL NOTE: 
The Shure V -15 Type I I "Super- Track" Cartridge is capable of tracking 
the majority of records at 3,4 gram; however state -of- the -art advances 
in the recording industry have brought about a growing number of 
records which require 1 gram tracking force in order to fully capture 
the expanded dynamic range of the recorded material. (3/4 gram track- 
ing requires not only a cartridge capable of effectively tracking at 3/4 

gram, but also a high quality manual arm [such as the Shure -SME] 

SEPTEMIìER 1969 

or a high quality automatic turntable arm capable of tracking at 
3/a gram.) 

TESTS: 
Our tests, and the tests of many independent authorities (see Note 
No. 2), have indicated two main points: 
A. At tracking forces over 2 or 21/2 grams, vinylite record wear is 

dramatically increased. Much of the "high fidelity" is shaved off 
of the record groove walls at both high and low ends after a ra /a- 
tively few playings. 

B. At tracking forces over 11/2 grams, stylus wear is increased to a 
marked degree. When the stylus is worn, the chisel -like edges not 
only damage the record grooves -but tracing distortion over 3D00 
Hz by a worn stylus on a brand new record is so gross that many 
instrumental sounds become a burlesque of themselves. Also, styli 
replacements are required much more frequently. The chart below 
indicates how stylus tip life increased exponentially between 1ír2 
and 34 grams -and this substantial increase in stylus life signifi- 
cantly extends the life of your records. 

RELATIVE AVERAGE TIP LIFE VS. TRACKING FORCE 

-,10% 
100% 

Is. 

STYLUS FORCE- GRAMSiSTYLUS TIP: DIAMOND 

No cartridge that we have tested (and we have repeatedly tested 
random off -the -dealer -shelf samples of all makes and many models of 
cartridges) can equal the Shure V -15 Type II in fulfilling all of The re- 
quirements of a High Trackability cartridge -both initially aged after 
prolonged testing, especially at record -and -stylus saving low tracking 
forces. In fact, our next -to -best cartridges -the lower cost M91 Series 
-are comparable to, or superior to, any other cartridge tested in 
meeting all these trackability requirements, regardless of price. 

NOTES: 
1. From calculations for an elliptical stylus with .2 mil x .7 mil radius 

contact points, using the Hertzian equation for indentors. 
2. See HiFi /Stereo Review, October 1968; High Fidelity, November 

1968; Shure has conducted over 10,000 hours of wear tests. 

V-15 TYPE II 
SUPER -TRACK HIGH FIDELITY PHONOGRAPH CARTRIDGE 

Write: Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, Illinois 60204 
Circle 28 on reader service card 
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J 

There's no substitute 

for SUCCESS... 

JAMES WONG -Research Engineer 
Heald Engineering College Graduate 

or IN -CLASS INSTRUCTION! 

In electronics, it's the training that 
makes the difference. Employers 
require well- trained men and the 
first thing checked is where you 
gained your knowledge. 
HEALD GRADUATES have many job 
offers with starting salaries often in ex- 
cess of $10,000 per year. AND advance- 
ment is rapid. 

GET STARTED NOW. Be a 

DRAFTSMAN -12 months 
TECHNICIAN -15 months 
ENGINEER (B.S. Deg.) -36 months 
ARCHITECT (B.S. Deg.) -42 months 
YOU are eligible for HEALD ENGI- 
NEERING COLLEGE if you have a high 
school education or the equivalent. 

Increased income starts with success- - 
success starts with your move to Heald. 
Send now for FREE brochures with 
more information on Heald in San Fran- 
cisco and your future in Engineering. 

FREE LIFETIME PLACEMENT SERVICE 

VETERAN APPROVED 

S;} 

s a 
x6 

WRITE TODAY FOR DETAILS 
64+rislr 

HEALD Engineering College 
1215 Van Ness Ave., San Francisco, California 94109 

Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronic Mechanical 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio -Television Technician (FCC) 

DRAFTING: Mechanical Electrical 
Structural 

I am interested in Day Evening courses 
Also send an application. 

NAME AGE 

ADDRESS 

CITY 

STATE 

TIP PHONE 

Circle 19 on reader service card 
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Fix Special TV Circuits 
(continued from page 70) 

other component in this section, re- 
check the white -level control and reset 
it, if necessary, to provide a full con- 
trast range. If contrast is still below 
par, check and reset the agc system. 

This receiver also uses a diode - 
transistor combination as a noise can- 
celler, as is also shown in Fig. 1. To 
conduct, a pnp transistor must have a 
forward bias applied between base and 
emitter, with the base negative with 
respect to the emitter. For normal op- 
eration, however, the noise canceller 
transistor has about 11.8 volts at the 
base and 9.8 volts at the emitter, 
making the base positive with respect 
to the emitter and cutting off the 
transistor in this application. 

The video signal is inverted at the 
base of the first video amplifier (Fig. 
2 upside down) and, when a noise 
signal appears, it has a high negative 
amplitude. The series diode applies 
such a noise pulse to the base of the 
noise canceller transistor and thus ap- 
plies forward bias. Now the transistor 
conducts and the amplified noise pulse 
at the collector is applied to the base 
of the second video amplifier transis- 
tor and cuts this stage off for the dura- 
tion of the noise pulse. During servic- 
ing, set the NOISE ADJUST control just 
below the point where picture bend- 
ing occurs. 

Power supply filters 
The power supply sections of 

transistor TV's often use special cir- 
cuits to improve regulation, decrease 

ripple without having to use chokes 
and excessively large filter capacitors, 
and to generate several voltage levels 
as required. Typical is the power sup- 
ply used in the RCA KCS 153 re- 
ceiver. The system uses dual rectifica- 
tion (see Fig. 3). A half -wave supply 
develops 140 volts for the audio and 
video output amplifiers. The 30 volts 
for most of the other circuitry is ob- 
tained from a full -wave bridge recti- 
fier. The half -wave section is tapped 
to the output of the bridge, enabling a 
single circuit breaker to protect both 
sections. The half -wave secondary 
winding adds voltage to the tapped sec- 
tion to produce 140 volts. 

Full -wave rectification and 1000- 
µF filters usually produce fairly 
smooth dc. However, to maintain 
minimum ripple in both video and 
sound i.f. stages, as well as in suscep- 
tible sweep circuitry, special ripple -fil- 
ter transistor circuits are used in the 
low -voltage system. 

As shown in Fig. 3. one transistor 
forms a filter- driver circuit and the 
other a power driver. Any ripple sig- 
nal that appears at the output of the 
30 -volt supply is applied to the emit- 
ter circuit of the filter driver. Because 
this is a grounded -base circuit, the 
amplified ripple signal in the collector 
has the sanie phase as at the emitter. 
This collector signal is applied to the 
base of the power filter, which oper- 
ates in the grounded- emitter mode. 
Thus, the amplified ripple in the power 

(continued on page 97) 

128V 
TAP 

117V 

AC 
2.2 
MEG 

IN3194 
RECT IK,3W +140V 

+- o-- 
ON-OFF CIRCUIT 

BREAKER 
BRIDGE 
RECT 

3.0,5W 

.001 11000µF 

2446 
POWER 
FILTER 

+30V 

3.9K 

50µF 22K 

FILTER DRIVER 
2447 

Fig. 3 -Dual rectification and special electronic ripple filtering provide 
clean dc on this RCA KCS153 chassis without large chokes and filter capacitors. 
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POWERFU 
One $100 Winegard Color -Wedge equals the 
performance of twelve ten -element yagis! 

Sound impossible? 
Then t-y one for yourself and see what a 
power-ul performer the Winegard Color - 
Wedge is. Also available in the popular 
82- channel version with comparable 
performance on VHF -UHF -FM 
(CW -1700, $100.00 list). 

Model CW -2000 
VHF -FM 

$100.00 list 

example A: 
CHECK DB GAIN 

Channel CW -2000 10 -Elem. Yagi 

2 7.2 7.8 

4 7.2 7.6 

6 7.4 8.0 

7 12.2 10.8 

10 11.4 11.0 

13 12.0 11.5 

.Copyright, 1969 

O ANTENNA SYSTEMS 
WINEGARU COMPANY 3013 -5 KIRKWOOD STREET 
BURLINGTON, IOWA 52601 

SEPTEMBER 1969 

example B: 
CHECK DIRECTIVITY 

Channel 2 CW-2000 

Channel 7 CW -2000 

Channel 4 CW-2000 Channel 6 CW-2000 

Channel 13 CW -2000 

example C: 
CHECK FRONT -TO -BACK RATIO 

CW-2000 CI-i. 2 CH. 4 CH. 6 CH. 7 CH. 10 CH. 13 

DB 22 26 17 20 35 30 

SEE YOUR WINEGARD DISTRIBUTOR AND WRITE FOR FACT -FINDER #284 
Circle 30 on reader service card 
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nameplates, 
codes, legends, 
labels for only 
$15.95 Brady Hand Embosser is a trim, 
compact "identifier" that does the job of expensive 
units. That's because it was designed for heavy -duty 
industrial use. All functional parts are metal - action 
is smooth, easy and positive. It will last a lifetime. 

And it's automatic. With just a click, click, you 
can emboss a choice of 44 letters, numbers and 
symbols. Legends display clearly in white on glossy, 
self- sticking tape. There's a selection of 11 tape 
colors and two widths - 3 /e" and 1 /2 ". 

For all this, the Brady Embosser is priced at just 
$15.95 including one embossing wheel. To emboss 
both sizes of tape, order the extra embossing wheel. 
But remember, embossing wheel and tape size must 
be identical. 

Order your Brady Embosser today - just fill out 
the coupon. Makes a great gift, too. 

W. H. 13 CO. 

769 West Glendale Ave., Milwaukee, Wisconsin 53201 
PLEASE SEND ME Brady Embosser(s) and the tapes 
listed below. 3/8" 1/2'- I enclose $ 

Name 
Address 
City, State 

B R A D 

(check or money order) 

TAPE COLOR 
f ordering two tape sizes, enter 
sizes and number . 

black gold 
orange e 

red clear 
green brown 
yellow gray 

Purple 
Total No. roils 

SIZE151 
Rolls are 12' long 

3/8" 1 25 
1/2" 1 65 ea 

EXTRA WHEEL, 2 00 

NOTE. Do not order both saes of 
tape unless you order the extra wheel 

Manufacturers of Quality Pressure -Sensitive Tape Products, Identification and 
Labeling Systems, Self -Bonding Nameplates, Automatic Machines for Dispensing 
Labels. Nameplates, Masks and Tape. 

Circle 31 on reader service card 
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COMING 

NEXT 

MONTH 
OCTOBER 1969 

Next month's issue is packed with special hi -fi 
and audio features 

Receiver Roundup 
What's available in the 1969 -70 hi -fi 
receivers. Specifications and other 
details. 

10- Channel IC Color Organ 
Top performance with any audio sys- 
tem. Uses IC's as active filters and 
with an agc circuit. 

200 -Watt Stereo IC Amplifier 
Build a top -performance hi -fi ampli- 
fier using a miniature hybrid IC 

Stereo Headphones 
Find out the results of listening tests 
conducted by R -E's editorial staff 

How the Dolby System Works 
Learn how electronic circuits take 
the hiss out of hi -fi tape recordings 

Plus other features in hi -fi and TV 

RADIO -ELECTRONICS 
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no other 
rotator 
can make 
this statement. 
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Reliable performance .. . 

Brand -name acceptance 
RCA rotators offer an exclusive combination of features that give the top -notch 
performance that people identify with the RCA name. Engineered and designed 
by RCA, these rotators feature a rugged, lightweight drive unit that handles many 
times the weight of the largest TV antenna easily, effortlessly. RCA rotators -the 
ones that sell -that don't come back. 

Up to 11/2" upper -mast 
capacity. 

Plastic weather boot 
over drive shaft. i _ Alignment markers for 

easy installation. 

V -block serrated clamping system 
locks mast securely, prevents 
slippage in high winds. 

Reinforced shaft with 
nested "U" Bolt. 

Stainless steel bearings - 
permanently lubricated -no 
external thrust bearings 
required. 

High -tensile aluminum 
alloy housing (similar 
to aluminum used in air- 
craft) is strong and 
durable, yet weighs less 
than competitive models, 
for less load on mast 
and brackets. 

High- temperature insula- 
tion on motor permits 
continuous operation 
without thermal cutout; 
will withstand full power 
stall without damage. 

Main drive gear is cast 
integral to main shaft; 
can't come loose. 

Alignment markers for 
,,,easy installation. 

Positive disc brake on 
motor prevents "over- 
shoot". 

High- efficiency motor 
consumes less power, 
assures less voltage 
drop over long cable 
runs. 

Quick access terminal 
cover with no -loss, 
captive nylon thumb- 
screw. 

Pre -turning momentum 
-overtravel clutch 
permits motor to run 
before load is engaged. 

V -block serrated clamp- 
ing system locks mast 
securely, prevents 
slippage in high winds. 

Positive worm drive 
prevents wind milling. 

Stainless steel bearings 
-permanently lubri- 
cated-no external 
thrust bearings required. 

_ Reinforced shaft with 
nested "U" Bolt. 

Up to 21/2" lower -mast 
capacity. 
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The RCA fully Automatic Rotator (model 
10W707) has "Space Age" Solid State 
Circuitry for absolute synchronization 
plus the RCA silent operation. The 
"707" uses a fully balanced DC bridge 
circuit to synchronize control unit and 
antenna with a positioning accuracy 
of two degrees, unaffected by line volt- 
age variations, cable length, weather 
conditions or age. No mechanical 
detents to limit antenna positioning.. 
Full 360° operation -no dead spots. 
It's "childproof" too -can't be put out 
of synchronization or damaged by any 
amount of knob -twisting. Positive 
directional indicator lights instantly 
show the exact direction of operation, 
and are positive indication that drive 
motor is drawing power. 

Sheer elegance in appearance Plus 
the name you can depend on ... RCA 
The new RCA low silhouette beige control cabinets will complement any 
decor ... to please the man and woman of any household. And, they 
perform as beautifully as they look. No competitive antenna rotator does 
all the things, has all the features, that are built into RCA Rotators! 

The RCA sleek positive push -button 
fingertip control Rotator (model 
10W505) has a 360° indicator dial 
that shows the antenna position at ail 
times ... to change this position 
just touch a button. Unique mechanical 
design achieves precise control with 
few moving parts. Proven in life 
tests ... over 30,000 operations with- 
out a failure! A great value in a 
push- button rotator -RCA quality at 
a budget price! 

RC,' 
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"Space Age" 
Engineering... 
Tested 
Performance 

RCA Tests and Tests -RCA 
subjects rotators to continuous - 
operation life tests. Far more severe 
than any normal use, these tests 
surpass the use a rotator would 
receive over a period of more than 
20 years. In one of these tests (top 
photo), the RCA Rotator was 
operated continuously with 64 lb 
concrete weight loading for over 
30,000 full 360° rotations without 
failure. Results of this testing 
prove the RCA rotators you sell will 
perform year in and year out at their 
peak. Tell your customers about 
RCA testing, reinforcement for RCA 
brand -name power. 

RCA Engineered -RCA engineers 
took a long, hard look at every factor 
involved in creating a rotator to turn 
an antenna. Circuitry, mechanics, 
materials were among the problems 
carefully studied. Solutions to each 
problem drew extensively from 
RCA's 50 -year engineering experi- 
ence, and were directly related to 
RCA accomplishments in space and 
radar systems. The result: the best 
rotator the RCA name can sell for you. 

RC" 
Parts and Accessories Rotators Antennas Reception Aids & Installation Hardware 

MAY 62 
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NEW PRODUCTS 
More information on new products is available from the manufacturers 

of items identified by a Reader Service number. Use the Reader Service 

Card at the left and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

3 -WAY SPEAKER SYSTEM, Model SP- 

1001, consists of a 10" woofer, 61_" mid- 
range speaker and 1" dome- shaped 
tweeter. Features include pushbutton 
connection terminals and electronic cross- 
over for simple hookup of bi- or tri- 

amplification systems. Max. input, 40 W 
(IHF) . Impedance, 8 ohms. Sound pres- 
sure level, 100 dB. Frequency response 
35- 20,000 Hz. Network, 12 dB /octave 
parallel type. $139.95. -Sansui Electron- 
ics Corp., Woodside, N. Y. 

Circle 46 on reader service card 

3 -WAY RATCHET NUT DRIVER, 
Model 70711, measuring 81? long and 
weighing 10 oz., is chrome -plated and 
has a corrosion -proof internal mechanism 
with tempered steel springs. Tools ad- 
justs automatically to nuts from h "- 

EXCLUSIVE'S WAY'RATSNET 
SELr A DIOST IND NUT DRIVER 

AUTOMATIC 
HEX SELECTOR 

RATCHET 
SELECTOR 

7/16 ". Thumb pressure on three -way 
shift selector located on the shaft controls 
forward, reversed or locked position of 
unit. S5.95. -Vaco Products Co., Chicago, 
Ill. 

Circle 47 on reader service card 

VOLTAGE ADJUSTER FOR TV, Sat- 
urn Model 50 -172, changes low ac line 
voltage to normal or increase 117 V to 
140 V line if necessary. Unit is simply 
plugged in series NvitlL the color TV set 
and the edge -view Waster and 6- position 
switch allow the viewer finger tip control 

SEPTEMBER 1969 

of line voltage for proper and sharper 
picture quality. Capacity, 300 -500 watts. 
Size, 5h" x 3" x 2h ". Weight, 3 lbs. 
$26.95.- Terado Corp., New Products 
Div., St. Paul, Minn. 

Circle 48 on reader service card 

RHYTHM INSTRUMENT, Model X -92, 
7lá" x 734" x 2 ", is a complete electronic 
rhythm section that plays through guitar 
or music amplifier. Operates on self -con- 
tained battery or optional ac power 

supply. Tempo can be adjusted as de- 
sired after selection from 5 basic rhythm 
patterns which are fox trot, after beat, 
jazz rock, rock beat, fore beat and rock - 
a- ballad. $90.00. -Olson Electronics Inc., 
Akron, Ohio 

Circle 49 on reader service card 

SOUND N' COLOR EQUIPMENTS, 
all solid state, provide synchronization 
of sound with color. Three models in 
audio /color organs: Models 3445 ;Intl 
3450 are both 4- channel, Model 31 11ì. 

3- channel. Translator, Model 3465, 3- 
channel, 1500 watts, turns music system 
sound frequencies into 3 primary pul- 
sating colors, red, blue and green. Strobe 
Lite, Model 3475, permits use with wide 
range of music sources at minimum vol- 

NEW 
HOLLOW 
SHAFT 

noidriver set 
with Locknut/Screw 

adiustinu feature 

Speeds, simplifies setting of combination lock - 

nut /slotted screw adjustments on rheostats and 

similar controls used in a wide variety of elec- 

trical and electronic equipment. 

Handle is drilled so you can run an 8" screw- 

driver blade right through its center and down 

through the hollow nutdriver shaft. 

Ideal for all- around production, maintenance, 

and service work, this new HSC -1 Set contains 

eight interchangeable hollow nutdriver shafts in 

the most popuar hex opening sizes from 3/16" 
thru 9/16" 

Really compact! Set 

is small enough, 
light enough to carry 

in your hip pocket. 

Sturdy, see -thru, 
plastic carrying case 

doubles as a bench stand. 

WRITE FOR BULLETIN N867 

XCELITE, INC., 12 Bank St.,Orchard Park, N. Y. 14127 

In Canada contact Charles W. Pointon, Ltd. 

Circle 106 on reader service card 
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9 Exciting New Kits 

? 

®1 / ® ® 

SWIM 

NEW $7995 
Kit IG -28 

Standard 9 x 9 Display O R Exclusive Heath "3 x 3" Display 

r 

Color Bars 

Dot Pattern 

I 
Shading Bars 

Cross Hatch 

J L 

3x3 Color Bars 3.3 Shading 

3.3 Dot 

Horizontal Bars Vertical Bars 3x3 Horizontal 

3.3 Cross Hatch 

3x3 Vertical 

NEW 
Kit IP -28 

$4750 

NEW 
Kit ID -29 

NEW 
Kit GR -88 
Kit GR -98 

$4995 
each 

NEW 
Kit GD -209A 

$14995 

86 

NEW Heathkit Color Bar -Dot Generator ...Advanced 
Integrated Circuitry Produces 12 Patterns Plus Clear 
Raster, Eliminates Divider Chain Instability Forever 
The new IG -28 is the signal source for all color and B &W TV servicing. No 
other instrument at any price will give as much stable, versatile TV servicing 
capability. Its solid -state circuitry produces dots, cross hatch, vertical and 
horizontal bars, color bars, and shading bars in the familiar 9x9 display ... 
plus exclusive Heath 3x3 display of all these patterns ... plus a clear raster that 
lets you adjust purity without upsetting AGC adjustment. Fifteen J -K Flip - 
Flops and associated gates count down from a crystal controlled oscillator, 
eliminating divider chain instability and adjustments. And for time- saving con- 
venience the IG -28 has variable front panel tuning for channels 2 through 6. 
Plus & minus going video signals at the turn of a front panel control ... for 
sync, in- circuit video or chroma problems, use the front panel sync output. 
Two front panel AC outlets for test gear, TV set, etc. Built -in gun shorting cir- 
cuits and grid jacks too. Add any service -type scope with horizontal input and 
you have vectorscope display capability as well. Fast, enjoyable circuit board - 
wiring harness construction. You can't beat the Heathkit IG -28 for versatility 
or value ... put it on your bench now. 8 lbs. 

NEW Heathkit 1 -30 VDC Solid -State Regulated Power Supply 
The new modestly priced IP -28 is an excellent power supply for anyone working 
with transistors. Compact Heathkit instrument styling with large, easy -to -read 
meter ... two voltage ranges - 10 V., 30 V.... two current ranges - 100 mA, 
1 A. External sensing permits regulation of load voltage rather than terminal 
voltage. Adjustable current limiting prevents supply overloads and excessive 
load current. Convenient standby switch. Fast, easy assembly with one circuit 
hoard and wiring harness. Order yours today! 9 lbs. 

NEW Heathkit Solid -State Auto Tune -Up Meter ... 
Measures Dwell, RPM And DC Voltage 
The new Heathkit ID -29 is most versatile ... really three automotive test instru- 
ments in one. Measures Dwell on all 4- cycle, 3, 4, 6, or 8 cylinder engines ... 
measures RPM in two ranges, 0 -1500 and 0 -4500 ... measures DC voltage 
from 0 to 15 volts. And no batteries are needed ... running engine provides both 
signal and power. Easy to use ... on both 6 and 12 volt system without changing 
leads. Lightweight and easy to carry . its black polypropylene case has a 

built -in lead storage compartment and is resistant to virtually everything. Fast, 
simple assembly ... only about 5 hours. The perfect accessory for the handy- 
man, emergency road service personnel or shop mechanics ... order your 
ID -29 now. 4 lbs. 

NEW Heathkit GR -88 & GR -98 Solid -State Portable Monitor 

Receivers For VHF -FM and Aircraft Bands 

GR -88... 
Tunes both narrow and wide band signals between 154 -174 MHz ... for police, 
fire, most any emergency service. Exceptional sensitivity and selectivity, will 
outperform other portable receivers. Smart compact styling, portable or fixed 
station capability with accessory AC power supply, variable tuning plus single 
channel crystal control, collapsible whip antenna, adjustable squelch control, 
easy circuit board construction. The new GR -88 receiver is an added safety 
precaution every family should have ... get yours today! 5 lbs. 

GR -98... 
Tunes 108 through 136 MHz for monitoring commercial and private aircraft 
broadcasts, airport control towers, and many other aircraft related signals. Same 
exceptional features as the GR -88 above. The perfect receiver for aviation en- 
thusiasts. 5 lbs. GRA -88 -1, Accessory AC Power Supply... 57.95* 

NEW Heathkit Deluxe Radio -Controlled Screw -Drive 

Garage Door Opener Semi -Kit 
The next best thing to a personal doorman. The "wireless" factory assembled 
transmitter operates up to 150 feet away. Just push the button and your garage 
door opens and the light turns on ... and stays on until you're safely inside your 
home. The giant 7 ft. screw mechanism coupled with the '/a HP motor mean real 
power and reliability and the adjustable spring -tension clutch automatically re- 
verses the door when it meets any obstruction ... extra safety for kids, pets, 
bikes, even car tops. Assembles completely without soldering in just one evening. 
Easy, fast installation on any 7' overhead track (and jamb & pivot doors with 
accessory adapter). Order yours now. 66 lbs. 

Adapter arm for jamb & pivot doors, Model GDA- 209 -2, $7.95* 

RADIO -ELECTRONICS 
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From The Leader HEATHKITb 

NEW Heathkit Ultra -Deluxe "681" Color TV With AFT ... 
Power Channel Selection & Opt. RCA Hi -Lite Matrix Tube 
The new Heathkit GR -681 is the world's most advanced Color TV with more 
built -in features than any other set on the market. Automatic Fine Tuning on all 
83 channels ... power push button VHF channel selection, built -in cable -type 
remote control ... or you can add the optional GRA -681 -6 Wireless Remote 
Control any time ... plus the built -in self -servicing aids that are standard on all 
Heathkit color TV's. Other features include high & low AC taps to insure that the 
picture transmitted exactly fits the "681" screen, automatic degaussing, 2 -speed 
transistor UHF tuner, hi -fi sound output, two VHF antenna inputs, top quality 
American brand color tube with 2 -year warranty. With optional new RCA Matrix 
picture tube that doubles the brightness, Model GR -681MX only $535.00. 

GRA- 295 -4, Mediterranean Cabinet shown 5124.95' 

Heathkit "295" Color TV 

With Optional RCA Matrix Tube ... with the same high performance features 
and built -in servicing facilities as GR -681 above ... less AFT, VHF power tuning 
and built -in cable -type remote control. You can add the optional GRA -295 -6 
Wireless Remote Control at any time. New optional RCA Matrix tube doubles 
the brightness, Model GR- 295MX, $485.00. 

GRA- 295 -1, Contemporary Walnut Cabinet shown $64.95' 
Both the GR -681 and GR -295 fit into the same Heath factory assembled 
cabinets; not shown Early American style at $109.95' 

NEW Deluxe Heathkit "581" Color TV With AFT 
The new Heathkit GR -58I will add a new dimension to your TV viewing. Brings 
you color pictures so beautiful, so natural, so real ... puts professional motion 
picture quality right into your living room. Has the same high performance 
features and exclusive self -servicing facilities as the GR -681, except with 227 
sq. inch viewing area, and without power VHF tuning or built -in cable -type 
remote control. The optional GRA -227 -6 Wireless Remote Control can be 
added any time you wish. And like all Heathkit Color TV's you have a choice 
of different installations ... mount it in a wall, your own custom cabinet, your 
favorite B &W TV cabinet, or any one of the Heath factory assembled cabinets. 
GRA- 227 -2, Mediterranean Oak Cabinet shown $109.95' 

Heathkit "227" Color TV 
Same as the GR -581 above, but without Automatic Fine Tuning ... same 
superlative performance, same remarkable color picture quality, same built -in 
servicing aids. Like all Heathkit Color TV's you can add optional Wireless 
Remote Control at any time (GRA -227 -6). And the new Table Model TV 
Cabinet and roll around Cart is an economical way to house your "227" ... 
just roll it anywhere, its rich appearance will enhance any room decor. 
GRS- 227 -5, New Cart and Cabinet combo shown. $54.95' 
Both the GR -581 and GR -227 fit into the same Heath factory assembled 
cabinets; not shown, Contemporary cabinet $64.95' 
NEW Heathkit Deluxe "481" Color TV With AFT 
The new Heathkit GR -481 has all the same high performance features and ex- 
clusive self -servicing aids as the new GR -58l, but with a smaller tube size ... 
180 sq. inches. And like all Heathkit Color TV's it's easy to assemble ... no 
experience needed. The famous Heathkit Color TV Manual guides you every 
step of the way with simple to understand instructions, giant fold -out pictorials 

. even lets you do your own servicing for savings of over $200 throughout the 
life of your set. If you want a deluxe color TV at a budget price the new Heathkit 
GR -481 is for you. 
GRA- 180 -1, Contemporary Walnut Cabinet shown.. .. $49.95' 

Heathkit "180" Color TV 
Feature for feature the Heathkit "180" is your best buy in color TV viewing ... 
has all the superlative performance characteristics of the GR -48I, but less Auto- 
matic Fine Tuning. For extra savings, extra beauty and convenience, add the 
table model cabinet and mobile cart. Get the value- packed GR -180 today. 
GRS- 180 -5, Table Model Cabinet & Cart combo $42.50' 
Both the GR -481 and GR -180 fit the same Heath factory assembled cabi- 
nets; GRA -180 -2, Early American Cabinet $94.95'. 
Add the Comfort And Convenience Of Full Color Wireless Remote Control 
To Any Rectangular Tube Heathkit Color TV ... New Or Old! 
Kit GRA- 681 -6, for Heathkit GR -681 Color TV's $64.95' 
Kit GRA- 295 -6, for Heathkit GR -295 & GR -25 TV's $69.95' 
Kit GRA- 227 -6, for Heathkit GR -581; GR -481 & GR -180 
Color TV's. .. $69.95' 

SEPTEMBER 1969 

NEW 
FREE 1970 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

r 

L 

Now There Are 6 Heathkit' 
Color TV's To Choose From 

2 Models In 295 Sq. Inch Size NEW 
Kit G R-681 
With AFT 

$49995 
(less cabinet) 

Kit GR -295 

$44995* 
(less cabinet) 

2 Models In 227 Sq. Inch Size 

NEW 
Kj- GR -581 
with AFT 

$41995`- 
(les; cabinet 

Kit G R-227 
NOW ONLY 

$37995* 
(less cabinet 

& cart) ANN 
2 Models In 180 Sq. Inch Size 

NEW 
Kit G R-481 
with AFT 

v 

'359`5 (less cabinet) 

Kit GR -180 
NOW ONLY 

(less cabinet & cart) 
Reception Is Simulated 

On All Sets Shown 

HEATH COMPANY, Dept. 20-19 
Benton Harbor, Michigan 49022 

Enclosed is $ , plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

a Schuimóerger sutsidiary 

City State Zip 

*Mail order prices; F.O.B. factory. Prices & specifications subject to change without notice. CI. -3s5 
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Designed and manufactured in U.S.A. 

NEVER 
A BURNOUT 

IN 6 EMC DIODE- PROTECTED VOMS 
1I 

NOBODY ELSE BUT EMC DESIGNS IN SO MUCH VALUE! Professional quality and versatility Lifetime protection against electrical abuse No meter burn- out, needle damage, or fuse replacement 
VOLOMETER 
Model 109A Factory Wired & Tested 528.95 
Model 109AK Easy -to- Assemble Kit $21.15 
20,000 4/v DC sens. 10,000 4/v AC sens. 41/2 ", 40µa meter. High impact bakelite case. 5 DC voltage ranges: 0- 6- 60.300.600.3000v. 5 AC volt- 
age ranges: 0.12 -120- 600 -1200- 3000v. 3 DC cur- rent ranges 0- 6- 60- 600ma. 3 AC current ranges: 
0- 30- 300ma; 0 -3A. 3 resistance ranges: 0 -20K, 
- 200K, -20 megs. 5 db ranges: -4 to +67db. 
With carrying strap. 51/4" W x 63/4" H x 27/8" D. 
VOLOMETER 
Mode! 103A Factory Wired & Tested $20.75 
Model 103AK Easy -to- Assemble Kit $16.80 
41/2 ", 2% accurate, 800µa D'Arsonval 
type meter. One zero adjustment for 
both resistance ranges. High impact 
bakelite case. 5 AC voltage ranges: 
0- 12.120- 600 -1200- 3000v. 5 DC voltage 
ranges: 0 -6 -60- 300 -600- 3000v. 5 db 
ranges: -4 to + 64db. 5 AC current 
ranges: 0.30- 150.600ma. 4 DC current 
ranges: 0.6- 30.120ma; 0 -1.2A. 2 resist- 
ance ranges: 0 -1K, 0 -1 meg. 51/4" W x 
63/4" H x 27á" D. 

POCKET SIZE VOLOMETER 
Model 1024 
Factory Wired & Tested ;16.95 
Model 102ÁK Easy -to- Assemble Kit $14.40 
31/2 ", 2% accurate 800µa D'Arsonval 
type meter. One zero adj. for both res. 
ranges. High impact bakelite case. 5 AC voltage ranges: 0-12-120-600-1200-3000v. 
5 DC voltage ranges: 0 -6.60- 300.600 - 
3000v. 3 AC current ranges: 0-30-150 - 
600ma. 4 DC current ranges: 0-6-30 - 
130ma; 0 -1.2A. Resistance : 0-1K, 0-1 
Meg. 33/4' W x 61/4" H x 2" D. 

r 

11, 

EMC, 625 Broadway, New York 12, N.Y. , 
Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

RE -9 
NAME 

ADDRESS 

CITY ZONE_STAT 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 
Export: Pan -Mar Corp., 1270 B'way, N.Y. 1 

UNEXCELLED! THE U!/M ANTENNA 

UHF -VHF -FM 
COLOR 

Combination 
UHF -VHF -FM Antennas 

°%1uß Qt[Ot 
pQttatmafC2. 

Tuned and engineered featuring a LOG PERIODIC 
VHF section incorporating a PATENTED MAGNETIC 
WAVE design for UHF. Discriminate between de- 
sired signal and unwanted noise. An absence of 
minor lobes and extremely high front to back ratio 
are characteristics of these antennas. Mechanical 
features include all new fittings and special alloy 
aluminum tubing for added strength. Six models 
available. 

Write or phone for complete information. 

S G. A ELECTRONICS, INC. 
210 W. Florence St. Phone (419) 693 -0528 Toledo, Ohio 43605 

Circle 117 on reader service card 
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COMPONENT AND VECTOR BOARD WIRING 

COMPONENT 
From To 

VECTOR BOARD 
From To 

R9 Q2-B All, D17 A9, D11 
Q2C V1-1 A20, D12 A10, D7 
Q2E GND A8, D12 GND 
Dl/R12 D2/R12 A5, D29 A5, D29 
Dl/R12 R12 A5, D29 A5, D29 
R12 Q3B A5, D25 A5, D25 
Q3E GRD A8, D23 GND 
Q3C R11 A4, D21 A4, D20 
R11 VCC A8, D20 VCC 
115VAC T1-P1 115VAC A2, D52 
115VAC Tl-P2 115VAC A4, D57 
T1-P1 D5/D6 A2, D52 A38, D43 
Tl-P2 D9 A4, D57 A45, D55 
D9 R16 A50, D55 A49, D58 
R16 Cl A52, D58 A55, D58 
C1/R16 R6 A55, D58 A45, Dl 
R6 R5 A45, D1 A39, D1 
R5 R4 A39, Dl A28, Dl 
R4 R3 A28, D1 A22, D1 
R3 R2 A22, Dl A11, Dl 
R2 R1 A11, D1 A5, D1 
Cl T1-P1 A55, D39 A2, D52 
Cl R16 A55, D57 A52, D57 
R16 D9 A49, D57 A50, D55 
C12 T1S1/ 

D3D5 A31, D41 A32, D41 
D4 D3 A26, D42 A26, D44 
D3/D4 GND A26, D44 GND 
D5/D6 R13 A38, D42 A38, D46 
C12 T1S2 A32, D43 A31, D43 
R13 C2/R14 A32, D46 A33, D46 
C2 GND A51, D50 GND 

R14 C3/Q5B A28, 046 A27, D39 
Q5B D7/R14/C3 A31, D48 A28, D46 
D7 GRD A25, D44 GRD 
R14/CZ Q5C A32, D46 A32, D45 
Q5E VCC A40, D57 VCC 
C4 GND A6, D32 GRD 
C5 GND A19, D32 GRD 
C6 GND A23, D32 GRD 
C7 GND A36, D32 GRD 
C8 GND A40, D32 GRD 
C9 GND A53, D32 GRD 
C10 GND A40, D46 GRD 
C11 GND A53, D46 GRD 
T1P1 D5, D6 A38, D43 A38, D42 
Q4B D8/R17 A37, D39 A35, D40 
Q4E GRD A36, D39 GRD 
D8 GRD A37, D36 GRD 
R17 D3/D5 A29, D39 A32, D41 
D5 D6 A38, D42 A38, D44 
D7 R14/C3 A30, D48 A28, D46 
T1S1 D3/D5 Ti A31, D41 
T1S2 D4/D6 T1 A31, D43 
C3 GRD All, D39 GRD 
R15 VCC A39, D45 VCC 
"Capacitors used to increase noise immunity. 

JUMPER CONNECTIONS 

1. A33, D41 to A32, D42 to A34, D42 
2. A26, D42 to A26, D44 to A25, D44 
3. A32, D43 to A32, D44 to A34, D44 
4. A32, D45 to A32, D46 to A33, D46 

to A32, D50 
5. A35, D40 to A34, D39 to A37, D39 
6. A37, D40 to A30, D40 to A42, D40 
7. A38, D42 to A38, D43 to A38, D46 
8. A54, D37 to A51, D50 

R-E 
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EQUIPMENT 
REPORT 

Spar Model 100 AC 
Power Supply 

For manufacturer's literature, circle 
No. 116 on Reader Service Card. 

THIS HANDY LITTLE POWER SUPPLY 
was a surprise. It isn't very awe - 
imposing in appearance, but perform- 
ance is excellent. It will deliver volt- 
ages between zero and 16 Vac, 
completely variable, at current levels 
up to I ampere. Voltage regulation 
insures that line voltage variations of 
as much as 10% will not cause more 
than a 25 mV variation at the output. 

Increasing power drain has little 
effect on voltage too. Varying the load 
from zero to full load will not cause 
more than a 20 mV output variation. 

Current limiting is built into the 
supply too. It is intended to protect 
the users equipment. Even if you short 
the output of this power supply it will 
not deliver more than 1.1 amps. 

The supply is protected against 
thermal damage to its own circuitry. 
Should temperature exceed specified 
limits the supply will shut down to 
avoid burnout of semiconductor de- 
vices in its circuitry. 

The unit is housed in a 5 x 43/4 

x 33/4 -inch case of gold anodized 
aluminum. - Warren Roy 

Eico 385 Color 13ar Generator 

For manufacturer's literature, circle: 1 22 
on reader service card. 

A MUST FOR THE SERVICE TECH'S TUBE 
caddy or tool box is a portable dot- 

SEPTEMBER 1969 91 

bar generator for color and b -w TV 
servicing. The smaller the generator 
the better. A new solid -state color -bar 
generator, Eico's model 385 Color - 
mate, fills the bill nicely. 

The 385 is only 81/2 inches wide 
and deep, 3 inches high. and weighs 
411/2 pounds. The metal case will 
stand up to the bouncing encountered 
on service calls, and the unit is bat- 
tery powered (6 C- cells) . 

The Colormate uses three crys- 
tal- controlled oscillators and divider 
chains to provide 7 horizontal lines, 
8 vertical lines, a 7 x 8 crosshatch, 
56 dots and 8 separate color bars. 
Rf output of the unit is on TV chan- 
nel 3 (61.25 MHz) . Two front -panel 
controls, VERT HOLD and HORIZ HOLD, 

control the sync frequency in the ver- 
tical and horizontal divider circuits. 

Stability of each the five patterns 
was excellent. locking in immediately 
after selection with the 6- position 
switch. In case anything goes wrong 
with the unit, instructions are provid- 
ed for adjusting the counters, color 
oscillator and rf channel. This can be 
done with a general -purpose service 
scope using the waveforms shown in 
the manual. 

Concealed in the battery com- 
partment and permanently wired into 
the 385 is a conventional color CRT 
socket and cable with color -killer re- 

sistors. Three front -panel switches are 
used to cut off the CRT guns, 

Whether you assemble the 385 
as a kit or buy the wired Colormate, 
the generator will be a compact and 
useful addition to your test gear. - 
John R. Free 

MANUFACTURER'S 
SPECIFICATIONS 

Rf output: 10,000 AV into 300 ohms. Hori- 
zontal lines: 7. Vertical lines: 8. Cross- 
hatch: 7 horizontal by 8 vertical 'Jives. 
Dots: 56 (two scanning lines thick). Color 
bars: 8 distinct standard bars. Master pat- 
tern oscillator: 187.2 kHz, crystal -con- 
trolled. Chroma oscillator: 3.65 MHz, 
crystal -controlled. Rf oscillator: 61.25 MHz 
(channel 3), crystal -controlled. Crystal ac- 
curacy: 0.005%. $79.95, kit. $I09.95, 
wired. 

R -E ON FILM 

Two sources of filmed back issues 
of RADIO- ELECTRONICS are now 
available. Please write the com- 
panies for further information. Micro- 
film editions are available from 
University Microfilms, A Xerox Com- 
pany, Ann Arbor, Mich. 48106. 
Beginning with the January, 1969, 
issue, Microfiche editions are avail- 
able from NCR Microcard Editions, 
Industrial Products Division, 901 
26th St., N.W., Washington, D.C. 
20037. 

MODEL 3000eJ NEW VECTORSCOPE 

5" OSCILLOSCOPE 
5 MHz HIGH SENSITIVITY' 
WIDE BAND 'SCOPE PLUS 

Input- Compensated VECTORSCOPE 

Power req. 115V 50/60 Hz 85W. 
11 x 9 x 16, 22 lbs. 

Direct reading Graticule, n- 
stantly removable (2 supplied) 
plus special V input circuit 

Peak -to -Peak readings as easy 
as reading VOM or VTVM 

Vertical amplifier, 4.E My 
RMS /Cm usable to 10 MHz tor 
truly high sensitivity . _0 
Hz to 5 MHz ± 3Db ... 308 
Microsecond rise time 

Horizorttl 
amplifier, E. Hz 
to 500 KHz 

Internal, ex- 
ternal and line 
synch. 

All Mercury 
Test Equipment 

Guaranteed 
For One Full Year! 

JUST 

109 KIT 

179.95 
WIRED, 
probes 

optional. 

The Model 3000 is perfect for general purpose waveform obser- 
vation applications, meeting all the requirements of technical 
schools, industry, electronic experi- 
menters and development engineers. 
Write for complete catalog of Mercury Test and 
Repair Equipment, and name of your nearest dealer. 

MERCURY ELECTRONICS CORPORATION 
315 Roslyn Road Mineola, N.Y. 11501 (516) 742 -5400 
CANADA: William Cohen Corp. 8900 Park Ave. Montreal -11 

This BOOK is a 'must' r "`c'OA -- 

Servicing Color TV With 1 ®r 
The Vectorscope" $2.95 

Circle 118 on reader service card 
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Fix Special Solid State TV Circuits 
(continued from page 97) 

Linearity defects caused by a 
faulty thermistor are shown in Fig. 5. 
There was some vertical jitter here 
too. If the thermistor and vertical out- 
put circuitry check out ok, look at the 
pattern at the base of the vertical out- 
put transistor. An inverted sawtooth 
should appear (Fig. 6). This wave- 
form should have at least 3 volts am- 
plitude, peak to peak. Less than that 
will affect drive and height. Wave- 
form distortion will affect linearity 
and, in either case, the vertical oscilla- 
tor and vertical driver circuits will 
have to be checked. 

In many transistor TV's the con- 
trast control is the emitter circuit of 
the video output amplifier. The bright- 
ness control is on the collector side. 
On occasion, however, both contrast 
and brightness controls are in the col- 
lector side (see Fig. 7, a G -E TC 
chassis). 

Video signals applied to the cath- 
ode have a positive polarity as was 
shown earlier in Fig. 2. High positive - 
amplitude signals (and blanking) raise 
the CRT cathode voltage and make 
the grid more negative. Blanking sig- 
nals cut off the tube. 

The brightness control adjusts the 
dc positive potential on the cathode. 
This regulates the bias because any 

FIX IT FAST WITH 

MICROFLAME 
Perfect Gift. Ideal for 
workshop or lab. Perfect for 
electrical, electronic repair 
and wiring. 
The do- it- yourselfer's dream! 

n 

A must for every 
home workshop. 
Microflame is 
designed to handle 
most light- weight 
welding jobs. It's a 
proven, professional 
miniature welding torch. Completely 
self- contained, this patented torch produces 
5000° F pin -point accurate flame. Operates 
on miniature oxygen and LP Gas cylinders. 
No wires or connections needed. Make your 
workshop complete! Microflame is the ideal 
gift for birthdays, Xmas, every special occa- 
sion. Only $19.95 (with oxygen and 
LP Gas) Deluxe Kit $29.95 (with oxy- 
gen, LP Gas and accessories). 

FREE 
BROCHURE 

MICROFLAME, INC. 
7800 Computer Avenue, Dept. RE 

Minneapolis, Minnesota 55424 
Area 612 927 -5681 

Circle 129 on reader service card 

Fig. 5- Faculty thermistor in vertical 
output caused this linearity defect. 
change in cathode voltage makes an 
inverse change on the grid with re- 
spect to the cathode. The contrast 
control, however, simply regulates the 

Fig. 6 -Scope pattern that should ap- 
pear at base of vertical output transis- 
tor on the Fig. 4 -b circuit. Waveform 
amplitude should be at least 3 Vp -p. 

amplitude of the signal voltage picked 
up from the collector of the output 
video amplifier and transferred to the 
cathode. If the 0.1 -µF coupling capaci- 
tor is leaky or shorted, brightness and 
contract are both affected. 

CONTRAST 

2nd VIDEO \ 
AMPL 

60V 18011 

200K 

3 pF 

18K "/W--4 
0-000 /-4,1 

15K 

.0027 4711 

TO SYNC 
CLIPPER 

«115V 

220K 

I2BZP4 
Or 

I6CNP4 

< 24 TO 80V \ w loov 

BRIGHTNESS 

I. ig. 7 -Both brightness and contrast 
controls are in collector circuit of video 
output transistor in G -E TC chassis. 

A weak output transistor, how- 
ever, affects only contrast. Excessive 
brightness can be caused by an open 
in the uppermost section of the bright- 
ness control or a defect in the power 
supply system delivering the dc ap- 
plied to the top of the control. An 
open 220,000 -ohm series resistor from 
the brightness control to the cathode 
cuts off the tube and darkens the 
screen. R -E 
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TRY 
THIS 
ONE 

AC SUPPLY FOR PROFESSIONAL 
PHOTOFLASH UNITS 

A number of professional photo- 
flash units, including my pair of 
Heiland Strobonar 60 -S's, owe their 
light weight and portability to the use 
of high- voltage batteries as power 
sources. 

During periods of fully portable 
operation -photographing news stor- 

e ies, for example -the reduction in 
weight is most welcome. However, 
high -voltage batteries are expensive 
($8 each for the 60 -S; $16 for some 
other models) and have limited life. 
For work in the studio or in locations 
where line voltage is available a less 
expensive source of power for the 
flash units is nice to have on hand. 

PWR 

rri 
117 VAC 

00V 
400 PIV 200V 

CT SILICON 
N.C. DIODE 

My ac power supply is surpris- 
3 ingly simple. It consists of a trans- 

former. on -off switch, line cord, 
silicon rectifier and two sets of plugs 
and sockets. The transformer used 
was a military -surplus item, but trans- 
former catalogs list suitable equiva- 
lents. No filter is included, because 
the photoflash unit itself contains 
both a current -limiting resistor and a 
large storage capacitor. The rectified 
high voltage is supplied to the two 
polarized sockets, where mating plugs 
carry it to the photoflash units. 

Connecting the power unit to 
the photoflash units was done by dis- 
assembling a pair of rundown batter- 
ies and removing the phenolic plates 
on which the terminals were mount- 
ed. The power cord was wired to the 
terminals, observing correct polarity 
(the storage capacitor is electrolytic 
and expensive), and the terminal 
plate then pushed back into contact 
in the photoflash unit. 

SEPTEMBER 1969 

The 60 -S units operate from 
240 -volt batteries. The transformer I 
used is rated at 200 volts rms, and 
measured dc voltage at the power 
unit output terminals with photoflash 
units connected is 255 volts. Take 
care not to go more than 10% over 
battery voltage, or the storage capa- 
citors may blow up. For units requir- 
ing 510 -volt batteries, use a 350 -volt 
rms transformer. 

The silicon diode is a standard 
400 -volt type. Several have been sub- 
stituted and all have performed with- 
out failure, though the voltages are a 
bit high for this V rating. For 510 - 
volt use, use two diodes in series, 
with 1 -meg balancing resistors in 
parallel with each. 

With both photoflash units con- 
nected, this power unit recharges in 
10 seconds after an exposure is made. 
This is approximately the same time 
delay encountered with fresh batter- 
ies. With only one photoflash con- 
nected, recycle time is less than 2 sec. 

For safety's sake, the connections 
to the photoflash units should be 
insulated, as they carry 250 volts. I 
planned to use epoxy car -body putty 
to mold plugs, but l've been using 
the setup so much there hasn't been 
time! In fact, this unit supplied the 
power to take its own portrait. It has 
been more than worth the small in- 
vestment in time and materials. -Jim 
Kyle R -E 

Who needs a tuner 
wash? Save your 
money and use 

Q UIETROL E 
The product that cleans while it 

lubricates. Zero effect on capacity 

and resistance. Harmless to plas- 

tics and metals. Keeps color and 

black and white on the beam. 

Non -flammable. 

manufactured by 

QUIETROLE co. 
Spartanburg, South Carolina 

Circle 131 on reader service card Circle 132 on reader service card 

aVail- 
ability 

AEROVOX 
HAS EVERY 

EXACT 
REPLACEMENT 

TWIST PRONG AFH 
ELECTROLYTIC 

Why fool with "jerry- rigged" electrolytics 
when there's an Aerovox exact replace- 
ment to give you the right rating aid the 
right size? Aerovox actually stocks alI 
twist prong AFH electrolytics -this means 
off -the -shelf availability... not "we'll 
build it for you if you order it" delivery. 
Available in singles, doubles, triples and 
quads, these popular types are now man- 
ufactured in new values for filter bypass 
applications in color TV as well as radio, 
black and white TV and amplifier equip- 
ment. Many values are now being used 
for industrial applications. 
Aerovox AFH Twist Prong Electrolytics 
feature ruggedized prongs and mounting 
terminals, high purity aluminum foil con- 
struction, improved moisture resistant 
seal and 85 °C operation. Here is the 
quality you need to protect your profes- 
sional reputation. 
Go to your Aerovox Dis- 
tributor for a perfect elec- 
trolytic fit -he will deliver 
exactly what you want in 
less time than it takes 
to tell. Ask him for the 
new Aerovox Service- 
men's Catalog #SE -567 
or ask us. We'll be happy 
to send one your way. 

AEROVOX 
C O R P O R A T I O N 

DISTRIBUTOR SALES, New Bedford, Mass. 02741 
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Enjoy Relaxing Background 

Music at Home with . . . 

NO COMMERCIALS! 

Size: 61/2 x 5 x 2V2 
Our SCA -1 Decoder makes possible reception of 
this "private" musical programming, transmitted 
by nearly 400 FM stations around the country. 
YOUR FM tuner or receiver can recover this "hid- 
den" music with the simple addition of an SCA -1. 
Hook -up in minutes -full instructions supplied. 
SCA -1 is self powered . . . uses all solid -state 
circuitry (FET'S, IC's, NPN's). Works with any 
quality FM Tuner or receiver. 
Send check or m.o, for either .. . 

SCA -1 (Wired, ready to use) $64.50 
SCA-1K (Kit, all needed parts) $49.95 
Etched, drilled P.C. Board plus special IC 

plus full construction plans $12.50 
One year parts guarantee 

Free national SCA station list supplied with every order. 

SOLD FOR HOME USE ONLY 

SCA Services Co., Inc. 
Box 601 Port Washington, N.Y. 11050 

Circle 133 oit reader service card 

FREE 
Fill in, 

clip out, 
and 

mail. 

YEATS 

102 

A good tip... 
on how to 
save up to i hour on 
every delivery. 

Please send me informative brochure on YEATS 
labor savers - no obligation 

Name 

Firm 

Address 

City 

State Zip 

L 
APPLIANCE DOLLY SALES COMPANY 
1301 W. Fond du Lac Avenue Milwaukee, Wis. 53205 

Circle 134 on reader service card 

TECHNDTES 
MULTIPLEX ALIGNMENT HINT 

In the absence of a crystal -controlled 19 -kHz oscillator 
or marker, an audio generator may be used to align the 19- 
and 38 -kHz coils or transformers if it is calibrated using 
either method outlined below: 

Connect an antenna to the set and tune in a station 
known to be transmitting stereo. Set the audio generator to 
19 kHz and feed the signal into the multiplex (19 -kHz) 
amplifier through a 10,000 -ohm isolating resistor. Slowly 
adjust the generator frequency until you hear a zero beat 
from the speaker. 

Connect the output of the audio signal generator to 
the detector output of a receiver tuned to a FM multiplex 
broadcast. (Use a 10,000 -ohm isolating resistor.) Adjust the 
generator frequency for a zero beat between the generator 
output and the station's pilot carrier. 

The generator is now tuned to exactly 19 kHz and can 
he used for multiplex alignment.-Emerson Service Note 

AM TRACKING ALIGNMENT TOOL 

A simple and inexpensive tool for checking alignment 
tracking of AM broadcast receivers can be made from a 
6 -inch length of t /2- or 5/8-inch diameter ferrite rod (a 
discarded ferrite antenna) and a 2 -inch diameter loop of 
heavy copper wire (about No. 6) with the ends soldered 
together. The loop is attached to one end of the rod with 
an adhesive or plastic electrical tape to form a "tuning 
wand." 

Hold the wand close to the set's antenna while tuning 
the receiver to 600, 1000 and 1400 kHz and listening to 
the noise level. An increase in noise level indicates that 
tracking is off and should be corrected by realigning the 
rf or antenna circuit. 

With the coil end of the wand placed against the set's 
antenna (or antenna coil), an increase in noise level indi- 
cates that circuit inductance is too high. If the noise level 
increases when the rod end of the wand is against the 
antenna, circuit inductance is too low. 

The set should be aligned using signals from an rf 
signal generator with 400 -Hz amplitude modulation. Set 
the signal generator to the highest frequency on the re- 
ceiver's dial. Tune the set so the tuning gang is completely 
open and adjust the oscillator trimmer for maximum out- 
put from the speaker. Tune the set and generator to 1400 
kHz and peak the signal with the antenna and rf (if any) 
trimmer capacitors. Tune set and generator to 600 kHz. 
Adjust the oscillator slug for maximum output while rock- 
ing the tuning gang 20-40 kHz each side of center fre- 
quency. Adjust the antenna and rf transformer coil induc- 
tances for maximum output. 

If the set's tuning capacitor has split plates, tune the 
generator and set to 1000 kHz. Gently bend the first meshed 
split sector toward or away from the adjacent stator plate 
for maximum output. -RCA Service Tips 

NO COLOR- ADMIRAL TV 

Weak or no color on the G11, G13, H10, H12 and 
K15 series chassis may be due to failure of capacitor C521 
(0.1 µF, 50 volts). This permits a negative voltage to be 
produced at the plate of the color killer which will bias 
off the second bandpass amplifier. Measuring this capacitor 
with an ohmmeter may not reveal the fault, so the best test 
is direct substitution. Replace it with a 0.1 -µF capacitor of 
higher working voltage such as 200 volts (this value is now 
used in production). -Admiral Service News Letter R -E 

RADIO -ELECTRONICS 
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NEW BOOKS 
HANDBOOK OF ELECTRONIC TABLES & FOR- 

MULAS, 3rd ed., by Howard W. Sams staff. 
Howard W. Sams & Co., Inc., 4300 W. 62 St., 

Indianapolis, Ind. 46206. 53/4 x 8% in., 224 

pages, hard cover, $5.50. 

This expanded edition is an excellent 
source of electronic formulas, laws, sym- 
bols, standards, charts and tables. In- 
cludes an eight -page color foldout chart 
indicating current FCC allocations for 
the entire broadcast spectrum. 

ELECTRONIC CONNECTION TECHNIQUES 
AND EQUIPMENT 1968 -69. Edited by G. W. A. 
Dummer and J. Mackenzie Robertson. Perga- 
mon Press Ltd., 44.01 21st Street, Long Island 
City, New York, 11101. 552 pp, 81/2' x 11 ". 
Hardbound, $32. 

A truly comprehensive review of all 
current connection methods. Included are 
automated systems, microelectronic inter- 
connections, soldering, welding, bonding, 
wrapping, crimping and more. 

TRANSISTOR TV SERVICING GUIDE, by Robert 

G. Middleton. Howard W. Sams & Co. Inc., 

4300 W. 62 St., Indianapolis, Ind., 46206. 

81/2" x 11 ", 128 pp. Softcover, $3.95. 

Revised edition is updated to ever 
more circuitry and additional circuit tests. 
Quick checks have been included, wher- 
ever they can serve a useful purpose. 
Text is functionally divided into the var- 
ious receiver subsections and subdivided 
according to symptoms. R -E 

WËN mawarsi 
soldering simple 

Model 199K, 
5 pc. kit 

130 watt "instant heat" soldering gun for wiring, appliance 
repair, radio, T.V., etc. Kit includes: solder gun with long 

nosed tip, 1 tip for cutting plastic and removing putty, 
1 flat iron tip for removing dents from wood 

$995 and heat sealing, 5 ft. solder, attractive tp 

heavy gauge metal case. Mfg. Sugg. List 

Model 250. 250 watt solder- 
ing gun. Heats in 3 seconds. 
Mfg. Sugg. List $12.95 

Model 450K4 3 in 1 

All- Purpose soldering kit 

WEN exclusive single post design gives long reach & clear 
view of work. Automatic heat control for all soldering 
jobs. 3 interchangeable tips -3 separate heat ranges, 25- 

100 watts. 100 -200 watts, 200 -450 watts. 
Handsome molded plastic carrying case. 

Mfg. Sugg. List 

Model 100K Kit 
100 watts in 21/2 seconds 
Mfg. Sugg. List $7.95 

Model 75. For fast light work. 
Produces up to 100 watt heat. 

Mfg. Sugg. List $5.95 

Model 222K5. Soldering kit, 2 

tips, 2 heat ranges -25 -200 watts. 
Mfg. Sugg. List $11.95 

WEN PRODUCTS, INC. 
5808 NORTHWEST HIGHWAY, CHICAGO. ILLINOIS 60631 312/763/6060 

INDUSTRIALLY LISTED FOR CONTINUOUS DUTY. 100% AMERICAN MADE 
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MARKET 
CENTER 

ELECTRONICS 

Ultra -sensitive and powerful METAL DETEC- 
TORS join the many who are finding buried 
coins, minerals, relics and artifacts. Don't buy 
till you see our free catalog of new models. 
Write JETCO -Box 132 -RE, Huntsville, Texas 
77340 

TUBES -LOWEST PRICES in the world. Hard to 
get British, German, foreign and American 
obsolete and present day special purpose trans- 
mitting tubes. Send for giant tube and parts 
catalog. UNITED RADIO CO., Dept. R -56, Ferry 
St., Newark, N.J. 07105 

FREE CATALOG, Over 80 different solid state 
electronic products. NEW Electronic Strobe Kit, 
$9.95 ppd. See complete line of Bowman solid 
state products at your local authorized dealer. 
BOWMAN ELECTRONICS, INC., 155 E. 1st. Ave., 
Roselle, N.J. 07203. 

SPECIAL CLOSE -OUT SALE. Rectifiers, Tran- 
sistors, and many other Electronic Parts. Lowest 
prices. Free catalogue. ELECTRONIC COMPON- 
ENTS COMPANY, P.O. Box 2902R, Baton Rouge, 
La. 

CONVERT any television to sensitive Big- Screen 
Oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501. 

HIGH -AMPERAGE low voltage 750VA trans- 
former 24/12 volts 36/60 amps from 115/230 
$10.00. Nicklecad batteries 4AH $1.95, 8AH 
2.50. Free catalog with order. ARROW SALES, 
2534 S. Michigan, Chicago, Ill. 60616 

RADIO & TV TUBES 330 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL 4217 -E University, San 
Diego, California 92105 

OSCILLOSCOPE IMPROVEMENT KITS. High 
speed Triggersweep eliminates sync problems. 
Dual trace FET switch displays two wave -forms 
together. SOLID -STATE SERVICES, P.O. Box 
901, Cupertino, California 95014. 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

ARCTURUS SALE 
1700 t -ansi star types at 39c each. 

40 watt germanium power transistor, same as 

Delco 501, 2N278 (etc.), Cat. #349, 590 each. 

Color TV cartridge focus rectifier 6.5 kv. Used 
in every color TV. Cat. #CFR -20, 790 each. 

Motorola 2500 ma. at 1000 piv, high voltage/ 
current epoxy silicon rectifier, axial leads. Cat. 

H EP 170. 49f each. 

2 Printed circuit I.F. transformers, 4 lug, 455 
ko input and output, cat. x1909P4, 99e each. 

RCA UHF transistor type TV tuners, KRK -120 
(long -shaft) cat. »UHF -20: KRK -120 (short - 
shaft), cat. # U H F -21, each $4.98. 

RCA VHF transistor type TV tuners, KRK -146, 
cat. 7F V H F -74, $9.99 each. 

Transistorized U.H.F. tuners used in 1965 to 
1967 TV sets made by Admiral. RCA, Motorola, etc. 
Removable gearing may vary from one make to an- 
other. Need only 12 volts d.e. to function. No fila- 
ment voltage needed. Easy replacement units. Cat. 

UHF -567, $4.95. 

U.H. F. Tuner -original units as used in TV sets 
such as RCA, Admiral. etc. covering channels 14 

through 82, as part 94D173.2. Complete with tube. 
Drive gearing is removable. Can be used in most 
sets. Cat. U H F -3, $a.95. 

Color yoke. 70" for all round color CRT's. Cat. 
>r XRC -70, $12.95. 90° for all rectangular 19 to 25" 
color CRT's. Cat. x X RC -90, $12.95. 

Kit of 30 tested germanium diodes. Cat. 4100, 
99f. 

Silicon rectifier, octal based replacement for 51/4, 
5Y3, 5AS4, 5A W4, 5T4, 5V4, 5Z4. With diagram. 
Cat. « Rect -I, 990 each. 

7 ", 90° TV bench test picture tube with adapter. 
No ion trap needed. Cat. #7BP7, $7.99. 

Tube cartons 6A U6 etc. size, $2.15 per 100. 
6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95 
per 100. 5U 4G size, 4C each. 

Send for complete free catalog. Include 4 "S, of dollar 
value of order for postage. $5 MINIMUM ORDER. 
Canadian check, 8 °L dollar differential. 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 

Dept. MRE 

Phone: 201- 864 -5568 

Circle 136 on reader service card 
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MR. SCA OPERATOR 
NEED A RELIABLE SOURCE FOR 
HIGH QUALITY, LOW COST SCA 
RECEIVERS, OR SCA DEMODULATOR 
UNITS? 
A new and proven sub- carrier demodula- 
tion scheme using old established principles 
is now practical due to recent component 
developments and mass production. The 
resultant reduction in cost is passed on to 
you. 

IMS138111 

r 1. 

MODEL SCA -6137 SINGLE FREQUENCY FM 
RECEIVER. Size: 12" x 5 ?!," x 4? ". Price: 
$69.95 (Quantity 1-9) 
SCA -6137 FM Receiver Features: 

Range: 88 to 108 MHz Frequency Field 
Adjustable All Solid State Devices RF Stage 

3 IF Stages Automatic Frequency Control 
Two 67 KHz Amplifier Stages 67 kHz Ratio 

Detector Adjustable Muting Main /Sub -Car- 
rier Switch One Watt Audio Outpost 4" Mon- 
itor Speaker Provision for External Speaker 
117 Volt AC Operated. 

Also available: SCA -3 sub -carrier demodulator 
PC Carel with muting control. Size: 21/." x 3" a 
% ". Operates on 6 to 12 Volts DC at 6 ma. Avafl- 
able from stock. Price: $39.95 (Quantity 1 -9) 
Quantity discounts and detailed specifications are 
available to SCA operators. 
Send orders and inquiries to: 

JanZac Company; P.O. Box 177; 
Stamford Conn. 06904 

KenZac Company; P.O. Box 66251; 
Houston, Texas 77006 

ADVERTISING 
INDEX 

RADIO- ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

READER SERVICE CARD NO. PAGE 
109 Accurate Instrument Co., Inc. 83 
132 Aerovox Corp. 101 

Allied Radio Corp. 89 -90 
24 Arrow Fastener Co., Inc. 32 
121 Artisan Organ 94 

27 Bell P/A Products Corp- 70 
16 B & K (Division of Dynascan Corp.) 15 
18 BSR USA Ltd. 16 
31 Brady Co., W. H. 74 
123 Brooks Radio and TV Corp. 94-95 
128 Burstein -Applebee Co. 97 

li Castle TV Tuner Service, Inc. 7 
20 Cleveland Institute of Electronics ... 18 -21 

Coletronics 96 
148 Cornell- Dubilier Cover III 

CREI, Home Study Division of 
McGraw -Hill Book Co. 28 -31 

19 Delta Products, Inc. 17 

21 Electro- Voice, Inc. 
111 Electronic Chemical Corp. 

EMC Electronic Measurement Corp. 

14 Finney Co. 13 

22 
84 
88 

119 Gem City Tuner 92 
Grantham School of Electronics 1 

29 Heald Engineering College 72 
115 Heath Co. 86 -87 

10 International Correspondence Schools . 5 
147 International Crystal Mfg. Co. 108 

22 Johnson Co., E. F. 27 

Lafayette Radio Electronics 99 -100 
112 Leader Test Instruments 84 

118 Mercury Electronics Corp. 91 
120 Mercury Electronics Corp. 93 
129 Microflame, Inc. 98 
127 Mosley Electronics. Inc. 97 

National Radio institute 8 -11 
National Technical Schools 64-67 

110 Oaktron 84 

113 Olson Electronics, Inc. 85 

107 Perma -Power 82 
8 Pioneer Electronics Cover II 

131 Quietrole Co. 101 

RCA Electronic Components 
Tubes Cover IV 

RCA Institutes 54-57 
RCA Parts & Accessories 75 -78 

17 Rye Industries, inc. 16 

117 S & A Electronics 88 
15 Sams and Co.. Inc, Howard W. 14 
108 Sansui Electronics Corp. 82 
133 SCA Services Co. 102 
125 Schober Organ 96 
13 Sencore 12 
28 Shure Bros. 71 

Surplus Center 95 
26 Sylvania (Subsidiary of General 

Telephone & Electronics) 69 

126 TV Tech Aids 96 

114 Vaco Products Co. 85 

135 Wen Products, Inc. 103 
30 Winegard Co. 73 

106 Xcelite, Inc. 81 

134 Yeats Appliance Dolly Sales 102 

MARKET CENTER 104 -107 
136 Arcturus Electronics Corp. 
138 Edmund Scientific Co. 

Fair Radio 
Kenzac Co. 
Music Associated 

139 Park Electronic Products 
137 Poly Paks 
140 Solid State Sales 

Technical Materials Co. 
Terado Corp. 
SCHOOL DIRECTORY 107 
Tri -State College 
Valparaiso Technical Institute 
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COLOR ORGAN KIT $7.50, Power Supplies $3.98. 
Catalog. MURPHY, 204 Roslyn Ave., New York, 
11514. 

INTEGRATED CIRCUIT KITS: computer, audio, 
others. New catalog free. KAY ENGINEERING, 
Box 3932 -D, Long Beach, California 90803. 

LASER KITS, Scientific Equipment. Giant Cata- 
log, 50f.MAYFIELD, 446 Yarnell, Arizona 85362 

GOVERNMENT 
SURPLUS 

JEEPS Typically From $53.90 . Trucks From 
$78.40. . Boats, Typewriters, Airplanes, 
Multi meters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment, Used. 100,000 Bid Bargains 
Direct From Government Nationwide. Complete 
Sales Directory and Surplus Catalog $1.00 (De- 
ductible First $10.00 Order). SURPLUS SERVICE, 
Box 820 -REL, Holland, Michigan 49423 

EDUCATION/ 
INSTRUCTION 

ELECTRONICS ENGINEERING. Day or evening 
classes. Bachelor of Science Program evenings. 
Associate in Science Program day or night. If 
you are married or if you must work for a 
living while obtaining your education, this is 
the college for you. Approved for Veterans. 
WESTERN STATES COLLEGE OF ENGINEERING, 
970 West Manchester Avenue, Inglewood, Cali- 
fornia 90301. 

FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road. Dallas, Texas 75235 

FREE TV TUNER REPAIR tricks. Plans, details, 
complete courses. FRANK BOCEK, Box 3236R, 
Redding, Calif. 96001 

INVENTIONS 
BE PATENTS 

FREE "Directory of 500 Corporations Seeking 
New Products." For information regarding de- 
velopments, sale, licensing of your patented /un- 
patented invention. Write: RAYMOND LEE OR- 
GANIZATION, 230 -U Park Avenue, New York City 
10017. 

INVENTORS: protect your ideas! Free "rec- 
ommended procedure ". WASHINGTON IN- 
VENTORS SERVICE, 422X Washington Build- 
ing, Washington, D.C. 20005 

INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

AUDIO - HI -FI 

Tapemates makes available to you ALL 4 -TRACK 
STEREO TAPES. All labels -postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES CLUB, 5280 RE West Pico 
Blvd., Los Angeles, Calif. 90019. 

TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. ARKAY 
ELECTRONICS, 1028 -E Commonwealth Avenue, 
Boston, Mass. 02215 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
RFD #3. Route 7, Brookfield, Conn. 06804 

FM BACKGROUND MUSIC -Miniaturized SCA 
Adapter Module connects to any FM Tuner. 
Brings in hidden commercial -free programs. 
Operates on 6 -12 volts. $29 postpaid. Perform- 
ance guaranteed. K -LAB, Dept R1, Box 572, S. 
Norwalk, Conn. 06856. 

SEPTEMBER 1969 

NEXT MONTH 
In the special audio -hi -fi October 
issue you'll find construction details 
for an all -IC 200 -watt (continuous) 
stereo amplifier. Two new hybrid 
IC's do the job. You mount them on 
a heat -sink type chassis, add a few 
components and a power supply. 
The specs on this project are tops. 

COLOR T.V. A.0 VCOLTMTETER 

IS TERRIFIC with 
TERADO 

VOLTAGE ADJUSTERS 
CORRECTS HIGH OR LOW 4 

VOLTAGE TO NORMAL CAP. 3110 W b U watts 

SATURN (shown) Model no. 50 -112 List $26.95 

POLARIS (w o meter) Model no. 50 -204 List $16.50 
FULL DEALER DISCOUNTS 

See your Electronics Parts Jobber. or write 

b í CORPORATION 
1053 Raymond Ave., St. Paul, Minn. 55108 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commerce) -free music 

with ANY FM tuner or Deceiver 

Kit $49.50 Wired $75.00 Cover $4.95 List of FM 
stations with SCA authorization SI .09. For com- 
plete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 137043 
phone 201-744-3387 

1400 PC GLASS FIBER OPTIC 
LIGHT SENSOR KIT 

It's FUN! 

1-1 95 * Make (light * Dazzling di * Triggers pl 
infra red s 

"BLISTER" PACKED 

It's Educational! It's Gift 

OPTICAL SCIENTIFIC BREAK 
Allows "hair thin" gláss fibers 12 -f 
to transmit & recieve cold light en 
any color, by internal reflection. I 

jacketed, it guides, snoops, pip( 
around corners, walls, even in cirri 
gering such devices as light sensiti 
sistors, diodes, sers. It CUTS, B 
ACTS like' wire. `NO',electricity On 
imagination controls its 1000's r 
FREE: 12 -pc. accessory kit, with ' 

rt,, boklet ". 

"pipes" 
splays 
toto & 
ells 

THRU! 
t. long) 
ergy of 
undled, 
s light 

es, trig- 
e tran- 
ENDS, 
y one's 
f uses. 
how -to- 

SALE ON FAIRCHILD 
COUNTING DIGITAL "ICs" 

NEW! Trap Door 

"BLIS -DOR" PAKS 

No. 
958 
959 

LI 960 

Description 3 for $15' 
Decade Counter 
Buffer -Memory sc iNc Decoder -Driver J 7Z1 

I 

NEW! "BLIS -DOR" PAKS 
TRANSISTORS 

100 for $ 
198 untested 

NPN Sc PNP Power, Audio, RF, 

EPDXY & 'METAL CASED 
RECTIFIERS 1.5A - 2A - 3AMPS 

PIV 
50 

100 
200 
400 
600 
800 

1000 

1.5A 2A" 
.06 .06 
.07 .07 
.09 .09 
.12 .12 
.16 .16 
.21 .21 

LI .32 .32 

3A 
.15 
.19 
.22 
.31 
.43 
.49 
.79 

H VOLT' 
t AMP 
EPDXY » 

PIV SALE 
2000" 1.00 
3000 L35 
4000 L65 
5000 2.25 
6000 2.96 
8000 3.50 
10000 3.95 

'1.5 Amp rating 

oRC 
R 

2AMp 
piv 

CV 100 

ó d0O 
6130 n 800 

O 2008 

"BLIS -DOR" PAK BARGAINS 
Type Sale . 

2N2222 5 for $1 2N3565 
2N2368 5 for $1 2 N3568 
2N2711 5 for $1 2N3638 
2N2368 5 for $1 2 N3641 -3 
2N3396 5 for $1II 2N3645 

5 - 1 AMP 1000 PIV RECTIFIERS 
6 -1 AMP 800 PIV RECTIFIERS 
4 -2 AMP 1000 PIV RECTIFIERS 

1.4/fir, 

SqE 
.05 
07 

09 
12 

-19 

-29 

Sale 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
6 for $1 
4 for $1 

Terms: art,) postage. Rated: net 30. cod's 25% 
Phone Orders: Wakefield. Afa". (fill) 245 -3829 
Retail: 211 Atti:,,, St., Wakefield, Afass. 

pIANT 'XMAS CATALOG ON: Parts, Rectifiers. 
Transistors, SCRs, I.C.'s, Equipment, 1 Oé 

POLY PAKS 
P.O. BOX 942 R 
LYNNFIELD, MASS 

01940 

SILICON CONTROLLED RECTIFIEF 

PRV 
50 

100 
200 
400 
600 

7A 
.41 
.63 
.91 

1.50 
2.10 

16A 
.60 
.75 

1.10 
1.75 
2.25 

LOWEST PRICES 
LINEAR AMPLIFI 
Guaranteed! With Spec. 

PACKE° 
Type 

I 702 
I 

709 
IT 710 

711 

$2.22 
Use 

D.C. Amplifier . 

Operational Ann 
Differential Co 
Sense Amplifier 

STUD 

25A 
.65 
.95 

1.25 
1.95 
2.50 

ON 
E R -S 

Sheets! 

3 f oT 
s6 

p 
Corr 

Sense 
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Floating bar in picture 
l'm servicing a Transvision profes- 

sional 23" TV set and can't get a sche- 
matic. It has a horizontal bar that floats 
up and down the screen. This doesn't 
show up on a blank raster, only when 
there is a picture. Filters seem to be all 
right. Scope shows a small hump going 
back and forth on the plate signal of the 
sync separator. -R. H., Selden, N. Y. 

It appears that Transvision Co. 
is no longer with us. Sams Photofacts 
has four schematics listed, and I think 
the one in 192 -10 will be very close 
to the Professional 23 chassis. 

This problem is probably due to 
a lack of filtering. A spike of current 
being drawn by the vertical output 
stage gets into the dc power supply 
where it causes a voltage spike or 
added ripple. This, since it's locked 
with the picture's vertical scan fre- 
quency, it floats up or own the 
screen. 

Line frequency will be a frac- 
tion of a cycle out of phase with the 
TV station's vertical frequency, so the 
bar moves. 

Cure: more filtering. Even if 
the electrolytics check good, add more 
capacitance until you get rid of the 
bar. I've had to use 100 -150 ttF of 
extra capacitance to kill it in other 
sets. R -E 

MARKET 
CENTER 

AUDIO YOUR HOBBY? Details on advanced 
plans, projects free. SONLAB, 307 Dickinson, 
Swarthmore, Pa. 19081. 

RENT STEREO TAPES $1.00 week postpaid, 
free catalogue. TAPE LIBRARY, P.O. Box 8126, 
Washington, D.C. 20024. 

RECORDS, Stereo, Hi -Fi. LP's $1.25, 5 for $5. 
45's five $1, 30 for $5. All new, never played, 
name brands. Sample one LP and one 45 for 
$1.50. WARREN ROY, 24 Straw La., Hicksville, 
N. Y. 11801 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Ca. 
95401 

GENERAL 
TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver, 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. REL. 
CO-A25. Box 10839, Houston, Texas 77018 

JAPANESE NEW PRODUCTS MONTHLY! $1.00. 
Refundable. DEERE, 10639 Riverside, North 
Hollywood, Calif. 

-( 
UNUSUAL 
BARGAINS 

BY MAIL 

SHOPPING MART 
A selection of products available by mail for readers of Radio Electronics. 

All merchandise sold on money-back guarantee. Order by No. Send check or M.O. 

'BRIGHT IDEAS' in UNIQUE LIGHTING 
Big, new 100 -page handbook 
packed with facts. loaded with II- 
lusiralions. All last est develop - 

ments. applications. equipment. 
Covers strobes. sources. black light. 
projectors. crystal and organic 
aides. color organs. mirrors. po- 
larized color. screens. light hoses. 
MusicAisiun em. Bare find for 
business. home. hobby. Ideal for 
display houses. comhus. experi- 
menters. hobbyists. SI.," x 11" 
looseleaf paper punchedl to fit 3 
ring binder . . . add new develop- 
ments as the happen. 
Stock No. 9100EH $3.00 Ppd. 

ROTATING MULTI -COLORED LIGHT 
Dazzling colors strewn endlessly 
fr1,111 constantly rotating light. 
Facer led, transparent globe has 
louvered drum inside with red, 
grant. blue A yellow stars. Bulb 
heat rut Otis drum which projects 
flickering star point, on walls, 
ceilings. etc. while individual globe 
facets present constantly changing 
array of brilliant colors. tl tí" star - 
approx. 12" high on bell -shaped 
hase. !'lace on table, TV. fire- 
place -top of Christmas tree or 
display. 

Stock No. 71.000EH ..$6.00 Ppd. 

CATCH THAT STROBE ACTION! 
Its wild. Spectacular slap- aetiou 
lighting effects n ill make a party. 
create a light .show turn the 
"swingers" into psychedelic per- 
formers. 'l'op quality. low -cost, 
solid state electronic strobe. Ad- 
justable hash rate from 2 to 11 
flashes per second. Clear Incite lens 
protects long life X emu] lamp -up to 
10.11011,1100 !lashes. GO` high lustre 
reflector covers 2.O0II sq. fl. area - 
even in dark of night -club. Bugged 
hilt compact I0 "sq.l & lightweight 
(3tá lb.). Rrinkle- finished metal 
case. 110 -120 V.AC.T-L approved. 
Stock No. 71.174EH ..$89.95 Ppd. 

LONGWAVE LIGHT FIXTURE 
Extremely versatile. compactly de 
signed. long w are (32011- 40011 ang- 
strouts) black light (ultravioleth 
fixture. Has 8 -\v. 110 -V lamp 
with hull! -iu filler. Use to ideal ifs- 
minerals, fungi. bacteria -check 
for surface flares. oil and gas leak - agt- perfect for displays with 
fluorescent paper. paints. chalk. 
crayons. trace powder. Incl. ad- 
justable aluminum reflector. push - 
pull switch. connecting plug. 
Mount. vert.. horr.. or on corner. 
10" L.. lt:_" W., We II. 
Stock No. 70,364EH .$9.95 Ppd. 
No. 60.124EH., (Bulb) $3.25 Ppd. 

V 
Ni -Cd BATTERY BARGAIN 

Terrine value used t't 
surplus. Lightweight i cell. C volt. 
4 Amp -hour battery with almost un- 
limited life. Extremely high cur- 
rent output. Recharges in 1 hour 
with Edmund kit. Wont deteriorate 
when left discharged. Minimum 
maintenance - few drops of water 
per year. Rugged. shock-and-vibra- 
tion r istant n'I,rn a.e. Delivered 
partially charged. filled with elec- 
trolyte. 31 v" x 2" x 6" 2 lb. 
BATTERY 
Stock No. 70,942EH $15.00 Ppd. 
CHARGER KIT 
Stock No. 70.807EH $ 8.00 Ppd. 
Stock No. 41,109E1i. CELL $3.95 

GIANT FREE CATALOG 
Edmund. 300 Edscorp Building, 
Barrington, New Jersey 08007 

148 PAGES - 
1000's OF 
BARGAINS 
Completely new 
1969 edition. Doz- 

a 
of electrical eieerom flye.ar 

ot1 on .Enormous 
selection of As- 
trodonomical Tele- 

scopes, ND r pes. Rinocu- 
ors. Mag ifiers. Magnets. 

Lenses. Pri. . Many sur- 
plus. Items for hobbyists, 
h erienters orkshops, fac- 
tory. Mall oupon for FREE 
catalog 'EHc' 
NAME 

ADDRESS 

CITY 

STATE .ZIP ....... _.._ 

:. 

ORDER BY STOCK NUMBER S NO CHEC O' MN ORD ' MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 

Circle 138 on reader service card 

QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000. 

give... 
so more will live 
HEART FUND 

PEP'$ Dollar Sale 

$1 Money Back guarantee $1 
1 Amp Silicon Rectifier 

choice of package 
Bullet -Miniature Glass. 

Metal 
5 -800V units $1.00 
4 
3 -1200V units $1.00 

units $1.00 

3 AMP Epoxy Package 
10 -100V units $1.00 
5 -400V units $1.00 
21000V units $1.00 

5 AMP Epoxy Package 
8 -100V units $1.00 
6.200V units $1.00 
3 -800V units $1.00 

SILICON STUD MOUNT 
12 AMP 

5 -100V units $1.00 
2 -800V units $1.00 
1 -1000V units $1.00 

SILICON STUD MOUNT 
20 AMP 

3 -100V units $1.00 
1.1000V unit $1.00 

SILICON STUD MOUNT 
40 AMP 

S3 -50V units $1.00 
2 -100V units $1.00 

SILICON STUD MOUNT 
60 AMP 

2 -50V units $1.00 
1 -1000V unit $1.00 

SILICON GLASS DIODES 
DO -7 

10 -100V units $1.00 

SPECIAL 
INTEGRATED CIRCUITS 

Dual 4 Input Nand Gate 
Digital $1.50 
Quad 2 Input Nand Gate 
Digital $1.50 
1 K Flip Master Slave 
Digital . $1.75 
Linear I C Operational 
Amp 709C Type .. $1.75 

POWER TRANSISTOR 
85 Watt Similar to 2N- 
212- 1724 -1208 
1 Unit $1.00 

Silicon Controlled 
Rectifier 

TO -5 Package 
5 -40V units $1.00 
4 -100v units $1.00 

S 
3-200V units $1.00 
2.400V units $1.00 

7 AMP SCR 
4 -50V units $1.00 
3 -100V units $1.00 

n 2 -200V units $1.00 
1 -1000V units $1.00 

20 AMP SCR 
2 -50V units $1.00 
1.300V unit $1.00 
Gen Purpose PNP 

Germ Transistor Similar 
to 2N404 

8 For $1.00 
ZENER DIODES 

1 Watt 
1 EA 4V6V- 8V -1011 

4 units $1.00 
ZENER DIODES 10 Watt 

1 EA 4V- 6V- 8V -I0V 
3 units $1.00 

GERM GLASS DIODES 
DO7 GEN PURPOSE 
20 Units $1.00 

Replaces 1N -34 18 -60 
1N -64 1N295 

Zener Diodes 250 to 400 
Millawatt 

1 EA 2V- 4V- 6V- 8V -10V 
5 units $1.00 
Power Transistors 

2N -155 
3 units $1.00 

2N -176 
2 units $1.00 

RADIATION FREE TUBE 
FOR COLOR TV 

50,000 Volts Replaces 
RCA 3A -3A or Equivalent. 
Guaranteed for life of set 
or 5 years. Eliminates 
heat to prolong life of 
other tubes. 

$8.99 each 

NO SALES TAX 
WE PAY POSTAGE 

PARK ELECTRONIC 
PRODUCTS 

P. O. Box 78 N. Salem, N. H. 03073 

Circle 139 on reader service card 
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SCHOOL 
DIRECTORY 

distinguished graduates 
hold important engineering and business administration 
posts throughout U.S. Professionally- oriented college with 
outstanding placement record. Four -quarter year permits 
degree in three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. Approved 
for vets. Moderate costs. Enter Jan., March, 
June. Sept. For Catalog, write Adm. Director. 

TRI -STATE COLLEGE 
2439 College Avenue, Angola. Indiana 46703 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success as 
technicians. field engineers. specialists 
In communications, guided missiles, 
computers. radar and automation. Basic 
& advanced courses In theory & labora- 
tory. Electronic Engineering Technol- 
ogy & Electronic Technology curricula 
both available. Associate degree in 29 
mos. H.S. also obtainable. G.I. ap- 
proved. Graduates in all branches or 
electronics with major companies. Start 
Sept, Feb. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 46389 

Mysterious blue blob 

l've got a color TV with an odd 
problem. Every so often (about 15 
minutes) 1 get an irregular blue blob 
in the lower right corner of the screen. 
This comes about halfway up, then 
disappears. Degaussing and checking 
purity hasn't helped at all. What do 1 

do now ? -A. P., Chula Vista, Calif. 
I know what I do. I get out the 

crystal ball. This is probably the only 
item of test equipment that will help 
on something like this! 

Seriously, this could be due to 
something similar to Barkhausen osc- 
illation. (The right -hand position of 
the screen interference suggests an 
origin in the horizontal output tube 
section.) It could be radiating a burst 
signal. (Not a colorburst signal, of 
course, but some kind of random sig- 
nal occurring in bursts at a frequency 
that would generate blue if it got into 
the i.f. circuits or tuner.) 

Try a new horizontal output tube 
first. Next, try pulling the antenna off 
quickly the next time this thing shows 
up. If the blue blob disappears, it's 
something getting into the tuner input 
by radiation. Try moving the deflec- 
tion -yoke wires as far as possible 
from the antenna lead to the tuner. 
checking tube shields, etc. 

Next: loosen the deflection yoke. 
When the blue blob appears, quickly 
turn the yoke sidewise, watching the 
picture in a mirror. If the blue blob 
stands still while the picture turns on 
its side, this is something in the pic- 
ture tube itself! (Possibly some kind 
of oddball magnetization in the shad- 
ow mask.) If the blob turns with the 
picture, it could be arc -over in the 
yoke itself. 

SEPTEMBER 1969 

RECHARGEABLE EVEREADY 

NI -CAD BATTERIES 
9V (8.75V) 1/2 amp. hr. cap., size 2%" long x 1%" 
diem. Made of 7 -N38 or BH 500 button cells. Suita- 
ble to power cameras, elect. flash, phonos, radios, 
exp. power supplies, many other uses. Retail value 
$12.00 ea. A fortunate purchase permits selling 
these life time batteries on a money back guarantee 
basis at a fraction of cost. Pospaid at $2.95 ea. 
(6 for $15.00) 
Miniature Swiss (precision motor) escap 1 -6 Volts 
D C with reduction gear 50 r p m. High torque 
$1.95 ea. 

TECHNICAL MATERIALS COMPANY 
769 Inwood Road - Union, N.J. 07083 
Phone 201 -687- 9172 - 201- 687 -5171 

FREE Catalog :TINTS; RL T 
SURPLUS ELECTRONIC BARGAINS 

Now BIGGER and 
BETTER Thcn Ever. 

--MAIL THIS COU'ON NOW -- 
NAME: 

ADDRESS: 

CITY: _ STATE: __ _ ZIP: 

For your FREE copy, fill out coupon cnd nail. Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial produc-s or ser- 
vices). 70¢ per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per 
word ... no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 
ads not accepted. Copy for November issue must reach us before August 11. 

CLASSIFIED ADVERTISING ORDER FORM 

6 

11 

16 

21 

2 3 

7 8 

12 13 

17 18 

22 23 

26 27 

31 32 

4 5 

9 10 

14 15 

19 20 

24 25 

28 

33 

f( @ .30 Non -Commercial Rates) 
No. of Words I @ .70 Commercial Rate f 

lots! Enclosed $ 

Insert times) 

Starting with Issue 

Payment must ac. 
company order un 
less placed 
through accred- 
ited advertising MAIL TO: RADIO- ELECTRONICS, CLASSIFIES AD DEPT., 
agency 28 200 PARK AVE. SOUTH, NEW YORK, AA,. 10003 

29 30 

34 35 

NAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

ER 900 TRIGGER DIODES These 
bidirectional trigger diodes are one 
of the best and cheapest methods of 
triggering SCR's and triacs. 

3/$1.00 

MOUNTING HDWE KITS 
These kits are used to mount our 
SCR's, zeners, & rectifiers etc. 
6 x 32 (3, 12 Amp rectifiers, 7 Amp 

SCR's) 6 sets /$1.00 
1/4 x 28 (20, 40 Amp rectifiers, 20 

Amp SCR's) 4 sets /$1.00 

PRV I AMP 
1001 .07 
2001 .09 
400 

1 
.12 

600 
1 

.18 
800 I .22 

1000 
I .35 

EPDXY AND 
CONTROLLED 
AVALANCHE 
RECTIFIERS 

1 AMP 

N- CHANNEL PLASTIC TO -18 
FET'S. Low noise, low leakage, 
gate current, gain to 9000µ 
mhos. $ .80 

TRIACS 
PRV 5A 10A 
100 .90 1.20 
200 1.40 1.75 
300 1.75 2.25 
400 2.25 2.75 
500 2.60 3.25 

SQ -IOA DISCRETE 
OPER. AMPL. MODULE 

Voltage Gain 60,000 Min. 
$4.95 each 

Silicon Power Rectifiers 
PRV 3A 112A 
100 .09 

I .30 
200 .16 

1 .50 
400 .20 I .70 
600 .30 

I 
1.00 

800 .40 I 1.25 
1000 .55 I 1.50 

40A 
.75 

1.25 
1.50 
1.80 

LINEAR CIRCUITS 
FM IF AMPLIFIERS S .90 
702C WIDE BAND DC AMPL. $2.75 
709C OPERATIONAL AMP. . $2.75 
7100 HI SPEED DIFF. 

COMPARATOR $2.75 
711C DUAL COMPARATOR $2.75 

DIGITAL RTL CIRCUITS 
2 -914 QUAD 2 INPUT GATE $1.25 
2 -923 DUAL 1K FLIP FLOPS $1.50 

NEON LIGHT ed NIXIE TUBE 
DRIVERS. An NPh, TO -18, Si 

Transistor with a Vciio of 120 
3 /$1.00 

Silicon Control Rectifiers 
TO-66 pack Studs 

PRVI 3A 17A ,i 20A 170A 
50 .35 .45 I .70 

100 .50 .65 J 1.00 4.00 
200 .70 .9511.30 8.00 
300 .90 1.25 J 1.70 
400 1.20 1.60 12.10 12.00 
500 1.50 2.0012.50 
600 1.80 2.40 

1 
3.00 16.00 

700 12.20 12.80 I 5-00 1 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

Circle 140 on reader service card 
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Tel. (617)'547 -4005 
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For The Experimenter! 
International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 

Type EX Crystal 
Available from 3,000 KHz to 60,000 KHz. Supplied only in 

HC 6/U holder. Calibration is +.02% when operated in International 
OX circuit or its equivalent. (Specify frequency) 

$395 

108 

OX OSCILLATOR 
Crystal controlled transistor type. 

Lo Kit 3,000 to 19,999 KHz $ 
Hi Kit 20,000 to 60,000 KHz 
(Specify when ordering) 

MXX -1 Transistor RF Mixer $3.50 
A single tuned circuit intended for signal con- 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used for injection in 
the 60 to 170 MHz range. 

Lo Kit 3 to 20 MHz Hi Kit 20 to 170 MHz 
(Specify when ordering) 

SAX -1 Transistor RF Amplifier $3.50 
A small signal amplifier to drive MXX -1 mixer. 
Single tuned input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX -1 Transistor RF Power Amplifier $3.75 
A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu- 
lated for low power communication. Frequency 
range 3,000 to 30,000 KHz. 

BAX -1 Broadband Amplifier $3.75 
General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur. 

Write for complete catalog. 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 

Circle 147 on reader service card Circle 148 on reader service card 
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Put your parts in order. 
All it takes is genius to arrive at sànplic- 

ity. This new display stand is deceiizg. It's 
more than a display stand. It's set op to operate 
like a store within your store for instant 
servicing. 

Here, within this unit, is a complebe stock 
of all the wide range twist prongs you'll reed 
plus micas, miniature electrolytics, cern:nics, 
wide range tubulars and dipped paper Molar.* 
The selection was based on an ex:ensive study 
of all capacitors used in the replacement market. 
Now, with the Re- Place, you're in the capacitor 

replacement business. The Re -Place only takes 
2' x 5' in space and you have all your parts in 
Drder. 

Interested? Write for our new catalog on 
The Re- EaceTM capacitor line. "The Replacers" 
-the r yos- ocmplete line of replacemen' capac- 
itors in the smallest possible package. 
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On a color TV Service Call... 

GO BY THE BOOK! 

Speed up your trouble- shooting and 
routine service adjustments on 15 
makes of 1967 and 1968 model color 
TV sets with this remarkable book. 

data you usually need on a 
call is right here. Just 

number of the 

set you're working on in the Chassis 
Index and you'll be guided to the 
proper sections of the Handbook. 
Chassis layouts... purity and con- 
vergence adjustments...and so 
much more...you'll find it indis- 
pensable for servicing color sets of 

recent make. The RCA Color TV 
Service Handbook (1A1759) is avail- 
able from your local RCA Tube 
Distributor. RCA Electronic Com- 
ponents, Harrison, N. J. 

RC" 
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