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JFD is ready!... 20 million homes are ready!... 
Get ready.. get set... go with new 

Home Entertainment JFD Program Center Kits 

Make every home an 
entertainment center! 
Thousands o 
old home owners, 
new home owners, 
contractors, and 
builders in your area 
are ready -to -buy 
prospects for (4) 

JFD Program 
Center Kits 

Easy to sell! 
Easy to install! 

SEE YOUR DISTRIBUTOR 

OR WRITE FOR OUR PROMOTION KIT 

* Provide up to 4 TV sets with different programs - 
from 1 antenna. 

* Beautifully packaged in full -color carry -home display 
carton. 

* Distribution amplifier powerful enough to drive 
up to 12 sets - with additional splitters. 
Whether you install it yourself or sell it over -the -counter, 
the unique JFD Home Entertainment Program Center Kit 
gets you in on the ground floor of a lucrative new untapped 
market - 20 million households with two or more sets that 
can use a distribution system. 

r JFp 
Program 
Center 
Kit 

JFD ELECTRONICS COR 
15 AVENUE AT B2 STREET. BROOKLYN. NEW YORK 11219 

JFD INTERNATIONAL. 2200 SHAMES GRIVE. WESTBURY. N Y. 11590 / JFD CANADA LTG.. ONTARIO. CANADA 
JFO DE VENEZUELA. S.A.. AVENIDA LOS HATICOS 126 -97; MARACAIBO. VENEZUELA 
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from 

Technician to -2 

Advance beyond the technician level 

Become an electronics engineer 

In the Grantham electronics engineering program, you can 
earn the Degree of Associate in Science in Electronics 
Engineering (the ASEE) mostly by home 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 many 
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 

z 

ti 

Specializing in Electronics since 1951 

1505 N. Western Ave. 

Hollywood, Calif. 90027 

Telephone: 
°M E ST° (213) 469 -7878 

F Circle 8 on reader service post card 
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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 are 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. 

r RE -2 '70 Grantham School of Engineering 
1 505 N. Western Ave., Hollywood, Calif. 90027 

Please mail your free Bulletin, which explains how the 
Grantham educational program can prepare me for my 
Associate in Science Degree in Electronics Engineering. 

Name Age 

Address 

City State Zip 

Circle 9 on redder service card 
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NEW &TIMELY 
Volume 41 Number 2 RADIO -ELECTRONICS February 1970 

NO GLASSES: 3 -D MOVIES & TV 
STAMFORD, CONN.- Three- 

dimensional movies that can 
be viewed without special 
glasses are now possible with 
a newly patented system de- 
veloped by Dr. Dennis Ga- 
bor of CBS Labs. The com- 
pany is talking with motion 
picture representatives to in- 
troduce the system to theaters. 

Two films -color or h -w- 
of one scene taken at slightly 
different angles are projected 
by adjacent projectors onto a 
curved screen that has been 
coated with a photosensitive 
material. The eye creates a 
stereoscopic image due to the 
slight displacement of two 
vertical zones on the screen. 
A mirror -laser beam arrange- 
ment is used for projection. 

Meanwhile, Bell Labs an- 

DIODES GLOW BRIGHT 
WITH NEW PHOSPHORS 

MURRAY HILL, N.J. - 
Those three glowing dots on 
the black box are gallium - 
arsenide diodes coated with 
improved rare -earth phosphors 
developed at Bell Labs. The 
new phosphors convert the in- 
frared radiation emitted by 
the diodes into brilliant green, 
red and blue light, using 
erbium -. holium- and thuli- 
um -bared crystals respectively. 

The coating technique, 
first reported by G.E., may 
be practical as solid -state light 
sources for displays, telephone 
sets and computers. Bell says 
the phosphors might eventu- 
ally be used in screen displays 
excited remotely by infrared 
radiation -as in TV projec- 
tion devices. 

nounced they have developed 
a 3 -D CCTV system that also 
requires no special glasses. 

At the transmitting cam- 
era. one of a pair of flexible 
Mylar mirrors is made to 
change from concave to con- 
vex shapes like loosely- fitting 
drum heads. A 3 -D scene is 
reflected by this mirror, and a 
lens focuses the two "depth 
planes" on a rear projection 
screen for pickup and trans- 
mission by a TV camera. 

At the receiving end, a TV 
monitor displays the 2 -D 
images, but they are viewed 
as reflections from a second 
moving mirror in front of the 
monitor. The original 3 -D 
scene can then be seen as 
each image is placed in the 
correct depth position. 

Zeroing in on transistors, Monroe's Prof. Julio Ahumada shows different 
types to an electronics class. Signal can be fed into college complex. 

CCTV STARS AT COMMUNITY COLLEGE 
ROCHESTER, N.Y. -One of 

the most elaborate closed - 
circuit TV systems for instruc- 
lion to be installed in a com- 

LOOKING AHEAD 
by DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 

4- channel stereo 
Will 4- channel sound be the next major advance in 

home music reproduction? 
Variously known as quadrasonics, ambionics and sur- 

round stereo, the "4- eared sound" is now under serious 
consideration by engineers and manufacturers in the tape, 
disc and equipment fields. Four -channel tapes. and equip- 
ment to play them on, are already available; 4- channel FM 
concerts are being broadcast in Boston and New York. Two 
4- channel phonograph record systems have been proposed, 
both claimed to be compatible with existing 2- channel ste- 
reo and monophonic records and playback equipment. 

Experimentation with multichannel sound is not new, 
of course. But for the first time, program sources (tape and 
radio) and playback equipment have become available to 
hobbyist experimenters, and demonstrations are being held 
in various parts of the country. 

In most quadrasonic demonstrations and experiments, 
the two "front" speakers are placed in the normal stereo 
position, while the "rear" speakers are placed on a line with 
them either behind or immediately to the left and right of 
the listeners. A variety of musical effects can be produced 
from 4- channel systems, and most listeners at the dem- 
onstrations appear to have been quite favorably impressed. 

Much of the developmental work on 4- channel stereo 
has been done by Acoustic Research Inc.. which has been 
conducting demonstrations at its Cambridge, Mass., and 
New York City showrooms. Vanguard Records is already 
releasing commercial 4- channel open -reel tapes for use 
with the system, and Columbia Records has produced some 

(continued on page 4) 

munity college is being put 
into operation here. 

Monroe Community Col- 
lege is using 101 classroom - 
laboratory, receiver -monitor 
systems to like this one in 
career programs ranging from 
electrical technology to police 
science to X -ray technology. 
The system, designed and in- 
stalled by Jerrold Electronics 
Corp., carries 12 vhf TV 
frequency channels, although 
special jacks in the classrooms 
and labs permit most of the 
101 setups to originate pro- 
grams when cameras are 
plugged into them. 

The college, which had 
incorporated CCTV into its 
planning before opening in 
1962, uses some 95 miles of 
coaxial cable and the system 
will eventually utilize 120 
cameras. 

SOLID -STATE TRIPLETS 
SHIPPED FOR COLOR TV 

LINDEN, N.J. -A large 
shipment of solid -state substi- 
tutes for the high- voltage rec- 
tifier and shunt regulator 
tubes in color TV sets was 
announced by Scientific Com- 
ponents. SC is one of several 
manufacturers supplying the 
TV industry with solid -state 
"triplets " -voltage multipli- 
ers. The units are one means 
being used by manufacturers 
to cut x -ray radiation from 
color sets. 

(continued on page 4) 
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Radio -Electronics 
February 1970 Over 60 Years of Electronics Publishing 

PHOTOGRAPHIC ELECTRONICS 

New Circuits in Photography 33 , John R. Free 

Meterle.ss `meter', the TAA580 and Kodak's 134 

Low -Cost Darkroom Enlarger Timer 35 Herbert Elkin 

Better prints for just $3.50 

BUILD ONE OF THESE 

Lab -Quality Pulse Generator 37 James Bongiorno 

l MIL: Variable frequency, pulse width, delay 

Reverb For Your Guitar 

Add an Nil() 

30 Linear IC Projects 

How to use the lì¡eh- gain CA3035 

44 Jack Jaques 

62 , , . R. M. Marston 

TELEVISION 

Learn How AFT Works 57 Larry Allen 

Programmed course in automatic fine tuning 

In The Shop 76 Jack Darr 

Service Clinic 77 Jack Darr 

GENERAL ELECTRONICS 

Looking Ahead 2 , David Lachenbruch 

Current happenings with future overtones 

Capacitors: Choose -& -Use Guide 

When, where and hou to use 'on 
23 , .Richard R. Marsh 

Technical Topics 42 . . Robert F. Scott 

Oil-change circuit, cold-solder locator, digital IC probe 

How Computers Read 50 . , . Matthew Mandl 

Feeding in digits with paper, cards and light 

All About Tools 52 . Torn Haskett 

Hou to select and use wrenches- conclusion 

High- Impedance Audio mV Meter 92 James Randall 

CB Tone Call System 92 David E. Fahnestock 

M-AMPLIFIER 1 AMPLIFIER 2-- +r- AMPLIFIER 3-1 
9 I 

6 

CON5 
NN 
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Inside the CA3035: This high -gain, wide - 
response linear IC amplifier has hun- 
dreds of applications. For 30 of them 

see page 62 

A low -cost camera for amateurs uses a 

different kind of electronic shutter - 

control circuit. . , see page 33 

Lab -quality performance from a pulse 
generator you can build. To put pulses 
like this on your scope.... see page 37 

DEPARTMENTS 

CB Troubleshooter's Casebook 14 New Books 93 Noteworthy Circuits 85 

Coming Next Month 94 New Literature 84 Reader Service 79 

Correspondence 16 New Products 81 Try This One 94 
New & Timely 2 New Semiconductors 86 
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New & Tiin ely 

PLASTIC HOLOGRAMS MADE IN 1/2 SEC. 

MALIBU, CALIF.-Self-de- 
veloping, instant holograms 
(laser -made 3 -D photos) are 
now possible with a technique 
that uses photopolymers- 
liquid or gelatin substances 
that become plastic solids af- 
ter exposure to light. 

According to Hughes Air- 
craft, who are studying the 
holography method, a poten- 
tial use for the technique is in 

interferometry studies to mon- 
itor structural stresses under 
varying loads. 

A problem in such applica- 
tions has been the precise re- 
positioning required of regu- 
lar holographic plates after 
development to compare 
changes. With photopolymeri- 
zation, the film develops, is 

fixed by exposure to ultravio- 
let projected in t/a sec. 

Fewer curves? Introduced at the Los Angeles HiFi Show last year, this 
LEE (Listening Environment Engineers) Contempo II listening environ- 
ment chair is "radically different" in appearance to the orginal LEE 

chair, according to its designers. They also claim the tweeter- woofer 
systems on each side and sealed baffles create an acoustic chamber that 
has considerably less distortion, nonlinearity of power response and 
phase shift than conventional speakers in most room environments. The 

chair is "plugged in" to conventional stereo gear through a 4- conductor 
cable. According to the Burbank, Calif. firm, the straight and horizontal 
lines of this $499 model blend better with most furnishings. 

PIONEER BROADCASTER 

RETIRES FROM AIR 

HILv'LRSL N, HOLLAND- 
Edward Startz, the pioneer 
shortwave broadcaster for 
Radio Nederland, turned his 
Sunday Happy Station Show 
over to Tom Meyer last 
month. Meyer joined the sta- 
tion in 1965. 

Startz began international 
broadcasting in 1928 when 
the experimental Philips sta- 
tion, PCJ, first went on the 

4 

air. His programs have gained 
a wide audience. 

The Sunday program is 
beamed to North America on 
11.73 MHz from 9 -10:20 PM 
EST and 11.73 and 9.715 MHz 
from 9 -10:20 PM PST. 

(continued on page 6) 

NEXT MONTH 
Build a hot -carrier diode 
Linear Dynamic Expander 
for your hi -fi. This R -E ex- 
clusive ends faint back- 
ground noise. 

LOOKING AHEAD 
(continued from page 2) 

experimental tapes, but has no current plans for commer- 
cial release. 

In some of the tapes, the two rear channels are used 
"conservatively" -for example, to provide concert hall real- 
ism by reproducing the actual reverberation of the hall. 
In others, the medium becomes the message as in a record- 
ing of "Switched -On Bach," in which the listener is literally 
surrounded by music. 

To play the 4- channel tapes, you need a special 4- 
head tape player, four channels of preamplification and am- 
plification and, of course, four speakers. Four -channel tape 
recorder -players are already available -some of them de- 
signed for other uses -from such manufacturers as Crown 
and TEAC, and Telex /Viking is bringing out several ver- 
sions. Peploe also plans 4- channel tape equipment. Four - 
channel amplifiers have been announced by H. H. Scott 
and, tentatively, by Acoustic Research. 

The first 4- channel stereo broadcasts are reminiscent of 
early 2- channel stereocasts in that two receivers (and two 
stations) are required. In Boston, the weekly concerts of 
the Boston Symphony have been presented in quadrasonics, 
and in New York special programs using the Vanguard 
tapes. In each case, two FM stereo stations are used -one 
for the front sound, the other for the rear -and the lis- 
tener must properly deploy the speakers of two FM stereo 
receivers. 

This is conceded to be a stopgap system. Already, 
preparations are being made for broadcast testing of a 
compatible single- station 4- channel system, developed by 
multiplex pioneer William Halstead. By use of extra sub - 
carriers, this system gives specially equipped 4- channel lis- 
teners quadrasonic sound, while supplying 2- channel stereo 
or mono FM listeners with their accustomed signals. Other 
compatible multiplex systems are also under development. 

There are, of course, drawbacks to all of the 4 -chan- 
nel systems which are available now. Not the least is cost - 
4- headed tape players, 4- channel preamps and amps, four 
speakers. Integrated circuits, presumably, could bring 
amplifier costs down sharply in mass production: other cost 
also could go down somewhat in large quantities. Another 
drawback has been the lack of a 4- channel phono disc sys- 
tem. And tape recordings presumably would require twice 
as much tape for a given amount of playing time, because 
of the two additional tracks. 

Two new systems are coming along, however. which 
could remedy some of these shortcomings. One, which we 
have already heard in a private demonstration, shows 
promise of making possible not only a compatible 2- and 
4- channel disc but a simplified method of 4- channel broad- 
casting and quadrasonic tapes in open -reel, cassette or car- 
tridge format which require no more raw material than 
conventional versions. 

This is an "analog multiplex" system developed by en- 
gineer- musician Peter Scheiber- former first bassoonist of 
the Dallas Symphony. Scheiber won't explain the workings 
of the system (presumably for patent reasons). but it ap- 
pears to deliver completely compatible and crisp, well - 
separated sound in both 2- and 4- channel formats. 

In the Scheiber system, music is recorded either on 
tape or a conventional stereo disc, from four separate mi- 
crophones or other 4- channel source. An "encoder" re- 
duces this output to two channels, multiplexing front and 

(continued on page 6) 
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INSTANT LOADING TAPE CARTRIDGE 

The sensibly priced tape cassette 
...from MALLORY. 

Just what you've been waiting for. The new Mallory 
DURATAPE' Cassette. 

You get the quality and performance of expensive tape 
cassettes at a nice, lots -less price. But not the poor 
performance or the problems of the special- discount 
cheapies. 

And since they're from Mallory - a company long 
known for quality electronic products -you can expect 
high fidelity, smooth operation, and long reliability. And 
get it ... every time! 

MMLLORY 

They'll fit any cassette recorder, player, cassette - 
radio. Even the new cassette changers. And you pick the 
recording time: 30, 60, 90, 120 minutes. 

Our DURATAPE' Cassettes are tough but we put them 
in unbreakable, easy -to -stack containers just for extra 
protection. Like in the rain or through the mail. 

And we make a head cleaner that's perfect for Cassette 
Recorders, too. 

You'll find this great new thing in sound wherever 
Mallory products are sold. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
e division of P. R. MALLORY & CO. INC. 
Box 1558. IndIRnapolle, Indiana 46206: Telephone: 317 -636.6363 

Batteries Capacitors Cassette Tapes Controls Resistors Semiconductors Sonalert Switches Timers Vibrators ICS 

Circle 10 on reader service curd 
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New &Timely 

ELECTRONICS: WAR ON ROAD NOISE 

A dashboard indicator monitors excessive noise levels from vehicles on 
the spot. The indicator is synchronized with a highly sensitive electronic 
noise monitor and split -image camera that is triggered by a highway 
microphone. The device is actuated automatically when a vehicle ex- 
ceeds noise level limits. A photograph of the vehicle and its noise level 
chart reading can be used as evidence in court. When a trooper monitors 
the device also, a description of the noisy vehicle is relayed to another 
trooper down the highway. The CBS -Lab -built system is now being 
used in Connecticut. 

HAM NET RENAMED 

CHEVY CHASE, Mo. -The 
Public Health Service Emer- 
gency Radio Network has 
changed its name to MEDI- 
NET (Medical Information 
Network) and now broad- 
casts at 14.280 MHz and 7.26 

MHz. An alternate emergency 
frequency is 21.360 MHz. 

The ham network is made 
up of Department of Health, 
Education and Welfare radio 
operators who provide rapid 
communication among health 
officials during disasters. 

(continued on page 12) 

LOOKING AHEAD 
(continued from page 4) 

rear left information into one channel, front and rear right 
into another. The recording is played back through a con- 
ventional stereo phono pickup or stereo tape head and 2- 
channel preamp, then fed to a decoder, which reconverts 
the sound to four channels and directs the signals to the 
proper amplifier- speaker channels. 

A 4- channel disc (or tape) recorded by the Scheiber 
system may be played on standard 2- channel stereo equip- 
ment, and both "front" and "rear" sounds for each chan- 
nel are added together. The discs may also be played 
monophonically. A conventional stereo or mono disc or 
tape may be played on Scheiber's 4- channel equipment 
merely by switching the decoder out of the circuit. 

Use of the Scheiber system for 4- channel stereo broad- 
casting requires no new equipment at the FM stereo broad- 
casting station. Encoded discs or tapes are merely broadcast 
in the conventional manner and converted to 4- channel 
format in the home by use of a decoder inserted between 
the stereo tuner and 4- channel amplifier. A home listener 
could, in fact, make a 4- channel tape recording directly 
from the air using only a 2- channel stereo recorder, since 
the signal is already encoded. He would, however. need a 
decoder to play the recording back in quadrasonic mode. 

Scheiber estimates that in mass production the decoder 
would add about $50 to the cost of a stereo component or 
phonograph system. He says that each of the four channels 
has equal and full frequency response. 

Another compatible 4- channel phonograph system is 
under development by Jerry Minter, using the basic princi- 
ples he pioneered in the 1950s as a proposed 2- channel ste- 
reo disc system. The Minter system superimposes a 38- 
kHz carrier frequency on each channel of a standard stereo 
phonograph disc, with rear- channel signals amplitude -mod- 
ulated on the carrier. A standard 2- channel stereo phono- 
graph will ignore the carrier, while a specially equipped 
system will provide full frequency response on four chan- 
nels, Minter says. 

(continued on page 12) 
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of A DIFFERENT 
DRUM 

Higher trackability in the "backbone" region of music 
TYPE II (IMPROVED) 

The grand structure of orchestral music relies heavily upon tympani, 
tuba, contrabass, bassoon, bass drum, and other low register instru- 
ments to form the solid foundation upon which the harmonies and 
melodic line are built. Unfortunately it is exceedingly difficult to track 
these passages when they are cut at high velocities. Even the Shure V -15 
Type II, the world's highest trackability cartridge, required raising the 
tracking force when playing recordings containing this type of program 
material. We took this as a challenge and have prevailed. The top line 
of the graph at right shows the increased bass and mid -range track- 
ability of the IMPROVED V -15 Type II. Practically speaking, it means you 
can reduce 11/4 gram tracking force to 1 gram, or 1 gram force to % 
gram for records with high velocity bass register material. No increase 
in price ($67.50 net), but you will significantly extend record and stylus 
tip life. 
NOTE: You can attain this superior bass and mid -range trackability 
with your present V -15 Type II by using the IMPROVED VN15E stylus at 
$27.50. Look for the word Shure in red letters on the stylus grip. 

FEBRUARY 1970 

H V R E 

° 

L,16 

} 

ORIGINAL V -15 TYPE II 

1103 100 200 600 °00 1.003 2000 °.000 6000 60000 10000 20.000 30 MO 

EF60UENCY H, 

TRACKABILITY CHART (1 GRAM STYLU' ORCE) 

V -15 TYPE H (IMPROVED) 
SUPER TRACKABILITY PHONO CARTRIDGE 

© 1969, Shure Brothers Inc., 222 Hartrey Ave., Evanston, Illinois 60204 

Circle 11 on reader service card 
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You 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. 

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. 

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. 

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

8 RADIO- ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


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 =acts 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 TRAINING 

Accredited by the Accrediting Commission of the National Home Study .ouncil 

NEW 
COLOR TV 

FEBRUARY 1970 
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simplifies soldering 

New 
TEMPMATIC® 
Temperature 
Controlled Soldering Tool 

Combines all the advantages of a pencil iron, 
a fast heating soldering gun, and tip 
temperature control. Exclusive removable 
Powerhead contains Weller's temperature 
control system. Protects components even in 
the most delicate work situations. Tool weighs 
7 oz. Use it for light or heavy duty soldering. 
Model GT -7A has 700 °F. 3/6" chisel point 
Powerhead. Model GT -6B has 600 °F. Ya" 
conical point Powerhead. 

?. 
,...... t,,,,,) = 

The original 
Dual Heat Guns 

Fast heating. Long -life tips. Exclusive 
trigger -controlled dual heat. High 
soldering efficiency. Spotlight. 3 
models from 100/140 watts to 
240/325 watts. 

12 

Dependable MARKSMAN Irons 
They outperform other irons of their size and weight. Long - 
reach stainless steel barrels. Replaceable tips. 5 models 
from 25 watts to 175 watts. 

Weller 25 -watt Iron for intricate work 
Industrial rated. Weighs 13/4 oZ. 
Delivers tip temperatures to 
860 °F. Cool, impact- resistant 
handle. Model W -PS with l/6" tip. 

WELLER ELECTRIC CORP., Easton, Pa. 
WORLD LEADER IN SOLDERING TOOLS 

Circle 12 on reader service card 

New & Timely 
(continued from page 6) 

HIGH -SPEED PROCESSOR 

SPEEDS ANALYSIS 
OF NOISY SIGNALS 

N EEDHAM, MASS. -This 
advanced digital processor is 
capable of analyzing radar, 
sonar, speech, vibration and 
communication signals up to 
100 times faster than present 
digital units, according to Syl- 
vania, its developer. 

The computer can per- 
form a "fast Fourier trans- 
form" to detect a signal buried 
within a mass of undesirable 
signals on 1000 samples in 
12.5msec. Typical digital com- 
puters need much more time, 
depending on the signals be- 
ing analyzed. 

The new processor gets its 
speed through the extensive 
use of IC's. 

NEW STORAGE TUBE 
FEATURES DUAL MODE 

This new split- screen stor- 
age tube from Westinghouse 
permits stored information to 
be displyed on part of the 
screen while data is continu- 
ously read out on the remain- 
ing part. The dual -mode tube 
combines the capabilities of a 

CRT and storage tube in one 
unit. Applications might in- 
clude medical instrumentation 
where a patient's changing re- 
sponse could be constantly 
compared to stored data. Fo- 
cus and deflection in the tube 
is electrostatic. R -E 

LOOKING AHEAD 
(continued from page 2) 

Minter, who is president of Components Corporation, 
says his system has the advantage of simplicity and flexibil- 
ity. It can be used as either a 3- channel (with one rear 
speaker) or 4- channel system. Like the Scheiber system, it 
uses a standard high- quality stereo pickup and a disc which 
is completely compatible with regular stereo system. Un- 
like the Scheiber system, which adds the front and rear 
signals together when played on conventional 2- channel 
equipment, the Minter disc would play front signals only. 

There's still a long way to go before it's really deter- 
mined whether 4- channel stereo is the sound of the future. 
It's certainly not ready yet. It needs more research; it 
needs the establishment of standards. Perhaps the ultimate 
system will have three channels instead of four. But manu- 
facturers and sound engineers are intrigued. They're study- 
ing it carefully. And you'll hear plenty more about it. R -E 

Circle No. 13 on reader service card .. 
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MINIATURE LAMPS 

VARIABLE BALANCE STEREO HEAD PHONE 

Unique "Sound Level" control on each 

earpiece permits adjustment. 
Frequency range: 20 to 20,000 + cps. 

64' cord with stereo plug. Impedance 

4 to 16 ohms. 

Cat. No. Q4 -132 $17.95 Net 

AUDIO ADAPTORS 

"Y" Audio Adaptor has a phono pin 
jack on one end and dual phono pin 

plugs on the other. 

Cat. No. Q4 -288 $.99 Net 

Type PR2 2.5 volt 0.50 army 

Cat. No. E2.430 Pkg. of 2 5.29 Net 

Type PR3 3.6 volt 0.50 amp 

Cat. No E2 -431 Pkg. of 2 $29 Net 

RESISTORS 

Attractively packaged 2 per pack. slowing 
values, color codes and formulas. 

Sizes 

Type Rating Available Price Unit 

Carbon 1,, Watt 10 Ohm- 5 19 Pkg. of 2 

-10% 10 Meg 

Carbon 1 Watt 10 Ohm- .19 Ea. 

-10% 1 Meg 

Carbon 2 Watt 10 Ohm .25 Ea. 

-l0% 100K 

Wire 10 Watt 10 Ohm .36 Ea. 

Wound -10% 15K 

HOBBYIST'S SOLDERING AND TOO KIT 

Diagonals. long nose pliers, soldering 

iron and solder, solder aid tool, 

beat -sink, and screwdriver. 
An ideal gift item. 

Cat. No. H3.378 $1.95 Net. 

STANDARD 1000 VOLT CAPACITOR 

High quality compact and reliable. 
Minimum capacity change with 
varying temperate e. Rating: 1000 

volts: tolerance: 20 %. 

Cat. No. Description Net Unit 
Al 060 220pF $.25 Pkg. of 2 

A1-061 330pF .25 Pkg. of 2 

Al 062 470pF .25 Pkg. of 2 

AI-063 680pF .25 Pkg- of 2 

Al -064 0.001uF .19 Ea. 

A1-065 0.005uF .19 Ea. 

A1.066 O.OIuF .19 Ea. 

D IPERIMETER'S CIRCUIT BOARD KIT 

Contains a 3L" x 4" perforated 
board, 15 terminals (No. 14636) and 

mounting feet w /screws. Build 
rmal'i circuits, hobby and science 

projects. etc. 

Cat. No. 14 -660 5.98 Net 

The "GC Calectro Hobbyist 
Handbook" is available at your 
nearest Calectro Electronic 
Supermarket. One is located near 

you. WRITE TODAY and we'll rush 

you the name and address of 

your nearest Calectro 
Supermarket. 

CALECTRO 
G -C ELECTRONICS 

400 SO. WYMAN ST. ROCKFORD, ILLINOIS 61101 

GC 
ELECTRONICS 

A DIVISION OF 
HY471DOMETALS, INC. 

TAPE RECORDER MICROPHONE 

Outstanding performance or music 

and speech for the price. Low 

impedance matches late model solid 
state recorders. Removable desk 

stand: 41ï' cord with dual plugs that 
lit most models. Freq. Response: 

100 -8k Hz. Output: - 77 dB. 

Impedance' 200 ohms 

Cat. No. Q4.146 $4.95 Net 

F7CAL[CT Rn 

TWO STATION WIRELESS INTERCOM 

Just plug into any electrical cutlet. 

Completely portable. Expand system 

anytime with additional units. Two 

unit system complete in disp ay pack. 

Cat. No. N4 -110 $34.95 Net 
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It's yours ree 
for the j;ti\- 
asking! 

j;fi- 
GIANT 274 PAGE 

1970 
RADIO -TV 

ELECTRONICS 
CATALOG 

YOUR BUYING GUIDE FOR . . . 

TV's, Radios, Recorders, Phonos, Amateur and CB equipment, 
electronic parts, tubes and test equipment ... featuring B-A's 
famous big bargain packed section! 

Write to: 
BURSTEIN -APPLEBEE CO., 

DEPT. RE -2 3199 MERCIER ST., 
KANSAS CITY, MO. 64111 

Name 

Address 

City 

State Zip ('ode 
L J 

L1 

('role 14 on reader service card 

TR'M COAX 

WALL TAPS 
For UHF /VHF 

Color /B &W TV 

Designed for ease of 
installation ... Mosley 
provides the new MC Series 
of solderless Wall Taps to 

meet all your 75 ohm 
coax lead -in requirements - from 

the single lead -in outlet to 
the more complex multi- 

unit distribution 
system. 

Write Dept. 158A for FREE detailed brochure. 

Aif<'= E' 4á1d N. Lindbergh Blued., 0ii Bridgeton Missouri 63042 

Circle 15 on reader service card 

CB Troubleshooter's 
Casebook 

Compiled by 

Andrew J. Mueller'` 

Case 1: 

Common to: 

.05 

RF 
AGC 
LINE 

NC 

No receive but transmit is OK. 

Knight A -2507 

2ND I.F. AMPL 

02 

IF OUTPUT 
TRANS 

(455 KHz) 

4- 
I 

1 

I 

.05 

22052 
CI 
IoOpF 

QI AGC 
RECT 

- SHORTED! 

18012 

I0V 

Remedy: Replace agc rectifier. 

Reasoning: When Q1 is shorted between collector and 
emitter it shunts all of the agc voltage to 
ground. This tends to cutoff the receiver rf 
amplifier transistor. At the same time most 
of the rf signal appearing at the collector of 
Q2 would be shunted to ground via Cl. Re- 
placement of Q1 restores the circuit to normal 
operation. 

Case 2: 

Common to: 

452 KHz 
IF. OUTPUT 

V-4 

tt 
tl 
tl 

oos 

Insufficient noise clipping and distortion on 
loud signals. 

General MC -6 

470 K 

470K 

NOISE 
LIMITER 

GD6079 

e+ 
AGC 

IN99 
DET 
AND 
AGC 

I MEG 

820K 

2.2 MEG 

47opF 

T200pF T.05 

TO 
VOLUME 
CONTROL 

DI 

ZD6 
8 NOISE 

CLIPPER 

TO SQUELCH 
AMPL 

Remedy: Replace Dl. 

Reasoning: Zener diode Dl, the shunt noise limiter, was 
replaced with a 1N34 -A diode by some "tech- 
nician." It did not clip at all in the reverse 
direction and too severely in the forward di- 
rection. Replacement with the exact type re- 
stored the radio to normal operation. R -E 

"Service Manager, Tel -Air Communications Inc., Pewaukee, Wisc. 
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The ..19,o Improved Model 2=7 A REVOLUTIONÄR Y NEVI 

TUBE TESTING OUTFIT 

COMPLETE WITH ALL 

ADAPTERS AND ACCESSORIES, 

NO "EXTRAS" 

STANDARD TUBES: 

Tests the new Novars, Nuvistors, 10 Pins, Magnovals, 
Compactrons and Decals. 
More than 2,500 tube listings. 

too Tests each section of multi- section tubes individually 
for shorts, leakage and Cathode emission. 
Ultra sensitive circuit will indicate leakage up to 5 
Megohms. t/ Employs new improved 41/2" dual scale meter with a 

unique sealed damping chamber to assure accurate, 
vibration -less readings. 

yo Complete set of tube straighteners mounted on front 
panel. 

Tests all modern tubes including 

Novars, Nuvistors, Compactrons and Decals. 

All Picture Tubes, Black and White 

and Color 

ANNOUNCING... for the first time 
A complete TV Tube Testing Outfit designed specifi- 
cally to test all TV tubes, color as well as standard. 
Don't confuse the Model 257 picture tube accessory 
components with mass produced "picture tube adap- 
ters" designed to work in conjunction with all com- 
petitive tube testers. The basic Model 257 circuit was 
modified to work compatibly with our picture tube ac- 
cessories and those components are not sold by us to 
be used with other competitive tube testers or even 
tube testers previously produced by us. They were 
custom designed and produced to work specifically in 

conjunction with the Model 257. 

BLACK AND WHITE PICTURE TUBES: 

t/ Single cable used for testing all Black and White Picture 
Tubes with deflection angles 50 to 114 degrees. t/ The Model 257 tests all Black and White Picture Tubes 
for emission, inter -element shorts and leakage. 

COLOR PICTURE TUBES: 

t/ The Red, Green and Blue Color guns are tested individ- 
ually for cathode emission quality, and each gun is 
tested separately for shorts or leakage between control 
grid, cathode and heater. Employment of a newly per- 
fected dual socket cable enables accomplishments of all 
tests in the shortest possible time. 

$ 
The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all 
adapters and accessories, ready to p ug in and use. No "extras" to buy. Only 

.50 

NOTICE 
We have been producing radio, TV and electronic test equipment since 1935, which means we were making 
Tube Testers at a time when there were relatively few tubes on the market, 'way before the advent of TV. 
The model 257 employs every design improvement and every technique we have learned over an uninterrupted 
production period of 34 years. Accurate Instrument Co.. Inc. 

SEND NO MONEY WITH ORDER 
PAY POSTMAN NOTHING ON DELIVERY 

Pay Cash or in EASY MONTHLY PAYMENTS AFTER 15 Day 

Try it for 15 days before you buy. If 

completely satisfied remit $52.50 
plus postage and handling charge. 
(If you prefer you may PAY 

MONTHLY ON OUR EASY PAY- 

MENT PLAN.) If not completely 
satisfied, return to us, no explana- 
tion necessary. 

FEBRUARY 1970 

Trial! 

L 

ACCURATE INSTRUMENT CO., INC. Dept. 728 

2435 White Plains Road, Bronx, N. Y. 10467 

Please rush me one Model 257. If satisfactory I agree to pay at the terms specified 
at left. If not satisfactory, I may return for cancellation of account. 

Name 

Address 

City lone State 

D Save Money! Check here and enclose $52.50 with this coupon and we will pay all shipping 
charges. You still retain the privilege of returning after 10 day trial for full refund. 

Circle 16 on macler service card 
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MODEL 

4000 lfieaJ FIELD EFFECT METER 
COMBINES THE FINEST FEATURES OF THE 

VTVM & VOLT -OHMS MILLIAMMETER 

.300 V. FULL SCALE DC 
LARGE 6" METER 
AC and BATTERY OPERATED 
HIGH IMPEDANCE 
(11 MEGS DC) 
5 DC CURRENT RANGES 

Solid State - so there's 
NO WARM UP! NO DRIFT! 

NO INTERNAL HEAT 
TO UPSET STABILITY! 

ISOLATION FROM 
AC LINE! 

ONLY 

7995 
WIRED 

Includes: AC- OHMS /DC Probe 
Power Requirements: 115 V 50/60 Hz, 3W 

71/2x61/2x4 -albs. 
All Mercury Test Equipment Guaranteed For One Full Year! 

Write for complete catalog of Mercury Test and Repair instruments, 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 Avenue Montreal -11 

Circle 17 on reader service card 

Clever Klo 
Kleps 40 

Kleps 30 Kleps 1 

16 

I N O U S T R I E B 

Kleps 30 

Test probes designed by your needs - 
Push to seize, push to release (all Kleps spring 
loaded). 
Kleps 10. Boathook type clamp grips wires, 
lugs, terminals. Accepts banana plug or bare 
wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue 
gripper. Accepts banana plug or bare lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3- segment auto- 
matic collet firmly grips wire ends, PC -board 
terminals, connector pins. Accepts banana plug 
or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not 
lab quality). Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connec- 
tion. Molded phenolic. Doubles as scribing 
tool. "Bunch" pin fits banana jack. Phone tip. 
51/2" long. $ .79 
All in red or black - specify . 

For additional information, write for our com- 
plete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, and minia- 
ture components. 
Available through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 
123 Spencer Place, Mamaroneck, N.Y. 10543 

Circ/c /',' n n lt SE 1'i ,rrcl 

C orrespnndence V 

WHO'S AN ENGINEER 
'hen I joined the I RE (notit' 

IEEE) some 10 years ago, this argu- 
ment was going on in the columns of 
Proceedings. It's still going on in the 
columns of Spectrum, and it isn't set- 
tled yet! Actually its pretty much of 
a semantic quibble. The secret lies in 
the qualifier. There are all kinds of 
"engineers." What Mr. Pritchett (RA- 
DIO- ELECTRONICS, November 1969, 
page 22) is talking about are "design 
engineers." There are also the kind 
who run freight trains. 

My contention is that the man 
who is fully qualified as an electronics 
technician in the field of television 
maintenance is just as much an engi- 
neer in his field as the design engineer 
is in his discipline. He must take a 
piece of equipment and, from a very 
complete knowledge of its circuit 
principles, determine what has failed 
and why. From actual experience over 
a long period, I can assure you that 
this requires a great amount of knowl- 
edge. 

This kind of equipment with the 
frequent occurrence of "cascaded fail- 
ures" (trouble in one section causing 
apparently unrelated troubles in oth- 
ers) demands a high degree of diag- 
nostic skill. He must be capable of 
using pure engineering logic in its 
highest form. Unless he can do this, 
he is not a fully qualified technician. 
The major difference between the de- 
gree engineer and the practicing main- 
tenance technician is entirely in the 
lack of formal academic qualifica- 
tions leading to the possession of that 
favorite British sport, "getting some 
letters after his name. They. too, by 
the way, are conducting the same ar- 
gument with the same lack of results. 

Therefore, I maintain that the 
highly skilled diagnostician who re- 
pairs the equipment the design engi- 
neer builds must be capable of using 
the engineering methods and equip- 
ment, and, in fact, is equally entitled 
to the qualified title of "Maintenance 
Engineer." 

JACK DARR 
Ouachita Radio -TV Service 
Mena, A rkansas 

(continued on page 22) 
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TWO NEW BELL RINGERS FROM DELTA 

D ELTALERT 
Ultra Sonic Silent Sentry System 
The all new economical -to -use DELTALERT, is more than a total motion 
detection and intrusion alert system. Use it as a convenience item to 
turn on lights, ring bells, alarms or monitor any area, indoors or out. 
Merely plug the system into any wall socket and plug the light, bell or 
alarm into the back of the unit. DELTALERT's Extra Feature variable 
sensitivity control and adjustable timing features provide you the most 
advanced sentry system on the market. Unit comes in handsome walnit 
finish, complete with 110 -130V drop cord. 

SPECIFICATIONS: 
Ultrasonic Frequency: 35 KHZ 
Area Coverage: 10 -30 feet (depending on environmental conditions such 
as shape of area) 
Controls: On -Off Switch; Built in Timer; Variable Sensitivity Control 
Output: 110 -130V at 1 Amp. 

95 Power Requirements: 110 -130V, 60 HzAC ONLY 
For Complete Unit, Ready to Use 

$59 

HIGH POLT ANALYST 
Complete Auto Analyzer 
Delta brirgs you a new concept in automotive tune -up - The High 
Volt Analyst. A unique and complete auto analyzer, it provides all 
the primary advantages of a scope and yet is completely portable. 
SPECIFICATIONS: 
A Accuracy - Tachometer + 2% of full scale (all ranges) Dwell Meter i 1°b (both ranges) OHMS Scale -'.: 5% Low Voltage 2% of full 

scale High Voltage ± 5% of full scale 
General - Fully protected meter circuit* Size: 61/2W x 8H x 31/2D 
Weight: 33á lbs. 

A Ranges - DC Volts 0 -15V, 15KV and 45KV OHMS: 0 -1 Meg. (10K center 
scale) Dwell: 4, 6 and 8 cylinders Tachometer: 0 -1500 RPM, 6000 
RPM 

'Batteries (8 Type AA cells) included. Comes complete with standard lead 
set, a special probe, and high tension lead. 

$7995 ppd $5995 ppd Assembled kít form 

DELTA: Please send me literature immediately. 
I am enclosirg $ for items checked. 

DELTALERT 
[1] High Volt Analyst, Assembled 

High Volt Analyst, Kit form 

I Please ship immediately. I 

Name I 

Address I 

City /State Zip 

ppd. 

DELTA PRODUCTS, INC. 
P Q. BOX GRAND JUNCTION, COLORADO 81501 

Circle 19 on reader service card 
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Second in a series... 

Can you solve 
these problems 
in electronics? 
They're a cinch after you've taken RCA Institutes' 
new communications electronics program. 
It includes new preparation for the FCC license plus the 
assurance of your money back if you fail to get it. 

This one is quite elementary. 

In this door bell circuit, which kind of 
transformer is T, - step -up or step -down? 
Note: if you had completed only the first lesson of 
any of the RCA Institutes Home Study programs, 
you'd easily solve this problem. 

d9 
'uMOp-dalS : sJaMSUd 
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This one is more advanced. 

What is the total capacitance in the above 
circuit? 

Note: you'd know the solution to the problem if 
you'd taken only the first two lessons in RCA's new 
Communications Electronics Program. 

These are the lessons that prepare you step -by- 
step for an FCC License. 

This license is a requirement for servicing all 
types of transmitting equipment and can help 
open doors to jobs commanding high income in 
communications, radio and broadcasting, 
aerospace, industrial automation and many others. 

For a rewarding career with good pay, take that 
first step now. Send for complete information - 
mail the attached card. 

RADIO -ELECTRONICS 
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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 
Solid State Electronics 
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 

FEBRUARY 1970 

Build and keep this 
valuable oscilloscope. 

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

RC,' 

Variety of Kits -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. 

Two Convenient Payment Plans 
Pay for lessons as you order them. No contract 
obligating you to continue the course. Or, you can 
take advantage of RCA's convenient monthly 
payment plan. No interest charges! 

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. 

L 

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept. 758 -0020 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Age 
(please print) 

Address 

City State Zip 

J 
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When you charge your customer 
$137.00* for a 

replacement color picture tube, 
you'll want to be certain 
it was his tube 
that was defective... 
not your tester! 
You can be sure, if you use RCA's really reliable, all solid -state 
WT -509A to test for emission quality, interelectrode leakage, 
shorted elements ... (WT -509A even includes an "activate" func- 
tion to boost the performance of some low- emission tubes.) 

Along with the WT -509A, you get five test sockets, one of them 
a "universal" test adaptor- unique from RCA -that can be used 
with any type of tube or socket arrangement. 

Useful extra's: big, readable meter and a sturdy luggage -type 
carrying case with a handy storage compartment. 

Add this fact: the suggested retail price is only $118.00 ** 
See WT -509A at your Authorized RCA Test Equipment 

Distributor, or write RCA Commercial Engineering, Department 
25X /B- 39,415 South Fifth Street, Harrison, New Jersey 07029. 

RC,' *Optional List Price for RCA H- 25XP22 
* *Optional Distributor Resale Price 

Circle 20 on reader service card 
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CORRESPONDENCE 

(continued from page 16) 

ONE -IC PARTS 

I would like to build the one -IC 
radio that was in the November, 1969 
issue of your magazine. Will you 
please send information about obtain- 
ing Amperex parts for this project? 

WM. BOVENCHSEN 
228 West Spring St. 

Bloomfield, Ind. 47424 

The Amperex components required 
for the one -IC radio can be obtained 
from Amperex Electronic Corp., 
Hicksville, N. Y. 11802. 

MORE ON METER MATE 

This letter is in reply to an inquiry 
sent to R -E concerning the pF Meter 
Mate (February, 1969): 

I am happy that the instrument 
works well for your needs, but I doubt 
if it is practical to extend the range to 
1000 pF. 

The value of the required resistor 
connected to S2 would be so low as 
to cause severe loading of Q2, result- 
ing in faulty operation or failure. 

One approach might be to connect 
an emitter follower to Q2, and then 
determine the value of the differenti- 
ating resistor experimentally. (See 
drawing.) 

Actually, I have on occasion used 
similar circuits to measure larger ca- 
pacitors by feeding them directly to 
the voltmeter from the oscillator. Of 
course, a dc clamp and a calibrating 
potentiometer must still be used. (See 
drawing.) 

WILLIAM G. MILLER 
Newark, N. J. 

WANTS TRACK LAYOUT 

In reference to your article, "For 
Model RR Electronic Throttle," in the 
November issue, by Henry J. Mierlak. 
I would like, if possible, information 
on a good track layout for HO gauge 
and the best way to apply the elec- 
tronic throttle in the set up. 

D. MCLAUGLHIN 
P. O. Box 284 

Westminster, Mass. 01473 

Being an electronics magazine, we 
have no data at all on track layouts 
and suggest you obtain copies of the 
many railroading magazines available 
which do have rather comprehensive 
information in that area. R -E 

IN THIS ISSUE 
Want to build something different? 
Try the lab quality pulse generator 
on page 37. Too difficult? Try one 
of the 30 IC circuits that start on 
page 62. You'll find them different. 
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If you've wondered about the 
differences between different 
kinds of capacitors you'll find 
all the answers here 

by RICHARD R. MARSH 

NO OTHER ELECTRONIC COMPO- 

nent performs many unique and vital 
functions as the capacitor. It is the 
only device that causes a 90° phase 
shift complimentary to the inductor, 
making tuned circuits possible. It is 

the only device that actually stores 
electrons. 

The capacitor blocks direct cur- 
rent, necessary for coupling circuits. 
yet allows alternating current to pass. 
The capacitor bypasses unwanted sig- 
nals in electronic circuits. Noise filters 
are a unique application. Capacitors 
are used in many timing circuits. Ca- 
pacitors store energy for use in elec- 
tronic flash circuits. In power supply 
filter circuits capacitors smooth ripple 
after rectification. 

Automobile ignition systems can 
not function without capacitors and 
noise suppression in vehicles would 
not he possible without capacitor fil- 
ters. Power line distribution, requiring 
power factor correction for high in- 
ductive loads, demands large banks of 
high -voltage capacitors. 

As you can see, without the ca- 

'Cornell- Duhilier Electronics 
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CHOOSE -& -USE 
Capacitor Guide 

pacitor. electronics and electrical dis- 
tribution as we know it today would 
not he possible. 

There are two basic families of 
capacitors -electrostatic and electro- 
lytic. 

Electrolytic capacitors 
In general, electrolytic capacitors 

are wet or semi -wet units, such as 
twist -prong can capacitors, all types 
of aluminum electrolytics. and certlin 
tantalum electrolytics. 

The electrolytic capacitor con- 
sists of a dielectric of aluminum with 
a very thin microscopic oxide formed 
by an electrochemical process. This 
oxide is so thin and in such close prox- 
imity to the two conductors of the 
capacitor that high capacitance is ob- 
tained. By etching the aluminum ma- 
terial, a greater area is exposed and 
more capacitance is possible. 

Electrolytic and electrostatic ca- 
pacitors are generally not interchange- 
able. They are used in different types 
of circuits which require special char- 
acteristics. 

Electrostatic capacitors employ- 
ing such dielectrics as air, paper, My- 
lar, mica, etc. are generally used in 

Mu!tisection electrolytic capacitors are 
made by placing separate electrolytics 
into a single case. Leads corne out the 
bottom. 

circuits demanding relatively small 
amounts of capacitance at rather high 
voltages and with extremely low leak- 
ages. The insulation resistance has to 
be very high to prevent direct current 
from passing through the capacitor. 
Coupling circuits, bypass circuits, tun- 
ing circuits, etc. are popular require- 
ments employing electrostatic capaci- 
tors. 

Electrolytic capacitors offer max- 
imum capacitance for its size, but ex- 
hibits higher leakage than electrostat- 
ic. 

Electrolytics generally can not be 
used in high -impedance coupling cir- 
cuits, high -frequency tuning circuits, 
and in some bypass and coupling ap- 
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plications. Electrolytics are primarily 
intended for use in filter circuits and 
power supplies, bypass circuits where 
heavy current is used, electronic pho- 
toflash, low -impedance couplings and 
various energy storage devices. 

Understanding these two basic 
families of capacitors and their differ- 
ences is a must. Most electronic tech- 
nicians and many engineers believe 
that the precision of an electrolytic is 
the same as that of an electrostatic. 
This is not true. The construction of 
an electrostatic capacitor is usually 
quite simple; it can be uniformally 
wound on an automatic machine and 
held to close tolerance. Electrolytic 
capacitors, on the other hand. have 
many variables. The yield of the etch, 
the aluminum oxide forming process, 
and the aging process vary widely. It 
is very difficult to manufacture an 
electrolytic to close tolerances. Elec- 
trolytic capacitors made to close tol- 
erances are sometimes used in highly 
sophisticated equipment such as com- 
puters, space age devices, and critical 
military equipment. 

Electrolytic capacitors in general 
used throughout the radio and televi- 
sion industry are made to tolerances 
set by EIA that allow as much as 
150% over and 10% under the ca- 
pacitance indicated on the label. This 
means that a capacitor rated as 50 µF 
can be as large as 125 µF and he in 
tolerance. This works because most 
circuits do not require close toleranc- 
es. In a power supply it makes little 
difference when a capacitor is over its 
rated value, as long as there is enough 
capacitance to perform properly. In- 
creasing the capacitance in a properly 
designed circuit, will not increase the 
voltage or change the circuit function. 
A larger capacitance can not alter the 
peak voltage a power supply will de- 
liver. 

Since an electrolytic capacitor 
has broad tolerance, it is unfortunate 
that many technicians searching for a 
replacement unit waste time and mon- 
ey attempting to find a unit with the 
"exact" rating of the one they replace. 
For example. if the capacitor original- 
ly on the chassis is rated at 60 µF at 
400 volts: this means that the engi- 
neer who designed this circuit figured 
that approximately 60 µF was the 
minimum capacitance required to 
make the circuit perforni properly. 
Often the capacitors installed measure 
more than 100 µF, and in many cases 
as much as 200% over the rated 
value (in spite of the marking on the 
capacitor itself.) 

A TV set manufacturer will not 
reject these, because he is getting 
more for his money. This over -spec 
capacitor generally lasts longer and 
performs better in the circuit. 
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Miniature electrolytics with high capacit- 
ance values are commonly found in 
transistor circuits of all kinds. 

Several years ago a number of 
capacitor manufacturers, realizing the 
broad tolerance in electrolytics, decid- 
ed it was unfair to the service techni- 
cian and to distributors throughout 
the country to pursue a so called "ex- 
act" rating of replacement units. Ca- 
pacitors are now marketed that have 
wide range ratings: for example: 60 
to 100 µF up to 350 volts. 

What does this mean? It means 
that this capacitor was designed and 
built as a 100 µF 350 -volt unit. It 
could easily be well over that and still 
be within tolerance. The capacitor can 
be used in any circuit that requires 60 
to 100 ,uF of capacitance in any volt- 
age up to and including 350. 

Years ago electrolytic capacitors 
had an unfortunate characteristic that 
resulted in reformation at voltages 
other than those intended. Many of 
these old units would have to be re- 
formed when put into a circuit. Shelf 
life alone would cause voltage rating 
to drop and capacitance to increase. 
Taking a 300 -volt capacitor and putting 
it in a 200 -volt circuit would cause it 
to deform to 200 volts and its capac- 
itance would increase proportionately. 
This has not been true for many years, 
but many technicians still believe this 
to he so. Modern capacitors are quite 
stable and can be used at voltage low- 
er than that specified. A 300 -volt ca- 
pacitor can operate on 10 volts for a 
year and still operate properly at 300 
volts. It makes no difference to the 
capacitor. 

The important thing to remember 
is that the wide -range electrolytic ca- 
pacitor is at least what its maximum 
rating states. In other words the 60 to 
100 µF rating guarantes you at least 
100 µF at the top voltage. 

By using wide -range ratings less 
than 250 twist -prong capacitors can 
be used to replace more than 3,000 
twist -prong capacitors. This means 
that a distributors inventory is small- 
er. the stocking difficulties are re- 
duced, the required product is easier 
to find. stock is fresher, and the ser- 
vice technician has what he needs at 
all times. 

The wide range rating is simply 
a recognition of the physical realities 
of electrolytic characteristics. But if 
you select a capacitor that says 60 to 
100 µF you can use it in a circuit 
where you removed a 10 -, 15 -, or 20- 
µF capacitor. 

The facts are: use a capacitor 
with at least the capacitance and the 
voltage of that you remove from the 
circuit, and you satisfy the circuit. 

The wide -range application has 
been added to tubular electrolytic ca- 
pacitors too. The same principle ap- 
plies to the tubular aluminum electro- 
lytic capacitor as to the twist -prong. 

Wide -range tubular electrolytics 
reflect many recent technological ad- 
vances in manufacturing. The wide- 
spread use of solid state equipment 
has made re- evaluation of the require- 
ments of the tubular replacement mar- 
ket mandatory. As a result many ca- 
pacitances and voltages have been in- 
troduced that have never been seen 
before. These new capacitors have 
been specifically designed for the elec- 
tronic technician, are well suited for 
many industrial applications and are 
found in original equipment too. 

Some new voltages (10 volts. 16, 
35, 75, 100 and 180 are becoming 
popular) and very high capacitances 
have been introduced to meet the re- 
quirements of new solid state circuitry. 
5000 and 10,000 µF are common in 
these new tubular constructions. Size 
has been reduced through new manu- 
facturing techniques and materials. 
Case sizes have been drastically re- 
duced across the board. These new 
units operate at 85 °C, except for 500 - 
volt units which are rated at 65 °C. 
The 500 -volt electrolytic capacitor 
when operated at 450 volts, or below, 
becomes a 85 °C capacitor. 

Eliminating redundent case sizes 
is important. There is no point in 
building a capacitor with a given 
capacitance in a lower voltage if its 
size can not be reduced. For exam- 
ple, if a 5 -µF 150 -volt capacitor is 
in the smallest case size available, 
there is no point in having a 5 -µF 
unit at any voltage below that, such 
as 5 µF at 50 volts or 5µF at 10 
volts. 

Electrostatic capacitors 
Paper dielectrics were one of 

the earliest types used in low -cost 
capacitors offering a great size re- 
duction over mica units. However, 
they have always had a history of 
failure because of poor moisture re- 
sistance. Oil impregnation, wax im- 
pregnation and new sealing techniques 
have improved the life and operation 
of this type of dielectric but have 
never completely eliminated the mois- 
ture problem. 
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Molded capacitors of polyester film are 
oval to fit into shallow spaces. 

The introduction of Mylar dielec- 
trics eliminated the moisture problem 
completely. Mylar is uneffected by 
moisture. Therefore the capacitor seal 

is less important. Mylar is a good 
dielectric when used in dc circuits but 
does not have good characteristics in 
ac applications. Impregnated paper is 

a superior dielectric for ac uses or 
where transient situations might oc- 
cur. 

To get an excellent capacitor for 
universal replacement a combination 
of paper and Mylar is used. A layer 
of Mylar and a layer of impregnated 
paper are used, one layer upon the 
other. 

The dipped paper Mylar capaci- 
tor, very popular today, is the best 
general purpose universal replacement 
component for both molded, wrapped, 
and dipped Mylar type original equip- 
ment units. 

Dipped construction offers the 
best possible seal, with freedom from 
humidity and mechanical problems. It 
is a perfect substitute for all molded 
and wrap type capacitors as its radial 
leads can be bent to conform to any 
mechanical requirement. 

In original equipment design 
there are certain advantages and price 
considerations that result in using 
pure Mylar type dielectrics, pure pa- 
per dielectrics, and molded type con- 
structions. Where circuit parameters 
are known, pure Mylar dielectrics and 

molded constructions are suitable. 
The molded type construction is 

still used because of its uniform size. 

A great convenience for automated 
assembly. In the replacement market 
however, where we never know where 

a capacitor is going to be used, we 

highly recommend the service techni- 
cian to stock only dipped paper Mylar 
type units. 

Mica dielectric material is one 

of the most stable available. Mica has 

been in existance for many millions 
of years and is not apt to undergo 
change. Mica capacitors offer extreme 
stability, good operation in alternating 
currents, relative low inductance, and 
can be manufactured to extremely 
close tolerances. Mica capacitors are 

available in tolerances under 1% of 
rated values. The dipped type con- 
struction is becoming the most popu- 
lar and is found in almost all circuity 
on the market today. 

Many thousands of mica capaci- 
tors are available in manufacturers 

Dipped mica capacitors are available in 
a wide range of capacitance values. 

1141441000 

AMP 
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Miniature dipped mica capacitors are 
handy where space is at a premium. 

catalogs. However, only a very few 
of these are used in consumer prod- 
ucts. For the technician to have an 

adequate stock of values that are 

needed some manufacturers have 
identified specific few well chosen 
"5 %" dipped mica capacitors that 
will take care of almost all replace- 
ment needs. 

Ceramic disc type capacitors are 

extremely popular. offering low in- 
ductance, extremely low price, and a 

variety of temperature compensating 
characteristics. General- purpose disc 

ceramics are very inexpensive. How- 
ever below 100 pF NPO type ca- 

pacitors are only slightly more expen- 
sive and will perform as well or 
better. 

In high voltage requirements it is 

just as well to use high -frequency 
(deflection yoke) capacitors for all 

applications. This eliminates the need 

to stock separate general- purpose type 
capacitors and high -frequency units in 
your inventory. 

Electrostatic capacitors can usu- 
ally he made to close tolerances and 
many circuits demand precise replace- 
ments. Most paper Mylar type units 
are made within -l0% of their 
rated capacitance and, as mentioned 
above. mica capacitors can be made 
very close and ceramic capacitors can 

be made relatively close to their rated 
values. Unlike the electrolytic capaci- 
tor which has wide variations in tol- 
erance and is used in the circuits 
where this tolerance is quite accept- 
able, many circuits requiring electro- 
static capacitors require extremely ac- 
curate substitution. 

When replacing capacitors good 
judgment is a must. But a great deal 
of time and trouble can be saved, re- 
sulting in better customer satisfaction 
and greater profit, if the inherent dif- 
ferences between electrostatic and 
electrolytic capacitors are kept in 
mind. R -E 

Nonlinearity in old scope 
I've just got hold of an old oscil- 

loscope. It works, but it's pretty non- 
linear horizontally. Sync doesn't hold 
too well, and so on. What can I do to 
this to make it work ? -C. B., Rye, 
N. Y. 

The best thing would be to give 
it what we used to call a "G.I. clean- 
up!" In other words, start in at one 
end of the circuit and go all the way 
through. checking everything along 
the way. By "everything," I mean all 
operating voltages, tubes and espe- 
cially coupling capacitors and plate - 
load resistors. These are the parts 
most apt to cause this trouble. 

FEBRUARY 1970 

SERVICE QUESTIONS FROM R -E READERS 

In equipment this old, the cou- 
pling capacitors are apt to be just a 

bit leaky; check them carefully. and 
replace with exactly the same value, 
not less than 600- working -volt types. 
Check all resistors for drift, and elec- 
trolytic filters for value. When you get 
through, you'll be surprised! 

`Vertical' hum in sound 
I've got a Zenith 19Z22Q chassis 

frith a crazy hum. It s ounds like a 60 -Hz 
hum but not quite the sanie! I found out 
that I could push the audio output tube 
away from the 12B4 (vertical output) 
and cure it! What the heck ? -S. L., Mo- 
bile, Ala. 

First and most common hum is 

power- supply ripple from inadequate 
dc filtering. This is a "smooth" hum. 
Second cause is high -amplitude 
spikes from the vertical output tube. 
If these get into the dc supply cir- 
cuits, you'll have a 60 -Hz sound, but 
it won't be smooth. It will be more 
like a "buzz." 

Adjust the vertical hold control. 
If this changes the pitch of the hum, 
there's your source. 

The cure is the same in both 
cases: more filter capacitance, even if 
you have to add more than the 
manufacturer's original schematic 
calls for. R -E 
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This is 30,000 
solid state replacement parts. 
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So is this. 

It used to be if you wanted to satisfy everyone .. you 

had to stock over 30,000 different solid state replace- 
ment parts. 

Well, everyone realized that was ridiculous. So 

some enterprising people came up with a bunch of 

universal replacements. 
Then you only had to stock about eleven or twelve 

hundred. 
That was a lot better, but we still thought it was a 

little ridiculous. 
So two years ago (when we went into this busi- 

ness), we figured out how to replace all 30,000 with 

only 60. 
Now all you have to do is stock 60 of our diodes, 

transistors, integrated circuits, etc., and you can re- 

place any of the 30,000 parts now in use. Including 

all JEDEC types, manufacturers' part numbers, and 
foreign designs. 

That means you invest less money. 
You don't tie up valuable space. 
You do away with complicated inventory control. 
And you operate more efficiently. 
To make life even easier, we've got a new book 

that gives you all the cross references you need to 

figure out which part replaces which. 
it's available from your Sylvania distributor. 
if the whole thing sounds rather incredible, you're 

right. But why not give your distributor a call and let 

him narrow the incredibility gap. 

SYLVAN L\ 
GENERAL TELEPHONE & ELECTRONICS 

FEBRUARY 1970 27 
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A Government FCC License can 
help you bring home up to 
$10,000, $12,000, and more a year. 
Read how you can prepare for 
the license exam at home in your 
spare time -with a passing grade 
assured or your money back. 

IF YOU'RE OUT TO BAG A BETTER JOB in Electronics, 
you'd better have a Government FCC License. 

For you'll need it to track down the choicest, best - 
paying jobs that this booming field has to offer. 

Right now there are 80,000 new openings every 
year for electronics specialists -jobs paying up to $5, 

$6, even $7 an hour... $200, $225, $250, a week ... 
$10,000. $12,000, and up a year! You don't need a 

college education to make this kind of money in 

Electronics, or even a high school diploma. 
But you do need knowledge, knowledge of elec- 

tronics fundamentals. And there is only one na- 
tionally accepted method of measuring this knowl- 
edge ... the licensing program of the FCC (Federal 
Communications Commission). 

Why a license is important 

An FCC License is a legal requirement if you want 
to become a Broadcast Engineer, or get into serv- 
icing any other kind of transmitting equipment - 
two -way mobile radios, microwave relay links, radar, 
etc. And even when it's not legally required, a li- 

cense proves to the world that you understand the 
principles involved in any electronic device. Thus, 
an FCC "ticket" can open the doors to thousands of 
exciting, high -paying jobs in communications, radio 
and broadcasting, the aerospace program, industrial 
automation, and many other areas. 

So why doesn't everyone who wants a good job in 
Electronics get an FCC License and start cleaning up? 

The answer: it's not that simple. The govern- 
ment's licensing exam is tough. In fact, an average 
of two out of every three men who take the FCC 
exam fail. 

There is one way, however, of being pretty certain 
that you will pass the FCC exam. And that is to take 
one of the FCC home study courses offered by 
Cleveland Institute of Electronics. 

CIE courses are so effective that better than 9 

out of 10 CIE graduates who take the exam pass it. 
That's why we can back our courses with this iron- 
clad Warranty: Upon completing one of our FCC 
courses, you must be able to pass the FCC exam and 
get your license -or you'll get your money back! 

They got their licenses and went on to better jobs 

The value of CIE training has been demonstrated 
time and again by the achievements of our thous- 
ands of successful students and graduates. 

2 NEW CIE CAREER COURSES 
1. BROADCAST (Radio and TV) ENGINEERING ... 
now includes Video Systems, Monitors, FM Stereo 
Multiplex, Color Transmitter Operation and CATV. 
2. ELECTRONICS ENGINEERING ... covers steady - 
state and transient network theory, solid state physics 
and circuitry, pulse techniques, computer logic and 
mathematics through calculus. A college -level course 
for men already working in Electronics. 

FEBRUARY 1970 

Ed Dulaney, Scottsbluff, Nebraska, for example, 
passed his l st Class FCC License exam soon after 
completing his CIE training ... and today is the 
proud owner of his own mobile radio sales and serv- 
ice business. "Now I manufacture my own two -way 

equipment," he writes, "with dealers who sell it in 

seven different states, and have seven full -time em- 
ployees on my payroll." 

Daniel J. Smithwick started his CIE training while 
in the service, and passed his 2nd Class exam soon 
after his discharge. Four months later, he reports, 
"1 was promoted to manager of Bell Telephone at 
La Moure, N.D. This was a very fast promotion and 
a great deal of the credit goes to CIE." 

Eugene Frost, Columbus, Ohio, was stuck in low - 
paying TV repair work before enrolling with CIE 
and earning his FCC License. Today, he's an inspec- 
tor of major electronics systems for North American 
Aviation. "I'm working 8 hours a week less," says 
Mr. Frost, "and earning $228 a month more." 

Send for FREE book 

If you'd like to succeed like these men, send for 
our FREE 24 -page book "How To Get A Commercial 
FCC License." It tells you all about the FCC License 
... requirements for getting one ... types of licenses 
available ... how the exams are organized and what 
kinds of questions are asked ...where and when the 
exams are held, and more. 

With it you will also receive a second FREE book, 
"How To Succeed In Electronics," To get both books 
without cost or obligation, just mail the attached 
postpaid card. Or, if the card is missing, just mail the 
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 Jan. 31, 1955, or 
are in service now, check box on reply card for 
complete details. 

Cleveland Institute C I of Electronics 
1776 E.17th St., Cleveland, Ohio 44114 
Accredited Member National Home Study Council inr 
A Leader in Electronics Training ... Since 1934 . 

r 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 

Your 44 -page book "How to Succeed In Elec- 
tronics" describing job opportunities in Electronics 
today, and how your courses can prepare me for 
them. 

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

Electronics Technology Electronic Communications 

Broadcast Engineering Industrial Electronics 

El First Class FCC License Electronics Engineering 

L 

Name 

Address 

City 

(PLEASE PRINT) 

State Zip Age 

Check here for G.I. Bill information RE -69. J 
Circle 21 on reader service card 
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Do you choose capacitors 
the same way 
Fran French and Lew Russell do? 

Then you're sure to pick 
Sprague Twist -Lok Capacitors when 
you need twist -prong electrolytics. 

Fran French and Lew Russell keep everything humming 
smoothly at Delaware Valley TV Service, Philadelphia, Pa. 
Fran, as Gen. Mgr., and Lew, as Shop Mgr., have had a lot 
to do with building this 13 -man organization's reputation 
as specialists in color TV. With 20 years' TV servicing 
experience apiece, Fran and Lew agree about many things. 
One is twist -prong electrolytics. 
Both prefer Sprague Twist -Lok Capacitors 
for reliability and availability. 

Ask your Sprague distributor for a copy of Sprague's 
Electrolytic Capacitor Replacement Manual K -109 or write to: 
Sprague Products Company, 509 Marshall St., North Adams, Mass. 01247. 

4wq '' gt.ow time ex . rvwìw.n 
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P.S. You can increase your business 71/2% by participating 
in EIA's "What else needs fixing ?" program. Ask your 

1418-26 distributor or write to us for details. 
C u( lc 2 un cruder .orrric c card 
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SOLID -STATE CIRCUITS FOR PHOTOGRA- 

phy -like other areas of consumer 
electronics -are being used in easily 
manufactured, low -cost products as 
well as sophisticated professional gear. 

A recent example of design 
and manufacturing innovations that 
put the advantages of electronically 
controlled shutters in the hands of 
amateurs is Kodak's Instamatic 134. 
It sells for under $26. The diagram 
(right) and Figs. 1 and 2 show how 
this inexpensive exposure control 
works. Numbers in parenthesis iden- 
tify components in the drawing. 

Basically, the 134 mechanism 
combines the circuit of Fig. 1 with a 
simple mechanical vane arrangement 
(Fig. 2) to determine how much light 
reaches the film. The first electroni- 
cally controlled shutter camera on the 
market ( Polaroid in 1 963) also used 
a CdS -cell circuit and mechanical 
aperture action. Unlike the Polaroid 
circuit, though, which use one of sev- 
eral capacitors charged through a 
photocell circuit to end the exposure, 
the 134 utilizes variations of flux dens- 
ity in the coil of an electromagnet. 

When (1) is partially depressed, 
switch SI (2) closes and Q1 (13) 
conducts to an extent determined by 
the light falling on CdS cell R2(3). 
For a bright scene, R2's resistance is 

lowest and a large current flows 
through the coil (4) of the relay. 

As Kodak engineer Paul Ernisse 
explains, "This electromagnetic coil 
has three armatures mounted so as 

to provide individual control for two 
vanes (5 -a and 6 -a) attached to arma- 
tures ( 5 and 6) plus a lamp turn -off 

switch. All the armatures have a dif- 
ferent air gap from armature to relay 
core; and, hence, a different flux level 
for operation." 

Thus, for a bright scene, current 
through the coil is sufficient to attract 

LOW - 
LIGHT 
ARMATURE 

Fig. 1 -Basic circuit for the 134. 

a b c 

Fig. 2- Increasing aperture size (a -c). 

FEBRUARY 1970 

New solid -state circuits: Kodak's 134 
shutter control, Valvo's TAA580 IC and 

Zeiss Ikon's Ikophot T, a ineterless `meter' 

_ 
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ELEC TR ONICS 
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by JOHN R. FREE 

ASSOCIATE EDITOR 
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both armatures 5 and 6, and the vanes 
provide the smallest aperture, f/22 
(Fig. 2 -a). For intermediate light 
(f /16), the resistance of photocell R2 
increases and current to the coil de- 
creases. As a result, armature 5 is 
pulled in and vane 5a covers part of 
the lens (Fig. 2 -b). 

Under all these lighting conditions, 
a third armature (9) is pulled in, 
opening normally closed, low -light 
switch S2 (10). 

When available light is too low 
to pass enough current to draw in 
armatures 5 or 6 (overcoming the 
tension of spring 7), the vanes do not 
cover the lens, providing an f/11 set- 
ting. If lighting is insufficient to draw 
in armature 9, the low -light switch 
remains on. A fiber -optic tube (12) 
lets the user see the lamp, indicating 
it's time to switch to flash. Calibration 
pot R1 (14) is set at the factory by 
selecting a light level that corresponds 
to proper film exposure at f /16. 

Monolithic IC's for cameras 
A monolithic IC now being used 

by West Germany's Prontor in their 
shutters is the TAA580, made by 
Valvo, also a German firm. This IC is 
in an 8 -lead flatpack small enough to 
be mounted inside the lens -mount ring. 

34 
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Fig. 3- Shutter- 
control IC, the 
TAA580, uses 10 
transistors with 
typical solenoid - 
CdS -cell circuit. 

Fig. 4- Bridge cir- 
cuit in the Ikophot 
T becomes unbal- 
anced by light fall- 
ing on the photo- 
cell. 

If two 580's are used, one can provide 
a time- delay. 

A typical application of the 580 
is shown in Fig. 3. When the release 
button SI is depressed. the solenoid 
is energized since transistors Q3, 
Q4, Q5, Q7 and Q9 are conduct- 
ing. while Ql and Q2 are off. Light 
falling on photocell Rl determines the 
level to which Cl will charge. When 
a predetermined charge level is 
reached, Schmitt trigger Ql Q4, de- 
posited in a Darlington configuration, 
switches with Q 1 and Q2 on. This 
turns off Q9, which has been keeping 
the solenoid energized, and the shutter 
closes. Transistor Q5 is used for level 
shifting, while current amplifiers Q7 
Q8 drive the output transistor, Q9. 
Diodes D I and D2 protect the IC from 
the solenoid's back emf. 

To add time -delay and control 
the shutter speed, a second 580 can be 
used with a pot in place of the 
photocell it would normally use. Pin 
6 of the time -delay IC would be tied 
to pin 3 of the 580 controlling the 
shutter. Transistor Q10 in the delay 
IC then prevents Q9 in the shutter - 
control IC from turning off 
(through Q6) until the charging ca- 
pacitor in the delay IC is fully 
charged. 

Meterless exposure readout 
The Ikophot T (Zeiss Ikon AG) 

is an electronically controlled expo- 
sure "meter" that uses three lamps, a 
bridge circuit and indication amplifier 
in place of a galvanometer (Fig. 4). 
The bridge consists of photoresistor 
R1, balancing resistance R3 (actually, 
58 separate resistance units), and R2 
and R4, two equal fixed resistances. 
Light on R I can unbalance the bridge. 

The bridge is balanced when 
lamp LM2 lights. Lamps LM1 and 
LM3 indicate what direction the bal- 
ance wheel (R3) must be turned to 
light LM2. 

A four -transistor indication am- 
plifier has two equally complementary 

Bulb- readout Ikophot T lightmeter. 

channels. The bases of the Ql Q2 tran- 
sistor pair are connected at point C and 
their emitters are tied to point D of 
the bridge. A voltage- dependent cross 
current flows through R2 R2', R4 
R4' and D 1. Due to the diode's non- 
linear current -voltage characteristics, 
the voltage on the diode is essentially 
constant. This biasing potential on the 
diode compensates the starting voltage 
for the transistors, since no base cur- 
rent can flow below this voltage. Thus, 
even minute imbalance currents be- 
tween C and D' or D" produce an in- 
crease of collector current in Q1 or 
Q2. 

If C is positive with respect to D, 
Q3 will conduct. Since the resistance 
of the emitter collector path is con- 
siderably lower than series- connected 
lamps LM2 and LM3, lamp LM1 
lights. Conversely, LM3 lights if the 
potential at C is negative. 

The cold resistances of LM I and 
LM3 are much lower than LM2. 
Since all three lamps are connected 
to the emitter collector paths of final - 
stage transistors Q3 Q4 across the full 
battery voltage, LM2 lights with most 
of this voltage applied to it. 

This tells you the bridge is bal- 
anced, and exposure times are read 
beneath stop values from f/1 to f/45 
at ASA's from 6 to 3200. R -E 
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build... 

$3.50 
Enlarging- 

time 
meter 
by HERBERT ELKIN 

Easy contrast -ratio technique 

lets you measure 

density ranges on the easel. 

Eliminates wasted time 

developing individual test strips 

FEBRUARY 1970 

ARE YOU WASTING TIME AND EN- 
larging paper making test strips in 
your darkroom? You would like to 
have one of those fancy commercial 
darkroom easel meters, but they're 
too expensive? The circuit shown in 
Fig. 1 is the answer, and as the title 
describes, it can be built for $3.50! 

The unit determines exposure 
from the projected image on the en- 
larger baseboard. It can measure con- 
trast ratios to determine the proper 
grade of paper or variable contrast 
filter needed and whether dodging or 
burning -in is required. 

The reduction in darkroom time 
and the savings in paper will far out- 
weigh the initial cost and effort in- 
volved in constructing this device. 

How it works 
The unit is an ac- operated variable 

sensitivity CdS exposure meter. The 
heart of the meter is a sensitive cad- 
mium sulfide photoconductive cell. 
The photocell is basically a light sen- 
sitive resistor which reduces resistance 
as the incident light intensity on the 
cell increases. The photocell used for 
this unit has a light to dark resistance 
ratio of over 50 to 1. Therefore, the 
unit can be calibrated for easel light 
intensities of 50:1 (minimum discern- 

ible illumination to 50 times the in- 
tensity). The sensitivity of the en- 
larging timer is 0.03 foot -candles. 

Via switch Si, 117 Vac is applied 
to Rl, R2, and R3, R4 (CdS cell) 
which form a variable light intensity 
dependent voltage divider across neon 
lamp LM1. The voltage across LM1 
is: 

117 Vac X 
R3 + R4 

R1 + R2 + R3 + R4 
Resistor R2 limits the maximum 

current through LM1 to a safe level 
and R3 limits the dissipation in the 
CdS cell. When the voltage across 
LM1 exceeds 65 Vac (the breakdown 
voltage for a NE -2E lamp), the lamp 
glows its characteristic red -orange col- 
or. If the resistance of R4 increases 
(lower illumination) or if R1 is set 
to a lower resistance, the current 
through LM1 increases and the lamp 
grows brighter. After ion breakdown 
in the neon lamp (at 65 Vac), the 
voltage across the lamp reduces to 
its maintaining voltage of approxi- 
mately 50 Vac (similar to a regulator 
tube). As the voltage across the neon 
lamp is further reduced, the lamp will 
extinguish abruptly at a voltage slight- 
ly below the maintaining voltage (the 
extinguish voltage). Therefore, a 
voltage hysteresis effect is exhibited 
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OFF 

117 VAC 

CALIBRATE 

ON 

R2 
39K ,1/2W 

RI 
I.5MEG. 
I/2W 

LMl 
NE-2E 

R3 
47K 
I/2W 

R4 CdS 
CELL 
(SEE 

(TEXT) 

PARTS LIST 

RI- 1.5MEGOHM, I/2 WATT POTENTIOMETER, 
LINEAR TAPER 

R2- 39K, ±IO %, I /2W COMPOSITION 
RESISTOR 

R3-47K, ±I0 %, 1 /2W COMPOSITION 
RESISTOR 

R4 -CdS PHOTO -CELL (SEE TEXT) 
LM1- NE-2E, 1 /IOWATT NEON LAMP 
Si -SPDT SLIDE SWITCH, POINTER KNOB 
AC LINE CORD 

PLASTIC BOX 
APPROX- 2-15/16 x 1.1/4 x 3/4 
Fig. 1- Potentiometer R1 is calibra- 
ted for developer and paper in use. 
from turn -on to turn -off. Since the 
turn -off point is visually and elec- 
trically more abrupt, this point is used 
to sense the required light intensity 
once calibrate potentiometer R1 is set 
for a particular paper and developer. 

Once the unit is calibrated for a 
developer -paper combination, the set- 
ting of R1 should be recorded along 
with the proper exposure time for fu- 

Switch S1 can be mounted on the side 
of the box used for the meter. 

ture reference when the same paper 
and developer are in use. Although 
the ac supply voltage is not regulated, 
I found that developer concentration 
and temperature and developing time 
variations had a greater effect on the 
final print than an error in f -stop set- 
ting caused by a slight change in ac 
line voltage. 

Now put one together 
The unit is built into a plastic 

box 2-15/16" x 1 -1/4" x 3/4" (see 
Fig. 2). I cut a hole in the upper 
front portion of the plastic box for 
the CdS cell which was mounted with 
cement. Trim a piece of matte black 
craft paper to the size of the front 
of the plastic box. Using a paper hole 

Inside the 2 -15/16 x 1 -1/4 x 34-inch 
plastic case used by the author. 

punch, make a hole at the bottom of 
the craft paper for the neon lamp. 
Use white ink to make a scale to 
reference the position of R1. Cement 
the craft paper to the plastic box before 
the CdS cell and potentiometer are 
mounted. Then use a needle file to 
remove the craft paper covering the 
openings for the CdS cell and the 
potentiometer. Black vinyl tape holds 
the neon lamp on the inside of the 
box over the lower opening in the 
craft paper to the size of the front 
ing of the neon lamp. Any convenient 
scale can be used for the potentiome- 
ter so long as its setting can be re- 
turned to at a later date. The CdS cell 
shown is not available but the Clairex 
CL702L will replace it. It has the ad- 
vantage of being only '/4 inch in 
diameter (mounted in a transistor 
TO -5 case) thus smaller areas of the 
projected negative can be measured. 
Any CdS cell having a dark resistance 
of approximately one -megohm and a 

resistance of approximately 20,000 
ohms at 2 foot -candles can be used. 

Calibration and use 
The meter is calibrated for each 

type paper and developer used. The 
proper exposure time and f -stop for 
a normal "negative" is determined by 
conventional test strip methods. Then 
the unit is placed on the easel over 
a critical area of the negative. Cali- 
bration potentiometer R l is adjusted 
until the neon lamp just extinguishes. 
The setting of the potentiometer and 
exposure time is then recorded for fu- 
ture reference whenever the same 
paper and developer are in use. 

Subsequent negatives can then 
be analyzed on the easel for density 
range. The proper f -stop (constant 
exposure time as determined during 
calibration) for the negative in ques- 
tion can now be determined by vary- 
ing the enlarger f -stop until the neon 
lamp just extinguishes. 

If you want to use the f -stop for 
critical sharpness of your enlarger 
lens, calibrate the unit using this f- 
stop. If subsequent negatives call for 
a different f -stop, the critical f -stop 
can still be used if you remember that 
each f -stop deviation from your cali- 
bration f -stop means twice (or half) 
the previous f -stop light intensity. 
Therefore, if your calibration expo- 
sure was 10 seconds at f8 (f -stop for 
critical sharpness) and another nega- 
tive requires and f -stop of fl 1 for 
the neon lamp to extinguish, you can 
set the enlarger to f8 and change your 
exposure time to 5 seconds. 

Intensity of light on the easel 
varies inversely as the square of the 
distance of the lamp from the easel. 
So if the calibration negative is raised 
with the enlarger head to twice the 
enlarger height at which the enlarging 
meter was calibrated, the same light 
intensity on the easel will be obtained 
by opening the lens up by two f -stops 
(four times the light through the 
lens). It's now obvious that the unit 
should be calibrated at the smallest 
f -stop if a small enlargement is used 
to calibrate the unit and you expect 
to make extreme enlargements using 
the same paper- developer combina- 
tion. It may be found convenient to 
calibrate and record potentiometer 
Rl settings for a 4 x 5, 5 x 7, 8 x 10, 
etc. enlargements. 

With a little practice, you will 
be able to turn out perfect prints on 
the first try without the time consum- 
ing operation of making test strips. 

Note, the unit shown on the cov- 
er is a specially built version and 
illustrates one possible construction 
method. The unit the author made is 
in the photos on these pages. R -E 

36 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


 

Precision unit has 10 -Hz to 1 -MHz rep rate, variable width and delay, double - 
pulse mode, 20 nsec rise and fall times -and more 

ARE YOU IN THE MARKET FOR A SOPHISTI- 

cated pulse generator, but can't afford 
several hundreds of dollars for a corn - 
mercial unit? Wait no longer because 
here is a pulse generator that will hold 
its own with units costing much more. 

While it doesn't have all of the so- 
phisticated features of the more expen- 
sive units, like variable rise and fall time 
or programming, it does have most of 
the features that you or I will ever need. 
The repetition frequency extends from 
10 Hz to 1 MHz, pulse delay and pulse 
width from 100 msec to 100 nsec, and in 
addition it has external sync input. ex- 
ternal trigger, single shot, trigger output. 
It also has single or double pulse mode. 

The unit can be externally gated to 
provide any amount of pulses in a single 
or multiple or continuous burst pattern 
in any combination of sequences that 
you can dream up. It also has simultane- 
ous and independently controlled positive 
and negative outputs at approximately 50 
ohms impedance which are short circuit 
proof and overload proof. Rise and fall 
times are better than 20 nsec at any out- 
put level. 

The first step is to get all the parts 
together. But make no circuit changes or 
parts substitutions unless you thoroughly 
know what you are doing. 

The accuracy of this generator de- 
pends solely upon the accuracy of the 
timing capacitors and the Zener diode 
D18. which is 8.5V ±1 %. 

Follow these steps to make your gen- 
erator. As each stage is built. it can be 
turned on and checked for proper opera- 
tion before proceeding further. I suggest 
you build both boards in steps and check 
the complete operation of the boards be- 
fore you install them in the chassis. 

First. drill out the chassis and mount 
all controls switches, jacks, OFF-ON 
switch, pilot light, and fuse. Next, mount 
the power transformer and wire the pri- 
mary to the OFF -ON switch, pilot and 
fuse. If you have a well regulated 12 -Vdc 
supply handy. temporarily set the chassis 
aside. Tf you don't, you'll have to wire 
and use the unit's own power supply. 
Install the four rectifiers RECT -1, 2. 3 

and 4 on the output PC board along 

FEBRUARY 1970 

with C57. Temporarily connect (solder) 
C55 and C56 to the board observing the 
correct polarity. Do not mount anything 
else on this board at this time. 

Turn the chassis on its side and 
temporarily solder the three secondary 
leads from the transformer to the proper 
points on the board. Connect a dc volt- 
meter between ground and either supply, 
carefully observing the polarity of the 
meter. Turn the power on and note that 
the voltage should go to about 18 volts. 
You should have plus and minus 18 
volts. 

Note, when turning off the supply 
without a load, be sure to discharge each 
filter capacitor with a 1000 -ohm resistor, 
otherwise you could get a nasty shock by 
accidentally touching either supply. 

The next steps are the most impor- 
tant ones and there is no room for error. 
So take your time and do careful clean 
work. Layout, etch and drill the genera- 
tor board. The board in the prototype in 
the photos is slightly different. It does 
not include all the functions that are in 
the final unit. 

However, the schematic and foil lay- 
outs in Figs. 1 and 2 are correct and 
show all the parts. All of the functions 
were breadboarded and tried and they all 
work. However if you feel as I did, you 
can leave out any functions that you feel 
you might not need. 

First mount all components associ- 
ated with the oscillator. Q1 and Q2. 
Temporarily short point B to point D. 
Adjust CALIBRATION pot R3 for mid -posi- 
tion. Temporarily connect one of the 
timing capacitors between points A and 
D. Connect a 12 -V source to point N 
or connect the unregulated positive 18 
volts from the power supply, point U, to 
point Z on the generator hoard. install 
Q17 and associated components, and do 
not forget to put some kind of tempo- 
rary heat sink on Q17. 

Turn on the power and check for 
around +12.5 V at point N. Next. con- 
nect a scope to point C. You should ob- 
serve a waveform similar to the top trace 
in scope photo A. Next, install all the 
components associated with Q9, Q10, 
Q11, Q12, and Q13. Temporarily short 

Build 
Lab -quality 
pulse 

generator 
by JAMES BONG ORNO 

point C to point I. Connect a scope to 
point E. The trace should appear as in 
the top trace in photo B. 

If you do not have divider action in 
the second flip -flop, check the first flip - 
flop to see if it is dividing. If the first 
flip -flop isn't working, check Q9's collec- 
tor for a trigger pulse. Also check Q10's 
emitter for the same pulse; only it should 
be narrower and of just about 12 volts. 
amplitude. 

Next, install C10, R13, D4, Q5, Q6 
and associated components. Check with 
a scope at point F. You should observe a 
very narrow trigger pulse of about 12 
volts amplitude similar to the top trace 
in photo C. 

Photo A: Waveforms at C (top) and H. 
Clock at 10 kHz, delay about 50 µsec. 

Photo B: Waveforms at G (top) and E. 
Frequency is 1 kHz, delay 500 µsec. 

Photo C: Pulse at X (:op) and trigger 
output. Clock frequercy is 10 kHz; 
delay is 100 nsec, width, 10 µsec. 
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Now install Q3, D3, R15, C12, D17, 
Q16, R49, R47, D18 and the 342CJ in- 
tegrated circuit. Use small nose cutters 
and snip off pins 1, 7, 9, and 15 from the 
IC as these aren't used. Temporarily 
short point O to point N. Temporarily 
connect a timing capacitor between 
points J and K. The value of this capaci- 
tor must be 1 /10 that of the one you have 
connected to the oscillator. Connect a 
scope to pin 2 of the IC. The trace 
should appear as in the top trace of photo 
C, but not necessarily of the same width. 
Then, connect a scope to point H. The 
trace should appear as in the bottom 
trace of photo A. Note: in the top trace 
of photo A. you will notice a retrace 
spike. In the first step, when you checked 
the oscillator. this retrace spike will be 
absent as you have not yet installed Q3. 

Install R14 and CI 1. Temporarily 
short point E to Q. Connect a scope to 
pin 2 of the IC. You should observe a 
waveform similar to the top trace in 
photo D. Connect the scope to point G. 
You should observe a waveform similar 
to the bottom trace in photo B. Connect 
the scope to point H. You should ob- 
serve a trace similar to the bottom trace 
of photo E. At point C, trace should look 
like the top trace in photo E. 

Install Q7, Q8. Q15 and associated 
components. Temporarily short point P 
to point N. Remove the timing capacitor 
connected to points J and K. Connect this 
same capacitor between points L and M. 
Install a 100 -pF capacitor between points 
J and K. With a scope connected to point 
X, you should observe a trace similar to 
the top trace in photo C. Reconnect point 
E to Q. You should now observe double 
pulses at point X. This completes the op- 
erational check of the generator board. 
If you like. you can install all the re- 
maining components and then temporar- 
ily set the board aside. Do not install it 
in the chassis yet. 

Install only the components asso- 
ciated with the two regulators (power 
supplies) on the output stage board. Do 

Photo D (top): Double -drive pulse at X 
(top) and trigger out. Clock at 1 kHz, 
width, 100 µsec. Photo E: Clock at C 
(top) and turn-off gate at H. Clock at 
1 kHz, delay, 500 µsec. Scope at 500 
sec per div. 
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JUMPER 
TO POINT 
L OR M 
TIE POINT 
FOR 
DELAY 
TIMING CAP 

TO 
S4 

TO TRIG 
OUT 
JACK 

JUMPER 
TO 
POINT 
J OR K 
TIE POIN 
DELAY 
TIMING 
CAPS 

TO 
S4 

GND AT 
EXT 
TRIG IN 
JACK 
ONLY 

GND AT 
TRIG OUT 
JACK 
ONLY 

JUMPER No.16 WIRE TO POINT T OUTPUT BOARD 

Parts layout for the main generator board. 

PARTS LIST 
All resistors 1/2 watt 5% unless noted 
tR1 -4700 ohms 
fR2, R50. R63, R68, R77 -1000 ohms 
R3 -1000 ohms, trimmer, Mallory MTC13L4 
R4, R7, R18, R71, R72, R82, R83 -100 ohms 
R5, R6, R10, R62 -510 ohms 
R8 -7500 ohms. frequency vernier control 
R9, R46, R48, R52, R54, R55, R56, R65, R66 

selected value -see text 
R11, R22, R25 -680 ohms 
R12, R17, R20, R21, R23, R35, R40, R41- 
1800 ohms 
R13, R43 -2400 ohms 
R14, R15, R32, R44- 120,000 ohms 
R16, R42- 18.000 ohms 
R19. R33 -180 ohms 

R24, R28. R31. R58, R61, R89- 10,000 ohms 
R26. R76 -200 ohms 
R27. R34 -1200 ohms 
R29, R30 -7500 ohms 
R36, R39- 33.000 ohms 
R37, R38- 15.000 ohms 
R45, R49 -2700 ohms 
R47 -390 ohms 2% 
R51, R53- 25,000 ohms delay and width 
verniers 
R57 -2200 ohms 
R59 -10 ohms 
R60, R78 -470 ohms 
R64, R67 -3600 ohms 
R69, R70 -270 ohms 
R73, R74 -1000 ohms, 1% 
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R75 -560 ohms 
R79- 250 -ohm trimmer Mallory 251L4 
R80 -390 ohms 
R81 -2000 ohms 
R84- 100,000 Ohms 
R85, R87 -100 ohms, 2 watts output level 

control Ohmite type AB CU1011 or equiv. 
R86, R88 -50 ohms 4 watts (carbon only) 
Capacitors 
tC1 -330 jFF 3V tantalum electrolytic 
C2, C15, C22, C26, C28 -0.15 F 50V mylar 

or ceramic 
"C3, C29, C36 -3.9 F 1% 
"C4, C30, C37 -.39 F 1% 
"C5, C31, C38 -.039 F 1% 
"C6, C32, C39 -.0039 F 1% ' "C33, C40 -390 pF 1% 

C7 -330 pF polystyrene 5% 
C8 -11 to 110 pF trimmer 
C9, C10, C11, C12, C13, C23, C24 -100 pF 

polystyrene 5% 
C14, C19, C20, C21, C34, C41 -33 pF poly- 

styrene 5% 
C16 -120 pF polystyrene 5% 
C17, C18 -68 pF polystyrene %5 
C25, C53, C54 -500 F 15V electrolytic 
C27, C59- 10 F 15V tantalum electrolytic 
C35, C42 -8 to 40 pF trimmer 
C43, C44, C45, C48 -10 pF polystyrene 5% 
C46, C47- selected value -see text 
C49, C50, C57 -0.22 F 50V mylar or ceramic 
C51, C52 -100 F 15V tantalum electrolytic 
C55, C56 -1000 F 25V electrolytic 
C58, C62 -.0033 F 50V mylar or ceramic 
C60, C61 -27 F 6V tantalum electrolytic 
Q1, Q2, Q4, Q5, Q6, Q7, Q10, Q11, Q12, Q13, 

Q14, Q26, Q27, Q28- 2N4123 (Motorola) 
or 2N3646 (Fairchild) 

Q3, QQ8, Q9. Q18, Q19- 2N4258 (Fairchild) 
Q15, Q16, Q24, Q25, Q29, Q30- 2N4125 (Mo- 

torola) 
Q17, Q31- 2N3054 (RCA) or 2N4921 (Motor- 

ola) 
Q20- 2N4030 or 2N2904 (Fairchild) 
Q21, Q22- 2N3646 (Fairchild) 
Q23- 2N3300 or 2N3299 (Fairchild) 
Q32- 2N4918 (Motorola) 
D1 thru D17 and D20 thru D25 1N914 

(Fairchild) 
D18 -8.5 V Zener 1 -W ±1% (Schauer) 
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Actual -size PC pat- 
terns for the pow- 
er supply and 
plain generator 
boards. 

D19 -13 -V Zener 1 -W ±-2% (Schauer) 
D26 -4.7 -1/ Zener 250 mW 5% 
D27- D30- 1N4001 (Motorola) 
IC1 -342CJ (Amelco) TI- Stancor P8180 or equiv. 
J1 thru J6-BNC panel jack 
S1 -2 -pole 5- position selector switch 
S2 -spdt slide switch 
S3- normally open, momentary contact 

pushbutton 
54 -dpdt slide switch 
S5, S6 -2 -pole 6- position selector switch 
tNote: Readers may wish to modify the clock 
circuit with the following changes, reported 
in a last- minute change, by the author to yield 
better performance. Change RI to 1K, Cl to 
a 27 -NF, 6V tantalum electrolytic and replace 
R2 with a 2.4V, 1W, 1% Zener diode (Shauer), 
its cathode to Ql's base. 

Miscellaneous Parts 
6" x 14" x 3" steel chassis and bottom plate 

knobs, screws, nuts, washers, heat sink 
brakets, 2 post terminal strips (2), pc 

boards, lettering, bumper feet, stand 
offs, board terminals (Keystone), off -on 
switch, pilot light, fuse, line cord and 
plug, etc. 

A kit consisting of the 14 ±-1% toI capaci- 
tors is available from Lambert Labora- 
tories, 48 Washington Street, Westfield, 
New York 14787. Price- $32.50 postpaid 

A kit of all semiconductors including all 
diodes, all rectifiers, all Zeners, all tran- 
sistors, and one IC is available from the 
same source. Price -$43.75 postpaid 

Both glass epoxy etched circuit boards are 
also available. Generator board: Price - 
$9.50 postpaid. Output stage board: 
Price -$7.50 postpaid 

A kit of parts including the following is 
available. 

1. All semiconductors used in the generator. 
2. All 14 ±1% timing capacitors 
3. Both glass epoxy circuit boards. 

total $88.50 
A complete kit with all parts is available for 

$150 from the above source. 
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not install any of the output stage corn - 
ponents yet. C55 and C56 should be left 
temporarily connected. Make sure you 
have some form of temporary heat sinks 
on Q31 and Q32 as they run pretty 
warm. Make sure all components are in 
the right places and are also in the right 
polarity. 

Connect a dc meter to the positive 
output, point V, and turn the unit on. 
The output should go to some positive 
level depending upon the setting of R79. 
Adjust R79 for exactly +10.3 V. Re- 
move the meter leads and connect them 
to point W, the negative output. It should 
be exactly -10.3 V ±2 %. 

Connect the 50 -ohm 4 -watt resistor 
directly across the negative output. The 
output should drop less than 0.5 V, 
which indicates regulation better than 
0.5 %. Do the same for the positive out- 
put. It should also fall within 0.5% 
regulation. Connect an ac meter across 
either output and load that output with 
the 50 -ohm resistor. The total ripple of 
either output should be lower than 2 mV 
rms, indicating a factor of .02 %. Capaci- 
tors C59, C60, and C61 must be tan- 
talum types for high frequency regulator 
stability. 

Transistors Q31 and Q32 can be al- 
most any silicon types as long as they can 
dissipate 5 watts or more and have good 
heat sinks. I used what I had on hand, but 
remember, under full load conditions ei- 
ther or both pass transistors might have 
to dissipate 2.5 watts continuously. 

Now mount only the components 
associated with the positive output stage. 
C51 and C52 must also be tantalum 
types. Connect a 50 -ohm 4 -watt resistor 
from the emitter of Q23 to ground point 

( continued on page 71) 

Fig. 1 - Power 
supply for the 
pulse generator. 
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TEC H NICAL TOPICS 
Oil -change circuit . 

by ROBERT F. SCOTT 
SENIOR TECHNICAL EDITOR 

NOW THAT THIS COLUMN HAS SETTLED 

down to a regular routine, let me fill 

you in on a little of its background 
and let you in on a good thing. 

In the April, 1958 issue of 
R.S.G.B. Bulletin (now Radio Com- 
munication), the official publication 
of the Radio Society of Great Brit- 
ain (the British counterpart of our 
ARRL), Pat Hawker. G3VA, intro- 
duced "Technical Topics" as a regular 
column. It was to be -and still is- 
devoted to a survey of amateur radio 
developments and developments in 
electronics of particular interest to the 
radio amateur. It consists mainly of 
abstracts of articles and circuits from 
publications from all over the world 
supplemented by material contributed 
by readers. 

I have been a constant reader of 
Pat's "Technical Topics" and many of 
its items have been clipped and filed 
in my "engineering notebook." When 
we decided that there was a place in 
RADIO -ELECTRONICS for a similar col- 
umn to augment, and possibly replace, 
"Northworthy Circuits," we decided 
that it. too, should he called "Tech- 
nical Topics." First, because there is 
hardly a more fitting title, and sec- 
ondly, perhaps as a tribute to Pat 
Hawker and the RSGB for their con- 
tinuing contributions to amateur ra- 
dio and communications. 

If you find this column useful or 
interesting, you will surely value a 
copy of RSGB's Amateur Radio Tech- 
niques. It is 154 pages of the best 
selections from Pat's Technical Topics 
from 1958 to 1968. You can order a 
copy from Comtec, Box 592, Am- 
herst, New Hampshire 03031. It'll 
cost $2.50 postpaid. 

Change your oil, Mister? 
You have probably heard this 

question many times on trips to a local 
service station for a minor repair. If 
the oil in the car hasn't been changed 
in the last few weeks, you can't an- 
swer right away. You'll check the lube 
sticker on the door jamb. glance at 
the odometer and then try to recall 
whether Detroit recommends oil 
changes every 3,000 or 5,000 miles. 
If you are like most of us, you'll fig- 
ure on X quarts of oil at Y cents per 
quart and decide to let it go until 
the next time the car needs servicing. 

Bissett- Berman Corp., Los An- 
geles, California makes a line of elec- 

.. cold solder locator ... IC probe ... safe hot -chassis 

trochemical timers, called E -cells 
and has developed a number of inter- 
esting applications for them. One is 
an oil- change indicator sold commer- 
cially as the Sentry -7. In developing 
the circuit, they took into considera- 
tion the fact that oil pollution and 
depletion depends, not only on the 
mileage but also on the time the oil 
is actually in the engine- running or 
not -and the number of times the 
engine is started. 

The E -cell is about the size of a 
l -watt resistor and can be obtained 
with delays ranging from tenths of a 
second to around 1500 hours. They 
are designed with microampere -hour 
ratings ranging from 4 to 1500 with 
current ratings ranging from 0.1 µA 
to 2.0 mA. 

The basic operation of the E- 
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Fig. 1 -Sharp voltage increase occurs 
when silver transfers to cell's cathode. 

Fig. 2- Timing circuit uses sharp volt- 
age change to trigger SCR gate. 
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Fig. 3-Oil change circuit measures 
time oil is in engine, lighting lamp. 

OIL OK 

cell is similar to electrolysis or elec- 
troplating. The anode has a prede- 
termined amount of silver that is 
gradually eroded away and deposited 
on the cathode. The rate of silver 
transfer from anode to cathode is 

proportional to the instantaneous cur- 
rent through the cell. As long as 
silver remains on the anode, the cell 
resistance is low and the drop across 
is around 10 mV. When the silver 
has all transfered to the cathode (at 
the end of the time period) the cell 
resistance increases abruptly and the 
voltage across it rises to around 1 

volt (Fig. 1). When used in the basic 
timing circuit (Fig. 2), the abrupt 
change in voltage can he used to bias 
a transistor on or off or trigger the 
gate of an SCR. Series resistor Rl is 
selected for the specified current at 
supply voltage E. 

The oil -change indicator circuit is 

shown in Fig. 3. Note that the cur- 
rent flow through the E -cell comes 
from three sources: the START, RUN 
and TIME terminals. The TIME ter- 
minal is permanently connected across 
the car's battery to account for the 
total time the oil is in the engine. 
The drop across R2 is about 1.5 volt 
and only a small current flows through 
R3 and the E -cell. The START termi- 
nal is connected to the "hot" terminal 
on the starter motor or the cor- 
responding terminal on the ignition 
switch. The RUN terminal connects to 
the "hot" lead to the ignition coil. 

When the ignition switch is 
turned to start the engine, a relatively 
heavy current -about 1 mA -flows 
through R5 and the cell. Returning 
the ignition switch to the normal run 
position connects the battery to the 
cell through a 5- megohm resistor 
(R4) that limits current to about 2 

PA. 
The indicator lamps are both 

12 -volt types but the one used as the 
CHANGE OIL indicator should have a 
much higher current rating than the 
other. If the oil has not been used 
long enough to be changed. the ow 
ox light comes on when the starter 
motor is running. The CHANGE ow 
indicator does not light because its 
resistance is much lower (because of 
its higher current rating). 

At the end of the time period, the 
resistance of the cell rises sharply 
and biases the transistor base to about 
1 volt positive. The next time the car 
is started, the transistor conducts and 
draws current through the CHANGE 

42 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


on. lamp. The on, OK lamp does not 
light because it is short- circuited by 
the conducting transistor. 

Reverse the connections to the 
E -cell after each oil change so the 
silver -plate element becomes the anode 
for the next timing cycle. 

Locator for cold -solder joints 
Cold -solder connections seem to 

he more common now that printed 
circuits are almost universal in com- 
mercial equipment and are widely 
used in kits and home -built projects. 
If you suspect that a trouble in a 
complex piece of gear is due to a 
defective connection, you can spend 
hours probing, pushing and pulling 
each component, trying to locate the 
defective joint. If this fails, you spend 
more time touching -up or resoldering 
each connection. And, if you are not 
careful. you may inadvertently break 
a component lead or loosen another 
joint. 

Mr. D. Goodman, of Tel -Aviv, 
decided what was needed for detect- 
ing cold -solder joints was a low -range 
ohmmeter delivering a low voltage to 
the test prods -to protect transistors 
-and a high current to simulate pos- 
sible operating conditions. His simple 
and inexpensive cold -solder -joint lo- 
cator was described in the "Letters" 
column of Wireless World (London, 
England). 

The circuit of the locator is 
shown in Fig. 4. It consists of a sim- 
ple transistor / Zener diode voltage 
regulator, a resistive bridge and a 
200 -µA zero -center meter. The bridge 
balances with about 1 ohm across the 
test leads. Resistor Rl (about 0.5 
ohm) is selected for fullscale deflec- 
tion to the right when the test leads 
are shorted. The value of Rl and R2 
will depend on the transistor and 
diode used. The circuit draws about 
250 mA from the 1.5 -volt cell. The 
voltage across the test leads is about 
200 mV at 100 mA. 

Safe "hot- chassis" operation 
Transformerless and ac -dc equip- 

ment always presents a serious shock 
hazard to the owner and to the ser- 
vice technician. Safety precautions 
urge that you ground the chassis; 
either to a waterpipe ground or 
through a grounded duplex recep- 
tacle. But, sometimes these precau- 
tions are not enough. There is always 
the possibility that the neutral and 
hot sides of the power line may be 
transposed at the receptable or else- 
where in the wiring installation. 

If you ground the chassis and 
then plug in the equipment so the hot 
side of the line is connected to the 
chassis, you'll see fireworks and blown 
fuses. Remove the ground and touch 
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the chassis and you may get a severe 
shock. 

Writing in the New Zealand ham 
magazine Break -In, ZL2BEV de- 
scribed what appears to be a fool- 
proof method of connecting trans - 
formerless gear to the power line. It 
automatically switches the ground 
(neutral) side of the power line to 
the B -minus bus or chassis and pre- 
vents current from flowing from the 
hot line until the chassis has been 
grounded. 

This circuit (Fig. 5) is partic- 
ularly useful if space or other limita- 
tions make it necessary to use a 
transformerless power supply in 
equipment you are building. You 
might want to add it to your ac /dc 
set or other equipment. 

Assume that line A is normally 
hot and B is the neutral. Diode D1 
senses line polarity. If the equipment 
is plugged in incorrectly or line polar- 
ity has been reversed, full line voltage 
appears across relay RY1 and Dl. 
The diode conducts, energizing the 
relay and reversing the polarity of the 
line feeding the equipment. At the 
same time, RY2 is energized to con- 
nect the line to the transformerless 
power supply with the neutral going 
to the B -minus bus or chassis. 

Only RY2 is energized when the 
line cord is plugged in correctly. 

Electrical wiring codes limit the 
permissible current through the 
grounding line. Therefore, you must 
use the most sensitive relays (dpdt 
for RYI and dpst for RY2) that you 
can find. Select values for Rl and R2 
to limit relay current to the lowest 
level that provides reliable operation. 

Test probe for digital IC's 
When checking IC logic circuits 

such as in the digital frequency meter 
digital clock (in the August and Sep- 
tember 1969 issues, respectively) we 
need to know the dc level at the vari- 
ous gates and outputs. We are not so 
much interested in the precise voltage 
as we are in whether the voltage is 
high or low (logic "1" or logic "0 "). 

Several manufacturers have de- 
veloped IC test probes with a tiny 
lamp in the tip (for high visability) 
to indicate the state of the test point. 
The diagram in Fig. 6 shows a probe 
of this type developed by Britain's 
National Physical Laboratory and de- 
scribed in Electronic Engineering 
(London, England). The components 
are mounted in a probe 6 inches long, 
and 3/8 inch I.D. The lamp is located 
about 1 inch from the tip and is visi- 
ble through a small window. 

The circuit has a high input im- 
pedance to minimize circuit loading. 
The threshold voltage level depends 
on the supply voltage and on the ra- 
tio of RI to R2. When they are equal, 
the threshold voltage is half the supply 
voltage. The Zener diode protects the 
indicator lamp against excessive volt- 
age by limiting the lamp- driver base 
voltage. The probe operates from 
4 -15 -volt supplies. R -E 

Fig. 4- Cold -sol- 
der -joint spotter 
delivers high cur- 
rent across joint; 
meter deflects 
right for good 
joints. 

Fig. 5- Polarity re- 
versal occurs when 
D1 senses incor- 
rect line polarity, 
energizing relay 
RY1. 

Fig. 6- High -im- 
pedance, IC test 
probe indicates 
high or low volt- 
age for digital IC's 
through indicator 
lamp. 
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A REVERBERATION UNIT CAN ADD SOME 
very effective liveliness to a guitar's 
sound. Through the use of an echo 
and a slight delay, the reverberation 
unit can give to a guitar's sound the 
effect of playing in a cavern. 

The HEP Reverb has several ad- 
vantages. By mixing the guitar's out- 
put and its "echo" electronically, no 
extra power amplifier or speaker sys- 
tem is required. The system has also 
been designed to be compatible with 
an electronic guitar system. The 
nominal input to the reverb is 50 to 
100 mV, while the output is continu- 
ously adjustable from 0 to approxi- 
mately 100 mV. The unit can also be 
made very portable by using two 6- 
volt batteries for power. This elimi- 
nates the problem of transformer hum 
pickup by the reverb spring unit and 
the need for a special power supply. 

Here's how it works 
Power is applied to the barrier strip, 

observing correct polarities, and the 
unit is turned on. The guitar's output 
is applied directly to the reverb input. 
The guitar's output is then adjusted 
to bring it within the 50 to I 00-mV 
range of the reverb unit. Then, with 
the DEPTH control at minimum, the 
output LEVEL is adjusted to be com- 
patible with the guitar power amplifier 
input. The output of the reverb is con- 
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Build IC Guitar Reverb ,. JACK ..aUE, 

nected by a shielded cable to the guitar 
power amplifier input. The DEPTH 

control is set to give the desired re- 
verberation. The DEPTH control can 
give more than enough reverberation 
and, therefore, should not be turned 
to maximum unless a special effect 
rather than a live sound is desired. 

The HEP reverb can be broken 
into five parts: the preamplifier, the 
power amplifier, the reverb spring 
unit, the mixer and the output stage. 

A preamplifier boosts the low - 
level guitar output to a level for the 
power amplifier. Feedback enables the 
preamp to compensate for coupling in- 
efficiencies in transformer T1, thus giv- 
ing better low frequency response. 

The power amplifier is biased in 
class A for a very linear output. 
Transformer T1 couples the power 
amplifier's output into the 8 -ohm in- 
put of the reverb spring unit. If the 
Argonne transformer is used, only half 
of the primary winding should be 
connected. The connections are be 
made from the starting winding to the 
center tap winding. If the Stancor 
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transformer is used, the whole Pri- 
mary is used and the 8 -ohm secondary 
tap is used. Transistor QI requires a 
small heat sink. Use HEP 502 or an 
equivalent unit. 

The reverb spring unit is merely 
a spring attached between two trans- 
ducers. The input signal is converted 
into mechanical spring motion by the 
transducer. This motion travels the 
length of the spring in a few milli- 
seconds to another transducer that 
converts the motion back into an 
electrical signal. The time it takes the 
motion to travel down the spring im- 
parts the delay characteristic and the 
reflection of the motion at the trans- 
ducers produces the echo effect. 

The spring unit has a 20 to 40 dB 
loss which must be made up if the re- 
verb output is to drive the guitar am- 
plifier power input. The other half of 
the IC preamp provides this gain. It 
is also used to mix the original signal 
with the reverb spring unit output. 
The gain and mixing is done by R8, 
R 10 and R14. The spring unit that the 
reverb unit is designed for is the 
Midland number 14 -630; however, a 

Gibbs spring unit may also be used. 
The Gibbs unit will give a longer de- 
lay and better echo, but it is larger. 
If you use it you'll need a larger 
chassis box. The Gibbs spring unit 
needs an 8 -ohm input and R14 should 
he changed to 2,700 ohms. 

The output stage consists of Q2 
in an emitter follower circuit. This 
circuit provides a lower output impe- 
dance to avoid loading down the IC. 
Resistor R 16 is used to isolate the IC 
frnnl r: n aci(ivi' lO lds. R -E 
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Numbered connections show placement of parts on top and wiring on the bottom. 
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PARTS LIST 

All capacitors 15 V or higher unless noted 
Cl. C2-0.1 pF. 12V 
C3, C11 -10µF, 15V. electrolytic 
C4, C9- 0.002µF 
C5- 0.02µF 
C6 -111.F, 15V, electrolytic 
C7 -0.001 µF 
C8 -100 µF 
C10 -0.47 µF, 3V 

All resistors 1/2-watt 10% 
RI, R4. R10- 100,000 ohms 
R2, R6 -1,000 ohms 
R3, R11 -10 ohms 
R5 -6,800 ohms 
R7 -100 ohms 
R8- 270,000 ohms 
R9, R14 -4,700 ohms 
R12- potentiometer, 5,000 ohms 
R13, R16 -2.200 ohms 
R15- potentiometer, 2,500 ohms 
ICI-HEP-592 
Q1- HEP -53 (npn) 
Q2-HEP-50 (npn) 
TI -Audio output transformer Argonne ÁR- 

137 (or) Stancor TA -2I 
RV1- Reverb spring unit (Olson Electronics 

X -82 or McGee Radio 14 -630) 
J1, J2 -2- conductor phone jack 
SI -dpst toggle switch 

Miscellaneous 
3- terminal barrier strip 
Chassis box 5 x 7 x 2 inches 
perforated phenolic board 
Connecting terminals 
TO -5 heat sink 

INPUT 
JI 

C1 
0.1 

R3 
IO1L' 

002 

9 

ICI -o 
I /2HEP592 

TI RV-I 

II ki:;;;: 

C3 
IOµF 

C2 R8 

¡¡ 27C K 

10 

R2 
IK 

V 

01 C7 
HEP 53 112001 

R7 
100 
n 

R12 
5K 

C8 
loo pF 

RIO 

+V 

C9 IOO K 

002 RII,IOft 
4 

+ Q2 

R9 
HEP5013 

CND 4.7K ICI - b 22K 
1 /2HEP 592 

9V 1 - - 
-.1-- 

ISI V -J2 
Ir - 

o" O--y +V 

IC halves boost input from guitar and compensate for loss in the reverb spring. 

CII 
10µF 

R15 
2.5K 

DEPTH 

CIO 
0.47 

RI4 
4.7K 

22K OUTPLT 

LEVEL 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics:" 

Could they be talking about you? 
You'll miss a lot of opportunities if you try to get along 
in the electronics industry without an advanced edu- 
cation. Many doors will be closed to you, and no 

amount of hard work will open them. 
But you can build a rewarding career if you supple- 

ment your experience with specialized knowledge of 
one of the key areas of electronics. As a specialist, 
you will enjoy security, excellent pay, and the kind of 
future you want for yourself and your family. 

Going back to school isn't easy for a man with a 

46 

d 
full -time job and family obligations. But CREI Home 
Study Programs make it possible for you to get the 
additional education you need without attending 
classes. You study at home, at your own pace, on 

your own schedule. You study with the assurance that 
what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 

tronics including communications, radar and sonar, 
even missile and spacecraft guidance. You're sure to 
find a program that fits your career objectives. 

RADIO -ELECTRONICS 
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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 at right 
or write: CREI, Dept. 1402A, 3224 16th St., N.W., Wash- 
ington, D.C. 20010. 

founded 7527 

Aeaedüed M 

FEBRUARY 1970 
ber of Me Natrona / Home S7udy Cowell 

IN -DEPTH 

COVERAGE OF 

SOLID STATE 

ELECTRONICS 

...including 
integrated circuits! 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept.1402A 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please mail me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAME AGF 

ADDRESS 

CITY STATF ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in 
Electronic Engineering Technology Computers 
Space Electronics Nuclear Engineering Technology 
Industrial Automation NEW! Electronics Systems 

Engineering 
L J 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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Magnetic ink ... punched cards and paper tapes ... light 
pens: Supplying input information to modern digital computers 

by MATTHEW MANDL 
CONTRIBUTING EDITOR 

FOR A DIGITAL COMPUTER TO PROCESS 
business data or perform arithmetical 
operations, input information must be 
supplied to it. Thus the computer is 
told what the problem is and the man- 
ner in which it is to be solved (called 
a program). It is also given the data 
it needs to complete the computing 
operations. 

Electronically, this is not as easy 
as it sounds. The computer's primary 
circuit function is basically switching. 
Thus, only two states are used: oN 
and OFF (corresponding to I and 0). 
It is a binary machine, where 2 is rep- 9 

resented by I 0, 3 by 11, 4 by 100, etc. 
It doesn't recognize internally our let- 
ters or base -ten numbers. 

In programming, however, we 
want the convenience of using our al- 
phabet and decimal numbering sys- 
tem. So when we punch a card or 
tape using a key -punch machine or 
an electric typewriter, we use special 
circuitry to convert a single key de- 
pression of. for instance, 6 to its bi- 
nary equivalent of 110, etc. Similarly, 
letters are converted to a specific bi- 
nary-number representation so they 
can be stored and read out of the 
computer as required. 

o 

Switching and routing 
Electrical wire feelers can sense 

a hole in a card or tape and generate 
a sensing signal or pulse. A single 
pulse (or several simultaneous ones) 
can be routed to matrix converting 
circuits to produce a given binary 
number. A typical encoder of this 
type is shown in Fig. 1. Here, a single 
pulse entering any one of the hori- 

n =0101 
I L ( 5 IN BINARY) 

Fig. 1 -Input to diode matrix enco- 
der generates proper binary output. 

MATRIX 
JL "AND° 

SWITCH 

J1_ 

X 
Y 

b 

a 

10110 
( 22 IN BINARY) 

X ¡--1 
Y d 

c 

X 

Y 

d 
Fig. 2- a- Simultaneous x -y inputs gen- 
erate a 22 output. b -3- input, gate. 
c, d -x -input and OR gates. 

zontal lines results in an output binary 
number representative of the input 
number. If a pulse is applied to the 
"5" line, as shown, the two diodes in 
this line connect to the proper vertical 
wires to produce an output of 0101, 
the binary equivalent of the numeral 
5. 

Note the symmetrical arrange- 
ment of the diodes in the encoder. At 
the right, the diodes connecting to the 
vertical wire are from alternate hori- 
zontal lines. Next, diodes connect to 
two adjacent horizontal lines. skip two 
horizontal lines, etc. In the third verti- 
cal column from the right four hori- 
zontal lines have no diodes, and four 
adjacent horizontal lines do. This fol- 
lows the structure of the binary sys- 
tem and the diodes correspond to the 
l's in the table shown below. Vertical 

- etc. 32 16 8 
0 
0 
0 
0 
0 
0 
0 
0 
1 

1 

1 

1 

O 0 
O 0 
0 0 
O 0 
O 0 
O 0 
O 0 
O 0 
O 0 
O 0 
O 0 
O 0 
O 0 1 

O 0 1 

O 0 1 

O 0 1 

O 1 0 

4 
O 0 0 
O 0 1 

O 1 0 
O 1 1 

1 0 0 
1 0 1 

1 1 0 
1 1 

2 1 Value 
0 
1 

2 
3 
4 
5 
6 

1 7 
O 0 0 8 
O 0 1 9 
O 1 0 10 
O 1 1 11 
1 0 0 12 
1 0 1 13 
1 1 0 14 
1 1 1 15 
O 0 0 16 

and horizontal rows can be increased 
for obtaining any binary magnitude 
desired. 

Logic switches can be used to ob- 
tain a specific binary number if, and 
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only if, two pulses are applied to the 
circuitry simultaneously. This is 
shown in Fig. 2 -a. If pulses x and y 
are present to the logic "and" switch 
an output is produced and a binary 
10110 is obtained from the diode 
matrix circuitry. The and switch is 
also known as a coincidence circuit or 
gate, because no output is produced 
unless coinciding signals are applied 
to the inputs. Three inputs could also 
be used, as shown for the symbol at 
Fig. 2 -b. where x, y. and z must be 
present before an output is obtained. 
The logic gate at Fig. 2 -c produces an 
output only for an x input. If y is 
present it inhihits the output and 
hence the logic is x but not y. At Fig. 
2 -d an oR circuit is shown, where ei- 
ther x or y or both inputs produce an 
output. 

Card input 
The 31/4 x 73/s -inch IBM card 

and its coding have become a virtual 
standard in the computer field. As 
shown in Fig. 3. there are 80 vertical 
columns of numbers (0 to 9). A sin- 
gle punch in any vertical column iden- 
tifies a specific numeral. Numbers can 
he punched in any sequence and 
spaces left between. 

For the letters of the alphabet 
and other characters, two or more 
punches in a vertical column are used. 
As shown in Fig. 4, for representing 
A through T. an extra hole is punched 
near the ton of the card (identified as 
12 zone). This punch, in addition to 
a punch in the vertical number col- 
umn, identifies the particular letter. 
Thus, a 12 zone punch plus a 1 punch 
represents A. while a 12 zone punch 
and 3 indicates a C, etc. 

For letters from J through R an 
11 -zone punch is used in addition to 
the numeral punches. The 11 -zone 
area lies between the horizontal 0's 
and the 12 zone. (The 0's are con- 
sidered the 10 zone.) To represent K, 
an 11 zone punch is accompanied by 
punching a 2 in the same vertical col- 
umn. The 10 zone is used for S 
through Z, starting with a punch in 
the 2 numeral for S. A 10 zone punch 
plus a 1 punch produces a "I" repre- 
sentation (called a slash or .solidus). 
Other characters are available, some 
using three punches in the vertical 
plane, as shown at the right in all three 
parts of Fig. 4. 

A representative example is 
shown in Fig. 5, where a name and 
address are punched. Note that this 
only takes up the left portion of the 
card, leaving room for city and state, 
and other related data on a single 
card. 

If the information on such a card 
is stored in the internal memory of a 
computer, letters as well as numbers 

FEBRUARY 1970 

Fig. 3- Standard 
IBM card with 80 
vertical number 
columns. Single 
punch identifies 
numerals. 

Fig. 4 -Two or 
more punches in 
column, along with 
a zone punch, 
identify letters and 
characters. 

Fig. 5 - Typical 
name and address 
punch card. Re- 
maining space can 
be used for city 
and state. 
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Fig. 6 (below)- Binary number 00- 
11101 and others on punched paper. 
7- channel punching (right, Fig. 7), and 
magnetic ink characters (Fig. 8). 

o o 1 I 1 0 1 

o 

o 1 o o 1 o o 

b 

o 1 1 1 o o 1 

c 

are replaced by their binary represen- 
tation. Thus, there is no identifiable 
difference in numeric or alphabetic 
storage. If, for instance, the binary 
number 10010 represents S, an alpha- 
betic print -out is necessary. If a nu- 
meric print -out is specified, the base - 
ten value 18 will be printed. 

1_0 

/ . ! ¡ ' . 
1 t 

raF0-15 

4,911 
iz 11! 

Paper tapes are prepared by a 
punch mechanism linked to an elec- 
tric typewriter. Tape width is approxi- 
mately 1 inch, and 7 or 8 bit limits 
are usually used for any horizontal 
hole punching. The binary number 
representative of the typewriter key 
depressed is punched on the tape di- 
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rectly. A punched hole represents 1 

and the absence of a hole is 0. This is 
shown in Fig. 6 where the binary 
number 0011101 is shown at A, 
0100100 at B, and 0111001 at C. A 
typical tape using seven- channel 
punching is shown in Fig. 7. Sprock- 
et holes run lengthwise through the 
tape between the third and fourth -bit 
channels from the right. 

Magnetic -ink reading 
In computer data- processing 

practices, automatic character -read- 
ing devices are widely used for auto- 
matic bookkeeping and accounting 
procedures. As shown in Fig. 8. the 
characters have a peculiar shape 
which allows for better identification 
by the computer, while at the same 
time being readable to us. You've 
probably noticed these on your bank 
checks. They are printed with an ink 
containing ferro- magnetic substances 
so they can he read by the magnetic - 
ink character recognition (MICR) 
process. The magnetic materials are 
of the iron -oxide types used in mag- 
netic tapes. 

The character reading method is 
shown in Fig. 9 -a. The check is in- 
serted into the reader which slides it 
past a permanent magnet. Thus the 
materials in the printed characters be- 
come magnetically energized. Next 
the check passes over a read head 
which senses the magnetic densities of 
the numeral and produces an output 
signal. Matrix decoding is used to in- 
terpret the signal and identify the 
character. 

As shown in Fig. 9 -b the signals 
developed depend on the width and 
position of the vertical and horizontal 
lines making up the character. For the 
numeral 9 shown, signals of opposite 
polarity are produced as the right 
vertical segment of the 9 approaches 
and leaves the read head. During the 
time the horizontal sections pass the 
head, no magnetic change occurs, 
hence the output signals drop to the 
zero level. As the left vertical member 
of the 9 is reached, a negative and 
positive voltage change again occurs. 

CARD OR 

CHECK 9 MAGNET READ 
/ /HEAD 

a 

OUTPUT 

GAP 

b 
Fig. 9 -a- Magnetizing and read heads. b- Output signal for the numeral 9. 

MIRROR 

7 SENSING 
MECHANISM SIGNAL 

-4" AND CIRCUITS OUTPUT 

LIGHT 
SOURCE 

I i 
LENS 

MOVING CARD 

6 

e 

m 

DISPLAY SCREEN 

LIGHT PEN 

b 
Fig. 10- a- Optical scanning method. 
b -Data display screen and light pen. 

(The over -all polarity of the resultant 
signal can he changed by transposi- 
tion of the output lines of the read 
head.) 

Each character produces its own 
individual -type signal waveform. The 
decoding circuits are designed to rec- 
ognize the particular make -up of a 

given signal and establish its numerical 
value or significance. 

Other methods 
Optical methods are also in use 

for reading data into a computer. In 
one procedure the check or card is sta- 
tionary and a moving pinpoint of 
light scans the characters to he read. 
As shown in Fig. 10 -a, however, the 
light source can he fixed and the card 
or check moved pass the source. A 
lens system and reflecting mirror 
channel the light variations to a sens- 
ing device which produces an output 
signal for identifying the character 
which is read. 

Data display screens have become 
popular for giving a visual indication 
of program results or graphs of the 
problem results. Some of these units 
have been specifically designed to per- 
mit changing the displayed informa- 
tion by use of a light pen as shown in 
Fig. 10 -b. 

Such display screens function in 
similar fashion to a television receiver 
tube. Under direction of the com- 
puter. electron -beam scanning within 
the tube displays the data or graph 
required. It is rescanned and recircu- 
lated to keep the image visible. When 
the light pen is brought to a particular 
portion of the screen, the represented 
data can be changed or added to as 
required. The internal electron beam, 
as it rescans the displayed informa- 
tion. senses the changes made by the 
light pen and sends the new informa- 
tion to the computer. In turn, the lat- 
ter now modifies the computational 
results to conform to the changes in- 
dicated and again displays the results. 

Not only can the contours of 
graphs be changed, but alphabetical 
or numerical (alphanumeric) displays 
can also he changed as needed. In 
addition, the screen can be used for 
entering a new graph or sketch into 
the computer for processing. Rough 
schematics, for instance, can be 
sketched by the light pen and. with 
proper programming of the comput- 
er, reshaped into a professional-ap - 
pearing end result. R -E 

TOOLS FOR ELECTRONICS 
This issue, starting on the facing page, is the sixth part of our new series of articles on tools 
for electronics. It ends our description of wrenches. Next month we will continue the series 
with the next section of the article on soldering tools. We believe you will find all of this mate- 
rial a handy, practical addition to your R -E Reference Manual. 
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, 17 Slate Lane, Central 
Islip, L.I., N.Y. 11722. 
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PROGRAMMED 
by LARRY ALLEN, cet 

AUTOMATIC FINE TUÑING] 1 

Just read each easily digested frame of infor- 
mation. Then test your grasp of it by answering a 

multiple- choice question. If you choose correctly, 
you're guided automatically to the next program 
capsule. If you miss, don't worry; programed extra 
information helps you to a correct answer. 

Automatic fine tuning, or just simply aft, is 

common in color sets built since late 1967. Lately, 
even lower -priced chassis have it. Magnavox was 
first, with a tube type. All brands and models since 
use transistors or integrated circuits. 

Aft was introduced because some people can't 
tune color sets properly. It's hard to explain to 
viewers how important fine tuning is to getting 
color. The solution is to make the set fine -tune itself. 
The aft stage tunes the vhf or uhf tuner to the 
exact position on the tuner and i.f. bandpass curve. 

You know that the frequency difference be- 
tween the picture carrier from the station and the 
oscillator signal in the tuner is what makes the i.f. 
picture carrier. The station carrier is rigidly con- 
trolled. If the frequency of the oscillator can be 
held at exactly 45.75 MHz above the station signal. 
the tuner will remain precisely tuned. All you need 
is a way to sense when the i.f. picture carrier 
strays from 45.75 MHz and to bring it back. 

A system that does this is in Fig. I. Signal for 
the aft sensing section is taken from the third video 
i.f. in the receiver. A stage of tuned amplification 
gives a powerful resonant boost to the 45.75 -MHz 
signal, rejecting signals above or below that fre- 
quency. A discriminator stage determines whether 
the picture carrier i.f. is exactly 45.75 MHz. If not. 
the stage develops a dc voltage with value and 
polarity proportional to how far and in what direc- 

t tion the i.f. has shifted. This do output is called 
correction voltage. 

FROM 
3RD 
VIDEO 
I.F. 
AMPL 

45.75 
MHz 

AMPL 

AFT 
DISCRIM- 
INATOR 

DC CORRECTION 
VOLTAGE - - 

OSC 

I 
i 

I 

TO 

AMPL 
MIXER I '' II SF develops a cor- 

AMPLrection volt- 
age. That in 
turn brings the 

oscillator back so the i.f. is exactly 45.75 MHz. 
Question: What signal does the automatic fine tuning 
system sense? 

Oscillator signal from the tuner. Go to Frame 6. 
Picture carrier of the i -f. Try Frame 11. 
The complete i.f. signal. See what Frame 5 says. 

ANT 

The cor- 
rection voltage 
is applied to 
the tuner, 
where it con- 
trols oscillator 
frequency. An 
incorrect pic- 
ture i.f. means 
the oscillator 
has drifted. 
The discrim- 
inator detects 
the drift and 

_J 

Sometimes the controlling system isn't all that 
simple. For example, some of the first RCA sets to 
use the control setup shown in Fig. 6. 

The base -collector junction in any transistor is 
always reverse -biased. The control circuit in Fig. 6 
takes advantage of the capacitance developed at 
that junction to tune the channel oscillator coil. The 
amount of voltage applied between base and col- 
lector is determined by the correction system. 

A 5 -volt reference is applied to the emitter, 
and to the base through RI. The correction voltage 
is developed by a dc amplifier that follows the 
discriminator circuit in the aft section. The normal 
output of the dc amplifier, whenever the oscillator 
is on frequency and is producing the proper 45.75 - 
MHz picture carrier i.f., is 5 volts dc. That is 
applied to the collector of the oscillator control tran- 
sistor through resistor R2. 

The bias across the junction is therefore zero. 
and the transistor has little effect on the circuit. 
The only capacitance being applied to the circuit 

across the ac- 
tive oscillator 
coil is the effect 
of 5 -pF capa- 

OSC COIL citors Cl and 
27pF CHANNEL : C2. Their 

SWITCH effect is slight 
because of the 

C2 high resistance 
5pF between base 

and collector. 
In the 

RI positive direc- 
27K 

001 tion, the cor- 
rection voltage 
forward- biases 
the junction 

R2 and lowers its 
resistance, put- 
ting CI and C2 
across the os- 
cillator coil. 

TO OSC 
STAGE 

Cl 
5pF 

5V 
REFERENCE 

5V AFT 
VOLTAGE 

AFT 
DEFEAT 

.001 

Z 

27K 

If the correction voltage goes down from its 
nominal 5 volts, the junction becomes backward - 
biased and its own capacitance becomes less and 
less. It is in series with Cl and C2, and thus re- 
duces the total capacitance across the coil. The 
result is a rise in the frequency of the oscillator. 
Question: What characteristic of a transistor is 

usable as the tuning control element in an aft system? 
Emitter -collector resistance. See Frame 9. 
Base -emitter cohesivity. Look at Frame 18. 
Base -collector reverse -bias capacitance. Go to 
Frame 22. 

No, the amplifier stage in Fig. 3 has nothing 
to do with bias on the discriminator diodes. In fact. 
it doesn't affect those diodes at all. The opposite is 
true -the diodes affect the amplifier. Go back and 
reread Frame 17 and pick out the right answer. 
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No, that isn't right. Even though you may look 
upon the second transformer as a discriminator 

Otransformer, its primary is nevertheless a tuned cir- 
cuit for the 45.75 -MHz signal. With that in mind, 
go back and reread Frame 16 and then try a dif- 
ferent answer. 

i 

No, not the entire i.f. signal. The aft system 
senses only the 45.75 -MHz picture carrier. Your 

Oanswer is pretty close, but it would be a good idea 
to go back and read Frame 1 again before pro- 
ceeding to Frame 16. 

No, that's wrong. The oscillator frequency is 
the one controlled, but it isn't used for sensing. If 

iftthe aft were to operate directly from the oscillator 
signal, you'd need a stage for every channel. For - 
tunately, there is a better way. Go back to Frame 1, 
study the diagram, and try a different answer. 

i 

No, it is not the discriminator. It is possible to 
put discriminator diodes inside an integrated circuit, 

Oand such IC's are available. However, the IC's used 
so far in aft systems do not combine these functions. 
Go back to Frame 14 and try a different answer. 

i 

Yes, you're right. The integrated circuit in an 
automatic fine tuning system merely takes the place 
of the transistor used as a 45.75 -MHz amplifier. 

You may be wondering what is done with the 
dc correction voltage in the tuner, to make the os- 
cillator shift its frequency. The answer is a fairly 
recent development -the Varicap diode voltage - 
variable capacitor or varactor. It is a special diode 
which, when backward -biased, takes on the charac- 
teristics of a capacitor. Varying the amount of re- 
verse bias varies the capacitance of the diode. 

The variable -capacitance diode is made part of 
the tuning capacitance in the vhf and uhf oscillators. 
Then, with the correction voltage controlling the 
capacitance, it is possible to fine -tune the oscillator 
automatically. (There is usually a fine -tuning knob, 
too, which is used to bring the oscillator close to 
frequency with the aft disabled. The aft correction 
system then holds the frequency.) 

The diagrams in Fig. 5 show the oscillator sec- 
tions of a vhf and a uhf tuner. The aft diode is part 
of the circuit that tunes them. 

The oscillator in Fig. 5 -a is a tunable Pierce. 
Feedback is via the tuned circuit from 
plate to grid. The variable -capacitance 
diode is connected across the tuned 
circuit by capacitor C2. The anode 
end is grounded by C3. 

A dc return for the cathode of 
the variable capacitance diode is re- 
sistor R2. Since a varactor must be 
backward -biased, the anode of this 
diode must be more negative than its 
cathode. Some self -bias is developed 
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STRIP I 

4 

TO MIXER 
ANO B+ 

C2 
4pF 

RFC 

by R2, which keeps the cathode from going negative. 
As long as the oscillator is at a frequency which 

converts the station picture carrier to exactly 45.75 
MHz, a certain aft voltage is applied as shown. If 
the oscillator drifts slightly, the discriminator in the 
aft sensing section initiates a correction voltage 
which changes the voltage applied to the anode of 
the aft diode in the tuner. That alters its capaci- 
tance slightly and thus shifts the oscillator frequency 
-in a direction that brings the picture carrier i.f. 
back to 45.75 MHz. 

In Fig. 5 -b, the aft diode D1 is backward - 
biased by a 12 -volt reference. Voltage divider 
R14-R16 develops about 10 volts positive for the 
cathode of the diode. 

With this kind of setup, the aft control voltage 
does not have to be negative. All it has to be is less 
positive than the reference bias. Then any variation 
in the anode voltage reflects into the oscillator tuned 
circuit as a variation in capacitance. 

Capacitor C I4 and the aft diode are connected 
in series with each other. They are across a portion 
of the tuning line that forms the inductance in this 

uhf tuner. Capacitor C12 de- 
couples the cathode end of 
the variable- capacitance 

R14 diode, holding it at rf ground 
22K for uhf. The tuned line and 

capacitor C8 are the other 
RI6 portion of the fine -tuning 

circuit. The variable main 
tuning capacitor is shown 
along the bottom of the 
sketch. The heavy black lines 
represent the rotors. R18 and 
C16 are a decoupling network 
to prevent the tuning elements 
of the oscillator circuit from 
having any effect on the con- 
trol stages, and vice versa. 

+12 V 

AFC 
REFERENCE 

+12V 

AFC 
CONTROL 
VOLTAGE 

CI 

RI 

O 

AFT 
VOLTAGE PART OF UHF 

IN TUNER 

6 

MAIN TUNING 
CAPACITOR 

Question: Describe the kind 
of bias that's applied to the 
variable- capacitance diode for 
aft purposes. 

A reference -voltage bias. 
Move on to Frame 23. 
Backward bias. Try Frame 
21. 
Forward bias to drive the 
oscillator. See Frame 20. 
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No, that isn't the right answer. In the system 
that was described in Frame 2, you may remember 

()that capacitance is involved in the transistor under 
certain conditions. Go back and reread Frame 2, 
and see if you can't figure out a better answer. 

Not so! If you do get a broad response, it means 
that you've either connected the meter incorrectly 
or are turning the wrong slug, or someone has 

IV seriously mistuned the secondary before you got to 
it. If you really don't know what to expect, go back 
and reread Frame 15. Then pick another answer. 

Certainly! It's the 45.75 -MHz i.f. picture carrier 
that is fed to the aft sensing section. The i.f. signal 
is the same for every channel, and is an excellent 

Osignal to check for frequency. If the oscillator drifts 
or is mistuned, the 45.75 -MHz signal cannot be 
correct. The aft circuits shifts the oscillator back 
to normal. Since you understand so well, go on to 
Frame 16. 

Yes. If the vtvm is connected properly, and 
the slug hasn't previously been turned so far away 
from the zero crossover that it is clear off the 
curve, the secondary slug will show a very sensitive 
change in the voltmeter reading as you turn it back 
and forth. It's a good idea to use a zero -center 
voltmeter when you do this adjustment -that is, 

unless the output voltage of the discriminator is 

not zero. R -E 

Congratulations, you just completed the course! 

No, that's wrong. It isn't impossible that the 
correction voltage is positive dc. However, that has 

® nothing to do with how or why you tune the sec- 
ondary. Something in Frame 15 has mixed you up, 
so go back and read it again carefully. 

o 

Yes, this is essentially what the dc amplifier 
does. It takes a tiny correction voltage developed 
by the discriminator and makes it into a larger 
voltage swing. The oscillator control in the tuner is 

usually a variable- capacitance diode and needs a 
little more voltage swing than the discriminator alone 
provides. You'll learn more about this, shortly. 

Some television sets use integrated circuits in 
the aft section. The arrangement is about as shown 
in Fig. 4. 

The integrated circuit is 
nothing more than a highly 
efficient amplifier for the 
45.75 -MHz signals. As you 
can see in the inset schematic, 
the IC consists of five tran- 
sistors and a supply resistor. 
The input from the third 
video i.f. in the TV chassis is 
tuned by L1. The greatly 
amplified output is applied to 
a transformer that feeds a 
capacitance -type discrimina- 
tor. If you compare Fig. 4 
with Fig. 2 (Frame 16), you'll 
see a strong resemblance. 

Testing the integrated 
circuit starts with measuring 
the dc input voltage at pin 8; 
it should be about 13.5 volts. 
Note whatever it is. 

Then measure the volt- 
ages at the other pins of the 
IC. The voltages at pins 1 

and 7 should be approxi- 
mately 0.5 volt lower than 
the input voltage. Dc at pins 
3 and 5 should be about 1.5 
volts. If any of the voltages 
(except at pin 8) is much too 
low or too high, the integrated 
circuit is bad. It doesn't 
really matter what's wrong 
inside the IC; if you know 
it's bad, replace it. 

8.2pF 

AFC 
INPUT 
FROM 
CHASSIS 

If there is voltage at pin 4, rather than the 
zero volts shown, it isn't a sign the IC is bad; the 
ground connection for that pin is open. 

Question: What is the function of the integrated 
circuit when it is used in an aft section? 

Amplifier for the dc output of the discriminator. 
Read Frame 24. 

As a discriminator. Go on to Frame 7. 
As a 45.75 -MHz amplifier. Try Frame 8. 
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C5 
001 

o 

A good way to troubleshoot any stage or sec- 
tion that involves tuned circuits is first to try align- 
ing it. This is certainly true of an aft system. 

Basically, alignment is fairly simple. The only 
place you can get into trouble is at the discriminator. 
It's always a good idea to read the manufacturer's 
suggestions before you start turning the screws. 
However, if you don't have them, the following prin- 
ciples will help you do a good job. 

Start with a 45.75 -MHz generator. Be sure it is 
accurate- crystal control is preferable. A TV mark- 
er generator has this signal available. 

Feed it into the grid (or base) of the final i.f. 
stage, the one that supplies the aft sensing signal. 
Connect a vtvm, set to measure dc, to the signal - 
strength test point in the discriminator. In a capaci- 
tance discriminator, this point is likely to be at the 
"center" junction of the resistors. If the correction 
voltage is taken from a "center" point, connect the 
vtvm at an ungrounded end of the resistive network. 

Tune the takeoff coil or the input coil of the 
aft sensing system for maximum dc reading on the 
voltmeter. Then do the same for the primary slug 
in the discriminator coil. 

Be sure you get the right discriminator slug. 
You can sometimes tell by the arrows on the sche- 
matic whether the primary slug is the top one or 
bottom one. However, just to be sure, read the 
manufacturer's instructions. If that doesn't tell you, 
turn the slug a tiny bit each way. If there is no 
change in do reading, you are probably turning the 

secondary slug. 
Now change the connection of the voltmeter 

to the correction voltage output point in the dis- 
criminator. The schematic will usually tell you if the 
voltage is supposed to be other than zero. 

Turn the secondary slug of the discriminator 
transformer back and forth for precisely the pre- 
scribed output voltage or exactly zero. This should 
be a very sensitive adjustment. If you find it is very 
broad or doesn't tune, it has been turned way off by 
someone or you are turning the wrong slug. 

To check the diodes, the easiest way is to dis- 
connect one end of each and measure them with 
an ohmmeter. They should read high in one direc- 
tion and low in the other, and the low- direction 
readings should be about equal. This is known as 
matching the diodes. 

The adjustments are a clue to trouble. Dc read- 
ings on the transistor amplifier (or tube amplifier, 
if that is used) are your best clues to whether it or 
associated supply components are faulty. 

Question: How can you be sure, during alignment, 
that you are turning the secondary slug of the dis- 
criminator transformer and not the primary? 

The secondary shows very sensitive changes in 
meter readings on each side of "center." Look 
at Frame 12. 
Look for a broad response. Go to Frame 10. 
Secondary gives a positive do voltage reading. 
See Frame 13. 

The usual aft system has two stages. One is a 
tuned stage to amplify the 45.75 -MHz picture car- 
rier i.f. 

As you can see from Fig. 2, the first tuned 
circuit is part of the takeoff system. Sometimes the 
takeoff coil is part of the third i.f. transformer. 
More often, takeoff is capacitive, with the coil an 
input circuit in the aft section. 

In Fig. 2, a capacitor couples the resonance - 
peaked 45.75 -MHz signal to the transistor hase. (A 
tube is used in older Magnovox chassis.) The am- 
plifier has a tuned collector load, too -the primary 
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of the transformer that couples energy to the dis- 
criminator. 

The npn transistor is in a standard common - 
emitter circuit. Collector voltage is of course posi- 
tive. The voltage comes from regular 250 -volt B+ 
in the TV chassis, applied through R5 and the 
primary of T1. Bias for the base comes from the 
same source, applied through divider R3 R2. Re- 
sistor R4 in the emitter circuit counters bias by 
developing 1 volt at the emitter element, and pre- 
vents thermal runaway in the transistor. 

The whole system can be disabled, in this par- 
ticular version, by switch S1. 
It connects a 1K resistor to 
ground from R5. That reduces 
collector voltage so drastical- 
ly nothing can operate. 

Capacitor C5 decouples 
the collector load, and C3 by- 
passes R4 in the emitter 
circuit. 
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Question: How much tuning 
does the aft sense signal get? 

It is usually tuned at least 
twice, at the input of the 
amplifier and at the out- 
put. Check Frame 17. 
At the input of the section 
only. See Frame 4. 
In the TV i.f. section and 
at the aft input. Go to 
Frame 21. 
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Yes, it is amplified twice -once either at the 
takeoff point or at the input of the aft section. and 
again at the output of the aft amplifier. The pri- 
mary of the discriminator transformer is the collec- 
tor load, and it's tuned. Therefore, you have to 
count it when you figure how many times the signal 
gets resonant stepup in the aft section. 

FROM 
45.75 -MHz 
AMPL 

I 

DI 
R3 
IK 

use a stage of dc amplification for the correction 
voltage. This is included in Fig. 3. 

The dc correction voltage is applied to the base 
by R3. The collector gets about 4 volts of dc, but 
is grounded for rf by C3. The emitter goes to 
ground through R6 and R7. The latter is a poten- 
tiometer for adjusting the aft system. 

A small change in the 
output (correction) 
voltage of the discriminator, 
which rests at zero when the 

R9 i.f. is on frequency, causes a 39K 
change at the base. That al- 
ters conduction of the tran- 

Ll _ sistor and changes the voltage 
at the collector. That change 
is fed by R9, inductance LI, 
and decoupling capacitor C4, 
to the tuner. 

This output dc is always 
positive. It varies above and 
below the nominal 4 volts an 
amount determined by the 

discriminator correction voltage. The output of some 
aft systems swings positive and negative from zero. 
Question: What is the purpose of the amplifier that 
follows the discriminator in Fig. 3? 

It is a followup amplifier for the 45.75 -MHz 
signal to the discriminator. See Frame 19. 
It is a dc amplifier that matches the correction 
voltage to the characteristics of the correction 

device used in the tuner. See Frame 14. 
It is there to back -bias one of the diodes of 
the discriminator, providing more linear action. 
See Frame 3. 

However, the collector load is the only 45.75 - 
MHz tuned circuit in Fig. 3. Fig. 2 showed a capa- 
citance -type discriminator; a capacitive divider 
across the secondary of the discriminator trans- 
former supplies the phase shift that lets the dis- 
criminator sense when the input signal varies from 
the frequency tuned by the primary. In Fig. 3, a 
tertiary winding supplies the phase shift. 

The discriminator output is taken. in both cases, 
from the cathode of one of the discriminator diodes. 
In Fig. 3, it is at the junction of D1 and R1. 
Certain Motorola, RCA and Sylvania aft systems 

TO 
TUNER 

Nope. There's no such thing as base- emitter 
IQ "cohesivity." You're guessing. Go back to Frame 

2 and reread it thoroughly. 

If you chose this answer. you really didn't pay 
proper attention to the explanations in Frames 16 
and 17. It might not be a bad idea to go all the 
way back and read Frame 16 before you even 
bother reading Frame 17 again. Any amplifier that 
affects the 45.75 -MHz signal would have to precede 
the discriminator. because that signal is eliminated 
there. Go back, at least, to Frame 17 and try again 
after you reread it. 

Not even close. The way a variable- capacitance 
diode works is by creating a depletion "insulation" 
around the junction. To do that, the diode cannot 
conduct. Consequently, forward bias certainly won't 

1417 work, because it makes a diode pass current -a 
condition you don't want. If you have already read 
Frame 21, proceed to Frame 2. If not, go to 21 and 
read it first. 

That's right. The diode must have backward 
bias. It is not necessarily put there by a reference 

®voltage, although it is in some cases. If you haven't 
already, read in Frame 22 the explanation of what 
the backward bias does to create capacitance. If 
you have, jump to Frame 1. 

FEBRUARY 1970 

I 
Yes, that's the right answer. So far you've done 

a good job of mastering the idea of automatic fine 
®tuning. If you hadn't you wouldn't have gotten this 
far. Now, go on to Frame 15 and see how to trouble- 
shoot an aft system. 

You didn't read Frame 8 carefully enough. 
This answer applies to one type of circuit only, 
and even then it's only partially right. But there are 

eother ways of handling the bias on the diode to 
assure it is always in the direction it should be. 
Why don't you read Frame 8 again and give the 
answers another try? 

No. Even though you can tell by Fig. 4 that 
the integrated circuit is completely dc- connected in- 
ternally, it is not a dc amplifier for the correction 
voltage from the discriminator. Go back and read 
Frame 14 again and see if you can't come up with 
the right answer. 

It is true the 45.75 -MHz signal is amplified in 
the i.f. section, but it is amplified along with a lot 
of other frequencies in the television i.f. signal. 

®Therefore, it doesn't count as amplification of the 
aft sense signal. So, your answer to the question is 
wrong. Even though the signal is amplified at the aft 
input, it is also amplified somewhere else. The clue 
is in Frame 16. 
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Experimenters... 
30 IC circuits you can use 

Useful projects with a wide -band, 10- transistor, IC amplifier 
by R. M. MARSTON 

ONE OF THE MOST USEFUL INTEGRATED 
circuits yet devised is the RCA CA3035. 
This modestly priced little unit, which is 
housed in a 10 -lead TO -5 sized case, is 
described as an "Ultra -High -Gain Wide - 
Band Amplifier Array." In actual fact, 
the device houses three separate wide - 
band amplifiers in a single package, and 
contains a total of 10 transistors, one 
diode and 15 resistors. 

All amplifiers in the package are 
single ended, and can be operated from 
a single power supply; they can be used 
either singly, or in cascade. When used 
in cascade, they give a total voltage gain 
of 129 dB, i.e., 2,800,000 times! Each 
individual amplifier has built -in tempera- 

1 01 
I0 I 

I =DI 

AMPLIFIER 1 -t- 

ture compensation, and can operate over 
the temperature range -55 °C to 
+125 °C. The gain and bandwidth of 
each amplifier can be adjusted, to suit 
specific applications with suitable ex- 
ternal circuitry. 

The CA3035 is, clearly, a very high 
performance little unit, with a vast range 
of potential applications of interest to the 
electronics enthusiast. In this series we 
present 30 practical projects that you can 
build around it, plus enough information 
to enable you to design extra projects 
of your own, if you wish. 

The CA3035 
The internal circuit and pin connec- 

tions of the CA3035 are shown in Fig. 1. 
Amplifier 1 is built around QI, Q2 and 
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Fig. 1- Internal circuit and pin con- 
nections of CA3035 integrated circuit. 
Fig. 2 -Basic connections for ampli- 
fier 1 (Q1 -Q3) portion of the 3035. 
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Q3, with input applied to pin 1 and out- 
put taken from pin 3. Basically, Q1 and 
Q2 are connected as a super -alpha pair 
(to give a high input impedance at pin 
1) and are wired in the common -emitter 
mode. with split collector load R2 R3. 
Q3 is an emitter follower, with its base 
direct coupled to Q2's collector, thus 
making the Q2 collector signal available 
at a low impedance level at output pin 
3. Q1 is biased (in the negative feedback 
mode) by wiring an external resistor be- 
tween pins 1 and 3. Dl protects the 
amplifier from damage by excessively 
large input signals. Pin 2 forms the 
ground or negative supply terminal of 
the amplifier, and pin 9 the positive 
terminal; the amplifier can be used with 
virtually any supply voltage in the range 
4.5 to 18 volts. 

Amplifier 2 is made up of Q4 and 
Q5, with thermally compensated base 
bias applied to Q4 via Q7 Q8 and R5. Q4 
is a common -emitter amplifier, and Q5 
is an emitter follower. Input signals are 
applied to the amplifier via pin 4, and 
low- impedance output signals are avail- 
able at pin 5. The supply leads (pins 2 
and 9) of the amplifier are common with 
those of amplifier 1. 

Amplifier 3 consists simply of Q6, 
which has thermally compensated base 
bias applied via Q9 Q10 and R12. Q6 is 
a common emitter amplifier to be used 
with an external collector load wired be- 
tween pin 7 and a positive supply line. 
The input to the amplifier is applied to 
pin 6, and the output is taken from pin 7. 
Pin 8 forms the ground or negative ter- 
minal of the amplifier, and pin 9 the posi- 
tive bias terminal; the external collector 
load of Q6 can be connected from pin 
7 to either pin 9 or to an independent 
positive voltage source. 

Basic connections 
Each individual amplifier in the 

CA3035 package gives a high- quality 
performance, and can be used (in basic 
form) with a minimum of external cir- 
cuitry. Each amplifier offers different 
characteristics. 

Amplifier 1 is a low- noise, low- level, 
wide -band amplifier with a low noise 
figure (typically 6 dB), and with a high 
input resistance. Figure 2 shows the 
basic method of connecting the amplifier, 
together with typical performance de- 
tails when operated from a 9 -volt supply. 

The amplifier is biased by wiring 
R1 and R2 in series as a dc negative 
feedback loop between pins 1 and 3, and 
the loop is decoupled to ac by C2; the 
typical pin 3 potential in this mode is 2 
volts. Input signals are fed to pin 1 via 
Cl, and output signals are taken from 
pin 3 via C3. 

The amplifier gives a typical voltage 
gain of 44 dB (X 160), and has a mini- 
mum gain of 40 dB (X 100). It has an 
input resistance of 50,000 ohms, and an 
output resistance of 270 ohms. Its fre- 
quency response is within 3 dB up to 
500 kHz. Beyond 500 kHz, the gain 
falls at a rate of 6 dB per octave, i.e., 
gain halves as frequency doubles; thus, 
the amplifier still gives a gain of 20 dB 
(X 10) at 6 MHz. The amplifier can 
handle output signal swings of 2 volts 
peak -to -peak. If it is to be used to give 
a low distortion output. however, the 
output signals should be restricted to 
about 1 volt p -p, or 300 mV rms. 

Amplifier 2 is a low -level wide -band 
amplifier with a medium input resistance. 
Fig. 3 shows the basic connections. 
Here, no external bias components are 
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Fig. 3 -Circuit connections for ampli- 
fier 2 (Q4, Q5, Q7, Q8) in the IC. 
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Fig. 6 -Gain of 10,000 is obtained by 
cascading amplifiers 2 and 3. 

needed, and the input signal is simply 
connected to pin 4 via Cl. and the output 
is taken from pin 5 via C2. This amplifier 
gives a typical voltage gain of 46 dB 
(X 200). and has an input resistance of 
2000 ohms and an output resistance of 
170 ohms. Its frequency response is 
within 3 dB up to 2.5 MHz. Beyond 2.5 
MHz, the gain falls at 6 dB per octave, 
so the amplifier still gives 20 dB of gain 
at 30 MHz. The amplifier can handle 
maximum output signals of 2.6 V p -p. 
For low -distortion output, however, limit 
the output signals to about 1 volt p -p, or 
300 mV rms. 

Amplifier 3 is a low -level linear, or 
medium -level non -linear, wide -band am- 
plifier with a low input resistance. Figure 
4 shows the basic connections. Here, a 

load resistor is wired between pins 7 and 
9, and the input signal is applied to pin 
6 via Cl and the output is taken from pin 
7 via C2. This amplifier gives a typical 
voltage gain of 42 dB (X 126). and has 
an input resistance of 670 ohms and an 
output resistance of 5000 ohms (the 
value of RI ). Its frequency response is 
within 3 dB up to 2.5 MHz. The amplifier 
can handle maximum outputs up to 8 

volts p -p, but the signals are severely dis- 
torted at these high levels. If the amplifier 
is to be used to give a low- distortion out- 
put, restrict the output signals to about 1 

volt p -p. 
The three amplifiers in the CA3035 

package operate independently of one an- 
other, and can all be operated at the 
same time. if required. When all three - 
amplifiers are in use using the connections 
shown in Figs. 2 to 4, the total current 
consumption of the package rests be- 
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Fig. 4- Connections for amplifier 3. 

Fig. 5 (upper right) 
-Cascading am- 
plifiers 1 and 2 
like this offers a 
gain of 7000 (77 
dB). Gain holds 
within 3 dB from 
200 -6000 Hz. 

Fig. 7 -With all 
three amplifiers 
cascaded, gain is 
200,000 (106 dB), 
and bandwidth 
within 3 dB from 
500 to 5000 Hz. 
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tween 3.5 and 7.5 mA, and is typically 
about 5 mA. 

Cascading amplifier stages 
The individual amplifier stages of 

the IC can be cascaded. to give very 
high voltage gains. Cascading does, how- 
ever, present a number of practical prob- 
lems. Due to the wide bandwidths of the 
individual stages, stray internal and ex- 
ternal positive feedback can easily cause 
the cascaded stages to oscillate violently 
at high frequencies, unless considerable 
care is used in component layout. In 
addition. the very high available stage 
gains, combined with wide bandwidths, 
can cause semiconductor noise to be ex- 
cessively high at the final output stage. 

In most practical applications, very 
high overall gains are only required over 
fairly limited frequency bands. and for 
non -hi -fi purposes, as in speech ampli- 
fiers. sound -operated switches, etc. The 
most satisfactory approach when cas- 
cading the CA3035 stages. therefore, is 
to use external components to deliberate- 
ly restrict the overall bandwidth of the 
unit. Restricting the bandwidth increases 
circuit stability and reduces unwanted 
output noise. 

One way of cascading amplifiers 1 

and 2 is shown in Fig. 5. Here, C2. 
R2 and C3 are wired between the output 
of amplifier 1 (pin 3) and the input of 
amplifier 2 (pin 4), and give the neces- 
sary frequency restriction. The amplifier 
I bias resistor. Rl, is not decoupled to 
ac, so the input resistance to pin 1 is 
only about 1.2K. The overall gain of the 
amplifier, when fed from a 1000 -ohm 
source, is 77 dB (X 7000) at 1 kHz, and 

R4 
4.7K 

C7 
IO;F 

OUTPUT 

+12V 

the gain is within 3 dB from 200 Hz to 
6 kHz. 

The maximum undistorted output of 
the amplifier is about 1 volt p -p. The 
noise output. with the input shorted, is 
about 20 mV p -p, i.e., the effective noise 
input of the amplifier is roughly 1 µV 
rms. Note that the low- frequency end of 
the response of this amplifier is delib- 
erately restricted by C2, so that the IC 
does not amplify stray signals picked up 
from ac power lines. The low -frequency 
end of the spectrum can he extended. if 
required. by increasing the value of C2. 

Amplifiers 2 and 3 may be cascaded, 
see Fig. 6. to give an overall gain of 
80 dB (X 10.000) from a 1K source, 
and a frequency response that is within 
3 dB from 200 Hz to 5.5 kHz. The low - 
frequency end of the spectrum is re- 
stricted by C3. This amplifier gives a 

maximum output of about 7.5 volts p -p, 
but the output is badly distorted at levels 
greatly above 1 volt p -p. 

Fig. 7 shows how to cascade all 
three amplifiers. to give an overall gain, 
from a 1K source, of 106 dB (X 200,- 
000) at 1 kHz. Bandwidth is within 3 dB 
from 500 Hz to 5 kHz. The low - 
frequency end of the spectrum is re- 
stricted by C2 and C4. The noise output. 
with the input shorted, is about 200 mV 
p -p, so the effective noise input of the 
amplifier is roughly 0.3 µV rms. The 
maximum output is 7.5 volts p -p. 

The circuit in Fig. 7 can be 
adapted as an ultra- sensitive sound - 
operated switch. driving relay RY1 (see 
Fig. 8). Here, a pick -up microphone or 
speaker, with an impedance in the range 

(continued on page 68) 
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We pack your electronics course with 
kits to make your training fast. 
You'll enjoy every minute of it. 

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 horne- 
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 encugh for you, now ús 

the time to get something better 
going for you! 
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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- 
Trainerf. 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 SQ. 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 

ITN..m 

5 Watt AM Transmitter & Receiver 

six months after successfully 
completing this cobrse. 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 TECHNIC ALI SCHOOLS 
World -Wide Training Since 1905 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, U.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 

NTS GUIDE 

ELECTRONICS 

AND SAMPLE 
LESSON. 1® 
NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa St., Los Angeles, Calif. 90037 

Please rush Free Co or Catalog and 
Sample Lesson, plus information on 
field checked below. No obligation. 
No salesman will call. 

MASTER COURSE IN COLOR 
TV SERVICING 
COLOR TV SERV CING 
MASTER COURSE IN TV & 
RADIO SERVICIN3 
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 

Address 

Age 

City State Zip 
Check if interested in Veteran Training 
under new G.I. Bill. 

LI Check if interested ONLY in Classroom 
Training at Los Angeles. Dept. 206 -020 
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R7y 
100K? 

1 C6 

T 50µF 
C5 
.05 

1C3 04 

T 

R3 
I.2K 

C2 
.22 

C1 

10µF 

PICKUP 
MICROPHONE 
512 TO 5K 

Y 

R4 
68012 

R2 
5K 

o 

3 
o 

RI 
220K 

C4 

05 

CA3035 

)9 

R6 

010 
08 

02 

L 

IK 

7 

SR5 } 4.7 K 

C7 D2 
IOµF (GER) 
+ 

DI 
(GER) 

DI - D2 = GENERAL PURPOSE GERMANIUM DIODES 
D3 = GENERAL PURPOSE SILICON DIODE 

RELAY= ANY 6 TO 12 VOLT TYPE WITH A COIL 
RESISTANCE GREATER THAN 12012 

Fig. 8- Ultrasensitive, sou nd- operated 
switch is variation of Fig. 7. 

R CI SEE 

__ 
[T-E-X--T, 

I OIlF' 

INPUT 

C2 
10µF 

+ E.- OUTPUT 

RI 
220K 

1 

+9V 

10 

Fig. 9- Negative feedback circuit 
varies input resistance of amplifier. 

C2 
IoµF 

R4 
220K 

CI 
10µF 

RI 
3.9K 

R2 
56k 

INPUTS 0-41/0.-o 
S1 R3 

120K 3 

-.-OUTPUT 
+9V 

10 

Fig. 10- Switching arrangement lets 
you change preamp's input sensitivity. 

5 -5,000 ohms is connected at pin I of the 
IC, and the greatly amplified pick -up 
signal is taken from pin 7 and is rectified 
and smoothed via DI, D2, R7. C8 and 
R8; the resulting dc signal drives the 
relay on through Q1 and Q2. which are 
wired as a Darlington- connected com- 
mon- emitter amplifier. When the dc volt- 
age across C8 is less than 1.2 volts (low 
sound input), QI -Q2 and the relay are 
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D3 
(SIL) 

R8 
47K 

QI 

2N2926 

+12V 

RYI 

^ C8 
50µF 

02 
2N3704 

off. When the C8 voltage exceeds 1.2 
volts. Q1 -Q2 and the relay are driven on. 
R2 is used as a variable sensitivity con- 
trol in the circuit. 

The circuit is sufficiently sensitive 
to give positive operation of the relay at 
normal speech levels at a range of several 
yards. The action of the circuit is such 
that the relay turns on as soon as a 
reasonable sound is picked up at the mi- 
crophone, but the relay does not turn off 
again until several seconds after the 
sound has ceased. This action, which is 
controlled by C8, ensures that tt.e relay 
does not turn off during brief pauses in 
speech. 

When building this circuit, it should 
be noted that the sensitivity is so high 
that the switch can be triggered by the 
sound of the relay turning off. so that an 
audible positive feedback path is set up 
and the unit oscillates at a very low fre- 
quency. To avoid this phenomena, the 
relay must either he placed in a sound - 
damping box, or must be placed some 
distance from the pick -up microphone. 

Varying amplifier gain and 
input resistance 

The gain and input resistance of 
each amplifier in the CA3035 package 
can be varied. to suit specific needs, with 
the aid of external circuitry. The general 
procedure is pretty simple, and in this 
section we present some practical projects 
that utilize the techniques involved. 
These projects are all based on amplifier 
1, but the techniques can be readily 
adapted to amplifiers 2 and 3 if required. 

The basic method of changing the 
input resistance of an amplifier is illus- 
trated in Fig. 9. Here, Rl is wired as 
a negative feedback path between the 
amplifier's output and input. The nega- 
tive feedback effectively reduces the Rl 

value to 
ÁI 

, where A,. is the amplifier 

open -loop voltage gain; this modified re- 
sistance is effectively in parallel with the 
open -loop input resistance of the ampli- 

INPUT I 

INPUT 2 

INPUT 3 

INPUT 4 

CI 
IµF 

(3.-) 
C2 
Illµ F 

"7 
C3 
IµF 

c--)1 
C4 
IµF 

7 

R5 
220K 

RI 
220K 

R2 
220K 

R3 
220K 

R4 
220K 

COMMON 

C5 
10µF 

(-1.- OUTPUT 
+9V 

10 

Fig. 11 -High- quality 4- channel aud- 
io mixer is wired for a gain of unity. 
Fader controls can be added to inputs. 

fier. Thus. if we assume that the ampli- 
fier of Fig. 9 has an open loop gain of 
185 and an input resistance of 50K, the 
final input resistance of the amplifier, R,,,, 
works out at about 1.2 K. 

When used in amplifier 1, RI can 
be direct coupled between output and 
input. as shown, and can be used as the 
amplifier's bias resistor. It can be given 
any value in the range 33K to 470K. 
When used in amplifiers 2 and 3, R I 

(the feedback resistor) should be ac 
coupled between output and input by 
wiring a blocking capacitor in series with 
the resistor. 

Although Rl changes the input re- 
sistance of the amplifier, it has no effect 
on the voltage gain of the actual ampli- 
fier between pins 1 and 3. The gain of the 
circuit (as opposed to the gain of the 
amplifier) can, however, be varied by 
wiring a second resistor, R in series 
between the circuit's input terminal and 
the amplifier input pin, as shown. In this 
case. R, and R,,, act effectively as a 

potential divider. which causes only a 

fixed fraction of the input signal to be 
applied to the input of the actual ampli- 
fier. so reduced gain is obtained from the 
overall circuit. The actual voltage gain, 

Rl 
A, of the circuit works out at R1 

R" + A 

in this case. If 1 is less than about 15, 

this formula simplifies to A = 

R, modifies the input resistance, 

R,,,, of the circuit to R,,, = R, 
R1 

Á,. 

If ft1 is less than about 15, this formula 
R, 

simplifies to R,,, - R,. Thus, by suitable 
choice of the RI and R, values, the 
voltage gain and input resistance of the 
Fig. 9 circuit can be varied to suit indi- 
vidual needs. 
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INPUT 

yCI 
IµF 

R2 
1MEG 

C4 
10µF 

OUTPUT 

+ 9V 

R3 
120K 

R4 
120K 

RI 1 

100K 

C2 
0-25pF 

J 

0- 7I 

C3 
10µF 

10 

Fig. 12- Simple 10X scope preamp has 
100K impedance and response within 3 
dB to 150 kHz; C2 can extend response. 

Fig. 10 shows how this technique 
can be used to make a general- purpose 
preamplifier with switched sensitivity. In 
position I of SI, the circuit has an input 
resistance of about 5K and a sensitivity 
of 2.5 mV for 100 mV output. In position 
2, R,,, is about 56K and the sensitivity 
is 25 mV, and in position 3 the input 
resistance is 120K and the sensitivity is 

60 mV. 
The same technique can he used to 

make a high quality 4- channel audio 
mixer (Fig. 11), with an input resistance 
of 220K to each channel and an overall 
gain of unity. Each channel can be given 
a fade control, if required. by wiring 
a 1- megohm pot between each input and 
ground. and taking the pot slider to the 
1 -AF capacitor in the selected channel. 

High -impedance amplifier 
To use the technique to make a 

high -impedance (100K) amplifier that 
gives a gain of 20 dB. and which can be 

used as a simple scope preamplifier. see 

Fig. 12. In this case the value of nega- 

tive feedback resistor R2 is too high 
to provide correct biasing of the ampli- 
fier I in the CA3035 package. Therefore 
R3 and R4 are used to give the neces- 
sary bias and are decoupled to ac by C3. 
In its basic form. this circuit gives a 

frequency response that is within 3 dB 
up to about 150 kHz. The response can 
be extended to about 900 kHz. if re- 
quired. by wiring trimmer capacitor C2 
(shown dashed) across RI, as indicated. 

Fig. 13 shows the circuit of a very 
high impedance (2.2 megohms) unity - 
gain impedance converter. In this case a 

10K preset pot. R3. is wired between the 
output of the amplifier and ground, and 
negative feedback resistor R2 is wired 
between the pot slider and pin 1 of the 
amplifier. Adjust R3 to give precisely 
unity gain from the circuit. 

In its basic form. this circuit gives 
a frequency response that is within 3 dB 
up to 45 kHz. It can be used as a high - 
quality impedance converter for use with 
crystal or ceramic pickup cartridges or 
microphones. The frequency response 
can he extended to several MHz by add- 
ing trimmer capacitor C2 and fixed ca- 
pacitor C3, as shown. In this case, the 
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Fig. 13- Unity -gain impedance con- 
verter works with ceramic cartridges. 

CI 

.1 

INPUT ---j 
RI 

2.2 MEG, 

C5 
I Oµ F 
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+9V 
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I 

1 

0-25pF 
_ 

T 

;R2 
IMlG 

y C3 
47pF 

circuit can be used as a high- performance 
input stage for scopes or ac millivolt - 
meters, etc. 

Finally, Fig. 14 hows how the 
circuit can be connected as an amplifier 
with light -controlled gain. Here. LDR1 
is a cadmium -sulphide photocell. or light - 
dependent resistor. It acts as a very high 
resistance (typically several megohms) 
under dark conditions. and as a low re- 
sistance (typically 100 ohms) under 
bright conditions. Thus. under dark con- 
ditions. the LDR value is so high that 
negligible signal loss occurs across RI, 
and virtually the full 44 dB of possible 
circuit gain is available. Under very 
bright conditions. on the other hand. the 
LDR value is so low that pin I appears 
as a virtual short circuit. and virtually 
the full applied input signal is lost across 
Rl and negligible circuit gain is available. 

On the prototype circuit, using a 

typical LDR, the circuit gives a signal 
attenuation of -60 dB tender very bright 
light, or -20 dB under normal room 
lighting. Gain is 44 dB under dark con- 
ditions. The maximum attenuation of the 
circuit can be restricted by wiring a limit- 
ing resistor or potentiometer in series with 
the LDR. 

The light -controlled amplifier has a 
number of practical applications in elec- 
tronic organs and gadgets. By mounting 
the LDR in a tube together with a vari- 
able- brilliance lamp, the circuit can be 

used as a wide -range amplifier with noise- 
less volume control: By modulating the 
lamp brightness. the circuit can be used 
to impose tremelo or amplitude modula- 
tion on input signals. This system can also 
be used for PA ave. 

Varying the frequency response 
The frequency response of each am- 

plifier can be readily tailored to suit 
individual needs, using techniques similar 
to those described already for varying 
gain and input resistance. 

Fig. I5 -a shows the circuit of an 
amplifier designed to give a roll -off of 
6 dB per octave (i.e., gain halves as 

frequency doubles), with unity gain at 
roughly 1 kHz. Here. C2 is wired in a 

negative feedback path between output 
and input of amplifier 1. Circuit gain 
is proportional to the reactance of C2, 

:R5 
r120K 

R3 
,IOKO 

'SET GAIN 

C4 

+ i 

OUTPUT 

10 

Fig. 14- Light -controlled -gain circuit 
has several audio applications. 

CI 
IOMF 

INPUT 

+40d 

+ 20d 

OdB 

20dB 

40dB 
10Hz 

C4 
IOMF 

(--s. OUTPUT 

R2 
C2 150K 

.005 
RI 

33K 
R3 

150K 

C3 
10µF 

a 

I00Hz 1KHz I0KHz 100KHz 

(LOG SCALE) 

b 

Fig. 15- Circuit for 6 -dB /octave roll - 

off (a) and the response curve (b). 

and equals unity when this reactance k 
equal to that of Rl. Since the reactance 
of C2 halves when frequency doubles. 
the circuit gives a frequency roll -off of 
6 dB per octave (Fig. 15 -b). (turn page) 
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It's portable, stable, accurate! 
It's all solid state! 

RC" 

New RCA WV -500B VoltOhmyst0 
only 588.00* 

It measures 
AC volts, DC volts, resistance, current! 

RCA's new WV -500B VoltOhmyst is a 
completely portable voltmeter that's just 
right for the shack. It's battery -operated 
(no AC line to stretch to that unreachable 
outlet). No more warm -up time! No more 
"zero- shifting" (which sometimes hap- 
pens with vacuum -tube voltmeters). 
WV -500B measures: DC voltages from 
0.01 to 1500 volts; DC current from 21tA 
to 1500mA; AC voltages (RMS) 0.1 to 
1500 volts; AC peak -to -peak voltages 
from 0.5 to 4200 volts; resistances from 
0.2 ohm to 1000 megohms. 

in and equipped with fully -shielded input 
cable. Test leads are included for meas- 
uring current. An accessory slip -on, high - 
voltage probe is available for measuring 
up to 50,000 volts, DC. 
Think of it! A solid -state RCA VoltOhmyst 
for only $88.00 *. Get complete specs 
from your Authorized RCA Test Equip- 
ment Distributor. Or write Commercial 
Engineering, Sect. 25X -B -39, RCA Elec- 
tronic Components, Harrison, N.J. 07029. 

*Optional distributor resale price 

AC, DC, and resistance measurements 
are selected by a convenient switch in 
the single -unit probe. The probe is wired - 

Circle 23 on reader service card 
70 

30 IC CIRCUITS 
(continued from page 69) 

The circuit in Fig. 16 -a shows how 
the circuit can be modified to give a 6 dB 
per octave roll -off, but with controlled 

C3 
10µF (- OUTPUT 

R3 
3.3K 

+9V 

Cl RI C2 
10µF 33K .005 

INPUT 

+ 20dB 

+ I0dB 

OdB 

I0dB 

- 20dB 

a 

I0Hz 100Hz IKHz IOKHz I00KHz 
(LOG SCALE) 

b 

Fig. 16 -a- Control led -ga in amplifier 
with 6dB/octave as shown in graph at b. 

maximum and minimum gain. The min- 
imum gain is restricted. to R3 /R 1. by 
wiring R3 in series with C2, and the 
maximum gain is restricted, to R2 /RI, by 
wiring R2 across the C2 -R3 combina- 
tion. Fig. 16 -b shows the performance of 
the circuit. 

Figure 17 -a shows how amplifier I 

can be connected as an RIAA equalizer. 
C2 

.004 

CI 
.01 

C3 R3 
101`F 33K 

R2 

E - OUTPUT 

C4 
10µF +9v 

INPUT 

+20dB 

+ 10dB 

OdB 

10dB 

20dB 

10Hz 

o 

100Hz IKHz 10KHz I00KHZ 
21KHz 

(LOG SCALE) 

b 

Fig. 17-a--Amplifier 1 as RIAA equalizer 
with performance as indicated at b. 

( continued on page 72) 
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(continued from page 40) 

Y. Using a test lead with alligator clips, 
short input point T to ground. Connect 
a dc meter to the positive output (emit- 
ter of Q23) and turn the unit on. The 
output should remain at ground poten- 
tial. Upon removing the jumper between 
point T and ground, the output should 
immediately rise to -4-10 volts. Install all 
the rest of the components on the board 
and repeat the same proceedure for the 
negative output stage. You are now fin- 
ished with the chore of making the unit 
operational and all that is left now is 
calibration. 

Calibration techniques 
If you do not have some accurate 

time reference, such as a calibrated 
scope or a time interval meter. you will 
not be able to accurately adjust the unit. 
Also, you will need at least a 30 -MHz 
scope to adjust rise and fall times of the 
output stage. 

If you don't have one, I suggest you 
borrow one from somebody as you will 
reap the rewards of an accurately cali- 
brated generator. It would be preferable 
to use a time interval meter for cali- 
brating the oscillator rather than a fre- 
quency meter. Of course you can use a 
calibrated scope, preferably with a delay- 
ing sweep time base. You must use a 
scope with a sweep rate of at least 0.1 
µsec cm. 

It would be best to adjust the output 
stages first as the board can then be 
permanently installed in the chassis. 
Connect a wire from point Z on the gen- 
erator board to point U on the output 
stage hoard. Also connect a ground lead 
from the ground terminal on the gen- 
erator hoard to the ground terminal at 
the transformer end of the output stage 
board. Temporarily connect the follow- 
ing points: B to D, C to 1, P to N, 
and O to N. Connect a wire from point 
X on the generator board to point T 
on the output stage board. Connect a 
.0039 -µF capacitor between points A 
and D, and adjust R3 for maximum 
resistance. Connect a 100 to 200 pF ca- 
pacitor between points J and K. Con- 
nect a 390 -pF 1% capacitor between 
points L and M. Before turning the unit 
on. make sure that the 50 -ohm resistor 
and 100 -ohm pot are temporarily con- 
nected to the output you are adjusting. 

Connect a scope. using a very low - 
capacitance probe. to either the + or - 
output. whichever one you are going to 
adjust. After turning the unit on. you 
should notice a pulse approximately 
1 -µsec wide. For all the calibration 
procedures it is highly preferable to use 
the trigger output from the generator 
rather than relying on the scope's inter- 
nal trigger. 

Continuing, you should notice about 
10 to 15% overshoot on the falling edge 
of the pulse. Either R65 and C47 or R66 
and C46 should he trimmed to com- 
pensate for this. The location o these 
two components was selected so as not to 
affect the storage time, which is very 
low. The value of the resistor will lie 
somewhere between 500 and 1500 ohms 
and the capacitor will be somewhere 
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between 10 and 40 pF. 
Use as little capacitance and as 

much resistance as possible -just enough 
to reduce the overshoot and no more. 
Do the same for both positive and nega- 
tive outputs. This completes the output 
stage board and it can be permanently 
installed in the chassis now if you like. 

Connect a scope to point C on the 
generator board and without making any 
changes from the previous adjustments, 
adjust R3 for exactly 10 cycles on the 
scope, which should be set at 10 -µsec 
per division. If using a time interval me- 
ter, the indication should be exactly 
10 µsec. Remove the short between B 
and D and connect the 7500 -ohm vernier 
control. Turn the control to maximum 
resistance and switch the scope to 100 
µsec /div. 

Parallel the control with larger val- 
ue resistors until exactly 10 cycles ap- 
pear on the scope or a period of 100 
µsec on the TIM (time interval meter). 
C7, C8, C34, C35. C41 and C42 will 
be installed and adjusted when you in- 
stall the board in the chassis. Points 
P and O should still be shorted to point 
N. Connect the scope to pin 2 of the 
IC. Temporarily connect a 390 -pF, 1% 
capacitor, between points J and K. The 
width of the pulse should be slightly 
greater than 1 µsec. Parallel R49 with a 
larger value resistor to bring the width 
to exactly 1 µsec. 

The scope should be set at 0.1 -µsec 
/div to use the full width of the graticle 
for minimum error. Remove the short 
between points O and N and temporarily 
connect the 25,000 -ohm vernier, and ad- 
just it for maximum resistance. Set the 
scope for 1 -µsec /div. Parallel the control 
with a larger value resistor until the 
width of the pulse is exactly 10 µsec, 
the width of the entire graticle. Discon- 
nect the pot and the 390 -pF capacitor. 
Short point O to point N again and 
install a 100- to 200 -pF capacitor be- 
tween points J and K. Connect the scope 
to point X and using the other 25,000 - 
ohm pot and the other 390 -pF capacitor. 
proceed to calibrate the width section 
in identically the same steps as you just 
did for the delay section. 

Install the generator board in the 
chassis. Install all of the timing capaci- 
tors except C7, C8, C34, C35, C41, and 
C42. Use the tie points provided on the 
board and make sure to use the right 
switch contacts. The next steps are the 
final calibration steps in this procedure 
and are critical, so take your time and do 
it right. 

At this stage you should have ev- 
erything mounted in the chassis with the 
exception of C7. C8. C34. C35. C41, 
and C42. Make sure that the ground for 
the generator board is not grounded at 
the same point as the output stage 
ground. The best place to ground the 
generator is at the trigged output jack. 
Mount C55 and C56 with two terminal 
strips on the back panel and run the 
ground lead to the output board. 

Mount C7 and C8 in the last posi- 
tion terminals of SI. Turn the generator 
on and turn the oscillator vernier R8 
for minimum resistance (clockwise for 

highest freq.) Connect the scope to 
point C and adjust the time base for 
1- µsec /div. Adjust trimmer C8 fofr ex- 
actly 10 cycles on the scope graticle. 
This is the calibration for a frequency 
of 1 MHz and completes the oscillator 
calibration. 

Calibration of the delay section can 
be done in one of two ways. The easiest 
way is to connect a scope to pin 2 of the 
IC. Set the time base for 0.1- µsec /div 
and install C41 and C42. Adjust R53. 
the delay vernier, for minimum resistance 
(clockwise for minimum delay). Adjust 
trimmer C42 so that the width of one 
pulse is exactly one division wide. 

If you are fortunate enough to have 
a time base that will sweep down to 
10 nsec /div, then adjust the trimmer so 
the pulse is the entire width of the 
graticle. Note that the pulse does not look 
rectangular at this very narrow width. 
but this is of no consequence as the 
falling edge of this pulse should still be 
fairly fast, and the following stage trig- 
gers on the negative edge anyway, so the 
rise time isn't important. 

Next. turn vernier R53 full counter- 
clockwise to maximum resistance. The 
width of the pulse should be quite a bit 
wider than 1 µsec. With the scope set 
to 0.1 µsec /div, parallel the pot with a 
larger resistance to bring the pulse width 
to exactly 1 µsec, or the entire width 
of the graticle. Next, solder this selected 
resistor in the last position of the B 
section of S6 as shown in the schematic. 
This completes the calibration of the 
delay section. 

The width section is calibrated in 
identically the same way as the delay, 
except that the scope is connected to 
point X. The second way to calibrate the 
delay section is to use the trigger output 
to trigger the scope and note how much 
the output pulse moves across the scope 
graticle when the delay vernier potenti- 
ometer is rotated. 

If you look in the photograph, you 
might not see trimmers C8, C35, or C42 
in the prototype. This is because I 
selected the values and soldered them 
in, but I should have made it easier on 
myself by installing the trimmers. This 
completes the construction and calibra- 
tion of the generator. However. I would 
check the calibration of the oscillator 
after about 20 minutes of operation just 
to make sure that it hasn't drifted sig- 
nificantly. With proper care in construc- 
tion and layout. you should have a pulse 
generator that will perform consistently, 
maintain calibration accuracy for years. 
and give many years of dependable 
service. 

For more information 
As we are most concerned here with 

presenting complete construction details 
of the pulse generator, we are not in- 
cluding a complete description of circuit 
operation. However, if you would like 
more data on how this circuit operates 
send a self -addressed stamped envelope 
to PULSE -GENERATOR OPERATION 
Radio -Electronics, 200 Park Avenue 
South, New York, N. Y. 10003. You 
will get the complete details by return 
mail. Editors R -E 
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30 IC CIRCUITS 
(continued from page 70) 

One set of components gives a 6 dB per 
octave roll -off towards unity gain at 500 
Hz, and the other gives a 6 dB roll -off on 
a slope that passes through unity gain at 
2.1 kHz. To design the equalizer on an 
empirical basis, proceed as follows: 

First, select R1 to set the bias of the 
amplifier, and then give R3 a value of 
R1 /10 to set maximum low- frequency 
gain of the circuit at 20 dB. Next, work 
out the value of C1 that gives a reactance 
equal to R3 at 500 kHz, and then adjust 
R2 on test so that the amplifier gain 
equals unity (0 dB) at 1 kHz. Finally. 
increase the frequency of the input signal 
to 21 kHz, and adjust the value of C2 so 
that the circuit gain falls to -20 dB. 

The three circuits that we have 
looked at so far all give a gain roll -off 
with increasing frequency. Figure 18 -a, on 
the other hand, shows how an amplifier 
can be connected to give a gain boost of 
6 dB per octave with rising frequency 
(Fig. 18 -b). Here, gain is controlled by 
low -value capacitor (C1) connected be- 
tween the input and amplifier pin 1. 

At very low frequencies, the reac- 
tance of C 1 is very high, so most of the 
applied input signal is lost across Cl, and 
circuit gain is low. At high frequencies, 
the reactance of C 1 is low, so very little 
of the applied signal is lost across Cl, 
and gain is high.. Circuit gain equals 
unity at the frequency where the reac- 
tance of Cl is equal to Rl. Since the 
reactance of Cl halves when frequency 

is doubled, the circuit gives a gain boost 
of 6 dB per octave. 

The maximum gain of this type of 
amplifier can be restricted, if required, by 

C2 
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E-- OUTPUT 

trolled gain boost and gain cut can be 
combined to form a variable treble -con- 
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Fig. 18 -a, b- Circuit and performance 
curve of amplifier 1 with 6 dB /octave 
boost. 
wiring a limiting resistor in series with 
Cl, and the minimum gain can be re- 
stricted by wiring a resistor across Cl. 

The techniques of frequency -con- 
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Fig. 19- a- Treble tone -control circuit 
with performance as shown in graph b. 
Circuits (c) show the effective selec- 
tive control networks as R3 is varied. 

trol amplifier (Fig. 19 -a) that gives unity 
gain up to 1 kHz, with treble response 
fully variable between + 6 dB per oc- 
tave (Fig. 19 -b). Figure 19 -c shows the 
states of the frequency- selective networks 
at different settings of the treble control 
pot, R3. 
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In the FLAT position of the treble 
control, the network in series with the 
input of the amplifier is identical to that 
in the amplifiers output -to -input negative 
feedback loop, and corresponds to a 
.001µF capacitor and a 55.2K resistor in 
series. The impedances of both sets of 
components are thus equal under all con- 
ditions, so the amplifier gives unity gain 
over the entire frequency band. 

In the FULL -CUT position of the tre- 
ble control, on the other hand, the net- 
work in series with the amplifier input 
is equal to .001µF in series with 102.2K, 
and that in the negative feedback path 
equals .001µF in series with 8.2K. At fre- 
quencies appreciably below 1 kHz, the 
reactances of Cl and C2 are equal and 
are large relative to the largest resistive 
components in either network, so both 
networks give equal impedances, and the 
circuit gives unity gain. At frequencies of 
I kHz and above, however, the reac- 
tances of Cl and C2 become low relative 
to the largest resistive component in the 
amplifiers input network, so the input 
network becomes primarily resistive and 
the negative feedback network becomes 
primarily capacitive; the circuit therefore 
gives a gain fall -off with rising frequency. 

In the FULL -BOOST position of the 
control pot, the network in series with 
the amplifier input is equal to .001µF in 
series with 2.2K, and that in the negative 
feedback loop is equal to .001µF in series 
with 108.2K. Therefore, at high frequen- 
cies, the input network is primarily ca- 
pacitive and the negative feedback loop 
is primarily resistive, so circuit gain rises 
with increasing frequency. 

Figure 20 -a shows how a similar 
technique can be used to form a variable 
bass -control amplifier, with bass slope 
fully variable between ± 6 dB per oc- 
tave, and with unity gain above 1 kHz 
(see Fig. 20-b). Figs. 20 -b, -c and -d 
show the states of the frequency selective 
networks at different settings of BASS con- 
trol, R3, so that circuit action can be 
readily understood. The circuit action is 
similar to that described for treble con- 
trol, except that frequency selective com- 
ponent C2 is used as a shunt, rather than 
a series, element. 

Finally, Figure 21 -a shows how the 
basic circuits of Figs. 19 and 20 can be 
combined to form an amplifier giving 
fully variable bass and treble control, 
with unity gain at 1 kHz. Resistors R1 
and R2 are used to minimize interaction 
of the two controls. and make it nec- 
essary to change the treble circuitry 
slightly relative to that of Figure 19. 
Figure 21 -b shows the measured perfor- 
mance of the circuit, which is suitable for 
use in hi -fi installations, so long as the 
maximum output of the IC is kept to 
less than 300 mV rms. 

Nonlinear circuits 
All the circuits that we have looked 

at so far have been used to give linear 
voltage amplification. Figure 22, however, 
shows a circuit that is deliberately de- 
signed to give nonlinear voltage amplifi- 
cation; the circuit's voltage gain in fact 
follows a semi -log scale. This form of 
amplification is obtained because ger- 
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Fig. 20 -Bass- control circuit corres- 
ponding to treble control in Fig. 19. 

manium diodes D1 and D2 are used as 
negative feedback elements in the ampli- 
fier, and the forward current of a ger- 
manium diode varies in approximate pro- 
portion to the log of the applied diode 
voltage. 
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With near -zero applied voltage, the 
diodes act like very high resistances, so 
the circuit gain is high. With large ap- 
plied voltages the diodes act like very low 
resistances, so the circuit gain is low. 
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Fig. 21 -a -Full tone control with its 
response shown in graph at b. 
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With an input signal of 1 volt p -p, 
the circuit gives unity gain. With an input 
of 100 mV, the gain rises to 3.3, and 
with an input of 10 mV it rises to 16. 
The gain rises to 40 when the input falls 
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Fig. 22- Non -linear (semi -log) ampli- 
fier. Gain decreases as signal rises. 
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Fig. 23- High -performance ac millivolt- 
meter using amplifier 1 of the CA3035. 
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to 1 mV p -p. The precise performance of 
an individual amplifier depends on the 
characteristics of the actual diodes used 
for DI and D2, but will usually approxi- 
mate to those mentioned above. The re- 
sults are virtually independent of fre- 
quency over the range 10 Hz to 3 MHz. 

This nonlinear type of amplifier is 

particularly useful as an ac bridge - 
balance detector, in which case the out- 
put of the amplifier should be taken to 
the 300 mV rms range of an ac millivolt- 
meter. The output of an ac measuring 
bridge varies over very wide limits be- 
tween the balanced and unbalanced 
states. Therefore it is necessary for the 
operator to frequently adjust the sensi- 
tivity of the output level indicator. But, 
if the bridge output is taken to the non- 
linear amplifier, this sensitivity adjust- 
ment is virtually eliminated. 

An interesting point about the cir- 
cuit of Figure 22 is that, although it gives 
nonlinear voltage amplification, the mag- 
nitude of the negative feedback current 
through Dl and D2 is directly propor- 
tional to the magnitude of the circuits 
input signal. The circuit can thus be 
readily adapted as a high -performance ac 
millivoltmeter, by simply replacing D1 
and D2 with a diode bridge rectifier and 
a 100µA meter, as shown in Figure 23. 

The linearity of this ac millivolt- 
meter is excellent, and is typically better 
than 2% of full -scale deflection. In use, 
R1 is adjusted so that the meter reads 
full scale with 300 mV rms input signal 
applied. The circuit then gives a typical 
input resistance of about 2000 ohms, and 
gives meter readings that are within ±2 
dB over the frequency range 10 Hz to 
5MHz. The effective sensitivity of the 
basic millivoltmeter can, of course, be 
increased by wiring a X10 or X100 
preamplifier between the input signal 
and the input of the millivoltmeter. 

Figure 24 shows how the circuits of 
Figs. 22 and 23 can be combined to form 

+ R4 
1.5 K 

INPUT 

7 I DI -D6 = GENERAL PURPOSE 
GERMANIUM DIODES 

Fig. 24- Bridge -null detector made by 
combining circuits in Figs. 22 and 23. 
a practical bridge- balance detector that 
gives a visual readout on a 100-µA meter. 
Here, amplifier 1 (between pins 1 and 3) 
is used as the semi -log amplifier, and 
amplifier 2 (between pins 4 and 5) is 
used as the ac millivoltmeter. The 
circuit needs an input of roughly 300 
mV rms for a full -scale meter reading, 
and about 300 µV rms for 1/, th of full 
scale. 
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Miscellaneous projects 
In this final section of this story, we 

present a number of miscellaneous ap- 
plications of the CA3035. The projects 
described range from a simple white - 
noise generator, to sine -wave oscillators 
and tone -selective amplifiers and switches. 

Figure 25 shows a simple white -noise 
generator. Its output consists of a totally 
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IR2 
56K 

R3 + 

250K F.-1 = DI C2 
(SEE 10µF 
TEXT). 

C4 - OUTPUT 
IOLF 

Fig. 25- White -noise generator us ng 
back -biased diode and amplifier 1. 

random and constantly varying mixture 
of audio signals; the output amplitude of 
each individual signal frequency varies 
at random, but the mean amplitude of 
the mixed white -noise output is about 
100 mV rms. The unit forms a useful 
signal source for use in special- effects 
musical instruments. White -noise is a 
basic ingredient of `science fiction' types 
of music. 

Circuit operation is quite simple. 
Germanium diode D1 is reverse biased 
via Rl and R2. The instantaneous re- 
verse currents of a diode vary in a com- 
pletely random manner (even though 
the mean reverse current is quite stable), 
so a low -level white -noise signal is de- 
veloped at D1 cathode. Part of this signal 
is tapped off by R3 and is fed to the 
high- impedance input of amplifier 1, 

where it is amplified by about 44 dB, 
to be finally made available, at a low - 
impedance level, at a mean amplitude of 
about 100 mV r.m.s at output pin 3. 

All germanium diodes generate 
white -noise; the mean amplitude of the 
generated signal is, however, roughly 
proportional to the diodes mean leakage 
current, so sub -standard diodes make the 
best generators. When building this 
project, therefore, it is recommended that 
you obtain a small selection of germanium 
diodes (of the type found in bargain 
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Fig. 26- Phase -shift oscillator. Fre 
quency is 1 kHz with values shown. 
packs from mail -order houses), and then 
try a number of them in the D1 position 
until one is found that gives a really 
good output. If the selected diode gives a 
very high output, adjust R3 to reduce the 
pin 3 output level to about 100 mV rms. 
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If the selected diode gives a maximum 
mean output of about 100 mV rms, R3 
can be eliminated from the circuit and 
C2 can be taken directly to the D 1 -R2 
junction. 

Amplifier 1 can be connected as a 
fixed -frequency phase -shift sine -wave 
generator as in Figure 26. Resistors Rl, 
R2 and R3 act as biasing resistors, and 
also, together with Cl, C2 and C3, as 
frequency -selective phase -shifting com- 
ponents. The circuit gives a low- imped- 
ance output at an amplitude of about 600 
mV rms, at roughly 1 kHz. The precise 
frequency depends on the setting of am- 
plitude control R5. When using the unit, 
set R5 so the output signal is slightly 
distorted when viewed on a scope. 
The output amplitude will then be stable 
with variations in operating temperature 
and output loading. 

Amplifier I connected as a twin -T 
sine -wave generator, is shown in Figure 
27. The frequency selective network is 
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.001 

R5 C3 
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Fig. 27- Twin -T oscillator with output 
frequency of around 1 kHz. C3 is .002. 
made up of R2, R3, R4 and R5 and Cl, 
C2 and C3. The network is effectively 
driven from a constant -current source 
via Rl, and the circuit oscillates only 
when R5 is reduced below a critical 
value. The circuit oscillates at about 1 

kHz, and gives a low -impedance output 
at an amplitude of about 600 mV rms. 
An excellent sine wave is generated when 
R5 is adjusted so that oscillation only 
just starts, and the generated signal is 

quite stable with variations in ambient 
temperature and output loading. 

Figure 28 shows how amplifier 1 can 
be used as a narrow -band tone selective 
amplifier, using Twin -T components R2, 
R3 and R4 and C2, C3 and C4. The cir- 
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Fig. 28- Narrow -band selective ampli- 
fier, Using twin -T components. 
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cuit has characteristics similar to those 
of an L -C tuned amplifier with a Q of 
about 40. With the component values 

(continued on page 96) 
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But don't be surprised if one of the 
tabs is missing. Your E -V distributor may 
be using one to keep track of his stock 
-so that you always have the needle 
you want, when you want it. 

Smart ideas in packaging of the 
world's finest phono service parts help 
make Electro -Voice your best buy. 
Available only from the parts distributor 
with much more than parts to offer! 

Ask for your copy of the latest Electro -Voice 

phono needle /cartridge combined catalog. 
It's free at your E -V distributor's. 

ELECTRO- VOICE, INC., Dept. 207E 

613 Cecil Street, Buchanan, Michigan 49107 

gketere-ka 
A SUBSIDIARY OF GULTON INDUS RIES, INC. 
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ANNOUNCING 

An 

All New 

MIGHTY MITE 

Tube Tester 
Now Checks more tubes 

and it's faster 
than ever before with 

all solid state FET circuitry for instant - 
on action . . . first time in tube tester 
history 

New solid action push button function 
switches to speed up every test 

re is es- - . th- famous encore Mighty Mite tube tester; its 
updated and streamlined in appearance and performance. No more wasted time 
waiting for the tube tester to warm up when you have a hot troublesome tube 
in your hand ready to test. The TC154 Mighty Mite VI is instant -on with no meter 
drift. New FET circuitry still enables you to read grid leakage up to 100 megohms 
because it too is a high impedance device like a vacuum tube. New circuitry 
permits even higher sensitivity check on heater to cathode leakage; from 180,000 
ohms to 300,000 ohms. The Mighty Mite still checks for shorts between each and 
every tube element with the famous stethescope shorts check. New two -toned 
vinyl- covered and brushed steel presents a truly professional instrument. See 
your Sencore distributor today and ask him for the new all solid state Mighty Mite. 
Only Sencore has it. 

Over 60,000 Mighty Mites now in use. Only 

NO I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 

Circle 25 on reader service card 

$89.50 

In the Shop .. . 

With Jack 
By JACK DARR 

SERVICE EDITOR 

WHO SPIKED THE COLOR? 
THE PICTURE ON THE G.E. KD COLOR 
set chassis looked very odd, as though 
someone had thrown the colors at the 
screen or sprayed them on. A color - 
bar pattern showed a distinct smear- 
ing from one bar into the next, and a 
color picture had to be seen to be 
believed. There were color ghosts 
hanging out on all sides -and of all 
colors. 

It was so bad I thought the set 
was out of convergence. Putting a 

crosshatch pattern on the screen 
cleared that up. It wasn't. Oh well, 
I didn't think it was going to be that 
easy anyhow. I was starting to feel 
pretty proud of myself for having 
tracked down an unusual agc trouble: 
No picture at all unless the agc con- 
trol was completely CCW, and not 
much of one then. After fruitlessly 
checking the control for continuity 
and finding it good, I did the obvious 
thing and looked at the schematic. 

The agc keyer circuit looked 
pretty simple at first. I checked the 
tube, the control, the 5.6 megohm 
plate resistor and the video signal on 
the grid with the scope. Everything 
was disgustingly good. 

Eventually it came out. In this 
circuit, they are using a small positive 
do voltage developed at the sound - 
detector diode -a sort of "dc 
restored" voltage for the grid of the 
agc keyer tube. This little diode was 
dead -shorted, upsetting agc bias! 

AGC LINE 

1/2 6AG9 
AGC KEYER 

10K 

KEYING PULSE 

68K 
4180V 

AGC 
CONTROL 

RFC 

SOUND- DETECTOR 
DIODE 

TO r----) 
3RD I.SpF 
I.E. PLATE 

5.6 
MEG 

+270v 

10K 

RFC 

Fig. 1 above shows a partial schematic. 
Anyhow, I was feeling pretty 

well satisfied with myself for having 
run this one down, and now here's 

(continued on page 95) 
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Service 
Clinic 

By JACK DARR 
SERVICE EDITOR 

This column is for your service 
problems -TV. radio, audio or gen- 
eral and industrial electronics. We 
answer all quest' individually by 
mail, free of charge. and the more in- 
teresting ones will he printed here. 

If you're really stuck, write us. 
Well do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

Hybrid tube needed 
TIT jot on old ear radio with a 

12FR8 tube in it. or, I should say, 
out of it. I can't even find it in a tube 
substitution hook. Is there a direct re- 
placenient ? -B. H., Modesto, Calif. 

This is a tube used in some 
Bendix radios. There is no direct re- 
placement. 

However, if you want to do the 
work, a 12EC8 from the same series 
is as near as you'll get. This is a triode - 
pentode, and you'll have to rewire the 
socket. Use a crystal diode to replace 
the original. 

No Vertical Sweep 
Ere got a Curtis -Mathes 12A1aith 

no vertical sweep. Tube, vertical -output 
transformer and yoke check good: 270 
colts on 61:.117 plate, O volts on the grid, 
and +45 volts on the cathode. Just a thin 
white line across the screen. 

I jumped the heater voltage over to 
the grid, as you recommended once, but 
got no reaction. Can't figure it outl- 
J. G., Hatfield, Ark. 

MIKE JACK 
PLAY 

PLAY- RECORD HEAD 

FEBRUARY 1970 

RECORD 

O - - -- SwF 
-.2V 

With no reaction from the substi- 
tute "signal" on the grid, the vertical 
output stage is completely dead. This 
normally means an open yoke or 

FEEDBACK 
LOOP 

.015 

FROM 
INPUT 
HALF 
OF 
VERT 
OSC F 
2.2 
MEG 

VERT 
OUTPUT 
TRANS 

2 lie 6EM7 
VERT OUT 

LEAKAGE 
THROUGH 

3 CAP 

` t } `r 

IK 

VERT 
LIN 
23000 

100µF 

VERT 
YOKE 

+270V 

transformer. However, since these 
parts are good, this must be an open 
vertical -linearity control. 

You're probably getting the dc 
voltage on the cathode because of a 

little leakage through the electro- 
lytic cathode bypass. Replace both 
the capacitor and the 2300 -ohm con- 
trol. 

Tape Recorder Distortion 
1 hart quite a bit of distortion in a 

Star -Lite tape recorder on playback - 
probably records it, too. Voltages, etc. 
check out pretty close to the schematic 
in Sams Photofacts 592 -11. Input coup- 
ling capacitor CI doesn't seem to have 
any leakage. I get a sawtooth waveform 
across C2. Battery drain: 21mA. Any 
ideas ? -E. F., Indianapolis, Ind. 

Yep. This little recorder appar- 
ently uses dc bias. If there's an oscil- 
lator in there I can't see it. However, 
I don't like that "sawtooth waveform" 
across C2. This is the emitter bypass 
for the first stage, and if it's good it 
shouldn't have any waveforms across 
it. 

An open emitter bypass will re- 
duce the gain of a transistor ampli- 
fier and cause severe distortion. Key 
clue: the presence of almost the same 
signal voltage on both emitter and 
collector! Use the scope. (tarn page) 

IOOK 
-2 8V 

-05V 

PLAY\\ 

RECORD 

25K 

-9V 

I0K ST AF 
- AMPL 

2SB175B 

FROM AF OUTPUT 

C2 J. 

5µ F T+ too R 

7. 

TO 2 ND 

A F AMPL 

5µF i 

++ VOLUME 
5K 

.02 

IOK I 

RECORD p 

\1 PLL-AY I 

-8.8V 

Show 
and 
Sell! 

Now Electro -Voice makes it 
even easier than ever to profit from 
phono needle replacement sales. 
This new counter top needle 
merchandiser is the answer to 
dealer requests from coast to coast. 

Inside are 109 E -V needles 
selected from our "hot 50" list of 
fast -moving types. With extra room 
for special types that sell best in 
your area. 

Underneath is space for your 
up -to -date copy of the complete 
E -V needle /cartridge replacement 
guide (up -to -date because we 
compile it with the aid of our 
computer). 

And the E -V needle merchandiser 
design puts your entire basic 
stock on display, yet discourages 
pilferage with its four- drawer 
glass covered construction. 

Don't overlook the profits you 
can make with phono needle service. 
Straighten up your stock with an 
E -V merchandiser, and we can 
assure you of a neat profit. Your 
Electro -Voice distributor is ready 
to help today. 

ELECTRO- VOICE, INC., Dept. 207E 

613 Cecil St., Buchanan, Michi :an 49107 

gkere caw: 
A SUBSIDIARY OF GULTON INDUSTRIES. INC. 
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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 

$11400 

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

VETERAN APPROVED 

WRITE TODAY FOR DETAILS 

Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronic Mechanical 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio -Television Technician (FCC/0 

DRAFTING: Mechanical Electrical 
Structural 

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

NAME ACE 

ADDRESS 

CITY 

STATE 

ZIP PHONE r 
Circle 26 on reader service card 
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Field adjustment of color afpc 
If you replace the reactance tube in 

a color oscillator circuit and you find that 
the range of the hue control is affected, 
world you recommend touching up the 
oscillator frequency slug ? -D. F., Read- 
ing, Pa. 

Carefully, and using the right 
procedure. yes. However, I'd try one 
or two different tubes in that socket 
before I took any drastic steps! You 
may be able to find one that will not 
cause a hue shift. 

You'll find the "Field Adjust- 
ment Procedure" for afpc in practi- 
cally all color -TV service data. 
Briefly, this is what you have to do: 
short out the color afc, leaving the 
colors running free on the screen. 
Now, adjust the reactance coil core 
until you see the barber -pole effect 
slow down and the colors stop. 

Now. the oscillator is exactly in 
step with the burst from the station 
signal. Very carefully move the core 
just a tiny bit more until you get the 
colors just exactly right: use flesh 
tones only, please, and make sure 
that the hue control is set to the cen- 
ter of its range. Now, take the short 
off the afpc and the color should snap 
in and stay when you change chan- 
nels. (Always providing that the fine 
tuning isn't loose!) 

You can use a color -bar genera- 
tor for this, of course, and set up for 
stationary colors with the sixth bar 
blue, etc; the correct setup is given 
in the generator manual, so look it up 
to be sure. 

In a very few sets. you may have 
to reset the reactance coil and the 
3.58 -MHz oscillator coil as well. if 
any amount of service work has been 
done in that circuit. 

Color -bar generator for 
use in Europe 

l'rn taking electronics training in 
Canada, and I'm going home to Belgium 
next year. I'd like to take a color -bar 
generator with one. What modifications 
would be necessary to US generators, such 
as Heathkits, to take care of the difference 
between the 4.5 -MHz US sound and 5.5- 
MHz sound in the CCIR system? I can't 
get an answer from anyone on this -help! 
-G. B., St. Jean, Que. 

Frankly, I agree with the people 
you've been asking! The color TV sit- 
uation in Europe is in a state of total 
and utter confusion. After the failure 
of the Oslo conference, it looks as if 
Europe is going to be divided into 
two systems! SECAM IV for the 
French, Russians and the satellites; 
PAL for England and Germany, and 
some others. 

Since they can't even agree on a 
set of standards for black -and- white, 

goodness knows what they'll wind up 
with in color! Your best bet would 
be to wait and see. Actually, the sound 
frequency would be the very least of 
the problems! 

Circuit descriptions, schematics 
and construction details on color -bar 
generators for use in Europe have 
been described in such French tech- 
nical magazines as Le Haut Parleur. 
Television, Radio et Télévision, Radio 
Constructeur, and Toute l'Electron- 
ique. You may find some of these 
magazines in a library in Quebec. 

Drooping blue lines 
I bought an old CTC5 RCA chassis 

to experiment with and get color experi- 
ence. I'm getting it! Works pretty well by 
now, but I'm haring a problem with 
the horizontal blue lines. Can't get them 
straight; the blue droops, only at the left 
side of the screen. Any ideas ? -B. L., 
Cedar Rapids, Iowa 

This problem is likely to be in 
the tilt of the blue lines. The ampli- 
tude control varies the amount of line 
bowing, the tilt varies its shape. Ad- 
just the amplitude control to maxi- 
mum, then adjust the tilt control until 
you get the line bow in the middle of 
the screen. Readjust the blue ampli- 
tude, and the line should straighten 
out. Suggestion: you can sometimes 
get a "reverse" symptom in this kind 
of problem. Squint across the screen 
from the side to be sure. You may 
find that the red -green lines are actu- 
ally the ones that bow. 

Remote TV Volume Control 
One of my customers wants a re- 

mote speaker with volume control on his 
transistor TV. Can I hook this up without 
damaging the output transistor? It's a 
Westinghouse V -2483 chassis. -R. W., 
Oakdale, N. Y. 

Yes, if the remote control is one 
of the types that keep a load on the 
output transformer at all times -like 

OUTPUT 
TRANS 

VOICE- COIL 
SEC WINDING 
COMPLETELY 
ISOLATED 

REMOTE 
SPKR --i 

REMOTE SPKR 

an L -pad or even a simple pot. In 
this chassis, the voice -coil circuit is 
completely isolated by the output 
transformer, just as in tube sets. R -E 

RADIO -ELECTRONICS 
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More information on 

of items identified by 

Card at the left and 

you would like further 

NEW PRODUCTS 
new products is available from the manufacturers 

a Reader Service number. Use the Reader Service 

circle the numbers of the new products on which 

information. Detach and mail the postage -paid card. 

DOUBLE -INSULATED SAW, Model 
909XX, 2- speed, uses high -impact, high - 
dielectric- strength, nonconductive mate- 
rial to give protection from shock. Cuts 
metal up to %', pipe and thin -wall up 
to 2 ", as well as plastics and wood. Cuts 

precision curves, circles and straight lines 
in 2 x 4's, 4 x 4's, and 6 x 6's. Powered by 
6 -amp, 110 -volt universal ac motor giv- 
ing 3400 1" strokes per minute. 6h lb. 
$49.95. WEN Products Inc., 5810 North- 
west Hwy, Chicago, Ill. 60631. 

Circle 46 on reader service card 

BROADCAST & SHORT -WAVE RADIO 
RECEIVER, Star Quest, Table Model S- 
120A, fully transistorized, covers AM 
( 550 -1600 kHz ), short -wave band I 
( 2.0 -5.0 MHz ), short -wave band II 
(4.8 -11.5 MHz ), short -wave band III 
(11.0 -30.0 MHz). Has external power 
jack for battery such as 8 D -cells in 
series, 12 -volt car battery or type 732 
lantern battery for emergency monitor- 

ing. Gives over 1 watt of push -pull 
audio with low distortion. Has high - 
sensitivity superheterodyne circuit, dou- 
ble antenna system, large illuminated 
slide -rule dial scale, bfo for listening to 
Morse code and single -sideband, auto- 
matic gain control. Hallicrafters Co., 600 
Hicks Rd., Rolling Meadows, Ill. 60008. 

Circle 47 on reader service card 
FEBRUARY 1970 

FLOOR SPEAKER, The Vegas, Model 
21115T, is 15" free -standing, 3 -way speak- 
er with optional base. Has removable 
grille cloths. $49.95 to $399. University 

Sound, 9500 W. Reno, Box 1056, Okla- 
homa City, Okla. 73101. 

Circle 48 on reader service card 

T R E A S U R E 
SEEKER KIT. 
Model MD -90, het- 
erodyne- type metal 
detector is housed 
in rugged steel 
case. 2 -piece alumi- 
num handle with 
pick -up head mold- 
ed of high -impact 

plastic, rubber hand grip and adjustable 
angle brackets. Battery, wire, solder, 
printed circuit board and instruction 
manual included. $29.95. -Kits Indus- 
tries, Inc., 729 Ceres Ave., Los Angeles, 
Calif. 90021 

Circle 49 on reader service card 

TUBE TESTER, Mighty Mite Six, Model 
TC154, uses field -effect transistors to al- 
low technician more accuracy in tube 

testing. Solid -state circuits, pushbuttons, 
and additional socket to check new and 
rarely used tubes. Bnished -steel vinyl -clad 
case. $89.50. Sencore, Addison, Ill. 

Circle 50 on reader service card 

CAR HI -FI SPEAKER, Poly- Planar, 
Model A.500, has super -thin design re- 
quiring %" mounting depth for car ceil- 
ing, kick panel, rear seat and door in- 
stallation. Uses brackets for surface 

mounting or can be custom- flushed. Fre- 
quency response from 60 Hz to 20 kHz. 
Power capability 5 watts. Grille size, 6" 
x 10 ". Black with chronic trim. $11. 
Magitran Co., Moonachie, N. J. 

TELEPHONE AMPLIFIER, model TA 
100, solid -state, battery- powered, port- 
able, composed of amplifier and speaker 
units. Place telephone handset on cradle 
of amplifier with mouthpiece over "well," 
toward which user speaks. Turns off 
when phone is hung up. Six -month war- 

ranty. White and harvest beige. Flyers 
MLA -664 and MLA -666. RCA Parts & 

Accessories, 2000 Clements Bridge Road, 
Deptford, N. J. 08096. 

Circle 51 on reader service card 

TAPE -SLIDE SYNCHRONIZER. Hook 
up, by audio cables, a stereo tape record- 
er (or monaural type with "Add -A- 
Track" and stereo playback ) and slide 

projector to synchronizer. Record in con- 
junction with particular slide being 
shown. Then hit slide -advance button on 
TSS (synchronizer), leaving special 
slide -advance signal on second channel of 
tape. Then, during playback, TSS changes 
slides automatically in coordination with 
recording made for that slide. To erase 
slide- advance cues, back the tape to 
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point just before incorrectly positioned 
cue and then, with cue track channel in 
record mode, run tape without pressing 
cue button. This eliminates cue without 
interfering with recording. $19.95. No. 
41,122. Edmund Scientific Co., 380 
Edscorp Bldg., Barrington, N. J. 08007. 

Circle 52 on reader service card 

INDOOR /OUTDOOR LIGHT, Porta- 
Lite, powered by the manufacturer's 6- 
volt No. 890 battery, provides 100 hours 

of intermittent light with No. 1651 bulb. 
For use during power failures, out- 
doors, in trailers and boats. Made from 

green or blue high -impact polyethylene, 
with hang -up loop. Marathon Battery Co., 
P. O. Box 1246, Wausau, Wis. 54401. 

FLOOR SPEAKER SYSTEM, The Pres- 
ident, US .5724, has University Sound's 
312 full- range, three -way, Diffaxial 
speaker with Diffusicone midrange and 
Sphericon tweeter. complemented by 
University's bass energizer and brilliance 
control. Medium- priced, Mediterranean- 

style, enclosure has removable grille cloth 
so it can be matched to any color scheme. 
University offers speakers from $49.95 to 
$399.- University Sound, Box 26105, 
Oklahoma City, Okla. 73126. 

Circle 53 on reader service card 

the hrand for all reasons 
BSR McDONALD 600 

Every ESR McDonald automatic turntable is 
precisi:n made in Great Britain to the 
most a =acting specifications. Upon their 
arrival in -he U.S., every model is unpacked 
and re-tested under actual playing 
conditi:ns. That's why BSR service calls are 
the lowest in the incustry -and perhaps 
that a to expla as why BSR sells more 
turntales than anyone else in the world. 

BSR (USA) LTD. 
BLAUVELT, N.Y. 10913 

Please send FREE detailed literature 
on all BSR McDonald automatic turntables. 

Address 

State 

Mc DONALD 

Circle 106 on reader service card 
82 

DIGITAL CLOCK, Caslon 701, desk/ 
table alarm model. Can be set 24 hours 
ahead. Black flip cards with white nu- 
merals, internal light, Cycolac case, pre- 

cision motor, 12 hours only, 117 V ac, 
60 cycles. Frosty white, charcoal gray, 
and avocado green. Size 6 x 3 x 

Shipping wt. 3 lb. $30.- Ropat -Caslon 
Inc., 5558 Centinela Ave., Los Angeles, 
Calif. 90066 

KNIGHT -KIT RECEIVER. Spanrnaster 
II, four -band, shortwave -AM circuit, in- 
cludes bfo. Calibrated vernier tuning, 
isolation power transformer for safety, 
fuses protect against overloads, front 
panel headphone jack. Bands: AM, 550- 

1600 kHz; Shortwave: 1.5 -4.5 MHz; 4-12 
MHz; 11.5 -30 MHz. Gray crackle finish 
steel cabinet. $29.95. Allied Radio Corp., 
100 N. Western Ave., Chicago, Ill. 60680 

Circle 54 on reader service card 

PROJECT KIT, Science Fair, makes over 
50 battery- powered electronic circuits 
such as radio receivers and transmitters, 
test instrments, rain and burglar alarms, 
and tachometer circuit. Includes 2 tran- 

sistors and solid -state diode among over 
40 parts, most mounted on large circuit 
board with solderless spring terminals 
and numbered parts connections. $17.95. 
Cat. No. 28 -201. Radio Shack, 730 Com- 
monwealth Ave., Boston, Mass. 02215. 

Circle 55 on reader service card 

STEREO AMPLIFIER, Model LA -324, 
solid- state, offers medium power (50 
watts ±1 db, 40 watts 1HF ). Power 
bandwidth 35- 30,000 Hz. Frequency 
response ±1.5 db 20- 20,000 Hz. Chan- 
nel separation 60 dB at 1 kHz. Hum 
and noise: Tuner and aux., -75 dB; 
mag phono, -60 dB; ceramic phono, 
-55 dB. Input sensitivity: Aux., 250 

RADIO -ELECTRONICS 
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mV; tuner, 500 mV.; mag. phono, 2.3 
mV.; ceramic phono, 80 mV. Speaker 
impedance: 4, 8, 16 ohms; headphone, 8 
ohms. Controls: Concentric volume /bal- 
ance, treble and bass, input selector, 
mono /stereo, remote /main speakers, and 
power on /off. Included are 18 transis- 

tors, 4 diodes and 2 thermistors. Housed 
in simulated walnut vinyl -clad metal 
case with attractive black and brushed 
anodized aluminum front panel. For 
105- 120 -V, 50 /60 -Hz ac with power 
fuse. $59.95. Stock No. 99 -02206 WX. 
-Lafayette Radio Electronics, 111 Jeri- 
cho Turnpike, Syosset, N. Y. 11791 

Circle 56 on reader service card 

TUNER LUBRICANT, Ton- O -Foom, 
maintains lubricity from -40 °F to 290 °F. 
Clings to contacts, foams away dirt and 
corrosion, is nonabrasive, and cannot 
cause detuning. Replaces hydrocarbon 
structure in ordinary lubricants with syn- 

FOAMING ACTION 

fiUNO' 
FOAM 
FOR ALL TUNER, - 

eg 

CONiINUOUSLY . t,,.. 

Wrt,1 NOT PRY 0°1 

1:)AMS AWAY WRY 
AND cORRO5,0N 

thetic element. Especially effective on 
silver and gold- plated contacts. Six -month 
no- callback guarantee. 8 -oz aerosol can. 
$2.39. Chemtronics, Inc., 1260 Ralph 
Ave., Brooklyn, N. Y. 11236. 

Circle 57 on reader service card 

DARKROOM COMPUTER, "Fotoval 
II," model PSI -18, determines paper 
grade and exposure for b & w prints. Put 
negative in enlarger, make 2 readings 
with exposure probe, adjust enlarging 
lens diaphragm, expose for indicated time 
and develop. Kit $62.00. Wired version, 
model PA/W -18, $92.00. Probe for con- 

FEBRUARY 1970 

BESTSELLING SAMS BOOKS 
for every electronics interest 

1 -2 -3 -4 Servicing Automobile Stereo 
The "1 -2 -3 -4 Method" is a simple, logical step - 
by -step process which helps do the servicing 
job in the easy way and the right way. This book 
first applies the Method to both mechanical 
and electrical equipment, and then proceeds to 
cover the electronic and mechanical principles 
of automobile stereo, fm multiplex, and tape 
cartridge systems. Finally, the book shows how 
to apply the "1 -2 -3 -4 Method" to auto stereo sys- 
tems. Includes a wealth of schematics, charts, 
and illustrations. Order 20737, only $3.95 

Closed- Circuit Television Handbook. 2nd Ed. 
Explains in practical terms the basic concepts 
of CCTV systems. Describes the versatile appli- 
cations of closed- circuit television, and the 
equipment used. Subjects include cameras, 
monitors, video recorders, lighting, and signal 
transmission. Completely updated to include 
latest information. Order 20726, only $5.95 

Antennas and Transmission Lines 
A readily understandable text and reference on 
the theory of antennas and transmission lines, 
using technician -level mathematics. The book 
opens with basic antenna theory, including point 
and array sources, wave interference, standing 
waves, collimators, lenses, apertures, and sim- 
ple radiators. It then proceeds to transmission 
lines and their design factors. The final third of 
the text covers a broad variety of antenna 
topics. An ideal book for home study and ref- 
erence. Order 20716, only $7.95 

Record Changer Servicing Guide 
This book provides a complete understanding of 
record changers, how they operate, and the 
various systems employed. Provides detailed in- 
structions on how to track down troubles en- 
countered in record changers and how to repair 
them in the fastest and most effective way. 
Order 20730, only $3.95 

Auto Radio Servicing Made Easy. 2nd Ed. 
Explains the circuitry of both new and old auto 
radios, covering each of the tube and transistor 
stages. Provides step -by -step troubleshooting 
and repair details; explains how to eliminate 
noise and interference, how to set the bias on 
output transistor stage without breaking circuit, 
how to determine correct bias on transistor 
stages, what to do about AVC trouble in tran- 
sistor radios, etc. Order 20719, only $3.95 

ALL -NEW EDITION OF 
THE FAMOUS 

Audio Cyclopedia 
Completely revised 2nd Edition by the 
renowned authority, Dr. Howard M. Tre- 
maine. This is the most comprehensive 
work on audio -virtually a complete refer- 
ence library in a single volume. Fully 
covers every phase of the subject, in- 
cluding all the latest developments, right 
down to the newest solid -state and inte- 
grated circuits. Contains authoritative, 
concise explanations of thousands of top- 
ics in the fields of acoustics, recording, 
and reproduction; covers basic principles, 
components and devices, film recording, 
studio techniques, motion picture equip- 
ment, audio installation techniques, audio 
measurements, etc. Each subject is lo- 
cated instantly through a unique chapter 
and paragraph numbering system. Sup- 
ported by over 1600 illustrations. This is 
truly the master reference work on the 
audio art. Order 20675, only $29.95 

NEW 5TH EDITION OF THE WORLD- FAMOUS 

Reference Data for Radio Engineers 
Now contains 50% more data to cover the 
developments of the past 12 years. Prepared 
by outstanding engineers, professors, and 
experts, under the direction of the Interna- 
tional Telephone and Telegraph Corporation 
staff. Provides comprehensive data on all 
basic phases of electronics, including 
tables, formulas, standards, and circuit in- 
formation- PLUS -all -new data on micro- 
miniature electronics, navigation aids, 
reliability and life testing, international tele- 
communication recommendations, switching 
networks and traffic concepts, and quantum 
electronics. Over 1350 illustrations 1196 
pages. Order 20678, only $20.00 

Amateur Tests and Measurements 
This new E & E book shows how to perform 
virtually all tests on amateur transmitters. re- 
ceivers, and antennas, and how to make re- 
quired adjustments. An invaluable book for the 
amateur who wants to maintain top operating 
efficiency. Order 65072, only $5.50 

101 Questions & Answers About 
Amateur Radio 

A handy and practical reference source pro- 
viding the answers to the most frequently asked 
questions about ham radio. An invaluable book 
for both the newcomer and the old- timer. 
Order 20731, only $2.95 

Transistor Specifications Manual. 3rd Ed. 
Updated to include the latest 1969 transistors. 
Contains the electrical and physical parameters 
for virtually all of the transistors now in use. 
Electrical parameters include maximum collec- 
tor -to -base, emitter -to -base, and collector -to- 
emitter voltages; maximum collector current; 
power dissipation; and maximum operating tern - 
perature. Also lists frequency gain and leakage 
parameters. Order 20707, only $4.25 

Fundamentals of Digital Computers 
An excellent introductory text to the general 
field of electronic computing_ It enables anyone 
to acquire a good basic understanding of what 
computers do and how they do it. The book 
begins with a discussion of various types of 
computer applications and surveys the history 
and evolution of computers. Then, it discusses 
in detail subjects such as the functional organi- 
zation of a computer, the individual components 
of a computer system, data preparation, storage 
devices, input and output peripheral devices, 
conversion units, and the central processor. A 
comprehensive glossary of computer terms is 
included. Order 20714, only $5.50 

SPACE AGE TECHNOLOGY SERIES 

Prepared under the guidance of Training and 
Retraining, Inc., this series of five books holds 
unusual interest for anyone who desires to learn 
about the application of electronics to space 
progress, and the vital role it plays in that tech- 
nology All texts are programmed -type. 
Inertial Guidance Systems. 
Order 20605, only $4.95 
Controlled Guidance Systems. 
Order 20573, only $4.95 
Synchros and Servos. 
Order 20533, only $4,95 
Lasers and Masers. 
Order 20559, only $4.95 
Microminiature Electronics. 
Order 20562, only $5.75 
SPECIAL OFFER! All 5 Volumes at a savings, 
in beautiful slip case. Order 20724, only.$24.95 

- - -- HOWARD W. SAMS & CO., INC. 
Order from any Electronic Parts Distributor. or 
mail to Howard W, Sams & Co., Inc., Dept. RE -2 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. $ enclosed. 
Send FREE 1970 Sams Book Catalog 

Name 
kN 

Address 

City State Zip 

20737 20707 

20726 20714 

20716 20605 

20730 20573 

20719 20533 

20675 20559 

20678 20582 

65072 20724 

20731 
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Where 
do tyou 
your 

speakers 
in a mom 

shaped 

this? 

No matter what shape your 
room is in, Scott's new Quad- 

rant Q -100 speakers solve your 

placement problems. Scott 
Quadrants, with two woofers 

and four midrange tweeters 

placed around the enclosure's 

four sides, project full -fre- 
quency sound in a complete 

circle. The sound is both pro- 

jected directly at you and re- 

flected off your walls, to 

version to color work will soon be avail- 
able. Heath Co., Benton Harbor, Mich. 
490??. 

Circle 58 on reader service card 

ELECTRONIC SPRAY CIIEMICALS. 
Cleaners, coolers, lubricants, insulators, 
and protectors for use in servicing TV, 
radio, record players, tape recorders, 

computers, office machines, and broad - 
casting equipment. Six -month dealer/ 
distributor warranty protects against de- 
fects. RCA, Parts & Accessories, Dept- 
ford, N. J. 08096. 

Circle .59 on reader service card 

TRIPOD, Model T -2, for CCTV cameras 
and viewfinders, provides 360° pan and 
±90° tilt. Turntable rotates 360 °. Adjust - 
able from 27" to 69" high Nvith telescoping 
legs and elevator column. Legs have 

heighten the live stereo effect. No matter 
where you place the Quadrant speakers, your 

entire listening area becomes a giant stereo 

sound chamber. Go anywhere in the room ... 
even sit on a speaker ... you're surrounded 

by rich, full -range stereo sound! 

Unbelievable? Hear the Quadrant's wall - 

to -wall stereo, at your Scott dealer's. You'll 

become a believer. $149.95. 
For more details, write: 

C3 SC OTT 
H.H. Scott, Inc., Dept. 510-02 Maynard, Mass.01754 

Circle 100 on reader service card 
84 

spikes ( for outdoor use), rubber tips for 
indoor use. Anodized aluminum. Camera 
plate, 61/2" 5 81/2". 51/2 lb. $59.50. GBC 
Closed Circuit TV Corp., 74 5th Ave.. 
N.Y. R -E 

Circle 60 on reader service card 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 81 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 
CAPACITOR REPLACEMENT guide. The Re- 
placers. lists units in Re -Place capacitor replace- 
ment center. giving enough stock not too costly 
or too large to maintain. Features wide -range 
twist -prong listing having only 248 units covering 
same applications of 2000 competitive units. In- 
cluded are wide -range tubular line. miniature 
electrolytics. dipped paper Mylar. ceramic disc. 
dipped mica. and wax -filled capacitors. Market- 
ing Service Dept.. Cornell- Dubilier Electronics, 
50 Paris St.. Newark. N. J. 07101. 

READOUT CATALOG SHEET S -18! offers 
data on six incandescent and neon modules for 
6. 10. 14-16 and 24 -28 volts, all ac-dc plus 150- 
160 Vdc and 110 -125 -Vac circuits. Specs are 
given for numeric readouts having ` /+" and 
11/32" high characters and auxiliary caption 
modules. Data on display capability of each 
module. maps used. accessories. dimensions, con- 
verters and translator- driver also provided. - 
Write to Dialght Corp., 60 Stewart Ave.. Brook- 
lyn, N. Y. 11237 R -E 

RADIO- ELECTRONICS 
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NOTEWORTHY 
CIRCUITS 

CRYSTAL -OSCILLATOR CIRCUIT 
A number of us have quartz 

crystals -of the frequency standard 
type, etc. -which have been ground 
to operate in the parallel- resonant 
mode. This means they must be con- 
nected in a high -impedance circuit, if 
they are to function properly. Vac- 
uum tubes supplied this high impe- 
dance. but similar circuits using tran- 
sistors flunked out miserably. The 
circuit shown in the diagram, how- 
ever, uses a transistor yet operates 
the crystal at a high impedance. The 
original model, constructed some 8 

years ago. employs a 200 -kHz crystal, 
and with a 12 -inch length of busbar 
wire as the antenna, it put out har- 

*SEE TEXT 

monies at sufficient intensity to per- 
mit checking the dial calibration of 
table -model radio receivers at 600, 
1000, and 1400 kHz. Since these sig- 
nals were supplied simultaneously, 
several receivers could be checked by 
as many individual checkers at the 
same time. 

Component values given on the 
diagram are for the 200 -kHz crystal, 
but with suitable substitutions in these 
values the circuit can be made to 
function equally well at any other de- 
sired frequency that is well within the 
upper limit of the transistor. Capaci- 
tors C 1 and C2 supply feedback at 
the phase needed for sustained oscil- 
lation. Capacitor Cl was made vari- 
able to adjust the drive. This control 
also functions as a coarse frequency 
adjustment. C3 is the fine frequency 

FEBRUARY 1970 

control. These adjustments were made 
at the time the unit was put into op- 
eration initially, and for the purpose 
intended, required no adjustment 
thereafter. The transistor in the origi- 
nal model is a 2N168 -A. Almost any 
transistor used for mixer -oscillator 
service can be substituted. 

A further advantage of this cir- 
cuit is that one side of the crystal, one 
side of the two variable capacitors, 
and one terminal of the power supply 
(the dry cell) are at ground potential. 
This not only makes construction 
easy, it also assures more stable oper- 
ation. The unit consumed only 15 to 
20 1tA, and with the smallest dry cell 
available supplying the power, the 
unit was operated 24 hours a day, 365 
days a year, continuously. The cell 
was changed at about yearly inter- 
vals. 

The oscillator can he emitter 
modulated at audio frequency by ap- 
plying the modulation signal in series 
with the dry cell. This signal should, 
of course, come from a fairly low - 
impedance source. An increase in fre- 
quency of a few Hz occurs when 
modulation is applied. -Frank H. 
Tooker R -E 

Why does ¡N= , y sell 

more replacement vidicons 

than all other suppliers 

combined? 

Because GBC offers top 
quality, fully guaranteed, 
factory sealed vidicons for 
less than half the price you'd 
have to pay anywhere else! 

HITACHI 7038H 29.50 

HITACHI 7735A 
High sensitivity 34.50 

HITACHI 7262 

° 

(Replacement for Sony 
& Panasonic) 34.50 

HITACHI 8507 
(Separate mesh) 14.50 

All vidicons sold in lots of five. 
Add 10 %for lesser quantities. 

IL L 'Closed Circuit TV Corp. 
74 Fifth Avenue, N.Y., N.Y. 10011 / (212) 9894433 

Circle 108 on reader service cart( 

under r-, 

Ny 

ouris ̂ eCi 

HARDLY! 
This QUAM speaker is 
thinner and lighter than 
most, but there's 
nothing scrawny about 
its sound or emaciated 
about its performance. 

It's one of 25 models in the Quam 
line that's being fed a special diet 
... an exclusive new high energy 
magnet material we call Q /8. 

Q/8 provides more gap energy 
for less weight, so a .65 ounce 
magnet gives you the same per- 
formance as a full ounce of Alnico 
V. Ideally suited td Quam's high 
density cup -pot structure, Q/8 
slims the speaker down in contour 
as well as weight -while delivering 
full, robust sound. 

Q/8 magnets are exclusively available 
today on Quam speakers -part of our 
ongoing program of nourishing our 
customers first with the finest. 

QU 
-always the 
Quality Line, 
for every 
speaker need. 

QUAM -NICHOLS COMPANY 
234 East Marquette Road 
Chicago, Illinois 60637 

Circle 109 on reader service card 
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CLEAN YOUR TUNER 
THE PROFESSIONAL WAY! 

WITH 

JLN.OFOAM 

The pros know how to clean 
TV tuners so they really work. 
That's why more than 5 mil- 
lion tuners a year are cleaned, 
lubricated and restored by 
TUN -0 -FOAM. 

TUN -0 -FOAM foams into the 
tightest places, melting away 
gunk and dirt. Then, it keeps 
on cleaning and lubricating 
contacts every time the chan- 
nel is changed. 
It's the only tuner cleaner 
that carries a six month guar- 
antee. Try TUN -O -FOAM TODAY. It's easy 
to use and your set will play like new again. 

1260 RALPH AVE. 
BROOKLYN, N.Y. 11236 

FOR EXPORT ROBURN AGENCIES INC., NEW YORK, N.Y. 
IN CANADA: PERFECT MANUFACTURING LTD. MONTREAL B, CANADA 

Circle 110 on reader service card 

NEW MINI PACK FOR POPULAR IC 

The Fairchild µA741- successor 
to the µA709 -is now being marketed 
in a Mini -DIP package which is only 
half the size of a standard 14 -lead 
dual -in -line pack. The Mini -DIP fea- 
tures compact solid -block plastic con- 
struction with eight leads, all of them 
functional. This saves space and per- 
mits two p.A741's to be plugged into 
a standard 16 -pin DIP socket. 

The new package measures 
0.393 inch long, 0.256 inch wide and 
0.150 inch high (excluding leads). 
The µA741 is an improvement on the 
µA709 in that it has such added fea- 
tures as latch -up protection, internal 
frequency compensation, offset adjust- 
ment control, low power consump- 
tion, input overdrive and short -circuit 
protection. The cost is $4.85 each for 
1 -24 quantities. 

NEW TUBES AND 

VVC TUNING DIODES 

The SQ1716- SQ1750, 1N5461- 
A-1N5476-A and 1N5441 -A -1N- 
5456-A make up three series of volt- 
age- variable capacitance (VVC) di- 
odes designed for electronic tuning, 
afc and harmonic generator applica- 
tions. These diodes. made by MSI, are 
400 mW units housed in DO -7 cases 
and have a maximum working voltage 
of 30 volts dc. 

Series SQ diodes have nominal 
capacitances (with 4 volts reverse 
bias) ranging from 3 to 100 pF, tun- 
ing ratios of 2.40 -3.00 Q's at V)t -4 
volts and 50 mHz range from a mini- 
mum of 1200 for the 3 -pF SQ 1716 to 
300 for the 100 -pF SQ 1750. 

For the IN series, minimum and 
maximum tuning ratios vary from 2.7 
to 3.3. Capacitances at -4V range 
from 6.8 to 100 pF. The 1N5461 -1N- 
5476 series has Q's ranging from 600 
for the 6.8 -pF unit to 200 for the 100 - 
pF diode. Q's for the 1N5440 -1N- 
5456 are somewhat lower. Nominal 
tolerance is 10 %. Suffixes B and C in- 
dicate tolerances of 5% and 2 %, re- 
spectively. For additional information 
on these VVC's, drop a line to MSI 
Electronics, 34 -32 57th Street, Wood- 
side, N.Y. 11377. 

QUALITY and at1LOW FREE $1 BUY WITH EVERY 10 YOU ORDER °n- ly $1"BDY; FREE GIFT 
MARKET SCOOP COLUMN 

12" OXFORD SPEAKER. Top $4 
Quality . . . !.arge Magnet 

10" PHILCO SPEAKER 
Top Quality . . . Large Magnet $2'69 

8" QUAM SPEAKER - Large $1,94 
Magnet - Special Buy 

6 "- ECONOMY SPEAKER Top $1.69 
quality 2.15 Mag. 

21/2" x 4" SPEAKER 69, Special Buy 

31/2" - ROUND SPEAKER 59r 
Special Buy 

25 - 3900-OHM-7w RESISTOR S1 
10% Corning glass 

20 - .47 -600V CONDENSERS S1 
White Ceramic C.D.- American 

SPECIAL TUBE BUY 'SC116. 31,1'6, 491' 
4CSt3. 12.4u7, 1211117. Each .... 
10 - ASST. RADIO & TV TUBES S1 
Every Tube a good number 
3- PRINTED CIRCUIT IF TRANS- 51 
FORMERS 4.4.ug. 45G KC 

5" UNIVERSAL TWEETER 51.29 
1 oz. ... Magnet 

UNIVERSAL 51/2" PM SPEAKER $1 
Alnico 5 magnet. quality tone ... 
UNIVERSAL 4" PM SPEAKER 790 
Alnico 5 magnet. quality tone 

UTAH 8 " -3 WAY CO -AX 
SPEAKER 38 watts, 8 oho, $18,95 
Special 

UTAH 12 " -3 WAY CO -AX 
SPEAKER 45 thou,. $ 00,0 $29.95 
Special 
50 - .0033 DISC CERAMIC $1 
CAPACITORS C.1t.L- 

COLOR -TV RECTIFIER - 
Used in most color sets -6500 $195 
kv 3 for 
2- MOTOROLA HEP -170 RECTI- 
FIER 2% AMPS and I000V(PIV) 
Covers all 60051.4 to 2500MA Units 
Voltage ranging from 50PIV to $1 
1000 PIN' 

METER SENTRY -SOLID STATE 
Protects meter movements up to 

99e 25 mops surge 
15 - ASST. ROTARY SWITCHES $1 
all popular types e2n value 

3 - TOP BRAND 35W4 TUBES $1 

15 - G.E. #NE -2 TUBES $1 Neon Gt.., Lamp for 1111 t s . 

150' - BUSS WIRE .') tiom"I 
for hookup.. special circuits, etc 

8 - ASST. LUCITE CABINETS 51 
hinge cover. handy for parts 

STANDARD TV TUNER 21mc- 
with schematic Popular type for $5 

TV's ÿ many 
12- MINIATURE ELECTROLYTIC 
CONDENSERS For 'transistor & 

$1 mi nlatu re ,work 

10 - MINIATURE 456KC IF 
TRANSFORMERS 

$1 

Sceidimod value $1 

HEAVY DUTY COLOR FOCUS $1 
RECTIFIER 14006 Plc 1 ma 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Pee - 

celain. Axial Leads -Most $3.25 
popular values 
2 - COLORBURST QUARTZ - 
CRYSTAL REPLACEMENT For 
must, Color TV Sets .. 3579.545 $1.49 
KC 

TRANSISTOR RADIO east type $1.50 
had, broken, potluck 

TAPE RECORDER - assorted types 54 
good, bad, broken, as -is. potluck . 

32' - TEST PROD WIRE $1 
deluxe quality, red or black 
HEARING AID AMPLIFIER $1 incl. 3 'runes. Mike, etc. (as is) . 

COLOR POWER TRANS- 
FORMER - Good for most $6.95 

is 2611150 List Price -$36.75 V 
10 - STANDARD TRANSISTORS $1 -l'\ & P \"l' 2N t. _ \.I 11. etc. . 

10- ASSORTED DIODE CRYSTALS $1 
IN34. t N45. I Ntin. l li i. etc. . 

El6 - TRANSISTOR RADIO EAR- $1 
PIECES wired complete with plug 
$20 -SHURE M -70 DIAMOND $3 
NEEDLE exact replacement 
$15.00 TELEVISION PARTS 51 
"JACKPOT" best huy ever 
10 - SETS PHONO PLUGS & 

S1 PIN JACKS RCA type 
10 - SURE -GRIP ALLIGATOR 51 
CLIPS e-" Plated 
50 - ASSORTED PRINTED CIR- 51 
CUIT SOCKETS best types 
10 SETS - DELUXE PLUGS & $1 
JACKS a.,l. for many Purposes 
50 - ASSORTED TRANSISTORS 51 
big ractory scoop -.sold a' . 

s 100' - FINEST NYLON DIAL 51 
CORD hest ',i.e. .0 25 gauge 
3- ELECTROLYTIC CONDENSERS $1 
C.D. 500 mfd =200 volts 
3- ELECTROLYTIC CONDENSERS 51 
C.D. -250 mfd -350 Volts 
3- ELECTROLYTIC CONDENSERS 51 

nt C.E. -200 /30 /4 /1Ofd -350 volts 

IMMEDIATE DELIVERY . Scientific ight packing for safe delivery at minimum cost. 

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Minimum Order $3.00 

COST 
WITH EVERY ORDER 

300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads, Excellent $1 
Selection 

100 -ASST 1/4 WATT RESISTORS 51 stand. choice ohmages, some in 5f7 
100 -ASST 1/2 WATT RESISTORS 51 
stand. choice ohmage.., some in 5'u 
70 - ASST 1 WATT RESISTORS 51 
stand. choice ohmage., some In 5% 
35 - ASST 2 WATT RESISTORS 
stand. choice ohmages. some In 59k 

50 - PRECISION RESISTORS 
asst. list -proe S50 less 95,,70 

20 - ASSORTED WIREWOUND 
RESISTORS, 5. 10, 20 watt 

4 - TOGGLE SWITCHES 
SPST, SPD'l', I)PST, DPDT 

$1 

$1 

$1 

$1 
10- ASSORTED SLIDE SWITCHES $1 
SPST, SI'D'r, DPDT, etc. 

TV TUNER - a 

'tandard : kes. 1.es 
sst. all new $1 

s tubes 

TV TUNERS asst. ail now standard $3 
makes, including Tubes 

WESTINGHOUSE STANDARD 
TUNER #470V1201101 - (3G1(5 54 - 6108 Tubes) 

UHF TUNER - TRANSISTOR $3.95 
TYPE Used in all TV Sets .... 

48 - #3AG FUSES 10 AMP. $1 
popular type 

3' JUMPER CABLES Stale RCA $1.19 
Type Plug on moth Ends, 2 for 

20- PENLITE BATTERIES 11/2v $1 
15- BATTERIES C -cell similar 935 $1 
10- BATTERIES D -cell similar 950 $1 
5- BATTERIES (Transistor) similar 216 $1 

Neme Cost of 
goods 

Addrea Shipping 
estimated 
TOTAL 

Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 2TELEPHONE 
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SEMICONDUCTORS 

FAST- SWITCHING PNP TRANSISTORS 

Two high -speed pnp transistor 
switches (the 2N5455 and 2N5456) 
are designed for a variety of satur- 
ated and nonsaturated switching ap- 
plications. These Fairchild devices 
have a turn -on time of 20 nanosec- 
onds maximum and a turn -off time 
of 30 nsec at 30 mA. Switching times 
are excellent over a range from 10 nA 
to 500 mA. 

Housed in metal TO -52 cans, 
these transistors also features high - 
frequency operation (450 MHz at 30 
mA) and low capacitance (6.0 pF 
max at 10 volts). The 2N5455 oper- 
ates at up to 15 volts and the 2N- 
5456 handles up to 25 volts. In addi- 
tion, the 2N5455 can sustain a col- 
lector saturation voltage of 0.5 volt 
at 300 mA: the 2N5456 a VCE of 
0.55 volt. 

The 2N5455 is a complement to 
the 2N3013: the 2N5456 is a com- 
plement to the 2N3014. 

Besides being suitable for com- 
plementary switching applications, 
these transistors can be used as rf 
oscillators up to several hundred 
MHz, as plated -wire memory drivers 
and in certain core -driver applica- 
tions. 

The 2N5455 and 2N5456 cost 
$4.50 and $5.40, respectively, in lots 
of 1 to 100. The SE2510 and SE2511, 
their epoxy equivalents, cost 53 and 
60 cents, respectively. 

PLASTIC -PACK VVC'S 
Motorola's MV2101 through 

MV2115 are a line of silicon Epicap 
variable -voltage capacitance diodes in 
injection- molded plastic packages. 
They cover a range of 6.8 to 100 
pF with a typical tuning ratio of 3, 
measured at reverse voltages of 2 and 
30 volts. Minimum Q is 450, making 

these diodes ideal for tuning and afc 
applications in FM and TV. 

Encapsulated in two -lead TO -92 
cases, these devices have a standard 
tolerance of 10 %. Price is 60 cents 
in quantities of 100 to 999. R -E 

It costs only 

New Easy Dispenser Pak 60/40 18 S.W.6* 

1 /100 of more 

Latest PC (Printed Circuit) Pak 
60/4G Extra Thin 22 S.W.G. -.028 "* 

per solder joint 
to know you 
are using the 
world's finest 
cored solder 
* Each only 59C per package at your dealer. 

ERSIN 

FIVE -CORE 
SOLDER 

MULTICORE SALES CORP.,WESTBURY, N.Y. 11590 

Circle 116 on reader service card 

CANADIANS: Ordering is easy - we do the paperwork - try a small order -SHANNON MYLAR RECORDING TAPE -- 
-Era- .47180..- 

-0$ 

IBM SECOMPUTOR 
8 assorted Units we 
sell for $1 are 
loaded with over 
150 valuable parta. 

Incl. - Transistor. 
Condensers. Reslst- 

a, Heat Sinks, Di- 
ode,, Etc. 

8 for $1 

100 tar $10 

ALL TRANSISTOR HOME 
OFFICE MESSAGE CENTER 

Famous Manufacturer 
Leaves messages for other for replay . . . Built in 
speaker /microphone for talk -into convenience . Re- 
cords up to 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume . Capstan Drive; BRAND NEW S10 
SOLD AS IS 

2 -G.E. PIECES OF EQUIPMENT $1 
stacked with ,ver 21H) useful eari- 

50 - ASSORTED MYLAR CON- $1 
DENSERS popular teleete,l type, 

3 - TOP BRAND SILICON REC- 51 
TIFIERS I amp. 1000 P1V 

20 - ASST. PILOT LIGHTS S1 
#44. 46, 47, 51. etc. 

50 - ASSORTED #3AG FUSES S1 
popular ampere ratings 

4 - 50' HANKS HOOK -UP WIRE $1 
.sorted colors 

100' - SPOOL SPEAKER WIRE $1 
cons, mini zip, clear. 101 uses 

5 - I.F. COIL TRANSFORMERS S1 
450 -tic for Transistor Radios ... 
5 - AUDIO OUTPUT TRANS- S1 
FORM Sun -min for Trans Radios 

5 - PNP TRANSISTORS S1 
general purpose, TO -5 case 

5 - NPN TRANSISTORS 51 
general purpose. TO -5 case 

MOTOROLA HEP KIT -INTE- 
GRATED CIRCUITS INCLUDES 
_One J -1: flip flop. One Dual 
Duffer. One 4 -input Gate, Two 53.95 
Dual 2 -Input Gates. All Five 

MOTOROLA EXPERIMENTER 
KIT HEE -2 -9 Projects. instruc- 
tions enclosed. Includes 2 -FET, 
2- Transistors. "Tips on using $3.95 
FETS" & Cross- reference Guide. 

100' - TV TWIN LEAD -IN WIRE 52 
300 ohm, deluxe heavy duty, clear 

WESTINGHOUSE FM TUNER 
#476 -V- (1061101 (12DT8 $2.99 
Tube) 
#476-9-015001 .... Transie- $3.99 
tar 

300 - ASSORTED HEX NUTS $1 
2/56, 4/40, 5/40, 6/32, 8/32 . 

250 - ASST. SOLDERING LUGS 51 best types and sizes 

250 - ASST. WOOD SCREWS 
finest popular selection $1 

250 - ASST. SELF TAPPING $1 
SCREWS #6. #8. etc. 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

o 
o 

UNIVERSAL TV ANTENNA 
Rack of net mounting 51.98 r-I 
5 section rods LI 

$1 

$1 

$1 

$1 

150 - ASST. 5/40 SCREWS 51 
and 150 -5/40 HEX NUTS .... 
500 - ASSORTED RIVETS 
most useful selected sizes 

500 - ASSORTED WASHERS 
most useful selected sizes 

$1 

$1 

100 - ASST. RUBBER BUMPERS 51 
for cabinet bottoms & other uses .. 

100 -ASSORTED RUBBER GROW $1 
METS bees allea 

RCA 

21/2" 

3" 
3" 

31/4" 
5" 

5" 
5" 

5" 

7" 

7" 

- 225' . 

- 225' 
- 300' 

- 600' 
- 600' 
- 900' 
- 1200' 
- 1800' 
- 1200' 
- 1800' 

$ .17 

.19 

.27 

.58 

.62 

.80 

.97 
1.49 
.77 

1.12 

7" - 2400' 
7" - 3600' 
CASSETTE 
CASSETTE 
CASSETTE 

6O minutes 
00 mimues 

I20 minutes 

$1.79 
2.95 

,89 

1.54 
1.97 

21/2" TAPE 
3" TAPE 
31/4" TAPE 
5" TAPE 
7" TAPE 

REEL 
REEL 
REEL 
REEL 
REEL 

.04 

.05 

.06 

.12 

.14 

110° FLYBACK TRANSFORMER 
We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18KV- 
assuring adequate width 
Inel Schematic Diagram 
Application for any TV 

1.1st price $13.90 
53 

Your price . 

1Og'o off In lots of 3 

110° TV DEFLECTION YOKE S3 
for all types TV's fuel schematic . 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK 
plus 110° DEFLECTION YOKE 

90° FLYBACK TRANSFORMER 
for all type TV's incl schematic 

90° TV DEFLECTION YOKE 
for all type TV's fuel schematic 

70° FLYBACK TRANSFORMER 
for all type TV's incl schematic . 

$51 

$2 

$2 

$2 

70° TV DEFLECTION YOKE $2 
for all type TV's incl schematic . 

o 

2 - TV CIRCUIT BREAKERS 51.19 
Rated 4.2 TO 5.0 AMPS, etc. . 

70° COLOR YOKE 
For all round color CRT's .. 10'95 

90° COLOR YOKE For all 
Rectangular 19 to 25e Color 510.95 
CRT's 

Circle 112 on reader service card 

BONANZA "JACKPOT" not geld, 
not oil, but a stealth of Electronic SE 
Items -Money- Rack -guarantee ... 
ALL AMERICAN TUBE KIT 
120.411, 1 RE ii. I2AV6. ., 52 
35W4 -total list $9.70 L 
UNIVERSAL MICROPHONE S2 
regular; remote /single & dual plug 

CRYSTAL LAPEL MICROPHONE 591 
1_1 high impedance, 200.6000 epa . 

STEREO HEADPHONES 
HI -FI Quality . . Complete $5.95 
with Stereo plug 

in 50 - TUBE CARTONS (colored) 
assorted 51 orted oiees for Popular Tubes . 

m4 
- TV ALIGNMENT TOOLS $1 

most useful assortment #I 
4 - TV ALIGNMENT TOOLS $1.49 
For Color TV #2 
4 - 36" Hi -Fi CABLES RCA 
Molded Phone plug at one end 
stripped and tinned leads on other $1 
end 

3- ELECTROLYTIC CONDENSERS S1 
most popular number 50/30 -150v 
50 - ASST. TERMINAL STRIPS S1 
all types. I -lug to 6 -lug 
25 - INSTRUMENT POINTER $1 KNOBS selected nnpnlar types 
7 - TV ELECTROLYTIC CON- 51 DENSERS desirable types 
5 - 6' LINE CORDS $1 
#18 Stranded Copper Wire 
MOTOROLA PWR TRANSFORM $1 
110v, CT 150/150v, 6.3V 

25 - #130 WESTINGHOUSE PI- 
LOT BULBS 5000 Hours... Same $1 
as #47 
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More New Kits From 
Introducing The Advanced New Heathkit 60 -Watt AM /FM /FM Stereo Receiver 

Heathkit AR-19 

$225.00* 

Third In The New Generation Of Superb 

Solid -State Receivers From Heath ... And Low In Cost 
Advanced solid -state circuitry with 108 transistors, 45 diodes and 5 

integrated circuits 60 watts music power output at 8 ohms Less than 
0.25% Harmonic & IM Distortion at any power level Frequency response 
from 6 to 35,000 Hz Direct -coupled, transformerless outputs for lowest 
distortion and phase shift Dissipation -limiting circuitry protects out- 
puts from damage even with a short circuit Assembled, aligned FET 
FM tuner has 2.0 uV sensitivity to give you more listenable stations 
Ball- bearing inertia flywheel tuning for smooth, accurate station selec- 
tion Preassembled, factory aligned FM IF circuit board speeds assembly 
and eliminates IF alignment, gives 35 dB selectivity Multiplex IC circuit 
provides inherent SCA rejection Pushbutton Mute control attenuates 
between- station FM noise Blend control reduces on- station FM noise 
with a push of a button Tone -flat pushbutton disables bass & treble 
controls for perfectly "flat" response New linear motion controls for 
volume, balance, bass & treble Individually adjustable level controls 
for each input including tape monitor eliminate annoying volume changes 
when switching sources Switches for two separate stereo speaker 
systems for stereo sound in two different locations Center channel 
speaker capability Two front panel tuning meters give exact station 
selection Stereo indicator light Front panel stereo headphone jack 

300 & 75 ohm FM antenna inputs High fidelity AM reception Built -in 
AM rod antenna swivels for best reception Massive power supply 
includes section of electronically regulated power New Heath modular 
plug -in circuit board design speeds assembly, aids servicing Built -in 
Testing facilities aids construction, simplifies servicing Circuit board 
& wiring harness construction for easy, enjoyable 25 hour assembly 

Ahead of its time ... those who want to hear stereo high -fidelity as 
it will sound in the 70's can begin right now, at a modest price, with 
the Heathkit AR -19. Its design is an extension of the advanced 
circuitry concepts first introduced in the AR -15. These receivers are 
truly of a new generation ... they've expanded audio engineering 
horizons and set the pace for the 70's. 

Field Effect Transistor And Integrated Circuit Design. The AR -19 
uses advanced semi -conductor circuitry ... including five integrated 
circuits, with a total of 108 transistors and 45 diodes. The pre - 
assembled FM tuning unit uses an RF field effect transistor to pro- 
vide high sensitivity and low cross modulation with no overloading 
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on strong local stations. In the AM RF circuit also, field effect 
transistors give superior sensitivity and large signal handling capacity. 

Ideal For Most Home Stereo Installations. The AR -19 is just right 
for the medium and high efficiency speaker systems that are so 
popular today. It can form the nucleus of a fine stereo system ... 
and will probably be the most attractive part, thanks to its rich 
oiled pecan wood cabinet and to the "Black Magic" front panel. 
The scale and dial readings appear only when the power is on. 

Features To Aid The Kit Builder. All 8 circuits of the AR -19 snap in 
and out in seconds. Think of the resulting convenience and ease of 
assembly! In addition, the AR -19 has built -in test circuitry ... two 
test probes with the front panel meter for indications. With it, the 
user can check out circuit parts without the need for expensive ex- 
ternal test equipment. Proper use of this feature is fully covered in 
the manual. 

Don't Wait For Something Better To Come Along ... it'll be a long 
wait. Up -grade your stereo system now, with this outstanding re- 
ceiver value. 
Kit AR -19, 29 lbs $225.00* 
Assembled AE -19, cabinet, 10 lbs $19.95* 

PARTIAL AR -19 SPECIFICATIONS - AMPLIFIER: Continuous power output per channel: 
20 watts, 8 ohms. IHF Power output per channel: 30 watts, 8 ohms. Frequency response: 
(1 watt level) -1 dB, 6 Hz -35 kHz. Power bandwidth for constant 0.25q THD: Less than 
5 Hz to greater thon 30 kHz. Harmonic distortion: Less than 0.25% from 5 Hz to 20 kHz at 
20 watts rms output. Less than 0.1' at 1000 Hz at 1 watt output. IM Distortion: Less than 
0.25% with 20 watts output. Less than 0.1%, at 1 watt output. Hum and noise: Phono input, 
-65 dB. Phono input sensitivity: 2.4 millivolts; overload, 155 millivolts. FM: Sensitivity: 
2.0 uV, IHF. Volume sensitivity: Below measurable level. Selectivity: 35 dB. Image re- 
jection: 90 dB. IF Rejection: 90 dB. Capture ratio: 2.5 dB. Total harmonic distortion: 
1, or less. IM Distortion: 0.5Ç;: or less. Spurious rejection: -90 dB. FM STEREO: Separa- 
tion: 35 dB at midfrequencies; 30 dB at 50 Hz; 25 dB at 10 kHz; 20 dB at 15 kHz. Frequency 
response: w1 dB from 20- 15,000 Hz. Harmonic distortion: 1.5% or less @ 1000 Hz with 
100%, modulation. 19 kHz & 38 kHz. Suppression: 50 dB. SCA Suppression: 50 dB. AM 
SECTION: Sensitivity: Using a radiating loop, 130 uV /M C: 1000 kHz. Selectivity: 25 dB 

at 10 kHz. Image rejection: 60 dB L 600 kHz. 60 dB C 1400 kHz. IF Rejection: 60 dB Q 
1000 kHz. Harmonic distortion: Less than 2 %. Hum & noise: -40 dB. 

RADIO-Et E C T R O N I C S 
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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. 

DOUBLE -INSULATED SAW, Model 
909XX, 2- speed, uses high- impact, high - 
dielectric- strength, nonconductive mate- 
rial to give protection from shock. Cuts 
metal up to 'í", pipe and thin -wall up 
to 2 ", as well as plastics and wood. Cuts 

precision curves, circles and straight lines 
in 2 x 4's, 4 x 4's, and 6 x 6's. Powered by 
6 -amp, 110 -volt universal ac motor giv- 
ing 3400 1" strokes per minute. 6h lb. 
$49.95. WEN Products Inc., 5810 North- 
west Hwy, Chicago, Ill. 60631. 

Circle 46 on reader service card 

BROADCAST & SHORT -WAVE RADIO 
RECEIVER, Star Quest, Table Model S- 
120A, fully transistorized, covers AM 
( 550 -1600 kHz) , short- wave band I 
(2.0 -5.0 MHz), short -wave band II 
(4.8 -11.5 MHz ), short- wave band III 
( 11.0 -30.0 MHz) . Has external power 
jack for battery such as 8 D -cells in 
series, 12 -volt car battery or type 732 
lantern battery for emergency monitor- 

ing. Gives over 1 watt of push -pull 
audio with low distortion. Has high - 
sensitivity superheterodyne circuit, dou- 
ble antenna system, large illuminated 
slide -rule dial scale, bfo for listening to 
Morse code and single- sideband, auto- 
matic gain control. Hallicrafters Co., 600 
Hicks Rd., Rolling Meadows, III. 60008. 

Circle 47 on reader service card 
FEBRUARY 1970 

FLOOR SPEAKER, The Vegas, Model 
1115T, is 15" free- standing, 3 -way speak- 
er with optional base. Has removable 
grille cloths. $49.95 to $399. University 

Sound, 9.500 W. Reno, Box 1056, Okla- 
homa City, Okla. 73101. 

Circle 48 on reader service card 

T R E A S U R E 
SEEKER KIT. 
Model ,11D -90, het- 
erodyne -type metal 
detector is housed 
in pugged steel 
case. 2 -piece alumi- 
num handle with 
pick -up head mold- 
ed of high- impact 

plastic, rubber hand grip and adjustable 
angle brackets. Battery, wire, solder, 
printed circuit board and instruction 
manual included. $29.95. -Kits Indus- 
tries, Inc., 729 Ceres Ave., Los Angeles, 
Calif. 90021 

Circle 49 on reader service card 

TUBE TESTER, Mighty Mite Six, Model 
TC154, uses field- effect transistors to al- 
low technician more accuracy in tube 

testing. Solid -state circuits, pushbuttons, 
and additional socket to check new and 
rarely used tubes. Brushed -steel vinyl -clad 
case. $89.50. Sencore, Addison, Ill. 

Circle 50 on reader service card 

CAR HI -FI SPEAKER, Poly -Planar, 
Model A500, has super -thin design re- 
quiring 'H" mounting depth for car ceil- 
ing, kick panel, rear seat and door in- 
stallation. Uses brackets for surface 

mounting or can be custom -flushed. Fre- 
quency response from 60 Hz to 20 kHz. 
Power capability 5 watts. Grille size, 6" 
x 10 ". Black with chrome trim. $11. 
Magitran Co., Moonachie, N. J. 

TELEPHONE AMPLIFIER, model TA 
100, solid- state, battery- powered, port- 
able, composed of amplifier and speaker 
units. Place telephone handset on cradle 
of amplifier with mouthpiece over "well," 
toward which user speaks. Turns off 
when phone is hung up. Six -month war- 

ranty. White and harvest beige. Flyers 
MLA -664 and MLA -666. RCA Parts & 

Accessories, 2000 Clements Bridge Road, 
Deptford, N. J. 08096. 

Circle 51 on reader service card 

TAPE -SLIDE SYNCHRONIZER. Hook 
up, by audio cables, a stereo tape record- 
er ( or monaural type with "Add -A- 
Track" and stereo playback) and slide 

projector to synchronizer. Record in con- 
junction with particular slide being 
shown. Then hit slide -advance button on 
TSS (synchronizer), leaving special 
slide -advance signal on second channel of 
tape. Then, during playback, TSS changes 
slides automatically in coordination with 
recording made for that slide. To erase 
slide -advance cues, hack the tape to 
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point just before incorrectly positioned 
cue and then, with cue track channel in 
record mode, run tape without pressing 
cue button. This eliminates cue without 
interfering with recording. $19.95. No. 
41,122. Edmund Scientific Co., 380 
Edscorp Bldg., Barrington, N. 1. 08007. 

Circle 52 on reader service card 

INDOOR /OUTDOOR LIGHT, Porta- 
Lite, powered by the manufacturer's 6- 
volt No. 896 battery, provides 100 hours 

of intermittent light with No. 1651 bulb. 
For use during power failures, out- 
doors, in trailers and boats. Made from 

green or blue high -impact polyethylene, 
with hang -up loop. Marathon Battery Co., 
P. O. Box 1246, Wausau, Wis. 54401. 

FLOOR SPEAKER SYSTEM, The Pres- 
ident, US .5724, has University Sound's 
312 full -range, three -way, Diffaxial 
speaker with Diffusicone midrange and 
Sphericon tweeter, complemented by 
University's bass energizer and brilliance 
control. Medium -priced, Mediterranean- 

style, enclosure has removable grille cloth 
so it can be matched to any color scheme. 
University offers speakers from $49.95 to 
$399.- University Sound, Box 26105, 
Oklahoma City, Okla. 73126. 

Circle 53 on reader service card 

The, Dränd for all reasons 
BSR McDONALD 600 

Every 3SR McDonald automatic turntable is 
precis on male in Great Britain to the 
most Exacting specifications. Upon their 
arrival in the U.S., every model is unpacked 
and re- tested under actual playing 
conditiois. TTat's why BSR service calls are 
the owest in the industry -and perhaps 
that also explains why BSR sells more 
turntables than anyone else in the world. 

Mc DONALD 

BSR (USA) LTD. 
BLAUVELT, N.Y. 10913 

Please send FREE detailed literature 
on all BSR McDonald automatic turntables. 

I 1 
Name ' 

1 Address , 
City ' 

State 
% '4' 

Circle 106 on reader service card 
82 

DIGITAL CLOCK, Caslon 701, desk/ 
table alarm model. Can be set 24 hours 
ahead. Black flip cards with white nu- 
merals, internal light, Cycolac case, pre- 

cision motor, 12 hours only, 117 V ac, 
60 cycles. Frosty white, charcoal gray, 
and avocado green. Size 6 x 3 x 

Shipping wt. 3 lb. $30.- Ropat -Caslon 
Inc., 5558 Centinela Ave., Los Angeles, 
Calif. 90066 

KNIGHT -KIT RECEIVER. Spannmaster 
II, four -hand, shortwave -AM circuit, in- 
cludes bfo. Calibrated vernier tuning, 
isolation power transformer for safety, 
fuses protect against overloads, front 
panel headphone jack. Bands: AM, 550- 

1600 kHz; Shortwave: 1.5 -4.5 MHz; 4-12 
MHz; 11.5 -30 MHz. Cray crackle finish 
steel cabinet. $29.95. Allied Radio Corp., 
100 N. Western Ave., Chicago, Ill. 60680 

Circle 54 on reader service card 

PROJECT KIT, Science Fair, makes over 
50 battery- powered electronic circuits 
such as radio receivers and transmitters, 
test instruments, rain and burglar alarms, 
and tachometer circuit. Includes 2 tran- 

sistors and solid -state diode among over 
40 parts, most mounted on large circuit 
board with solderless spring terminals 
and numbered parts connections. $17.95. 
Cat. No. 28 -201. Radio Shack, 730 Com- 
monwealth Ave., Boston, Mass. 02215. 

Circle 55 on reader service card 

STEREO AMPLIFIER, Model LA -324, 
solid- state, offers medium power ( 50 
watts ±1 db, 40 watts IHF). Power 
bandwidth 35- 30,000 Hz. Frequency 
response ±1.5 db 20- 20,000 Hz. Chan- 
nel separation 60 dB at 1 kHz. Hum 
and noise: Tuner and aux., -75 dB; 
mag phono, -60 dB; ceramic phono, 
-55 dB. Input sensitivity: Aux., 250 

RADIO -ELECTRONICS 
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mV; tuner, 500 mV.; mag. phono, 2.3 
mV.; ceramic phono, 80 mV. Speaks r 

impedance: 4, 8, 16 ohms; headphone, 8 
ohms. Controls: Concentric volume /bal- 
ance, treble and bass, input selector, 
mono /stereo, remote /main speakers, and 
power on /off. Included are 18 transis- 

tors, 4 diodes and 2 thermistors. Housed 
in simulated walnut vinyl -clad metal 
case with attractive black and bnished 
anodized aluminum front panel. For 
105 -120 -V, 50 /60 -Hz ac with power 
fuse. $59.95. Stock No. 99 -02206 WX. 
-Lafayette Radio Electronics, 111 Jeri- 
cho Turnpike, Syosset, N. Y. 11791 

Circle 56 on reader service card 

TUNER LUBRICANT, Tun -O -Foam, 
maintains lubricity from -40 °F to 290 °F. 
Clings to contacts, foams away dirt and 
corrosion, is nonabrasive, and cannot 
cause detuning. Replaces hydrocarbon 
structure in ordinary lubricants with syn- 

:..¡ 
FOtiMING ACTION TU.O 
,qöLNS 

! 00N11NU0USLY 

NOT DRY OUT 

'''FM's AWAY DxRr 
<N(- C.Oerri;rxa 

thetic element. Especially effective on 
silver and gold -plated contacts. Six -month 
no- callback guarantee. 8-oz aerosol can. 
$2.39. Chemtronics, Inc., 1260 Ralph 
Ave., Brooklyn, N. T. 11236. 

Circle 57 on reader service card 

DARKROOM COMPUTER, " Fotowal 
II," model PM -18, determines paper 
grade and exposure for b & w prints. Put 
negative in enlarger, make 2 readings 
with exposure probe, adjust enlarging 
lens diaphragm, expose for indicated time 
and develop. Kit $62.00. Wired version, 
model PMW -18, $92.00. Probe for con- 

FEBRUARY 1970 

BESTSELLING SAMS BOOKS 
for every electronics interest 

1 -2 -3 -4 Servicing Automobile Stereo 
The "1 -2 -3 -4 Method" is a simple, logical step - 
by -step process which helps do the servicing 
job in the easy way and the right way. This book 
first applies the Method to both mechanical 
and electrical equipment, and then proceeds to 
cover the electronic and mechanical principles 
of automobile stereo, fm multiplex, and tape 
cartridge systems. Finally, the book shows how 
to apply the "1 -2 -3 -4 Method" to auto stereo sys- 
tems. Includes a wealth of schematics, charts, 
and illustrations. Order 20737, only $3.95 

Closed- Circuit Television Handbook. 2nd Ed. 
Explains in practical terms the basic concepts 
of CCTV systems. Describes the versatile appli- 
cations of closed- circuit television, and the 
equipment used. Subjects include cameras, 
monitors, video recorders, lighting, and signal 
transmission. Completely updated to include 
latest information. Order 20726, only $5.95 

Antennas and Transmission Lines 
A readily understandable text and reference on 
the theory of antennas and transmission lines, 
using technician -level mathematics. The book 
opens with basic antenna theory, including point 
and array sources, wave interference, standing 
waves, collimators, lenses, apertures, and sim- 
ple radiators. It then proceeds to transmission 
lines and their design factors. The final third of 
the text covers a broad variety of antenna 
topics. An ideal book for home study and ref- 
erence. Order 20716, only $7.95 

Record Changer Servicing Guide 
This book provides a complete understanding of 
record changers, how they operate, and the 
various systems employed. Provides detailed in- 
structions on how to track down troubles en- 
countered in record changers and how to repair 
them in the fastest and most effective way. 
Order 20730, only $3.95 

Auto Radio Servicing Made Easy. 2nd Ed. 
Explains the circuitry of both new and old auto 
radios, covering each of the tube and transistor 
stages. Provides step -by -step troubleshooting 
and repair details; explains how to eliminate 
noise and interference, how to set the bias on 
output transistor stage without breaking circuit, 
how to determine correct bias on transistor 
stages, what to do about AVC trouble in tran- 
sistor radios, etc. Order 20719, only $3.95 

ALL -NEW EDITION OF 
THE FAMOUS 

Audio Cyclopedia 
Completely revised 2nd Edition by the 
renowned authority, Dr. Howard M. Tre- 
maine. This is the most comprehensive 
work on audio -virtually a complete refer- 
ence library in a single volume. Fully 
covers every phase of the subject, in- 
cluding all the latest developments, right 
down to the newest solid -state and inte- 
grated circuits. Contains authoritative, 
concise explanations of thousands of top- 
ics in the fields of acoustics, recording, 
and reproduction; covers basic principles, 
components and devices, film recording, 
studio techniques, motion picture equip- 
ment, audio installation techniques, audio 
measurements, etc. Each subject is lo- 
cated instantly through a unique chapter 
and paragraph numbering system. Sup- 
ported by over 1600 illustrations. This is 
truly the master reference work on the 
audio art. Order 20675, only $20.95 

NEW 5TH EDITION OF THE WORLD- FAMOUS 

Reference Data for Radio Engineers 
Now contains 50% more data to cover the 
developments of the past 12 years. Prepared 
by outstanding engineers, professors, and 
experts, under the direction of the Interna- 
tional Telephone and Telegraph Corporation 
staff. Provides comprehensive data on all 
basic phases of electronics, including 
tables, formulas, standards, and circuit in- 
formation- PLUS -all -new data on micro- 
miniature electronics, navigation aids, 
reliability and life testing, international tele- 
communication recommendations, switching 
networks and traffic concepts, and quantum 
electronics. Over 1350 illustrations 1196 
pages. Order 20678, only $20.00 

Amateur Tests and Measurements 
This new E & E book shows how to perform 
virtually all tests on amateur transmitters, re- 
ceivers, and antennas, and how to make re- 
quired adjustments. An invaluable book for the 
amateur who wants to maintain top operating 
efficiency. Order 65072, only $5.50 

101 Questions & Answers About 
Amateur Radio 

A handy and practical reference source pro- 
viding the answers to the most frequently asked 
questions about ham radio. An invaluable book 
for both the newcomer and the old- timer. 
Order 20731, only $2.95 

Transistor Specifications Manual. 3rd Ed. 
Updated to include the latest 1969 transistors. 
Contains the electrical and physical parameters 
for virtually all of the transistors now in use. 
Electrical parameters include maximum collec- 
tor -to -base, emitter -to -base, and collector -to- 
emitter voltages; maximum collector current; 
power dissipation; and maximum operating tem- 
perature. Also lists frequency gain and leakage 
parameters. Order 20707, only $4.25 

Fundamentals of Digital Computers 
An excellent introductory text to the general 
field of electronic computing- It enables anyone 
to acquire a good basic understanding of what 
computers do and how they do it. The book 
begins with a discussion of various types of 
computer applications and surveys the history 
and evolution of computers. Then, it discusses 
in detail subjects such as the functional organi- 
zation of a computer, the individual components 
of a computer system, data preparation, storage 
devices, input and output peripheral devices, 
conversion units, and the central processor. A 
comprehensive glossary of computer terms is 
included. Order 20714, only $5.50 

SPACE AGE TECHNOLOGY SERIES 

Prepared under the guidance of Training and 
Retraining, Inc., this series of five books holds 
unusual interest for anyone who desires to learn 
about the application of electronics to space 
progress, and the vital role it plays in that tech- 
nology All texts are programmed -type. 
Inertial Guidance Systems. 
Order 20605, only $4.95 
Controlled Guidance Systems. 
Order 20573, only $4.95 
Synchros and Servos. 
Order 20533, only 54.95 
Lasers and Masers. 
Order 20559, only $4.95 
Microminiature Electronics. 
Order 20582, only $5.75 
SPECIAL OFFER! All 5 Volumes at a savings, 
in beautiful slip case. Order 20724, on /y.$24.95 -- - - - - -- HOWARD W. SAMS & CO., INC. 

Order from any Electronic Parts Distributor. or 
mail to Howard W, Sams & Co., Inc., Dept. RE -2 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. $ enclosed. 
D Send FREE 1970 Sams Book Catalog 

Name 

Address 

City State Zip 

20737 20707 
20726 20714 
20716 El 20605 
20730 20573 
20719 20533 
20675 20559 
20678 20582 
65072 20724 
20731 

_J 
Circle 107 on reader service card 
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Where 
do 

t 
you 

your 
speakers 

ln a 
oom 

shaped 

this? 

No matter what shape your 
room is in, Scott's new Quad- 

rant Q -100 speakers solve your 

placement problems. Scott 
Quadrants, with two woofers 

and four midrange / tweeters 

placed around the enclosure's 

four sides, project full -fre- 
quency sound in a complete 

circle. The sound is both pro- 

jected directly at you and re- 

flected off your walls, to 

version to color work will soon be avail- 
able. Heath Co., Benton Harbor, Mich. 
49022. 

Circle 58 on reader service card 

ELECTRONIC SPRAY CHEMICALS. 
Cleaners, coolers, lubricants, insulators, 
and protectors for use in servicing TV, 
radio, record players, tape recorders, 

heighten the live stereo effect. No matter 
where you place the Quadrant speakers, your 

entire listening area becomes a giant stereo 

sound chamber. Go anywhere in the room ... 
even sit on a speaker ... you're surrounded 

by rich, full -range stereo sound! 

Unbelievable? Hear the Quadrant's wall - 

to -wall stereo, at your Scott dealer's. You'll 

become a believer. $149.95. 
For more details, write: 

cJ s c o-r -r 
H.H. Scott, Inc., Dept 510 -02 Maynard, Mass. 01754 

Circle 100 on reader service card 
84 

computers, office machines, and broad- 
casting equipment. Six -month dealer/ 
distributor warranty protects against de- 
fects. RCA, Parts & Accessories, Dept- 
ford, N. J. 08096. 

Circle 59 on reader service card 

TRIPOD, Model T -2, for CCTV cameras 
and viewfinders, provides 360° pan and 
--90° tilt. Turntable rotates 360°. Adjust- 
able from 27" to 69" high with telescoping 
legs and elevator column. Legs have 

spikes (for outdoor use), rubber tips for 
indoor use. Anodized aluminum. Camera 
plate, 61/2" x 81/2". 51/2 lb. $59.50. GBC 
Closed Circuit TV Corp., 74 5th Ave., 
N.Y. R-E 

Circle 60 on reader service card 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 81 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 
CAPACITOR REPLACEMENT guide. The Re- 
placers, lists units in Re -Place capacitor replace- 
ment center, giving enough stock not too costly 
or too large to maintain. Features wide -range 
twist -prong listing having only 248 units covering 
same applications of 2000 competitive units. In- 
cluded are wide -range tubular line, miniature 
electrolytics, dipped paper Mylar. ceramic disc, 
dipped mica, and wax -filled capacitors. Market- 
ing Service Dept., Cornell -Dubilier Electronics, 
50 Paris St., Newark, N. J. 07101. 

READOUT CATALOG SHEET S -181 offers 
data on six incandescent and neon modules for 
6, 10, 14-16 and 24 -28 volts, all ac -dc plus 150- 
160 Vdc and I10-I25 -Vac circuits. Specs are 
given for numeric readouts having 3/4" and 
11/32" high characters and auxiliary caption 
modules. Data on display capability of each 
module. maps used, accessories, dimensions, con- 
verters and translator- driver also provided. - 
Write to Dialight Corp.. 60 Stewart Ave., Brook- 
lyn, N. Y. 11237 R -E 

RADIO-ELECTRONICS 
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NOTEWORTHY 
CIRCUITS 

CRYSTAL -OSCILLATOR CIRCUIT 
A number of us have quartz 

crystals -of the frequency standard 
type. etc. -which have been ground 
to operate in the parallel -resonant 
mode. This means they must be con- 
nected in a high- impedance circuit, if 
they are to function properly. Vac- 
uum tubes supplied this high impe- 
dance, but similar circuits using tran- 
sistors flunked out miserably. The 
circuit shown in the diagram, how- 
ever. uses a transistor yet operates 
the crystal at a high impedance. The 
original model, constructed some 8 

years ago. employs a 200 -kHz crystal, 
and with a 12 -inch length of busbar 
wire as the antenna, it put out har- 

*SEE TEXT 

monies at sufficient intensity to per- 
mit checking the dial calibration of 
table -model radio receivers at 600. 
1000. and 1400 kHz. Since these sig- 
nals were supplied simultaneously, 
several receivers could be checked by 
as many individual checkers at the 
same time. 

Component values given on the 
diagram are for the 200 -kHz crystal, 
but with suitable substitutions in these 
values the circuit can be made to 
function equally well at any other de- 
sired frequency that is well within the 
upper limit of the transistor. Capaci- 
tors Cl and C2 supply feedback at 
the phase needed for sustained oscil- 
lation. Capacitor Cl was made vari- 
able to adjust the drive. This control 
also functions as a coarse frequency 
adjustment. C3 is the fine frequency 

FEBRUARY 1970 

control. These adjustments were made 
at the time the unit was put into op- 
eration initially, and for the purpose 
intended, required no adjustment 
thereafter. The transistor in the origi- 
nal model is a 2N168 -A. Almost any 
transistor used for mixer -oscillator 
service can be substituted. 

A further advantage of this cir- 
cuit is that one side of the crystal, one 
side of the two variable capacitors, 
and one terminal of the power supply 
(the dry cell) are at ground potential. 
This not only makes construction 
easy, it also assures more stable oper- 
ation. The unit consumed only 15 to 
20 [LA, and with the smallest dry cell 
available supplying the power, the 
unit was operated 24 hours a day, 365 
days a year, continuously. The cell 
was changed at about yearly inter- 
vals. 

The oscillator can be emitter 
modulated at audio frequency by ap- 
plying the modulation signal in series 
with the dry cell. This signal should, 
of course, come from a fairly low - 
impedance source. An increase in fre- 
quency of a few Hz occurs when 
modulation is applied. -Frank H. 
Tooker R -E 

Why does P-1:101 sell 

more replacement vidicons 

than all other suppliers 

combined? 

Because GBC offers top 
quality, fully guaranteed, 
factory sealed vidicons for 
less than half the price you'd 
have to pay anywhere else! 

HITACHI 7038H 29.50 

HITACHI 1135A 
High sensitivity 34.50 

HITACHI 7262 
(Replacement for Sony 
& Panasonic) 34.50 

HITACHI 8507 
(Separate mesh) 74.50 

All vidicons sold in lots of five. 
Add 10 %for lesser quantities. 

I '/Closed Circuit TV Corp. 
74 Fifth Avenue, N.Y.. N.Y. 10011 / (212) 989 -4433 

Circle 108 on reader service card 

s NNY 

undcrnourisrcd? 

I IARDLY! 
This QUAM speaker is 
thinner and lighter than 
most, but there's 
nothing scrawny about 
its sound or emaciatec 
about its performance 

It's one of 25 models in the Quam 
line that's being fed a special diet 
... an exclusive new high energy 
magnet material we call Q /8. 

Q/8 provides more gap energy 
for less weight, so a .65 ounce 
magnet gives you the same per- 
formance as a full ounce of Alnico 
V. Ideally suited to Quam's high 
density cup -pot structure, Q/8 
slims the speaker down in contour 
as well as weight -while delivering 
full, robust sound. 
Q/B magnets are exclusively available 
today on Quam speakers -part of our 
ongoing program of nourishing our 
customers first with the finest. 

QU 
-always the 
Quality Line, 
for every 
speaker need. 

QUAM- NICHOLS COMPANY 
234 East Marquette Road 
Chicago, Illinois 60637 

Circle 109 on reader service card 
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CLEAN YOUR TUNER\ 
THE PROFESSIONAL WAY! 

WITH 

jN-O-FOAM 

The pros know how to clean 
TV tuners so they really work. 
That's why more than 5 mil- 
lion tuners a year are cleaned, 
lubricated and restored by 
TUN -O -FOAM. 

TUN -O -FOAM foams into the 
tightest places, melting away 
gunk and dirt. Then, it keeps 
on cleaning and lubricating 
contacts every time the chan- 
nel is changed. 
It's the only tuner cleaner 
that carries a six month guar- 
antee. Try TUN -O -FOAM TODAY. It's easy 
to use and your set will play like new again. 

OWING AC71OM 

UN0' 
OAM 

1260 RALPH AVE. 
BROOKLYN, N.Y. 11236 

FOR EXPORT ROBURN AGENCIES INC., NEW YORK, N.Y. 

IN CANADA: PERFECT MANUFACTURING LTD. MONTREAL 9, CANADA 

Circle 110 on reader service card 

NEW MINI PACK FOR POPULAR IC 

The Fairchild µA741- successor 
to the µA709 -is now being marketed 
in a Mini -DIP package which is only 
half the size of a standard 14 -lead 
dual -in -line pack. The Mini -DIP fea- 
tures compact solid -block plastic con- 
struction with eight leads, all of them 
functional. This saves space and per- 
mits two µA741's to be plugged into 
a standard 16 -pin DIP socket. 

The new package measures 
0.393 inch long, 0.256 inch wide and 
0.150 inch high (excluding leads). 
The µA741 is an improvement on the 
µA709 in that it has such added fea- 
tures as latch -up protection, internal 
frequency compensation, offset adjust- 
ment control, low power consump- 
tion, input overdrive and short- circuit 
protection. The cost is $4.85 each for 
1 -24 quantities. 

NEW TUBES AND 

VVC TUNING DIODES 

The SQ1716- SQ1750, 1N5461- 
A-1N5476-A and 1N5441 -A -1N- 
5456-A make up three series of volt- 
age- variable capacitance (VVC) di- 
odes designed for electronic tuning, 
afc and harmonic generator applica- 
tions. These diodes, made by MSI, are 
400 mW units housed in DO -7 cases 
and have a maximum working voltage 
of 30 volts dc. 

Series SQ diodes have nominal 
capacitances (with 4 volts reverse 
bias) ranging from 3 to 100 pF, tun- 
ing ratios of 2.40 -3.00 Q's at V11 =4 
volts and 50 mHz range from a mini- 
mum of 1200 for the 3 -pF SQ 1716 to 
300 for the 100 -pF SQ 1750. 

For the IN series, minimum and 
maximum tuning ratios vary from 2.7 
to 3.3. Capacitances at -4V range 
from 6.8 to 100 pF. The 1N5461 -1N- 
5476 series has Q's ranging from 600 
for the 6.8 -pF unit to 200 for the 100 - 
pF diode. Q's for the 1N5440 -1N- 
5456 are somewhat lower. Nominal 
tolerance is 10 %. Suffixes B and C in- 
dicate tolerances of 5% and 2 %, re- 
spectively. For additional information 
on these VVC's, drop a line to MSI 
Electronics, 34 -32 57th Street, Wood- 
side, N.Y. 11377. 

QUALITY and LOW COST 
to" 

Iy 
FREE $1 BUY WITH EVERY 10 YOU ORDER slap" Buys FREE GIFT WITH EVERY ORDER 

MARKET SCOOP COLUMN 
1-1 

Quality 
'ß 12 OXFORD- SPEAKER. Top $4 

10" PHILCO SPEAKER $2.69 Top Quality . . Large Magnet 

8" QUAM SPEAKER - Large 51.94 
Magnet - Special Buy 

1_1 
6 "- ECONOMY SPEAKER Top 51.69 
quality 2.15 Mag. 

21/2" x 4" SPEAKER 69 Special Buy 

31/2" - ROUND SPEAKER 59° Special Buy 

25 - 3900-OHM-7w RESISTOR $1 1-1 
10% Corning glass 

20 - .47 -600V CONDENSERS S1 
White Ceramic C.D.-American 

SPECIAL TUBE BUY 3C11o. 31)13. 
490 4CS0. 1201.17. 1211H7 . Each . . 

10 - ASST. RADIO & TV TUBES $1 
Every Tube a good number 

3- PRINTED CIRCUIT IF TRANS- $1 
FORMERS 4 -Lug. 43° KC 

5" UNIVERSAL TWEETER $1.29 
1 Oa. . Magnet 

UNIVERSAL 51/2" PM SPEAKER $1 
Alnico 5 magnet, quality tone 

UNIVERSAL 4" PM SPEAKER 790 
Alnico 5 magnet, quality tone 

UTAH 8 " -3 WAY CO -AX 
SPEAKER 3° watt,, N On. 518.95 Special O 
UTAH CO-AX WAY Y OAX 

45 R'allY K Ohm 5295 97 
Special 
50 - .0033 DISC CERAMIC 51 
CAPACITORS C.R I , 

COLOR -TV RECTIFIER - 
used in most color sets -0500 $1,95 
kv 3 for 
2- MOTOROLA HEP -170 RECTI- 
FIER ' -'F' AMPS and I000V(PIV) 
Covers all 600MA to 2500MA Units 
Voltage ranging from 50PIV to 51 
1000 PIV 
METER SENTRY -SOLID STATE 
Protects met, movements up to 99, 
25 amps surge 
15 - AS r ROTARY SWITCHES $1 
all populm' tyre -v 420 value 

3 - TOP BRAND 35W4 TUBES $1 

15 - G.E. #NE -2 TUBES 51 
Neon GLnv Lamp for 101 oses ... 
150' - BUSS WIRE 2° th,uea 51 
for hookups. special circuits. etc. 

8 - ASST. LUCITE CABINETS $1 
hinge cover. handy for parts 

STANDARD TV TUNER 21mc- 
with schematic Popular type for 55 
many TVs 
12- MINIATURE ELECTROLYTIC 
CONDENSERS Per Translate,' & 51 
miniature work 

10 - MINIATURE 456KC IF 
TRANSFORMERS Exceptional value 51 

14,,, 

HEAVY DUTY COLOR FOCUS Si 
RECTIFIER Il.nee NV (,, 1 ma 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Po''- 
retain. Axial Leads -Most 53.25 
popular value. 

¡ I 2 - COLORBURST QUARTZ- 
CRYSTAL REPLACEMENT For 
most Color Tv Sets .. 3570.545 $1.49 
KC 

TRANSISTOR RADIO..., type $1.50 
good, bad, broken, as -is. potluck 

TAPE RECORDER - assorted types 5A 
good, bad, broken, as -is. potluck .. 
32' - TEST PROD WIRE $1 
deluxe quality, red or black .... 
HEARING AID AMPLIFIER $1 
Incl. 3 Tubes. Mike, etc. (as Is) .. 
COLOR POWER TRANS- 
FORMER - Good for moot 5x,95 
sets 2611100 List Prier -$361.75 
10 - STANDARD TRANSISTORS $1 
NP N," & l' \'l' 2N t ' I. 2N414. etc. .. 
10- ASSORTED DIODE CRYSTALS $1 
1\34. I NI IS. 1 Nog. I \0 -l. etc. .. 
6 - TRANSISTOR RADIO EAR- $1 
PIECES ,n e't complete with plug 
S20 -SHURE M -7D DIAMOND 53 
NEEDLE exact replaeemeot 

$15.00 TELEVISION PARTS 51 
"JACKPOT" nest buy ever 

10 - SETS PHONO PLUGS & $1 
PIN JACKS RCA type 
10 - SURE -GRIP ALLIGATOR 51 
CLIPS 2" pl:urd 
50 - ASSORTED PRINTED CIR- $1 
CUIT SOCKETS be. types 
10 SETS - DELUXE PLUGS & $1 
JACKS a.^t. for many purposes 

50 - ASSORTED TRANSISTORS $1 
big fa e tory ..coop -sold as -is 
100' - FINEST NYLON DIAL 51 
CORD hest size, °28 gauge . 

3- 
.DELECTROLYTIC mfd -200 COvolts NDENSERS $1 C. SUtt 

3- ELECTROLYTIC CONDENSERS 51 
C.D. -250 mfd -350 Volts 
3- ELECTROLYTIC CONDENSERS 51 G.E.- 200/30/.1/l(mfd -350 volts 

IMMEDIATE DELIVERY ... Scientific light packing for safe delivery at minimum cost. 

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $l BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Minimum Order $3.00 

Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

300 - ASST. 1/2 W RESISTORS 
Top Irrand, Short Leads, Excellent $1 
Selection r 
100 -ASST 1/4 WATT RESISTORS 51 
stand. choice ohmages, some in 5 7c 

100 -ASST 1/2 WATT RESISTORS 51 
stand. choice ohmages, some in 5r7o 

70 - ASST 1 WATT RESISTORS 51 
stand. choice ohmages, some in 5% 

35 - ASST 2 WATT RESISTORS 51 
stand. choice ohmages, some in 5oó 

50 - PRECISION RESISTORS 51 
asst. list -price $50 less OS% 

20 - ASSORTED WIREWOUND $1 
RESISTORS, 5. 10. 20 watt 

4 - TOGGLE SWITCHES 51 
SPOT, St ill'. DPST, DPDT 

10- ASSORTED SLIDE SWITCHES 51 
SPST, SPI,]', DI,D'r, etc. 

TV TUNER - rite all new 51 
standard makes. Less tubes 

TV TUNERS asst. all new standard 53 
makes, including Tubes 

WESTINGHOUSE STANDARD 
TUNER #470V1201101 - (3G" 54 - 1.08 rubes, 

UHF TUNER - TRANSISTOR $3.95 
TYPE Used in all TV Sets .... 

48 - #3AG FUSES 10 AMP. 51 
popular type 3' JUMPER CABLES Male 
Type Plug on lloth Ends, 2 for 

RCA 51.59 

20- PENLITE BATTERIES 11/2V $1 
15- BATTERIES C -cell similar 935 $1 
10- BATTERIES D -cell similar 950. $1 

5- BATTERIES (Transistor> similar 216 $1 

Name Cost of 
goods 

Address Shipping 
estimated 
TOTAL 

BROOKS RADIO &. TV CORP., 487 Columbus Ave., New York, N. Y. 10024 Wag: 560 
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SEMICONDUCTORS 

FAST -SWITCHING PNP TRANSISTORS 
Two high -speed pnp transistor 

switches (the 2N5455 and 2N5456) 
are designed for a variety of satur- 
ated and nonsaturated switching ap- 
plications. These Fairchild devices 
have a turn -on time of 20 nanosec- 
onds maximum and a turn -off time 
of 30 nsec at 30 mA. Switching times 
are excellent over a range from 10 nA 
to 500 mA. 

Housed in metal TO -52 cans, 
these transistors also features high - 
frequency operation (450 MHz at 30 
mA) and low capacitance (6.0 pF 
max at 10 volts). The 2N5455 oper- 
ates at up to 15 volts and the 2N- 
5456 handles up to 25 volts. In addi- 
tion, the 2N5455 can sustain a col- 
lector saturation voltage of 0.5 volt 
at 300 mA: the 2N5456 a VcE of 
0.55 volt. 

The 2N5455 is a complement to 
the 2N3013: the 2N5456 is a com- 
plement to the 2N3014. 

Besides being suitable for com- 
plementary switching applications, 
these transistors can be used as rf 
oscillators up to several hundred 
MHz, as plated -wire memory drivers 
and in certain core -driver applica- 
tions. 

The 2N5455 and 2N5456 cost 
$4.50 and $5.40, respectively, in lots 
of 1 to 100. The SE2510 and SE2511, 
their epoxy equivalents, cost 53 and 
60 cents, respectively. 

PLASTIC -PACK VVC'S 
Motorola's MV2101 through 

MV2115 are a line of silicon Epicap 
variable- voltage capacitance diodes in 
injection- molded plastic packages. 
They cover a range of 6.8 to 100 
pF with a typical tuning ratio of 3, 
measured at reverse voltages of 2 and 
30 volts. Minimum Q is 450, making 

these diodes ideal for tuning and afc 
applications in FM and TV. 

Encapsulated in two -lead TO -92 
cases, these devices have a standard 
tolerance of 10 %. Price is 60 cents 
in quantities of 100 to 999. R -E 

It costs only 

New Easy Dispenser Pak 60/40 18 S.W.O. 

1 /100 of more 

Latest PC (Printed Circuit) Pak 
60/40 Extra Thin 22 S.W.G. -.028" 

per solder joint 
to know you 
are using the 
world's finest 
cored solder 
* Each only 590 per package at your dealer. 

ERSIN 

FIVE -CORE 
SOLDER 

MULTICORE SALES CORP.,WESTBURY, N.Y. 11590 

Circic 116 on rt'ntlrr srrrict° rurtl 

CANADIANS: Ordering is easy - we do the paperwork - try a small order 

sr- IBM SEOCTIONOR 
8 assorted Unit. we 
sell for $1 are 
loaded with over 
150 valuable parte. 

Incl. - Transistors 
Condensers, t Realst- 

e. Heat Sinks, DI- 
odes, Etc. 

8 for $1 

100 for $10 

D 

D 

2 -G.E. PIECES OF EQUIPMENT 
stacked with over 200 useful part. 

50 - ASSORTED MYLAR CON- 
DENSERS popular selected type. . 

3 - TOP BRAND SILICON REC- 
TIFIERS 1 atop. 1000 PTV 

20 - ASST. PILOT LIGHTS 
#24, 40..17. 51. etc. 

50 - ASSORTED #3AG FUSES 
pipular ampere ratings 

4 - 50' HANKS HOOK -UP WIRE 
assorted colors 

100' - SPOOL SPEAKER WIRE 
2 cond. mini zip. clear. 109 uses 

5 - I.F. COIL TRANSFORMERS 
450 -ke for Transistor Radios 

5 - AUDIO OUTPUT TRANS- 
FORM Sub -min for Trans Radios 

5 - PNP TRANSISTORS 
general purpose. TO.5 case 

5 - NPN TRANSISTORS 
general Purpose, TO-5 case 

MOTOROLA HEP KIT -INTE- 
GRATED CIRCUITS INCLUDES 
_ono .I -1: nip nap. One Bual 
Buffer, One 4 -input Gate. Two 
Dual 2 -Tnput Gates. All Five 

MOTOROLA EXPERIMENTER 
KIT HEK -2 -9 Projects. instr'at 
Lions enclosed. Includes 2 -FE'r. 
2- Transistors. "Tips on using 
FETS" & Cross -reference Guide. 

ALL TRANSISTOR HOME 
OFFICE MESSAGE CENTER 

Famous Manufacturer 
Leaves messages for other for replay . . . Built in 
speaker /microphone for talk -into convenience . Re- 
cords up to 3 minutes of messages . . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume . Capstan Drive; BRAND NEW $10 
SOLD AS IS 

$3.95 

$3.95 

E WESTINGHOUSE FM 
#476-V-00611O1 
Tube) 
#476- V- 015D01 
Bir 

TUNER 
(12DT8 $2,99 

Tranals- $3.99 

300 - ASSORTED HEX NUTS 
2/56, 4/40. 5/40. 6/32, 8/32 

250 - ASST. SOLDERING LUGS 
best types and sizes 

250 - ASST. WOOD SCREWS 
finest popular selection 

100' - TV TWIN LEAD -IN WIRE 50) 
300 ohm. deluxe heavy duty, clear LL 

UNIVERSAL TV ANTENNA 
Back of set mounting $198 ¡'-1 
5 section rods Ll 

250 - ASST. SELF TAPPING 
SCREWS #6, #8. etc. 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected sizes 

500 - ASSORTED WASHERS 
most useful selected sizes 

$1 

$1 

$1 

Si 

S1 

S1 

$1 

$1 

$1 

s1 

Si 
100 - ASST. RUBBER BUMPERS S1 
for cabinet bottoms & other uses .. 

100 -ASSORTED RUBBER GROW 51 
METS best sizes 

RCA 110 

SHANNON MYLAR RECORDING TAPE- 
217" 
3" 

3" 
31/4" 

5" 
5" 
5" 

5" 
7" 

- 225' ..S .17 

225' .19 

7" - 2400' 
7" - 3600' 

51.79 
2.95 

300' .27 CASSETTE 60 minutes .89 

- 600' .58 
CASSETTE no minutes 1.54 

- 600' .62 
CASSETTE 120 minutes 1.97 

900' .80 

- 1200' .97 21/2" TAPE REEL .04 

- 1800' 1.49 
3" TAPE REEL 

31/4" TAPE REEL 
.05 
.06 - 1200' .77 5" TAPE REEL .12 

-1800'. 1.12 7" TAPE REEL .14 

FLYBACK TRANSFORMER 

We scooped the Market 
Latest. type - .standard 
for all 110° TV's 
RCA's design of large 
Cou produces 185V- 
assuring adequate width 
Inci Schematic Diagram 
application for any TV 

List price $13.90 

$3 Your price .. 
10% off in loir of 3 

110° TV DEFLECTION YOKE $3 
for all types TV's incl schematic . 

"COMBINATION SPECIAL" 1-.1 
RCA 110° FLYBACK $C, 
plus 110° DEFLECTION YOKE 

90° FLYBACK TRANSFORMER $2 
for all type TV's incl schematic . 

90° TV DEFLECTION YOKE $2 
for all type 'rv's Inc' schematic . 

70° FLYBACK TRANSFORMER $2 
for all type TV's incl schematic . 

70° TV DEFLECTION YOKE $Z 
for all type TV's incl schematic . 

2 - TV CIRCUIT BREAKERS $1.19 
Rated 4.2 TO 5.0 AMPS, etc. . 

70° COLOR OR YOKE 
For all 1 for CRT's .. 10.95 

90° COLOR YOKE For all 
Rectangular 19 to 25e Color $10.95 
CR7'e 

Circle 112 on reader service card 

BONANZA "JACKPOT" 505 gold, 
not oil, but a wealth of Electron,' S c 
Items -Money -Bark- guarantee 

ALL AMERICAN TUBE KIT 
121iAti, 120E1ì. 12A \'O. .rot',. 52 
35W4 -total list $9.70 L 
UNIVERSAL MICROPHONE 
regular/remote/single & dual plug 

S2 

CRYSTAL LAPEL MICROPHONE CCQt 
high Impedance, 2011 -6000 cps . 

STEREO HEADPHONES 
HI -FI Quality . . . Complete 

$a rr.¡ 
95 

with Stereo Ping 

50 - TUBE CARTONS (colored) $1 
assorted sizes for popular 'Tubes .. 
4 - TV ALIGNMENT TOOLS $1 

most useful assortment #1 

4 - TV ALIGNMENT TOOLS 51.49 
For Color TV #2 

4 - 36" Hi -Fi CABLES IICA 
Molded Phone plug at one end 
stripped and tinned leads on other Si 
end 

3- ELECTROLYTIC CONDENSERS 51 
most popular number 50/30 -1500 var 

50 - ASST. TERMINAL STRIPS 51 
all types. 1 -l112 to ti.lug 
25 - INSTRUMENT POINTER 

$1 KNOBS selected popular types .. - 

7 - TV ELECTROLYTIC CON- $1 
DENSERS desirable types 

5 - 6' LINE CORDS $1 
#18 Stranded Copper Wire 
MOTOROLA PWR TRANSFORM $1 
110v, CT 150 /150v, 6.3v 
25 - #130 WESTINGHOUSE PI- 
LOT BULBS 5000 Hours... Same 51 
as #47 
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More New Kits From 
Introducing The Advanced New Heathkit 60 -Watt AM /FM /FM Stereo Receiver 

Heathkit AR-19 

$225.00* 

Third In The New Generation Of Superb 

Solid -State Receivers From Heath ... And Low In Cost 
Advanced solid -state circuitry with 108 transistors, 45 diodes and 5 

integrated circuits 60 watts music power output at 8 ohms Less than 
0.25% Harmonic & IM Distortion at any power level Frequency response 
from 6 to 35,000 Hz Direct -coupled, transformerless outputs for lowest 
distortion and phase shift Dissipation -limiting circuitry protects out- 
puts from damage even with a short circuit Assembled, aligned FET 
FM tuner has 2.0 uV sensitivity to give you more listenable stations 
Ball- bearing inertia flywheel tuning for smooth, accurate station selec- 
tion Preassembled, factory aligned FM IF circuit board speeds assembly 
and eliminates IF alignment, gives 35 dB selectivity Multiplex IC circuit 
provides inherent SCA rejection Pushbutton Mute control attenuates 
between- station FM noise Blend control reduces on- station FM noise 
with a push of a button Tone -flat pushbutton disables bass & treble 
controls for perfectly "flat" response New linear motion controls for 
volume, balance, bass & treble Individually adjustable level controls 
for each input including tape monitor eliminate annoying volume changes 
when switching sources Switches for two separate stereo speaker 
systems for stereo sound in two different locations Center channel 
speaker capability Two front panel tuning meters give exact station 
selection Stereo indicator light Front panel stereo headphone jack 

300 & 75 ohm FM antenna inputs High fidelity AM reception Built -in 
AM rod antenna swivels for best reception Massive power supply 
includes section of electronically regulated power New Heath modular 
plug -in circuit board design speeds assembly, aids servicing Built -in 
Testing facilities aids construction, simplifies servicing Circuit board 
& wiring harness construction for easy, enjoyable 25 hour assembly 

Ahead of its time ... those who want to hear stereo high -fidelity as 
it will sound in the 70's can begin right now, at a modest price, with 
the Heathkit AR -19. Its design is an extension of the advanced 
circuitry concepts first introduced in the AR -15. These receivers are 
truly of a new generation ... they've expanded audio engineering 
horizons and set the pace for the 70's. 

Field Effect Transistor And Integrated Circuit Design. The AR -l9 
uses advanced semi -conductor circuitry ... including five integrated 
circuits, with a total of 108 transistors and 45 diodes. The pre - 
assembled FM tuning unit uses an RF field effect transistor to pro- 
vide high sensitivity and low cross modulation with no overloading 

88 

on strong local stations. In the AM RF circuit also, field effect 
transistors give superior sensitivity and large signal handling capacity. 

Ideal For Most Home Stereo Installations. The AR -19 is just right 
for the medium and high efficiency speaker systems that are so 
popular today. It can form the nucleus of a fine stereo system ... 
and will probably be the most attractive part, thanks to its rich 
oiled pecan wood cabinet and to the "Black Magic" front panel. 
The scale and dial readings appear only when the power is on. 

Features To Aid The Kit Builder. All 8 circuits of the AR -19 snap in 
and out in seconds. Think of the resulting convenience and ease of 
assembly! In addition, the AR -19 has built -in test circuitry ... two 
test probes with the front panel meter for indications. With it, the 
user can check out circuit parts without the need for expensive ex- 
ternal test equipment. Proper use of this feature is fully covered in 
the manual. 

Don't Wait For Something Better To Come Along ... it'll be a long 
wait. Up -grade your stereo system now, with this outstanding re- 
ceiver value. 
Kit AR -19, 29 lbs $225.00* 
Assembled AE -19, cabinet, 10 lbs $19.95* 

PARTIAL AR -19 SPECIFICATIONS - AMPLIFIER: Continuous power output per channel: 
20 watts, 8 ohms. 111F Power output per channel: 30 watts, 8 ohms. Frequency response: 
(1 watt level) -1 dB, 6 Hz -35 kHz. Power bandwidth for constant 0.25q THD: Less than 

5 Hz to greater than 30 kHz. Harmonic distortion: Less than 0.25'; from 5 Hz to 20 kHz at 
20 watts rms output. Less than 0.1' e at 1000 Hz at 1 watt output. IM Distortion: Less than 

0.25';¿ with 20 watts output. Less than 0.1g at 1 watt output. Hum and noise: Phono input, 
-65 dB. Phono input sensitivity: 2.4 millivolts; overload, 155 millivolts. FM: Sensitivity: 
2.0 uV, IHF. Volume sensitivity: Below measurable level. Selectivity: 35 dB. Image re- 
jection: 90 dB. IF Rejection: 90 dB. Capture ratio: 2.5 dB. Total harmonic distortion: 

1 ¿ or less. IM Distortion: 0.5°,¡ or less. Spurious rejection: -90 dB. FM STEREO: Separa- 
tion: 35 dB at midfrequencies; 30 dB at 50 Hz; 25 dB at 10 kHz; 20 dB at 15 kHz. Frequency 
response: dB from 20- 15,000 Hz. Harmonic distortion: 1.5% or less Q 1000 Hz with 
100`'¡, modulation. 19 kHz & 38 kHz. Suppression: 50 dB. SCA Suppression: 50 dB. AM 
SECTION: Sensitivity: Using a radiating loop, 130 uV /M @ 1000 kHz. Selectivity: 25 dB 

et 10 kHz. Image rejection: 60 dB l 600 kHz. 60 dB a3 1400 kHz. IF Rejection: 60 dB Qa 

1000 kHz. Harmonic distortion: Less than 2%. Hum & noise: -40 dB. 

RADIO -ELECTRONICS 
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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. 
(1960, or later': 

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. 
Remove all accessories . . . or dismantling charge will apply. 

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 available with the 

following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

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

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

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

CR6XL Parallel 6.3v 21/2" 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 fine tun- 

ing, UHF position with plug input for UHF tuner, rear shaft extension and 

switch for remote control motor drive ... they come complete with hard- 

ware and component kit to adapt for use in thousands of popular TV 

receivers. 

Order universal replacements out of Main Plant (Chicago) 

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 142 on reader service card 
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Because p we beat the heat you can play 
it cool f with the 6LQ6 /6JE6C... 

Yes, you play it cool when you 
replace a 6JE6A, B or C tube in 
the demanding horizontal - 
deflection- amplifier socket of 
your customer's color TV set. 
RCA's 6LQ6 /6JE6C Novar beam 
power tube beats the overheating 
problem common to the 
other tubes. 

As a matter of fact, it can actually 
withstand 200 W plate dissipation 
for 40 seconds because of 
design improvements that include 
repositioned getters, cavity 
plate designed for better plate 
dissipation, and larger diameter 
screen grid wire which reduces 
screen grid temperature and 
improves the high voltage 
cutoff characteristic. 

So play it cool. Replace with 
the RCA 6LQ6 /6JE6C. And watch 
your customers warm up. More 
confidence from them ...fewer 
call -backs for you. 

Innovations and improvements 
that make your service operation 
more reliable, efficient and 
profitable are our constant aim. 
See your Authorized RCA Tube 
Distributor for quality RCA 
receiving tubes. 

RCA Electronic Components, 
Harrison, N.J. 07029 

RC,' 
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