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G ay ¡I 
dives 
more -gain 
per dollar! 

Side By Side Tests Prove... 
...that model for model, dollar for dollar, the new Gavin V -Yagi design outperforms 
any other type of antenna you can buy. 

Here's how the test works: We hoist your favorite antenna up on our specially 
equipped van. We check the signal pick -up on a field strength meter and a color 
receiver simultaneously. Then, we replace your antenna with a Gavin antenna 

costing the same or less. The results are eye opening. 

Ask us to set up a side -by -side test for you. Invite a representative of the anten- 

nas you now handle to observe the demonstration -or set it up himself if he 

likes. The field strength meter tells the truth no matter who's asking the ques- 

tions. 

Once you see this test, you'll probably switch to Gavin. What are you waiting for? 

Circle 7 on reader's service card 

GAVIN INSTRUMENTS, INC. 
Subsidiary of ADVANCE ROSS CORP. 

Somerville, N. J. 08516 U. S. A. 
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What Does electronics Mean To You? 
This is the "electronics age." Advancements in 
electronics are coming, one on top of another, so 
rapidly that the average technician cannot stay 
abreast of the changes. But some technicians - 
those who thoroughly understand fundamental 
principles - are able to stay up with these changes, 
and they make top pay because of their special 
ability. 

Is your electronics knowledge obsolescent? If 
so, nothing can make you obsolete so quickly as to 
neglect the study of basic concepts and fundamental 
principles. 

Upgrade Your Knowledge and Earn Your 
Degree 

Grantham's strong- foundation educational pro- 
gram in electronics leads to non -obsolescent skills - to skills based more on reasoning than on mere- 
ly doing - and leads to the Degree of Associate in 
Science in Electronics Engineering. 

As many as five semesters of the entire six - 
semester program are available by correspondence. 
And technicians who have had at least one full year 
of practical experience may obtain credit for the 
resident semester, based on that experience. Thus, 
such technicians may qualify for the ASEE degree 
in only five semesters, all by correspondence. 

Get Your FCC License Along The Way 
You have heard and read, over and over again, 
about how important an FCC license is to your suc- 
cess in electronics. It is certainly true that an FCC 
license is important - sometimes essential - 
but it's not enough! Without further education, 
you can't make it to the top. Get your FCC license 
without fail, but don't stop there. To prepare for 
the best jobs, continue your electronics education 
and get your degree. 

This kind of thinking makes good common 
sense to those who want to make more money in 
electronics. It also makes good common sense to 
prepare for your FCC license with the School that 
gives degree credit for your license training - and 
with the School that can then take you from the 
FCC license level to the DEGREE level. The first 
two semesters of the six -semester Grantham degree 
curriculum prepare you for the first class FCC 
license and radar endorsement. 

Grantham School of Electronics 
1505 N. Western Ave. 

Hollywood, Calif. 90027 
818 18th Street, N.W. 

or Washington, D.C. 20006 
Telephone: Telephone: 

(213) 469 -7878 (202) 298 -7460 
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Accreditation, and G.I. Bill Approval 
Grantham School of Electronics is accredited by 
the Accrediting Commission of NHSC, and is ap- 
proved under the G.I. Bill. For seventeen years, 
Grantham has been preparing men for successful 
electronics careers. Our current electronics curric- 
ulum is as follows: 

Semester 1 -Basic Electronics Technology 

Semester 2- Communications Circuits & Systems 

Semester 3 - Electronics Laboratory 

Semester 4 - Engineering Analysis & Computer Systems 

Semester 5 - Report Writing & Engineering Mathematics 

Semester 6- Atomic Physics; Circuit Analysis & Design 

A Four -Step Program to Success 
It's your move, and the move you make today can 
shape your future. Begin now with a step in the 
right direction - Step #1 - and then follow 
through with Steps #2, #3 and #4. 
Step #1 is a simple request for full information 
on the Grantham Associate Degree Program in 
Electronics. You take this step by filling out and 
mailing the coupon shown below. We'll send full 
information by return mail. No salesman will call. 

Step #2 is earning your FCC first class radiotele- 
phone LICENSE and radar endorsement. You 
complete this step in the first two semesters of 
the Grantham educational program (by corres- 
pondence, or Washington resident classes). 

Step #3 is earning your ASEE DEGREE. This 
degree is conferred when you have earned credit 
for the Grantham course, one semester of which 
must be taken in residence if you have less than 
one year of practical experience in electronics. 

Step #4 is getting a better job, greater prestige, 
higher pay on the basis of your extensive knowledge 
of electronics. 

It's your move! Why not begin now with Step #1. 

r- 

Grantham School of Electronics RE 5 -68 

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

Please mail me your free catalog, which explains how 
Grantham training can prepare me for my FCC License 
and Associate Degree in electronics. I understand no 
salesman will call. 

Name Age 

Address 

City State Zip J 
Circle 8 on reader's service card 
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LOOKING AHEAD 
By DAVID LACHENBRUCH 

This is the beginning of "Looking Ahead." In it each 

month newscaster, author, editor and prognosticator Dave 
Lachenbruch will present what appears to be at the mo- 

ment, the most significant happenings in our industry 
with an eyeball on how these events may shape our fu- 

ture.-Ed. 

Electronic TV tuning 

The next major advance in TV receiver design will 
be the elimination of the sole major mechanical part - 
the clanking, failure -prone multicontact tuner. All tuner 
manufacturers are working on designs for electronic tun- 
ing devices, and the first one announced for production 
in this country (some are already in use in Europe) could 
appear in 1970 models to be introduced in mid -1969. 

Standard Kollsman Industries' vhf tuner employs 
varactors -variable- capacitance diodes -to tune all reso- 
nant circuits, eliminating as many as 157 contacts. A uhf 
version is scheduled later. In the varactor tuner, all signal - 
carrying switches and contacts are eliminated. In addition 
to reliability, other potential advantages are extreme com- 
pactness and design flexibility-the actual tuner no 
longer must be mechanically connected to the channel 
selector. By using only a variable voltage source for tuning, 
the varactor makes practical some unique channel- selec- 
tion methods, including signal- seeking, sliding bars and 
pushbutton panels. 

Another advanced tuner, which could be in produc- 
tion TV sets somewhat sooner than the SKI varactor unit, 
is a completely integrated vhf -uhf tuner by Oak Electro/ 
Netics, in which all components perform the same func- 
tions in both vhf and uhf bands. Another Oak develop- 
ment is a tiny sealed metal cube which contains virtually 
all the tuner's electronics in a hybrid thick -film circuit. 
It's expendable, can be pulled out and replaced like a re- 
ceiving tube (predicted cost, $3 to $5) to eliminate many 
tuner overhaul jobs. 

The long way home 

Those who dream of a mass- market home video re- 
corder are taking the longitudinal route again -fixed 
head, high speed, with tracks running the length of the 
tape. The slant -track (helical- scan), revolving -head ap- 
proach of Ampex, Sony and others has been well received 
for industrial, commercial and educational closed- circuit 
use, but has never made it to the home. 

You can now expect a new generation of lower -cost 
machines which work more or less like speeded -up audio 
recorders, following the trail blazed in 1963 by Telcan, 
but using a more sophisticated approach. Major interest 
now is centered on new tape- transport mechanisms de- 
signed to make more practical the high speeds at which 
longitudinal recorders must operate. One transport, de- 
veloped by Newell Associates, uses a large capstan to guide 
tape from the feed reel, across the head, to the take -up 
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reel, eliminating all drive functions of the tape itself. 
An adaptation of this approach is used by Arvin In- 

dustries in a home color VTR scheduled for marketing 
late this year or early 1969. The Arvin recorder uses 1/2- 

inch tape in a 10 -inch cartridge and records 10 longitu- 
dinal audio -video tracks, reversing itself every 6 minutes 
for an hour of playing time per reel. The picture is lost 
for less than a second during tape reversal. Arvin hopes 
to sell its unit, which combines the VTR with a 23 -inch 
color set in a console cabinet, for $1000 to $1500. 

New all -channel rules? 

Despite these promises of better tuners, set manu- 
facturers have been accused of dragging their feet on im- 
provements in uhf tuning. Uhf broadcasters have asked 
the FCC to issue new regulations under the All- Channel 
Law of 1962 to specify that uhf tuning must be as simple 
and as sensitive as vhf tuning in any given set. The FCC 
seems likely to hold hearings on the subject. Among the 
uhf broadcasters' complaints: Vhf tuners have detent ac- 
tion, while uhf tuning usually is continuous. The uhf band 
is being discriminated against say the broadcasters, but 
the manufacturers grumble that if the FCC demands "tun- 
ing equality" they may have to reduce vhf tuner quality 
or raise prices to cover expensive uhf detent devices. 

Reassurance on X -rays 

Alarm is giving way to reason on the color TV X -ray 
front. Virtually unmentioned during the earlier days of the 
controversy were two significant facts: (1) There is no 
record of any detectable injury to anyone exposed con- 
tinually to radiation at the levels emitted by "defective" 
color sets. (2) It has been demonstrated in the last decade 
that exposure to such low -level radiation is not cumulative. 
Dr. Victor P. Bond, associate director of Brookhaven Na- 
tionaI Laboratory, sums it this way: "While it is prudent to 
control and severely limit exposure to radiation (as well as 
to all other potentially injurious agents), it is quite clear 
that the probability of significant or even detectable medi- 
cal effects from X -rays emitted from faulty television 
receivers is vanishingly small 

Something's got to give 

The various radio services' needs for chunks of the 
crowded spectrum are putting increasing heat on the 
sprawling TV band. Mobile radio desperately requires 
breathing space, and its users have their eyes on the lower 
uhf TV band, particularly channels 14 to 35. Most pro- 
posals envision the use of this space on a shared basis with 
TV broadcasters. The latest voice to be heard is that of 
Secretary of Transportation Alan Boyd. Noting that many 
uhf TV channels are still vacant, he has proposed that 
unused frequencies be leased to the land -mobile services 
until the assigned TV station is ready to go on the air. 
Many more mobile systems could be accommodated- 
one TV channel can support 240 radio channels. R -E 

RADIO- ELECTRON ICS 

www.americanradiohistory.com

www.americanradiohistory.com


Radio -Electronics 
May 1968 Over 60 Years of Electronics Publishing 

NEW FEATURE 
Looking Ahead 
Current happenings with future overtones 

2 ... David Lachenbruch 

AUDIO 
Installing An Intercom /Music 

System In An Existing Home 38 Gary Wayne 
They said it couldn't be done 

Get Started In Commercial Sound 42 Len Buckwalter 
Now you can break the sound barrier 

Big Boom In Sound 46 ... Arthur Cunningham 
New designs, new concepts, shattered eardrums 

Feedback Quirks 51 Norman H. Crowhurst 
feed- forward can overcome feedback 

CONSTRUCTION PROJECTS 
Build Stereo FM Multiplex Generator 
A quality instrument 

Vibrating -Wire 
Audio Filter And Oscillator 

As sharp as it can be 

Build A Panic Button 
Not too loud, but an attention getter 

Get in on the new boom in sound. It's not what it 
used to be -new portable earsplitting equipment in- 
cludes close -talking microphones, high - powered am- 
plifiers and shatterproof speakers. 

32 Kenneth F. Buegel 

52 John C. Rankin 

VERT. 
osc. 

t\ i 

\ 8 2PF 

58 Tommy N. Tyler 

SERVICING 
In the Shop ... With Jack 16 Jack 
Bench talk 

Service Clinic 70 Jack Darr 
QCA 

How to Signal -Trace Transistor TV 36 Matthew Mandl 
Cut and try minimized 

TV Service Puzzle 
For SHARPSHOOTERS Only 60 William Darragh 

Don't peek at the solution 

GENERAL ELECTRONICS 
Operational Amplifier Basics 54 Thomas H. Lynch 

Op -Amp Glossary 84 
Some Op -Amp Manufacturers 85 
Equipment Report Knight -Kit 68 Wally Marshall 
Solid -State Power Inverter/Charger Model KG -666 

See page 46 

Components closely knit 
to printed circuit boards 

resist separation 
without destruction. The 

finer the isolation of 
trouble, the less the 

destruction. 

Ses page 36 

Solid state stereo FM 
multiplex generator 

features audio 
preamplifiers with 

built -in pre- emphasis, 40 
to 50 dB channel 

separation, hum and 
noise down 52 dB from 

reference output and 
simple construction. A 
printed circuit board is 

available. 

See page 32 
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CALL 

LOOKING FOR 

MINIATURE 
ELECTROLYTIC 

CAPACITORS 

AEROVOX 

d 
CRE - MINIATURE ALUMINUM 
CASED ELECTROLYTICS 
The modern replacement for a 
wide range of low- voltage, com- 
pact devices like transistor radios, 
hearing aids and tape recorders. 
Values from 1 mfd to 500 mfd, 
rated from 3 to 150 volts. 

BCD - UPRIGHT MOUNTING 
BAKELITE CASE ELECTROLYTICS 
The natural choice for solid -state 
equipment where printed wiring 
and tightly- cramped circuits make 
space a premium.BCD uprights are 
available in all popular capacities 
and working voltages from 3 volts 
to 50 volts. 

PTT - AXIAL LEAD PLASTIC 

CASED ELECTROLYTICS 
Small in size - Big in perform- 
ance! Second only to metal cans 
in no leak" reliability. Voltage 
ratings and capacities to suit any 
replacement need. "Polycap" cases 
permit reliable operation from 
-30 °C to +65 °C. 

NEW AEROVOX AK530 
ELECTROLYTIC CAPACITOR KIT 

20 popular Type EKA upright 
mounting, plastic -cased mini- 
ature lytics in values from 1 

to 500 mfd and voltages from 
3 to 50 VDC. Perfect 
for those transistorized 
circuits in radios, re- 
corders, musical Instu- 
ments, etc. Packaged 
In compact, plastic box 

that fits In tube caddy. Assortment contains $28.00 
worth of capacitors and dealer cost is only $7.95. 

Available from your local 
Aerovox Distributors 

(E,ROL: Hi- ® AEROVOX 
C O R P O R A T I O N 

DISTRIBUTOR SALES, New Bedford, Mass. 02741 

Circle 9 on reader's service card 

NEWS BRIEFS 
BRIGHTEST COLOR PICTURE 

A new color TV picture tube de- 
veloped by Sylvania is claimed 23% 

to 69% brighter than other picture 
tubes. Several advances have contrib- 
uted to the new tube, including im- 
proved phosphors, a new electron gun, 
a new temperature -compensated mask, 
and an advanced method of dusting 
phosphors onto the faceplate. 

Photo shows a Sylvania engineer 
measuring brightness of the new tube. 

NO- WINDING TRANSFORMER 

Using the piezoelectric ceramic 
(PCM) characteristic, Matsushita 
Electric has developed a new TV high- 

of a conventional flyback transformer. 
Photo shows transistor TV set 

using new PCM transformer (left); 
next to it is the same size set using a 
conventional flyback. 

CARBON TET BAN SOUGHT 

The Federal Food and Drug Ad- 
ministration has proposed that carbon 
tetrachloride be banned from inter- 
state commerce. The agency recom- 
mended that the chemical -and mix- 
tures containing it -be banned as 
hazardous to health. Also prohibited 
would be the use of carbon tet in fire 
extinguishers. 

FDA cited the danger of inhaling 
carbon tet fumes, which can cause 
death or serious injury to internal 
organs. 

MICROWAVE COOKING 

A 16 -pound turkey normally 
takes about 4 hours to cook in a con- 
ventional oven, but by using the new 
RCA FE2100 tube cooking time can 
be cut down to a little more than an 

voltage transformer with no wind- 
ings. An ac voltage of 200 volts ap- 
plied to the driving section of new 
PCM transformer causes it to vibrate 
mechanically. Unit then produces a 

high voltage of 10,000 to 12,000 
volts. It is 1/5 in size and IA in weight 
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hour. Only the food gets hot; the 
utensils remain cool. Tube operates at 
915 MHz, requires only 20 seconds 
warmup and does without the heavy 
magnet structure employed in the 
formerly used magnetrons. 

RADIO -ELECTRONICS 
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MONSTER FIRE BOTTLE 

Who says vacuum tubes are obso- 
lete? Not ITT Electron Tube Division, 
which bas developed the world's most 
powerful single triode. The tube (see 
photo) has a plate dissipation of 390 

kW, filament current of 1,025 amps 
(at 29 volts) and weighs more than 
300 lb. 

The gigantic thermionic- emission 
device can deliver 90- megawatt peak 
pulses as a hard -tube radar modulator 
driving a klystron. The tube can also 
be used in a nuclear research particle 
accelerator. 

ARMED FORCES DAY 

MILITARY /AMATEUR TESTS 

The annual Armed Forces Day 
military -to- amateur cross -band tests 
will be conducted on May 18, 1968. 
Certificates of merit will be awarded 
to persons submitting a perfect copy of 
the message from the Secretary of 
Defense that will be broadcast during 
the tests from 0900 May 18 to 0245 
May 19 (GMT). 

In addition, the Naval Communi- 
cations Station in Washington, D.C., 
will be open for area amateurs who 
wish to participate in the test trans- 
missions. 

Initially, military stations will 
listen for calls from amateur stations 
within amateur bands. Since this is a 
test of military-to- amateur communi- 
cations, no traffic handling or message 
handling will be permitted. Contacts 
will be limited to brief exchanges of 
location and signal reports. 

Transmission of radioteletype 
and CW receiving contests will begin 
at indicated times with a 10- minute 
CQ call to permit participants to ad- 
just equipment. The CQ will be fol- 

MAY 1968 

lowed immediately by the message 
from the Secretary of Defense. 

Navy station NSS in Washington, 
D C., will transmit 25 wpm CW on 
3357, 4015, 7301 and 14,480 kHz 
during the test period. A 14.0 -14.2- 
MHz CW broadcast of the Secretary's 
message will start at 2300 (EDST) 
May 18. 

Radioteletype transmissions will 
be made at 60 wpm on 4012.5 and 
7380 kHz. NSS will listen for re- 
sponses on 3.60 -3.65, 7.0 -7.05, 
7.1 -7.15 and 14.05 -14.10 MHz. Ra- 
dioteletype broadcast of the Secre- 
tary's message will begin at 2335 
(EDST) May 18. 

Additional send frequencies in- 
clude 4040 kHz (SSB) and 14,386.5 
kHz (USB). Additional receive fre- 
quencies include 3.8 -4.0 and 14.2- 
14.35 MHz. 

Provided it is consistent with op- 
erational and training commitments, 
radioteletype via audio- frequency- 
shift keying will be transmitted on 
143.820 MHz from a Navy aircraft 
flying between Washington, D.C. and 
Boston during a major portion of the 
test. 

Copies of the Secretary's message 
and QSL cards should be sent c/o 
Commanding Officer, US Naval Com- 
munications Station, Washington, 
D.C. 20390 

DIAL -A -CLASS 

Students at Tyler (Texas) Junior 
College will be using new individual 
study centers (see photo) this fall 

when RCA's "Select -A- Lesson" dial - 
access system goes into operation. 
User looks up course number in di- 
rectory, dials number, receives visual 
and aural program material from cen- 
tral tape processor. 

ELECTRONIC TRIPS 

A technique borrowed from air- 
craft pilot training, driving simulation 
is being used to determine what can 

be done in an emergency on the road. 
General Motors engineers have .coor- 
dinated visual and aural information 
(film and tape) which is fed into an 
electronic control console. Passenger 
compartment moves in response to 
driver's manipulation of the steering 
wheel, accelerator and brake pedal. 

ELECTRONIC NIGHT WINDOW 
A foot -square screen behind the 

windshield of a plane may soon give 
aircraft pilots their first clear, realistic 
view of night- darkened terrain. 

The system uses an image- intensi- 
fying TV camera tube to pick up the 
scene ahead of the aircraft. As the 
photo shows, the video image is then 

projected on the screen behind the 
windshield. To the pilot, the video 
images have the same depth, size and 
realism as daylight scenes and appear 
as real objects in their true positions. 
Since the system emits no radiation, it 
cannot be detected and jammed. 

System, developed by Kollsman 
Instrument Corp. for the Army, is 
being tested at Fort Belvoir, Va. R -E 
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Delta Launches the 

OvWUTAU°* 

The 
Great 
One! 

orrespondence 

*An exclusive computer - 
tachometer for precise RPM 
measurement in easy -to- 
build Kit form! 

Delta, pioneers in CD ignition who pro- 

duced the fabulous MARK TEN.', now offer 

a precise computer- tachometer which obso- 

letes any type tachometer on the market 

today! You achieve unbelievable accuracy 

in RPM readings due to the advanced, 

solid -state electronic matched components 

used in the computer, coupled with the 

finest precision meter in the world. Works 

on all 2, 3, 4, and 6 cylinder 2 cycle and 

with 4 -6 -8 cylinder -4 cycle 12 volt engines. 

0 -8000 RPM range 

Perfect linearity - zero paralax 

Adjustable set pointer 
Wide angle needle sweep 

Translucent illuminated dial 

Chrome plated die -cast housing 

A All -angle ball & socket mounting 

Use it with ANY ignition system 

A Meter: 31/4" dia. X 33/e" deep 

A Calibration kit included, no test eqpt. 
needed. 

Orders shipped promptly. 
Satisfaction guaranteed. 

DELTA PRODUCTS, INC. 

Send check today! 
P.O. Box 1147 RE / Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

COMPUTACH k' Kits Cc, $29.95 ppd 
Sold in Kit Form ONLY! 

Name 

Address 

City /State Zip 

Circle 10 on reader's service card 

J 

TECHNICIAN DEVELOPMENT 
PROGRAM 

In News Briefs (January, 1968) 
there is an article entitled, "Techni- 
cian Development Program." I am an 
instructor in a new vocational techni- 
cal school in Chillicothe, Mo., and I 
would like to contact the E.I.A. about 
their films and seminars. What is their 
address? Also, can you give me the 
name and address of a professional 
organization now noted for activity in 
the Electronics field? 

ROBERT J. CHENOWETH 
Trenton, Mo. 

Robert, E.I.A. offices are at 2001 Eye 
St., N.W., Washington, D.C. There are 
several national organizations of elec- 
tronics technicians. NATESA, 5908 S. 

Troy St., Chicago, Ill., 60629 is one of 
them. Why not contact Otto Horak, 
President of TESA of St. Louis, Mo., 
at 4933 Delmar. 

AC -DC CALIBRATOR 
The "AC /DC Calibrator for 

Scope and Voltmeter ", (February, 
1968) was recently completed. Prob- 
lems followed. The unit performs per- 
fectly on dc, but not on ac. I am trying 
to calibrate a Heath IM -13 VTVM 
which measures rms and a Simpson 
260 which is also in rms units. The 
meters work properly, but the read- 
ings are way off. If I apply 100 volts 
ac peak -to -peak to my voltmeter and 
adjust the calibration potentiometer 
so that the meter reads 50 -volts rms, 
and then use the meter to check the 
117 -volt ac line, I get a 155 -volt read- 
ing. The power company assures me 
this is not so. 

DR. JACK STROM 
Munster, Ind. 

Your procedure is correct, but the 
rms voltage of the 100 volt peak -to- 
peak source is 35.4 not 50. (Sutheim 
must have been measuring his pulse 
rate at the time.) A sharp spiked 
waveform has very little rms voltage 
and in this case it would be better to 
predetermine what it actually is, by 
measurement with another properly 

(continued on page 12) 

6 RADIO- ELECTRONICS 

Radio -Electronics 
200 PARK AVE. SOUTH 
NEW YORK, N. Y. 10003 

HUGO GERNSBACK (1884 -1967) 
founder 

M. HARVEY GERNSBACK, publisher 
ROBERT CORNELL, editor 
Robert F. Scott, W2PWG, senior editor 
John R. Free, associate editor 
Jack Darr, service editor 
I. Queen, editorial associate 
Matthew Mandl, contributing editor 
David Lachenbruch, contributing editor 
Linda Albers, assistant to editor 
Wm. Lyon McLaughlin, 

technical illustration director 
Bruce Ward, production manager 
Sandra Esteves, production assistant 
G. Aliquo, circulation manager 

Cover by Harry Schlack 

RADIO -ELECTRONICS is published by 
Gernsback Publications, Inc. 

President: M. Harvey Gernsback 

Vice President- Secretary: G. Aliquo 

ADVERTISING REPRESENTATIVES 
EAST 
John J. Lamson, 
RADIO -ELECTRONICS, 200 Park Ave. South 
New York, N.Y. 10003, 212- 777 -6400 

MIDWEST /N. &S. Car., Ga., Tenn. 
Robert Pattis, the Bill Pattis Co., 4761 West 
Touhy Ave., Lincolnwood, Ill. 60646, 
312 -679 -1100 

W. COAST /Texas /Arkansas /Oklahoma 
J. E Publishers Representative Co., 8380 
Melrose Ave., Los Angeles, Calif. 90069, 
213 -653 -5841; 420 Market St., San Francisco, 
Calif. 94111, 415- 981 -4527 

UNITED KINGDOM 
Publishing & Distributing Co., Ltd., Mitre 
House, 177 Regent St., London W.1, England 

SUBSCRIPTION SERVICE: Send all subscrip- 
tion correspondence and orders to RADIO - 
ELECTRONICS, Subscription Department, 
Boulder, Colo. 80302. For change of ad- 
dress, allow six weeks, furnishing both the 
old and new addresses and if possible 
enclosing label from a recent issue. 

MOVING? tion? Be sure to fill out 
form below. 
For FASTEST service on address change, missing 
copies, etc., attach old mailing label in first 
space below. Otherwise please print clearly your 
address as we now have it. 
OLD ADDRESS (Attach old label if available) 

Or writing about subscrip- 

Name 

Address 

City State 

Zip Code 

NEW ADDRESS 

Name 

Address 

City State 

Zip Code 

Mail to: RADIO -ELECTRONICS 
Subscription Oeot. Boulder, Colo. 80302 

www.americanradiohistory.com

www.americanradiohistory.com


'VHtüt1DBOOK 
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ELECTRIC 
MOTOR 
TEST. 
REPAIR : 

See These 0-TAB Books at Your Parts Jobber! 

Save $4.10 on Transistor library 
This complete 

s +. - - 8- volume Li- , brary covers 
facet every 

of transistor 
`;Atechnology - 
from basic 
theory to ad- 
vanced ser- 

vicing techniques and practical de- 
vices you can build and use. More than 
1,300 pages packed with the latest in- 
formation on transistor theory and 
practice offers you the opportunity for 
a more secure future in electronics 

at a substantial savings! 
Transistors -Theory & Practice $2.95 
Transistors $1.95 
New Skill- Building Transistor 
Projects and Experiments $2.95 
Basic Transistor Course $4.10 
Transistor Circuits $2.75 
Transistor Projects $2.90 
Getting Started with Transistors $3.95 
Transistor Techniques $1.50 
Ordered separately, these eight books 
retail for $23.05. You can save $4.10 
on the special 8- volume combo. 
Order Th-8 Only $18.95 

VHF HAM RADIO HAND- 
BOOK by Ed MacKin- 
non. Tells you how to 
get on the air quickly 
and inexpensively to 
join the growing ranks 
of VHF'ers everywhere. 
Describes easy -to -build 
transmitting gear, an- 
tenna systems, and 
other necessary equip- 
ment. Explains how to 

modify existing gear for 6 and 2 meters, 
on up to 1300 MHz! Deals with every facet 
of operation on VHF bands. 160 pps. Paper. 
Order No. 460 only $3.95 

PRACTICAL COLOR TV 
SERVICING TECH- 
NIQUES: Loaded with 
easy methods and doz- 
ens of case histories 
on locating and repair- 
ing problems in both 
old and new color sets. 
Discusses new portables 
and solid -state re- 
ceivers only recently in- 
troduced! Learn new 
techniques for isolating 

troubles. 304 pps; 230 illus; 8 -p. sche- 
matic foldout; Dozens of full-color photos. 
Order No. 436 only $4.95 

RADIO NEWS HAND- 
BOOK- Provides a solid 
grounding in radio 
news basics, mechanics 
and style ... plus de- 
tails on how a radio 
newsroom works. Covers 
news sources, mobile 
news, ed torials, etc. 
176 pps. Hardbound. 
No. 216 only $7.95 

ELECTRONIC ENGI- 
NEERING MEASURE- 
MENTS FILEBOOK: -A 
single source of meas- 
urement principles and 
practices. One of the 
most complete collec- 
tions of i -s type avail- 
able today, containing 
60 complete "How-to - 
Measure" sections. 25E 
pps. Paper. 

$4.95 

J 
Order No. T -131 

t 

SERVICING TV RE- 
CEIVER CIRCUITS- 
Just the kind of "how - 

a to- do -it" handbook 
every practicing TV ser- 
vice technician should 
have. Contains the TV 

` ,d- service data - most 
needed for trouble- 
shooting both mono- 
chrome and color re- 

"° . ceivers, all in one 
handy volume. Practical 

data which can be used in the home or at 
the service bench. 224 pps. Paper. 
Order No. 414 $2.95 

MAY 1968 

SAVE $5.00 ON PREPUB OFFER! 
ELECTRONIC CIRCUIT 
DESIGN HANDBOOK - 

tret 2nd Rev. Edition- Now 

15O 5laN contains over 500 test- 
ed and proven circuits Oft for all types of func- 
tions. Over 25% new 
material. GIANT 320 -p. 
81/2 x 11" book. The 
answer to the need for 

-an organized gathering 
of proven circuits. Con- 

tains over 600 diagrams, waveforms and 
illus. 320 pps; 81/2 x 11 ". Hardbound. 
No. 101; Reg. Pr. $14.95; Prepub $9.95 

RADIO- CONTROL MAN- 
UAL (REVISED EDI- 
TION) By Edward L. 
Safford, Jr. Completely 
revised with 70% 
new material, this 
long -time favorite has 
been brought up -to- 
date. Principles of 
radio- controlling model 
planes, boats, cars, 
etc., from super sim- 
ple to super sophisti- 

cated. Circuits (tubes and transistor) that 
you can build and use. 192 pages. Paper. 
Order No. G -135 only $3.95 

i 

included on dead sets, 

EASY WAY TO SERVICE 
RADIO RECEIVERS: A 
long- needed new book 
devoted exclusively to 
servicing standard AM 
receivers. Tells how to 
diagnose and correct 
troubles in any kind 
of tube or transistor 
set. Virtually every pos- 
sible circuit defect is 

noisy reception, hum, 
distortion, and intermittents. 192 pps; 10 
Ch.; over 100 Schematics & photos. Paper. 
Order No. 429 only $3.95 

PIN -POINT TV TROU- 
BLES IN 10 MINUTES: 
A MAMMOTH, quick - 

answer guide to over 
700 TV circuit troubles. 
Contains 63 large -size 
photos of different 
picture -troubles, keyed 
to trouble- finding charts 
to help you pinpoint 
over 700 probable de- 
fects, you can pinpoint 
almost any TV circuit for 

probable causes for defects. 372 pps., 394 
illus. 160 waveforms; 18 Ch. Paper. 
Order No. 428 only $4.95 

ELECTRIC MOTOR TEST 
& REPAIR: A practical, 
time -saving workshop 
book of essential data 
on all phases of re- 
winding and testing 
fhp motors. A must for 
motor repairmen! 160 
pps. 
Order No. T -97 

only $6.95 

BROADCAST ANTENNA 
SYSTEMS HANDBOOK: 
Practical guide to all 
type and styles of 
broadcast antennas. 
Covers preparing FCC 
data, designing, engi- 
neering, improving cov- 
erage, measurements, 
etc. Comb- bound. 
No. T -44 only $7.95 

TV TROUBLES 
IN 10 MINIMS 

ANIMN1410 
SVST6MM 
HANOIMOOK 

FET APPLICATIONS 
HANDBOOK: Chock -full 
of current, practical 
FET circuit design data! 
Includes latest info on 
FET types, parameters, 
and characteristics, 
and operational modes. 
Covers linear applica- 
tions, chopper and 
switching circuits, in- 
tegrated circuits, and 
photo -FETS. Includes 

many basic circuit descriptions. 23 Chap- 
ters; 228 pages; 225 illus. Hardbound. 
Order No. 240 only- $12.95 

SAVE $2.00 ON PREPUB OFFER! 
HANDBOOK OF SEMI- 
CONDUCTOR CIRCUITS -A GIANT collection - 
448 pages -of 124 
transistor circuits which 
contains literally- hun- 
dreds of diagrams, 
schematics and illustra- 
tions. Includes data 
for amplifiers, logic and 
switching circuits, osci- 
lators, power supplies, 

and many more! An invaluable collection 
of practical circuits. 448 pps; 6 x 9 ". 
No. G -30; Reg. pr. $7.95; Prepub $5.95 

SAVE $2.00 ON PREPUB OFFER! 
ELECTRONIC ENGI- 
NEERING NOMO- 
GRAMS- Contains well 
over 100 nomograms 
based on frequently 
used equations. Helps 
you solve a wide range 
of problems quickly 
and easily. Large -size 
charts assure depend- 
able results and elimi- 
nate uncertainty. Saves 

your time by eliminating math computa- 
tions. 176 pps; 81/2 x 11 "; Hard -bound. 
No. 254; Reg. pr. $9.95; Prepub $7.95 

Et [CTA'XJIC 
ENGÍNEERWG 
NOMOGRAMS 

/1100 
00 

NEW WAYS TO DIAG- 
NOSE ELECTRONIC 
TROUBLES, by Jack 
Darr. Looking for new 
ways to diagnose trou- 
ble in radio, TV, and 
electronics circuits? 
Well, here they are - 
condensed into a 288 - 
page volume! You'll lit- 
erally chop trouble- 
shooting time to the 
bone when you put 

these new methods into action. 288 pps; 
15 ch; Heavily illus. Paper. 
Order No. 427 only $4.95 

PINPOINT TRANSIS- 
TOR TROUBLES IN 12 
MINUTES: A GIANT of 
a book -495 pages 

a virtual library of 
practical data of value 
to everyone who works 
with transistor circuits. 
Here is a unique ser- 
vicing text you can put 
to immediate use on 
home -entertainment or 
industrial type equip- 

ment. A servicing reference for all types 
(over 100) of transistor circuits. Hardbound. 
Order No. 430 only $6.95 

ELECTRONIC DESIGN- 
ER'S HANDBOOK: A 
296 -p. practical guide 
to transistor circuit de- 
sign -the best ever 
written for the engi- 
neering tech. Contains 
much unpublished ma- 
terial. 200 illus. Paper. 
No. 228 only $4.95 

Ne.mmdMrou 

4e 
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PROCEEDINGS OF 1967 
NAB ENGR. CONFER- 
ENCE: Vital source of 
ideas to help radio and 
TV broadcasters keep 
pace with tomorrow. 
Covers eqpt., measure. 
ments, color TV, main- 
tenances. 256 pps; 
81/2" x 11 ". 
No. T -140 only $10.00 

I Save $4.85 on Databook Library 
Here is the 
first place to 
look for au- 
thoritative 
answers to 
your toughest 
electronics 
problems - 

/- whether you 
are working with theoretical applica- 
tions or practical projects. You focus 
quickly on the answers you want, re- 
ducing hours of figuring to seconds. 
The great value of these detabooks is 
in their organization. You'll keep them 
at your elbow continually . to 
save time, effort, and trouble. 
Charts & Nomographs for 
Electronics Technicians 
and Engineers $5.95 
The Handbook of 
Electronic Tables $4.95 
Electronic Design Charts $5.95 
Electronics Data Handbook $4.95 
Buy all four volumes at the special 
money- saving combination price . 
a $4.85 discount from the regular list 
price of $21.80. 
Order DL -4 Only $16.95 

7 HOW TO USE YOUR 

UM' 
LOSCOPE: & Ok 

UM, ,} 
LOSCOPE: 3 books in 
ONE! Ideal guide for 

ta5CV10SCtM anyone who wants to 
brush up on the VOM, 
VTVM, and scope. 
Whether you want to 
know just how each in- 
strument works, or how 
it can be used most ef- 
fectively in everyday 
applications, this vol- 

ume contains the answers. 192 pps; 13 
Chapters; scores of illus. Paper. 
Order No. 438 only $3.95 

TEN-MINUTE TEST 
TECHNIQUES FOR 
ELECTRONICS SER- 
VICING: Describes how 
trouble in any piece of 
electronic equipment 
may be pinpointed 
quickly and easily. 
Step -by -step techniques 
for localizing trouble to 
an improperly operating 
stage and then to the 
defective component it- 

self, using a minimum of test equipment. 
176 pps., 125 illus. Paper. 
Order No. 424 $2.95 

THE MAN BEHIND THE 
MIKE: 288 page guide 
to professional broad- 
cast announcing. Con- 
tains literally hundreds 
of practical, down -to- 
earth pointers -offers 
practical help on every 
phase of announcing! 
Hardbound. 
No. 266 only $9.95 

CATV SYSTEM ENGI- 
NEERING: 2nd Edit. of 
the accepted technical 
standard on CATV -all 
about planning, design- 
ing and operating 
CATV. Covers newest 
solid -state eqpt. 224 
pps; 140 illus.; 13 
Chapters. Hardbound. 
No. T -98 only $12.95 

srrtrsssq 
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NO RISK COUPON - MAIL TODAY 
TAB Books, Blue Ridge Summit, Pa. 17214 
Please send me the books listed below: 

I enclose $ (Save postage by remitting with order) 
Please invoice on 10 -day FREE trial 

Name 

Company 

Address 

City State Zip 
NOTE: Prepublication price offers expire 6/30/68. RE 58 J 
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Discover the ease and 
excitement of learning 
Electronics with 
programmed equipment 
N e w, train sends you withWhen your 

you 
hands 
train at 

as well 
hom 

as 
ith 

your 
NRI 

headyou . You 

learn the WHY of Electronics, Communica- 

tions, TV -Radio the NRI pioneering "3- Dimensional" way. NRI training is the result of more than 

half a century of simplifying, organizing, dramatizing subject matter, and providing 

personal services unique for a home study school. You get the kind of technical 

training that gives you priceless confidence as you gain experience equal to many, g Y p I 

many months of training on the job. 

NRI- The 53 Year Leader in Electronics Training 

APPROVED UNDER 
NEW GI BILL If you served 
since January 31, 1955, or are in ser- 

Vice, check GI line in postage -free card. 
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Earn $5 or more an hour 
spare or full time in 

TV- RADIO 

SERVICING 
Color Television has arrived. Sales 
are soaring, along with the continu- 
ing popularity of other home enter- 
tainment equipment like portable 
radios, tape recorders, hi -fi sets, 
phonographs and auto radios. TV- 
Radio servicing is one of your best 
routes to spare -time earnings, a 

good paying job or a business of your 
own. NRI not only trains you quickly 
and expertly, but also shows you 
how to get started in Servicing soon 
after you enroll, earning as you 
learn. NRI trains you in today's 
methods of installing and repairing 
all Electronic equipment for the 
home -including booming Color TV. 
You even build, experiment with and 
keep to enjoy your own solid -state 
radio and your choice of black -and- 
white or Color TV receiver. Like 
thousands of others, you can be 
earning $5 or more an hour extra in 
spare time starting soon. 

There's money and 
success awaiting you in 

BROADCASTING - 
COMMUNICATIONS 
The experience you gain from in- 
tensely practical NRI training in 
Complete Communications equals 
as much as two years of training on 
the job. With NRI, you can train for a 

choice of careers ranging from mo- 
bile, marine and aviation radio to 
TV broadcasting and space commu- 
nications. You learn how to install, 
maintain and operate today's re- 
markable transmitting and receiving 
equipment by actually doing it. You 
build and experimentwith test equip- 
ment, like a VTVM you keep. You 
build and operate amplifier circuits, 
transmission line and antenna sys- 
tems, even build and use a phone -cw 
transmitter suitable for transmission 
on the 80 -meter amateur band. 
Whichever of five NRI Communica- 
tions courses you choose, you pre- 
pare for your FCC License exams, 
and you must pass your FCC exams 
or NRI refunds your tuition in full. 

Move ahead in America's 
fast growing industry as 

ELECTRONICS 
TECHNICIAN 
Electronics touches everyone's lives. 
This vast field of opportunity is open 
to you with NRI training. Industrial/ 
Military Electronics training -like all 
NRI courses -prepares you quickly, 
thoroughly the practical "hands on" 
way. You build with, and learn to un- 
derstand the functions of, today's 
miracle solid -state components like 
printed circuits, diodes and transis- 
tors. You build and experiment with 
Electronic circuitry used in automa- 
tion, data processing, ultrasonics, 
telemetry. Whatever your interest in 
Electronics, NRI training can fill your 
needs. Prove to yourself what nearly 
a million NRI students could tell you 
... that you get more for your money 
from NRI. Check the postage -free 
card and mail it today for your FREE 
NRI Color Catalog. No salesman will 
call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, 
D.C. 20016. 

YOU GET MORE FOR YOUR MONEY FROM NRI_ Build, test, 
explore, discover. Everything you see here is included in one NRI course -including Color TV. Other 
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit, 
dollar for dollar -you get more 
for your money from NRI. 
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Experts say this is 
the best integrated turntable 

in the world. 

Too bad everybody doesn't know that. 
In the Thorens TD150AB, the tonearm and turntable have a unified suspension, 
minimizing vibration and acoustic feedback. Speeds of 331/3 and 45 rpm are 
derived from a Thorens double motor on a single rotor shaft, turning at the 
unusually low speed of only 425 rpm. 
The result is completely silent and absolutely precise operation. Such factors 
as rumble and wow are virtually eliminated. An exclusive low mass, plug -in 
shell, adjustable vertical tracking angle, pneumatic tonearm cueing or lower- 
ing device, a handsome slim line chassis are among the many features that 
make this instrument a proud possession for any enthusiast. TD-150AB; $99.75. 
(Also available without tonearm & base - TD-150) 

For more details and a FREE Record Omnibook, see your hi -fi dealer, or 
write ELPA MARKETING INDUSTRIES, INC., NEW HYDE PARK, N. Y. 11040 

THO EIV TD-15O AB 

Circle 13 on reader's service card 

NOW! Solve Electronics Problems 
fast with New Patented Slide Rule. 

t)i 

That's right! This amazing new Electronics 
Slide Rule will save you time the very first 
day you use it. It's a patented, all -metal 10" 
rule that features special scales for solving 
reactance, resonance, inductance and cir- 
cuitry problems . an exclusive "fast - 
finder" decimal point locater ... widely - 
used formulas and conversion factors for 
instant reference. And there's all the stand- 
ard scales you need to do multiplication, 
division, square roots, logs, etc. 

Best of all, the CIE Electronics Slide Rule 
comes complete with an Instruction Course 

of four AUTO PROGRAMMED'lessons. You'll quickly 
learn how to whip through tough problems 
in a jiffy while others plod along the old - 
fashioned "pad and pencil" way. 

Electronics Slide Rule, Instruction Course, 
and handsome, top -grain leather carrying 
case ... a $50 value for less than $25. Send 
coupon for FREE illustrated booklet de- 
scribing this Electronics Slide Rule and 
Instruction Course and FREE Pocket Elec- 
tronics Data Guide. Cleveland Institute of 
Electronics, 1776 E. 17th St., Dept. RE- 
152, Cleveland, Ohio 44114. 

*TRADEMARK 

GET BOTH FREE! 

Send 
coupon 
today-+ 

Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. RE -152, Cleveland, Ohio 44114 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 

promptly and get FREE Pocket Electronics Data Guide too! 

NAMF 
(Please Print) 

ADDRESS COUNTY 

CITY STATE ZIP 

A leader in Electronics Training...since 1934 
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CORRESPONDENCE 

(continued from page 6) 

calibrated rrns reading voltmeter or by 
following the scope comparison pro- 
cedure as described in the article. 17 
HEATHKIT VOM EQUIPMENT REPORT 

Thanks for the kind words on the 
1M -25 "Equipment Report: Heathkit 
1M -25 Solid -State Vom," (March 
1968). They are appreciated. I'm 
sending Mr. Tom Haskett a new 
probe. They are a bit tricky. Spring 
adjustment helps. By the way, you 
don't have to remove the cabinet back 
to replace batteries. Just take the bot- 
tom shell off, loosen 2 screws on the 
hack panel and the battery holders 
drop out. The "unknown" engineer 
was E. A. (Bud) Taylor. 

EARL F. BROIHIER 
Mgr. Adv. & Sls. Promotion 

Heath Company 
Benton Harbor, Mich. 

. . . The old VOM habit (erroneous- 
ly carried over into VTVM use) of 
checking ohms zero with probes short- 
ed, and then resetting full scale ohms, 
is a hard one to break! Thus, checking 
zero volts or by shorting the probes on 
a high ohms range should result in 
quite accurate readings. The footnote 
on Page 37 of the instrument's manual 
outlines a method for somewhat great- 
er accuracy by splitting the non -lin- 
earity errors. Also, there should be no 
need for frequent adjustment because 
the ohms supply is regulated. 

BJORN HEYNINO 
Chief Engineer, Instruments 

Heath Company 
Benton Harbor, Mich. 

Tom reports that the new probe works 
fine, and the battery can be installed 
by loosening 2 screws on the back 
panel. Maybe it is better to get the 
ohms control off the front panel, but 
Torn says he is a diehard stick -shift 
man. 

TIME SIGNALS 

1 sometimes calibrate shortwave 
receivers and have found the WWV 
signals on 2.5, 5, 10, 15, 20 and 25 
MHz useful. But, recently I noticed 
their signal strength has dropped con- 
siderably and I have a hard time zero- 
ing in a receiver on them. Can you 
offer an alternate? 

PAUL NORMAN 
New York, N.Y. 

In late 1966, WWV moved from 
Greenbelt, Md., to Fort Collins, Colo., 
which would explain weak signals on 

(continued on page 14) 
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We've rectified 
high - voltage rectifiers. 

How it used to be. 

Take a look at our new "Posted filament" design. 
There's no delicately suspended heater- cathode 

system. There's no need to heat up a metal sleeve 
and then an oxide coating. 

It takes less than a second for the 3CU3 to start 
rectifying full swing. 

In case of a break, there's no way for the 3CU3's 
filament to fall against the anode, creating a short 
and knocking out other components in the circuit. 

The 3CU3's filament is always perfectly centered. 
It emits electrons uniformly in every direction. From 
a much larger surface than in the old design. There's 
no suspension post in the way to create an "electron 
shadow" that cuts down the plate current. 

The uniform electric field around the rigid support 
reduces high voltage stresses. Arcing and its result- 
ing troubles are eliminated. 

The 3CU3 is interchangeable with 3A3 and 3A3A 

MAY 1968 

Our new 3CU3 

high voltage rectifiers. And it's made 
exclusively by Sylvania. 

The 3CU3 is just one of a new 
"posted filament" family which in- 
cludes the .new 3BL2 and 3BM2. 
They're designed for use in new color 
TV sets. These tubes are especially 
good for transistorized TV where 
their fast warm -up fits in with the 
` `instant on" feature of solid state 
circuitry. 

The new construction has higher 
reliability and longer life and should 
give you fewer and less troublesome 
callbacks. 

SYLVAN JA 
^6ÉRIÉRALTELEPHONE & ELECTRONICS 

Circle 15 on reader's service card 

From the outside 
you can hardly 
tell it's changed. 
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© 1968, H.H. Scott, Inc. 

See your 
Scott dealer 

and review the 
new LT- 112B -1 for yourself. 

Only $199.95. Matching 
120 -Watt LK -60B amplifier 

kit, only $199.95, 

CaSCOTT 
H.H. Scott, Inc., Maynard, Mass. 01754 Dept. 570-05 

Circle 100 on reader's service card 

Now... the 
most enjoyable, 
most rewarding 
electronic 
kit project 
of your life 

a Schober 
Electronic Organ! 
The cilyli2'd!%L 62 Corporation 

43 West 61st Street, New York, N. Y. 10023 

IIAD YOUR FILL of amplifier kits, receiver 
kits, meter kits, all the conventional kits? 
Then go to work on the biggest, most fascinat- 
ing kit of them all -and end up with a finer 
musical instrument than you could buy for 
twice the price. The Schober Theatre Organ 
at left, for example, plus Schober's self- teach- 
ing music courses, lets you participate in mu- 
sic, not just listen to it. This is one electronic 
project the wife and kids will encourage - 
because it's for them, too! It contains the best 
components available- thousands of them - 
plus the kind of unmistakable, step -by -step 
instructions you've dreamed of and Schober 
is famous for. 

The Theatre Organ (left) costs just $1550 
if you use your own amplifier and speaker 
system, and you can pay as you build to 
spread out the cost. There are three other 
Schober Organ models, too, starting at $645. 
Each one includes every bit and piece you 
need, including a magnificent walnut console 
-unless you want to build your own wood- 
work and save even more. And each model 
has the kind of pipelike tonal variety you 
don't often find in electronic organs. The 
free Schober color catalog has lots of pictures 
and data; and for 250 we'll send you 72 pages 
of schematics and tech specs so you can see 
just what you're buying. 
FREE INFORMATION AND DEMONSTRATION RECORDING 

Send today for your free copy of Schober's 16- 
page, full color booklet, plus 7" free recording. 

lir The Schober Organ Corp., Dept. RE -56 
43 West 61st Street, New York, N. Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

Enclosed is 250 for schematics and tech specs. 

i . 

NAME 
ADDRESS 
CITY STATE ZIP NO 
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continued 

the East Coast. In the Eastern U.S. 
you will often find stronger signals 
from CHU, Ottawa, Canada. This sta- 
tion transmits from the Dominion Ob- 
servatory. Frequencies and powers 
are: 3.33 MHz, 3 KW; 7.335 MHz, 
5 KW and 14.67 MHz, 3 KW. A pulse 
(200 cycles of a 1000 -Hz tone) is 

transmitted each second, with the fol- 
lowing exceptions: 

1. The 29th pulse of each minute 
is omitted. 

2. The 51st to 59th pulses in- 
clusive of each minute are 
omitted. 

3. The 1st to 10th pulses inclu- 
sive are omitted on the first 
minute of each hour. 

A voice announcement of the time oc- 
curs each minute in the 10- second gap 
between the 50th and 60th second. It 
refers to the beginning of the minute 
pulse which follows. The announce- 
ment is on the 24 -hour system. It is 
given in both English and French, and 
takes the form "CHU, Canada, East- 
ern Standard Time, 10 hours, 21 min- 
utes." / 
SPEED OF LIGHT HASN'T CHANGED 

My compliments on your article 
"What Are Microvolts Per Meter" 
(In the Shop . . . With Jack, March, 
1968). This article is very informative 
without becoming bogged down in 
complex field theory. However, I 
would like to bring to your attention 
that the speed of light and the theo- 
retical speed of propagation in free 
space is 300,000,000 meters per sec- 
ond, not 300,000 meters per second 
as stated. I realize that this is your 
antenna and you can use it any way 
you like; however, light belongs to all 
of us and we are stuck with 300,000,- 
000 meters per second. 

D. A. DAVENPORT 
Instructor 

Cleveland Institute of Electronics 
Cleveland, Ohio 

Thanks for the lesson D. A. . . . Jack 
is a pro in this business, and like most 
pros he'd rather work with fewer 
zeros. Elsewhere in the text he does 
say, "300 MHz is 1 meter long." Even 
so, we're giving Jack three goose 

MODIFICATION FOR COMPACTRONS 

I have an old PACO T -60 tube 
tester which has 10 selector switches 
for connecting the tube elements. I 
decided to modify the tester so that it 
could accept the new 12 -pin compac- 
tron tubes. The problem was that I 

had two more socket pins than selec- 
tor switches, and almost no room on 
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the chassis to add more switches. I 
solved it this way: Thumbing through 
the tube manual I discovered that all 
compactrons have the filaments wired 
to pins 1 and 12. Therefore I wired 
socket pin 1 permanently to the 0 volt 
(normal) bus, and socket pin 12 to 
the filament voltage selector bus. I 
connected socket pin 11 to the selec- 
tor switch normally used for pin 1. 

Now the filament begins heating as 
soon as I plug the tube in. But a 10- 
switch tube tester checks 12 -pin tubes. 

EUGENE SHUBE 
Elmont, N.Y. 

VIBRATO, TREMOLO AND TREMULANT 

The vibrato -tremolo trap was 
sprung in the, "Build An Electronic 
Tremolo" (February, 1968). Mr. 
Keenan has made the not uncommon 
mistake of oversimplification. He is 
correct in stating that vibrato and 
tremolo are not the same. He is also 
correct in calling vibrato a form of 
frequency modulation, but he neglects 
some important related factors. Trem- 
olo is not rapid change of loudness, 
but is quick reiteration of the same or 
different tones. Its most perfect appli- 
cation is probably the bowed trem- 
olo of stringed instruments. In wind 
instruments (including the pipe or- 
gan) a problem arises when this effect 
is attempted. Due to the elasticity of 
air the individual tones are not truly 
separated, but overlap. A wind player 
may effectively stop the air supply 
several times a second through muscu- 
lar control. The more rigid mechanical 
components usually do not completely 
stop the organ's air supply. This is not 
for musical reasons, but to avoid sec- 
ondary noise in the action. In either 
case, air continued to move and the 
result of this attempt to produce trem- 
olo is vibrato. This overlapping (pul- 
sation if you will) produces a lowering 
of pitch and intensity, and a change 
in the number and strength of over- 
tones present (tone color). A critical 
listener can hear this easily. Vibrato is 
a "periodic pulsation of pitch, loud- 
ness or timbre." In effect, vibrato can 
be produced in more than one way 
through interaction of different ele- 
ments of tone. Wind instruments can 
not produce a tremolo on a single 
tone. Any instrument can produce a 
tremolo using two tones. Pipe organ 
builders frequently use a third term, 
tremulant, to describe a vibrato which 
is produced by a less than complete 
tremolo. Mr. Keenan has described a 
means of building an electronic vi- 
brato. 
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JAMES S. UPTON 
Alma, Mich. 
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Here's a remarkably stable, 
completely portable, 
all solid- state, 
battery operated voltmeter. 
Naturally it's an RCA 
VoltOhmyst' 
Eliminate warm -up time! Eliminate zero -shift that can occur in 
tube -operated voltmeters! RCA's new WV- 500AVoltOhmyst is an all 
solid- state, battery operated, completely portable voltmeter that is 
ideal for service, industrial, and lab applications. Seven overlapping 
resistance ranges measure from 0.2 ohm to 1000 megohms. Eight 
overlapping dc- voltage ranges measure from 0.02 volt to 1500 volts 
(including special 0.5 dc volt range), ac peak -to -peak voltages of complex 
waveforms from 0.5 volts to 4200 volts, and ac (rms) voltages from 
0.1 to 1500 volts. Input impedance of all dc ranges is 11 megohms. 
All measurements are made with a sturdy, wired -in, single -unit probe 
with fully shielded input cable. The probe is quickly adapted to either 
dc measurement or ac and resistance measurement by a convenient 
built -in switch. And an accessory slip -on high -voltage probe is also 
available to make possible measurements up to 50,000 dc volts. 
See your Authorized RCA Test Equipment Distributor, or write 
RCA Electronic Components, Commercial Engineering Department, 
Section D39 -WA, 415 South Fifth Street, Harrison, New Jersey. 
Solid -state reliability and convenience for only $75.00 *. 

*Optional distributor resale price. Prices may be slightly higher in Alaska, Hawaii, and the West. 
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Hang it fast 
and easy 

then forget it! 

The new Jensen VH -100 Series 
horn speakers were designed for 
fast installation and a lower in- 
stalled cost. Their new and ex- 
clusive features let you install 
three VH -100's for the labor pen- 
alty previously charged for two. 

KWIKON® connectors, an easily 
detached base, universal angle 
adjustment, accessible power 
control and an optional pre -inte- 
grated transformer are but a few 
of the many advantages of these 
rugged new weatherproof 32 watt 
speakers. 

Our new brochure tells all. 
Write Jensen Manufacturing 

Division, The Muter Company, 
5655 West 73rd Street, Chicago, 
Illinois. 60638. 

Jensen 
Circle 19 on reader's service card 

In the Shop ...With Jack 
BY JACK DARR 

ANTENNAS 
TV ANTENNAS ARE LARGE STRUC- 

tures composed of aluminum tubing, 
fastened on housetops to provide con- 
venient roosts for birds. Far too many 
technicians think that this is true; an- 
tennas are strictly for the birds. This 
accounts for a lot of very short -range 
CB and communications troubles. 
They're not for the birds. 

That sounds a little silly, but it is 
intended to bring up the real subject of 
this discussion -the importance of the 
proper antenna on CB and communi- 
cations systems. CB receivers are quite 
sensitive, and communications receiv- 
ers have amazing sensitivity, but the 
transmitters demand the right antenna 
before the transmitter can be heard 
much farther than the length of a foot- 
ball field. 

Too many technicians are using 
antennas that are about as efficient as 
a straightened -out coat -hanger or an 
old bedspring. All transmitting anten- 
nas are very critical; in CB, even more 
so. You might not miss the loss in the 
50 -75 -watt output of a police radio, 
but with the flea -power CB transmit- 
ters, you certainly will! 

The purpose of the transmitting 
antenna is to radiate the rf power from 
the final stage into the surrounding air 
(or ether; take your choice). Even a 
very small error in measurement, mis- 
tuning, or mismatching can reduce the 
power output to nearly zero. Fringe 
benefits: A properly tuned antenna 
gives the receiver maximum sensitiv- 
ity, too. Any technician can install a 
CB antenna and tune it up; there is no 
FCC regulation which prohibits this. 

A transmitting antenna is a tuned 
circuit. (A straight piece of wire ?) 
Yes, indeed. That's because it's just 
long enough -and no longer -to be 
resonant at a certain frequency. Each 
antenna has, at its working frequency, 
a certain characteristic impedance. 
Most of this impedance consists of 
what's called antenna resistance. It's 
the resultant of the current and voltage 
at the antenna terminals. The same 
amount of current flows that you'd 
have if there were an actual 50 -ohm 
(or whatever) resistor at that point. 

A transmitting antenna is the 
only "single- ended" circuit in elec- 
tronics! Current flows up the antenna 
and vanishes! Sort of an electronic In- 
dian Rope Trick. It does this because 
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most (we hope!) of the energy which 
flows up the antenna is radiated. It 
leaves the antenna in the form of fields 
of electrical energy. These travel in all 
directions, away from the antenna at 
the speed of light. 

From working with tuned trans- 
formers, you know that a load circuit 
must be resonant if it is to take the 
most power from the source. So, to 
get maximum signal output (radiated 
energy) from our transmitting anten- 
na, it, too must be tuned. To tune a 

straight piece of wire, we cut it to the 
exact wavelength (or some fraction) 
of the frequency we are using. We can 
do this (practically) only if the length 
is inside reasonable limits. A quarter - 
wave antenna at broadcast frequen- 
cies is very efficient, but a bit un- 
handy for a receiver. At 1,000 kHz, it 
would be 250 feet long! Up in the Citi- 
zens band, we're down to only 109 
inches; a long whip but still possible. 
At 150 MHz, we're down to about 20 
inches, which is even better. 

Why is an antenna "resonant ?" 
Because we cut the wire to a wave- 
length (or half, or quarter, etc.) at 
the operating frequency. If we feed a 
current into it at radio frequencies, the 
first pulse of current travels down the 
wire, finds an infinite impedance (open 
circuit) at the far end and turns 
around and bounces back. When it 
gets back to the transmitter end, it 
finds another pulse of current waiting 
for it. Hitting the high resistance of 
the transmitter, it bounces back to- 
ward the other end again. 

If our antenna is resonant, the 
pulse, when it arrives, will find current 
pulse #2 going in the same direction 
at the same time, and with the same 
polarity. So, they'll help each other, 
making a current pulse with much 
higher amplitude. If the antenna is not 
resonant, the two current pulses will 
partially cancel each other, so that we 
have a great deal less energy instead of 
twice as much. By adding, this process 
keeps up until we have so much energy 
bouncing back and forth on the an- 
tenna that some of it leaks off into 
space, forming the radiated field. 

If you want a corny analogy, it's 
like a bunch of kids running back and 
forth from one end of a playground to 
the other. Every time they come to the 
school end, another class lets out and 
more kids join up. Pretty soon, there 
isn't room for all the galloping kids 
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and some of them have to jump the 
fence! Let's call those the radiation 
kids- they've energetic -the induction 
kids are lazy, and stay where they are. 
The same thing happens in an antenna. 
The current builds up until there isn't 
room for all of it. The radiation com- 
ponemt jumps off the antenna. 

A more technical explanation is 
that an antenna has impedance. Cur- 
rent flowing in an impedance causes 
energy to appear in the surrounding 
space in the form of fields; when the 
current stops flowing these fields col- 
lapse, back into the wire, causing a flow 
of current in the opposite direction. 
When the current reaches a certain 
limit, these fields get so strong that 
some of them leave the vicinity of the 
wire, carrying energy away. That's 
where it goes! 

Actually, there are two fields in 
the immediate vicinity of an antenna. 
The induction field is greater in magni- 
tude, and different in phase, from the 
radiation field. But the induction field 
diminishes rapidly with distance, while 
the radiation field diminishes slowly. 
The induction field is useful in low - 
power headphone communication, but 
since it diminishes rapidly, it isn't good 
for much distance. The radiation field 
is the only one useful for distant com- 
munication. 

Each field- induction and radia- 
tion -has two components- electric 
and magnetic. These components exist 
at right angles to each other. 

The polarization of the radiation 
field depends on the direction of the 
antenna with respect to the earth. A 
vertical antenna radiates a vertically - 
polarized electric component of its 
radiation field. The receiving antenna 
extracts the most energy from the radi- 
ated field if it's oriented the same way 
as the transmitting antenna. If the two 
antennas are at right angles, we get the 
minimum of energy pickup. 

So, how do we get maximum en- 
ergy radiation from an antenna? Tune 
it. This means cutting it to the exact 
length. In free space, the formula for 
this is wavelength (feet) = 

984 
f (MHz) 

In actual antennas, we run into resist- 
ance, inductance, and the presence of 
nearby objects, all of which affect the 
formula. A more practical formula is 
wavelength (feet) = 

936 
f (MHz) 

Using this, a quarter -wave CB antenna 
works out to 109 inches. Because the 
whole band covers less than 1 MHz 
(26.965 to 27.255 MHz), we can use 

(continued on page 22) 
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Test this signal transistor 
at 1 mA collector current... 
and this power transistor 
at lAmp collector current... 
or any collector current you 
select, from 20 jA 
to 1 Amp with the 
WT -501A in- circuit /out -of- 
circuit transistor tester 
Battery operated, completely portable, RCA's new WT -501A tests 
transistors both in- circuit and out -of- circuit, tests both low- and 
high -power transistors, and has both NPN and PNP sockets to allow 
convenient transistor matching for complementary symmetry 
applications. The instrument tests out -of- circuit transistors for dc beta 
from 1 to 1000, collector -to -base leakage as low as 2 microamperes, and 
collector -to- emitter leakage from 20 microamperes to 1 ampere. 
Collector current is adjustable from 20 microamperes to 1 ampere in 
four ranges, permitting most transistors to be tested at rated current level. 
A complete DC Forward Current Transfer Ratio Curve can be plotted. 
Three color -coded test leads are provided for in- circuit testing, and for 
out -of- circuit testing of those transistors that will not fit into 
the panel socket. 
See your Authorized RCA Test Equipment Distributor, or write 
RCA Electronic Components, Commercial Engineering Department D39 -WB, 
415 South Fifth Street, Harrison, New Jersey. 
Extra features... RCA reliability...for only $66.75 *. 
*Optional distributor resale price. Prices may be slightly higher in Alaska, Hawaii, and the West. 
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There's more than one road 
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to success. 

a _ 
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ri-INfrise reu 
RCA Institutes can help find the one best for you! 

Are you trying to find your way through a maze of career possibili- 
ties? Find out how RCA Institutes can start you on your way to- 
ward a well paying job in electronics. Send the attached card today! 
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Learn electronics at home 
faster, easier, 
almost automatically - 
with RCA AUTOTEXT 

Are you just a beginner with an interest 
in the exciting field of electronics? Or, 
are you already earning a living in elec- 
tronics and want to brush -up or expand 
your knowledge in a more rewarding - field of electronics? In either case, 
AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS! 
Thousands of well paid jobs in elec- 
tronics go unfilled every year because 
not enough men have taken the oppor- 
tunity to train themselves for these 
openings. RCA Institutes has done 
something positive to help men with an 
aptitude and interest in electronics to 
qualify for these jobs. 

HOME STUDY CAN TRAIN YOU FOR 
REWARDING CAREER OPPORTUNITIES 
To help fill the "manpower gap" in the 
electronics field, RCA Institutes has de- 
veloped a broad scope of Home Train- 
ing courses, all designed to lead to a 
well paying career in electronics in the 
least possible time. You also have the 
opportunity to enroll in an RCA 
"Career Program" exclusively created 

y to train you quickly for the job you 
want! Each "Career Program" starts 
with the amazing AUTOTEXT Pro- 
grammed Instruction Method. And, all 
along the way, your program is super- 
vised by RCA Institutes experts who 
become personally involved in your 
training and help you over any "rough 
spots" that may develop. 
VARIETY OF KITS ARE YOURS TO KEEP 
To give practical application to your 
studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. Each kit is complete 
in itself, and yours to keep at no extra 
cost. You get the new Programmed 
Electronics Breadboard for limitless ex- 
periments, including building a work- 
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ing signal generator, multimeter, and a 
fully transistorized superheterodyne 
AM receiver. 

ONLY FROM RCA INSTITUTES - 
TRANSISTORIZED TV KIT - 
VALUABLE OSCILLOSCOPE 
All students receive a valuable oscillo- 
scope. Those enrolled in the Television 
program receive the all -new transistor- 
ized TV Kit. Both at no extra cost and 
only from RCA Institutes. 

CHOOSE THE "CAREER PROGRAM" 
THAT APPEALS MOST TO YOU 

Start today on the electronics career of 
your choice. Pick the one that suits 
you best and mark it off on the attached 
card. 

Television Servicing 
Telecommunications 
FCC License Preparation 
Automation Electronics 
Automatic Controls 
Digital Techniques 
Industrial Electronics 
Nuclear Instrumentation 
Solid State Electronics 
Electronics Drafting 

ADVANCED TRAINING 
For those already working in electron- 
ics, RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you al- 
ready know. 

UNIQUE TUITION PLAN 
With RCA Institutes Training, you pro- 
gress at your own pace. You only pay 
for lessons as you order them. You 
don't sign a long -term contract. There's 

no large down -payment to lose if you 
decide not to continue. You're never 
badgered for monthly payments. Even 
if you decide to interrupt your training 
at any time, you don't pay a single cent 
more. 

CLASSROOM TRAINING 
ALSO AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one of 
the largest of its kind in New York City. 
Coeducational classroom and labora- 
tory training, day and evening sessions, 
start four times a year. Simply check 
"Classroom Training" on the attached 
card for full information. 
JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 
SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses and 
programs are approved for veter- 
ans under the New G.I. Bill. 

RCA INSTITUTES, DEPT. RE -58 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 
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c ßiudio -Go1or 
Lets you see your music 

ASSEMBLED KIT FORM 
$54.95 $44.95 

$5 DOWN - $5 MONTH 

Walnut finished cabinet included 
Shipped REA Collect 

Easy to build, easy to install. All transistor - 

AUDIO -COLOR adds a visual dimension.to mu- 
sical enjoyment. A brilliantly moving panorama 
of color casts dancing images on a soft frosted 
screen, reflecting rising and falling volume with 
each beat of the music. Here's a truly unique 
and exciting new musical experience. Make 
check or money order to CONAR. 

SEND FOR FREE CONAR CATALOG 

CONARDivision of National Radio Institute 
Dept. EC8C, 3939 Wisc. Ave., Washington, D.C. 20016 

Circle 22 on reader's service card 

` c`v`-c 
Enjoy the "music- only" programs 

flow available on the Fhl broadcast 

band trom coast to coast. 

NO COMMERCIALS 
NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub 
Carrier Detector into multiplex jack of your 
FM tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of 
continuous commercial -free music you are now 
missing. The Detector, self -powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. Size: 
51/2" x 9 ". Shipping weight approx. 7 lbs. 

KIT $4950 
(with pre -tuned coils, no alignment necessary) 

WIRED 7500 $4.95 ea.) 
(Covers extra 

Current list of FM Broadcast stations 
with SCA authorization $1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N. J. 

Phone: (201)- 7443387 07043 

Circle 23 on reader's service card 

NO COMPETITORS 
Nobody else but EMC designs in so much value 

Full -view meter gives 
direct, clear -cut qual 
ity indications. 

Three heavy -duty 
controls for quick 
set -up of all tests. 
Check a fistful of 
tubes in the time 
it often takes to 
test one. 

12 slide switches for 
individual selection of 
tube pins provides 
versatility in testing, 
prevents obsolescence. 

Compact, light- 
weight portabil- 
Ity. Use It on the 
bench or in the 
field. 

Full compte. 
ment of sturdy 
sockets accepts 
compactron (12- 
pin), nuvistor, 
novar, 10 -pin, 
9 -pin, octal, 
!octal, and miniature 
tubes. 

P r e c i s e pro- 
gr a m m i n g. 
Only one socket 
per tube -base 
configuration 
prevents acciii 
dental plug -in. 

THE MODEL 213 saves you time, energy, money /Checks for shorts, leakage, intermittents, and quality Tests 
all tube types including magic eye, regulator, and hi -fi tubes si Checks each section of multi -purpose tubes 
separately Gives long, trouble -free life through heavy -duty components, including permanently etched panel 

Keeps you up to date with FREE, periodic listings on new tubes as they come out Your best dollar value 

in a tube tester. Available in high -impact bakelite case with strap: $31.40 wired; $20.40 in kit form. Wood 

carrying case (illustrated) slightly higher. 

EMC 
ELECTRONIC MEASUREMENTS CORPORATION 

625 Broadway, New York 12, New York 
Export:Pan -Mar Corp.,1270 B'way, N. Y. 1, N. Y. 

r 
E M C, 625 Broadway, New York 12, N.Y. 

Rush me FREE catalog describing all EMC 
value -loaded test instruments and name of 
local distributor. 

W ! 
D: 1 

1 

NAMF 

ADDRESS 

CITY 70NE_STATE 

In the Shop . . . With Jack 

(continued from page 17) 

the same antenna for all channels. 
There's less than an inch of difference 
between Channels 1 and 23! It isn't that 
critical, anyway. 

This is a lot of antenna for a 
moving vehicle. To make the antenna 
shorter, we can add inductance in ser- 
ies with it. By winding the antenna wire 
into a coil, we can take up a lot less 
space. This is called a loading coil and 
can be either at the top, bottom or cen- 
ter of the antenna, and do the same 
thing. It's handier, and more durable if 
we put it in a nice stout housing and 
make this a part of the base. The an- 
tenna is now a base -loaded whip. 

Modern base -loaded whips are 
highly efficient and durable. The an- 
tenna rod itself can be a thin, flexible 
steel whip, so that it bends when hitting 
the inevitable low limb or garage roof. 
'Theoretically, this class of antenna is 
not quite as efficient as a full -length 
whip, :but. in actual service, it delivers 
a lot of signal. The difference would be 
detectable only with very precise meas- 
uring instruments ideed. 

There's one very simple and prac- 
tical,way to tune up an antenna; a field - 
strength meter! If you measure the ac- 
tual rf radiated from an antenna, when 
you find a peak, you have got about all 
you're going to get out of that one! In- 
cidentally, if it won't peak, this means 
that it isn't resonant, and you'd better 
find out why, or your antenna isn't go- 
ing to work worth a darn. 

A field- strength meter for antenna 
tuneup can be very simple:. Put a short 
pickup rod, about 18 inches long, on a 
vom, with a diode in series with it. Then 
set the vom to a low dc current range, 
and you'll be able to read the radiated 
field strength from any transmitting 
antenna. To adjust the reading, move 
the meter closer to or farther from the 
antenna, or turn the vom to a higher 
or lower scale. [Also see "Build a FET 
Field -Strength Meter," in our March 
1968 issue. Editor] 

On a CB antenna, you'll get a good 
reading on an 0 -1 mA or 0 -50 p.A scale, 
at about 8 -10 feet from the whip itself. 
On cars, if the antenna is on the back 
and the transmitter in the front seat, 
set the pickup whip on the roof, or on 
the ground, and run a pair of long leads 
to the meter in the front seat. No loss, 
since this is now dc! Tune the transmit- 
ter for maximum meter reading, and 
the antenna is tuned up. If you can't 
find a peak, this means that the an- 
tenna is not resonant. Check the an- 
tenna tuning adjustments, whip length, 
base connections, and so on, and you'll 
find it. R -E 
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Now There Are 3 Heathkit® Color TV's 

The NEW Deluxe 
Heathkit "227" Color TV 

Exclusive Heathkit Self -Servicing Features. Like the famous Heathkit 
"295" and "180" color TV's, the new Heathkit "227" features a built -in 
dot generator plus full color photos and simple instructions so you can 
set -up, converge and maintain the best color pictures at all times. Add 
to this the detailed trouble- shooting charts in the manual, and you put 
an end to costly TV service calls for periodic picture convergence and 
minor repairs. No other brand of color TV has this money- saving 
self -servicing feature. 

Advanced Features. Top quality American brand color tube ... 227 sq. in. 
rectangular viewing area ... 24,000 v. regulated picture power ... im- 
proved phosphors for brilliant, livelier colors ... new improved low 
voltage power supply with boosted 8+ for best operation ... automatic 
degaussing ... exclusive Heath Magna- Shield to protect against stray 
magnetic fields and maintain color purity ... ACC and AGC to reduce 
color fade and insure steady,- flutter -free pictures under all conditions ... preassembled & aligned IF with 3 stages instead of the usual 2 .. . 

preassembled & aligned 2 -speed transistor UHF tuner ... deluxe VHF 
turret tuner with "memory" fine tuning ... 300 & 75 ohm VHF antenna 
inputs ... two hi -fi sound outputs ... 4" x 6" 8 ohm speaker ... choice 
of installation - wall, custom or optional Heath factory assembled 
cabinets. Build in 25 hours. 

Kit G R -227, (everything except cabinet) 
... $42 dn., as low as $25 mo. .. $419.95 
GRA- 227 -1, Walnut cabinet... no money dn., $6 mo. $59.95 
G RA-227-2, Mediterranean Oak cabinet (shown above), 
... no money dn., $10 mo. $94.50 

Kit GR -295 

$47995 
(less cabinet) 

$42 mo. 

Deluxe Heathkit "295" Color TV 
Has same high performance features and built -in servicing facilities 
as new GR -227, except for 295 sq. in. viewing area (industry's 
largest picture) ... 24,000 volt picture power ... universal main con- 
trol panel for versatile in -wall installation ... and 6" x 9" speaker. 
Kit GR -295, (everything except cabinet), 131 lbs.... 
S48 dn., $42 mo. $479.95 
GRA- 295 -4, Mediterranean cabinet (shown above), 90 lbs.... 
no money dn., $11 mo. $112.50 
Other cabinets from $62.95. 

Kit GR -227 

$41995 
(less cabinet) 

$25 mo. 

Kit GRA -27 

$1995 
New Remote Control 
For Heathkit Color TV 
Now change channels and turn your Heathkit color TV off 
and on from the comfort of your armchair with this new remote 
control kit. Use with Heathkit GR -227, GR -295 and GR -180 
color TV's. Includes 20' cable. 

Kit GR -180 

$34995 
(less cabinet 

& cart) 
530 mo. 

Deluxe Heathkit "180" Color TV 
Same high performance features and exclusive self -servicing facil- 
ities as new GR -227 (above) except for 180 sq. in. viewing area. 
Kit GR -180, (everything except cabinet), 102 lbs.... 
$35 dn., $30 mo. $349.95 
GRA- 180 -5, table model cabinet & mobile cart 
(shown above), 57 lbs.... no money dn., $5 mo. $39.95 
Other cabinets from $24.95 

Deluxe 12" Transistor Portable B &W TV- First Kit With Integrated Circuit 

Unusually sensitive performance. Plays any- 
where ... runs on household 117 v. AC, any 
12 v. battery, or optional rechargeable battery 
pack ($39.95); receives all channels; new inte- 
grated sound circuit replaces 39 components; 
preassembled, prealigned tuners; high gain IF 
strip; Gated AGC for steady, jitter -free pic- 
tures; front -panel mounted speaker; assembles 
in only 10 hours. Rugged high impact plastic 
cabinet measures a compact 111/2" H x 15 %" W 
x 9%" D. 27 lbs. 

Kit GR -104 

$11995 
511 mo. 

Kit GR -104, 27 lbs.... no money dn., 
$11 mo . $119.95 

No Money Down On $25 to $300 Orders - Write For Credit Form 
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14 New Kits From Heath... 
New! Heathkit Wireless Home Protection 

System for Your Family's Safety 

GD -97 
Utility Transmitter 

for Universal Protection 

GD -77 Wireless Receiver /Alarm 
fail -safe, always alert 

G D -87 
Wireless Smoke /Heat 
Detector-Transmitter 

Applications Unlimited ... Customize Your Own System. Here's re- 
liable, low cost, 24 -hour protection for your family and property. Sys- 
tern warns of smoke, fire, intruders, freezing, thawing, cooling, rising 
or receding water, pressures ... any change you want to be warned 
about. Uses unique new signaling method developed by Berkeley 
Scientific Labs.; exclusively licensed to Heath. Your house is already 
wired for this system, just plug the units into any AC outlet. "Load 
transmission" design (not a carrier type as in wireless intercoms) 
generates unusual signal that is practically unduplicable in other devices 
or random noise sources. Solid -state circuitry has built -in fail -safe 
capability to sound alarm if power fails, if power supply components 
in any unit fail, or if 50,000 hour bulb in smoke detector fails. Receiver/ 
Alarm has 2800 Hz transistor alarm and receptacle for extra 117 VAC 
bell or buzzer to extend range, plus rechargeable battery (always kept 
charged) to sound alarm if power fails. Smoke -Heat Detector- Trans- 
mitter capability may be extended to other areas by adding extra heat 
sensors to its built -in sensor. Utility Transmitter accepts any type of 
switch or sensor for any purpose; examples: magnetic reed switches 
for doors and windows to warn of entry; step -on switches for door or 
driveway; micro switches with trip wire around yard; heat sensors; 
water pressure switches warn of pump failure; thermal switches warn 
of freezing in gardens, or thawing in freezers; two wires act as switch 
to warn of changing water levels in sump -pump wells, pools, etc. Units 
are small and unobtrusive in beige and brown non -reflecting velvet 
finish. Any number of units may be used in the system. All units feature 
circuit board construction; each unit takes only 3 hours to build. 
Operating cost similar to electric clocks. Invest in safety for your 
family now with this unique Heath system. 

Kit GD -77, receiver /alarm, 4 lbs. $39.95 
Kit GD -87, smoke /heat det.- trans., 5 lbs. $49.95 
Kit GD -97, Utility trans., 4 lbs. $34.95 

(numerous accessory switches available from Heath) 

New! Heathkit 2- Channel, 200 Watt SSB 
Transceivers for CAP, MARS &160 Meters 
Kit HW -18 -1 

CAP model 
with crystals 

$119.95 

Assembled 
HWW -18 -1 

CAP model 
with crystals 

$179.95 

Kit HW -18 -2 
MARS model 
less crystals 

$109.95 

Kit HW -18 -3 
160 Meter model 

less crystals 

$109.95 
Good News For CAP, MARS And 160 Meter Ops. This unique series 
of Heathkit SSB Transceivers was designed with your needs in mind. 
No more adaptations, no more conversions, no more make -shift rigs. 
These new transceivers are tailored for your needs with the sensitivity, 
selectivity, power output and operating convenience that make for 
effective communications at a fraction of previous costs. 
Compare. 200 watts PEP SSB input. 25 watts input with carrier for 
compatibility with AM stations. Crystal filter sideband generation. 
2 channels, switch -selected, crystal controlled. Fixed tuned for easy 
PTT operation. Transmit and receive freqs. locked together for true 
transceive operation. Clarifier control adjusts transceiver frequency 
±250 Hz. Relayless transmit -receive switching. Local- Distance switch 
prevents receiver overload from strong local stations. Built -in speaker. 
PTT mic. & mobilemount included. Carrier & sideband suppression 
45 dB. Sensitivity 1 uV. Selectivity 2.7 kHz. 50 ohm coax output. Ac- 
cessory power supplies (Kit HP -13, mobile, $64.95; Kit HP -23, fixed 
station, $49.95). 

New! Heathkit Solid -State Utility 
Monophonic Amplifier 

Kit 
AA -18 

$19.95 

This amazing little amplifier accepts ceramic phono cartridges, AM 
tuners, FM tuners, tape recorders, etc., and delivers a solid 4 watts of 
music power from 20 Hz to over 100 kHz at a low 1.5% THD. Drives 
high efficiency speakers of 4 to 16 ohms. Ideal for small music system 
or testing amp. for service shops. Circuit board construction is easiest; 
just 5 short hookup wires and 6" cable. Single knob tone control. Head- 
phone jack. Pilot lamp. Transformer operated, 120/240 VAC, 50 -60 Hz. 

New! Heathkit Crystal -Controlled 
Post Marker Generator 

Kit IG -14 

$99.95 
$10 mo. 

Fast, accurate color TV and FM alignment at the touch of a switch! 
15 crystal -controlled marker frequencies. Select picture and sound IF's, 
color bandpass and trap freqs., 6 dB points, FM IF center freq. and 100 
kHz points. Use up to six markers simultaneously. Birdie -type markers. 
Trace and marker amplitude controls permit using regular 'scope. 400 
Hz modulator. Variable bias supply. Input and output connectors for 
use with any sweep generator. Also has external marker input. BNC 
connectors. Solid -state circuit uses 22 transistors, 4 diodes. Two circuit 
boards. Handsome new Heathkit instrument styling of beige and black 
in stackable design. Until now, an instrument of this capability cost 
hundreds of dollars more. Order your IG -14 now, it's the best invest- 
ment in alignment facilities you can make. 

Kit IG -14, 8 lbs., no money dn., $10 mo. $99.95 
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New! Low Cost Heathkit 
5 MHz 3" Scope 

Kit 10 -17 

$79.95 

Here is the wideband response, extra 
sensitivity and utility you need, all 
at low cost. The Heathkit I0-17 fea- 
tures vertical response of 5 Hz to 5 
MHz; 30 my Peak -to -Peak sensitiv- 
ity; vertical gain control with pull- 
out X50 attenuator; front panel 1 

volt Peak -to -Peak reference voltage; 
horizontal sweep from internal gen- 
erator, 60 Hz line, or external 
source; wide range automatic sync; 
plastic graticle with 4 major vertical 
divisions & 6 major horizontal; front mounted controls; completely 
nickel -alloy shielded 3" CRT; solid -state high & low voltage power sup- 
plies for 115/230 VAC, 50 -60 Hz; Zener diode regulators minimize trace 
bounce from line voltage variations; new professional Heath instrument 
styling with removable cabinet shells; beige & black color; just 91/2" H. 
x 5'/2" W. x 141/2" L.; circuit board construction, shipping wt: 17 lbs. 
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See 300 More in FREE Catalog 
New! Heathkit /Kraft 5- Channel Digital 
Proportional System with Variable 
Capacitor Servos 

System Kit GD -47 

$219.95 
$21 mo. 
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This Hcathkit version of the internationally famous Kraft system saves 
you over $200. The system includes solid -state transmitter' with built -in 
charger and rechargeable battery, solid -state receiver, receiver recharge- 
able battery, four variable capacitor servos, and all cables. Servos 
feature sealed variable capacitor feedback to eliminate failure due to 
dirty contacts, vibration, etc.; three outputs: two linear shafts travel 
Y/" in simultaneous opposite directions plus rotary wheel. Specify 
freq.: 26.995, 27.045, 27.145, 27.195 MHz. 

System Kit G D-47, all of above, 5 lbs. .. $219.95 
Kit GDA -47 -1, transmitter, battery, cable, 3 lbs. $86.50 
Kit GDA -47 -2, receiver, 3 lbs... $49.95 
GDA -47 -3, receiver rechargeable battery, 1 lb $9.95 
Kit GDA -47 -4, one servo only, 1 lb $21.50 

World's Most Advanced Stereo Receiver 

Kit AR -15 

$329.95 
(less cabinet) 

S28 mo. 

Acclaimed by owners & experts for features like integrated circuits & 
crystal filters in IF amplifier; FET FM tuner; 150 watts music power; 
AM /FM and FM stereo; positive circuit protection; all- silicon tran- 
sistors; "black magic" panel lighting; and more. Wrap -around walnut 
cabinet $19.95. 
Kit AR -15 (less cab.), 34 lbs.... $33 dn., $28 mo. $329.95 
Assembled ARW -15, (less cab.), 34 lbs.. $50 dn., 
$43 mo $499.50 

New! Solid -State 
So Handy, So Low Cost we call 
it "every man's" meter. Just 
right for homeowners, hobby- 
ists, boatowners, CBer's, hams 

. it's even sophisticated enough 
for radio & TV servicing! Fea- 
tures 12 ranges ... 4 AC & 4 DC 
volt ranges, 4 ohm ranges; 11 

megohm input on DC, 1 meg- 
ohm input on AC; 41/2" 200 uA 
meter; battery power; rugged 
polypropylene case and more. 
Easy 3 or 4 hour kit assembly. 

Portable 
Volt- Ohm -Meter 

Kit 1M -17 

$19.95 

r 

HEATHKIT 1968 

FREE 1968 
CATALOG! 

NEW 

Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi-fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

MAY 1968 

What would you expect to pay for a Vox 
"Jaguar" Combo organ with a 180 -watt 
3- channel amp? 
$1000? $1250? 
$1500? More? Kit TOS -1 

Organ, Amplifier 
& Speaker Kits 

(240 lbs.) 

$598.00 

Kit TOS -2 
Organ Kit, 
Assembled 
Amplifier & 

Speaker (240 lbs.) 

$698.00 
You can get both for only $598 

during this Special Heathkit Offer! 
Now you can get this famous professional combo organ with a versatile 
high -power piggy -back amp. and matching speaker system for just a 
little more than you'd expect to pay for the "Jaguar" alone! The Heath - 
kit /Vox "Jaguar" is solid -state; two outputs for mixed or separated 
bass and treble; reversible bass keys for full 49 key range or separate 
bass notes; bass volume control; vibrato tab; bass chord tab; four voice 
tabs (flute, bright, brass, mellow); keyboard range C2 to C6 in four 
octaves; factory assembled keyboard, organ case with cover, and stand 
with case. Also available separately; you'll still save $150 (order Kit 
TO -68, $349.95). 
The Heathkit TA -17 Deluxe Super -Power Amplifier & Speaker has 180 
watts peak power into one speaker (240 watts peak into a pair); 3 -chan- 
nets with 2 inputs each; "fuzz", brightness switch; bass boost; tremolo, 
reverb; complete controls for each channel; foot switch; 2 heavy duty 
12" speakers plus horn driver. Also available separately kit or factory 
assembled (Kit Amplifier TA -17, $175; Assembled $275; Kit Speaker 
TA -17 -1 $120; Assembled $150; Kit TAS -17 -2, amp. & two speakers 
$395; Assembled TAW -17 -2, amp. & two speakers $545). 

New! Heathkit Guitar 
Headphone Amplifier 

Kit TA -58 

$9.95 
Practice your electronic guitar playing in private! Plug this miniature 
amp. into output jack of guitar and use mono or stereo headphones 
(4 to 2 megohms). Solid -state circuit has tailored response, automatic 
on -off switching, powered by battery (not supplied). 2 lbs. 

New! Heathkit Solid -State 
"Fuzz Booster" For 
Guitar Amplifiers 

Kit TA -28 

$17.95 
"Fuzz" is what it's called, harmonic distortion is what it is, and you 
can add it to your guitar amp with this kit. Transistor circuit is con- 
tained in die cast footswitch housing and powered by internal battery 
(not supplied). Two controls adjust tone and intensity of "fuzz ". 
Build it in one evening. 4 lbs. 

HEATH COMPANY, Dept.20-5 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ , including shipping. 

Please send model (s) 

Please send FREE Heathkit Catalog. 
Please send Credit Application. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. CL -326 
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introducing the 
hundred dollar 
antenna 
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plus a not so short story about why Winegard's new SC -1000 is worth 
every penny...why it's the most powerful 82- channel antenna ever 
created for civilian use...and how it can change your antenna business. 
Every once in a while a new antenna 
comes along that's more than just 
"new" and "different looking" and 
"bigger" and "better" and "more 
powerful ". Once in a while, maybe 
once in a lifetime, an antenna is 
created that makes all the "usual 
claims" and then supports every 
one of the claims with performance. 
That's our hundred dollar antenna. 
The SC -1000. The top of our Super 
Colortron line. The top of any an- 

y tenna line ever created. 
This VHF- UHF -FM super fringe an- 

tenna has undergone exhaustive 
testing and tuning refinements - 
and proved that it delivers perform- 
ance worthy of its name, and it's 
price. Take, for example, an instal- 
lation in Houston -41 -feet above 
ground, equipped with rotor and 75 
ohm downlead (no preamplifier.) 
The owner* writes that with the SC- 
1000 he is now receiving superior 
reception on stations ranging from 
60 miles away (Bryan, Texas) to 200 
miles away (Alexandria, La. and La- 
fayette, La.) Now that's what we call 
results. And it's why the SC -1000 is 
already being called "the long dis- 
tance antenna." Because it pulls in 
the farthest away, toughest chan- 
nels -and always better than ever 
before. 

Yes, feature for feature and dollar 
for dollar (even a hundred dollars) 
there has never been an antenna 
like the SC -1000. Let's take a look 
at the features. 
*Name supplied upon request. 

Exclusive New Compact "Wedge" 
Design ... Plus New Vertical Beam 
Phasing On Each VHF Channel. Ver- 
tical Beam Phasing on all VHF chan- 
nels means there is no signal pickup 
from above or below the antenna. It 
means interference from such 
sources as airplanes, cars and dia- 
thermy machines are shut out. And 
it means that ghost signals are high- 
ly rejected. And that's not all. The 
VHF capture area is doubled and 
power gain over a conventional sin- 
gle bay is doubled. The vertical 
beam is flattened and elongated and 
spurious vertical lobes are elimi- 
nated. All that, and the SC -1000, 
with its unique "Wedge" design, is 

still vastly shorter and more me- 
chanically stable than any other con- 
figurations would have to be to come 
close to the gain of the SC -1000. 

New "Constant Focus" UHF Screen. 
Concentrates all signal on Tetrapole 
collector element, provides as much 
signal capture area as an 8 -foot 
parabolic, and at a fraction of a para- 
bolic's size and weight. 

New "Interlaced UHF Resonant Re- 
flectors". Form a high density mag- 
netic screen with all current fields 
in phase and working together for a 
new high in parabolic reflector effi- 
ciency. 

Exclusive Patented* VHF Director 
System. Absorbs VHF signal and 
focuses it onto the collector ele- 
ments. Helps give the SC -1000 pin- 
point directivity to knock -out ghosts, 
smear and snow. *U.S. Patent No. 
2700105, Canada No. 511984. 

New "Tetrapole" UHF Collector 
Element. Has larger signal absorp- 
tion area 
than standard 
UHF dipole. 
Maintains con- 
stant 300 ohm im- 
pedance and allows no loss coupling 
between the VHF and UHF opera- 
tions. 

Exclusive "Impedance Correia- 
tors". Provide perfect 300 ohm VHF 
impedance match and produce more 
signal gathering power per inch of 
antenna -and also contribute to 

making the SC -1000 extremely corn- 
pact. 

Exclusive Ellipsoidal Boom. Strong- 
est boom ever used on a tv antenna. 
All elements of antenna are special 
aluminum alloy 40% stronger than 
used on most antennas. 

Long Distance FM & FM Stereo Re- 
ception Bonus. Comparable to the 
results you get with a 10 element 
FM yagi. 

Genuine Gold Anodized Finish. The 
only permanent gold finish on any 
antenna. Sunfast. Protects against 
corrosion and fading. Lasts years 
longer. 

Exclusive Built -In Cartridge Hous- 
ing. Integral part of the antenna 

keeps downlead 
connection 
weathertight. 
Accepts Wine - 

gard's solid state 
cartridge pream- 

plifiers, color spectrum filter, etc. A 
truly great Winegard innovation. 

Exclusive Winegard Gold Bond Per- 
formance Guarantee, Plus A New 
2 -Year Replacement Warranty. 

The SC -1000 Will Change Your En- 
tire Antenna Business. We created 
the SC -1000 simply because there 
was a glaring need for a modern 82- 
channel super powerful, super fringe 
antenna. And performance figures 
show that it has far surpassed even 
our most optimistic goals. So when- 
ever you want to get the last ounce 
of clean, brilliant reception from a 
new color set -whenever you have a 
tough reception problem, install the 
new Winegard SC -1000. You'll have 
the most satisfied customers in 
town. And you'll have the best an- 
tenna profits in town! 

Find Out For Yourself. We want you 
to see for yourself that "the hundred 
dollar antenna" is everything we say 
it is, and more. So tryone first chance 
you get. Ask your Winegard distrib- 
utor for details now. And write for 
Fact -Finder #261. 

Winegard 
ANTENNA SYSTEMS 

WINEGARD COMPANY 3000 Kirkwood Street Burlington, Iowa 52601 
O Copyright 1968, Winegard Company, Burlington, Iowa 
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"Get more 
education 
or 
get out of 
electronics 
...that's my advice." 
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Ask any man who really knows the electronics industry. 

Opportunities are few for men without advanced tech- 
nical education. If you stay on that level, you'll never 
make much money. And you'll be among the first to 
go in a layoff. 

But, if you supplement your experience with more 
education in electronics, you can become a specialist. 
You'll enjoy good income and excellent security. You 
won't have to worry about automation or advances in 
technology putting you out of a job. 

How can you get the additional education you must 
have to protect your future -and the future of those 
who depend on you? Going back to school isn't easy 
for a man with a job and family obligations. 

CREI Home Study Programs offer you a practical way 
to get more education without going back to school. 
You study at home, at your own pace, on your own 
schedule. And you study with the assurance that what 
you learn can be applied on the job immediately to 
make you worth more money to your employer. 

You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Airmail postpaid 
card for your copy. If card is detached, use coupon 
below or write: CREI, Dept. 1405G, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 

r- 
ACO/,Olted M,mbf o/ M. N,tro/ Nome Study Loe,rN 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept 1405G, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. 1 am 
employed in electronics and have a high school education. 

NAME AG 

ADDRESS 

CITY STATF ZIP CODE_ 
EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 
I am interested in Electronic Engineering Technology 

Space Electronics Nuclear Engineering Technology 
Industrial Electronics for Automation 

Computer Systems Technology 

I- J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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'P'LOT 

BUILD STEREO 

Precision lab -quality instrument 
for fast and efficient troubleshooting and 
alignment of FM stereo multiplex adapters and tuners 

FM MULTIPLEX GENERATOR 
By KENNETH F. BUEGEL 

THIS STEREO MULTIPLEX GENERATOR 
was designed and built to overcome 
the shortcomings and disadvantages of 
an earlier model that I had used for 4 
years. It features audio preamplifiers 
with built -in pre- emphasis, greater 
channel separation, simpler alignment 
-only one tuned circuit and five other 
adjustments requiring less than 10 min- 
utes to make. Overall performance is 

improved by the novel circuit used to 
develop the required signals. 

Channel separation is 40 dB at 50 
Hz and 50 dB at 500 Hz and above. 
The total of all hum, noise and residual 
carrier components is down 52 dB 
from reference output. Construction 
cost for this solid -state generator is 

about $55. A printed- circuit board is 

available to simplify and speed con- 
struction. 

How it works 

The schematic is shown in Fig. 1. 

Transistor Q1 is a 76 -kHz oscillator, 
while Q2 serves as a buffer and pulse 
driver to ICI . Diode D1 , at the input 
of ICI, clamps the negative level of 
Q2's output pulses. Integrated circuit 

32 

ICI is an inverting gate which squares 
up the drive pulses and feeds them to 
IC2, a J -K flip -flop wired as a divide - 
by-2 counter. The oscillator frequency 
is 76 kHz, ICI triggers on every posi- 
tive pulse, and IC2 changes state on 
each pulse. 

A complete square -wave transi- 
tion from low to high, and back to 
low again, requires two 76 -kHz input 
pulses; thus we have formed a perfect 
38 -kHz square wave. Both halves are 
exactly equal in their periods since IC1 
always changes state at the same point 
on each input pulse. 

One output of IC2 goes from 
ground to a positive level as the other 
output changes from positive to ground 
level. These changes are within 0.03 
µsec of each other. Each output drives 
a high -speed transistor (Q3 and Q4) 
to provide 15 -volt switching signals to 
the audio gates (D2 D5) . The time 
required to drive the gate from full off 
to full on is less than 0.01 µsec: so gate 
diode matching is not critical. By way 
of contrast, a 20 -volt p -p sine wave 
would require 0.4 sec to switch the 
gate. 

One output of IC2 (terminal 7) 
also drives a variable one -shot (delay) 
multivibrator, IC3. This in turn feeds 

the delayed 38 -kHz pulses to another 
divide -by -2 counter, IC4. An output of 
IC4 furnishes 19 -kHz base -drive pulses 
to Q5. A 19 -kHz ringing coil, TI, in 
the collector of Q5 transforms these 
pulses into a sine -wave signal. 

Phase adjustment 

Tuning Ti will introduce a phase 
delay of the 19 -kHz pilot signal. The 
adjustment of pulse width by R11 al- 
lows correct matching of the phase of 
this pilot signal with the 38 -kHz switch- 
ing signals. (FCC stereo transmission 
standards require both signals to cross 
zero in the positive direction together. 
This defines left- channel transmission 
on the positive half of the 38 -kHz 
signal.) 

Transistor Q6 is connected as a 
phase -shift audio oscillator. R23 ad- 
justs the output when internal modu- 
lation is used. Left and right pre- 
amplifiers (Q7 Q8 and Q9 Q10) are 
identical, with Q11 included in the right 
channel to provide an inverted signal. 
Transistors Q7 and Q9 operate at very 
low gain. Small bypass capacitors 
(0.0047 µF) across the relatively large 
emitter resistors (47000 ohms) provide 
the desired pre- emphasis. 
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Fig. 1- Stereo :1fPX generator 

C1- 0.0015 -gF mica or polysty- 
rene capacitor 

C2- 470 -pF mica capacitor 
C3, C5, C6, C7- O.CO1µF minia- 

ture extended foil /film ca- 
pacitor (Sprague type 192P 
Pacer or equal) 

C4, C18, C20, C22, C23- 0.1 -,F, 
20 -V disc ceramic capacitor 

C8, C9- 0.01 -gF pollystyrene ca- 
pacitor (Mallory type SX or 
equal) 

C10, C35- 0.2 -gF, 10 -V disc cer- 
amic capacitor 

C11, C12, C13, C14-- 0.01 -gF disc 
ceramic capacitor 

C15, C27, C29 -5 -gF, 15 -V electro- 
lytic capacitor 

C16, C34-0.22-AF Mylar capaci- 
tor 

C17- 50 -gF, 6 -V electrolytic ca- 
pacitor 

C19, C21- 0.0047 -gF extended - 

foil /film capacitor (Sprague 
type 192P Pacer or equal) 

024, C26 -5pF disc ceramic ca- 
pacitor 

C25 -22 -pF disc ceramic capaci- 
tor 

C28- 120 -pF mica capacitor 
C30- 500 -p.F. 25 -V tubular electro- 

lytic capacitor 
C31, C33- 100 -4F, 35 -V electroly- 
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uses a nol-el count -dottl circuit for the 38- and 19 -kHz signals 

PARTS 
tic capacitor 

C32 -350 F. 15 -V electrolytic ca- 
pacitor 

D1, D2, D3, 134, D5- 1N4446 sili- 
con diode (G -E) 

D6, D7, D8, D9 -40267 silicon 
diode (RCA) 

D10- 3.9 -V. 10%, 1 -W Zerter di- 
ode, 1N4730 or equal 

Ql. Q6, Q7, Q9, Q12, Q13, Q15- 
2N3391 transistor (G -E) 

Q2, Q3, Q4, Q5. Q8, Q10, Q14, Q16 
-2N3860 transistor (G-E) 

Q11- 2N3644 transistor (Fair- 
child) 

Q17 -40408 transistor (RCA) 
ICI, IC3 -xL914 (dual 2 -input 

gate integrated circuit 'Fair- 
child) 

IC2, IC4 -1/L923 J -K flip -flop in- 
tegrated circuit (Fairchihd) 

R1- 2.2- megohm resistor 
R2, R13, R;5, R56- 22,000ohm 

resistor 
R3- 33,000 -ohm resistor 
R4 -1200 -ohm, 5% resistor 
R5, P17, R18, P19, R20, R40, 'ñ44, 

R47, R48, R50- 10,000 -ohm 
resistor 

R6-150 -ohm resistor 
R7, R8- 2700 -o`1m, 5% resister 
R9, R10- 2200 -ohm resistor 
R11- 5000 -ohm. 1/4 -watt linear 

LIST 
potentiometer, horizontal PC 

mount (Mallory MTC53L4 or 
equal) 

R12. R14 -1000 -ohm resistor 
R16, R53-25,000-ohm linear po- 

tentiometer 
421, R39, R43- 100,000 ohm re- 

sistor 
R22- 15,000 -ohm resistor 
R23- 5000 -ohm linear potentio- 

meter 
R24- 1500 -ohm resistor 
R25 -160 -ohm, 5% resistor 
R26, R30, R49- 1.8- megohm re- 

sistor 
R27, R28, R31, R32 -4700 -ohm, 

5% resistor 
R29. R33, R51 -3300 -ohm resistor 
R34 -7500 -ohm, 5% resistor 
R35. R38- 10,000 -ohm, 14 -watt 

linear potentiometer, hori- 
zontal PC mount (Mallory 
MTC14L4 or equal) 

R36. R41- 47,000 -ohm, 5% resis- 
tor 

R37 - 56,.000 -ohm, 5% resistor 
R42, R45- 62,000, 5% resistor 
R46-- 220,000 -ohm resistor 
R52 -2700 -ohm, 5% resistor 
R54 -220 -ohm resistor 
R55 -270 -ohm resistor 
AR resistors 1/2 -watt, 10% unless 

otherwise noted 

to insure good separation. 

Sl, S2, s.p.li.t. toggle switch 
S3- 2-pole, 5- position rotary 

switch 
S4, S5 -s.p s t. toggle switch 
T1 -19 -kHz oscillator transformer 

J. W. Miller type 1354 -PC or 
equal) 

72- Filament transformer, 12.6 -V, 
600 mA or more 

J1. J2, J3, U4. J5, J6, J7, J8-6- 
way binding post 

XTAL- 1- 76 -l.Hz, 0,01% crystal 
(International Crystal Mfg. 
Co. type GP -13, $19.95 plus 
postage- Order from manu- 
facturer at 10 North Lee St., 
Oklahoma City, Okla. 73102. 
Allow three weeks for deliv- 
ery). 

Misc- 7 "x9 "x2' aluminum chas- 
sis, crystal socket, knobs, 
hardware 

Note -Etched and drilled glass 
epoxy PC board No. MG -1 
available for $7.25 postpaid 
from Transites Co., P.O. Box 
98205, Des Mo +nes, Wash. 
98016. If you have difficulty 
locating Fairchild Semicon- 
ductors, you can order them 
from Tramsitex. Set includes. 
ICI, IC2, 1333, IC4 and Q11 for 
$5.70 postpaid. 
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S3 SI 

L+R. 

L-R . PILOT 

COMPOSITE'` 

R53 

J2 JI J4 J3 S2 

S5 J7 

I9 KHZ 
SYNC 

Front panel of the FM stereo generator is made from a 5" x 9" sheet of aluminum. 

Controls are laid out for convenience and ease of operation. A 19 -kHz sync 

signal is rarely used in stereo alignment so jacks J5 and J6 may be omitted. 

Switch S3 selects the required 
combination of L, R and -R signals 
to form the desired composite output 
signal. The switching gates formed by 
Q12, Q13, Q14 and diodes D2 through 
D4 operate in this way: 

When point B is switched to +V, 
D4 and D5 are reverse -biased and 
present an impedance of many meg- 
ohms between the emitter of Q13 and 
the base of Q14. At the same time 

point A is at ground potential, effec- 
tively connecting the emitter of Q12 to 
the base of Q14 through the low "on" 
resistance of D2 and D3. Either Q12 
or Q13 is connected to Q14, except for 
the 0.01 -µsec switching interval men- 
tioned earlier. 

Any difference between the emit- 
ter voltages of Q12 and Q13 will ap- 
pear at the output as an undesirable 
38 -kHz carrier component. Potentiom- 

All active circuits are on the PC board; power -supply components are on chassis. 

S2 
XTAL 

CI7 
SI -S3 

C27 (USE 5,uF /15V 

ELECTROLYTIC) 

C33 

015 
-- 014 

TI 
CH-C[4 

PILOT 
LIVEL 

C15 

RII PULSE WIDTH 
IC3 I C2 IC4 

72 - ICI 

03 04 05 017 06 

R23 
INT. 
AUDIO 
LEVEL 

eter R38 is used to equalize the emitter 
voltages. 

Transistor Q15 is a low -gain stage 
connected to output emitter follower 
Q16. C28 and R48 in the base circuit of 
Q15 provide the only filtering used in 
this generator. Potentiometer R16 sets 
the level of pilot signal added to the 
left and right components appearing at 
the junction of R52 and R53. A level 
greater than 5 volts p -p is available at 
the composite output jacks, J7 -J8. 

The 40408 transistor. Q17, is used 
as a capacitance multiplier in the pow- 
er supply. Adequate filtering of the 
base current to Q17 keeps ripple con- 
tent low. Power for the integrated cir- 
cuits is regulated by Zener diode D10. 

Construction 

A 7" x 9" x 2" aluminum chassis 
was used to build the unit shown in the 
photographs. After determining the lo- 
cation of front -panel controls the cut- 
out should be made to mount the cir- 
cuit board. The board listed in the 
parts list has a 1/4" edge with holes for 
6 -32 hardware. All power supply com- 
ponents are grouped along the back 
edge of the chassis. Although small 
switches and pots were used because 
they were on hand, ample space exists 
for larger controls. You may wish to 
omit the 19 -kHz SYNC jacks since they 
are rarely used in any alignment pro- 
cedures. 

After completion apply power 
and check the two supply voltages. 
The emitter voltage of Q17 should be 
about 15 volts, depending on line input 
voltage. The voltage read across D10 
may be anywhere within the range of 
3.5 to 4.3 volts. 

Alignment 

The only essential equipment re- 
quired is an audio generator and an os- 
cilloscope with a bandwidth of at least 
500 kHz. 

1. With the scope, check for a 38- 
kHz square wave of 15 volts p -p at 
both points A and B. Connect the 
scope to J7 with R53 set for maximum 
output. Set S3 to PILOT. Set R16 (PI- 
LOT LEVEL) to maximum. Set S5 to 
PILOT. Adjust R11 (PULSE WIDTH) un- 
til a 19 -kHz pilot signal appears at the 
output. Tune T1 for maximum pilot 
amplitude. R11 will be further ad- 
justed in Step 6. 

2. Set S5 to OFF. Set S3 to PILOT. 

Adjust R38 for minimum output (max- 
imum 38 -kHz carrier suppression). 
See Figs. 1 -d and 1 -e. 

3. Set S3 to L + R. Set SI and S2 
to EXT. Apply a 1 -volt rms 1 -kHz signal 
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a 

Fig. 2 -a -Top trace is 19 -kHz 
output of 1C4; bottom is 38 -kHz 
output of 1C2. Text explains the 
reason for timing delay. b -A 
2 -kHz left (or right) only signal 
from internal generator without 
19 -kHz pilot. Perfectly straight 
baseline indicates good separa- 
tion. c -Same as b with 19 -kHz 
pilot added. Pilot amplitude is 
10% of total. d- Pattern indicating in- 
correct adjustment of R38 in Step 2 of 
alignment procedure. e- Correct adjust- 
ment of R38. f- Misadjustment of R11 
causes incorrect phase relationship be- 
tween 19 -kHz pilot and 38 -kHz switching 
signals. g- Pattern when R11 is adjusted. 

b 

to 73 only. Note the height of the 
scope trace. Now set S3 to L -R and 
adjust R35 for the same trace height. 

4. Leave the scope vertical gain 
in exactly the same position. Set S1 and 
S2 to INT. Set S3 to L + R. Adjust R23 
for the same trace height as in Step 3. 

5. Leave the scope vertical gain 
control in the same position. Set S3 and 
S5 to PILOT. Adjust PILOT LEVEL until 
the 19 -kHz pilot level is 10% of the 
trace height noted in Step 4. 

6. The last adjustment is setting 
the phase relationship between the 19- 
kHz pilot and the 38 -kHz switching 
signals. Set S1 and S2 to ExT. Apply a 
0.2 -volt rms 100 -Hz signal to both J1 
and J3. Set S3 to L - R. Set 55 to 
PILOT. You will probably have a scope 
pattern which closely resembles Fig. 

y 2 -f. This photo shows incorrect phase 
relationship. Adjust R11 until the tips 
of the brighter center portions of the 
pattern are opposite each other as 
shown in Fig. 2 -g. 

Separation measurement 

Alignment is now complete. There 
are no interacting adjustments but you 
may wish to recheck. 

Separation measurements are 
made as shown in Fig. 3. Connected to 
a good FM signal generator with wide - 
band modulation capabilities, this unit 
makes an excellent stereo demonstra- 
tor. R -E 

MAY 1968 

e 

c 

WAVEFORM TIPS DON'T TOUCH 
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g 

a 

1,1 

C 
1 

Fig. 3 -When measuring separation, make sure that the scope itself does not cause 
phase shift. Pattern a (L or R only) indicates excellent separation; b and e show 
amplitude and phase distortion, respectively. Separation = 20 logy° B/A dB. 

PC board reduces wiring. Shielded cable is used for runs between board and controls. 
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HOW TO SIGNAL -TRACE 
Old time troubleshooting technique revived 

By MATTHEW MANDL 
WITH INTEGRATED CIRCUITS, SOL- 

dered-in transistors, and modular con - 
struction in solid -state TV receivers, 
signal- tracing procedures for localiz- 
ing a defective stage are even more 
valuable than for tube receivers. In the 
latter, when we suspect a stage or two 
of contributing to the trouble symp- 
toms, it is an easy matter to substitute 
new tubes or test the old ones. If this 
doesn't cure the trouble, not much time 
is lost and we can look elsewhere. 

Basic signal tracing 

Three instruments are needed for 
effective signal tracing: An rf signal 
generator (with internal audio modu- 
lation), an oscilloscope and an elec- 
tronic (vacuum -tube or transistor) 
voltmeter. There are four basic meth- 
ods for signal- tracing rf and audio 
stages: 
1. Apply a signal to the input of a 
stage and observe the output wave- 
form of that stage. If an amplified out- 
put signal is obtained, the generator is 
applied to the input of another sus- 
pected stage and the output from it 
again checked. The procedure is re- 
peated for any stage to be checked. 
The basic setup is shown in Fig. 1 -a. 
This method is used for random check- 
ing of single stages. 
2. Connect the signal generator to the 
input of the first stage of an amplifier 
chain and check the output of that 
stage with the scope. If no signal is 
obtained the defective stage has been 
isolated. If a normal signal is observed, 
move the scope to the output of the 
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second stage and recheck. In this 
method only the scope is moved to 
successive stages until no signal output 
is obtained. The procedures are shown 
in Fig. 1 -b. 
3. The third method is the opposite of 
the second. The scope is connected to 
the output of the last stage as in Fig. 
2 -a. Now the signal is applied to the 
input of this stage and, if an output 
signal is obtained, the generator is 
moved to the input of the second stage 
to see if the signal gets through this 
circuit also. Again, only one instru- 
ment lead needs to be shifted. 

4. The fourth method is to take ad- 
vantage of the broadcast signal and 
thus dispense with the signal genera- 
tor. The scope is moved from stage to 
stage until no signal output is ob- 
served. This is shown in Fig. 2 -b. 

Practical factors 

Don't apply too high a signal to 
transistor circuits. Start with a low - 
level signal output and increase it 
gradually. It is good practice to turn 
off the set before connecting the signal - 
generator or scope probes. If you do 

Fig. 1 -Two basic signal- tracing methods. In method a, the generator and scope 
are both moved together from stage to stage; in b, the output of the signal 
generator feeds the first stage and the oscilloscope is moved from stage to stage. 
Regardless of method used, don't jump from circuit to circuit in a random manner. 

2ND STAGE J 3RD STAGE J 
a 

SCOPE 
POSITION I 

> I 2 ND STAGE 

b 

í 

`\ 1 

- -1 
POS. 2 

3RD STAGE 
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TRANSISTOR TV 
to speed transistor TV servicing 

connect the scope probe while the set 
is on, make sure you do not short out 
the collector -to -base terminals of a 
transistor. Also be careful not to short 
out voltages to ground, even momen- 
tarily. This procedure prevents surge 
currents which could damage tran- 
sistors. The scope probe must be a pin- 
point type for safe and accurate use in 
crowded circuit component areas. 

If you are signal- tracing video i.f. 
stages use a diode -type scope probe to 
detect the video signal at points ahead 
of the detector or use a low- capacitance 
probe and connect the scope to the out- 

put of the video detector. The test sig- 
nal can then be applied to the inputs 
of the various i.f. stages, moving to- 
ward the tuner, until the defective 
stage has been found. 

Localize the trouble 

Remembering the basic rules for 
localizing trouble saves signal- tracing 
various sections unnecessarily. If both 
sound and picture are absent, signal - 
trace the stages from tuner to sound 
takeoff point. If sound is present but no 
picture, check the stages between the 

Fig. 2 -Two more signal- tracing methods. In a, oscilloscope is across the out- 
put of the circuit while the signal generator is moved from stage to stage until 
the signal disappears to pinpoint the defective stage. In b, the scope follows 
the signal from the input through successive stages until the signal is lost. 

POS 3 

1 I 
I I 

1 I I, "'T "._ 
1ST STAGE 

POS 2 POSITION I 

1 

1 i 

1 i 

A 

RF, I.F. OR AF SIG. INPUT 

I 1 1ST STAGE 

2ND STAGE 3RD STAGE 

a 

1 

1 

SCOPE 
POSITION I ,' POS. 2 

.3 1 2ND STAGE 

b 

3 RD STAGE 

sound takeoff point and the picture 
tube. If a picture is present but no 
sound, check the stages between the 
sound takeoff point and the speaker. If 
sound is present but the picture screen 
is dark (no raster) , check the high - 
voltage supply. If the picture is weak, 
remove the antenna lead -in and apply 
a modulated rf signal to the input ter- 
minals. If the signal appears at the de- 
tector and the CRT in good order 
check out the antenna system. 

The generator and scope leads 
can be connected to the various sec- 
tions of solid -state circuits with less 
loading effect than encountered in tube 
circuits, because transistor impedances 
are generally lower than those of equiv- 
alent tubes. In some circuits the lower 
signal amplitudes of transistor stages 
may require you to crank up the verti- 
cal gain on the scope a little, but suffi- 
cient signal amplitude will be available 
for signal tracing. 

Typical setup 

Make sure a common ground 
exists between the signal generator, 
the scope and the receiver. A typical 
setup for checking the last video i.f. 
stage and the detector is shown in 
Fig. 3. This circuitry is in the Sylvania 
A06 -1 chassis, and the sound takeoff is 
from the collector of the video ampli- 
fier. Hence, any defective stages prior 
to sound takeoff will affect both picture 
and sound. The signal generator is ap- 
plied to the coupling capacitor to the 
last video i.f. stage, as shown. The sig- 
nal generator is set to the intermediate 

(continued on page 66) 
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A 

Installing An Intercom /Music 
System In An Existing Home 

It can be done without a visible trace of wire 

A RECENT LOOK AT THE HOME INTER - 
coin business revealed what appears to 
be a lopsided and limited marketing 
philosophy. Most, if not all, sales 
efforts are being directed at the new - 
home market. Of course it is much eas- 
ier to run wires before the walls are up 
and finished, but with a little ingenuity, 
the barrier of a finished wall or even a 
ceiling can be circumvented without a 
visible mark or wire. 

One major manufacturer of inter- 
coms said it just wasn't interested in 
the existing homes market. Whether 
the manufacturers think it can't be 
done, or that it requires special equip- 
ment or know -how, or that it costs 
more than the job is worth could not be 
determined. Another company thought 
wiring an existing house could be done, 
but with all sorts of complications and 
difficulties. Still another company said, 
"We'd like to see you do it." 

If it weren't for the fact that tele- 
phone installers routinely solve home 
wiring problems, the negative attitude 
of some intercom pros would have 

By GARY WAYNE 

Fig. 2- Combination intercom and AM /FM radio system is easy to install. Two re- 
expand system to 16 positions without overloading. motes were made portable to 

killed the idea of installing an intercom 
system in an existing home. This atti- 
tude is unfortunate, because at any 
given time there are more existing 
homes than there are homes under con- 
struction. Besides it doesn't make sense 

to have to build a new house just to get 
an intercom system. 

Intercom systems are plentiful and 
they come in all sizes. You can buy 
anything from a simple two- station 
wireless job to a complex of a dozen or 

Fig. 1- Layout system to determine cable run and location of to Lo up through level 3 into the attic, then across to terminal 
stations. To get to level 2 from level I in this home it is easier strip TS2 and down through level 4, than to follow a direct path. 
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ANTENNA 

\ FM / ANTENNA 
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T 
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Fig. 3- Wiring is as simple as it can be ... any unit can be wired to any unit. Outdoor 
remotes can be hooked up with 2- conductor cable to the nearest indoor remote or 
master. Stations Rl, R4, R5 and Rl6 are octal outlets to accept the portable remotes. 

more stations with a built -in music 
system and provision for indoor and 
outdoor units and with features which 
allow a person being called to answer 
a call without touching the intercom. 

Some systems permit more than one 
two -way conversation to take place at 
a time, such as those employing a num- 
ber of master stations. Other systems 
employ a single master station specifi- 
cally designed for ease of operation and 
installation. There are systems employ- 
ing a single remote amplifier, but with 
remote stations resembling master 
units equipped with switching ability 
for initiating selective and private calls. 

Determine your needs. Do you want 
to listen and talk to visitors at your 
front door without the need for them 

to push a button? Do you wish to use 
your intercom as a baby sitter, or to 
monitor sounds in some remote part of 
the house? Do you wish to maintain 
privacy at one or more stations? Do 
you like to have your intercom pipe 
your favorite radio program through- 
out the house? Then you will need a 
wired system. 

Prepare a sketch of the house and 
mark the desired location of each sta- 
tion, as shown in Fig. 1. Because of the 
four levels in this particular split -level 
house it is easier to show all the rooms 
in two separate drawings. More or less 
drawings can be used. 

For security and convenience it is 
desirable to have each of the three out- 
side doors in this house equipped with 

Fig. 5- Because of a double -stud rein- 
forced doorway, the opening cut in the 
wall shown in Fig. 4 required chiseling a 
3/4" notch into each of the bordering studs. 

an outdoor remote unit. The second 
and third levels of the house called for 
six remote units: one in each of the 
three bedrooms, one in the bathroom 
and two in the large combination liv- 
ing and dining room area. Since the 
focal point of this particular home is 
the kitchen and dinette, that is the logi- 
cal place to locate the master unit. 

In the lower portion of the house it 
appeared logical to install one unit in 
the garage, two in the very large rec- 
reation room, one each in the study, 
workshop and laundry. All together 
the need was for a master station, three 
outdoor remotes and 12 indoor re- 
motes, for a total of 16 positions. Per- 
haps this many stations reflect the 
height of laziness but, without too 
much effort, justification for several 
more positions could have been made 
for the inside of the house and for the 
outside areas, particularly in the vicini- 
ty of the patio. 

Encouragement to go ahead with 
this project came from the Bogen 
Communications Division of Lear 
Siegler, Inc. They also happened to 
have a very suitable system for the 
home. The system features a master 
station which can ideally carry a dozen 

Fig. 4 -Mark off the area to be cut out as accurately as possible. Fig. 6. Master station installed without horizontal supports. The 
Do not depend upon the panel escutcheons to hide sloppy work. back box ( roughing frame) is screwed to studs on each side. 
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Fig. 7 -Only a handful of tools are needed for the entire job. An electric drill and 
extension make it possible to get past the floors and ceilings over the wall spaces. 

remote units without overloading, and 
a built -in AM and FM radio. (The mas- 
ter and remote units are shown in Fig. 
2.) Other features satisfied all require- 
ments except the total number of sta- 
tions needed . . . the three additional 
stations could have been added, but an- 
other exciting idea popped up which 
was instantly incorporated into the 
overall plan. 

To wit, instead of possibly overload- 
ing the system, two of the remote units 
would be made portable. They would 
be mounted in a small cabinet and 
equipped with a 10 -foot cable and octal 
plug which could be plugged into any 
one of several strategically located out- 
lets. In this way it would be possible to 
wire up the other bathrooms, install 
several outdoor outlets and even run 
some additional cable for future instal- 
lation of more outlets. Stations Rl, R4, 
RS, and R16 were assigned outlets for 
the plug -in portable units. 

One big advantage this intercom sys- 
tem has is a parallel wiring configura- 

tion which requires only eight conduc- 
tors (four twisted pairs) for the entire 
circuit, regardless of the number of 
units. It is a very simple wiring arrange- 
ment (shown in Fig. 3). No special 
wiring sequence of stations is required. 
All units are in parallel . . . it isn't 
necessary to run a separate line back to 
the master station from each remote. 
Any unit, even the outdoor remotes, 
can be connected to any indoor remote. 
Only two conductors are required for 
the outdoor remotes. 

Optional push- buttons on the out- 
door remotes for bell or chime opera- 
tion also require a two -wire cable or 
ordinary bell wire. The only other 
wires needed are for the AM and FM 
antennas. 

Because the intercom is solid -state 
and requires only 6.3 volts at 60 Hz 
ac (a stepdown transformer is used to 
drop the line voltage) low- tension wir- 
ing is used and there need be no fear of 
running wire in violation of the electric 
code in most if not all areas. 

Before making a single purchase, 
even after you have determined your 
needs, lay your system out on paper. 
The more time you spend on the lay- 
out, the less time you will spend on ac- 
tual installation. Study the house and 
try to visualize how easy or difficult it 
will be to run the wires, which walls 
are more accessible, etc. 

Is it easier to work from the base- 
ment up into the wall space, or is it 
easier to work from the attic down into 
the wall space? Will it be necessary to 
run wire through the wall to the out- 
side, then around part of the house and 
then through the wall to go inside 
again? Or is it easier to conceal the 
wire behind molding or under base- 
board heaters. Will you have to really 
do it the hard way and notch out pieces 
of walls or ceilings because the run is 

across the beams? Finally, will you 
have to take advantage of several of 
these techniques to complete the job? 
Where possible run wires parallel with 
studs and beams and take advantage of 
the hollow spaces that exist in walls and 
ceilings. 

Be prepared to modify your plan 
and to select alternate locations for the 
intercom station within a room just in 
case you run into an insurmountable 
obstacle. You must be careful not to 
disturb existing plumbing and electri- 
cal wiring. You must also avoid cutting 
or drilling into studs and beams that 
support the weight of the house. 

When estimating the amount of wire 
needed, measure both the horizontal 
and vertical distances, add at least an 
extra foot at each station or junction, 
and then increase your estimate by 
about 10% . It is better to have some 
wire left over than to run short. 

Not all installations are as large or as 
complex as this one appears to be. Yet, 
except for a couple of problems which 
showed up at the front and back doors 
and in the garage, the job was fairly 
easy. 

The site for the master unit was se- 

Fig. 8- Intercom is powered by a single 6.3 -volt transformer Fig. 9 -More than adequate gain and sensitivity permitted lo- 

(black face). Other units serve door chimes and sprinklers. cating the front door unit under the overhang, away from rain. 
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lected and carefully marked off as 
shown in Fig. 4. Normal spacing be- 
tween studs is 16" from center to cen- 
ter, or about 141/2" actual space. This 
is also the amount of space needed to 
accommodate the metal frame (back 
box) which holds the master station in 
place. Shades of trouble to come . . . 

when the wall was opened, only 13" of 
space between studs was found. The 
studs were installed 16" on center, 
but the right side, because it framed 
an opening in the wall, was double - 
studded. 

To recoup the lost 11/2 ", a hammer 
and wood chisel were put to work to 
notch out 3/4" on either side as shown 
in Fig. 5. While it is more work to notch 
out both studs, it is better than com- 
pletely severing one of the studs. The 
back box fitted snugly into the opening 
and was later screwed to the studs on 
both sides. Fig. 6 shows the master 
station in place. 

However, before securing the back 
box and installing the station it is neces- 
sary to get at least some of the wires in 
place. The plan was to drop a line from 
the master station to the basement lev- 
el and also to run a line up into the 
attic and across to the bedroom area. 
The line in the attic would then go 
down through the walls into the bath- 
room and three bedrooms and con- 
tinue going down into the garage and 
recreation rooms. Somehow (by osmo- 
sis) the front- and back -door outdoor 
units would be wired up. 

A horizontal wooden member (fire 
stop) about l' below the opening in the 
wall blocked the path to the floor. A 
5/8" high -speed wood cutting bit in a 
3/8" drill as shown in Fig. 7, cleared the 
way. The same pistol- shaped drill was 
used to drill a hole through the floor 
into the wall opening, from the base- 
ment up. This can be quite tricky and 
is excellent for those who want to live 
dangerously. A couple of inches out of 
the way in one direction would have 
chewed a hole in the wall -to -wall car- 

Opening the wall is a cinch. Most walls will give way to a sharp knife or small saw, 
but you can't beat the speed and convenience of a power tool when properly used. 

peting; an equal error in the opposite 
direction would have taken care of the 
not inexpensive vinyl floor covering in 
the kitchen /dinette area. 

Careful measuring paid off, the 
holes in the fire stop and flooring were 
not too much out of line. A 10 -penny 
nail was tied to the end of a length of 
kite cord and dropped through the hole 
in the fire stop. A wire coat hanger, 
dressed for the occasion (cut, straight- 
ened and hooked at one end), was used 
as a fish hook through the hole in the 
floor from the basement side. It took 
only two passes to snag the cord and 
pull it through. The cord was shuttled 
back and forth to transport the eight - 
conductor cable and the two -conductor 
6.3 -volt ac line. 

Installation of the 6.3 -volt trans- 
former requires a 117 -volt line and a 
gem box. Unless you are a licensed 
electrician do not go into the fuse (or 
circuit- breaker) box; instead, run an 
extension cord and plug to a nearby 
existing outlet. However, for a profes- 

Fig. 10 -Back box for the door remote unit is screwed to the 
two wooden cross braces installed in the orerhang opening. 

MAY 1968 

sional type installation the transformer 
can take its place alongside the fuse 
box, as shown in Fig. 8. The other 
transformers shown are for a sprinkler 
system and the door chimes. 

Only one more task to do before the 
master station could be hooked up and 
secured in place: The eight- conductor 
cable FM antenna transmission line 
and a single conductor wire which 
served as an AM antenna had to be 
run up into the attic. A 12" drill ex- 
tension and a long arm made the grade 
without difficulty. Fortunately, the elec- 
tric drill fitted into the wall space, with 
room to spare. Once the cable was in 
place in the attic it was connected to a 
centrally located barrier terminal strip 
(TS2 in Fig. 3) and then branched out 
to the bathroom (R8) and two of the 
bedrooms (R9 and R10). From station 
RIO the cable ran to the other bedroom 
(R -12), to the front door (R13) and 
down to R 11 in the recreation room. 

Several problems developed at the 
(continued on page 80) 

Fig. 11 -Wall sandwich used to support indoor remote back 
boxes. Only 2 woodscrews hold each wooden brace on the box. 
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By LEN BUCKWALTER 

IF YOU'VE SUCCESSFULLY WIRED EX- 

tension speakers to an amplifier you 
may be a short step away from the 
world of commercial sound. It's a 

burgeoning field that presents the in- 
staller with unending possibilities. One 
day you'll install a three -speaker sys- 
tem in a small retail shop. The next 
job could require a network of 30 
speakers in a multilevel department 
store. And nearly any system includes 
electronic hardware rarely found in 
home -entertainment equipment. It in- 
cludes special transformers and am- 
plifier outputs, L -pads and horns. 

Yet the basic aim of commercial 
sound rarely changes: To distribute 
audio with little loss, and with flexible 
control, over floor space. Reaching 
that objective often begins in the plan- 
ning stage. 

Surveying the job 

The first step in any sound in- 
stallation is a survey, to get the infor- 
mation needed to choose equipment. 
You'll want to quiz the customer 
about areas to be covered, where mi- 
crophones would prove useful, and 
whether background music will play 
through the system. Many retailers 
want several mikes for paging or spe- 
cial announcements from various 
points in a store. Some clients wish to 
reduce sound in one room indepen- 
dently of level in the main area. Out- 
door coverage in a parking lot may be 
desirable. This is the data you'll need 
to establish the number of inputs, con- 
trol points and approximate speaker 
locations. 

The survey should also provide a 
technical road map. Walk around the 
premises and draw a rough sketch, or 
floor plan. Show details such as mike 
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points and speaker -mounting possibil- 
ities (see Fig. 1). This kind of atten- 
tion to detail saves a lot of back -and- 
forth travel on installation day. 

Where to locate the amplifier? 
Store managers usually want absolute 
control over the amplifier and want it 
located in an office (or enclosure). 
The problem is that many stores have 
precious few inches to spare and you'll 
have to install a new shelf to be used 

for the equipment. 
Other considerations worth not- 

ing are how wiring may be routed 
over the premises. Will you need a 
special drill bit to make a hole in a 
floor or wall? Estimate the number of 
feet needed for wiring runs. After 
you've extracted as much detail as 
possible during the survey, you're pre- 
pared for the next phase, done at the 
shop or home. 

I20' APPROX 

STREET LEVEL 

.v 
POSSIBLE CEILING BAFFLE,8° 

WALL MOLDING FOR WIRING RUNS 

a 
4 CORNER 
BAFFLES,B" 

MIKE 

y - AMPL.LOCATION. 
MANAGER'S 
OFFICE, 
MOUNTED ON 
SHELF, 20 WATTS 

z 

BASEMENT LEVEL 

MIKE 

a 
O 

AC OUTLET 

I CORNER 
BAFFLE 

VOLUME 
CONTROL 

Fig. 1- Before doing anything else, survey the site and make a sketch of the 
proposed speaker and microphone layout. Discuss this carefully with client. 
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Sound ideas for a sound 
future . . . follow the profit 
path from survey to 
installation 

COMMERCIAL SOUND 
Armed with rough sketches, you 

can start to classify the system and 
work out a suitable wiring arrange- 
ment. An installation will usually be 
in one of two speaker -wiring catego- 
ries. A small system can be wired at 
voice -coil impedance (similar to wir- 
ing extension speakers in the home); 
a large system will usually employ live 
transformers. The first is inexpensive 
but sometimes inefficient; the second 
costly but more efficient. 

The typical retail store, beauty 
salon or small industrial shop needs 
only a small sound system. Dimensions 
are usually less than 2000 square feet 
in such an establishment, with wall 
lengths generally under 30 by 60 feet. 
Ample coverage should be provided 
by three or four speakers. 

Since a variety of factors affects 
acoustic conditions -noise level, ceil- 
ing height and room coverings -we 
can't give precise formulas for speak- 
er location and amplifier power. But 
experience suggests that nearly all of 
these cases can be covered by an am- 
plifier rated at 15 to 20 watts. 

Speaker selection 

In speaker placement, the most 
important requirement is smooth dis- 
persion of sound. It's possible to use 
few speakers and run them at high 
audio output for full coverage. But 
this annoys people close to a speaker, 
especially when the system is piping 
background music throughout the day. 
The preferable solution is more speak- 
ers operated at lower levels. One suc- 

Shown at the top of these two pages are typical 
pieces of commercial sound equipment you might 
use: Electro -Voice 619 dynamic microphone, Lafa- 
yette PA -645 amplifier, Soundolier 66 ceiling 
baffle and Electro -Voice 844 -A horn -type speaker. 
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cessful approach has been to use an 
approximate spacing between speak- 
ers of 15 to 20 feet. When speakers 
are positioned near very high ceilings, 
spacing may be greater; dispersion 
improves at greater distance and each 
speaker may operate at a higher level. 

Where an area tends to approach 
a square layout it's often a good idea 
to begin with speakers at the four cor- 
ners. Walls that meet at right angles 
aid in smooth and wide distribution of 
sound. Any "holes" in coverage may 
then be filled in with mid -wall or 
room -center speakers. An exception 
occurs in the case of outdoor cover- 
age, where extremely high mounting 
points (a pole or side of a building) 
permit a few units to cover a wide area. 

A versatile indoor speaker is an 
8 -inch paper -cone type. It's small 
enough to mount conveniently in 
many locations, but large enough to 
reproduce background music effec- 
tively. What's more, it's inexpensive. 
The more costly 12 -inch speaker 
might be a better choice where a 
speaker is located far from the ear of 
the listener and speaker blasting won't 
be a problem. Unless there's a reason 
for using a wide -range or hi -fi speaker, 
a standard replacement type proves a 
good performer for indoor PA work. 

Many baffles are available for 
mounting your speakers. The V- 
shaped corner baffle, however, is espe- 
cially valuable since it provides wide - 
angle dispersion. A recessed baffle, 
which mounts flush with the ceiling, 
offers the neatest installation. But 
chances are you'll get the opportunity 
to use it only when the location is un- 
der construction. After the premises 
are completed, you might no longer 
have access for wiring runs above the 
ceiling or between floors. 

Another specialized group of PA 
speakers are for outdoor work. 

They're enclosed in weatherproof 
housings and take on designations like 
driver, trumpet and horn. As a group, 
outdoor speakers are remarkably effi- 
cient and cover long distances on rela- 
tively low audio power. This capabil- 
ity is partly due to the narrowing of 
sound over a restricted arc, and partly 
due to high efficiency at the expense 
of wide frequency response. In choos- 
ing an outdoor type, check to see if its 
directionality affords coverage of the 
desired area. Otherwise, these speak- 
ers are handled in the same manner 
as their indoor counterparts. 

Running speaker lines 

Once you've decided on speaker 
types, the next consideration is getting 
power distributed equally. In most 
small systems, wiring may be done at 
voice -coil impedances. Speakers are 
connected directly to the amplifier, 
but in a variety of wiring combina- 
tions that preserve impedance match, 
and thus avoid excessive power loss. 

Proper matching also causes the 
same power to appear at various 
speakers tied into the system. This ap- 
proach, however, has limitations. It is 
based on short speaker lines wired 
with substantial conductors, typically 
No. 18 wire (ordinary zip cord). A 
rule of thumb is that lines up to about 
50 feet will perform reasonably well 
at voice -coil impedances (3.2, 8 and 
16 ohms) . Much beyond that span, 
the line itself consumes too much pow- 
er; you get progressively less audio in 
speakers strung along the line. 

In a system using only three or 
four speakers, some power loss can be 
tolerated by simply running the am- 
plifier at high volume. Since speakers 
close to the amplifier will tend to 
blast, they can be individually reduced 
by one of the volume -control tech- 
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niques mentioned later. 
This lossy solution assumes you 

have ample reserve power and can 
suffer line losses which become in- 
creasingly pronounced as the imped- 
ance of the line is lowered. It's a tactic 
that should be reserved for installing 
the small system. 

Speaker connections 

As shown in Fig. 2, the simple 
series connection can provide an im- 
pedance match at voice -coil imped- 
ances in a small installation. The three 
3.2 -ohm speakers are shown in series, 

en 
AMPL 
OUTPUT 

c 

TOTAL 
9.6Q 

3.2Sí 

3.211 

3.251 

Fig. 2 -In a series connection, the sum 
of the loudspeaker impedances should 
match the amplifier's output impedance. 

which adds impedances to a total of 
9.6 ohms. The line, connected to the 
amplifier's 8 -ohm tap, yields a reason- 
ably good match and equal speaker 
power (ignoring power lost in the 
line). Similarly, five speakers in series 
would match the amplifier's 16 -ohm 
tap satisfactorily. 

A disadvantage often pointed out 
for the series connection is that if one 
speaker voice coil blows, the com- 
plete system is inoperative. But that 
is a rare event. A purist might also 
point out that if any speaker in a series 
lineup goes through its acoustic reso- 
nance point, it could generate a small 
ripple of distortion to the remaining 
units. This is a criticism more aptly 
applied to a hi -fi installation, where 
ultimate quality is the goal. 

4.11 

AMPL 
OUTPUT 

TOTAL 
4n en 

Fig. 3 -A parallel circuit. Divide the 
impedance of one speaker by the number 
of speakers to get amplifier impedance. 

Another technique for the small 
system is the parallel connection. As 
illustrated in Fig. 3, speakers are 
tapped across the line, where imped- 
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ances divide like parallel resistors. 
And as for parallel resistors, the total 
number of ohms is simply the imped- 
ance of one speaker divided by the 
number in parallel. (This calculation 
works only if all speakers have the 
same voice -coil impedance.) Thus in 
our two -speaker example -8 ohms 
each -the total of 4 ohms provides a 
perfect match to the amplifier. 

The pitfall of the parallel con- 
nection is that impedances fall rapidly 
to below that of the amplifier's lowest 
tap as speakers are added. Further, 
we've shown 8 -ohm speakers, but 
there's a good chance you'll be using 
3.2 -ohm types, which further aggra- 
vates the problem. The answer is often 
a combination approach. 

By placing branches of speakers 
in series to build up impedance, then 
adding branches in parallel to bring 
down impedance, you gain additional 
flexibility. An example is shown in Fig. 
4. Note that two 8 -ohm units in series 
build a 16 -ohm branch. This is re- 
peated for another set of two speak- 
ers. Then, by wiring each branch in 
parallel, the total is reduced to 8, thus 
matching amplifier output. A similar 
arrangement could be worked out for 
3.2 -ohm speakers. 

In laying out any of these sys- 
tems, attempt to get some physical 
symmetry in the wiring, so lines will 
run in nearly equal lengths to different 
sets of speakers. Doing so tends to 
equalize line loss. You will have less 
of a chore in coping with unequal 
sound level through the system. 

Controlling volume 

The master volume control for 
any system is the gain control on the 
main amplifier. Its setting determines 
the overall audio level throughout the 
installation. But to obtain either sys- 
tem balance or control points at indi- 
vidual speakers, additional controls 
may sometimes be necessary in the 
speaker lines. 

It should be apparent that chang- 
ing volume at any one speaker must 
leave a series or parallel matching 
arrangement unaffected. Individual 
speaker volume is best controlled with 
an L -pad, shown in Fig. 5 -a. The L -pad 
is a dual wirewound rheostat that 
maintains constant line impedance re- 
gardless of volume level setting. Al- 
though the speaker sees a change in 
impedance with a change in volume, 
this effect is not detrimental. 

Selecting an L -pad is merely a 
matter of choosing one to match 
speaker impedance and power fed to 
it. Pads are made in several resistances 
to match nearly any voice coil you're 
apt to encounter. A typical L -pad for 

PA work is rated at 4 watts of con- 
tinuous audio, 15 watts peak. 

It's also possible to control more 
than one speaker simultaneously with 
a single L -pad. In Fig. 4, the two top 
speakers (8 ohms each) are series - 
connected for a total of 16 ohms. A 
16 -ohm pad could be inserted in the 
line feeding only those speakers. This 
might prove effective if you wish to 
control a group of speakers simulta- 
neously in a room away from the main 
listening area. 

An L -pad can only reduce audio 
power to a speaker. It cannot boost 
a weakened signal that has traveled 

en 
AMPL TOTAL 
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en 

Fig. 4- Series -parallel connection of 
four speakers to a single amplifier 
tap uses two branches to match properly. 

over a long line to a remote group of 
speakers. Overcoming the loss by rais- 
ing amplifier volume may cause near 
speakers to blast. Thus, basic balance 
of the system might require pads in 
additional speakers. 

Large systems 

So great is the power distribution 
problem in long wiring runs that in- 
stallers seldom use the voice -coil tech- 
niques just described. As wire lengths 
run into hundreds of feet, even heavy 
wire sizes will be the cause of consid- 
erable power loss. 

A second problem is just as criti- 
cal: When speakers grow in number it 
becomes increasingly difficult to com- 
bine them in series and parallel ar- 
rangements. Fortunately, a relatively 
simple solution exists. 

Constant -voltage line 

The 117 -volt ac line in your home 
is part of a constant -voltage line. You 
can easily plug in any electrical ap- 
pliance rated at 117 Vac with little 
regard to the power it consumes (so 
long as it doesn't blow the fuse). A 75- 
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LINE 
TO 
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Fig. 5 -To control the volume of an 
individual speaker, an L -pad keeps 
line impedance constant and doesn't 
affect the volume on other speakers. 

watt lamp, a 300 -watt TV receiver 
and a 50 -watt soldering iron simply 
draw their rated current (and thus 
power) from a common line. 

The same principle is employed 
by the larger PA amplifiers. In addi- 
tion to the usual 4 -, 8- and 16 -ohm 

AMPL 
OUTPUT 
70V 

160 

, 70V 
OHMS 

40 
LINE 

LINE TRANSFORMER 

70V 
LINE 
TO 
NEXT 
SPKR 

c 

Fig. 6 -The line -to- speaker 
former in a 70 -volt system is 
to feed more or less power 

trans- 
tapped 
to the 

speaker. Each speaker is fed from 
a separate line -matching transformer. 

outputs, one tap is designated 70 
volts. ( "70 volts" means that when the 
amplifier is driven to full rated output 
-say 50 watts -a potential of 70 
volts will exist across the line.) Now 
any variety of speaker sizes, shapes 
and power levels can be "plugged into" 
the line. Speakers may be added to 
the line at a future time -or removed 
-without affecting other speakers 
along the line. 

This additional tap for 70 volts 
vastly increases flexibility in installa- 
tion and eliminates any calculations. 
It slashes power losses in lines, too, 
since the higher voltage and imped- 
ance levels reduce line loss. Of course, 
you can't exceed the output capability 
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Five points to remember: 

1. Survey the premises first, making a floor plan and estimating speaker 
and microphone need and placement. 

2. The amplifier should usually be centrally located. 

3. It's usually better to use more speakers at lower volume, than fewer 
speakers at higher volume. 

4. Use constant -voltage speaker lines in large systems where cable runs 
are long 

5. Different locations may need different speaker output levels; use line - 
transformer taps or L -pads. 

of the amplifier. With 10 speakers be- 
ing driven by a 50 -watt amplifier, total 
power consumed by the speakers can- 
not be more than 50 watts. 

Further, the 70 -volt line requires 
the addition of transformers to match 
the line down to Apeaker voice -coil 
impedance. But the process, as you'll 
see, also provides a handy method of 
controlling balance and volume at 
each speaker. 

Using the 70 -volt line is simplic- 
ity itself, as shown in Fig. 6. A line, or 
constant- voltage, transformer is usual- 
ly mounted within the speaker baffle. 
Note that one side of the transformer 
has a series of taps marked in various 
wattage levels. You merely select the 
desired wattage for the speaker -in 
this case 0.62 watt -and connect the 
line between that tap and common. 
This procedure is repeated for each 
speaker in the system. If the trans- 
former is feeding, say, a large out- 
door horn, the installer might pick the 
5 -watt tap to produce ample power. 

Another useful feature is that af- 
ter the system is installed, it's easily 
possible to balance it. If a particular 
speaker produces excessive sound, the 
tap is merely dropped down one posi- 
tion and speaker power is reduced by 
one -half. 

A speaker connected to a 5 -watt 
tap will take 5 watts from the line only 
when the amplifier is driven to full 
rated output. If one speaker is con- 
nected to a 5 -watt tap and another to 
a 10 -watt tap, the first will draw half 

(A)SWfTCNED (B) L-PAD 

Fig. 7 -Two ways to control volume of 
a single speaker in a 70 -volt system: 
Switch (left) simply turns speaker on 
and off, while L -pad (right) allows 
continuous control of sound volume. 

as much power as the second. 
There are various tactics for con- 

trolling volume in individual speakers 
on a constant -voltage line. It may be 
as simple as shown in Fig. 7 -a, where 
a switch in one leg to the transformer 
removes that component from the cir- 
cuit. This method provides only on 
off operation for the speaker. To ob- 
tain continuous volume control, an 
L -pad rated at the speaker's voice -coil 
impedance is wired after the trans- 
former, as shown in Fig. 7 -b. 

Another possibility is shown in 
Fig. 8. This method will not produce 
smooth, continuous changes in volume 
since it operates in stepped fashion. 

i 

70V 
L NE 

OFF, 

LINE 
TRANSFORMER 

L 

/5W 
TAP 
SELECTOR 

Fig. 8- Another way to control volume 
of a single speaker in a 70 -volt system. 

The selector switch is turned to the de- 
sired tap. Note that the first position 
is off, then volume grows increasingly 
stronger as the switch moves down the 
taps. Although power doubles at each 
step, there is only a slightly audible 
change to the listener. Tap -changing 
transformers of this type are unlike 
L -pads in that they do not waste pow- 
er when the speaker is adjusted to low 
levels. 

While loudspeakers and ampli- 
fiers aren't the only components in a 
sound system, getting them installed 
takes care of most of the work. It's 
relatively easy to add microphones, 
turntables, tape decks and AM and 
FM tuners, as needed. The main thing 
is to cover the desired area with suffi- 
cient intelligible sound. R -E 
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High -power amplifiers, close -talking microphones, beefed -up speakers and earth shattering sounds 

By JACK DARR 

THERE'S A NEW BOOM IN THE SOUND 

business, and I do mean BOOM! It's in 
the sound equipment used by musical 
groups playing all that new pop, rock 
and Western music. A typical group 
may have only four guitars, but they 
get as much power as a 100 -piece 
marching band -more, in fact. 

Electronics retailers report that a 
very large percentage of sales in the 
last year or two have been in this kind 
of equipment. Well- informed sources 
seriously estimate that this branch of 
the business can go as high as $500,- 
000,000! It's been growing rapidly for 
the last few years, and is still growing. 

The customers for this equipment 
are young. They have their own ideas 
about what they want, and how they 
want to use it. A lot of these ideas are 

completely foreign to some sound men 
(present company included) and, in 
fact, violate long -established laws of 
acoustics, second -installation practices, 
and so on. However, they do have one 
point in their favor -they work! 

To get in on the boom, the first 
thing is throw away the book, get your 
foot out of the rut and get with it. The 
sound problems you'll find won't be 
easy, if you try to use "conventional" 
equipment: however, to meet the tre- 
mendous demand, manufacturers have 
come up with specialized equipment 
that wi // work under these conditions, 
and work very nicely, thank you! 

The first thing these musicians 
want is power and lots of it. They fig- 
ure that they came to be heard, and 
they want to make sure they are. It's 
hard for an old -timer like me to com- 
prehend, but many groups use individ- 

ual amplifiers big enough to cover a 
good -sized football stadium! "Guitar 
amplifiers" with 50, 60 and even 100 
watts are common. Indoors! (There 
goes an old belief!) 

There is always one vocalist, and 
in many groups, all the members sing. 
To be heard above the instruments, 
separate vocal amplifiers are used, with 
powers up to 100 watts again. Photo 
on opposite page shows a typical amp- 
lifier system, with 100 watts output. 
This one will accept two microphones. 
Mixers can be used to provide as many 
as eight mikes at the same time. 

Instrument amplifiers run all the 
way from the little 5 -watt "practice" 
amplifiers up to the 100 -watt and even 
200 -watt sizes. The most common con- 
struction seems to be what is called a 
"piggyback ": The amplifier sits on top 
of the speaker enclosure, with its con- 
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trol panel slanted, for easier access, 
like the unit of Fig. 1. 

Speaker enclosures are small, 
considering the tremendous sound 
power they must handle. Two of the 
most popular types are the "laydown" 
and the sound column. 

Cone speakers, by the way, are al- 
ways used in today's music. The old 
trumpet- driver combination is a more 
efficient speaker, but lacks the strong, 
solid bass these musicians want -so 
they're out. 

Microphones and speaker 
placement 

Stand by to throw another old 
idea overboard -that mikes must al- 
ways be behind the loudspeakers. Not 
any more! Young musicians believe, 
quite logically, that they should be seen 
as well as heard! So. the musicians and 
the mikes are out in front and the 
speakers are in back, as you can see in 
the action shot of the "Cryan' Shames" 
(left). Putting mikes in front of 
speakers brings up some difficulties, 
if conventional equipment is used. You 
can see another big difference here 
too. Notice how close the singer at left 
is to his mike! The old idea of "never 
nearer than 12 inches" is gone. These 
are specially designed mikes, as we'll 
see in just a minute. They have to be, to 
work in front of the speakers delivering 
such high sound power. 

Now let's take a look at some of 
the details -the changes and redesigns 
that manufacturers had to make in 
their products to do this kind of work. 

Amplifiers 

All the parts in a system are 
equally important, but let's start on 
familiar ground. We've had high - 
powered amplifiers for a long time. 
The latest versions, tube or transistor, 
are much more compact than the older 
ones. 

A typical musical group might use 
three guitars: lead. rhythm and bass. A 
string bass may be added. All will be 
"electric guitars" (I know this ought to 
be "electronic," but it isn't.) In some 
cases, each instrument will have its 
own amplifier. In others, a medium - 
power amplifier (50 watts!) may be 
used, with multiple inputs, tone con- 
trols, reverb and other special effects. 

To get up into the really high 
powers, the big boomers like those 
shown on page 49 can be used. Fig. 2 is 
a partial schematic of a 200 -watt boost- 
er consisting of two 100 -watt amplifiers 
in parallel. Each has a 7247 amplifier 
phase inverter and four 8417's in push - 
pull parallel. If you want to approach 
the mildly ridiculous, five 100 -watt 

A typical vocal amplifier system, the Bogen Swinger 100, puts out 100 watts of 
power. This model will accept two microphones. Mixers permit use of 8 mikes. 
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boosters can be driven by a single pre - 
amp, for a total of 500 watts output! 

External mixers can be used with 
instruments, mikes or a combination of 
each. The mixer shown on p. 50 
has five inputs, each with its 
own gain control, and a master gain 
control. Mixers like these can be par- 
alleled to give any number of inputs 
needed. Another version of this instru- 
ment is also shown; this has four inputs 
and built -in reverberation. You can 
adjust reverb on the front panel, by a 
remote switch mounted on one of the 
guitars, or a hands -free, foot- operated 

Peter Noonan ( "Herman" of Herman's 
Hermits) in action with close -talking 
microphone technique. Specially de- 
signed microphones can be held t/2 inch 
from vocalist without producing distortion. 

switch. Reverb or echo is often used to 
simulate the sound of a large hall or 
to create special effects. 

Bass amplifiers 

Extra -heavy low- frequency re- 
sponse is needed for bass guitars or 
string basses. This demands high power 
in the amplifiers themselves, since, 
even in a normal composite musical 
tone, practically all the power is in the 
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lower frequencies. (It takes more 
"work" to move speaker cones back 
and forth over large excursions at very 
low frequencies.) 

The amplifiers are designed with 
heavy bass -boost circuits, and very 
large cone speakers are used. Electro- 
Voice makes one with a 30 -inch diam- 
eter! With a high -powered amplifier, 
this can be a real "window- breaker "! 

Reliability 

These amplifiers had to be rede- 
signed for "hard work." Even in a 
home hi -fi amplifier with a 100 -watt 
rating, the average power output is 
only about 1 -2 watts! The rest is saved 
for occasional music peaks. However, 
in go -go clubs, the amplifiers may be 
running at 75 -80% of full output 
power for hours at a time. They are 
also subjected to extremely high tran- 
sient voltages; stringed instruments 
normally have a very sharp "attack" or 
initial rise time, and this can put ter- 
rific voltage surges through the system. 
Components must be rated to carry 
them, or you'll have component fail- 
ures at regular intervals! 

Microphones 

"Microphones must always be be- 
hind the speakers." That's what we 
used to say. Look at these photos of 
performers in action! The mikes are all 
along the front of the stage! But how 
do we get away from feedback? 

Simple. Specially designed close - 
talking mikes are used, and the singers 
work very close to them -photo left 
shows Peter Noonan ( "Herman" of 
Herman's Hermits) in action. He is 
actually working about '/2 inch from 
the microphone. 

Sound waves are very much like 
radio waves. Each wavefront is basi- 
cally hemispherical; it loses power tre- 
mendously as it travels away from the 
source, because of the spreading ac- 
tion. The actual sound power at a dis- 
tance of '/ inch from the singer's lips 
is much, much higher than at say 24 
inches (see Fig. 2). This "proximity 
boost" is a normal characteristic of all 
microphones, and is deliberately em- 
phasized in these special models. The 
boost in level may be 50 -60 dB or 
even more. 

These mikes are relatively insensi- 
tive to sounds coming from more than 
about 3 feet away, but quite sensitive 
to nearby sound at a high level. Comes 
out with exactly the effect we must 
have for this kind of work. 

Practically all such mikes are dy- 
namics. Even crystals proved too deli- 
cate for this kind of rough service. 
Special shockproof construction makes 
them rugged and long -lasting. 

Mikes are often hand -held for 
convenience and to give the performer 
more freedom to move around. Most 
of them are provided with a "quick - 
disconnect" mounting from the stand. 
A plastic C- shaped clip holds the mike 
tightly, but it may be slipped forward 
and out very easily. 

Proximity effect 

Beside volume gain, we get an- 
other bonus from the close- talking 
technique. Older mikes, such as rib- 
bons, suffered from "pop" (explosive 
"B" and "P" breath sounds) and wind 
noises; they also accented sibilants 
( "S" and "C" sounds) These new 
dynamics are designed to eliminate this 
effect by special baffling inside the 
case. (I call this "whodunit" technique 
-a baffling case.) 

A phenomenon which was re- 
garded as evil in older mikes, especially 
ribbons, was called "proximity effect." 

SINGER 

MIKE (2i 

SOUND WAVEFRONTS. 
HEMISPHERICAL IN SHAPE 

Fig. 2 -Sound waves act somewhat like 
radio waves. Their intensity at a given 
point decrease exponentially as the wave 
travels away from the source. Therefore, 
the sound intensity at mike #1 is very 
much greater than that at the location of 
mike #2. Special mikes use this "boost." 

If the performer got too close to the 
mike, there was an increase in bass re- 
sponse. Could be as much as 15 dB 
around 100 -200 Hz. This was an un- 
desirable feature which was eliminated 
or avoided. 

Now, though, bass boost is being 
deliberately designed back into micro- 
phones. Most modern pop singers to- 
day are young. They haven't had years 
of voice training to develop a tremen- 
dous pair of lungs, like the old opera 
singers. Their voices tend to be some- 
what thin. But when they work very 
close to mikes, the built -in bass boost 
makes them sound full and rich, and 
this, of course, is just what they want. 

As a final hint, microphone cables 
must be very strong and durable for 
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MICROPHONES 
Today's vocal mikes use windscreens to 
avoid breath popping. Quick mounts aid 
active singers. Top to bottom are Shure 
PE566, Turner 700, Sonotone DM70. 

AMPLIFIERS 
Amplifiers are powerful: Bogen M120 (120 watts, PA); Lafayette (80 watts, bass 
instrument); Lectrolab /Allied (75 watts, bass instrument); Guild Quantam (200 watts, 
bass instrument); Baldwin Exterminator E -1 (250 watts, instrument); Hilgen Swing - 

away Guitarist 5063 (75 watts, guitar); Ampeg Olympian (230 watts, bass instrument). 
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SPEAKERS 
To handle the bursts of power delivered 
by today's powerful amplifiers, speakers 
are made more rugged. Shown are Atlas 
Sound CI-125 Banshee (top right), for vo- 
cal amplifiers; Jensen HFC -84 column sys- 
tem; and the Altec Lansing 420A Bitlex. 

s t, 

ACCESSORIES 
Vocal groups can add mikes with a mixer. 
[Shure PE7ORM (right) and Bogen 
MX6A -T (lower right) mixers.] Guitarists 
like "fuzz" because it adds character to 
the sound they produce. (The foot -con- 
trolled Lectrolab /Allied Fuzz Box below.) 

this kind of work. Mike plugs must be 
tightly soldered, and for goodness' sake 
do not forget to fasten the "strain - 
relief" fitting to the cord when replac- 
ing plugs! Mike cables are pulled, 
tugged and hauled all over the stage 
during a performance, and the connec- 
tions must not come loose. 

Speakers 

Now we come to the final part - 
speakers. These probably demanded a 
more complete "re- engineering" than 
any of the rest. As we said, there were 
high -power amplifiers and suitable 
mikes, but we did not have cone speak- 
ers that would handle this much power. 
The familiar outdoor -type trumpet 
driver combination would, of course, 
but this is out. The boys want cone 
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speakers, mainly for their much better 
bass response. 

Since even the best cone speakers 
were rated at about 30 watts maxi- 
mum, a complete overhaul was neces- 
sary. In the early days, some odd 
things happened. One salesman sold a 
group a 100 -watt amplifier, with four 
"heavy- duty" cone speakers. In a little 
while, they were back -all four speak- 
ers literally blown to ribbons! 

Speaker engineers started order- 
ing large pots of black coffee. They had 
to develop reliable test methods which 
would help them build speakers to 
handle this kind of power. Jensen, 
Electro -Voice and others worked out 
"torture tests" to see if projected de- 
signs, materials and methods could 
take it. 

They tried high -level music, white 

noise, and so on, and eventually set- 
tled for a "warbled" sine -wave tone at 
a very- high -power level. In the first 
tests with this method, every one of 
their best speakers failed at a warbled - 
tone level of about 50 watts! When they 
got through, however, they had speak- 
ers which could take a 100 -watt warble 
tone all day and like it! Many of them 
are guaranteed for life. 

However, getting to this point 
was far from easy. I asked one leading 
speaker design engineer, "What did 
you have the most trouble with ?" He 
said wryly: "Everything!" This is true 
-literally everything on the speaker 
had to be rebuilt from the ground up. 
They still look the same on the outside, 
but on the inside -wow! 

The first thing to go was the voice 
coil. You know what a voice coil used 
to look like; about 20 turns of fine 
wire on a thin paper form. Imagine 
dissipating 100 watts of power in some- 
thing like that! So the first thing that 
happened was the voice coils melted. 

Bigger wire solved that problem. 
Then another one came up. The ter- 
rific heat actually melted the enamel 
off the wire. High- temperature enamel 
cured that, whereupon more trouble 
arose. The heat softened the cement 
that held the coil to the bobbin, and 
the voice coil pulled off entirely. A 
"thermosetting" cement, which got 
harder instead of softer as the heat in- 
creased, cured that one. 

The bobbins themselves were 
made of paper. This simply charred 
and disintegrated. Going to a Fiberglas 
bobbin, with a special high- tempera- 
ture plastic binder, fixed that one. 

Then, special cements had to be 
developed, to hold the voice -coil form 
to the cone itself. What my engineer 
friend, with a grin, called "library - 
paste joints" couldn't take it. Inevita- 
bly, epoxy cement was chosen, and the 
joint reinforced to take the strain. 

There was one more important 
thing, before they left this area -the 
leads which connect the voice coil to 
the terminal board on the frame. As 
all old technicians know, broken leads 
here accounted for a great many cases 
of "open voice -coil" complaints; it was 
seldom the voice coil itself. Here, with 
the long throw of the cone and the ter- 
rific vibration, ordinary wires simply 
disintegrated in a very short time. 

Long hours of work, and many 
tests, produced special wires, similar to 
the fabric -cored leads used in smaller 
speakers but vastly different in strength 
and flexibility. A special method of 
fastening these to the terminal lugs on 
the cone had to be worked out. Now, 
the connecting leads are made with a 
very special "set" to them. 

This is a necessity, so that they 
( continued on page 69) 
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FEEDBACK QUIRKS 
Feedback theory and practice are sometimes out of phase. Find 
out why from these case histories. By NORMAN H. CROWHURST 

The theory of feedback seems so simple. You look at 
the problem and the theory tells you that you can't miss on 
this one. But somewhere something that you don't figure 
in theory sneaks in and gives you a puzzling time finding 
out what went wrong. Let's take some examples from 
situations I've encountered. 

Two -way transfer. In the first one that comes to 
mind, feedback was not used to correct defects, like dis- 
tortion or response deviation, but to contribute to the de- 
sired performance: the feedback crossover filter. Accord- 
ing to the theory, it's a matter of fitting rolloffs to a stage 
of amplification, either high -pass or low -pass, and then 
applying overall feedback to sharpen the turnover. 

Two RC combinations (Fig. 1), each producing a 
response as shown in curve A will, when combined, pro- 
duce a response B, without feedback. This is the sharpest 
knee that two RC networks can produce without feedback. 
The object is to use the right amount of feedback -in this 
case it should be 6 dB -to sharpen the turnover to the 
shape of curve C. In theory, the sharpening reduces the 
relative loss at the 90 °, 6 -dB /octave point from 6 dB to 3 

dB, and at the same time shifts it by a frequency ratio of 
1.414 (according to whether it is high- or low- pass). 

To play the design safe, I figured out the turnover 
points from a reactance chart, then checked the value of 
feedback resistor that would reduce gain in midband by 

6 dB. Finally I checked the response with this resistor in 
circuit, but returned to ground instead of the feedback 
point (Fig. 2). As expected, the combined response was 
that of curve B (Fig. 1). 

Now I connected the feedback, but instead of pro- 
ducing curve C (Fig. 1) the curve didn't go on down as it 
should (curve DC, Fig. 3). The sharpening part was fine, 
but somehow the feedback spoiled the total amount of 
separation available. How? 

Until then, I hadn't realized that the signal doesn't 
know which way feedback theory expects it to flow 
through a resistor. According to the theory, signal flows 
only from right to left through the feedback resistor (Fig. 
1 -a), which it will do while the signal is bigger at the 
output than the input. But when gain falls off due to the 
RC action, so the signal at the input is bigger than that at 
the output, the flow will be from left to right, which theory 
doesn't consider. 

The simple fact was that signal was "leaking" through 
the feedback resistor. 

A variation of this occurred when I designed a similar 
filter around a transistor instead of a tube. Following the 
same procedure, I ran into trouble. First, although I used 
carefully chosen RC combinations to produce 3 dB loss at 
the same frequency, when I put them both in, one in the 
base and one in the collector circuit, the total loss at this 

(continued on page 86) 
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VIBRATING -WIRE 

AUDIO FILTER AND 
OSCILLATOR 

IF A STRAIGHT PIECE OF WIRE IS PLACED 
in a magnetic field and an audio - 
frequency voltage is applied to it, the 
wire will vibrate and act as a very nar- 
row bandpass filter. 

Wire filter 

Figure 1 shows a 2 -inch length of 
No. 38 wire in a field supplied by a 
2 o magnet. The wire resonates near 
1000 Hz and behaves like a high -Q LC 
circuit. 

Most 1000 -Hz circuits consisting 
of inductance and capacitance have 
low values of Q- between 5 and 10- 
due to the high resistance of the large 
amount of wire required. Resistance 
and capacitance are often used in 
parallel -T circuits for better results. 
Although the curve of such circuits 
indicate good selectivity, close exam- 
ination will nevertheless show that they 
rarely have a Q greater than 15. Some- 
times regeneration is applied to both 
these circuits to improve selectivity, 
and at maximum selectivity the Q may 
reach 90 in a circuit bordering on in- 
stability. The selectivity of any of these 
circuits may be classed as poor and 
leaves a lot to be desired. 

The vibrating wire in Fig. 1 has a 
Q of over 600 near 1000 Hz. It can be 
one of the most selective audio ampli- 
fiers available for such uses as telem- 
etry, communications (CW) or wave 
analyzers. 

The short vibrating wire is a low - 
impedance device. I used the bridge 
circuit of Fig. 2 as a bandpass ampli- 
fier. 

The bridge is balanced by feeding 
in any frequency except the resonant 
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Novel amplifier circuit has an ex- 
ceptionally narrow bandpass of only 
A or 2 Hz. 

By JOHN C. RANKIN 

one of the wire, then adjusting R2 for 
a null. When a signal of about 1000 Hz 
is applied, the wire vibrates, its imped- 
ance changes and the bridge is no 
longer balanced; so the 1000 -Hz signal 
is passed. 

Transformers T1 and T2 can be 
any type of speaker transformer used 
in tube or transistor radios and con- 
nected so that Tl steps down and T2 
steps up. The transistor amplifier 
makes up for losses in the balancing 

MAGNET PHENOLIC OR 

0 . 
SHIM 

BAKELITE BASE 

TERMINAL 
METAL POLEPIECES 

VIBRATING WIRE 

TO AMPL 

Fig. 1- Position of pole pieces and mag- 
net is not critical, but the wire must 
be taut and not touch the pole pieces. 

network; gain from input to output is 
about 4. 

If the input is too high, the wire 
will vibrate excessively and will pos- 
sibly touch the pole pieces. Under high 
input conditions, the vibrating wire 
will act as a frequency doubler and a 
500 -Hz signal will produce a 1000 -Hz 
signal at the output terminals. If signal 
level is kept reasonably low, however, 
the device remains linear. Good oper- 

ating conditions seem to be about 50 
mV in and 200 mV out. 

Strong input signals can move the 
wire to the electrical center of the pole 
pieces, which may not be the position 
in which the wire was originally placed. 
This change in position alters the strain 
on the wire, varying the original fre- 
quency. You can avoid this by sealing 
the wire at both ends so that it cannot 
be moved at the end supports. 

Wire oscillator 

The vibrating wire can also be 
used as an oscillator. The circuit of 
Fig. 3 oscillates at around 1000 Hz and 
is a bit unusual; there are no capacitors 
in the oscillator circuit, only in the 
power supply. 

Variable resistor R7 is adjusted 
for lowest output distortion when used 
with two types of wire to be described 
later. Distortion is 8% at 400 mV out 
and 3% at 100 mV. These figures 
probably could be improved, however, 
by using true complementary tran- 
sistors and changing resistor values. 
Both transistors are high -gain types 
and should not be changed unless sim- 
ilar gain units are available. I con- 
structed several of these oscillators; all 
performed well. 

Vibrating -wire construction 

The assembly consists of a Gen- 
eral Company 2 -oz magnet placed on 
2" x 1/2" iron mending plates made by 
National Manufacturing Company of 
Sterling, Ill. Both items are available in 
hardware stores. The mending plates 
are mounted with 1/4" bolts on a 3" x 
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INPUT 

TI 

R2 R5 C2 QI C3 SI 

R7 RI R2 SI R5 

TI RI 12 CI R3 R4 BI CI CI R6 Q2 R4 

R3 

Vibrating wire in a bridge gives this amplifier an exception- A prototype vibrating -wire sinewave oscillator. Its circuit is 
ally narrow bandpass, making it ideal for remote control work. unique in that no L, C or R elements 

1/2" piece of 148" plastic. I spaced the 
plates about 146" apart. The wire is 
stretched taut in the center of the gap 
and soldered to a 2 -56 screw mounted 
at each end of the plastic. Run the wire 
through a hole at each end of the 
plastic before soldering it to the 
screws; then shim the plastic rod 
(.025" diameter) at each wire end. 
You can cut the thin plastic rod from 
a plastic whisk brush. 

As the heart of the device, the 
wire must be prepared carefully. Orig- 
inally, I used No. 38 enameled copper 
wire; the enamel was removed with 
fine sandpaper. Then I noticed the 
resonant frequency changed in time, 

vw CI 
5µ F 

T2 12V 

i 

+ 
R3 
101( 

because the copper did not retain its 
original tautness. A 6" length was 
then stretched to 7" before installation 
-with improved results. At this stage 
I noticed something unusual: only half 
the length of wire had stretched - 
which meant the wire had two diame- 
ters -and the output of the amplifier 
had two adjacent peaks similar to two 
overcoupled coils. 

My best results were obtained 
with a special nickel alloy wire. An as- 
sembly using this wire was subjected to 
heat and cold and proved very satis- 
factory. When it was frozen for 1 hour 
and immediately checked, the original 
frequency of 1000 Hz had changed to 

2N2953 
GI 

C3 
5µF /12V 

R6 OUTPUT 
4.7K 

R5 C2 
I 50/3V 

R2 

PARTS LIST 
Bandpass Amplifier 
C1, C3 -5 -µF, 12 -volt capacitor 
C2- 50 -µF, 3 -volt capacitor 
RI-See text 
R2 -5 -ohm linear potentiometer 
R3- 10,000 -ohm, 1/2 -watt resistor 
R4- 120,000 -ohm, 1/2 -watt resistor 
R5- 1,000 -ohm, 1/2 -watt resistor 
R6 -4,700 -ohm, 1/2 -watt resistor 
Tl, T2- Speaker transformer (see text) 
S1- S.p.s.t. switch 
Ql -Audio pnp transistor, RCA 2N2953 

or similar 
VW- Vibrating wire (see text) 

Sinewave Oscillator 
C1- 200 -AF, 6 -volt capacitor 
R1- 1,200 -ohm, 1/2 -watt resistor 
R2- 10,000 -ohm, 1/2 -watt resistor 
R3 -5,600 -ohm, 1/2 -watt resistor 
R4- 1,000 -ohm, 1/2 -watt resistor 
R5 -1,800 -ohm, 1/2 -watt resistor 
R6-47 -ohm, 1/2 -watt resistor 
R7- 10,000 -ohm linear potentiometer 
Ql -Audio pnp transistor, RCA 2N2953 

or similar 
Q2 -Audio npn transistor, GE 2N2925 

or similar Sl- S.p.s.t. switch 
VW- Vibrating wire (see text) 
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SI o. o- 
V - ON -OFF 

Fig. 2- Resonant frequency of vibrating 
wire (VW) sets passband of this amplifier. 

2N2953 2N2925 

BATT ADJ 

R5 t 
1.8K 

CI 
200µF 
6V 

VW 

R6 
47/1 

OUTPUT 

R7 
I0K 

SI 

9V 
o- 

o- 
ON-OFF 

Fig. 3- Unique sinewave oscillator uses 
a simple vibrating wire as tuning device. 

are used for tuning. 

960 Hz -only a 4% change. Since wire 
contracts with cold, the frequency 
should have increased; the lower fre- 
quency may have been due to moisture 
on the wire causing a change in its 
mass. Nevertheless, within 10 minutes 
the resonant frequency returned to 
1000 Hz, although the unit was still 
very cold. 

Nickel alloy wire is easy to handle 
and solders easily; it is available in 
24" lengths. For those who may 
wish to try it, it is called Nickel Alloy 
180 with 0.004" diameter. You can 
order it from the manufacturer, Cali- 
fornia Fine Wire Co., 390 Manhatten 
St., Grover City, Calif. 93433. Cost is 
$1, including postage in the USA. 

Adjustment and operation 
The value of resistor R1 in Fig. 2 

depends on the type of wire used as 
the vibrator; if you use copper, R1 
should be a piece of wire identical to 
that used as the vibrator. Nickel alloy 
has a resistance about 15 times greater 
than copper, so with nickel wire, you 
should use a 30 -inch length of No. 38 
copper wire, or a carbon resistor of 1 

or 2 ohms, for Rl. You will find the 
correct value when R2 nulls at about 
mid -range. 

Resonant frequency of the vibrat- 
ing wire is varied, by changing the ten- 
sion on the wire with a screw and 
threaded bushing. I made a unit that 
had a frequency variation of 750 Hz to 
1500 Hz. You can use larger magnets, 
but oscillator output may be square 
waves, due to overdriving. In this case, 
it would be necessary to increase the 
value of R6 to possibly 150 ohms. An 
increase in magnet size means an in- 
crease in impedance of the vibrating 
wire, and in the amplifier this would 
mean an increase in output voltage. 

To test a vibrating -wire amplifier 
you need a good audio generator. Q is 
over 600, and I made this Q measure- 
ment by the 3 -dB method; this means 
the bandwidth was 1.6 Hz at 1000 Hz. 
Obviously, most audio generators can- 
not read this accurately. To make the 

(continued on page 89) 
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Operational Amplifier Basics 
Progress -from computers to household devices 

THE OPERATIONAL AMPLIFIER (OP 
amp) has recently become one of the 
most versatile tools in electronics. It 
had its expensive beginnings in analog 
computers, but inexpensive semicon- 
ductors have brought the cost of op 
amps down considerably. Now they 
can be used wherever analog (time - 
varying) signals are processed -for ex- 
ample, in audio amplifiers, oscillators, 
voltmeters and power supplies. They 
can easily take the place of a large as- 
sortment of individual transistors, re- 
sistors and capacitors in many applica- 
tions, 

Probably the op amps' primary 
advantage is the simplicity with which 
circuit performance may be predicted. 
The passive components used to con- 
nect the operational amplifier almost 
entirely determine circuit performance. 

Basic characteristics 

The versatility of an op amp arises 
from its unusual set of specifications: 
1. It amplifies dc as well as ac signals. 
2. Its gain (A) at dc is ideally infinite. 

*Bunker-Ramo Corp. 

3. Its input impedance (Z,,,) is ideally 
infinite. 
The reasons for these specifications will 
become clear as we proceed. 

An operational amplifier is basi- 
cally a very -high -gain direct -coupled 
amplifier that uses external feedback 
for control of response characteristics. 
It was originally designed as a device to 
perform mathematical functions -in- 
tegration, differentiation, addition and 
subtraction. Since its inception, how- 
ever, the op amp has found wide usage 
in such things as signal amplification 
and wave shaping, servo and process 
controls, analog instrument and system 
design and impedance transformation. 

Op amps are versatile and useful 
because external negative feedback 
controls response characteristics. If an 
op -amp circuit provides enough gain, 
the closed -loop amplifier characteris- 
tics become a function of only the feed- 
back components. Hence the circuit 
designer's ingenuity in choosing and us- 
ing feedback parts is the only limiting 
factor. 

A common arrangement for op 
amps is a direct -coupled cascade of two 
balanced differential -amplifier stages, 

By THOMAS H. LYNCH 

with the second stage driven push -pull 
by the first. 

In most cases the op amp has 
two inputs, one inverting and one non - 
inverting (Fig. 1). This characteristic 
means that if a positive signal is applied 
to the ( - ) input, the output will swing 
negative. Similarly, with a positive in- 
put connected only to the ( + ) input, 
the output will swing positive. We can 
further see that if the same signal volt- 
age is applied at the same time to the 
( + ) and ( - ) inputs, the output will 
not change -it will stay zero (Fig. 2). 
This is because (ideally) : 

e,,,( -A) + e, (A) = en., = 0 
This rule will (ideally) hold for any 
value of e, n, ( +) or ( - ) . (A measure 
of this specification is called common 
mode rejection -a ratio of the change 
in the output for a given common 
change in the input.) 

Thus far, we can see that the ap- 
proximate output of the op amp is 
given by: 

eon, = A(el - e2) 
where: 

A is the gain, typically very large, 
e, signal voltage at the ( + ) input, 
e2 signal voltage at the ( - ) input. 

INPUTS 

INPUT POINT. 

Rin 

ern =IV 

OUTPUT 

Fig. 1 

A =100,000 

Zin =IMEG 

Fig. 4 

e4ut 

Fig. 2 

Rf 

Fig. 5 

+eo 
i 
-+10 +SATURATION 

3 2 I 2 3 millivolts 

(ef-e2i 

-SATURATION 

-e0 
Fig. 3 

INPUT 

Fig. 3 -Op amp sat- 
urates when e, - e2 

exceeds a specific level 

Operational amplifiers are generally characterized 
by exceptionally high gain, extremely wide band- 
width and two inputs. These and the following basic 
circuits show how external components can be added 
to control gain, frequency response and impedance. 
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At this point you might notice that 
if gain (A) is large -say 10,000 -the 
output voltage will be rather large for 
very small input voltage differences. 
For example, if (e, - e2) was as small 
as +0.005 volt the output would be 
+50 volts. Since all amplifiers are ca- 
pable only of a certain maximum out- 
put (say -±-10 volts in this case), 
clearly for input differences in excess 
of 1 mV the output voltage will not in- 
crease beyond 10 volts (Fig. 3). 

What practical use is there for an 
amplifier that saturates with only a 

1 -mV input signal? If we connect an 
op amp as shown in Fig. 4, what will 
the output voltage he? 

First note that the amplifier gain 
is very large. and R, is connected from 
the ( - ) input to the output. Nega- 
tive feedback results. forcing e to be a 
very small value. regardless of the out- 
put voltage. For example. if e,,,,, = 5 
volts, e would only be a n, /A = 5/ 
100,000 = 0.00005 volt. 

Second, remember that the input 
impedance is large (Z,,,= 1 megohm). 
This means that very little current will 
go into the ( - ) input: 
i ( -) = 0.05 mV/ 1 megohm for a 5- 

volt output 
= 0.05 nA (nanoampere) 

The negative Input terminal is 
thus a "virtual ground " -i.e., the volt- 
age drop is approximately zero (as a 
ground point) hut little current flows 
into it (as an insulator). 

Since e,,, is much greater than e. a 
current will flow through R. equal to 
1 volt/ 10,000 ohms, or 0.1 mA (see 
Fig. 5). Kirchhoff's laws state that 
currents flowing into a circuit point 
must equal the currents flowing out of 
that node point. Thus, if ( ideally) no 
current flows from the node into the 
( -) input of the op amp. the 
0.1 = mA current must flow out of 
the node through the 50.000 -ohm re- 
sistor R,. If a current of 0.1 mA 

flows through 50,000 ohms, it must 
have a voltage drop of E = (0.1 mA) 
X (50,000 ohms) = 5 volts. Since E 
= e,,,,,, e,, must clearly be equal to 
-5 volts. (Fig. 6). 

This then is a simple amplifier 
with gain equal to: 

A,. = RJR, = -5 
An important conclusion is that the 
gain is essentially dependent only on 
the external feedback resistors. 

Put it to work 

To begin with, Figs. 7 through 10 
shows several basic amplifier connec- 
tions. There are a few considerations 
to make when using the inverting am- 
plifier of Fig. 7. 

First. source impedance R, of 
signal source c,,, must he added to the 
amplifier's nominal input impedance 
to get the actual value of R,; this value 
is needed to determine amplifier gain 
accurately. Because of this. the invert- 
ing amplifier usually is used only with 
a low signal impedance. such as the 
output of an amplifier like this one. 

Second. since the output of this 
amplifier must drive both the load and 
R, in parallel. their combined imped- 
ance should he greater than the mini- 
mum value for the particular amplifier 
being used- usually 2.000 ohms or 
greater. R is added to make the resist- 
ances seen by both the ( + ) and ( - ) 
inputs identical. This improves the 
temperature -drift characteristics of the 
amplifier. If R,,, is small (10,000 ohms 
or less) R can usually he eliminated. 

A noninverting follower is shown 
in Fig. 8. Since all the output is fed 
directly hack to the input. the gain 
will he +1. Also, the input impedance 
will be very high (usually 50 megohms 
or greater). This is useful when the 
previous stage must not be loaded 
down -as in a tuned circuit, a volt- 
meter input. or a ceramic microphone. 

The gain follower (Fig. 9) has 
feedback to the ( - ) input reduced so 
that the amplifier has a positive gain. 
The input impedance will be very high 
also: 

Z,, ^' A 
Re / (Z,n) 

loop diff. 
gain input Z 

When the loop gain is high, this can be 
50 megohms or more. It is significant 
to note that the overall closed -loop 
gain does not depend upon the source 
impedance. 

The previous circuit can he modi- 
fied for ac applications, as shown in 
Fig. 10. When the closed -loop gain is 
100 or more, the input impedance will 
he 10 megohms or greater. At the sig- 
nal frequencies, X,., is so small it may 
he neglected. The circuit then looks 
similar to Fig. 9. except that R has 
been added. This resistor is "boot- 
strapped since the voltages at both 
ends are almost identical. This means 
that a signal voltage at the input (the 
top of R) will cause a similar in -phase 
voltage at the bottom of R because of 
the feedback divider R,/ (R, + Re). 
Almost no signal current flows through 
R. and therefore its value is effectively 
increased to 10 megohms or more. 

The other applications on page 58 
are a small sample of the wide 
variety of circuit functions that can be 
easily accomplished with an op amp. 
Because of the frequency response of 
most op amps. these applications are 
usually limited to frequencies less than 
a few hundred kilohertz. More appli- 
cations along with discussions of prob- 
lem areas can he found in the refer- 
ence material. 

Tables I and II list a wide selec- 
tion of integrated and discrete opera- 
tional amplifiers priced at $20 or less 

R¡=50K 

Of particular interest are the 
circuits on these pages illustrat- 
ing some of the basic concepts 
used in adapting the op amp 
to specific types of circuits. 

Fig. 7 

eo =(I+ 
R¡ 

/Ain 
Ri 

Fig. 9 

ein 

Z ¡n >10MEG 
Fig. 8 

eoein 

R¡ 
e0°11+R )ein 

, 

Xc'R; XCi'RI 
AT LOW FREQ CUTOFF 
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MAG. PHONO 
OR 
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e0 

Fig. 19 -Zëner diodes limit ampli- 
tude in this Wien- bridge oscillator. f0 

Fig. 20- Square -wave multivibrator. 2C IF Rf »R 

-15V 

RI 

BASS 

2.2K 

INPUT 
FROM - 1 

PREAMP - 1 

750mHy 
33 + .02 
6V 

TREBLE 

for gain .5) 

Figs. 11, 12 and 
13 are hi -fi pre - 
amp, tone control, 
and 20 -watt amp- 
lifier. Figs. 14,15, 
16, 17 and 18 are 
integrator, sam- 

4 n ple -and hold, in- 
verting adder, 
adder and sub- 
tractor and volt- 
age comparator 
circuits, respect- 
ively, for use in 
computer service. 

e3 

Rf Rf 
eo - (R I 

el+R2e2+R3e3 

IF RIR2R3Rf 

eo - (el +e2+e3) 

IK 

Fig. 16 
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Fig. 19 
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Rf 
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¡ 

Simplified formula is f ^ THEN f0. 2v RC 
oso 6ßC. 

Figs. 21 and 22 are low -pass and twin - 
T bandpass filters. Fig. 23 is the 
"ideal" diode and Fig. 24 is a high - 
impedance low -voltage voltmeter. 
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Table 

IC OPERATIONAL AMPLIFIERS 

Zile CA3016A4 10K 3.2K 4 -!-12 11.60 
cliff. Drift Pwr Price CA3029 14K 1K 4 -6 4.13 
(typ) µV / °C Sup (each) CA3029A 20K 1K 4 -1-6 6.20 

Manufacturer Type ohms (typ) (typ) volts $ CA3030 7.8K 3.2K 4 -12 7.20 
CA3030A 10K 3.2K 4 i-12 7.45 

Amelco 709BE 400K 45K 3 ±15 15.00 CA30374 14K 1K 4 ±6 6.60 
806CE 1meg 60K 10 ±12 20.20 CA30374 20K 1K 4 ±6 9.50 
809CE 200K 40K 10 ±15 6.50 CA3038, 7.8K 3.2K 4 ±12 8.25 
809CJ 200K 40K 10 ±-15 6.50 CA3038A4 10K 3.2K 4 i-12 10.30 

Burr Brown 3056/01 300K 65K 5 ±15 18.00 CA3031/ 

3057/01 200K 50K 10 -}15 12.00 702A4 25K 3.2K 4 -}-12, -6 8.25 
CA3032/ 

Fairchild ¡A702C 32K 3.4K 3 +12 -6 4.50 702C 20K 3.2K 4 +12, -6 6.60 
Semi- AA709C 250K 45K 3 ±15 7.50 CA30334 1.5M 31.6K 6.6 i-12 8.15 

conductor CA3033A4 1.0M 63.3K 6.6 i-18 11.45 
Signetics NE515K 2.3K 3.2K 5 i-6,-3 9.00 

GE PÁ223 2.5meg 7K 10 -±-12 5.85 

Motorola MC1430G 15K 5K 5 ±-6 8.25 Texas SN724L lmeg 1.2K 25 i-5 12.10 
MC1431G 600K 3.5K 10 -}6 8.85 Instru SN72702L 32K 3.4K 5 -!-12, -6 13.00 
MC1433G 600K 60K 10 ±15 9.75 ments SN72709L 250K 45K 10 -}15 9.35 

NSC Micro- LH2011 400K 150K 10 ±15 17.00 
circuits LM201 400K 150K 6 -5 to ±15 13.10 Union ÚC709 3meg 50K 6 -!-18 15.00 

Carbide UC4000C 3meg 50K 5 -±-15 19.50 
Philbrick/ T522 200K 40K 20 -!-15 7.95 UC4001C 3meg 50K 10 x-15 11.10 

Nexus S523 200K 40K 20 -!-15 7.95 UC4002C 3meg 50K 20 -?-15 8.50 
Research UC40024 3meg 50K 20 i-15 17.00 

RCA CA30084 14K 1K 4 ±6 10.30 
CA3008A4 20K 1K 4 i-6 10.90 
CA3010' 14K 1K 4 -1-6 6.60 ,Internally frequency compensated 
CA3010A4 20K 1K 4 -±-6 9.50 2T0 -5 case 
CA3015+ 7.8K 3.2K 4 =L-12 8.25 
CA3015A4 10K 3.2K 4 -!-12 10.30 3Dual in -line package 

CA30164 7.8K 3.2K 4 ±-12 10.50 4tvlil. temp. range -55 °C to +125 °C 

in single quantities. For the sake of 
brevity, only the more important 
parameters are listed. 

The integrated circuits are pack- 
aged in multi -pin TO -5 cans or flat 
packs. The package type has some ef- 
fect on price, the TO -5 usually being 
cheaper by a couple of dollars. Many 
other factors are included in the final 
price and each particular amplifier has 
its virtue. (For example, the NSC 
type LM201 provides the highest gain 
for its moderate cost.) 

More information on each type 
can be obtained directly from the 
manufacturer, who will provide a list 
of distributors. Manufacturers' ad- 
dresses are listed at the end of this 

article. 
Discrete op amps are easier to 

use, as they have been frequency -com- 
pensated for a 20 dB /decade rolloff 
(which insures unconditional stabil- 
ity). Most of these discrete op amps 
are generally more rugged electrically 
than the intgerated ones -a point to 
consider for experimentation. This is 
because of the larger transistors and 
resistors used in construction. The out- 
put of most of these op amps will 
supply a standard 2.2 mA at -!-10 
volts. 

The most common size is 11/2" 
square and 5 /8" high with the input/ 
output and power pins on the bottom. 
This is a common industry- accepted 

size. An exception is Fairchild's ADO - 
49C; it is a p.A709C with frequency- 
compensation components in a small, 
round epoxy package. The manufac- 
turers of these op amps should like- 
wise be consulted for further informa- 
tion. 

Where to get more information 

A listing of useful material on op 
amps is included under "References" 
on page 84. Much of this can be ob- 
tained at little or no cost by writing to 
the manufacturers (see page 85 for ad- 
dresses) . References marked ( °) are 
especially useful. Also included is a 
glossary of op -amp terminology. R -E 

Table II 

Discrete /Hybrid Operational Amplifiers 

Zln ADO -49C 250K 40K 5 18.00 

cliff. Drift Price 

(typ) A.ol µV / °C (each) K and M KM23 200K 100K 5 16.50 
Manufacturer Type ohms (typ) (typ) $ 

Analog Devices 111 150K 30K 10 $13.00 Philbrick /Nexus SQ-10A 300K 100K 12 14.00 

105A lmeg 60K 10 16.00 Research SD-5 300K 20K 25 11.00 
Zeltex PF55AU 220K 40K 10 15.00 

Burr Brown 3009/15C 500K 32K 10 20.00 PF85AU 330K 150K 6 18.00 
3077/12C 300K 100K 10 15.00 

116D 200K 20K 25 19.00 
Data Device Corp. D -5 220K 100K 10 17.00 ZEL-1 lmeg 500K 25 12.50 

D-6 300K 20K 10 16.00 

Fairchild Controls ADO -44 300K 10K 20 9.75 
ADO -45 300K 100K 10 15.00 All units require 115 volt power supply. 
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. 

By TOMMY N. TYLER 

EVER HAVE ONE OF THOSE DAYS WHEN 
things just seem to pile up on you, and 
to top it off the boss asks you to get 
out a rush job before quitting time? 
Here's just what the doctor ordered for 
moments like this -a genuine Panic 
Button to vent your frustrations. Press 
the button and you start a wailing siren 
which slowly cycles up and down in 
pitch -just like a police siren. It lets 
everyone within earshot know that an 
official "panic" is underway. If you're 
in the mood to build a conversation 
piece which you can leave lying around 
on desk, work bench, or service coun- 
ter for a thousand laughs, look no fur- 
ther. The Panic Button can be built for 
about $13 worth of parts. Warning - 
be prepared for an avalanche of re- 
quests from friends and relatives to 
make them one too! 

In Fig. 1 -a block diagram of the 
unit -you will see a free -running mul- 
tivibrator with approximately a 6- 

BUILD A 
Once it's on, it stays on, 

second period. It varies the pitch of the 
panic- button siren up and down by 
controlling the frequency of the second 
multivibrator. The square -wave out- 
put (Fig. 2 -a) of the slow generator is 
passed through an RC integrating cir- 
cuit which converts the square wave to 

FREE - 
RUNNING 

MULTIVIBRATOR 
6- SECOND 

PERIO D 

-A 

T 

VOLTAGE - 
CONTROLLED 

MULTI VIBRATOR 
500- 

150 0 Hz 

O 

AUDIO AMPL 

Fig. 1 -Block diagram of the Panic But- 
ton. Free -running multivibrator changes 
the frequency of the voltage- controlled 
multivibrator to produce a siren -like sound. 

a near triangular wave (Fig. 2 -b). 
This sawtooth waveform is coupled to 
the fast multivibrator to vary its fre- 
quency (Fig. 2 -c). The variable fre- 
quency output is then amplified to 
drive the speaker. 

You'll see the complete circuit in 
Fig. 3. Transistors Q1 and Q2 generate 
the 6- second square wave to integrator 
circuit R6C4. Q3 is an emitter -fol- 
lower buffer amplifier, which prevents 
loading the integrator. The output of 
Q3 varies the "off" time of transistor 

3 
SECONDS a 

f_ 

Fig. 2- Waveforms at points in Fig. 1: 
(a) Output of the free- running multivi- 
brator; (b) past the integrator; (c) the out- 
put of the voltage- controlled oscillator. 

QI TO Q7, Q9- MPS 6512 (MOT) OR EQUAL 

Q8, QIO- MPS 6516 (MOT) OR EQUAL 

Fig. 3 -This circuit can be modified to use the of section of a transistor 
radio. The SCR and S2 may be omitted. Details in text. Capacitor C is C8. 
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PANIC BUTTON 
unless you know the secret 

Q4 in the fast multivibrator by modify- 
ing the charging current to C5. The re- 
sulting variable- frequency output is 
tapped off the collector of Q5 and 
drives the audio amplifier. 

Resistor R5 and capacitor C3 de- 
couple the low- frequency multivibrator 
from the rest of the circuit, to prevent 
false triggering. 

You may wish to make several in- 
terrelated circuit modifications, which 
will provide just the right pitch or fre- 
quency range and rate of cycling up 
and down. The cycling rate can be 
modified by changing the values of Cl 
and C2, or R2 and R3, in the slow 
multivibrator. Using 100,000 ohms for 
R2 and R3 speeds the siren action a 
bit, though it also increases the overall 
pitch. Don't try to increase R2 and R3 
too much unless you have transistors 
with fairly high beta. 

After this period has been ad- 
justed to your satisfaction, take a look 
at the output of the integrator. Too 
short a time constant here will cause 
the siren pitch to level off at the top 
and bottom of each cycle, rather than 
rise and fall smoothly. Too long a time 
constant will limit the peak amplitude 
of the triangular wave and may not 
provide an adequate up- and -down 
range of pitch variation. 

After you've adjusted the integra- 
tor to get a decent triangular wave, 
some adjustment of the nominal period 
of the fast multivibrator and the 
amount of drive from Q3 may be nec- 
essary as a final tuneup. Changing the 
values of R9 and R10, or C5 and C6, 
will have the greatest effect on setting 
the average pitch or "register" of the 
siren. I suggest you stick to the neigh- 
borhood of 1 kHz for a realistic, pene- 
trating sound. Reducing the value of 
R9 will increase the up- and -down 
range of siren sweep, and vice versa. 

Since one half of the period of the 
fast multivibrator is fixed, the output is 
actually a pulse of constant width 

(continued on page 83) 
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Parts List 

B1 -9 -volt transistor radio battery 
Cl, C2 -33µF, 10 -volt electrolytic capacitor 
C3, C8 -50µF, 10 -volt electrolytic capacitor 
C4 -104/F ceramic or tubular capacitor 
C5, C6- 0.01µF disc ceramic capacitor 
C7- 0.1 -µF ceramic or tubular capacitor 
Ql, Q2, Q3, Q4, Q5, Q6, Q7, Q9- Silicon npn 

small -signal transistors (Motorola MPS - 
6512 or similar) 

Q8, Q10- Silicon pnp small -signal transistors 
(Motorola MPS6516 or similar) 

R1, R4, R8, R11 -3300 -ohm resistors 
R2, R3- 220,000 -ohm resistors 
R5- 510 -ohm resistor 

Fig. 4 -Exact 
layout of parts 
on the perfo- 
rated board, 
shown full size. 
All wiring is 
point - to - point 
done on the oth- 
er side of the 
board. S2 is 
mounted with a 
piece of hookup 
wire to board. 
Note that exact 
size of board 
will depend on 
the size of the 
transistor radio 
(if any) that you 
use. 

A 

R6, R7- 470,000 -ohm resistors 
R9, RIO, R12- 68,000 -ohm resistors 
R13 -2.2 megohm resistor 
All resistors 1/2 watt 
R14, R15, R16- 10,000 ohm resistors 
SCR1- Silicon controlled rectifier, 25 volts, 

0.6 amps (2N5060, GE C6U or similar) Sl- Momentary pushbutton switch, s.p.s.t., 
normally closed 

S2- Mercury switch, s.p.s.t., normally closed 
SPKR -Speaker, 50- to 100 -ohm voice coil, 1/a 

watt (Quam 22Ao6Z100 or similar) 
MISC -Metal box; battery connector (Cinch - 

Jones 5D or similar) 
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TV Service Puzzle 

1 

For SHARPSHOOTERS Only 

If you can solve this, you're a good tough -dog man 

By WILLIAM DARRAGH 

IN TV WORK, "NORMAL TROUBLES" 
are caused by parts failures. Ca- 
pacitors short, resistors change value, 
coils open, and tubes go dead. Our 
diagnostic methods and thinking must 
be set up to locate these. Yet, if we 
run across a completely abnormal case 
-something that could never happen 
under normal circumstances, we can 
run it down using standard methods. 

If you're a sharp diagnostician, 
you can tell what happened in this 
puzzler; all the clues are given. Strange 
as it seems, we do run into things like 

POWER 
CBI01 

TRANS 

DEGAUSSING 
. -COILS 

VDR 

this at too -regular intervals, and we 
have to deal with them. So, if you like 
really hard puzzles, here's one. The al- 
leged "expert" who worked on it for 
two days fell flat on his face at several 
points, misinterpreting a perfectly 
plain reaction. See if you can do bet- 
ter than yours truly. 

The set was a G -E KC color chas- 
sis, 2nd version. The circuit breaker 
(CB101) and one of the silicon recti- 
fiers (CR204) used in the full -wave 
bridge were replaced first. Fig. 1 

shows the power -supply circuit. 
When it was turned on, the plate 

of the 6CG3 damper tube got red hot. 
No high voltage or raster, of course. 

CR205 

.001 
IKV CR202 

_ = CR203 

.001 , 
T 

TCR204 
IKV 

120V 60 

HI 

3W 

+ C131 

0 

180K 

150K 

+400V 

80011 
20W 

1`80µF. 

+270V 

R103 

TO "J" 

2501. 7W 

146011 
IOW .. 

OPENED 
HERE 

+i C131 
K 

IK 
2W 

20µ F 

H2 +140V 

Fig. I -Scene of all our troubles -the 
low -voltage supply in the G -E KC chassis. 

There was a suspicion that lightning 
had hit the set, causing the original 
damage. The "expert" was called in. 

The "stock" tests were made: 
New 6CG3 damper, high -voltage reg- 
ulator and rectifier tubes were substi- 
tuted. All parts in the secondary cir- 
cuit were checked for shorts -boost 
circuits, yoke, etc. All possible "boost 
loads" were cleared. 

After too long a time, the cathode 
current of the 6JS6 horizontal output 
tube was measured. It read far too 
high, about 300 mA. This was the rea- 
son for the damper overheating. The 
6JS6 plate current flows through that 
tube. 

The 6JS6 screen -grid voltage was 
low, about 40 volts. So was the grid; 
all measurements were taken with a 
vom. Also, the horizontal- discharge 
tube plate voltage was almost gone - 
about 40 volts instead of the normal 
115 under load. 

Voltage measurements to the 
source showed that the 270 -volt line 
was down to only 40 volts. The filter 
output, at 400 volts, was OK. The 
250 -ohm dropping resistor, R103, was 
very hot, as exploratory tests with a 
digital wattmeter showed. Sucking the 
blister raised on the digital probe (the 
"expert's" left forefinger -not the 
right kind of digit!), this was investi- 
gated. 

An ohmmeter reading from the 
270 -volt line to chassis showed around 
5,000 ohms. A bit low. Could be due 
to reading through the bridge rectifier, 
so the prods were reversed. Same 
thing. 

Since a 50 -µF electrolytic (C131 
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with square marker) was connected 
directly to the 270 -volt line, this was 
unhooked. The set was turned on, dc 
voltage jumped back up to about 200, 
and a small portion of a raster wars 
seen; about a quarter of the screen 
was lit, with the rest blacked out by a 
large hum bar. Hum was also very 
loud in the sound. 

Touching the 270 -volt lead to the 
capacitor terminal caused the original 
symptoms to come back. Ah, ha -bad 
capacitor! (*I ) An ohmmeter check 
showed that it had quite a high resist- 
ance, so a high- voltage breakdown 
was assumed, and a new capacitor or- 
dered. (The " *" indicates one of the 
mistakes; see the footnotes in the an- 
swer.) 

The new capacitor arrived and 
was duly installed. Lo and behold, the 
same symptoms! Hot damper, hot re- 
sistor (not checked with digital watt- 
meter), the works. The new capaci- 
tor's connections were checked out; 
fine. The old capacitor was checked 
on the capacitor checker; no leakage, 
plenty of capacitance. Hmm. 

Now, the expert did what he 
should have done quite a while back - 
got out the scope. Still thinking of 
some kind of oddball leakage between 
elements of a multiple electrolytic or 
something, he checked the B+ supply 
circuits for ripple. Filter output 
(+400 volts) about 2.0 volts p -p; 
fine. Rest of B+ taps normal, ex- 
cept the +270 volts. This showed a 
sawtooth ripple of about 100 volts 
p -p, with the 50 -SF electrolytic still 
connected across it. This ripple 
showed up as soon as the set was 
turned on. (*2) 

Disconnecting the 50-SF electro- 
lytic made this ripple go over 200 
volts, offscreen on the scope, at any 
rate. Scope was set up for a maximum 
of about 150 volts p -p. 

After the power was turned off, 
ohmmeter tests from the 270 -volt line 
still showed the same -about 5,000 
ohms to ground. The 270 -volt line 
loads were completely disconnected 
from the source, at the point indicated 
in Fig. 1. This left no normal dc volt- 
age supply to this point; only the vari- 
ous loads on the PC board were con- 

*l: This is very small evidence on which to 
make fiat statements about the quality of a ca- 
pacitor! A real expert should have tested it for 
leakage and capacitance, on a capacitor checker. 
This would have avoided the wait for a new ca- 
pacitor, and the expense. Always use more than 
one test! 

*2: This ripple is definitely not due to some- 
thing in one of the tubes, since they didn't have 
time to warm up. This symptom showed up in- 
stantly, which meant that it was caused by some- 
thing in the power supply itself. 

Putting the capacitor back dropped the do 
voltage and ripple, which should have told us that 
the capacitor was good. 

*3: This is the kind of ohmmeter reaction 
you get from only one thing: a rectifier! Unlikely 
as it seems at this point, this test told us that 
there was a rectifier in the circuit somewhere, 
and it certainly had no business there (see the 
schematic). 

MAY 1968 

Fig. 2 -The pertinent section of the PC board in the G -E KC television chassis. 
Note the location of the silicon rectifier diodes near the center of the board. 

nected to the 270 -volt line. 
Now the ohmmeter showed about 

2,000 ohms from the (floating) 270 - 
volt point to chassis. Unintentional 
reversal of the ohmmeter leads showed 
a very high dc resistance to ground - 
almost 50,000 ohms. (*3) 

After the power was turned back 
on, with the 270 -volt point still discon- 
nected, the ripple was very high. This 
showed up on all the 270 -volt points 
on the PC board, part of which is 
shown in Fig. 2. After turning the 

(continued on page 82 ) 

CORRECT CONNECTION 

Fig. 3 -The villin unmasked. The anode end of rectifier diode CR204 was acciden- 
tally connected to a 4- terminal point on the 270 -volt line as shown by the dashed 
lines. The distance between the correct and incorrect connections was 1/s inch. 
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This important job Cand its big salary) 
is reserved for a qualified 

electronics technician. It can be you! 
It's a fact. There are many thousands of jobs like this 
available right now for skilled electronics technicians. 
What's more, these men are going to be in even greater 
demand in the years ahead. But how about you? Where 
do you fit into the picture? Your opportunity will never 
be greater ...so act now to take advantage of it. The first 
step? Learn electronics fundamentals ...develop a prac- 
tical understanding of transistors, troubleshooting tech- 
niques, pulse circuitry, micro -electronics, computers and 
many other exciting new developments in this booming 
field. Prepare yourself now for a job with a bright future 
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...unlimited opportunity...lasting security...prestige... 
and a steadily- increasing salary. 

Thousands of ambitious men are using Cleveland Insti- 
tute of Electronics Training Programs as a stepping stone 
to the good jobs in Electronics. Why not join them? You 
will learn at home, in your spare time, and tuition is re- 
markably low. Read the important information on the 
facing page. Then fill out the postage -free reply card and 
drop it in the mail today. WTiTh t oobligation we'll send 
you all the details. But act now... and get your high -pay- 
ing job just that much sooner. 

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

The "right" course for your career 
Cleveland Institute offers not one, but five different 
and up -to -date Electronics Home Study Programs. 
Look them over. Pick the one that is "right" for you. 
Then mark your selection on the reply card and send it 
to us. In a few days you will have complete details .. . 

without obligation. 

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

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

3. Broadcast 
Engineering 
Here's an excellent studio 
engineering program which 
will get you a 1st Class FCC 
License and teach you all 
about Program Transmission 
and Broadcast Transmitters. 

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

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

CIE 
MAY 1968 

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

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

CIE's AUTO- PROGRAMMEDTMIessons help 

you learn faster and easier 
Cleveland Institute uses the new programmed learning 
approach. Our AUTO- PROGRAMMEDTMlessons pre- 
sent facts and concepts in small, easy -to- understand bits 
... reinforce them with clear explanations and examples. 
Students learn more thoroughly and faster through this 
modern, simplified method. You, too, will absorb . . . 

retain ... advance at your own pace. 

Lifetime job placement service for every CIE grad- 
uate ... at no extra cost 

Once enrolled with CIE, you will get a bi- monthly listing 
of the many high -paying interesting jobs available with 
top companies throughout the country. Many Cleveland 
Institute students and graduates hold such jobs with 
leading companies like these: American Airlines, Amer- 
ican Telephone and Telegraph, General Electric, Gen- 
eral Telephone and Electronics, IBM, Motorola, North 
American Aviation, New York Central Railroad, Ray- 
theon, RCA and Westinghouse. 

CIE lessons are always up -to -date 

Only CIE offers new, up -to- the -minute lessons in all of 
these subjects: Logical Troubleshooting, Laser Theory 
and Application, Microminiaturization, Single Sideband 
Techniques, Pulse Theory and Application, Boolean 
Algebra. 

Full accreditation ... your assurance of 
competence and integrity 

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

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

Cleveland Institute of Electronics 
1776 E. 17th St., Dept. RE -48, Cleveland, Ohio 44114 

Circle 28 on reader's service card 65 
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SIGNAL GENERATOR 

TO RCVR GND 

3RD VIDEO I.F AMPL. 3.3p F 

2N3563 

56pF 

VIDEO DET. 

IN295 
L 

SCOPE 

TO RCVR.GND. 

10PF 

MODULATED 
RF 
OUTPUT 

5.6K 1.8K 

2200 
01 

5 220 

TO AGC 

0022 

VIDEO 
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10K 

140V 

10p F 

8200 
6.8K 10p.F 

680K 

IST. VIDEO AMP. 

2N3694 

2,7K 

82K I6. 5 V 

Fig. 3- Signal- tracing the last i.f. and detector in the Sylvania AO6 -1 chassis. 
Take care that the signal generator's output does not overload the i.f. circuit. 

Fig. 4 -Black horizontal bars appear 
when modulated rf or i.f. signal is fed to 
TV receiver. Variations in width of bars 
indicates a need for linearity adjustments. 

Fig. 5- Vertical bars appear when the 
modulating frequency is multiple of 15,- 
750 Hz -the horizontal frequency. Wave - 
shape determines the bars' sharpness. 

Fig. 6 -The vertical driver and output circuit in a Westinghouse set. This model has 
output transformer; many others use direct coupling from output to yoke. 
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SIGNAL -TRACE TRANSISTOR TV 

Continued from page 37) 

frequency and modulated with an au- 
dio signal. The video detector demodu- 
lates the i.f. signal and the resultant 
audio sine wave appears on the scope 
as shown, if the i.f. amplifier and 
detector are functioning properly. 

The demodulated audio signal is 
applied to the video amplifier base 
input so that bars will appear on the 
TV screen if the video amplifiers and 
the picture tube are all right. The bars 
will be vertical if the audio signal is a 
multiple of 15,750 Hz, and horizontal 
if it is a multiple of 60 Hz. Most signal 
generators use a modulating signal of 
360 -600 Hz, so the bars will be as in 
Fig. 4. Bar width depends on the 
type signal used (sine wave, square 
wave, etc.) . 

Thus, you would not need an rf 
signal generator to signal -trace 
through video or audio amplifiers. If 
you have a variable audio -generator 
frequency, you can also check vertical 
and horizontal linearity if the gener- 
ator goes up to 200 kHz or so. To 
produce about 10 vertical white and 
10 vertical black bars means the pic- 
ture tube control must be cutoff and 
released 10 times during the 15,750 - 
Hz, or 15.75 -kHz, sweep. The result- 
ing pattern is as shown in Fig. 5. Un- 
even width of either the vertical or 
horizontal bars indicates differences in 
linearity during the scan. 

Sweep circuits 

TV vertical and horizontal sweep 
systems generate their own signals, so 
we need only a scope to trace the sig- 
nal through to the sweep output stages. 
If sweep synchronization is poor and 
can't be corrected with the hold con- 
trols, use a scope to determine if a 
sync signal of proper shape and am- 
plitude is available at the sweep oscil- 
lator input. 

Manufacturers' schematics usu- 
ally show scope patterns at various 
sections of the sync and deflection cir- 
cuits. Typical sweep patterns and 
peak -to -peak voltages for a solid -state 
vertical system are shown in Fig. 6 
(Westinghouse V- 2483 -1 chassis). 

Scope patterns should appear as 
shown in the diagram. Fig. 7 shows the 
pattern obtained at the base of the 
vertical driver. When we compare 
this with the corresponding waveform 
in Fig. 6 the curvature on the leading 
edge of the sawtooth indicates that the 
vertical linearity requires adjustment. 

As you check stages nearer the 
sweep output section you will have to 
turn down the vertical gain on the 
scope to keep the pattern within the 
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Fig. 7- Curvature in the leading edge 
of the sweep waveform at the driver 
base (Fig. 6) indicates poor linearity. 

scope screen. This is necessary because 
of the increased signal amplitude. Note 
that the base input of the vertical 
driver shows only a 2 -volt p -p signal, 
while the collector of the vertical out- 
put transistor shows 180 volts p -p! 

Typical scope patterns for the 
horizontal sweep system are shown in 
Fig. 8. Note the wide voltage differ- 
ence between the pattern at the base 
of the horizontal driver and that at the 
emitter of the horizontal output tran- 
sistor. If pattern drawings instead of 
photos are shown on the manufactur- 
er's schematic, you will have to con- 
sider the differences between them 
and a true scope pattern. 

When signal- tracing sweep sys- 
tems start waveform observation at the 
oscillator and proceed through the 
driver and output stages to localize the 
defective stage. If, for instance, a sig- 
nal is observed at the output of the 
driver but not at the output stage in 
Fig. 8, the driver transformer may be 
defective or the output transistor 
burned out. 

In signal tracing your main con- 
cern will be the presence or absence of 
a signal. If you are checking pattern 
shapes for linearity, however, wave - 
shape is important. Even if you adjust 
the scope's vertical and horizontal gain 
controls to get an approximation of 
the pattern shown, the waveshape 

Fig. 8- Horizontal sweep patterns in the 

Fig. 9- horizontal oscillator output wave- 
form. Vertical lines on scope may appear 
dimmer and thinner than horizontal lines. 

trace on the scope usually will show 
thicker lines for the horizontal portion 
of the trace, than for the vertical por- 
tion. This is normal because the scope's 
beam usually has to move faster verti- 
cally than it does horizontally. The 
faster the beam moves the less it ex- 
cites the phosphors on the face of the 
tube. See Fig. 9. 

Using an electronic voltmeter 

The vacuum -tube or transistor 
voltmeter can replace the scope in 
some applications, though the scope is 

much to be preferred for the observ- 
ance of waveform and measurement of 
peak -to -peak voltages. The voltmeter 
could. for instance, be applied to the 
video -detector output for sensing the 
presence of a demodulated signal. 
Similarly, it can be one of its ac ranges 
and used to detect the presence of an 
audio signal in the audio amplifier 
stages by isolating the dc with a series 
capacitor. 

The vtvm (or tvm) can be ad- 
vantageously used, however, to check 
for agc voltages at each video i.f. stage 
(signal tracing the agc voltage gener- 
ated by the agc detector). Similarly, 
the voltmeter is useful for signal -trac- 
ing the dc voltages from the low - 
voltage rectifier through the supply 
and to the various circuits. R -E 

Motorola TS-460 transistor TV chassis. 

6V P-P 
15,750 Hz 

ver 
HORIZ OSC. 

2.5V P-P 
5,750 Hz 

20V P-P 
5,750 Hz 

J 

! DRIVER TRANS HORIZ / OUTPUT 

TO HV 

CIRCUIT 

110V P-P 
15,750 Hz 

To 
HORIZ. 
YOKE 

MAY 1968 

TRANSISTOR TV 
SERVICING 

PRECAUTIONS 
1. Use a low- capacitance 

probe (10 -15 pF) on the scope. 
2. Make sure that alligator 

clips or test prods do not acciden- 
tally touch any point in the circuit 
except the correct test point. Shorts 
and arcs can destroy several tran- 
sistors at once. Always turn off the 
set before connecting or discon- 
necting test leads. 

3. Do not use an ac- operated 
vtvm or scope to measure resis- 
tance or voltage or to check wave- 
forms between any two elements 
in a transistor. Hum voltage and 
leakage currents may be high 
enough to damage transistors. 
When using ac- operated test in- 
strument always ground them to 
the TV chassis. 

4. Check soldering irons and 
guns for ac leakage. Leakage cur- 
rents can ruin transistors. 

5. When using a signal gen- 
erator for signal tracing, be aware 
that its low output impedance can 
change bias conditions on transis- 
tors and upset circuit operation. 
Consult the service notes for the 
set to find appropriate signal -in- 
jection points. When in doubt, use 
an isolating resistor of 10,000- 
20,000 ohms in series with the 
generator's hot lead. 

6. The temptation to use a 

vom for resistance and continuity 
measurements is strong, so be care- 
ful! The open- circuit voltage on 
the test leads may exceed the volt- 
age ratings of transistors and low - 
voltage electrolytic capacitors. 
Know your ohmmeter before using 
it for solid -state equipment tests. 

7. Do not short the CRT 
anode lead to ground to check for 
high voltage. Transient voltages 
can ruin transistors and the short - 
circuit current can burn out the 
flyback. 

8. Be careful, when check- 
ing deflection oscillators and driv- 
ers. Accidentally shorting or in- 
terrupting either can destroy the 
output transistor. 

9. Do not apply excessive 
heat to transistor circuit when 
checking intermittents. Heat can 
cause thermal runaway, and drive 
transistors to destruction. 

10. Always use a line- isola- 
tion transformer on hot -chassis 
(transformerless) TV chassis. 

11. Always use exact replace- 
ments- especially transformers, 
transistors and inductors. 
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Nuance 
Ì81ICh 
problems? 

When most voice 
coil impedances 
were either 3.2 
ohms or 8 ohms, 
speaker replace- 
ment was relative- 
ly simple. Then 
came transistor 
sets, and equip- 

ment without output transformers, and 
now voice coil impedances range all over 
the map. 

It's important to remember that a mis- 
matched impedance in a speaker replace- 
ment will almost surely create problems .. . 
from a loss of volume to a blown transistor. 

QUamI.. 

and only Quam.. 

heins You avoid 

mese arofliems 

these inree ways: 

1. WIDE CHOICE -As Photofacts/ 
Counterfacts participants, we know in 
advance what voice coil impedance the 
new equipment will require, so we generally 
have the right speaker in our comprehen- 
sive line when you need it. 

2. VERSATILE SPEAKERS -Quam 
multi-tap speakers offer a choice of imped- 
ances in a single unit. Available in all the 
sizes you need for automotive replacement, 
Quam multi -taps handle 10, 20, or 40 ohm 
applications. 

3. SPECIAL SERVICE -Just in case 
you run across an oddball, we offer this 
convenient exclusive: any Quam speaker 
can be supplied with any voice coil imped- 
ance, only $1.00 extra, list price. 

NAM 
THE QUALITY LINE 

FOR EVERY SPEAKER NEED 

QUAM- NICHOLS COMPANY 
234 East Marquette Road Chicago, Illinois 60637 

Circle 29 on reader's service card 

EQUIPMENT REPORT 
Knight -Kit Solid -State 

Power Inverter /Charger 
Model KG -666 

Circle 33 on reader's service card 

NEW TWO -IN -ONE COMBINATION KIT 
makes it possible to go from 12 volts 
dc to 110 to 130 volts ac at a nominal 
60 Hz and, vice versa, to go from 117 
volts ac 60 Hz to 12 volts dc. In addi- 
tion it can provide 110 to 130 volts dc 
output from either a 117 -volt ac input, 
or a 12 -volt dc input. It can operate ac 
and dc appliances including, radios, 
TV sets, 2 -way radios, power - tools, 
lights, electric shavers and test equip- 
ment, from a 12 -volt battery. 

It can also be used to charge 
12 -volt batteries. The (6- ampere) 
charging rate reduces itself as the bat- 
tery becomes charged and is self - 
regulating. Either a high or a low 
charging rate can be selected. 

You can use the inverter /charger 
in cars, boats, trailers and in the home, 
as well as in the lab on a test bench. 

A substantial heavy -duty affair in 
spite of its compact size, the kit can be 
easily and quickly assembled. Quality 
components are used throughout. The 
circuits are well protected with both a 
fuse and a circuit breaker. The circuit 

Specifications KG -666 
Square -wave output, 55 -65 Hz at 200 watts 

continuous power. 
Self regulating Hi -Low 6 -amp tapering charge 

for 12 V. batteries, with resettable circuit 
breaker. 

Dc output supplies full starting torque for 
universal motor loads (power tools, etc.) 

Capacitive and diode -despiking network to pro- 
tect the 4 power transistors 

2- position output -load optimizing switch 
Pilot light, 25 amp. fuse and 2 amp. circuit 

breaker 
Color -coded battery terminals 
Compact size -4%" x 8" x 8,4" 
Two or more units may be stacked to provide 

added power in dc mode 
Price KG -666 Kit $44.95 (KG -662 Kit $34.95) 
Sold by Allied Radio Corporation, 100 N. 

Western, Chicago, Illinois 60680 
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breaker goes to work when the battery 
is too low and the charging rate is too 
high. It is a simple matter to switch in 
the lower charging rate and push the 
reset button. Once the battery takes on 
enough of a charge, the higher rate can 
be selected. 

The KG -666 model shown here is 
rated at 200 watts continuous power. 
A lower -power -rated unit (KG -662 at 
125 watts, continuous) is essentially 
the same except for a smaller power 
transformer. Four power transistors 
are used in the 666 and two are in the 
662. You can connect more than one 
appliance ... only precaution is not to 
exceed the power rating. Forget about 
using 1000 -watt frypans, toasters and 
electric irons. A 400 -watt inverter usu- 
ally tips the scales at $100 to $150 and 
kilowatt jobs are scarce. 

Certain appliances, particularly 
those with small universal motors such 
as are used in portable tools (drills, 
saws, - sanders, etc.), will operate more 
efficiently from the dc outlet than from 
the ac outlet on the unit. In like man- 
ner an electric shaver may give you a 
closer, faster clipping when plugged 
into the dc instead of the ac outlets 

However, you do have to watch out 
for certain types of high- inductive 
loads and certain loads which require a 
high starting current. Synchronous mo- 
tor loads such as clocks and other 
constant -speed devices that depend 
upon exact frequency for accurate op- 
eration will work, but with some com- 
promise in timing accuracy. Use of the 
High /Low switch may help. 

A construction book with clear, 
easy -to- follow instructions, and a sep- 
arate operator's manual which tells 
how to use and hook up the unit come 
with the kit. Chalk up a meritorious 
star for having all the diodes mounted 
on a card and each diode unmistakably 
identified. Give the unit another star 
for its double -barreled usefulness and 
its excellence. -Wally Marshall R -E 
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BIG BOOM IN SOUND 
(continued from page 50) 

will never bend at right angles to the 
terminal lugs, which causes quick 
breakage (see Fig. 3) . All flexing 
must take place near the middle of the 
lead, on the longest possible radius. The 
mass of these leads, and their stiffness, 
must be very carefully controlled, to 
avoid the chance of a resonance de- 
veloping which would cause fast 
breakage. 

Finally, the problem of suspen- 
sion of the cone, at the center and the 
outer edge -this, according to the en- 
gineers, probably caused more trouble 
than any other single thing. The great 
amount of cone travel needed actually 
tore the cone loose all the way around 
the edge, and broke the voice -coil as- 
sembly loose from the "spider" at the 
pole piece. 

Beefing up the center suspension 
was a real headache, but it was finally 
solved. The difficulties of working out 
a suspension that would give full cone 
travel without restriction, yet be strong 
enough to take the strain, wasn't easy. 

LEAD MUST FLEX HERE NEVER AT ENDS 

SPIDER 

CONE 

SPKRf 
TERMINAL 

VOICE COIL 

LEAD \ GAP 

MAGNET a POLE 

BASKET 
OR 

FRAME 

VOICE 
COIL 

VOICE COIL FORM 

PIECES 

Fig. 3 -Even the connecting leads 
from voice coil to frame had to be 
beefed up to handle the high power. 

Several methods are now used, all hav- 
ing been very thoroughly tested. 

The outer or rim suspension was 
even more bothersome, if that's possi- 
ble. In many cases, the original thin 
paper cone simply tore apart, all the 
way around. The use of a special long - 
fiber paper, specially processed, was 
the answer. The paper has to be heavy 
enough to withstand the strain, stiff 
enough to give good high- frequency 
reproduction, yet flexible enough to 
make into an "annulus" (ring) at the 
outer edge, to provide for the neces- 
sary movement! 

Unlikely as it sounds, all these re- 
quirements were finally met. A rubber- 
like coating on the paper at the rim 
gave enough reinforcement to let the 
cone be flexible at that point, yet 
strong enough to hold under repeated 
flexings. This allowed free movement of 
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the voice coil, but enough strength to 
keep the cone from trying to jump out 
of the basket when the speaker is run- 
ning at high power. 

This brings up one very important 
point for the technician when he finds 
speaker trouble in one of these sys- 
tems. Ordinary "replacement speak- 
ers" simply will not do. You must use 
an exact duplicate of the original, If 
the voice coil has opened or the cone 
has torn, send it back to the factory 
for a reconing job. If one of these 
high -power speakers is replaced with a 
"hi -fi" or even a PA -type unit, chances 
are it will be back very soon, all in 
pieces! 

Conclusion 

Amplifying today's musicians is 
big business, not only in audio power 
but in money. These groups have the 
money, and they're willing to spend it 
to get the sound and the effects they 
want. No matter how much their ideas 
conflict with your old -fashioned ones 
about how sound systems oughta be 
used, don't argue! They know what 
they want, and they're going to get it. 
Quite frankly, it's none of your darn 
business! They can make it work, and 
that's the main point. 

This kind of equipment used to be 
sold entirely through radio TV parts 
distributors. They were the only ones 
who had it. Now it has gone almost 
entirely to "music stores" and "guitar 
centers" which specialize in it. The 
growth of these establishments has 
been simply phenomenal in the last 2 
to 3 years. You can sell it yourself, if 
you want, the equipment is readily 
available. 

If you're interested in servicing 
this kind of equipment, it can be a 
very good deal. That is, if you can do 
the work, and do it the way it must be 
done. Few music stores have full serv- 
ice departments; so this can be a lu- 
creative field if you can get all the serv- 
ice and repair work. 

Service data are easily available 
from the makers of the equipment. 
Most of these are US companies, by 
the way; there does not seem to be a 
great deal of import competition, ex- 
cept for small and comparatively rare 
brand -name items. An article in the 
November 1966 issue of RADIO -ELEC- 
TRONICS ( "Keeping Big Amplifiers 
POWerful," William Darragh, p. 96) 
gave a lot of good ideas on testing and 
repairing high -power audio amplifiers. 

Using the right test methods, test 
equipment and the very best grade of 
replacement parts you can get, can 
make this into a really remunerative 
department of your business. R -E 
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When you write 
for our condensed 
high fidelity 
SPEAKER, 
ELECTRONICS or 
MICROPHONE 
catalogs... 

you really get 
a brief progress 
report on the 
state of the art 
in sound. 
Both FREE for the 
asking, of course. 

gkeryirc 
A SUBSIDIARY Of GOUDN IrvDUSIRMS. IrvC 

1_ 

ELECTRO- VOICE, INC., Dept 583E 

613 Cecil Street, Buchanan, Michigan 49107 

Please send me the latest word on 
E -V high fidelity E -V microphones 

I am particularly interested in E -V Model 

Name 

Address 

City State Zip 
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pretty 
clever... 

those 
fellows at 

Superex 

CUT AWAY VIEW 

of SUPEREX 

WOOFER-TWEETER 

STEREO PHONE 

MODEL ST-M 

First they put a woofer/ 
tweeter in their stereo head- 
phones to provide a full range 
of response without distortion. 
They also added a complete 
crossover network right in the 
earpiece ... for an authentic- 
ally fine speaker system in 

miniature. Just what the true 
stereo buff ordered! 

Then they extended their line 
in depth for the Hi -Fi enthusi- 
ast and for Education, Broad- 
cast, Aviation, Marine and 
Communications use. 

Now, they've developed a 
great new model, the ST -PRO -B 

.. . just about the last word 
in a professional quality head- 
phone. 

Pretty clever, those fellows at 
Superex. All they do is give 
you the edge in quality, value 
and forward -looking audio en- 

gineering. Ask your dealer for 
a demonstration. 

Write for complete catalog. 

SUPEREX ELECTRONICS 
1 Radford Place, Yonkers, N.Y. 

Circle 31 on reader's service card 

Service Clinic 
By JACK DARR 

New Flyback, No Agc 
I replaced the flyback in a Moto- 

rola WTS /534. Now, when the set 
warms up, the sound and picture go off. 
I've got a raster, but nothing on it!- 
E.E., Fort Worth, Tex. 

Sounds like agc trouble. Check the 
polarity of the keying pulse on the agc 
tube. Quite often, in flyback replace- 
ment, especially if a "universal" or non - 
factory replacement is used, we get into 
this trouble. If the keying pulse has the 
wrong polarity, the keyer tube can't con- 
duct; so, no agc. 

Also, in this circuit, the agc path 
goes through a small secondary winding 
on the flyback. Check the circuit wiring. 
If the agc plate lead is on the wrong 
tap, you'll kill the agc by putting incor- 
rect voltage on it, and get this "white- 
out." 

Projector Amp Hums r 
I have a Bell & Howell sound movie 

projector with a bad hum in the shop. 
This isn't power -supply hum, for I can 
kill it by turning the volume control 
down. Do you know what this could be, 
and where can I get a diagram of this 
amplifier ? -C. F., Wilbur, Ore. 

It has always been very difficult to 
get any service information on these pro- 
jector amplifiers, and I don't suppose it's 
any easier now! However, I think we 
can find the trouble by process of elimi- 
nation. 

This could be heater cathode leak- 
age in the preamplifier tube, or some ac 
ripple in the exciter -lamp oscillator sup- 
ply. They use an ultrasonic oscillator to 
supply the exciter lamp voltage, to get 
away from 60 -Hz hum. The oscillator 
tube is one of the three 6V6 tubes on 
the chassis. The oscillator transformer 
is underneath, a small cylindrical coil. 
Check all three tubes for heater -cathode 
leakage. 

You can also follow the circuit 
from the volume control on up through 
the preamplifier to the photocell. Try 
shunting each plate, grid, etc., with a 
0.5 -µf capacitor; this will tell you at 
what point the hum is getting in. By 
the way, don't let the amplifier sit on 
your bench with the photocell under a 
fluorescent light! If you do, it will pick 
up a 60 -Hz hum from these lights! This 
is normal. Cover the cell with a light- 
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This column is for your service 
problems -TV, radio, audio or general 
and industrial electronics. We answer 
all questions individually by mail, free 
of charge, and the more interesting 
ones will be printed here. 

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

tight box or shield while trying to locate 
the hum source. 

Collector Voltages in 
Output Stages 

I keep getting confused by the volt- 
ages in push -pull output stages in tran- 
sistor radios! Most of them check low, 
but each collector has the same voltage. 
I ran into one the other day with 9 volts 
on one collector, 4.5 volts on the other, 
and the emitter voltages all fouled up, 
too. The darn thing worked, though! 
What's going on here ? -N.J., Yuma, 
Ariz. 

You've run into one of the major 
differences between tube and transistor 

DRIVER 
TRANS 

ä 

DRIVER 
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a 

-9V 

sa 
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circuits. Your first circuit was a conven- 
tional nuch -nnll_ aq in nart n of the 
gram here. However, the second one is 
evidently an output -transformerless 
(OTL) circuit, as in b. 

Notice in b that the battery voltage 
is applied directly to the collector of the 
"top" transistor; this transistor is then 
in effect "stacked" with the lower one. 
Its emitter goes to the collector of the 
lower unit, instead of to ground as in a. 
(However, you can see that the base and 
emitter bias resistors are still there, to 
set and stabilize operating bias.) 

This works exactly like a stacked - 
B-1- circuit in TV sets with tubes, as far 
as dc is concerned. The speaker, though, 
is fed audio signals alternately from each 
transistor (on alternate half cycles of 
signal) through the big electrolytic ca- 
pacitor. Incidentally, there should never 
be any dc across the speaker in this type 
of circuit! 

Vtvm Calibration Check 
My vtvm is way off on the dc 

volts scales. If I put a 45 -volt battery on 
the 300 -volt scale, the meter says 225 
volts! Can you tell which resistor is off, 
or what's the matter? E. W., Ana- 
heim, Calif. 

The input of a vtvm is just a big fat 

t/ 

voltage divider. See diagram. The total 
of the resistors is the input resistance of 
the instrument. A selector switch con- 
nects the grid of the bridge tube to what- 
ever tap you need for a certain full -scale 
voltage reading. The full -scale voltage 
applied to the tube grid is always the 
same. For instance, in the diagram of 
the input circuit of a Simpson 303 vtvm, 

I MEG IN PROBE 

300V TO BRIDGE -TUBE 

5K 
GRID 

1.2 K V 

you can see that the total resistance is 
10 meg. For full -scale reading on the 
1.2 -volt scale, you'd have 0.6 volt ap- 
plied to the bridge -tube grid. The grid 

is connected to the exact center: 5 meg- 
3 on either side. With 1.2 volts 

across the whole divider, divide the ap- 
plied voltage by /a, and get 0.6 volt. 

The values of the other resistors 
are chosen so that when full -scale volt- 
age for each range is applied to the di- 
vider, we still get 0.6 volt on the tube 
grid! On the 300 -volt scale, for example, 
we have only 20,000 ohms to ground 
and 9.8 meg in series, so we still get the 
same voltage on the grid itself. 

You probably have a burned -out 
resistor in the divider. From the symp- 
toms, it sounds as if one of the resis- 
tors below the 300 -volt tap has gone 
way up in value. You get far too much 
voltage on the tube grid, and therefore a 
false high -voltage reading. 

To check, measure the total resist- 
ance of the divider from probe tip to 
ground. Check this against the service 
manual. Then check the resistance of all 
individual resistors in the divider. Most 
of the resistors used here will be color - 
coded, especially the bigger ones. If the 
resistor should be burned up so that you 
can't read the coding, and no value is 
given in the schematic, you can figure 
the value from the values of the other 
resistors and the scale markings. 
For In the Shop ... With Jack see page 16 

ZENITH TUBES 
built to the quality 
standards of Zenith 
original parts 
"Royal Crest" Circuit Tubes 
More than 875 tubes -a full line 
with the same quality as original 
Zenith equipment. Get Zenith tubes 
for greater dependability and 
finer performance. 

Order all genuine Zenith replacement parts and accessories 
from your Zenith distributor. 

BEST YEAR YET 

TV Picture Tubes 
For color TV, B &W TV 
or special purposes. 
A complete Zenith line 
of more than 200 tubes 
built for greater 
reliability, longer life. 

Zenith B &W replacement 
picture tubes are made only 
from new parts and materials 
except for the glass envelope 
in some tubes which, prior to 
reuse, is inspected and tested to 
the same high standard as a 
new envelope. Some color 
picture tubes contain used 
material which, prior to reuse, 
is carefully inspected to meet 
Zenith's high quality standards. 

TO SELL THE BEST 

7EN /fN 
The quality goes in before the name goes on 
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RADIO- ELECTRONICS READER'S SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. 

Include zip code! Manufacturers will 
not guarantee to fill your requests un- 
less your zip code is on the reader 
service card! 

2. Circle the number on the card that cor- 
responds to the number appearing at 

the bottom of the New Products, New 

Literature or Equipment Report in 

which you are interested. 
For literature on products advertised in 

this issue, circle the number on the 
card that corresponds to the number 
appearing at the bottom of the adver- 
tisement in which you are interested. 
Use the convenient index below to lo- 

cate quickly a particular advertisement. 

3. Mail the card to us (no postage re- 

quired in U.S.A.) 

Advertisements in this issue offering free 
literature (see the advertisement for prod- 
ucts being advertised): 

AEROVOX CORPORATION (Pg. 4) 
ALLIED RADIO CORPORATION (Pg. 92) 
ARCTURUS ELECTRONICS CORPORATION 

(Pg. 94) 
ARROW FASTENER COMPANY, INC. (Pg. 83) 
ARTISAN ORGANS (Pg. 93) 

Circle 9 
Circle 128 

Circle 
Circle 
Circle 

133 
116 
130 

B & K (Division of Dynascan Corporation) 
(Pg. 77) Circle 108 

BARKER PRODUCTS COMPANY (Subsidiary of 
Component Manufacturing Service, Inc.) 
(Pg. 79) Circle 110 

BURNSTEIN -APPLEBEE COMPANY (Pg. 86) Circle 122 
BROOKS RADIO AND TV CORPORATION 

(Pgs. 90 -91) Circle 126 

CARINGELLA ELECTRONICS, INC. (Pg. 84) Circle 118 

CLEVELAND INSTITUTE OF ELECTRONICS 
(Pg. 12) Circle 14 

CLEVELAND INSTITUTE OF ELECTRONICS 
(Pg. 62 -65) Circle 28 

CONAR (Division of National Radio Institute) 
(Pg. 22) Circle 22 

COOK'S INSTITUTE OF ELECTRONICS 
ENGINEERING (Pg. 90) Circle 127 

CORNELL ELECTRONICS COMPANY (Pg. 96) Circle 138 

DATAK CORPORATION, THE (Pg. 83) 
DELTA PRODUCTS, INC. (Pg. 6) 

DELTA PRODUCTS, INC. (Pg. 84) 

Circle 115 
Circle 10 

Circle 117 

EDMUND SCIENTIFIC COMPANY (Pg. 95) Circle 135 

EICO ELECTRONIC INSTRUMENT COMPANY, 
Circle 150 INC. (Cover III) 

ELECTRONIC CHEMICAL CORPORATION 
(Pg. 93) 

ELECTRO- VOICE, INC. (Pg 69) 
ELPA MARKETING (Pg. 12) 
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Circle 131 
Circle 30 
Circle 13 

GAVIN INSTRUMENTS, INC. (Subsidiary of 
Advance Ross Corporation) (Cover II) 

GC ELECTRONICS COMPANY (Pg. 76) 
GC ELECTRONICS COMPANY (Pg. 85) 
GRANTHAM SCHOOL OF ELECTRONICS 

(Pg. 1) 

HEALD COLLEGES (Pg. 93) 
HEATH COMPANY (Pgs. 23 -25) 

Circle 7 
Circle 107 
Circle 120 

Circle 8 

Circle 132 
Circle 25 

INDIANA HOME STUDY INSTITUTE, THE 
(Pg. 89) Circle 124 

INTERNATIONAL CRYSTAL MFG. COMPANY 
(Pg. 98) Circle 149 

JENSEN MANUFACTURING (Division of The 
Muter Company (Pg. 16) Circle 19 

E. F. JOHNSON COMPANY (Pg. 78) Circle 109 

KENZAC (Pg. 94) Circle 134 

LAFAYETTE RADIO ELECTRONICS (Pg. 88) Circle 123 

MOSLEY ELECTRONICS, INC. (Pg. 86) 
MUSIC ASSOCIATED (Pg. 22) 

Circle 121 
Circle 23 

OLSON ELECTRONICS, INC. (Pg. 90) Circle 125 

PERMOFLUX CORPORATION (Pg. 84) Circle 119 

POLY PAKS (Pg. 97) 

QUAM- NICHOLS COMPANY (Pg. 68) 
QUIETROLE COMPANY (Pg. 83) 

Circle 139 

Circle 29 
Circle 114 

RCA ELECTRONIC COMPONENTS AND DEVICES 
(Test Equipment Division) (Pg. 15) Circle 18 

RCA ELECTRONIC COMPONENTS AND DEVICES 
(Test Equipment Division) (Pg. 17) Circle 20 

RYE INDUSTRIES, INC. (Pg. 82) Circle 113 

SAMS & COMPANY, HERBERT (Marketing Division 
of Tompkins Radio Products) (Pg. 80) Circle 111 

SCHOBER ORGAN CORPORATION, INC. 
(Pg. 14) Circle 17 

SCOTT, INC., H. H. (Pg. 14) Circle 100 

SOLID STATE SALES (Pg. 95) Circle 136 

SPRAGUE PRODUCTS COMPANY (Pg. 81) Circle 112 

SUPEREX ELECTRONICS (Pg. 70) Circle 31 

SYLVANIA (Subsidiary of General Telephone & 

Electronics) (Pg. 13) Circle 15 

TAB BOOKS (Pg. 7) Circle 11 

VACO PRODUCTS COMPANY (Pg. 75) Circle 106 

WARREN ELECTRONIC COMPONENTS 
(Pg. 96) 

WINEGARD COMPANY (Pgs. 26 -27) 
Circle 137 
Circle 26 

ZENITH (Pg. 71) Circle 32 
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NEW PRODUCTS 
More information on new products is available free from the manufacturers of 

items identified by a Reader's Service number. Turn to the Reader's Service 
Card facing page 72 and circle the numbers of the new products on which you 

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

RECHARGEABLE BATTERY SYSTEM, 
Perma -Cell. Combines the rechargeable 
G -E nickel- cadmium batteries and an 
automatic charger. Batteries can be re- 

operation of potentiometer type controls 
for receivers. Available in pressurized can 
with an extension needle for spraying into 
hard -to -reach tuners and controls. Will 
not affect plastic fittings, nylon shafts and 
plastic channel -strip holders. -Injectorall 
Electronics Corp. 

Circle 48 on reader's service card 

charged 1000 times or more and come in 
types D, C and AA sizes. Charger oper- 
ates off 117 volts ac and can charge any 
two or four of the battery types or any pair 
or combination simultaneously. Loading 
of the charger is simile and fast. A red 
indicator light glows when batteries are 
properly placed. D- batteries are $3.95 a 
pair, C- batteries are $3.15 a pair and AA 
are $3.49 a pair. Charger is $9.95- General 
Electric Co. 

Circle 46 on reader's service card 

RADAR DETECTOR. Miniature micro- 
wave receiver clips to car sun visor to 
alert driver of approach to a controlled 
radar speed zone well in advance of criti- 
cal clocked area. Operates on 2 penlight 
batteries, has up to 2 -mile range and is 

completely transistorized. Device picks 

up radar signal from police vehicle and 
emits a steady beep to warn driver to 
slow down to posted speed before he 
reaches the zone where his speed is 
clocked. Legal in 48 states. $44.95 -Solar 
Electronics 

Circle 47 on reader's service card 

TUNER CLEANER, Super 100. Cleans 
the delicate wafer contacts and connec- 
tions of tuners and coats them with a pro- 
tective lubricant, guarding against dust, 
dirt and cutting particles contained in 
grime. Can be used on color and black - 
and- white TV tuners. Also restores quiet 
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GC 

Catalog No. 1408 -03 
Suggested Net . . $34.95 

Here's a brand new kit consisting of twenty -four Walsco 
phono drives, providing a profit -building assortment of 
the most -commonly needed replacement drives for serv- 
icing all popular record players. Made from selected 
materials, these Walsco "Exact Replacement Drives" con- 
form precisely to the rigid specifications established by 
the original equipment manufacturer, assure you and your 
customer of "like -new" performance whenever used. 
Packed in a reusable, partitioned plastic box complete 
with a handy cross -referenced part number list, this kit is 

a must for every dealer and serviceman. Order yours 
today ... it could be the key to faster, easier service calls, 
more profits for you. 

Always insist on C=I !.°U°.°, ... 
you'll get more for your money, every time! 

GC 
ELECTRONICS 

GC ELECTRONICS 
A DIVISION OF HYDROMETALS. INC. 

MAIN PLANT ROCKFORD .ILLu.s.A. 

Giant FREE Catalog... 
Only CC gives you everything in electronics 

... has for almost 40 years. Match every 
part and service need from over 10,000 

quality items. Write for your copy today! 

Circle 107 on reader's service card 

has 

everything 

in 

PHONO 
DRIVES 

CHASSIS PUNCH KIT 
by GREENLEE 

For making clean 
holes with minimum 

effort. Punch sizes from 
1/2" to W. 

Catalog No. 3005 
Suggested Net $5.85 

.l 

METAL STROBE DISC 
For accurately 

checking all turntable 
speeds. 

Catalog No. 1405 
Suggested Net ...570 t 

CHASSIS REPAIR 
CRADLE 

All -metal construction, 
locks chassis securely 

in place. 

Catalog No. 5212 
Suggested Net . $7.95 

NEW PRODUCTS continued 
INSTALLED RIVETS 

OLD WAY POW4RIVET 
WAY 

EXPANDS CLAMP 
TOPML NOLE opACYION 

HAND RIVETER, Pow'Riveter. Rivet 
expands to its own head diameter for use 
in wide -tolerance holes. Clamp -up action 
assures a snug fit, eliminating the possibil- 
ity of loose assembly. Low profile guaran- 
tees a finished appearance on both sides 
of the riveted material. Sealed stem 
provides a waterproof and dustproof 
fastening of the riveted material. Four 
sizes of rivets replace 11 sizes of ordinary 
blind rivets. Riveter's 4 -way head accom- 
modates any size blind rivet as well as 
special rivets; the other two heads are for 

and Mg". Riveter plus supply of as- 
sorted rivets is $4.95 -VACO Products Co. 

Circle 49 on reader's service card 

CB 2 -WAY RADIO, Model A -2567. Solid - 
state power supplies are built -in for both 
12 -V dc mobile and 115 V ac hase use. 
Receives all 23 channels. Sensitivity: 0.5 
mV or better for 10 dB signal -to -noise 
ratio; selectivity: ±3 kHz for 6 dB; audio 
output: 2.5 watts; power input: 5 watts; 
modulation: 100 %. Features switchable 
Range Expander, illuminated 3 -scale 
meter and dual- conversion superhet re- 
ceiver. Supplied with all crystals, ac and 
dc power cords, push -to -talk mike and 
universal mobile mounting clips. $179.95 
- Allied Radio Corp. 

Circle 50 on reader's service card 

WIRE STRIPPER. Self -adjusting wire 
stripper accommodates AWG Nos. 8 to 
24 wire sizes. Hand stripper has 11 
narrow cutting blades in each jaw. Each 
blade floats in its own spring mounting so 
that blades close around the wire in a cir- 
cle as the handle is squeezed. Cutting ten- 
sion is provided entirely by spring action 
in blades, not by amount of squeeze . 

the wire is stripped cleanly without nick- 
ing the conductor. Plastic cushion grips 
make the stripper easy and comfortable 
to use. -Telvac Instrument Co. R -E 

Circle 51 on reader's service card 
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Compare Col 
look at the rest .. . 

and you'll buy the best, new 
The all solid -state B &K Model 1245 Color Generator 

duplicates the waveforms transmitted by a color TV 
station. 

Adherence to these waveforms makes it easy to con- 
verge the color tube, check sync and make other raster 
adjustments . and the color generator with station 
quality signal will be able to sync next year's sets. 
Generators with compromise waveforms do not give you 
this obsolescence protection. 

Here are oscilloscope photographs from the outputs 
of two typical competitive color generators, one tran- 
sistorized and one tube type, and the B &K Model 1245. 
The detailed analysis with each photograph shows a few 
of the reasons why you'll save time and effort with B &K. 

COLOR CROSSHATCH 

STANDARD STATION SIGNAL 

o 
4 é 

Q ó o V 
Y 

W 
O 

One horizontal sync pulse with Two lines showing horizontal sync 
its color burst. pulse with black and white tv signal, 

B &K MODEL 1245 

Good duplication of station signa 
including back porch. If the set won't 
sync, the set is defective. 

Well defined back porch on hori- 
zontal sync pulse permits accurately 
setting color killer and almost elimi- 
nates need to adjust brightness and 
contrast. 

TRANSISTORIZED GENERATOR A 

No back porch causes unstable Square wave horizontal sync pulse 
color sync. Burst amplitude compres- with no back porch and poor dc cou- 
sion may permit sync on wrong color pling forces adjustments of brightness, 
bar. contrast & fine tuning to obtain usable 

pattern. 

GENERATOR B 

For the first time, with the no- compromise wave- 
forms from the B &K Model 1245, it is possible to 
accurately set the color killer threshold control with 
a color generator. 

The miniature size and convenience of the Model 
1245 match its performance. It provides crystal - 
controlled keyed rainbow color bar display, and 
dot, crosshatch, horizontal line and vertical line 
patterns as well as gun killer controls that will 
work with any picture tube. Size only 2% x S3/ 
7t 8 jg ". Net $13496 

No back porch; color information 
on top of sync -pulse makes sync diffi- 
cult on some sets. 

Complete absence of any back 
porch necessitates readjustment of 
brightness, contrast and fine tuning 
obtain a usable pattern. 

See your B &K Distributor for a demonstration 
or write for Catalog AP22. 

to 

A DIVISION OF DYNASCAN CORPORATION 
1801 W. Belle Plaine, Chicago, Illinois 60613 

WHERE ELECTRONIC INNOVATION IS A WAY OF LIFE 

Fvport: Ernp.re Exporters. Inc.. 123 Grand Sutet. New York. N.Y. 10013 
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NEW AUDIO EQUIPMENT 
CARTRIDGE TAPE RECORDER, TC- phono or FM multiplex. Plugs into record - 
8. Records from home tape recorder, ing outputs of any stereo system or line 

outputs of any stereo tape recorder. 
Cartridge -alignment indicator lights if car- 
tridge is inserted improperly and unit 
won't operate until it is properly rein- 
serted. Features automatic recording con- 
trol which makes recording -level deci- 
sions automatically. Unit will accommo- 
date the Sony or other conventional 8- 
track cartridges. -Superscope, Inc. 

Circle 52 on reader's service card 

AUDIO ACCESSORIES. Molded adapt- 
ers and cable assemblies feature solder 

JOHNSON'S Spring °04o Rosr 

YOU MAY HAVE ALREADY 

STRUCK IT RIG:: 
GOLD AWARD MESSENGER 
III's. Every CB call area will have a 
winner. YOUR call number may be 
lucky! See your Johnson dealer and 
find out if you have already won. 

PLUS! Participating Johnson 
dealers in most areas will also give 
away Gold Award Messenger III's. 
See your dealer to find out how you 
can strike it rich! You have TWO 
chances to WIN! 

. ^Jrra 

(Contest ends June 30,1968) 

In commemoration of Johnson's production of its 100,000th Messenger 
III, the E. F. Johnson Company is releasing a limited number of 24 -carat 
gold -plated Messenger III's to be given away free! Incorporating all the 
famous features that have made the Messenger III the standard of the in- 
dustry, these Gold Award models will truly become CB collectors' items! 

GOLD RUSH ACCESSORY SALE! 
ANTENNA METER -MATCHBOX (Expires June 30, 1968) 
COMBINATION ($30.90 value) 
Get maximum range from your CB unit - 
eliminate mismatch between transceiver 
and antenna. Either of above with pur- 
chase of Messenger I or 110: both with 
purchase of any other Johnson 5 watt 
transceiver -for only $1.00 -. 

AC POWER SUPPLY ($32.95 value) 
Converts any transistorized Johnson 
transceiver into a full power base station. 
Mounts beneath transceiver. With your 
purchase of Johnson Messenger 111, 100, 
300, 320 or 323 -for only $1.00.. 

SEE YOUR JOHNSON 

HALF PRICE SALE 

PORTABLE 
POWER PACK ($79.95 value) 

Permits full -power, portable op- 
eration for up to 8 hours without 
recharging. With purchase of 
Johnson Messenger I ll,100, 300, 
320 or 323 for only $39.97 *. 

at participating Johnson dealers 

® DEALER TODAY 

t Void where prohibited by law. 

E. F. JOHNSON COMPANY 
2365 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nearly a half- century of communications leadership 

Circle 109 on reader's service card 

connections and internal cable clamps to 
support the cable and eliminate strain. Ac- 
cessories include: stereo adapter that con- 
nects 2 single- conductor phono -jack 

-(1 

,. z..®,_,. .,...= = 

Apattaliaro 

outputs to one 3- pin -in -line plug; speaker 
enclosure phono jack with a 24" cable and 
mounting screws; adapter cable with a d- 
conductor right -angle phone plug on an 
11" 2- conductor shielded cable; 4 -foot 
stereo adapter cable with 2 standard 
molded phono plugs; and a 3 -foot stereo 
extension cable with 2 straight molded 
phono plugs wired to 2 phono jacks. - 
Switchcraft, Inc. 

Circle 53 on reader's service card 

STEREO COMPACT MUSIC SYSTEM, 
Model SC -2020. Offers a balanced com- 
bination of convenient features and pre- 
cise, distortion -free performance in a 
compact control center with two powerful 
speakers. Both speakers and control cen- 
ter are securely housed in handcrafted 
oiled walnut cabinets. Features solid -state 
components, microcircuits and modular 

construction. Will play monaural and 
stereo records and receive AM and FM 
broadcasts. User need only unpack unit 
and plug it in. Power output: 30 watts, 
IHF at 8 ohms. Frequency response: 
±1.5 dB 20- 30,000 Hz at 1 watt; har- 
monic distortion: less than 1 %. Square - 
wave rise time: better than 5 microsec- 
onds. FM sensitivity: 2.9 mV, IHF; image 
rejection: better than 40 dB; separation: 
30 dB; AM sensitivity: 50 mV. $329.00 
-Harman -Kardon R -E 

Circle 54 on reader's service cdrd 
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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 72 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 

1968 CATALOG. Contains 32 pages of 
electronic kits and factory assembled in- 
struments in the fields of Citizens Band, 
amateur radio, stereo /hi fi, test instru- 
ments and kits for beginners. Prices of 
beginners kits range from $2.50 to $9.95. 
Fully illustrated and includes a listing of 
authorized EICO dealers. -EICO Electric 
Instrument Co., Inc. 

Circle 55 on reader's service card 

STEREO EQUIPMENT. Colorful new 
12 -page catalog describes the latest in 
stereo high -fidelity components and com- 
pact music systems from Bogen. Includes 
amplifiers, bookshelf speaker systems and 
Stereo -8 tape -cartridge players. Also lists 
turntables, receivers and tuners. -Bogen 
Communications Div., Lear Siegler, Inc. 

Circle 56 on reader's service card 

1968 SPRING CATALOG, No. 683, 132 
pages. Includes Lafayette's top -rated 
equipment plus that of many other major 
manufacturers. Host of values in garden 
tools and accessories, power tools for the 
home workshop and marine equipment. 
Also has a complete selection of hi -fi com- 
ponents, Citizens -band 2 -way radio, tape 
recorders, ham gear, radios, and much 
more. -Lafayette Radio Electronics 

Circle 57 on reader's service card 

STRIP -CHART RECORDERS. 20 -page 
catalog gives details of 50 models of min- 
iature strip -chart recorders, all featuring 
the RUSTRAK dry writing process. In- 
cludes information on chart paper, drive - 
motor specifications, accessories, optional 
features, dimensions, weights and order- 
ing information. -Rustrak Instrument 
Div., Gulton Industries, Inc. 

Circle 58 on reader's service card 

SOLDERING EQUIPMENT. This 24- 
page catalog covers accessories, service 
parts, representative tips, and soldering 
irons -a total of over 450 items. Includes 
tip -temperature control systems, small 
solder pots, safety stands, tip cleaners, 
etc. Price sheets are included.- American 
Electrical Heater Co. 

Circle 59 on reader's service card 

1968 DC POWER SUPPLIES. 88 -page 
catalog and handbook combines a textlike 
discussion on dc power supplies and a 
selection guide and condensed listing to 
make it easy to select the supply which 
best meets your needs. Handbook portion 
discusses technical details and applica- 
tions of do power supplies and includes 
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If a plug or accessory from BARKER 

is not shown here - it's in our catalog! 

q11110- =Jab 

ABOVE: from left to right. First row. Guitar coil cord 20' RSP -RE in six colors- White- 
Beige -Grey- Red -Black -Blue. FS -1 Foot switch single- designed for amplification Shut- 
off. FS -2 Foot switch -dual- designed for amplifier and reverbrafication. PJ -PJ Phone 
Plug to phone plug adapter. 
Second row. ATF "Molded on" Adapter- Adapts phono pin plug to miniature two (2) 
conductor phone plug. AFF Phono jack to Phono jack. PJT phone jack to tini -plug, PJF 
Phone jack to Phono jack. 
BELOW: from left to right. First row. PJM Phone jack to Phono plug. APF Phono jack 
to Phone plug. M -FF 2 phono jacks connected in parallel to phono plug, 4" shielded 
cables. F -MM Phono Jack connected to 2 phono plugs 4" shielded cables. 
Second row. M -MM 3 phono plugs connected in parallel 4" shielded cables. D4 2 indi- 
vidually shielded cables with phono plugs each end color coding positively identifies 
each circuit 36 " -72" & 12'. 20' 3LP -3PJ "Molded On" three (3) conductor phone plug 
one end of 20' three conductor cable -Other end a "Molded On" three (3) conductor 
phone jack -For stereo head set application. FM -1 Twin lead FM Antenna Dipole type 
for indoor use -Has 6 Foot Lead -in with spade lugs. 

Manufacturers, distributors and dealers: write for our latest catalog. All our products 
made on our U.S.A. premises. Circle Reader's Service # for our latest catalog. For 
speedier service, write us direct. 

BARKER PRODUCTS COMPANY 
344 Central Street, Saugus, Mass. 01906 Telephone: 617 -233 -6676 

Subsidiary of Component Manufacturing Service, Inc. 
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circuit principles, operating features, per- 
formance measurements and special ap- 
plications.- Hewlett- Packard Co. 

Circle 60 on reader's service card 

PLASTIC TUBE SEALER. Bulletin de- 
scribes Models C -3H, (hand -grip) and 
C -3W (wall- mounted) tube sealers. Tells 
how instrument operates and illustrates 
uses. Lists special features and prices for 
both models. -Harwil Company 

Circle 61 on reader's service card 

PA AMPLIFIERS. Catalog details the 
new Bogen line of Challenger CHS solid - 
state public amplifiers. Charts and photo- 

graphs describe four new CHS models - 
CHS -100, 50, 35, and 20, listing technical 
data and prices. One page is devoted to 
a listing of accessories. -Bogen Commu- 
nications Div., Lear Siegler, Inc. 

Circle 62 on reader's service card 

CORRECTION 

Mosley Electronics, Inc. (New Literature 
January, February 1968) catalogs list 
manufacturers' representatives and their 
territories, not dealers. Mosley manufac- 
tures TV /FM antenna accessories and 
audio accessories and does not make TV/ 
FM antennas. 

Important New SAMS BOOKS 

NEW 8th Edition of the famous 
Transistor Substitution Handbook 

by the Howard W. Sams Engineering Staff. Over 1000 more 
transistor substitutions have been added to make this invalu- 
able updated computer -compiled handbook more complete 
than ever. Lists thousands of direct substitutions; covers 
manufacturers of all transistor types. Includes basing dia- 
grams and polarity indications; substitutions for U.S. and for- 
eign (including Japanese) home -entertainment, industrial, and 
military types. For easy reference, all types are in one nu- 
merical- alphabetical listing. Accompanying text explains why 
transistor substitution is possible, when substitution is appro- 
priate, how to select proper substitutes, and the precautions to 
observe when using a replacement. $195 
128 pages; 5% x 8W. Order 20625, only 

Semiconductor Handbook 
by Robert B. Tomer. Here, in one comprehensive, 
heavily illustrated volume, is your complete, 
modern sourcebook for industrial semiconductor 
data. Covers semiconductors used in thermo- 
electricity, energy conversion, power inverters, 
converters, high -power audio, modulators, mi- 
cromodules, high -power rf, thin -film circuits, 
integrated circuits, high- density packaging, and 
grown -junction, alloyed -junction, draft, MADT, 
mesa, planar, and epitaxial mesa transistors. 288 
pages; 5% x 8 % ". An invaluable reference 
on transistors. Order 20620, only 5 

ABC's of Electrical Soldering 
by Louis Dezettel. Covers the important art of 
soldering, including the fundamentals, such as 
how to make a good solder connection. This is a 
how -to book for the beginner, a review for the 
technician, a valuable reference for the manu- 
facturer who buys and uses solder, flux, and 
printed- circuit boards. Tells what soldering is 
and does, how to solder properly, and how to 
make solder repairs. Explains solder alloys, 
fluxes, soldering irons, instant -heat guns, pro- 
duction soldering, and other soldering and con- 
necting methods. 128 pages; 5% x 8% ". 
Order 20627, only ?125 

101 Questions & Answers About Color TV 
by Leo C. Sands. Here are the clear answers to 
the most frequently asked questions about color 
tv -its basic theory, installation, servicing, and 
modifications. The answers are reinforced by 
dozens of schematics, illustrations, and photo- 
graphs. Typical questions answered are: "What 
is meant by compatible color tv ?" "How are 
various colors produced on the picture tube?" 
"Why do flesh tones on a performer's face vary 
when he moves from one side of the screen to 
the other ?" 64 pages; 5% x 8y5 ". Sin 20624, only 

How to Repair Major Appliances 
by Ernest Tricorni. No other book offers you as 
much helpful information on so many household 
devices as this handy, fact - packed volume. Ab- 
solutely essential for anyone who sells, installs, 
or repairs appliances. Explains the theory, func- 
tioning, electrical characteristics and major 
components of refrigerators, freezers, washing 
machines, clothes dryers, ranges, dishwashers, 
garbage disposers, room air conditioners, water 
heaters, humidifiers, and dehumidifiers. Provides 
tips on repairing, electric motors, and even ap- 
pliance finishes. Fully illustrated for complete 
understanding. 224 pages; 5% x 8 % ". 
Order 20650, only 

These and over 300 other SAMS Books are available 
frone your local Electronics Parts Distributor. 

Transistor Specifications Manual 
Transistor Fundamentals 

(The definitive 4- volume work on 
Basic Semiconductor Principles and Circuits) 

HOWARD W. SAMS & CO., INC. 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Circle I11 on reader's service card 

INSTALLING INTERCOMS 
( continued from page 41) 

front door. Either a hole had to be cut 
in a brick wall to hold the outdoor 
station or it could be installed on the 
bottom part of the overhang which 
was about 3' away from the door and 
about 6' above the stoop level. Because 
sensitivity of the remote unit is more 
than adequate for this distance and 
the overhang provides a good shelter 
from rain, a 33/4" by 1/2" opening in 
line with the corner of the bedroom 
above was cut in the overhang (Fig. 9). 
A sabre saw on the outside and a %" 
drill from the inside of the bedroom 
prepared this site. A two -conductor 
cable from the door unit to station R12 
is now concealed by the baseboard 
heater. 

The back box for the outdoor re- 
mote at first posed a problem in that it 
was to be mounted in the overhang 
section in front of the house. The 
underpart of the overhang was 1 /4" 
thick plywood backed with a sheet of 
3/4" composition insulation material 
which was of little value for holding the 

Fig. 12 -Rear view of the remote unit 
in the workshop. Here again, the wall 
(pegboard) is sandwiched between 2 
wood braces and the flange on the back 
box. Unfinished side of wall made this 
photograph possible. This is not a dummy. 

outdoor remote unit. There were no 
supporting braces of any kind close to 
the opening, and the back box for the 
outdoor remote is flangeless. Solving 
this problem was only a matter of 
screwing a piece of wood on each side 
of the opening and then securing the 
box in place, as shown in Fig. 10. 

Connections from stations R10 to 
R11 and R12 were made without a 
hitch. A line was dropped through the 
wall from stations RIO to R11. 

Installation of stations R14, R15 and 
R16 was not too difficult, but they did 
require more time than the others. A 
1/4" pilot hole was drilled through the 
floor under the baseboard molding di- 
rectly below station R9. The drill was 
angled to make a hole in the ceiling in 
the garage below, directly in line with 

80 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


the wall space above. A s /s" drill 
placed in the pilot hole in the ceiling, 
worked its way straight up into the 
wall space as desired. The molding was 
put back in place to cover the pilot 
hole in the floor. After some "notching" 
and "fishing" and a few more notches, 
the cable was in place in the garage 
and rear -entrance way ceiling. While 
the rear -door remote unit needs only 
a two- conductor cable, the eight -con- 
ductor cable was run to it and an octal 
outlet in a weatherproof enclosure 
which was installed nearby. 

Fig. 13- Finished bathroom installation 
can accompany a wet baritone with back- 
ground music . . . that's plush living. 

Stations R1, R3 and R4 in the base- 
ment were wired by running eight -con- 
ductor cable along the ceiling between 
the beams and the space provided by 
furring strips which support an acous- 
tic tile ceiling. Station R5 hookup was 
a cinch . . . it didn't even require an 
extra hole for the cable. However, the 
outdoor remote at station R2 called for 
some fisherman's luck but nothing like 
the amount of work for the back door. 

Installation of the back boxes for the 
remote units without the aid of cross 
braces between the studs was desired. 
To install cross braces from stud to 
stud, without cutting a hole larger 
than the back box would have required 
some fairly fancy carpentry work and 
expertise. Instead a piece of 3/4" fur- 
ring strip about 2" wide and 91/2" long 
was screwed to the top and bottom of 
the back box to sandwich the wall be- 
tween the wood and the flange on the 
box, as shown in Fig. 11. It is a simple 
matter to press the flange against the 
outside of the wall and the wood 
against the inside of the wall with one 
hand while you secure the box and the 
wood in position with a couple of wood 
screws. 

See Fig 12 for a rear view of this 
type of installation. Only two screws 
are needed for each piece of wood. 
Mounting strength and stability is more 
than adequate. Figure 13 shows a com- 
pleted installation in the bathroom . . . 

nothing like music to shower by. 
A little Spackle and paint for the 

half dozen small notches in the garage 
and rear -entrance way ceiling, finished 
the job. There is nary a trace of wire 
or a notch showing. R -F 

MAY 1968 ß1 

LET'S FACE IT ... TWIST -PRONG 
CAPACITORS JUST DON'T HAVE 

THE "FITS -ALL" ABILITY OF STRETCH SOCKS 

... THERE'S NO NEED TO 
STRETCH ANYTHING WITH 
A SPRAGUE TWIST -LOK® 

they come in 2,365 ratings and sizes so you can make EXACT replacements 

Some people claim that you can use 

multi- rating twist -prong capacitors to 
make replacements "as exact as they 
need be." Putting it another way, 

some other people say that you can 
take "a certain amount of leeway in 

the matching of ratings and sizes." 

BUT -there is nothing exactly like 

an exact replacement, particularly 
when working with the exacting re- 
quirements of Color TV circuitry. 

Yes, you can replace one twist - 
prong capacitor with another that 
has a higher voltage rating and every- 
thing's OK. That is, everything ex- 

cept the cost. You have to pay for 
the extra voltage. 

True, too : Circuit tolerances may 
allow you to make successful re- 
placements without matching original 

You can get a copy of Sprague's comprehensive 
Electrolytic Capacitor Replacement Manual K -109 
from your Sprague Distributor or by writing to 
Sprague Products Company, 81 Marshall Street, 
North Adams, Massachusetts 01247. 

capacitance values exactly. However, 

if you pick a replacement that's at 
the high end of the circuit's tolerance, 
its own manufacturing tolerance may 
throw it out of the ball park. For 
example, you pull out a 100 µF @ 

350 V unit and figure that the 150 µF 
capacitor on your shelf is a close 

enough replacement. But the stand- 
ard industry tolerance on this part 
is +50%, -10%. Therefore, it may 
actually have a capacitance of 225 µF 
-more than double the value your 
circuit calls for. And probably will 

get you called back. 

We repeat : There is nothing exactl 

like an exact replacement. 

And . . . we make Twist -Lok 
Capacitors in 2,365 ratings and sizes 

so you can make exact replacements. 

DON'T FORGET TO ASK YOUR CUSTOMERS 

"WHAT ELSE NEEDS FIXING ?" 

SPRAGUE® 
THE MARK OF RELIABILITY 
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TV Service Puzzle -For 
SHARPSHOOTERS Only 
(continued from page 61) 

power off and using the ohmmeter, 
the "expert" found no reading at all 
(open circuit) from the 270 -volt line 
to the primary of the power trans- 
former. ( *4) 

Checking from the 270 -volt line 
to the secondary of the power trans- 
former, there was a 2,000 -ohm read- 
ing to the red -green wire, and a very 
high resistance, almost 50,000 ohms, 
with the prods reversed. ( *5) 

There you are. Those are the 
clues. Remember that this is not in any 
way a "normal" fault; it cannot be 
accounted for by a part failure. How- 
ever, there is a logical explanation, 
and you have all the clues needed to 
find it, illogical though it sounds. 

Let's repeat the clues, for luck: 
1. There are no bad parts in the set. 
2. There is no dc short on the 270 - 
volt line or in the supply. 
3. There is a 100 -volt p-p sawtooth 
ripple on the 270 -volt line, even when 
it is disconnected from the source. 
4. An ohmmeter connected between 

Clever Kleps 30 
Push the plunger. A spring -steel forked 
tongue spreads out. Like this t 
Hang it onto a wire or terminal, let go 
the plunger, and Kleps 30 holds tight. Bend it, pull it, let it 
carry dc, sine waves, pulses to 5,000 volts peak. Not a chance of 
a short. The other end takes a banana plug or a bare wire test 
lead. Slip on a bit of shield braid to make a shielded probe. What 
more could you want in a test probe? 

$ 
A 

Available through your local Y distributor, or write: rve RYE INDUSTRIES INC. 
130 Spencer Place, Mamaroneck, N.Y. 10543 

Circle 113 on reader's service card 

INDUSTRIES 

the 270 -volt points and the secondary 
of the power transformer shows a 
typical "rectifier- type" reversible read- 
ing at these points. 

There you are; go get 'em. 

The answer 

When shorted rectifier CR204 
was replaced, it was soldered to the 
PC board (see Fig. 3). In this chassis, 
the rectifiers are small silicon units, 
located on the PC board, under a 
cross -brace and quite a bit of wiring. 
The rectifier was replaced with the 
right polarity, in case you thought of 
that. But: instead of connecting its 
anode (negative) end to ground, as it 
should have been, it was accidentally 
connected to the four -terminal "blob" 
which was one of the junctions of the 
270 -volt line! 

So, this rectifier, when it con- 
ducted, fed a very large ripple (half - 
wave rectified) voltage into the 270 - 
volt dc line! This ripple, which went 
right through the big electrolytic ca- 
pacitor as if it were ac, overloaded the 
dropping resistor, and dropped the dc 
voltage at that point, causing all of the 
other symptoms! 

This was an almost "natural" 
mistake. 

The PC board, where the recti- 
fiers are mounted, is very crowded, 
and the correct point is only 1/2 inch 
from the place where it was con- 
nected! This is one of those things that 
any of us could do at any time, which 
is the moral of this story! Now, let's 
look at the actual diagnosis, and see 
where the old "expert" fell flat down. 

*4: There is obviously a high ac voltage 
getting into the 270 -volt line, from the very high 
ripple. This means a short circuit from the ac 
source (the power transformer) to the 270 -volt 
line. This accounts for the behavior of the big 
electrolytic capacitor when it is connected and 
disconnected. 

*5: The "short" between +270 volts and the 
transformer secondary must be through a recti- 
fier (primary was cleared, remember,). The ohm- 
meter readings definitely confirm this. 

A careful, point -by -point examination of the 
PC board, and especially the area around CR- 
204 (lowest reading to the red -green wire of the 
secondary, where CR204 is normally connected, 
remember ?), finally disclosed the real trouble! It 
could happen to you! R -E 
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QUIETROLE 
he Original Control 

and 

Switch Lubri -Cleaner 

he oldest. most 

eliable and efficient 

product obtainable for 

positive lubrication and 

cleaning of TV Tuners. 

Controls and Switches. 

Harmless to plastics 

and metals. Zero effects 

on resistance and 

capacity. Non- inflam- 

mable- non- conductive- 
non- corrosive. 

The Choice of Better 

Servicemen, Everywhere. 

For Color and 

Black and White 

Available in Aerosol or Bottle 
Product of 

QUIETROLE 
COMPANY 

Spartanburg, South Carolina 

Circle 114 on reader's service card 

Because you've got to SEE it to BELIEVE It 

we will semi you a FREE sample! 

DATAMARK - the easy new 

way to label 

your projects! 

Just rub over the pre- print- 
ed words or symbols with a 

ballpoint pen and they 
^" "" ; " ".r, transfer to any surface - TO TO 

;r looks like finest printing! 
TRACK TRANSCUVYNS MAN 

Label control panels, meter 
"" " " "'° " " "' " " " ° " "" dials, letter on anything! 

LOOK FOR 4.444 letteA:41 

DATAMARK SETS only $1.25 each - at leading electronic distributors 

DATAMARK SETS AVAILABLE FOR: 

Amateur Radio. CB 
Audio, Hi-Fi, TV 
Experimenter Home Intercom 
Industrial Test Equipment 
Switch & Dial Markings 
Alphabets & Numerals in 

1/8 ", 1/4" and 1/2" - each set has black, white, and gold 
SEND FOR FREE SAMPLE RE -58 

THE DATAK CORPORATION 
85 HIGHLAND AVENUE PASSAIC, N. J. 07055 

Circle 115 on reader's service card 

BUILD A PANIC BUTTON 

(continued from page 59) 

whose repetition rate varies. If you 
change the frequency considerably 
from that provided by the component 
values given in the schematic you may 
want to make the value of C5 different 
from C6 so that the average output is 

approximately a square wave. 
Transistors Q6, Q7, Q8, Q9 and 

Q10 provide a surprising amount of 
volume from the speaker. Adjust the 
value of R13 to bias the collector of 
Q6 at 4 to 5 volts. 

Total battery drain of the circuit 
shown is from 20 to 30 mA. 

An SCR is used to turn on the 
alarm, and a mercury switch to turn it 
off, by turning the case upside down. 
This was done partly for novelty, but 
mainly to permit use of a momentary 
pushbutton. If you have an alternate 
action, push -on /push -off switch, you 
can save the cost of the mercury 
switch and SCR. 

Construction details 

The Panic Button can be inexpen- 
sively built by cannibalizing a transis- 
tor radio, available for as low as about 
$3.50 at discount stores. Some of the 
components, particularly the miniature 
electrolytics, can be salvaged from the 
radio. Use the snap -on battery con- 
tacts, battery and speaker, too. In fact, 
you can use the entire audio amplifier 
portion of the radio. Simply connect 
Q4 Q5 output (right side of C7 in Fig. 
3) to the top of the volume control in 
the radio, and the common line to the 
bottom. 

My version was constructed on a 

piece of perforated board with 0.2" 
staggered centers. Fig. 4 shows the 
board (full size) with dimensions and 
parts placement. 

I used a Jade -brand imported 
transistor radio, with a tuning dial hole 
in the case front. The switch I used for 
SI exactly fit this hole (see photo). 
Depending on the radio you use, you 
can probably find a pushbutton that 
will do, although you may have to 
make a hole in the front of the case. 

As an alternative to the mercury 
switch, mount a set of very light relay 
or lever switch contacts on the board. 
A sharp blow to the case should then 
open the contacts momentarily - 
which is all that's required to turn off 
the SCR, and the Panic Button. Should 
you decide at any time that you would 
like to get more volume, connect the 
output of the siren to a hi -fi set or an- 
other more powerful amplifier. R -E 
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*DJP1EiPW 
Automatic 

STAPLE GUN TACKERS 

Specially designed for 
SAFE - FAST - SECURE 

WIRE & CABLE FASTENING 

No. T -18 
For wires up to 
3/16" in dia. 

Uses round crown 
staples in 

3/a" leg only. 

BELL, TELEPHONE, THERMOSTAT, 

INTERCOM, BURGLAR 

ALARM and other 
low voltage 
wiring. 

No. T -25 
For wires up to 

1/4" in dia. 
Uses round crown 
staples in 9/32 ", 
3/i", 7/16 ", and 

9/16" leg. 

Fastens same wires 
as No. T -18 

Also 
used for - 
RADIANT 
HEATING 

CABLE 

No. T -75 
For wires and 
cables up to 

1/2" in dia. 
Uses tack -pointed 
staples in 9/16 ", 
5/8" and 7 /a" leg. 

SHEATHED CABLE, RADIANT 

HEATING CABLE, WIRE 

CONDUIT, COPPER 

TUBING, DRIVE 

RINGS, ETC. 

All- steel, 
chrome finish. 

Jam-proof mechanism 
for trouble -free operation 

SAFE! Driving blade automatically 
halts staple at right depth of penetration! 
Can't cut or injure wires and cables. 

FAST! Powerful single stroke action 

shoots staples in 1/1000 of a second! 

Saves 70% in time, effort and efficiency! 

HOLDS! Staple points diverge to 

imbed firmly in wood. Rosin -coated for 
tremendous holding power! 

Write for catalog and information. 

Saddle Brook. New Jersey 07883 
"Pioneers and Pacesetters 

For Almost A Half Century" 
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The TRUE electronic solution to a 

major problem of engine operation! 

DELTA'S FABULOUS 

MARK TEN® 

Only $44.95 ppd. 
In easy -to -build Deltakit® 

Only $29.95 ppd. 

CAPACITIVE DISCHARGE 

IGNITION SYSTEM 
You've read about The Mark Ten in 
Mechanix Illustrated, Popular Mechan- 
ics, Electronics and other publications! 

Now discover for yourself the dramatic im- 
provement in performance of your car, 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has finally come 
around. In four years of proven reliability, 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on 
literally any type of gasoline engine. 
Why settle for less when you can buy the 
original DELTA Mark Ten, never excelled and 
so unique that a U.S. Patent has been 
granted. 

READY FOR THESE BENEFITS? 

Dramatic Increase in Performance and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 
Longer 

Up to 20% Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET -ORDER TODAY! 

DELTA PRODUCTS; ; 
P.O. Box 1147 RE Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

Mark Tens (Deltakitn) @ $29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ $44.95 

6 Volt: Negative Ground only. 

12 Volt: Specify Positive Ground 
Negative Ground 

Car Year Make 

Name 

Address 

City /State Zip 
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Operational Amplifier Basics 

(continued from page 57) 

OP -AMP GLOSSARY 

Common -mode gain -Ratio of output 
voltage over input voltage applied 
to (+) and ( -) terminal in parallel. 

Common -mode rejection ratio (CMRR) 
-Ratio of an op amp's open -loop 
gain to its common -mode gain. 

Differential -input voltage range -Range 
of voltages that may be applied 
between input terminals without 
forcing the op amp to operate out- 
side its specifications. 

Differential Input Impedance (Z,,, diff)- 
Impedance measured between 
(4-) and ( -) input terminals. 

Drift, input voltage- Change in output 
voltage divided by open -loop gain, 
as a function of temperature or 
time. 

Input voltage offset -Dc potential re- 
quired at the differential input to 
produce an output voltage of zero. 

Input bias current -Input current re- 
quired by ( +) and ( -) inputs for 
normal operation. 

Input offset current -Difference be- 
tween (-1-) and ( -) input bias cur- 
rents. 

Offset -Measure of unbalance between 
halves of a symmetrical circuit. 

Open -loop bandwidth - Without feed- 
back, frequency at which amplifier 
gain falls 3 dB below its low - 
frequency value. 

Open -loop voltage gain (A,,01)- Differ- 
ential gain of an op amp with no 
external feedback. 

Slew rate -Maximum rate at which 
output voltage can change with 
time; usually given in volts per 
microsecond. 

REFERENCES 
*Applications Manual for Computing Ampli- 
fiers for Modeling, Measuring, Manipulating 
and Much Else, By the Staff of Philbrick Re- 
searches Inc., 1966 
'RCA Linear Integrated Circuit Fundamentals. 
Radio Corporation of America, 1966 
RCA Application Notes ICAN- 5290,5015 
'Handbook of Operational Amplifier Applica- 
tions. Burr -Brown Research Corp., 1963 
Handbook of Operational Amplifier Active RC 
Networks. Burr -Brown Research Corp., 1966 
'Fairchild Semiconductor Linear Integrated 
Circuits Application Handbook, by James N. 
Giles. Fairchild Semiconductor, 1967 
Motorola Application Notes AN 275, 273, 248, 
204, 258, 261. Motorola Semiconductor Prod- 
ucts 
Westinghouse Application Notes, File No. 91- 
508. Westinghouse Corp. 
Union Carbide Application Notes, AN 4R, 6, 7. 
Union Carbide Electronics 
*Operational Amplifier Application Manual, 
Parts 1, 2, 3. Analog Devices 
Application of Op -Amps, Technical Bulletin No. 
8. Amelco Semiconductor 
Operational Amplifier Application Notes ZA 
101, 102, 103. Zeltex Inc. 

84 RADIO -ELECTRONICS 

MODEL ACP -1 

<0.MF,1p -Me ,..., 

NEW! SOLID STATE 

Coffipressor-Preaffip 
Kit $18.50* Wired $26.50* 

Use with any Tape Recorder 
for automatic control of recording 
level. 

Add modulation punch to Ama- 
teur Radio and CB Transmitters 

Use with any P.A. System for 
constant output level and reduce 
annoying feedback. 
30 db compression range 20 to 20,000 
cps response Low -noise high- imped- 
ance FET input stage 5- transistor and 
1 -diode circuit Adjustable input and 
output levels MIL -type circuit board 
and easy -to- follow instructions Easily 
installed in mike line 3 -way Jacks for 
PTT operation Attractive 21/2 x 3 x 41/4 
metal cabinet. 
*Less battery. Postpaid in U.S.A. when check 
or M.O. included with order. Sorry no C.O.D. 
California orders must add 5% sales tax. 

CEi 
CARINGELLA ELECTRONICS, Inc. 
P.O. Box 327 Upland, California 91786 

Phone 714 -985 -1540 
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PERMOFLUX . . . 

WILL GO TO 

YOUR HEAD 

IF... 
you're seeking the ultimate 
in frequency response, superior 
engineering and durability. Write 
today for the dealer nearest 
you. A demonstration will prove 
to you why Permoflux headphones 
are used by the leading experts 
in all professions where 
sound is foremost. 
All ear speakers are 
fully tvarranteed for life. 

STANDARD OF THE WORLD 
,il7ln 

itzernsof/six corp. 
P.O. Box 6364, Dept. RE 5 
GLENDALE, CALIFORNIA 
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"99" SO .0ER LUG 
ASS DRTYENr 
a 

shapes 
sizes 

and shapes for 
every need. 

é 

Cat. No. e116 
Suggestel het $1.C8, 

Some Op -Amp 
Manufacturers 

Amelco Semiconductor 
P.O. Box 1030 
Mountain View, Cal. 94040 

Analog Devices, Inc. 
221 Fifth Street 
Cambridge, Mass. 02142 

Burr Brown Research Corp. 
International Airport Industrial Park 
Tucson, Ariz. 85706 

Data Device Corp. 
240 Old Country Road 
Hicksville, N. Y. 11801 

Fairchild Semiconductor 
313 Fairchild Drive 
Mountain View, Cal. 94040 

Fairchild Controls 
P.O. Box 1388 
Mountain View, Cal. 94040 

General Electric 
Semiconductor Prods. Dept. 
Electronics Park 
Syracuse, N. Y. 

K and M Electronics 
102 Hobart Street 
Hackensack, N. J. 07601 

Motorola Semiconductor Prods. Inc 
Box 955 
Phoenix, Ariz. 85001 

NSC Microcircuits Div. 
2950 San Ysidro Way 
Santa Clara, Cal. 95051 

Opamp Labs 
172 S. Alta Vista Blvd. 
Los Angeles, Cal. 90036 

Philbrick /Nexus Research 
Allied Drive at Rt. 128 
Dedham, Mass. 02026 

Radio Corp. of America 
Electronic Components and Devices 
Harrison, N. J. 07029 

Signetics Corp. 
811 E. Arques Ave. 
Sunnyvale, Cal. 94086 

Texas Instruments 
P.O. Box 5474 
Dallas, Tex. 75222 

Union Carbide Corp. 
Semiconductor Dept. 
P.O. Box 1209 
Mountain View, Cal. 94040 

Zeltex, Inc. 
1000 Chalomar Road 
Concord, Cal. 94520 
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RCHIflE 

SCREW 

and NUT 

ASSDRTEAT 
A size for every need! 

CATALOG No. 9199 

Suggested Net $4.98 

Here it is, a choice selection of screws and nuts in a single 
carton. This working assortment, containing over 375 items, 

represents a complete range of Nos. 4, 6, and 8 round -head 
machine screws and matching hex nuts, all the popular 
sizes commonly used in the electronics field. These items, 
like all GC electronic hardware, reflect the quality mate- 
rials and precision manufacture preferred by government 
and industry alike. Check this hand -picked assortment 
today, it's sized right and priced right for every electronic 
technician's service kit. 

Always insist on L-r-3 
you'll get more for your money every time! 

GC 
ELECTRONICS 

GC ELECTRONICS 
A DIVISION OF HYDROMETALS, INC. 

MAIN PLANT: ROCKFORD.ILL.u.S.A. 

Giant FREE Catalog... 
Only GC gives you everything in electronics 

... has for almost 40 years. Match every 
part and service need from over 10,000 

quality items. Write for your copy today! 
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G 
has 

everything 

in 

EIIEC1RONIC 
HARDWARE 

"99'' WASHER 
ASSCRT1?INT 
Variety of retal 
and'ibre washers itl 
plastic bsi. 
Cat. No. 9.19 
Su 

RUBBER GROMME- 
ASaOR'IRERT 
200 in reusable 
plastic tax ... a 
size for every nee,. 
Car. Nc. 32 -618 
Suggested Net 99( 
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'WM COAX 
MATCHING 

TRANSFORMER 

for Color TV 

i 

One transformer for 
indoor or outdoor use. The Mosley 

MTR -37 provides a perfect 
match of 300/75, 75/300 ohm 

connections. Easily attached 
to antenna (close to the signal 

source) or directly to re- 
ceiver terminals. 

Solderless. Easy 
'. _. to install. 

Write Dept 160 for FREE detailed brochure. 

ALWAW azi !%__ 4610 N. Lindbergh Blvd., dL. Bridgeton Missouri 63042 
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FREE! 
ii j1 

1/ 
1/i 

111 r V/ 
_ \l 

BURSfEBJ.APPI£BEE /- 
5/NC[ 

Sw , ;,w,,. f/ 

ALL NEW 
SPRING & SI5M 1E1í 

CATALOG 
THE ELECTRONIC INDUSTRY'S 

FIRST '68 RELEASE 

YOUR BUYING GUIDE 
FOR: 

Stereo & Hi -Fi Systems 
& Components Tape Re- 
corders Electronic Parts, 
Tubes, Tools Phonos & 
Records Ham Gear Test 
Instruments & Kits Cam- 
eras & Film PA Citizens 
Band Radio & TV Sets 

Musical Instruments 

SEND FOR YOURS TODAY! 

MAIL TODAY TO: 

BURSTEIN- APPLEBEE 
Dept. REQ, 3199 Mercier, Kansas City, Mo. 64111 

Name 

Address 

City State Zip Code 

DO YOUR FRIEND A FAVOR ...ALSO INCLUDE HIS NAME 
AND ADDRESS IN ENVELOPE WHEN MAILING YOUR REQUEST 
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FEEDBACK QUIRKS 
(continued from page 51) 

frequency was not 6 dB but 8 dB. 
Assuming I just hadn't allowed for some resistance 

value belonging to the transistor, I tried changing capaci- 
tor values in the hope of finding a combination that would 
produce 6 dB loss at the 90° phase point (which I checked 
by finding where the transfer ellipse passes through from 
a left -to -right to a right -to -left slope -(Fig. 4). Whatever 
I did, I couldn't get less than 8 dB loss at the 90° point. 

So, I thought, just use more feedback. Consulting my 
chart, I found that a response due to two RC networks 
that yielded 8 dB loss at the 90° point can be sharpened to 
3 dB, with a frequency shift of 1.778 (instead of 1.414) 
and using 10 dB feedback, rather than 6 dB. 

Accordingly I changed my capacitors so the 8 -dB 90° 
point needed to be shifted by a 1.778 ratio, checked re- 
sistor values to get just 10 dB feedback and finally con- 
nected the loop, as I had done with the tube circuit. But 
the response wasn't anything like I expected (Fig. 5). 

I tried more feedback, thinking the turnover point 
would eventually get sharp enough. Then I'd change the 
C's again to get the frequency right. But with this partic- 
ular circuit, I just couldn't sharpen the turnover enough to 
get the 90° phase 3 dB down with any amount of feed- 
back. Why? 

Eventually I realized that my first failure to get pre- 
dicted performance -when 3 + 3 apparently made 8- 
should have clued me to what was happening. As well as 
reflecting effective resistances, which the books told me 
about, when transistor coupling circuits include react- 
ances, they can reflect reactances as well (Fig. 6). That 
was why, both with and without feedback, the transistor 
caused the summation of the separate RC responses to be 
different from what one would expect from addition of 
the component parts. 

As soon as both RC elements were connected, the 
transistor presented a reactive component as part of the 
load for the input circuit, and another as part of the source 
circuit for the output circuit. Both without and with feed- 
back the combined response was not the summation of the 
parts put together (Fig. 7). 

As with the earlier problem, realizing what the prob- 
lem was proved to be more than half the battle. In this 
case, an extra transistor to provide isolation as an emitter 
follower solved it. 

AUDIO OSC 
CIRCUIT BEING 
TESTED 

ZERO PHASE LESS THAN 90° EXACTLY 90° MORE THAN 90° 
SHIFT 

Fig. 4- Equipment setup for determining 90° phase shift point. 
Oscilloscope patterns readily show degree of phase shift. 
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Fig. 5 (left) -Curve A shows 
response - without feedback. 
Curve C is desired response and 
curve B is the response obtained. 

Fig. 7- Transistor reactance 
prevents ideal combined re- 
sponse (B) from two A -curve cir- 
cuits. The result is curve C. 

Linear circuits. The next puzzler happens so often that 
everyone should know about it: If you don't know the an- 
swers, you should know the symptoms. The first time I 
spotted it I was called in to observe a comparison of two 
amplifiers: One was rated at 15 watts, but had no feedback. 
The other was rated at 50 watts, with lots of feedback. 

Both were being used as guitar amplifiers. When the 
guitar was played softly, there was no doubt that the 50- 
watter sounded far cleaner. But when the player tried to 
get more sound, the 50- watter broke up, and actually 
seemed to give much less power than the 15- watter. A 
bench check had been run before I came along; the 15- 
and 50 -watt ratings were real. 

Since then the same kind of problem has come up 
many times. This is what happens: Feedback reduces am- 
plifier distortion just as theory claims it will, until clipping 
is approached. It may be the output stage that clips, or it 
may be the driver stage, or it may be between the two of 
them; grid current of the output stage makes the driver 
stage clip. The effect is the same. 

The important thing is that the front -end stages usu- 
ally don't clip; they're still amplifying. When the drive/ 
output stages clip, the output waveform flattens (Fig. 8). 
This is also the waveform that gets fed back. And a straight 
horizontal line is not a "waveform" -the signal has stopped 
getting through. So suddenly, from this point on, there is 
no feedback to partially cancel the input signal. 

As a result, the amplifier starts getting the same input 
signal it would get if there weren't any feedback connec- 
tion. If there's 20 dB of feedback, the input jumps to 10 
times normal as soon as clipping starts. This just makes 
clipping that much worse -more sudden. So, while the 
feedback cuts distortion, as predicted, below the clipping 
point, as soon as clipping is reached, worse distortion is 
suddenly triggered. 

Failure to predict this comes from the fact that the 
theory regards the amplifier as an essentially linear device. 

Fig. 6 -Stray impedance (circled elements) at input and out- 

dB 

0 

IO 

20 

.2 .3 .4 .5 .6 .8 2 
RELATIVE FREQ 

3 4 5 

It's not quite linear, of course, otherwise we wouldn't need 
the feedback at all. But it's close to linear and the feedback 
just cleans up that little bit of nonlinearity. The fact is, an 
amplifier (when it clips) doesn't even approximate a linear 
device from that point on. 

Complications. If that's all that happens you're lucky. 
Often, I've found, clipping can trigger even worse kinds of 
distortion. Not only is the clipping made much more sud- 
den, and inescapable once the signal is too big, but it trig- 
gers an aftereffect (Fig. 9). Why does that happen? 

Only the drive and output stages are working near 
their limits. Earlier stages have a bigger margin for linear 
amplification. And the input stages usually have most of 
all. They could probably handle 50 times the normal input 
signal. So when clipping starts, the combined input, formed 
by mixing the actual input with the feedback signal, steps 
up to many times its normal level, and is really spiky -just 
where the clipping is. 

The input stages take this signal okay. But probably 
the last stage before the driver doesn't. It just rectifies this 
extra signal and biases itself beyond cutoff, from which it 
will only restore itself at a speed controlled by the bias - 
supply time constant (with the coupling capacitor). 

So clipping triggers a cutoff condition at one stage. 
While this stage comes back into operation, the signal is 
distorted until the bias gets nearly normal. The effect 

AMPL STAGES 

WITHOUT FEEDBACK 

WITH FEEDBACK 

Fig. 8- Output clipping is exaggerated by feed- 
put of transistor cause the feedback discrepency in Fig. 5. back; flattened wave does not offset input wave. 
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NEW! LAFAYETTE HB-525C 
Solid State 2 -Way Radio 

GRATED 

1 

1 

1 

1 

1 

1 

99-3156 W X 

Size: 23/s" by 61/4" 

23 CB Crystal 
Controlled Channels 
All Crystals Supplied! 

I FCC Type Accepted +D.O.T. Approved 
32 Semiconductor Performance with IC, 

18 Transistors, and 9 Diodes 
Dual Conversion for High Selectivity 
Full 5 -Watt Input 
Range BoostTM Circuitry for Added Power 
3- Position Delta Tune -Provides Accurate Fine Tuning 
Mechanical 455KC Filter for Superior Selectivity 
Front Panel "S /Prf" Meter Variable Squelch Plus ANL 
Public Address System (with external speaker) 
12 -Volt DC Operation (pos. or neg. ground) 6 -Volt DC 

(with optional DC Power Supply) 
Accepts Priva -Come Plug -in Tone Caller 

*Imported 

FREE 
JUST OFF PRESS! 

1968 
ATALOG 680 

Over 500 
Pages 

Featuring Everything in Electronics for 

HOME INDUSTRY LABORATORY 

from the "World's Hi -Fi & Electronics Center" 
LAFAYETTE Radio ELECTRONICS 
Dept. JE -8 P. O. Box 10 
Syosset, L. L, N. Y. 11791 

Send me the FREE 1968 Lafayette Catalog 680 JE8 

Name 

Address 

City State Zip 
I 
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WITHOUT FEEDBACK 

WITH FEEDBACK 

Fig. 9- Bottom curve shows long recovery time due to over - 
bias. High signal level distortion can worsen with feedback. 

makes distortion far more noticeable than it is with quick, 
sudden clipping. 

This effect may not show up on a sine -wave test sig- 
nal, because the steady signal will change the bias enough 
to reduce gain and thus stay just within clipping. But a 
musical signal often "hits" the amplifier with similar peak 
values without the steady buildup that a carefully con- 
trolled test signal is given, and the cutoff distortion occurs. 

One more variety I'll mention in this category, then 
another that's closely related. In the first I was picking 
which side of a push -pull output to take feedback from to 
feed to an early stage cathode (or maybe it was an emitter). 
One way the amplifier screeched its head off as I made the 
connection; obviously that was the wrong side (Fig. 10) . 

So I connected the other side and it was stable -or 
seemed to be. Before trying the thing out full blast, I ran 
a response check at low level until I found the rolloff 
points, well below and above audible limits. This looked 
good. But then I started turning the volume up and next 
thing I knew, the amplifier was screeching as if I had the 
feedback connected to the wrong side of the output. Turn- 
ing the signal off didn't stop it. Switching off and on again 
did. 

What caused this? Every time the input signal reached 
a certain point, which wasn't full output, or even the be- 
ginning of clipping, this trouble started. After trying this 
and that, I eventually removed a high -gain stage that was 
ahead of the main feedback loop. Why should this cause 
feedback trouble? It wasn't even in the loop! 

Careful checking showed that the high current swing 
in the output stage caused a minute voltage fluctuation in 
the B+ supply, which fed the plate circuit of the earlier 
stage. Reversing phasing didn't help, because the push - 

(continued on page 91) 

PUSH -PULL OUTPUT 

WHICH 
CONNECTION TO 
MAKE ? 

FEEDBACK RESISTOR 

Fig. 10.- Alternate points for connecting feedback. In this 
case, one produced positive and the other negative feedback. 
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VIBRATING -WIRE AUDIO FILTER AND OSCILLATOR 
continued from page 53 

measurements I constructed a genera- 
tor with a 180° dial covering 10 Hz to 
1000 Hz. Allowing for pointer width 
and dial markings, it was debatable 

HOW IT WORKS 
Similar in principle to magneto- 

striction (mechanical) and tuning - 
fork filters, the vibrating wire fulfills 
the author's claims. I checked its per- 
formance with an audio generator and 
an oscilloscope. The wire must be 
stretched taut and must not touch the 
pole pieces. I had to shim up the pro- 
totype with a toothpick at each end. 
Increased stretching of the wire 
altered the resonant frequency slightly. 

I also tried another dime -store 
magnet slightly different in size from 

>4 
Q 

I 

I 

""'"ii 

800 I 8Ó0 1 1000 1 1200 
700 900 1100 1300 

FREQ IN Hz 

the author's. This change made little 
difference in operation, only changing 
resonant frequency slightly. 

Using the bandpass amplifier, I 
found resonance sharp and Q high (see 
curve above). At resonance you can 
actually see the wire vibrating between 
the pole pieces! 

The sinewave oscillator works 
well, too, though R7 -BATT ADJUST 
-is touchy to set for minimum distor- 
tion in output waveform. Perhaps 
rather than a 10,000 ohm control, you 
should try a 2500 -ohm pot and a 7500 - 
ohm fixed resistor in series. 

Toothpick shims seemed to work 
fine, and magnet size isn't critical. The 
pole pieces can be just plain pieces of 
iron. You can mount the whole assem- 
bly on an old- fashioned wooden bread- 
board. The project is nice and simple 
and it works.- Thomas R. Haskett 

whether the bandwidth was 1 Hz or 1.6 
Hz -which actually puts the Q be- 
tween 600 and 1000. 

Q is controlled by damping, and 
air causes damping of the vibrating 
wire -just as it does to a loudspeaker 
cone. Therefore, it's quite possible that 
even higher Q might be obtained by 
installing the wire in a vacuum. 

The frequency of the wire may be 
changed by changing its length or di- 

ameter or both. There is no low -fre- 
quency limit; units may be constructed. 
for 60 or 120 Hz. The practical high - 
frequency limit seems to be in the 
vicinity of 20 kHz. 

I chose a bridge circuit for the 
selective amplifier because it is simple 
and easy to get operating. A bridge is 

not necessary, though; a differential 
amplifier- integrated circuit or other- 
wise -might well prove more satisfac- 
tory. 

Whichever way you try the vi- 
brating wire, you'll find it quite differ- 
ent from the LC or RC circuits. R -E 

SCHOOL DIRECTORY 

LEARN TECHNICAL 
WRITING 

for prestige, high pay, 
advancement 

WRITE YOUR WAY TO SUCCESS. Elec. 
tranics, aerospace, glamour industries need 

trained writers now. Technical Writing is one 

of the highest paying careers NOT requiring 

college. The demand for trained writers is 

growing with thousands needed in all areas. 

ATWS WILL TRAIN YOU AT HOME AT 

- LOW COST. ATWS home training is fast mov- 

ing, fascinating, easy-to- follow. Includes 

everything you need to become a topnotch Tech Writer. Low cost Send today 

for free career book and sample lesson. No salesman will call. APPROVED 

FOR VETERANS. 

AMERICAN TECHNICAL WRITING SCHOOLS, Dept. RT S8 

5512 Hollywood Boulevard, Hollywood, California 90028 

GET INTO 

ELECTRONICS 
V.r.l. training leads to succeaa as 
technicians, Held engineers, specialists 
In communications, guided missile., 
computers, radar and automation. Basle 
& advanced courses in theory & labora- 
tory 
ogÿ & E Electronic Technology curricula Technology curricula 
both available. 

also 
Associate degree in 29 

moi. B.S. also obtainable. G.1. ap- 

éproved. 
Graduates 

maim. 
all S t 

lectron with comrnnf sigh 
Sept.. Feb. Fe Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso. Indiana 46383 

Learn Electronics for your 
SPACE -AGE EDUCATION 

at the center of 
America's aerospace industry 

No matter what your aerospace goal, 
you can get your training at Northrop 
Tech. in sunny Southern California. 

COLLEGE OF ENGINEERING. 
Get your B.S. degree in engineering in 
just 36 months by attending classes year 
round. Most Northrop Tech graduates 
have a job waiting for them the day 
they're graduated! 

A A P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F.A. A. A& P certificate. 
WRITE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 

1199 W. Arbor Vitae. Inglewood. Calif_ 

distinguished graduates 
hold important engineering and business admin- 
istration posts throughout U.S. Professionally - 
oriented college with outstanding placement 
record. Four -quarter year permits degree in 
three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. 
Approved for vets. Modest costs. En- 
ter June, Sept., Jan., March. For 
Catalog, write Admissions Director. 
TRI -STATE COLLEGE 
2458 College Avenue, Angola, Indiana 46703 

ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 

from the Indiana Home 
Study Institute 

We are proud to announce two great 
new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 

money -back guarantee. 
In plain language, if you aren't satis- 

fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -5, P.D. Boo 1189, Panama City, Fla. 32401 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub - 

LTiptian also. 

OLSON ELECTRONICS, INC. 

864 S. Forge Street Akron, Ohio 44308 

Circle 125 on reader's service card 

EARN YOUR DEGREE 

Electronics Engineering 

Through Home Study 

Highly Effective Home Study Courses In: 

Electronics Engineering Technology 

Electronics Engineering Mathematics 

Earn your degree in Electronics Engineering 
and upgrade your status and pay to the 
engineering level. Complete college level 
courses in Electronics Engineering. Out- 
standing lesson material - thorough and 
easy to understand. Up -to -date in every re- 
spect. The knowledge and ability that means 
the difference between a low paying tech- 
nician job and a high paying engineering 
position. Low tuition cost with low monthly 
payments. Free engineering placement serv- 
ice for our graduates. Write for free descrip- 
tive literature. No salesman will call on you. 

COOK'S INSTITUTE 
of Electronics Engineering 

Established 1945 

Formerly Cook's School of Electronics 

Forest Hill Road 
P. O. Box 10634 

Jackson, Mississippi 39209 

Circle 127 on reader's service card 

NEW TUBES AND 
SEMICONDUCTORS 

TWO NEW TUBES FOR COLOR TV 

The 3CU3 (left in photo) and the 
6LR6 are two new Sylvania tubes for 
the high -voltage and horizontal deflec- 
tion circuits in color receivers. 

The 3CU3 is a high -voltage rectifier 
using a new "posted filament" design 
for high reliability in instant -on opera- 
tion. The new ruggedized filament is 
wound onto, but insulated from, a strong 
center post. The tube withstands momen -. 
tary overloads that often destroy regular 
vacuum -tube and solid -state rectifiers. 

The 6LR6 horizontal amplifier op- 
erates from 250 -450 -volt supplies. It has 
integral radiator fins for efficient heat 
dissipation. R -F 

POUND DEVALUATED! - DOLLAR UPGRADED! 
At BROOKS - Look what A DOLLAR BUYS * * * * we invite your comments and of course YOUR ORDERS 

FREE $1 BUY WITH EVERY 10 YOU ORDER 
toony $1" B 

lies FREE GIFT WITH EVERY ORDER 
' 

100 -ASST 1/4 WATT RESISTORS $ 1 stand. choice ohmages, some in 5% 

m 
100 -ASST t/2 WATT RESISTORS $1 
stand. choice ohmages, some in 5% 

70 - ASST 1 WATT RESISTORS 51 
stand. choice ohmages, some in 5% 

35 - ASST 2 WATT RESISTORS 51 
Stand. choice ohmages, some in 5% 

1_1 
50 - PRECISION RESISTORS $1 
asst. list -price $50 less 98% . 

E 

20 - ASSORTED WIREWOUND 51 
RESISTORS, 5. 10, 20 watt .... 
100 - MIXED DEAL "JACKPOT" $1 
Condensers, Resistors, Surprises .. 

4 - TOGGLE SWITCHES $1 
SPST, SPDT, DPST, DPDT 

1_1 
10- ASSORTED SLIDE SWITCHES $1 
SPST, SPDT, DPDT, etc. 

in 20 - EXPERIMENTER'S COIL $1 
"JACKPOT" assorted for 101 u ses 

7 - TV ELECTROLYTIC CON - $1 
DENSERS desirable types 

15 - ASST. ROTARY SWITCHES $1 
all popular types $20 value 

CRYSTAL LAPEL MICROPHONE 5ar 
high impedance, 200 -6000 cps 

UNIVERSAL MICROPHONE $ 
L_1 regular/remote/ single & dual plug 

10 - STANDARD TRANSISTORS 51 
NPN & PNP 2N404, 2N414, etc. .. 

50 - ASST. DISC CERAMIC 51 
CONDENSERS Popular numbers . 

El 
100 - ASST. MICA CONDEN- $1 
SERS some in 5% 

2 - POWER TRANSISTORS Re- $1 
place 2N155, 2N176, 2N301, etc. 

HYTRON POWER TRANSISTOR S1 
H.V. replaces DS501, 2N173, etc. 

70 -BRASS PAHNESTOCK CLIPS 51 
popular type & size 

10 - SPEAKER PLUG SETS $1 
deluxe type, 2 conductor 

10 SETS - DELUXE PLUGS & 51 
JACKS asst. for many purposes 

10 - SETS PHONO PLUGS & 51 
PIN JACKS RCA type 

10 - SURE -GRIP ALLIGATOR S1 
CLIPS 2^ Plated 

50 - ASSORTED PRINTED CIR 51 
CUIT SOCKETS best types 

100 - STRIPS ASSORTED SPA- 51 
GHETTI handy sizes i 

E 

$50 AIWA TAPE RECORDER 
new 2 -spd, capstan dr. adaptable $1C 
AC, complete -money -back basis vv 

5 POUNDS ELECTRONIC PARTS 51 
Fine asst -too numerous to mention 

5 POUNDS OF HARDWARE 
Fine asst -too numerous erous to mention $ 

50 - ASSORTED TRANSISTORS $1 
big factory scoop -sold as -is .... 
TRANSISTOR RADIO aast type $1.50 
good, bad, broken, as -is, potluck 

TAPE RECORDER - assorted types SA 
good, bad, broken, as -is, potluck .. 

100 - ASST. TUBULAR CON- 51 
DENSERS -001 to .47 to 600v. . 

10 - TRANSISTOR RADIO EAR- 51 
PIECES wired complete with plug 

515.00 RADIO PARTS "JACK- 51 
POT" handy assortment 

50 - TUBE CARTONS (colored) 51 
assorted sizes for Popular Tubes .. 

ALL AMERICAN TUBE KIT 
12BA6, 12BE6, 12AV6, 5005, 

35W4 - total list $9.70 $2 

3 - TOP BRAND 35W4 TUBES 51 

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 $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. 

MARKET SCOOP COLUMN 
WE BOUGHT OUT A FACTORY 

AMPLIFIER 110v AC, 6 Watt 
Wired -PA, Phono, Quitar, Tremola $5 
needs 2- 12AX7, 6605, 6CA4 -as is 7 

AMPLIFIER 
110v AC -DC, 5 Watt 

Wired - Phono, Comb. Intercom, 53 
etc. needs 3- 12AX7, 2- 501.6 -es 1s 

JUMBO POWER TRANSFORMER $1 
if you don't mind the weight . 

MOTOROLA PWR TRANSFORM 51 
110v, CT 150/150v, 6.3v 

10 - TRANSFORMERS assorted . $1 

10 - ASST. RADIO & TV TUBES S1 
Every Tube a gond number 

20 - ASST. DIODE CRYSTALS $1 
1N34, 1N60, 1N64 all brand new 

20- ELECTROLYTIC CONDENSRS S1 
Fine asst -too numerous to mention 

20 -ASST. VOLUME CONTROLS S1 
All desirable good types 

100 - RADIO & TV SOCKETS S1 
Asst. - too numerous to mention 

100 - RADIO KNOBS 
Asst. - tou num& erous 

TV 
to mention Si 

Name Coat of 
goods 

Address Shipping 
estimated 
TOTAL 

Please specify refund on shipping overpayment desired: CHECK 0 P OSTAGE STAMPS MERCHANDISE lour choice) with advantage to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 z12`á74°600 
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FEEDBACK QUIRKS 
(continued from page 88) 

former was groaning rhythmically. I put a scope on the 
output and found a pulsing rf oscillation (Fig. 11). I 
measured B+ and found the meter pointer kickine wildly 
in sympathy with the power transformer. 

Putting a moderate -size capacitor from almost any 
grid to ground would stop the trouble, as well as reducing 
the response to higher audio frequencies. The rf oscillation 
bursts were going from output clear back to input. I 
checked the wiring to see whether any output leads had 
gotten too close to input leads, but no, it couldn't be that. 

The only thing left was grounding, which appeared to 
be all in order, except for the fact that supply negative 
went to ground through the case of an electrolytic capaci- 
tor. I remembered the rule that a ground connection should 
be made only at the input end of an amplifier. So I lifted 
the electrolytic capacitor and fitted it with an insulated 
mounting, and grounded the negative line to chassis at 
the input jack only (Fig. 12). 

Now all was well. What was happening? The rf oscil- 
lation was coupled via the chassis (which is all around 
everything) back to the input stage. It built up until the 
drive or output stage biased itself to cutoff, and then waited 
for that stage to start conducting again, when it started the 
oscillation all over again. Those things can still happen! R -E 

pull stage swings current up (or down) twice per audio 
period -once for each half of the push -pull. If the current 
from one half of the push -pull was in the wrong phase to 
start instability, the other one was right! 

Unintentional feedback. In a sense, that last example 
was an unintentional form of feedback, although it didn't 
show up (in this case at least) until the intentional form 
was connected, which made it puzzling. But the uninten- 
tional can still show independently. 

Before the days of intentional feedback -which some 
of us can still remember if we think hard -there were two 
principal areas of feedback: subaudio, which was called 
motorboating, from the put -put sound it made, and ultra- 
sonic, which was inaudible in itself, but would choke the 
amplifier up so that audio would break through in bursts, 
all distorted. 

An annoying type, which has happened to me since 
we've had feedback amplifiers, included both. At first all 
I could tell was that some kind of pulsing was going on. 
There was little sound in the output, but the power trans- 

Fig. 11- Distortion produced by pulsing rf oscillations was 
cured by relocating negative supply ground near input stage. 

TO INPUT STAGE 

ò 
INPUT RESISTANCE 

1 I 

l.,, 
CORRECT POINT 

FOR CHASSIS GND 

1 I 

GND BUS 

+ 1 SUPPLY 
FILTER 
CAPACITOR 

I 1 

SUPPLY 
RETURN 

ORIGINAL CONNECTION TO CHASSIS 

Fig. 12- Signal voltage drop along ground bus appears in se- 
ries with input voltage in correct phase to generate feedback. 

CANADIANS: Ordering is easy - we do the paperwork - SARKES TARZIAN TV TUNER 41mc- 
Latest Compact Model for all 41 me TV's 

NEW -MONEY BACK GUARANTEE 
Parallel filament $7.95 
COMPLETE with Tubes & Schematic 

Same TUNER as above (series fil.) 

STANDARD TV TUNER 21 me 
Popular type for many TV's 

7.95 

7.95 

1000 - ASST. HARDWARE KIT $1 
screws, nuts, washers, rivets, etc. 

300 - ASSORTED HEX NUTS $1 
2/56, 4/40, 5/40, 6/32, 8/32 

250 - ASST. SOLDERING LUGS sl best types and sizes 

250 - ASST. WOOD SCREWS 51 
finest popular selection 

250 - ASST. SELF TAPPING 51 
SCREWS #6, #8, etc. 

150 - ASST. 6/32 SCREWS 51 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS Sl 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS Si 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS $l 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS Si 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS Sl 
most useful selected sizes 

500 - ASSORTED WASHERS $l 
most useful selected sizes 

100 - ASST. RUBBER BUMPERS Sl 
for cabinet bottoms 8. other uses . 

100- ASSORTED RUBBER GROM- Sl 
METS beat sizes 

try a small order 

IBM SECTIONS 
8 assorted Units we 
sell for $1 are 
loaded with over 
150 valuable parts. 

Incl. - Transistors 
Condensers, Resist- 
ors, Heat Sinks, DI- 
odes, Etc. 

8 for $1 

100 ter ;lO 
2 -G.E. PIECES OF EQUIPMENT Si 
stacked with over 200 useful parts 

Neon Glow Lamp for 101 uses .. $1 

CI 

El 

Ci 

15 - G.E. #NE -2 TUBES 

50 - ASSORTED MYLAR CON- Si 
DENSERS popular selected types 

3 - TOP BRAND SILICON REC Sl 
TIFIERS 1 amp, 1000 PIV 

20 - ASST. PILOT LIGHTS 
#44, 46, 47, 51, etc. .... $1 

50 - ASSORTED #3AG FUSES $1 popular ampere ratings 

WIRE "JACKPOT" good variety $l 

4 - 50' HANKS HOOK-UP WIRE $l 
assorted colors 

100' - SPOOL SPEAKER WIRE Sl 
2 tond, mini zip, clear, 101 uses . 

500 - ASSORTED SCREWS 
6/32, 8/32, 5/40, 4/40, Etc. 50° 

50 - ASST. TERMINAL STRIPS 
all types, 1 -lug to 6 -lug 

25 - INSTRUMENT POINTER 
KNOBS selected popular types .. 

BONANZA "JACKPOT" not gold, 
not oil, but a wealth of Electronic 
Items -Money- Back -guarantee .... 

i 
$1 

$5 

MYLAR RECORDING TAPE 
22/2'- 225' ..$ .15 

3" - 225' .. 

3 1 / 4 " - 600' . . 

5" - 900' .. 

5" - 1800' .. 

.17 

.24 

.49 

.52 

.67 

.86 
1.29 

.69 

.99 

7" - 2400' $1.59 
7" - 3600' 2.78 
CASSETTE 60 minutes 1.00 

CASSETTE 90 minutes 1.86 

CASSETTE 120 minutes 2.49 

21/2" TAPE REEL .04 
3" TAPE REEL .05 

31/4" TAPE REEL .06 
5" TAPE REEL .12 
7" TAPE REEL .14 

$15.00 TELEVISION PARTS $1 
"JACKPOT" best buy ever 

40 - ASSORTED TV KNOBS 
all standard types, $20 value .. 

TV TUNERS asst. all new standard 
makes, less Tubes 

TV TUNERS asst. all new standard 
makes, including Tubes 

1 - LB SPOOL ROSIN -CORE 
SOLDER 40/60 top quality 

50 - TUBULAR CONDENSERS 
asst. .001 to .47 -400v to 1000v 

3- ELECTROLYTIC CONDENSERS $1 
most popular number 50/30 -150v 

110° FLYBACK TRANSFORMER 

not completely satisfied $1 
CHAPT ZU DI MITZIA "JACK- 
POT" double your money back if 

5 - I.F. COIL TRANSFORMERS $1 sub -min for Transistor Radios 

5 - AUDIO OUTPUT TRANS- Si 
FORM Sub -min for Trans Radios 

5 - PNP TRANSISTORS Sl 
general purpose, TO -5 case 

5 - NPN TRANSISTORS 
general purpose, TO -5 case 

$1 

32' - TEST PROD WIRE Sl 
deluxe quality, red or black 

CLEAN UP THE KITCHEN "JACK- 
POT" Dig Deal $l 
only one to a customer 

MAY 1968 Circle 126 on reader's service card 

We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coll produces 18KV- 
assuring adequate width 
Intl Schematic Diagram 
application for any TV 

List price 913.90 

Your price .. 53 
0% oft in lots of 3 

110° TV DEFLECTION YOKE 53 
for all type TV's incl schematic 

"COMBINATION SPECIAL" 
RCA 110 FLYBACK S5 
plus 110' DEFLECTION YOKE 7 

90° FLYBACK TRANSFORMER 5,3 
for all type TV's incl schematic 

90° TV DEFLECTION YOKE $ 
for all type TV's incl schematic 

70° FLYBACK TRANSFORMER $2 
for all type TV's Intl schematic 

70° TV DEFLECTION YOKE $2 
for all type TV's incl schematic 

20 - ASSORTED TV COILS Si 
1_1 I.F. video, sound, ratio, etc. . 

100' - TV TWIN LEAD -IN WIRE sl 
' 900 ohm, deluxe heavy duty, clear 
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TOP SAVINGS ON 
THE BEST IN 

ELECTRONICS 
FOR EVERYONE 

Shop by mail and save at 
Allied, world's largest 
electronics headquarters. 
Hundreds of 
money- saving values. 
NO MONEY DOWN. 
Up to 2 years to pay! 

MAIL COUPON 
BELOW 

E. 
,aLL/Ell 

NEW 1968 
CATALOG 

1 

518 
PAGES 

SAVE ON: 
Famous Knight- Kits a) Stereo Hi -Fi 

Tape Recorders, lape 
CB 2 -Way Radios 
Walkie- Talkies 
FM -AM & AM Radios 
Shortwave Receivers 
Portable TV 
Phonographs 
Amateur Gear 
Intercoms & PA 
Automotive Electronics 
Test Instruments 
TV Antennas & Tubes 
Power Tools, Hardware 
Tubes, Transistors 
Parts, Batteries, Books 

4 

ALLIED RADIO, Dept. 2E 
P.O. Box 4398, Chicago, III. 60680 

NAME (Please Print) 

ADDRESS 

CITY 

STATE ZIP 

Circle 128 on reader's service card 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Gerernment Surplus electronic units and 
components at a fraction of metr original acquisition cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONEm 

( ITEM 0715 ) - - Standard. cunetrial 
telephone same as used throughout U S.A.':Sttrac. ', \ - 

five polished black, like new condition. Use as 
extension phone to private systems or connect 
several phones together for local Intercom sys- 
tem. Lull instructions are famished, wt. o lbs. C 
Original Cost $24.50. F.D.B. gf 

0 

STEP -BY -STEP AUTOMATIC SWITCH to 
( ITEM #138 ) - - sma,ing ,m- and -around'. -_ ), tV 

electro- magnetic telephone switch. Dial any bank 
pair 1 to led. Make own 'stem. 

i 

(, oouy 
also 

roleupoto 
Can a ve W used to ,r sir control up to 1óo cif- 
culls over a :Ingle pair of wires, 

U 

One , f our FOt'R STAR bargains. Comes com- A 
plots with data, on dial and one Inne book. Size, 
5 x i" x IS ", W1. ]61bs. lost l.ov't Dx er ,'i.11a. 

Yir: 1 2:'1. k'lihn:iwoinans F.D.B. $9.95 
TYPICAL BUYS FROM OUR 1968 CATALOGS 

S 350.00 - Geared 2 -hp Battery Gan Car Motor $26.95 
s 15.00 - Westinghouse DC Ammeter, 0 to 300 S 7.11 

S 00.00 - Vacuum/Pressure Pump, 12 -VDC $11.95 
-- - - - 80-MW Walkie- Talkies, Per Pair $19.60 

- - - - Deluxe, Multi- Range, AC, DC Tester S 8.98 

SPECIAL SALE '- 
Correspo ndence 

Course In 
-` ; ELECTRICAL Il 

Outside E.S.A. DO 9 m -- ENGINEERING sells for 510.79 
$8.19 

l 

I ITEM SAM ) - - wonderful chance to obtain technical train- 
ing at Amazing Low Cost! Lincoln Engineering School has suspended 
its is Correspondence Courses because of increased operating costs. we 
offer a limited number of the school's complete Electrical Engineering 
l'ourse but without the examination paper grading service. The course 
consists of 14 lesson unit books. Each took has the regular exams, and 
to a. separate section, "Standard Answers" to each exam question. 

is well written. easy to understand. profusely illustrated. Hcourse 
eaders Digest size- easy to carry and .study in spare time. Many Lin- 

coln Engineering School students hdlding excellent Jobs as a result of 
L.E.S. training. Course contains latest infnnnatlon on transistors, sil- 
icon diodes, etc. Additional book on how to Wild and operate a "Ilome 

aboratory and Experimental Stench" famished with each course. 

SEND 25e COIN OR STAMPS FOR 3 MAIN CATALOGS 

s ge V All Items FOB Lincoln Money Back Guarantee 

SURPLUS CENTER 
DEPT. RE -058 LINCOLN, NEBR. 68501 

NOTEWORTHY 
CIRCUITS 

AMPLIFIER PROTECTIVE CIRCUIT 

In many solid -state push -pull ampli- 
fiers, a short circuit in the load or even a 
momentary short across the output ter- 
minals will destroy the output transistors. 
Too, if the circuit uses complementary 
transistors, oscillations can cause both of 
the output transistors to conduct simul- 
taneously. This short -circuits the power 
supply and could destroy the amplifier. 

INPUT 

The circuit shown, from NASA 
Tech. Brief, limits current flow to a pre- 
determined level and is designed so that 
excessive current flowing in one half of 
the push -pull amplifier turns off the 
other half. 

A signal applied to the base of Ql 
is amplified and appears at points A and 
B. (Disregard diodes Dl and D2 for a 
moment.) If Q2 and Q3 are operating 
in class AB or class B, the positive por- 
tion of the signal at A is amplified by 
Q2 (an npn transistor) and the negative 
portion of the signal at B is amplified by 
Q3 (pip). 

Similarly, the negative portion of 

the signal at A turns off Q2 and the posi- 
tive portion at B turns off Q3. Thus, Q3 
and Q4 conduct alternately to deliver a 
push -pull signal to the load. 

Here is how the protective circuit 
works: Within the series circuit formed 
by R1, D2, D3, D4, D5 and the base - 
emitter circuit of Q2, all voltage drops 
(except that across R1) are determined 
by nonlinear elements (diodes). Also, 
the voltage drops across the emitter base 
junction of Q2 and D2 are equal and 
can be disregarded. The remainder con- 
sists of equal and opposite voltage drops 
across D5, D4 and D3 and Rl. Thus, the 
instantaneous voltage across R1 cannot 
be greater than the drop across the three 
diodes. 

If the voltage drop across Rl tends 
to exceed the voltage across the diodes, 
this reduces the bias on Q2 and begins 
to turn it off. This means that if excess 
current through R1 causes the voltage 
drop across it to exceed the sum of the 
three diode voltages, the circuit starts 
current limiting. The limiting level is de- 
termined by the size of Rl. 

If Q2 tends to draw excess current, 
D2 turns on and the voltage drop across 
it- applied to the emitter base junction 
of Q3 -is of the polarity that turns off 
Q3. Conversely, if Q3 tends to draw ex- 
cess current, the opposite action takes 
place in D1, causing Q2 to turn off. Thus, 
it is impossible for Q2 and Q3 to conduct 
simultaneously and short -circuit the 
power supply. 

(Copies of the original bulletin - 
NASA Tech Brief No. 67- 10300 -are 
15¢ each from Clearinghouse for Fed- 
eral Scientific and Technical Informa- 
tion, Springfield, Va. 22151). R -E 
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TRY 
THIS 
ONE 

ELECTROLYTIC MOUNTING KINK 

Can -type electrolytic capacitors 
with broken mounting lugs can be held 
tightly in place with a simple wire 
mounting fixture. Loop a doubled piece 
of No. 18 tinned wire around the can. 

n 
IY 

r 

E 

NEW HOLES 

( -WIRE LOOP 

Use pliers to twist both ends into pig- 
tails, clamping the loop tight on the can. 
Bend the tails down and push them 
through two new mounting holes drilled 
in the chassis. Bend the pigtails flat 
against the chassis and solder in place. - 
Peter Legon 

SILLY PUTTY IS HANDY TOOL 

Bouncing putty, a silicone com- 
pound best known as a child's toy, 
makes a versatile helper around the 
shop. It is adhesive but not messy, does- 
n't dry out and has excellent high -tern- 
perature qualities, making it ideal as a 
third hand for soldering small parts. As 
an insulator, it can be used to tempo- 
rarily protect the ends of cut wires carry- 
ing a voltage, or to give added insula- 
tion to coils. A blob of it, wrapped 
around the tip of a screwdriver, holds 
screws when starting them in those hard - 
to -reach places. 

The putty is noncorrosive, too, 
making it handy to connect leads to 
mercury cells without soldering. This 
material, available in dime stores, has 
many other uses as well. Try it sometime. 
-Albert Koehler R -E 
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"REAL PIPE ORGAN TONE 
17 

acclaim thousands of satisfied users 
ASSEMBLE THIS MAGNIFICENT ELECTRONIC 

ALL -TRANSISTOR ORGAN YOURSELF AND 

1,i 

SAVE 

Kit prices 
from $1850. 
12 models 
available... 
church & 
theater 
styles 

k4§11 
V°tiA 

THREE nAf,UAL 
SPECIAEISTS 

Save dealer profit and factory labor 
Ill FUN TO ASSEMBLE & EASY TO PLAY 

Pay as You Build - Play as You Build 
You don't have to be a professional 

IIIorganist to make your Artisan sound great. 
FINEST SOUND - independently keyed oscilla- 
tors, independent sets of tone generators, 
independent amplifiers & speakers (will play 
thru large stereo system.) 
CREATE YOUR OWN SOUND - plug -in voicing fil- 
ters, adjustable vibrato and voices; percus- 
sions, sustain, reverberation. 
HEAR IT YOURSELF-the "King of the Kits" - 
SEND ORDER FOR "Greg Rister at the Mighty 

qjArtisan" (12" stereo LP) _ $4.00 p.p.p. 
LEARN ALL ABOUT IT- send for Artisan's giant 
260 page ORGAN BUILDERS MANUAL - 
packed with information, pictures, prices - 
$5.00 p.p.p. (fully refunded with first order). 

Write: 
Artisan Organs 
factory showroom 
1372 -R East Walnut Street, 
Pasadena, California 91106 
(213) 449-0814 

the original kit organ 
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"OISE" 
The World's Most 

Trusted Name Brand 
VOLUME CONTROL & CONTACT RESTORER 

TUNER -TONIC with PERMA -FILM 

EC -44 FOR ELECTRICAL CONTACTS 

TAPE -RECO HEAD CLEANER 

FRIGID -AIR CIRCUIT COOLER 

All Guaranteed Non -Flam- 
mable, No Carbon -Tet, Non - 

Toxic & Won't Affect Plastics 

The Only Brand Perfect For 
Color TV and Black & White 

FREE extender assembly for pin- 

point application supplied with 
ALL NO -NOISE PRODUCTS. 

Electronic Chemical Corp. 
813 Communipaw Ave. /Jersey City, N. J. 07304 

Circle 131 on readers service card 

SURVEY FINDS LITTLE TV RADIATION. Following a recent Public Health Service Survey of color 
TV sets in the Washington, D.C., area, health officials concluded the industry is capable of producing 
sets that operate "well within" established safety limits (not exceeding 0.5 mR /hr 5 cm from the 
receiver). Of 1124 sets tested, 268 had "detectable" radiation. Only 66 sets exceeded safety limits, 
and 16 of these were operating at 29,000 volts or more. Dr. William H. Stewart, Surgeon General 
for the Service, said the potential for biological damage was quite low. He recommended that sets 
be serviced only by authorized personnel. R -E 

ELECTRONICS 
Engineering- Technicians 

The Nation's in- 

creased demand 

Bachelor of Science Degree, 30 Months 
Save Two Years' Time 

Radio -Television Plus Color Technician (12 Months) 
Electronics Engineering Technology (15 Months) 
Electronics Engineering (B.S. Degree) 

Electrical Engineering (B.S. Degree) 
for Engineers, Mechanical Engineering (B.S. Degree) 

Electronic Technicians, Radio TV Technicians is at an Civil Engineering (B.S. Degree) 

all time high. Heald Graduates are in demand for Architecture (B.S. Degree) 
(36 Months) 

Preferred High Paying Salaries. Train now 

for a lucrative satisfying lifetime career. Approved for Veterans 

rof 

1215 Van Ness Avenue 
San Francisco, California 

DAY AND EVENING CLASSES 

Write for Catalog and Registration Application. 
New Term Starting Soon. 

Your Name 

Address 

City 

State 

Circle 132 on reader's service card 

www.americanradiohistory.com

www.americanradiohistory.com


ADVERTISING 
INDEX MARKET 

CENTER 
ROTRON 100 CFM FANS 

Each 
Sentinel -4 11/16 sq x lye D, 115 V. 60 ey. .. 51 95 
Sentinel -4 11 /16 sq x 11 D, 220 V, 60 ey. .. 9.95 
Gold Seal -4 11/16 sq x lyr D, 115 V, 60 ey. . 6.95 

4 Pole Single Throw Contactor -115 V 60 cy 15 Amps 
MFG AH & H, ROWAN, etc. $9.95 each 

All in fine condition, working, removed from equip- 
ment. Ship post paid anywhere Continental United 
States. 
Leeds Radio, 57RE Warren St., N.Y.C., N.Y. 10007 

RECHARGEABLE EVEREADY 

NI -CAD BATTERIES 
9 v.d.c., 500 ma. hr. (7 dry button cells) size 
25." long x 1 %" die., suitable for portable phonos, 
radios, test bench, labs. $15.00 value $5.95 ea 

One charger free with 
purchase of ten batteries. 

liattery charger for the above or similar battery $3.95 
Small DC Motor, Swiss precision made, operates on 
3 -4 v.d.c. suitable for models, battery phono, etc.$1.25 
Same motor as above with gear chain, high torque. 4 -5 
rpm suitable for display, etc. $1.95 
Sennheiser Model 407hn, directional, dynamic micro- 
phone (West German Mfg.) high and low impedance, 
excellent quality for voice and music. Limited quantity. 

$9.95 
All merchandise is brand new and sold 
on a money back basis if not satisfied. 
PEAK ELECTRONICS CO. 

66 W. Broadway, New York, N.Y. 212.962 -2370 

"ARCTURUS" SALE 
siMW 

Tube bargains, to name just a few: 
#6146 $2.951 #5725 /6AS6 794; 

$2.00 i 

#6A05 610 

6360.. 3.50 #5842/417A 2.50 #6807 94$ 
6688.. 3.50 #5847/404A 2.50 #6CG7 590 
6939.. 3.50 #IAX2 490; 5 for 2.00 #616... 490 
7025.. .59 #6K7.. 390; 3 for 1.00 ##6T8... 880 
7788.. 3.75 #12BN6 590; 3 for 1.49 6U8... 780 

#2D21.. .491 #25L6 590; 3 for 1.49 #12AU7 590 

Tube cartons: 6AU6 etc. size. $1.95 per 100. 
6SN7 etc. size, $2.35 per 100. 5U4GB size, $2.75 
per 100. 5U4G size, .030 each. 

Obsolete tubes: #U X200, $1.69; #80, $1.20; 
#IOY, 690 

7 inch 90 degree TV bench test picture tube with 
adapter. No ion trap needed. Cat. #7BP7, $7.99. 

Silicon rectifier octal -based long -range replace- 
ment for 5U4, 5Y3, 5AS4, 5AW4, 5T4. 5V4, 5Z4. 
With diagram. Cat. # Red I, 990 each. 

Silicon rectifier replacement, octal based, for 0Z4. 
Cat. # Root 2, 990 each. 

10 silicon rectifiers. 750 MA., 50 to 300 p.i.v. 
Cat. # 330F, 990 each. 

RCA-110 degree flyback transformer, latest type. 
Produces 10 KV. Includes schematic diagram appli- 
cation for any TV. Cat. # BR -I $2.99. 

5 transistor circuit boards containing up to 6 
transistors. plus diodes, resistors, capacitors, etc. 
Cat. # TBIO, 990 

Needles: values such as # AS22 sapphire, 390; 
diamond, 990 

Color yokes. 70 degree for all around color CRT's. 
Cat. # XRC70, $12.95. 90 degree for all rectangular 
19 to 25 inch color CRT's, Cat. # XRC90, $12.95. 

Transistorized U.H.F. tuners used in 1965 to 1967 
TV sets made by Admiral, RCA, Motorola, etc. Re- 
movable gearing may vary from one make to another. 
Need only 12 volts d.c. to function. No filament volt- 
age needed. Easy replacement units. Cat. # U.H.F. 
567, $4.95 

Flyback transformer in original carton. Made by 
Merit or Todd. Most with schematic drawing of unit. 
Please do not request specific type. Cat. # 506, 994 
each. 

Kit of 30 tested germanium diodes. Cat. # 100, 
994. 
Send for our free catalog listing thousands of 
similar best buys in tubes, parts, kits. transistors. 
rectifiers. etc. Orders under $5.00. add 504 handling 
charge. Include 4% of dollar value of order for post- 
age. Canadian postage $1.00 extra 

ARCTURUS ELECTRONICS CORP. 

502 -22nd 51., Union City, N.J. 07087 Dept. MRE 
Phone: 201 -UN 4 -5568 

94 

GENERAL 
CONVERT ANY TELEVISION to sensitive Big - 
Screen Oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00. RELCO -A25, Box 10563, 
Houston 18, Texas 
FREE ELECTRONICS (new and surplus) Parts 
catalog. We repair multimeters. BIGELOW 
ELECTRONICS, Bluffton. Ohio 45817 
BACK -ISSUES, Electronic, Scientific Magazines. 
SEMCO, Box 130, Roxboro, Quebec, Canada 
MONEY -SPARE TIME OPPORTUNITY -WE 
PAY CASH FOR NOTHING but your opinions, 
written from home, about samples of our 
clients' products. Nothing to sell, canvass or 
learn. NO SKILLS. NO EXPERIENCE. Just hon- 
esty. Details from: RESEARCH 669, Mineola, 
N. Y. 11501, Dept. LN -21 
MAGNETS. All types. Specials -20 disc magnets, 
or 2 stick magnets, or 10 small bar magnets, 
or 8 assorted magnets, $1.00. MARYLAND 
MAGNET COMPANY, 5412 -G Gist, Baltimore, 
Maryland 21215. 
ACOUSTICS for the SOUND CONTRACTOR by 
Victor Brociner. Easy reading- breezy learning. 
Leads the way to profitable professionalism in 
the handling /installing of sound distribution/ 
reinforcement systems. Fully illustrated. Hard 
cover edition $5.00 postpaid -cash or check with 
order, to SOUND PUBLISHING CO., 150 E. 37th 
St., NYC 10016. 

LIKE MUSIC 
WITHOUT COMMERCIALS? 
The SCA -2B Sub -Carrier Adapter makes it possible 
for you to enjoy the background music transmitted 
on a 87KHz sub -carrier on many FM stations. 
(These programs cannot be heard on a FM set 
without an adapter) In the US there are approxi- 
mately 400 FM stations authorized by the FCC to 
transmit the 67KHz programs. If you are within 50 
miles of a city of 100,000 or more, it is probable 
that you are within the satisfactory reception range 
of one or more of these stations. If in doubt write 
for a list of such stations in your area. 

Patent Pentnng 

Sub -Carrier Adapter, Model SCA -2B with two 36" 
shielded cables. Price $39.95. 
117 Volt AC Operated Power Supply, PS -9, Price 
$4.95. 

SCA -2B FEATURES 
SIZE: 4" x 2 7/s' x 1% ". Simple plug -in connec- 
tions to your FM tuner /amplifier. (If your FM 
tuner does not have a multiplex output jack, we 
supply hook -up information). No installation 
adjustments All silicon transistors Operates 
from our PS -9 Power Supply or 6 to 12 volts D.C. 

One Year Factory Guarantee 
For Custom Installations: Completely Wired SCA -2 

y PC card (size: 21" x 3" x ") with installation 
instructions for $34.95. 

Write for Dealer Quantity Discounts. 
Also available in a General Electric Model T1220B 
table radio. This is a 6 tube, 3 transistor, AM /FM 
radio with a four -inch speaker for $59.95. 

Send order to KENZAC Co. 
P.O. Box 66251, Houston, Texas 77006 

Circle 133 on reader's service card Circle 134 on reader's service card 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

Aerovox Corporation 4 
Allied Radio Corporation 92 
Arcturus Electronics Corporation 

83 
94 

Arrow Fastener Company, Inc. 
93 Artisan Organs 

B & K (Division of Dynascan Corporation) 77 
Barker Products Company (Subsidiary of 

Component Manufacturing Service, Inc. '799 

Burnstein -Applebee Company 
Brooks Radio and TV Corporation 90 -91 

Capitol Radio Engineering Institute, The 28 -3314 

84 
Caringella Electronics, Inc. 

94 - CLASSIFIED 
Cleveland Institute of Electronics 12, 62 -65 
Conar (Division of National Radio Institute) . 22 
Cook's Institute of Electronics Engineering ... 

96 Cornell Electronics Company 

Datak Corporation, The 83 

Delta Products, Inc. 6, 84 

Edmund Scientific Company 95 

EICO Electronic Instrument Company, 
Cover III Inc. 

Electronic Chemical Corporation 93 
Electro-Voice. Inc. 

12 Elpa Marketing 
EMC (Electronic Measurement Corporation). 24 

Gavin Instruments, Inc. (Subsidiary of 
Advance Ross Corporation) Cover II 

GC Electronics Company 76, 85 

Grantham School of Electronics 1 

Heald Colleges 93 
Heath Company 23 -25 

Indiana Home Study Institute, The 
International Crystal Mfg. Company 

Jensen Manufacturing (Division of 
The Muter Company) 

E. F. Johnson Company 

89 
98 

16 
78 

Kenzac 94 

Lafayette Radio Electronics 88 

Mosley Electronics, Inc. 86 
Music Associated 22 

National Radio Institute 8 -11 

Olson Electronics, Inc. 90 

Permoflux Corporation 84 
Poly Paks 97 

Quam- Nichols Company 68 
Quietrole Company 83 

RCA Electronic Components and Devices 
Test Equipment 15, 17 
Tubes Cover IV 

RCA Institute 18 -21 
Rye Industries, Inc. 82 

Sams & Company, Herbert (Marketing Division 
of Tompkins Radio Products) 

Schober Organ Corporation, Inc. 
Scott, Inc., H. H. 
Solid State Sales 
Sprague Products Company 
Superex Electronics 
Surplus Center - 
Sylvania (Subsidiary of General Telephone & 

Electronics) 

80 
14 
14 
95 
81 
70 
92 

13 

TAB Books 7 

Vaco Products Company 75 

Warren Electronics Components 96 
Winegard Company 26-27 

Zenith 71 

MARKET CENTER 94 -97 
Fair Radio Sales 
Gemexco, Inc. 
Leeds Radio 
Meredith Separator Company 
Peak Electronics Company 
Sydmur Electronics Specialties 
Technionics Inc. 
Terado Corporation 
Winlund Electronics Mfg. Company 

SCHOOL DIRECTORY 
American Technical Writing Schools 
Indiana Home Study Institute, The 
Northrope Institute of Technology 
Tri -State College 
Valparaiso Technical Institute 

RADIO -ELECTRONICS 
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RUBBER ADDRESS STAMP $1.50, Signature 
$3.50. Free Catalog. JACKSON'S, Box 443 -R, 
Franklin Park, III. 60131 

WANTED 

QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list nowl 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000 

ELECTRONICS 
BARGAINS in Canadian Electronic equipment 
and surplus. Send $1.00 for giant catalogs. 
ETCO, Box 741, Dept. R, Montreal, Canada 

TUBES. "Oldies ", latest. Lists free. STEINMETZ, 
7519 Maplewood, Hammond, Indiana 46324 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

RADIO & TV TUBES 330 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217 -E University, San 
Diego, California 92105 

MESHNA'S TRANSISTORIZED CONVERTER KIT 
Converts car radio to receive police & fire. 35- 
50Mc or 100-200Mc. (one Mc tuning) with sim- 
ple step instructions $5.00. MESHNA, No. Read- 
ing, Mass. 01864 

BRAND NEW TUBES. World's lowest prices on 
Radio, TV- industrial -special purpose tubes. 
Write for free parts catalog. UNITED RADIO 
CO., Newark, N.J. 07101 

TV CAMERA KITS for experimental and indus- 
trial applications. Starter kits $18.95 up! Cata- 
log free. ATV RESEARCH, Box 453 -R, Dakota 
City, Nebr. 68731 

INTEGRATED CIRCUIT KITS; COMPUTER LOGIC 
KITS; Others. Free catalog. KAYE ENGINEER- 
ING, Box 3932 -D, Long Beach, Calif. 90803 

MANUALS for surplus electronics. List 150.. 
BOOKS, Box 804, Adelphi, Maryland 20783 

PROXIMITY Switch. Detects nearness of human 
body! Free information. ZONAR, 860 Reed, 
Claremont North, Calif. 91711 

WATCH LONG DISTANCE TV! Annually $3.50; 
samples 300; worldwide; member ANARC; 
WORLDWIDE TVFM DX ASSOCIATION Box 
5001, Milwaukee, Wis. 53204 

SOLAR CELLS 0.5V 40MA $1.50. 3600P1V 2MA 
RECTIFIER 500. CATALOG of interesting items 
20C. FRANKS SCIENTIFIC CO., P.O. Box 156, 
Martelle, Iowa 52305 

TRANSISTOR RADIOS REPAIRED. Write for 
details. TRANSERVICE, Box 503A, Marietta, 
Georgia 30060 

RENT STEREO TAPES -over 2,500 different -all 
major labels - free brochure. STEREO PARTS, 
1616 -R Terrace Way, Santa Rosa, Calif. 95404 

WRITE for highest discounts on- components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
1686 -R Second Ave. N.Y.C. 10028 

MAY 1968 

HI -FI COMPONENTS, Tape Recorders, at guaran 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two -year warranty. NO 
Catalog. Quotations Free. HI- FIDELITY CENTER, 
239R East 149th St., N.Y., N.Y. 10451 

TAPE RECORDER SALE. Brand new, latest mod- 
els, $10.00 above cost. ARKAY SALES, 1028 -E 
Commonwealth Ave., Boston, Mass. 02215 

STEREO TAPES, Save 30% and up; no member - 
ship or fees required; postpaid anywhere USA. 
FREE 70 -page catalog. We discount batteries, 
recorders, tape /accessories. Beware of slogans, 
"not undersold ", as the discount information 
you supply our competitor is invariably reported 
to the factory. SAXITONE, 1776 Columbia Road, 
N.W., Washington, D.C. 20009 

Silken F.W.B. With 35A 150 P.I.V. Rectifiers $ 7.50 
Germanium F.W. Bridge IOA 200 P.I.V. .$ 5.00 
GE S.B. Hi Volt DC Pwr Supply In.: -107.125v 
@ 60cy, out: -(2) of 5.4.5.7kv rg 140 -270 as & 
(I) @ 5.1.5.9kv @ 100.2701ja $19.50 
Mylar Inst. Rec. Tape %t .I'/ mil approx 
2500 ft. on IV NAB Reel $ 5.95 
Daven Att.- 60K0 -20B Steps to 60DB $ 6.50 
Tech Labs Att.- 200/200T -9 Steps to 58DB $ 9.95 

We Buy Industrial & Commercial Surplus 
TECHNIONICS, INC. 

351 Canal St., New York, N.Y. 10013 -GAG -7640 

TELEVISION TELEMETER 
TELEMETER PAY 

TELEVISION PROGRAM 
SELECTOR - 

Choice of 3 programs that 
are tone operated in the VHF 
band, with provisions for de. 
positing the amount of money . 
required for each program and 
indicated on the coin register 
that also shows a credit balance when an over- payment is 
made. A pre- recorded tape will give program information 
when desired. With Tubes: 1 /12BH7, 1 /6BAS, 1 /6BE6, 
2 /6U8; 4" speaker, coin mechanism, tape magazine. etc. 
Size: 15 x 7 x 7 "; Wt.: 25 lbs 
ft10O1 /5 

141111Neew 

$14.95 
LM NAVY TYPE FREQUENCY METER 

125- 20,000 KC crystal calibrated indicating equipment, 
heterodyne type. Used, as . i (may need minor parts re- 
placement): $24.95 -Used, with all parts: $29.50. 
Prices F.O.B. Lima, O. - 25% Deposit on COD's - Bid 
FREE CATALOG - Send for your Copy now. Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

UNUSUAL BARGAINS ... MANY U. S. GOV'T SURPLUS 
NEW SURPLUS Ni -Cd BATTERIES 

Save more than 
50 %. Long life - 
accept 300 charge 
and discharge cy- 
clen. 1.25 Volts per 
cell -950 milliam- 
pere hours capacity. 
Excel. charge reten- 
tion. Hermetically sealed. Indefinite 
storage life. Multi 
pie celle welded in 
series - easily cut. 
Combine to form btry. V /9" dia. x 15 /s' high. 
Low -cost charger separate. 
Order It Cells 

Spec. price for IOp 

DC Volt. 

up. 

Price PPd. 
40,986EH 1 125 40,987E11 2 2 50 60,633EH 3 3 75 60,634EH .........4.........5.00 
70,812EH ....Trickle Charger.. (1-10 cells) 

S. 1.50 
2 75 
3 60 
4 80 

10.95 

NICKEL -CADMIUM BATTERY BARGAIN! 
Terrific value-sligthly used gov't 
4 Amp -holur 

Lightweight 5 cell, 
battery with almost unlimited life. Extremely high cur- rent output Recharges in 1 hour with Edmund kit. Won't deterio- rate when left discharged. Mini - mum maintenance - few drops of water per year. Rugged. shock- and-vibration resistant nylon case. \__ Delivered partially charged, filled with electrolyte. 3l /8" x 2" x 6 ". 2 lb. 

Stock No. 70.942EH (battery) $15.00 Ppd. Stock No. 70,807EH (charger kit) s 8.00 Ppd. 
Order by Stock No. Check or M. O.- Money -Back Guarantee. 
EDMUND SCIENTIFIC CO. BARREINGTONP N.J. 08007 

CLIP AND MAIL COUPON TODAY 

1 DMUND SCIENTIFIC CO. egRá N' 
1148 PAGES - 
11000's OF BARGAINS! 
(Completely new 1968 edition. New 

of electrical and electromagnetic parts, Iitems, categories, illustrations. Dozens 
of electrical and electromagnetic parts, ¡accessories. Enormous selection of As- tronomical Telescopes, Microscopes, Bi- noculars, Magnifiers, Magnets. Lenses, 

I Prisms. Many war surplus. Items for Ihobbyists, experimenters, workshop, factory. Mall coupon for catalog EH" 

¡NAME 

!ADDRESS 

LTV STATE ZIP... 
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YOUR SERVICE AND 
QUALITY LEADER 

Our semiconductors have full fac- 
tory length leads, are American 
made, unused, and in good physical 
condition. Our technical descriptions 
and pictures are accurate. 

We promise to supply you with 
the highest quality products at the 
most attractive prices with the 
fastest service in the industry. 

ZENERS 
1 Watt 6 -33V $.50 
10 Watt 6 -200V $.75 
50 Watt 7 -200V $1.75 
N- CHANNEL PLASTIC TO -18 
FET's. Low noise, low leakage, 
25 volts source to gate, 50 ma 
gate current, gain of 2000- 
9000µ mhos. $1.00 

1 AMP 
Top Hat & Epoxy 

PRV 
100 
200 
400 
600 
800 

AMP 
.07 
.09 
.12 
.18 
.22 

TRIACS 
TO-66 

5 AMPS 

PRV 
1000 
1200 
1400 
1600 
1800 

AMP 
.35 
.50 
. 65 
. 80 
.90 

PRV 
100 I .90 
200 11.40 
300 11.75 
400 12.25 
500 12.60 

SIM TO 2N3429 (NPN) SI, 7/e" 
stud, min HFe of 30, 7.5 amps, 

175 watts, VCe of 75. $1.75 

SILICON BILATERAL SWITCH. 
Replaces two SCR's by firing in 

either direction when breakdown 
voltage is exceeded. Used in light 
dimmers, etc. 2/$1.00 

n 1000 PRY at 3A full wave 
bridge $3.50 

NEON LIGHT of NIXIE TUBE 
DRIVERS. An NPN, TO-18, Si 

Transistor with a VCB0 of 120 
3/$1.00 

500 HFe PLASTIC TRANSIS 
TORS (NPN) TO -18, S1 unit sim 

to 2N3565. 4 /$1.00 

SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

$.75 

HIGH -VOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

TO -66 pack $ .75 

Silicon Power Rectifiers 
PRV 
100 
200 
400 
600 
800 

1000 

3A 
.09 
.16 
.20 
.30 
.40 
.55 

12A 
.30 
.50 
.70 

1.00 
1.25 
1.50 

20A 1 40A 
. 40 
.60 
. 80 

1.20 
1.50 
1.80 

.75 
1.25 
1.50 
1.80 

POST OFFICE BOX 74D 
SOMERVILLE, MASS. 02143 
TELEPHONE (617)547 -4005 
Send For Our Spring Catalog Featuring 
Tranaistors, Rectifiera And Components 
325 Elm Street, Cambridge, Mass. 

SR FLIP FLOPS $ .90 

DUAL NAND NOR GATES $1.00 

SR CLOCKED FLIP FLOPS $1.15 

8 INPUT NAND NOR GATES $1.00 

DUAL AND GATE $1.00 

QUAD NAND NOR GATES $1.00 

TO-85 flat pack with holder Guar- 
anteed to work. They come complete 
with schematic, elect. characteristic 
sheet and some typical applica- 
tions. 

CADMIUM SELENIDE PHOTO 
CONDUCTIVE CELLS. Dark re- 

sistance of 500 megohms. Sensi- 
tivity of 1-4.99 µa /ft candle with 
data sheet $1.00 

Si icon Contro Rectifiers 
TO-66 pack Studs 

PRV 3A 7A 20A 70A 
50 .35 .45 .70 

100 .50 .65 1.00 4.00 
200 .70 .95 1.30 8.00 
300 .90 1.25 1.70 
400 1.20 1.60 2.10 12.00 
500 1.50 2.00 2.50 
600 1.80 2.40 3.00 16.00 
700 2.20 2.80 5.00 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. 
Rate companies 30 days net. 
Include Postage, Average Wt. 
per package /2 lb. 
No COD's. Minimum Order 
$3.00 
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SILICON RECTIFIER SALE 
IMMEDIATE DELIVERY 

FULLY GTD NEWEST TYPE 
AMERICAN MADE FULLY TESTED 

1 AMP TOP HAT AND EPDXIES 
PIV SALE PIV SALE PIV SALE 

50 .05 800 .19 1800 .87 
100 .07 1000 .31 2000 1 45 
200 11 .08 1200 .44 3000 1.80 
400 .11 1400 111 .62 4000 12 2.30 
600 .16 1600 .72 - - 
"SILICON POWER DIODE STUD MOUNT" 
Ply 3A 6A 12A 50A 100A 160A 

50 .07 .18 .22 .50 .85 2.25 
100 .09 .24 .29 .73 1.05 2.65 
200 .15 .37 .48 1.23 1.60 3.50 
400 .19 

.28 
.48 .68 1.45 2.50 4.25 

6.50 600 .72 .95 1.75 
2.20 

3.75 
800 .38 .87 1.15 - - - 

_ 1000 .53 1.10 1.40 2.60 
"SCR' SILICON CONTROLLED RECT "SCR" 

7 16 25 
PRV AMP AMP AMP 

7 16 25 
PRV AMP AMP AMP 

50 .45 .60 .70 
100 .65 .85 1.00 
200 .95 1.20 1.30 
300 1.25 1.45 1.70 

400 1.60 1.85 2.10 
500 1.95 2.35 2.50 
600 2.35 3.50 3.75 
700 2.75 4.25 - 

SPECIALS I SPECIALS! 
Westinghouse 160 AMP, 500 PIV SILICON HI -POWER 
STUD RECTIFIER IN1666. 
Limited quantity. $5.10 ea. 10 for $45.00 

100 Different Precision Resistors 
1/1 -1 -2 Watt 1/2% -1% 101 $1.25 
Asst transistor Kit. P.N.P. -N.P.N. 
All popular types. Unchecked 

100 for $2.95 500 for $9.95 

Computer Grade Condenser 15,500 MFD 
12 VDC American Mfg. .75 ea. 

NEW DIODE KIT ALL POPULAR TYPES 
IN34, IN34A, IN48, IN60, IN64 etc. 100 for $ 4.00 
BEST QUALITY 500 for $15.00 
Money Back guarantee. $2.00 min. order. Include 
additional $ for postage. Send check or money 
order. C.O.D. orders 25% down. 

Warren Electronic Components 
230 Mercer St., N. Y., N. Y. 10012 212 OR 3-2620 

Circle 137 on reader's service card 

MARKET 
CENTER 

TAPEMATES makes available to you ALL 4- 
TRACK STEREO TAPES -ALL LABELS -post- 
paid to your door -at tremendous savings. For 
free brochure write TAPEMATES CLUB, 5727 W. 
Jefferson Blvd., Los Angeles, Calif. 90016. 

DISPOSAL -$80,000.00 hi- fidelity retail store 
inventory. New /used equipment; Ampex, Ma- 
rantz, Fisher, others. Hewlett Packard test 
equipment. Free list -MARCO ELECTRONICS, 
Box 336 E, Winter Park, Fla., 32789 

SPEAKER REPAIR. Hi -Fi, guitar, organ speakers 
reconed good as new at fraction of new speaker 
price. For details and Reconing Center in your 
area write WALDOM ELECTRONICS, INC. 9155 -4, 
Dept, RE 4625 W. 53rd St., Chicago, III. 60632 

FREE MUSIC! NO COMMERCIALS! 
NOW! RECEIVE COMMERCIAL FREE MUSIC it your 
own home! Hear easy-to-listen-to mu without those 
irritating commercials by plugging a T SCA detector 
into your FM tuner. One simple connection allows you 
to hear continuous music on any FM stereo radio or 
console. Complete with power supply and mute. New 
all silicon solid state circuitry uses integrated circuit 
for greater life and better sound. Size, 3 -1/2" x 6" 
x 2 ". KIT $39.95, WIRED, $59.95, postpaid. Calif. 
residents add 5%. 

WINLUND ELECTRONICS MFG. CO. 
3496 Kurtz St.. San Diego, Calif. 92110 

Solid -State 50 Watt RMS Plug -in D.C. thru 
25KC operational power AMPLIFIER KIT. Model 
440K, $30.00 OPAMP LABS., 172 So. Alta Vista 
Blvd., Los Angeles, California 90036 

THE TAPE LIBRARY -Postage Paid rentals - 
CATALOG- SCOTCH TAPE -Discounted. Box 
8146 -DC 20024 

INVENTIONS 
& PATENTS 

MANUFACTURERS NEED NEW ITEMS! B. F. 
Goodrich, Black & Decker, South Bend Tackle 
and other million dollar corporations have au- 
thorized us to locate new products. For details 
regarding development, sale, licensing of your 
patented /unpatented invention, write: THE 
RAYMOND LEE ORGANIZATION, 230 -U Park Ave- 
nue, New York City 10017 

BUSINESS AIDS 
1.000 Business Cards, "Raised Letters" $3.95 
postpaid. Samples. ROUTH, 5717 Friendswood, 
Greensboro, N. C. 27409 

1 

N 

0 

Vrr.rlll !! rrr 

(No Limit) from this list. 

6AG5 6SN7 
6AQ5 6CB6 654 
6AU6 616 6W4 

OneVear IUKF% Guaranteed 
Tubes are new or used and so marked. W - tab- tested. individually Boxed. Branded and Code Dated. 

OZ4 3BZ6 6AB4 6AT6 6BA6 6806 6CG7 6EA7 6K7 6SN7 6X4 12AD6 1213E6 12507 77 
1B3 3DG4 6AC7 6AT8 66C5 6BQ7 6CG8 6EM5 607 6507 6X8 12AE6 12BF6 2516 78 
1J3/1K3 5U4 6AG5 6AU4 6BD6 6BZ6 6CM7 6F6 6S4 6SR7 7A7 12AF6 12BH7 25Z6 84 6Z4 
1H5 5U8 6AK5 6AU5 68G6 6C4 6CZ5 6GH8 6SA7 6U7 7A8 12AT7 12816 35W4 5687 
114 5V4 6A15 6AU6 6816 6C6 6D6 6H6 65H7 6U8 786 12AU7 12BY7 35Z3 6350 
1T4 5Y3 6AN8 6AV6 6817 6CB6 6DA4 6J5 6517 6V6 7C5 12AX7 12C5 50L6 6463 
1U4 6A6 6AQ5 6AW8 6BN4 6CD6 6DE6 616 65K7 6W4 7N7 12BA6 12CA5 24 7044 
1X2 6A8 6AS5 6AX4 6BN6 6CF6 6006 6K6 6517 6W6 7Y4 12BD6 12SN7 27 

Other tubes and CRT's at low i rices_ send for free list 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION YOUR ORDER FREE IF NOT SHIPPED IN 24 HRS. 

TRANSISTORS 
FAIRCHILD 
SEMICONDUCTOR 

FOR-RADIO-TV-HI-FI-REPAIRS 

Af 

DRIVER 

79e7 69r6' 69e69t79179r 

l're.Nlice i- .,nrer...a are your. 
a.. ooELECTRONIC EXPER 

COMLrTE RADA SERVICING AND 
fit. TASK tLCCTRONK5 COURSE ONLY 5300 

i 
NEW PRACTICAL TV TRAINING Cm,RSE 

Olier" I3 50 

TUBE CARTONS 
HIGH GLOSS 

CLAY COATED 
RED & BLACK 

With Built in 

Diagonal Partitions 

SIZE 

FOR 

TUBE 

PRICE 
PER 10 

PRICE 

PER 100 

SIZE CARTONS CARTONS 

MIN. 6AU6 .29 2.59 

GT. 6SN7 .39 3.49 

LG.GT 5U4GB .59 5.29 

G. 5U4G .89 7.99 

Send for CORNELL'S NEW 
,Rh III. 1968 CATALOG ! 

PICTURE TUBES! 
MANY NEW ITEMS :: I 

all purpose ;.__, 
ELECTRONIC 

CLEANER 

89c 'e 

C O R N E LL DSAN DIEGO 2 
UI 

R 192105E 

TERMS: ORDERS OVER 55.00 Ada 3c per tube shipping- Prep, in lull 
and avoid C.O.D. charges. Send 53.00 depose on C D D. Lem. 
No 24 hr. tree o*er on personal checks orders. 

ORDERS UNOER$5.00. Ada 3c per tube shipping plus 504 handling. 

CANADIAN AND FOREIGN ORDERS: Add approamate postage. 
No C.O.D. orders. 

COMBINE VARIED ITEMS TO BRING YOUR ORDER OVER $5.00 
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TWO -WAY RADIO SERVICE INVOICE FORMS - 
Detailed. Free Sample Form No. 50 and Catalog. 
OELRICH PUBLICATIONS, 6554 W. Higgins, 
Chicago, III. 60656 

HIGHLY EFFECTIVE HOME STUDY REVIEW for 
FCC commercial phone exams. Free literature. 
COOK'S SCHOOL OF ELECTRONICS, P.O. Box 
36185, Houston, Texas 77036 

Attention: TV Service Dealers. HIGHLY DE- 
TAILED TV SERVICE ORDER FORM STOPS 
PRICE COMPLAINTS BEFORE THEY START. 
FREE CATALOG AND SAMPLE NO. 206. OEL- 
RICH PUBLICATIONS, 6554 W. Higgins, Chica- 
go, III. 60656 

EDUCATION/ 
INSTRUCTION 

LEARN TECHNICAL WRITING -at home. High 
paying prestige careers not requiring college. 
Growing demand, all industries for tech writers 
now. Low monthly tuition. Easy to under- 
stand. FREE career book, sample lesson. AP- 
PROVED FOR VETERANS. AMERICAN TECHNI- 
CAL WRITING SCHOOLS, Dept. REC -28, 5512 
Hollywood Blvd., Hollywood, Calif. 90028 

LEARN ELECTRONIC ORGAN SERVICING. New 
home study course covering all makes elec- 
tronic organ including transistors. Experimental 
kits -schematics -trouble -shooting. Accredited 
NHSC -GI Approved. Write for free booklet. 
NILES BRYANT SCHOOL, 3631 Stockton Blvd., 
Dept. F, Sacramento 20, Calif. 

FCC First Class License in six weeks- nation's 
highest success rate- approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road, Dallas, Texas 75235 

WATCH REPAIRING. Learn to repair American 
and Swiss watches in spare time at home. Tui- 
tion $5 monthly. Diploma awarded. Free sam- 
ple lesson. No obligation. CHICAGO SCHOOL, 
Dept. RER, Fox River Grove, Illinois 60021 

B. SC. ENGINEERING. MANAGEMENT- Corres- 
pondence Course Prospectus $1. CANADIAN 
INSTITUTE OF SCIENCE & TECHNOLOGY, 263 
Adelaide St. W., Toronto. 

GOVERNMENT 
SURPLUS 

72 page illustrated Government Surplus Radio, 
Gadgeteers Catalog 25e. MESHNA, Nahant, 
Mass. 01908 

CLASSIFIED COMMECIAL RATE (for firms or individuals offering commercial products or ser- 

vices): 60¢ per word . .. minimum 10 words. 

NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per 

word .. . no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 

10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 

ads not accepted. Copy for July issue must reach us before May 10th. 

WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 

counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to omit 

Zip Code if space does not permit.) Count each abbreviation, initial, single figure or group 

of figures or letters as a word. Symbols or groups such as 8 -10, COD, AC, etc., count as 

one word. Hyphenated words count as two words. Minor over -wordage will be edited to match 

advance payment. 

CUT DOWN ON 

MOBIL IGNITION NOISE. 

DON'T BE FOOLED 

BY IMITATIONS! 

Get the ORIGINAL 

SYDMUR SOLID STATE "CD" IGNITION SYSTEM! 
High Quality Components used throughout. Fiberglass 
Printed Circuit Board. Unitized Construction. Simplified 
Kit Assembly. 
Construction Article in Nov. 1966 Popular Electronics 

Thousands of satisfied customers. 
Write for Free Literature TODAY. 

COMPAC Assembled .... $34.75c 
COMPAC KIT .. 24.95v 

`Add 75e for mailing and handling 
N.Y. State Residents add Sales Tax. 

SYDMUR ELECTRONICS SPECIALTIES 
1268 E. 12th St. Brooklyn, N.Y. 11230 

(Also Available in Canada) 

WE IMPORT FOR YOU 
FROM JAPAN 
W. GERMANY 

ANY ITEMS YOU NEED HONG KONG 

SAVE ON YOUR COSTS 
Components, parts, accessories, electric supplies, 
brushes, sundries. Inquiries invited for specialties 
made to order. Telephone212 -532 -7841 

GEMEXCO,Ine. 419 Park Ave. South. N.Y.16 

MAY 1968 

AC POWER BATTERY 
Standard home electricity (60 
cycle. 117 volts) for small ap- 
pliances, record players, tape 
recorders, tools, etc. 

Inverters from 25 to 600 watts, 
priced as low as $15.95. 

See your Electronics Parts Dealer, or write 

FROM YOUR 
CAR OR BOAT 

CORPORATION 
1053 Raymond Ave., St. Paul, Minn. 55108 

World Famed BREVETTATA 
TEAR GAS PISTOL 

Appearance of this 
fine tear ar gas weal,. 

' 

lar to 
real gun. It is ideal for people who work in lonely 
dark locations and 
require protection. 
Men give this gun 
to wives and douse. 
tors for night se- 
curity. . Many indus 
trial applications. Shooting of gun 
stops aggressor without permanently 
injuring him. it fires six cartridges 
without reloading. Each gun comes 
with six ear gas shells and 
blanks for practice and is shipped 

Gun unit prices include 12 shells and al! 
shipping costs. and this pistol is not intended for 
sate or possession in any locality where It Is prohib- 
ited by law. Not sold to minors. 

1 Gun -unit at S13.07 j 2 Gun units at 522.86 (511.43 ea) 
7 3 Gun -units at 529.94 IS 9.98 ea.) 
7 4 Gun -units at ......... IS 8.79 ea.l 
Extra boxes of teen tear gas shells at 61.50 per 
box (prepaid with gun orders). Extra boxes of 
blanks at 51.25 per hox. 

MEREDITH SEPARATOR CO. 
Dept. REL. 310 W. 9th St.. Kansas City. Mo. 64105 

4t 

FREE 
"HAM SHACK PAK" 

S2 WORTH OF 

TRANSISTORS 
RECTIFIERS 
RESISTORS 
CONDENSERS 
DIODES ETC. 

Add 25c for handling 
BOTH FREE WITH ANY $10 ORDER 

PLUS 
ANY 

$100 if- 

ITEM 
FREE 

* or items 
totalling 
$1.00.) 

EPDXY TRANSISTORS & IC's 
Fairchild, Motorola, Texas, Bendix 

3- 2N3683 1000 MC 200MW TRANSISTORS S1 4- 2N3563 NPN, 600MC, 200MW Fairchild $1 J 4- 2N3643 NPN, 250MC, 350MW Fairchild $1 
L. 3 -B -5000 5W. 3Amp, NPN. Bendix tran.sistors $1 
Li 4- 2N4313 PNP 600MC, 200MW Fairchild $1 1 Í 3- 2N3565, 500HFE, NPN, 200MC .hY Rai rchilct $l 3- 2N4265, 400HFE, NPN, 350MC by Mntnrola$1 
L ] 1 -DUAL 4 IN. GATE, EXPANDER by Fairchild .$1 

1 -QUAD 2 IN. NAND /NOR GATE $1 1-703 LINEAR RF AMP. Fairchild $2.49 

STEREO 
PREAMP 4 

8 TRANSISTORS 
by Fairchild * 'toady to Play thru 

fops Amplifier, 
radie, TV 
* Volume,Tone. 

Controls sw 

4 Transistor 
Amplifier 

tunen.' O 

395 mikes, 9 ° E 
phono- S1' 

1- 1 AMP TOP HAT AND EPDXIES 
PIV Sale 

SO St 
100 7t 200 8t 
400 10t 
600 15, 

Ply Sdte 
800 19e 

1000 29s 
1200 43e 
1400 55t 
1600 69r 

PIV Sale 
1800 a2t 
2000 1.25 
3000 1.50 
4000 1.95 

Actual Size. 

1 AMP 
MICROMINIATURE 

SILICON RECTIFIERS 

2 AMP 
SILICON 

RECTIFIERS 

PI V 

200 
400 

600 
800 

Ply Sole ply Sole 
50 71 600 20e 

100 9t SOO 2Se 
200 12t 1000 39c 
400 17t 

Sale Ply Sale 
12c 
16c 
19s 1400 69c !] 29c 1600 89t. 

1000 45e 1200 0 59, 

1.5AMP 
2000 PIV 
SILICON s 

RECTIFIERS 

TRIACS * SCRS .. 
3A * 6* 

PRV AMPS AMPS 
50 .35 U - 

100 .50 .85 
200 .75 1.35 
400 

D 
1.25 

D 2.60 

SILICON POWER STUD RECTIFIERS 

PIV 
50 

100 
200 
400 
600 
800 

1000 

3A 
.06 
.07 
.09 
.16 
.20 
.30 
.40 

SOLITRON DEVICES, 

5 AMP 
Epoxy Rectifiers 

6A 
.16 
.22 

.40 

.55 

.75 

.90 

GLASS AMP' 
ONE AMP 

PRV may be ex- 
ceeded without I the rectifier 
breaking down. 

12A 
.20 
.25 
.39 

D .50 
.75 
.90 

1.15 

55A 
.50 

O 1.25 
1.50 
1.80 
2.30 
2.70 

Sol. PIV Sale 
50 19s 600 59g 

100 25e goo 69, 
200 39s 10o0 89v 
400 LI 45, 

/SILICON RECTIFIERS 

ï P50 
100 
209 
400 

Sale ply 
Ss 600 
76 800 

El 9e 1000 
12s 1200 

Sale 
154 
21t 
32e 
451 

10¢ FOR OUR "SUMMER" BARGAIN CATALOG ON: 
Semiconductors Poly Pelts Parts 

P OLY 
AKS 

TERMS: send check, money order. 
Include postage -avg. wt. per pak 

1 lb. Raten net 30 days. CODs 257, 
P.O. BOX 942R 
SO. LYNNFIELD, MASS. 01940 
"PAK- KING" of the World 
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NOW ... AUTOMATIC 
TEMPERATURE CERTIFICATION 

FOR INTERNATIONAL 
HIGH ACCURACY CRYSTALS 

International High Accuracy Crystals (HA -1 type) 
receive a five -point temperature check at 50 "C, 
25 'C, 0 C, -10 C and -30 C. The temperature 
vs frequency test, recorded automatically from 
an electronic readout printer, is supplied with 
each individual crystal. This special service (at 
no extra cost) is your assurance of crystal per- 

INTERNATIONAL 

formance at tested temperatures. We 
\vill furnish additional temperature 
readings (on request) for a nominal 
charge. Note: Our calibration service 
is available to customers desiring 
temperature run on other crystal 
types and oscillators. 

CRYSTAL MFG. CO., INC. 
10 N. LEE OKLAHOMA CITY, OKLAHOMA 73102 
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EICO Makes It Rossible 
Uncompromising engineering -for value does it! 

You save up to 50% with Eico Kits and Wired Equipment. 

i 

é Cortina, 
Engineering excellence, 100% capability, striking 

esthetics, the industry's only TOTAL PERFORMANCE STEREO 
at lowest cost. 
A Silicon Solid -State 70 Watt Stereo Amplifier for $99.95 kit, 

$139.95 wired, including cabinet. Cortina 3070. 

A Solid -State FM Stereo Tuner for $99.95 kit, $139.95 wired, 
including cabinet. Cortina 3200. 
A 70 -Watt Solid -State FM Stereo Receiver for $169.95 

$259.95 wired, including cabinet. Cortina 3570. 

The newest excitement in kits. 
100% solid -state and professional. 

Fun to build and use. Expandable, interconnectable. Great as "jiffy" projects 
and as introductions to electronics. No technical experience needed. Finest parts, 
pre -drilled etched printed circuit boards, step- by -stèp instructions. 

Electronic Siren $4.95, Burglar Alarm $6.95, Fire Alarm $6.95, 
Intercom $3.95, Audio Power Amplifier $4.95, Metronome $3.95, 
Tremolo $8.95, Light Flasher $3.95, Electronic "Mystifier" $4.95, 
Photo Cell Nite Lite $4.95, Power Supply $7.95, Code Oscillator $2.50, 
FM Wireless Mike $9.95, AM Wireless Mike $9.95, 
Electronic VOX $7.95, FM Radio $9.95, 
AM Radio $7.95, Electronic Bongos $7.95. 

Two years ahead! Model 7923 
All Solid -State 23- Channel 5W Transceiver. 4 exclusives: 

dual -crystal lattice filter for razor -sharp selectivity; efficient 
up- converter frequency synthesizer for advanced stability; 

precision series -mode fundamental crystals; 
Small: only 3 "H, 8'W, 81/4 "D. $189.95 wired only. 

The best buy in tube -type CB- "Sentinel -Pro" 23- channel dual 
conversion 5W Transceiver $169.95 wired only. 

EICO Trans/ Match (Model 715) is a professional test set 
designed for complete checking of ham and CB equipment. 

Kit $34.95; Wired $49.95. 

Citizen's Band 

Truvohm 
Professional Portable Multimeters by EICO. 

The industry's greatest V -O -M values. 
Designed, made to Eico's high 

standards of professionalism. Each 
complete with batteries & test leads. 

Backed 100% by famous EICO warranty. 

Model 100A4, 100,00012/V, $34.95. 

Model 30A4, 30,00012/V, $19.95. 

Model 30A3, 30,00012/V, $15.95. 

Model 20A3, 20,00012/V, $12.95. 

Model 4A3, 400012/V, $9.95. 

Model 1A1, 100011 /V, $5.95. 

111 401111MI 
1 SI R a OM 

; _0 C) 

Automotive 
EICO 888- Car /Boat 
Engine Analyzer. 
For all 6V/ 12V 
systems; 4, 6, 8 -cyl. 
engines. 
Now you can keep 
your car or boat 
engine in tip -top shape 
with this solid- state, portable, self -powered universal 
engine analyzer. Completely tests your total 
ignition /electrical system. 

Complete with a Tune -up & Trouble- shooting Manual. 
Model 888; $44.95 kit, $69.95 wired. 

Test Equipment 
100 best buys to choose from. 
"The Professionals" 
-laboratory precision at lowest cost. 
Model 460 Wideband Direct -Coupled 
5" Oscilloscope. DC -4.5mc 
for color and B &W TV service 
and lab use. Push -pull DC vertical 
amp., bal. or unbal. input. Automatic 
sync limiter and amp. 
$109.95 kit, $149.95 wired. 

Model 232 Peak -to -Peak VTVM. A must for color or B &W TV and industrial use. 
7 non -skip ranges on all 4 functions. With exclusive Uni -Probe.® 
$29.95 kit, $49.95 wired. 
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EICO Electronic Instrument Co., Inc. 
283 Malta Street, Brooklyn, N.Y. 11207 

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

Name 

Address 

City 

State Zip 

www.americanradiohistory.com

www.americanradiohistory.com


Service 
^ 

` e r custorners with 
^ 

, .with RCA ITE ' tubes! 
° 

C.Iston*, satisfaction satisfaction.. .and consequently your oerv'ce reputation . . . 

can very often depend on the qLality of :e repiacerrient paris you use. 
W'ien it comes to replacement picture tubes, you can deDenc on an RCA 
H -LITE ftr picture brightness End color fici|ityut its fir est. Install them 
urdyou|itora||y''up'dato''yourcustomer'5oedvvith-heuamaquo|ity... 
th9 same tubes. . that 8ointc today's original equipment sets. 

`~\ Erjoy the confidence ufufferimQ the finest. Rely onRCA DictL,e 
Tu :es hop-otect your service reputation. Th*y are dodêredt) 
protect the biggest reputation in the Color TV indux'ry. 

RCI1. 
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