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EICO Makes It Possible 
Uncompromising engineering -for value does it! 

You save up to 50% with Eico Kits and Wired Equipment., 

Corti na Stereo 
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 kit, 
$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 -step instructions. 

EICOCftAFT- 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 -0 -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, 100,0000/V, $34.95. 
Model 30A4, 30,00052 /V, $19.95. 
Model 30A3, 30,00051 /V, $15.95. 
Model 20A3, 20,0000 /V, $12.95. 

Model 4A3, 400052/V, $9.95. 
Model 1A1, 100052 /V, $5.95. 

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. 

Circle 7 on reader's service card 
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WHAT IS THE COMMON DENOMINATOR OF 
AN ANCIENT EGYPTIAN PYRAMID AND 

A A MODERN ELECTRC)NICS CAREER? 

A STRONG FOUNDATION? 
The ancient pyramids were built on strong foundations 
and thus have endured extensive changes in their en- 
vironment. How about your electronics career? Is it 
built on a solid foundation of knowledge and under- 
standing? Can the foundation under your electronics 
career endure the rapid changes now occurring in the 
electronics industry? 

Grantham's strong- foundation educational program 
in electronics engineering technology leads to non -obso- 
lescent skills - to skills which are based more on rea- 
soning than on merely doing - and leads to the Degree 
of Associate in Science in Electronics Engineering. As 
many as five of the six semesters in the educational 
program can be completed by correspondence. And tech- 
nicians who have had at least one full year of practical 
experience may obtain credit for the resident semester, 
thus qualifying for the ASEE degree in only five 
semesters, all by correspondence. 

Earn Your FCC License & Associate Degree 
You have heard and read, over and over again, about 
how important an FCC license is to your success 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 DE- 
GREE 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 
Telephone: 

(213) 469 -7878 

JULY 1968 

or 
818 18th Street, N.W. 

Washington, D.C. 20006 
Telephone: 

(202) 298 -7460 

Accreditation, and G.I. Bill Approval 
Grantham School of Electronics is accredited by the 
Accrediting Commission of NHSC, and is approved 
under the G.I. Bill. For seventeen years, Grantham has 
been preparing men for successful electronics careers. 

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 radiotelephone 
LICENSE and radar endorsement. You complete this 
step in the first two semesters of the Grantham 
educational program. 
Step #3 is earning your ASEE DEGREE. This degree 
is conferred when you have earned credit for all six 
semesters of the Grantham curriculum. 
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 with Step #1. 

,-- 

Grantham School of Electronics RE 7 -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 
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LOOKING AHEAD 
By DAVID LACHENBRUCH 

"Newspaper of the air" 
The concept of a non -facsimile TV "newspaper" is 

under investigation by the "Future of TV" Committee of 
the National Association of Broadcasters, it has been re- 
vealed by John F. Dille, Jr., chairman of the committee. 
In place of the print -out device required by home fax, 
the "electronic newspaper" system would have a memory 
circuit housed in the TV set ar alongside it. The news- 
paper would be transmitted continuously in TV frames 
rather than pages. The viewer, at his convenience, would 
turn on his set and press the "index" button. An index 
frame would appear on his TV screen, outlining what 
had been transmitted that day. Then the reviewer would 
press the appropriate button for whatever he wished to 
read -news, sports, comics, obituaries -and the proper 
frame would appear on the screen. 

Electronic contraceptive 
The infra- uterine device, or IUD has been widely 

hailed as the best hope for population control in under - 
developed countries. It's a small mechanical device 
which prevents conception when properly inserted in 
the uterus. RCA recently was granted a patent on an 
electronic IUD which helps overcome some shortcom- 
ings of the mechanical version -possible insertion, dis- 
placement or loss. The RCA patent covers a tiny oscil- 
lator built into the IUD, which gives off signals when 
under test by an electromagnetic instrument -one type 
of signal if the device is properly placed, other types of 
signals if distorted os out of position. Of course, if the 
IUD is missing, there's no signal. To permit physicians 
to determine whether the IUD is correctly in place, 
women merely would walk past a detection instrument 
operated by a technician. If the proper signal is detect- 
ed, everything is in order. 

Airborne CATV 
The semi -glamorous name "Quasi- Laser" is applied 

to a new system proposed to solve the problems of big - 
city cable television. To avoid the extremely high costs 
of laying underground cables to connect apartment 
buildings in high -density areas, the new proposal is to 
send the signals through the air. The plan which 
Clwomalloy American Corp. and Laser Link Corp. are 
proposing to the FCC for testing in Brooklyn, N.Y., in- 
volves sending a wide band of information -12 or 20 
TV channels -via the "upstairs" frequencies. These fre- 
quencies are so high that they are presently unassigned 
to any service and will not result in crowding the por- 
tion of the spectrum now used. The frequencies pro- 
posed are in the area of 42 GHz, below the infra -red 
light spectrum. 

A new method of modulation is claimed to make it 
possible to beam wide bands of information at low power 
from a high point for several miles in all kinds of 
weather. Low -cost receiving antennas on building tops 
would receive the signals, which would be reconverted 
to TV carrier frequencies. To divert signals to lower 
buildings not within line-of-sight to the transmitter, 
Laser Link would use metallic "mirrors" on high build- 

ings, reflecting signals to lower ones. The "Laser Link" 
name is derived from the fact that frequencies being 
used are toward the end of the spectrum occupied by 
light waves. 

More on X -rays 
Radiation -conscious TV set manufacturers have 

compiled a summary of factory quality- control tests on 
color seas from July 1, 1967, to March 3, 1968. Of 19,- 
225 sets tested, 11,696 were found to emit no measura- 
ble radiation; 7525 tested below 0.5 milliroentgen 
(mR) per hour at 5 cm. Only four showed radiation 
above the unofficial standard of 0.5 mR. The four were 
corrected before leaving the factory. 

Remote without motors 
A new remote -control system that will appear on 

some Motorola solid -state color sets this summer substi- 
tutes semiconductor devices for motors or stepping re- 
lays. The heart of the system is an encapsulated "mem- 
ory module" containing a neon bulb, which acts as an 
electronic switch, a capacitor and an insulated gate field 
effect transistor (IGFET). The capacitor's charge is 
varied up or down in response to the direction of the 
control desired (for example, to increase or decrease 
volume), providing a continually variable control. The 
capacitor is capable of retaining a charge for 1000 hours 
or more, thereby assuring its ability to hold at any de- 
sired setting. 

Although Motorola demonstrated the system with 
volume control only, its color remote unit is expected to 
have three infinitely variable non -motorized controls, 
plus such conventionally activated functions as channel 
change (still motorized) and off -on. Elimination of the 
mechanical channel selection function presumably must 
await the widely anticipated arrival of variable-capaci - 
tance diode tuning for the American 82- channel TV 
system. 

Cassette- leggers? 
The zooming popularity of the easy -to- operate 

cassette recorder has some of the record companies wor- 
ried. What concerns them is the danger of a roe -your- 
own trend, as consumers begin to make their own re- 
cordings from the radio. RCA Victor Vice President 
Norman Racusin, who heads the Record Division, told a 
recent merchandisers' convention that the cassette repre- 
sents the first serious threat to the recording industry. 
He called for legislation or changes in marketing or tech- 
nology to head off massive bootlegging. There already 
are several brands of combination radio and cassette re- 
corders on the market and it's believed that some major 
manufacturers plan to incorporate stereo casette decks 
in their forthcoming phonograph consoles. 

The reel -to -reel recorder never was considered a 

serious threat by record manufacturers because of its 
relatively limited market. But now they envision a possi- 
ble invasion of the marketplace by tens of millions of 
simple, low -cost units, and you can expect a top- priority 
attempt to head off subrosa recording by cassetteers. R -E 
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Now there's no need to reach for the windshield 
wiper knob every few seconds when driving through 
light mist or on slush- covered roads. You can set 
this Automatic Pause Controller to obtain any de- 
sired pause between sweeps, while the wiper still 
operates at normal speed. 

See page 32 

Power relays are useful in dozens of projects, but 
usually lack sensitivity because of heavy contacts. 
Find out how to soup -up relay sensitivity and trig- 
ger 30 -amp jobs as little as 200 µA. 

See page 36 
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Hall -effect devices are growing in number as to- 
day's technology makes possible new uses for 
Hall's 19th -century discovery. Learn about this 
important principle, and its applications in science 
and industry. 

See page 42 
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Telephone uses IC's -An experimental electronic 
telephone recently shown by Bell Labs uses hy- 
brid integrated c rcuits and a tone ringer instead 
of a electro- mechanical hell. Buttons for Touch - 
Tone dialing are behind :he earpiece. Automatic 
voice loudness circuits in the handset are among 
the features in the new design. 

Light transducer -Light transmission through a 

"sandwich" of this crystal and Polaroid sheet 
can be varied by changing voltage applied to the 
crystal. The crystal ;hexamethylenetetramine) is 

compressed for stLdying electro -optic and p:ezo- 
op:ic effects hat influence light polarization. 
Gene,al Motors Research Labs "grew" mater al 

from original "seed" crystal. 

Lightweight color TV camera -An 18 -lb digital - 
control unit has been developed by CBS Labs for 
coverage of 1968 presidential conventions. A base 
station can focus, center and provide color reg- 
istration for six cameras via microwave signals at 
a distance of nearly 3 miles. 

Computer monitors London traffic -Street names, traffic flow, pedestrian crossings and other informa- 
tion are shown on this computer -controlled display system to be installed in New Scotland Yard for 
experimental control of traffic. Marconi Company will build and install system. 

NEWS BRIEFS 
Single -gun color TV tuhe- Sony's new Trinitron tube utilizes a single electron gun with three in -line 
cathodes. Electron beams are electrostatically converged through a vertically slitted aperture grill to 
vertical phosphor stripes on the screen. Sony claims tube has twice the brightness of conventional 
tubes. Company plans to introduce Trinitron sets to the US market in 1969. 

TRINITRON COLOR TUBE 

IN -LINE CATHODE 

ELECTRON LENS 

APERTURE GRILL 

CONVERGENCE 
CONTROL 
PLATES 

STRIPED 
PHOSPHOR 
SURFACE 

CONVENTIONAL 3 -GUN COLOR TUBE 
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Here's a new, complete ICS course in 
TV Servicing that costs less than $100. 

With the first two texts, you can 
repair 70 percent of all TV troubles. 

You need no previous experience to take this com- 
plete, practical course in TV Repairing. 

You don't even have to know a vacuum tube from 
a resistor. Yet in a matter of months, you can be doing 
troubleshooting on color sets! 

Course consists of 6 texts to bring you along quickly 
and easily. 936 pages of concise, easy -to- follow in- 
struction, plus 329 detailed illustrations. You also 
receive a dictionary of TV terms geared directly to 
course material so you'll understand even the most 
technical terms. The dictionary will come in handy 
even after you've finished your course. 

Instruction is simple, very easy to grasp. Photos 
show you what a TV screen looks like when everything 
is normal, and what it looks like when trouble fouls 
it up. The texts tell you how to remedy the problem, 
and why that remedy is best. 

Quizzes are spotted throughout the texts so you 

JULY 1968 

can check your progress. At the end of the course, 
you take a final examination. Then you get the coveted 
ICS® diploma, plus membership in the ICS TV Repair- 
man Association. 

By the time you've finished the course, you should 
be able to handle tough, multiple TV problems, on 
color sets as well as black and white. 

This new TV Servicing and Repair Course has been 
approved by National Electronic Associations for 
use in their Apprenticeship program. Because of its 
completeness, practicality and price, it is the talk of 
the industry. The cost is less than $100 -just slightly 
over 1/2 the price of any comparable course on the 
marke: today. Remember, the sooner you get started 
on your course, the sooner you'll be turning your spare 
time 
today. 
tion, 

into real money. Fill out the coupon 
And we will rush to you all informa - 

no obligation. 

Circle 9 on reader's serv.ce card 
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One of a series of brief discussions 
by Electro -Voice engineers 

ADDING "HIGHS" 

TO HIGH 

POWER PA 

JOHN R GILLIONM 

Chief Engineer, Loudspeakers 

Sound system intelligibility can often be a com- 
plex problem since it will vary with ambient 
noise level and type, usable system level and 
response, and room reverberation. As a result, 
there are probably thousands of sound systems 
with marginal effectiveness despite more than 
sufficient power handling capacity to overcome 
the measured noise. 

The reason for the failure of these systems 
often lies in the design of the typical high 
power PA driver. Most drivers rated at 50 
watts or more have relatively massive voice 
coil and diaphragm assemblies. This sharply 
limits high frequency response, particularly in 
the 2 to 7 kc range. Since this range contributes 
significantly to intelligibility, the loss of highs 
has serious consequences under severe noise 
conditions. 

Happily, most noise decreases in intensity with 
rising frequency, thus helping overcome the 
problem. But, if a driver with flat or rising 
response in the 2 to 7 kc region is used, much 
higher intelligibility can be assured often with 
a significant reduction in the amount of power 
needed. 

To achieve this desired high frequency re- 
sponse, E -V PA drivers have unusually light 
voice coil assemblies that maintain high effi- 
ciency to 7 kc yet handle up to 60 watts of 
power (in the case of the model 1829). This 
power handling capacity has been obtained 
by the use of high temperature materials that 
maintain strength without adding to the mov- 
ing mass. Careful design of the loading plug, 
plus the use of relatively large Indox V cera- 
mic magnets also insures better voice pene- 
tration, even when used on conventional re- 
entrant trumpets. 

To further increase efficiency, E -V has also 
developed a series of compound horns that 
have proved unusually effective in high noise 
environments. Each side of the driver dia- 
phragm is coupled to a separate horn. The 
highs (above 1 kc) are propagated from a 

short horn mounted coaxially with the large 
reentrant bass horn. This assures minimum 
high frequency losses due to internal reflec- 
tions plus a sharp reduction in distortion at 
high levels. 

Two such horns are available: the wide -angle 
FC100 (CDP *) and the concentrating AC100 
for extended reach. 30, 40, and 50 watt com- 
pound drivers are offered for either type. This 
combination of low -mass drivers and high - 
efficiency horns has been found to contribute 
significantly to improved intelligibility under 
adverse noise conditions. 

For reprints of other discussions in this series, 
or technical data on any E -V product, write: 

ELECTRO-VOICE, INC., Dept. 783E 

613 Cecil St., Buchanan, Michigan 49107 

Smketet071.g.® 
A SUBSIDIARY OF CULTON INDUSTRIES, INC. 

Circle 10 on reader's service card 

NEWS BRIEFS 
MAGNETIC POLLUTION 

If you think you've got problems with 
air and water pollution, pity the scien- 
tists at the National Bureau of Stan. 
dards. They've been forced from a 
Washington, D.C., lab site by magnetic 
pollution. To make precise volt and 
ampere determinations and conduct 
other sensitive tests, NBS needs a mag- 
netically "clean" environment. Grow- 
ing interference in Washington from 
new buildings with high iron and steel 
content and from more automobiles in 
the area made a move to Maryland 
necessary. The new lab site is in a uni- 
form earth's field, and is constructed 
with magnetically "transparent" mate- 
rials. 

SOLID -STATE 

HIGH -VOLTAGE RECTIFIERS 

A color TV set with solid -state cir- 
cuitry throughout will be introduced by 
Motorola this summer. The only vacu- 
um tube in the company's Quasar line 
will be replaced with a solid -state high 
voltage rectifier. Existing Quaser mod- 
els can be updated with a high -voltage 
module. Other 1969 models will also 
use the solid -state rectifier. 

ELECTRICAL PLUG STANDARDS SET 

Uniform standards for electrical plugs 
and receptacles have been established 
by the National Electrical Manufactur- 
ers Association. The new configuration 
makes it impossible, for example, to 
plug a 125 -volt device into a 250 -volt 
receptacle or a 30 -amp load into a line 
rated at 15 amperes. 

DIAMOND HEAT SINKS 

Experiments at Bell Labs show that 
diamonds are also a semiconductor's 
best friend. Engineers have found that 
certain diamonds displace more heat 
than copper when used as heat sinks. 
Consequently, a silicon diode on a dia- 
mond chip will handle about four times 
more power. Low -cost, 1/10-carat in- 
dustrial diamonds are used. 

FUTURE TELEPHONE SIGNALS 

Your telephone conversations will be 
chopped into 8000 or more coded digi- 
tal pulses when the telephone industry 
adopts the pulse code modulation tech- 
nique, according to General Telephone 
& Electronics. A carrier system using 
the technique has been developed by 
the company. Speech signals are con- 
verted into coded pulses for transmis- 
sion over telephone lines. A detector 
at the receiver end recovers the origi- 
nal voice conversation. Greatly im- 
proved fidelity and efficiency are 
claimed over the present method of 
transmission over lines. R -E 
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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 Dent- Boulder, Colo. 80302 
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AB2 
ABC 1 

AFL_ 
A 
A 
A '. 

A 
A 
A 
AZ 
AZ1? 
AZ + - 

A 
C:1 
C 
CF' 
C1111 
CL4 
CV) 
CV2 
DASO 
OAF4D 
OAF 
DAF91 
OAF 
DAF96 
OCSO 
DCCSC 
DF21 
DF22 
DFS1 
DF1 
DFE6 
DFS7 
DF904 
OKF1 
DK4O 
131(91 
INKS 2 
DKE6 
DL41 
OL52 
OLE3 
OLE4 
DLE5 
DLE6 
DLL21 
DM70 
DM71 
DY86 
DV&7 
EAP.91 
EABCS 
EAF42 
E8_.4 - 

E8.1 
EB91 
EBC3 
EBC3-. 
EBCtI 
EBCBI. 
CB 
EBC9_ 
E8F2 
EBF-2 
EB=8C 
EB=8_ 
EB=8E 
EB_1 
EB _21 
EC90 
EC80 
EC31 . 

EC36 
EC38 
EGAD 
EC41 
EC72 
EC95 
EC9,', 
EC900 
EC,33 
EC :34 
EC]35 
EC740 
EC'31 
ECr}, 
E 

E 

EM" 
E=83 
EM91 
ECC16 
ECFI.. 
E 
E 
E 
E 
E 
E 
EC 
ECK: 
EC 
E 
E 
E 
E 
E 
EC'. 
ECH 
Et 
EC.L60 
ECLE2 
ECLE3 
ECLE4 
ECLES 
FCLE6 
E16(V) 
EIS 
Ef22 
Ef_3E 
Ef37A 
Ef=S 
Ef4C 
EF41 
EF40 . 

Ef4= 
E15C 
EIBE 
EfEC 
EfF_ 
EIBE 
EfEE 
F(89 
F191 
Ef92 
Ef9_ 
Ef94 
Ef9F 
EFS7 
E19E 
Ef1E3 

.F184 UYIfN) 58W8 EC9 6G25 8LT8 
EFC200 UVII 5CG8 8C10 6H6 8U97PCF201 
=GH90 UY41 SCLBA ECA4 6HA5/EC900 8X9/PCF200 ...08 

óokl;.but 
KE 

t coun 
15FY7 
15LE8 
16A5 

EL38 
EL41 
EL42 
EL50 
EL51 
EL60 

XL500 5KZ8 aCJ3/60V74B 6HS6 101805 
XV88 5LJ8 - aCJ5 61458 ' 1006 
024 518 6CJ6 ' 6HU6/EM87 I OCW5/LL86 
OZ4A 5U4GB/5AS4A 6CK4 6HU8.ECC80 1013E7 

' `OA90 5U8 ICK5 - - - - ^ 6H - 

5U9/LCF201 aCK6 , 
6 101E07 - 

17C5/17CU5 
17C8 
17C9 
/7I34 

4A 
68i17GW6 

HCC75 

Now..Jf 
-...._- . 

can guess zoo types 
how many Am p erex receiving n tu 
ty pes there are Usted on this page. 
y ou'll ual' or our drawing and 
you irta be one o w a hundred inners 
of the world-famous Norelco .. Sp eedshaver, 
or Lady Torelco. 

6K 

6DG6GT 6KT8 
6KT8 

6DL4/EC88 6L6GC 
6DL5/EL95 6LB6 

NOILCOSPEEDSBiANER 6DL5/EL95M' 6LFfi 6DN7 6LF8 
6DQ5 6LH6A 6DQ6B/6GW6 6LJ6 
6DR7 

- 6DR8 6LM8 
6DS4 6LN8/LCF80 
6DS8 6LT8 
6DT5 6LU8 
6DT6 6LX8/LCF802 
6DT6A 6LY8 
60T8 6M11 
6DV4 6ME8 6DX8/ECL84 6MJ8 

AB10 
17Z3 
18A5 
18FW6 
18F 
18FY6 
18GB5/LL500 
18GV8 
19AU4GTA 
198G6GA 
19BR5 
19CL8A 
1908 
19 
19E28 

L8 
7 

LADY hORELCO 

491441h' 

/ECC82 
A 

5GA 
12AV6/HBC91 
12AV7 
12AX3 
I2AX4GTB 
12AX7A/ECC83 
12AY3A/12BS3A 
12AZ7A 
1 2 Bi4 A 
128A6 
12806 
128E3 
128F6 
128F11 
12BH 7A 
1281(5 
128L6 
12BN6 
1286.GA/12CU6 

-t8 

Stop Counting! You're on your honor. We'll give you some clues withou 
spoiling the fun. We can tell you that the line includes more than 
650 Amperex- quality, U.S. -made tubes ... plus the popular line of imported 
interchangeable types including the famous FRAME GRIDS and other Amperex 
proprietary tubes ... plus the most complete line of European replacements for the 
imported car and home radios and hi -fi sets that you service. 

Here are the simple rules of this simple contest. Look ... but don't count the tubes 
listed on this page; then, by letter or postcard, mail your "best guess ", 
postmarked no later than July 31st, 1968, to: 
The D. L. Blair Contest Mgt. Corp., P.O. Box 288, New York, N.Y. 10046. 

That's really all there is to it! All entries with the correct answer, 
(give or take 100 tubes) become eligible for drawing of prizes on August 12th. 

Please print your name and address legibly and include the name and address of your 
Distributor. Only one entry allowed per contestant. This contest, limited to TV, 

5005 B/` 

radio and hi -fi Service Dealers and Technicians is subject to Federal, State and 
Local laws and regulations and is void where prohibited by law. 

21A6 
21GY5 
21H 
21H 
21JV6 
21J26 
21KA6 
22BH3A 
22BW3 
22DE4 
22JG6A 
23Z9 
248F11 
24J28 
25AV5GT 
25AV5GA 
25AX4GT 
258Q6GA/25C 
258Q6GTB 
25C5 
25CD6GB 
25DNG 
25E5 
25EC6 
25EH5 
25F5A 
25L6GT/25W6 
25W4GT 

6GT 
T 

5/PL500 

JS6A 
32ET5A 

T7 
Y7 

7A 
V6 

34GD5 
35C5 
35EH5 
35L6GT 
35W4 
35Z5GT 
36AM3A 
38AE 
38H E7 
38HK7 
401(06 
40KG6 

CC85 ,, 4HA7/4HC7 . 6B.7A/6 
CH4 ' 4HQ5 ` 6BR5/EM8 
CH21 " - 

4HS8 - 6BR8A/6FV 
CH4I 4JC6 6BS2A 

UCH42 4J D6 6858 
- UCH8I 4LJ8 6874 

UCLI1 5AM8 6BU8 
UCL82 

5AQ4 6BV11 UCL82MP 
UCL83 5AQ5 68W6 
UF41 5AR4/GZ34 6BW11 
UF42 5AS8 6BX6/EF80 
UF80 5AT8 68X7GT 
UF85 5AU4 6BY5GA 
UF86 5AV8 68Y6 
UF89 5B8 68Y7 
UL41 58C3 6BY8 
UL84 5BK7A 6BZ3 
UL84MP 5BQ7A 6826 
UM4 56R8 6828 
U M80 581'8 6C4 

6GF7 
6GF7A 
6GH8A 
6GJ7 /ECF8C1 
6GK5 /6FQ5A 
601(6 
6GL7 
6GM6 
6GM8/ECC 
6GN8 /6EB8 -, 
6GT5 
6GU5 
6GU7 
6GV8 /EC12S 
6GV5 
6GW8/ ECLB6 
6GX7 
6GV5 
LOVE. 60 X6 
6028 

R11 
8 
8A 

12W6G 
12X4 
1313E7 
13DR7 
13EM7/15EA7 
13FD7 mperex 

AMPERE)( ELECTRONIC CORPORATION, HICKSVILLE, L L. N.Y. 

8CW5 /XL86. 
8CX8 
9EM5 
BETT 
8FQ7 /8CG7 
8GJ7 /PCF801 
SONS /8EB8 
Si U8A 
8J VE 

I9CW5/PL84 
15DQ8/PCL84 
15FM7/13FM7 

8278/EL503 
8425A/6AU6A 
8426A/12AU6 
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NRI "hands -on" training 
in communications 
can give you as much as 
2 years of on- the -job 
experience. 

8 

EARN YOUR FCC LICENSE - OR YOUR MONEY BACK 
NRI Communications training programs will qualify you for a First Class Commercial 
Radiotelephone License issued by the FCC. If you fail to pass the FCC examinations 
for this license after successfully completing an NRI Communications course we will, 
on request, refund in full the tuition you have paid. This agreement is valid for the 
period of your active student membership and for six months after completion of your 
training. No school offers a more liberal FCC License agreement. 

RADIO- ELECTRONICS 
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Experience is still your best teacher 

NRI Achievement Kit is educator -ac- 
claimed and the original "starter" kit in home study train- 
ing. Imitated but never duplicated, this kit is designed and 
personalized for you and your training objective. It has one 
purpose - to get you started quicklw and easily. 

x 

"Bite- Size" Texts average an easily- digested 
40 pages of well -illustrated, scientifically prepared subject 
matter in the course of your choice. Questions in each book 
are carefully hand -graded and returned to you with helpful 
instructional notes. You get unlimited personal help from the 
day you enroll. 

...here's how you get it with 

unique NRI training at home 
Ask any teacher, job counselor, engineer, technician 
or prospective employer about the need for practical 
application of theory in Electronics. He'll tell you 
Electronics is as much a "hands -on" profession as 
dentistry or chemistry. That's how you learn at home 
with NRI. You prove the theory you read in "bite - 
size" texts, by actual experimentation with the type 
of solid- state, transistor and tube circuits you'll find 
on the job today - not hardware or hobby kits. You 
introduce circuit defects, analyze results, discover 
quickly the kind of trouble- shooting and design tech- 
niques that will make you employable in Electronics. 

Train with the leader NRI 
NRI lab equipment is designed from chassis up for 
effective, fascinating training - not for entertain- 
ment. The fact that end results are usable, quality 
products is a bonus. In Communications, for example, 
you build and analyze, stage by stage, your own 25- 
watt phone /cw transmitter. It's suitable for use on 
the 80 -meter amateur band, if you have an interest 
in ham radio. In TV -Radio Servicing your practical 
training gives you your choice of monochrome or color 
TV sets. All training equipment is included in the low 
tuition - you pay nothing extra. Discover for your- 
self the ease, excitement and value of NRI training. 
Mail postage -free card today for new NRI Catalog 
. . . or use the coupon below. No obligation. No 
salesman will call on you. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

APPROVED UNDER NEW GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card or in coupon. 

Designed-For-Learning Equipment 
Like this phone -cw transmitter (Kit #7 in the Communi- 
cations course) is engineered from chassis up to demonstrate 
principles you must know. NRI does not use modified hobby 
kits for training, but the finest parts money can buy, pro- 
fessionally and educationally applied. L 

MAIL THIS COUPON IF CARD IS GONE 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 

Please send me your new NRI Catalog. I understand 
no salesman will call and there is no obligation. 

Name Age 

Address 

City State Zip 

Check for facts on new GI Bill 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 

1 

J 
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Bench Servicing Made Easy (2nd Ed.) 
by Robert G. Middleton. The 
outstanding authority on TV 
servicing presents the most 
unique and practical approach 
to fast, efficient repairs. This 
book goes far beyond mere 
theory to provide you with a 
step -by -step guide for locating 
defective components in any 
TV circuit. Completely up- 
dated to include the latest tube 

isms and transistor circuits. This is 
the TV troubleshooting book 

for progressive servicemen. It is practical, time - 
saving, invaluable; packed with the successful ex- 
perience gained directly at the author's own work- 
bench. 176 pages; 535 x 835 " 
Order 20658, only 

1 f M 

Advanced & Extra -Class 

License Handbook 

$395 

by Howard S. Pyle, W70E. Contains all the infor- 
mation you need to obtain the Advanced- or Extra - 
Class amateur radio license. Makes it easier for 
present holders of lower -grade licenses to prepare 
for the top amateur licenses. Covers: Requirements 
for Advanced and Extra -Class licenses; building up 
code speed; advanced data you'll need to know to 
pass the exams; includes information on power sup- 
plies, r -f oscillators, frequency multiplication and 
r -f amplification, the radiating system, modulation, 
and advanced principles of electricity, r -f, and a -f. 
Includes sample questions for each exam. $195 176 pages; 532' x 8%". Order 20649, only ... . 

Electrical &Electronic Signs & Symbols 
by Robert G. Middleton. This remarkable book is 
more than a simple enumeration of the technical 
symbols used in electricity and electronics. While it 
describes and explains basic signs and symbols used 
in schematics, abstract diagrams, graphs, mathe- 
matical formulas, etc., it goes further, explaining 
how symbols are constructed, how they are used to 
convey meaning, and how they relate to what they 
symbolize. Also covers dimensional analysis, ma- 
chine or computer logic, and analogies. $395 160 pages; 535 x 8W. Order 20633, only.... J 

INSTRUMENTATION TRAINING COURSE 

Vol. 1. Pneumatic Instruments 
Edited by the Howard W. Sama Technical Staff. 
Covers theory, construction, alignment, installa- 
tion, and operation of many types of pneumatic con- 
trol instruments. Explains the basic principles of 
link/lever mechanisms, pressure sensitive devices, 
liquid level measurement, and flow measurement. 
Describes self -balancing instruments and explains the 
variations of moment- balance and free - balance 
mechanisms. Describes pressure control using con- 
trollers with proportional action, and reset and 
derivative modes. Examines in detail typical ex- 
amples of control instruments. Invaluable for in- 
strument training programs; a handy reference for 
all who are involved with industrial controls. $095 
192 pages. 835 x 11 ". Order 20621, only.... O 

These and over 300 other SAMS 
Books are available from your local 
Electronics Parts Distributor ... 

1HOWARD W. SAMS & CO., INC. 
4300 WEST 02nd ST. INDIANAPOLIS, INDIANA 40208 

Circle 14 on reader's service card 

IN THE SOUP WITH BLACK NOISE 

The article, "Testing With Black 
Noise" by Peter E. Sutheim (April 
1968), reminds me of a similar device 
which I developed in collaboration 
with my classmate, Sarkes Tarzian, 
while we were undergraduates at the 
University of Pennsylvania in 1923. 
We found that the tin coating on the 
soup can was too thin to form an 
effective Faraday shield . . . we had 
to enclose it in a piece of heavy alumi- 
num foil with the edges gathered to- 
gether to form a sack, fastened around 
the cable with a spring clothespin. Un- 
fortunately, I can't seem to remember 
the purpose of our device. In those 
days, we had neither white or black 
noise, only purple noise. 

RALPH A. KRAUSS 
Philadelphia, Pa. 

Thanks for your suggestion on improv- 
ing Sutheim's methods. The diagram 
specified a black bean soup can. If you 
are substituting parts you may run into 
the trouble you mentioned. The device 
can also be used to test purple noise, 
with suitable filters, but nowadays 
there is very little need for this. 

FIRE DETECTOR 

I would like to see your magazine 
publish an article on fire -detection sys- 
tems for buildings. Anything in this 
order proposed for the future? 

WILLIAM C. METLER 
New Shrewsbury, N. J. 

Apparently your letter and our edi- 
torial efforts crossed in the mail, Wil- 
liam. See June 1968 for a complete 
write up of Heathkit's new Wireless 
Alarm System Kit. Their system will 
protect you against smoke and unau- 
thorized entry as well as fire. 

AMATEUR RADIO 

The April 1968 Noteworthy Cir- 
cuits has an item on FET audio band - 
pass filters. In this article, Break -In, a 
New Zealand magazine, was men- 
tioned. Could you please furnish me 
with the address of this magazine and 
any other information you have. I also 
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enjoyed the article on the IC audio 
amplifier and would like to see more 
articles of this kind. 

ROBERT H. KLAPHEKE 
Louisville, Ky. 

Write to Break -In, Box 1733, Christ- 
church, New Zealand, and they'll fill 
you in. 

AC /DC CALIBRATOR IS NOT A 

POWER SUPPLY 

I built the "Ac /Dc Calibrator for 
Scope and Voltmeter" by Peter E. 
Sutheim (February 1968) and it 
works very well. I do get a flicker on 
the neon bulb sometimes on dc-is that 
normal? It occurred to me that the 
calibrator might be used to power a 
10 -volt transistor radio, etc. with low 
current drain if a suitable filter could 
be added. Is this practical? If so, could 
you send me a sketch of a filter with 
part values? 

JAMES R. SNYDER 
Red Bank, N. J. 

Flickering is a pretty common phe- 
nomenon in neon lamps. It shouldn't 
make any difference to the calibrator's 
operation unless the terminal voltage 
changes substantially during the flick- 
ering. You can power a transistor radio 
from the calibrator. The 10 -volt termi- 
nal won't do, because the drain of a 
typical transistor radio (around 10 
mA) would drag the voltage down to 
7 or lower. 

You can power the radio from the 
100 -volt terminal by using a dropping 
resistor of about 10,000 ohms, 2 watts 
in series between the terminal and the 
red (positive) battery lead of the radio. 
Between the two radio battery leads, 
connect an electrolytic capacitor of 
100 to 500 ttF, 15 volts. This should 
work nicely, but never disconnect the 
radio with the calibrator turned on. If 
you do, the load will be removed and 
the voltage across the added electro- 
lytic will rise to 100 volts and destroy it. 

To be completely safe, you would 
have to use a 100 11.F, 150 -volt capaci- 
tor across the battery leads, which is 
large and expensive. It can be done, 
but it's probably more satisfactory to 
build a simple little unregulated power 
supply for a few bucks. 

ZENER WATTAGE 

As a military instructor who on 
occasion teaches semiconductors, I 
must challenge the statement appear- 
ing in your article, "Update Your 
Solid -State TV Servicing," by Mat- 
thew Mandl (February 1968). It says: 
"The replacement [Zener diode) can 

(continued on page 14) 
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II11AAAIH 
PROOF 

THE SHURE UNIDYNE IV is the newest and premier member of the 
famed Unidyne family of true cardioid dynamic microphones which have 
pickup symmetrical about microphone axis at al! frequencies ... in all planes. 
The Unidyne IV is so rugged that it can withstand a Karate chop. Reinforced, 
cushioned cartridge withstands severe impacts and vibrations . . . the dia- 
phragm can take the full! force of a leather -lunged Karate yell! Trouble -free 
Cannon -type connector. Exceptionally easy to service in the field. The strongest, 
most durable Unidyne yet!! Send for all the facts: Shure Brothers, Inc., 222 
Hartrey Ave., Evanston, lilt. 60204. 

Available in two models: Model 548 (hand -held), at $100.00 list; Model 548S (with On -Off switch and 
swivel connector for stand use), at $105.00 list. 

Circle 13 on reader's service card 

®1968 SHURE BROTHERS. INC.. 
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Delta Launches the 

COMPUTACH* 
The 
Great 
One! 

*An exclusive 
tachometer for 
measurement 
build Kit form! 

computer - 
precise RPM 
in easy -to- 

$2 995 ppd. 
Delta, pioneers in CO 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 
All -angle ball & socket mounting 
Use it with ANY ignition system 
Meter: 31/8" dia. X 33 /e" deep 
Calibration kit included, no test eqpt. 
needed. 

Orders shipped promptly. 
Satisfaction guaranteed. 

DELTA PRODUCTS, ANC? 

Send check today! 
P.O. Box 1147 RE / Grand Junction, Colo. 81501 
Enclosed is $ _ Ship ppd. Ship C.O.D. 
Please send: 

COMPUTACH Kits @ $29.95 ppd 
Sold in Kit Form ONLY! 

Name 

Address 

City /State lip 

Circle 12 on reader's service card 

CORRESPONDENCE 

(continued from page 12) 

be of larger wattage, but must have the 
same voltage rating as the original..." 
Because this statement is not very 
specific, I feel it is a dangerous gen- 
eralization. The simple regulator of 
Fig. 8, page 37, specifies a 5.6V Zener, 
but does not give the type number or 
specify wattage. A glance at the Dick- 
son Diode Zener Diode Reference 
Chart shows that 5.6V Zeners are 
available with ratings from 250 mW to 
50 watts. 

This test current is usually appre- 
ciably less than the current that would 
produce maximum rated device dissi- 
pation. Device operation at apprecia- 
bly less than the specified test current 
could possibly cause operation of the 
device at, or near the knee of, its 
characteristic curve, where its opera- 
tion (if at all) would be unpredict- 
able. The opposite extreme, operation 
at levels appreciably in excess of L 
could cause operation approaching 
maximum device dissipation levels. 
The higher case temperatures in most 
cases would make device derating 
mandatory for long service life. The 
1000 -ohm error -sensing resistor in Fig. 
8 would limit current available to the 
Zener diode to a maximum of 12 to 20 
mA, respectively, depending upon the 
assumptions that only the Zener is con- 
sidered to be shorted or that both the 
Zener and the series pass transistors 
are considered to be shorted. With 
maximum available currents of these 
magnitudes, it is highly unlikely that 
anything Zeners in a range other than 
400 -mW to 1 -watt would work effec- 
tively in this circuit. 

M /SGT HAROLD L. STEPHENS 
APO San Francisco 

WIDER THE BAND, THE HIGHER THE FI? 

I read with interest the article, 
"The Wider the Band, the Higher the 
Fi ?" by Peter E. Sutheim (October 
1967). I got lost in a few places during 
the interacting -phase discussions, so 
perhaps the idea presented below was 
discussed in the article, even though I 
didn't recognize it. 

In square -wave testing, the square 
wave displayed is considered to include 
some finite number of multiples of the 
fundamental. Although some authori- 
ties place this number at 40, 10 is the 
commonly accepted figure. If an am- 
plifier having poor response at 10 
kHz is tested with a 1 -kHz square (or 
sawtooth) wave, rounding of the lead- 
ing corners of the waveform is ob- 
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servable. Most high- frequency musical 
sounds (castanets, blocks, etc.) are not 
sine waves but sharp transients whose 
waveforms more closely resemble 
short pulses or sawtooths. 

If the same criteria held true for 
these waveforms as for test wave- 
forms (which would seem logical), 
then a 20 -kHz castanet sound will 
require a frequency response of at least 
200 kHz to be reproduced accurately. 
It may require as much as 800 kHz! 
Whether or not the amplifiers driving 
the source or speaker dynamics pre- 
vent these waves from reaching the 
listener undisturbed is a consideration 
outside my knowledge and experience. 

NOEL NYMAN 
Seattle, Wash. 

Your comments raise two points. First, 
you are correct that the vast majority 
of musical waveforms are not sinusoids 
but repetitive pulses of one sort or an- 
other. Since we're talking not about 
absolutes but about relative matters, 
in quantitative terms, the question 
"How short ?" becomes important. So 
the first point is, Does music actually 
contain waveforms with rise times suf- 
ficiently steep to require amplifier fre- 
quency response that goes substantially 
beyond 20 kHz? The second point is: 
even if conventional musical instru- 
ments do produce significant amounts 
of energy above 20 kHz, can that en- 
ergy make any difference to us, assum- 
ing we accept the conventionally 
agreed -on upper hearing limit of 15 to 
20 kHz? (And that has not been suc- 
cessfully challenged, at least not on the 
basis of single -tone hearing tests.) 

The only reason for producing 
spectacularly flat response out to 100 
to 200 kHz would seem to be so that 
you can get nice -looking 10 -kHz square 
waves on an oscilloscope, but that has 
little relevance to what we hear. Until 
someone demonstrates that human be- 
ings can hear sounds above 20 kHz, 
the question of whether musical in- 
struments produce them is only aca- 
demic. 

OPERATIONAL AMPLIFIER 

The informative article "Opera- 
tional Amplifier" by Thomas H. Lynch 
(May 1968) had a few areas that re- 
quire clarification with regard to Sig - 
netics products. The NE515 is a dif- 
ferential amplifier selling for $4.15 in 
dual in -line packaging. Our key device 
in the classification of operational am- 
plifiers is the 516, available for $9.35. 
Our complete op amp line includes the 
5709, 5710, 5711 Signetics versions of 
the Fairchild 709, 710 and 711. Corn- 

(continued on page 16) 
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B &K Model 1450 first and only 
service -designed oscilloscope with 
"intermittent analyzer" and "electronic memory" 
That elusive intermittent ... how many 
hours have you spent trying to locate the 
source of the problem -how much time 
was wasted testing each circuit when you 
could have been doing more productive 
work? Now, B&K know -how and engineer- 
ing genius have come through for you. 

Result ... the intermittent analyzer in 
the Model 1450 Diagnostic Oscilloscope. 
It will tell you if and where an intermittent 
occurs -even without your being there! 
The electronic memory will keep the inter- 
mittent indicator "on" until you return. 
Think of the time and money it saves. 

The easiest to use 'scope ever built, its 
unique screen gives error -free direct read- 
ings of peak -to -peak voltages- it syncs 
automatically at any signal level- easily 
displays color reference signal. Con- 
venient for use as a vectorscope too, all 
inputs and controls are on the front panel. 

Deluxe in every respect, the 1450 is 
another B&K innovation that will make 
your time more profitable in solid state 
and color TV service. Years -ahead 
planning for present and future use ... 
the best -value all- around 'scope you can 
buy. With probe. Net, $279.95 

B&K Division of Dynascan Corporation 
1801 W. Belle Plaine Avenue Chicago, Illinois 60613 

Where Electronic Innovation Is A Way Of Life 

Circle /5 on reuder'.c service curd 
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IN- ERMITTENT MONITOR. Designed to 
supplement the indicators on the 1450, 
this plug -in monitor can be placec any- 
where in your shop. It flashes and buzzes 
when an intermittent occurs ... and 
projects a professional image to your 
customer. Net, $24.95 

DIAGNOSTIC 
a;7 

;OSCILLOSCOPE 
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IT TAKES AN EXACT REPLACEMENT 

TO HIT THE MARK 

IN COLOR TV SERVICE 

TWIST-LOW Capacitors 

come in the right ratings so you can 

make exact replacements 

Ask your Sprague distributor for a copy of Sprague's comprehensive 

Electrolytic Capacitor Replacement Manual K -109 or write to: 

Sprague Products Company, 81 Marshall St., North Adams, Mass. 01247. 

P.S. You can increase your business 
71/2 % by participating in EIA's "What 
else needs fixing ?" program. Ask your 
distributor or write to us for details. 
65 -8128 

SPRAGUE 
THE MARK OF RELIABILITY 

Circle 16 on reader's service card 

CORRESPONDENCE 
(continued from page 14) 

plete data are available from the un- 
dersigned. 

ELLIOT KANTER 
Signetics Corp. 

Rolling Meadows, Ill. 

HORSEFLIES, TRACTORS AND 
MR. KIRCHHOFF 

I certainly pity the poor fellow 
who is trying to obtain an understand- 
ing of the current and voltage relation- 
ships in an ac circuit on the basis of the 
article, "Horseflies, Tractors and Mr. 
Kirchhoff" (March, 1968). He will 
have a lot to "unlearn" when he finally 
is exposed to a truthful and responsible 
presentation of the subject. I wish to 
call attention to the fourth paragraph 
in the last column on page 71, begin- 
ning with the words, "The meter reads 
the highest voltage . . ." 

There is never an instant when the 
voltage across one component is 7.1 
and across the other component it is 
2.9 volts (if a voltage of 10 volts peak 
to peak is applied to the circuit, as 
postulated in the beginning of the ar- 
ticle). To see this, it is only necessary 
to plot two sine waves of equal ampli- 
tude, displaced 90° with respect to 
each other, and then add them up. 

WALTHER RICHTER 
CONSULTING ELECTRICAL ENGINEER 

Milwaukee, Wis. 

I read, with amusement, "Horse- 
flies, Tractors and Mr. Kirchhoff" by 
Wayne Lemons (March 1968). I won -. 
der, though, what Messrs. Kirchhoffs, 
Pythagoras and Bean would have to 
say about this: Two resistors of differ- 
ent values tied together in a circle, the 
voltage across each resistor is zero, the 
sum of the voltages around the loop is, 
of course, also zero, and all is well. 
However, put a changing magnetic 
field through the loop, perhaps by 
placing the loop around the core of a 
transformer, and it's a different story. 
The changing magnetic field induces a 
current in the loop, the same current 
in each resistor. The sum of the volt- 
ages around the loop is no longer zero. 

Don't think harshly of Mr. Kirch- 
hoff, though. The sum of the voltages 
around a loop is always zero if there 
is no magnetic field present. Messrs. 
Faraday or Maxwell could have told 
him that the sum of the voltages around 
a loop is actually equal to the time 
derivative of the magnetic flux through 
the loop. Oh, well. 

HOWARD G. SCHIFFMAN 
Westwood, Masc. 

R -E 

16 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Zenith Tubes... 
life- tested for greater dependability! 

!! 

Exciting Surprises 
for You - 

and Your Family! 
Fun for all! 

Get the details 
at your Zenith 
Distributor's 

Parts Department. 

, 191e17/002 1368 E 

i1IIIIE 

ZENITH TV PICTURE TUBES arc rigor- 
ously tested at elevated line voltages for 
lencthy periods. Just one reason yot can be 
sure of Zenith's great reliability and long 
life :hat better satisfies your custo hers. 
Mor= then 200 Zenith quality tubes -for 
colcr TV black- and -white TV, or special 
purposes -are in the complete line. 

ZENITH "ROYAL CREST" CIRCUIT TUBES 
uncergo over 11/2 million hours of life - 
testing every month, Under actual operat- 
ing concitions, they must meet We same 
quality standards as Zenith origina parts - 
to perfo-m with unrivaled dependability. 
Choose from a full line of more than 900 
top-quality Zenith tubes. 

Order all genuine Zenith replacement parts 
and accessories from your Zenith distributor 

Zenith B &W replacement picture tubes are 
made only from new pars and mateials ex- 
cept 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 ma- 
terial which, prior to reuse, is carefully in- 
spected to meet Zenith's high quality stand- 
ards. 

BEST YEAR YET TO SELL THE BEST 

e 
The quality goes in 

before the name goes on 

Circle 17 on reader's service card 
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"Get more 
education 
or 
get out of 
electronics 
...tnú'5 my advise 
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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. 1407G, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 

r 

fomMed 1977 

crredited Mamie, o/ the Nations/ Nome Study Council 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1407G, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

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

NAME AGE 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

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

Space Electronics Nuclear Engineering Technology 
Industrial Electronics for Automation 

Computer Systems Technology 

J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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Look What's New 
NEW HEATHKIT In- Circuit Transistor Tester 
At last, a realistic price for in- circuit testing of transistors! The new 
Heathkit IT -18 Tester has the facilities you need and it costs a lot 
less. It measures DC Beta in -or- out -of- circuit in 2 ranges from 2 to 
1000 (the spec. commonly used by mftrs. and schematics to determine 
transistor gain). It tests diodes in -or- out -of- circuit for forward and 
reverse current to indicate opens or shorts. Measures transistors out - 
of- circuit for ICEO and ICBO leakage on leakage current scale of 
0 to 5,000 uA. Identifies NPN or PNP devices, anode and cathode 
of unmarked diodes; matches transistors of the same type or oppo- 
site types. Cannot damage device or circuit even if connected incor- 
rectly. Big 41/2" 200 uA meter. 10 -turn calibrate control. Completely 
portable, powered by "D" cell (long battery life). Front panel socket 
for lower power devices. Attached 3' test leads. Rugged polypropylene 
case with attached cover. Build in 2 hours. 4 lbs. 

NEW HEATHKIT 1 -15 VDC Regulated Power Supply 
Labs, service shops, hams, home experimenters ... anybody working 
with transistor circuitry can use this handy new Heathkit All- Silicon 
Transistor Power Supply. Voltage regulated (less than 40 mV variation 
no-load to full -load; less than 0.05% change in output with input 
change from 105 -125 VAC). Current limiting; adjustable from 10-500 
mA. Ripple and noise less than 0.1 mV. Transient response 25 uS. Out- 
put impedance 0.5 ohm or less to 100 kHz. AC or DC programming 
(3 mA driving current on DC). Circuit board construction. Operates 
105 -125 or 210 -250 VAC, 50/60 Hz. 6 lbs. 

NEW HEATHKIT Crystal- Controlled Post Marker Gen. 
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. 8 lbs. 

NEW HEATHKIT Low -Cost 5 MHz 3" 'Scope 
Here is the wideband response, extra sensitivity and utility you need, all 
at low cost. The Heathkit 10 -17 features vertical response of 5 Hz to 5 
MHz; 30 my Peak -to-Peak sensitivity; vertical gain control with pull- 
out X50 attenuator; front panel 1 volt Peak -to -Peak reference voltage; 
horizontal sweep from internal generator, 60 Hz line, or external source; 
wide range automatic sync; plastic graticle with 4 major vertical di- 
visions & 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 51/2" W. x 141/2" L.; circuit board construction, shipping wt. 17 lbs. 

NEW HEATH KIT Solid -State Portable Volt -Ohm Meter 
There's never been a better buy in meters. Solid -state circuit has FET 
input, 4 silicon transistors (2 used as diodes), and 1 silicon diode. 11 

megohm input on DC, 1 megohm on AC. 4 DC volt ranges, 0 -1000 y, 
with ±37. accuracy; 4 AC volt ranges, 0 -1000 v. with ±5% accuracy. 
4 resistance ranges, 10 ohms center scale xl, x100, xlOK, xl M, measures 
from 0.1 ohm to 1000 megohms. 41/2", 200 uA meter with multicolored 
scales. Operates on "C" cell and 8.4 v. mercury cell (not included). 
Housed in rugged black polypropylene case with molded -in cover and 
handle and plenty of space for the three built -in test leads. An extra 
jack is provided for connecting accessory probes to extend basic ranges. 
Controls include zero-adjust, ohms -adjust, DC polarity reversing switch, 
continuous rotation 12- position function switch. Easy- to-build circuit 
board construction completes in 3 -4 hours. 4 lbs. 
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From Heath 
NEW HEATHKIT AJ -15 Deluxe Stereo Tuner 
For the man who already owns a fine stereo amplifier, and in response 
to many requests, Heath now offers the superb FM stereo tuner section 
of the renowned AR -15 receiver as a separate unit. The new AJ -15 FM 
Stereo Tuner has the exclusive design FET FM tuner for remarkable 
sensitivity, the exclusive Crystal Filters in the IF strip for perfect re- 
sponse curve and no alignment; Integrated Circuits in the IF for high 
gain, best limiting; elaborate Noise -Operated Squelch; Stereo -Threshold 
Switch; Stereo -Only Switch; Adjustable Multiplex Phase, two Tuning 
Meters; two variable output Stereo Phone jacks; one pair variable 
outputs plus two fixed outputs for amps., recorders, etc.; front panel 
mounted controls; "Black Magic" panel lighting; 120/240 VAC op- 
eration. 18 lbs. *Walnut cabinet AE -18, $19.95. 

NEW HEATHKIT AA -15 Deluxe Stereo Amplifier 
For the man who already owns a fine stereo tuner, Heath now offers 
the famous amplifier section of the AR -15 receiver as a separate unit. 
The new AA -15 Stereo Amplifier has the same superb features: 150 
watts Music Power; Ultra -Low Harmonic & IM Distortion (less than 
0.5% at full output); Ultra -Wide Frequency Response ( ±1 dB, 8 to 
40,000 Hz at 1 watt); Ultra -Wide Dynamic Range Preamp (98 dB); 
Tone -Flat Switch; Front Panel Input Level Controls; Transformerless 
Amplifier; Capacitor Coupled Outputs; Massive Power Supply; All - 
Silicon Transistor Circuit; Positive Circuit Protection; "Black Magic" 
Panel Lighting; new second system Remote Speaker Switch; 120/240 
VAC. 26 lbs. *Walnut cabinet AE -18, $19.95. 

NEW HEATHKIT 2 -Meter AM Amateur Transceiver 
2- Meters at low cost. And the HW -17 Transceiver has 143.2 to 148.2 
MHz extended coverage to include MARS, CAP, and Coast Guard 
Auxiliary operation. Output power of tube -type transmitter is 8 to 10 
watts, AM. 4 crystal sockets plus VFO input. Relayless PTT operation. 
Double conversion solid -state superhet. Receiver has 1 uV sensitivity 
with prebuilt, aligned FET tuner, ANL, Squelch, "Spot" function, and 
lighted dial. Signal- strength /relative power- output meter. Battery saver 
switch for low current drain during receiving only. 15 transistor, 18 
diode, 3 tube circuit on two boards builds in about 20 hours. Built -in 
120/240 VAC, 50-60 Hz power supply and 3" x 5" speaker; low profile 
aluminum cabinet in Heath gray -green; ceramic mic. and gimbal mount 
included. 17 lbs. *Optional DC mobile supply, HWA -17 -1, $24.95. 

NEW HEATHKIT Home Protection System 
Customize your own system with these new Heathkit units to guard the 
safety of your home and family. Warns of smoke, fire, intruders, freezing, 
cooling, thawing, pressure, water, almost any change you want to be 
warned about. Your house is already wired for this system, just plug 
units into AC outlets. Exclusive "loading" design of transmitters gen- 
erates unusual signal which is detected by the Receiver /Alarm. Solid - 
state circuitry with fail -safe features warns if components of system 
have failed. Any number of units may be used in system. Receiver /Alarm 
has built -in 2800 Hz alarm and rechargeable battery to signal if power 
line fails (built -in charger keeps battery in peak condition). Receiver 
accepts external 117 VAC bells or horns. Smoke /Heat Detector- Trans- 
mitter senses smoke and 133 °F. heat (extra heat sensors may be added 
to it). Utility Transmitter has several contacts to accept any type switch 
or thermostat to guard against any hazard except smoke. All units 
feature circuit board construction and each builds in 3 -4 hours. All are 
small and finished in beige and brown velvet finish. Operating cost 
similar to that of electric clocks. Invest in safety now with this unique 
new low -cost Heathkit system. 

HEATHKIT 1968 
La I :.:b 

itiej 
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NEW 
FREE 1968 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -ti, 
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. L 

NOW, THE TUNER AND AMPLIFIER OF 

THE FAMOUS HEATH AR -15 RECEIVER ARE 

AVAILABLE AS SEPARATE COMPO LENTS 

Kit 

NEW AJ -15 

$18995* 

NEW 
Kit 

HW -17 

$12995* 

Kit 
NEW AA -15 

516995* 

NEW G D-87 
Smoke /Heat 

Detector - 
Transmitter 

84995 

GD -97 
Utility 

Transmitter 

13495 

G D -77 
Receiver / 

Alarm 

$3995 

HEATH COMPANY, Dept.20 -7' 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is S plus 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 -327 
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Seeing 
spots before 
your eyes? 
It's time to replace your 

worn -out vidicon 

Prices and quality have never been better. 
The quality: brandnew Toshiba and Hitachi, 
fully guaranteed in factory-sealed cartons. 

The price: (distributor cost) 
Hitachi 7735A vidicon $34.50 
Toshiba 7038 -H vidicon $29.50 
Hitachi separate mesh vidicon 8507 $74.50 
Replacement vidicon for 

Sony and Panasonic 7262 $29.50 

All vidicons sold in lots of 5 (10% more for 
lesser quantities). Act today. These prices 
apply for a limited period. Write for GBC's free 
Encyclopedia of CCTV equipment. 

GBC Closed Circuit TV Corp. 
89 Franklin St.. N.Y. 10013 

(212) 966-5412 GBC 
See us at the N.E.W. Show Booth #2230 

Circle 19 on reader's service card 

In the Shop ... With Jack 
By JACK DARR 

THE CASE OF THE "M- SHAPED" SYNC 

THE TV SET THAT "ISN'T WORKING 
quite right" is the worst kind. Nothing 
visible that you can put your finger on 
-just a sort of "10% off" in perform- 
ance. So, you can have a problem, and 
not notice it in time. 

I got into this with a Motorola 
TS -908 color chassis. I put in a new 
color picture tube and cooked the 
set on the bench for half a day. It 
worked beautifully. About a week after 
it had gone home, the irate owner 
called me: "It isn't working right! It 

Fig. 1 -This agc keying pulse strayed 
into the horizontal afc and color apc 
circuits, causing jittery sync and color. 
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jumps in and out. The color acts funny, 
too." 

Well, this wasn't much of a de- 
scription to go on, but a look at the set 
itself showed me what "jumps in and 
out" was -unstable horizontal sync! 
This, of course, affected the color by 
fouling up the burst -phase timing and 
so on. So, back to the shop. 

On the bench, the horizontal hold 
control showed a very peculiar reac- 
tion. Overall range was pretty bad, and 
the horizontal sync was jittery. So, up 
scope and at 'em! 

Poking around in the horizontal 
afc circuit, I saw a very odd -looking 
waveform. Tracing this back, I got the 
same thing on the grid of the first sync 
clipper. The sync pulse (Fig. 1), 
instead of being nice and sharply 
peaked, was a distinct "M" and pretty 
jittery. In fact, it jittered so badly that 
it was hard to photograph; I had to 
"technically augment" the negative 
with a soft lead pencil to show the ac- 
tual waveshape of the pulse. 

While scratching around in that 
circuit, I found that the +200 -volt 
line also had a 10-15 -volt p -p saw - 
tooth on it. This was jittery, too. Well, 
well. Things were looking up. 
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Fig. 2 -Agc and sync circuits in the Motorola TS -908 color TV chassis. Unstable 
horizontal sweep and jittery color were caused by a defective filter capacitor 
(C802 -c) which permitted the agc keying pulses to appear on the 200 -volt line. 
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MODEL 970 
TRANSISTOR EQUIPMENT 

ANALYST 

B&K MODEL 970 TRANSISTOR EQUIPMENT ANALYST 

SERVICE AM & FM 
AUTO & TRANSISTOR EQUIPMENT 

AT A PROFIT! 
Jobs that used to be unprofitable now go so quickly that you can make 
good money handling them! There are millions of auto radios and tran- 
sistor radios in the field -portables, auto and table models, plus hi -fi 
and communications equipment. Instead of turning them away, you can 
turn them into money -makers with the B &K Model 970 Radio Analyst. 

The 970 is effective because it's accurate and complete. Using the 
famous B &K signal injection technique, this all -in -one instrument pro- 
vides the required do power, lets you test power and signal transistors 
in and out of circuit; generates RF and audio signals, and includes a 
rugged, accurate VOM. Four functions in one compact package -with 
solid state reliability, B &K professional quality. 

LOW INVESTMENT -QUICK RETURN 
See your B &K Distributor or write for Catalog AP22 -R Net $19995 

JULY 1968 

B & K DIVISION OF DYNASCAN 
1801 W. BELLE PLAINE AVE. CHICAGO. ILL. 60613 

Canada: Atlas Radio Corp.. SO Wingold. Toronto 19, Ont. 
Export: Empire Exporters. 123 Grand St.. New York 13. U.S.A. 

Circle 20 on reader's service card 

FEATURES: 
BUILT -IN POWER SUPPLY 
Auto Radios -High current, low -ripple, for 
transistor, hybrid, and vibrator types. 
Transistor Portables -13ç to 12 volts for 
battery substitution -plus separately vari- 
able voltage tap for bias. 

QUICK AND ACCURATE TESTING OF 
POWER AND SIGNAL TRANSISTORS 
In- Circuit -stage by stage DC signal injec- 
tion and sensitive metering of power supply 
current. 
Out -of- Circuit- Direct Beta and Leakage 
meter scale readings. Easy balancing or 
matching. 

VERSATILE SIGNAL GENERATORS 
RF Generators -provide broadcast and 1F 
frequencies for both AM and FM bands. 
Audio Generator -for AM or FM modula- 
tion of the RF signals, and for trouble- 
shooting audio circuits. 

RUGGED VOM 
Volt -OH M- Milliammeter -with rugged. 
taut band meter -provides correct ranges 
for easy, fast servicing of all home and 
auto radios, as well as transistor portables. 
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MODEL ACP -1 

ar, ,.,. 

NEW! SOLID STATE 

Cofflvressor-Preafflv 
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 

Circle 21 on reader's service card 

the 

best buy 

for the 

money 
the sound approach to quality 

3700 S. Broadway Pl., Los Angeles, Calif. 90007 

69 -41 Calamus Ave., Woodside, N. Y. 11377 

Exclusive Canadian Distr. - 
Perfect Mfg. & Supplies Corp. Ltd. 

26 

Fig. 3 -The correct pulse on the first 
sync- clipper grid is 34 volts peak -to -peak. 

This kind of junk floating around 
on what should be a nice clean dc sup- 
ply line always means trouble, and the 
kind that means an open capacitor 
somewhere. Using the scope in the agc 
and sync circuits (Fig. 2), we traced 
the trouble to C802 -c, a 10 -µF elec- 
trolytic connected to the cathode of 
the 6SH8 (V 11 -a) agc keyer tube - 
the 200 -volt B+ source. 

Hooking the scope to the snyc- 
clipper grid, I bridged a new 10 -µF 
electrolytic across C802 -c; the "M" 
shape of the waveform "flipped up" 
and the twin peaks merged to form a 
much better -looking sharp spike (Fig. 
3) ! The horizontal sync improved, the 
color lock went back to normal and 

things looked better all around. 
Now, wha' hoppen? The 6HS8 

agc tube was keyed by a pulse from the 
flyback, as usual. This keying pulse did 
have a normal "M" shape, according 
to the waveform shown on the sche- 
matic. Apparently, the lack of proper 
bypassing on the agc tube's cathode 
was letting this "M "- shaped pulse stray 
into the other circuits. The slight delay 
in the pulse, together with the defor- 
mation of the peak of the pulse., was 
causing the horizontal afc, burst keyer 
and a lot of other things to go nuts 
trying to keep up with it! They would 
key first on one peak of the "M ", then 
the other, and I got the jitter. 

So, I replaced C802. If you find 
a bad section of a multiple electrolytic, 
replace the whole thing! Whatever 
condition exists inside the can and that 
made one section go bad will very 
soon get the others, and then you have 
a nice, free callback. 

If there's a moral to this, it should 
be, "Look 'em over very carefully be- 
fore you let 'em out of the shop!" Look 
out for those "just a little bit off" 
things, such as weak vertical sync or 
horizontal sync, jitters, and the like. 
After the average set owner has paid 
for repairs, he gets just a little more 
sensitive than he was before! So, be 
darn sure the thing's working right be- 
fore you let it out of that door! R -E 

KENWOOD 
KA 2000 

40 WATT SOLID STATE STEREO AMPLIFIER 

SBB.95 
including cabinet 

0 KEN W ODD OL'D TATE TEREC Pl FIER MO9... KA-YGOn 

and KENWOOD dependability, too! 
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Here's the most foolproof volt- ohm -milliammeter 
ever made. Protection approaches 100%. It's the 
VOM you will went to have on hand where inex- 
perienced people Ere running tests . .. or will reach 
for yourself on those days when you're all thumbs. 
The 260 -5P will save you all kinds of headaches from 
burned out meters and resistors, bent pointers, 
and inaccuracies caused by overheating. 

Combined Protection You Won't Find 
In Any Other VOM 
i. Reset button pops out to indicate overload. 
2. You cannot reset circuits while overload is present. 
3. Protective circuit does not require massive over - 

loads which can cause hidden damage to the Write for Bulletin 2076 
instrument. 

4. All ranges are protected except those not feasible Ranges -The 260 -5P has the same ranges and takes 
in a portable instrument -1000 and 5000 volts the same accessories as Simpson's famous 260 -5 
DC and AC; 10 amp DC. volt -ohm- milliammeter. 

S 1 1N/1 11=» t:=) IV 

26C 
ONLY $94.00 

/27//1 N\\, 
'rlMl 

DIVISION 

° .A® 4A l e . A 

INSTRUMENTS THAT STAY ACCURATE 

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT 

SIMPSON ELECTRIC COMPANY 
5200 W. Kinzie Street, Chicago, III. 60644 Phone: (312) 379 -1121 

Representatives 'n Principal Cities See Telephone Yellow Pages 
Export Dept.: 400 W. Madison St.. Chicago. III. 60606 Cable, Simelco 
In Canada: Bach- Simpson Ltd., London. Ontario 
In India: Ruttorsha- Simpson Private Ltd., Vikhroli, Bombay 

Circle 23 on reader's service card 
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How to get into 

One of the hottest money -making 
fields in electronics today- 
servicing two -way radios! 

___..__..._ 

DULANEY COMMUNICATIONS SERVIMI 
13 CAST 15' ST. . 

AND BUSINESS BAHT: 
WAY RADIO 

HE'S FLYING HIGH. Before he got his CIE training and FCC License, Ed Dulaney's only professional skill +a, as a com- mercial pilot engaged in crop dusting. Today he has his own two -way radio company, with seven full -time employees. "1 am much better off financially, and really enjoy my work," he says. Read here how you can break into this profitable field. 

More than 5 million two -way transmitters have skyrocketed 
the demand for service men and field, system, and R &D engi- 
neers. Topnotch licensed experts can earn $12,000 a year 
or more. You can be your own boss, build your own com- 
pany. And you don't need a college education to break in. 

HOW WOULD YOU LIKE to start col- 
lecting your share of the big 

money being made in electronics today? 
To start earning $5 to $7 an hour... 
$200 to $300 a week ...$10,000 to 
$15,000 a year? 

Your best bet today, especially if you 
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don't have a college education, is prob- 
ably in the field of two -way radio. 

Two -way radio is booming. Today 
there are more than five million two - 
way transmitters for police cars, fire de- 
partment vehicles, taxis, trucks, boats, 
planes, etc. and Citizen's Band uses- 

and the number is still growing at the rate 
of 80,000 new transmitters per month. 

This wildfire boom presents a solid 
gold opportunity for trained two -way 
radio service experts. Many of them are 
earning $5,000 to $10,000 a year more 
than the average radio -TV repair man. 

Why You'll Earn Top Pay 

One reason is that the United States 
Government doesn't permit anyone to 
service two -way radio systems unless he 
is licensed by the Federal Communica- 
tions Commission. And there simply 
aren't enough licensed electronics ex- 
perts to go around. 

RADIO -ELECTRONICS 
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Another reason two -way radio men 
earn so much more than radio -TV serv- 
ice men is that they are needed more 
often and more desperately. A home 
radio or television set may need repair 
only once every year or two, and there's 
no real emergency when it does. But a 
two -way radio user must keep those 
transmitters operating at all times, and 
must have their frequency modulation 
and plate power input checked at regu- 
lar intervals by licensed personnel to 
meet FCC requirements. 

This means that the available licensed 
experts can "write their own ticket" 
when it comes to earnings. Some work 
by the hour and usually charge at least 
$5.00 per hour, $7.50 on evenings and 
Sundays, plus travel expenses. A more 
common arrangement is to be paid a 
monthly retainer fee by each customer. 
Although rates vary widely, this fixed 
charge might be $20 a month for the 
base station and $7.50 for each mobile 
station. A survey showed that one man 
can easily maintain at least 100 stations, 
averaging 15 base stations and 85 mo- 
biles. This would add up to at least 
$12,000 a year. 

Be Your Own Boss 

There are other advantages too. You can 
become your own boss -work entirely 
by yourself or gradually build your own 
fully staffed service company. Instead 
of being chained to a workbench, 
machine, or desk all day, you'll move 
around, see lots of action, rub shoulders 
with important police and fire officials 
and business executives who depend on 
two -way radio for their daily operations. 
You may even be tapped for a big job 
working for one of the two -way radio 
manufacturers in field service, factory 
quality control, or laboratory research 
and development. 

How To Get Started 
How do you break into the ranks of the 
big -money earners in two -way radio? 
This is probably the best way: 
1. Without quitting your present job, 

learn enough about electronics fun- 
damentals to pass the Government 
FCC Exam and get your Commer- 
cial FCC License. 

2. Then get a job in a two -way radio 
service shop and "learn the ropes" of 
the business. 

3. As soon as you've earned a reputa- 
tion as an expert, there are several 
ways you can go. You can move out 
and start signing up and servicing 
your own customers. You might be- 
come a franchised service represen- 
tative of a big manufacturer and then 
start getting into two -way radio sales, 
where one sales contract might net 
you $5,000. Or you may even be in- 
vited to move up into a high -prestige 

I MP Ai3Z1LP3PagNIRWE IMÏGIIMIt1 
FIRST CLASS 

. : /X1 i i r 7/0 í / . G Fi r! _ 

(G.n.nl RaaietIpIone Certificate) 

IOMMY. W.ü11.S- DUFF 

IS A UCEMSED RA010 OPERATOR, AOTROPIE[O, SUBJECT TO ANT SPECIAL EN00 

LICENSED RADIO STATIONS FOR WHICH THIS CLASS OF LICENSE IN VALID UM 

COMMUNICATIONS COMMISSION. ANT STATUTE OF THE UNITED STATES AND 

THIS LICENSE IS GRANTED UNDER THE AUTHORITY OF THE COM 

THEREOF AND OF ALL LEGISLATIVE ACTS. EEECUTIvE ORDERS... R 

RULES AND REGULATIONS OF THE FEDERAL COMMUNICATI 

HEREOF AS THOUGH SPECIFICALLY SET OUT IN IOU 

NEITHER THIS LICENSE NOR THE PIGN 

PLACE AND DATE OF I 

DATE 

SPECIAL ENDO 

',LAC 

H '.E... R 

REATY ' 

AC 

E \ U 

R[T`' OIS 
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LASSES DE 

OF TN£ FEDERAL 
IS A PARTY, 

THE TERMS AND CONDITIONS 

NIE' IS SIGNATORY, AND ALL ORDERS. 
iADM OPERATORS. ARE MADE A PART 

R OTHERWISE TRANSFERRED TO ANY OTHER PERSON. 

K.__.SEPTEM.F3ER 11, 1963 

R 11, 1968 _ AT THREE O'CLOCK A. M., EASTERN STANDARD TIRE 

ENDORSEMENT - SEOTEMOER 11, 1963 

9 

o NEW YORK 

el, r FfICER / 
,'1Aai/vv,/6KVnwWou.nlu,1 fürnnri.FYÚrir. 
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NOT VALID UNTIL SIGNED 

THIS COULD BE YOUR "TICKET" TO A GOOD LIVING. You must have a Com- 
mercial FCC License to service two -way radios. Two out of three men who take the FCC 
exam flunk it ... but nine out of ten CIE graduates pass it the first time they try! 

salaried job with one of the major 
manufacturers either in the plant or 
out in the field. 
The first step- mastering the funda- 

mentals of Electronics in your spare time 
and getting your FCC License -can be 
easier than you think. 

Cleveland Institute of Electronics has 
been successfully teaching electronics 
by mail for over thirty years. Right at 
home, in your spare time, you learn 
electronics step by step. Our AUTO -PRO- 
GRAMMEDTM lessons and coaching by 
expert instructors make everything clear 
and easy, even for men who thought 
they were "poor learners." You'll learn 
not only the fundamentals that apply to 
all electronics design and servicing, but 
also the specific procedures for install- 
ing, troubleshooting, and maintaining 
two -way mobile equipment. 

Get Your FCC License ... 
or Your Money Back! 

By the time you've finished your CIE 
course, you'll be able to pass the FCC 
License Exam with ease. Better than 
nine out of ten CIE -trained men pass 
the FCC Exam the first time they try, 
even though two out of three non -CIE 
men fail. This startling record of achieve- 
ment makes possible the famous CIE 

CIE 

warranty: you'll pass the FCC Exam 
upon completion of your course or your 
tuition will be refunded in full. 

Ed Dulaney is an outstanding exam- 
ple of the success possible through CIE 
training. Before he studied with CIE, 
Dulaney was a crop duster. Today he 
owns the Dulaney Communications 
Service, with seven people working for 
him repairing and manufacturing two - 
way equipment. Says Dulaney: "I found 
the CIE training thorough and the les- 
sons easy to understand. No question 
about it -the CIE course was the best in- 
vestment I ever made." 

Find out more about how to get ahead 
in all fields of electronics, including two - 
way radio. Mail the bound -in postpaid 
reply card for two FREE books, "How 
To Get A Commercial FCC License" 
and "How To Succeed In Electronics." 
If card has been removed, just send us 
your name and address on a postcard. 

ENROLL UNDER NEW G.I. BILL 

All CIE courses are available under 
the new G.I. Bill. If you served on 
active duty since January 31, 1955, 
OR are in service now, check box 
on reply card for G.I. Bill infor- 
mation. 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept. RE -50, Cleveland, Ohio 44114 

A Leader in Electronics Training ...Since 1934 Accredited Member National Home Study Council (flip 
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BUILD FOR YOUR CAR: 

Automatic Windshield 
Wiper -Pause Controller 

Wipe . . . I . . . 2 . . . 3 . . . Wipe . . . 1 . . . 2 . . . 3 . . . Wipe 

By S. B. GRYNKEWICZ 

LIVES THERE A DRIVER WHO HASN'T 

encountered this: A light mist hangs in 
the air. Traffic is just heavy enough so 
that those @ # !90- drivers -in -a -hurry 
periodically whizzing by you leave a 
thin coating of dirt on your windshield. 

If you're like me, you hate to see 
those wiper blades flicking back and 
forth, wearing away, and giving a grit - 
polish to an expensive windshield. 
Turning the wipers on and off and 
reaching for the knob every few min- 
utes didn't appeal to me, so I decided 
to let electronics do the job. 

With this Automatic Pause Con- 
troller (APC), you can operate the 
windshield wiper at its normal speeds 
in a normal manner (no pause be- 
tween sweeps) or set the control knob 
to obtain a desired pause between 
sweeps . . . 1 second, 2 seconds . . . 

15 seconds . . . It's the pause that 
makes the difference. However, each 
sweep occurs at normal speeds. 

The unit will not operate with 
vacuum -operated wipers. Electric wip- 
ers have been in vogue for the past 15 
years, and unless you have an older 
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car the chances are you can use APC. 
Federal regulations require that all 
cars built after 1967 have two -speed 
wiper systems. 

Mechanical layout of the automatic wiper - 
pause controller is not critical. See varia- 
tion above. Build it to fit your car. 

All windshield -wiper motors have 
a built -in cam -operated "park" switch 
(S3 in Fig. 1) to keep the wiper motor 
running until the wiper blades return 
to their park position; even after the 
wiper switch on the dashboard is 

turned off. It's this cam -activated 
switch that makes the APC possible. 

Two silicon semiconductors, a 
unijunction transistor (Q1) and a sili- 
con- controlled rectifier (SCR1) are 
used in the APC. The SCR, which 
switches the wiper motor on, is trig- 
gered by preset pulses from relaxa- 
tion oscillator Ql. Once the SCR con- 
ducts, it stays on until its anode volt- 
age is zero with respect to its cathode. 

Operation of the relaxation oscil- 
lator is simple. When power is applied 
to the APC through S1 (S2 off), Cl 
begins to charge to the supply voltage 
through R1 and R2. The charge across 
C1 also appears across the emitter and 
base 1 of Ql. When the charge reaches 
a critical level, it drains off through 
Q1's emitter, base 1 and R3 until the 
emitter drops enough to stop conduct- 
ing. (The critical level depends upon 
the transistor's characteristics.) Capaci- 
tor Cl recharges and the cycle is re- 
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! C2 
0.1µF 

peated. Value of R1 and Cl and the 
setting of R2 determine the charging 
time. The greater the value of resis- 
tance and capacitance, the longer it 
takes to charge the capacitor and the 
longer the pause between wiper 
sweeps. 

When Q1's emitter voltage goes 
positive enough, current flows through 
R3, Q1's base 1 and base 2, and R4. The 
greater the current flow, the greater 
the voltage drop across R4. This volt- 
age is also across the SCR's gate and 
cathode. When the voltage drop across 
R4 reaches a sufficient level it causes 
the SCR to conduct and turn on the 
windshield wiper motor. 

Once the motor starts to operate, 
the cam -activated switch closes and 
keeps the motor running even though 
it shorts out the SCR and halts its 
conduction. The motor will continue 
to operate until the cam opens S3. 
When S3 opens, the motor will remain 
at rest until the SCR is fired once 
again by another pulse. 

To operate the wipers in a normal 
manner simply close S2. When S2 is 
closed it overtakes the APC regardless 
of the setting of S1 and R2. However, 
both S1 and S2 must be off for the 
wipers to remain at rest. Note: On 
many cars S2 is actually a 3- position 
switch (off, low, high). If you are for- 
tunate enough to own a Cadillac you 
have still another position (medium) 
at your disposal. 

Capacitors C2 and C3 and diode 
Dl prevent the SCR from "false" firing 
due to inductive kickback from the 
motor when it is shut off, and prevent 
other undesirable effects brought on 
by switching transients. 

Construction 

A 11/2" x 2" printed circuit board 
was used, but a plain perforated board 
and push -in terminals can be substi- 

(continued on page 79) 

PARTS LIST 
C1- 50 -µF, 15 -volt electrolytic capaci- 

tor 
C2- 0.1 -gF, 25 -volt disc capacitor 
C3 -1 -, F, 25 -volt disc capacitor 
R1- 33,000 ohms (15,000 ohms for 

6 -volt systems) 
R2- Linear potentiometer, 50,000 

ohms with switch SI 
R3 -51 ohms, 5% 
R4 -1000 ohms (replace with jumper 

for 6 -volt systems) 
All resistors % watt 
Q1- Unijunction transistor (2N2646, 

GE, Motorola or similar) 
SCR1- Silicon controlled rectifier 

(MCR2604 -4, Motorola or similar) 
D1- Silicon rectifier, 200 -volt or higher 

PIV (1N2069 or similar) 
SI-spst, (on R2) 
S2- Standard wiper switch (see text) 
MISC -small piece of perforated 

board, aluminum sheet, knob, 
wire, solder. 

JULY 1968 

APC CIRCUIT r 

L 

R3 
'5112 

* TO ACCESSORIES TERMINAL 
ON IGNITION SWITCH. 

53 
CAM 
SWATCH 

FOR 6- VOLT SYSTEM, REPLACE R4 WITH 
JUMPER WIRE, REDUCE RI TO 15,000 OHMS 

81 

E 

2N2646 

82 

GATE 

MCR2604 

CATHODE 

Fig. l- Unijunction transistor controls the wiper by firing the SCR at regular intervals. 

The APC can be built on a PC board or a perforated board for point -to -point wiring. 

Fig. 2 -For cars with 12-volt positive -ground system. See text for 6 -volt operation. 
APC CIRCUIT 

C1 
150µF+ 

R2 

( RI 

50K 

33K 

r 
1 -4 

OI 

2N2646 

E 

S1 oo 

R3 1N2069 
1 

51a 

SCR1 BI 
MCR2604-4 

B2 

R4 
IK 

u C3 
IµF ----- ------- 

WIPER MOTOR 
r- - - ---' 

$21 

S3 
CAM 
SWITCH 

L-----J 
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Simple project adds light patterns 

TODAY'S POP MUSIC IS WILD AND EXCITE - 
ing. Tie into it with a light -and -music 
show! Put Rhythm Lights near live 
musical instruments -or radio or hi -fi 
-and flood lamps will fill the room 
with color in rhythm with the music. 

C12 R13 
5.6K 

1' 100/12V 

This sound -to -light converter is all 
solid -state for trouble -free operation. 
No special wiring is necessary -just 
place the unit near the sound and the 
lights flash dynamically filling the room 

(continued on page 71) 

PARTS LIST 

Cl, C4- 500 -pF, 150 -volt ceramic capacitor 
C2, C3, C5- 10 -µF, 12 -volt, electrolytic capac- 

itor 
C6, C12- 1000, 12 -volt, electrolytic capaci- 

tor 
C7- 2000 -µF, 20 -volt, electrolytic capacitor 
C8, C11- 0.1 -µF, 150 -volt, paper capacitor 
C9- 0.047 -AF, 150 -volt, paper capacitor 
C10- 0.008 -µF, 150 -volt, paper capacitor 
D1- 1N34 -A diode 
D2, D3, D4, D5- Diode, at least 500 mA, 100 

piv (Lafayette 19H5001 or similar) 
D6, D8- 1N4001 diode 
D7- 1N4003 diode 
D9, D10, D11, D12- Diode, at least 1.5 amps, 

200 piv (RCA 40267 or similar) 
D13 -Pnpn trigger diode, T1 -42 or similar 
Fl -Fuse, 5 amps, and holder 
Q1, Q2- 2N3391 transistor 
Q3 -2N669 transistor 
Q4- 2N3528 silicon controlled rectifier 
R1- 2.2- megohm resistor 
R2- 10,000 -ohm resistor 
R3, R5- 1- megohm resistor 
R4 -4700 -ohm resistor 
R6 -2200 -ohm resistor 
R7- 100 -ohm resistor 
R8- 68,000 -ohm resistor 
R9- 39,000 -ohm resistor 
R10- 5000 -ohm, 8 -watt resistor 
R11- 10,000 -ohm potentiometer 
R12- 250,000 -ohm potentiometer 
R13 -5600 -ohm resistor 

R2 

RI 
2.2 MEG 

CI 
I/ 

500 pF 

10K 

QI 

2N339I 
CRYSTAL o MIC T PICK -UP 
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C2 +I¡ 

R3 
I MEG 
1h. 

C4 
1/ 

500pF 

10 /12V 

1+ C3 10/12V 

R4 
4.7 K 

C5 +1E-- 
10 /12V 

2N339I 

R5 
I MEG 

= DI 
I N 34A 

R6 
2.2K 

RII 
P. VOLU M E 

10K 

\ SI 

+1 C6 + C7 
R7 

100/12V 2000µF 
l00 

PRI 

03 
2N669 

TI 

20 V 

0 
0 
o SEC 0 0 

BOTTOM VIEW Fig. l- Transformers isolate the signal and power section's low and high voltages. 
OF 2 N339I Transistors QI and Q2 may be substituted with similar types, as stage design isn't critical. 
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to party music By R. T. MONTANE 

VC 
TO Si 

TO RI I 

c 

TO 
MIKE 

TO CHASSIS ONLY 
TO 

II7VAC GND R12 

Fig. 2 -Lay out parts on the board and solder carefully before mounting hoard to chassis. Watch electrolytic and diode polarities. 

TO 
FLOOD 
LAMP 
RECEPT 

Si, S2- S.p.s.t switches Tl- Interstage audio transformer, primary 
10,000 ohms, secondary 200 ohms (Allied 
Radio 54E2386 or similar) 

T2- Filament transformer, primary 117 volts, 

1N 4Ó01 3 K 

secondary 12 volts, at least 1 amp (Al- 
lied Radio 54B4136 or similar) 

PL1 -Neon lamp with series resistor for 117 
Vac operation 

MISC- High- impedance crystal microphone; 

5" x 10" x 3" aluminum chassis tBud 
AC -404 or similar) with bottom plate (Bud 
BPA -1591 or similar; 4 -2" standoffs; 3 -con- 
ductor line cord; ac receptacle; hardwire 
and wire. 

FI S2 

5AMP 
PLI 

R12 BRIGHTNESS 250K 
AC RECE PT. FOR 

D7 

° 1N4003 ° 
FLOOD LAMP 

11 

D 

= T113 42 
D8 

1N 4001 

R8 
68K 

CB T.I 

JULY 1968 

C9 T .047 

-. CII 
. I µF 

CIO 
.008 

4 
SC SCR 

2N3528 RIO 
5K 
8W 

CHASSIS 
ONLY 
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How to trigger power relays 

SOUP -UP YOUR RELAYS 
By LYMAN E. GREENLEE 

ARE YOU AT YOUR WIT'S END TRYING 

to find a sensitive relay with husky con- 
tacts to complete a pet project? If so, 
you've probably found that relay sensi- 
tivity (rated in milliwatts input per 
single -pole contact) drops sharply as 
contact current rating increases. Really 
sensitive relays with heavy contacts are 
generally very expensive or not readily 
available. If this is your problem, don't 
despair, I may have a simple solution. 

You can use an ordinary power 
relay and multiply its sensitivity many 
times by using an SCR to drive it. 
Typically, a relay handling up to 30 
amps at 600 volts can be triggered by 
only 200 µA at 0.8 volt on the SCR 
gate. The basic SCR /relay circuits in 
Figs. 1 and 2 work well, but must be 
modified to make them immune to 
power -line transients that are produced 
when oil burners, air conditioners and 
similar devices are turned on or off. 

In Fig. 1 resistors R1 and R2 
form a voltage divider to limit gate 

SI 
R 2 AC RY COIL 

100K 
A 

C 

SCR 

C106B2 ETC. 

(G -E) 

TO II7 V AC 

Fig. 1 -Basic SCR relay driver. Switch 
Si carries only the SCR gate current. 

SI (N.O.,MOMENTARY) 

R2 DC RY COIL 

00 K 

400 PIV, 
500 mA 

DI R4 

t 
50 

150 V 

R3 

S2 

Fig. 2 -A locking -type circuit. Closing 
Si triggers the SCR and locks -in the 
relay. Opening S2 releases the relay. 

1011 

17VAC 
PWR LINE 

A typical SCR /relay combination as in 
Figs. 3 and 4 fits neatly in a small metal 
box. The trigger leads run to the 
switch or LDR through the connector. 
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current to a safe value. The SCR, one 
of G -E's low -cost C106 series, will 
carry up to 2 amps. This is adequate 
to handle power relays that switch 30 
amps at up to 600 volts. When S1 is 
closed, the gate is biased on; the SCR 
conducts on positive half -cycles of the 
ac input voltage and keeps the relays 
energized. The SCR stops conducting 
on the next half -cycle following the 
opening of Si. 

If we add a diode and capacitor 
as in Fig. 2, we have a self -locking 
circuit. When Si is closed momentar- 
ily, the SCR fires and keeps the relay 
energized until released by opening S2. 
S1 and S2 may be momentary- contact 
switches with Si normally open and 
S2 normally closed. 

A locking circuit such as this is 
useful in alarms and similar devices. 
Reset (by opening S2) may be either 
manual or automatic. The value of R3 
is selected to clamp the voltage across 
Cl at about 120 volts dc. R4 is the 
surge -limiting resistor for Dl -a 200 - 
piV, 500 -mA silicon diode. 

The circuits in Figs. 1 and 2 are 
okay for experimenting, but are not 

practical because they are subject to 
random triggering by transients. So 
let's see how we develop a practical, 
reliable circuit. 

Noise -immune circuits 

First, in Fig. 3 we add transform- 
er Tl to isolate the relay coil and SCR 
from the power line. This, in itself, 
does not eliminate all random trigger- 
ing, so a filter (R5C4--05) is con- 
nected in the primary circuit. The drop 
across R5 is about 20 volts when the 
relay is energized. Idling or "relay off" 
current will produce a drop of about 
10 volts across R5. 

Resistor R4 and capacitor C3 
provide additional filtering across the 
secondary of Ti. A NE -2 neon lamp 
isolates the SCR gate from the trig- 
gering circuit. The advantage of using 
the neon lamp is that the gate cannot 
be triggered until the lamp is conduct- 
ing. Thus random pulses below the fir- 
ing voltage of the lamp cannot trig- 
ger the SCR. 

Resistor R3 and C2 eliminate any 
secondary or electrostatic discharge 
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with a 200 -microampere, 0.8 -volt signal 

WITH SCR DRIVERS 
across the NE -2. An electrostatic 
charge will lead to false triggering. The 
optimum value of R3 is around 3.3 
megohms, but it may be reduced to as 
low as 1 megohm, if necessary, to 
eliminate secondary glow in the lamp. 

The stray capacitance of long 
leads to the tripping contacts (S1) will 
tend to drive the NE -2 and make nec- 
essary the use of lower values for R3. 
Use the shortest possible length of low - 
capacitance, low- leakage cable to con- 
nect SI to the circuit. If R3 has to be 
less than 1 megohm, you will have to 
move the control circuit closer to Si or 
use leads with lower capacitance. 

The circuit in Fig. 3 is useful for 
many relay applications in which the 
actuator is an onoff switch capable 
of handling 200 A. This includes such 
low- current devices as meter relays 
where contact current is limited. Easy 
to construct, it can be fitted into a 5" 
x 4" x 3" utility box with room to spare. 
The relay may be almost any 117 -volt 
ac type with contact combinations 
handling up to 10 amps. Its contacts 
may range up to 6 -pole double -throw 
for polarity reversing, line transfer and 

Parts List (Fig. 3) 
R1- 470 -ohm, '/Q -watt resistor 
R2- 100,000 -ohm, 1/2-watt re- 

sistor 
R3 -3.3 meg, 1/2-watt resistor 
R4- 10,000 -ohm 2 -watt resistor 
R5- 500 -ohm, 5 -watt resistor 
C2 -56 -pF 500 -volt mica capaci- 

tor 
C3, C4, C5- .047µF, 600 -volt 

Mylar capacitor 
NE1 NE -2 neon lamp 
F1 -144- ampere, slow -blow fuse 
TI- Isolation transformer, 117 - 

volt primary, 110 -volt 30- 
mA secondary (Olson Elec- 
tronics No. T -173 or equal) 

RY1- General- purpose ac relay, 
115 -volt coil, 10 amp or 
heavier contacts as needed. 

SCRI- C106 -B2 silicon con- 
trolled rectifier (G -E) 

Additional parts for Fig. 4 
NE1- 5AJ /NE -86 (G -E) 
R2 -a, R2 -b- 100,000 -ohm mini- 

ature pot or as required to 
match the LDR or thermis- 
tor resistance. Be sure 
that the SCR gate is not 
overloaded at the mini 
mum setting of R2 -a. Se- 
lect R2 -b to keep the mini- 
mum circuit resistance at 
100,000 ohms. 

JULY 1968 

other complex switching. Heavier re- 
lays may require a larger box. 

The C106 SCR will handle up to 
2 amps but should be used on an ade- 
quate heat sink when used to drive a 
relay whose coil draws more than 
about 300 mW. 

Parts layout is not critical except 
for R4 and R5. They get quite hot and 
must be kept away from the 
other components, particularly the 
SCR. The SCR, C2, C3, R2, R4 and 
the NE -2 are all mounted on a 13/4" x 
2" piece of linen Bakelite board. Use a 
heat sink when soldering the SCR into 
the circuit. A fuse is desirable but can 
be eliminated if space is needed for a 
larger relay. 

Note that no part of the circuit is 
grounded or connected to the metal 
case. If grounded duplex ac receptacles 
are available, use a three -wire ac cord 
and ground the case through the third 
wire in the cord. 

If you use a different relay or 
transformer, adjust the value of R5 for 
about a 10 -volt drop when the SCR is 
cut off and not more than 20 volts 
when it is conducting and the relay is 

R5 
50on 

5W WW 

II7VAC FI 

I /4A 
SLO BLOW 

110 V AC 
30mA 

TI 

energized. Adjust R4 to balance the 
load and allow about 100 volts across 
the coil of the relay when the SCR is 
conducting. 

Using temperature or 
light control 

Figure 4 shows how the circuit 
can be modified so the relay can be 
triggered at any predetermined level of 
light or temperature. Here, the resist- 
ance of R2 -a, R2 -b and the LDR or 
thermistor in series is equal to 100,000 
ohms, the value of R2 in Fig. 3. R2 -a 
is adjusted to compensate for the re- 
sistance added by the LDR or thermis- 
tor. Potentiometer R2 -b is selected to 
limit SCR trigger current to a safe 
value at the minimum resistance of the 
LDR and R2 -a in series. R6 controls 
the sensitivity. 

The circuit can be adjusted to 
provide 200 ILA at 0.8 volt to trigger 
the SCR at any desired light or tem- 
perature level. The 5AJ /NE -86 (G -E) 
neon lamp has been doped with a 
radioactive material so it has low 
firing -voltage characteristics that are 
independent of light intensity. R -E 

.-. 
TO 
EXTERNAL 
CKTS 

C 06 -B2 
IG -E) 
SCRI CHAMFER 

G 

A 

Fig. 3 -This improved SCR /relay circuit is extremely sensitive but is immune to noise 
and transients on the power line. The neon lamp isolates the SCR from the trigger. 

LDR OR THERMISTOR 

TO TI SEC 
C3 a R4 
OF FIG 3 

e-. 
TO EXTERNAL CKTS 

Fig. 4 -How Fig. 3 is modified so relay can be controlled by a desired level of 
light falling on a photocell or by temperature change sensed by a thermistor. 
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oDoi 
IN PART I OF THIS SERIES (JUNE 1968) 
you were introduced to the unijunction 
transistor. You saw how it works, and 
were given 11 applications for it. 
Here are 9 more. For your conve- 
nience, the basing diagram (Fig. 1) 
and the characteristics (Table I) of the 
2N2646 UJT used in these circuits are 
shown once again. 

Diode -pump counter 

Circuit shown in Fig. 2 acts as a 
frequency divider or counter, but gives 
a nonlinear staircase output. It has the 
advantage, however, that counting is 
almost independent of the shape of the 
input signal. 

With no input applied, Q1 is cut 
off and C3 charges via R3, C2 and Dl; 
C2 and C3 act as a voltage divider, 

131 

2N2646 

E 

B2 

Fig. 1 -Base connections of 2N2646 UJT. 
732 is electrically connected to case. 

Table I- 2N2646 Characteristics 
Emitter reverse voltage 

(max) 30 volts 
Interbase voltage 

(max) 35 volts 
Peak emitter current 2 amps 
Rms emitter current 50 mA 
Power dissipation 

(max) 300 mW 
Intrinsic standoff 

ratio (n) 0.56 -0.75 
Interbase resistance 

(R,H) 
Peak -point emitter 

current (l,,) (max) 

4,700 -9,100 ohms 

5 pA (1) 
25 pA (2) 

Valley -point current 
(I,) (min) 4 mA 

Case TO-18 
(1) GE 
(2) Motorola 
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20 UNIJUNCTION 
Part II of 2 parts - to acquaint you 

and a fixed fraction of the supply volt- 
age appears across C3. When an input 
pulse is applied, Q1 is driven to satu- 
ration and C2 is discharged via Ql and 
D2; C3 is prevented from discharging 
by D1. When the pulse is removed 
again, C2 again charges via D1 and C3, 
and places another fraction of the 
supply voltage on C3. 

Thus, at the end of each pulse, 
the C3 voltage increases by a fixed 
step (smaller than the previous one) 
until eventually the UJT fires, dis- 
charges C3, and the counting cycle 
starts over again. Pulse shape has 
virtually no effect on circuit operation. 

The division ratio f° f" , is rough- 

ly equal to C2 -}- 

C2 
C3. The ratio is, 

+ CI -s- 
16µF 

2N2926 

however, affected by a number of va- 
riable factors, including operating fre- 
quency, so the values of these two 
components are best found by trial 
and error. Once components have 
been selected, the circuit will give sta- 
ble division over quite a wide range 
of input frequency variation. Stable 
division ratios up to 10 to 1 can be 
easily obtained. 

Synchronized 
frequency divider 

Divider shown in Fig. 3 generates 
precise frequency or timing- interval 
signals. Positive -going pulses from a 
100 -kHz crystal oscillator are fed, via 
Cl, to base 2 of Q1. R1 is adjusted 
so that the UJT locks firmly to an op- 
erating frequency of 10 kHz, the 100- 

+9 TO 12V 

RI 

IK 
INPUT 

(SHAPE NOT IMPORTANT) 

OV 

FROM I00KHz 
CRYSTAL OSCILLATOR 

CI :.001 

L 
RI 
IOOK 

R2 
22K 

lo KHz 

-L C2 
T.001 QI 

R2 
2.2K 

:R3 
.470R 

QI 

R3 
3.3K 

11C2 
SEE 
TEXT 

DI 

4:02 

R4 
47011 

2N2646 

C3 
SEE 
TEXT 

02 

R5 OUTPUT 

Fig. 2 -Diode pump counter. 
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BI 

t2R-"5 
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IKHz 
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Fig. 3- Synchronized frequency divider. 
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R3 
, 47052 

TRANSISTOR APPLICATIONS 
further with this useful solid -state device 

kHz signals acting as sync pulses. The 
10 -kHz signal from Ql's emitter is fed 
to Q2 via C3, and R4 is adjusted so 
that Q2 locks to an operating fre- 
quency of 1 kHz. Thus, the circuit 
makes available standard frequencies 
(and timing intervals) of 100 kHz 
(10 µsec), 10 kHz (100 µsec), and 
1 kHz (1- msec). Stability is very good 
if a Zener -regulated power supply is 
used for this circuit. 

Division ratios other than 10 can 
be obtained by adjusting R1 and R4. 
Outputs can be taken, via a high -im- 
pedance emitter -follower buffer stage, 
from the emitter of each UJT and 
from the crystal oscillator. 

Wide -range square -wave 
generators 

The unijunction transistor can be 
used as the heart of a whole range of 
waveform generators. Figs. 4 and 5 
show how it can be used to generate 
square waves. 

In Fig. 4, Q2 and Q3 form an 
npn bistable multivibrator or divide - 
by-2 circuit. At the end of each UJT 
cycle, the positive -going pulse from 
R4 is fed to the emitters of Q2 and Q3 
and causes the multivibrator to change 
state. Two cycles of the UJT produce 
a single complete cycle of the multivi- 
brator. The multivibrator output, tak- 
en from either collector, is therefore a 
perfect square wave at half the UJT 
frequency. The two collector signals 
are opposite in phase. 

Fig. 5 shows the pnp version 
of the same circuit. In this case, the 
circuit uses the negative -going pulses 
from R3 to trigger the bistable multi - 
vibrator, but the two circuits are oth- 
erwise similar to each other. 

It's important to note that in 
both these circuits C2 and C3 are of 

Cl 
equal value - approximately 100 
That is, if Cl is 0.1 µF, C2 and C3 
should be .001 µF (1000 pF). C2 
and C3 should, however, have a mini- 
mum value of about 100 pF. 

Both circuits (Figs. 4 and 5) will 

JULY 1968 

By R. M. MARSTON 

+9 TO 12V 

',R4 *SEE TEXT 
CI 

C2 =C3 =IDO (100pF MIN) 

Fig. 4 -Wide -range square -wave generator employing npn transistors. 

IRI 
500K 

R2 

2.21( 

+I 

+9 TO 12V 

R9 
; I0K 

é 

RIO 
C2 =C3= 

100 (100pF MIN) 
I0K. 

Fig. 5 -Pnp transistors in a square -wave generator. 

RI 
500K 
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R9 
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Fig. 6- Variable -frequency pulse generator. 
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generate square waves over a 100:1 
frequency range, using a single set of 
component values. 

Variable- frequency 
pulse generator 

The circuit of Fig. 6 generates a 
constant -width pulse that can be va- 
ried in repetition frequency over a 
100:1 range. It may, for example, gen- 
erate a pulse with a constant width of 
500 µsec, at repetition frequencies 
ranging from 10 to 1,000 Hz. The ac- 
tual pulse width can be adjusted, on 
any particular range, over a 10 to 1 

range, i.e., from 50 to 500 µsec. 
In this quite simple circuit, Q2 

and Q3 are wired as a monostable or 
one -shot multivibrator, with pulse 
width controlled by R9, R10 and C4. 
The multivibrator is triggered by pos- 
itive -going pulses fed from R4 to Q3 
base via C2 and D1. Thus, repetition 
frequency is controlled by the UJT, 
and pulse width by the multivibrator. 

Different sets of C1 C2C4 val- 
ues are needed for each range of oper- 
ation, but all three capacitors will usu- 
ally be of equal value. The main point 
here is that the maximum period of 
the pulse must be less than the mini- 
mum period of the UJT cycle. Other- 
wise the pulse will not be ended by the 
time a new trigger pulse arrives, and 
stable operation will not be obtained. 

Pulse outputs can be taken from 
either collector, the two outputs being 
opposite in phase. 

Variable on /off -time 
pulse generator 

This circuit (Fig. 7) generates a 
series of pulses in which the on and off 
times are independently controlled. 
Furthermore, each can be varied over 
a 100:1 range. 

The circuit is similar to the 
square -wave generator of Fig. 4, Q2 
and Q3 forming a bistable multivibra- 
tor that is triggered by positive -going 
pulses from R6. In the circuit of Fig. 7, 
however, two different CI charging 
circuits (R1 R2 and R3 R4) are 
available, and the multivibrator oper- 
ates diode gates that select the charg- 
ing circuit that may be used at any 
particular moment. 

Assume that when the power is 
turned on, Q2 is on and Q3 is off. 
Q2's collector is at zero volts, so D4 
is forward- biased and D3 is thus back - 
biased. No charge current flows to Cl 
via R3 R4. Q3's collector is at near full 
positive supply potential, so D2 is 
back -biased. D1 is thus forward -biased 
and Cl charges via R1 R2 only. At 
the end of this timing cycle, the UJT 
fires and triggers the multivibrator, so 
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Q2 switches off and Q3 switches on. 
D2 is forward -biased and D4 is back - 
biased, so R1 R2 are cut out of cir- 
cuit and C1 charges via R3 R4 only. 
At the end of this new cycle, the cir- 
cuit goes back to its original state. 

C2 and C3 are of equal value and 

equal to 736-, down to a minimum 
value of about 100 pF. When Cl is 
0.1 µF, the on and off times of the out- 
put pulse can be individually controlled 
over the approximate range 500 

sec to 50 msec. 

Variable frequency /M -S 
ratio generator 

Figure 8's circuit generates a se- 
ries of pulses in which both the mark/ 
space (on time /off time) ratio and the 
frequency can be independently va- 
ried over a wide range. If, for exam- 

D2 (GER 

ple, the MS ratio is set at 9 to 1, the 
operating frequency can be varied 
from, say, 10 to 1000 Hz without any 
resulting change in MS ratio. 

Similarly, if the operating fre- 
quency is set at, say, 100 Hz, the MS 
ratio can be varied over the range 1 

to 100 or 100 to 1 without any result- 
ing change in operating frequency. 

Both frequency and MS ratio 
can be simultaneously varied, without 
interaction. This type of generator is 
used at the transmitter end of analog 
proportional two -channel remote -con- 
trol systems, such as the "Galloping 
Ghost " -a radio control system. 

In Fig. 8, Q2 and Q3 form a su- 
per- alpha -pair (Darlington pair) 
emitter follower, and permit a saw - 
tooth output to be taken at low im- 
pedance from the R6 R7 R8 chain 
without affecting the operating fre- 
quency of Q1. This sawtooth is then 

+9 TO 12V 
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R2 
2.2K 
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DI (SIL) 

R3 
500K 
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Fig. 7- Variable on/off-time pulse generator. 
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Fig. 8- Variable frequency, mark -space ratio generator. 
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fed, via R9, to the Schmitt trigger 
formed by Q4 and Q5. By adjusting 
R7 the Schmitt can be made to fire at 
different points on the sawtooth, and 
so generate different MS pulse sig- 
nals at Q5's (or Q4's) collector. R6 and 
R8 allow the maximum and minimum 
mark -space ratios to be preset. Dif- 
ferent frequency ranges can be select- 
ed via Cl -as in the case of all UJT 
circuits given in this article. 

Radio control enthusiasts will 
have noticed that this circuit uses a 
total of five transistors, compared to 
the three used in some other pulsers. 
That's because this circuit is designed 
to give a total lack of channel inter - 
action-an advantage you don't get 
with other less -complex circuits. 

One -shot lamp /relay driver 

For most lamp or relay sequen- 

R2 

RI 
500K R3 R5 

470a IK 

tial operations, where you want 
switching or delay times of only a few 
seconds, the unijunction offers no real 
advantage over conventional transis- 
tor circuits. It's only when you want 
very long sequential periods- ranging 
from tens of seconds up to several 
minutes -that the UJT is really useful. 
Fig. 9 shows just such an application. 

This is a one -shot lamp or relay 
operator. The lamp is normally off, 
but as soon as you operate a pushbut- 
ton it comes on, and stays on for a 
preset period that can be adjusted 
from about 4 seconds to 8 minutes. At 
the end of that period, the lamp 
switches off and the circuit resets, 
ready for the next pushbutton opera- 
tion that you select. 

Q2 and Q3 form a bistable multi - 
vibrator in which Q2 is normally on 
and Q3 is off. Thus, Q2's collector is at 
zero volts, so D2 is forward -biased and 

+9 T012V 

3.3K 
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2N2646 
02 

(GER) 

R7 
10K 

2N2926 
Q2 

CI 

11000µF 

QI 

C2 
} (8µF 

R4 
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D4 
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Fig. 9- One -shot lamp or relay driver. 

H 
02 (GER) 

RI 
500K 
OFF 
TIME 

R2 
3.3K 

DI 

(SIL) 

(SIL) 

cl 2N2646 
1000µF 

R4 

R8 IK 

R3 R5 R7 
5001( 47031 IK 
ON 

TIME 

3.31( 

LMI 
(300 mA MAX) 

ON TIME =4 SEC. 

-8 MIN. 

IR13 

+9 TO 12V 

4700 

+ C2 8µF 
C3 8µF 

04 
(GER) 

JULY 1968 

01 

R6 
RII RI2 
10K 10K 

2.2 
2.2K 

2NI307/ 
(300 mA 

MAX) 

Fig. 10- Variable on/off-time lamp flasher. 

LMI 

D1 is back -biased. Capacitor Cl is 
prevented from charging via R1 R2. 
Q3's collector is at near full positive 
supply voltage, so no forward bias is 
applied to Q4, and the lamp is off. 
(R11 D3 R12 form a voltage di- 
vider, and insure that the small voltage 
at Q3's collector is not enough to turn 
transistor Q4 on.) 

When start pushbutton S1 is mo- 
mentarily operated, Q2's base is shorted 
to ground and the bistable multivibra- 
tor changes state. Q2 goes off, remov- 
ing the forward bias from D2. Cl 
now takes on a charge via R1 R2 D1. 
Transistor Q3 goes on, drives Q4 hard 
(via D3 R12) and switches the lamp 
on. After a preset period, the UJT 
fires, and the positive -going pulse from 
R4 is fed to Q2's base via C2 and D4, 
turning Q2 back on and resetting the 
circuit to its original condition. with 
D2 forward- biased and the lamp off. 

Only lamps or relays with operat- 
ing currents less than 300 mA can be 
used in this circuit. Q4 can, however, 
be used to drive a power transistor to 
handle larger currents, so long as the 
collector current of Q4 is limited to 
less than 300 mA by a series resistor. 

Variable on /off -time 
lamp flasher 

Another sequential UJT lamp - 
driving circuit is shown in Fig. 10. 
Here, the on and off times of the lamp 
can be individually varied over the ap- 
proximate range of 4 seconds to 8 

minutes (giving a maximum possible 
cycle period of 16 minutes). Operation 
is repetitive. 

The circuit is like the one in 
Fig. 7, with the addition of the lamp - 
driving transistor stage given in Fig. 9. 
Maximum output current is again 
limited to about 300 mA. The on time 
of the lamp is controlled by potenti- 
ometer R3 and the off time is con- 
trolled by potentiometer Rl. 

Conclusions 

If you decide to build any of these 
circuits, bear a couple of points in 
mind: Power supplies must be well 
filtered and reasonably stable. That 
doesn't mean they have to be fully reg- 
ulated: it simply means that they may 
give trouble if they contain a lot of ac, 
or if you use batteries that are half 
dead. In most circuits, I've designed 
the UJT sections to cover a 100:1 fre- 
quency range. As a result. control may 
be coarse; if it's too coarse, wire a 
10,000 -ohm "fine" control in series 
with the main potentiometer. If you 
want a range less than 100:1, increase 
the value of the fixed series control re- 
sistor. R -E 
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HALL -+-1- 
o o _ o t + 

OUTPUT 6 V. 

Introducing the Hall Effect 

-a most useful phenomena 

for science and industry 

HALL EFFECT IN SOLID 
By JOHN POTTER SHIELDS 

ELECTRONICS IS RICH WITH MARVEL - 
ous "effects." Many of them, decades 
old, have remained laboratory curiosi- 
ties until the time was ripe -until 
there was a need for them, or suitable 
materials were discovered to make ap- 
plications of the effects practical. The 
thermoelectric effects of Peltier and 
Seebeck are among the most fascinat- 
ing. They have been known since the 
mid -19th century, but practical ther- 
moelectric coolers had to await the 
coming and application of sophisticated 
semiconductor materials. 

Something similar happened with 

the Hall effect. At first poorly under- 
stood and considered virtually useless, 
the Hall effect now has a secure and 
deserved place in several areas of the 
electronics industry. 

What is the Hall effect? 
The whole Hall -effect story 

started in 1878 with a Mr. Edward H. 
Hall. He discovered that, when current 
is passed through a metal strip sub- 
jected to an intense magnetic field, a 
minute voltage is developed along the 
edges of the strip. Mr. Hall also noted 
that this rather strange effect is rela- 
tively weak in such materials as iron 
and gold, but much stronger in the 

Fig. 1- Control current and the magnetic field interact to 
generate a voltage between opposite edges of a Hall crystal. 
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42 

CONTROL CURRENT 
SOURCE 

metals bismuth and tellurium. 
More recently, it has been found 

that this effect is much more pro- 
nounced in a variety of semiconductor 
materials, including, for example, sili- 
con, germanium, indium antimonide 
and indium arsenide. 

Figure 1 gives an idea of the basic 
Hall -effect concept. The Hall -effect 
device proper is fabricated from a thin 
slice of semiconductor material to 
which are attached suitable electrodes 
and conducting leads. This assembly is 
encapsulated in a protective coating to 
protect it from contamination. As 
shown, the Hall -effect device has four 
leads. Two are connected to the con- 

Fig. 2 -a- Outside a magnetic field, charge carriers are uni- 
formly distributed in the Hall element and voltage is zero. 
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Fig. 3 -Basic setup for measuring magnetic field strength 
with Hall device. As battery ages, R2 regulates current. 

MAGNET 

CURRENT - 
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Fig. 4- Hall -effect wattmeter responds to frequencies over a wide range. 

trol- current source, while the other 
two leads deliver the Hall voltage. 

When the Hall -effect device is 
placed in a magnetic field and the con- 
trol current is applied to it, a voltage 
appears across its Hall- voltage termin- 
als. The amount of Hall voltage de- 
veloped is directly proportional to the 
intensity of the magnetic field and the 
amplitude of the control current. For 
example, if the magnetic field intensity 
is doubled while holding the control 
current at a constant value, the Hall 
output voltage will double. 

Similarly, the Hall output voltage 
will double if the value of control cur- 
rent is doubled while the magnetic field 
strength is held constant. Doubling 
both the magnetic field intensity and 
control current, the Hall voltage will 
increase four times, the Hall voltage 
thus being a product of the magnetic 
field and control current. 

To see more clearly how a Hall - 
effect device works, let's take a look at 
Fig. 2, which gives us an "X -ray view" 
of Hall -effect operation. In Fig. 2 -a, no 
magnetic field is applied to the Hall - 
effect device. Under these conditions, 
the control current passing through it 

TO 
AMPLIFIER 
AND 
METER 

HALL 
ELEMENT 

causes a flow of charge carriers, either 
electrons or holes, down the length of 
the device. Since no charge carriers 
collect at the edges of the Hall -effect 
device, no Hall voltage is developed. 

In Fig. 2 -b, the setup is the same 
except that a magnetic field is applied. 
Notice that the charge carriers are now 
deflected so that they strike one edge 
of the Hall -effect device. This causes a 
difference in potential between its two 
edges. If we now reverse the polarity 
of the magnetic field (north pole for 
south pole and vice versa) the charge 
carriers will be deflected in the oppo- 
site direction, as shown in Fig. 2 -c. 
This will reverse the polarity of the 
Hall output voltage. A good analogy 
of this deflection of charge carriers is 
the cathode -ray tube, in which a beam 
of electrons is deflected by a magnetic 
field within the tube. 

The Hall output voltage obtain- 
able from a typical Hall -effect device is 
small -in the neighborhood of 100 
millivolts or so with a magnetic field 
strength of 1000 gauss. Therefore, it 
is generally necessary to amplify the 
Hall output voltage. 

Now that you are aware of what 

A magnetic field perpendicular to plane of the Hall ele- 
ment (b) deflects charge carriers, producing a potential differ- 
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the Hall -effect device is and how it op- 
erates, just what is it good for? Perhaps 
its most obvious application is in the 
measurement of magnetic field inten- 
sity. Fig. 3 shows a simple arrange- 
ment for this. The Hall -effect element 
is supplied with its rated control cur- 
rent by the battery. Potentiometer R1 
is adjusted to supply the rated control 
current while current regulator R2 
maintains a constant value of control 
current as the battery ages. 

The Hall -voltage output signal is 
applied to a direct -coupled amplifier, 
which amplifies the signal and applies 
it to a calibrated meter. The direct - 
coupled amplifier is generally a bal- 
ahced (differential) type, so that in the 
absence of a magnetic field the slight 
residual Hall voltage can be zeroed 
out, and the meter will be deflected 
only when the Hall -effect device is in a 
magnetic field. There are, of course, 
more complicated Hall -effect mag- 
netic -field measuring arrangements, 
but the basic principle just described is 
generally followed. 

The Hall -effect wattmeter is an- 
other Hall -effect device. The Hall - 
effect wattmeter has an advantage over 

ence between opposite edges. When the magnetic poles are 
reversed, the polarity of voltages generated are reversed. 

CHARGE CARRIERS 
DISPLACED 
OPPOSITE WAY 

HALL 
VOLTAGE 
PRESENT, 
OPPOSITE 
POLARITY 
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conventional direct electromagnetic - 
movement type wattmeters in that it 
will respond equally well to a much 
wider range of frequencies (for exam- 
ple, 10 to 100,000 Hz). Fig. 4 shows 
the basic arrangement of the Hall - 
effect wattmeter. As you can see, the 
Hall -effect device is placed between 
the pole pieces of an electromagnet 
whose winding is in series with the load 
to which the wattmeter is connected. 
The Hall -effect element's control cur- 
rent is derived directly from the supply 
voltage through a current -limiting re- 
sistor. By this hookup, the element's 
control current is proportional to the 
supply voltage while the magnetic field 
applied to the element is proportional 
to the load current. Since the Hall out- 
put is the product of the applied 
magnetic -field intensity and control - 
current intensity, its value indicates the 
power consumed by the load: power = 
voltage X current. 

Metal detector 

Figure 5 shows how the Hall ef- 
fect may be applied to detect ferrous 
(iron and steel) objects. This type of 
metal detector, while sensitive only 
within about an inch, is nevertheless 
very useful as a ferrous -object counter, 
etc. It responds to both stationary and 
moving ferrous objects and, unlike 
photocell detectors, can operate in 
cloudy atmospheres which would dis- 
able photocell systems. 

As you can see from Fig. 5, the 
Hall -effect element is mounted with a 
permanent magnet in a small U- shaped 
assembly. When a ferrous object comes 
close to the open ends of the U, it 
shortens the magnetic path between 
the ends of the U. As a result the mag- 
netic field applied to the Hall element 
is increased. This in turn produces a 
larger Hall output voltage, which is 
amplified and can then be used to en- 
ergize a relay or as a electromechanical 
counter. 

The Hall effect can also be used to 
measure extremely small mechanical 
movements. As shown in Fig. 6, the 
Hall -effect element is mounted mid- 
way between two small permanent bar 
magnets. In this position, there is 
minimum Hall output voltage from the 
element, because magnetic fields of 
equal strength and the same polarity 
(north- north) are on each side of the 
Hall element. If the Hall element is 
displaced to one side, there will be a 

stronger magnetic field on one side of 
the Hall element and a Hall output 
voltage will be generated. If the element 
is moved to the opposite side of center, 
a Hall output voltage will also be gen- 
erated, but of opposite polarity. Thus, 
this arrangement will register the 
amount and the sense of the movement. 
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As shown in Fig. 7, the Hall ef- 
fect can also be used for current meas- 
urement. As you know, any conductor 
carrying an electric current has a mag- 
netic field around it. The intensity of 
the field is proportional to the current 
strength. By placing the Hall element 
in the gap of a flux concentrator 
(a device which concentrates a mag- 
netic field into a small area) placed 
around the conductor, the conductor's 
magnetic field will be applied to the 

TIN CANS ETC. 

MAGNET 

HALL 
ELEMENT 

POLE 

PIECES 

Fig. 5- Sensitive to changes in magnetic 
flux, the Hall device is useful for count- 
ing ferrous objects such as beer cans. 

HALL ELEMENT 

LEADS TO CONTROL 
CURRENT AND AMPLIFIER 

Fig. 6- Minute movements of Hall device 
or magnets can be detected and measured. 

FLUX CONCENTRATOR 

CURRENT 
CARRYING 
CONDUCTOR 

HALL 
ELEMENT 

Fig. 7- Magnetic field around conductor 
( or ion beam, see "Some Commercial Ap- 
plications") is concentrated on Hall device 
and the output is measured as current. 

(north- north) are on each side of the 
Hall element. The Hall output voltage 
will be proportional to the strength of 
the magnetic field around the conduc- 
tor, which, in turn, is proportional to 
the current flowing through the con- 
ductor. The Hall output voltage is am- 
plified and applied to a meter cali- 
brated in amperes or milliamperes. 

There are other useful applica- 
tions for the Hall- effect, but the ones 
we've mentioned are probably the 
most common. 

Experimenting with the 
Hall effect 

Now that you have a good un- 
derstanding of the Hall effect and 
how it is used, you might like to try 
putting it to practical use. 

You will need a Hall -effect ele- 
ment. An inexpensive source is the F. 
W. Bell Co., 1356 Norton Ave., Co- 
lumbus, Ohio 43212. I used one of 
Bell's BH -700 Hall -effect elements in 
all the following experiments. It is 
available direct from the manufactur- 
er for $10.75. 

To boost the low Hall output 
voltage obtained from the Hall -effect 
element, a dc amplifier is required. 
There are, of course, a number of cir- 
cuits that can do the job, and the sim- 
ple differential (balanced) transistor 
amplifier shown in Fig. 8 will do the 
job nicely. This circuit is identical to 
that of the completely packaged 
printed -circuit amplifier available from 
the F. W. Bell Co. as part of their Hall 
Pak Kit. The kit, available for $21.95, 
also contains one BH -700 element, two 
small bar magnets and an instruction 
booklet with applications. 

The amplifier can be powered by 
a 9 -volt transistor -radio battery, with 
a 6 -volt lantern battery supplying the 
Hall control current. The output of the 
amplifier can be applied to either a 
vtvm with a low range of 5 volts or 
less, or to a 100 -µA meter. Now, on 
to the experiments. 

Measuring magnetic 
field strength 

With the element, batteries and 
amplifier connected as shown in Fig. 8, 
apply power to the amplifier and con- 
trol current to the Hall element. With 
no magnetic materials near the Hall 
element, adjust the amplifier's balance 
control, R1, for a mid -scale meter 
reading. Bring a small permanent mag- 
net near the Hall element. The meter 
deflects, indicating the presence of a 
Hall output voltage from the element. 
As the magnet is moved closer to or 
farther from the Hall element, the Hall 
output voltage will vary proportional- 
ly, as indicated by the meter. Notice 
that the direction of meter movement 

o e n l n F I c r T D n AI I r C 

www.americanradiohistory.com

www.americanradiohistory.com


o 

R8 
33l1, 2W 

1/NA. 
HALL ELEMENT 

CONTROL CURRENT 
LEADS 

O 

HALL ELEMENT 
HALL OUTPUT 

VOLTAGE LEADS 

o 

ALL RESISTORS 
EXCEPT R8 ARE 
1/2 WATT, 10% 

is determined by the polarity of the 
magnetic field. 

A noncontacting 
position indicator 

Here's a Hall effect project for 
which you can find a number of appli- 
cations. Basically a direction -sensing 
rotational- motion indicator, it can be 
used as a wind -speed indicator, a 
liquid -level indicator, for "electronic 
scales," or as a source of low- frequency 
ac signals, to name but a few. 

Figure 9 shows the setup. A small 
permanent- magnet rotor (type DM- 
662, Dura Magnetics, 5354 Whitford 
Rd., Sylvania, Ohio, 43560; $1.45) is 
mounted on a shaft supported between 
two panel bearings so that it rotates 
freely when the extended portion of 
the shaft is turned. A BH -700 Hall - 
effect element is mounted approxi- 
mately Ms" from the edge of the 
rotor, as shown in Fig. 9. When the 
shaft is rotated, the rotor edge moves 
past the Hall element, generating a 

BEARING 

6V 

TO 
METER 

WIND DIRECTION 

FLAG 

MOTION 
INDICATOR 
ASSEMBLY 
(FIG. 9) 

SUPPORT 

SPRING 

Fig. 10 -Using the shaft -position indi- 
cator (Fig. 9) to show wind velocity. 

Fig. 8 -Low output voltage from Hall -effect element can 
9V + be amplified with this differential amplifier circuit. 

Hall output voltage proportional to 
the magnetic field intensity at the 
edge of the rotor. The Hall output 
voltage will vary from a maximum 
negative value, decrease to zero, then 
rise to a maximum positive value. The 
polarity and amplitude of the Hall out- 
put voltage will depend on the position 
of the shaft. 

This arrangement is better than 
devices such as a potentiometer -type 
position indicator, because there is no 
wiper to wear down a wire or carbon 
resistance element. Also, there is less 
friction on the rotating shaft and less 
torque is required to turn it. 

Now let's put our little gadget to 
several practical uses. Fig. 10 shows 
the position indicator as a wind -speed 
gage. The shaft of the indicator is 
fitted with a small clamp to which is 
attached a metal flag. A spring is at- 
tached to the bottom of the flag sup- 
port. The spring returns the flag to its 
rest position when no pressure is ap- 
plied to the flag. Spring tension is ad- 
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BEARING 

I I HALL- EFFECT 

HALL OUTPUT V SUPPORT ELEMENT 

VOLTAGE TO CONTROL 
CURRENT 
SOURCE 
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justed so that the rotor is turned ap- 
proximately 45° when there is maxi- 
mum wind pressure. 

The differential amplifier is con- 
nected to the Hall output- voltage 
leads of the element. With power ap- 
plied to the amplifier, its balance con- 
trol, R1, is adjusted for a zero meter 
reading when the flag is at rest. Mov- 
ing the flag with a finger should cause 
the meter to read upscale. If the meter 
reads backward, simply reverse its 
leads for correct polarity. 

To calibrate the meter scale, 
take it to a clear spot outdoors. Check 
with your local weather bureau to ob- 
tain the current wind speed, and ad- 
just the indicator's spring tension to get 
an appropriate meter reading. By "ap- 
propriate," I mean a half -scale meter 
reading for a 50 -mph wind, quarter - 
scale reading for 25 mph, or less for 
lower velocities. 

Figure 11 shows how the position 
indicators can be used to furnish low- 

( continued on page 93) 
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Fig. 11- Spinning shaft in Fig. 9 generates alternating voltage. 

Fig. 9- Magnetic rotor supported on freely rotating shaft changes polarity and output 
amplitude of nearby Hall element. Setup can be used to sense direction or indicate speed. 
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TV INTERFERENCE 
How to identify and cure TVI from adjacent channels 

By MATTHEW MANDL 

CORRECTLY ADJUSTED I. F. TRAPS ARE 
vital to proper operation of a TV re- 
ceiver. They help shape the i.f. re- 
sponse curve, eliminate interference 
from adjacent -channel stations and 
prevent the i.f. carrier of the station 
being received from causing interfer- 
ence (sound bars) in the picture. 

In most areas around the coun- 

LOWER ADJ CHANNEL 9 UPPER ADJACENT 
CHANNEL II 

CHANNEL 10 BEING RECEIVED 

VESTIGIAL LOWER 
SIDEBAND 

LOWER 
CH. 
SOUND 
CARRIER 
191.75 MHz 

UPPER 
SIDEBAND 

192 MHz 198MHz) 

"OWN" 
PIX 
CARRIER 
193,25 MHz 

LOCAL OSC. 
FREQ. 

239.00MHz 239.00 MHz 239.00 MHz 239.00MHz 
-191.75 - 193.25 - 197.75 - 199.25 

"OWN" 
SOUND 
CARRIER 
197.75 MHz 

UPPER 
CH. 
PIX 
CARRIER 
199.25 
MHz 

47.2/5MHz 45.75MHz 41.25MHz 39.75MHz 

INTERFERENCE PIX. I.F. 

FRED. 
SOUND INTERFERENCE 

FREQ. 

Fig. 1- Distribution of other signals in 
and around TV channel 10. The interme- 
diate and interference frequencies are 
identical on all other television channels. 

I.F. RESPONSE CURVE 

141.25 mHz 

¡SOUND I.F 
!CARRIER I 

39.75 mHz TRAP 

45.75 mHz 

Plx I.F. 
CARRIER 

4725mHz TRAP 

Fig. 2- Typical TV i.f. response curve 
showing the carrier and trap frequencies. 
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try, adjacent -channel traps are probably 
the most neglected of all TV cir- 
cuits. Adjacent channels are not as- 
signed to two stations in any one area, 
so there is no continuing problem of 
adjacent -channel interference. 

For the purpose of this article, 
adjacent channels are those with no 
separation between the upper limit of 
one channel and the lower limit of the 
next channel above it. For example 
channel 2 (54-60 MHz) and channel 
3 (60-66 MHz) are adjacent channels. 
Channel 4 (66-72 MHz) is the upper 
adjacent channel to channel 3 but 
channel 5 (76-82 MHz) is not the 
upper adjacent channel to channel 4 
because there is a 4 -MHz gap between 
the upper end of channel 3 and the 
lower end of 4. 

Complaints of interference are 
common when portable TV sets are 
taken into an area between two met- 
ropolitan TV centers that have stations 
on adjacent channels. Sometimes the 
complaints are blamed on automobile 
ignition noise or other man -made in- 
terference. While these may be con- 
tributing factors, adjacent -channel in- 
terference is often the culprit and 
should not be ruled out. 

However, the problem situation is 
equally serious on console -type sets in 
"midway" areas or when a CATV 
system brings in adjacent -channel sta- 
tions from distant areas. On interfer- 
ence complaints, always check the 
traps, not only to minimize interfer- 
ence, but also to make sure that a mis- 
tuned trap is not affecting the overall 
response curve and cutting down on 
fine detail in the picture. This happens 
when a trap is mistuned and falls with- 
in the i.f. bandpass curve. 

Why traps? 

An understanding of why traps 
are necessary will help you diagnose 
symptoms. On both vhf and uhf chan- 
nels the local -oscillator signal in the 
tuner heterodynes (mixes) with the 
incoming sound and picture carriers to 
produce the sound and picture i.f. sig- 

Fig. 3- Herringbone pattern superimpos- 
ed on the picture is result of sound inter- 
ference from the lower adjacent channel. 

nais. If adjacent channels produce rea- 
sonably strong signals in the area, their 
sound and pix carriers can ride into the 
tuner and also mix with the local oscil- 
lator. The result is the production of 
spurious signals which ride through the 
video i.f. stages and produce inter- 
ference in the form of bars, herring- 
bone lines and double images. At the 
same time the desired station's own 
sound i.f. signal must be trapped to 
prevent it getting to the picture tube 
and producing horizontal bars. 

The entire mixing process is 
shown in Fig. 1 for channel 10 as an 
example. Here, the channel -10 picture 
carrier of 193.25 MHz mixes with the 
local -oscillator frequency of 239 MHz 
to produce the picture i.f. of 45.75 
MHz, which is now standard with al- 
most all receivers. 

Channel 10's sound carrier of 
197.75 MHz also mixes with the local - 
oscillator frequency of 239 MHz, and 
the result is the 41.25 -MHz sound i.f. 
carrier. Note, however, that the lower 
adjacent channel (9) has its sound 
carrier near the start of the channel -10 
picture carrier. If this lower adjacent - 
channel sound carrier mixes with the 
local oscillator the result is a signal 
with a frequency of 47.25 MHz. Simi- 
larly, if the upper -channel picture car- 
rier mixes with the local -oscillator 
frequency, an interference signal is 
produced, now having a frequency of 
39.75 MHz. 

The tuner operates the same way 
when turned to other channels. The 
channel -3 picture carrier, for instance, 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


TRAPS SIMPLIFIED 

Fig. 4 -TVI from upper adjacent channel 
results in "floating" background picture. 
TVI blanking produces framing lines. 

is 61.25 MHz, and now the local oscil- 
lator is 107 MHz. When these two mix, 
the resultant is again a 45.75 -MHz pix 
i.f. Note the trap frequencies which re- 
sult when channel 3 is tuned: 

107.00 MHz local oscillator at 
channel 3 

67.25 MHz channel -4 picture 
39.75 MHz interfering signal 

107.00 MHz local oscillator at 
channel 3 

59.75 MHz channel -2 sound 
47.25 MHz interfering signal. 

Misadjusted traps can also inter- 
fere with the i.f. bandpass. Fig. 2 is 

a typical i.f. response curve showing 
the dips which result with properly 
tuned traps. The picture i.f. is higher 
than the sound i.f. due to the mixing 
process when the set oscillator is high- 
er in frequency than the incoming sig- 
nal. Hence, the lower adjacent -channel 
trap is higher in frequency than the 
upper adjacent -channel trap, as was 
also shown in Fig. 1. 

If the 47.25 -MHz trap is tuned 
too low in frequency it will put a dip 
on the right slope of the response 
curve, affecting fine detail and crisp- 
ness. Similarly, if the 41.25 -MHz 
sound trap is shifted higher in fre- 
quency, it will cut into the left -hand 
slope of the curve, attenuating low 
video frequencies and causing large 
objects in the television picture to ap- 
pear smeared. 

In solid -state portable receivers, 
the bandpass determines how many 
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Fig. 5- Interference of faint sound bars 
can be traced to adjacent TV station by 
tuning the set toward next higher channel. 

traps are used. Some receiver designs 
call for a 3 -MHz or 3.2 -MHz band- 
pass. This is sufficiently narrow to 
permit elimination of all traps except 
perhaps the 47.25 -MHz lower adja- 
cent- channel trap. If a wider bandpass 
is used, all three traps are necessary for 
best results. 

Thus, with standard i.f.'s of 45.75 - 
MHz picture and 41.25 -MHz sound, 
the traps will be 41.25 MHz, 39.75 
MHz and 47.25 MHz. On rare occa- 
sions, however, a special trap may be 
used where the receiver is found to be 
susceptible to a specific interfering 
frequency. This special trap may have 
a frequency of 37.5 MHz instead of 
the usual 39.75 MHz. Such a change 
from the normal is usually indicated 
on the schematic of the television re- 
ceiver in question. 

Symptom identification 

Lower adjacent -channel inter- 
ference is shown in Fig. 3. Note the 
herringbone pattern. The constant 
change of the interfering signals shifts 
and wiggles the lines constantly. 

Interference from the upper ad- 
jacent channel causes the interfering 
picture to be visible, as in Fig. 4. With 
the interfering picture not properly 
synchronized, faint "framing" lines 
may be visible as the vertical and hori- 
zontal blanking of the interfering sig- 
anls shifts across or up the screen. The 
phasing may be such that the blanking 
bars appear white against a dark back- 
ground on the TV screen. 

Fig. 6- Multiple interference. Herring- 
bone pattern and horizontal bars are due 
to sound and lower channel traps. 

The fine -tuning control can be ad- 
justed to favor the interfering station 
to accent symptoms and make identi- 
fication easier. If very faint shifting 
bars are visible, tune toward the up- 
per channel and note if the interfer- 
ence increases. Similarly, for very faint 
herringbone lines, shift the fine tuning 
toward the lower adjacent channel to 
see if the lines become more visible. 

If the 41.25 -MHz sound trap is 
not adjusted, you will see horizontal 
bars that change with sound intensity 
and frequency. The sound bars will not 
be evenly spaced nor will they stay in 
one position for any length of time. If 
the sound carrier produces a stronger 
signal than the video, you may see faint 
sound bars (Fig. 5) and not the video. 
Sound bars on weak stations are a pos- 
itive indication of the need for trap 
adjustment. 

When both the lower adjacent - 
channel trap and the sound trap (41.25 
MHz) are maladjusted, multiple inter- 
ference patterns may result, as shown 
in Fig. 6. Such multiple symptoms may 
not occur for each channel tuned in 
because of frequency gaps between 
some stations. Channels 4 and 5, for 
instance, are separated by 4 MHz; 
channels 6 and 7 by 86 MHz and 
channels 13 and 14 by over 200 MHz. 

Trap circuits 

In tube -type receivers, traps were 
often found in various sections of the 
i.f. amplifiers (to minimize loading 
effects). Because of the low- impedance 
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characteristics of transistors, however, 
all traps can be included in the input 
to the first video i.f. amplifier. In many 
cases a trap consists of a series capaci- 
tor and variable inductor, as shown for 
the solid -state Sylvania A07 -1 receiv- 
er of Fig. 7. A series- resonant circuit 
has a low impedance for the signal to 
which it is tuned, hence shunts such an 
interfering signal. The complete trap 
circuit consists of Cl and slug -tuned 
L1. Inductor L2 and C2 are not part 
of the trap circuit, but comprise part 
of the i.f. resonance tuning. 

Note the low value of R1, the 
series isolating resistor. Where multi- 
ple traps are used, several such low - 
value resistors will be found in the 
solid -state systems. If traps do not 
function, the fault is rarely with such 
resistors or associated parts, but rather 
with the slug- tuning mechanism. 

Full trapping is used in the Air- 
line 1967 -A receiver shown in Fig. 8. 
where L1, L2 and L3 are slug -tuned 
coils. Transformer T1 is used between 
the tuner input and the base of the first 
picture i.f. stage using an npn 
transistor. 

Some receivers have two traps 
tuned to the same frequency to pro- 
vide maximum interference reduction. 
An example of this is the twin 47.25 - 
MHz traps (Fig. 9) in the Magnavox 
T908 chassis. Here, a series -resonant 
47.25 -MHz trap (L2 C2 C3) is con- 
nected across the tuner output to 
shunt the unwanted signal to ground. 
In addition, a parallel- resonant ab- 
sorption -type trap (L3 C1) is coupled 
to i.f. input coil L4 to "suck out" the 
interference frequency. Some sets use 
two traps for 41.25 -MHz sound rejec- 
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Fig. 7 -I.f. input circuit of a Sylvania 
AO7 -1 solid -state TV. Trap CI-L1 is 
used to reject adjacent- channel sound. 

Fig. 8 -I.f. input 
of a receiver with 
full trapping. The 
Airline GEN -1967- 
A set has i.f. traps 
for adjacent -chan- 
nel sound and vid- 
eo and for accom- 
panying sound. 
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Fig. 9 -The Magnavox T -908 has a series - 
resonant shunt trap and a parallel -reso- 
nant absorption trap to obtain bet- 
ter adjacent- channel signal rejection. 

tion. The Magnavox T908 chassis does 
not have a 39.75 -MHz adjacent - 
channel video trap. 

At first glance, trap L2 C2C3 
appears to be a parallel- resonant circuit 
coupled to the i.f. circuit by C2. If this 
were the case, it would boost the 47.25 - 
MHz signal it is intended to attenuate. 
However, the parallel -resonant circuit 
L2C3 is tuned to some frequency 
higher than 47.25 MHz so it appears 
as an inductor at all frequencies below 
resonance. Thus L2C3 appears as an 
inductor in series with C2. This series - 
resonant combination can be tuned to 
the desired frequency (47.25 MHz) by 
adjusting the slug in the coil. 

Adjustments 

A trap can usually be adjusted 
without test equipment by watching 
the screen while slowly turning the 
trap tuning slug clockwise or counter- 
clockwise. Initially try to determine 
which type of interference is present 
and adjust only the appropriate trap. 
Check results for several stations and 
for slight variations of the fine -tuning 
control. 

If meters are used, a vtvm can be 
placed across the video detector out- 
put and a signal injected into the tuner 
or the first i.f. stage. The signal fre- 
quency should correspond to that of 
the trap. In such procedures the agc 
line should have a fixed bias applied 
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(2 or 3 volts, depending on the aver- 
age bias for the receiver). The trap is 
then tuned for a minimum reading on 
the vtvm. It is very important that the 
signal used for trap adjustments be as 
accurate as possible. 

Sometimes adjacent -channel in- 
terference cannot be eliminated from 
receivers having only a single trap. The 
most likely causes are poor i.f. align- 
ment and improper antenna orienta- 
tion. If the antenna checks out all 
right, use a sweep and marker genera- 
tor to realign the stages to obtain the 
curve recommended in the receiver 
service notes. If the i.f. bandpass is too 
wide, gain will be down and adjacent - 
channel interference will be difficult to 
eliminate. With proper realignment, 
there should be greater contrast and 
less interference. 

What about color sets? 

Trap adjustment procedures are 
the same in solid -state color receiv- 
ers. Color sets have the full quota of 
traps because of the wider i.f. band - 
pass needed to handle color signals. Be- 
fore adjusting the traps, however, 
make sure the antenna system is prop- 
erly oriented and is providing a good 
signal. With a weak signal, the colors 
will not be vivid with normal fine - 
tuning control settings. If the fine tun- 
ing is advanced to increase color con- 
trast, some wiggly lines may appear as 
well as herringbone interference from 
the adjacent channel. It is also a good 
idea to check the setting of the color - 
killer control as well as the color -killer 
tube if slight instability occurs in fine 
detail. 

To check operation of the killer 
control, set the channel selector to an 
unused station and back off on the 
color -killer control (usually counter- 
clockwise). Now advance the killer 
control slowly until no colored snow 
appears on the screen. Check opera- 
tion of the tint control during color re- 
ception to make sure it has full range. 
If the tint control produces a black - 
and -white picture for its extreme range 
settings, back off slightly on the color - 
killer control. If the slight herring -bone 
pattern still persists for normal color 
levels (with good signal input from the 
antenna), try adjusting the traps to 
clear up the interference. 

For horizontal -bar interference, 
remember that sound interference pro- 
duces bars that vary in intensity in sync 
with the sound coming from the speak- 
er. If the pattern remains fixed, a cir- 
cuit may be oscillating and generating 
a fixed interfering frequency. In one 
color receiver the killer circuit pro- 
duced colored horizontal bars because 
of a faulty transistor! R -E 
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Color Blanking Circuits 
Correct blanking action insures sharp, high quality pictures 

By ROBERT L. GOODMAN 

WHEN BLANKING CIRCUITS ARE IN 

top operating condition, your color 
picture is sharper and crisper. Poor or 
absent blanking degrades the picture. 
The circuits involved are simple to un- 
derstand and troubleshoot. 

Horizontal and vertical blanking 
pulses are fed to the picture tube to cut 
off the electron beams during retrace 
time. If these pulses are not present, 
retrace lines appear on the screen 
throughout the picture. Horizontal re- 
trace blanking is also necessary to 
prevent the burst from appearing on 
the screen. Since the burst rides on the 
back porch -just after the horizontal 
sync pulse, with no blanking a yellow 
stripe appears on the right screen edge. 
Finally, horizontal blanking also sets 
the dc level for the red, green and 
blue amplifiers, preventing undesirable 
color shift. 

A basic blanker circuit 
Three functions are performed 

by the blanker in Fig. 1. It blanks the 
red, green and blue amplifiers during 
horizontal retrace. It supplies a nega- 
tive pulse which clamps the grid of the 
color i.f. amplifier at the start of each 
scanning line. It provides a negative 
voltage for the brightness control in 
the second video amplifier stage. 

Blanker drive comes from the fly- 
back transformer, which supplies a 
300 -volt pulse during horizontal re- 
trace. This pulse is coupled to the 
blanker grid (Fig. 2), driving it posi- 
tive. Current flows from cathode to 
plate at this time, producing a large 
positive pulse on the cathode. The 
blanker cathode is tied directly to the 
second color i.f. cathode, cutting off 
the i.f. tube during horizontal retrace. 
Only color video information -not 
sync -is therefore passed to the de- 
modulators. Color sync on the de- 
modulars during retrace superimposes 
a veil -like pattern on the picture. 

The positive pulse at the blanker 
grid produces a negative plate pulse 
(180° phase reversal). This pulse 
clamps the red, green and blue ampli- 
fier grids, preventing color shift in the 
picture. The grids of these amplifiers 
are capacitance -coupled to previous 
stages; without grid clamping (dc res- 
toration) gray -scale shift occurs. 

Grid clamping occurs as follows: 
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Fig. 1- Typical blanking circuit in today's color sets performs three functions. 
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Fig. 2- Blanker tube is keyed on by flyback pulse th ring retrace, cutting o$ the 
second color i.f. amplifier and passing only the color video information. 
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Fig. 3 -Red, green, blue amplifier cathodes are clamped line -to -line by blank- 
ing pulse, presenting an undesirable shift of the color values due to RC coupling. 
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Fig. 4- Blanking c rcuit of the RCA CTC31 chassis. The diode is reverse- biased 
by blanking pulses, which cut off color video during the horizontal retrace period. 
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Fig. 5- Vertical blanking circuit owed in the C -E 12 -inch color TV CB chassis. 
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Fig. 7 -All blanking in the Zenith 20X1C36 chassis is done in video driver stage. 

At the end of one scanning line, the R, 
G and B amplifier grids have the volt- 
ages shown in Fig. 3. (These differ- 
ences in grid voltages cause different 
place currents through the three am- 
plifiers, and of course, a different po- 
tential on each CRT grid. Should the 
plate voltages on these amplifiers be 
different from those originally set up 
for a white raster, the screen would be 
some other color than white.) 

At this point (horizontal retrace) 
a negative -going 9 -volt blanker pulse 
is coupled to the R, G and B cathodes. 
The pulse overcomes the 9 -volt posi- 
tive potential normally on these cath- 
odes during the active portion of the 
sweep. Thus the cathodes are now at 
zero potential, the grids remaining at 
the indicated voltages. 

Why do the grid potentials remain 
the same? Because the time constant 
of the .O1 -µF capacitor and the 1- 
megohm resistor in the grid circuit is 
too large to permit grid voltage to 
change during the short pulse. Since 
each grid is positive with respect to its 
cathode, electrons flow from cathode 
to grid, dropping the grid voltages to 
the same potential as the cathodes. The 
time constant of the coupling capacitor 
and the grid resistor keeps this grid 
voltage at that point for the start of the 
next line; whatever ac voltages are 
coupled through the capacitors cause 
grid fluctuations at this voltage. 

The cathode voltage returns to its 
average 9 -volt level when the blanking 
pulse is removed, and the amplifiers 
start the next line with the same grid - 
to- cathode bias voltages. 

RCA retrace blanking 
In the RCA CTC31 (Fig. 4) the 

horizontal- retrace blanking signal is 
fed to the CRT cathodes through the 
video output stage along with the ver- 
tical retrace blanking pulse. In previ- 
ous chassis, this blanking signal was 
fed to the CRT grids through the color 
amplifiers. RCA now uses a diode 
clamp circuit for retrace blanking. In 
the early CTC19 and the CTC24 color 
chassis, vertical blanking was applied 
in the second video amplifier grid, us- 
ing a diode circuit. 

The blanking circuits in the 
CTC31 work like this: Negative verti- 
cal retrace pulses are taken from the 
vertical yoke winding. They are differ- 
entiated by the 0.047 -µF capacitor, 
which removes the sawtooth portion of 
the waveform while retaining the re- 
trace portion. This waveform is then 
integrated by the .01 -µF capacitor and 
3300 -ohm resistor to widen and delay 
the retrace portion. To this waveform 
are added negative horizontal blank- 
ing pulses from the blanker plate, 
through the 180,000 -ohm resistor and 
the 680 -pF capacitor. 
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Fig. 8- Negative -going vertical retrace 
pulse (10 volts p -p) taken from verti- 
cal output transformer shown in Fig. 7. 

During the active -scan interval, 
the diode is forward -biased by the 
680,000 -ohm resistor connected to 
B+. The diode then directly connects 
the delay -line output to the 0.22 -µF 
capacitor and to the grid of the video 
output stage. Should the blanking 
diode short, a multiple ghost image 
appears on the screen. This is caused 
by the horizontal blanking pulse mak- 
ing the delay line ring. 

During the negative -pulse por- 
tions of the blanking waveforms, how- 
ever, the diode is turned off, discon- 
necting the video output of the delay 
line. In place of video, negative -going 
pulses are fed to the video output grid. 
These pulses cut off that stage, and of 
course the CRT -regardless of the 
setting of the contrast or brightness 
controls. 

G -E CB chassis blanking 

Vertical blanking in this receiver 
is developed (Fig. 5) by positive -go- 
ing vertical pulses from the plate cir- 
cuit of the vertical output stage. The 
sequence is through R539, C531 and 
R147 to the CRT red cathode. These 
pulses are then coupled from the red 
cathode to the blue and green cath- 
odes via the drive controls. 

Horizontal blanking is applied to 
a different stage (Fig. 6). Positive - 
going horizontal flyback pulses are 
coupled and shaped by C107, R145, 
C104 and R146 from the horizontal 
output transformer to the base of 
Q701, the second video amplifier. Di- 

Fig. 9- Horizontal blanking pulse (4 
volts p -p) taken from cathode circuit of 
horizontal discharge tube in Fig. 7. 

ode CR101 is connected to the junc- 
tion of C104 and R146. 

The negative portion of each hor- 
izontal pulse forward biases CR101, 
making it conduct. ï,ie negative por- 
tion of the flyback pulse, which con- 
tains some ringing, is removed by 
CR101. Accordingly, only the remain- 
ing positive pulse is fed to the base of 
Q701. This pulse is amplified by Q701 
and the video output stage. Finally, it 
appears at the CRT cathodes as a 
positive -going blanking pulse, which 
cut off the CRT beams during retrace. 

Zenith's 2OX1C38 color chassis 
doesn't use direct CRT blanking. In- 
stead (Fig. 7) both horizontal and ver- 
tical blanking pulses are fed to a video 
amplifier stage. 

A negative -going vertical retrace 
pulse (Fig. 8) is taken from the ver- 
tical output transformer and fed to the 
emitter of transistor TRI, the video 
driver, through diode X3. Horizontal 
blanking is done with a positive -going 
pulse (Fig. 9) from the cathode circuit 
of V18-c, the horizontal discharge 
tube. The pulse is applied to base 
TR1's. 

If transistor TR1 shorts or other- 
wise fails to pass signals, the Y or lu- 
minance signal disappears from the 
screen, leaving only color -difference 
information and retrace lines (Fig. 
10). If the set is tuned in to a black - 
and -white program, the kilter tube re- 
moves color -difference information 
and you get nothing but a blank raster 
on the screen. 

If diode X2 or X3 shorts, the hor- 
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Fig. 10 -Fail- 
ure of video 
driver in Fig. 7 
removes the lu- 
minance (Y) sig- 
nal from screen. 

Fig. 12- Screen 
displays ringing 
bars caused by 
diode failure 
generating 
Fig. 11 wave- 
form picture. 

Fig. 11- Shorting of diodes X2 or X3 
makes horizontal blanking pulse ring. Six - 
volt p -p signal taken on TRI collector. 

Fig. 13- Proper retrace blanking at CRT 
grid -cathode circuit. Total p -p amplitude 
is 8 volts, cutting o$ CRT beams. 

izontal blanking pulse rings, as shown 
in Fig. 11 (taken on TR1's collector), 
and the picture looks like Fig. 12. 

Both pulses -the negative verti- 
cal and the positive horizontal -have 
the same effect on transistor TR1; each 
produces a negative pulse in the col- 
lector circuit of the transistor. This 
negative pulse is coupled to the grid of 
yellow amplifier V7, and causes a pos- 
itive pulse in that tube's plate circuit. 
Since the plate is de- coupled to the 
three CRT cathodes, the large posi- 
tive pulse makes the cathodes positive 
with respect to their grids, and the 
beams are blanked. Fig. 13 shows hori- 
zontal blanking pulses and video at the 
CRT grid- cathode circuit. 

Most blanking circuit troubles 
are simple if you understand their op- 
eration. A scope is the most effective 
tool wüth which to troubleshoot blank - 
ers. But you should also be aware of 
what the picture looks like with proper 
and improper blanking pulses. R -E 
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COLOR TV TROUBLE 
Practical benchman's ap- 
proach to servicing shortcuts 

By VIC BELL 

ABOUT ó0% OF COLOR CHASSIS NOW 

use the same basic physical circuits and 
electrical configuration. Consequently, 
their problems are often identical. Even 
those chassis using a radically different 
physical layout are often electrically 
similar and therefore plagued by the 
same problems. 

Some of the problems these sets 
develop are "easy" while others are 
downright tricky. In either case, the 
novice or pro may have difficulty find- 
ing his way around the schematic or 
the chassis. 

If the chassis which has you 
stumped is not a common one, check 
the schematic. The chances are good 
that the circuitry is similar and with 
only a little more effort you can chase 
down the trouble. The troubles de- 
scribed here are not caused by tubes 
but you must understand that tubes 
can cause almost any conceivable 
trouble and we will assume that you 
have substituted all possible suspects. 
Don't forget to use your best test 
equipment first: eyes, nose and hands. 
These three tools will be the quickest 
road to a lot of repairs. Use them reg- 
ularly and you will find a surprising 
number of troubles before you could 
warm up your scope. 

Complaint: Color only- screen 
blank on black- and -white. This trou- 
ble can cause a lot of wasted time un- 
less you are on the ball and look for 
all the symptoms. Do not overlook the 
fact that the screen is not blank all the 
time; color programing does come 
through when the color control is ad- 
vanced. The cause can be an open or 
short almost anywhere beyond the 
color takeoff point but the most com- 
mon cause is an open delay line. 

Remedy: Most delay lines have 
only three leads; one is grounded. Con- 
nect a jumper between the two that 
are not grounded. If the delay line is 
open, the picture should appear almost 
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CRT 

CATHODES 

normal with the jumper in place. 
Delay lines can often be repaired 

since they are simply a single -layer 
coil. Opens usually occur at or near the 
terminals. The grounded terminal is 
connected to a copper -foil cylinder on 
which the coil is wound. 

Complaint: Poor focus. When the 
focus on a color set is poor but can be 
changed, the CRT is bad or, more 
likely, the focus voltage is wrong. 
When focus can't be controlled, it gen- 
erally means that the focus voltage is 
nonexistent or is not reaching the CRT 
focus grids. 

The horizontal- output pulse volt- 
age is passed through a transformer 
(the focus coil), rectified (by a tube 
or a selenium rectifier), filtered with a 
130 -pF capacitor and applied to the 
CRT focus grid. 

Remedy: If it appears that you 
have no focus voltage, give a light tug 
on the wire (usually black) going into 
the CRT socket. The lead may be 
loose and will pull out. Then all you 

FLYBACK 

HORIZ 
OUTPUT 

FOCUS 
RECT 

have to do is replace the socket. If the 
lead doesn't pull out, try a continuity 
check just to be sure. 

A good socket calls for other 
checks. The first is a voltage check. 
You should have about 5,000 volts 
positive at the output end of the recti- 
fier. Other problems in this area usu- 
ally leave burned components, so they 
aren't difficult to track down. When 
the focus coil is bad, it too is usually 
burned. 

Don't try to measure the front - 
to -back resistance on a selenium focus 
rectifier. This unit is actually a number 
of selenium cells in series and the for- 
ward resistance appears to be about 
the same as the back resistance. A 
good "sniff" will tell you more about 
seleniums. 

Complaint: Insufficient height and 
width -little or no sync. These symp- 
toms generally indicate that some- 
thing is wrong in the B+ circuitry. 
The offending part is almost always an 
open voltage -doubling capacitor. In 
our typical color set, the unit is a 
160 -µF, 250 -volt single -unit can. 

Remedy: Using a similar capaci- 
tor to bridge the suspect will confirm 
the suspicion if the capacitor is open. 
Shorts rarely develop and will open 
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the circuit breaker, and sometimes ruin 
the rectifiers when they do. 

If the voltage doubler is com- 
pletely open, the set will not function 
at all. A few quick voltage measure- 
ments will still lead you to the faulty 
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SHOOTER GUIDE 
part, however, and the same bridging 
technique proves the fault. If you are 
looking for the screen or the speaker 
to come to life when the capacitor is 
connected to the circuit, be sure the 
volume is turned up and that the 
brightness and screen controls are at 
their normal settings. The best way to 
be sure the suspected capacitor is at 
fault is to monitor the voltage while 
jumpering the part. The set may have 
more than one faulty component! 

Complaint: No high 'voltage- 
burned smell. When the flyback trans- 
former burns, it may or may not be 
obvious. 

Remedy: Late models often have 
the flyback "tire" insulated with a ma- 
terial that does not burn under normal 
conditions. If you suspect the flyback 
has burned, feel the "tire" gently. If it 
is "crunchy ", peel the silicone back 
slightly. If the flyback is burned, this 
will make it obvious. 

All bad flybacks don't look bad 
nor are all bad -looking flybacks faulty. 
A few drops of wax which have 
dripped from a transformer is some- 
times normal. If you must replace a 
flyback, be sure the high -voltage cap 
and associated wiring are in good 
shape. All tubes in the horizontal and 
high- voltage section should also be 
replaced since any one of these could 
be intermittent and cause flyback fail- 
ure. Heat may have damaged selenium 
focus rectifiers in extreme cases and 
these should also be replaced to pre- 
vent future difficulties. 

Complaint: Circuit breaker trips 
-either immediately or after the set 
has operated normally for a few sec- 
onds or a few minutes. 

Causes and remedies: If the cir- 
cuit breaker trips as soon as the set is 
turned on, the most likely suspect is 
one of the B+ rectifier diodes. No 
need to disconnect the diodes; a quick 
check with the ohmmeter will show a 
short. Make sure you check the diode 
both ways. 

Another common cause is a 
0.0033 -11F, 1600 -volt capacitor used 
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between the vertical output plate and 
one side of the yoke in some vertical 
amplifiers. This sometimes shorts. The 
convergence wiring may have to be 
replaced in the area of the capacitor 
and the resistor feeding the vertical 
circuit. 

If the horizontal- output plate 
starts to turn red, the trouble may be 
the tube itself, the high -voltage recti- 
fier or the horizontal oscillator. A 
quick check of output -tube grid volt- 
age should show about -55 to -45 
volts. A more positive voltage usually 
indicates oscillator trouble. Voltage 
and resistance checks in the oscillator 
circuit will pinpoint the trouble. Be 
sure to check the output grid coupling 
capacitor for leakage. 

Another frequent offender, and 
last on many technicians' lists, is the 
circuit breaker itself. One good check is 
to simply short out the breaker for a 
short period. 

Complaint: Blooming. Very likely 
this condition is caused by excessive 
drain on the high -voltage supply rather 
than on the high -voltage source, as is 
more common in b -w sets. Measure 
voltages at all elements of the CRT to 
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pin down the exact area of the problem. 
Causes and cures: The most fre- 

quent offenders are the color- differ- 
ence (R - Y, G - Y, B - Y) am- 
plifier and the drive circuits in the 
luminance- channel output section. 
Anything that reduces the drive at the 
CRT cathodes or increases the voltage 
at the CRT grids can cause blooming 
and possible loss of raster. 

An open heater in one of the 
color -difference amplifiers, for exam- 
ple, can cause 8+ in that stage to go 
high enough to cause loss of the raster. 
Similarly, an open cathode resistor 
(common to all color -difference am- 
plifier circuits). a shorted coupling 
capacitor in the grid of any of these 
stages, or a plate load resistor greatly 
reduced in value causes loss of raster 
conditions. Again, simple voltage 
checks will isolate the problem area. 

If the video amplifier or the as- 
sociated CRT cathode -drive circuitry 
is suspected, these areas can be iso- 
lated by operating the service switch. 
If a horizontal line appears at a nor- 
mal setting of the screen controls, the 
drive circuitry is probably normal. 
Also, the color amplifier can be dis- 
regarded. All suspicion would be 
placed on the last video amplifier and 
direct -coupled stages ahead of it. 

These are the only stages isolated 
from the CRT when the service switch 
is operated. 

When the trouble has been traced 
to the drive circuits, look for an open 
resistor. You may save time by check- 
ing the resistors located in the kine -bias 
switch circuit first; a 5600- or 6800 - 
ohm resistor will usually be found 
open. Also, don't fail to check the kine 
bias switch for failure. 

Don't overlook checking the high 
voltage. A no- raster condition often 
presents itself even when the high volt- 
age is normal. Check the B+ + + volt- 
age. It should be about 1200 volts and 
can be measured at the screen controls. 
The B+ + + rectifier is often the 
culprit when this is low (800 volts indi- 
cates a shorted B+ + + rectifier) . 

Complaint: No color -Loss of 
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color is a common trouble which is 
easy to localize and repair because 
very few stages are involved in a no- 
color problem. 

Before you start troubleshooting, 
make sure the color -killer adjustment 
is turned up and that the color -level 
or color- intensity control is fully open. 
This may solve the problem before 
you go any further. 

Causes and cures: There is no 
reason to suspect the demodulators or 
color amplifiers since a malfunction 
there usually causes a color problem 
rather than a color loss and may cause 
color temperature trouble on black - 
and -white programs. 

If the problem is related to color 
sync, the killer circuit usually activates 
and cuts off color. Consequently, the 
search can be immediately narrowed 
to the color oscillator and sync cir- 
cuits. Frequently, only a reactance -coil 
adjustment is required to restore nor- 
mal operation. 

If you still haven't found the 
trouble, it's time to use a scope. A con- 
venient starting test point is the arm of 
the color control just ahead of the 
demodulators. Then proceed as shown 
in the diagram above. 

An open bandpass transformer is 
a frequent cause for loss of color. A 
continuity check will show if it is the 
culprit. 

Complaint: Insufficient height. 
This problem often reflects troubles in 
the convergence circuits. Defects in 
the vertical oscillator can be localized 
quickly by voltage and resistance meas- 
urements and waveform checks. 

Causes and cures: The con- 
vergence circuitry represents the total 
load (or a substantial portion of it) on 
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FIVE COLOR TROUBLESHOOTING TIPS 

Color only -raster blank on black -and -white: Check for open delay line. 

Poor focus: Measure focus voltage. Check CRT. 

Blooming and possible loss of raster: Trouble not always in high -voltage 

section. Check color- difference amplifiers and luminance drive circuits. 

No colon Check color controls. Check color oscillator and sync circuits. 

Insufficient height: First test vertical circuits, then convergence circuitry. 

the cathode circuit of the vertical 
output stage. If the stage does not 
have a separate cathode resistor, the 
resistance from cathode to ground will 
be around 5600 ohms in most sets. A 
higher resistance indicates a possible 
defect in one or more of the converg- 
ence controls. 

To determine whether a converg- 
ence control is causing insufficient 
height, pull the convergence -board 
plug and connect a 120 -ohm resistor 
from pin 2 (cathode circuit) on the 
convergence socket to ground. If height 
returns to normal the trouble is on the 
convergence board. 

A cathode -bypass electrolytic, 
usually 50 µF, is also a frequent cause 
of trouble. Try shunting it with a simi- 
lar type. If the sweep returns to nor- 
mal the capacitor is bad. 

Some sets have a cathode resistor 
shunting the convergence circuitry. If 
it has darkened or appears to have 
been overheated, replace it with a 
higher -wattage unit of the same resist- 
ance. 

In many circuits, the B-1- voltage 
to the vertical output transformer is 
dropped through a 3 to 5 -watt resistor 
ranging from around 500 to 1500 
ohms, depending on the set. A change 
in resistance can cause a drop in verti- 
cal sweep voltage. 

Check for a leaky capacitor in the 
feedback network between the vertical 

TO 

VERT 

OSC 

.1 I 

2.2 
MEG 

VERT 
OUTPUT 

output plate and the oscillator grid. 
Leaky capacitors generally cause the 
raster to collapse but they can be re- 
sponsible for insufficient height. 

Checking the output transformer 
can be a real problem. If the B+ and 
sweep waveform are good, there is 
every reason to believe that the output 
transformer is bad. The only sure 
check is to substitute it. Since the yoke 
is easily substituted, try this before a 
transformer change. 

The rest is "Old Hat" 

Most of the circuits in a color set 
have been mentioned in this article. 
But what about the rest? If you've been 
working on black -and -white sets, you 
should have no trouble. Agc, tuner, 
afc and i.f. circuits are all similar and 
display symptoms identical to corre- 
sponding malfunctions in black -and- 
white sets. 

If you get stuck, look for varia- 
tions of the problems discussed here. 
When you come to the end of your 
rope again, start over, you have prob- 
ably skipped something too obvious. 

And finally, don't forget that two 
tubes could be bad or that one of your 
new tubes could be bad. It happens 
every day and can be the toughest 
trouble you will ever encounter if you 
don't keep it foremost in your mind. 

R -E 
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BUILD AN IC 
DECADE 
DIVIDER 

Use with signal generator or frequency 
counter . . . divides any frequency by 10 

By DEWEY W. EPPLEY 

WANT TO UPGRADE THAT OLD 100 - 
kHz electronic counter to 1 MHz? 
Then read on and find out how you 
can easily and cheaply construct a 
battery -powered, in -line type decade 
divider (semiconductor cost less than 
$7.50). At the same time you will get 
a chance to work with a few of the 
many applications afforded by today's 
low- priced logic circuits. 

F 

10 OUT 

The µL914 

F IN 

This article deals with only two of 
the many IC's available at very low 
cost. First is the Fairchild µL914, 
priced at only $0.80 in an epoxy pack- 
age. The manufacturer calls this mod- 
ule a "Dual Two Input Nand /Nor 
Gate," but don't let this fool you -it 
has many applications. Fig. 1 shows 

SIDE VIEW 

EIGHT 
LEADS 

¡ L.914 
BOTTOM VIEW 

o 

PIN I \_ 
o 

PIN 8 

Fig. l -The lowest cost version of the µL914 is the epoxy 
package, shown here along with its internal schematic. 

the base connections and internal 
components of the µL914. Pin 8, iden- 
tified by a flat spot on the epoxy case, 
is the positive supply voltage input. 
Pin 4 (counted in the same fashion as 
tube pins are numbered) is the ground 
terminal. Pins 1 and 2 are inputs to the 
transistor bases for one section, while 
pins 3 and 5 are the corresponding in- 
puts for the other section. Pin 7 is the 
collector output for the first section, 
and pin 6 has the same function for the 
second section. 

The 4,914 is a dandy amplifier. 
All it needs is a 3 -volt supply -posi- 
tive to pin 8 and negative to pin 4. A 
low -level input signal (high side 
through a capacitor to either pin 1 or 
2, low side to ground) will produce an 
amplified output at pin 7 to ground. 
The unused input is left floating. 

Note the use of that phrase "low - 
level input." Actually the output is 
linear until the input is about 150 mv. 
Levels exceeding this value will result 
in an overdriven, clipped output. In no 
case should the level at the input pin 
exceed ± 4 volts. 

What about the other half of the 
device? Well, you can either hook it in 
cascade by connecting pin 7 to 3 or 5 
or you use it for another function. 
If you desire a noninverted output, 
cascade the amplifiers -since each 
amplifier inverts output with respect 
to the input pulses. 

Now for another application - 
the Schmitt trigger. This circuit has 
the unique property of changing out- 
put level when the input exceeds a 
certain value, then returning to the 
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VOLT- 
METER 

Fig. 
shown will adopt 4914 as a Schmitt trig- 
ger. Critical firing point is determined by 
adjusting pot while monitoring output. 

2- External circuit connections 

INPUT 

O AMPL 
SCHMITT 
TRIGGER 

-y, INVERT. 

/2/2L914 /2L914 I/241L914 

Fig. 3 -Block diagram of decade di- 
vider shows the functions of 5 IC's used. 

PARTS LIST 
IC1, IC2, IC5- Fairchild µL914 integrated cir- 

cuit 
IC3, 1C4- Motorola MC790P integrated circuit 

(Both IC's available from Semiconductor 
Specialists, Inc., P.O. Box 8725, O'Hare 
International Airport, Chicago III. 60666, 

INPUT 

JI( 

original level when the input falls be- 
low the critical value. Since the transi- 
tion from one state to the other is 
very rapid, the output is very nearly a 
square or rectangular wave with a 
sine -wave input. Furthermore, the 
Schmitt trigger does not care what 
type of waveform it sees so long as 
the triggering level is exceeded. 

For the 4914 to act as a Schmitt 
trigger several things must be done ex- 
ternally. First, since emitter coupling 
is needed, pin 4 is not connected di- 
rectly to ground, but through a 27- 
ohm resistor. Also, to provide the nec- 
essary hysteresis, one collector resistor 
is shunted with an 820 -ohm resistor. 
Finally, pin 7 is connected to either 
pin 5 or pin 3. Now the circuit should 
look like Fig. 2. 

Apply a voltage from the wiper of 
a potentiometer connected across the 
3 -volt supply to pin 1. Hook a volt- 
meter across pin 6 to ground. You will 
see that, at the critical point, a slight 
variation in input level results in a 
sharply defined output change. 

S S I S 

FLIP- FLIP - 
T FLOP T FLOP T 

A 8 

C 

The MC790P 

The second type of logic circuit 
used in this project is the J -K flip -flop 
or binary. A flip -flop is a bistable de- 
vice; that is, it has two stable states. 
A J -K flip -flop is a more sophisticated 
device; retailed explanation is beyond 
the scope of this article. Instead you 
might call the J -K a black box. In 
addition to the power supply terminals 
the black box has four inputs and two 
outputs. The outputs are called 1 and 
0 and are complementary. That is, if 
there is a high level at the 1 output, the 
0 output must be low -level and vice - 
versa. One of the inputs is labeled the 
S or SET input. Another input is the 
C or CLEAR input. The next input is 
called the T or TOGGLE input. The final 
input is the PRECLEAR input. 

The PRECLEAR input is not used in 
this application, so it is simply 
grounded. The particular module used 
is the Motorola MC790P, which con- 
tains two flip -flops in one package. 

Grounding the CLEAR input will 

I- 
FLIP - 
FLOP 
C 

0-- 

S I 

FLIP- 
T FLOP 

D 

C 0 

MC 790P 

which has a minimum order of $3.00) 
Bl, B2 -1.5 -volt C cells 
C1, C2- .01 -µF disc capacitor, any voltage 

rating 
R1- 82,000 -ohm, 1 /4- or 1/2 -watt resistor, 10% 
R2 -27 -ohm, 1/4- or 1/2 -watt resistor, 10% 
R3- 820 -ohm, 1h- or 1/2 -watt resistor, 10% 

MC 790P 

L9I4 

Sl- S.p.s.t. toggle or slide switch 
J1, J2 -Input and output coaxial jacks, BNC 

or other as desired to match existing 
equipment 

MISC. -Aluminum box 5" x 214" x 21/2" (Bud 
CU2104A or similar); 1/16" or 1/2" per- 
forated board, battery holder, connectors. 

ICI IC2 IC3 

Fig. 4 -Easy hookup of decade divider can be seen in schematic. The majority of con- 
nections are terminals. The input stage can be triggered with rms level of 80 mV. 
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reset the unit to its normal condition, 
when the first clock or toggle input 
pulse arrives. In this condition the 1 

output has a logic 1 and the 0 output 
has a logic O. Now if the SET input is 
grounded, the flip -flop will change 
states at the next clock pulse, and the 
I output will have a logic 0 out. If both 
the clear and set inputs are grounded, 
the device will change output states 
with each input toggle pulse. Since it 
requires two pulses to return the unit 
to the original condition, the input 
frequency has been divided by a factor 
of 2 by the flip -flop. 

Through the use of an ingenious 
interconnection system devised by 
logic designers, the state of the flip - 
flops can be set so division by prac- 
tically any number is possible. In this 
application four flip -flops are inter- 
connected to give division by 10. You 
can easily see that if the units did not 
have interconnections -instead, a 

straight output from one flip -flop to 
the input of the next -the division 
would be2X2x2X2,or16. 

Divider circuit 

A block diagram of the decade 
divider is shown in Fig. 3, and the 
complete schematic in Fig. 4. The 
first stage is half of a µL914. The extra 
resistor from pin 8 to pin 1 provides 
a bias voltage on the base of the input 
transistor, producing greater sensitiv- 
ity. Use of an 82,000 -ohm resistor 
permits triggering the stage with an 
rms input level of 80 my or less. 

Output taken from pin 7 is directly 
connected to the input of the Schmitt 
trigger whose output is the rectangular 

FLIP -FLOP 
A 

FLIP -FLOP 

8 

FLIP -FLOP 

C 

FLIP -FLOP 

D 

0 2 

INPUT COUNT 

4 5 6 7 8 9 0 

Fig. 5- Divider action is shown by these 

waveform described before. This 
waveform is inverted by the second 
half of the first L914. The inversion 
stage is desirable for isolation from 
the Schmitt trigger. The negative -going 
slope -that is, the transition from a 
high level to a low level -is used to 
trigger the TOGGLE input of the first 
flip -flop. The remaining flip -flops are 
interconnected, as stated before, to 
produce a total division by 10. Fig. 5 
shows the output waveforms of each 
flip -flop with respect to the various 
input pulse counts. 

The final circuit consists of a 
4914 with both halves operating as 
a cascade amplifier. This gives the re- 
quired isolation or minimum loading 
of the flip -flops. Although the proto- 
type does not have an output capaci- 
tor it would probably be advisable to 

flip -flop output waveforms. 

install a 0.01 -14F unit (C2) in series 
with the output. 

Construction 

All ready? Begin by cutting a 
piece of Me" or ' /s" phenolic or glass 
fiber board about 1/2" smaller on all 
dimensions than the inside of your 
aluminum box. Lay out the compo- 
nents on the board approximately as 
shown in Figs. 6, 7 and 8. Placement 
isn't really critical here (a bonus when 
using IC's) . On the first version of this 
unit I used a double -sided printed cir- 
cuit board, but the care and precision 
required to make and wire the board 
was later deemed prohibitive. It is 
much simpler to drill holes for the 
leads to stick through and then bend 
and solder on the reverse side of the 
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Fig. 6- Author used a glass fiber board for parts mounting; a perforated phenolic board would do just as well. 
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Fig. 
you 

INPUT 

+3 VOLTS 

7- Circuit board should be lust a little smaller than the aluminum box 
use. Mount the board on standoffs. Carefully recheck pin indentifications. 

Fig. 8 -An underside view of the board before final installation in the box. 

parts mounting board. 
The easiest approach for mount- 

ing the µL914 is to lay out a 3/8" 
diameter circle and drill through with 
a No. 60 drill every 45 degrees around 
the circle. The MC790P is a rectangu- 
lar package with two rows of 7 pins. 
The rows are spaced 0.3" apart and 
pin to pin spacing in the row is 0.1 ". 
Again use a No. 60 drill. Pin numbers 
are shown in Fig. 9. 

One word of caution: It is very 
easy to mistake pin numbering after 
the MC790P is inserted in the board. 
Take extra care in identifying pins 
before you solder. 

Figure 6 shows all the wiring on 

58 

the underside of the board. Use this 
illustration rather than Fig. 7 or 8, as 
minor wiring differences are evident. 
If you elect to omit the terminals, 
simply drill larger holes for the input 
and output leads and solder in the same 
fashion as the integrated circuits. 

Double -check the wiring after 
you finish the board. When you are 
satisfied everything is in order, make a 
temporary test setup. Connect an os- 
cillator -set to approximately 100 
kHz -to your frequency counter. 
Observe the frequency readout on the 
counter. Now connect the oscillator to 
the input of the decade divider and 
apply 3 volts to the positive bus and 

GND 

TOP VIEW 
MC 790 P 

IC 

c 

Fig. 9 -Pin connections for the Motorola 
MC790P integrated circuits (IC3, IC4). 

ground. Connect the decade divider 
output to the counter. The counter 
should read exactly Moth the previous 
reading. You may have to increase the 
level of the oscillator at this frequency 
because of the relatively small value of 
the input capacitor. 

Troubleshooting 

I have constructed several decade 
dividers and have found no difficul- 
ties. If you have any difficulties, trou- 
bleshoot the unit with your scope. 
Output at pin 7 of the first µL914 
should be a clipped sine wave, the 
amount of clipping depending upon the 
input level. The output of the Schmitt 
trigger (pin 6 of the second µL914) 
is a rectangular waveform with an 
amplitude of approximately 1.5 volts 
p -p. The inverter output, pin 6 of the 
first µL914, will be the inversion of 
the Schmitt trigger output. There is 
some tendency for a scope to couple 
in noise, but with a little care to keep 
leads short you should be able to see 
the on /off states of the flip -flop. 

Once you have established that 
the circuit is working, the board can 
be mounted in the box. Drill holes 
through the board and the box for the 
mounting bolts. Use a spacer or a nut 
on the bolts to hold the board away 
from the metal. Although the unit pic- 
tured uses a miniature toggle switch 
for the power switch, there is plenty of 
room for a standard size switch. Mount 
a connector on the box which will 
mate your counter input cable and 
mount the corresponding mate on the 
end of a piece of coax line connected 
to the output. Install the battery holder 
in the bottom of the box, connect your 
wires and you are ready to measure 
frequencies up to 1 MHz. R -E 
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Capacitors As Transducers 
They can be made to 

by J. MERINO Y CORONADO 

A CAPACITOR IS NOT JUST AN ELEC- 

tronic component wired into a circuit. 
Dozens of kinds of unusual capacitors 
are used in labs and along production 
lines throughout labs and industr 
They count objects, gauge liquid levels 
or pressures, measure vibration or an- 
gles of rotation. Capacitors of this type 
are classified as capacitive transducers. 

A transducer is a device with two 
input terminals and two output ter- 
minals. It converts mechanical energy 
to electrical, or vice versa, according 
to a known law. It is reversible, which 
means that both the input and output 
are interchangeable. 

The cartridge in an inexpensive 
phonograph is a good example of a 
piezoelectric transducer: the mechani- 
cal vibrations of the needle are trans- 
mitted to a piezoelectric element (usu- 
ally made of Rochelle salt or of a 
certain type of ceramic containing 
titanates). The element generates elec- 
trical charges when twisted by the 
movement of the needle. Conversely, if 
we put an alternating voltage across 
the cartridge, the crystal will produce 
vibrations and sound, which is a form 
of mechanical energy. 

The condenser microphone (Con- 
denser is an old name for capacitor, 
which has persisted in conjunction with 
microphones.) is a capacitance trans- 
ducer that transforms the mechanical 
energy of sound waves into electrical 
energy to operate an amplifier. In its 
simplest form it consists of a thick, 
fixed, circular metallic plate in front 
of which is a very thin conductive dia- 
phragm separated from the plate by 
an insulating ring a few thousandths 
of an inch thick (Fig. 1). The dia- 
phragm moves back and forth with 
the variations in air pressure caused 
by sound. As the distance between 
diaphragm and plate varies, the elec- 
trical capacitance of the microphone 
varies proportionally. 

A battery of usually 50 volts or 
more is connected to the plate and 
diaphragm in series with resistor R. 
An increase in capacitance allows the 
microphone to admit more electrons 
from the battery. A decrease forces 

*Research physicist and professor of acoustics 
and electronics, Institute of Geophysics and 
Polytechnic Institute of Mexico. 
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some electrons from the mike back to 
the battery. 

As everyone knows, a flow of 
electrons is an electric current and this 
current produces (Ohm's law) a vari- 
able voltage (E) across resistor R. 
This voltage is applied to the grid of 
an amplifier tube or to a transistor. 

The condenser microphone is re- 
versible. If an alternating voltage is ap- 
plied between the diaphragm and plate 
in Fig. 1, the diaphragm will move 
accordingly, pushed by variations in 
electrostatic force, and, if the signal 
voltage is audio, a sound will be heard. 
This is the principle behind electro- 
static loudspeakers. 

It is possible to increase the ca- 
pacitance of a capacitor in three ways. 
Two are mechanical methods: increas- 
ing the area of the plates, or decreasing 
the distance between them. The first is 

used in rotary variable -tuning capaci- 
tors with meshing plates. The second 
is used in the compression -type of 
trimmer capacitor. 

Figure 2 shows two forms of ca- 
pacitance transducer widely used for 
industrial and scientific purposes. In 
a we see a cylindrical configuration, 
in b, a flat or plane transducer. 

If one electrode is movable, both 
types produce a variation of capaci- 
tance linearly proportional to the am- 
plitude of the movement (arrows). 

The capacitance of both trans- 
ducers can be readily computed from 
the following formulas: 
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prevented by grounded guard electrodes. 
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For the cylindrical configuration 
we use: 

C(pF) = 0.644 KL /log (b /a) 
in which L is the length in inches of 
the overlapping portions of the cylin- 
ders. The constant K is the dielectric 
constant of the material between the 
cylinders. The inner diameter of the 
outer cylinder is b, and a is the outer 
diameter of the inner cylinder, which is 
also in inches. 

For a capacitor made of two 
plane parallel plates the capacitance 
in picofarads is computed by 

C(r) = 0.225 KA /D 
where A is the area in square inches of 
the portion of the movable plate which 
is actually over the fixed one, D is the 
distance in inches between the two 
plates, and K is, as before, the dielec- 
tric constant of the material between 
the plates. (For air it is very nearly 1.) 

Plane parallel plates and cylin- 
drical capacitors are much used in in- 
dustry and science to measure linear 
displacements. 

BATT 

FIXED ELECTRODE 

OUTPUT 

Fig. 4- Variation of rotary meshing -plate 
variable capacitor is used to generate au- 
dio tones ... useful in electronic organs. 

HOLLOW 
CONDUCTIVE 
CYLINDERS 

Fig. 5 -This capacitive pendulum can 
measure very small tilts or vibrations. 
Transducers are cylindrical type (Fig 2a). 
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To measure angles of rotation, 
variable capacitors of the type found 
in radios are used, because their ca- 
pacitance changes linearly with the 
angle, provided the rotor plates are 
semicircular and measurements are 
made between 15% and 85% of the 
rotation angle. 

There is a third way to change the 
capacitance of a capacitor: to change 
the dielectric. 

Oil, for instance, has a dielectric 
constant of 25.8. For distilled water 
the constant is 81.07. An air capacitor 
will have 25.8 times its capacitance 
when it is in alcohol, or 81.07 times 
its capacitance when submerged in 
distilled water. (Tap water cannot 
usually be used because the minerals 
dissolved in it make it too conductive.) 

Not all the capacitive transducers 
used for instrumentation purposes are 
built in the simple form shown in Fig. 
2. The electrostatic lines of force at 
the edges of the plates or cylinders are 
not parallel, but bulge outward, pro- 

Fig. 6 -This ac bridge is detecting device 
for capacitive "tiltmeter" (Fig. 5). Cl 
and C2 are cylindrical transducers; chang- 
ing voltage across A, B is amplified. 

INSULATING SLEEVE (CERAMIC) 

BINDING POST FIXED METALLIC 
PLATE 

THREADS INTO 

PIPE OR TANK 

FLUID 

ELASTIC STEEL 
DIAPHRAGM 
(GROUNDED) 

PRESSURE 

Fig. 7- Pressure sensitive capacitive 
transducer (similar to condenser mike). 

ducing stray capacitances that make 
the actual capacitance greater than the 
computed value. This edge effect or 
fringing must be kept to a minimum, 
since some transducers are made to 
measure capacitance variations of the 
order of 0.2 pF. This is accomplished 
by using a third, grounded electrode, 
called a guard ring or guard electrode. 
Fig. 3 shows the edge effect and how 
to eliminate it with a guard electrode 
for a capacitive transducer using plane 
plates, one of which moves either up 
and down or in and out, perpendicular 
to the plane of the paper. The arrange- 
ment is similar for cylindrical capaci- 
tive transducers. 

If the rotor shaft of a variable 
capacitor of the type used in ordinary 
radios is coupled to a rotating piece 
of machinery, rotation angles from 0° 
to some 150° can be measured. The 
coupling can be made to multiply the 
angle of rotation by a known factor - 
as by the use of gears, levers, or pulleys 
and strings. 

The transducer itself may have 
many forms. In most cases it has a 
guard electrode. Very small angles can 
be measured. 

A capacitive transducer used to 
generate audio tones works on the 
same principle as the condenser micro- 
phone. In Fig. 4, W is a wheel of bake- 
lite or any convenient insulating ma- 
terial. This wheel has sectors of alumi- 
num foil connected to the shaft, which 
is grounded. 

In front of these is a fixed metal- 
lic plate or screw. As the wheel ro- 
tates, the capacitance between the 
conductive sectors and the fixed plate 
or screw varies and so does the charge. 
An alternating voltage appears across 
resistor R, with a frequency equal to 
the number of revolutions per second 
of the wheel multiplied by the number 
of sectors. This frequency can be am- 
plified and measured with a frequency 
meter, and we have an electrostatic 
tachometer. The same principle is used 
to generate musical tones in some types 
of electronic organs. 

Measuring vibrations and tilting 

Capacitive transducers are much 
used in instruments for measuring vi- 
brations caused by passing vehicles or 
heavy machinery, or tilting caused by 
heavy loads in bridges or buildings. 
The principle of a tilt meter or vibra- 
tion meter is shown in Fig. 5. The bob 
of a pendulum carries a curved metal 
cylinder that moves in or out of two 
lateral hollow cylinders mounted on 
porcelain or bakelite insulators. The 
two fixed cylinders and the grounded 
movable cylinder together make up a 
differential capacitor. 
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If the pendulum support is tilted 
or otherwise set in motion, the capaci- 
tance between the pendulum and one 
of the other plates increases, while it 
decreases by the same amount be- 
tween the pendulum and the second 
fixed electrode. A simple ac bridge can 
be used to measure and record such 
variations. In Fig. 6, Cl and C2 are 
halves of the differential capacitor in a 
tilt or vibration meter. If R1 is ad- 
justed so that the bridge is not bal- 
anced when the pendulum is at rest, 
an ac voltage is present between points 
A and B. This is called the carrier 
voltage, and it is amplitude -modulated 
when the pendulum moves. The modu- 
lated waves are amplified and detected 
in the usual way to be recorded or 
telemetered to another receiver. 

Guard electrodes are a must in 
this type of instrument. In Fig. 5 they 
are not shown for simplicity. 

Some time ago I designed and 
built a very sensitive seismograph us- 
ing this principle. 

Capacitive pressure gauges 

When the indicator or recording 
device is at some distance, or when the 
pressure variations in pipelines carry- 
ing fluids are to be used for remote 
control, capacitance transducers are 
second to none. 

A pressure- sensitive transducer is 

shown in Fig. 7. It has a movable elas- 
tic metal diaphragm, grounded for ob- 
vious reasons. An insulating ceramic 
or porcelain sleeve holds a fixed con- 
ductive plate, strong enough to stand 
the full pipeline pressure in case the 
diaphragm fails. It is made quite stiff, 
with a resonant frequency of 10 kHz 
or higher to reduce its response to vi- 
brations or shock. The pressure gauge 
is nothing but a condenser microphone 
working at high pressures. 

Level measurement of 
liquids in tanks 

For this a simple cylindrical ca- 
pacitor is used. The inner electrode is 

a rod or heavy metal cylinder, 1" or 
2" in diameter. The outer electrode 
is a metal tube with holes in it, 
grounded to the tank (Fig. 8), while 
the inner rod is insulated. Nonconduc- 
tive liquids cause the capacitance to 
increase according to their level and 
dielectric constant. For conductive 
liquids such as water or saline solu- 
tions, the inner rod is covered with 
plastic or any other type of convenient 
insulating material. 

A simple ac bridge measures ca- 
pacitance variations, as described in 
Fig. 6. More elaborate devices are 
often used in these applications, such 

JULY 1968 

as the trf receiver that is shown in 
Fig. 9, to measure distance, rotation, 
pressure or liquid level in a tank. A 
very stable rf oscillator is coupled to a 
resonant input circuit in an rf ampli- 
fier. The capacitor of this tuned circuit 
is the capacitive transducer (in series 
or in parallel with a fixed or adjustable 
capacitor used for calibration or ad- 
justment). A linear detector and pow- 
er amplifier complete the instrument. 
Its output is used to operate a record- 
ing instrument or another controlled 
device of some kind. 

The resonance curve of trf re- 
ceivers is very much like Fig. 10. The 
"receiver" used to measure capacitance 
variations is never tuned to resonance, 
but to one side of the curve where its 
slope may be considered linear, let us 
say to the point marked 0 in the figure. 
The corresponding point, 0', is the 
operating point. An increase in capaci- 
tance from 0 to B displaces the op- 
erating point to B' and the output of 
the detector decreases. Very rapid va- 
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riations in capacitance can be meas- 
ured by this method. 

A phase -sensitive detector (Fig. 
11) is used with capacitive transducers 
in many industrial and scientific instru- 
ments and applications. 

What about using a superhet? This 
more complex receiver is used to 
measure very small variations in ca- 
pacitance. One grid of a mixer tube is 
fed by the output of a crystal -con- 
trolled oscillator, while the other is 
fed by a variable- frequency oscillator 
whose frequency is controlled by vari- 
ations in capacitance caused by a 
capacitive transducer. 

In this way a variable i.f. is ob- 
tained. When both oscillators have the 
same frequency, the i.f. difference is 
zero. As soon as the capacitance of 
the transducer changes, the frequency 
of the variable oscillator shifts and an 
i.f. is produced in the mixer. Differ- 
ences in frequency of a few hertz are 
easily detected by ear or by a fre- 
quency counter. R -E 

Fig. 8 (left) -This device provides a con- 
tinuous indication of liquid level without 
moving parts. Nonconductive liquids vary 
the capacitance between two electrodes. 

DETECTOR OUTPUT 

RE SONANCE 

FREQUENCY 

Fig. 10 -In slope detection, carrier is 
tuned to point O. Capacitance changes 
may cause carrier shift to points A or B. 

PWR AMPL 

TRANSDUCER 

RF TRANS RECORDER OR 

CONTROL 
DEVICE 

Fig. 9 -Tuned radio frequency (TRF) method uses capacitive transducer to generate 
amplitude, phase or frequency variation in rf carrier for detection, amplifying. 

RF OSC 

o 

TRANSDUCER I 
AC AMPL 0 

41 

C2 

PHASE 
DET 

RECORDER OR 
PWR AMPL CONTROLLER 

o--i---o o---.-o o-o 
o 

o ---0 o 

REFERENCE PHASE 

o 

Fig. 11- Transducers Cl and C2 are used in phase- detector (discriminator) circuits. 
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There's more than one road 
to success. 

11:-.1 J_I 

0441 

An integrated circuit enlarged several thousand limes 

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 
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 -78 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 

RC,' 
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EQUIPMENT REPORT 

Sony TC -230 Stereo Tape Recorder 
Circle 25 on reader's service card 

SONY'S TC -230 Is JUST THE KIND OF 
tape recorder that warms my equip- 
ment lover's heart. It is a beautiful 
piece, remarkably free of the little 
stupidities and oversights that often 
creep into an otherwise good device. 

Technically, the TC -230 is excel- 
lent, both by measurement and by 
listening test. Most attractive are the 
50-dB signal -to -noise ratio, about the 
highest ever attained in a medium - 
priced home machine, and the wide 
frequency response even at slow tape 
speeds. The TC -230 records and plays 
at 71/2 , 33/4 and 1 ips. 

Most unusual feature of the 230 
is that it can be easily made to serve 
as a complete home music center. 
Besides the usual microphone and 
"Vine" (high -level) inputs, it has a pair 
of RIAA- equalized phono inputs, into 
which any ordinary stereo phono 
pickup can be plugged. By adding a 
record changer and perhaps a tuner, 
you have a compact but complete ste- 
reo system . . . including four -track 
stereo tape recording and playback. 
The direct phono inputs make it un- 
usually easy to copy discs onto tape. 
No external amplifier or preamp is 
needed. 

Sound quality is somewhat limited 
by the small speakers and the 4 -watt- 
per- channel output of the built -in am- 
plifiers. but it is remarkably clean and 
well balanced. While I had the ma- 
chine for testing I set it up in a large 
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loft to play some tapes for friends. Sev- 
eral of them were astonished at the 
fullness and naturalness of the repro- 
duction via the built -in speakers. How- 
ever, you can plug external speakers 
of your choice into a pair of jacks 
provided on the back panel. There is 
also a stereo headphone jack, on the 
front panel. If for any reason more 
amplifier power is needed, the output 
of the machine can be fed into an 
external amplifier. 

Cardioid mikes are supplied with 

MANUFACTURER'S SPECIFICATIONS 
Tape Speeds: 7'í. , 334, 1 / ips 
Reel size: up to 7" 
Tracks: four, stereo or mono 
Frequency response: 30- 18,000 Hz at 7' /Z ips 

30- 12,000 Hz at 33/% ips 
30 -6,000 Hz at 1% ips 

Signal -to-noise ratio: better than 50 dB at peak 
recording level, 7'/2 ips 

Flutter and wow: 
less than 0.1% at 7'/2 ips 
less than 0.15% at 33/4 ips 
less than 0.2% at 1% ips 

Harmonic distortion: less than 3% at 0 dB 
recording level and 0.775 -volt output level 

Inputs: microphone -low impedance, 0.14 mV; 
auxiliary (tuner), 100,000 ohms, 44 mV; 
phono (equalized) -2 mV 
(voltage figures are for 0 -dB recording 

level) 
Outputs: line -into 10.000 ohms or higher, 1.1 

V during playback; 0.87 V during re- 
cording 
headphone -into not less than 8 ohms 
speaker -4 watts maximum per channel 

Dimensions: (Model 230) 17" x 9%" x 14" 
Weight: (Model 230) 29 lb 
Power consumption: 55 watts 
Price: Model 230: $229.50 

Model 230W: $209.50 
Model SS -23: $69.50 

the TC -230 rather than the usual om- 
nidirectionals. They allow for flexibil- 
ity in mike placement, and are partic- 
ularly useful in typical home recording 
setups and other locations having con- 
siderable reverberation and back- 
ground noise. 

Controls for the Sony TC -230 are 
few and simple. They have a solid feel 
with promise of long, reliable oper- 
ation. A pause control stops the tape 
without "switching" the electronic cir- 
cuits, allowing for clickless stops and 
starts. It can be locked in the pause 
position indefinitely, and released with 
a slight downward push. 

Volume control (a single unit for 
both recording and playback) has two 
sections, one for each channel, fric- 
tion- coupled so that both knobs turn 
as one unless one of them is held. This 
arrangement is easy to use and serves 
simultaneously for volume and channel 
balance. A single tone control provides 
variable treble boost or cut during 
playback only. A noise- suppressor 
switch puts in a fixed upper- high -fre- 
quency cut to reduce tape hiss. Equal- 
ization is switched automatically as 
tape speed is changed. 

Recording function is fitted with 
a mechanical interlock to prevent ac- 
cidental tape erasure. A red indicator 
lamp in the level -meter assembly lights 
when the machine is set to record. A 
digital counter helps keep track of the 
position of a particular recording. 

The recorder is so easy to thread 
that one can hardly speak of thread- 
ing. In the stop position of the trans- 
port control, the capstan pinch roller 
drops out of the way, below the tape 
path. It is unnecessary to fumble the 
tape into or around anything. Simply 
grab the end, run it around the head 
housing and onto the takeup reel. 

I was especially impressed with 
the sturdiness of the TC -230. It seems 
to have been built to be kicked around 
a bit. It is a heavy machine, but that 
heaviness is reassuring. 

Except for the fact that it has 
only two heads and so cannot make 
sound -on -sound or echo recordings, 
the TC -230 is a very desirable all - 
around tape recorder, especially if you 
like to make and play tapes away from 
your hi -fi system with a minimum of 
fuss. 

Another model, the TC -230W, 
cased in walnut and without speakers, 
has the same tape deck and electronics 
package. An accessory speaker sys- 
tem, SS -23, is available for the TC- 
230W.-Peter Sutheim R -E 
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The cool new"C' 
It has more life. 

When the horizontal deflection 
tube in a color TV set goes dead, 
chances are you've been replacing it 
with our 6J E6 -A. 

(You learn by hard experience 
what's best. Who needs callbacks ?) 

But this doesn't mean that what's 
best can't be made even better. At 
least it doesn't to Sylvania electronic 
engineers. 

That's the reason for our third- 
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generation 6J E6 -C. (We skipped "B" 
altogether.) 

The "C" is the new workhorse of 
color television. 

We've given the plate wings. 
I is been so designed that it acts 

as a superior heat sink. It holds 
more heat. Radiates it out from 
a larger surface. Dissipates it 
more quickly. 

The new tube runs 

cooler and has longer life. 
And it still costs the same as the 

"A" 
It should mean fewer replace- 

ment calls. 
Try the "C" and see. 

NC iC 

Gi NC 

iC 

G 

G3 

SYLVAN IA 
GENERAI TELEPHONE & ELEC RONIC S 

Big plate fins absorb 
heat and radiate it 

out of the tube. 

Circle 26 on reader's service card 
67 

www.americanradiohistory.com

www.americanradiohistory.com


AN UNUSUAL 
DIODE 

OSCILLATOR 

Solid -state analog for a neon -lamp pulse generator 

By IRVING M. GOTTLIEB 
THE GLOW -LAMP RELAXATION OSCIL- 
lator -one of the simplest and most 
useful of all electronic circuits -has 
one drawback in today's electronic 
technology. Its relatively high operat- 
ing voltage (around 70 volts mini- 
mum) makes its use impractical in 
semiconductor devices. 

After a lot of research, I came up 
with a solid -state equivalent of the 
glow lamp. To qualify, it had to be 
cheap, operate at voltages in the same 
range as transistors (6 to 10 volts) and 
work in a relaxation oscillator circuit 
using no more than the resistor and 
capacitor needed for the neon glow 
lamp. 

Solution of the problem was not 
simple. Such standard semiconductor 
devices as four -layer diodes, unijunc- 
tion transistors, tunnel diodes, ava- 
lanche transistors and SCR's all qualify, 
in one or more respects, as solid - 
state analogs of the neon lamp. None, 
however, comply completely with the 
original specifications. 

Glowlamp oscillator 

In the relaxation oscillator circuit 
of Fig. 1, capacitor C begins to charge 
through resistor R as soon as the 
switch is closed. The voltage across 
the capacitor rises exponentially and, 
without the neon lamp, for all practical 
purposes will eventually reach the bat- 
tery- voltage level. However, before 
this value can be reached, the gas in 
the lamp ionizes (fires) and abruptly 
begins to discharge the capacitor. The 
discharge continues until the voltage 
across the capacitor drops to the point 
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where the gas in the lamp de- ionizes 
and extinguishes the lamp. (The de- 
ionization or extinguishing voltage is 
only a few volts lower than the ioniza- 
tion or firing voltage.) 

The capacitor, now rid of the 
short circuit produced by the ionized 
lamp, resumes its charging cycle. Thus, 
after the relatively long initial charg- 
ing time, repetitive charge- discharge 
cycles occur with peak amplitude 
equal to the firing voltage minus the 
extinguishing voltage. 

Solid -state switch 

I felt that the avalanche transis- 
tor would satisfy all conditions as a re- 
placement for the glow lamp if its 
breakdown voltage (see Fig. 2) could 
be reduced to a value much lower than 

T70 OR MORE VOLTS 

T 

IONIZATION - 
DE- IONIZATION 

SWITCH CLOSES 

TIME 

Fig. 1- Glow -lamp relaxation oscillator 
and output waveform. High voltage need 
makes lamp impractical for solid state. 

the several tens of volts of commer- 
cially available units. Aside from the 
incompatibility with transistor circuit 
supply voltages, the big disadvantage 
of breakdown voltages of 25 to 50 is 
the high power that the junction must 
dissipate. 

High power dissipation develops 
heat which, in turn, leads to unreliable 
and unstable oscillations. Clearly, what 
was needed was a transistor with re- 
verse- voltage breakdown below 10 
volts. After some seeking, I found that 
such transistors are produced but they 
are not readily identifiable from their 
published characteristics. 

Circuit designers rarely consider 
the reverse -breakdown ratings of the 
emitter -base diode in conventional 
transistors because most transistor ap- 
plications do not involve this parame- 

AVALANCHE 
IMPROVISED 
TRANSISTOR 

ORDINARY 
AND 
COMMERCIAL 
AVALANCHE 
TRANSISTOR 

SEVERAL VOLTS LOW 
POWER DISSIPATION 

SEVERAL TENS OF VOLTS 
(HIGH POWER DISSIPATION) J 

REVERSE COLLECTOR- EMITTER VOLTAGE 

Fig. 2- Comparative IC--V e. (rev.) curves 
for ordinary and avalanche transistors 
and for the avalanche transistor adapted 
for use as a low- voltage oscillator. Low 
power dissipation aids circuit stability. 
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Use the solid -state "glow -lamp" oscillator as signal injector to test radios and am- 
plifiers. The 47K series resistor in the hot output lead minimizes circuit loading. 

ter. Keep in mind for a moment that 
this breakdown potential is only 4 or 5 

volts for many transistors. A second 
important fact about transistors is that 
the connections to collector and emit- 
ter can be interchanged. This was 
done in some circuits in the early days 
of the junction transistor. Some of the 
first junction transistors had an alpha 
of about 0.925 in a grounded -base cir- 
cuit. The same transistor would de- 
velop an alpha around 0.875 when the 
emitter and collector connections were 
interchanged, together with bias po- 
larities. 

Thus, it can be demonstrated 
(Fig. 3) that the transistor is a bi- 
lateral device, capable of producing 
power gain in both directions. [At 

INPUT 

INPUT 

OUTPUT 

B2 

BI 

b 

Fig. 3 -An npn grounded -base transistor 
amplifier (a) has high power and voltage 
gains with slight current loss. Transpos- 
ing emitter and collector and reversing 
bias polarities ( b) results in consider- 
able current loss, moderate voltage gain 
and possibly some power gain as well. 

OUTPUT 
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least one manufacturer of solid -state 
SSB transceivers uses the bilateral 
characteristic of transistors to simplify 
circuit design. Editor] Most modern 
transistors have very high alphas in the 
intended connection and relatively low 
alphas when the collector and emitter 
leads are interchanged. Therefore, all 
we need is a transistor that will de- 
velop sufficient current gain when 
emitter and collector are transposed. 

After much research and experi- 
mentation, I found that the 2N3643 
(Fairchild) filled the bill nicely. It is a 
low -cost epoxy -encapsulated silicon 
npn transistor. When connected as a 
two -terminal device as in Fig. 4 (no 
connection to the base) strong oscilla- 
tions develop as the result of the 4- or 

NARROW DEPLETION NC 

REGION 

OHMIC 
CONNECTION 

AVALANCHE SOURCE 
(VERY WIDE 

DEPLETION REGION) 

OHMIC 
CONNECTION 

EMITTER 
REGION 

COLLECTOR 
BASE REGION 
REGION 

C 

SEVERAL TENS OF VOLTS 

III 1 

NARROW DEPLETION 
REGION 

OHMIC 
CONNECTION 

ACTUAL 
COLLECTOR 
REGION 
IMPROVISED 
EMITTER 
REGION 

a 

NC 

R 

AVALANCHE SOURCE - 
(RELATIVELY WIDE 

DEPLETION REGION) 

OHMIC 
CONNECTION 

4 

BASE 
REGION 

SEVERAL VOLTS 

II I 

C 

ACTUAL EMITTER 
REGION -IMPROVISED 
COLLECTOR 
REGION 

b 

5 -volt breakdown of the reverse- biased 
emitter -base diode. * 

As an avalanche device the 
2N3643, with its breakdown potential 
of only a few volts, is much more sta- 
ble, more practical and less costly than 
commercial units with breakdown volt- 
ages many times higher. 

The circuit of the low- voltage 
avalanche oscillator is shown in Fig. 5. 
By merely transposing the emitter and 
collector, together with voltage polari- 
ties, we have a solid -state "neon lamp" 
with ionization and de- ionization po- 
tentials of only 4 or 5 volts. As a pulse 
generator, it is extremely useful as a 
low -cost substitute for such more com- 
plex and expensive devices as feedback 
oscillators and multivibrators. 

In addition, this diode oscillator 
is superior to the glow lamp in all re- 
spects. It is immune to electrostatic 
and electromagnetic fields, light, me- 
chanical shock and vibration and is 
much less affected by temperature 
than are glow lamps. R -E 

This bias appears across the base -emitter 
junction as a result of the collector -emitter volt- 
age being polarized for forward conduction. This 
is the normal operating mode for avalanche tran- 
sistor oscillators. For details, refer to "avalanche 
transistor" and "charge, carrier or collector mul- 
tiplication" in semiconductor manuals, handbooks 
and textbooks. 

NO 
CONNECTION 
TO BASE 

Fig. 5- Circuit of the solid -state "glow - 
lamp" oscillator. Pulse rates up to about 
100 kHz are possible with appropriate 
values of R and C. Frequency is about 
1 kHz when R is 1200 ohms and C is 1 µF. 

Fig. 4- Avalanche oscillators. In a con- 
ventional transistor ( a), the depletion 
region (an area spanning a pn junction 
and containing comparatively few free 
electrons) around the collector base ¡unc- 
tion is very wide and the one around the 
base emitter junction is narrow. The im- 
provised avalanche transistor at b oper- 
ates with a much lower power supply and 
with emitter and collector transposed. 
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1/4 

There's no substitute 
for SUCCESS.. 

JAMES WONG- RSSSerch Engineer 
Heald Engineering College Graduate 

or IN -CLASS INSTRUCTION! 

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

GET STARTED NOW. Be a 
DRAFTSMAN - --12 months 
TECHNICIAN --15 months 
ENGINEER (B.S. Deg.) --30 months 
ARCHITECT (B.S. Deg.) - --36 months 

YOU are eligible for HEALD ENGI- 
NEERING COLLEGE if you have a high 
school education or the equivalent. 

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

FREE LIFETIME 

80 
HEALD Engineering College 

WRITE 

PLACEMENT SERVICE 

VETERAN APPROVED 

TODAY FOR DETAILS 

1215 Van Ness Ave., San Francisco, California 94109 

Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronic Mechanical 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio -Television Technician (FCC) 

DRAFTING: Mechanical Electrical 
Structural 

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

NAME 

ADDRESS 

CITY 

STATE 

AGE 

ZIP PHONE 

Circle 27 on reader's service card 

Service Clinic 
By JACK DARR 

Matching speakers 
I have a mail -order TV set with a 

10 -watt audio output. I'd like to hook up 
two 3.2 -ohm speakers, rated at 10 watts 
each, to the output. The set now has three 
speakers, 6-8 ohms, and one 6AQ5 tube. 
-R. K., Glendale Heights, Ill. 

Your three original speakers are 
hooked in parallel; therefore, your out- 
put transformer has a 3-ohm imped- 
ance. If you want to get full power, 
you'll have to replace the original 
transformer with one rated at 5,000 
ohms plate to 6-8 ohms voice coil. 
Then, you can hook the two new 
speakers in parallel and get 6 ohms. 

Incidentally, if your set has a 
single 6AQ5 tube (electrical equivalent 
of 6V6) you have only about 4.5 watts 
of power! Not 10. Advertising men 
often get carried away! The RCA tube 
manual shows only 4.5 watts maximum 
power from a single 6V6 /6AQ5. 

By the way, 5 watts of audio 
power is a good deal -more than you 
can stand to use in the average room. 
However, if you do want more, I'd sug- 
gest building a small two -tube push - 
pull output stage, using two 6V6's, 
with their own power supply, and 
mounting this somewhere inside the 
cabinet. For a schematic on such a 
booster, use the push -pull output stage 
of any PA system of this wattage, hi -fi, 
radio set, etc. Standard circuit. 

No contrast 
I'm working on a Motorola TS -534 

chassis, and the contrast is very poor. 
Even with the contrast control all the 
way up, it's pale. Schematic calls for 
+ 75 volts on the video amplifier plate 
and I'm reading + 160 volts. The agc 
keyer grid calls for + 70 volts; I read 
+ 150. Could this be agc trouble ? -M.M., 
Hawk Run, Pa. 

High plate voltage on an ampli- 
fier stage (of any kind) with normal 

LAST 
VIDEO 
IFT 

I2BY7 
TO SOUND IF VIDEO 

AMPL MPL 

VIDEO .5V 
DET 

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. 

supply voltage means only one thing - 
low plate current. This, of course, 
means low stage gain. 

Several things can cause this: in- 
correct grid bias, low plate -load resis- 
tors, weak tube, and so on. In this set, 
your voltage is fed through 10,000 - 
and 12,000 -ohm resistors in series (see 
diagram). This also feeds dc to the 
grid of the keyer, thus accounting for 
the higher than normal voltage there. 

In some of these chassis, we've 
found the plate dropping resistors 
burned up, from a short in a previous 
12BY7 video -amplifier tube. Check 
those resistors; if okay, check the con- 
trol grid voltage on the video- ampli- 
fier tube. This should be almost zero. 

You can make a gain check on 
this stage with an audio signal. Feed in 
about 1.5 volts p -p, and check for an 
output 45 -50 volts p -p on the plate. 
Any values can be used, as long as you 
get a gain ratio of about this much. 
Loss of contrast can be loss of gain 
in a video -amplifier stage; it can also 
be weak signal input. Check the grid 
signal, on a normal TV channel. If this 
isn't up around 1.5 volts p -p, your 
trouble is "farther forward " -i.f., tun- 
er, antenna or agc. 

Check the agc by overriding it. 
Also, check that 8.2 -meg resistor from 
the 245 -volt B+ line to the agc line. 
If the resistor changes in value, it'll 
cause trouble. R -E 
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8 3/4" 

Fig. 3 -Use this pattern to make the printed board for Rhythm of etching liquid, 1/16" resist tape, 3/16" resist circles, and a 

Lights. You will need a copper -clad board 91/2" x 51/2", a pint plastic container in which to immerse the board for etching. 

BUILD RHYTHM LIGHTS 
(continued from page 35) 

with a brillant color array. 
Assembly and wiring of Rhythm 

Lights is easy. All the components are 
laid out on a printed- circuit board 
which is enclosed in a simple, one -piece 
chassis. All components used are avail- 
able at most electronic distributors. 

Circuit operation 

A crystal microphone picks up 
sound from radio, hi -fi or musical in- 
struments. The high- impedance micro- 
phone is directly coupled to transis- 
tor Q1 (Fig. 1); this transistor is a 
grounded- emitter stage with feedback 
from collector to base for stability. A 
100 -pF capacitor (C12) decouples the 
power supply from this low -level first 
stage. The signal next goes to transistor 
Q2. Resistor R3 established Q2's oper- 
ating point and capacitor C4 reduces 
high- frequency signals. Final amplifi- 
cation takes place at transistor Q3. Vol- 
ume is controlled by 10,000 -ohm pot 
R11, which acts as part of the bias net- 
work for Q3. Diode D1 compensates 
for temperature effects on Q3. 

Transformer T1 isolates the low - 
voltage amplifier stages from the high - 
voltage, lamp- driving stage. The signal 
is rectified by diode D7. Capacitors C8 
and C9 limit the frequency response 
to about 500 Hz. Trigger diode D13, 
and R12- BRIGHTNESS -set the level 
at which the SCR (Q4) conducts. The 
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SCR drives the lamps to various bright- 
ness levels and is powered through 
bridge rectifier circuit D9 D12. 

Neon lamp PL1 indicates power 
is on. Transformer T2 supplies 12 volts 
for the amplifier. 

Construction 

If you use the printed board lay- 
out shown in Fig. 3 you should have no 
trouble with assembly. Parts placement 
is shown in Fig. 2. I put the assembled 
board in an aluminum chassis covered 
with contract paper on which I lettered 
the names of the controls. I punched a 
hole in one end of the chassis for the 
microphone. 

All controls and the flood -lamp 
receptacle are mounted on the front 
cover. Use a three -wire power cord for 
safety -the ground wire should be con- 
nected internally to the chassis and go 
to a grounded receptacle. Keep all 
wires insulated and cover all line -volt- 
age terminals with electrical tape to 
reduce possible accidents. A neat wir- 
ing job can keep you out of trouble. 

The microphone can be mounted 
externally or you can mount it inside 
the chassis as I did. Sensitivity of the 
amplifier is good; therefore, mike lo- 
cation isn't critical. Transistors Q1 
and Q2 are soldered directly into the 
printed circuit board -be sure to heat 
sink the leads when soldering. A low - 
wattage soldering iron is recommend- 
ed. Use a heat sink with SCR Q4; 
this precaution will extend its life. 

Four standoffs are used to mount 
the printed board to the cover. The 
cover in turn is screwed to the alumi- 
num chassis with sheet -metal screws. 
Transformer T1 and T2 are mounted 
on the printed board. Very little hard- 
ware is needed for the construction, 
wiring is simple, so assembly time is not 
long. If good quality components are 
used, your Rhythm Lights should oper- 
ate satisfactorily for many years. 

Using Rhythm Lights 

Apply power to the unit and turn 
on S2. Turn BRIGHTNESS and VOLUME 

controls fully counterclockwise. Then 
plug a flood light or spotlight into the 
receptacle. Advance the BRIGHTNESS 

control until the light barely glows. 
Furnish music at a normal level and 
turn up VOLUME until the music turns 
on the light. For best results, two 150 - 
watt flood lamps of different colors 
should be used in a semi -dark room. 
The results are dramatic. 

Switch S1 is a remote onoff de- 
vice. You can use lamp cord of almost 
any length, since only 12 volts do is 
present in the circuit. This switch opens 
the emitter circuit of the final amplifier 
stage (Q3 ), disconnecting the input sig- 
nal. Lamp intensity can still be con- 
trolled, however, with the BRIGHTNESS 

control. Another effect you might want 
to try: Hook up a string of Christmas - 
tree lights to the unit. Use your imagi- 
nation; you'll find many interesting ap- 
plications for Rhythm Lights. R -E 
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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 
corresponds 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 convenience 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): 

ALLIED RADIO CORPORATION (Pg. 92) 
AMPEREX ELECTRONIC CORPORATION 

(Pg. 7) 
ARCTURUS ELECTRONICS CORPORATION 

(Pg. 94) 
ARTISAN ORGANS (Pg. 81) 

B & K (Division of Dynascan Corporation) 
(Pg. 15) 

B & K (Division of Dynascan Corporation) 
(Pg. 25) 

BROOKS RADIO & TV CORPORATION 
(Pgs. 90 -91) 

BURSTEIN -APPLEBEE COMPANY (Pg. 89) 

Circle 121 

HEALD COLLEGES (Pg. 70) 
HEATH COMPANY (Pgs. 22 -23) 
HEATH COMPANY (Pg. 79) 

Circle 27 
Circle 18 

Circle 107 

INDIANA HOME STUDY INSTITUTE, THE 
(Pg. 85) Circle 113 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
(Pg. 5) Circle 9 

INTERNATIONAL CRYSTAL MFG. COMPANY 
(Pg. 98) Circle 149 

KARLSON RESEARCH AND MANUFACTURING 
Circle 11 (Pg. 90) Circle 118 

KENWOOD (Pg. 26) Circle 22 
Circle 124 KENZAC (Pg. 94) Circle 125 
Circle 110 

Circle 15 

Circle 20 

Circle 120 
Circle 116 

CARINGELLA ELECTRONICS, INC. (Pg. 26) Circle 21 

CLEVELAND INSTITUTE OF ELECTRONICS 
(Pgs. 28 -31) Circle 24 

CLEVELAND INSTITUTE OF ELECTRONICS 
(Slide Rule) (Pg. 81) Circle 108 

CORNELL ELECTRONICS COMPANY (Pg. 96) Circle 129 

DELTA PRODUCTS, INC. (Pg. 14) Circle 12 

DELTA PRODUCTS, INC. (Pg. 84) Circle 112 

EDMUND SCIENTIFIC COMPANY (Pg. 95) Circle 126 
EICO ELECTRONIC INSTRUMENT COMPANY, 

INC. (Cover II) Circle 7 

ELECTRO- VOICE, INC. (Pg. 6) Circle 10 
EUPHONICS MARKETING (Pg. 89) Circle 117 

GAVIN INSTRUMENTS, INC. (Subsidiary of 
Advance Ross Corporation) (Cover III) 

GBC CLOSED CIRCUIT TV CORPORATION 
(Pg. 24) 

GRANTHAM SCHOOL OF ELECTRONICS 
(Pg. 1) 

Circle 150 

Circle 19 

Circle 8 

MOSLEY ELECTRONICS, INC. (Pg. 88) Circle 115 

MUSIC ASSOCIATED (Pg. 81) Circle 109 

OLSON ELECTRONICS, INC. (Pg. 93) 

POLY PAKS (Pg. 97) 

QUIETROLE COMPANY (Pg. 92) 

Circle 123 

Circle 130 

Circle 122 

READING IMPROVEMENT PROGRAM 
(Pg. 91) Circle 119 

SAMS & COMPANY, INC. HOWARD W. 
(Pg. 12) 

SHURE BROTHERS (Pg. 13) 
SIMPSON ELECTRIC COMPANY (Pg. 27) 
SOLID STATE SALES (Pg. 95) 
SPRAGUE PRODUCTS COMPANY (Pg. 16) 

SYLVANIA (Subsidiary of General Telephone 
& Electronics) (Pg. 67) 

TAB BOOKS (Pg. 82) 

VACO PRODUCTS COMPANY (Pg. 77) 

Circle 14 
Circle 13 
Circle 23 

Circle 127 
Circle 16 

Circle 26 

Circle 111 

Circle 106 

WARREN ELECTRONIC COMPONENTS 
(Pg. 96) Circle 128 

WELLER ELECTRIC COMPANY (Pg. 87) Circle 114 

ZENITH (Pg. 17) Circle 17 
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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. 

BURGLAR & FIRE ALARM, Model 
SW -391. Easy -to- install system protects 
your home or business against fire and 

theft. Operates 24 hours a day on its own 
power supply. (No power is used unless 
alarm is activated.) Kit includes motor - 
type siren, 1 fire -sensing switch, 1 door or 
window switch, 1 master switch, 1 door 
override switch, terminal block, battery 
holder and 100 feet of wire. Complete 
with instructions. $19.98 -Olson Elec- 
tronics, Inc. 

Circle 46 on reader's service card 

SIMULATED COMPUTER, Digi- 
comp II. This model digital computer is 
designed to solve problems; is said to be 
the first mechanical computer that has 
automatic switch action. Requiring no 
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power source, the unit visually simulates 
electric currents of an electronic com- 
puter by marbles rolling through its 
mechanism. Features a 4 -unit memory 
register, 3 -unit multiplier- quotient regis- 
ter, 7 -unit accumulator register and an 
overflow switch. $16.- Edmund Scientific 
Co. 

Circle 47 on reader's service card 

ALL -PURPOSE TIMER. Designed 
to handle loads of up to 185 watts, the 

device turns lights and appliances on or 
off at preset times. The operation auto- 
matically repeats every 24 hours. Mini- 
mum "on" interval is 15 minutes, maxi- 
mum is 23% hours. No special wiring is 
needed ... equipment to be controlled 
is simply plugged into the timer. Sup- 
plied with 6' line cord. $8.77- ALLIED 
RADIO CORP. 

Circle 48 on reader's service card 

PLASTIC FILM MARKERS, Ther- 
mo- markers. Markers with one heat -indi- 
cating circle are 7/8" square. They are 
available from 100 °F in 10° intervals per 
marker through 500 °F. Markers with four 
progressively higher heat- indication cir- 
cles are 7/8" x 1%" and range from 
100 °F. When temperature at each circle 
is attained, the circle turns permanently 
black. Thermomarkers are suitable for 
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monitoring temperatures where more 
elaborate methods are impractical and ac- 
curacy is essential. -W. H. Brady Co. 

Circle 49 on reader's service card 

WALL TAPS. Model MC -1 with no 
resistors and an swr of 1.5/1 or better is 
used as a single lead -in outlet. One to 
four taps possible to coax lead -in. For 
larger amplified systems, three wall tap 
models are available in varying isolation 

values with a low insertion loss and an 
swr of 1.5/1 or better. All feature solder - 
less connections with crimp -on ferrules. 
Taps may be mounted in a plaster ring or 
in a standard electrical box..-Mosley 
Electronics, Inc. 

Circle 50 on reader's service card 
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NEW AUDIO EQUIPMENT 
RECEIVER /TURNTABLE, Noc- 

turne Plus, Model SC 7. Combination of a 
60 -watt AM /FM /FM- stereo Nocturne re- 
ceiver with a professional Dual 1009SK 
automatic turntable in walnut case. En- 
ables use of any speaker system regard- 
less of size, efficiency or impedance. Re- 

ceiver will drive up to four speakers si- 
multaneously. Employs a MOSFET FM 
front end for better performance. Micro- 
circuits in the i.f. strip for good perfor- 
mance with stereo separation and noise 
rejection, ultra- sensitive AM delivers clear 
broadcast reception without noise or fad- 
ing. $450.00 -Harman -Kardon, Inc. 

Circle 51 on reader's service card 

AMPLIFIER KIT, Scott LK -60B. 
120 watts, solid -state stereo. If a wiring 
error has been made, a fail -safe circuit 
absorbs excess power when the unit is 
first turned on. It causes a light bulb to 
glow thus warning the kit -builder that he 

must recheck wiring. Uses pre -tested 
components including heat sinks, printed 
circuit boards and silicon output transis- 
tors. Features circuit monitor, rumble and 
scratch filters, headset output, and 
dual -speaker switch for selecting main, 
remote or both sets of speakers. -H. H. 
Scott, Inc. 

Circle 52 on reader's service card 

STEREO AMPLIFIER, PCA- 6A -25. 
Assembled unit 20 -watt cones ready to use 
when connected to a sound source and 
speaker system. Circuit has a three -stage 
dc- coupled power amplifier with a ther- 
mistor for temperature stabilization. Also 
available as a two -piece assembly for 
mounting into compact phonographs 
(PCA- 6A -25S CS). Load impedance: 8 

ohms; input impedance: 500,000 ohms; 
input sensitivity: 0.5V; power output: 
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10W ( per channel) at 1 kHz and 8 ohms; 
current: 35 mA ( idle) 560 mA (max.) . 

Frequency response: 30 Hz -50 kHz at 
-3 dB.- Amperex Electronic Corp., Dis- 
tributor Sales Dept. 

Circle 53 on reader's service card 

AM /FM STEREO RECEIVER, LR- 
1500T. Offers 63- transistor performance 
using 4 IC's, each containing 5 transistors 
and 2 resistors, 2 high -performance field - 
effect transistors, 41 transistors, 40 diodes 
and 2 thermistors. Power output: 175 
watts IHF at 4 ohms; harmonic distortion: 

under 1 %; frequency response: 20 -20,- 
000 Hz. Power bandwidth: 25- 35,000 
Hz; selectivity: 40 dB at 400 Hz; S/N 
ratio (100% modulation ) : 68 dB. Spuri- 
ous response rejection: 95 dB; sensitivity: 
1.5 V. Output impedance: 4 -8 -16 ohms. 
$279.95- Lafayette Radio Electronics 

Circle 54 on reader's service card 

VIDEO TAPE RECORDER AND 
CAMERA. Battery- operated and easy to 
carry, the recorder is about the size of a 
small attaché case. VTR weighs only 11 

for simple operation. Video camera con- 
nects to VTR with single cable for video, 
sound and power. Total price, including 
VTR, camera, zoom lens, microphone, 
battery and charger, is $1250. -Sony 
Corp. of America 

Circle 55 on reader's service card 

AUTOMATIC TURNTABLE, Mod- 
ule SLx. Has a new light and thin tone arm 
to permit a counterbalance of small size 
and light weight and to keep tracking 
force to a minimum. Features Synchro- 
Lab motor, magnetic cartridge with dia- 
mond stylus, cuing and pause control, 
adjustable stylus pressure gauge, over- 

sized turntable, interchangeable spindles. 
Compact unit is housed in a simulated 
walnut and ebony case highlighted by sil- 
ver trim. $69.50- Garrard, Div. British In- 
dustries Corp. 

Circle 56 on reader's service card 

SUBMINIATURE MICROPHONE, 
Micro -Mike. Self -shielded against exter- 
nal fields, it has a nominal impedance of 
5000 ohms at 1 kHz. Response is from 
400 to 5000 Hz and typical sensitivity is 
80 dB below 1 volt per dyne /sq cm rms 
pressure. Measuring only 1" x 0.365" x 
0.285 ", the new microphone is ideal for 

lb and operates on a self- contained bat- 
tery. It records black- and -white pictures, 
with sound, for immediate playback on 
CV -2000 series video tape recorders. De- 
vice uses a 20- minute, 'í" tape with a 
7;z" ips speed. Only 2 buttons are used 

pocket transmitters, tape recorders or 
other applications where extremely small 
size and weight are important. The 3- 
wire shielded cable supplied matches the 
flesh -colored plastic case. -Unex Labora- 
tories 

Circle 57 on readers' service card 
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NEW TEST EQUIPMENT 
MINIMUM -CATHODE- CURRENT IN- 
DICATOR, No. MCC -1. Permits techni- 
cians to replace or adjust horizontal 
output tubes for minimum cathode cur- 
rent quickly, easily and accurately. Has 

universal application and can be used 
with all novar, compactron octal and 
noval tubes in use as horizontal outputs. 
After attaching the indicator as directed 
its bulb will glow and the tube can be ad- 
justed for minimum output. $3.00 -Eby 
Sales Co., Inc. 

Circle 58 on reader's service card 

PUSHBUTTON BATTERY -OPERATED 
VOM, Model 601 Type I. Measures dc 
voltage, ac rms values, resistances, ac/dc, 
decibels on 10 ranges and the condition 

COLOR ALIGNMENT GENERATOR, 
Model 865 Deluxe Color Commander. 
New instrument provides nine patterns. 
The three -bar color pattern eliminates all 
but the three bars used for color demodu- 
lator alignment: Red (R - Y) is at 90 °; 
blue (B - Y) at 180 °, and green (R -Y ) 
at 270 °. Calibrated crosshatch display 
provides a pattern with a 3:4 aspect ratio: 
15 horizontal and 20 vertical lines. Unit is 
styled in a smart, luggage -type case fea- 
turing a large storage area for probes, 

tubes, etc. Operates on 117 V ac or on 
self- contained batteries. Automatic shut 
off when lid is closed. $189.95 less bat- 
teries.- Amphenol Distributor Div. 

Circle 60 on reader's service curd 

of its batteries. Accuracy: ±2% on dc 
and ±3% for ac. Frequency response on 
ac is 50 Hz to 50 kHz. Decibels: -40 dB 
to +60 dB. Four functional pushbutton 
selector switches are located at the left 
side of the aluminum front panel for easy 
selection of dc volts (-1-) ohms; dc volts 
( -) ohms; ac volts and low -power ohms. 
A complement of AA penlight cells powers 
the unit, and are furnished with each set. 
Price is $125, complete with test probes 
and operating instructions. Leather carry- 
ing case is available at $14.70.- Triplett 
Electrical Instrument Co. 

Circle 59 on reader's service cdrd 

JULY 1968 77 
Circle 706 on reader's service card 

www.americanradiohistory.com

www.americanradiohistory.com


New Test Equipment 
continued 

MULTIMETER, AVOmeter Model 16. 
Has 36 ranges and features 20,000 -ohm/ 
volt sensitivity. Metal -film resistors are 
used throughout, guaranteeing an accur- 
acy of 1%. Unit is fully protected by a 

,.....00.1.000111119109011r- 

velocity-actuated cutout in addition to 
solid -state protection of the rectifier and 
fused resistance ranges.- Whittaker Corp., 
Gencom Div. 

Circle 61 on reader's service card 

CIRCUIT TESTER, No. TK 550. 
Tests 6- and 12 -volt circuits for automo- 
tive electrical systems, lamps, bulbs, wire 
connectors, field coils, switches, etc. Con- 
sists of a pointed prod attached to a han- 

dle which has a ground wire with alli- 
gator clip. If circuit being tested is alive, 
the handle lights up when the prod 
pierces a wire's insulation. $2.50. -VACO 
Products Co. 

Circle 62 on reader's service card 

IC DIGITAL 'PRINTER, Model PR- 
4900. Records voltage, frequency, time 
period, resistance, capacitance or event 
counts. Up to 10 lines of numeric and 
coded data can be printed from one or 

two independent digital systems. Print 
can be remote, local or at calibrated time 
intervals. Maximum print rate from ex- 
ternal command pulses is 1 /sec. -Hickok 
Electrical Instrument Co. R -E 

Circle 63 on reader's service card 
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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 Read- 
er's Service Card facing page 72 and circle the numbers of the items you 
want. Then detach and mail the card. No postage required! 

TECHNICAL DATA BROCHURE. 80 pages of 
data on 15 functions in the MTTL I IC family 
and 9 functions which feature a typical propa- 
gation delay of 10 nanoseconds. High -speed 
MTLL II IC circuits have a propagation delay 
of 6.0 nanoseconds. Sections are indexed by 
function, and an introduction to each section 
provides reader with typical characteristics, 
breadboarding suggestions, package dimensions 
and additional information. -Motorola Semi- 
conductor Products, Inc. 

Circle 64 on reader's service card 

NEON GLOW LAMPS. 8 -page illustrated 
brochure gives a complete description of how 
to evaluate and apply glow lamps. It includes 
discussions on light output, lamp longevity, and 
external conditions acting on the glow lamp. 
Features an ionization time vs percent over - 
voltage graph, a circuit drawing showing various 
breakdown measurements and a compilation of 
clearly defined, relevant terms. Charts give break- 
down voltages, lamp measurements and electrical 
characteristics.- Signalite, Inc. 

Circle 65 on reader's service card 

HI -FI LOUDSPEAKER SYSTEM COMPO- 
NENTS. Instruction Note No. 242 gives infor- 
mation for custom assembly or upgrading of 
2 -, 3- and 4 -way loudspeaker systems. Six -page 
folder has charts illustrating specs and hookup 
procedures for 25 systems with comparisons of 
orchestral frequency ranges. Also describes 26 
loudspeaker components. Instructions include: 
circuit connections, mounting system compo- 
nents, constructing acoustic enclosures, adjusting 
balance controls and locating speaker systems 
within a room. -Jensen Manufacturing Div. /The 
Muter Co. 

Circle 66 on reader's service card 

ELECTRONIC COURSE. You can break into 
electronics. It will call for some training, but 
you won't have to quit your job or turn your 
life upside -down to get it. CIE will teach you 
at home. Auto -programmed lessons help you to 
master the electronics you will need for a re- 
warding career. Two free books. HOW TO SUC- 
CEED IN ELECTRONICS and HOW TO GET 
A COMMERCIAL FCC LICENSE, tell about 
careers in the field and how you can prepare 
for them in your spare time. -Cleveland Insti- 
tute of Electronics 

Circle 67 on reader's service card 

COLOR ELECTROLYTIC CAPACITORS. Six - 
page brochure lists over 250 wide -range lytics of 
the single -, dual -, triple- and quadruple- section 
types. These units will replace 2500 varieties. 
Listing provides a blank space beside each rating 
which is useful in inventory taking, price nota- 
tions, product movement indication, etc. - 
Coruell-Dubilier Electronics 

Circle 68 on reader's service card 

SHORT -FORM CATALOG. 25 -page book cov- 
ers major product categories such as jacks, 
plugs, switches, connectors, indicating devices 
and audio accessories. Information is con- 
densed. The electronic components illustrated 
and described are items stocked by Switch - 
craft's nationwide network of industrial dis- 
tributors. Covers computers, analyzers, trans- 
mitters, receivers, intercoms, etc. -Switchcraft, 
Inc. 

Circle 69 on reader's service card 

COLOR TV COILS. Four -page cross -reference 
guide for 12 new color TV coils is now available. 
Listing provides exact replacements for 550 
video and chroma coils for sets produced by 
virtually all manufacturers. Guide is easy to 
follow, informative and to the point. This book- 
let will be useful to TV service technicians, 
hobbyists and do- it- yourselfers who need a 
quick- reference guide to replace coils on color 
TV's. -J. W. Miller Co. 

Circle 70 on reader's service card 

BASE STATION ANTENNAS, Models BB -2534 
and BB3450. First model covers 25 -35 MHz 
and second covers 34-50 MHz. Brochure gives 
specs, features, benefits and ordering instruc- 
tions. Also lists a variety of mobile antennas 
in 25 -50 -MHz range. -New- Tronics Corp. 

Circle 71 on reader's service card 

POTENTIOMETERS, RESISTORS, 32 -page il- 
lustrated catalog includes photos, engineering 
drawings and descriptions of field -assembled 
controls, sound -system attenuators and many 
more. Complete technical specs and dimen- 
sional information are included. Special section 
describes military -qualified potentiometers. - 
Clarostat Mfg. Co., Inc., Distributor Div. 

Circle 72 on reader's service card 

PHONOGRAPH NEEDLES /ACCESSORY 
PRODUCTS, Form 6707. 14th edition of catalog 
and reference guide provides complete informa- 
tion on phonograph needles plus expanded line 
of accessories, including reel -to-reel tapes, cas- 
settes, and tape recorder, tape cartridge, guitar 
and record accessories. Needles are indexed by 
cartridge number and /or manufacturer, competi- 
tive needle number and by phonograph model. 
44 -page catalog includes photos, specs and 
features. -Recoton Corp. 

Circle 73 on reader's service card 

1967/68 CB CATALOG, No. C -175. 12 pages 
of CB equipment, antennas and accessories. Lists 
features, model numbers and nearest stores for 
ordering convenience. Flyers also available. - 
Mosley Electronics Inc. R -E 

Circle 74 on reader's service card 

Write direct to the manufacturers for in- 
formation on items listed below: 

NOISE CALCULATOR. Ten scales incor- 
porated in this slide rule -type noise calculator 
enable the user to perform various noise compu- 
tations. Included are scales to determine thermal 
noise voltage and current developed by a resistor; 
shot -noise voltage and current developed by a 
transistor or diode junction, and noise figure 
for a given source resistance from the spectral 
density. Other scales permit conversion of re- 
sistor noise index to µV /V and determination of 
noise in a given bandwidth from the spectral 
density. Available when requested on your com- 
pany letterhead from: Quan -Tech Laboratories, 
43 South Jefferson Road, Whippany, N.J., 07981. 

MANUFACTURING QUALITY CON- 
TROL. 120 -page programed workbook provides 
practice problems and assignments in quality - 
control training. Furnishes the major essentials 
plus simplified data based on experience in actual 
industrial applications and production situations. 
Emphasis is on methodology and philosophy of 
statistical control as a practical working tool. 
Available without charge if requested on your 
company letterhead from: Advertising Dept., 
General Instrument Corporation, P.O. Box 600, 
Hicksville. New York 11802. 
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Windshield Wiper Pause Controller 

(continued from page 33) 

tuted, wiring and parts layout is not 
critical. However, you must observe 
polarity of the capacitors and must 
hook up DI, Q1 and SCR I properly. 

A minor modification of the SCR 
is necessary to allow insertion into 
the board. Carefully cut off the solder 
lugs brazed to the end of the gate and 
cathode terminals. The SCR is not 
mounted flush with the board, but in- 
serted only enough to make a good 
solder connection to the shorter gate 
terminal. You can shorten the longer 
terminal after soldering it to the board. 

Mounting brackets can be made 
from 1, ' aluminum sheet, cut and bent 
as shown. The mounting bracket can 
be custom fitted for installation on the 
bottom edge of your dashboard if you 
don't want to drill any new holes on 
the dashboard's face. The sides of the 
unit should be left open to help dissi- 
pate heat. Insulation paper or plastic 
tape should be used where necessary 
to prevent short circuits. A coat of 
paint will dress up the mounting 
bracket. Install a suitable pointer knob 
to match the car's decor to complete 
the construction. 

Installation 

Mount the APC within easy reach 
of the driver. Since the APC circuit 
is grounded through its metal case, as 
are most automobile electrical devices, 
it is necessary for the case to make 
good electrical contact with the dash- 
board. If for any reason a good ground 
connection cannot be made in this 
manner, run a wire (about No. 20) 
from the APC's ground bus to a good 
ground on the car. Connect the B lead 
from SI to the accessories terminal of 
the ignition switch, or to a lead already 
attached to this terminal, if you can't 
get to the ignition switch. Connect the 
A lead from the anode of the SCR to 
the windshield wiper motor switch S2. 
Use No. 16 stranded wire for the A 
lead. A smaller gauge wire (about No. 
20) can be used for the B lead. 

If the wiper -motor switch is not 
accessible in your car or if you prefer 
not to work under the dash, connect 
the number 16 wire directly to the 
wiper motor wire going to the dash- 
board switch. 

A schematic for constructing an 
APC for a 12 -volt positive- ground sys- 
tem is shown in Fig. 2. For 6 -volt 
operation, reduce R1 to about 15,000 
ohms and replace R4 with a jumper 
wire. [Positive ground circuit and 
modification for 6 -volt operation were 
not rested.- Editor,] R -E 
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15 CRYSTAL MARKERS 
3 SWEEP RANGES 

ONLY $135 

-. iV ' - -.-. 
.. ., .... ... 

iF i .-.. ,,. 
.,. 

New Heathkit 1G -57 
Solid -State Color TV 

Marker /Sweep Generator 
The IG -57 combines the features of both a post marker and a 

sweep generator for less than you'd expect to pay for just 
one of these functions. 

Three linear sweep ranges for TV tuned circuits in sound IF, color bandpass, video IF circuits 
and proper overall RF IF response External attenuator provides 1, 3, 6, 10 and 20 dB steps up 
to 70 dB maximum Can also be used with external sweep or marker 15 crystal -controlled 
markers provided for color bandpass alignment ; picture and sound carrier frequencies for 
channels 4 and 10; FM tuner, FM IF and discriminator alignment ; TV sound IF adjustments 

All crystals included Completely isolated 1 -15 VDC variable voltage supply for positive or 
negative bias Built -in 400 Hz modulation for trap adiustment and checking and adjusting FM 
tuners Phase Control and Trace Reverse Switch so markers will appear from left to right as 
in set manufacturer's instructions, regardless of 'scope used Blanking Switch eliminates 
return sweep and provides base line Circuit Board Construction - three circuit boards, 27 
transistors, 3 silicon diodes, 2 crystal diodes and 2 Zener diodes combine to make assembly 
faster with less chance of error Bias and Scope Horiz. leads, Attenuator, Demod In. Scope 
Vert., RF and Demodulator cables included in kit. 
Kit 1G -57, 14 lbs. $135.00 

10 -57 SPECIFICATIONS - Marker frequencies: 100 kHz; 3.08, 3.58, 40.8, 4.50 MHz, *.01';. 10.7, 39.75, 41.25, 42.17 

42.50, 42.75, 45.00, 67.25, 193.25 MHz *.005r,¡. Modulation frequency: 400 Hz. Input impedances: External Marker, 
External Sweep, 8 Attenuator - 75 ohm. Demod In - 220 k ohm. Output Impedances: Marker Out, Sweep Output d At- 
tenuator - 75 ohm. Scope Vert - 22 x ohm. Sias voltage: Positive or negative 15 volts DC of 10 milliamperes. Type of 
marker: Birdie. Controls: Bias control with pull -on /push -off switch; Marker /Trace - dual concentric; Sweep Width /Sweep 
Center - dual concentric; Marker Out - concentric with Sweep Range switch; Phone. Switches: Rocker type - separate 
switch for each of the above listed frequencies; Blanking, On /Off; Trace Reverse; Modulation On /Off. Transistor - Diode 
Complement: (19)- 2N3692 transistor. (71- 2N3393 transistors. (1)- 2N3416 transistor. (3)- silicon diode rectifiers. (2)- crystal 
diodes. (1) -13.6 volt zener diode. (1) -20 volt zener diode. Sweep frequency ranges and output voltage: LO Band - 2.5 

to 5.5 MHz .1 dB at 0.5 volts RMS fundamentals, and 10.7 MHz on harmonics. IF Band - 38 to 45 MHz .1 dB, at 0.5 vois 
RMS, fundamentals. RF Bond - 64 to 72 MHz .1 dB at 0.5 volts RMS fundamentals, and 192 to 198 MHz on harmonics. At- 
tenuator: Total of 70 dB of attenuation in seven steps - 1, 3, 6, 10, 10, 20 and 20 db. Power requirements: 120 volts, 60 

Hz AC at 20 watts. Dimensions: 13%." W. x 51 H. x 121 D. 

Free 1968 
Heathkit Catalog 

Describes these and over 300 other 
kits for test, stereo /hi -fi, color TV, 
SWL, Amateur Radio, CB, Marine, 
Educational, home and hobby. Save 
up to 50% the easy and enjoyable 
Heathkit way. Just mail coupon or 
write: Heath Company, Benton 
Harbor, Michigan 49022. 

DON'T NEED THE SWEEP? 
The 1G -14 has the same features and 

specifications - without the sweep. 

Kit IG -14 

12 lbs. shpg. wt. 

$99.95 

HEATH COMPANY, Dept. 20 -7 
Benton Harbor, Michigan 49022 

Enclosed is S plus shipping 

Pease send model (s) 
Please send 1968 Heathkit Catalog. 

Name 
(please print) 

Address 

City State Zip 
(Prices and specifications subject to change without notice) TE-182 
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Build High Efficiency Lab Power Supply 
Solid -state dc supply delivers zero to 6 amperes into 15 -ohm load 

By MELVIN CHAN and ROBERT BROCK 

A LABORATORY PROBLEM REQUIRED A 

variable -voltage dc power supply ca- 
pable of delivering from zero to 6 am- 
peres into a 15 -ohm load. Ripple volt- 
age could not exceed 1%. We wanted 
a supply that was more efficient than 
most and did not require exception- 
ally large filter capacitors. Fig. 1 shows 
the circuit of the supply that met our 
requirements. Ripple is only 0.1% at 
full load. 

If we had used a conventional 
supply with brute -force filtering, we 
would have needed 50,000 to 100,000 
µF to hold ripple down to 1 %. On the 
other hand, power supplies using sim- 
ple series -element regulation waste a 
lot of power. Fig. 2 -a shows that the 
power dissipated in the filtering and 
regulating circuits rises from approxi- 
mately 80 watts at 1 ampere to 160 
watts at 3 amps and then drops to 
around 60 watts at 6 amps. Too, effi- 
ciency increases linearly with load cur- 
rent and reaches approximately 45% 
at a mid -range current of 3 amps (see 
Fig. 2 -b) . 

Compare these curves with those 
in Fig. 3 showing the performance of 
the supply shown in the schematic. 
Note that the power dissipated within 
the supply (Fig. 3 -a) ranges linearly 
with output current from 0 (zero cur- 
rent) to 30 watts with a 6 -amp load 
current. Efficiency (Fig. 3 -b) ranges 
from 75% at 1 amp to 95% at 6 
amps. Total effective filter capacitance 
is only 1650 µF instead of the 50,000 
to 100,000 µF required for a brute - 
force filter in such a supply. 

The circuit 

The voltage source is a 6 -amp 
variable- voltage autotransformer. The 
selected ac voltage is fed to a full - 
wave bridge rectifier assembly (D1), 
filtered to reduce ripple to about 6 
volts peak to peak at full load and then 
applied to the control- current network 
consisting of these components: D2, 
R3, C3, C4, Q2 and Q1. 

The transistors are connected in a 
Darlington "super alpha" configura- 
tion to reduce control- current require- 
ments. Zener diode D2 is selected for 
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an operating voltage that slightly ex- 
ceeds the amplitude of the initially 
filtered ripple voltage and provides the 
filtered bias voltage for the base of 
Q2. Capacitor C3 charges rapidly 

1 

ó 
MDA962-3 

RI 

I TI 
AC 

AC 
I (SEE 
I TEXT) 
I 

IK 
2W 

117V 

60Hz 

I 

I R2 

1 

IN753 
(SEE TEXT) 

CI 

through D2 toward a voltage level 
which is the difference between the 
Zener voltage of D2 and the input 
voltage at point A. Capacitor C4 
charges more slowly through R3 and 

2N377I 

2500µF 
60V 

R3 
15011 
2w 

` 2 N377 t -C3 (SEE TEXT) 
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Fig. 1-High-efficiency dc supply for delivering up to 6 amps into 15 -ohm load. 
C4, the 5O-,F electrolytic tied to Q2's base, is part of current -control network. 
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Fig. 2- Performance curves for a conventional series -regulated variable -voltage 
supply driving a 15 -ohm load. Fig. 2 -a shows dissipation. Fig. 2 -b, efficiency. 
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D2 toward the charge voltage on C3. 
Transistor Q2's base bias is the differ- 
ence between the voltage at point A 
and the charge on C4. 

The load voltage at point C 
equals the voltage at B minus the total 
base -to- emitter voltage drops of Q1 
and Q2. Capacitors C5 and C6 reduce 
residual ripple voltage to less than 
0.1% at full load (6 amps). 

Resistors R1 and R2 equalize the 
voltages across Cl and C2 and dis- 
charge these capacitors when the sup- 
ply is turned off. Resistors R4 and R5 
perform the same functions for C5 and 
C6. (A single 1250 -ktF, 120 -volt ca- 
pacitor could have replaced Cl and C2 
and eliminated RI and R2 but was not 
readily available. Similarly, a single 
250 -, F, 100 -volt capacitor could have 
replaced C5 and C6 and eliminated 
R4 and R5.) 

This power supply can be used 
for any fixed -load applications requir- 
ing variable voltages, good filtering 
and high efficiency within its voltage - 
current ranges. Its voltage regulation 
is poor but this is unimportant when 
driving fixed loads. 

Construction hints 

A severe shock hazard and a pos- 
sibility of damaging the equipment ex- 
ist when the power supply is used to 
drive a separately grounded load. This 
hazard may be eliminated by using a 
1:1 isolation transformer between the 
ac power line and the autotransformer. 

Parts for the supply can be pur- 
chased for around $50 (including $20 
for TI) . Transistor Q1 should be 
mounted on a 35 -watt heat sink. 
Transistor Q2 may be a 2N3771 or a 
less expensive transistor such as the 
Motorola MJ2255 (8 amps, 120 
watts), MJ2801 (10 amps, 120 watts) 
or any similar npn transistor whose 
Ia is 1 ampere or higher. It, too, 
should be mounted on a heat sink. 

The full -wave bridge rectifier as- 
sembly (D1) is rated at 200 piV, 10 
amps. It may be a molded assembly 
such as the Motorola MDA962 -3 or 
may be made up of individual 200 - 
piV, 10 -amp diodes. Zener diode D2 
may be a 1N753 (6.2 volts -!- 10 %, 
400 mW), a Z1106 (6.8 volts, 20 %) 
or a 1N4735 (6.2 volts, 20 %). 

The fuse and switch are assumed 
to be parts of the autotransformer as- 
sembly. If they are not, install a 10- 
amp, 120 -volt d.p.s.t. switch. Ground 
the transformer through a three -con- 
ductor line cord and plug to the ac 
power receptacle. A 6 -amp, 125 -volt 
fast -blow fuse inserted at X between 
the transformer and D1 will provide 
short -circuit protection. R -E 

JULY 1968 81 

LOOK! A NEW 

ELECTRONICS 

SLIDE RULE 
with complete 

instruction program 

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

See for yourself. Learn how towhip through 

GET BOTH FREE! 
ELECTRONICS 

SLIDE ROLE 

Send 
coupon 
today --$ 

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

This all -metal 10" rule is made to our rigid 
specs by Pickett, Inc.... comes complete with 
top grain leather carrying case and Instruction 
Course. A $50 value for less than $25 Send 
coupon for FREE illustrated booklet and 
FREE heavy vinyl Pocket Electronics Data 
Guide. Cleveland Institute of Electronics, 
1776 E. 17th St., Dept. RE -154, Cleveland, 
Ohio 44114. 

Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. RE -154, Cleveland, Ohio 44114 

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

NAME 
(Please Print) 

ADDRESS COUNTY 

CITY STATE ZIP 

A leader in Electronics Training ...since 1934 

C'ircic 108 on reader's service card 
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ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M . A. D. 
MUSIC ASSOCIATED'S DETECTOR 
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 $495o 
(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) -744 -3387 07043 

k,:-^!"' fr's ^ 
Circle 109 nu reader's service card 

"REAL PIPE ORGAN TONE 
acclaim thousands of satisfied users 

ASSEMBLE THIS MAGNIFICENT ELECTRONIC 
ALL -TRANSISTOR ORGAN YOURSELF AND 

1 SAVE 

Kit prices 
from $1850. 
12 models 
available... 
church & 
theater 
styles 

'1401' 
...;.` s. '°. 
HREE-MANUAL 

SPECIALISTS 

_Save 
dealer profit and factory labor 

FUN TO ASSEMBLE & EASY TO PLAY 

Pay as You Build - Play as You Build 
You don't have to be a professional 
organist to make your Artisan sound greal. 

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 
Artisan" (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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NOW -Color -Coded Schematics for 1500 TV 

Sets. . . at an Unbelievable 1.3F( Per Set! 
Yes, now you can speed -repair 1500 

popular TV receivers for just about 1¢ 
each ... with the serviceman- proved 
COLOR -CODED TV COLORGRAMS. 

If you've heard about TV Color - 
grams, then you know they were a real 
bargain at their original total price of 
$102.50. Now, at this special price of 
only $19.95, they're almost a steal. 

What are TV COLORGRAMS? 

They're amazing new color -coded 
charts that help you isolate TV re- 

ceiver difficulties and with less effort 
than you ever dreamed possible. Each 
COLORGRAM chart is clearly color - 
coded to show signal -flow, continuity, 
test points, and voltages. The entire 
ground conductor is shown in its own 
distinctive color. Every component in 

the circuit is clearly identified, and 
its relationship to other components 
made readily recognizable. COLOR - 
GRAM charts let you concentrate on 
that small portion of the set most like- 
ly to be the cause of the trouble. 
There's no time wasted working back 
and forth between schematic and set 
looking for test points . . . wading 
through superfluous information . . . 

identifying components incorrectly. 
With COLORGRAMS, everything is 

there, before your eyes, and very often 
looking just as it does in the set. 

What does a TV COLORGRAM 
Service -Pak include? 

Everything you need to service a 

whole series of TV sets! 

Typical COLORGRAMS SERVICE -PAK sold for $1.95. 
You get 50 such PAKS . . . plus 148 -page Index 
.. . for only $19.95! 

First of all, the Pak includes COLOR - 
GRAM charts for IF, Video, Audio, 
Vertical and Horizontal (showing sync 
and sweep circuits), 3+ distribution 
and AGC circuits. You use the Video 
chart if you have a Video problem, 
the Audio chart if you have an Audio 
problem, etc. 
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Easy to read complete master schematic is color - 
keyed to the colors used in the Colorgram Charts. 

Second, the Pak includes color - 
keyed master schematic providing an 
overall view of the receiver circuit. It 
shows the Tuner, IF, Video, Audio, 
Vertical and Horizontal sections, color - 
keyed to the colors used in individual 
COLORGRAM charts. It also shows 
test points, waveforms, voltage, re- 
sistance, capacitance, practical align- 
ment data. etc. 

CONTENTS 
ADMIRAL (25 CHASSIS, 179 MODELS) 
EMERSON (24 CHASSIS, 100 MODELS) 
G. E. ( 9 CHASSIS, 332 MODELS) 
MAGNAVOX (1 CHASSIS, 27 MODELS) 
MOTOROLA (8 CHASSIS, 63 MODELS) 
PHILCO (24 CHASSIS, 122 MODELS) 
R. C. A. (125 CHASSIS, 539 MODELS) 
WSTGHSE. (27 CHASSIS, 183 MODELS) 

Third, the Pak includes a Rapid Re- 
pair Manual that is an effective guide 
to the use of the COLORGRAM System. 
It contains original manufacturer's 
service notes, special instructions, cir- 
cuit modifications, parts list, and parts 
numbers. Other practical service data 
in the Guide are a Pictorial Tube and 
Component Location Chart, and a Tube 
Failure Guide. 

What do I get for my money? 

50 complete Service -Paks ... each 
Pak containing data on approximately 
30 TV sets. PLUS, as an added bonus, 

L 

we'll include the 148 -page MASTER - 
INDEX and Cross Reference Replace- 
ment Parts Guide which lists all 1500 
TV sets you can quickly repair with 
TV COLORGRAMS. It describes the 
black- and -white receivers of Admiral, 
Emerson, General Electric, Magnavox, 
Motorola. Philco, RCA, and Westing- 
house. These receivers are cross - 
referenced (by IBM data -processing) 
to nine replacement parts manufac- 
turers ... Aerovox, Centralab, Claro- 
stat, G. C., Merit, Stancor, Thordar- 
san, Triad, and TVD, covering over 
25,000 parts listings. This INDEX 
gives you the newest, fastest, clearest, 

Each Colorgram chart is color -coded to show sig- 
nal flow and continuity -just like a road map! 

most practical approach to obtaining 
the correct replacement part in a 
hurry. 

MONEY -BACK GUARANTEE 

So sure are we that the data in 
these invaluable Service -Paks will save 
you time and money we're offering 
them on a guaranteed money -back 
basis. Order at our risk for 10 -day 
examination. Put the data in these 
schematic -packed guides to work for 
you for 10 days. If they don't prove to 
be worth several times their cost, re- 
turn them and we'll refund the full 
purchase price. Simply fill in and mail 
the NO -RISK coupon below, with your 
check or money order, to obtain these 
time -saving, money- making manuals. 

NO RISK COUPON - MAIL TODAY 

TAB Books, Blue Ridge Summit, Pa. 17214 
I enclose $19.95 for which please send me your complete 50- Package Color - 
grams Schematic offer postage prepaid. I understand I must be completely 
satisfied or you will refund my money if the package is returned in 10 days 
Name 
Company 
Address 
City State Zip 

RE 78 
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Signal and Voltage Indicators 
Cut cost of experimental projects by using substitutes for expensive meters 

By LEO G. SANDS 
IN THE LONG -GONE AND OFTEN - 

lamented days right after World War II, 
inexpensive surplus equipment virtually 
flooded the parts market. Every experi- 
menter worth his salt had a large and 
highly varied collection of voltmeters. 
Often selling for a couple of dollars or 
less, top -quality movements were avail- 
able in almost any size, shape or range. 
Today, however, the well -mined mother 
lode of military voltmeters has pretty 
much played out, and the cost of a new 
one for the latest experimental project 
often can equal the combined cost of all 
other components. 

Fortunately, there is a way around 
the dilemma. Many types of common 
indicator tubes and other indicating de- 
vices can be used for signal and voltage 
displays. Probably the most well known 
of these money- savers is the electron -ray 
indicator tube often called a "magic 
eye." Used in AM radio circuits as long 
ago as the late '30's, the indicator still is 
used in test instruments and in some 
FM tuners. It has several other possible 
uses as a voltage indicator as well. 

6E5 OR 

6U5/6G5 
6E5:0 70-8V - 
6U5:0 TO-22V 

HTR 6.3V 

IMEG 125V- 

250 V 

6E5:-8V (B+=250V) 
6U5:-22V (8-1-=250V) 

a 

Fig. 1 (a- d)- "Magic eye" tubes pro- 
vide a variety of these small signal dis- 
play patterns. (1 M3 /DM70 is shown at c.) 
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HTR 6.3V 

El 
EI 

ALL 
DEFLECTORS DEFLECTOR 2 
AT ZERO VOLTS AT -VOLTAGE AT -VOLTAGE 

6AL7-GT 220-385V 

DEFL 2 Imm/V 

DEFL I Imm/V 

3.3K 

o 
El 

DEFLECTOR 

DEFLECTOR 3 
AT -VOLTAGE 

5 

El 
El 
0 

GRID AT -7V 

b 

6 

1I 
ALL 

AT -VOLTAGE 

The original electron -ray indicator 
tube was the 2E5 with a 2.5 -volt heater, 
and its 6.3 -volt counterpart -the (E5- 
shown in Fig. 1 -a. The plate of one tri- 
ode section (a dc amplifier) is connected 
internally to the ray -control electrode 
(grid). The plate of the second triode is 
known as the target. 

When the voltage at the amplifier - 
triode grid is zero, the circular target at 
the end of the tube glows a bright green, 
except for the shaded triangular wedge 
known as the shadow. As the grid is 
made negative, the shadow gets smaller. 
When grid voltage reaches approximate- 
ly -6.5 to -8 (depending upon target 
voltage), the entire screen is green, and 
the shadow angle is zero. If the grid is 
made more negative, the edges of the 
illuminated area overlap. (The 6U5/6G5 
is similar, but the grid voltage for zero 
shadow angle is about -22.) 

Indicator bars 

More novel is the type 6AL7GT 
indicator tube which displays two glow- 
ing rectangular bars divided into four 

0 TO 
-15V 

IMEG 

.02 

120V 

22on 
NEG 
COEF 

6.3V 
C 

OV -8V -20V 
LIGHTED AREA (L) 
DECREASES AS GRID 
BIAS INCREASES 

IV/30mA 
d 

1 
OV -3V 
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The TRUE electronic solution to a 

major prohlein 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 

A Up to 2O°ó Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET -ORDER TODAY! 

DELTA PRODUCTS:071-: 

P.O. Box 1147 RE Grand Junction, Colo. 81501 

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

Mark Tens (Deltakitp) @ $29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ $44.95 

6 Volt: Negative Ground only. 

12 Volt: Specify [] Positive Ground 
LJ Negative Ground 

Car Year Make 

Name 

Address 

City /State Zip 
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segments. As shown in Fig. 1 -b, this tube 
has a target (plate), a grid and three 
deflector electrodes. The grid varies the 
brilliance of the illuminated bars. De- 
flectors 1 and 2 control the size of the 
shadow on segments 1 and 2, and de- 
flector 3 controls segments 3 and 4. The 
width of shadow area produced by each 
deflector is about 1 mm /volt. 

The 1M3 /DM70 tuning indicator 
displays an illuminated bar which is re- 
duced in length through application of a 
negative grid voltage. As shown in Fig. 
1 -c, this tube employs a directly heated 
cathode which can be energized from 6.3 
volts ac through a 220 -ohm, negative - 
coefficient resistor. 

The type 6977 indicator tube shown 
in Fig. 1 -d also displays a glowing bar, 
the brilliance of which is reduced as the 
grid is made more negative. At a grid 
voltage of about -3, the glow is extin- 
guished. This is also a filament -type tube 
drawing 30 mA at 1 volt ac or dc. 

Then, of course, there are neon 
lamps which glow when a high enough 

Fig. 2- Maximum avc voltage in AM re- 
ceiver causes the smallest shadow angle. 

voltage is applied initially (striking volt- 
age) and continue to glow until voltage 
is reduced to a certain level (extinction 
voltage). Neon lamps are used as pilots, 
gates, oscillators, voltage regulators 
and excess -voltage indicators, to name a 
few. 

Having reviewed briefly some basic 
types of voltage- indicating tubes, let's 
now see how they may be incorporated 
into some simple -and useful- circuits. 
In most cases, the full parts list is omit- 
ted, but no trouble should be had in 
duplicating any or all of them. 

Type 6E5 and 6U5/ 6G5 tubes of- 
ten are used as tuning indicators in AM 
receivers, connected directly to the avc 
bus as in Fig. 2. When the receiver is 
correctly tuned to a station, avc voltage 
is maximum, and the shadow angle is 
smallest. Use a 6E5 if avc measures from 
0 to -8 volts maximum; a 6U5 can be 
used for voltages to -22. 

Adding a pot (dotted lines) makes 
a simple S- meter. Use a dial scale with 
the pot and calibrate it in S -units or 
microvolts. Then, with a signal tuned in, 
adjust the pot for zero shadow angle and 
read the pot setting. 
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Another application for the 6E5 or 
6U5/ 6G5 is as an FM- receiver tuning 
indicator. It can monitor limiter voltage 
using the same circuit as in Fig. 2, but 
with the input connected to the limiter 
grid- return circuit instead of the avc bus. 
A more meaningful indication is ob- 
tained by monitoring discriminator or 
ratio -detector dc voltage (Fig. 3) . The 
cathode pot is adjusted for zero shadow 
angle when the receiver is correctly 
tuned to a station; off channel, the 
shadow angle increases. 

The 6AL7 -GT is a popular FM- 
receiver tuning indicator. In the typical 
circuit shown in Fig. 4, the grid and de- 
flector 1 are biased negative by the cath- 
ode resistor. Deflector 3 is connected to 
the limiter grid return, and deflector 2 
is connected to the discriminator or ratio 
detector as in Fig. 3. The illuminated 
bars are of equal length and shortest 
when the receiver is correctly tuned 
(deflector 2 at zero voltage and deflec- 
tor 3 at maximum negative voltage). 

The circuit of Fig. 2 can be used as 

DISCR OUTPUT 
IMEG 

2.2 MEG 

ADJ OR ZERO SHADOW ANGLE 

Fig. 3 -FM discriminator or the ratio - 
detector voltage is monitored and pot 
R adjusted for zero shadow angle. 

6AL7 -GT 

T, NEG 

VOLTAGE 
AT 
LIMITER 
GRID 

300V 
¡MEG T0 DISCR 

OUTPUT 
.05 

Fig. 4 -6AL7 light bars are shortest 
when deflector 2 has zero voltage and de- 
flector 3 has a maximum negative voltage. 

ANT CONN 
TO XMITTER OR ANTENNA RY 

Fig. 5- Transmitter monitor: Output 
is rectified by the diode. Voltage 
across R controls 6E5 shadow width. 
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a dc vtvm by calibrating the pot dial 
scale in terms of voltage for zero shadow 
angle. It can be used as an ac vtvm by 
connecting a diode from the arm of the 
pot (anode) to ground (cathode) or in 
series with the hot end of the pot (cath- 
ode toward voltage being measured). 

Electronic indicator tubes also can 
be used to monitor CB and ham trans- 
mitter circuits. Relative transmitter out- 
put can be monitored with a 6E5 using 
the circuit shown in Fig. 5. 

The output signal is tapped at the 
antenna connector and rectified by a 
high- frequency diode; the resulting dc 
voltage appearing across R is monitored 
by the 6E5. Sensitivity is changed by 
altering the value of R. Signal strength 
determines the width of the shadow, and 
proper (upward) modulation is indi- 
cated by further reduction or overlap- 
ping of the shadow angle. 

An 1M3 /DM70 also can be used 
as a relative rf- output indicator. As 
shown in Fig. 6, rectified rf is fed to the 
indicator grid, causing the illuminated 

A T CONN 
C TO XMITTER OR ANTENNA RY 

3.9K IM3/DM70 
IMEG 

RI 470pF .02 220[L 

R2, B 

R3 

6.3V 

Fig. 6- Transmitter output varies the 
bar width in IM3 /DM70. Rectified 
rf signal appears on the indicator grid. 

MODULATED 6E5 
B+ 

MOD & 

OUTPUT 
TRAN 

MODULATOR 
&AF OUTPUT 

D fIMEG 

11 

470K 

LARGE ENOUGH 
TO PREVENT 
EXCESSIVE FLICKER Bi- 

Fig. 7- Overmodulation indicator: The 
modulated B+ is rectified and fed to the 
grid of 6E5, varying the shadow angle. 

Fig. 8- Field -strength /wavemeter: rec- 

tified rf signal toward biases the tran- 
sistor, lighting the 6977 indicator lamp. 
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bar to enlarge with increased output and 
upward modulation. The value of R1 is 
selected to provide the desired range. 
Values of R2 and R3 should be chosen to 
reduce B + to 150 -170 volts at the 
plate of the indicator. 

Overmodulation indicator 

A 6E5 can be used as a CB over - 
modulation indicator (Fig. 7) . Here, 
modulated B+ voltage is tapped from 
the modulation transformer and fed to 
the 6E5 grid through diode D. Since 
modulated B+ voltage ordinarily is 
positive, the diode conducts only on 
negative overmodulation peaks, causing 
the shadow angle to flicker. Pot R is 

used to balance out diode leakage cur- 
rent in the circuit. 

In Fig. 8 a 6977 tube is used as the 
indicator in a combination field - 
strength /wavemeter. Diode D rectifies 
the rf signal and forward -biases the 
transistor, causing the 6977 to glow. The 
tube glows when the tuned circuit is 
resonant and is dark at other times. 

What else you can do with indicator 
tubes depends upon your imagination. 
Just keep in mind that they're simply 
vtvm's without a calibrated scale. Using 
the basic circuits of Fig. 1 and adapting 
the examples shown and described, you 
should be able to save the cost of an ex- 
pensive meter in many of your experi- 
mental projects. R -E 

SCHOOL DIRECTORY 

GET INTO 

ELECTRONICS 
V.T.1. training leads to success se 
technicians, field engineers, specialists 
In communications. guided missiles, 

mputers, radar and automation. Basic 
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tory. Electronic Engineering 

curricula ogy & Electronic Technology curricula 
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mos. B.S. elan obtainable. G.I. ap- 
proved. Graduates in all branches of 
electronics with major companies. Start 
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school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 46383 

l1 

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 & P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F. A. A. A &P certificate. 
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1199 W. Arbor V it ae. Inglewood, Calif. 

LEARN TECHNICAL 
WRITING 
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WRITE YOUR WAY TO SUCCESS. Elec- 
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ATWS WILL TRAIN YOU AT NOME AT 

LOW COST. ATWS home training is fast mee 

ing, fascinating, easy- todollow. Includes 

everything you need to become a topnotch Tech Writer. Low lost. Send today 

for free career book and sample lesson. No salesman will call APPROVED 

FOR VETERANS. 

AMERICAN TECHNICAL WRITING SCHOOLS, Dept.RE -78 

5512 Hollywood Boulevard, Hollywood, California 90028 

distinguished graduates 
hold important engineering and business administration 
posts throughout U.S. Professionally- oriented college with 
outstanding placement record. Four - quarter year permits 
degree in three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. Approved 
for vets. Modest costs. Enter Sept., dan.. 
March, June. For Catalog, write Adm. Director. 

TRI -STATE COLLEGE 
917$ r'oliege Avenue, Angola, Indiana 46703 

ELECTRONIC 
TECHNICIANS! 
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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- 
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HOME STUDY INSTITUTE 

Dept. RE -7, P.O. Box 1189, Panama City, Fla. 32401 

Circle 113 on reader's service card 

www.americanradiohistory.com

www.americanradiohistory.com


Do It Yourself Language Lab 
Put your tape recorder to work and learn another language 

IF YOUR YOUNGSTER IS FACING THE 
problem of foreign -language study at 
school for the first time, you know that 
the largest hurdle is memorizing the 
necessary words and phrases. In 
school, the teacher can convey usage 
and sentence structure. But it's the stu- 
dent's job to learn the words. 

At our house, it became the whole 
family's problem, for whenever an odd 
minute was available, we had to start 
vocabulary drill. Something had to be 
done, and we solved the problem. 

To begin with, you need a small 
tape recorder with a slow speed: 33/4 

ips is good, 17/8 even better. The ma- 
chine must have capstan drive. 

The next step is to buy a couple of 
packs of file cards. Use the 3" x 5" 
cards if your machine runs at 1%8 ips 
speed, 5" x 7" for 33/4 ips. Remove 
the head cover from the tape machine, 
and place a card so it "bottoms" on 
the tape transport's base plate. Hold 
the card near the head, and mark the 
position of the bottom of the head gap 
on the card, and the location of the 
top of the gap (see the drawing). 

Now stick a length of recording 
tape across the bottom of the card, 
placed so it completely covers the gap 
area. To do this, paint a line of cement 
(preferably rubber cement) on the 
bottom of the card. Place the tape 
(dull side down) on a piece of paper, 
and smear some rubber cement on 
the back of the tape. When both the 
card and tape have dried, pass the tape 
to the card. Place it right the first time. 
Tape and card will not readily slip, 
and they will be bonded permanently. 
Trim the excess tape off both ends with 
a razor blade. With the tip of a finger, 
rub the excess cement from the card. 
Be sure not to leave any traces of ce- 
ment on the surface of the tape or card 
-it can literally gum up the works. 

Repeat this on as many cards as 
you have words to be learned. When 
you have finished applying the tape to 
the cards, set up the tape recorder, and 
remove the supply and takeup reels. 

Place a card in the head area, and 
put the machine in the record mode. 
Slide the card toward the capstan and 
capstan idler until the card is caught in 
the pinch between the two. They will 
pull the card past the heads and eject 
it at the other side. While the card is 
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By BYRON G. WELS 

Languages are easier when correct pronunciation is heard while reading English word. 

INDEX CARD 
ERASE, RECORD 
OR PLAYBACK 
HEAD -i 

PENCIL MARKS 

étudiant to) 
student 

POSITION 
OF 
TAPE 

HEADCOVER 

PINCH 
ROLLER 

(CAPSTAN IDLER) 

To prepare language cards, remove tape - 
head cover and position file card near 
head and flush with baseplate. Mark top 
and bottom of playback -head gap on card. 
Next, apply rubber cement to the card 
(where marked) and the glossy side of 
tape. Carefully position tape on card, 
removing all excess glue. Record words 
while feeding cards between capstan and 
capstan idler. Write words on card backs. 

moving past the heads, speak the for- 
eign word correctly into the micro- 
phone. If your pronunciation, or your 
youngster's is less than perfect, enlist 
the aid of someone who pronounces 
the language correctly.) It is now re- 
corded on the tape at the bottom of 
the card. 

After the card has been expelled 
out the other side, write the word in 
English on the card. Continue this pro- 
cedure until you have recorded all the 
words in your vocabulary list. 

Foreign words often look per- 
plexing when spelled. It is sometimes 
difficult to tie the spelling to the pro- 
nunciation, so it helps to write the 
word in the foreign tongue on the back 
of the card. 

To use the language lab, take the 
cards in any order and sit down in front 
of the tape recorder. Read the English 
word written on the face of the card. 
Try to say it aloud in the foreign lan- 
guage. Then slip the card into the tape 
machine to hear proper pronuncia- 
tion. 

This process makes learning fun, 
as it should be. Our other kids, quite 
taken with the system, have asked us 
to prepare language cards for them. 

Ich am having une bon tiempo 
with the whole chose! R -E 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


COMING 
NEXT 

MONTH 
A series of articles designed to tell all about two -way radio 

and shortwave listening, and how to benefit from emergency. 
land mobile and other VHF transmissions. 
LISTEN IN ON AIRCRAFT, FIRE, POLICE AND WEATHER REPORTS 

. . . More than 5 million licensed 2 -way radio users are on 
the air now. VHF receivers and converters are readily availa- 
ble to let you tune in on this ever increasing activity. Know 
what features to look for when you buy. 
GETTING STARTED IN 2 -WAY RADIO . . . Going on the air is 
easier than ever. Virtually no one is excluded from mobile 
communications. Giant corporations, small business and in- 
dividuals can be accommodated. How modern CB and com- 
mercial gear works, how to select and how to service equip- 
ment. 
IS YOUR SKY PIECE FIRST CLASS? . . . Today's CB transceiver 
equipment is the best that engineers can design. But the best 
of equipment is worthless unless the antenna system can 
efficiently transmit the signal to where it is needed. An ex- 
planation of how to select the right antennas for specific 
mobile applications, how to install them and how to check 
out the entire system. 
TUNING IN THE WORLD ON SHORTWAVE . . . There's fasci- 
nating activity on the shortwave bands . . . propaganda 
from Radio Peking, a Japanese language course for English - 
speaking audiences, guided tours of foreign lands, etc. Get 
to know how to select, what features to look for and about 
how much you will have to pay for a receiver. 
COMPUTERIZE YOUR CAR LIGHTS . . . First of a three -part 
series tells how to build a miniature computer into your car 
to instantly tell you when a lamp burns out and whether 
you've forgotten to turn the lights on or off. Estimated cost 
is about $20. 
DIPPER AND CRYSTAL OSCILLATOR . . . Experimenters, hams 
and shortwave fans will find many uses for this dipper con- 
struction project. A single, inexpensive transistor circuit is 
used to check the resonant frequency of a tank, or to find 
the value of an unknown coil or capacitor. 
THE CASE OF THE MYSTERIOUS FLYING GLITCH -HAUSEN . . . 

Another unusual problem in a color TV receiver comes to 
light. Trouble in a set under repair manages to find its way 
into a set being repaired nearby. Something new -certain TV 
ailments could be catching. 
ADJUSTING AUTOMATIC CHROMA CONTROL CIRCUITS . . . TV 
men have patiently explained for years that nothing is wrong 
with a color receiver when flesh tones change from pink to 
green after changing channels. The problem is usually a long 
line of "unequals." They range from studio color cameras to 
lighting conditions. Now, to help solve this problem, color 
TV set manufacturers have introduced automatic chroma 
control circuits. Learn how the new circuits work and how 
to service the sets using them. 
TROUBLE -SHOOTING TV DETECTOR DIODES . . . Solid -state 
diodes play an important part in the detection systems of 
black -and white and color TV receivers. Because of their two - 
terminal simplicity, one expects little trouble from these tiny 
units. Yet diodes do develop open circuits and changes that 
seriously affect picture quality and sound. Learn how detector 
diodes function in TV receivers and how to recognize the 
problems they can cause. 
pLus-Still more feature articles, news and departments. 
Don't miss 
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...the soldering tools 
professionals depend on 

^'f, 

The 
original Dual Heat 

Soldering Guns 
Preferred by technicians for their 

fast heating copper tips, exclusive 
trigger -controlled dual heat, and high 
soldering efficiency. Available in 3 watt- 

age sizes, each with spotlight. 

100 /140 -watt Model 8200, 145 /210 -watt 
Model D -440, and 240/325 -watt Model 
D -550. Also in complete kits: 

Utility Kit includes Weller 
100/140 watt gun, extra tips, 
tip -changing wrench, flux 
brush, solderingaid and solder. 
Model 8200PK 

Heavy -Duty Kit features Weller 
240/325 watt gun with 
soldering, cutting and smooth- 
ing tips, wrench and solder. 
Model D -550PK 

Dependable MARKSMAN Irons 
in a size for every job 

Ideal for deep chassis work and continuous -duty soldering, 
Marksman irons outperform others of comparable size and 
weight. All five feature long -reach stainless steel barrels 
and replaceable tips. 

25 -watt, 13 /4 -oz. Model SP -23 with 1/3" tip (In kit with extra tips, 
soldering aid, solder -Model SP -23K) 
40 -watt, 2 -oz. Model SP -40 with 1/4" tip 
80 -watt, 4 -oz. Model SP -80 with 3/a" tip 
120 -watt, 10 -oz. Model SP -120 with 1/2' tip 
175 -watt, 16 -oz. Model SP -175 with W" tip 

Complete Weller Line includes replacement tips and solder 

WELLER ELECTRIC CORPORATION, Easton, Pa. 
WORLD LEADER IN SOLDERING TOOLS 
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VM COAX 
MATCHING 

TRANSFORMER 

For UHF /VHF 
Color /B &W TV 

One UHF or VHF Matching 
Transformer for either indoor 
or outdoor use. Mosley's new 
MTR -37A provides a perfect 
match of 300 ohm antenna or 

receiver to 75 ohm coax. 
Solderless connections 
for easy installation 

on antenna or TV 
set terminals. 

® Write Dept. 160A for FREE detailed brochure. 

Arzidery O 4610 dbrvd., r/ Bridgeton 
N. Lin 

Misseo uri 
gh Bl 

63042 
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EIGHT 
INSTRUMENTS IN ONE 

Out -of- Circuit 
Transistor Analyzer 
Dynamic In- Circuit 
Transistor &. Radio Tester 
Signal Generator 

. Signal Tracer Voltmeter 
Milliammeter 
Battery Tester 
Diode Checker 

Transistor Analyzer Model 212 
Factory Wired & Tested - $19.50 
Easy -to- Assemble Kit - $13.50 

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 
facilities you need to check the transistors themselves - and the radios or other cir- 
cuits in which they are used - have been ingeniously engineered into the compact, 
6 -inch high case of the Model 212. It's the transistor radio troubleshooter with all the 
features found only in more expensive units. Find defective transistors and circuit 
troubles speedily with a single, streamlined instrument instead of an elaborate 
hook -up. 
Features: 
Checks all transistor types - high or low 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versal test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (oscillator check), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor -circuit power- L- 

supply voltages on 12 -volt scale. No ex- 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter- 
nal leads for in- circuit testing and a 

pair of test leads for measuring voltage 
and current. Comes complete with 
instruction manual and transistor listing. 

EMC, 625 Broadway, New York 12, N. Y. 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

NAME 

ADDRESS 

CITY 70NE_STATE_ 

RE-7 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. 1 

CB Troubleshooter's 
Casebook 

Compiled by 

Andrew J. Mueller'* 

Case 1: No receive; only motorboating. 

Common to: Hallicrafters CB -20. 

TO ANTENNA JACK 

IANTENNA 
SWITCHING Al- TO 

DIODES XMTR 

BREAK IN CORD 

BLUE 

TO RF AMPL 

Remedy: 

Reasoning: 

OUTPUT 8 
MOD TRANS 500µF 

TO 
AUDIO 
OUTPUT 
STAGE 

S PKR 

TO XMTR PA 
STAGE 

+12v 

Replace or repair microphone cord. 

When the blue wire in the mike cord opens, the 
speaker circuit isn't completed directly. In addi- 
tion, A+ voltage isn't fed to the antenna switch- 
ing diodes. This produces feedback through 
D1 and D2, which causes motorboating. The 
quickest way to find this problem is to measure 
the voltage at point A instead of first bridging 
the electrolytics. 

Case 2: At high volume, receiver motorboats. 

Common to: Johnson II. 

ANT 

47K 

TO XMTR 
TANK COIL 

.001 
TO RF AMPL 

TANK COIL 

ARMATURE TENSION 
TOO WEAK 

8/350V 
+I 

1 
' TO MIC 

TO XMTR 
PWR 
AMPL 
CATHODE 

Remedy: Repair or replace T -R relay. 

Reasoning: The transmit -receive relay is the most common 
trouble. At high volume levels, the whole chas- 
sis vibrates. Without proper tension, the relay 
armature will also vibrate. This causes the in- 
coming signal to break up at the audio rate. 
Replace the relay to eliminate future trouble. 

` Service manager, Tel -Air Communications, Inc., Pewaukee, Wis. 
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Case 3: Distorted and low modulation. Receive OK. 

Common to: Ray -Tel TWR -1. 

TO AUDIO OUTPUT TRANS 
SECONDARY 

MICROPHONE 

DEFECTIVE 
CARBON MIC 
CARTRIDGE 

01 IOOK 

.01 

TO VOLUME CONTROL 

AF 8 
SPEECH 
AMPL 

IODK 1/2 I2CR6 

2.2 
MEG 

3368 

13309F 

FROM 
XMTR OSC 

TO 
MODULATOR 

B+- 

TO RF 
TANK COIL 

XMIT / 
KEYING 
LINE 

Remedy: 

Reasoning: 

TO OSC 
CATHODE 25µF 

B+ 

FINAL RF 
AMPL 

0iz I/26CX8 

Replace microphone cartridge. 

Even though carbon mikes are hard to damage, 
they still fail occasionally. When this happens, 
the mike output signal becomes weak and dis- 
torted rather than disappearing. To check, sub- 
stitute a new mike cartridge and note any differ- 
ence. 

Case 4: Distorted modulation. Receive OK. 

Common to: Gonset G -12. 

FROM 
OSC 
PLATE 

XMTR 
FINAL AMPL 
I /26CX8 

^^' .001 

TO TR RELAY 

Remedy: 

Reasoning: 

JULY 1968 

001 

470pF 

5 -30pF 
TUNE PLATE 

TO 
ANTENNA 
JACK 

110 -580 

p 

F 

_ _ LOAD 

MOD 

MODULATOR 

OUTPUT 6BQS 
AND 

TRANS 

TO SPKFT-- 
22K 

FROM 
AF 
AMPL 

25 

Bi- 

150 
I1 

Replace the final tube, VI. 

This tube frequently becomes microphonic; its 
elements vibrate when modulation is applied, 
causing distortion to the modulated rf signal. 
You can easily be misled to believe the problem 
is in the audio section when it is really in the 
PA stage. All tubes should be substituted first 
before checking separate sections of the modu- 
lator and other audio sections. R -E 
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THE ELECTRONIC INDUSTRY'S 
MOST CURRENT 1968 CATALOG 

FREE! 
ALL NEW .. . 

SPRING AND SUMMER 
ELECTRONICS CATALOG 

YOUR BUYING 
GUIDE FOR: 

Stereo & Hi -Fi Systems 
& Components Tape Re- 
corders Phonos, Radios, 
& TV's Cameras & Film 

PA Ham Gear Test 
Instruments & Kits Citi- 
zens Band Electronic 
Parts, Tubes & Tools. 
SEND FOR YOURS TODAY! 

MAIL TODAY TO . . . 

RADIO-TV 
ELECTRONICS 

tM%i:OC ry, 884 

f 

- M'fAi TOMFS W... 

BURSTEIN- APPLEBEE 
DEPT. RES 3199 MERCIER STREET KANSAS CITY, MO. 64111 

V qune 

Address- - 

City State Zip Code 

DO YOUR FRIEND A FAVOR...ALSO INCLUDE HIS NAME 
AND ADDRESS IN ENVELOPE WHEN MAILING YOUR REQUEST 

Circle 116 on readers service' card 

Now... 
low cost 
Ultrasonic 
Area Protection 

Euphonics Intrusion Alarm 
This new, simplified Intrusion Alarm 
System projects an invisible ultrasonic 
beam which will cover and protect any 
desired area. Any person moving within 
its range will trigger it immediately. 

The Euphonics A -1 Intrusion Alarm is the 
ideal, low cost protector of homes, apart- 
ments, offices, stores and thousands of 
commercial / industrial establishments. 
Write for details and prices. Also available: AN -1 Annun- 
ciator; MA -2 (12 VDC) marine model. 

i/phonics MARKETING Dept. RE -7 
202 Park Street Miami Springs, Florida 33166 

Circle 117 on reader's scrvicc curd 
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GET INFORMATION 

"too hot to handle" 
Learn about the new 

scientific and patented 
miracles in sound by 

WIDE SCREEN STEREO 

DEEPEST TRUE PITCH BASS 

DYNAMICS WITHOUT DISTORTION 

UNIFORM WIDE AREA COVERAGE 

MICROWATT SENSITIVITY 

AND MORE 

FREE LITERATURE 

WRITE OR PHONE 

KARLSON RESEARCH & MFG. 

Box 117, W. Hempstead Li., N.Y. 

Tel. 516- 489 -3641 

Circle 118 on reader's service card 

NEW TUBES AND SEMICONDUCTORS 
IC DUAL PREAMPLIFIER 

The Mallory MIC 0103 is a sili- 
con monolithic integrated- circuit dual 
audio preamplifier for magnetic trans- 
ducer inputs such as stereo automotive 
tape players. It consists of two iden- 

2 INPUT 
o 

O 
9 FEEDBACK 

7 

tical amplifiers and transistor and 
Zener -diode voltage regulators. A 
voltage regulator provides a constant 
voltage for the Darlington -pair input 
circuit. A second regulator provides 
voltage for the output transistors. Di- 
odes in the emitters of the output 

+12V 
10 

OUTPUT OUTPUT . 

8 15 

6 5 
BOTTOM VIEW 

INPUT 4 

GND 

O 

o 
FEEDBACK 6 

Ha t VALUES EVER OFFERED! 
FREE $1 BUY WITH EVERY 10 YOU ORDER Onl$lapBui;": FREE GIFT WITH EVERY ORDER 

-ORO- 
_ 

IBM COMPUTOR 
SECTIONS 

8 assorted Units we 
sell for it are 
loaded with over 
150 valuable parts. 

Incl. - Transistors 
Condensers, Resist- 
ors, Heat Sinks, Di. 
odes, Etc. 

8 tor b1 
100 tor $10 

2 -G.E. PIECES OF EQUIPMENT $1 
stacked with over 200 useful parts 

15 - G.E. #NE -2 TUBES S1 
Neon Glow Lamp for 101 uses . 

BONANZA "JACKPOT" not gold, 
not oil, but a wealth of Electronic 
Items -Money- Back guarantee .... $5 

7 - TV ELECTROLYTIC CON- $1 
DENSERS desirable type 

15 - ASST. ROTARY SWITCHES 51 
all popular types $20 value 

4 - 50' HANKS HOOK -UP WIRE $1 
assorted colors 

50 - ASST. TERMINAL STRIPS $1 
all types, 1 -lug to 6 -lug 

25 - INSTRUMENT POINTER 
KNOBS selected popular types .. $1 

1000 - ASST. HARDWARE KIT 51 
screws, nuts, washers, rivets, etc. 

300 - ASSORTED HEX NUTS 51 
2/56, 4/40, 5/40, 6/32, 8/32 . 

250 - ASST. SOLDERING LUGS $1 
best types and sizes 

250 - ASST. WOOD SCREWS $1 
finest popular selection 

250 - ASST. SELF TAPPING $1 
SCREWS #6, #8, etc. 

150 - ASST. 6/32 SCREWS $1 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS $1 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS $1 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS $1 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 51 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS $1 
most useful selected sizes 

500 - ASSORTED WASHERS $1 
most useful selected sizes 

100 - ASST. RUBBER BUMPERS $1 
for cabinet bottoms & other uses . 

100 -ASSORTED RUBBER GROM- 
METS best sizes 

100 -RESISTORS 1 /2W your choice 
10, 22, 39, 120, 220, 6800 
1.5k, 2k, 3.6k, 3.9k, 4.7kO, 6.8k, $1 
8.2k, 33k, 220k, 2.2 meg. St .... 
200 - IRC, 22 meg, 1 /3W .. only $1 

TRANSISTOR RADIO asst type $1,50 
good, bad, broken, as-is, potluck 

TAPE RECORDER - assorted types $A 
good, bad, broken, as -is, potluck .. 
CHAPT ZU DI MITZIA "JACK- 
POT" double your money back if 51 
not completely satisfied 

10 - SPEAKER PLUG SETS $1 
deluxe type, 2 conductor 

10 SETS - DELUXE PLUGS & $ 
JACKS asst for many purposes .. 1 
10 - SETS PHONO PLUGS & 51 
PIN JACKS RCA type 

10 - SURE -GRIP ALLIGATOR $1 
CLIPS 2 plated 

100 - ASST. MICA CONDEN- 5 
SERS some in /o 1 
50 - ASSORTED PRINTED CIR- $1 
CUIT SOCKETS best types 

40 - ASSORTED TV KNOBS 51 all standard types, $20 value 

CLEAN UP THE KITCHEN "JACK- 
POT'S Big Deal $1 
my one to a customer 

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. 

Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

MARKET SCOOP COLUMN 
We Bought Out a Factory 

AMPLIFIER 110e AC -DC, 5 Watt 
Wired - Phono. Comb. Intercom, 53 
etc. needs 3- 12AX7, 2- 50L6 -as is 

5 POUNDS ELECTRONIC PARTS S1 Fine asst -t00 numerous to mention 

MOTOROLA PWR TRANSFORM 51 
110v, CT 150/150v, 6.3v 

El 10 - TRANSFORMERS assorted 51 
Audio Outputs. Chokes, I, F, 's, etc. 

10 - ASST. RADIO & TV TUBES 51 Every Tube a good number 

50 - ASSORTED TRANSISTORS $1 big factory scoop -sold as -is 

20- ELECTROLYTIC CONDENSRS S1 
Fine asst -i,, ,, nntar u.. to mention 

20 - ASST. VOLUME CONTROLS $1 All desirable good types 

100 - RADIO 1 TV SOCKETS 
Amt. - too n 

u 
m 

e 
rrus to mention $ 

100 - RADIO & TV KNOBS 
Asst. - too numerous Si to mention $ 

5 POUNDS OF HARDWARE 
Fine as.t -Cou numerous to mention Si 

Name Cost of 
goods 

Address Shipping 
estimated 
TOTAL 

BROOKS RADIO ÓL TV CORP., 487 Columbus Ave., New York, N. Y. 10024 212.874 5600 
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transistors provide bias and feedback 
for the input circuit through the mag- 
netic pickups. Equalization can be 
provided either by loading the outputs 
with series RC networks or through 
capacitive feedback network. The 
equivalent circuit and basing diagram 
are shown. 

Specifications (per channel) are: 
Supply voltage 9 to 24 
Supply current (@ 12 V) 

10 to 15mA 
Operating temperature 

-30° to 60 °C 
Voltage gain 57 to 63 dB 
Harmonic distortion (@ 0.2 

V output) 1% 
Harmonic distortion (@ 1.0 

V output) 5% 
Input impedance 20K min. 
Output impedance 2.5 to 3.5K 
Channel separation 50 dB 

HORIZONTAL OUTPUT TUBE 

The 6LF6 is a 12 -pin version of 
the 6KG6 anti -snivet horizontal output 
tube that operates at low B-{- voltages. 
Designed for color TV sets, this tube 
operates on B+ voltages as low as 
280 with electrical characteristics suf- 
ficiently flexible to permit its use as a 

replacement for the 6LB6. Amperex's 
6LF6 uses a "cavi- trap" anode that 
eliminates Barkhausen oscillations and 
prevents snivets. 

Operating at low voltage and high 
current, the tube elements run cool. In 
addition, the massive plate structure is 
designed to take abuse. For example, 
this tube can be operated for 15 min- 

utes without drive; a few seconds with- 
out drive will damage or destroy con- 
ventional horizontal output tubes. 
Complete specifications and applica- 
tion data may be obtained from Am- 
perex Electronic Corp., Semiconduc- 
tor and Receiving Tube Div., Slaters - 
ville, R.I. 02876. R -E 

Are You 
A Slow 
Reader? 
A noted publisher in Chicago reports 
there is a simple technique of rapid 
reading which should enable you to in- 
crease your reading speed and yet retain 
much more. Most people do not realize 
how much they could increase their 
pleasure, success and income by read- 
ing faster and more accurately. 

According to this publisher, many 
people, regardless of their present read- 
ing skill, can use this simple technique 
to improve their reading ability to a 
remarkable degree. Whether reading 
stories, books, technical matter, it be- 
comes possible to read sentences at a 
glance and entire pages in seconds with 
this method. 

To acquaint the readers of this publi- 
cation with the easy -to- follow rules for 
developing rapid reading skill, the com- 
pany has printed full details of its inter- 
esting self- training method in a new 
booklet, "How to Read Faster and Re- 
tain More" mailed free to anyone who 
requests it. No obligation. Send your 
name, address, and zip code to: Read- 
ing, 835 Diversey Parkway, Dept. 684- 
017, Chicago, Ill. 60614. A postcard 
will do. 

Circle 119 on reader's service card 

SHANNON RECORDING TAPE 
We just acquired Exclusive Selling Rights on "SHANNON" Dupont Mylar RECORDING TAPE 
WE OFFER - Every Store, School, Studio and Tape User - INTRODUCTORY SLASHED PRICES! 

mjjlar 
recording tape 

RECORDING TAPE SPLICER $1.49 
handy, accurate, compact ... 

UNIVERSAA MICROPHONE $2 
regular /remote /single & dual plug 

100 - MIXED DEAL "JACKPOT" $1 
Condensers, Resistors, Surprises . 

4 - TOGGLE SWITCHES $1 
SPST, SPDT, DPST, DPDT 

10- ASSORTED SLIDE SWITCHES $1 
SPST, SPDT, DPDT, etc. 

20 - EXPERIMENTER'S 
CO ses 
COIL 

"JACKPOT" assorted 

50 - TUBE CARTONS (colored) $1 
assorted sizes for Popular Tubes .. 

ALL AMERICAN TUBE KIT 
12BA6, 12BE6, 12AV6, 5005, $2 

35W4 - total list $9.70 

3 - TOP BRAND 35W4 TUBES $1 

JULY 1968 

21/2" - 225' 
3" - 225' 
3" - 300' 
31!4" - 600' 
5" - 600' 
5" - 900' 
5" - 1200' 
5" - 1800' 
7" - 1200' 
7" - 1800' 

$ .15 
.17 
.24 
.49 
.52 
.67 
.86 

1.29 
.69 
.99 

7" - 2400' 
7" -3600' 
CASSETTE 60 minutes 
CASSETTE 90 minutes . 

CASSETTE 120 minutes 

$1.59 
2.78 

.89 
. 1.54 
. 1.97 

21/2" TAPE REEL crystal clear 
3" TAPE REEL 

31/4" TAPE REEL 

5" TAPE REEL 

7" TAPE REEL 

iC 

.04 
.05 
.06 
.12 
.14 

4 - TV ALIGNMENT TOOLS $1 
most useful assortment 

$15.00 TELEVISION PARTS $1 
"JACKPOT" best buy ever 

110° R.C.A. FLYBACK TRANS $2 
For all type TV's incl. schematic 

110° TV DEFLECTION YOKE $2 
for all type TV's 1ncl schematic 

90° FLYBACK TRANSFORMER Se) 
for all type TV's incl schematic 

90° TV DEFLECTION YOKE $2 
for all type TV's incl schematic 

70° FLYBACK TRANSFORMER s2 
for all type TV's Mal schematic 

70° TV DEFLECTION YOKE S2 
for all type TV's incl schematic 

100' - TV TWIN LEAD -IN WIRE $1 
300 ohm, deluxe heavy duty, clear 

1 - LB SPOOL ROSIN -CORE S1 
SOLDER 40/60 top quality 

CI 

3 - TOP BRAND SILICON REC- $1 
TIFIERS 1 a,np, 1000 PIV 

20 - ASST. PILOT LIGHTS 
#44, 46, 47, 51, etc. 

32' - TEST PROD WIRE 
deluxe quality, red or black 

$1 

$1 

50 - ASSORTED #3AG FUSES $1 
popular ampere ratings 

50 - TUBULAR CONDENSERS 51 
asst. .001 to .47 -400v to 1000v 

3- ELECTROLYTIC CONDENSERS S1 
most popular number 50/30 -150v 

5 - I.F. COIL TRANSFORMERS $1 
456 -kc for Transistor Radios .... 
5 - AUDIO OUTPUT TRANS- S1 
FORM Sub -min for Trans Radios 

3 -1/2 MEG VOLUME CONTROLS 51 
with sit , t,h. 3° shaft 

7 - ASSORTED VOLUME CON- $1 
TROLS olih switch 

Circle 120 on reader's service card 

100 -ASST 1/4 WATT RESISTORS $1 
stand. choice ohmages, some in 5% 

11 100 -ASST 1/2 WATT RESISTORS 51 
LI 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% A. 

50 - PRECISION RESISTORS 51 
asst. list -price $50 less 98% . 

20 - ASSORTED WIREWOUND $1 RESISTORS, 5. 10, 20 watt .... 

P.P.". 
- ASST. DISC CERAMIC $1 CONDENSERS P.Pu °umbers 

?13e--. ASST. DIODE CRYSTALS 51 
ssortment. P,pu lar types 

10 - STANDARD TRANSISTORS 51 
assorted popular types 

50 - ASSORTED MYLAR CON- $1 
DENSERS popular selected types . 
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SAVE 3 °O 
ON ALL /ED 
ELECTRONIC 

LIBRARY 

Complete 14 

Volume Set 

only $625 
(59.25 it purchased 
separately) 

Fourteen 
expertly written; 
authoritative 
books -an extremely 
useful library 
developed especially 
for you by Allied's 
Electronic Experts. 

Getting 

All About Hi -Fi & Stereo 
Built -In Stereo Hi -Fi System Your Tape 

4ecorder 
Electronic.: Handbook 
Dictionary Of Electronic Terms Encyclopedia Of El Bans Components 

Using The Oseilloseope 
Best Ways To Use VOM VTVM 

Getting Started a 
Electronics 

How To Build Electrode Kits Transistors 

Schematic 
Diagrams 

Integrated Circuits 
Citizens Band Radio 

ELECTRONIC BOOKS FOR HOBBY, 

SCHOOL, OR HOME STUDY! 
RUSH ME THE SET! ALLIED ELECTRONIC LIBRARY 

Fill out coupon , enclose check or money order for $6.15, andmail to 

Dept. 2G 1 
ALLIED RADIO, R.O. Bon 4469, Chicago, Ill. 60610 

Post Paid (please print) 13 PC 7409EP 

NAME 
First Middle Last 

ADDRESS 

CITY 

STATE ZI P 

Circle 121 on reader's service card 
J 

QUIETROLE 
The Original Control 

and 
Switch Lubri- Cleaner 

The oldest. most 

reliable 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 122 on reader's service card 

NOTEWORTHY 
CIRCUITS 

VISITOR OR INTRUDER ALARM 

This photoelectric alarm was de- 
veloped to alert the busy housewife to 
the approach of visitors or intruders. 
The photocell and exciter lamp are 
aligned on opposite sides of a walk or 
driveway so anyone approaching the 
house breaks the light beam. The cir- 
cuit, described by R. F. Adams in the 
Clairex Photocell Forum, is set up so 
the alarm sounds for 5 seconds and 
then shuts off automatically. 

Circuit operation is simple. When 
S1 is first closed, power is applied to 
the exciter lamp and to the trans- 
former primary and the heater in 

FI SI 

transformer and the heater in RY2. 
The bell starts ringing. After a 5 -sec- 
ond delay- determined by the delay 
characteristic of RY2 -the contacts in 
RY2 close and apply power to the 
LDR and the coil of RY1. Light falling 
on the LDR causes RY1 to pull in, 
disconnecting the bell transformer and 
resetting the alarm. 

The photocell, pot and RY1 have 
not been specified because the charac- 
teristics of each must be determined 
by the characteristics of the other two. 
The most important factors are the 
photocell's maximum power dissipa- 
tion rating and the relay sensitivity. 
For example, assume that we select a 
CdS photoconductive cell whose re- 

time -delay relay RY2 through the nor- 
mally closed contacts of RY1. The bell 
will start ringing and can be turned 
off by pushing the START button. 

Pushing the button applies line 
voltage across photocell PC1, -a 
light- dependent resistor (LDR), cur- 
rent- limiting potentiometer R1 and the 
coil of relay RY1. The relay is ener- 
gized, opening its normally closed con- 
tacts to disconnect the bell transformer 
and RY2. RY1 locks in through its 
normally open contacts. Now, RY1 
remains energized as long as light con- 
tinues to fall on the photocell. 

Whenever anyone breaks the light 
beam, the LDR's resistance rises 
sharply and RY1 opens. The normally 
closed contacts now feed power to the 

sistance at 2 foot -candles is 1500 ohms 
and whose maximum dissipation is 500 
mW. This limits the current through 
the cell to 18 mA. With the line voltage 
at 120 maximum, we can take 12 mA 
as the maximum current through the 
cell, pot and relay coil. Thus, the total 
series resistance is 10,000 ohms. 

Catalogs show several 2500 -ohm 
sensitive relays that operate at 10 mA. 
Therefore, with a 2500 -ohm relay and 
1500 -ohm photocell, the minimum re- 
sistance of the pot is 6000 ohms. A 
10,000 -ohm, 2 -watt pot will do. RY2 
is a thermostatic delay relay with a 
115 -volt heater and normally open 
contacts. These relays are available 
with delays ranging from 2 seconds to 
3 minutes. 

NEW TV -TYPE TUBE SHOWN 

A novel TV -type tube whose im- 
ages can be held for long periods with 
the power off and erased with an out- 
side light source was recently demon- 
strated by RCA. The experimental 
device may simplify electronic equip- 
ment for displaying stock quotations, 
airline schedules, computer data and 

92 

other information that changes peri- 
odically instead of constantly. The 
unit, called a cathode ray storage tube, 
has a photochromic instead of a phos- 
phor layer on its inside face. Photo - 
chromic materials do not emit light 
like phosphors but change color when 
struck by an electron beam. Informa- 
tion "written" on the tube will remain 
about a half hour before fading. 
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TRY 
THIS 
ONE 

SEVEN -PIN MINIATURE SOCKETS 

FIT POWER TRANSISTORS 

The base and emitter leads of TO -3 
( "diamond" case style) power transis- 
tors are about the same thickness as sev- 
en -pin miniature tube pins, and it turns 
out that their spacing is such that you 
can fit a whole seven -pin socket right 
onto the transistor (see photo). If you 
wish, you can remove individual clips 

BASE LEAD 
EMITTER LEAD 

COLLECTOR 
!I 

CONNECTION 
(LUG) 

from the complete socket and use them. 
If you use a whole socket, you may 

want to break off the unused connec- 
tions to prevent confusion and wiring er- 
rors. Or, if you like, use them as tie - 
points. -Peter E. Sutheim 

SPARE -FUSE HOLDER 

A standard 1/4" -I.D. rubber grom- 
met inserted in a hole near an active 
fuse makes a handy holder for a spare. 
This size grommet will hold the widely 
used 3AG type fuse with a snug grip. 
The mounting hole should be reamed a 

little oversize if the fuse is difficult to in- 
sert or remove. Be sure the spot you 
choose to mount the holder is clear of 
obstructing components and leads inside 
the chassis. -Robert E. Kelland R -E 

HALL EFFECT IN SOLID 
(continued from page 45) 

frequency ac signals from less than 1/ao 

cycle per second upwards to 100 Hz or 
more. The shaft of the position indica- 
tor is coupled to the shaft of a small, 
variable -speed motor. The speed of the 
motor is controlled by rheostat R, and 
the Hall output -voltage leads from the 
Hall -effect element are connected to 
an amplifier. 

As the motor spins the rotor past 
the Hall -effect element, a Hall output 

SOME COMMERCIAL APPLICATIONS 
OF HALL -EFFECT DEVICES 

The measurement of magnetic field 
strength with Hall generators (crystals) 
can be carried out with a number of 
measuring instruments of different sensi- 
tivities. One typical magnetic- field- 
strength meter is the Magnatest Hall 
Effect Instrument. It can be used for field 
measurements on magnet systems, measur- 
ing magnetic leakage flux, nondestructive 
material testing, and determining the mag- 
netic behavior of individual grains of 

METER 

BEAM OF 

IONS OR 

ELECTRONS 

AMPL 

MAGNETIC RING 

OSC 

HALL 
UNIT 

various orientations in transformer core 
materials. 
A simple and handy device for measuring 
small direct currents is sketched in the 
diagram. A small magnetic core is arranged 
around the current carrier, and the Hall 
unit is inserted in an air gap. When the 
dc input to the Hall crystal is supplied by 
a small battery, it is possible to measure 
currents down to 100 mA without amplifi- 
cation. With an amplifier, currents as small 
as 5 mA, such as ion- and electron -beam 
currents, can be measured. 
If the Hall crystal is placed in a waveguide 
so that the electric field is parallel to its 
surface and the magnetic field is perpen- 
dicular to it, the output of the Hall unit 
will be proportional to the magnetic field 
strength. This output can be amplified and 
used to drive a wattmeter calibrated to 
read microwave power. 

voltage is generated. It will vary in ac- 
cordance with the varyingly magnet- 
ized edge of the rotor as it passes by 
the element. The rate of these varia- 
tions is determined by the speed of the 
rotor, which, in turn, is governed by 
the motor speed. 

From here, you're on your own. 
The number of aplications for Hall - 
effect elements seems to be limited only 
by imagination. So dig in! R -E 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantcs- 
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 electron cs 

send his name and address for a FREE sub - 

Lscription also. 

OLSON ELECTRONICS, INC. 

904 Forge Street Akron, Ohio 44308 

Circle 123 ont reader's service card 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units end 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE 6 

( ITEM #765) - standard, comm£r£lal 01E- 
telephone same as used throughout U.S.A..At.Ac- 
tive polished black. like new condition. Use as /.; 
extension phone to private systems or connect 

er 1 phones together for local intercom 

$1.5{1 pull L slmcthms are furnished. Wt. a lbs. 
Original Cost $24.50. F.O.B. 

STEP -BY -STEP AUTOMATIC SWITCH se 
( ITEM #788 1 - Amazing "up-and-around'', , l:ai 

£ lecho- magnetic telephone witch. Vial any bank 1 
,r from I to 100. Slake your own telephone system. - r 

Can also be used to remotely control up to 100 cir- 
cuits over a single pair of wires. L ' ' One of our FOUR STAR bargains. Comes cow. 
mete Willi úata, n dial d one line bank. Siz£, 

5" x t" x 15 ", Wt. IS lbs, COOL Gov't Over 57x.00. 

liolPine :bai,ki 
c;iruns 

F.O.B. $9.95 
TYPICAL BUYS FROM OUR 1968 CATALOGS 

S 850.00 Geared 2 -hp Battery Golf Car Motor $26.95 
s 15.00 - Westinghouse OC Ammeter, 0 is 300 S 7.11 

s 40,00 - Vacuum /Pressure Pump, 12 -VOC $11.95 
- -115-MW Walkie- Talkies, Per Pair $19.60 

- - - Oéluxe, Multi- Range, AC /DC Tester $ 8.98 

SPECIAL SALE - - 
Correspondence ®P_ 

Course In 
ELECTRICAL I h 

, 

tram. 

costs_ We 

course 
an 

in 

Many Lin - 
resin! of 

ail -. 
a "Rome 

ENGINEERING sells For sto.as 
$8.19 

Postai 
Outside U.S.A. v I Y .u1. 

I ITEM #11I81 ) - Wonderful chance to obtain technical 
Ing at Amazing Low Cost! Lincoln Engineering School has suspended 
Its Correspondence Courses because of Increased operating 
offer a limited number of the school's complete Electrical Engineering 
Course but without the examination paper grading service. The 
consists of 14 lesson unit books. Each hook has the regular exams, 

a separate section. 'Standard Answers" to each exam question. 
Course Is well written. easy to understand. profusely Illustrated. 

Readers Digest size, easy to carry and study in spare time. 
In Engineering School students holding excellent lobs as a 

L.E.S. training. Course contains latest Information on transistors. 
icon diodes- etc. Additional book on how to build and operate 
Laboratory and Experimental Bench" furnished with each course. 

Send 25t Coin Or Stamps For Catalogs 
All Items FOB Lincoln Money Back Goararyee 

e SURPLUS CENTER 
DEPT. RE -078 LINCOLN, NEBR. 68531 
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MARKET 
CENTER 
GENERAL 

RUBBER STAMPS -80c, Line Photo Stamps 
$7.50. RAYCO STAMP, P.O. 185, Marshall, Texas 
75670 

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. 

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 

FROM YOUR 
CAR OR BOAT 

CORPORATION 
1053 Raymond Ave., St. Paul, Minn. 55108 

IMMM "ARCTURUS" SALE 
Tube bargains, to name just a few: 

#6146 $2.95 #5725/6AS6 79*; 
$2.00 #6A05 610 

3 for 
3.50 #5842/4I7A 2.50 #6007 940 

6688.. 3.50 #5847/404A..... 2.50 #6CG7 590 
6939.. 3.50 #IAX2 490; 5 for 2.00 #6J6... 490 
7025.. .59 #6K7.. 394; 3 for 1.00 #6T8... 880 

#7788.. 3.75 #12BN6 590; 3 for 1.49 #6U8... 780 
#2021.. .49 #25L6 590; 3 for 1.49 #12A1J7 594 

Tube cartons: 6AU6 etc. size, $1.95 per 100. 
6SN7 etc. size, $2.35 per 100. 5U4GB size, $2.75 
per 100. 5Ú4G size, .030 each. 

Obsolete tubes: #U X200, $1.69; #80. $1.20; 
#I0Y, 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, 5Y9. 5AS4. 5AW4. 5T4. 5V4, 5Z4. 
With diagram. Cat. # Rent I, 994 each. 

Silicon rectifier replacement, octal based, for OZ4. 
Cat. # Rect 2, 990 each. 

10 silicon rectifiers. 750 MA., 50 to 300 p.i.e. 
Cat. # 330F, 990 each. 

RCA -I10 degree flyback transformer, latest type. 
Produces 10 KV. Includes schematic diagram appli- 
cation for any TV. Cat. # BR -1 $2.99. 

5 transistor circuit boards containing up to 6 
transistors plus diodes, resistors, capacitors. etc. 
Cat. # TBIO, 994 

Needles: values such as # AS22 sapphire, 394; 
diamond, 990 

Color yokes. 70 degree for all around color CRT'a. 
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, 990 
each. 

Kit of 30 tested germanium diodes. Cat. # 100, 
990. 
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 St., Union City, N.J. 07087 Dept. MRE 

Phone: 201 -UN 4 -5568 

Circle 124 on reader's service card 

MATHEMATICAL TOPICS for Tradesmen, Busi- 
nessmen. Improve your ability. Write LEE'S 
SERVICE, 1224 Shakespeare Ave., Bronx, New 
York 10452 

WANTED 

QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list nowl 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5-7000 

PANELISTS AT HOME WANTED BY NEW YORK 
RESEARCHER. Leading research firm seeking 
people to furnish honest opinions by mail from 
home. Pays cash for all opinions rendered. 
Clients products supplied at no cost. For infor- 
mation write: RESEARCH 669 Mineola, N.Y. 
11501 Dept. LN -24 

AUSTRALIA WANTS YOU! Government Assisted 
Passage. Unlimited Opportunities. Latest Gov- 
ernment Information and Forms. $1.00 AUSTCO, 
Box 3623 -RE, Long Beach, California, 90803 

LIKE MUSIC 
WITHOUT COMMERCIALS? 
The SCA -2B Sub -Carrier Adapter makes it possible 
for you to enjoy the background music transmitted 
on a 67KHz 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 Pending 

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 %" 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 
PC card ( size: 21/4" x 3" x a/s ") 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 
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ADVERTISING 
INDEX 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

Allied Radio Corporation 92 
Amperes Electronic Corporation 7 
Arcturus Electronics Corporation 94 
Artisan Organs 81 

B & K (Division of Dynascan Corporation) 15, 25 
Brooks Radio and TV Corporation 90 -91 
Burstein -Applebee Company 89 

Capitol Radio Engineering Institute, The ... 18 -21 
Caringella Electronics, Inc. 26 
CLASSIFIED 94-97 
Cleveland Institute of Electronics 28 -31, 81 
Cornell Electronics Company 96 

Delta Products, Inc. 14, 84 

Edmund Scientific Company 95 
EICO Electronic Instrument Company, 

Inc. Cover II 
Electro- Voice, Inc. 6 
EMC (Electronic Measurement Corporation) 88 
Euphonics Marketing 89 

Gavin Instruments, Inc. (Subsidiary of 
Advance Ross Corporation) Cover III 

GBC Closed Circuit TV Corporation 24 
Grantham School of Electronics 1 

Heald Colleges '70 
Heath Company 22 -23, 79 

International Correspondence Schools 5 
International Crystal Mfg. Company 98 

Karlson Research and Manufacturing 90 
Kenwood 26 
Kenzac 94 

Mosley Electronics, Inc. 88 
Music Associated 81 

National Radio Institute 8 -11 

Olson Electronics, Inc. 93 

Poly Paks 97 

Quietrole Company 92 

RCA Electronic Components and Devices 
Tube Division Cover IV 

RCA Institute 62 -65 
Reading Improvement Program 91 

Sams & Company, Inc., Howard W. 12 
Shure Brothers 13 
Simpson Electric Company 27 
Solid State Sales 95 
Sprague Products Company 16 
Surplus Center 93 
Sylvania (Subsidiary of General Telephone 

& Electronics) 67 

TAB Books 82 

Vaco Products Company 77 

Warren Electronic Components 96 
Weller Electric Company 87 

Zenith 17 

MARKET CENTER 94 -97 
Fair Radio Sales 
Meredith Separator Company 
Sydmur Electronics Specialties 
Terado Corporation 

SCHOOL DIRECTORY $5 
American Technical Writing Schools 
Indiana Home Study Institute, The 
Northrop Institute of Technology 
Tri -State College 
Valparaiso Technical Institute 

94 RADIO -ELECTRONICS 
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ELECTRONICS 

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. 

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, Calitornia 92105 

Type "L" PLUG -IN For Tektronix Scopes, $65. 
GREENLEE, 430 Island Beach, Merritt Island, 
Florida 32952 

INTEGRATED CIRCUIT KITS; COMPUTER LOGIC 
KITS; Others. Free catalog. KAYE ENGINEER- 
ING, Box 3932 -D, Long Beach, Calif. 90803 

PROXIMITY Switch. Detects nearness of human 
body! Free information. ZONAR, 860 Reed, 
Claremont North, Calif. 91711 

New Sensitive TREASURE METAL DETECTORS. 
New low prices. Professional models from 
$29.95 to $129.50. Write for free catalog today. 
JETCO ELECTRONICS, Box 132 -RE, Huntsville, 
Texas. 77340 

JAPANESE ELECTRONICS NEW PRODUCTS 
MONTHLY! Only $1. Satisfaction /Refund. DEE 
10639 -RE Riverside, North Hollywood, Calif. 
91602 

SHORT PROOF power supply -0.1 ohm ohm- 
meter -power diode curves. Use your Battery 
Eliminator /Charger and new E/I CONTROLLER! 
Plans $3.50. Kits. ALSYNCO, Dept. RE -81, 171 
S. Main, Natick, Mass. 01760 

LIGHT DIMMER Motor Control Kit. Continuous 
control, includes 10 AMP Triac, General Electric 
SC45B, Trigger Circuit, Pot, with Push Switch, 
Schematic. $3.95. MURPHY, 204 Roslyn, Carle 
Place, N. Y. 11514 

BLACK or WHITE FLUORESCENT LIGHT, battery 
operated. For mineral hunters or campers. Free 
construction article. Enclose self- addressed 
stamped envelope. MILWAUKEE ELECTRO- 
MAGNETICS, Box 4476 Dept. C., Milwaukee, 
Wisc. 53207 

AUDIO - Hi -FI 

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 

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 nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. ARKAY Elec- 
tronics, 1028 -E Commonwealth Avenue, Boston, 
Mass. 02215 

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. 

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 

Design MODIFICATION or CONSTRUCTION of 
Audio and communication equipment. Write: 
GABRIELSEN, Box 3175, Scottsdale, Arizona 
85257 

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 .... $34.75° 
COMPAC KIT .......... 24.95° 

'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) 

UNUSUAL BARGAINS 
...MANY U. S. GOVT SURPLUS 

NEW SURPLUS Ni -Cd BATTERIES 
Save more than 
50 %. Long life 
accept 300 charge 
ad discharge ey- 
ries. 1.25 Volts per 
cell -750 milliam- 
pere hours capacity. 
Excel. charge reten- 
tion. Hermetically 
sealed. Indefinite 
storage life. Multi- 
ple cells welded in 
series - easily cut. 
Combine to form 
buy. 7 /s" dia. x Is'." high. 
Low -cost charger separate. 
Order n Cells 

Spec. price 

DC Volt. 

for 100 up. 

Price PPd.. 

40,9S6EH 1 125 
40,987EH 2 2 50 
60,6.33EH 3 3 75 
60,634EH ......... 4.........5.00 
60.71)3E11 (flattery Charger) 

$ 1.50 
2.75 
3 6C 
4 8C 
3 25 

TOP- QUALITY LOW -COST STROBE 
Create spectacular psychedelic light- 
ing effects with this genuine elec- 
tronic strobe. 'Terrific for parties.. 
special r experiments 
perfect for s bos, night clubs. 
dat tiltm m ions. Adjusts fro I. 
to 10 short -dnrat ion flashes per sec- 
,nd -nut a make-shift mechanical- 

device. dct c friends with old -time 
movie effects. nest party ice-breaker -' ac freeee" the liona 

tt- fre ' your guests. Practical too- 
check action of moderate-speed t chin ,' . Xenon lamp gives one million flashes. 6t. diam. 

'effector. Uses reg. 110 -120 volt A.C. " H-andsurne 
solid walnut cabinet, f r 'x91." by .1 Send for tulle tin =75-describes other nY:u'tlingly new unique lighting 5Ppd. 
Stock No. 70,989 EN $79.95 Ppd. 

Order Stork No. Check or M. O. -Money -Back Guarantee. 

EDMUND SCIENTIFIC CO. EDSCORP 
BARRINGTON, N.J. 08007 

CLIP AND MAIL COUPON TODAY 

(EDMUND SCIENTIFIC CO. éññR°,G4 N JD 08007 
148 PAGES - 

11000's OF BARGAINS! 
Completely new 1968 edition. New 
of electrical and electromagnetic parts, 

(items, categories, illustrations. Dozens 
of electrical and electromagnetic parts, 

cessories. 
tronom cal Telescopes, 

o[ As- 
Microscopes, 

ulars, Magnifiers, Magnets. eses, 
Prisms. Many w surplus. Items for hobbyists. experimenters, workshop, 
factory. Mail coupon for catalog "EH ". 

I NAME 

ÌADDRESS 

ETV STATE 
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ZIP 

YOUR SERVICE AN 
QUALITY LEADER 

We promise to supply you with 
the highest quality products at the 
most attractive prices with the 
fastest service in the industry. 

AVALANCHE MODE TRANSIS- 
TORS, used for TRIGGERING 

SCR's, with diagram 3/$1.00 

ZENERS 
1 Watt 7 -33V 
10 Watt 6 -200V 
50 Watt 7.200V 

$.50 
$.75 

$1.75 

SIM TO 2N3429 (NPN) SI, 7 /e" 
stud, min HFe of 30, 7.5 amps, 

175 watts, VCe of 75. $1.75 

1 AMP 
Top Hat & Epoxy 

AMP 
.07 
.09 
.12 
.18 
.22 

PRV 
100 
200 
400 
600 
800 

TRIACS 
T0.66 

5 AMPS 

0L 
Á L 

D 
I 

É S 

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 

N- CHANNEL PLASTIC TO -18 
FET's. Low noise, low leakage, 
25 volts source to gate, 50 ma 
gate current, gain to 90004 
mhos. $1.00 

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 

1000 PRV at 3A full wave 
bridge $3.50 

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 

500 HFe PLASTIC TRANSIS- 
TORS (NPN) TO -18, 51 unit sim 

to 2N3565. 4/$1.00 
SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

$.75 

1-1 
HIGH- VOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

T0.66 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 
.40 
.60 
.80 

1.20 
1.50 
1.80 

40A 
.75 

1.25 
1.50 
1.80 

POST OFFICE BOX 74D 
SOMERVILLE, MASS. 02143 
TELEPHONE (617)5474005 
Send For Os,r Spring Catalog Featuring 
Transistors and Rectifiers 
325 Elm Street, Cambridge, Mass. 

LINEAR CIRCUITS 
FM IF AMPLIFIERS $2.00 
702C WIDE BAND DC AMPL. $4.50 
709C OPERATIONAL AMP. $4.50 
710C HI SPEED DIFF. 

COMPARATOR $5.00 
711C DUAL COMPARATOR $5.50 

DIGITAL CIRCUITS 
SR FILP FLOP. $ .90 
SR CLOCKED FLIP FLOP $1.15 
8 INPUT NAND NOR GATE .. $1.00 
DUAL NAND NOR GATE $1.00 
DUAL AND GATE $1.00 
OR EPANDER $1.00 

NEON LIGHT of NIXIE TUBE 
DRIVERS. An NPN, T0.18, Si 

Transistor with a VCBO of 120 
3/$1.00 

UNIJLiNCTIONS 
Similar to 2N2419 Rbb of 5 -7, stand 
off ratio of .6 and Ip of 12, with 
data sheet $1.50 

Si icon Control Rectifiers 
TO -66 pack Studs 

PRV 
50 

100 
200 
300 
400 
500 
600 
700 

3A 
.35 
.50 
.70 
.90 

1.20 
1.50 
1.80 
2.20 

7A 
.45 
.65 
.95 

1.25 
1.60 
2.00 
2.40 
2.80 

20A 
.70 

1.00 
1.30 
1.70 
2.10 
2.50 
3.00 
5.00 

70A 

4.00 
8.00 

12.00 

16.00 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. 
Rate companies 30 days net, 
Include Postage, Average Wt. 
per package 1/2 Ib. 
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 NV SALE 

50 .05 800 .18 1800 .80 
100 .07 1000 .27 2000 1.20 
200 .08 1200 .40 3000 1.40 
400 .10 1400 .52 4000 1.85 
600 .14 1600 .67 - 
"SILICON POWER DIODE STUD MOUNT" 
PIV 3A 6A 12A 5OA 100A 160A 
50 .06 .16 .20 .50 .85 2.25 
100 .07 .21 .25 .73 1.05 2.65 
200 .09 .29 .38 1.23 1.60 3.50 
400 .15 .39 .49 1.45 2.50 4.25 
600 .19 .53 .73 1.75 3.75 6.50 
800 .29 .74 

.85 1.10 1000 .38 2.60 - - 
"SCR' SILICON CONTROLLED RECT "SCR" 

7 16 25 7 16 25 
PRV AMP AMP AMP PRV AMP AMP AMP 

50 .45 .60 .70 400 1.60 1.85 2.10 
100 .65 .85 1.00 500 1.95 2.35 2.50 
200 .95 1.20 1.30 600 2.35 3.50 3.75 
300 1.25 1.45 1.70 700 2.75 4.25 - 

SPECIALS! 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 
1/2 -1 -2 Watt 1,4 % -1% TOL $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 Sack 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 
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MARKET 
CENTER 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Ca. 
95401 

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 

INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

BUSINESS AIDS 
TWO -WAY RADIO SERVICE INVOICE FORMS - 
Detailed. Free Sample Form No. 50 and Catalog. 
OELRICH PUBLICATIONS, 6554 W. Higgins, 
Chicago, III. 60656 

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 

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 

ti_rrrr.irrrr.r.r ̀I 

1111 
OneVear IIKF% Guaranteed 

Tubes are new or used and so marked. 

024 
1B3 
1J3/1K3 
1H5 
1L4 
1T4 
1U4 
1X2 

3BZ6 
3DG4 
5U4 
5U8 
5V4 
5Y3 
6M 
6A8 

6AB4 
6AC7 
6AG5 
6AK5 
6AL5 
6AN8 
6AQ5 
6AS5 

6AT6 
6AT8 
6AU4 
6AU5 
6AU6 
6AV6 
6AW8 
6AX4 

68.46 
6BC5 
6BD6 
6BG6 
68J6 
6BL7 
6BN4 
6BN6 

6BQ6 6CG7 
6BQ7 6CG8 
6BZ6 6CM7 
6C4 6CZ5 
6C6 6D6 
6CB6 6DA4 
6CD6 6DE6 
6CF6 60Q6 

Other tubes and CRT's at 

6EA7 
6EM5 
6F6 
6GH8 
6H6 
6J5 
6_16 
6K6 

6K7 
6Q7 
6S4 
6SA7 
6SH7 
6SJ7 
6SK7 
6SL7 

Lab- tested. Individually Boxed. Branded and Code Dared. 

6SN7 6X4 12AD6 128E6 125Q7 77 
6SQ7 6X8 12AE6 12BF6 25L6 78 
6SR7 7A7 12AF6 12BH7 25Z6 84/624 
6U7 7A8 12AT7 126L6 35W4 5687 
6U8 7B6 12AU7 12BY7 35Z3 6350 
6V6 7C5 12AX7 12C5 50L6 6463 
6W4 7N7 12BA6 12CA5 24 7044 
6W6 7Y4 12BD6 12SN7 27 

low prices- send for free list 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION YOUR ORDER FREE IF NOT SHIPPED IN 24 HRS. 

TRANSISTORS 
FAIRCHII_C 
SEMICONDUCTOR 

FOR-RADIO-TV-HI-FI-REPAIRS 
MIAM 
OSC 

CONY 

79' 7 ' 69` 69` 69` 69` 79` 79' 

lrrr.li_Y í .1/rr'r'l'ss rrr'r' 

rv.c nnELECTRONIC EXPER 

gaM, 

COMPUTE RADIO YMICING AND 

JL RAMC EEECTROR,CS CVA,M OMIT 11 00 

NEW PRACTICAL 

VTi 
R$A NG COMM 

Both above 
courses $6.01 

TUBE CARTONS 
HIGH GLOSS 

CLAY COATED 
RED & BLACK With Built in 

Diagonal Partitions 

FOR PRICE PRICE 

SIZE TUBE PER 10 PER 100 

SIZE CARTONS CARTONS 

MIN. 6AU6 .29 2.59 

GT. 6SN7 .39 3.49 

LG.GT 5U4GB .59 5.29 

G. 5Ú4G .89 7.99 . Send for CORNELL'S NEW t 
1968 CATALOG 'P h t It PICTURE TUBES! 

flrf }k_MANY NEW ITEMS u 

ali purpose 
ELECTRONIC 

CLEANER 

89c m, 

CORNELL 
Dept. RE -7, 4217 UNIVERSITY AVE. 

SAN DIEGO, CALIFORNIA 92105 

TERMS: ORDERS OVER $5.00: Add 3c per tube shipping. Prepay in lull 
and avoid C.O.O. charges. Send 53.00 deposit on C.O.D. oraers. 
No 24 hr. into otter on personal checks orders. 

ORDERS UNDER05.00: Add 3c per tube shipping plus 50c handling. 
CANADIAN AND FOREIGN ORDERS: Add approximate postage. 

No C.O.D. owe". 
COMBINE VARIED ITEMS TO BRING YOUR ORDER OVER $5.00 

Circle 129 on reader's service card 
96 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


w 

aft 

7 

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 

MASTER WATCHMAKING at home. Free sample 
lesson. CHICAGO SCHOOL, Dept. RET, Fox 
River Grove, Illinois 60021 

FCC FIRST CLASS PHONE License in five weeks 
guaranteed. Day or Night classes. Write ELEC- 
TRONICS INSTITUTE, 2202 West Erwin, Tyler, 
Texas 75701 

Highly effective HOME STUDY COURSE in 
Electronics Engineering Mathematics with cir- 
cuit applications. Earn your Associate in 
Science Degree. Free literature. COOK'S INSTI- 
TUTE OF ELECTRONICS ENGINEERING, P.O. 
Box 517, Monticello, Ky. 42633 (Established 
1945) 

World Famed BREVETTATA 
TEAR GAS PISTOL 

Appearance of this 
line tear gas weap- 
on is similar to 
real gun. It is ideal for people who work in lonely 
dark locations d 
require protection. 
Men give this gun 
to s and daugh- tersifor night se 
curlty. Many indus- 
trial applications. Shooting of gun 
stops aggressor without permanently 
injuring him. It fires i cartridges 
without reloading. Each gun comes 
with six tear gas shells and six 
blanks for practice and is shipped 
prepaid. Gun unit prices include 12 shells and all 
shipping costs. and this pistol Is not intended for 
sale or possession In any locality where it Is prohib 
ited by law. Not sold to minors. 
J 1 Gun -unit at $13.07 
J 2 Gun -units at $22.80 (511.43 ea.) 

3 Gun -units at $29.94 IS 9.98 ea.) 
J 4 Gununits at $35.16.. IS 8.79 ea.) 
Extra boxes of ten tear gas shells at 51.50 per 
box (prepaid with gun orders). Extra boxes of 
blanks at. $1.25 per boo. 

MEREDITH SEPARATOR CO. 
Dept. REL. 910 W. 9th St.. Kansas City. Mo. 64105 

TELEVISION TELEMETER 
TELEMETER PAY 

TELEVISION PROGRAM 

SELECTOR- 

Choice of 3 programs that 
are tone operated in the V IlE 
band, with provisions for 

the amount of money 
required for each program and 
indicated the coin register 
that also Shows a credit balance when an over paymen t is 
made. A pre -recorded tape will give pr ram 

Information 
lrm1tion when desired. With Tubes: 1 / 14BH7, l 

2 /6U8; 4" speaker. coin mechanism, tape magazine. etc. 
Size: 15 x 7 x 7 "; Wt.: 25 lbs. 
.1001/5 . 

111111401100 

$14.95 
LM NAVY TYPE FREQUENCY METER 

125- 20,000 KC crystal calibrated indicating einnornent. 
heterodyne type. Used, aS is tmay need minor parts re- 
placement): $24.95 -Used. with all parts: $29.50. 
Prices F.O.B. Lima, O. - 25% Deposit on COD's - BIG 
FREE CATALOG - Send for your copy now. Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

CLASSIFIED COMMECIAL RATE (for firms or individuals offering commercial products or ser- 

vices): 600 per word .. . minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 300 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 September issue must reach us before July 5th. 

WORD COUNT: Include nome 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. 

r 

CLASSIFIED ADVERTISING ORDER FORM 

1 

6 

11 

16 

21 

26 

31 

2 3 4 5 

7 8 9 

12 13 14 

17 18 19 

22 23 24 

27 28 29 

32 33 34 

I@ .30 Non -Commercial Rate' i 
No. of Words 1 @ .60 Commercial Rate j 

Total Enclosed $ 
Payment must ac. 

Insert tIme(s) company order un 
less placed 
through accred - 

Starting with Issue ited advertising MAIL TO: RADIO- ELECTRONICS, CLASSIFIED AD DEPT., 
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

10 

15 

20 

25 

30 

35 

NAMF 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

JULY 1968 

DOUBLE 
BONUS 
S 

WORTH OF 

TRANSISTORS 
RECTIFIERS 
RESISTORS 
CONDENSERS 
DIODES/ ETC. 

Add 250 for handling 
BOTH FREE WITH ANY $10 ORDER 

PLUS 
ANY 

$100 If 
ITEM 
FREE 

* or items 
totalling 
$1.00.) 

SILICON 

New! CONTROLLED 
RECTIFIERS 

3 7 
PRV AM AMP 

50 - 30 48 
100 48 70 
200. 70 1.05 
300 - 1.05 1.60 
400 '1.30 2.10 
500 ' 1.60 2.80 
600 1.90 3.00 

TUNNEL 
DIODE 

1N3716Ì1)3 
Actual Sire 

Used in many 
oscillator and 
aiaplifier circuits 

100 MICROAMP 
PANEL METER 

Med;USA/ 
D Aro",al 

Mwma,l 
299 

ea 

.+' O.reinII, d,ye.., ., 

lWu ¡ e,ne 

6. i; 
rod., 

mou nMie,1a. M °' " 'PIn- 
price 

ñe uaaa,"rn. 
the, ....at law ioa 

EPDXY TRANSISTORS & IC's 
Fairchild, Motorola, Texas, Bendix 

`I` 

4-2N3563 NPN, 600MC, 200MW 
4-2N3643 NPN, 250MC, 350MW 
3-8-5000 5W. 3Amp, PNP .. 
4-2N4313 PNP 600MC, 200MW 
3-2N3565, 50010E, NPN, 200MC 
3-2N4265, 400HFE, NPN, 350MC 

SI 
SI 
S1 

SI 

SI 
St 

r'1.6'I0 fir SOEIO 

STERE '' - 
SI 

pfE 

PREAMP 495 
* 8 TRANSISTORS 

* Ready to Ploy thru 
tope Amplifier, radio, TV 

*Volume,Tone, Controls sw 

IGNITION 
TRANSISTOR 

X199 
15 -AMP 

Li 2N1100 
VCBO 
Volts 100 

t 1 AMP TOP HAT AND EPDXIES 

Ply Sale 
50 51 

100 71 
200 81 
400 0 101 
600 15c 

Ply Salo 
800 19, 

1000 29i 
1200 42. 
1400 55t 
1600 69, 

Ply Sale 
1800 [-', 82t 
2000 . 115 
3000 1.50 
4000 1.'55 

Actual Size -111E31-- 

a1 AMP PIy 
5a7 Ply 5c 1. 

so 7t óO0 20, 

MICROMINIATURE 100 
F-; 

9t coo 

SILICON RECTIFIERS 40000 Ó 17,1000 
19t 

2AMP 7P'y 
200 
400 

600 
800 

SILICON 

RECTIFIERS 

PIV 
50 

100 
200 
400 
600 
800 

1000 

3A 
.06 
.07 
.09 
.16 
.20 
.30 

L] .40 

6A 
.16 

LI .22 
.30 
.40 
.55 

Ll .75 
.90 

SOLITRON DEVICES 

5 AMP 
pony Rectifiers 

Sale PIV Sale 
12c 1000 
16c 1200 
19, 1400 i. 

29, 1600 r 

PlV 

12A 
.20 
.25 
.39 
.50 
.75 
.90 

1.15 

45, 
19, 
69c 
49, 

55A 
.50 
.75 

1.25 
1.50 
1.80 
2.30 
2.70 

Sole PIV Sol. 
50 191 600 59, 

100 25, 400 y 69,, 
200 391, 1000 89,' 
400 45, 

'GLASS AMP' 
ONE AMP 
PRV 

4eá varthOut 
i,rea.r,.e é t, 

/SILICON RECTIFIERS 
! elV Sale PIV Sale 
% 50 5, 600 , 19, 

100 7, 800 21, 
209 

- 9, 1000 32, 
400 12, 1200 ce' 45 

f F56 OUR "SUMMER" BARGAIN CATALOG Otk 
1 O Y Semiconductors Poly Pakt Pars 

POLY AKS 

TERMS: send check, money order 
include postage -avg wt. per pes: 

1 lh. Raten net 30 days. CODs 
25%. 

P.O. BOX 942R 
SO. LYNNE! EL D, MASS. 

"PAKKING" of the World 
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For Mobile Or Base 
Station Use 

Tests Predetermined 
Frequencies 25 - 470 
MHz 

Portable ... Use It 
Anywhere 

The FM -2400 is designed for testing- and 

adjustment of mobile and base station trans- 

mitters and receivers at predetermined fre- 

quencies between 25 and 470 MHz. The 

FM -2400 provides an accurate standard 
frequency signal to which the transmitter can 

be compared. This same signal is applied to 

the associated receiver(s), thereby assuring 

an accurate frequency adjustment on all parts 

of the communications system. 

Up to 24 crystals may be inserted into the 

meter for the selection of the frequencies 
required for testing of the system transmitters 
and receivers. The frequencies can be those 

of the radio frequency channels of operation, 
Circle 149 on reader's service card 

and /or of the intermediate frequencies of the 

receiver between 100 KHz and 100 MHz. Self 

contained unit. Battery operated. 

FM -2400 (meter only) $395.00 

RF Crystals with temperature run $23.50 ea. 

IF Crystals 200 - 2,000 KHz See Catalog* 

2,001 - 13,000 KHz See Catalog* 

*WRITE FOR FREE CATALOG 

INTERNATIONAL. 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 
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Gavi 

s 

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 150 on reader's service card 

GAVIN INSTRUMENTS, INC. 
Subsidiary of ADVANCE ROSS CORP. 

Somerville, N. J. 08876 U.S.A.. 
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How to improve 
your trouble- shooting of 
transistorized circuits! 
RCA prepared this Guide specifically to keep you 
abreast of the latest transistor technology in the electronic 
service industry. 
Chapters include: 

Transistor Amplifier Principles 
Basic Amplifier Considerations 
Transistor Radio Circuits 
Transistor Television Circuits 
Servicing Transistor Circuits 

When you understand transistorized circuits, you 
trouble -shoot faster and more accurately, a fact your 
customers will appreciate. 
Available with your purchases of RCA Entertainment 
Receiving Tubes from your participating RCA Tube Distributor. 
RCA Electronic Components, Harrison, N.J. 

ncn 

RCA Tr. 

$350 
Suggested 
Price 

RCA 
TRANSISTOR 
SERVICING 
GUIDE 
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