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Beginning Next Month,
There Will Be
One Stereo Receiver

Obviously Superior
To All Others.

It Will Have These
Features...
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World’'s Most Advanced Stereo Receiver...
New Heathkit® Solid-State AR-1§5...150 Watts... AM-FM-STEREO.. .$2999"

- o e e D = I!IEEEE'HH’E!WI---" The World’s Most Unique Solid State Stereo Receiver, the new Heath- SPECIFICATIONS
_ _ I kit AR-15 . .. crowning achievement of the world’s most experienced )
Please send Free details on AR-15 stereo receiver. solid state audio engineers! There’s nothing else like it anywhere. AMPLIFIER: Dynamic Power Output Per Channel (Music Power Rating): 8 ohm lood;
O Check here, if you don’t have new 1967 Heathkit catalog. il Start with its power output. An incomparable 75 watts of music power 75 wolts. Continuous Power Output, Per Channel: 8 ohm lood; 50 watls. Power Band-
O Please reserve my AR-15 for March delivery. | per channel . . . an astounding 150 watts that deliver the cleanest widthFor Constant 0.5% Total Harmonic Distortion®: 5 Hz to 25 kHz. frequency Re-
I most natural sound you've ever heatd ’ sponse (! watf fevel): =1 db, 5 to 50,000 Hz. = 3db, 2 to 80,000 Hz. Harmonie Distortion:
¢ : i . Less than 0.5 i
Name i And for the first time in any stereo/high fidelity component . . . tWo oot Less {ﬁaifotfz?% S iL000 1 w1 ot oot Stornodet v Ot (Sgowﬂ'z’f
Address ! dram{mc space-age {nnovatlons._ Firs;, the _USC of two intqgrated cir- 6,000 Hx=4:1): Less thon O.é% with 50 watts output. Le;s thon 0.2%, with 1 watt output. Dumping‘
cuits in the IF amplifier to provide high gain for hard limiting, rock- Factor: 45. Input Sensitivity: PHONO; 2.2 millivolts {overload 155 mv). TAPE; 200 millivolts
ait ki 2 i steady temperature stability and maximum reliability. Second, two {overload 2.8v). AUX; 200 millivolts averlaod 2.8v). Hum & Noise: Volume contral of minimum
ity tate ip. 5155 I cryg[a] ﬁl[ers rep]ace the IF transformers . . . no IF coils to align! position; —80 db. PHONO; (10 millivolt reference); —60 db. TAPE & AUX. (200 millivolt ref-
. ' Add all-5111con transistor circuitry plus FET‘S in the FM front—end, erence); —(62 db. Channe! Separation: PHONO; 45 db. TAPE & AUX.; 60 db. Output Im-
DIUS short-circuit protection. and ou have today’s pedance (each channel): 4, 8 & 16 ohms. Tape Output Impedance: 100 ohms. Input Im-
g : i & s o p , Y y's most advanced pedance: PHONO; 47 K ohm** (RIAA equolized). AUX., TAP & TAPE MON.; 100 K ohm, Tape
eD = . Output: 0.7 volt. ic): Tuni : i
=+ I ] Additional Advanced Features . . . besides those already illustrated bin 0» ERTIMBRITIEN (Monophonic): Tuning Range: 88 lo 108 Mz, Intarmediate
o STEREO THRESHOLD CONTROL. f C L A . Frequency: 10.7 MHz. Frequency Response: =1 db, 20 to 15,000 Hz. Antenna: Bolanced
3 > l ! ] \ or automaplc Swntqhmg l_O input for external 300 ohm ontenno, unbolonced, 75 ohm. Volume Sensitivity: 0.7 uv*. Selec-
_I stereo and automatic switching to MONO when signal/noise ratio tivity: 70 db*. Image Rejection: 90 db*. IF Rejection: 90 db minimum*. Capture Ratio:
T l becomes too low for good stereo reception . . . AUTOMATIC FM 2.5 db*. AM Suppression: 50 db*. Harmonic Distortion: 0.5, or less*. Intermodulation
o : l SQUELCH CIRCUIT to eliminate annoying between-station noise Distortion: 0.5% or less*. Hum & Noise: 70 db*. Sensitivity: 1.8 uv*. Spurious Rejection:
3" when tuning . . . COMPLETE AM as well as FM-FM STEREO 100 db”. FM SECTION (Stereophonic): Channel Separation: 40 db or greoter. Frequency
3 o . ]istening . . . ADJUSTABLE PHASE CONTROL so you can dial Respon?e: *=1db. 20 t0 15,000 Hz. Harmonic Distortion: Less than 195 at 1,000 Hz with- 1009
= ii the best stereo obtainable . . . STEREO ONLY SWITCH for stereo ?.‘Zf,‘i"’{"’“‘ ‘Ta& ® ;?;c 5'72551““'7: - db--.ior -greFo'er' ey e ettty T e
[ 1 H : Tuning Ra , N O X
o Il station reception only (silences mono broadcasts) . . . WIDE RANGE S R e iermediate Frequency: (55 kita Sensitivity: 7 micro-
g MAGNETIC PHONO INPUT J N volts at 1,000 kHz. AM Antenna: Built-in rod type, cannections for externol ontenno. Image
= g i ( S with extra overload characterls_ths Rejection: 55 db al 600 kHz. 45 db at 1400 kHz. IF Rejection: 55 db at 1,000 kHz. Harmonic
5 (2-155 my dyqamlc range) . . . FM STEREO NOISE FILTER elimi- Distortion: Less thon 1.5, ot 400 Hz, 90% modulation. Hum & Noise: 50 db. GENERAL Tran-
_3_" 1 ﬂ g?g;%%Seth‘tA/}glgH%mlnlshlng h]gh f[‘equency response . . . TWO sistor & Diode Complement: 66 transistors, 28 diades & 2 integrated circuits. Front Panel
S - - NE JACKS on the front panel for private Controls & Switches: AM & FM Tuning; 535 to 1620 Hz ond 88 fo 108 MHz. SOURCE Switch;
I > a llstenmg ...BUILT-IN TEST CIRCUIT VOM — the signal strength PHONO, AM, FM, TAPE & AUX. Duol Tondem VOLUME Cantral; Dual Tandem BASS Control;
= 2 ﬁ indicator doubles as a VOM for check-out during kit construction . . . - pravides 16:db boost and 20 db cut ot 20 Hz. Dual Tcndem’TREBLI‘E Cantral; provides 17 db boost > g 3 -
2 i DIRECT COUPLED OUTPUT CIRCUIT for improved high ire. ool Saianets M2, The Sos ond Teble coniols cor e dobled for FAT foquency e i L L, L
_ i ! ontrol. witch, witch, witch. . Switch.
a) -< 0 quency response—no output transformers . . . CAPACITOR COUP- FM Switch. NOISE FILTER Switch. LOUDNESS Switch. PHASE Control, SQUELCH Control. STEREQ Even when not in use, the new Heathkit AR-15 remains quiet and well-
8 I LING to speaker terminals for speaker protection. T THRESH (Threshold) Cantrol. L & R AUX. Controls. AM-FM Leval Controls. PHONO Level Can- ; i) =" .
o You can install the AR-15 just about any way . . . horizontally or trals. TAPE Level Controls. TAPE MONitar Level Controls. SEP ADJ (Separotion Adjust) Control. mannered . . . its majestic midnight face unmarred by any dial or scale mark-
NS i \ | \ e ; P just) 3 ’ : - . -
5 ] t\ﬂ/erttlca y in ab]wdall},1 yOtLIJII;_ ownl custonl))_ cabu};t, Ct)“rl in the optional 19 kHz Tesr-A:,u-sy Switch. SIGNAL Meter V, R, Narmol Switch. AC Outlet Sockets: Accessary ings. And when you're ready for the finest in stereo listening, a simple touch
= 5 v - actory assemble eathkit walnut cabinet. or full details on the outlets, rear chossis opran, one switched {225 walts maximum), and two unswilched (350 wotts T ! B ic” i i
= ; = ; i AR-]S, plus our liberal credit terms, mail the post card (opposi(e). maximum), Power Requirements: 105-125 or 210-250 volt 50/60 Hz AC. Dimensions: Overall, of the POMET S1VV'I'tC|"] ay pres.to g o) blaCk mag.lc Panel |Ight$ b V\‘l)lth
a o £° 9 ] The Heathkit AR-15 will be available beginning in March 1674" wide « 434" high x 1414" deep. Mounting Pasition: Horizonto! or vertical. an extended 84" slide-rule dial for easy tuning (calibration accuracy 0.1%),
- W *Kit AR-15, 28 Ibs., less cabinet. . . .............. $299.95 .‘sf;‘f(l?;i‘:;'l"‘;e f' 'L'Gh Ffdf,“'”ff"d“.'d‘i and immediate identification of all controls. The “black magic” is in the
I . R . nausiry ssociation O merica). 3 E H " o” 3
N i Assembled AE-16, 7 Ibs., optional walnut cabinet. .. ... .. $19.95  prices and specifications subjec! to change withou! nofice. unique tinted acrylic “dual-panel” design.
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Beginning Next Month,
There Will Be
One Stereo Receiver

Obviously Superior
To All Others.

It Will Have These
Features...




INTEGRATED CIRCUITS . . . tomorrow’s electronic miracle
today . .. first time ever in a stereo-hi-fi component. Two are used
in the IF amplifier section for hard limiting, exceltent temperature
stability and increased reliability. Each integrated circuit is the
size of a tiny transistor, yet each contains 28 actual parts . . .
10 transistors, 11 resistors and 7 diodes!

FIELD EFFECT TRANSISTOR FM TUNER . . . cascode
2-stage FET RF amplifiers and an FET mixer provide high
overload capability, exceilent cross modulation index and image
rejection. The completely shielded tuner has a 4-gang variable
capacitor and 6 tuned circuits for extreme selectivity under the
most adverse conditions.

CRYSTAL FILTERS . . . another exclusive. Two are used in
the IF amplifier section to replace the usual transformers. No
coils, therefore no alignment or adjustment is ‘ever required.
Precise controlled bandwidth produces the finest fidelity with
adjacent channel selectivity of 70 db.

150 WATTS DYNAMIC MUSIC POWER . . . the highest
power output of any stereo receiver! Made possible by 4 con-
servatively rated, individually heat-sinked and protected output
transistors powered by an unusually large power transformer and
filter capacitor. 75 watts music power per channel — 50 watts
continuous power per channel.

POSITIVE CIRCUIT PROTECTION . . . four Zener diodes
and two thermal circuit breakers protect the driver and output
transistors from overloads and short circuits of any duration.
A special front-panel Hi-Temp indicator shows when the thermal
breakers have opened.

<— CIRCLE NO. 101 ON READER SERVICE CARD

TWO CALIBRATED TUNING METERS . . . another ex-
clusive! A signal strength indicator tells you when you receive
the strongest signal . . . a special “"Center-Tune” meter puts
you on exact station frequency. Both meters use d’Arsonval
movements.

All-Silicon Transistor Circuitry . . . for maximum reliability,
superior stability.

Front Panel Input Level Controls . .. up front for convenient
adjusting — protected from accidental setting changes by an
attractive hinged door.

Tone-Flat Switch . . . bypasses tone control circuitry for com-

pletely flat response.

Super SCA Filter .. .removes SCA and noise frequencies above
57 kHz for clean, quiet listening.

Electronic Filter Circuit . . . provides power supply with ex-
ceptionally low ripple and excellent regulation.

Massive Power Supply . .. for low heat and superior regulation
— electrostatic and magnetic shielding for lowest hum and noise.

Noise-Operated Squelch . . . a step ahead of the normal cir-
cuitry to hush between-station noise before you hear it.
Transformerless Design . . . direct coupling between driver

and output stages for lowest phase shift and distortion.
Filtered Left & Right Channels ...for direct "beat-free” stereo
recording . . . a low cost way to build your own music library.

Recessed Inputs & Outputs . . . no protruding array of leads
to waste valuable space — fits flush against any wall or surface.




With the time it saves in

set-up, you can take-a
breather, make a few more
calls and still have time

to play with the kids.

*RCA’s new Hi-Lite ColorTube with Perma-Chrome {

If you've been waiting half an hour
for the picture tube to warm up every
time you repair or install a set, here's
good news. RCA's new rectangular Hi-
Lite Color Tubes with Perma-Chrome
lock colors in place instantly, elimi-
nate distorfed color as the set warms
up. Colors are true and unchanging

from turn-on to turn-off. Saves hours  the color picture tube, leaving a

of set-up time. New Hi-Lite Color noise-free Raster. Purity is adjustable
Tubes with Perma-Chrome now in without removing an IF fube or using
RCA Victor conscles. New service  other means fo remove noise and/or
switch in all 1967 color chassis.  interference from the screen. @“{ )

Three-position for Normal, Service e
and Raster. When Raster is selected, The Most Trusted Name in Electronics
all video and noise is removed from T
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THIS MONTH’S COVER
ties in with our theme this
month, which is electronic
musical instruments. The
instrument at the left is
Selmer’s electronic saxo-
phone. By using the associ-
ated Electro-Voice electron-
ics, itis possible to alter the
tone color, introduce echo
and tremolo, and extend the
range of the sax by one full
octave below its fundamen-
tal tone. The cherry-colored
guitar in the center is the
new Heath-Harmony elec-
tronic guitar, one of a line
of three available from the
company in kit form. The
white instrument at the
right is the Vox (Div. of
Thomas Organ Co.) elec-
tronic guitar. In addition to
the usual special effects
produced by such guitars,
this instrument can be
made to sound like an elec-
tronic organ. Detailed sto-
ries on electronics in music
can be found in this month’s
issue. ....ooooceeiiennnn. (Cover
photograph: Louis Mervar)
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Radar Signature Analysis  £d:ord A. Lacy

Radar echoes from orhiting satellites and missiles are almost as distinctive as fin-
ger prints. Analysis of these echoes will show satellite size, shape, and motion.
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integrated Circuits and the Automobile  Rob i1 A. Hirschteld
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Design considerations and performance of the transistor ignition and capacitive-
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In order to “talk to" a computer, the operator must use the right
language. Alphabetic and numeric symbols must all be converted
into a binary code that the computer can recognize and operate on.
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ABC’s of Varactors

by Rufus P. Turner. A basic introduction to varac-
tors—a special group of semiconductors whose capac-
itance varies with the voltage applied. Explains
operating principles and describes typical circuits in
which varactors are used. Describes use in micro-
wave applications, for which they are particularly
suitable, as well as uses in receivers, transmitters,
and amplifiers. An easily understandable book for
anyone who desires to be informed on this compar-
ative newcomer in the semiconductor field. 96 pages;
5% x 834", $225
Order AVT-T,only..... ..o

101 Ways to Use Your YOM and VTVM
by Robert G. Middleton. New edition, fully revised
and updated. Describes and explainsall the common
and many uncommon uses of the VOM and VITVM.
Explains how to make proper connections, how to
test and evaluate results. Chapters cover equip-
ment checks, DC voltage tests, chmmeter tests,
signal-tracing tests, DC current tests, alignment
applications. 144 pages; 514 x 814". $295
Order TEM-3A, 0nly. .. .o iieiieeiinnnen

Experimental Astronautics

by Morris Goran. ‘This book is a valuable introduc-
tion to the fundamentals of space science, pre-
senting basic ideas gathered from astronomy, phys-
ics, biology, engineering, and other sciences. To
understand the principles of space science, it is
necessary not only to see these basic concepts in
relation to one another, but also in action. The 7

projects described in this book accomplish these
two purposes; each experiment uses everyday mate-
rials and is simple to perform; you build projects
such as a periscope, a ground-effect device, sundial,
telescope, and many others. 168 pages; 514 x $925
814”, Order EAG-1,0nly......cvvveununnne. 3

PHOTOFACT® Guide to TV Troubles. 2nd Ed.
by Howard W. Sams Editorial Staff. Over 200 photos
of actual TV picture defects are keyed to specific
defective components in typical circuits, so that the
source of the trouble is located in minutes. Quick
checks are outlined to help you determine rapidly
which section is at fault. Includes recent TV $295
models. 192 pages; 534 x 814”. Order PFG-2, only 3

101 Ways to Use Your Signal Generator

by Robert G. Middleton. Newly revised edition. The
authoritative reference for uzers of RF-IF and audio
signal generators. Covers equipment checks, anten-
na tests, AM-FM Receiver test,s TV receiver tests,
and cornponent tests. Shows how to make required
connections, how to make tests properly, and how
to evaluate results. 144 pages; 534 x 814", $985
Order TEM-4A, 0nly..c.ooviviinnnnnennns 2

Golor TV Guidehook, Yol. 2

This special Howard W. Sams publication offers at
amazing low cost, a wealth of useful, practical color-
TV data. Discusses latest aspects of color-TV, spe-
cific servicing techniques, latest color circuits, out-
look for color, new developments—invaluable infor-
mation you need to keep ahead in color-TV. $125
834 x 11”7, Order PFR-2, 0nly .. ......... ... 1

HOWARD W. SAMS & CO., INC.

8 Order from your Sams Distributor today, or mail s
B to Howard W. Sams & Co., Inc., Dept. EW-2 |
R 4300 W. 62nd Sireet, Indianapolis, Ind. 46268 1
: Send me the following books: :
g [ AV O EAG-1 [0 TEM-4A H
: [J TEM-3A O PFG-2 [ PFR-2 1
g O Send FREE Sams Booklist. § en:losed:
] ]
1 Name ]
1 ]
] ]
& Address, 1
1 [ ]
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M City. State Zip. H
1 R
B My Distributor is ]
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COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLES ON:
CB & Business Radio Service

Selecting a CB Transceiver—What features do you really need in a transceiver for mobile?
for base-station use? What effect will the growing number of licensees and the sunspot
cycle have on your need for more sophisticated circuitry? Before you buy, read Len
Buckwalter's thoughtful analysis of the “pro’s” and “con’s” of various features.

Business Radio Communications—The advantages and disadvantages of each of the four
i bands available in this relatively new area of communications are discussed with an eye
to making the right decision for the job at hand. Equipment suitable for BRS is discussed
and illustrated to help the prospective user make a wise choice.

Test Equipment for CB and Business Radio—There is a good selection of generalized and
special-purpose test equipment for both the professional technician and the user. Various

types of equipment for servicing and maintaining CB and BRS gear are covered.

Antennas for CB & Business Radio—A round-up of various antennas available for use in
these two services, including comparative characteristics and electrical performance data.
i A number of commercial models are pictured and described.

 ELECTRONICS IN OCEANOGRAPHY

Both mechanical and electronic instruments
Lare now playing a part in measuring tem-
. perature, pressure, conductivity, velocity,
time and wave motions of the sea. John Alt-
i house describes some of these ingenious
devices,

| DIGITAL PLOTTING TECHNIQUES

Curces, charts, maps, drawings, and other
displays can be generated as analog plots
of digital data from computers. Louis E.

Frenzel, Jr. discusses how such plotters are
being used in weather forecasting, for geo-
physical and oil surveys, to display business
financial data, in roadbuilding, and in auto-
matic drafting applications.

WEATHER SURVEILLANCE

BY SATELLITE

Tiros, Nimbus, and successor ESSA satel-
lites are providing global weather infor-
mation that may one day lead to global
weather control.

All these and many more interesting and informative articles will be yours in
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You are now in
Don’t move a muscle!

This security system is so sensitive, it can be
adjusted to detect the motion of your arm turning
this page.

And if this Portable Model Unit were within 35 feet
of you and you moved... people up to a half-mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turnon lights...even notify police.

What does a burglar alarm have to do with you?

Just this: Radar Sentry is no ordinary alarm. It is
the most modern and effective security system avait-
able. And it’s also electronic.

That’'s why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sentry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Dealers in the past year —
sold a system on their first demonstration.

And that’s why we need men with technical knowl-
edge and experience.

Men like you.

f

CIRCLE NO. 96 ON READE!
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ave field.

How about it?
Do you want to start a business of your own...
or expand your present business with a product that in
8 years has become the world-wide leader in its field?
Do you want to earn up to $5,000 a year in
your spare time?
Do you want to earn $20,000 and more full time?
We’ll show you how.
0.K., now you can move, _
Fill out the coupon and get complete Dealer/Distributor
information. ., free.
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Complete your
stereo system with the
Sony
solid-state 350!

The brilliantly professional Sony
solid-state 350 stereo tape deck
recorder is the ideal way to add the
superior performance of tape to your
component system. With an instant
connection to your stereo system, the
versatile two-speed 350 places at your
pleasure a full array of professional fea-
tures. Three heads for tape-and-source
monitoring. Vertical or horizontal oper-
ation. World-famous Sony stereo
recording amplifiers and playback pre-
amps. Dual VU meters. Auto shut-off.
And a set of specs designed to put your
speakers to the test of excellence. Fre-
quency response: 50-15,000 cps. S.N.

ratio: minus 50db. Flutter and wow:
mnder N 1850, Tha 280« hlack and enld

LETTERS
FROM OUR
READERS

W L7

TOOTHBRUSH BATTERIES
To the Editors:

I have run across an unusual (to me,
at least) problem with a sealed battery.
I assume it is nickel-cadmijum; it is
used in an electric toothbrush. I dug
clear back to your October 1963 issue
with its special article on batteries but
found nothing mentioning this type of
trouble. Have I got a freak toothbrush?

When not in use, the unit sits in its
recharging wall-mounted cabinet and
is of course fully charged at all times.
However, I found that it was losing
power: the motor would stall if I
pressed too hard on my teeth. Then
I went on vacation and took only the
toothbrush, not the charger, with me.
In my suitcase, the switch got flipped

.on and the toothbrush ran itself down.
‘I had to spend my whole vacation

brushing manually. What a bore!

After returning home, I returned the
toothbrush to the charger and the next
day it had renewed vigor—just like the
day it was new. There was no loss of
power and no stalling. Several months
later I began to get the power loss
again, so one day I left the toothbrush
on to run down and then recharged it.
Now I find that every two or three
months, when I notice power loss, 1
can run it through a discharge-recharge
cycle and it operates perfectly.

My theory is as follows. The time in
use is minimal compared to the charg-
ing time. We can consider that the
battery is on continuous charge. Under
these conditions, might not some pol-
arization take place resulting in gas
formation and reduced power?

I've also learned to put a piece of
Scotch tape over the switch to keep it
“off” when I pack the toothbrush in a
suitcase!

B Wurte
Princeton, Fla,

ny other theories about
msP—Editors
* * *

CY MEASUREMENT

on “Frequency and Fre-
rement” in the October
esting but seemed to me
ste. The editorial subtitle
er to expect a survey of

the present art in the field rather than
a discussion of highly accurate means
of determining high frequencies.

Can we expect a fill-in on the lower
frequencies?

My interest stems from my recently
having obtained a patent (3,267,448)
on a device for extending a burst of as
few as two pulses into a sustained se-
ries. (At present, practical considera-
tions would appear to limit the device
to the lower audio frequencies.)

In situations in which parameters to
be monitored can be translated into
characteristic frequencies by such
means as RC circuits, a large number
of brief samplings can be transmitted
to a remote point on a single channel,
each sampling then being fed into a
pulse series extender for subsequent
readout by means of a frequency meter.

At the time of the invention’s origi-
nal conception, the measuring device
of choice was the vibrating-reed fre-
quency meter. It would be of great
value to me to learn of other devices
that may be used in this range and to
have a comparison of such characteris-
tics as temperature effects and positive
rejection of harmonics found in the
readout, '

Thank you for the increasingly broad-
ened scope of coverage in your publi-
cation and the technical caliber of the
articles.

RorLanp GUNTHER

100 Joanne St.

Princeton Junction, N.J.
* * *

HOW PERMANENT ARE MAGNETS?
To the Editors:

With the widespread use of perma-
nent magnets in loudspeakers, meters,
and other devices, I wonder just how
long these components retain their use-
fulness. For example, will my v.o.m.
lose its sensitivity due to loss of mag-
netism after being around for, say, 10
or 15 years?

TrHoMAas F. McDoNNELL
Chicago, Il

According to Portus M. Wheeler,
President of Crucible Magnet Division
of Crucible Steel Co., a permanent
magnet “loses about 1% of its mag-
netism as soon as it's energized. It

(Continued on page 12)
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WHEN YOU BUY THIS RCA WR-64B
GOLOR BAR/DOT /CROSSHATCH
GENERATOR...THE ESSENTIAL
GOLOR TV TEST INSTRUMENT

Here’s a deal you can’t afford to miss! A FREE Remington
portable typewriter—yours when you purchase the most
essential color-TV test instrument—the RCA WR-64B!

Just imagine how handy your new typewriter will be—in
the shop or at home. You'll use it almost as much as you use the
RCA WR-64B—standard of the color TV servicing industry.

Here’s how to get your FREE Remington Typewriter.
Mail in the warranty card plus the gold label from the
shipping carton of your new RCA color bar generator to
RCA Test Equipment Headquarters, Bldg. 17-2, Harrison,
N.J. We will ship your new Remington portable typewriter
to you direct, freight prepaid. But remember—this offer
covers only equipment purchased between February 1, 1967
and May 15th, 1967. To allow for postal delay, we will
honor cards postmarked up to May 31st.

Plan NOW to take advantage of this BIG offer—a FREE
Remington portable typewriter with your purchase of an
RCA WR-64B color bar/dot/crosshatch generator.

CORGR. W, TR CREEEE
SLNERIDR

The standard of the Color-TV Servicing Industry. Gener-
ates all necessary test patterns—-color bars, crosshatch,
dots plus sound-carrier, Only $189.50=

*Optional Distributor resale price. All prices subject to
change without notice. Price may be slightly higher in
Alaska, Hawail, and the West.

Ask to see it at Your Authorized
RCA Test Equipment Distributor

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics
®

CIRCLE NO. 97 ON READER SERVICE CARD
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Discover the ease
and excitement of NRI’s

S

DIWVIENSIONIAL

MIETRO

D

of ELECTRONICS
TV-RADIO TRAINING

10 HOME-STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI’s three dimensional method of home-
study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom-
designed training equipment, programmed
for the training of your choice to make Elec-
tronics come alive in an exciting, absorbing,
practical way. Ask about NRI “‘bite-size’” texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achieve-
ment Kit . . . training equipment . . . bite-size
texts . . . the three dimensions of home-study
training; the essentials you must have to make

OVER 50 YEARS OF LEADERSHIP

learning easier, more interesting, more mean-
ingful. You get them all from NRI.

Whatever your interest . . . whatever your
need . .. whatever your education . . . pick the
field of your choice from NRI’'s 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3-DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Elec-
tronics Division, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE EASY NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING

ELECTRONICS WORLD



Start Fast with NRI’'s New
Remarkable Achievement Kit

The day you enroll with NRI this new starter kit
is on its way to you. Everything you need to make
a significant start in the Electronics field of your
choice is delivered to your door. it's an out-
standing way of introducing you to NRI training
methods . . . an unparalleled *‘first dimension”
that opens the way to new discoveries, new knowl-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has any-
thing like it. Find oui more about the NRJ
Achievement Kit. Mail the postage-free card today.

NRI “Bite-Size”’ Lesson Texts
Program Your Training

Certainly, lesson texts are a necessary part of
any training program . . . but only a part. NRI's
“bite-size’’ texts are simple, direct, well illus-
trated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the ‘’second dimension’’ in NRI’s training
method. Here are the fundamental laws of elec-
tronics, the theory, the training of your choice,
presented in a manner you'll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you.

Custom-Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you build, experiment,
explore, discover. Here is the “third dimension”
. . . the practical demonstration of things you read
about in NRI texts. NRI pioneered and perfected
the use of training Kits to aid in learning at-home.
NRI invites comparison with equipment offered by
any other school, at any price. Prove to yourself
what 750,000 NRI students could tell you ... that
you get more for your money from NR1 than from
any otherhome-study Radio-TV, Electronics school.
Mail postage free card for your NRI catalog. (No
salesman will call.)

AVAILABLE UNDER NEW Gl
BILL —If you served since January 31,
1955, or are in service, check GI line in
postage-free card.

February, 1967
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With all the
field offices
‘'we have

you can
build a

You don't need a degree to get in
on this fine career opportunity in
computer technology. You do need
a grasp of electronics and electro-
mechanical fundamentals which
might have been gained through
such military training as: weapons
control systems, radar, sonar, radio
maintenance—and a strong ambi-
tion to build a real future.

Here's how we do it at UNIVAC.

For one thing, we'll teach you all
about computers. How they work,
and why. How to install and main-
tain them. By the time you're fin-
ished with our training program
you're a top notch, all round expert,
fully equipped to handle any prob-
lems you'll encounter. And all the
time you're learning you’re on the
payroll.

Now, when you're ready tc show
what you can do, we’ll assign you to
one of our field offices. With the
kind of growth you'd expect from
UNIVAC, you'll find them every-
where in the nation, and overseas.
Covering a full range of assign-
ments. Of course, you come in
under our comprehensive benefits
program. And with the way we re-
ward technical ability and initiative,
a good man can really go far.

Interested candidates are invited
to write Manager of Field Adminis-
tration, UNIVAC, P. 0. Box 8100,
Philadelphia, Pa.

UNIVAC

DOIVIBIODNOFBPERRY RAND CORPORATIDN

An Equal Opportunity Employer

(Continued from page 6)
loses another 0.2% during the next 12
months for a total loss of approximate-
ly 1.2% during the first year. It then
loses only another 1% during the next
100,000 years. That's why they are
called permanent magnets.”—Editors
* * N
SPECIAL SECTION REPRINTS

To the Editors:

I wish to express my thanks for
having had the opportunity of placing
a manuscript in ELECTRONICS WoORLD.

The editorial staff is to be congratu-
lated on the presentation of all ma-
terial in the special section dealing
with chokes and coils (October, 1966
issue)—in particular, the handling of
special photos and artwork.

1 wonder if you have reprints avail-
able on this special section and on some
of the other special sections you have
run in the past.

W. R. COURTNEY
Chief Engineer

J. W. Miller Co.

Los Angeles, Calif.

Thanks to Author Courtney for his
kind words. Yes, we do have reprints
available of some of the special sec-
tions we have run in the past, includ-
ing the ones on “Batteries,” “Fived
Capacitors,” “Variable Resistors,” “Sol-
id-State Diodes,” and “Chokes and
Coils.” These are available at 25¢ each
directly from our editorial offices at
One Park Avenue, New York, N.Y.
10016.—Editors

* * *
DIODE METER PROTECTION
To the Editors:

The article on “Diode Meter Protec-
tors” in your November, 1966 issue
was very informative, but it contains
a piece of misinformation or incom-
plete information regarding fusing.

In Fig. 3B, the fuse in position A
will cause a gross measurement error
with any of the shunt resistors shown
because of its resistance. Also, the fuse
resistance is probably not precisely con-
trolled so that it would be impractical
to compensate for its effect in the
circuit.

In the circuit of Fig. 3C, the fuse
has much less possibility of causing
measurement error because of the high-
er circuit resistance as compared with
the fuse resistance; however, the effect
of the fuse resistance should be given
consideration in design of this circuit.

JoserH Risser

Reliability Engineering

Consolidated Electrodynamics Corp.

Pasadena, Calif.

Judging from the amount of reader
mail we have been receiving comment-
ing on this particular article, there
seems to be a lot of interest in the sim-
ple protective circuits and devices that
were covered in the story.—Editors A

ELECTRONICS WORLD



Now Is The Time To Go Electric & Save $279!

Just Build One 0f These Famous
HARMONY-By-HEATHKIT® Guitars
In One Evening-No Woodworking
...And Build The New HEATHKIT"
Guitar Amplifier In 8 -10 Hours!

No Special Skills Or Knowledge Needed! Now
you can save up to 3$109.55 on a famous
Harmony electric guitar — plus another $170
on the new Heathkit transistor guitar amplifier
— by assembling them yourself the easy
Heathkit way.

All you need are some ordinary tools and a
few spare-time hours . . . no technical skills
or knowledge are required. The “everyday-
language” instructions and giant pictorials
easily guide you from start to finish, It’s like
having a mastcr tcacher at your elbow point-
ing out every step. You can’t miss.

You’ll have your guitar finished in one even-
ing. To give you a hcad start, all the wood
parts are preassembled, finished and polished
at the Harmony factory. You just mount the
trim parts, pickups and controls in the pre-
drilled holes and install the strings. All wood-
work and mechanical parts are guarantecd
a full year.

/G "

ok

Included With Each Guitar Kit ., . . a handsome
vinylized chipboard carrying case with plush
lining, instruction book, connecting cord, cush-
ioned red leather neck strap, tuning record,
Vu-Tuner ™ visual tuning aid, and pick.

. HEATHKIT" 196

Catalog and

250 kits you van huild .
formation on conveni

February, 1967

(4] $300 value

199%

FREE!

Guitar Brochure
Fully describes these and aver

Time Payment plan Mail cou-
pon or write Heath Company.
Benton Harber, Mich. 49022,

I
|
|
|
lug tn- |
|
|
|
|

$329.50 Value
n

$ﬁ@5

The Guitar amplifier kit will probably take
you a couple of evenings to build. Only one
small circuit board to wire (don’t worry about
soldering, the Heathkit manual shows you
exactly how), plus a few parts to mount on the
chassis, and two spcakers, controls and switches
to install. The cabinct is already built and
finished when you receive it.

Compare the high performance featurcs of
each kit . , . then order yours now,

[A] Deluxe 60-Watt Transistor Amplifier . . .
All The Features Guitarists Want Most « 60
watts peak power » Two channels — one for
accompaniment, accordion, organ or mike . . .
the other for reverb and tremolo « 2 inputs
per channel » Two foot switches for hands-
free control of tremolo & reverb » Two
special design 12”7 heavy-duty speakers « Line
bypass reversing switch for hum rcduction
o 287 W x 9”7 D x 19”7 H leather-textured black
vinyl cabinct of %7” stock o Extruded alu-
minum pancl,

Kit TA-16, 52 lbs...Save $170..... Only $129.95

Deluxe Hollow Body Guitar . . . 3 Adjust-
able Pole-Piece Pickups. . . Flat Wound Strings
« Double cutaway style for easy fingering of
all frets « Ultra-slim fingerboard — 24%4”
scale o Ultra-slim, “uniform-feel” neck with
adjustable Torque-Lok rcinforcing rod s« 3
pickups with individually adjustable pole-pieces
under cach string for emphasis and balance
» 3 silent switches select 7 pickup combina-

[d $158.50 Value
nly

$ﬁ|995

[ $145 value

$9995

tions « 6 controls for tone and volume o
Professional Bigsby vibrato tail-piece s Curly
maple arched body with “F’’ holes — 2” thick
— shaded cherry red « Engraved headpiece,
matching pick guard.

Kit TG-46, 17 Ibs...Save $109.55..Only $219.95

€] ““Rocket’ Hollow Body Guitar . . . Two
Adjustable Pole-Piece Pickups . Single cut-
away for easy fingering o Ultra-slim finger-
board . . . 24'4” scale for easy chording
Ultra-slim neck, Torque-Lok steel rod rein-
forced « 2 pickups with individually adjust-
able pole-pieces under each string ¢ 3-position
silent switch selects either or both pickups
4 tone and volume controls « Harmony type
‘W vibrato tailpicce + Laminated maple
Ultra-thin arched body with “F” holes, 2”
thick, shaded cherry red.

Kit TG-36, 16 Ibs...Save $38.55...Only $119.95

[0 ““Silhouette’’ Solid-Body Guitar . . . Two
Adjustable Pole-Piece Pickups . . . Modern
Design « Modified double cutaway leaves 15
frets clear of body for playing comfort and
ease » Ultra-slim fingerboard of ebonized
maple — 24Y%” scale o Ultra-slim neck for
“uniform-feel” + Torque-Lok adjustable re-
inforcing rod e 2 pickups with individually
adjustable pole-pieces under each string « 4
controls for tone and volume « Harmony
type “W” vibrato tailpiece o 6-in-line tuning
keys o Hardwood solid-body, 1%4” thick,
shaded cherry red « 3-position toggle switch
selects either or both pickups,

Kit TG-26, 13 lbs...Save $45, ..... Only $99.95

-
HEATH COMPANY, Dept. 15-2
| Benton Harbor, Michigan 49022

O Please send FREE Heathkit Catalog and guitar brochure.

O Enclosed is $ plus shipping.
Please send model (s)
Heath Name
Address
City. State Zip

CIRCLE NO. 101 ON READER SERVICE CARD

Prices & specifications subject to change without notice,




REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Shure Model M-68 Microphone Mixer
Ampex Model 1115 Speaker System

Sonotone ‘‘Velocitone Mark V'’ Cartridge

Shure Model M-68 Microphone Mixer

For copy of manufacturer’s brochure, circle No. 24 on Reader Service Card.

HE new Shure M-68 microphone

mixer is a versatile, moderately
priced unit which bridges the gap be-
tween the low-priced, relatively inflex-
ible passive mixers and the costly, pro-
fessional recording and Dbroadcast
models.

The mixer accommodates up to four
microphones, plus a high-level auxili-
ary input. Each input has its own vol-
ume control, and a master volume
control regulates the over-all output.
There is no interaction between the
input controls. The microphone inputs
are through Cunnon XLR-3-14 connec-
tors in the rear of the mixer. A stan-
dard phono jack is used for the high-
level “Aux” input. Three output levels
are provided: a low-impedance (50 to
250 ohms) and a high-impedance
(33,000 ohms) tlirough an XLR-3-14
connector, and a high-level, high-im-
pedance output through a standard
phono jack. There is also an accessory
28-volt d.c. power jack, which may be
used to power the M-68 from a battery
supply or to provide power to the
Model AB8P phono-cartridge preamp-
lifier. This accessory converts the aux-
iliary input into an equalized magnetic
or ceramic phono cartridge input.

Each microphone input and the
microphone output have an adjacent
switch which converts them from low
impedance (50 to 250 ohms) to high im-
pedance (greater than 20,000 ohms).
The voltage gain in the high-impedance
setting is one-tenth of that in the low-
impedance setting. The auxiliary input
has a nominal 50,000-ohm impedance
rating.

The maximum output level before

14

clipping occurs is rated at 60 milli-
volts for low-impedance microphones,
0.85 wvolt for high-impedance micro-
phones, and 4.0 volts for the high-
impedance “Aux” input. The rated fre-
quency response is =2 dB from 30 Hz
to 20,000 Hz.

Our measurements on this mic
mixer confirmed the manufacturer’s
ratings in all respects. On the low-im-
pedauice inputs, the frequency response
was down 3 dB at 30 Hz and down 1
dB at 20,000 Hz, or within =1.5 dB
from 30 to 20,000 Hz. On the high-
impedance input, the response was
+=0.5 dB from 20 to 20,000 Hz. The
distortion at 2-volts output was 1%,
with 20-millivolts input and the mas-
ter gain set to —G6 dB. At lower out-
puts, the distortion fell to a small frac-
tion of a percent. At maximum gain
settings, the hum and noise were fromn
50 to 56 dB below one-volt output on
the several microphone inputs, and
—68 dB on “Aux.” At minimum gain
the noise was —68 dB. At maximum
gain, 10 millivolts to the high-im-
pedance microphone inputs produced
approximately one-volt output.

The flexibility of the mixer is en-

LLUME L]
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B Eautin

- i J 3
" TOTAL HARMONIC DISTORTION
T SHURE

MICROPHONE MIXER
MASTER GAIN -6d8

i H T T I+ L
Ty
S B N
04 060810 2.0 40 678010
OUTRUT- VOLTS

hanced by the available accessories. In
addition to the A68P phono equalizer,
there is a carrying case, battery power
supply, a locking panel to prevent
tampering with control settings, a cable
adapter kit for matching the mixer to
practically any p.a. system, a stacking
kit to permit several mixers to be used
together, and a rack-panel kit for per-
manent installation.

The list price of the Shure M-68
mixer alone is $125.00. A

Ampex Model 1115
Speaker System

For copy of manufacturer’s brochure,
circle No. 25 on Reader Service Card.

IKE many other tape-recorder man-
ufacturers, Ampex has several
models with built-in playback power
amplifiers and small monitor speakers.
Recognizing that such speakers can
never do justice to the quality of the
tape vecorder, the company now pro-
duces external speuaker systems in sev-
eral price ranges. Not onlv do these
make a tape recorder a complete play-
back system, but they can also be
used with other units such as receivers
and amplifiers.

One intermediate-priced model of
the manufacturer’s speaker line is the
Model 1115, This is a compact book-
shelf unit, measuring 23%4” x 1134 x
1312” and attractively finished in oiled
walnut. Tt is a three-way system, with
a 10” high-compliance woofer, two 3”
cone speakers for the middle frequen-
cies from 2000 to 10,000 Hz, and a
small super-tweeter taking over above
10,000 Hz. A continuously variable
level control on the rear of the cabinet
sets the level of the mid- and high-
frequency speakers relative to that of
the woofer. The nominal impedance
of the Model 1115 is 8 to 16 ohms.

We measured the frequency response
of the speaker at eight points in the
test room, at a distance of three to
twelve feet from the speaker, and at
various angles to its axis. The averaged
response curve, corrected for the known

ELECTRONICS WORLD



Modél 65-3 VHF-TV ANTENNA AMPLIFIER

Model 65-3 VHF-TV ANTENNA AMPLIFIER

improves reception of WEAK VHF-TV signals in
FRINGE AREAS even where strong local TV or FM
signals are present. AMPLIFIES UP TO 7 TIMES for
Better Color and B/W

A two-transistor—high and low band—ampli-
fier in one compact weather-resistant hous-
ing. Engineered to provide the lowest noise
and highest amplification with the most
desirable overload characteristics. Designed
for easy and convenient installation on
antenna boom, mast, or under roof eave.

Amplifier used in conjunction with dual out-
let power supply for one, two, or multiple set
installations (with Finco 3003 coupler). 117 V
60 cycle input. AC power up to amplifier:
24 volts - 60 cycle. Metal enclosed with easy
keyhole mounting. Amplifier and power
supply provided complete with mounting
hardware. Each unit tested and inspected
prior to shipment.

Let Finco solve your Color and B & W
reception problems. Write for complete
information, schematics and specifications.
Form #20-357.

é" of THE WORLD 5,
= coLon =

34 West Interstate Street

Bedford, Ohio 44014 ° Dept. 410

FINCO, THE FINNEY COMPANY

CIRCLE NO. 114 ON READER SERVICE CARD
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HE FALL 1966 EDITION OF THE EXGITING
ELECTRONIC EXPERIMENTER'S HANDBOOK
1S ALL-NEW, PACKED WITH THE MOST
FASCINATING CONSTRUCTION PROJECTS
EVER AND READY FOR YOU RIGHT NOW!

aTv
picture tester and rejuvenator . . . a $10 solid-
state 6-watt amplifier . . . a headlights-on alarm

. a watchdog mobile monitor . . . a failsafe tran-
sistor power supply...a 99¢c speaker enclosure...
and over 20 other challenging do-it-yourself con-
struction projects!

Each project is described from start to finish in
clear, concise, easy-to-follow language. Add fully
detailed schematics, illustrations and parts lists—
plus dozens of professional how-to tips and tech-
niques—and you’ve got all the ingredients for
some of the most unique electronics items you've
ever seen . .. or put together with your own two
hands!

Including units for: your home « audio/stereo/hi-fi

« your car « SWL-CB-Ham « test equipment

Whether you keep the valuable units you’ll build,
or sell them for a profit (they'll cost you next to
nothing to construct), the Fall 1966 Electronic Ex-
perimenter's Handbook is guaranteed to increase
your over-all electronics proficiency and provide
you with hour after hour of sheer fun!

And note this special bhonus feature: “Project
Choose"—an exclusive report on electronics corre-
spondence and resident schools!

Over 148 pages of fascinating electronics in all,
Don’t miss it! Use the coupon below and order your

today!
copyTocay only ot the message?

GET THE HANDSOME Get the scissors!
(e o] 91-20 et the sissors!

?OUND EDH‘ION (ZlFF DAVIS SERVICE DIVISION \
W just H-F
l 589 Broadway * N.Y., N.Y. 10012

You’ll build a smoke alarm for your home . ..

$3 POSTPAID!

The Fall ]966' OK! Send me the all-new Fall 1966
Efectronic Exper. 4 Electronic Experimenter’s Hand-
Lmer':ter’? Hancll- book.
00K IS 210 avath $1.25 enclosed, plus 15c for
atle in a W'e"'l Dshlppmg and handlmg Send
did deluxe edi I me the regular edition. ($1.75
tlar  Rugged for orders outside the U.S.A.)
{1 $3.00 enclosed. Send me the
Deluxe Leatherflex-bound edi-
tion, postpaid. ($3.75 for orders
outside the U.S.A. ) Allow three
additional weeks for delivery.

Leatherflex cover
provides lastirg
p:rotection yet 18
scftly textured
1rd pold emboss
ed for the look of
elegance A col
lector 5 1tem--a
superb adilthicn
to your electren
1cs  bookshelf

PLEASE PRINT

I name EW.27

I address

Ané w's yours

for just $¢ post- -

paid, when you I City

check the appro-

priate box on the ¢ state zip code

order form

M‘A/}ﬂ’teé I Yes, | did miss the blg Spring I

I 1966 edition. So please rush it to

6
W"b me right now! | want the (] reg-
JJW 4 -

ular edition [] Deluxe Leatherflex- I
bound edition. (Prices same as
AN T T M N W
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low-frequency characteristics of the
room, was quite smooth and free from
holes or peaks over most of the audio
range. The peaks at 40 and 60 Hz are
due to room resonances and are not
chargeable to the speaker. Above 1000
Hz, the response curve had a “shelved”
characteristic, 3 to 5 dB below the
mid-range level, with the tweeter level
control set at maximum.

At most frequencies, the tone-burst
response of the speaker system was
good to excellent, The photos taken at
400 Hz, 1.2 kHz, and 11 kHz are typi-
cal. At about 7.3 kHz, there was evi-
dence of transient distortion, although
we did not observe any response-curve
discontinuity at this point. This effect,
occurring very sharply at one fre-
quency, could not be heard.

Harmonic distortion at one-watt
drive level was low down to about 50
Hz, rising sharply at lower frequencies.
We would estimate that the effective
lower limit of the speaker’s response is
about 40 to 45 Hz, a quite respectable
figure for a 10” woofer.

The sound of |
the speaker is
rather subdued.
Even with the
high-frequency
level control at
maximum, there il
is never any “siz- !
zle” or striden-
cy. We found
it desirable to F
use some high-
frequency boost
on the plavback
amplifier. In
very live or bright listening rooms, the
system should sound nicely balanced,
where many other speakers would be
overpoweringly bright. On the other
hand, in a “dead” room, amplifier
treble boost would probably be re-
quired. The unit has none of the mid-
range peakiness which adds “presence”
to some speakers and is always a clean
aud easy-to-live-with speaker.

The Ampex 1115 is priced at $199.90
for a pair.
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Sonotone “Velocitone Mark V'’ Cartridge
For copy of manufacturer’'s brochure, circle No. 26 on Reader Service Card.

el

m\
| !

A NUMBER of years ago, ceramic
phono cartridges were considered
inferior to magnetic types and certainly
not of a quality suitable for use in
good component high-fidelity systems.
Largely through the efforts of Sonotone,
a pioneer in ceramic cartridge develop-
ment, these low-cost rugged cartridges
liave been proven capable of excellent
quality, and they frequently outper-
form more costly magnetic types.

The Sonotone series 8T and 9T car-
tridges have evolved into the new 100T
series, known as the “Velocitone Mark
V.” Both performance and cost have
risen to the point where the 100T car-
tridges are priced with some of the
best magnetics and can rival or even
surpass many of them in quality.

The 100T stereo cartridge is available
with a choice of three diamond styli,
identical except for tip radius. The
available tips are the 0.7 mil, 0.5 mil,
and an 0.8 X 0.3 mil elliptical. All
have a rated compliance of 15 X 10~
cm/dyne, a 15° vertical tracking angle,
and a rated tracking force of 1.5 to 2.5
grams. Since a ceramic cartridge is in-
herently amplitude-responding, a pair
of plug-in equalizer networks is sup-
plied with each cartridge to convert the

(Continued on page 66)
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Don’t just take our word for it...

READ WHAT THE EXPERTS HAVE TO SAY

ABOUT THE \knightkit| KG-635

o-inch DC to 5.2 Me OSCILLOSCOPE KIT

INTERSITY

H POSITION

V. FOSITION

SWEEP FREQUENCY

LS

“ A00K

Read the unique money-back guarantee below ...
exclusive in the industry . .. then mail the coupon at
right for full details and Special Introductory Offer.

Build a Knight-Kit in accordance with our easy-to-follow
instructions. When you have completely assembled the

kit, you must be satisfied or we will return your money,
less transportation charges, under the Allied guarantee

of satisfaction. ALLIED RADIO

From May, 1966, RADIO-ELECTRONICS:
“This is a real-solid, honest-to-gosh kit! The
instructions are superb. This scope is about as
close as you can get to a “‘professional” or
“lab’ scope . . . The sweep circuit is a sophisti-
cated one with amplified, polarity-switchable

sync . . . The trace is bright enough for most
shop applications . . . The kit was a joy to
build . . . All parts, structural, mechanical,

electronic, were obviously of good quality and
everything fit together perfectly.”

From November, 1965, ELECTRONICS
WORLD: “Midway between the low-cost sim-
ple, general-purpose scope and the expensive,
elaborate laboratory scope lies a class of in-
strument called a ‘‘wide-band service scope.”
The new Knight-Kit KG-635 is just such an
instrument. A sync limiter circuit keeps the
trace steady at just about any input signal
level that the scope can handle. Also contrib-
uting to the stability of the waveforms on the
5-inch CRT is the use of polystyrene and My-
lar capacitors in the sweep-generating circuits.
All in all, the instrument is well-engineered
and a very worthwhile addition to the bench.”

Yes, the Knight-Kit KG-635 5-inch Wideband Oscil-
loscope handles virtually every service and test require~
ment. Exceeds the critical demands of color TV for fast
profitable servicing.

The unique Knight-Kit dynamic sync limiter as-
sures uniform traces. Five linear time base ranges
provide wide versatility. Calibrated vertical attenuator
directly reads volts-per-inch. Polystyrene and Mylar
capacitors assure sweep stability. Sharp, bright displays
with 1650-volt potential on CRT. Auto astigmatism
correction. Easily and quickly calibrated without extra
equipment and without removing from case.

Complete with all parts, tubes, CRT, $10995
case, instructions and assembly manual.. ..

Available factory assembled for $159.95

ALLIED RADIO, Knight-Kit Div. |
Dept. 1-BB, P.O. Box 8528 1
Chicago, Illincis 60680 1
Please rush— FREE and without obligation—full details and |
Special Introductory Offer on |
Knight-Kit KG-635 Oscilloscope Kit. |
|
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Name.

PLEASE PRINT
Address

CIRCLE NO. 107 ON READER SERVICE CARD
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We're g
looking for the
men who want
these well paid

. jobs!

.. .And RCA/Home Training can help you qualify
Just mail card today for details
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Thousands

of well paid
jobs for

men skilled

in electronics
are unfilled now

RCA INSTITUTES CAN TRAIN YOU
—AT HOME—AND HELP YOU
QUALIFY FOR JOBS LIKE THESE!

Every Sunday—and most week days
—you will find The New York Times,
The Houston Chronicle, The Los
Angeles Times and many, many
other newspapers cram-full of ads
like these. Actively seeking qualified
men for jobs in electronics and re-
lated fields.

Many of the men who could qualify
for these jobs—well paid jobs—that
is, men with the aptitude and native
interest to enjoy a career in elec-
tronics — are handicapped because
for one reason or another they have
not had the opportunity to train
themselves for jobs like these.

NOW—-THANKS TO RCA
INSTITUTES HOME STUDY—
YOU CAN TRAIN FOR A
CAREER IN ELECTRONICS

Realizing that thousands of techni-
cal jobs—well paid jobs—in elec-
tronics are or will be available, RCA
Institutes has done something posi-
tive about the problem. To help sin-
cerely interested men to get started
toward a well-paid electronics job,
RCA offers an ideal home training
program!

HOME STUDY CAN PROVIDE
CAREER OPPORTUNITIES!

To help meet the need for qualified
men in the electronics field, RCA In-
stitutes has created a wide variety
of Home Training Courses, all geared
to a profitable, exciting electronics
career in the shortest possible time.
Included are exclusive “Career Pro-
grams’’ designed to train you quickly
for the job you want! Your study pro-
gram is supervised by RCA Institutes
experts who work with you, help
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guide you over any ‘rough spots”
that may develop along the way.

OFF TO A FLYING START
WITH AMAZING RCA
“AUTOTEXT” METHOD

Each “Career Program’ starts with
the amazing “AUTOTEXT" Pro-
grammed Instruction Method — the
new, faster way that's almost auto-
matic! “AUTOTEXT” helps even
those who have had trouble with
conventional learning methods in
tHe past. It is truly the “Space Age”
way to learn everything you need to
know with the least amount of time
and effort.

RCA INSTITUTES ENGINEERED
KITS SPEED YOUR PROGRESS

To speed you on your way to a suc-
cessful electronics career, your
“Career Program” will include a va-
riety of RCA Institutes engineered
kits at no extra cost—each complete
in itself. As a bonus, you will also
receive and build a valuable Oscillo-
scope. You’'ll get the new Pro-
grammed Electronics Breadboard
for limitiess experiments, including
building a working signal generator
and a fully transistorized superheter-
odyne AM receiver and Multimeter.

CHOOSE YOUR CAREER
PROGRAM NOW

To get started today on the electron-
ics career of your choice, look over
this list of RCA Institutes “Career
Programs’, pick the one that ap-
peals most to you, and check it off
on the attached card:

= Television Servicing

m Telecommunications

m FCC License Preparation
m Automation Electronics

m Automatic Controls

m Digital Techniques

8 Industrial Electronics

m Nuclear Instrumentation
m Solid State Electronics

m Electronics Drafting

®

To meet other specific needs, RCA
Institutes also offers a wide variety
of separate courses which may be
taken separately from the “Career
Programs”. Those range from Elec-
tronics Fundamentals to Computer
Programming. They are described
in the material you receive.

ADVANCED TRAINING TOO

If you are already working in elec-
tronics or have some experience but
want to move on up, you may start
RCA Institutes training at an ad-
vanced level. No tedious repetition
of work you already know!

UNIQUE TUITION PLAN

With RCA Institutes, you learn at
your own pace, and you pay only as
you learn. There are no long term
contracts to sign . . . no staggering
down-payments to lose if you decide
to stop...no badgering bills. You pay
for lessons only as you order them,
and should you decide to interrupt
your training at any point, you may
do so and not owe one cent.

CLASSROOM TRAINING
AVAILABLE

RCA Institutes Resident School is
one of the largest schools of its kind
in New York City with classroom and
laboratory training available in day
or evening sessions. Coeducational
classes start four times a year. Just
check “Classroom Training’ on the
attached card for more details.

FREE PLACEMENT SERVICE, TOO!
In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service have been placed
before or shortly after graduation.
This service is now available to
Home Study students.

SEND ATTACHED POSTAGE PAID
CARD TODAY FOR COMPLETE
INFORMATION. NO OBLIGATION
FOR FREE BOOK AND DETAILS.
NO SALESMAN WILL CALL.

RCA INSTITUTES, inc., Dept. EW-27
350 West 4th Street,
New York, N.Y. 10014

The Most Trusted Name in Electronics
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[T Tips for Technicians /|/|UY, -

Which miniature electrolytics
for transistorized AM-FM radios ?

The new portable AM-FM radios are so compact you
] ‘ . wonder how they get all those components into that little
COMPARATIVE 'SIZES box. You wonder even more when you have to replace

OF C " ACITORS ALL RAT ED some of the parts.

Electrolytic capacitors, for example. The original elec-
trolytic usually turns out to be a tiny thing jammed in
among a dozen other midget gidgets. Getting it out is a
trick in itself. Getting a suitable replacement is even
tougher! And unfortunately, you're apt to need replace-
ments, because many of these tiny capacitors just aren’t
much good. They don’t meet the quality specs of good
domestic capacitor makers. But high quality domestic
capacitors are often just a bit too big to fit in the
space available.

What’s the answer? Search the town for another “‘little-
bitty”’ original capacitor? Tell your customer you can’t
finish the job?

Don’t give up. We have a few suggestions.

MTA aluminum electrolytic

First, try a Mallory T'T aluminum electrolytic. This is a

SE—— real quality capacitor, rated 85°C, and it’s pretty doggone

_ small. Or a Mallory MTA, a revolutionary molded case

TAS solid tantalum aluminum electrolytic with excellent quality at low-
low price.

If neither of these will fit, try a Mallory tantalum capac-
itor. The TAS solid tantalum is about the same size as

=. the TT, but it’s rated 125°C. Need still smaller size?
Take a look at the Mallory “wet slug” tantalum types
TAP wet slug tantalum TAP and TLS—and the super-miniature MTP, which

gives you the most microfarads in the smallest size of
anything on the market. The pictures at the left show you
comparative sizes, all for a 10 mfd, 25 WVDC rating.

—

TLS wet slug tantalum Sure, you’ll pay a little more for the tantalum capacitor.
But not as much as you might think. The TAP only costs
42¢ more than the TT, in the rating shown. And you get
the utmost in reliability.

MTP wet slug tantalum We certainly don’t expect you to use a tantalum capacitor
to replace every aluminum electrolytic. But they come
in mighty handy sometimes. And you can get them when
you need them from your Mallory Distributor. Ask him
for our latest catalog, or write to Mallory Distributor
Products Company, a division of P. R. Mallory & Co. Inc.,
Indianapolis, Indiana 46206.

DON'T FORGET TO ASK 'EM-2Wkat else needs fiving? "

CIRCLE NO. 105 ON READER SERVICE CARD
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Typical of the radars used for signature analysis is this advanced projects terminal
measurements radar built by Raytheon for the White Sands Missi'e Range in New Mexico.

Radar Signature Analysis

By EDWARD A. LACY

Every satellite and missile produces a distinctive
pattern of radar echoes. These can be employed to
deduce satellite size, shape, as well as motion.

‘ ‘ T HEN our satellite-tracking radars detect a new for-
eign space vehicle, it surely must cause some wor-
risome moments for our intelligence experts. For,

after all, such a satellite could be anything from a harm-

less scientific experiment to a surveillance vehicle or,
worse yet, a satellite equipped with a nuclear or biological
warhead.

With hundreds of satellites, old rockets, and assorted
space junk now in orbit and with many of them passing
over the continental United States, it has become important
to our military peace of mind to know the origin, capabil-
ities, and intentions of each of these objects. To determine
this, the Air Force is building a surveillance system to
detect, track, identify, and catalogue all objects in space on
their first orbit.

Lest this sound like a simple matter, it should be noted
that until recent years it just was not possible for us to de-
termine much, if anything, about such objects. Of course,
our radars told us the altitude, range, and velocity of a
given satellite, but even with the most precise radars it*
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was not possible to “paint” a picture of the satellite, that is,
resolve the target in angle. As shown in Fig. 1, a radar’s
beamn is ordinarily too wide to give any indication of the
shape of a satellite which is an important factor in deter-
mining its mission or intent. At a distance of 100 nautical
miles from the antenna, for instance, a radar beam may be
a mile or more wide. To use such a beam to paint a sil-
houette of an object only a few feet in diameter is like try-
ing to fill in a “paint by number” drawing with a 6-inch
brush.

While much of this information is still “classified” by the
military, enough has been released to indicate how a new
technique, called “signature analysis”—a remarkable bit of
engineering detective work, is being used to determine sat-
ellite size, shape, and motion.

Radar “Fingerprints”

Although the new system hasn’t been refined to that ex-
tent as vet, it is almost as if each satellite or reentry body
has its own radar “fugerprint”, which is a plot of the signal
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Over-all view of the control house at the Air Force radar
target scatter site (Rat Scat)l. The two antennas at the
right are 10-ft dishes, while two at the left are 6-ft
dishes. These antennas are elevated on individual tracks
when they are being used for radar target measurements.

strength of the radar echo (as recorded in the automatic
gain control circuit) versus time. In this technique, plots or
signatures of the target echo are broken down into patterns
that represent the returns from objects of known shape.
These shapes are then put back together to define the com-
plete shape of the satellite—whether it is a cone, cylinder,
sphere, or some combination of these shapes (Fig. 2). Us-
ing other techniques of signature analysis, it is then possi-
ble to determine the size of the satellite, its orientation if
it is not tumbling, and its tumble rate if it is tumbling.

Knowing these characteristics of the satellite, the analyst
may then be able to determine the satellite’s intended mis-
sion. For example, if the satellite is always oriented toward
the earth as it passes over us, then it could very possibly
be a surveillance satellite. Particular shapes are optimum
for certain types of sensors used on surveillance satellites.
On the other hand, extreme altitudes would indicate that
the satellite probably is not spying on us. By using this
information and making deductions, we can obtain a pretty
good description of the craft.

Although plots of aircraft radar echoes have been avail-
able for several years, it should be noted that signature anal-
ysis really began only in 1958. In that year D. Barton of
RCA was able to deduce the contours of Sputnik 2 from
the plots of echoes received on an AN/FPS-16 radar. By
this process it was shown that complex patterns of radar

Fig. 1. Since the radar beam is much
wider than the target, exact shape
and size of target may be unresolved.

UNKNOWN
TARGET
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returns could be resolved into combinations of returns rep-
resenting simpler shapes and then put back together to in-
dicate the original shape. In the RCA publication, “An In-
troduction to Target Recognition”, from which much of the
information in this article was derived, Charles Brindley
reveals many of the techniques used in signature analysis.

Cross-section Measurements

Signature analysis is based on radar cross-section: predict-
ing it, measuring it, recording it, and recognizing it. Radar
cross-section is simply the size of an object as it appears to
a radar, irrespective of its actual size. While there is no sim-
ple relationship between radar cross-section and actual size,
generally the larger the object, the greater its radar cross-
section or reflectivity.

Obviously, the greater an object’s cross-section, the easier
it will be for the radar to see it. Conversely, the smaller the
cross-section, the harder it is for the radar to acquire. The
enemy takes advantage of this by shaping reentry bodies
so as to reduce their radar cross-section and by coating the
vehicles with a radar-absorbing material. Radar cross-sec-
tion depends on radar frequency, the angle at which the
beam strikes the target, and the polarization of the signal.

To obtain laboratory cross-section data of actual satellites
and other objects is a difficult matter: it is hard to maneu-
ver the satellite into known aspects, satellites are expensive,
and it is hard to repeat measurements. These difficulties
have lead to the development of test ranges, both indoors
and out, for plotting the cross-sections of various objects
at rest.

In the indoor test range, called radar or microwave
anechoic chambers, scale models of various shapes and sizes
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Fig. 2. A compound body along with its radar signature.

are observed with radars which are scaled down in size and
up in frequency. Special radar absorbing materials are
placed on the walls of the chamber to prevent unwanted
reflections. The scale-model test object is placed on a turn-
table so that various aspect (viewing) angles may be ob-
tained. The radar signal is bounced off the object and the
signal strength of the echo is recorded on a strip-chart.

Anechoic chambers have the advantage of being immune
to bad weather: you can use them when it is raining, some-
thing you can’t do with outdoor ranges since the rain ab-
sorbs too much of the signal at the frequencies used on
the model ranges. Such chambers, though, can be an ex-
pensive proposition when waveguides and models are built
to small scale.

ELECTRONICS WORLD
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Fig. 3. Typical patterns produced by symmetrical bodies.

With outdoor test ranges the models do not have to be
nearly as small. Avco has a test range where 2500-pound
models can be suspended up to 300 feet in the air. At the
radar target scatter site (called “Rat Scat”™) near Holloman
Air Force Base, New Mexico, static cross-section measure-
ments can be made on objects weighing up to 8000 pounds
at frequencies from 100 to 12,000 MHz. On outdoor ranges
such as these, special care must be taken to eliminate or dis-
count the return from the tower or other supporting struc-
tures on which the target is placed since the tower may
have a greater cross-section than the target.

Various Types of Signatures

Now let us consider the various types of signatures or re-
turns which we obtain for bodies of various shapes, based
on test range measurements. Figs. 3 and 4 show the returns
for a sphere, cone, cvlinder, and other shapes. The returns
shown are for rotating bodies at a fixed position: the lobes
may vary in width and number for moving bocdies.

Since a sphere looks like a sphere no matter how yvou
view it, its radar cross-section will be a constant level with
no variation because of different aspect angles. The cone
and cylinder have more complicated returns because the
strength of the echo will depend on the angle or aspect at
which the beam strikes the object. By the use of certain ap-
proximations, most symmetrical bodies can be considered to
be made up of combinations of these basic shapes. If the
satellite is not symmetrical (for example, if it has solar cells
mounted on paddles), the analysis problem becomes more
difficult.

In either a test range radar or an operational radar, the
target signature may be obtained from the automatic gain
control circuit or the video circuits of the radar receiver.
The recording of the a.g.c. voltage versus time is usually
made with an analog strip-chart recorder. While this tech-
nique gives a good indication of the average strength of the
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Fig. 4. Paiterns produced by rotating plate and cone.

return signal, it is being replaced at many stations by a
video tape recorder which furnishes much more informa-
tion since it records on a pulse-by-pulse basis.

Using the recording of an operational radar and knowing
the characteristic returns of certain bodies obtained with a
test range radar, the signature analyst can be expected to
come up with a reasonable approximation of the unknown
body, provided that both radars were looking at the target
at the same angle.

Now that we've established the shape of the satellite, let’s
consider its motion. While the more sophisticated satellites
will be stabilized, it is possible for the satellite to be tum-
bling which would indicate either a failure of the satellite
to perforin as programmed or a lack of engineering ability
on the part of the designers and builders. In either case,
it is important to know if the satellite is tumbling and, if it
is, the tumble rate. This can be determined by observing
periodic repetitions of the same cross-section pattern.

Thus far we have considered the cross-section just as a
pattern and have ignored units of measurement. To use
cross-section to determine actual size of a satellite, it is nec-
essary to calibrate the radsr. One method that has been
used is to track a 6-inch sphere suspended below a balloon
and then calibrate the relationship of the radar cross-section
and the radar return accordingly. (Continued on page 78)

The target end of Bunker-Ramo Corp.’s microwave anechoic cham-
ber. Foam plastic pyramids lining chamber abserb radiation.
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ELECTRONIC GUITAR SYSTEM

By JAC'K ARNDT/Music Product Line Manager, Heath Eo.

Techmcafl details o the new Heath line of electronic
guitars and their acéompanying. solid-state amplifier,
with (its light-dependent resistor -tremolo. circuitry.

makers trony . Harmony Co. have recently” intro-

duced  three stvles of American-made electronic
guitars, all in kit form. Following detailed instructions, the
kit builder assembles and installs the electronic parts,
mounts the vibrato assembly, tuning keys, bridge, strings,
and other hardware, and then adjusts and tunes the entire
guitar. There is no wood working or wood finishing in-
volved. The guitar body and neck wood parts are supplied
prefinished in a gleaming cherry red along with the carrying
case which will later hold the assembled, tuned instrument.
(See cover photo for the Model TG-46 guitar and amplifier.
—Editors)

The three guitar kits are different in construction and
therefore different in assembly. Average building time is
from three to six hours, depending upon the unit. The
two-pickup solid-body guitar is the easiest to build. On
this unit, the two volume and tone controls, the pickup
selector switch, and the output jack are mounted on and
wired to a plastic guard plate before they are fastened to
the guitar. On the two-pickup single-cutaway and the three
pickup double-cutaway electro-acoustic guitars, the wires
and components are formed into a completed harness be-

KITM&KFRQ from Heath Co. working with fuitar-

RHYTHM (BASS) CHANNEL
SHIELDED, CABLE
WHITE

i;l) TON —%VOLUME
250KN MEGA

SPECIAL—EFFECTS CHANNEL
SUELOED caBLE

t f""r”’f“fx

OUTPUT
SWITCHES

RHYTHM
-~

BLACK

\-L [pp—— J
- TREBLE
TONE
230Kn SHIELDED  TO
CABLE AMPLIFIER
04T U ? - ? l

T 1

TREBLE CHANNEL

SMELOED CABLE_
------- RED

TONE VOLUME Fig. 1. Schematic of
circuits in three-pick-
ozur up electronic guitar.

1 5t f"f !

.

fore installation. The harness is fed into the gititar body
through the F-shaped holes, and detailed instractions tell
how to “fish” the components through the proper holes in
the body. (Fig. 1 shows the circuit used in the three-
pickup guitar.)

After the electronic elements are mounted, the hardware
parts are fastened to the guitar with screws through starter
holes. Next, the bridge is precisely positioned and the
strings loosely strung. Careful checks are then made of the
adjustments for neck-bow and vibrato action.

Tuning

After the guitar is assembled, it is necessary to tune it.
Several methods of tuning are described in the manuals
and two means are furnished with each kit. An audible
means is provided in the form of a small phonograph
record which supplies actual guitar string tones. In this
case, the tuning keys are adjusted until the guitar is in
perfect tune with the record.

Another means, a visual one, is provided in the form of
a new and ingenious little device called a “Vu-Tuner.” This
uses a resonant reed and indicator tuned to the lower E or
sixth string tone of the guitar. The “Vu-Tuner” is clipped
to a string adjacent to the bridge, and when the sixth string
of the guitar is brought into proper tune, the reed of the
device will vibrate in very noticeable resonance. Then the
“Vu-Tuner” is removed and the fifth string is tuned in
unison with the sixth string as the sixth string is held down
behind the fifth fret. Next, the fourth and third strings are
tuned in the same manner, each with the preceding string
held down behind the fifth fret. Then the second string is
tuned to the third string, while the latter is held down be-
hind the fourth fret. And last, the first string is tuned to the
second string, while the second string is held down, again
behind the fifth fret. This provides quite excellent tuning,
and because of the visual check of the initial step, it be-
comes quite an easy operation even for the inexperienced
musician.

The Model TA-16 guitar amplifier has two channels of
operation, each with bass, treble, and volume controls and
two input jacks. One channel has tremolo and reverbera-
tion effects available (with foot-switch on-off action) while
the other channel amplifies straight through.

The amplifier is rated at 60 watts of maximum peak
power (peak ratings are commonly used in this industry),
25 watts of music power out- (Continued on page 79)
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RECENT
* DEVELOPMENTS
[N ELECTRONICS

Anti-Submarine Trainer. (Top left) Navy ship crewmen at the
Fleet Anti-Submarine Warfare School, San Diego, Calif., are
practicing a simulated, but realistic, attack on a submarine.
The mock attack is being carried out in the Underwater Bat-
tery Plot Room of a new $3.5 million attack training system
built by Honeywell. Sailors at the two attack consoles (in
the foreground), using information from sonar equipment (in
the background), are able to simulate the firing of an anti-
submarine rocket missile at their target with deadly accuracy.
The system also permits computer-controlled battles to be
fought with moving symbols on a make-believe sea that is dis-
played on a large projection screen. Six operating areas en-
compass 3000 sq ft of floor space—conning station, combat
information center, underwater battery plot, problem critique
display room, launcher captain’s station, and computer room.

Long Laser Rod. (Center) Laser rods, the key working ele-
ments of most high-power puilsed lasers, are getting longer.
Smaller than a cigarette a few years ago, such rods now may
be three feet or more in length as shown by this lengthy
specimen. Made of glass containing a trace of an impurity
called neodymium, the rod is used in experiments aimed at
increasing the size, power output, and efficiency of laser
systems suitable for welding, drilling, and micromachining.
The laser rod, made by Pittsburgh Plate Glass Co. for West-
inghouse research laboratory experiments, is shown illumi-
nated at both ends with ordinary light to bring out its uni-
formity of structure. The entire laser is in the background.

Supercaonductive Magnet. (Left) This superconductive magnet
is used to test the high-field properties of specially coated
wire ribbon during the manufacturing process. The magnet
generates a field intensity of 110 kilogauss in almost a 3-inch
clear bare. The special ribbon is wound into a solenoid which
is then submerged in a bath of liquid nitrogen. At the ex-
tremely low temperature, resistance disappears, and very high
currents can be made to flow and be sustained in the sole-
noid. This results in the production of a very intense magnetic
field. The superconductive ribbon, which is now being of-
fered commercially by RCA, is made from crystalline niobium-
tin that has been vapor-deposited on a flexible stainless-
steel alloy substrate and then electroplated with silver.
Superconductive magnets are widely employed in laboratories
in the fields of high-energy physics, medicine, and biology.
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Computer Helps Design Computers,. (Right) Using a computer-
controlled display screen and a special “pen’ that writes
with light, an IBM engineer lays out the design for electronic-
computer circuit. After he has experimented with various
patterns and is satisfied with the final design, the computer
produces a precise scale drawing of the circuit. The draw-
ing shown beneath the screen in the photo is a computer-
generated hard copy of the circuit that was sketched by the
engineer. Intermediate drawings, which must be redrafted
when the engineer modifies his design, can be eliminated.

Dielectric Tape Camera System. (Center) The scanning mir-
ror of a new dielectric tape camera system developed for
weather and cartographic satellites is shown here. The new
system combines the functions of camera and tape recorder
in a single unit that is smaller, lighter, and requires less
power than film and tube camera systems now in use. Heart
of the system is a unique electronic “film"” which can be
erased and reused indefinitely, can store information for long
periods of time, has a high immunity to radiation, and uses
a completely electronic processing of photos requiring no
chemicals or heat. The scanning mirror reflects light from
the scene being photographed through optical lenses onto
the special plastic tape, where the images are recorded elec-
trostatically. The system is being developed for NASA by RCA.

Fastest Integrated Circuit. (Below left) Paramecia, micro-
scopic single-celled animals, seem huge compared to this ex-
perimental, high-speed circuit. The monolithic circuit, in
which all the components are built into a single chip of sili-
con, is believed to be the smallest and fastest ever report-
ed. It operates in less than 400 picoseconds (trillionths of
a second) and occupies an area of about 10 thousandths of
an inch square. Each transistor (striped structures in center)
is about 0.001-in square—smaller than a paramecium’s nu-
cleus. The larger transistor above the circuit (keyhole-
shaped structure) is included in this experimental integrated
circuit in order to facilitate testing by the developer, IBM.

Eiectronic Platform Scale. (Below right) A new portable
electronic platform scale determines the load imposed by
the wheels of the 70,000-b frontloader to an accuracy of
99.95 percent. Battery-powered and designed for use in re-
mote areas, the unit's platforms and ramps weigh only 800
lbs. The combined load on the platforms, each with a capac-
ity of 100,000 Ibs, is transmitted through electronic load
cells to the readout instrument, where the signal is ampli-
fied to translate into the actual value of the load being ap-
plied. Weighing system is made by Revere Corp. of America.
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The “VARITONE”
ELECTRONIC SAXOPHONE

By DAN TOMCIK / Chief Engineer, Organ Div., Electro-Voice, Inc.

Details on electronically enhanced instrument that permats
user to double with himself by adding a sub-octave outpui.

of success and popularity to percussion and stringed

musical instruments. The organ, the guitar, and
even the bass fiddle. “electronically enhanced,” have ex-
perienced wide acceptance, especially in “pop” music. But
little or nothing has been accomplished that would allow
wind instruments to hold their own in competition with
their amplified cousins. This is really a pity because some
of the more satisfving sounds in music are produced by
the reed and hown families. The flute, for instance, and the
saxophone are usually completely overcome in a combo by
a thumping electronic guitar.

But the mere amplification of natural instrument sounds
is only one reason to call on the help of electronic circuitry.
Modern musicians, both in pop and progressive fields, are
constantly experimenting and searching for “new sounds.”
Electronics has the ability to put at the fingertips of the
musician an almost unlimited variety and combination of
effects, allowing the performer’s artistic ingenuity a new
freedom of expression.

About two vears ago, H. & A, Selmer, Inc., one of the
country’s largest band-instrument manufacturers, started to
develop an electronic saxophone. The company called on
Electro-Voice to assist in the electronic portions of the
product. Much more than just an amplified saxophone
evolved. Through suggestions and developments from both
companies, entirely new concepts in tone generation re-
sulted. With the final product, the musician has electronic
control over tone quality and volume, can add echo or
tremolo, and can even couple a sub-octave to the note
being plaved.

Frem the very first discussion of the new development,
several important concepts were laid down. First and fore-
most, any attachments to the instrument were not to affect
the basic playing technique or quality. The saxophone was
to remain a musical instrument, not become an electronic
one. Whatever added features were to be available, the
musician must have the ability to “tum them off’ and play
in a perfectly normal manuer. The instrument and any
asscciated equipment had to be rugged to withstand travel
and rigorous playing conditions, Electronic controls were
to be uncomplicated, quickly operable, and if possible
mounted directly on the instrument itself.

ELECTRONICS has been applied with a great deal

The Microphone and Its Location

The initial concept of sound pickup and microphone
placement had been developed in France by Jean Selmer,
an engineer at Henri Selmer et Cie., Paris. He found that
a sampling of sound from inside the horn was necessary to
reproduce tone patterns generated by the instrument with-
out interference from external acoustics. The placement of
the pickup microphone became the first technical problem.

A series of standing waves inside the body of the saxo-
phone during playing creates many nodal points of in-
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creased or reduced sound pressure. These pressure points
vary with plaving technique and the note being blown.
Coutrary to what may seem obvious, the bell of the horn,
although a most convenient location, may not be the best
place for the pickup. The best possible method of sound
pickup probably would be to place a different microphone
at each tone liole on the instrument. This was mechanically
impractical, of course, as well as being inordinately ex-
pensive.

Since all the standing waves emanate from the mouth-
piece and neck of the saxophone, this becomes the opti-
mum location for the microphone. However, a thorough
knowledge of acoustic theory and mathematics along with
vears of experimentation had been necessary before the
best precise spot was determined. This is definitely not a
“do-it-yourself” undertaking—the pickup location cannot
vary a fraction of an inch. The experimenter could drill a
series of holes in the neck of the instrument in an attempt
to find that spot, but most musicians would object to this
treatment, not to mention the slight difficulty in playing.
When the pickup is not at the correct point, some notes
will sound louder than others, and there will be a definite
loss of tonal quality.

The microphone itself was the second important develop-
ment. Under license from Selmer-Paris, Electro-Voice re-
fined the original pickup using a ceramic pressure-sensitive
element. The stiffness of this device is high enough to
compare with that of the instrument itself. Velocity micro-
phones, having resonant frequencies within the range of
the saxophone, caused wide variations in loudness. Also
to be considered were the extremely high sound pressure
levels generated in the instrument and the acid moisture
condition created by the performer’s breath. The resulting
microphone is about %” in diameter and 127 thick. It is
constructed and placed so that the normal playing tech-
nique of the musician is not affected in any way,

Once the basic pickup design and (Continued on page 82)
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Integrated Circuits

and the Automobile

By ROBERT A. HIRSCHFELD

Microcircuit Engineering, Amelco Semiconductor

New Amelco high noise immunity dual buffer operates
from 12-15 V, has large output transistors to drive lamps.

Integrated circuits now make possible the creation of a very small digital
computer for use in the automobile that will monitor almost all functions
of both car and engine, and alert the driver to any possible malfunction.

American automobile manufacturer toward greater

sophistication. The economic concept of mass-pro-
duction, which has guided the giant industry from its in-
fancy, must now be applied to solving the problems of
today’s high-speed-capability roads, of increasing conges-
tion, and of the higher degree of driver awareness and
control that these latter-day conditions require.

3 COMBINATION of factors is inevitably pushing the

Why Use Integrated Circuits?

The integrated circuit is in many ways ideally suited to
automotive applications. Inherently a mass-produced de-
vice, it will allow many of the basic control and warning
functions presently performed mechanically to be replaced
by electronic modules which can perform the job better,
more reliably, and due to the large number of cars built
each year, at lower unit cost. In many cases, it will per-
form more complex and useful functions than can its present
counterpart. In the case of a warning system, this could
mean an earlier warning of impending danger; in a con-
trol system, higher operating efficiency and longer life for
mechanical components. An additional attraction to man-
ufacturers, dealers, and purchasers alike would be that in
the unlikely case of malfunction, the circuit can monitor
its own failure, and can be replaced as easily as changing
a fuse.

The Autoniobile Environment

Components in any automotive systein must be able
to withstand a fairly rigorous environment. Local under-
hood temperatures can vary from winter sub-freezing to
some hot-spots above the boiling point of water. While
passenger compartment temperatures may be less trouble-
some, auto manufacturers have in the past shied away
from inexpensive germanium components because of their
temperature susceptibility. The only semiconductor gen-
erally in use in the engine compartinent todav is the silicon
power diode used in alternators.

Electronic control of mechanical comnponents requires
the circuit to supply power to drive servo motors, solenoids,
etc., but this power can be moderate if it is amplified as it
is in today’s cars bv mechanical, pneumatic, or hydraulic
means.

Additional restrictions are a single, fluctuating 12-volt
power supply, noise generated by the ignition system, and
various forms of mechanical vibration.

Limitations and Capabilities
The inherent limitations of the monolithic process are
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now well known: difficulty in attaining high breakdown
voltages, lack of control over absolute resistor values, heat
dissipation limitations of small silicon chips, saturation
characteristics of monolithic transistors which, unlike dis-
crete devices, must have collector contacts from the upper
surface of the chip, and parasitic capacitances arising froin
the junction isolation svstem.

Yet, none of these limitations seriously hinders automo-
tive use. The 12- or 15-volt breakdown voltages required
are easy to obtain. In most switching-type circuits, resis-
tor values are not critical and in analog circuits, differential
construction can eliminate resistor value dependency. Where
large currents and high-power outputs are required “mono-
brids” consisting of monolithic devices can still be economi-
cal. Since most functions will be d.c. or low frequencies,
high-frequency limitations are of little importance. The
additional gain and complexity which the monolithic cir-
cuitry allows will encourage the use of closed-loop feed-
back systems, hence individual component requirements
will become less critical.

The special capabilities of integrated circuits are just as
important as their potential cost-saving advantages. Cir-
cuits are reproduced with nearly identical operating charac-
teristics. Logic circuitry can have a large number of
separate inputs and outputs without the cost penalties
found in discrete circuitry. Circuit complexity is no longer
an economic factor, as long as chip size is kept small.
Much of the costly interconnecting wiring is already done
on the chip.

Integrated circuits will withstand a wider temperature
range than is likely to be found in the auto envivonment.
Moreover, temperature compensation, using predictable di-
ode characteristics, can be designed into a given circuit. In
general, resistance to all of the physical environments (vi-
bration, corrosion, etc.) is excellent.

Since more sophisticated designs are economically fea-
sible than with discrete components, it is a simple matter to
make the circuits insensitive to noise and power-supply
variations.

Perhaps of greatest importance is the inherent reliability
of silicon integrated circuits, especially in life-saving safety
warning functions. The statistical failure rate for a com-
plex circuit is about the same as for a single transistor of
equal area. An integrated circuit installed at the factory
could reasonably be expected to outlast every moving part
in the automobile.

Applications
Some of the applications to be discussed are accompanied
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by illustrative circuits; any commercial circuit must, of
necessity, be a compromise giving the best performance
for a given cost. Therefore, the following applications are
suggested as guidelines, rather than predictions of exact
techniques.

There are four basic areas in which integrated circuits
will be useful; malfunction alarms, engine and drive train
coutrols, driving aids, and passenger services.

Malfunction Alarm

Sports car fans have long derided the ubiquitous “idiot
light” which has replaced nearly every instrument panel
meter on the modern car. Yet there is much to be said in
favor of a positive, attention-getting, malfunction lamp
which allows the driver to focus his attention on the road
until the lamp requires his response. One limitation on
present dashboard indicator lights is that not enough panel
space is available to provide a sufficient number of separate
lamps to monitor every essential point. To know that al-
ternator and oil-pressure systemis are operating is certainly
necessary, but it is also important to know that the brake
system is about to fail or that a passenger has left his seat
belt unfastened or that pressure in one tire is dangerously
low.

The simplest alarms really do not require integrated cir-

Fig. 2. Since pass-fail criteria may depend on other engine
parameters, a d.c. comparator may be driven by summing
resistors driven from several linear transducers. For example,
minimum oil pressure requirements may be set by engine
“12¥ temperature and rpm and ignored if the engine is not running.
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This multiple-input malfunction indicator uses interconnecting logic to
determine severity of a problem and indicate on a yellow or red warning light.

Functionally, such an indicator would
consist of multiple-input gates driven
by sensing switches and, where re-
quired for more sensitive measure-
ments, by high-gain comparators driven
by linear transducers (see Fig. 2).
Monolithic circuits which are capable
of driving lamps directly already exist,
thus all appropriate logic could be de-
signed into a single chip. A side benefit
would be that sensing wires from various points would no
longer be required to carry lamp current and could be
made very small.

Just lhow much processing of malfunction signals should
be done before presentation to the driver is, at present, a
matter of plilosophy, but the ever increasing demands
made by modern traffic conditions upon the attention of
drivers may soon make such processing necessary.

Engine and Drive-Train Control

The basic operation of the four-cycle, reciprocating-
piston, gasoline engine has not changed since the turn of
the century. That such a crude device is today churning
out such phenomenal and reliable power is partly attribu-
table to an ever increasing sophistication in the methods
of its control. Each of the major controls (ignition, carbu-
retion, cooling system, etc.) may be regarded as a sclf-
contained analog computer or, in some cases, a closed-loop
feedback system.

As an example, consider the control of just one parameter
—spark timing. Inputs on many cars are both mechanical
and pneumatic. A centrifugal weight system senses rpm, a
diaphragm connected to the induction system senses vacu-
um and produces a force bearing some complex propor-
tionality to engine load, atmospheric pressure, and amount
of opening of carburetor throats. The vacuum and centrif-
ugal “inputs” are used to advance the spark timing, the
contribution of each determined by calibrated springs. To
replace this simple, effective control alone with an elec-
tronic system would probably be unprofitable. Both rpm
and vacuum sensors would be required, as well as a propor-
tional solenoid or motor-driven attachment to the distribu-
tor. But suppose that the rpm and vacuum sensors were
required for some other control or monitoring system, then
to make the spark advance dependent upon them would
be a simple matter, as shown in Fig. 3. In fact, these two
quantities are redundantly measured elsewhere, the vacu-
um-controlling operation of parts of the carburetor and
rpm-controlling shift points in the automatic transmission.

There appear to be numerous duplications of function in
the presently used mechanical-pneumatic system. With all
due respect for the work that has gone into the present,
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localized control system, let’s start from
scratch.

Suppose that a linear transducer ex-
isted which would give an electrical
voltage for each important operating
parameter: vacuum, block tempera-
ture, driveshaft torque, rpm, atmo-
spheric pressure, gas-pedal pressure, etc.
Add to the inputs now measured some
more exotic sensors: fuel octane rating,
loaded weight of the car, rate of fuel
consumption, etc. Each input could be
fed to a central analog computer. Sep-
arate outputs from this computer could
control spark timing, carburetor mix-
ture and opening, automatic transmis-
sion gear ratio, battery charge rate,
coolant circulation rate, oil pump rate,
etc,, in such a way as to optimize each
of these controls for given instantaneous
operating conditions. Given a set of
switchies, the driver could close this
complex “feedback loop” in several
ways. Making fuel consumption rate
the main factor would force the system
to operate at those control settings
giving maximum mileage. Switching
to another mode would force the sys-
tem to generate maximum torque (at
the expense of gas mileage).

While early integrated circuit con-
trol systems might be adapted by sole-
noids or servo motors to existing con-
trol actuators, a natural outgrowth
would be improved actuators, Dbetter
suited to the integrated circuit’s capa-
bilities. For example, the present
mechanical spark commutation system
could be replaced by an all-electronic
equivalent. Commutation might De
done by a ring counter, pulsed by a
photoelectric  crankshaft position de-
tector. Low-level pulses would go to
each cylinder, where a spark plug
would contain its own built-in step-up

ring counter.

An electric fuel pump which moves a metered amount
of fuel per pulse could be driven by a pulse train from the
central module to supply only as much fuel as is demand-
ed. In this and in the previous example of an ignition
system, the control signals would already be in a form
ideally suited as inputs for metering circuits.

Arguments against a central control module are the same
as those against over-centralized government:
the control fails, the entire system stops working. But per-
haps such a failure mechanism, requiring immediate re-
pair, is superior to today’s decentralized automobile con-
trols in which a partially defective vehicle is still capable
of limping down the road, endangering its occupants and

all vehicles in the immediate vicinity.

Driving Aids

To control his vehicle efficiently in everyday driving cir-
cumstances, the driver requires certain minimum informa-
Some of this information is presented to him on

tion.
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transformer plus a
power switch (such as a silicon controlled rectifier). Such
a system, made possible by continued research into ignition
methods, could be highly efficient, reliable, free from r.f.
interference, and would require no maintenance other
than periodic cleaning of plug electrodes.
could be continuously controlled by the central control
module, simply by introducing more or less delay into the
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Fig. 3. In the ignition optimizer, inputs from many linear sensors are summed at
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then lights a bright-red dashboard lamp above a preset number of engine rpm.

meters supplied as standard equipment; much more is
available on accessory gages available as worthwhile options.
Because of the electrical nature of most automotive indi-
cators and because many car owners appear willing to
pay the extra amount required for such equipment, it is
likely that an early widespread appearance of integrated
circuits in automobiles will be in this area.

Integrated circuits make numeric readouts more feasible
thus allowing numbers to be precisely displaved much like
today’s digital voltmeters. Such a display could normally
be the speedometer, with push-buttons able to momen-
tarily convert it into a tachometer, temperatwre gage,
miles-per-gallon indicator, odometer, etc. The same dis-
play could, in the event of a malfunction alarm, be used
to diagnose the trouble on the spot.

It is often more important for the driver to know his
speed relative to some arbitrary Hmit, rather than to know
exactly what the speed is. Integrated circuits make pos-
sible digital readout speedometers in which lamps indicate
precise thresholds at 5 mph intervals. The basic arrange-
ment of such a system is shown in Fig. 4. Another
interesting accessory would be analogous to flight recorders
used in commercial aircraft: an inexpensive, continuous-
loop recorder could, along with time and other information,
record speed pulses, retaining them for the 5-minute period
preceding its turn-off. This recorder could be used in ana-
lyzing the true causes of accidents and as evidence in
marginal speed limit citation cases. (Continued on page 68)

Spark timing

If part of
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The New Tetrode Transistor

By JOSEPH TARTAS

By adding another base connection to a conventional
triode transistor, two control elements are provided.
This unique advantage offers a great deal of circuit
simplicity in formerly complex semicorductor circuits.

fifteen years but unfortunately has not attracted cir-

cuit designers as much as the more familiar triode
transistor. Because of the current interest in the FET
(field-effect transistor), investigation is being conducted
into the unique advantages of this extra-element transistor
and the circuit simplicity it affords.

Mechanically, the tetrode transistor is built as shown in
Fig. 1A. It greatly resembles the conventional triode
transistor, with the exception of a second base connection.

In this case, the exact equivalent circuit is difficult to
illustrate. However, one manufacturer presents it as an
ideal transistor with the base-to-base resistance as an ex-
ternal component as shown in Fig. 1B, which could be
better represented as illustrated in Fig. 1C. It is important
to the working concept of the tetrode that the equivalent
circuit representation show three facts. (1) The base-to-
base resistance is a fixed ohmic resistance (except for larger
than normal base currents). (2) The resistor divider ac-
tion in the equivalent circuit is for a.c. only. (8) Most
significant is the fact that the emitter and collector currents
remain substantially constant for the entire range of mini-
mum to maximum signal gain. While the latter is not true
for the FET, the matter of the amount of signal modulation
still holds true in essence.

To further clarify this, we must examine the base layer
of the bipolar tetrode in relation to the signal path and
emitter-collector current. Fig. 2 demonstrates the way in
which tetrode action is obtained and the means by which
the base 2 voltage controls the signal gain of the transistor
while the collector current remains substantially constant.

In Fig. 2A, the arrows indicate the flow of electrons (in

r I YHE tetrode transistor has been around for almost

)

Fig. 1. (A) A tetrode transistor has two base connections.
{B) and (C) Versions of the transistor equivalent circuit.

Fig. 2. How base 2 applies a.g.c. to device. (A) With base
2 negative, base 1 controls electron flow. (B) With base 2
at zero volts, gain is about unity. {C} With base 2 posi-
tive, base 1 has very little influence on the electron flow,
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the case of the n-p-n tetrode) near the base 1 area of the
base layer due to repulsion by the negatively charged base
2 end. This configuration represents the circuit under
maximum gain conditions, with base 1 grounded for d.c.
{common base) and the emitter grounded for a.c. (com-
mon emitter). Because of the resistance between the base
connections, the base layer will have a maximum negative
charge at the base 2 end, with the charge decreasing toward
the base 1 end, so that in the narrowly confined area of base
1, the charge is all positive relative to both emitter and base
2. With such a charge, the emitted electrons are repelled
by the negative base 2 charge and attracted by the positive
base 1 charge. Under these conditions, all of the collector
current (which is essentially all of the emitter current)
flows through the base 1 region and is modulated by the
incoming signal.

As the negative base 2 voltage is decreased (toward zero
voltage), less of the electrons are repelled by base 2, and at
zero volts the electrons flow randomly across the entire
emitter-base-collector junctions shown in Fig. 2B. When
this occurs, only a small amount of current flows near base
1 and hence only a small amount of signal modulation ap-
pears at the collector. Such a condition might represent a
gain of unity or less.

If the base 2 voltage is allowed to reverse polarity and
become positive by a small amount (relative to base 1) as
shown in Fig. 2C, then the emitted electrons are repelled
by the base 1 charge and essentially all of the current flows
in the base 2 region. This state is minimum gain and ac-
tually represents attenuation of the incoming signal by 20
dB or more.

It is interesting to note that the linearity of the base-to-
base resistance is dependent to a large degree on the amount
of emitter current as well as the level of the base-to-base
current. Because the tetrode transistor is intended for
small-signal applications only (and hence a small emitter
current), the base-to-base resistance is normally used within
its linear characteristics, and it is just these characteristics
that lend themselves nicely to r.f. and if. circuitry. For
the transistor, there is practically no change in collector cur-
rent and hardly any change in base current; therefore,
there is essentially no change in input capacitance or load-
ing. Because of this, the response of the amplifier does not
shift or skew as the stage gain is radically reduced. The
Miller effect, commonly encountered in vacuum tubes, is
thus eliminated.

Since the total base 1 current is the sum of the base 1-
emitter current and the base-to-base current, there is very
little change in bias with an alteration in base 2 control
voltage.

Because of the isolation provided by the second base, the
need for neutralization is greatly reduced in the tetrode.
Since the nature of feedback is analagous in both tubes and
transistors, similar methods of compensation are possible
in either case. However, for tetrode transistor circuitry, it is
only in rare cases that the maximum potentialities of a
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tetrode circuit can be improved solely through neutralization.
Tetrode Circuits

The tetrode is useful only in small-signal applications,
and in most cases the application is at r.f. frequencies where
the convenience of the second base may be used to best
advantage. Examples include a.g.c.-controlled if. stages;
r.f. converters where the second base becomes a separate
injection element; r.f. signal generators with the output
level controlled through the second base; and either an rf.
or a video attenuator, when used as a variable impedance
directly across a line.

While potential applications are unlimited, the familiar
transmitter and receiver circuitry are easily adaptable to use
of the tetrode, whether the transistor is bipolar or FET.

At the present time, the only bipolar tetrodes available
are the 3N34 and 3N35, both manufactured by Texas In-
struments. However, the more recently introduced FET
tetrodes are beginning to appear in greater numbers each
month. Nearly all the leading transistor (and also tube)
manufacturers have tetrode FET’s in their current transistor
listings. There is also evidence that some companies are
planning to produce pentode transistors by similar tech-
niques.

Without going into a discussion of the field effect vs holes
or electrons, it is interesting to find that the dual-gate FET
(or tetrode), although different in physical construction,
still obtains a variable gain control by a method similar to
that of the bipolar tetrode. The FET, however, unlike the
bipolar transistor, has a variable drain cuwrent (equivalent
to the collector current) with a change in a.g.c., just as in
a vacuum tube. The big difference is that there is little or
no change in input capacitance with a.g.c., nor is there any
significant change in input loading, in spite of the current
change. .

Powering Tetrodes

The FET is operated in a manner that is similar to that
of both the vacuum tube and the bipolar grown-junction
tetrode, except for the aforementioned differences. The bias
may be derived from a divider where feasible, or a
grounded-base (or gate) circuit may be used where prefer-
able, as shown in Fig. 3. While the single supply of Fig.
3A is similar to that of the vacuum-tube circuit using a.g.c.,
it must be remembered that the separate base element of
the transistor is used for that purpose. For high-frequency
applications, it may be more desirable to return input cir-
cuits directly to ground, as shown in Fig. 3B, supplying
a negative bias to the emitter. This configuration is de-
scribed as common base for d.c. and common emitter for
r.f. (through the emitter bypass capacitance). The resistor-
capacitor network in base 2 lead is used only as a filter.

A.G.C. Supply

The a.g.c. voltage is usuallv derived from the detector
circuit of a receiver, although in other types of equipment,
it may be more elegant. Whatever the source, its prime
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Fig. 3. (A) Circuit using a single positive supply source.
(B) Similar circuit uses dual voltage supply to provide
grounded base 1 circuit. This simplifies r.f. grounding.

purpose is to keep the output level of the stage or stages at
a constant level over an extremely wide range of input levels.

The bipolar transistor literature originally recommended
a constant-cuirent source for the second base, but it was
found that the voltage source for the required base current
could be controlled with a less complicated circuit, with
more standard results from unit to unit.

FET tetrodes require only a voltage source, with maxi-
mum gain occurring at zero volts on the second gate, at
least for those elements used for a.g.c. action. All in all,
the basic ideas used in either transistor or vacuum-tube
a.g.c. are quite similar. The ouly precaution involved
in the a.g.c. voltage is that it should be kept within the
recommended limit, as breakdowns occur beyond this
limit that can permanently damage the transistor.

Applications

Fig. 4 shows a number of typical applications of the
tetrode transistor. Fig. 4A, a 45-MHz amplifier using an
FET, shows a gain of 20 dB and an approximate a.g.c.
range of 40 dB for a change of zero to 6 volts on gate 2.
This gate may be returned to a fixed voltage source of 6
volts through a potentiometer for manual gain, or it may
be returned to ground or to base 1 for a fixed gain with no
control.

The crystal-controlled oscillator of Fig. 4B is frequency-
modulated by applying a reverse a.c. current to base 2, thus
causing a characteristic change in the output capacitance
that shunts the crystal and tuned circuit.

In a similar application with a v.f.o. (non-crystal con-
trolled), a 250-kHz swing was achieved for a center fre-
quency of 750 kHz for a base 2 current of 150 to 200 pA.

An old favorite, the autodyne converter, has been mod-
ernized in Fig. 4C by using the two gates of an FET as sep-
arate injection elements for input and local oscillator signals.

Because of the control action exerted by the introduc-
tion of the second base element, there is almost no limit
to the variety of possible applications for tetrode tran-
sistors. Automatic level controlled generators, variable
load impedances, a.f.c. circuits, and switchable r.f. ampli-
fiers are only a few of those that have been successfully

developed. A

Fig. 4. Circuit configurations for tetrode transistors, (A} FET 45-MHz i.f. amplifier shows how a.g.c. is applied.
(B} A crystal-controlled FM oscillator. (C} Simplified autodyne converter uses both gates of FET transistor.
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Electronic

Percussion Instruments

By CHARLES MULLER, K2UHF

Construction details on battery-powered circuit that produces
sound of drum, tom-tom, bongo, and blocks at press of a button.

anyone to accompany a recording or live music with
four different instruments, individually or even si-
multaneously. The little battery-powered box shown in Fig.
1 can produce the sound of a drum, a tom-tom, a bongo
drum, and blocks simply by pressing the right button. It is
only necessary to connect the audio output of this unit to a
good sound system and the beat of these four percussion in-
struments can be heard. Each time a button is depressed,
the beat of the corresponding instrument is produced, re-
gardless of how long the button is held down. If several or
all buttons are depressed simultaneously, all four instru-
ments will be heard. One does not have to have the skill
of the drummer, or the tom-tom, bongo, or block player to
be able to accompany any kind of music. One merely has to
have the right rhythm and the ability to press a button.
The circuits are quite simple and easy to build, there is
no critical layout, and all of the components can either be
found in a well-stocked junk box or are readily obtainable
from any electronics distributor. The unit is particularly
suitable for accompanying electronic organs, pianos, or gui-
tar amplifiers, for it supplies the rhythmic beat that en-
hances the music. When used for more serious purposes,
the device is excellent for dubbing drums, tom-toms, or
bongos to one’s own tape recording of other instruments.
This is particularly effective with a stereo tape recorder to
add space effects to a mono recording. In addition, the unit
can be used to judge the frequency response of audio
amplifiers, speakers, and similar devices.

THE simple electronic device described here allows

Circuitry

The unit uses four oscillators which are identical, except
for the individual component values that make up the fre-
quency-determining and shaping RC circuits (Fig., 2). A
single transistor with base-to-collector feedback acts as a
one-shot twin-T oscillator. This transistor can be a 2N404,
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Fig. 1. A meter case, which measures about 612 by 5V by 27,
inches, houses 5-transistor, 4-push-button electronic percussion circuits.

2N107, 2N109, or some similar type. Tts collector and base
are connected to a — 18-volt source supplied by two 9-volt
transistor batteries wired in series. These batteries will last
quite a long time since the oscillator draws practically no
current, except during the period when it generates its tone
output.

The fixed and variable resistors in the emitter serve to
control the circuit gain and are adjusted to prevent con-
tinuous oscillation. Once R4 is set, it need not be adjusted
again unless the transistor is replaced. C1 is a coupling
capacitor and R5, R6, and C2 are the audio output RC fil-
ter. The actual frequency-determining circuit is composed
of the twin-T networks consisting of R7, R8, C3, C4, C5,
R9, and R10.

The “B—" voltage charges C7 through R12 until the push-
button is depressed. This discharges C7 through R13 and
sets up a brief oscillation in the twin-T networks. The
duration depends upon many factors but is primarily deter-
mined by the time constants of resistors R13, R11, and R10
and capacitors C6 and C7. To make the different sounds of
the drum or the blocks, for example, not only the duration
but also the frequency content of the oscillation must be
altered. The latter is accomplished by changing the values
of the twin-T components, while duration is controlled as
described above. This basic circuit is used four times with
different component values, as shown in the parts list of
Fig. 2, to produce the four different sounds.

To make the unit versatile enough for almost any audio
system, the author decided to add a single stage of pream-
plification. As shown in Fig. 3, this is a 2N107, simply be-
cause this was the handiest type around, although any audio
transistor will work equally well. All four oscillator outputs
are connected to the summing resistor R14. If it is decided
not to use an audio amplifier, the same summing resistor
should be used as output load for the combined four oscil-
lators. The volume control shown in Fig. 3 is not essential
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but very convenient, since it permits the player to use his
thumb to control the loudness of his drum, tom-tom, efc.
while playing along.

The switches and volume control were positioned so that
this unit could be played with either hand and the volume
control adjusted with the thumb without missing a beat. An
inexpensive push-button switch was used which requires
about % inch travel to make contact. If this is too long for
fast playing, the spring arm can be adjusted so that the
lightest touch makes contact. The plastic box which houses
the unit was found at a local electronics distributor but any
convenient metal box will do just as well.

The author did not have the facility for making his own
printed wiring board, so all parts were mounted on perfo-
rated board and wiring was done on the reverse side. (See
Fig. 4). To facilitate wiring and debugging, we have laid
out each individual oscillator in exactly the same way, side
by side with its companions.

Before mounting the components, the board should be
fitted to the box. After the board is cut to the right size
(approximately 41z by 612 inches in the illustrated unit), it
is aligned with four spacers which will hold it against the
back cover. It is suggested that the circuit for the drum be
built first so that the others can be simply copied. The
oscillator which generates the sound of the blocks does not
use R6, R11, and C2, and this space was used for the pre-
amplifier. 'We suggest that the drum oscillator and pre-
amplifier wiring be completed first; then connect the wires
to the button switch and volume control respectively.

While any two 9-volt batteries can be used, the author
prefers the inexpensive type 146 which is also the standard
for most transistor radios. Battery clips are connected to
the batteries and they are held against the case with a sim-
ple clamp made of an aluminum strip, screw, and nut.

Testing

Each of the four circuits can be tested individually. It is
necessary to connect this unit to a good audio system since
the quality of the audio amplifier and speaker has a great
influence on how natural and true the electronic percussion
instruments will sound. This is especially true of the drum
which will sound really good when the hi-fi system has good
low-frequency response.

To begin with, the volume control (R18) should be set
approximately one-third above ground, and the volume and
tone controls of the hi-fi system should be fixed at their
mid-range positions. The emitter control (R4) of every os-
cillator should be adjusted for maximum resistance. Repeat-
edly depressing the button switch of the oscillator under
test will permit setting the volume control of the preampli-
fier and of the hi-fi svstem to a suitable level-loud enough
to simulate the respective instrument but not loud enough
to overload the hi-fi system. Next, emitter conrtol R4 is ad-
justed gradually until the sound is clearly recognizable. Ad-
vancing this control further will cause continuous oscillation
regardless of the switch action. Once a good position for
emitter R4 has been found, this pot should not require any
further adjustment. A little adjustment of bass and treble
controls or the balance controls in stereo systems may help
make the sound more realistic.

After the four oscillators have been adjusted and tested,
the first practice session can start. The reader who has en-
joyed building and using this device may want to experi-
ment with some variations of it, It is possible, for example,
to generate a series of drum beats by using a number of
counter stages or a separate multivibrator to simulate the
roll of a drum. In effect, this employs an electronic circuit
to actuate the switch rapidly in succession. By varying
component values, the sounds of other percussion instru-
ments can be produced. Different types of drums, cymbals,
and even bells can be electronically simulated under push-
button control and played through the hi-fi system. A
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R1-68,000 ohm resistor
R2—1.2 meg resistor
R3—100 ohm resistor

R4—5000 ohm min. pot
R7, R8—56,000 ohm resistor

DRUM TOM-TOM BONGO BLOCKS

R5— 22,000 82,000 82,000 330,000 ohm res.
R6— 10,000 82,000 82,000 (Not used) ohm res.
R9— 2700 6800 6800 6800 ohm res.
R10— 2200 2200 2200 2200 ohm res.
R11— 82,000 22,000 27,000 (Not used) ohm res.
R12— 1 meg 0.56 meg 1 meg 1 meg ohm res.
R13— 2700 2700 2700 6800 ohm res.
(Note: All resistors are 1/ watt, 109¢.)

Ci— .1 047 047 .047  uF cap.
Cc2— 1 .01 .01 (Not used) upF cap.
C3— 1 047 .033 .01 uF cap.
C4— .1 .027 .015 .0033  uF cap.
C5— 1 .027 .015 .0033 uF cap.
C7— 1 .1 .01 .1 uF cap.

C6—0.015 uF capacitor
(Note: All capacitors are dipped Mylar, 100 V.)
S1-4—Push-button switch (Switchcrafe 961 or equiv.)
Q1-4—-2N404, 2IN107, or 2N109 transistor

Fig. 2. Four of these one-shot twin-T oscillators are used.
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R18—500,000 ohm min. pot
C8, C9—0.1 pF, 100 V cap.
C10—-100 uF, 25 V elec. cap.
B1, B2—9 V transistor battery
Q5—2N107 transistor

R14—4700 ohm, L5 W resistor

R15—1.2 meg, ¥4 W resistor
R16—22,000 ohm, 14 W resistor
R17—100 ohm, V2 W’ resistor

Fig. 3. Output of this single-stage preamplifier can be ap-
plied to one of the inputs of a musical-instrument amplifier.
Fig. 4. All parts are mounted on perforated board. Compo-
nents in one of the four identical oscillators and in the pream-
plifier stage have been called out in this particular illustration.
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ELECTRONIC GUITARS

and
AMPLIFIERS

By DANIEL QUEEN / chief Engineer, Audio Products

Perma-Power Co.

Starting from the vibrating strings and
progressing through the pickup, amplifier,
and loudspeaker, this article covers the
various design parameters of this most
popular of all electronic instruments.

not merely the old amplified. True, there are guitars

with acoustic output that have amplifiers attached,
and historically such combinations were the prototvpe of
the modern instrument. Initially, the electronic guitar con-
sisted of a contact microphone attached to the sound cham-
ber of an ordinary mechanical guitar. The microphone
was connected to a public-address amplifier which drove a
jukebox speaker. In time, because the contact microphone
picked up room sounds and was subject to acoustic feed-
back, the magnetic pickup was developed.

At first the pickups were attached to an ordinary guitar.
Then, in some cases, the sound chamber was reduced in
size and eventually eliminated, with the body serving only
to support the instrument during use.

The Mechanical Guitar

The mechanical instrument has mass. It consists of lumps
of matter which when at rest tend to stay at rest and which
when in motion tend to stay in motion; that is, they have
inertia. This mass is analogous to inductance in an elec-
trical circuit, which also impedes a change in motion—
electron motion. All solid matter also has elasticity. When

4 I YHE electronic guitar has become a new instrument,

Fig. 2. A guitar pickup with its non-magnetic metal housing re-
moved showing (Al lower pale piece, (Bl output voltage coil,
(C) permanent magnet, (D) individually adjustable upper pole
pieces, which are located under each of the separate strings (E).
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Fig. 1. Typical solid-body electronic guitar showing (A} body,
(B) neck and frets, (C) strings, (D} bridge, (E} tailpiece and
vibrato lever to change string tension, {F) pickup, (G} control.

a force deflects the material, the force is stored and will be
returned later as a result of the property of elasticity. This
is analogous to capacitance in an electrical circuit. These
properties are combined into resonant networks to provide
mechanical musical instruments with their characteristic
tone or timbre.

Transient characteristics, that is, the sharpness of the at-
tack and decay of tones, are determined similarly to the
manner in which transient characteristics of electrical cir-
cuits are determined. A high-“Q” mechanical structure,
having large mass and elasticity but with low frictional or
viscous losses (analogous to resistance in an electrical cir-
cuit), can be expected to have poor transient response, just
as a high-“Q” electrical circuit does.

In a musical instrument, such “poor transient response”
may be the very characteristic which is desired. After all,
what rings more than a bell, with its large mass and low
viscosity?

All musical instruments produce sound from vibrating
members, such as strings, reeds, columns of air, or the lips
of the performer. To couple this vibration to the outer air,
a mechano-acoustic system such as a horn, sounding board,
or sound chamber is used. In a grand piano, the sounding
board is very large compared with most of the wavelengths
it must couple; hence, it is very efficient.

In a small instrument such as the guitar, the sounding
board cannot efficiently couple the low-frequency tones. It
must have additional help provided by structural and acous-
tic resonances built into the instrument. Small stringed in-
struments are in effect a series of closely coupled resonant
circuits, spread across the tonal range of the instrument.

Pickups & String Motion

The advent of the electronic guitar made possible the re-
moval of this restriction on the small plucked-string instru-
ment. Fig. 1 shows the structure and important parts of a
solid-body electronic guitar, one with no sound chamber.
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The pickup (Fig. 2) consists of a magnet, with one pole
toward and one pole away from the strings. Around this
magnet a coil is wound. Some guitars utilize a single mag-
net and coil for all strings while others use separate mag-
nets or pole pieces at each string or group of strings.

The vertical component of the string vibration varies the
length of the air path for the flux and therefore varies the
flux intensity. This varying magnetic flux, passing through a
coil of wire, produces an output voltage representative of
the string motion. Note that steel strings must be used for
electronic guitars since the strings must influence the mag-
netic fux.

The string motion varies along its length. At the ends
there is no motion, since the string is clamped. The greatest
motion is possible at the center. The motion may be split
into multiples on fractional sections of the string; such
motions are harmonics of the string fundamental. The de-
gree of their occurrence will depend upon the point of ini-
tial plucking and the width of the plectrum. In a mechanical
stringed instrument, these harmonics will cause the bridge
of the instrument to twist, coupling the vibrations to the
sound chamber. In this path, the masses act as series in-
ductances, attenuating the upper harmonics and integrating
the attack and decay transients.

In an electronic guitar, only that part of the string which
is vibrating above the pickup will have its motion repro-
duced as sound. All harmonics and transients present at
the pickup can be converted to electrical output, if desired.
Referring to Fig. 3, we see the vibration of a string at its
fundamental and at its second and third harmonics. From
this it may be seen that the tone of the guitar can be varied
by positioning the pickup.

If the pickup is near the center of the string, it will pro-
duce more of the fundamental and lower harmonics, and
this will result in a mellow sound. If it is placed near the
end of the string, it will pick up more of the upper har-
monics, and this will result in a sharper sound. Most guitars
now in use have at least two pickups which are used either
alone or in combination. Some guitars are available with
five or more pickups. Others have separate selectable pick-
ups for the low and high strings. Proper pickup location is
important in producing the proper tone color (Fig. 4).

The Power Amplifier and Loudspeaker

The pickups are designed to work into a high-impedance
input of an amplifier. This amplifier must be capable of
producing the dynamic and frequency range of the instru-
ment and must have very good transient overload recovery.

Generally, an inexpensive amplifier that uses negative
feedback will be on the verge of oscillation at a certain low
and high frequency. A transient containing one of these
frequency components will cause a damped oscillation, the
amplitude of which may overload the amplifier, blocking it
and causing severe unpleasant (non-harmonic) distortion. A
guitar amplifier must be designed with these conditionally
stable frequencies well outside the range of the guitar.
Since the guitar tones come in bursts at much lower fre-
quencies than the tones themselves, the amplifier must not
oscillate at the burst frequencies.

Because the guitar amplifier is frequently being over-
loaded, it must have good transient recovery. The frequent
occurrence of high-level, low-frequency tones together with
high-level, high-frequency tones requires the amplifier to
have low intermodulation distortion.

Only in frequency response is the guitar amplifier not re-
quired to match the usual high-fidelity amplifier. It is, in
fact, desirable to design the amplifier with a narrower fre-
quency response to improve transient stability. The lowest
string fundamental on the electronic guitar is about 80 Hz.
On the electronic bass guitar, the lowest string is 40 Hz.
The highest string when fretted all the way down can pro-
duce a fundamental frequency of about 1300 Hz; it is
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doubtful that anything over the sixth harmonic of this
string is worth reproducing, especially since the seventh
harmonic is discordant. Thus, if one took the sixth har-
monic of the upper string as the high limit, the required
frequency response would be 40 Hz to 8 kHz.

There are two approaches to the loudspeaker system. It
can either faithfully reproduce the vibration of the string
above the pickup or it can be used to modify or color the tone.

First, a loudspeaker system can modify the tone by in-
troducing its own resonances, much in the way the sound
chamber introduces resonances in the mechanical instru-
ment. Second, it can introduce non-linearities; that is, it can
produce harmonic frequencies.

However, the loudspeaker is generally a single device,
whereas a mechanical sound chamber is a multiplicity of
structures, each responding differently. If a low tone and a
high tone are struck on the mechanical instrument, they will
excite different parts of the structure which will not interact
harshly. In a loudspeaker, both tones move the same cone
structure so that there will be interaction and possibly in-
termodulation distortion. For this reason, a guitar amplifier
using a single loudspeaker designed with many resonances
and non-linearities must be played carefully. Low-rhythm
passages must not occur simultaneously with the high mel-
ody line. The use of well-spaced chords or bass figures
while playing melody thus becomes nearly impossible. This
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Fig. 3. The first three vibration modes of a stretched string are (A)
the fundamental half-wave, {B) second, and (C) third harmonics.

Fig. 4. As the pickup is moved closer to the bridge, the harmon-
ic content is increased. Curve (A} shows the harmonic content
when the fundamental and second and third harmonics are excited
equally. Curve (B) is for fundamental and infinite harmonics.
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tends to further proscribe the playing style of the performer.

Furthermore, any system containing high-“Q” resonances
must also have poor transient response. The sharp attack
which is possible from the string and pickup system is no
longer attainable, even if it is desired. It would. be de-
sirable, therefore, to use a loudspeaker having low dis-
tortion and few resonances. To obtain this, a thick, light
cone is called for, and the speaker system must be able to
handle the extremely high values of peak power that are
produced.

Flow, then, can timbre and tonal effects be generated?
Let us look at the non-linearity in the speaker (Fig. 5)
which is graphed in Fig. 6. Low-amplitude signals are pro-
duced with little distortion, while high-amplitude signals
are distorted. The low frequencies, which produce greater
amplitudes of cone motion, will be distorted, while higher
frequencies will not. The low tones, therefore, will be
pleasantly rich in harmonics. The problem comes when the
performer tries to play the high and low tones simultaneous-
ly. The high frequency is modulated by the low, producing
non-harmonic raucous tones as shown.

To eliminate this, a separate loudspeaker for each range
of tones could be used, but one would end up with at least
one loudspeaker and crossover for each string. A better solu-
tion would utilize that which can be separate for each
string—the pickup and its position.

From Figs. 4 and 6, one can see that the harmonics pro-
duced due to non-linearity and those produced due to off-
center pickup position are very similar and will generate the
same sound,

As the string is fretted to a higher frequency, the har-
monic content will reduce, as it does in the non-linear loud-

A A

Fig. 5. A direct-radiator loudspeaker showing possible sources
of non-linearity. The annular surround (A} or the spider (B)
may be stretched beyond the point where they act as simple
springs. Also part of the voice coil can move out of the mag-
netic gap at (C} and into the less dense leakage flux at (D).

Fig. 6. Loudspeaker non-linearity effects. A high-frequency
signal {A), which is handled on the linear portion of curve,
produces an undistorted output (D). A low-frequency large am-
plitude signal (B) may shift the operating point and produce

- === ~the-non-linear- waveforn-at {E}-which now contains harmonics.

When both signals occur at the same time (C), the resultant at
(F) contains harsh intermodulation distortion, shown alone {(G).

- L=
. (D) (E}

U

F)

CONE AMPLITUDE —
—— |

(a)

) (8)
T
L

F(C)

MOTIONAL FORCE —3
40

{6)

AR

Fig. 7. The "Ampli-vox Baronet’’ guitar amplifier shown here
has an output power of 5 watts and stands only 10-in high.

POSITIVE CLIPPING LEVEL

UNDIST. UNDIST.
AREA AREA

UNDIST. UNDIST.
AREA AREA

NEGATIVE CLIPPING LEVEL
(A) (B)

Fig. 8. (A) Amplifier that overloads in this manner with sharp
clipping results in output containing many dissonant harmonics.
(B) If clipping can be ‘'softened’’ resulting in smoother wave-
form, as shown here, then the amount of dissonance is reduced.

speaker. This is because the pickup is proportionally at a
greater distance from the guitar bridge with respect to the
length of the vibrating string.

Hence, judicious placement of the pickups, together
with switching of the correct pickups by the musician, will
produce the same timbre as harmonics intentionally added
in the speaker system. Yet, because the sound originates at
each individual string, the intermodulation distortion will be
even less than that which can be obtained by having indi-
vidual speakers for each tonal range.

Power Output and Overload

A large 100-watt system with 300 square inches of speak-
er cone area, while needed in a night club or concert hall,
could hardly be used in a small practice room. On the
other hand, a five-watt system (Fig. 7) will fill the practice
room with as high a sound pressure level as the larger unit
will produce in the concert hall.

Moreover, the two amplifiers, in their respective set-
tings, can be designed to overload at almost the same sound
level. The nature of this overload is of prime importance
to the musician. Because the instruments are usually played
in continuous overload for popular music, the overload
characteristic must be carefully designed. It must result in
the sound of harmony rather than distortion.

In Fig. 8, we see a sine wave that just reaches the clip-
ping level of an amplifier. The sound intensity is the un-
shaded portion of the waveform. When the amplifier is
fully overloaded, the shaded portion is added to the wave-
form, resulting in additional sound intensity. An amplifier
with large amounts of negative feedback will produce a
square wave at maximum overload (Fig. 8A), with 33%
third harmonic, 20% fifth harmonic, 14% seventh har-
monic, 11% ninth harmonic, 9% eleventh harmonic, etc.
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In musical terms, the fundamental, third, and fifth har-
monics are a non-dissonant spaced-triad chord consisting of
the root, a doubled fifth, and a twice-doubled third, but the
seventh, ninth, and eleventh harmonics are dissonant.

Table 1 shows the musical relationships of the harmonics.
Tabulating the dissonance ratings of the odd harmonics in
a square wave as shown vyields a total rating of 12. On
the other hand, the even harmonics of a rectified sine wave
over this same approximate range of harmonics total only 4.
Therefore, the best manner of overloading would not be one
producing the familiar sharp clipping; instead, an overload
waveform as in Fig. 8B containing a low dissonance rating
is to be preferred.

The problem of overload characteristics is most acute for
low notes, since their upper, dissonant harmonics are in a
more sensitive region of the hearing curve. On higher notes,
the upper harmonics are barely heard due to the lack of
high-frequency response in the system.

The one component that will overload differently at low
frequencies is the loudspeaker, as we have seen. For this
reason, some amplifiers use speaker non-linearity to produce
a favorable overload waveform. Often this is done by pro-
viding more undistorted amplifier power than the speaker
can handle, consequently shortening the life of the speaker.

Another, more flexible method of softening the clipping
at low frequencies involves the audio transformers. Fig. 9
shows the magnetization curves of a transformer core at
middle and low frequencies. Note that the curve (A) is
similar to the curve in Fig. 4B. When overload occurs at
low frequencies, then, the waveform is rounded off instead
of being sharply clipped. In class-B transistor amplifiers,
non-linear beta will also serve this same purpose. However,
this method may also result in high distortion at lower
levels. Whatever method of overload characteristic modi-
fication is used, it is clear that the amplifier design cer-
tainly cannot stop at the clipping point.

Rating the Power Output

Because of the above considerations, the meaningful
power rating of a guitar amplifier is not the steady-state
sine-wave output, but rather the maximum output—distort-
ed. Since the amplifier does not overload symmetrically,
this is not simply a peak square-wave power output—or
twice the sine-wave power—but is, instead, a function which
will produce greatly differing readings depending upon the
method of measurement. Hence manufacturers, with some
justification, often base power ratings on the highest volt-
age obtainable with a peak-reading voltmeter.

The power from the output stage thus obtained is not yet
a true measure of the performance of the system. Differ-
ences in speaker efficiencies can easily produce loudness
differences equivalent to a factor of three in output stage
power. A true comparative measurement would have to
use the sound pressure level (SPL) produced by the loud-
speaker.

For this reason, new “Ampli-vox” equipment is rated in
maximum sound pressure level obtainable with pink noise
(40 Hz to 8 kHz) input to the amplifier. The amplifier is
placed in a reverberant room with a sound-level meter set
on the “C” weighting curve. The inputs and controls are
adjusted to give the highest reading with the noise input.
To convert the reading of the meter to SPL in dB’s at the
loudspeaker, the reverberation time of the room must be
measured using the amplifier for a sound source. From it,
the absorption (a) can be calculated. The sound pressure
level in dB above 0.0006 dyne/square centimeter is then
expressed as follows: SPL = meter reading 4 10 log; sa.

The sound chamber of the mechanical instrument pro-
vides a musical effect in addition to coupling to the air. It
allows the tone to sustain itself after the string is plucked.
Having no sound chamber, the solid-body electronic guitar
requires a method for obtaining legato effects. If we are
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Frequency Dissonance
Harmonic (Hz) Note Degree Rating
1st 261.5 C Root 0
2nd  523.3 ct Octave or doubled root 0
3rd 784.0 G! Doubled fifth 1
4th 1047 Cc? Octave or twice-doubled root 0
5th 1319 E2  Twice-doubled third 2
6th 1568 G>  Twice-doubled fifth 1
7th 1830 A#2  Twice-doubled augmented sixth 3
8th 2093 C?  Octave or thrice-doubled root 0
9th 2350 D?  Thrice-doubled second 3
10th 2630 E®  Thrice-doubled third 2
11th 2878 G”2  Thrice-doubled diminished fifth 3
12th 3136 G®  Thrice-doubled fifth 1
13th 3400 A®3  Thrice-doubled diminished sixth 3
14th 3663 A¥3 Thrice-doubled augmented sixth 3

Table 1. Musical relationships of harmonics in key of C-major.
Dissonance rating is based on classic theory of harmony. O in-
dicates perfect consonant octave; 1 indicates perfect conson-
ant fifth; 2 indicates imperfect consonance; 3 shows dissonance.
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Fig. 9. Transformer core magnetization curves for two frequencies.

avoiding multiple speaker resonances, a wide-range rever-
beration system provides a ready method.

Most reverberation systems used in guitar amplifiers
merely provide a large concert-hall effect because of the
frequency response of the reverberation units. Fortunately,
a depth control is included so that a slight amount of this
reverberation can be made to sound fairly constant with
frequency.

Ideally, the reverberation would vary as the mass of the
string being played varies, so that one would have an effect
similar to that obtained by the use of the damper pedal on
a piano. ,

Interested in further increasing the versatility of their in-
struments, guitarists have demanded another form of tone
modification—tremolo or vibrato. Both tremolo and vibrato
are modulation of the carrier by a sub-audible frequency,
usually in the range of 4 to 12 Hz. The method of modula-
tion varies and will change the character of the tone.

In many cases, vibrato (frequency modulation) is ac-
complished by means of a lever attached to the tailpiece of
the guitar. When this lever is moved back and forth by the
player, it changes the pitch of the instrument to produce
the desired effect. Tremolo (amplitude modulation) is oft-
en produced by means of a low-frequency oscillator in the
guitar amplifier that modulates the output signal. Usually,
both the frequency and depth of the modulation can be
varied by the user. Some more expensive amplifiers use
phase modulation in the high frequencies and amplitude
modulation in the low frequencies.

Other methods of tone modification are also employed.
Tone controls ranging all the way from a single treble
boost and cut control to multiple bandpass filters are used. A
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Composer Emmanvel Ghent in the studio
of the Independent Electronic Music
Center. The paper-tape reader at the right
is being used to program the voltage-
controlled instruments at the center.
The frequency counter, which is located
at the left, is employed to check on
the accuracy of the program that is used.

By
ROBERT A. MOOG

ELECTRONIC MUSIC-
Its Composition & Performance

Introduced less than 20 years ago, this new type of music is rapidly assuming
increasing importance to contemporary composers. This article describes the
circuitry of some recently introduced electronic music-composing instruments
and shows how these are employed to articulate this new musical language.

application to the production (composition and per-

formance) of music, as well as to its reproduction
(broadcasting and recording). Music is, after all, a medi-
um. of communication between composer and listeners; it
should permit the composer to produce any sound, or series
or combination of sounds, to convey his musical message.
The parameters of the sounds composers wish to control are
basic to electronics: frequency, waveform, formant, ampli-
tude, and duration. Oscillators, filters, amplifiers, and other
electronic circuits capable of controlling musical parameters
have been used extensively in all applications involving the
generation and processing of analog (continuously varying)
signals: radio and TV, analog computers, medical electron-
ics, and many more. With some straightforward engineer-
ing and a little imagination, one can adapt familiar elec-
tronic circuits and systems concepts to the design of musical
instruments, thereby greatly expanding the range of avail-
able sounds and increasing the composer’s ability to control
the sound parameters.

However, the language of music—the way in which
sounds and sound patterns are used to convey messages—
develops and changes slowly. The musical tastes of most of
us are geared to the composers who lived and worked be-
fore this century. “Modern” music may tend to sound dis-
sonant or unpleasant because the “meanings” of the sounds
are generally different than those of earlier music.

A direct result of this reluctance to depart from estab-
lished musical values is that musicians and the listening
public have generally been slow in accepting new electronic
musical instruments. Early instruments such as the There-
min, played by the free movement of the performer’s hands
in the space surrounding it, and the keyboard-controlled
Ondes Martenot have been successfully used as solo instru-
ments in the performance of orchestral music, but these
instruments have not been accepted as the important addi-

y I VHE technology of electronics is ideally suited for
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tions to musical-instrument technology that they in fact are.

Actually, with very few exceptions, the only electronic
musical instruments which have achieved commercial im-
portance are those which are direct imitations of traditional
instruments. These include monophonic (single-voice) in-
struments, such as the “Solovox” and the “Ondioline,” and
polyphonic instruments such as electronic guitars and the
vast number of electronic organs now so aggressively com-
peting with the piano for the place of honor in the home
living room. Although we are generally familiar with these
instruments, we would not say that they have revolutionized
the language of music.

While the listening public is slowly adjusting its musical
tastes in responsé to new developments, creative musicians
are experimenting and pioneering in still newer musical
languages. One of these new languages, the development
of which began less than twenty years ago, is called “elec-
tronic music” and is assuming rapidly increasing importance
to contemporary composers. This article will define elec-
tronic music and reveal how it is composed. It will also
describe the-circuitry of some recently introduced electronic
musical instruments and show how they are employed in
the articulation of this new musical language.

Classical Electronic-Music Composition

The introduction of the magnetic tape recorder immedi-
ately after the Second World War gave the composer the
ability to store previously produced sounds and to physically
shape and arrange them (by tape editing) into a musical
composition. Recording media other than tape (disc and
wire recording) existed before the tape recorder. However,
no recording medium provides the high fidelity and editing
ease of tape.

The tape recorder, used as a composing instrument,
opened the door to electronic-music composition as it is
usually practiced today. For the first time, the composer
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could create an entire finished composition and would not
have to depend on performers to interpret his “message.”
He could use any sound that could be recorded or electroni-
cally generated. He could electronically process natural
sounds in many different ways. He could compose series of
sounds more closely and accurately spaced in time than any
live performer could possibly produce. And finally, he could
listen to his completed composition and change portions of
it until he was satisfied with the finished product. Each of
these possibilities could not have been conveniently realized
before the advent of the tape recorder. Together, they con-
stitute an entirely new and expanded means of musical ex-
pression—the central feature of electronic music.

At the present state of development, electronic music is
defined as the electronic generation and processing of audio
signals, or the electronic processing of natural sound, and
the manipulation and arrangement of these signals via tape
recorders into a finished musical composition. Although new
techniques (to which the above definition may not apply)
are being developed, the present definition specifically ex-
cludes the performance of traditional music on electronic
instruments.

An electronic-music composer works in a studic which
usually contains electronic signal generators (audio oscilla-
tors, white-noise generators), signal modifiers (filters, modu-
lators, amplifiers, reverberation units, etc.), mixers, and at
least two tape recorders. In general, all inputs and outputs
are brought to a patch panel or other signal-routing facility
so that the composer can set up connections between his in-
struments according to his requirements. A good set of
power amplifiers and speakers, which enables the composer
to hear exactly what he is producing, completes the basic
studio equipment.

The first studios established in the United States were
designed around instruments then commercially available.
Laboratory test oscillators, white-noise generators, and fil-
ters, as well as commercial audio mixers, patch panels, and
recorders, were installed. Variable gain amplifiers and as-
sorted modulating devices were built from designs based on
circuitry originally developed for communications equipment.

In order to work with such equipment, a composer care-
fully and patiently sets the operating parameters of each
instrument (e.g., frequencies of the oscillators, bandwidths
of the filters, etc.) to achieve the desired sound and then
records the sound. The segments of tape containing the
sounds are then spliced together, one at a time, to produce
the finished composition. This method of composition is
now called “classical studio technique.” A simplified block
diagram of a typical classical studio is shown in Fig. 1. The
University of Illinois electronic music studio, which is basi-
cally a classical studio, is shown in Fig. 2.

Voltage-Controlled Instrument Techniques

Classical studio technique has the advantage that com-
posers can easily understand and master the processes
involved. These include electronic tone and white-noise
generation, filtering, modulation, amplitude control, rever-
beration, and tape manipulation—the “alphabet” of the new
language of electronic music. However, classical composi-
tion tends to be tedious and time-consuming because each
sound event must be generated and recorded individually.
Moreover, it is difficult to produce complex, dynamically
varying sounds with conventional laboratory and commer-
cial audio equipment. New developments in equipment for
electronic-music composition have therefore been directed
at reducing the limitations of classical studio technique.

Engineers and composers now acknowledge that the con-
sistent and systematic use of voltage-controlled instruments
simplifies both the generation of complex, dynamically vary-
ing sounds and the arrangement of these sounds into a
composition. A wvoltage-controlled instrument has one or
more operating parameters determined by the magnitude
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Fig. 1. Block diagram of a classical electronic music studio.
Most such studios have used standard lab or audio instruments.

of an applied control voltage rather than by the settings
of the panel controls. It is generally easier to change a
voltage rapidly and precisely than it is to reset panel con-
trols with equal speed; also, the problems of changing the
operating parameters of the instruments are reduced to the
simpler problem of changing the control voltages deter-
mining the values of the parameters. Of course, in order to
take full advantage of the benefits of voltage control, con-
trolled instruments must have a fast speed of response and
an accurate relationship between the magnitude of the
control voltage and the controlled parameter,

Three important classes of voltage-controlled instruments
are now widely used by electronic-music composers: oscil-
lators, filters, and amplifiers. A voltage-controlled oscillator
(v.c.0.) may produce audio signals whose pitch is deter-
mined primarily by the frequency of oscillation and whose
tone color is determined by the waveform and type of
frequency modulation. V.c.0s are also used as control-
voltage generators to periodically modulate other voltage-
controlled devices. Finally, timing of musical events may
be achieved by using the output of a slowly oscillating
v.c.0. to trigger (initiate) the events.

Fig. 3 shows a simplified schematic diagram of a wide-
range, high-quality v.c.o. Several control inputs are pro-
vided so that more than one type of frequency variation
may be accomplished simultaneously. For instance, a slowly
varying periodic voltage may be applied to one control
input while the voltage at another input is stepped in fixed
increments. The resulting output would then sound like a
musical scale with vibrato (frequency modulation). The
control voltages are added and a current I, proportional to
the exponential of the control-voltage sum is derived by
two operational amplifiers. These circuits, which are shown
in block form in Fig. 3, borrow their design concepts from
analog computer technology. The exponential dependence

Fig. 2. University of lllinois Experimental Music Studio. Gen-
erating and processing equipment is on left, mixing and rout-
ing controls are in center, and the recorders are at the right.
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Fig. 3. Diagram of a wide-range, fast-response voltage-controlled oscillator along with the output waveforms.

of the output current I, upon the control-voltage sum
means that I, will change by a certain ratio for a given
increment in control-voltage input change.

In virtually all musical uses of periodic signals, frequency
ratios rather than absolute frequency differences are im-
portant. In fact, a given musical pitch interval is nothing
more than a fixed frequency ratio. An interval of an octave
is a frequency ratio of 2:1; an interval of a semitone (the
smallest interval in the common tempered scale) is a fre-
quency ratio of 1.059:1 (1.059 is the twelfth root of 2).
Musicians can easily understand this constant of propor-
tionality between control-voltage change and frequency
ratio: a one-volt increase in the control voltages will double
the frequency (increase it an interval of an octave); a
142-volt increase in the  control voltages will therefore in-
crease the frequency one semitone. Thus, all tones in the
tempered scale will be generated by integral numbers of
Y2-volt increases in the control voltage. Other scales can
be generated with different patterns of control-voltage
change.

The output current I, is used to charge timing capacitor
C. This capacitor is discharged by unijunction transistor
Q whenever it reaches the unijunction’s breakdown voltage.
The resulting voltage across C is a linearly rising saw-tooth
whose frequency is proportional to I, and therefore pro-
portional to the exponential of the sum of the control-
voltage inputs. With careful design and component selec-
tion, it is possible to build v.c.o.’s whose exponential-
frequency/control-voltage relationship is. musically accurate
over a B-octave (64:1) frequency range and still useful
over a 10-octave (1000:1) frequency range.

The saw-tooth waveform appearing across C is itself
extremely useful in synthesizing musical sounds, since it
contains all of the integral harmonics of the fundamental
frequency of oscillation. Subsequent filtering, which attenu-
ates some harmonics and boosts others, is generally used to
impart one of a wide variety of tone colors to the signal.
However, additional waveshaping may be employed to
. change the saw-tooth waveform into entirely different
waveforms.

Three waveforms which are also musically useful are the
sine, triangular, and pulse waves. The sine ideally contains
no harmonics other than the fundamental frequency. Its
sound lacks brightness and, in terms of harmonic structure,
is the simplest of any signal. The harmonic content of the
triangular wave is only 12% of the total and consists entirely
of the odd harmonics. Its sound is muted and hollow like
that of a flute. Finally, the spectrum of the pulse waveform
depends upon the relative widths of the positive and nega-
tive portions of the wave, but it is characterized by the
absence of certain harmonics within the spectrum. For in-
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stance, when the positive and negative portions of the wave
are of equal width (i.e., when the waveform is a square
wave), then all the even harmonics drop out, and the spec-
trum consists only of odd harmonics. The pulse may be
used in synthesizing a wide variety of orchestral colors, from
the violin to the clarinet, depending upon the relative widths
of the two parts of the waveform.

The triangular, sine, and pulse waveform circuitry are
indicated in block form in Fig. 3. All the waveform outputs
are available simultaneously and additional timbral effects
may be achieved by mixing two or more waveforms.

Voltage-Controlled Amplifiers

After frequency and duration, amplitude is the most im-
portant musical parameter. A voltage-controlled amplifier
(v.c.a.) capable of varying an audio or control voltage is
shown in Fig. 4. Like the v.c.o., the v.c.a. shown here in-
corporates an adder and exponential generator to process
the control inputs. The amplitude-controlling elements are
Q1 and Q2, a matched pair of junction transistors. These
transistors are driven by an input buffer with very low out-
put impedance.

Junction transistors have the characteristic that a given
base-to-emitter voltage change will result in fixed percentage
collector current change, regardless of the magnitude of the
average collector current. Thus, as the standing current in
the transistor is increased, the absolute' collector current
change for a given base-to-emitter voltage change will in-
crease proportionally.

In the circuit in Fig. 4, the constant base-to-emitter volt-
age is assured by the low output impedance of the input
buffer. The combined standing current through Q1 and Q2
is I,. The collector current variations appear across R1 and
R2 as voltage variations and are amplified further in the
output buffer stage. Thus, the gain from signal input to
signal output is proportional to I,, which in turn is pro-
portional to the exponential of the sum of the control input
voltages. This means that the gain will increase by a given
ratio for a certain incremental increase in the control input
voltage. The relation between gain and control voltage is
set so that a one-volt increase in the control sum will in-
crease the amplifier gain by 12 dB. With careful selection
of components, the v.c.a. control characteristic will be accu-
rate over an 80-dB range.

The signal portion of the v.c.a. is entirely balanced so
that rapid gain changes can be affected without common-
mode level shifts appearing at the output. This is especially
important in synthesizing percussive sounds or other sounds
which change rapidly in level. In addition, the v.c.a. is
entirely direct-coupled so that slow-moving control signals
as well as audio signals may be processed.
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Voltage-Controlled Filters

With slight additional circuitry, the v.c.a. shown in Fig.
4 can be converted into a voltage-controlled filter (v.c.f.).
One very useful type of v.c.f. is shown in IFig. 5. The add-
er, exponential generator, input buffer, and control tran-
sistors Q1 and Q2 are the same as those in Fig. 4. The
collector currents of Q1 and Q2 may be thought of as pass-
ing through four more transistor pairs (Q3 to Q10).

The inputs to each of these pairs are shunted with fixed
capacitors C. At low frequencies, the reactance of the ca-
pacitor is much higher than the emitter-emitter resistance
of the transistor pair, and the signal passes up the “ladder”
of transistors with little attenuation. At high frequencies,
however, the signal is shunted around the emitter-emitter
input and is sharply attenuated by the time it “emerges”
from the collectors of Q9 and Q10. Thus, the filter in Fig.
5 is a low-pass filter.

The cut-off frequency is that at which the reactance of
the capacitor is equal to the emitter-emitter resistance of
the transistor pairs. The capacitors are fixed and the input
resistances of the transistor pairs are varied by changing
the control current I,. The filter is capable of accurate vari-
ations of cut-off frequency over a three-decade (1000:1)
frequency range. The relationship between the cut-off fre-
quency and the control voltage is exponential and is set so
that it will be exuctly the same as the relationship between
the v.c.o. oscillation frequency and control voltage: a one-
volt increase in the sum of the control voltages will double
the cut-off frequency.

The signal currents are “read out” across the emitter-
emitter resistance of Q9-Q10. The variation of this re-
sistance with I, is just right to ensure that signals of
frequencies below the cut-off frequency remain constant in
amplitude as I, changes. The gain of the output buffer is
set so that the “insertion loss” of the v.cf. as a whole is
zero dB.

The addition of feedback resistor R, introduces a narrow
resonant peak in the response of the filter at the cut-off
frequency and thus converts the v.c.f. from a low-pass to a
resonant filter. When a “noisy” sound with many frequency
components is passed through a resonant filter, the output
sounds pitched, the appurent pitch being close to the reso-
nant frequeucy of the filter. A voltage-controlled resonant
filter thus allows the composer to work with virtually any
sound in producing pitch patterns.

Control-Voltage Generators

With voltage-controlled oscillators, amplifiers, and filters,
it is possible to synthesize virtually any musical sound
merely by generating a few simple control-voltage wave-
forms. A modem electronic-music composition system con-
tains, in addition to the voltage-controlled devices, a variety
of control-voltage generators.

The most important of these are the transient generators,
wlhich produce voltages which rise to a specified level with
one time constant and later decay back to zero with another
time constant. These transient control voltages are of great
value in producing rapid changes in frequency, formant, or
amplitude. In synthesizing a trombone sound, for instance,
it is essential that the sound start off with low harmonic
content. This is produced by applying a rising transient
control voltage to the v.cf. so that the filter first allows
through only the fundamental of a waveform of high har-
monic content and then allows through the harmonics. Con-
versely, the sound of a plucked string (for instance, a guitar
sound) is synthesized by beginning with a tone of high
harmonic content and then rapidly reducing the amplitudes
of the harmonics.- A falling transient control voltage is ap-
plied to the voltage-controlled filter in order to produce
this effect.

In addition to transient control voltages, periodic con-
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trol voltages (from oscillators) are useful in imparting
frequency modulation (vibrato, trill, and other less conven-
tional effects) to a v.c.0., and amplitude and formant modu-
lation to a v.c.a. and v.cf., respectively. Random control
voltages, derived from white noise, are used to introduce
uncertainty to any of the voltage-controlled parameters,
thus adding aural interest to an otherwise steady tone. Fi-
nally, specialized function generators, such as staircase gen-
erators, are used as control voltages to create distinctive
patterns of parameter variations.

Control-voltage changes from transient generators, oscil-
lators, random voltage generators, and special-function
generators create an enormously wide variety of dynamic
parameter variations.

Fig. 5. Voltage-controlled low-pass fllter. The introduction
of Ry changes filtering mode from that of low-pass to resonant.
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Fig. 7. Electronic circuitry of keyboard controller in Fig. 6.

The use of rapid, regular control-voltage patterns results
in sounds which are perceived as having characteristic com-
plex qualities rather than clearly varying parameters. Only
slowly varying control voltages result in distinct changes
in musical parameters.

Devices for producing these all-important control volt-
ages may be either manually operated or pre-programmed
for automatic composition. Two types of manually operated
control devices are shown in Figs. 6 and 7. Fig. 7 is a sche-
matic diagram of a manual controller which produces one
of 61 discrete, equally spaced control voltages, A constant-
current source consisting of Q1 and its associated compo-
nents supplies current to a series of resistors R. Each key
switches in one tap on the divider string. The voltage at the
tap is used to charge capacitor C through the reed relay
which closes whenever any key is depressed. When the key
is released, the reed relay opens and the capacitor holds its

Fig. 8. The Moog Synthesizer Il shown below is an audio-signal
generafing, processing, and controlling facility for electronic-
music composition. The keyboard controller and the linear con-
troller just above it permit control of the circuits by composer.
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Fig. 6. (Top) Keyboard controller. Al-
though the keyboard itself is a standard
organ keyboard, the control-voltage
output may be employed to control mu-
sical parameters other than the pitch.
(Bottom) Linear controller. The musician
slides his finger along the taut band
to determine the control-voltage output.

charge until the next key depression recharges it to a dif-
ferent value. A very high input impedance unity-gain
amplifier, consisting of field-effect transistor Q2 and junction
transistor Q3, delivers a control voltage equal to the voltage
across C to any of the voltage-controlled devices. A photo-
graph of a keyboard controller incorporating this circuitry
is shown in Fig. 6 (top).

Fig. 6 (bottom) is a photograph of a manual controller
which produces a continuously variable control voltage
rather than a series of discrete voltages. The circuit is the
same as that shown in Fig. 7, except that the series string
of fixed resistors is replaced by a long strip of resistive
material, and the bank of key switclies is replaced by a
single taut contact band which is positioned over the re-
sistance ribbon. The composer moves his finger along the
taut band to produce continuous changes in the control-
voltage output.

Fig. 8 shows a modern signal-generating, processing, and
controlling system for electronic-music composition. Except
for the controlling devices, all the instruments are modular
and are mounted in a single console cabinet. In addition to
a full complement of v.c.o.’s, v.c.a’s, and v.c.f’s, this sys-
tem contains a white-noise generator, a bank of half-octave
bandpuass filters, a reverberation unit, a multi-channel mixer,
and a bank of transient control-voltage generators. The sys-
tem uses silicon solid-state devices exclusively and is pow-
ered by a single regulated power supply. Interconnections
between the instruments are set up by patch cords. Levels
and impedances of the inputs and outputs are set so that
the composer can establish all the basic interconnections
simply by patching between the appropriate jacks. Thus,
the composer is able to think in terms of “operations” (e.g.,
frequency modulation, filtering, mixing, etc.) and does not
have to concern himself with the details of the instrument
circuitry that is used.

New Trends

The early development of classical studio composition
technique has focused largely on the tape recorder as the
means of assembling and manipulating sounds. While this
path of development has given composers immediate access
to the advantages of electronic signal generation and proc-
essing with simple audio equipment, it has also pointed up
the relative inefliciency of tape editing in the composition
of music. A piece of music composed in a classical studio
may take months or even years to realize, and much of this
time is spent in tape manipulation.

The most important applications of tape editing are the
arrangement in time of a series of sounds and the changing
of the time scale of individual sound events. Both of these
functions can be performed by applying the appropriate
control-voltage variations to a system of voltage-controlled
instruments. The control-voltage variations can be pro-
grammed in advance of the actual signal generation or can
be determined by the musician while the signal generation
is in process. The first is called programmed composition,
while the second is called real-time performance.

The first important device to (Continued on page 84)

46 ELECTRONICS WORLD



ELECTRONIC
IGNITION SYSTEMS

By RONALD L. CARROLL

Design considerations and operating characteristics of both
the capacity discharge and the standard transistor ignition
circuits. Comparison is made with present conventional system.

us devices capable of handling the high voltages
and currents required in automotive ignition cir-
cuits. Up until now, we had a choice of two different igni-
tion circuits: the 1928 Kettering system, which is still
standard on all cars, and the magneto. The magneto is
still considered to be the best of all available systems, how-
ever, the price (%250 up) puts it out of the range of all
but the most serious racing enthusiasts. Because of its
limited application, the magneto system will not be dis-
cussed here. This leaves three basic practical circuits which
will be considered: the conventional system; the transistor
ignition; and the newest and perhaps most promising, the
capacitive-discharge system.
First, however, we should clearly understand just what
each of these circuits must do and how it does it.

OUR advancing semiconductor technology has given

Voltage Requirements

Essentially, we are concerned with producing “spark” to
the spark plugs, using only the 6 or 12 volts available
from the car’s battery. We wish to amplify battery vol-
tage to the potential necessary to ionize the gas between
the spark-plug electrodes, thus producing the spark neces-
sary to ignite the charge in the cylinders. This problem is
further complicated by the fact that we must use direct
current.

Fig. 1 shows the ionization potential of air versus the
product of pressure X distance apart of the electrodes (pres-
sure in millimeters of mercury X distance in cm). How-
ever, we are interested in a mixture of vaporized gasoline
and air—not air alone. We can approximate this effect by
increasing the voltage required in Fig. 1 by 20 percent.
This factor is considered an average value since the gaso-
line-to-air mixture ratio varies from 1:10 to 1:18 with 1:16
being considered the ideal value. However, 20 percent is a
reasonable factor. From Fig. 1, we see:

VaC Pd (in dry air) ...ocvoveiiiiaiiiennn. (1)
where C is some constant, for Pd > 10 mm Hg X cm.
Whereas for our purposes:

V=0 C Pd oo e e (2)
where ¢ = 1.2 to take into account the 20% figure men-
tioned above for the gasoline and air mixture.

Temperature has the effect of reducing the required
voltage but we can neglect any beneficial effect since we
intend to approach the problem as a worse-possible case.

Frequency, in this case engine rpm, has no effect on the
output potential required.

Typical spark electrode gap settings w1ll vary from 0.025
to 0.035 inch. We shall consider an air gap of 0.040 inch
for a worst-possible case.

Pressure is the next point of concern. Since the spark
must be excited when the piston is at or very near the top
of its compression stroke, typical compression ratios must
be considered. They can vary from 7:1 to 13.5:1 with 16:1
being considered the maximum since charge detonation at
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these high pressures exhibits a sort of “diesel” effect. This
sounds good but actually is not because it means that the
engine would fire at O degrees advance (the very top of its
compression stroke) and would not allow sufficient time
for the charge to burn completely. For this very reason an
automatic advancing mechanism is built into every engine
and this senses the amount of advanced firing necessary to
produce maximum horsepower at any engine speed.

Since about 90% of all cars have compression ratios be-
tween 8:1 and 9:1 we will arbitrarily choose 10:1 as our
value.

With these two assumptions, from Fig. 1 we find that it
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Fig. 1. lonization potential of dry air rises with an in-

crease in the pressure and the separation of the electrodes.

Fig. 2. The current in the air gap increases linearly above
the voltage potential at which arcover condition takes place.
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takes about 40 kV to operate the spark plugs. This 40 kV
should be considered a minimum requirement. To assure
complete combustion, this value should be exceeded if pos-
sible. Theoretically the more molecules of gas ionized, the
greater the probability of complete combustion. At a given
P X d, current is proportional to the number of ionized
molecules. Fig. 2 shows typical I-V characteristics of an
air-gap discharge for a constant P X d of 7.6 X 10°

Let us look at the basic circuits to be considered.

Ignition-Coil Function

There are two ways to use an ignition coil to produce
high-voltage pulses. First is the rate-of-change of cuwrrent,
or inductive mode, and the second is the transformer mode.
The circuits shown in Figs. 3A and 3B use the first means
mainly, while the circuit of Fig. 3C uses the second. Tle
principal functional difference between the conventional
system and the transistor system is that the latter is cap-
able of switching higher currents.

Obviously both have limitations. Our purpose is to
analyze circuit operation and determine whether or not
circuit limitations occur at some point well beyond the
maximum practical operating point of the car’s engine.

In the transformer mode, the coil performs only one
function—that of a voltage amplifier. However, the induc-
tive mode requires two coil properties to produce high
voltages: it must inductively “create” a high primary volt-
age and then amplify this self-induced voltage by trans-
former action. The amplification factor is common to
both modes.

The voltage amplification factor is given by:

Vou =k X V,, N1, N2 (3)
where: V., is the output or secondary voltage; V,, is the
input or primary voltage; N1 is the number of secondary
turns; N2 is the number of primary turns; and k is the
coefficient of coupling, a figure of merit relating to the
coil’s efficiency. Its maximum value is 1. With almost
all coils and transformers, it is fairly safe to assume that k = 1.

Most engineers agree that 30 millijoules of energy must
be stored in an ignition coil to fire the spark plugs reliably.
This figure should be kept in mind when comparing the
different systems.

A cuwrent is passed in the primary of the coil and then
the current flow is interrupted abruptly. This creates a
short-duration inductive voltage of from 100 to 300 volts,
depending on the inductance of the coil itself and the
amount of current being switched. This voltage is coupled,

via the core flux, to the secondary of the coil and thence to
the spark plug in the form of a high-voltage pulse. This
method is simple and reliable, but less efficient, typically
15 to 50¢% less. In this mode energy is given by:

W = (%) LI (4)
where: W is energy in watt-seconds (joules); L is induc-
tance in henrys; and I is current in amperes.

Here we sense the problem. We cannot have both high
inductance and high current simultaneously since high in-
ductance requires more turns of wire, with its attendant
resistance. Also, it is easy enough to store 30 millijoules
in the coil at low frequencies, but it becomes more difficult
as the engine rpm is increased.

For convenience in making calculations, assume the fol-
lowing: battery voltage, 12 V negative ground; engine, 8
cylinders, which has four firing pulses per revolution; oper-
ating range, “cranking” speed to 6000 rpm or 12 to 400
Hz; conventional coil, 100:1 turns ratio, primary inductance
6 to 10 millihenrys; transistor ignition system coil, may
vary, but typically 250:1 to 500:1 turns ratio. However,
this is not as important as the lower primary inductance of
1 to 2 millihenrys.

The Duty Cycle

The systems shown in Figs. 3A and 3B have two oper-
ating conditions: a “on” time and an “off” time. The “on”
time is when the distributor points are carrying direct
current, i.e., a closed circuit. The “off” time is when the
distributor points are an open circuit to the direct current.
It is at the beginning of the “oft” time that the high-voltage
pulse is produced.

The times mentioned above will be designated as #,, and
t.s;, respectively. Typically, these times are related as follows.

tan = Ztt//f (5)

and

Fepore = B F s o ee et e
where: t.,... is the duration of one electrical cycle.

This duty cycle is in accordance with almost all auto
manufacturers’ specifications no matter what the number
of cylinders. It corresponds to a dwell or “on” time setting
of about 40 degrees for a 6-cylinder engine or 30 degrees
for an 8-cylinder engine.

In order to relate these times to the operating ranges,
we will use the formula:

]c = 1/teyere

where: f is frequency in hertz: ¢ is time in seconds.

To express f for an eight-cylinder engine in rpm:
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f=rom/15 ....
or:
m =15 f oo i (9)
Now let us examine closely what an induction coil
looks like electrically. Since little can be done with the k
and turns ratio of the coil (assuming both are reasonable),
we can deal with the primary of the coil and the energy
that can be stored in it as if it were a simple inductor.
Fig. 4A shows the simplest case of the “on” circuit and
Fig. 4B, the “off” circuit.
The time constant for the “on” period is:

Tow = L/R ovrononinanns e ceeeeeee(10)
The time constant for the “off” period is:
Torr = VLC oo (11)

Actually the “off” period time constant amounts to about
one-sixth of one cycle of oscillation of the series resonant
circuit and T,, is the time constant of the damping factor.
R is the total d.c. resistance of the circuit, in chms; L is the
inductance of the coil primary windings, in henrys; while C
is damping capacitance, optimized experimentally at 2 X
107 farad or 0.2 uF.

System limitations arise during one or both periods.

Let’s discuss the “off” cycle first. Keeping eq. 11 in
mind, we have found that the optimum t.,, is about 20 usec
no matter which system is used. A faster system must be
damped by addition of some capacitance. Since induced
primarv voltage is determined from the formula:

V,=1L al =L !
At turr
our first thought would be to turn off a large current as
rapidly as possible, since V, obviously approaches infinity
as t,,, approaches zero. However, this doesn’t take into
account the coil’s ability to transform the voltage as a
function of frequency since the coil’s efficiency drops off
drastically above 50 kHz. Hence, a system which switches
much faster than 20 wsec must be damped to about this
value by additional capacitance, or suffer a large output
loss.

Using the 20-gsec optimum %,,, in egs. 7 and 9, we find
that we would have to approach 250,000 rpm in order for
the established “off” cycle to impair system performance.
Thus we can disregard the possibility of t,,, affecting an
actual engine’s performance.

Let us next comsider the “on” time and its effect on
operation. First, we will assign values to the parts in Fig. 4A.

For a typical tramsistor ighition system (#1), R is 1.2
ohms, L is 1 millihenry, and T,. is 0.83 millisecond; for
a second typical transistor ignition system (#2), R is 1.2
ohms, L is 2 mH, and T,, is 1.67 msec; for an optimized
conventional system (#3), R is 2 ohms, L is 6 mH, and T..
is 3 msec; for a second optimized conventional system (#4),
R is 2 ohms, L is 10 mH, and T, is 5 msec.

Note that systems #1 and #2 are typical transistor-coil
circuits with component values equivalent to those you
would purchase, i.e., there was no attempt on the part of
the author to enhance system performance.

This is not the case with systems #3 and #4. These are
conventional systems optimized above their design limita-
tions: they will not perform indefinitely at the V/R value
of 6 peak amperes. Excessive heat generated by this
current will eventually burn out these systems.

Fig. 5 shows actual current vs time for the four circuits
being discussed. From this we can see that insufficient
“on” time will impair system performance at the higher
engine speeds, especially with the conventional ignition
systems #3 and #4. With insufficient time for current
build-up to occur, less energy is stored in the coil and the
high voltage drops off.

Capacitive-Discharge System

Fig. 3C diagrams the transformer mode in a capacitive-
discharge ignition system. In these circuits an intermediate
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Fig. 5. Current build-up in two transistor ignition systems (1
and 2) and in two optimized conventional systems (3 and 4).
Although the transistor systems have faster rise times, even they
may prevent optimum engine performance at very high speeds.

stage of amplification charges a storage capacitor to several
hundred volts, which is then discharged through the ignition
coil primary, thus producing the desired high output volt-
age. This method is very efficient, typically 75% to 90%,
and gives faster rise and fall times than the other methods.
However, the cost will be usually about two to three times
higher.

Although these systems use many more components, their
basic operation is fairly straightforward. The battery volt-
age is converted into alternating current by means of an
oscillator, This a.c. is transformed to several hundred volts,
then rectified and stored in the storage capacitor. The
points, when open, now trigger a silicon controlled rectifier
or gate controlled switch which rapidly discharges the ca-
pacitor through the ignition coil primary, producing the
spark. (Continued on page 83)

Fig. 6. Coil primary energy should be above 30 millijoules
at all times. Note that systems 1 and 2 are transistorized
ignitions, while systems 3 and 4 are optimized conventional
ignitions. The capacitive-discharge ignition system is shown
to produce the same coil primary energy at all engine speeds.
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Communicating with Computers
By JIM KYLE

Alphabetic and numeric symbols must be converted into a binary
number code which can be operated on by a computer. In order to
communicate back to the operator, reverse procedure is followed.

to the payroll department of most large companies,

computers have moved into commanding positions.
Thousands of words have been printed concerning the func-
tioning of computer circuits—yet all these circuits are value-
less until a means is provided for communication between
the computer and its user.

It is obvious that communications are necessary, if for
no other reason than to provide a way of determining the
output of the computer. And since output implies that
some input was provided, a second need for communica-
tions capability arises. Finally, the computer must be
“programmed” to solve any problem given it, and the third
communications requirement is for a manner of feeding
the program into the machine.

While it might appear that communications techniques

FROM a television network’s studios on election night

Table 1. Comparison of symbolic codes. Note that both Hol-
lerith and ASCIl are in order to allow direct sorting (the ir-
regularity in the left digit for ASCII is due to the parity bit);
Baudot is not. Baudot uses same codes for both letters and fig-
ures, transmitting a “/37* or *’33’’ to indicate which is meant.
Once /33" is sent, all codes are interpreted as figures until
37" is sent. Punctuation differs from machine to machine.

CHARACTER BAUDOT HOLLERITH ASCIl (incl. parity)

o] 26 0 260
1 27 1 061
2 23 2 062
3 01 3 263
4 12 4 064
5 20 5 265
6 25 & 266
7 o7 7 067
8 06 8 070
9 30 9 271
A 03 12-1 301
B 31 12-2 302
C 16 12-3 103
D 1 12-4 304
E [} ] 12-5 105
F 15 12-6 106
G 32 12-7 307
H 21 12-8 310
I 06 12-9 111
J 13 11-1 112
-K 17 11-2 313
14 22 11-3 114
M 34 11-4 315
N 14 11-5 316
(¢} 30 11-6 117
P 26 11-7 320
Q 27 11-8 i21
R 12 11-9 122
-1 05 0-2 323
T 20 0-3 124
u o7 0-4 325
v as 0-5 326
w 23 0-6 127
X 35 0-7 130
Y 25 0-8 331
z 21 0-9 332

LTRS 37 not used not used

FIGS 33 not used not used
Car. Return 10 not vsed 015
Line Feed 02 not used 212
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would be different for each different model of computer,
actually the basic principles are almost identical for all
models in current production. In fact, many of the tech-
niques have been standardized within the computing indus-
try, allowing interchangeability from one make of machine
to another. This interchangeability has led to develop-
ment of nationwide hookups between computers and users.

Machine-Language Communications

The majority of today’s computers use the binary num-
ber system for all internal communications. Binary num-
bers consist of only two digits, 1 and 0. The base of the
system is two; and two is written (in binary) as 10. Three
would be 11, four is 100, and so forth. Computers use this
system because the two digits (1 and 0) lend themselves
ideally to electrical representation as high or low voltage
levels; if “high” is defined as meaning “17, then four wires
can represent up to 16 different numbers. The first wire
would contain the lowest binary digit, the second tlie next
lowest, and so forth, so that if the voltages were “high”,
“low”, “high”, and “low” (in order) the binary number
contained would be 0101, which is equal to five.

A binary digit is known as a “bit” in the computer indus-
try and a group of bits which are associated with each
other is called a “word”. The previous paragraph contains
an example of a four-bit word, 0101,

One key specification of a computer is its “word length”,
since this is a measure of the largest binary number the
macline is capable of processing. Word length in modern
computers ranges from 8 bits to more than 40 bits; many
general-purpose machines operate in the 20-bit to 30-bit
range.

A 20-bit computer word is a difficult item to read or re-
member since each of the 20 bits must be correct. A typi-
cal such word might be “01011001111100100101”. To aid
in the reading and use of such words, both programmers
and technicians make use of octal numbers.

Where binary numbers use ttwo as a base and have only
the two digits 1 and 0, octal numbers use cight for their
base and have the eight digits from O through 7. Thus an
octal number bears a close resemblance to the familiar
decimal number and is easy to remember. The resemblance
is only superficial; octal 100 is equal to decimal 64, and
decimal 100 equals octal 144,

The only purpose for which octal is commonly used is to
aid in the use of binary numbers; no computation is actu-
ally performed using the octal numbers.

The usefulness of octal stems from the easy mental con-
version which may be made between binary and octal, or
vice versa. To make the conversion from binary to octal,
simply group the bits by threes, beginning at the right.
Next, convert each group of three bits to decimal (001 =
1,010 =2, 011 = 3, 100 = 4, 101 — 5, 110 — 6, 111
= 7, and 000 = 0). “Push” the resulting decimal digits
back together to obtain the octal equivalent for the binary
numbers.

As an example, the 20-bit word cited previously is con-
verted as follows:
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01011001111100100101

001 011 001 111 100 100 101

1 3 1 7 4 4 5 converted by threes
1317445 octal equivalent

Note that an extra zero had to be added on the left (un-
derlined) to fill the last group out to three bits. “Leading
zeros” have no effect on the value of a number; 001 is the
same as 1.

Conversion from octal to binary is the reverse process.
When the binary equivalents of the eight octal digits are
memorized, either method may be done mentally.

Since the conversion is so simple, virtually all operating
manuals, reference books, etc., for any computer give octal
numbers for “machine language” communications. It is
important to keep in mind that this is for human conveni-
ence; the machine uses only binary numbers and the octal
numbers must be converted before the machine can use
them.

All three of the main communications requirements of
the machine are accomplished through binary numbers,
composed of bits grouped in words of the length specified
by the machine’s design. Certain bit combinations are de-
fined by the designers as “machine instructions” (frequently
called “operation codes” or simply “op codes”). When the
computer’s control circuits detect these combinations on
the input lines, specified machine actions result. For in-
stance, if octal 7200000 is the op code for “add” in some
machine, and the 21 input lines contain binary 11101-
0000000000000000, the machine will perform an addition.

The op codes provide the machine-language means of
programming, since the programmer may arrange the vari-
ous operations in any sequence he finds necessary to solve
a particular problem. The choice of sequence to be fol-
lowed consitututes the art of programming, which is an
entire subject in itself.

It might appear that the op codes prevent the machine
from processing certain numbers, since octal 7200000 also
represents a number. This does not occur, however, since
all input is assumed to consist of op codes unless other-
wise specified. The specification of input as data rather
than as instructions is usually accomplished by storing data
in a different part of the computer’s memory than that
used by the program. Thus the location of the number
determines its meaning.

Of course, communications are necessary for the storage
of the numbers in the memory in the first place. The op
codes which command storage of a number usually con-
tain certain spaces to be filled by the “memory address” of
the number to be stored, and the address in which it is
to be stored. If the basic “store” op code were 6300000,
for instance, the two digits immediately following the
“63” might specify the source address, and the final two
digits specify the storage location. Thus, instead of sending

original binary
grouped by threes

Fig. 1. Typical punched card, produced on IBM Model 026 key-punch machine with
printing attachment. Printed line across top of card is for convenience of users only.
Two unmarked rows between printing and row /0’ are called /12" (upper row)
and “11” {lower row} and are so identified under the Hollerith column in Table 1.

the op code as “6300000”, the programmer might send
“6325050”. This would cause the machine to take the
number presently located in memory address “25” (010101,
since all op codes are assumed to be in octal) and store it
in address “50” (101000). If the first number sent to the
machine is automatically placed in location “00” and each
subsequent number is placed in the next higher numbered
location, then the source location for each number is known.
Input data can be transferred to the higher numbered por-
tion of the memory, leaving only op codes in the low num-
bered part, and the separation is accomplished.

Output communication is usually by separate lines or in-
dicators. Essentially the only machine-language output
communication in most machines is the bank of indicator
lights on the operator’s console. Each light indicates a
“1” binary value, in the corresponding bit position of the
register to which the light is connected. Some machines
have only one indicating register, while others have huge
banks of lights. However, machine-language output is
usually used only while troubleshooting the computer in
case of breakdown.

The machine-language input communications provided
for most computers consists of one or more banks of
switches, either push-button or toggle, located (like the out-
put indicators) on the operator’s console. These switches
are similar to the output lights; each switch controls the
value of a single bit, with one switch position representing
“1” and the other “0”. After all switches are set, operating
another switch inserts the setting into the associated com-
puter register.

While it is possible to load a complete program and all
its input into a machine in this manner (and a few ma-
chines exist which make no other provisions for program
inpufs), it is a slow and tedious process, open to many
errors. For these reasons, direct switch-input communica-
tions are usually used only in troubleshooting or during
initial “debugging” of new programs.

The “normal” input communications paths, like normal
outputs, operate with other than machine language, through
intermediate means. Usually one of several of the “symbol-
ic codes” is employed. They will be discussed below.

Symbolic Codes

A code is merely a table which matches two sets of
symbols, so that one is understood to have the meaning
normally attached to the other. Thus it appears that a
“symbolic code” is a redundancy; the term is used in the
computer industry to emphasize that one set of symbols in
the code is the conventional set consisting of the alphabet,
the decimal digits, and required punctuation marks, while
the other set of symbols is a series of binary (usually writ-
ten in octal) numbers.

The symbolic code most familiar to communications-
oriented personnel outside the com-
puter industry is the “7-unit teleprinter
code” frequently called “Teletype®
code”. This code represents the letters
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of the alphabet, the numerals, the punc-
tuation marks, and the various control
functions necessary on a teleprinter
(such as line feed, carriage return, up-
shift, and downshift) by 5-unit com-
binations of “mark” and “space” con-
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ditions. In addition to the five units
which indicate the letter or other data,
the code contains a “start” unit which
is always a “space” and a “stop” unit
which is always a “mark” to indicate
the beginning and ending of each
character.

Merely replacing the terms “mark”
and “space” with “1” and “0” respec-



Fig. 2. Typical punched paper tape as produced by Model 33
Teletype equipped with tape-punch attachment. This tape was
punched under computer control as part of output; computer was
programmed not to produce parity bits. Normally, outside hole
on wide side of tape (bottom)) would be parity. Each hole that
has been punched indicates binary “'1, lack of hole a 0/,

tively changes the teleprinter code into a binary symbolic
code in which every character begins with a “0” and ends
with a “1”. The five intervening bits determine the character.

When this change in terminology is made, the code be-
comes the Baudot code widely used by computers. Fre-
quently a sixth “data” bit, called the “parity bit”, is added
to assist in determining the correctness of each character.
The parity bit may be either a “1” or a “0”, whichever is
necessary to make the total number of “1’s” in the six bits
together an even number. Then a lost bit may be detected
by counting “I’s” in each character; if the total is odd, a
bit has been lost from that character.

Baudot code may be used with punched-tape reading de-
vices or with teleprinters connected to special “input buffer
units” on a computer for either input or output. The con-
version from Baudot code to the machine’s language is
accomplished by special circuits in the reading device or
buffer unit; the conversion from alphabetic numeric symn-
bols to Baudot is accomplished by the teleprinter or tape
punch. By this means, the user may type in data directly
and need not have any concept of the computer’s own
internal language.

A code used even more widely than Baudot is that known
as Hollerith code. This code is based on the punching of
holes in cards at specified locations. From one to three
punches may be made in each column of the card, and up
to 80 columns may be punched in each card. Eachi column
corresponds to one character; the specific character is de-
termined by the number and location of the punches in
that column. For instance, a single punch in row 9 desig-
nates the decimal digit 9. Two punches, one in row 11 and
the other in row 5, designate the letter “E”.

The familiar “IBM card” is a typical example of a Hol-
lerith-coded card. These cards may be read into the com-
puter by special card-reading machines which sense the
presence and locations of the holes and convert the code
into its binary equivalent for the specific computer with
which they are used.

Since each card contains up to 80 characters and cards
may be read at rates up to and exceeding 300 cards per
minute, the punched-card communications channel is wide-
ly used for mass input of programs and data. The com-
puter may also drive a card punch, producing new punched
cards as output. This is a frequently used output channel,
since many other business machines operate with punched-
card data. Additionally, the output obtained during one
pass through the computer may be used as input for a
later pass if it is taken in the form of punched cards.

A relatively recent symbolic code which is, however,
gaining almost industry-wide acceptance is the American
Standard Code for Interchange of Information (ASCII).
This code provides for 32 control characters and 96 data
characters, allowing both capital letters and lower-case
letters to be included in the alphabet along with all digits
and punctuation marks.

"~ ASCII is especially well suited to somme of the more
recent applications of computers in the areas of typeset-
ting for printing plants; it remains compatible with all
previous codes as well. This code is presently in use (com-
pletely, or in part) on punched-tape devices, teleprinters,
video-display units, and for communications between re-
motely located computers. One of its major features is
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that any ASCII-coded device can communicate with any
other, as long as both operate at the same speed. Data
transmission speeds are standardized as well, with a choice
ranging from 45 bits per second up to 2400 bits per second
(equivalent to 40-w.p.m. telegraphy at the low speed up to
approximately 200 w.p.m.).

Table 1 compares the three symbolic codes discussed
here. Baudot and ASCII are shown in octal notation. The
listing for ASCII includes the parity bit, since ASCII in-
cludes “odd paritv” as part of its standardization. Hollerith
code is shown in decimal notation; the hyphen indicates
an additional punch location.

The communications channels with which these symbolic
codes are usunally used have already been mentioned brief-
Iy in the discussion of the codes. Now, let us take a more
detailed look at each medium.

A typical Hollerith-coded card is shown in Fig. 1. To
punch the card, a special keyv-punch machine is used. This
machine has a kevboard similar to that of a typewriter, al-
though the arrangement is sufficiently different fromn a type-
writer that special training is required to operate the key
punch.

To input information vie punched cards, it is necessary
to write out the information first, then deliver it to a key-
punch operator to be punched into cards. After the initial
punching, a second operator “verifies” each card by “re-
punching” it in a different machine, from the same copy.
If the data on the card is not identical to that indicated
by the verifier’s keving, an alarm light indicates the error.
After verification and correction of any errors, the card
is ready for loading into the computer’s reader for input.

The verification step is essential; in a recent election
tally in the Midwest, key-punch operators attempted to
speed their output by accepting vote totals by telephone
and punching without verification. The resulting unofficial
returns contained errors of as much as 12,000 votes, which
were traced in every case to single-digit key-punch errors
on the cards. One “lucky” candidate discovered to his dis-
may when the official returns were posted that he had lost
what had been declared unofficially an easy victory.

Because of the special additional equipment and trained
operators required, card input is usually used only for
large computer installations which process data in vast
quantities.

Punched paper tape is similar in many ways to the card
process but provides slower input rates since only one char-
acter is read into the computer at a time. The tape may
be punched with teleprinter equipment, separate special
tape punches, or by a tape punch connected to the com-
puter output terminals. Fig. 2 shows a typical punched-
tape input, in modified ASCII code, as produced by a Model
33 Teletype machine.

Output from a computer is frequently obtained by means
of a “high-speed printer” unit, which is a special kind of
typewriter that prints an entire line of data at once. These
printers can produce output at rates greater than 800 lines
per minute, gobbling stacks of continuous-form paper.
These printers do not usually use a symbolic code which
is one of the standard varieties; instead, they take binary
output directly from the computer and convert it to sym-
bols as determined by the computer’s built-in “character
set” (whicli is a special symbolic code of the specific com-
puter, and normally is used only with the corresponding
printer units). Frequently the printer’s design and that of
the computer are so closely related that neither can operate
without the other.

Previous mention has been made of the similarity be-
tween teleprinter codes and symbolic codes and of the use
of teleprinters for communication with computers. This
means is one of the least expensive and simplest available
for general input and output of data; its major disadvantage
is its slow speed, in com- (Continued on page 77)
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YOU WON'T FIND A PANIC BUTTON
oN A MAGNECORD!!

When Magnecord engineered a long list of
safety factors into their professional line of tape
= recorder/reproducers . . . they engineered the
emergencies out! A sturdy die-cast mainplate,
supporting the transport in every model, insures
precise location of internal parts under the
roughest operating conditions. Rigid die-cast
head mounts eliminate alignment problems.
Professional quality hysteresis synchronous
capstan motor and individual reel drive motors are heavy
duty models, and the capstan shaft assembly is re-inforced
for extra strength and longer life.
While you are taping, safe-guard operating features protect
your thinnest tapes. With Magnecord you get top-notch per-
formance and superb fidelity to keep your taping facility
operating at maximum capacity, even after years of constant
use. Ask a broadcaster who uses one ., . . Magnecords are
built to take it!
Write now for the full story on the complete line of durable

quality Magnecord tape instruments.
Magnecord 8+ Reels now available from Audiotape®. See your local dealer.
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BOOK
REVIEWS

IONOSPHERIC RADIO PROPAGATION*
by Kenneth Davies. Published by
Dover Publications, Inc.,, New York.
443 pages. Price $2.25. Soft cover.

This is an updated and unabridged
edition of a National Bureau of Stand-
ards monograph (No. 80) originally
published in 1965. It is designed for
communications engineers and re-
search workers who already have some
background in radio propagation via
the ionosphere.

The text is divided into nine chapters
covering the earth’s atmosphere, geo-
magnetism, and the sun; the theory of
wave propagation; synoptic studies of
the ionosphere; oblique propagation;
signal  strength; ionosplieric  distur-
bances; ionospheric propagation pre-
dictions; scatter propagation on very
high frequencies; and propagation of
low- and very-low-frequency waves.

The treatment is mathematical and
the text is lavishly illustrated with
graphs, charts, photographs, and iono-
grams. Ior those interested in iono-
spheric radio propagation and who
have the requisite background, this
volume is a real bargain.

* * *
“THE EFFICIENT GUIDE TO TECHNICAL
WRITING” by Howard Whetsel. Pub-
lished by Techni-Riter Company, Box
334, Oak Ridge, Tenn. 24 pages. Price
$2.25. Soft cover.

This manual is addressed not only
to those who prepare manuscripts for
magazine or book publication but to
the vast army of scientists, engineers,
and technical personnel who are obliged
to prepare technical reports as a part
of their day-to-day job.

The first section explains the me-
chanics of report preparation, helping
to solve many of the problems involved
in the preparation of graphs, tables,
etc. and the presentation of references.
The second section explains how to
write clearly, concisely, and coherently.
Examples of the various points the
author covers are given where required.

* b *

“ELECTRON TUBES” by R. G. Kloeffler.
Published by John Wiley & Sons, Inc.,
New York, N.Y. 10016. 258 pages.
Price $5.95.

This volume has been written for the
technical institute or junior college stu-
dent and is intended to serve as an
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introduction to the study of electronics.
Only a basic understanding of d.c. the-
ory is prerequisite.

After a basic coverage of construc-
tion and characteristics of tubes, the
text goes on to basic rectifier and am-
plifier analysis and equivalent circuits.
Reference is also made to equivalent
semiconductor devices to familiarize the
student with terms he will encounter in
later courses. The ten chapters cover
electron emission, simple graphical cir-
cuit analysis, vacuum diodes, vacuum
triodes, multi-electrode vacuum tubes,
single-stage amplifiers, multi-stage vac-
uum-tube amplifiers, power amplifiers,
gaseous tubes, electrical power supplies,
and special electron tubes.

Like most textbooks, this has prob-
lems appended to each chapter.

“THE SEMICONDUCTOR DATA BOOK”
compiled and published by Motorola.
1500 pages. Price $3.95. Available
from Technical Information Center,
Motorola Semiconductor Products, Inc.,
Box 955, Phoenix, Arizona 85001.

Anyone who works with semiconduc-
tor devices—ranging from diodes to in-
tegrated circuits—will find this volume
invaluable. In 16 edge-referenced sec-
tions, this book contains complete data
sheets on more than 2800 devices.

The data book serves as a handy
reference source for design engineers,
component engineers, and purchasing
agents to help in narrowing down the
broad categories of potentially usable
components to those best suited for a
specific application.

In addition, the General Information
section contains short-form specs on
more than 10,500 EIA-registered semi-
conductor devices in the IN, 2N and
3N categories. The data sheets are ar-
ranged in twelve sections, each pref-
aced by application-oriented Quick
Section Guides. The Integrated Circuit
section contains complete data specifi-
cations on over 200 digital and linear
IC’s.

The application notes in the last
section are outlines of general pro-
cedures rather than specific circuits to
provide useful information on device
parameters. A numerical index of the
various semiconductor devices and cer-
tain of their parameters is an especially
useful feature of this volume.

All-in-all, this is an excellent refer-

ence book of its type

* * *
“GPECIAL PURPOSE TRANSISTORS” by
Federal Electric Corp. Published by
Prentice-Hall Inc., Englewood Cliffs,
N. J. 129 pages. Price $9.00.

This is a self-instructional pro-
grammed manual covering the newer
and more sophisticated semiconductor
devices. The format is such that the user
can work at his own speed in learning
about the new semiconductors and the
circuits in which they are employed.

The eleven sections of the book
cover p-n junction diodes, zener diodes,
varactor diodes, tunnel diodes, unijunc-
tion transistors, field-effect transistors,
Shockley diodes and SCR’s, tetrode
transistors, spacistors, phototransistors,
and Hall generators. The book is slant-
ed toward the professional.
“MATHEMATICS FOR ELECTRONICS TECH-
NICIANS” by Paul L. Evans. Published
by John Wiley & Sons, Inc., New York.
392 pages. Price $7.00.

This text presents the basic prin-
ciples of mathematics commonly used
by electronics teclmicians and their
applications to electrical and electronic
circuits. Designed for the technician in
training, it will also be useful in in-
dustrial training courses and as an in-
troduction to circuit analysis in engi-
neering.

The author reviews high-school al-
gebra and basic trigonometry and
points out how these principles are ap-
plied in the solution of series, parallel,
series-parallel, and network circuits.
Quadratic and simultaneous equations
are covered, as are the uses of the
slide rule, scientific notation, deter-
minants, imaginary and complex num-
bers, and the use of Thevenin’s and
Norton’s theorems.

* ¥ *
“MUSICAL INSTRUMENTS AND AUDIO”
by G. A. Briggs. Published by Whar-
fedale Wireless Works Limnited. Avail-
able from Hernan Publishing Svce.,
Inc., 755 Boylston St., Boston, Mass.
02116. 238 pages. Price $5.95.

Both the audiophile and the concert-
goer are sure to be interested in this
latest book to come from the prolific
pen of G. A. Briggs. Entertainingly
written as well as informative, this
fascinating volume covers the cause
and effect of musical sounds, the char-
acteristics of various instruments and
the human voice, and distortion in re-
production. Interesting chapters on
organs, electronic organs, and pianos
are included along with a large num-
ber of scope traces of musical sounds
that were taken especially for the book.
Briggs has made an attempt along with
the poet Milton at: Untwisting all the
chains that tie ; The hidden soul of
harmony. A
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Ask your Uncle Fred.
He used to fix
your toaster.....

If you think buying hi-fi equipment has to be a game of
“‘musical chairs’ . .. chance not choice . . . we've
got news for you! Now there’s a quick, easy, foolproof
way to plan your next equipment purchase: with the
all-new 1967 STEREO/HI-FI DIRECTORY.

It's a giant, 180 page buyer's guide to virtually every
new audio component on the market—

o amplifiers e changers and turntables ¢ cartridges—
arms—accessories ¢ receivers ¢ tuners e tape ma-
chines e speakers/cabinets e hi-fi systems e mis-
cellaneous accessories

PLUS—special directories for home TV tape recorders
and tape cartridge machines for cars and boats!

Every technical specification, measurement, special
feature, optional accessory, price and model number

" GET THE HANDSOME LEATHER-
©  FLEX-BOUND EDITION for just $3
- POSTPAID!

. The 1967 STEREO/HI-FI DIRECTORY is
_ also available in a splendid deluxe edition.

ID
.l:l
q

Rugged Leatherflex cover provides lasting
protection yet is softly textured and gold-

Choose the one that looks S F0/ X
nicest. And cross :
your fingers.....

and forget aboul the first 3!

ﬁooking Jor Hi-Fi equipment, but in the dark )
abqyt which to buy? Well you can always...

£79

s Inquire from store to
store to store to
store to store.....

f"ﬁ"[’—a =
LU /
A -, / .-"
by

SPECII\L SE['.']I"IAO:E
oME V- ==
HOECORDERS

at ._‘.:“

of all the latest products is at your fingertips. Includ-
ing detailed photos. To help you compare similar items
—feature for feature, dollar for dollar—and decide
which is best for you. Before you buy!

Forget the guesswork, costly mistakes and ‘‘after-
you-get-it-home' disappointments. With the 1967
STEREO/HI-FI DIRECTORY as your authoritative
guide, you buy with confidence—and know you're get-
ting the greatest value for your money on every piece
of equipment you select.

The price for this valuable ‘‘encyclopedia’ of hi-fi
information? Just $1.25. A very small investment
when you think of the time, trouble and money it's
guaranteed to save you. So don't delay. Use the coupon
below and order your copy of the 1967 STEREO/HI-FI
DIRECTORY today!

ZIFF-DAVIS SERVICE DIVISION -
I YES! Send me the new 1967 STEREO/HI-FI DIRECTORY.

$1.25 enclosed, plus 15c for shipping and handling. Send me the regular edition.
($1.75 for orders outside the U.S.A.)

$3.00 enclosed. Send me the Deluxe Leatherflex-bound edition, postpaid, ($3.75 for
orders outside the U.S.A.) Allow three additional weeks for delivery.

DEPT. SD - 589 Broadway * New York, N. Y. 10012

& embossed for the look of elegance. A col- name

please print EW-27

* lector’s item-—a superb addition to your
permanent hi-fi reference library. And it's
yours, for just $3 postpaid, when you check

address

the appropriate box on the order form. city

state

2ip code
PAYMENT MUST BE ENCLOSED WITH ORDER

February, 1967
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you!

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

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

ELECTRONICS WORLD



How You Can Succeed In Electronics
. « . Select Your Future From Five Career Programs

The “right” course for your career

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

1. Electronics
Technology

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

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

transmitting equipment,

3. Broadcast

Engineering

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

4, Electronic

Communications

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

5. Industrial Electronics

& Automation

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

An FCC License ... or your money back!

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

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

CIE's AUT'] - PRUGRAMMED,Mlessons help

you learn faster and easier

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

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

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

CIE lessons are always up-to-date

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

/4% Full accreditation . . . your assurance of
»a==- competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study

Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

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

Cleveland Institute of Electronics

cl
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1776 E. 17th St., Dept. EW-28, Cleveland, Ohio 44114

59



ELECTRONICS AND

T was a slushy mess outside as a February thaw tem-
I porarily loosened the icy grip of winter; but, even

though real spring weather was still many weeks away,
there was something heart-lifting about the tinkling sound
of running water undermining the rotten ice and snow
packed in the gutters.

Perhaps that is why both Mac and Barney hummed
happily to themselves as they worked at the service bench.
Finally Mac finished checking out the new TV tuner he
had installed and lit his pipe for a few moments of re-
laxation.

“Barney,” he said to the younger man, “did you ever
notice that after you learn the meaning of a new word,
youTe almost certain to run across that word again in a
short time?”

“Sure, Boss; but what brings this up?”

“I had never heard the term ‘respo’ until you told me
about a month ago it was the nickname for a victim of
respiratory polio. But last week, when I was installing a
pillow speaker for a bedridden shut-in so that she might
watch the late-late shows without disturbing the rest of
the household, I noticed on her bedside table a stack of
magazines bearing the unlikely title of the Toomey i.
Gazette. At her invitation, I leafed through a copy and
discovered the non-profit magazine was published once a
year in Chagrin Falls, Ohio by a group of ‘horizontal,” or
severely disabled people, and their ‘vertical,” non-disabled,
volunteering friends. Mrs. Gini Laurie is the vertical editor,
and the magazine is distributed free to ‘espos,’ other
‘quads’ (those having four useless limbs), and to ‘multi-
plegics’ (those having two or more useless limbs). Dona-
tions are invited from the non-disabled.

“I became so interested I borrowed a couple of copies.
This is not one of those spiritual-uplift publications that try
to tell the handicapped how to endure their burdens. In-
stead, it encourages the readers to do something about their
difficulties and concerns itself chiefly with disseminating
practical information on how particular people have suc-
ceeded in overcoming their own severe handicaps so that
they might earn a living and lead useful, productive lives.”

“Where did it get that oddball name?”

“The magazine is named in memory of the late Dr. J.
Toomey, director of Toomey Pavilion, Cleveland’s former
Respiratory Care and Rehabilitation Center.

“My first reaction on reading the magazine was to feel
appalled at how severely many people were disabled. I
think of a crippled person as one who must use crutches
or even a wheelchair to get about, but many of the people
in the TjG would be tickled pink if they could push them-
selves around in a wheelchair, Some cannot feed them-
selves or turn the pages of a book; others are entirely para-
lyzed except for being able to move their tongues or roll
their eyes; still others cannot even breathe without mechan-
ical help. Yet they are painting by holding a brush in their
teeth; they are conducting a phone-answering service
through the use of special telephone attachments; they are
studying with an electric page-turner to turn the pages of
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Numerous special devices have been developed to help
make life easier for those with severe physical disabilities.

THE HANDICAPPED

their books; and they are writing by using their breath
and solenoids to operate an electric typewriter.”

“Those guys must have lots of guts,” Barney said in a
husky voice.

“That was my second reaction,” Mac admitted; “and then
came a desire to help. As I've mentioned before, I believe
anyone given a supply of specialized knowledge, such as we
have in electronics, also has an obligation to use that knowl-
edge for the benefit of others. If all a man can do with his
knowledge is make money, he has furnished his mind with
pretty shoddy material.

“We are in a particularly fortunate position to help.
When I was a kid growing up in a little Arkansas town, I
knew a crippled boy whose dad van the local garage. This
mechanic father was always making things to help his
crippled son get about better and do things for himself, and
I often thought to myself that the best friend a crippled
person could have was a good mechanic. Now I believe an
electronic technician is the best friend a severely handi-
capped person can have. Most of the helpless person’s needs
are concerned with communication, remote control, and
power amplification, and those are fields in which we shine.”

“Surely some big companies must feel as you do and are
already busy.”

“I'm proud to say that those in electvonics, big and little,
are showing a desire to help. The 3M Company over the
last three years has quietly developed their Community
Business Service Associates aimed at bringing self-employ-
ment and independence to severely disabled persons. They
equip and train such a person to perform such services as
copying, sending out monthly statements, and making up
mailing lists; and they do everything they can to help him
launch that business and keep it going.

“The Technical Utilization program of NASA has come
up with several devices and ideas that can be used almost
‘as-is’ by the severely disabled. Their ‘lunar walker de-
signed for remote-controlled moving about on the surface
of the moon is being evaluated at the University of Cali-
fornia’s rehabilitation center as a possible means of locomo-
tion for limbless or crippled individuals. Powered by
battery motors, its mechanical legs are operated by hand or
foot and can actually climb steps. Then a slightly modified
wireless telemetering system developed for astronauts is now
being used in one hospital’s intensive-care cardiac-monitor-
ing unit.

“The ‘Sight Switch’ developed by NASA to aid an astro-
naut in space who finds his arms pinned useless at his sides
seems a natural for use by the completely paralyzed. In
this device, a tiny cylinder mounted on the earpiece of an
eyeglass frame contains an infrared light source, an infrared
sensor, and an amplifier. Inconspicuous wires lead to a
battery pack and a control relay. The ‘Sight Switch’ is oper-
ated simply by looking at it. The iris of the human eye is
an excellent absorber—and therefore a nonreflector—of in-
frared energy, absorbing up to 80% of such energy striking
it. Light from the infrared source is directed toward the
eye and is reflected back to the sensor—unless the iris is
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the
only

comprehensive

guide

fo consumer
electronics
servicing!

If you're in consumer electronics servicing,
you know that keeping up with this jet-
paced field is no pushover, There are man-
uals to be bought, Journals to be read.
Experiments to be tried. Techniques to be
learned. Day in, day out. No doubt about it,
staying on-the-ball in electronics takes time,
effort and money,

Or at |east it used to.

Now there’s a much easier way. The 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK. A single, comprehensive
guide to every major phase of consumer
electronics servicing. Over 132 pages of
all the latest electronics information you
want and need to know. From TV to CB to
PA to AM/FM. From home intercoms to
auto stereo tape cartridge units. Eight com-
plete, authoritative chapters in all!

This handy, on-the-bench reference volume
will lead you straight to the facts you need,
when you need them presented in a crisp,
concise manner that’s easily understood by
the novice, yet thorough enough to answer
the professional’s most complex question.

Whether you earn your living by servicing
. . . supplement your salary by servicing
part-time . . . or are an active hobbyist who
services just for the fun of it ., . the 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK is one *‘tool of the trade’
you can’t afford not to have.

ELECTRONICS
INSTALLATION

& SERVICING
HANDBOOK-1967

SIMPLIFIED TECHNIQUES
SAVE
TIME AND MONEY

STEREO: HI-Fi
AUTOMOTIVE
PUBLIC ADDRESS
TV-CB-FM
ANTENNAS
INTERCOMS

PLUS:

COLOR TV SECTIO
PR TRVE GO ORI S TRATI 3N,
PLUS:

HOW TO INSTALL
STEREO TAPE
INYOUR CAR

PLUS:

THE 1967 ElEBIIlI]NIIIS INSTALLATION & SERVICING HANDBOOK

Order your copy today! Ollly

Get the Handsome Leatherflex-
Covered Edition for $3 Postpaid!

The 1967 ELECTRONICS
INSTALLATION & SERVICING
HANDBOOK is alse available in

a splendid deluxe edition.
Rugged Leatherflex cover provides
lasting protection yet is softly
textured and gold-embossed for
the look of elagance, A collector’'s
item—a superb addition to your
electronics library. And it’s yours,
for just $3 postpaid, when you
check the appropriate box on

the erder form.
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Ziff-Davis Service Division, Dept. ISH

589 Broadway, New York, N.Y. 10012

{3 Please send my copy of the 1967 ELECTRONICS INSTALLATION & SERVICING
HANDBOOK as checked below: | am enclosing $1.25 plus 15c for shipping and
handling for the Regular Edition. ($1.75 for orders outside U.S.A.)
| am enclosing $3.00. Please send me, postpaid, the Leatherflex-covered Deluxe
Edition, ($3.75 for orders outside’ USA) (Please allow 3 additional weeks for
defivery of the Deluxe Edition.)
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Number 14 in a series of discussions
by Electro-Voice engineers

BEHIND THE
BRAIN ON

THE BOOM

MARVIN C. NEGLEY
Microphane Project Engineer

It is common studio practice to utilize wide-
range microphones with flat response for
most applications. However, this response
must often be altered to meet specific acous-
tic problems or artistic needs, Thus, a sepa-
rate equalizer, plus a low or high pass filter
is used when these functions must be satisfied.
On complex pickups, the amount of addition-
al equipment can become excessive.

In order to simplify the problems of micro-
phone equalization, the Electro-Voice Model
668 Dynamic Cardioid Microphone was de-
veloped. It contains a six position equalizer
plus both a low-and a high-pass filter within
its case. No power supply is needed, Output
level at any filter setting is equal to normal
cardioid dynamic microphones. Weight is
but 1 lb, 11 oz, and the microphone is just
9%" long, including its integral windscreen.
A few years ago, the thought of includiug
such an extensive filter network within the
case of a microphone would have been out
of the question due to size and weight. In
recent years, however, electrical components
have been vastly reduced in size. With the
advent of ceramic and tantalum capacitors,
ferrite core inductors, etc., it is now feasible
to include a rather elaborate network within

the case of the E-V Model 668.

A number of advantages are immediately
apparent with this composite microphone/
equalizer/filter. Bass rolloff and treble hoost
or droop can be individually adjusted for
each microplione to complement its pickup
needs, An 80 cps high-pass filter can elim-
inate rumble or electrical noise from just the
affected microphone. At 60 cps, 25 db of at-
tenuation is achieved, while response is
down only 3 db at 80 cps. An 8 kc low-pass
filter is equally effective in eliminating high
frequency problems. All possible curves are
graphically displayed on the 668 case, and
are ecasily selected with internal program
pins.

The secret to the successful wedding of a
microphone and equalizer/filter lay in
evolving a “total instruinent” concept, rather
than treating each part as a separate com-
ponent. Microplione response was intention-
ally adjusted to anticipate the losses en-
countered in the filter, The microphone
response without the filter would be com-
pletely unusable. Likewise, the filter section
is useless with any other microphone element.
Extensive field testing indicates that this
{fresh approach to a longstanding studio
problem has resulted in a uniquely useful
tool for motion picture, TV and general
professional sound pickup application.

For technical data on any E-V product, write:
ELECTRO-VOICE, INC., Depl. 273N
629 Cecll St., Buchanan, Michlgan 49107

EleclioYores

SETTING NEW STANDAROS IN SOUND
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twned toward that source. When this
happens, the decrease in infrared en-
ergy reflected to the sensor causes it to
close the associated relay and actuate
an electric motor or other device.

“Two of these units, one mounted
on either earpiece, permitted the wear-
er in a demonstration to completely
control the movements of an electric
wheelchair simply by moving his eyes
right or left. Other exciting possibili-
ties of the ‘Sight Switch’ include raising
or lowering a hospital bed or typing on
an electric typewriter.

“Getting down to a more individual
basis, non-handicapped Bill Orr has
collaborated with his handicapped
friend Don Rugg, a research engineer
in the Electromagnetic Propagation Di-
vision of the Denver Research Institute,
in the development of a self-propelling,
self-reclining wheelchair that is in cur-
rent production. Dr. Vernon Nickel
and his associates at the Rancho Los
Amigos Hospital in California, operat-
ing under a grant from the Vocational
Rehabilitation Administration for inves-
tigating ‘externally powered orthotitic
devices,” have developed an electrical-
ly powered mechanical arm that per-
mits an otherwise helpless feminine
wearer to feed herself, put on make-
up, control her electric wheelchair,
hold letters and papers, turn pages, lift
and replace a telephone receiver, salt
food, turn light switches on and off,
and even throw dice and play cards.
And she does all this by operating
seven switches with her tongue!”

“It certainly shakes you up to be
made to think of these taken-for-
granted movements as highly prized
and painfully achieved privileges,”
Barney commented. “But what can a
lowly electronic technician do to help?”

“He can do a lot,” Mac answered
quickly. “You see, every one of these
severely handicapped people is unique.
No two persons suffer precisely the
same kind of pavalysis or have exactly
the same needs. A knowledgeable
technician working with the handi-
capped person can tailor various kinds
of electronic equipment to the peculiar
needs of the handicapped person. The
technician does not necessarily have to
invent the equipment, but often he
can alter existing equipment slightly or
combine various pieces of apparatus so
as to adapt them to the physical limita-
tions of his customer.

“Here’s an example,” he said, taking
two little white plastic cases, each
about the size of a shirt-pocket tran-
sistor radio, from a drawer. Each had
an a.c. cord coming out the bottom
and a tiny pilot-light jewel at the top.
Otherwise they were identical except
that one had a standard a.c. plug re-
ceptacle beneath the pilot light, while
the other had a rocker-type on-off
switch in the same location. Mac took

the one with the receptacle into the
front office and plugged it into a wall
socket and plugged a desk lamp into
the receptacle. Back in the service de-
partment he plugged the other unit
into a socket and pushed the rocker
switch to ‘On.” The lamp in the other
room came on instantly but went off
when the rocker switch was pushed the
other way. Both pilot lights went on
and off with the light.

“This,” Mac explained, “is Lafay-
eite’s new ‘Wire-Less’ remote control.
In this unit a step-down transformer,
rectifier, and filter furnish 14 volts d.c.
for a transistorized r.f. oscillator op-
erating at around 80 kHz. The output
of the oscillator is capacitively coupled
to the a.c. line.

“The receiver out there has a similar
power supply. The r.f. signal from the
a.c. line is picked off with capacitors
and fed through a tuned circuit to an
amplifying transistor. The tuned out-
put of this transistor feeds a rectifying
diode, and the d.c. voltage thus devel-
oped changes bias on a second tran-
sistor whose collector circuit contains
a relay that closes when a signal is be-
ing received. Relay contacts feed the
line voltage to anything plugged into
the a.c. receptacle. Neon pilot lights
show when the transmitter is turned
on and when power is applied to the
receiver receptacle.

“A bedridden person can use this
wired, wireless control to twn on and
off a radio, TV, lamp, hifi, etc. any-
where in the house without running
unsightly and dangerous wires across
the floor. The receiver plugged in any-
where in the house, basement, or yard
can be made to sound a bell, buzzer,
or Sonalert® when the bedridden per-
son needs help.”

“Hey! I can use it to start the coffee
perking before I get out of bed!”

“The receiver unit is only rated for
devices drawing up to 300 watts,”
Mac warned, “but you could use it to
control a heavy-duty relay to operate
such things as coffee makers or air
conditioners. Also, a stepper relay con-
trolled by the receiver would permit
several different devices to be operated
with the remote control.”

“How far will it work?”

“I don’t know, but it works beauti-
fully from our house to the one next
door, a wire distance of at least 400
feet. Of course, transmitter and re-
ceiver must both be connected to the
same secondary winding of the pole
transformer.”

“Well,” Barney said, “I'll do a little
brainstorming and see what I can
dream up with selsyns, photocells,
light-activated switches, magnetic reed
switches, grid-controlled rectifiers, and
even garage-door controls to help these
people be a little more independent.
Courage deserves help.” A
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FET VOLTMETER

By JAMES RANDALL

HE circuit diagrammed in Fig. 1 is a transistorized

version of the popular vacuum-tube voltmeter circuit
and uses an inexpensive field-effect transistor (FET) to ob-
tain an input impedance of 10 megohms. The novel design
shown emphasizes simplicity and economy of construction
while sacrificing nothing in performance. The over-all
scale accuracy of the FET voltineter is at least as good as
most commercially available d.c. v.t.v.m.’s, and the linear
response of this circuit permits direct use of the scale
markings on the 50-microampere meter. An additional
advantage is the low power consumption; the FET volt-
meter draws only 1 mA at 4.5 volts, thereby providing
long battery life.

The d.c. voltage to be measured is attenuated by the
divider made up of R1, R2, and R3, so that a maximum
of --0.5 volt is applied to the gate of the FET. The FET
is connected in a source-follower arrangement directly cou-
pled to p-n-p silicon transistor Q1. With no input, a
quiescent voltage of approximately —1.6 volts will appear
across load resistor R5. This voltage is balanced out by the
divider made up of R7 and R8 so that no current flows
through the meter. When a signal of -—.05 volt d.c. is ap-
plied to the input, the increased current through the FET
and Q1 causes the voltage across R5 to rise to approximate-
ly —2.1 volts. The resulting current which flows through
the meter is controlled by calibration pot R6.

The selection of voltage scales and input impedance is at
the discretion of the builder. The writer arbitrarily chose an
an input impedance of 10 megohms (Rl + R2 + R3), al-
though higher input impedances are easily possible. The
voltage ranges shown in Fig. 1 were selected to provide
measurement from .05 volt to 50 volts using the scale
markings of the 50-microampere meter directly. Many
builders will probably want to include additional voltage
ranges. Any convenient arrangement will be satisfactory as
long as it is remembered that the actual voltage at the gate
of the FET must not exceed —.05 volt on any switch posi-
tion. The resistors which make up the input attenuator
should be precision types (1'% accuracy or better), as these
will affect the over-all accuracy of the voltmeter.

The Siliconix U147 FET and the 2N3638 transistor were
chosen principally for reasons of economy. Both of these
arc new types which are not yet listed in the current cata-
logues. However, they are available in single-unit lots from
authorized Siliconix and Motorola distributors. Actually,
any available p-channel FET may be used to replace the
U147, and a 2N1309 makes a good substitute for the
2N3638. The use of a silicon transistor as Q1 will reduce
drift caused by temperature ellects.

Construction of the FET voltmeter is extremely simple
and lends itself readily to miniaturization.

Power switch 82 may either be an integral part of R7 or
a part of S1, if a two-pole switch is used.

The input connector should be selected to accommodate
whatever tvpe of probe is going to be used with the volt-

Fig. 1. Circuit of the FET voltmeter shows basic simplicity.
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BIGGER ... BETTER
THAN EVER?!

SEND TODAY FOR YOUR NEW

40th ANNIVERSARY
1967 CATALOG

YOUR BUYING GUIDE FOR

® Stereo & Hi-Fi Systems & Compo-
nents.

® Tape Recorders.

® Electronic Ports, Tubes, Tools.

® Phonos & Records.

® Comeras ond Film.

® Public Address.

® Citizens Band. @ Hom Geor.

® Tronsistor & FM-AM Rodios.

252 GIANT VALUE
PACKED PAGES!

BURSTEIN-APPLEBEE CO.

Dept. EW, 1012 McGee, Kansas City, Mo. 64106
[ Rush me the FREE 1967 B-A Catalog.
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ARE YOU CASHING- |
ON THE PROFITABLE
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
M Just one of the hundreds of successful Motorola Service
Stations writes, “‘we would be pleased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com-
petent technicians.”” m Get all the facts today. There is no
obligation and no salesman will call.

A

[] Send me FREE entrance exam.
[] Send full details on Home Study Course on FM 2-way Radio

MOTOROLA TRAINING INSTITUTE

4545 West Augusta Blyd. « Chicago 51, Hlinois « Dept. AEF 76

Servicing
Send me details on how you can help me prepare for an FCC
License.

Name. QOccupation

Address.

State
CIRCLE NO. 103 ON READER SERVICE CARD

Zone.

City.

63



UNIVERSITY'S NEW
SUPER CARDIOID
DYNAMIC
MICROPHONE

From a soft, sweet ballad
to the dynamie, vibrant
discotheque . . . you get
ACTION with the new
University 5000! No feed-

- wiregd-in
back problems—no sound Yth wiredin
of rustling clothes — any grtfndsAAc-jla%tor.

way you use it, the 5000 delivers only the
music not the noise! The super cardioid
wide-angle pattern of
the 5000 is designed for
ACTION — ideal for the
modern day performer,
small combo, singing group
and all “sound-on-the-go”

MooEL smi‘t,h applications,
omplete w 1

COmplete with  Try this ac-
fdapton, 15 tion micro-

phone at your University
Franchised Dealer today.
Toss it around — talk to it
—sing to it—you’ll know
it’s your kind of mike!

MODEL 30350
Switch and
Swivel Stand
Adaptor, 15
foot cable.

SPECIFICATIONS: Frequency Response: 25 to 20,000
Hz = |mredance Variable, 200 and 20,000 ohms (wumd
at the plug.) m Sensitivity Ratmg -147 db (EIA) B Out-
put Level -200 ohms: -54 db/ 1 mw/ 10 mlcrobar 20 000
ohms 13 mv/ 10 microbar m Dimensions: 2 3/16" max.

dia,, 9%" max. length (Model 5050) m Shipping Welxht.
2v2"Ibs. m Finish: Satin Chrome.

LISTEN—UNIVERSITYPSOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC.INC.
9500 W. Reno Oklahoma City, Oklahoma 73101
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meter. Many different types of probes
for measuring r.f., modulated r.f., audio,
or d.c. voltages are available in kit form
or can easily be constructed by the
builder. Probes used for d.c. voltage
measurements should not contain an
isolating resistor as none is required.

Adjustment & Calibration

The linearity of response is depen-
dent upon selection of the right value
for R5. With range switch S1 set to the
0.5-volt scale, turn the voltmeter on
(close S2) and adjust zero control R7

= dncuny
FUGELL I =

/ VDLTMETEN

1%/ ACCURACY

|—:

Fig. 2. Calibrating circuit for FET meter.

7

FET
VOLTMETER

until the meter reads exactly zero. Ap-
ply an accurately known —0.5-volt sig-
nal to the input and adjust calibration
pot R6 until the meter reads precisely
50 on the microampere scale. Remove
the input voltage and recheck the zero
setting, repeating this process three or
four times until the meter readings are
exact at zero and full scale.

To determine the linearity, reduce
the input voltage from 0.5 volt to 0.1
volt in steps of 0.1 volt successively.
If the meter reads less than 10 micro-
amperes with 0.1 volt applied to the
input, increase the value of RS slight-
ly (in 100-ohm steps) until a reading
of 10 microamperes is obtained. Then
readjust R6 for a full-scale reading
with —0.5-volt input.

Fig. 2 shows a simple arrangement
for providing calibrating voltages. After
the meter has been calibrated on the
0.5-volt scale, it is not necessary to re-
peat the calibration procedure for the
other voltage ranges if the values of
R1, R2, and R3 are precise to at least
1%. A

ELECTROMICS
SuPpLY Co.

/
it
"“Why should we buy a carpet that covers one
room when for the same amount of money we
can buy o radio that covers the whole world?"”

Well, that’s one way to buy a tape
recorder . . . But we’ve got a better
idea. It’s called the

1967 TAPE RECORDER ANNUAL

—your guide to the tape recorder brands
and models on the market right this min-
ute. The only buyer’s guide of its kind
available in the field!

Oh, it may not be as ex-
citing as the “’blindman’s-
bluff” method, but it sure
is a lot less costly . . .
and less disappointing.
This encyclopedic volume
will arm you with all the
essential data you need
to go out and pick the
ver best recording
equipment in your price
range. Without a qualm.
without an ‘‘after-you-get-
it-home"” let-down., With-
out a blindfold!

You'll find more than 132 pages of full informa-
tion on over 250 models from virtually every
major manufacturer, Stereo and mono. Portables
and full home installations. Even video tape
recorders and the new car cartridge machines!
All the model numbers, specifications, dimen-
sions and prices. Almost 200 photos. Every vital
statistic you need to compare the newest record-
ers and select the one that will bring you the
greatest value for your dollar!
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And that's only half the story. After you buy
your recorder, turn to the articles on microphone
selection, basic tape recorder theory, taping off
the air, creative editing
or the special accessories

section. You'll get expert
tips by the dozens. Ten
complete features cover-
ing every aspect of tape
recording. All designed
to give you better per-
formance, greater versa-
tility and a lot more fun
from your tape recorder!
How much for this indis-
pensable treasury of sound
advice?

Just $1.25.

A small price for a big
eye-opener.

ANNUAL as checked below:

orders outside U.S.A.)

name.

Get the Handsome
Leatherflex-covered
Edition for $3
Postpaid!

THE 1967 TAPE RECORDER
ARRUAL is also available
in a splended defuxe edi-
tion. Rugged Leatherflex
cover provides lasting pro-
tection yet is softly tex-
tured and gold-embossed
for the look of elegance. A
collectar’s item—a superb
addition to your permanent
roferance library. And It's
yours, for just ?3 postpaid,
when you check the appro-
priate box on the order form.

2iff-Davls Service Division, Dept. TRA
589 Broadway, New York, N.Y. 10012

Please send my copy of the 1967 TAPE RECORDER

[ 1 am enclosing $1.25 plus 15¢ for shipping and
handling for the Regular Editlon. ($1.75 for

13 1 am enclosing $3.00. Please send me, postpaid,
the Leatherflex-covered Deluxe Edition. ($3.75
for orders oufside U.S.A.) (Please allow 3 addi.
tional weeks for delivery of the Deluxe Edition.)

address.

(please print)

EW-27

state.

city.

21p code.
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THE GUITAR-
ORGAN

Unusual instrument combines
electronic guitar and organ.

HE Vox (a division of Thomas
Organ Co.) guitar-organ, shown on
this month’s cover at the extreme right,

is a combination of a six-string guitar

and a miniaturized electronic organ
that will operate with any amplifier
with at least two inputs. It can also be
used as a stereo unit if it has the gui-
tar portion plugged into one amplifier
and the organ portion plugged into
another.

The instrument can be played as an
ordinary electronic guitar, and the
usual volume and tone controls are
provided. An on-off side control brings
in or cuts out the organ section. The
organ can be played by depressing a
string or strings, using one or both
hands. It is not necessary to use the
right hand unless it is desired to add
some guitar melody or background.
The organ sound is created when a
string touches a fret (which acts as a
contact) and sends the signal down
the neck to the components inside the
guitar body. (Technical details on ex-
actly what the operation and circuitry
are for accomplishing the organ effect
are not available at this time.—Editor)

The guitar-organ has two sets of tun-
ing slots located on the back. One set
is composed of six potentiometers
which may be adjusted for fine tuning
of the instrument. The other set of
pots is used to fine tune the octaves.

The guitar portion has three con-
trols which are for volume, bass, and
treble. The organ portion has fifteen
controls which are for volume, repeat
percussion, sustain, basic flute, and oc-
taves, including six open-string but-
tons. These open-string buttons do
three things. They can tune the organ
to the guitar, supply a simple bass line,
and seund the notes of the open strings.
The guitar portion is powered by two
six-pole magnetic pickups located be-
tween the neck and bridge.

The guitar-organ can duplicate such
tones and sounds as a church organ,
rock and roll organ, baritone saxo-
phone, low and high clarinets, bag-
pipes, flute, banjo, chimes, harpsichord,
zither, and an oriental effect.

The instrument requires no special
technique except for the operation of
some additional controls.

The amplifier and speaker system
shown directly behind the guitar on
this month’s cover is a 200-watt peak
power unit with four 12-in. heavy-duty
speakers and two high-frequency ex-
ponential horns.
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MAGNETIC VISUAL CONTROL

BOARDS SIMPLIFY WORK
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MAGNETIC ELEMENTS
» show facts instantly
* organize for action
* eliminate mistakes

* get the job done
MAGNETS MOVE FASTEST—

AND EASIEST—OF ALL
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'Now, for men in electronics
‘a whole new era

of quick calculation”
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HERE MUST BE THOUSANDS OF PEOPLE in
electronics who have never had the marvelous adven-
ture of calculating problems with a single slide rule; other
thousands have had to content themselves with a slide
rule not specifically designed for electronics. For both
groups, the new slide rule designed and marketed by
Cleveland Institute of Electronics and built for them by
Pickett will open a whole new era of quick calculations.
“Even if you have never had a slide rule in your hands
before, the four-lesson instruction course that is included
takes you by the hand and leads you from simple calcula-
tions right through resonance and reactance problems
with hardly a hitch, If you already use a slide rule, you’ll
find the lessons a first-rate refresher course. And it ex-
plains in detail the shortcuts built into this new rule.”
From an article in
Radio Electronics Magazine

‘Want complete details about this time-saving new Electronics Slide
Rule? Just mail coupon below...or write Cleveland Institute of Elec-
tronics, Dept. EW-134, 1776 East 17th St., Cleveland, Oth 44114,

Mail this
coupon for

FR E E BOOKL ET With new Electronics Stids Rule and !H:t!ucl'._r:un Coutse

c I E Cleveland Institute of Electronics
1776 E.17th St.,Cleveland, Ohio 44114

r
|
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|
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|
{ Please send me without charge or obligation your booklet de-
|
|
|
|
|
|
I
|
I
L

Also FREE if I act at once: a handy pocket-size Electronics
Data Guide.

Name

{please pran.

Address

City State Zip

Accredited Member National Home Study Council
A Leader in Electronics Training ... Since 1934 EwW-134 3

1
|
l
|
I
I
I
[
|
|
scribing the CIE Electronics Slide Rule and Instruction Course. }
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Enjoy the “‘music-only” programs
now available on the FM broadcast
band from coast to coast.
¢ NO COMMERCIALS e
¢ NO INTERRUPTIONS e

ALY AT A

7\ o7 O o7 L e

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 djal 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 back-
ground 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: 5%2” x 6”. Shipping
weight approx. 7 Ibs.

KIT $4950

[with pre-tuned colls, no alignment necessary)

WIRED $7 500
COVER $4.95 EXTRA

Current List ot FM Broadcast Stations with SCA
authorization $1.00

MUSIC ASSOCIATED

j 65 Glenwood Road, Upper Montclair, New Jersey
Phone: {201).744.3387

e T T eS0T T oS T oS T T &
CIRCLE NO. 102 ON READER SERVICE CARD

wo ELECTRONICS

V.T.1, training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Eloctronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B, S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companies, Start Feb-
ruary, September. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

]
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N
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SAY YOU SAW IT IN

ELECTRONICS
WORLD

LEARN &= AT HOME

Fix TV, design automatlon sf'sle)ns. learn transistors,
complete electronics. College level Home Study
courses taught so you can understand them. Earn
more in the highly paid electronics industry,
puters.
ver

Com-
Missiles. theory and practical, Klts furnlshed,
30.000 graduates now emploved. Restdent
at our Chicago campus if deaired. Foundedl
1934, C . ‘'Vets—write for Information about
G_I BIlll Training.’’

American Institute of Engineering & Technology
1141 West Fullerton Parkway Chicago, M. 60614
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EW Lab Tested

(Continued from page 16)

output to a velocity basis at a level
suitable for driving any standard pre-
amplifier magnetic phono input. The
rated output is 6 millivolts.

The “Sono-Flex” stylus, used on the
9T series, is unique among high-quality
styli in being virtually indestructible.
A {flexible portion of the stylus canti-
lever allows flexing up to 180° without
damage. This feature should appeal
to anyone who has had an expensive
stylus damaged by careless handling.

The lack of a magnetic structure al-
lows the cartridge to weigh in at only
1.5 grams, compared with the 10- or
12-gram weight of the typical mag-
netic cartridge. In a lightweight arm,
this permits an over-all mass reduction
which is beneficial from the standpoint
of record wear and ability to track
warped records. In arms designed for
heavy cartridges, additional weight
may be necessary in the cartridge shell
to provide proper balancing.

The cartridge we tested was the
100T-DEV, fitted with the elliptical
diamond stylus. With the Cook Series
60 and Fairchild 101 test records, con-
taining unusually high recorded veloci-
ties at low and middle frequencies,
the cartridge required less than 1.5
grams for tracking. We wused that
force throughout our tests. Using the
CBS Labs STR-100 record, the fre-
quency response sloped upward at
about 4 dB/decade from 20 Hz to

angle was 16°. Like all ceramic car-
tridges, the 100T had no susceptibility
to magnetic hum.

Playing the RCA 12-5-39 IM test
record, we found the cartridge to have
IM less than 2% at 17 cm/sec and
lesser velocities, using its minimum
tracking force of 1.5 grams. This is
excellent performance, and the 1.5-
gram force should be adequate for the
vast majority of music records. For
the most critical tracking requirements,
increasing the force to 2.5 grams re-
duces the 1M to 3% at the 27.1 cm/sec
maximum velocity on the test record.
This rivals the lowest distortion car-
tridges we have measured and is far
better than most cartridges of any type
or price.

In listening tests, the cartridge pro-
duced sound that was exceptionally
pleasing. It had a slightly bright, clean,
and very well defined sound. In com-
parison with some other cartridges, its
slight lack of low bass response could
be heard, but this probably would not
be noticed in ordinary listening since
it is less than the normal variation in
bass response from one speaker type
to another. A slight amount of am-
plifier bass boost can easily flatten out
the over-all response, making the 100T-
DEV, in sheer listening quality, easily
the equal of any magnetic cartridge in
its price class.

The Sonotone 100T-DEV cartridge,
with the elliptical stylus, sells for $39.50.
With the 0.5-mil stylus it is $34.50;
with the 0.7-mil stylus it is $32.50. A
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FTER several years of reading and

writing about such exotic electronic
developments as satellite communica-
tions, you can get pretty blasé about
subjects like this.

It is only at those times when you
get a chance to actually use the equip-
ment that the reality of it really hits
home. So it happened to this editor
a few weeks back.

While covering the story on the lat-
est SATCOM acquisition, the AN, TSC-
54 highly portable (two relatively small
trailers, each about the size of a 11z-
ton panel truck) satellite communica-
tions system made by Radiation Inc.,
we watched a six-man crew assemble
the complete system in a matter of an
hour or so, plug it into a diesel gen-
erator, and start the system up; within
a few moments, we were in telephone
contact with another ground station
many thousands of miles away via a
repeater satellite orbiting far above the
earth,

Although this type of communication
could have been performed with any
shortwave transmitter, the unit we were
using operated at microwave frequen-
cies. It has enough bandwidth for mul-
tiplexed telephone, Teletype, or fac-
simile signals, is virtually jam-proof,
and provides an enormous degree of
communications security because it is
not susceptible to electronic eaves-
dropping. Also, because of the band-
width available at these frequencies
and the total lack of fading, the voice
signals were far better than those from
a commercial wire telephone or from
most radio-telephone links.

Because of the number of SATCOM
communications satellites now strung
around the earth, coupled with the
fact that this ground station could work
through any one of them, this type of
communications could be performed
from almost any place on earth to al-
most any other place in a minimum of
time with a maximum of communica-
tion efficiency.

A Vote for the VIR

Video tape recorders (VTR’s) are
now coming into prominence in the po-
litical arena. Several aspirants for pub-
lic office have been using CCTV and
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a portable VTR during some of their
speeches so that they could see how
they appeared to their audience and

then make any necessary posture,
speech, or makeup changes in order to
improve their visual impact.

The portable VIR is also being used
to make on-the-spot commercials for
politicians; then the tapes are sent to a
processing center where they are re-
recorded on broadcast-type VTR’s for
use by commercial TV stations. Some
politicians use the VTR to cover the
opposition so that they have a record
of what was said by their opponents at
all times.

The portable VTR is also playving an
increasingly important role in the Navy.
While at sea, classified intelligence in-
formation is recorded on video tape for
playback to newly arrived pilots and
other affected personnel. Also, crew-
men are given preport briefings on mat-
ters of interest to the ship’s entire
complement. Presentations by local au-
thorities are recorded on the video tape
and played back over the CCTV sys-
tem, enabling all crewmen to receive
the information.

However, all is not work for the
ubiquitous VTR. In the entertainment
area, live performances by visiting USO
troupes, talent shows put on by mem-
bers of the ship’s complement, and
many popular commercial TV shows
are recorded (when the vessel is within
TV range of the transmitters) for future
playback on the system.

In some cases, certain educational
services for on-board schooling are
being supplied via the VTR.

How Many?

We all know that a large number of
semiconductors of all varieties are used
in modern digital computers. However,
if you had to guess, how many devices
do you think are used by any one com-
pany in the creation of its computers?

Well, according to a release from
Fairchild Semiconductor, it is shipping
over 20 million silicon integrated cir-
cuits, transistors, and diodes to the
Burroughs Corporation over the next
two years for use in its B2500, B3500,
B6500, and B8500 general-purpose dig-
ital computers. A

Thinking of college

and a
space age career in
electronics?
&( J\
iffﬁ
AN
u-,u""."“’ . Ra;n“"' \\ \J
_‘!?{‘H I!I ‘:t : .,'\._‘ ucwm};{}u‘)l |

Send for this booklet on
ENGINEERING TECHNOLOGY
AND ENGINEERING

Learn how yeu can prepate for a
dynanuc career as an electrical or
mechanical engmeering technician ot
erizineer in such excting. growing
fHields as aviomics, missiles, reliabili-
ty control, fluid mechanics, data
processing, metallurgy, microelec-
tronics, and advanced aerospace
research.

MSOE affers residence study pro:
grams leading to these degrees in
engineering technology and engi
neering

2 years—Associate in Applied Science
4 years---Bachelor of Science

Also zet facts about scholarships and
financial aids, job placenient and
other student services, plus photo-
graphs of MSUE tachrical labora-
tories and student actwities
For your capy, just mail
the coupon —
ne obhigation.

Programs approved for veteran training.

MSOE

Milwaukee School of Engineering

Dept. EW-267 1025 N. Milwaukee St.,
Milwaukee, Wisconsin 53201
Please send the ‘“Your Career” booklet.
I’'m interested in
[ Electrical fields [ Mechanical flelds

Name Age.crecaceans
Address
[03] 3V OO State.............. ZIP......
MS-289
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FREE
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ALLIED RADIO

Top savings on the best

in electronics for everyone

SAVE MOST ON:

¢ Famous Knight-Kits

e Stereo Hi-Fi

o Tape Recorders & Tape
CB 2-Way Radio
Walkie-talkies

FM-AM & AM Radlos
Short Wave & Ham Gear
Portable TV & Phonos
Intercom & P.A.
Automotive Electronics
Test Instruments

TV Antennas & Tubes
Power Tools, Hardware
Tubes, Transistors
Parts, Batteries, Books

Shop by mail and
save at Allied,world’s
largest electronics
headquarters. Hun-
dreds of money-
saving values, in-
cluding fun-to-build
Knight-Kits, and
many specials avail-
able only from Allied.
NO MONEY DOWN!
24 MONTHS TO PAY!
Enjoy the things you
want now, while you
pay for them on the
convenient Allied
Credit Fund Plan.

Send for new 1967 ALLIED Cafulogm ‘
e S S S e e M SR Eme e S S S !
7

ALLIED RADIO, DEPT, 1-B
P.O. BOX 4398, Chicago, IlIl. 60680

[0 Send FREE 1967 ALLIED CATALOG

PLEASE PRINT
Address.
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1
I
]
1
1
!

City. State Zip.

* Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-

tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals., Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on,

If your deoler can't supply your needs,
send his name with your
request for catolog fo aur plant nearest you.
\‘ ¢ P2

TEXAS V-
CRYSTALS “|°

Division of Whitehall Electronics Corp.

1000 Crystal Drive 4117 W. Jefferson Bivd,
Fort Myers, Fla. 33901 Los Angeles, Calif. 90016
Phone: 813.9346-2109 Phone: 213-731-2258
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IC’s and the Automobile
(Continued from page 33)

Traffic signals in congested areas are
!alread) becoming computer controlled.
\V“’hile some have advocated an inter-
| face between the computer and the
| individual automobile, one of the thus
far insurmountable problems has been
the cost of such a standardized system.
Integrated circuits bring this concept a
step closer to reality. Systems pro-
posed for this purpose include passive
indicators, alerting the driver via radio
or inductive coils set in the roadway of
impending signal changes, of ice, an
accident or temporary detour ahead,
or the approach of an emergency ve-
hicle, such as an ambulance. One form
of this system is a warning lamp; a
more sophisticated version would over-
ride the car’s radio loudspeaker, giving
verbal warning either from a pre-taped
‘vocabulary in the vehicle or directly
. from the roadside station.

If mass-produced, simple “radar”
systems, eitlier microwave or ultrasonic,
i could continuously monitor the distance

between the car and the one in front.
This information could be combined
' with speedometer readings to warn the
“driver if he is following too close for a
' given speed or to forewarn him of
i obstacles in heavy fog. The self-con-
tained radar could also be tied into
“auto pilot” speed control systems
| such as those available today.
| Standardized two-way emergency
radio has also been considered by the
" auto industry; whether it takes the form

of bandwidth-consuming voice com-
| munications or digitally encoded dis-
ltress signals, integrated circuits with
their capability of replacing entire sub-
\systems in radio equipment, arve the
logical choice.

|  Because of the popularity of auto
i rallying, many exotic driver aids are
‘already in experimental use, requiring
only the economies of mass production
!to adapt them to all automobiles. For
example, employees of a Scotch avi-
onics firm adapted a moving-map dis-
play, designed for aircraft, to their
competition car. The hand-made unit
contained microfilmed maps showing
fine details of all routes within a cer-
itain area, with an optical display
i moved by an analog position compu-
ter. Receiving instantaneous direction
information from a gyro-compass, ve-
locity and distance inputs from the
' speedometer, the computer (given the
starting point) continuously shows the
driver exactly where he is. If the me-
chanical components of the display
“were cast in plastic, the computing and
servo motor drive performed by inte-
i grated circuits, and a complete set of
road map “films” made available, the
moving map display could become a
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useful navigation aid on tomorrow’s
automobile.

Passenger Services

Many of the accessories whicli en-
hance the comfort and convenience of
the passenger compartment are as com-
plex as those essential to operation of
the car. What was previously a heater
and air-conditioner has become a “cli-
mate control”. Just as integrated cir-
cuit controls can improve engine
efficiency, they can make this system
more sensitive to human needs.

Perhaps thie most obvious applica-
tion of the integrated circuit is in
replacing existing electronics in car ra-
dios, tape players, even mobile television
receivers. While these entertainment
functions are already performed by
sophisticated circuitry, standardized in-
tegrated circuits can make them less
expensive and can allow them to per-
form multiple functions, such as the
verbal warning system described earlier.

Conclusion

It is, of course, difficult to predict
the future course of automotive de-
velopment. Some of the specific sug-
gestions in this article would be inap-
plicable if, for example, a radically
different power plant came into general
use. But the basic attractiveness of a
low-cost, mass-produced electronic con-
trol system remains and integrated
circuits appear to be the logical solu-
tion to many projected future require-
ments.

While the exact shape of tomorrow’s
automobile may be uncertain, the
greater quality and performance stan-
dards that will be required are clear.
Far-sighted designers who are now
working on plans for the next genera-
tion of automobiles, must consider the
integrated circuit as economically es-
sential to building a better car. A

TINY RADIO USES IC

OON to make its appearance on the
market is a new Sony radio using a
combination of IC and discrete compo-
nents and having an over-all physical size
less than half of that of a pack of
cigarettes.

The IC countains nine transistors, four
diodes, and 14 resistors and works in
conjunction with three outbhoard tran-
sistors—the converter stage and a pair
of complementary symmetry germanium
output transistors.

Containing a 2.44-volt rechargeable
cell, the set can run for six hours.

Germanium output transistors are
used as they have a lower emitter-to-
base voltage as compared with silicon
devices, thus producing a higher output
for the same inputs,

The converter transistor was not in-
cluded on the chip as it would have
meant more connections on an already

crowded IC puackage. A
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Portable Satellite
Communications Link

HEN one thinks of a satellite com-

munications station, what usually
comes to mind is a massive parabolic
antenna coupled to a large structure
housing a formidable complex of elec-
tronics. During the past couple of years,
however, many companies have suc-
ceeded in putting together a highly
sophisticated satellite communicator in
a very small package. In many cases,
these stations are capable of being trans-
ported by conventional cargo aircraft
to the desired site and then being set
up and placed into operation within a
few hours by a crew of only half a
dozen men. Such a tvpical station is
the Mark V AN TSC-54 Satellite Com-
munications Link Terminal developed
by Radiation Incorporated and shown
in the photo.

The entire system consists of the
antenna portion, which is capable of
collapsing down into a small package
on its own trailer; an electronics shelter
containing all the operating equipment;
and a lightweight 45-kW, 400-Hz diesel
generator. Total over-all road weight,
including crew and sufficient fuel for
72 hours of operation, is 12 tons, which,
if desired, can be broken down into
discrete 3-ton packages for air trans-
port. Set-up by the six-man crew, time
from arrival at the site to actual com-
munications is two hours.

The unusual-looking antenna has four
10-foot Cassagrain aluminum reflectors,
with the outboard section of each ver-
tical pair of dishes capable of folding
laterally on hinges to make the antenna
transportable.

Each feed emits its energy through
a cone-shaped foam dielectric material
extending out to a small sub-reflector
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at the end of the feed. Because of the
guiding effect of the foam material,
signal losses to the sub-reflector dish
are reduced and over-all antenna effi-
ciency is improved. Gain is 52 dB at
8 GHz transmit and 51 dB at 7.25 GHz
receive,

The antenna is a phase-monopulse
type using a special phase shifter which
adds and subtracts azimuth and ele-
vation error signals with the sum signal
in such a way as to permit the use of
conical-scan signal processing in the
receiver. These signals are used to drive
servo motors which control the tracking
movements.

The air-conditioned electronics shel-
ter can handle multiplexed voice, Tele-
type, and facsimile, either directly from
on-board equipment or from remote
field equipment linked to the terminal
by an appropriate communications sys-
tem.

The desired combination of signals
is achieved using frequency-division
multiplex; this combination is then em-
ployed to frequency modulate a 70-
MHz carrier, which is passed to the
electronic equipment in the antenna
pedestal base. The signal is next up-
converted to a specific frequency in the
8-GHz band and amplified to 7 kW by
a klystron,

In the receive mode, the antenna
electronics converts the 7.25-GHz input
signal to the if. and then passes this
down to the remainder of the receiver
in the electronics shelter.

When the equipment is set up and
under power, the operator must then
locate a satellite. The problem of lock-
ing onto a satellite is intensified by
the relatively narrow beam width of
the antenna (0.3°) and by the fact that
the ground terminal’s exact location
may be unknown. When the operator
presses a button, the antenna begins to
follow a programmed scan pattern very
rapidly. Each satellite is identified by
means of a coded beacon signal. If,
dwring the antenna scan, the ground
system intercepts a satellite beacon, a
relay closes and an integrator (position
memory) directs the antenna to the
position where the signal was spotted.
If the beacon signal is not detected
within two minutes, the automatic scan
is resumed. If it is detected, automatic
tracking begins. The received beacon
signature first identifies the particular
satellite; then the ground operator se-
lects the appropriate frequencies to be
used for that satellite and proceeds to
transmit and receive messages. A

NOW 2

A Complete Automotive and
Ignition Tune-Up System

MARK TEN

Capacitive Discharge
Ignition System

$4495 Assembled
$2995 Kit Form

Get miieage you never dreamed of! 3 to
10 times spark plug life. Instant starts in
all weather. Installs in only 10 minutes.
Up to 209 gas savings. Dramatic increase
in engine performance and acceleration.

NEW AUTO TUNE UP
INSTRUMENTS

TACH

METER METER
$12.95 $14.95
Ppd. Ppd.

These two new cousins to the world fa-
mous proven MARK TEN now give you the
capability to tune your own car inexpen-
sively, easily, with remarkable precision.
These separate instruments are low cost,
portable and the easiest to read you've
ever seen.

e Delta’s famous printed circult design

e Superior in precision, quality and per-
formance to instruments selling for FIVE
TIMES as much

e Large dial, high quality jewel D’arsgn-
val meters

e Operates with standard, transistor or
capacitive discharge systems as well as
magnetos

¢ instant readings — no confusing scales

Send Your Order Today
Il Il I E N NN

/- DELTA PRODUCTS, v

P.0. Box 1147EWe Grand Jjunction, Colo.
Enclosed is $_______ . Ship prepaid.
3 Ship C.0.D.
Please send:
] Dwell Meters @ $12.95
O Tach Meters @ $14.95
[ Mark Tens {Assembled) @ $44.95
[ Mark Tens (Delta Kit) @ $29.95
(12 volt positive or negative ground only)
SPECIFY — [] Positive [J Negative
[J6 or []12 Volt

Make.

Car Year.
Name.
Address

City 'State. Zlp
B = m = mmm -
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“He's a good worker.
I'd promote him right now
if he had more
educationin
electronics.” 44
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Could they
be talking' about you?

You'll miss a lot of opportunities if you try to get along in the
electronics industry without an advanced education. Many doors
will be closed to you, and no amount of hard work will open them,

But you can build a rewarding career if you supplement your
experience with specialized knowledge of one of the key areas of
electronics. As a specialist, you will enjoy security, excellent
pay, and the kind of future you want for yourself and your family.

Going back to school isn't easy for a man with a full-time job and
family obligations. But CREI Home Study Programs make it pos-
sible for you to get the additional education you need without
attending classes. You study at home, at your own pace, on your
own schedule. You study with the assurance that what you learn
can be applied to the job immediately.

CREI Programs cover all important areas of electronics including
communications, servo-mechanisms, even spacecraft tracking
and control. You're sure to find a program that fits your career
objectives.

You're eligible for a CREI Program if you work in electronics and
have a high school education. Our FREE book gives complete
information. Airmail postpaid card for your copy. If card is de-
tached, use coupon below or write: CREIl, Dept.1124 E, 3224
Sixteenth Street, N.W., Washington, D.C. 20010.

Founded 1927 TN T PP T PO T

CRET

Accredited Member
of the National Home Study Councll

)
<

— |

192 19674 Fortreth
| Anniversary

The Capitol Radio Engineering Institute
Dept. 1124 E, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

Please send me FREE book describing CREI Programs. | am em-
ployed in electronics and have a high school education.

NAME AGE

ADDRESS

CITY STATE ZIP CODE

EMPLOYED BY

TYPE OF PRESENT WORK [J GI BILL

1 am interested in [ Electronic Engineering Technology
[ Space Electronics [J] Nuclear Engineering Technology
[1 industrial Electronics for Automation
[ Computer Systems Technology

1 i e o e e . e i s e e e e e e e e e )
e ————— e ——— )

APPROVED FORVETERANS ADMINISTRATION TRAINING
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PRODUCT REPORT

“Knight-Kit'" Model KG-640 V.0.M.

For copy of manufacturer’s brochure, circle No. 27 on Reader Service Card.

Hesss - ssas

HE new “Knight-Kit” Model KG-

640 is this kit manufacturer’s finest
volt-ohm-milliammeter. This is the first
v.o.m. in kit form that we have seen
that uses an excellent mirrored-scale
taut-band meter movement instead of
the more common pivot, bearing, and
hairspring suspension system for the
moving coil and pointer assembly. The
taut-band movement will withstand se-
vere shocks and has excellent repeat-
ability of meter readings over very long

periods of time. What is more, the
movement is protected against over-
loads of more than 1000 times by the
pair of diodes shunted across it (see
diagram).

Another unique feature of the instru-
ment is the very large number of
ranges available for use. There are no
less than 57 ranges in all. These are
made possible by the use of a “VA 2"
switch that cuts in half the full-scale
readings on the various d.c. voltage
and current ranges and a.c. voltage
ranges. This effectively doubles the
number of these ranges. The lowest
d.c. voltage range is only 0.8 volt full
scale, which permits the user to mea-
sure the low emitter-to-base voltages
in transistor circuits. The highest volt-
age range is 4000 volts, a.c. or d.c,
while the highest current range is 16
amperes d.c.

The sensitivity of the v.o.m. is 20,-
000 ohms ‘volt on d.c. and 10,000
ohms,’volt on a.c. All the multiplier re-
sistors used are 1% carbon-film types
and the over-all meter accuracy is rat-
ed as within 3% of full-scale on d.c.
and within 5% of full-scale on a.c. A
standard “C” cell and four standard
penlight cells are used for the ohm-
meter circuits.

METER
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As an indication of the simplicity of
construction and the accuracy of the
assembly instructions, the writer’s 13-
year-old son was able to put the kit
together in just under 8 hours and end
up with a perfectly functioning instru-
ment. The accuracy of the completed
v.o.m., incidentally, was found to be
far better than the manufacturer’s specs
given above.

The price of the “Knight-Kit” KG-
640 is $39.95 in kit form or $59.95 ful-
ly assembled. The instrument is avail-
able from Allied Radio. A

Dynamics Model 501
D.C.-A.C. Millivoltmeter

For copy of manufacturer’s brochure,
circle No. 161 on Reader Service Card.

NEW solid-state instrument for
laboratory and field use is the
Model 501 portable d.c.-a.c. millivolt-
meter just introduced by Dynamics In-
strumentation Co. Full-scale ranges
from as low as 1 mV to 1000 volts are

provided at an accuracy of 1% on all
d.c. ranges and 2% on a.c. The meter
movement used is a 7.2-inch mirror-
backed, taut-band Weston. Frequency
response on a.c. is from 1 Hz to 100
kHz and there is a panel-mounted me-
ter-damping switch to facilitate read-
ings below 10 Hz. Without the use of
this switch, the meter pointer would
try to follow the incoming low-frequen-
cy a.c. wave and reading would be
difficult.

Since the instrument operates on six
ordinary “D” cells, preferably of the
heavy-duty type, it is completely port-
able and ideal for field use. At least
500 hours of operation are obtained
from the batteries which operate at an
8-mA discharge rate.

The d.c. scales are all zero-center
types while the a.c. scales are the usual
left-zero types. The input impedance
is 1 megohm and the input terminals
are fully isolated for two-terminal or
fully guarded differential voltage read-
ings. Output terminals are provided at
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low impedance so that an external re-
corder can be readily driven by the
instrument.

The basic block diagram of the unit
is shown here. The clamp diodes pro-
tect the amplifier circuit against dam-
age if excessive input voltages are ap-
plied. The preamp circuit consists of
three cascaded differential gain tran-
sistor stages which drive a class-B out-
put stage. The input stage is driven by
a source follower consisting of a dual
field-effect transistor. The buffer am-
plifier contains two cascaded differen-
tial gain stages which drive another
class-B output stage. The circuit of the
meter amplifier is similar except for the
feedback arrangement which includes
the meter itself in the d.c. function.
Four a.c. crystal diodes are inserted
into the meter circuit.

The Model 501 millivoltmeter is the
first of a new line of instruments be-
ing introduced by the company. Other
models will permit measurement of
microvolts, microamperes, and ohmns.
All units are designed to operate on
both line power as well as on batteries

AC. D.C.
o

BUFFER
AMP,

[

I( PREAMP

I INPUT ATTEN. x |
CLAMP
DIODES

AAMAAA

L AAAAAA

ZERO-

OFFSETTING
CIRCUIT

A.C.ZERO

and to provide =1% accuracies using
the same basic meter movement. The
Model 501 is priced at $395 and is
available directly from the manufac-
turer. A

METER
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Jensen Tools Model SC-4 Transistor Tester
For copy of manufacturer’s brochure, circle No. 28 on Reader Service Card.

HIS new test instrument is for the

circuit designer, test technician, or
service engineer who must make rapid
“g0.'no-go” evaluations of semiconduc-
tors while thev are still in the circuit.
The Jensen Tools & Alloys SC-4 hand-
held tester checks eut-off and conduc-
tion characteristics of p-n-p and n-p-n
transistors and all diodes.

The SC-4 consists of three parts—a
battery holder at the rear; a central
housing incorporating the electronie cir-

cuitry, indicator light, and selector
| |
I 3r
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switches; and a forward pickup section
consisting of three spring-loaded pins
with TO-5 spacing. The entire unit
weighs only 6 ounces and measures
9” long by 1%4” diameter. All power
is provided by an inexpensive 3-volt
dry battery built into the tester.

To use the tester, the operator press-
es the sharp spring-loaded contact pins
against the transistor’s printed-circuit
connections. Cut-off is determined by
simply noting the pilot light on the
tester (light off, transistor cut off prop-
erly; light on, transistor shorted emit-
ter to collector). Conduction is then
tested by pressing the tester’s push-
button and again noting the pilot light
(light on, transistor conducting proper-
ly; light off, transistor shorted emitter
to base). Thus, each transistor is made
to cut off and conduct without being
removed from its circuit. A special ex-
tending lead and set of clips are fur-
nished to make the connections to
transistors not using TO-5 pin spacing.

Diodes are tested in a similar fashion

B VALUABLE books from E.&E.

| NEW! 17th EDITION OF THE FAMOUS
| RADIO HANDBOOK

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 832 pages.
Order No. 167, only.........ccocvunn.. $12.95

RADIOTELEPHONE LICENSE MANUAL
Helps you prepare for all commer-
cial radiotelephone operator’s
license exams. Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-

tor’s license. 200 pp. Order No.030,0nly $5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOX, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZL1IAAX. Cqvers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, 0nly......covvvvviiunnnen $5

Order from your electronic parts
distributor or send coupon below.

EDITORS and ENGINEERS, Ltd. |l

IRANSISIOR
RADK) HANSBOLR

.00

.

P.O. Box 68003, New Augusta, Indiana, Dept. fWE-2 |
Ship me the foilowing books:

|
|
I O No. 167 [0 No.030 [ No.044 § encl.l
{ Name :
| Address, ]
| City. State Zip I

LEARN TECHNICAL\

WRITING

for prestige, high pay,
advancement

WRITE YOUR WAY TO SUCCESS. Erec-
tronics, aerospace, glamour industries need
trained writers now. Technical Writing is one
of the highest paying careers NOT requiring
college. The demand for trained wiiters is
growing with thowsands needed in all areas.
ATWS WILL TRAIN YOU AT HOME AT
1.OW COST. ATWS home training is fast mov.

& ing, fascinating, easy-to-follow. Includes
everylhing you need te become a top-nolck Tech Writer. Low cost. Send today
for free career hook and sample lesson. No salesman will call. APPROYED
FOR VETERANS.

AMERICAN TECHNICAL WRITING SCHOOLS, Dept. EW-27
5512 Hollywood d, Hollywood, California 90028 /

COMPLETE TUNER
OVERHAUL

ALL MAKES
ALL LABOR

Send complete tuner now ... or wrile for full infor-
nution and mailing labels. Exchanges on luners

unfit for overhaul from $£12.95

CASTLE TV TUNER SERVICE
MAIN PLANT: 5717 N, Western Ave., Ghicago 45, Illinois
EAST: 41-94 Vernon Blvd., Long Island City 1, New York
Castie TV Services, Ltd. . . . Nalion-wide service.
(ANADA‘ For service in Conada wrile to Chicago [i r . «tails,
* Canodian address, and mailing kit.
*Majar parts are charged exlra in Canada
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s 69 Technical Sessions at the New
York Hilton. Hours: Mon, 9:30-12:00
a.m.; 2:00-4:30 p.m, — other days
9:00-11:30 a.m.; 2:00-4:30 p.m.

FOUR COMPLETE FLOORS OF EX-
HIBITS at the New York Coliseum
including over 700 firms, Hours:
10 a.m.-8 p.m. 4 Days.

Gala Annual Banquet — Wednesday

7:15 p.m, New York Hilton Grand
Ballroom — $15.00

& IEEE conv

) EXHIBITS
NEW YORK 1
COLISEUM ~'

TECHNICAL
SESSIONS

NEW YORK HILTON

Monday | MARCH
through | 20-23
Thursday | 1967

+ Free shuttle busses between the
Hilton and the Coliseum — every
few minutes,

Registration — IEEE Members $2.00
Non-members $5.00 Ladies $1.00
High School Students $2.00 if accom-
panied by an adult. One student
per adult Monday through Wednes-
day. Thursday only — Ilimit of 3
students per adult. Good for alt days
— Technical Sessions and exhibits,
In and out privileges.

‘67 International
ENTION / EXHIBITION

CIRCLE NO. 110 ON READER SERVICE CARD

Fill in covpon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values, Credit plan
available,

NAME
ADDRESS
cry

STATE 4| J—

\f you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS, INC.

CIRCLE N¢ 99 ON READER SERVICE CARD CIRCLE NO. 108 ON READER SERVICE CARD

and are made to conduct and cut off
in their circuits in order to determine
their condition. A special diode adapter
is provided with the tester.

The tester may be used with any
transistor capable of withstanding a
collector current of 10 mA, a collector-
emitter potential of 3 volts, and an
emitter-base potential of 1 volt. It may
be used with any diode capable of
withstanding a forward current of 10
mA and a reverse potential of 3 volts.
When checking transistors mounted in
the circuit, the external resistance of
the emitter-base circuit must exceed
1000 ohms for silicon transistors and
600 ohms for germanium devices. To-
tal resistance of the emitter-collector
and base-collector external circuits (tak-
en as being in parallel) must exceed
1000 ohms. When checking diodes con-
nected in-circuit, the external resistance
of the circuit must exceed 1000 ohms.

The SC-4 transistor tester is priced
at $89. A

NEW SOUND PICKUP
FOR WIND INSTRUMENTS

ESIGNED for use with most wind and

brass instruments, the new sound
pickup shown below on the bell of a sax-
ophone, is plugged directly into a musi-
cal instrument amplifier. In this way, the
output of alto or tenor saxophones,
trumpets, cornets, and trombones can
be electronically amplified to produce
greater sound volume. The pickup is
especially effective in small combos.

The pickup consists of a specially
mounted crystal microphone element
with a 1-meg volume control connected
across it. Because of the mounting and
grille that are used, the very high fre-
quencies are filtered out so that the me-
chanical sounds of the instrument’s keys
are not amplified.

To use the pickup, which is manufaec-
tured by Koss, it is only necessary to
hang the felt-covered ends of the frame
over the instrument bell; the bottom leg
of the frame is simply bent baek to hold
the pickup securely in place. It is not
necessary to drill or otherwise damage
the musical instrument. A
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Computers
(Continued from page 52)

parison with other input-output devices.

Teleprinters, operating with either
Baudot or ASCII codes, may be con-
nected to computers either directly
or through standard telephone lines
(by use of special digital data sets at
each end of the line). Thus they allow
a user in New York to communicate
with a computer in Los Angeles and
permit nationwide networks of users
to share a single computer. With spe-
cial controller units at the computer,
all users may communicate at ap-
parently the same time (actually, the
computer communicates with only one
at a time but switches from one to an-
other so rapidly that the users are not
aware of the changing).

The teleprinter keyboard is virtually
identical to that of a typewriter, so
that anyone can provide computer in-
put through this channel. The print-
out provided is also similar to that of
a typewriter except that only capital
letters are used.

Aside from the slow speed, the sec-
ond greatest disadvantage of the tele-
printer as a communications device is
the vast amount of paper consumed
(which must be disposed of in some
manner). Even a brief bout with a
program can result in a printout five to
ten feet in length—before any usable
results are obtained.

To overcome this problem, a num-
ber of manufacturers have developed
“buffer displays” or “video display units”
which operate in essentially the same
manner as a teleprinter, except that
the output is shown on a CRT screen
rather than being printed on paper.
This is known in the computer industry
as “soft copy” (a paper print is “hard
copy”). When the screen becomes
cluttered with data, it can be erased
and communication continues with a
clear screen. Among industry leaders
offering such units are IBM, RCA, Gen-
eral Electric, Raytheon, and Strom-
berg-Carlson.

Summary

Essentially, then, communication
with a computer is accomplished by
first coding alphabetic and numeric
symbols into binary numbers so that
the computer can make use of it. With-
in the computer, certain numbers in
the “program” part of the memory
cause similar numbers in the “data”
portion to be manipulated. At the
completion of the program, numbers
in the “output” sub-part of the “data”
portion of memory are either recorded
into a symbolic code for most output
devices, or transmitted directly to such
devices as the printer and card punch.
Finally, the all-number code (whether
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At 300 rpm all you can hear is the music.

Most turntables utilize motors that operate at 1800 rpm. The new Sony Servo-
Controlled TTS-3000 employs a motor that provides optimum torque at 300 rpm.
The slower the motor, the less chance of rumble-producing vibration intruding

upon your record-listening pleasure.

For precise speed-regulation, Sony employs the first precision servo-controlled
motor ever used in a turntable. No rumble, no noise, precise speed, beautiful music
from the Sony TTS-3000, $149.50 (base extra).

For the finest playback system. add the Sony VC-8E moving coil cartridge, $65
and the PUA-237 professional arm, $85. Prices, suggested list. At your Sony high
fidelity dealer. Sony Corporation of America, Dept, H, 47-47 Van Dam Street,

Long Island City, N.Y. 11101
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LOOK! A NEW
&

ELECTRONICS
SLIDE RULE

with complete
instruction program

‘Here’s a great new way to solve electronic
problems accurately, easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Sfide 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 to whip through

ELECTRONICS
) Elm
SLIDE RULE

et et

Cleveland Institute
of Electronics
| 1776 E. 17th St., Dept. EW-135 Cleveland, Ohic 44114

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

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 illusirated booklet and
FREE heavy vinyl Pocket Electronics Data
Guide. Cleveland Institute of Electronics,
1776 E. 17th St., Dept, EW-135, Cleveland,
Ohio 44114.
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cAudio-(Golor

Lets you see your music

ASSEMBLED KIT FORM
$54.95 $44.95
$5 DOWN — $5 MONTH

Wainut finished cabinet included
Shipped REA Collect

Easy to build, easy to install. All transistor
AUDIO-COLOR adds a visual dimension to mu-

sical enjoyment. A brilliantly moving panorama

of color casts dancing images on a soft frosted |

screen, reflecting rising and falling volume with
each beat of the music. Here's a truly unique
and exciting new musical experience. Make
check or money order to CONAR.

SEND FOR FREE CONAR CATALOG

CONAR Diviston of National Radio Institute

Dept. BB7C, 3939 Wisconsin Avenue, Washington, D.C. 20016

"Noise

The World’s Most
Trusted Name Brand

® VOLUME CONTROL & CONTACT RESTORER
@ TUNER-TONIC with PERMA-FILM
® EC-44 FOR ELECTRICAL CONTACTS
@ TAPE-RECO HEAD CLEANER
® FRIGID-AIR CIRCUIT COOLER
All Guaranteed Non-Flam-

mable, No Carbon-Tet, Non-
Toxic & Won't Affect Plastics

The Only Brand Perfect For
Color TV and Black & White

FREE extender assembly for pin-
point application supplied with
ALL NO-NOISE PRODUCTS.

Electronic c hemical CIer.

813 Communipaw Ave. / Jersey City, N. 1. 07304
CIRCLE NO. 115 ON READER SERVICE CARD

in machine language or in symbolic
code) is decoded back into alphabetic
and numeric symbols for the benefit
of the user.

While it is possible to communicate
with a computer directly in its own
binary language by use of the console
switches and indicator lights, the mul-
tiple-coding communication techniques
add vastly to the speed of operation.
Since all the coding is accomplished
by machine (or mechanical means
such as the self-coding keyboard of a
teleprinter or video-display unit), the
user gains speed by being able to com-
municate in symbols which are famil-
iar to him and the computer gains

speed by not having to wait for the
user.

Present communications techniques
are still short of the ultimate. Bell
Telephone Labs has demonstrated a
device which recognizes spoken words
and converts them into computer mna-
chine language. A number of firms
make units which re-convert machine
language into speech (most are based
on the principle of the time-by-tele-
phone machines used in all parts of
the country). Perhaps the day will
soon arrive when an article of this na-
ture must be titled “How to Talk to a
Computer—and How to Listen to Its
Replies”. A

Radar Signature Analysis
(Continued from page 25)

| By using appropriate formulas and by

counting the number of lobes in one
period, one can find the length and ra-
dius of the object.

Reentry Body Study

Besides satellite target recognition,
signature analysis is being used to study
reentry bodies. When a reentry vehicle
enters the atmosphere, the shock waves
formed by the vehicle cause a plasma
sheath—a concentrated layer of elec-
trons—to be formed on the vehicle. The
plasma sheath has a drastic effect on
the cross-section—the reentry vehicle
may show a significant increase or de-
crease in cross-section compared to its
cross-section as measured in free space.
The ionized field—called the “wake”—
which trails behind the vehicle will
show similar effects. Using signature

analysis, we can then determine how
the vehicle is being affected by reentry.

In the military area, anti-radar sig-
nature devices (decoys) use built-in
electronics to reshape the returning
radar echoes so that a small, inexpen-
sive decoy can “look” like a larger re-
entering vehicle.

A more important use of signature
analysis is to be able to determine
which reentry bodies are enemyv war-
heads and which are merely decoys in
the mass of reentry bodies. Since the
warhead must be identified in tiine for
us to take defensive action, a computer
is necessary. A computer, however,
tends to take things too literally: if a
return differs only slightly from the de-
scription which was given to it, the
computer will not recognize the object.
But with new computers which are
capable of learning and with improved
optical techniques for pattern recogni-
tion, perhaps this problem is closer to
solution. A

Satellites such as Mariner |V have a more complicated radar
signdature on account of the solar-cell paddles that are used.
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Electronic Guitar System
(Continued from page 26)

put, or 20 watts of continuous power
output. The latter two figures are at
the EIA standard of 5% harmonic dis-
tortion.

The unit employs two special-re-
sponse twelve-inch speakers. The power
supply can be wired for either do-
mestic 120-volt 50- or 60-Hz sources,
or for export 240-volt 50- or 60-Hz
sources. A line-bypass reversing switch
(which also acts as an on-off switch)
can be used to select the side of the
power line which provides the least
hum—an important feature for elec-
tronic guitars with their magnetic
pickups.

Tube amplifiers are still commonly
offered in the guitar industry, but this
amplifier is an all-solid-state design
with a fail-safe complementary transis-
tor output circuit. The dependability,
cool operation, and low microphonics
of transistors make them most de-
sirable for rugged portable service.

Tremolo Circuit

The tremolo section of the TA-16
amplifier employs an interesting new
circuit (Fig. 2). It uses a light-de-
pendent resistor (LDR) which can be
found in the lower right-hand corner
of the amplifier schematic. The LDR
unit consists of a low-current lamp
and a light-dependent resistance ele-
ment. The value of the resistance varies
with the brightness of the lamp-—as
the lamp glows brighter, the resistance
decreases; as the lamp dims, the re-
sistance increases.

The basic tremolo frequency is de-
veloped in transistor Q12 which is con-
nected as a subsonic phase-shift oscil-
lator, The frequency can be varied
from approximately 4 to 14 Hz by the
rate control. The amplitude of the
oscillator frequency can be varied by
the depth control. The signal is then
coupled through a 2-4F capacitor to
the base of tremolo-modulator tran-
sistor Q13. Transistors Q12 and Q13
are connected to a common emitter
resistor to provide additional positive
feedback for sustaining oscillation.

Transistor Q13 draws collector cur-
rent through the lamp element in the
LDR unit, causing the lamp to glow.
Since transistor Q13 is amplifying the
tremolo oscillator signal, the collector
current will follow this signal, causing
the lamp in the LDR unit to glow
correspondingly brighter or dimmer.
The resistance of the LDR will vary in
the same way, from a very low to a
very high resistance. Since the LDR
is connected between the reverb-chan-
nel signal path and ground, its resistance
variations will modulate the signal with
the low-frequency tremolo signal. A
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INTRODUCING THE NEW

Sehober
| Theate Organ

Build it yourself and
save over 50%

The only Theatre Organ available in kit form —for only $1350.

You’ve asked for it and here it is — the NEW
Schober THEATRE ORGAN that you as-
semble yourself. For the first time in kit form,
a real Theatre Organ with that rich, full, old
time theatre pipe organ sound. You create
the organ, then you create the music!

For years you've been able to buy organs in
kit form from Schober: The Recital (fully
AGOQ), the Consolette II (the best spinet
organ available today) and the Spinet (for the
most music at the lowest price). Now to join
them, we present the Schober Theatre Organ,

The Schober Theatre Organ has the same
quality features found on all Schober Organs,
and in addition...special voicing, curved
console design, two 61-note keyboards, 2-
octave radiating pedal clavier, 8 octaves of
tone distributed over 5 pitch registers (includ-
ing a 1-foot register!), 35 speaking organ
stops, 8§ realistic percussion stops, 4 couplers,
and vibrato tablet—48 tablets in all. And all
at a truly remarkable low price...you save
over $1,500 (well over 50%) from comparable
theatre organs.

Easy Step-By-Step Instructions.

You'll enjoy assembling this authentic and
versatile instrument from transistor and mini-
ature components too. Just follow easy step-
by-step instructions written in everyday lan-
guage which anyone can understand. You’ll
have an unequaled pride when you’re finished
that only can come from assembling it yourself.

And you'll have an organ you can learn to
play easily and quickly—just follow one of the
self teaching courses available from us.

The Theatre Organ price starts at $1,350,
depending on the options you select. This
price includes a beautiful walnut console
(other woods available) or you can save an
additional amount by building your own from
plans available from us. Options available
include combination action, genuine reverber-
ation, percussion, and amplifiers and speakers.

THE %M 0 CORPORATION

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

A COMPLETE THEATRE ORGAN!

All you do is have the fun of assembling
it from kits and detailed, step-by-step
instructions.

Includes console, keyboards, bench, ped-
als, electronics—everything you need ex-
cept amplifier and speaker system, which
are extra—or use your own. Percussions,
combination action, and reverberation are
options.

Features fully transistorized electronics,
regulated power supplies, all printed cir-
cuit construction and gold switch contacts.

Combination Action Ten buttons select
preset combinations of stops—actually
move the stop tablets as in fine pipe organs
—to give instant total changes of tonal
effects. You can alter the preset combina-
tions any time you like. Action is brand
new electro-pneumatic type — silent, de-
pendable.

Percussion Eight percussion stops pro-
vide exciting realism. Celesta, harpsichord,
piano, mandolin, xylophone, chrysoglott,
orchestral bells, single or reiterating, are
played just like the real thing—and sound
that way —alone or along with regular
organ stops.

Uncompromising Organ Quality
from Easy-to-Assemble Kits

Free Information. Send today for your free’
copy of Schober’s 16-page full-color booklet—
plus free 7” recording—with full information
on all Schober Organs, priced from $550.
rThe Schober Organ Corp., Dept. RN-47 3
| 43 West 61st St., New York, N. v. 10023 |
‘ [ Please send me Schober Organ Catalog and I
FREE 7-inch “‘sample” record.
| [ Enclosed please find $2.00 for 12-inch qual- I
ity LP record of Schober Organ music. |
l ($2.00 refunded with purchase of first kit.)

I Name |
| AdAress....cueumeccesssssssimisisensscsssismsssssssss |
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Scope Sweep Generator

By ROBERT G. TEETER / RF Communications, Inc.

Construction details on an inexpensive time-mark generator
for calibrating the horizontal sweep of an oscilloscope.

oscilloscope is impossible if the scope’s horizontal

sweep (trace) is uncalibrated. The horizontal sweep
can be calibrated by a time-mark generator. Although a
professional time-mark generator costs about $300, the sim-
ple time-mark generator covered in this article can be built
for substantially less than this amount.

This time-mark generator has outputs at known frequen-
cies and when the frequency is accurately known, the peri-
od in microseconds along the scope trace can be calcu-
lated. Table 1 indicates the relationship between frequency
and time for this generator.

A scope’s horizontal sweep can be calibrated in one of
three ways. The first and most useful is in microseconds-
per-centimeter, Other, less-common markings, are micro-
seconds-per-inch, or frequency, which is uncalibrated. With
a known frequency signal any scope’s horizontal sweep can
be calibrated with great accuracy by merely adjusting the
variable sweep speed until a known number of timing inter-
vals occupies a specific distance on the screen. Any scope
sweep non-linearity will also be displayed.

In this time-mark calibrator, thirteen transistors are used
to provide accurate calibration points of 1, 5, 10, 100, 1000,
and 10,000 microseconds duration.

As shown in Fig. 1, a 1-MHz crystal oscillator (Q1) fur-
nishes an accurate l-microsecond timing output via Q2 to
point “A”. A one-shot multivibrator {Q3-Q4), adjusted for
a division of five, furnishes an accurate 5-psec output at
point “B”. Division-by-two is accomplished in flip-flop Q5-
Q6 to produce a 10-usec output at point “C”, Division-by-
ten can now be accomplished with unijunction transistor
stage Q7 to produce a 100-gsec output at point “D”. Two
more divide-by-ten circuits, Q8 and Q9, have outputs of
1000 psecs at point “E” and 10,000 usecs at point “F”,
respectively.

Accuracy is inherent in this design. The crystal provides
the primary accuracy and any error is too small to be ob-
served on a scope. All of the other outputs are obtained by
division from this stable source. A word of caution—divi-
sion in the last three stages will be correct only if the load-
ing of the unijunction emitters remains constant. For this
reason, an emitter follower, Q12 and Q13, has been added.

MEASURING time or frequency accurately with an

Table 1. The relationship between frequency and time for the
various output waveforms of the simple scope sweep calibrator.

TEST POINT FREQUENCY TIME
A 1 MHz 1 psec
‘g 200 kHz 5 usecs
"e 100 kHz 10 usecs
“D" 10 kHz 100 psecs
E" 1 kHz 1000 usecs
i 100 Hz 10,000 gusecs
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If your scope does not have a 10-megohm vertical amplifier
input impedance, then the emitter follower should be used
as part of the testing procedure. The emitter follower is a
Darlington configuration with a calculated input impedance
of about 14 megohms. It exhibits no measurable loading to
any of the circuits.

Parts required to build this generator are standard but
a high-beta, high-f, transistor should be used for the high-
er frequency circuits. Placement of the parts is not critical
although short leads should be used.

The addition of regulator R8 and Q10 and Q11 will re-
sult in greater stability. The emitter-base junctions of the
2N3638’s are used as a low-cost zener diode, If a regulated
supply or a mercury battery is used, the regulator would
not be required, and could be omitted.

Waveforms

When power is applied, the waveform of Fig. 2A will be
present at the collector of Q1. The purpose of buffer Q2 is
to provide a sharp falling edge for triggering the following
divide-by-five counter. The waveform of Fig. 2B will be
present at the collector of Q2 and point “A”. The trailing
edges of this waveform are 1 psec apart. Transistors
Q3 and Q4 make up a one-shot, divide-by-five circuit. Q3
is normally “on” (“on” is defined as the transistor in con-
duction while “off” is when it is not). A negative pulse
coupled through C6 and D1 turns Q3 “off” causing Q4 to
go “on”. Since the voltage across capacitor C8 cannot
change instantaneously, the base of Q3 is forced approxi-
mately 10 volts below the emitter. Capacitor C8 is charged
by R11 and R12 in series and, when approximately 0.6
volt is reached, Q3 turns “on” removing the base drive from
Q4. Control R12 is adjusted so that the time required for
this complete cycle is five pulses of the input. Fig. 2C shows
the collector waveform of Q4 at point “B”, while Fig. 2D
shows the waveform at the base of Q3. The waveform at
the collector of Q4 is 5 usec per cycle.

Division-by-two is most easily accomplished with a flip-
flop. Transistors Q5 and Q6 make a simple flip-flop, with
D2 and D3, the triggering diodes. Since R16 and R17 form
direct paths from opposite collectors to opposite bases,
the flip-flop will remain stable until a change is triggered
by the falling edge of the Q4 output waveform. The wave-
forms of this flip-flop will be affected by subsequent load-
ing, so C13 and R22 should be connected before testing.
Fig. 2E shows the waveform present at the Q6 collector and
point “C”. This waveform is 10 usec per cycle, or 100 kHz.

Division-by-ten can be accomplished at lower frequencies
using a unijunction transistor. Capacitor C13 couples the
pulses from Q86 into base-2 of Q7. The combination of C14
and R20 and R21 form a time constant equivalent to a fre-
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R1—27,000 ohm, 14 W res.

R2, R6, R13, R14, R18—10,000 ohm, 1/, W res.
R3, R4—2200 ohm, V2 W res.

R5—100,000 ohm, 14 W res.

R7—15,000 ohm, Y2 W res.

R8—100 ohm, 145 W res.

R9, R29—4700 ohm, 12 W res.

R10—39,000 ohm, 14 W res.

R11, R21, R24, R27—47,000 ohm, 2 W res.

Fig. 1.

R12, R20, R23, R26—100,000 ohm pot

R15, R16, R17, R19—22,000 ohm, 14 W' res.
R22, R25, R28—470 ohm, Y2 W res.

C1—220 pF capacitor

C2—82 pF capacitor

C3, C18—0.1 uF capacitor

C4, C6, C9, C10, C11, C12—100 pF capacitor
Cs, C13, C14, C15, C17—1000 pF capacitor
C7—330 pF capacitor

C8—33 pF capacitor
C16—0.01 pF capacitor
S1—S8.p.6-pos. rotary switch
8§2—S8.p.s.t. switch
Xtal—1 MHz crystal
D1, D2, D3—1N277 diode
Q1, Q2, Q3, Q4, Qs, Q6,

Q12, Q13—2N3394 transistor
Q7, Q8, Q9—2IN2646 transistor
Q10, Q11—2N3638 transistor

Schematic and parts list for scope sweep calibrator, Regulator transistors Q10 and Q11 can be omitted if a regu-

lated power supply or mercury battery is used. Each lettered output is connected to the appropriate terminal of switch S1.

quency of 10 kHz. Both C15 and R25 should be connected
since they present a load to Q7. Potentiometer R20 is ad-
justed until 10 pulses at the Q6 collector result in one saw-
tooth at the emitter of Q7, as shown in Fig. 2F. This saw-
tooth is 100 usec per cycle or 10 kHz.

Division-by-ten is accomplished twice more in exactly
the same way by unijunction oscillators Q8 and Q9. Out-
puts are 1000 gsecs per cycle (1 kHz) and 10,000 usecs
per cycle (100 Hz), respectively. The waveform is identical
to Fig. 2F except the wsec/cm scale
becomes 100 and 1000 respectively.
Fig. 2G shows the waveform at base-2

of each unijunction transistor. al COLLECTOR

W

[ CM AT 1 WSEC/CM

How to Use

The generator output is connected to
the scope vertical input and the scope
is set to trigger on negative peaks. If
the scope has provisions for external
triggering, then the generator output
can also be connected (in parallel)
this terminal and the sweep set for
negative triggering.

The scope graticule should be cali- _ ¥
brated in ceuntimeters along the hori- ez o
zontal axis (one centimeter equals AT 5 WSEC/CM
0.3937 inch). {E)
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Assume that it is desired to calibrate the scope to 1
usec ‘cm. Set the generator S1 to position “A”, and adjust
the scope sweep until one complete waveform (Fig. 2B)
occupies one centimeter division. This distance, and all
equivalent marked distances along the sweep, are now
calibrated at 1 psec per centimeter. The same centimeter
divisions can be used to set the sweep to any desired value
as selected by S1, and the corresponding waveforms of
Fig. 2. A

Fig. 2. Waveforms present in the generator. See text for explanation,
Q2 COLLECTOR

Q4 COLLECTOR
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For almost 20 years, in every corner of
the world, the name PHOTOGRAPHY
ANNUAL has meant just one thing: photo-
graphic excellence. The 1967 edition will
show you why. it's the best yet. A brilliant
coliection of the year's most stimulating
photographs, taken by the world's most
gifted photographers and painstakingly
selected by the editors of Popular Photog-
raphy.

Over 200 exciting pages of superb, pro-
vocative pictures — magnificently repro-
duced in stunning color and dramatic
black and white—and described in full
technical detail to help you improve your
photographic skills.

No wonder the PHOTOGRAPHY ANNUAL
becomes a collector’s item as soon as it
goes on sale . . . why it outsells by far any
similar publication in the field . . . why
you'll turn to it again and again, month
after month, year after year.

Order your copy now only $1.50

Get the Handsome LEATHERFLEX-
COVERED EDITION for just $3 P.P.

PHOTOGRAPHY ANNUAL is also avail-
able in a splendid deluxe edition.
Rugged Leatherflex cover provides
lasting protection yet is softly tex-
tured and gold-embossed for the
look of elegance. A collector’s item

—a superb addition to your Library

of Photo Classics. And it's yours,

for just $3 postpaid, when you
check the appropriate box on the

order form. 2
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Electronic Saxophone
(Continued from page 30)

application were settled, the engineers
turned their attention to control func-
tions and the addition of the various
“effects” so easily available through elec-
tronic circuitry. The control unit for
the “Varitone” saxophone is mounted
on the instrument for easy accessibility
to the player’s right hand. Controls
can be adjusted without interrupting
the performance while fingering with
the left hand.

Controls include three knobs and
four tab switches, similar in function
to organ stop tabs. Rotating knobs
vary over-all volume, echo, and loud-
ness of the sub-octave. One of the
switches is for tremolo on/off, and the
other three control tone quality (“bright”
for upper frequencies, “dark” for low
frequencies, and “normal”). Upper and
lower frequencies are boosted or cut
approximately 10 dB in the correspond-
ing switch positions. An increase in
upper harmonic content adds a “reedy”
quality to the tone, while in the “dark”
position, the tone tends toward the sine
wave, which is more characteristic of
flute quality. The small control box
also contains tone-shaping circuits to
assure faithful reproduction of the saxo-
plione sound.

The preamp, power amplifier, power
supply, and speaker for the saxophone
are built into a separate cabinet. This
unit is placed on stage near the per-
former, a position similar to that of a
guitar amp-speaker. The preamp in-
cludes circuitry for echo (reverb),
tremolo, and sub-octave effects. Re-
verb and tremolo are produced by
circuits utilized in electronic organs.
Spring-type reverberation circuitry in-
corporates a time-delay network. Trem-
olo is based on an effect as close
as possible to the performer’s own
natural tremolo of about 4 Hz (in con-
trast with the 7 Hz in organ designs)
and may be varied from that frequency.

Sub-octave Effect

The most interesting and most diffi-
cult development associated with the
instrument is the “Octamatic” or sub-
octave effect, which allows the player
to add a note one octave below the
one he is playing at any desired volume
level. In effect, he doubles with him-
self. This is accomplished by selecting
the fundamental frequency of the note
being played and, through a triggering
and multivibrator circuit, adding a fre-
quency half that of the original.

In designing the “Octamatic” cir-
cuit, care had to be taken to trigger
this effect only with a fundamental
tone within the saxophone’s range. If
triggered by an overtone, the sub-
octave would not be half the frequency

of the basic tone and could even be a
strong discord. Therefore, the activat-
ing signal is processed to limit its fre-
quency spectrum to the fundamental
tones of the instrument. Also, the sub-
octave tone itself is voiced so that it
has its own distinctive sound identity,
different than but complementary to
normal saxophone quality.

A separate volume knob on the saxo-
phone controls the loudness of the “Oc-
tamatic” output. Once set, the loudness
of the sub-octave is constant regardless
of how loudly or softly the saxophone
is played. This enables the perform-
er to create unusual and interesting
effects. He can play loudly, almost
drowning out the sub-octave, and
then switch to a soft technique, letting
the lower tone stand out. An optional
foot-controlled switch permits the play-
er to switch the effect in and out
quickly as desired. The result is an
interplay of sound approaching that of
two different instruments.

Output of approximately one volt
from the preamp is fed into the main
amplifier, which incorporates a four-
transistor bridge output circuit. The
full bridge circuit develops 75 watts
continuous sine-wave output at low
distortion while having the advantage
of requiring lower power-supply volt-
ages. The entire circuit includes 21
transistors and 14 diodes. Silicon tran-
sistors are used throughout with the
exception of four germanium output
transistors.

Of supreme importance to the en-
gineers involved was the integrity of
sound produced. by the instrument’s
electronic components. The speaker
and enclosure design was a key factor
in this area. No new developments
were made, but we were swrprised that
many existing amplification systems for
guitars or accordians completely over-
look basic good-design principles in the
speaker systems they use. Many ampli-
fication systems have a large speaker
in too small an enclosure, or low-cost,
low-sensitivity speakers mounted in
open-back boxes.

The “Varitone” speaker is a specially
designed 12-inch unit with a heavy
ceramic magnet weighing over three
pounds. It is high in sensitivity and is
enclosed in a tuned box of proper size
to attain maximum effective power and
wide, balanced frequency range. Prac-
tical considerations of use and porta-
bility dictate limits on the size of the
speaker/tone-unit enclosure. For this
size enclosure and to properly repro-
duce the saxophone and sub-base tone,
optimum speaker size is 12 inches. A
larger speaker in this enclosure would
not improve the sound but would ac-
tually degrade it. A

(Note: Several existing and pending
patents apply to “Varitone” and “Octa-
matic” developments.)

ELECTRONICS WORLD



Electronic Ignition Systems
(Continued from page 49)

It is fairly easy to see just why the
capacitive discharge system (CDS) is
more appealing since the energy is de-
termined by the formula:

W= (% CV2.............. (18)
where: W is energy in joules (watt-
seconds); C is the storage capacitance
in farads; and V is the voltage to which
the storage capacitor is charged.

C and V assume quite reasonable
values in order to produce the neces-
sary 30 millijoules for the coil primary.

In analyzing the CDS, we again find
the two time intervals, £,,, and #,,, hav-
ing the same relationship as in egs. 5
and 6. During %,, the distributor points
are closed while during ¢,,, they are
open. However, there is a difference
between the CDS and two inductive
circuits discussed. For a CDS, during
t,. no current flows through the ignition
coil since the trigger input pulse is
shunted to ground, keeping the gate
turned “off”. At t,;, a positive trigger
pulse turns the gate “on”, thus dis-
charging the storage capacitor through
the ignition coil.

Fig. 4D illustrates ¢,/,, while Fig. 4C
approximates the 7,. circuit with the
interstage amplifier actually consisting
of an oscillator directly coupled to a
step-up transformer. In most cases,
these transformers are special low-in-
ductance, high-“Q” components since
they must operate at frequencies up to
several hundred hertz.

Eq. 11 again is the time constant for
t,;,. However, there is little or no
damping involved as is the case with
the inductive system. For our calcu-
lations, we shall keep C constant at 1 uF,
although the value of C may vary
from 0.33 to 1 uF, depending on the
manufacturer’s circuit. For L we shall
use the upper and lower limits of 10
and 1 mH, respectively. Using these
values in the previous equations, we
find that the electrical limitations of
t.;; far exceed the engine’s operating
range. For the 10-mH ignition coil we
would have to exceed 50,000 rpm in
order for the electronics to impair per-
formance, and for the 1-mH ignition
coil, this figure would be 160,000 rpm.

If the ability to discharge C through
L is not limited, let’s consider the prob-
lems of charging C to the required
several hundred volts via the interme-
diate stage of amplification. All this
must take place during ¢,, as seen in
Fig. 4C. The rectifier shown is actual-
ly a full-wave bridge. The special
transformer permits a maximum ef-
fective oscillation frequency of, tvpical-
ly, 400 Hz. Bearing in mind that the
stepped-up oscillations are sinusoidal
and full-wave rectified, we find that
the capacitor reaches maximum volt-
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age, V.., in about one-fourth of a
cycle or, in this case, about 0.6 milli-
second, Using t,, = 0.6 msec in the
previous equations, we arrive at a value
of alinost 17,000 rpm before the elec-
tronics circuit limits engine operation.
This, too, is considerably above prac-
tical engine operating speeds.

Most of the CDS circuits used have
charge-up oscillations somewhat pro-
portional to rpm, as the oscillations
themselves are triggered by the dis-
charge of the storage capacitor. The
efficiency of the system is improved
since most of the input power is dis-
sipated during capacitor charge-up,
i.e., one-fourth of the first oscillation.
Subsequent oscillations merely main-
tain the capacitor’s charge. This is not
the case with the inductive systems
since they constantly draw current dur-
ing t,,.

Finally, Fig. 6 shows the effect of
rpm on coil primary energy. Obviously,
all systems exceed the two convention-
al systems #3 and #4 over most of an
engine’s operating range except for the
lowest engine speeds. However, the
transistor systems (#1 and #2) are

consuming 120 peak watts against the

conventional systems (#3 and #4) 72
peak watts. The CDS also requires

about 72 watts, but in terms of average|.

power, it draws considerably less. Even

120 watts is not appreciable when|

compared to the battery’s almost 1 kW
of available power, and is of even less
concern once the engine is started and
the generator or alternator is produc-
ing the required power. It is interest-
ing to note that conventional system
#3 is the optimized version of a sys-
tem that is standard in a popular
American racing car whose engine is
designed to operate in the 7000-8000
Ipm range.

Fig. 6 leads us to the conclusion
that conventional systems do an ade-
quate job up to the 3000-4000 range
(65-85 mph for most cars). But re-

member that these are optimized re-:

sults. In actual practice, the circuit
energy would be about 20 to 50% less
than the values shown. Also, by merely
increasing the dwell angle, i.c., altering
the effective duty cycle, we can im-
prove the transistor ignition system’s
performance. In this case, we could
reasonably switch 12 amperes instead
of 10 by reducing R from 1.2 ohms to
1 ohm, thus obtaining an average en-
ergy increase of around 20% for the
same rpm. This assumes, of course,
that the switching transistor and coil
can handle the added current.

The CDS offers efficiency as well as
performance. There seem to be only
two drawbacks. Initial expense may
run two to three times that of tran-
sistor ignition systems and reliability
may be less since there are many more
components involved. A
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Electronic Music
(Continued from page 486)

be built for programmed composition is
the RCA synthesizer, illustrated in Fig.
10. A punched paper tape, much like
a piano roll, is used to specify a set of
parameters every 1/30 second. The
RCA synthesizer does not use voltage
control but employs passive component
switching to achieve the parameter var-
iations. This device is located in one
of the studios of the Columbia-Prince-
ton Electronic Music Center and has
been used for the realization of sever-
al important electronic-music composi-
tions. The high cost of the instrument
is one of the reasons why more devices
of this particular type have not been
built,

Using Voltage Variations

Instruments for programmed compo-
sition employing control-voltage varia-
tions are inherently less expensive than
those employing component switching

"and consist of a modest collection of

voltage-controlled devices and one or
more programmable control-voltage
generators. A simple programmable
control-voltage generator, called a se-
quencer, is based on a ring counter. A
block diagram of a typical sequencer is
shown in Fig. 9. Only one stage of the

ring counter is “on” at a time. A tim-
ing pulse tuns that stage “off” and the
next stage “on.” When a given stage is
“on,” it applies a fixed direct voltage
across one or more programming poten-
tiometers associated with it; when it is
“off,” the voltage across the potenti-
ometers falls to zero.

The voltages at the wiper arms of all
the programming potentiometers are
added by a d.c. adder circuit. All these
voltages are zero except the voltage of
the “on” stage; the sequencer output is
thus a voltage which changes from one
preset value to another upon receipt of
a timing pulse. The composer is able
to set the programming potentiometers
in advance to produce a given sequence
of parameter variations, and he can
produce the sequence simply by initiat-
ing the timing pulses. A control-voltage
sequence can further be used to control
a v.c.o. which is connected so that it
produces timing pulses, thus facilitating
the programming of event timing as
required.

Paper-Tape Programming

The sequencer can be pre-pro-
grammed for only as many events as
the number of sequencer stages, after
which it repeats the sequence. Thus,
the sequencer can eliminate much, but
not all, splicing. The next step in pro-
gramming capability is the continuous

CONTROL -
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+ QUTPUT
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Fig. 9. Block diagram of a simple control-voltage sequencer.

Fig. 10. The RCA synthesizer, located at the Columbia-Princeton
Electronic Music Center. The rolls of paper at the center of
the photograph are employed to program the entire instrument.
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programming of control voltages via
paper tape. We have used convention-
al 8-track paper-tape readers to pro-
gram passages of several thousand

sound gvents. The passage is recorded "H lNTEGHHIED m
in real time in its entirety, and this n
almost completely eliminates the neces- r :-_|

sity of splicing. Programmed composi- !“ l I

tion of fast, intricate passages via paper i = 5=

tape generally takes about one-tenth IE Vo E

the time of classical studio composition !

and, because the program is in digital ii'

form, is inherently accurate. The lead “__l "

photo illustr:lltes a portion of a typical u J
studio in which a simple paper-tape

reader is being used to progrfl)mpa bagk +H S C OTT m

of voltage-controlled oscillators and volt-
age-controlled amplifiers,

Using Compute
g Lomputers The 3rd Generation arrives!

A . : eq : : s .
cambii e e e ppgemine | INTEGRATED CIRCUITS NOW IN SCOTT RECEIVERS
veloped, is achieved by using a small | Brings stations you've never heard before to life with amazing clarity!
digital computer and a digital-to-analog

i ’ First tubes, then transistors and FET's . . . and now, incorporating the most
converter to produce the control volt- | jmportant technological advance of the decade, Scott's new 3rd generation
ages. The converter itself can be pro- | receivers . . . each with 4 Integrated Circuits! Scott Integrated Circuits are

grammed to accept coded information | designed into the 388 120-Watt AM/FM stereo receiver, the 348 120-Watt FM
from the computer and speeds the com- |stereo receiver, and the 344B 85-Watt FM stereo receiver. Now you can hear
position process to a point where it is | more stations with less noise . . . less interference from electric razors, auto
nearly as fast as composing traditional |ignitions, etc. Scott conservatlvely rates capture ratio of these new receivers
music in conventional notation. Prices |at 1.8 dB ... selectivity at 46 dB! And, you'll enjoy this amazing performance
of small computers are now in a region | for many, many years, thanks to the rock-solid rellablhty of Scott IC's. Your
such that programmed performances of Scott dealer will gladly demonstrate to you Scott. . .where innovation is a tradition

electronic music without tape recorders trf;gei?/sétr%undmg capabilities of these new SCOrI‘ l

are entirely feasible. , FREE ...fact-filled, fully illustrated booklel on Scott Integrated

Real-time performance instruments
based on voltage-controlled circuitry Circuits . . . simply circle Reader Service Number 100.
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have also been developed in recent
years and have been played in public

concerts of new music. The “ultimate” SAY YOU SAW IT IN

performance instrument, on which the

°
performer can produce any sound or EI i- W I d
combination of sounds in real time, is ec ro n Ics or
yet to be developed. The main prob-
lem is the design of manual-control de-

vices which permit the performer to
continuously specify all the parameters
of the sounds. This problem is one of per month ?

human engineering” and will undoubt-

edly take years of experimentation, on i i 2 2
the concert stage as well as in the lab- Diversify Conservative extra income Free

oratory, to solve completely. However, into booming from citizens band and pooklet tells

even the simple performance instru- two-way radio Busi : you how—see
i . ; usiness radio

ments which have already been built maintenance! e H coupon below!

have opened new musical horizons to
composers and performers alike, and a
new type of electronic music, composed
for live performance, may develop 105-B MICROMETER
apart from recorded electronic music. S

Note: The Independent Electronic
Music Center, a non-profit educational

205-A FM MODU-
LATION METER

i Tunable 25 to 500 MC any
membership corporation, engages in @“:"res nearby 'mns]'gg'e”' LAMPKIN channel. Direct reading.
several activities related to electronic K:’:" '""1";"5’ M°°ve";ge Light weight. Measures
music. One of these is the publication fo AP ccpendable low cost equipment peak swing 0-1.25, 2.5,

of the Electronic Music Review, ¢ quar- 'C’)"T"“; °°"b;°'°" used by thousands of enginaers 12.5, and 25.0 peak
terly magazine devoted to matters of $;9§ o0 pounds. KC. $340.00
interest to electronic-music composers, : (TTVI 2 (1 TR TIPS Al no obligation to me, please send me free

. . ) H g § booklet “’Haw to Make Maney in Mobile-Radio
engineers, performers, and listeners. cessory for the 03B for SEVIINYGINSS

Interested readers are invited to send 0.0001% accuracy on split-
for further information to the Inde- channels.

pendent  Electronic  Music  Center, LAMPKIN LABORATORIES, INC .
Tr-umansburg, New York 14886. A MFM Division, Bradenton, Florida 33505 ___________f_’ff___“_
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

OPERATIONAL AMP TESTER
The all-solid-state Model 130A operational am-
plifier tester is designed to test and characterize
most commercially available discrete-component

and integrated-circuit operational amplifiers. The
unit accepts plug-in adapters so that amplifiers
with different configurations can be tested.

The parameters measured include: d.c. output
voltage of the amplifier under test (at selected
load); the maximum swing of the output volt-
age; the input offset voltage; the offset current of
the inverting input; the offset current of the non-
inverting input; the differential offset current of
both inputs; and the d.c. voltage gain from the
summing junction to the output. Analog Equip-
ment

Circle No. 126 on Reader Service Card

TEMPERATURE-MEASURING KITS

The “Temp-Plate” is a unique temperature-
recording decal which provides a permanent irre-
versible reading and record of peak tempera-
tures. The product uses a spot of pastel-colored
chemical which turns irreversibly black when the
heat reaches the calibrated level of the tempera-
tures specified on the indicator.

The range of temperatures available is from
100°F through 1100°F, or the centigrade equiv-
alents. These are normally in 10°F gradients
throughout the range, and all carry a *1%
accuracy factor. Complete kits are now available
in a wide range of temperatures. William Wahl

Circle No. 127 on Reader Service Card

HIGH-POWER TRANSISTORS
A new line of two JEDEC-registered high-cur-
rent n-p-n silicon power transistors capable of
controlling and ‘or switching a collector current
of 100 amperes is now available in a 116" hex
package, double-ended for stud mounting.
Combined with the 100-ampere current capa-
bility is the ability to dissipate up to 350 watts.
The sustaining voltages are 80 V for the 2N4865
and 120 V for the 2N4866. Both devices have a
minimum cut-off frequency of 10 MHz.
The transistors have an hvy of 10 to 40 at 70
amperes and 5 at 90 amperes. Saturation voltage
is less than 2.5 V (collector to emitter) at 70
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amperes collector current with a base current of 7
amperes; it is less than 5 V at 90 amperes with
a base current of 18 amps. Total switching speed
at 70 amperes is 4 microseconds maximum. Both
transistors meet or exceed MIL-S-19500. Solitron
Circle No. 128 on Reader Service Card

TRIMMING POTENTIOMETER

A pew series of extremely rugged wirewound
trimming potentiometers, designed with a ring of
multiple contacts around the resistance element
to provide smooth, light, and even contact pres-
sure in all directions, is now available. During
adjustment, the multiple contacts make many
sequential contacts on each turn of the resistance
wire as the line of contacts moves in a spiral
motion. As a result, resolution is increased and
wiper contact is less than 20 ohms at vibration
levels in excess of 50 g’s.

Physical size of the Model 3 series is 1%4”
long by %6” high by “i6” deep. Resolution is
better than 0.2%, power rating is 1 W at 70°C,
temperature coefficient is better than 50 ppm/°C,
and the units are available in a variety of case
and lead configurations with resistance values
ranging from 10 to 50,000 ochms. Newport In-
strument

Circle No. 129 on Reader Service Card

LOW-LOSS COAXIAL CABLE

“Aircraft Foamflex” coaxial cable is now avail-
able to meet the needs of airborne applications.
This cable has less than one-half the loss of
RG-213/U or RG-214/U and is capable of han-
dling more than twice the power with no increase
in weight. An outer conductor of seamless alumi-
num tubing, a foam polyethylene dielectric, and

a smooth copper tube for the inner conductor
result in 100% shielding and excellent uni-
formity.

Designated RG-231, U by the Air Force, the
cable has an impedance of 50 ohms, capacitance
of 25 pF per foot, and velocity of 81%, with a
loss of 3.5 dB at 1 GHz., Weight is less than 11
pounds per 100 feet.

A full line of adapters matches this cable to
UG-21, UG-23, type N, UG-572, UG-573, and
type C as well as other interfaces such as General
Radio 874 and HN. Phelps Dodge

Circle No. 130 on Reader Service Card

CLEAR EPOXY ADHESIVE

The new “Eccobond 24” is a two-part, general-
purpose, low-viscosity, clear epoxy adhesive that
will cure at room temperature. It will adhere to a
wide variety of substrates and is particularly rec-
ommended for joining transparent materials such
as glass where the clarity of the substrate is not
affected by the adhesive. Because it contains no
solvent, it is also useful for joining two imper-
vious adherends.

The epoxy has been used successfully for bond-
ing most metals and ceramics as well as many
plastics, including polystyrene, polyacrylates, poly-
sulfone, polycarbonate, rigid polyvinyl chloride,
polyvinylidene chloride, and epoxies.

Sufficient cure takes place in 2 to 4 hours so
that bonded articles may be handled. Complete

cure requires about 24 hours at room tempera-
ture. Pot life is 30 minutes after mixing. Emerson
& Cuming

Circle No. 131 on Reader Service Card

SOLID-STATE VTR
Using two rotary magnetic heads in a helical
scanning system, the Model SV-700 solid-state
video tape reeorder provides a video response of
3 MHz or more with 300 lines horizontal resolu-
tion, plus 36 dB or more in signal-to-noise ratio.
Operation is simple. The video and audio lev-

els are set through a level meter indicator. The
12" wide tape permits 60 minutes of continuous
recording on a 7" reel at 7.5 ips. Recording sig-
nals may be standard TV or CCTV outputs.
Audio response is 50 to 10,000 Hz with S/N
ratio of 40 dB. The unit is 154" wide, 1534"
deep, and 9%" high. Weight is 66 pounds.
Shibaden Corp. of America
Circle No. 1 on Reader Service Card

SEMICONDUCTOR PACKAGE

The new plastic semiconductor “HHANDYLab”
contains 300 “Unibloc” plastic-packaged semi-
conductor devices and provides the circuit de-
signer or experimenter with a wide selection of
devices for prototype circuit development and
experimental designing. This selection includes
11 different general-purpose n-p-n and p-n-p
plastic transistor types. These transistors are the
patented “Annular” structure and are encapsu-
lated in a rugged one-piece, pressure-molded
plastic case. In addition, 25 plastic dual switching
diodes designed for use in high-speed switching
applications are included. Motorola

Circle No. 2 on Reader Service Card

RADIOACTIVE LEAK TESTER

This new pre-registered leak test kit permits
users of radioactive sealed sources to meet AEC
leak test requirements easily and inexpensively.
The kit contains protective equipment, a finger
dosimeter, and complete Jeak test supplies and in-
structions. Test kits are returned to the company
for analysis. Controls for Radiation

Circle No. 132 on Reader Service Card

HIGH-VOLTAGE SUPPLIES
A pair of high-voltage bench power supplies
featuring all-silicon circuitry in a half-rack pack-
age has been annonnced. The Model 6515A, only
344" high, has an output of 0 to 1600 V d.c. at
0 to 5 mA; and the Model 6516A, 5V4” high, has
an output of 0 to 3000 V d.c. at 0 to 6 mA. Load
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and line regulation is 0.01% or 16 mV. The sup-
plies have low ripple and noise and are short-
circuit-proof. A 10-turn vernier permits full ad-
justment with 100-mV resolution over each volt-
age span with no blind spots. Hewlett-Packard/
Harrison Division

Circle No. 133 on Reader Service Card

FAIL-SAFE POWER SYSTEM

The “All American Power Watch System" is a
solid-state system designed to assure a constant
flow of d.c. to operate laboratory equipment even
if a complete power failure occurs. Heart of the
system is a ‘“Power Watch Battery Monitor”
which automatically cuts in when the energy
level in a storage battery drops down. When con-
nected to a 120-V a.c. source, the monitors check
the controlling battery voltage 120 times per sec-
ond. Whenever the energy level drops, the moni-
tor switches on to restore full charge and then
cuts off completely until needed again. All Amer-
ican Engineering

Circle No. 134 on Reader Service Card

NEW UNIJUNCTIONS

A new line of improved unijunetion transis-
tors is now available. The immediately available
2N4851-53 Series of UJT’s offer a combination of
low emitter reverse current and low peak-point
current, allowing the design of long time-delay
circuits with smaller and less expensive capacitors
than would ordinarily be required. The low input
current demands also give these units exceptional
capabilities in low-level sensing applications. In
oscillator circuits, these devices are guaranteed to
be capable of 1-MHz operation and to exhibit a
more uniform interbase temperature coefficient.
Motorola

Circle No. 135 on Reader Service Card

MULTI-TURN POTENTIOMETER
A new 73" diameter multi-turn precision wire-
wound potentiometer, the Type 8400, can be ad-
justed with either a knob or screwdriver, has re-
sistance values from 100 to 100,000 ohms, 5%

tolerance, 0.25% independent linearity, is rated
at 2 watts at 25°C, and operates over a tempera-
ture range of —53 to 105°C. IRC

Circle No. 136 on Reader Service Card

COLOR-TVY KIT

A 180-square-inch rectangular 19-inch color-
TV kit, the Model GR-180, has been introduced.
Total construction time is about 25 hours with all
critical circuits prewired, aligned, and factory-
tested.

The set includes a built-in dot generator for
ease of service. The set may be installed either in
a wall or in a custom cabinet.

The 26-vacuum-tube set uses a rare-earth 19-
inch rectangular CRT and 10 diodes; it has a
regulated 24-kV high-voltage supply, an auto-
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matic degaussing coil, a magnetic shield that cov-
ers the CRT, a “memory” fine tuning in the
v.h.f. tuner, and a 2-speed transistor u.h.f. tuner.
It features a cathode-follower output to drive
an external hi-fi audio system. The CRT is guar-
anteed for one year. Heath

Circle No. 3 on Reader Service Card

TINY AUDIO TRANSISTORS

A new series of microminiature silicon planar
epitaxial audio transistors (Types A151, A152,
and A153) comes in a package size of 0.078” x
0.071” x 0.071” and features a noise figure of
1.5 dB, 10-nA leakage, with current gain charac-
teristics maintained over a wide range of collector
currents from 20 to 2000 xA.

Mounted on ceramic substrates, the units have
extra-rigid leads. Amperex

Circle No. 137 on Reader Service Card

TRIMMING POTENTIOMETERS

The “Kwik-Trim» trimming potentiometers
have triple-adjustment screwdriver slots and dual
visual indicators. They come as %" square, Y%”
round, or 34" square with thicknesses ranging
from 0.240” to 0.280". Either wire or dip solder
leads are provided.

Temperature range is from —65 to 150°C
(derating to zero watts at 150°C). Standard re-
sistance values on %" models run from 10 to
50,000 ohms, and from 100 ohms to 150,000
ohms on the 34" models. Resistance tolerance is
*+10% and linearity is +5%. General Scientific

Circle No. 138 on Reader Service Card

CCTV CAMERA

The 4100 Series all-silicon solid-state-circuitry
self-contained closed-circuit TV camera is avail-
able for use with either a conventional TV re-
ceiver or a video monitor. Both installations use
a 75-ohm coaxial cable to connect the camera to
the monitor.

Automatic adjustment of sensitivity provides

I
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unattended operation over an illumination range
of greater than 5000:1 with highlight intensities
as low as 10 footlamberts. The camera housing is
finished in mar-resistant, vinyl-clad aluminum
and is 334" high, 7” wide, and 12" long. Weight
is under 6 pounds, including the 1”7 lens and
vidicon. Any standard TV 16-mm “C” mount
lens may be used. The mounting base is tapped
for standard %4-20 camera tripod screws. Cohu
Circle No. 4 on Reader Service Card

CERAMIC CAPACITOR

A new radial-lead ceramic capacitor with 100
times more capacitance than previously available
in a package as small as 0.3” x 0.3” x 0.15” has
just been introduced. Called the “C12 Hi-D,” it
is offered in capacitance ranges from 0.18 to 1 xF.
The capacitor case measures 0.3” x 0.3” x 0.1”
up to 0.47 uF, and 0.3” x 0.3" x 0.I5" up to
1 uF. Working voltages (d.c.) are 50 V at 125°C
for values from 0.18 to 0.27 xF and 25 V ag
125°C for values from 0.33 to 1 uF.

Operating temperature range is —55 to 125°C
and capacitance tolerance is +=10% standard
with 5% and 20% available. The units meet all
applicable requirements of MIL-C-11015. U.S.
Capacitor

Circle No. 139 on Reader Service Card

HEAT-SHRINKABLE TAPE
A new irradiated, heat-shrinkable tape with a
meltable wall for use as insulation and protection
in virtually all electrical and electronic applica-

tions is now available under the name “Insul-
tape.” In addition to serving as an electrical in-
sulator, the tape also forms a watertight seal. The
new tape is rated at 135°C continuous operating
temperature, is flame-resistant, and exceeds fed-
eral and military specifications.

The tape is available in standard white and in
widths of ¥4” and 112", The line will be ex-
panded to include widths to 6”. Electronized
Chemicals

Circle No. 140 on Reader Service Card

FLUIDIC DEVICES
The first of a new line of fluidic devices for
circuit sensing and control is now being made
available under the name “Sensicon.” These de-
vices are compatible with any type of control
system requiring a digital pressure output.
The initial unit uses an interruptible gap for

proximity sensing and emits a digital on-off sig-
nal. The device is composed of a special manifold
to which an “or”/“nor” gate is bonded. Factory-
set adjustable needle valves control sensing and
digital output signals. The complete line will
inclnde devices for proximity, interruptible, tem-
perature, noise, light, or magnetic sensing.
Fluidonics Div., Imperial-Eastman
Circle No. 141 on Reader Service Card

FIBER OPTICS KIiT

To help engineers and equipment designers in
the data-processing, instrumentation, and control
system fields determine whether fiber optic “light
wires” can help solve their problems, a familiari-
zation kit containing six sections of light wire
varying from %6 to Y4 inch in diameter and
from 6 to 48 inches in length is now available.
Three of these units are sheathed in plastic and
three in crush-resistant aluminum tubing. All are
complete with appropriate end fittings, ready for
use. Bausch & Lomb

Circle No. 142 on Reader Service Card

PRECISION TIMER

This completely transistorized electronic timer
registers minutes, seconds, and tenths of a second
to 99:59.9 minutes on a large conventional elec-
tromechanical counter. Hundredths and thou-
sandths of seconds are indicated on an easily read
illuminated binary-coded decimal (BCD) read-
out. These characteristics make the timer useful

87



in experimental timing of production and labora-
tory processes, human reactions, physics demon-
strations, and related scientific applications.
The unit is powered by a 12-V source, is 8" by
6" by 8”, and weighs under 6 pounds. Heuer
Time Corp.
Circle No. 143 on Reader Service Card

REPLACEMENT RESISTORS

The Type MV is an axial-lead, film-typc color-
TV replacement resistor rated at 6 kV. It is avail-
able in two ranges: MV47 at 4700 ohms and
MV66 at 6600 ohms, both ==20%. Precise me-
chanical spacing of the helical resistance path
allows a uniform voltage gradient throughout the
resistor length. IRC

Circle No. 5 on Reader Service Card

1.5-KW DIMMER SWITCH

This 1500-watt incandescent dimmer switch
operates on the 120-volt, 60-Hz power line, has
one-piece construction, and will fit within a stan-
dard two-gang box. A new concept in face design
allows maximum ventilation for cooler operation.

A silicon symmetrical switch and solid-state
circuitry give full dimming control without flick-
ering. An r.f. noise filter eliminates interference.
Ideal

Circle No. 6 on Reader Service Card

SOLID-STATE FM/TV AMPLIFIER
The “Avante 20” is a solid-state TV, FM am-
plifier for master antenna and home installations.
It has a frequency response of =1 dB and a gain
of 20 dB across the frequencies from 50 through
220 MHz. Dual 75-to 300-ohm inputs and out-
puts use stripless screw terminals and MF61A

httings. Matching MF59A coaxial connectors are
included. The unit operates from a 117-V, 60-Hz
power source, measures 3” by 5” by 4”, and has
a shipping weight of 1Y% pounds. Craftsman
Electronic

Circle No. 7 on Reader Service Card

CONVERTER-BATTERY CHARGER

The “Safe-T-Plug Mark II” can be used to
recharge ordinary carbon-zinc flashlight batteries
and to convert ordinary house current to the low
d.c. required by transistorized products and small
motor-driven appliances. It can also be employed
to recharge the nickel-cadmium batteries used in
cordless rechargeable devices.

The plug is just slightly larger than a standard
electrical plug and contains a transformer and
rectifier. The cord emanating from the plug car-
ries only low-voltage d.c. Dynamic Instrument

Circle No. 8 on Reader Service Card

HI-FI—AUDIO PRODUCTS

SHELF-TYPE SPEAKER

The new Model GK-100 speaker uses a 3”
tweeter and an efficient 6” low- and mid-range
woofer and has a built-in crossover network with
an infinitely variable potentiometer to adjust re-
sponse for best listening to compensate for room
characteristics. Its beige grille cloth blends with
any room decor. Response is from 40 to 16,000
Hz and impedance is 8 ohms. The solid oiled-
walnut cabinet is 10%” by 18" by 6”. J. J.
Kuscher

Circle No. 9 on Reader Service Card

SOLID-STATE AM/FM RECEIVER
_Thc new SX-1000TA AM/FM solid-state re-
ceiver covers both AM and FM bands, has a 90-
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watt output covering 30 to 20,000 Hz with
distortion less than 1%, uses a time-switching
stereo circuit providing 38-dB channel separation,
has simultaneous tape-recording jacks and a tape
monitor switch, and has an FM sensitivity of 2.2
uV. A muting circuit eliminates noise between
stations. A sensitive tuning indicator and a stereo
indicator lamp are also provided. In addition, the
unit is supplied with an oiled-walnut cabinet at
no extra charge. Pioneer
Circle No. 10 on Reader Service Card

SOUND RECORDER AIDS

Three new accessory items for tape recorders—
an easier-to-use splicing tape, a tough leader and
timing tape, and a unique tape timing guide—
have been recently introduced.

The Y4-inch “Presstapes” are pre-cut splices
which can be easily applied to recording tape with
none of the customary trimming since they are
identical in width to the recording tapes. They
come in packets of 40 with complete instructions.
The leader and timing tape has a matte, opaque
surface that enables write-on identification and
damage-free threading. The product is supplied
in 150" lengths on a 3" tape reel in a dispenser
box. The leader and timing tape is colored yellow
to separate it from magnetic tape when it is used
to identify recorded selections within a roll of
tape.

The tape timing guide, measuring 5 by 134
inches, is notched at one end for use with any
type of tape. Positioning a guide with its notched
end against the reel spindle permits the number
of minutes of playing time remaining on a reel
to be read off directly on the proper scale of the
guide. Each package contains two guides, one
for 7Y5 ips and the other for 334 ips. Kodak

Circle No. 11 on Reader Service Card

SOLID-STATE CARTRIDGE UNIT

The new Model TM706S solid-state stereo
cartridge player accepts eight-track tape cartridges
which may be used interchangeably with home
players built for this type of recorded unit.

Two 515" speakers are included with the unit.
The system operates from a 12-volt negative-
ground electrical system and uses 13 transistors
and one diode. Designed for under-the-dash in-
stallation, the unit is 82" wide, 7%2" deep, and
3” high. The dual-channel amplifier provides
response from 50 Hz to 10 kHz. Motorola

Circle No. 12 on Reader Service Card

STEREO POWER AMPLIFIER

The TA-3120 stereo power amplifier uses sili-
con transistors throughout, 20 diodes, and one
SCR. Power output is 120 watts = 0.5 dB both
channels at 8 ohms or 35 watts per channel = 0.3
dB at 16 ochms.

Frequency response is 30-100,000 Hz -0,
—1 dB at rated output while harmonic distor-
tion is less than 0.1% at rated output and 1000

Hz. Damping factor is better than 70 at 1000 Hz
(8 ohms) and sensitivity is 1 volt at rated output.

The unit is powered by 117 volt = 10%, 60
Hz ac. There are two switched and one un-
switched a.c. outlets, The amplifier measures 7'4”
w. x 57 h. x 17'%" d. and wcighs 17 pounds,
10 ounces. Sony

Circle No. 13 on Reader Service Card

ORGAN KIT

A new theater model organ, featuring the tra-
ditional horseshoe-shaped console, 25-note pedal-
board, and two full 61-note keyboards, is now
available in kit form. This fully transistorized
organ also features 48 stop tablets, and pitch reg-
istrations from 1 foot to 16 feet are available.

There are 35 speaking stops and 4 couplers.
The 35 stops covcr the gamut of true theater pipe-
organ sound from the smooth round tibias to the
most biting and blaring strings and reeds. There
is also an optional combination action and an 8-
voice percussion section available.

Printed circuits are used throughout, and it is
estimated that it will take the average person 150
hours to assemble this organ. Schober

Circle No. 14 on Reader Service Card

CARTRIDGE TAPE RECORDER
The “Nassau Mark III” four-track stereo tape
recorder accepts all standard 4-track stereo car-
tridges including Fidelpac 300, 600, and 1200 or
Audiopac and allows high-fidelity recordings to
be made through standard phono plug jack in-

puts. It operates from 117 V a.c. or 12 V d.c. and
includes monitoring jacks and illuminated re-
cording-level meters. Guesswork as to where the
recording began is eliminated by an autematic
shutoff after each recording cycle. The unit mea-
sures 7%" wide by 8v%" deep by 5%” high.
Telephone Dynamics
Circle No. 15 on Reader Service Card

ALL-SILCON STEREO TUNER

The new Model S-2300 stereo tuner uses 18
silicon transistors, 13 silicon diodes, and one sili-
con zener diode. It combines sensitive (2 uV),
low-noise AM circuitry with ¥M circuitry rated
at 1.6 uV (IHF) sensitivity and interchannel
hush. A specially designed dual automatic gain
contro] system maintains proper selectivity under
the strongest signal conditions. This circuit uses
reverse and amplified forward control for a.g.c.
and is unique with this company’s sets.

The Model $-2300 also features noise-thresh-
old gated automatic FM-stereo, mono switching
(35 dB separation), a d’Arsonval zero-center
tuning meter, a front-panel level control, and pro-
fessional rocker-action front-panel function
switches. Hum and noise are 70 dB down for FM
and 56 dB down for AM. The tuner is 14" x 4”
x 10%"” and weighs 10% pounds. Sherwood

Circle No. 16 on Reader Service Card

CB-HAM-COMMUNICATIONS

VOLTAGE REGULATOR

The ability to operate low-powered communi-
cations and other electronic equipment from
practically any d.c. power source ranging from
six to 32 volts is now possible with two new ac-
cessories. These units can be used with equipment
drawing up to 14 watts and can correct improper
input voltage or incorrect polarity.

The “In-Converter” accepts 6 or 12 V d.c. and
delivers an output of 6 or 12 V d.c. of the polar-
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ity desired or an output of 18 or 24 V d.c. of the
same polarity as the input.

The “Voltage Regulator” accepts any d.c. volt-
age from 24 to 32 volts and furnishes an output of
13 V d.c. at 14 W. E. F. Johnson

Circle No. 17 on Reader Service Card

SOLID-STATE FM MONITOR

This new solid-state FM monitor receiver for
25- to 50-MHz and 132- to 174-MHz communi-
cations systems has increased sensitivity for im-
proved reception in weak signal areas and high
selectivity for greater protection against interfer-
ence.

The receiver may be used on 117 Vac.or 12V

d.c. Automatic standby power (optional) allows
an internal nickel-cadmium battery supply to take
over in the event of a.c. power failure.

Decoder options Type 90 or 99 may be mount-
ed internally for signaling or alarm. This permits
individual receivers to be called selectivity and
allows activation of buzzers, lights, or bells. Gen-
era] Electric

Circle No. 18 on Reader Service Card

MARINE RADIOTELEPHONES
A new line of marine radiotelephones has been
recently introduced. Among the new devices are:
model 45, a 45-watt unit operating on 4 ma-

model 75A, a 75-watt system operating on 6
marine channels plus broadcast-band reception;
model 120A, a 120-watt unit operating on 6
marine channels plus broadcast-band reception;
and the model 150A, a 150-watt unit operating
on 8 marine channels plus broadcast-band recep-
tion. The VHF-50 is a 50-watt v.h.f. FM radio-
telephone operating on 12 v.h.f. channels; it in-
corporates a dual-channel monitoring and low-
power transmitting facility for short-range com-
munications. Simpson
Circle No. 19 on Reader Service Card

MANUFACTURERS’ LITERATURE

FREQUENCY COMPARISON

A new 9-page application note (No. 77-2) on
the subject of precision frequency comparison
with the company’s Model 8405A vector volt-
meter has been published.

The booklet describes how to use the volt-
meter to plot phase difference between two sig-
nals and shows how the phase plots are employed
to find frequency difference. Several examples are
given, along with diagrams which illustrate how
the equipment is calibrated and used. In addition,
a number of graphs are supplied. Hewlett-
Packard

Circle No. 144 on Reader Service Card

NUCLEAR ACCESSORIES

A new 50-page illustrated catalogue of nuclear
accessories and detectors has been issued. More
than 2000 items are listed in the catalogue, in-
cluding x-ray dose indicators, remote handling
tools, air samplers, warning signs, protective
clothing, fume hoods, radioactive sources, and
various types of detectors.

The publication is prefaced by an alphabetical
index. Hamner

Circle No. 145 on Reader Service Card

POTENTIOMETERS
Technical data on more than 50 high-perfor-
mance wirewound and non-wirewound, and

problem
selvers by

PROBLEM:
Feedback

SOLUTION:
Unidyne 11
Models 558
and 55SW

Unidirectional
Dynamic
Microphone

The most widely used and most
requested high quality P.A. system
microphone in_the world. Depend-
able, rugged—indoors or out. Ultra-
cardioid pick-up pattern (15 db
down at rear) suEprésses feedback
superbly, yet picks up every subtle
shading of sound. High output—
can be used with low-gain systems.
Multi-impedance switch (high; 35-
50; 150-250). Frequency response
50 to 15,000 cps. With or without
on-off switch.

model 558 without switch $83.00 list
model 55SW with switch $85.00 list
Write for Data Sheets:
Shure Brothers, Inc.
222 Hartrey Ave.
Evanston, Illinois

CIRCLE NO. 93 ON READER SERVICE CARD

rine channels plus broadcast-band reception;

OF ZENITH ORIGINAL PARTS

FAMOUS
ZENITH QUALITY
TE S for greater reliability, longer life

BUILT TO THE QUALITY STANDARDS

TV Picture Tubes

A complete line of more

than 200 top-quality tubes.
For color, black-and-white,

or special purposes.

Zenith black & white replacement picture tubes are made only from new parts
and materials except for the glass envelope in some tubes which, prior to reuse,
is inspected and tested to the same high standards as a new envelope. In Color
tubes the screen, aperture mask assembly and envelope are inspected and tested
to meet Zenith's high quality standards prior to reuse. All electron guns are new.

“Royal Crest’’ Circuit Tubes

A full line of more than 875 tubes ...
the same quality tubes as original Zenith

equipment. Your assurance of the
world’s finest performance.

||
Order all genuine l u
Zenith replacement
parts and accessories
from your Zenith
distributor.

l”l , ” The quality goes in before the name goes on®
®

February, 1967
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general- and special-purpose adjustment potenti-
ometers is contained in a new 8-page illustrated
short-form catalogue (No. 14).

Other products described in the brochure in-
clude relays, counting dials, voltage sensors, and
power supplies. Bourns, Trimpot Div.

Circle No. 146 on Reader Service Card

DRY TRANSFER PRODUCTS

A new, expanded 40-page catalogue covering
the entire line of “Deca-Dry” dry transfer prod-
ucts for draftsmen and technical illustrators has
been issued.

The fully illustrated, indexed publication fea-
tures transfer lettering in a wide range of styles;
number sheets; repetitive dry transfer letters,
numbers, and symbols in handy dispensers; cus-
tom printed sheets; and an electronic marking
kit. Chart-Pak

Circle No. 147 on Reader Service Card

MICROPHONE CONNECTION
A new 12-page pocket-sized booklet, which
describes the proper method of connecting the
company’s ‘-2 Citizens Band microphone to
more than 100 different CB and amateur radio
sets, has been issued. Turner
Circle No. 20 on Reader Service Card

ACCELEROMETERS

A new 24-page handbook for users of piezo-
electric accelerometers has been published. Bulle-
tin 4200 covers piezoelectric vibration and shock
transducers; and theory and application, includ-
ing accelerometers, voltage amplifiers, source fol-
lowers, charge amplifiers, low-impedance acceler-
ometers, and calibration.

Also provided are associated diagrams and
curves, helpful formulas, and a glossary of terms.
Consolidated Electrodynamics

Circle No. 148 on Reader Service Card

MEASURING INSTRUMENTS

A wide variety of electrical measuring devices,
including potentiometers and voltage standards,
d.c. resistance bridges, galvanometers, magnetic
flux meters, portable standards, and insulation
and ground resistance testers, is offered in a new
4.page illustrated catalogue digest (No. C9-04).
YEW

Circle No. 149 on Reader Service Card

POWER GENERATORS

A series of four “Mite-E-Lite” portable electric
power generators is offered in a new 8-page illus-
trated brochure. Featuring barium-ferrite perma-
nent magnets, the generators differ from conven-
tional designs in that the magnets rotate and the
coils remain stationary. McCulloch

Circle No. 21 on Reader Service Card

CALCULATING DEVICES

A new 16-page illustrated 1966-67 catalogue
of special slide rules, calculators, and various en-
gineering aids has been issued. The items listed
in the booklet, which should be of interest to
engineers, architects, draftsmen, machinists, and
contractors, include a probability slide rule, a
steel-sheet weight computer, a circular slide rule,
and a handbook of electronic charts and nomo-
grams. TAD

Circle No. 150 on Reader Service Card

TEST EQUIPMENT

Features and specifications of a line of profes-
sional test equipment for servicing radio, TV,
hi-fi, and electronic communications equipment
are outlined in a new 12-page illustrated bro-
chure.

Instruments listed in the catalogue include an
all-solid-state color generator, a CRT rejuvenator
and checker, tube testers, a v.o.m., and 2 vacuum-
tube voltmeter. B & K

Circle No. 22 on Reader Service Card

SPECTROPHOTOMETERS
Information on a complete line of spectropho-
tometric instruments and accessories is contained
in a new 16-page illustrated catalogue. The book-
let describes applications, specifications, instru-

90

ment data, and spectra-demonstrating equipment
capabilities and versatility. Cary
Circle No. 151 on Reader Service Card

ELECTRONIC COMPONENTS

A new 26-page illustrated catalogue describing
the company’s entire standard line of electronic
components is now available. Prepared for design
engineers, the booklet provides information on
capacitors, tube sockets, connectors, terminals, in-
sulators, pilot lights, inductors, and miscellaneous
hardware. E. F. Johnson

Circle No. 152 on Reader Service Card

DIMMER SWITCHES
Described and illustrated in a new 4-page bro-
chure is a line of electronically controlled incan-
descent dimmer switches. Bulletin 3A discusses
600-watt push-push types as well as 1000-, 1500-,
and 2000-watt rotary devices. Ideal
Circle No. 23 on Reader Service Card

TOGGLE SWITCHES

A new technical data sheet (No. 244) covering
the new “TW? series of miniature toggle switches
has been published. Applications include aircraft
panels, survival kits, portable communications
equipment, data-processing equipment, and other
areas where small size and light weight are re-
quired.

The data sheet gives complete mechanical and
electrical specifications, outlines construction fea-
tures, and supplies mounting and wiring infor-
mation. Micro Switch

Circle No. 153 on Reader Service Card

TOOL CATALOGUE
A new 48-page illustrated catalogue covering a
wide line of specialized microminiature tools and
other equipment is now available.
Featured in the booklet is a complete selection

of hand tools, including tweezers, pliers, scissors,

and nippers. Also shown are miniature power
tools, ultrasonic cleaning devices, various types of
soldering equipment, magnifiers, and high-inten-
sity lamps. Henry Mann

Circle No. 154 on Reader Service Card

MICROWAYVE DIODES

A new 4-page condensed catalogue (No. D-1)
describing a complete line of microwave diodes
has been released. Tabulated electrical and me-
chanical data is provided on more than 100 mod-
els, including mixer and video detector diodes,
general-purpose varactors, step-recovery diodes,
parametric-amplifier varactor diodes, fast-switch-
ing devices, and PIN switching types. Alpha
Industries, Micro Optics Div.

Circle No. 155 on Reader Service Card

SHIELDING PRODUCTS

A new 16-page illustrated design manual which
discusses a variety of EMI/RF1 shielding products,
including strips, gaskets, and shielded cabinet
components, has been made available.

Introduced in the booklet is a new gasket ma-
terial, “Tecknit” SN/CU/FE, which offers im-
proved shielding effectiveness in low-frequency
magnetic fields and at low joint pressures. Tech-
nical Wire Products

Circle No. 156 on Reader Service Card

SCR BOOKLET

A complete line of silicon controlled rectifiers
is described in a new catalogue, No. A-66. The
booklet devotes 40 pages to the company’s exten-
sive line of alloyed diffused and epitaxial SCR’s,
providing application notes, charts, and graphs.
International Rectifier

Circle No. 157 on Reader Service Card

INTEGRATED CIRCUITS

A new 16-page condensed catalogue featuring
a broad line of digital and linear integrated cir-
cuits has been published. Listings for each ele-
ment include typical performance characteristics,
power-supply requirements, packaging, operating
temperature range, and primary area of applica-
tion.

In addition, the booklet supplies schematic dia-

grams and discusses in detail the company’s
systematic uniformity and reliability evaluation
(SURE) program. Signetics

Circle No. 158 on Reader Service Card

SILICON TRANSISTORS
A new 8-page “Specs in Brief” booklet (No.
SL1066) on silicon transistors for a.f., r.f., and
switching applications is currently available.
The brochure covers in capsule format four re-
cently announced families of silicon transistors,
including six v.h.f./u.h.f. devices; the new
2N3241A family of high-current, high-dissipa-
tion types; a new MOSFET, 3N128, for critical
front-end use in TV and v.h.f. communications
equipment; and 2 high-performance, low-cost
family of silicon power transistors. RCA Elec-
tronic Components and Devices
Circle No. 159 on Reader Service Card

OP AMP BOOKLET

A simplified introduction to operational ampli-
fiers is presented in a new 20-page booklet en-
titled “Review of Operational Amplifier Princi-
ples.”’

Topics discussed include definitions of terms
used in manufacturers’ specifications, analysis of
feedback amplifiers, and a comparison of per-
formance characteristics for various operational
amplifiers.

The report concludes with a 5-page summary
of the most common applications for op amps.
Fairchild Instrumentation

Circle No. 160 on Reader Service Card

ENGINEERING PLACEMENT

A 24-page survey, “The Placement of Engi-
neering Graduates, 1966” has just been issued by
the Engineering Manpower Commission of Engi-
neers Joint Council.

According to the publication, the number of
bachelor’s degree engineers accepting employ-
ment dropped from 57.9% in 1965 to 53.9% in
1966. This number was largely offset by an in-
crease in those considering employment who had
not made commitments prior to graduation.
There was only a slight increase in the percentage
of graduates continuing directly on to full-time
advanced degree studies. This appears to mark a
slowdown in the rate of growth of advanced en-
gineering degrees, which has been particularly
strong in recent years.

Starting salary offers for 1966 averaged be-
tween $659 and $682 per month, making engi-
neers among the highest paid of all categories of
new college graduates.

Copies of this report may be ordered from the
Commission, Department “P”; 345 E. 47th St.,
New York, New York 10017 at $1.50 a copy.

BATTERY MANUAL

A new 68-page illustrated battery manual
(BDG-111A) covering RCA’s complete line of
carbon-zinc, mercury, and alkaline batteries has
been published.

Detailed electrical and mechanical character-
istics, dimensional outlines, and terminal con-
nections are given for each of the 156 battery
types described in the handbook. In addition, an
introductory section discusses basic cell and bat-
tery types, battery terminology, chemical compo-
sition, and testing methods.

The manual costs 50¢ and is available from
Radio Corporation of America, Commercial En-
gineering Dept., Harrison, N.J.

PHOTO CREDITS

Page Credit
23 Raytheon Co.
24 ... ....AF Missile Development Center

25 .. ..B.F. Goodrich Company
.. Amelco Semiconductor
40 .. Perma-Power Co.
42, 46 v Independent Electronic
Music Center

.................................... University of illinois
Radiation Incorporated
Koss, Inc.
Jet Propulsion Laboratory
....Electronic Music Center of
Columbia & Princeton Universities
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio
telephone. Results guaranteed. Elkins Radio
School, 2603C, Inwood, Dallas, Texas.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start February, September. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana.

REI First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job place-
ment free. Radio Engineering Institute, 1336
Main Street, Sarasota, Fla.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento 20, Calif.
HIGHLY—effective home study review for FCC
commercial phone exams. Free literature!
COOK’S SCHOOL OF ELECTRONICS, P.O. Box
10634, Jackson, Miss. 39209.

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure,
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.
CORRESPONDENCE COURSES—B.Sc., Engineer-
ing, Electronics. Catalog $1. Canadian Institute
of Science & Technology, 263G Adelaide St. W.,
Toronto.

WANTED! TV—Radiomen to learn aircraft elec-
tronics servicing. Numerous job openings ev-
erywhere. Write: ACADEMY AVIONICS, Reno/
Stead Airport, Reno, Nevada.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W,
Higgins Rd. Chicago, 1ll. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 09108,

TRANSISTORIZED Products Importers catalog.
$1.00. Intercontinental. CPO 1717, Tokyo, Japan.

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONIC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

N ———
2?2 3?2 42 52 67
FORGET 'EM ALL!

When you do business

with Number One, you

can afford to forget

Number 2, 3, 4,5 and 6!

We want to buy elece-

tronics and test equip-
ment—Dboth milltary and commercial. If you
have a single piece or a carload, we’ll pay you
top dollar—bar none! We pay freight and air-
mail your check on recelpt of goods! Save
time, money, headaches and aggravatlon! Tell
us what you have, what you want, and P.8.
Do it today!

COLUMBIA ELECTRONICS, Dept. EW
4365 West Pico Blvd. Los Angeles, Callf. 90019
Phone: (213) 938-3731

February, 1967

CANADIANS—Giant Surplus Bargain Packed
Catalogs. Electronics, Hi-Fi, Shortwave, Ama-
teur, Citizens Radio. Rush $1.00 (Refunded).
ETCO. Dept. Z, Box 741, Montreal, Canada.

CANADIANS, transistors, all semiconductors
and components. Free catalogue contains ref-
erence data on 300 transistor types. J.&J. Elec-
tronics (Dept. EW), P.O. Box 1437 Winnipeg,
Manitoba, Canada.

METERS-Surplus, new, used, panel and port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

R.F. CONVERTERS World’'s largest selection.
Also CCTV cameras, etc. Lowest factory prices.
Catalog 10¢. Vanguard, 196-23 Jamaica Ave.,
Hollis, N.Y. 11423.

CONVERT any television to sensitive big-screen
ascilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston
18, Texas.

MUSIC LOVERS, CONTINUOUS, UNINTERRUPT-
ED BACKGROUND MUSIC FROM YOUR FM RA-
D10, USING NEW INEXPENSIVE ADAPTOR. FREE
LITERATURE. ELECTRONICS, 11500-Z NW 7th
AVE. MIAMI, FLORIDA 33168.

TUBES

TUBES—-33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer
chandise only! Serving engineers, purchasing
agents, TV/HiFi servicemen and hams for 16
years. Write for catalog or call WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

FREE Catalog. Electronic parts, tubes. Whole-
sale. Thousands of ijtems. Unbeatable prices.
Arcturus Electronics ZD, 502-22 St., Union City,
N.J. 07087.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

SURVEILLANCE EQUIPMENT—NEW HIGH PER-
FORMANCE SUBMINIATURE MODELS. ELEC-
TRONIC COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-

TRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017,
DETECTIVES! Free brochures! Electronic Sur-

veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

CRYSTALS largest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT-241, FT-243, FT-171, etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

McGEE RADIO COMPANY. Big 1966-1967 cat-
alog sent free. America’s best values. HiFi am-
plifiers—speakers—electronic parts. Send name,
address and zip code number to McGee Radio
Company, 1901 McGee Street, Dept. EG, Kansas
City, Missouri 64108.

ELECTRONIC Ignition Kits, Components Free
Diagrams. Anderson Engineering, Epsom, New
Hampshire 03239.

FREE CATALOG-Loads of Electronic Bargains.
R.W. ELECTRONICS, INC. 2244 So. Michigan
Avenue, Chicago, Illinois 60616.

NEW supersensitive transistor locators detect
buried gold, silver, coins. Kits, assembled mod-
els. $19.95 up. Free catalog. Relco-A22, Box
10563, Houston 18, Texas.

YOKES, Transformers, Diagrams. Free List.
M&S Electronics, Box 16071, Wichita, Kansas
67216.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON 469 Jericho
Turnpike, Mineola, N.Y. 11501.

UNIQUE relay to build variety of remote con-
trols, model railroads, liquid level control,
weather detector, burglar alarm, games, trick
circuits. 20 design ideas included free. $3.95
prepaid. Dept. C, Alco, Lawrence, Mass.

DIAGRAMS, servicing information, Radio $1.00,
Television $1.50. BEITMAN, 1760 Balsam, High-
land Park, Illinois 60035.

POLICE AUTO ALARM PROTECTS YOUR CAR
AGAINST THEFT & TAMPERING! Instant instal-
lation! Insurance Co. approved & recommended.
Ten Year Guarantee! Free decal. Only $9.95
postpaid. J. Ross, 80-34 Kent St., Jamaica, N.Y.
11432. Dept. EW.

CATALOG

World’s ""BEST BUYS"”
in GOV'T. SURPLUS
Electronic Equipment

RT-122/APW-11 REC.-TRANS.
RT-122/APW-11 RECEIVER-TRANSMITTER—Unit
consists of a tunable receiver cavity, a crystal
detector, a video amplifier, decoding circuits; a
transmitter and circuits for obtaining audio fre-
quency tones from the pulse position modulated
signals of the AN/MSQ-1. The transmitter con-
tains circuits for encoding the reply by varying
the spacing between the two reply pulses. The
Receiver-Transmitter receives input pulses
transmitted at a pulse repetition frequency of
410 cycles per second and a present carrier
frequency ranging between 2680 and 2920 MC.
The reply pulses are automatically transmitted
at a preset carrier frequency ranging between
2700 and 2950 MC. Tubes: 11/12AT7; 2/2D21;
6AS6; 6ALS5; 2C40. Size: 13x5%,x6". Wt.: 19 Ibs.
PRICES: Used, with Tubes...

Used, less Tubes...

TRANSMITTERS—RECEIVERS:
BC-453 Receiver—190 to 550 KC.......Used: $16.95
BC-455 Receiver—6 to 9 MC.—

Gov't. Reconditioned, w/Dyn.: 14.95
BC-456 Modulator ...........cccoceeeeeen. Used: 3.95

BC-696 Trans.—3 to 4 MC., Gov't. Recond.: 12.95
T-20 Trans.—4 to 5.3 MC.. New: 9.95
T-21 Trans.—5.3 to 7 MC..... New: 9.95
T-22 Trans.—7 t0 I MC.......ooovvverernnnns New: 18.95
BC-348 Receiver—200 to 500 KC.—

Sto 18 MC............. Used: 69.50
BC-221 Frequency Meter .................... Used: 79.50

NEW CATALOG—

JUST OFF PRESS—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!

ADDRESS DEPT. EW

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 * LIMA, OHIO + 45802
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G&G CATALOG!

GOVT. SURPLUS BUYS

24 Pages - Full of the BEST
‘in Military Electronic Gear*
SEND NOW FOR YOUR COPYI

TG-34A CODE KEYER

Self-contained automatic unit,

reproduces code practice signals

recorded on paper tape. By use

of built-in speaker, provides

code-practice signals to one or

more persons at speeds from
25 WPM,

5 to

BRAND NEW

in Original Carton $24-50
Exc. Used ......... $18.95

FAMOUS BC-645 TRANSCEIVER

15 Tubes 435 to 500 MC

Easily adapted 'or 2. \\‘ly
communlication, oice

code, on ham bnnd 420 450
me. cltlzens radlo 480-470

480 mc. television experi-
mental 4(’;8 500 x‘{ch(.’ Now
covers to mec.
With tubes, less power sup- BRAND
ply in factory cnrton ship. NEW
ping weight 235 Ibs

OURLOWPRICE ..... ......... ]ﬁ$'95

Dynamotor, Antenna, Plugs, All Accessories Avallable

AN/APR-4Y FM & AM RECEIVER
“FB” FOR SATELLITE TRACKING!

High precision lab instrument, for monitovlng and
measuring_ frequency and relative up:nul sirength, 38

to 4000 Mc, in 5 tuning ranges 10 vV 60 (-;(Ie
AC. Built-in. power supply. Orlp:lnal ()rulll

(nnmnm lnclut ed. Checked out, perfecl.

LIKE NEW . ... ..., . ... . e

All Tuning Units Avatlable for Above

RENT Stereo Tapes—over 2,500 Different—all

“major labels—free brochure. Stereo-Parti, 1616

—E. W. Terrace Way, Santa Rosa, California.

TAPE RECORDER SALE. Brand new, latest mod-
els, $10.00 above cost. Arkay Sales, 1028-B
Commonwealth Ave., Boston, Mass 02215.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal. Nor-
wood, Mass.

CASH Paid! Sell your surplus electronic TUBES.
(Want UNUSED, CLEAN Radio/TV Receiving,
Transmitting, Special Purpose, Magnetrons,
Klystrons, Broadcast Types.) Want military and
commercial Lab/Test Equipment. Want com-
mercial Ham Receivers and Transmitters. For a
Fair Deal Write: BARRY ELECTRONICS, 512
Broadway, New York, N.Y. 10012 (WA 5-7000)

MILITARY SURPLUS EQUIPMENT NEEDED: ARC-
34, ARC-38, ARC-44, ARC-52, ARC-54, ARC-55,
ARC-66, ARC-73, ARC-84, ALSO ARN-14C, ARN-
54, ARN-59. COLLINS 51x-2, 51V-3, 561Y-3, 51R.3,
17L-4, 17L-7, 618S-1, 18S-4. BENDIX TA-21,
RA-21, APR-14, PRC-25, RT-66 THRU RT-70/GRC.
APN-22, APN-117, APN-133. TEST SETS WANT
WITH ARM, UPM, URM, RSM, SG PREFIXES.
TOP CASH DOLLAR PAID IMMEDIATELY. SLEP
ELECTRONICS CO., DRAWER 178-EW, ELLEN-
TON, FLORIDA 33532, PHONE (813) 722-1843.
ANTIQUE RADIOS. Pre-1925. Grebe, Kennedy,
Tuska, etc. Must be in good condition. Also need
tubes, parts, books and magazines. Gilfer, P.O.
Box 239, Park Ridge, N.J. 07656.

HIGH FIDELITY

SCR-274-N, ARC-5 COMMAND SET HQ!

Freq. Exc. BRAND
Range Type Uscd NEW
RECEIVERS Complete wlth Tubes
190-. 550 Kc 4 $18.9 23.50

-6 M B 5 $16. 50 21.50
6-9.1 Mc. BC-455 $14.95 17.50
550-1500 Kc. BC-946 —_— 48.50
1.5-3 Mc. R-25 21.50
TRANSMITTER5. Comnlete with Tubes
4-5.3 M. $ 95 11.95
5.3-7 Mc BC 458 $ 5.95 12.95
7-9.1 Mc. BC-459 $14.95 17.95
2.1-3 Mec, T-18 —_— 10.95
3-4 Mc. T-19 $10.50 14.95
MODULATOR, Complete with Tubes

oice BC-456 $ 2.75 $ 4.95
All Commnand Set \Accessories In Stock
SCR-625 MINE DETECTOR .............. 2,50
EE-8 FIELD PHONES, Exc. Use 6.95
BC-221 Freq. Meter, Modulated, Exc. Used. .$129.50

BC-221 Freq. Meter, Unmodulated, Exc. Used $79.50
LM Freq. Meter, Exc. Used ,............. 79.50
BC-1206-C Beacon Recvr, 200-400 Kc. NEW 12.95
SCR-522 Transmitter-Receiver, Like New. . 39.50

DYNAMIC MICROPHONE

Low Impedance, with rubber-casced
on-off switch and removable ven-
tilated rubber mouthpicce. 2 65

\ Has rubber-covered cable
with phone plup: AMade by
A Permo-Flux, NEW .....

Please include 259 Deposit with order—Balance

or Remittance in Full 50¢ Handling Charges
on all orders under $5.00. All shipments F.Q.B. Our
Warehouse, N.Y.C. All Merchandlse subject to Prior
Sale and Price Change.

*For NEW COMPLETE CATALOG,
send 25¢, refunded with first order.

G & G RADIO SUPPLY CO.
Telephone: (212) CO 7-4605
75-R Leonard St. New York, N.Y. 10013

TAPE & RECORDERS

BEFORE renting Stereo Tapes, try us. Postpaid
both ways—no deposit—immediate delivery.
Quality—Dependability —Service — Satisfaction —
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

STEREO TAPES. Save up to 60% (no member-
ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘‘not un-
dersold,” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-
ington, D. C. 20009.

HI-F1 components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.
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FREE—$1.00 Value ‘“Miracle’’ Record cleaning
cloth with every quotation on HIFI EQUIPMENT.
Our “ROCK BOTTOM'" prices on NAME BRAND
amplifiers—tuners—tape-recorders — speakers—
FRANCHISED—59 YEARS IN BUSINESS. Write
for this month’s specials—NOW! Rabson's 57th
St., Inc., Dept. 569, 119 W. 57th St.,, New York,
New York 10019.

! L) i

a

: 0 SURF

*iBalls of Fun'’ for Kids...Traffic Stoppers for Stores...
Terrific for Amateur Meteorologists . . .

SURPLUS GIANT WEATHER BALLOONS

At Jast . . , avatlablo again in big
8-ft, diameter. Create a nelghbor-
hood sgensatlon. Great backyard
fun. Exeitin: beach attraction.
Blow up with vncuum cleaners or
auto air hose. Sturdy enough for
play: all other uses with recason-
able eare {(can bs\ punctured by
sharp objects.) Filled with he

lium (nv’l!lnhle Tocully) use bal-
loons high In the skyv to 'u.met
crowds, udvertise store sales, an

nounce falr openings. ectc. Ama.
teur meteorclogists use balloons to measure cloud
hejuhts, wind speeds. temperature, pressure. humidity
at various heights. Photo: rrnnhors can utilize for low- LOSt
aerial photos. necem. Gov't. surplus of heavy, Dblack

neovrene rubbe:

Stock No. 60, SGBAK .................... $2.00 Ppd.

BATTERIES GUARANTEED
RECHARGEABLE FORS YRS.

Use these remarkable space-age Nickel-
Caodmium batterles in flashlight, port-
able radlos, toy or flash guns. Obsolete
all others! Low-cost kit includes com-
pact, highly efficient bhattery charger
and 2 1)’ size Ni-Cd batteries guar-
um.ced rechargeable to full power for
5 y1s. Power output remains constant—
doesn’t 1ade aw ay as \vnh lend-acid cells, Durable, black
nlastle charger 575” x 87 x 1317 dp plugs into standard
wall outlet. (omplotol\ chales 1 or 2 D or U™ size
Datteries in 16? hrs. Light shows when unit 1s charging
—will not overcharge.

Stock No. 60,591AK . $9.95 Ppd.
Stock No. 60, 592AI( (Charger only) ..........ccocees . .
Stock No. 60,593AK (Two ‘D'’ Cells oniy) ......

j"'r

Order by Stock No. — Send Check or Money Order
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrmg'on, N.J. 08007

SEND FOR FREE CATALOG “‘AK”

Completely new 1987 edltion. New
items, categrorles, lllustratlons. 148 easy-
to-read pa[,fes packed with nearly 4000
unusual ms, Enormous nelection of
Aatronomlcal Telescopes, Mlcroscopes,
Binoculars, Magnlfiers, Magnets, Lenses,
Prlsms Many war xurplus items: for
hobbyists, evperlmenters workshop,
fnctory Write for catalog ‘‘AK.'*

NAME

ADDRESS

CITY. STATE ZIP

8 OPIN ACCT 1O 11D 1I2MY - 1ATAF ACTICH GUARANIHD

EDMUND SCIENTIFIC € 0., BARRINGTON, NEW JERSEY 08007
CIRCLE NO. 117 ON READER SERVICE CARD’

.
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RECTIFIERS, TRANSISTORS
& COMPONENTS

6 tuba Amplifier, New 4 Ibs. 2 @ .
1 Watt Resistors, asstd. 60 @ ...

14 Watt Resistors, asstd. 50 @ .

1, Watt Resistors, asstd. 60 @ . .

Ceramic Disc Capacitors, asstd. 75 @ . E

Precision Resistors, asstd. 50 @ . 1.00
Pots, 2-4 Watt, asstd. 15 @ . 1.00
R. F. Coils, asstd. 25 @ ..... 1.00
Transistor Transformers, asstd. 5 @ . 1.00
Tantalum Capacitors, asstd. 10 ...... . 1.00
Territe coil/anterns forms, = x23/ 10 @ 1.00
Armature Relays, asstd. 4 @ . 1.00
Dipped Mica Cap, Dogbone, as: 1.00

Rotary switches, asstd. 4 @ e e - 1.00

Power Resistors, to 60 Watt 5 1b. @ 1.00
Paper Capacitors, asstd. 51b. @ . 1.00
Resistance tubes, asstd. 10 @ ..... 1.00
Radio & Industrial tubes, asstd. 10 @ . 1.00
Wafers for rotary switches, asstd. 10 @ . 1.00
Radio Knobs 30 @ .........c....... 1.00
Rheostat, 100 W, 5 or 12 ohm .95
Ni- cad Battery, Lamp hr, " dia. x 31%5*,

1.25V 1.49
Surprise Kit, 10 Ibs. components . 2.50
Epoxy Hi- Vol diode, 200ma, 3000P1V .98
Computer Board, TO-3 Power, Heat Sink 1.50
1.C., TO-5, untested. many good 5 @ . 1.00
. C., Dual-inline, untested 10 @ ... 1.00

2@ 1.
2N3707-11 Asstd. Plastic Silicon Xisters 20 @ 1.00
2N3704-3706, Asstd. Plastic Sil. Xisters 10@
2N1009,25VY Ger. Miniature Xister,

2N389,85 W Silicon, Circuit Board le:

untested 30 @
3N35 Tetrode, NPN, untested 5 @ .. 1
Ger. Diodes, oaes, swr, Signal, Asst. New 15 @ 1.00
Silicon Dlodes Swnchmg Signal,

New, Asst. 15 @
2N118, Silicon, NPN, tested 10 @
2N1149, Silicon, NPN, tested 10 A | .
2N1300, Asstd. PNP & NPN, 13” leads 20@ 1.00
2N1714, Silicon Power 10W, %" leads 7 @ ... 1.
Computer Boards, Parts Free, per transistor
Germanium Power, 2N456, T0-3 2@ .
Silicon Power 23 W,2N1047,T0-57 3 @
Tophats 200PIV-8¢. 400PIV-12¢, 600PIV
TO-18 FET'S, untested 10 @ .
Varicaps, New 27, 47, or 100 pf
2N1038, Germanium 4 @

Minimum order $3.00 plus postage, C.0.D.’s 25%

ELECTRONIC COMPONENTS

Post Office Box 2982  Baton Rouge, Louisiana 70821

BACK ISSUES

AVAILABLE

Use this coupon to order back issues of
ELECTRONICS WORLD

We have a limited supply of back issues that
can be ordered on a first-come, first-served
basis. Just fill in the coupon below, enclose
your remittance in the amount of 75¢ for
each copy ordered.

ZIFF-DAVIS SERVICE DIVISION
Dept, BCEW, 589 Broadway

New York, New York 10012
Please send the foliowing back issues of

ELECTRONICS WORLD

) am encloSiNg ....mcmmccrnnn to cover cost of
the magazine, shipping and handling.

Month Year .
Month Year . ..
Month ..... Year

Name ...

ADAIESS .o s s o sons s
City PR
SEAS s s Zip

m Payment must be enclosed with order pg

ELECTRONICS WORLD



FREE! Send for money saving stereo catalog
#E2W and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc., 200 West
20th Street, N.Y., N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold” prices. 15-
day money-back guarante. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street, New York 10451,

HIFI speaker system. Small, walnut. Magnifi-
cent. $29.95. TANG, Box 162A, Framingham
Ctr., Mass. 01701.

SEND us $9.95 and any old cartridge. We will
ship you prepaid any one of these cartridges
New—Shure M3D, Empire 880P, ADC 770, Pick-
ering VIS5AC2, Empire 808, Pickering VI5AT2,
Shure M7/N21D. Grado BTR. Write for lowest
quotations all stereo components. Defa Elec-
tronics, 2207 Broadway, N.Y., N.Y. 10024.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS —
$1.00 up. Catalog 25¢. PARKS, Box 25565B,
Seattle, Wash. 98125.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufac-
turers’ specification. Only $9.50. Any make
UHF or VHF. We ship COD Ninety Day written
guarantee. Ship complete with tubes or write
for free mailing kit and dealer brochure. JW
Electronics. Box 51B, Bloomington, Indiana.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From
$78.40. . . Boats, Typewriters, Airplanes, Elec-
tronics Equipment, Photographic Equipment,
used. 100,000 Bargains Direct From Govern-
ment. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423,

PRINTING

EMBOSSED business cards, $2.99—1000, free
samples, Gabies—405N Clifton, Glenshaw, Pa.
15116.

RECORDS

REPLACE worn LP Jackets—White 20¢, Colors
25¢. Min Shipment 20, Samples 50¢, Records,
Hillburn P.O., New York.

MuUsIC

POEMS wanted for songs. Send poems. Crown
Music, 49-EL West 32, New York 1.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD,” Vantage, 120 West 31 St,, New York 1.

SONGWRITERS WANTED! Send song material
for recording consideration. Tin Pan Alley, 1650
Broadway, New York 10019.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345,

HYPNOTIZE FEMALES!—Unnoticed! Instantly!
Nerves! Send $2.25. Research Enterprises,
29-SN21 Samoset, Woburn, Mass.

FREE TRIAL!! Sensational self-hypnosis record
kit improves memory, concentration, personal-
ity. Results guaranteed! Forum, 333-AA2 Mich-
igan, Chicago 60601.

IntecraTED CircuiTs

ARE NOW AVAILABLE
FLIP FLOPS ...$31.50
....$1.50

Gates

T0-85 FLAT PACK

They come complete with schematic,

elect. characteristic sheet & some

typical applications. $9.00-$15.00

values from original manufacturer.
SHicon Power Rectifiers

Stlicon Control Rectifiers

February, 1967

D ‘*N'’ Channel Fet's Similar To
C-610 Used As Amp, Switch,
(éhogper—Very High Input Z $1.50
ac

I:I SIM. to 2N1640 (PNP) Bi-dirac-
tional transistors, A to-5 silicon
unit in which collector & emitter
are interchangeable, Ea. ....... $.75

DSIM. to 2N728. A high fre-
quency to-18 unit extending to
the UHF range ........cocceuen.n. 5/$1.00

2-180v.

—_PRY | 3A 20A__| 40A
100 -10 40 .78 SIM. to 2N995 (PNP). Silicon
200 =20 -60 | 1.20 in to-18 case. 500 MW power,
400 =25 -80 2.00 to 180 MHz frequency ........ 4/$1.00
600 .35 1.20 2.50 .
800 .45 1.50 2.75 D SIM. to 2N1648 (NPN) high
1000 .65 3.00 voltage 20 Watt silicon unit,
SA Insul Top Hat & used in power output stages &
Base Epoxy 750 MA | power transistoc deives ... $.75
ot ot SIM. to 2N2875 (PNP). Silicon
S0 46 100 97 | L1350 watts with 30 Mz cut off
200 .60 400 12 $.75
600 .80 600 .20
500 1.25 800 “55 I:I glil\csaf‘ DIODES calo;o coiied
1000 | 1.40 1000 [ .50 tlicen ..
1200 | 1.60 i200 | _.e5
1400 ) .85 |:| 10 WATT ZENERS.
1600 | 1.00 State desired voltages. Ea. $.75
1800 | 1.20
2000 | 1.35

D SILICON BILATERAL SWITCH.
Replaces two SCR’s by firing in

SPECIAL OFFER

15 Epoxy Rectifiers With Every $5.00 Purchase. Many Over 600 PIV. No Shorts or Opens.

1.5 oz Magnet. Ea.

D 4" SPEAKERS. 3.2 Q.
1 oz Magnet. Ea, ............ $1.25

D DUAL 1 MEG. POT. with
off-on switch ................ 4/$1.00

D 455 KHz IF XRMRS ......3/$1.00

6” x 9” SPEAKERS 20 g

I:I 262 KHz IF XRMRS .....3/$1.00

D DUAL 20 uF at 350 V

Elactrolytics ..........cce.n. 3/$1.00
28-101 P CERAMIC
TRIMMERS ................... 6/$1.00

D NPN dual transistors. A 70-5
— package (2N2060) containing 2
high gain 100 MHzNPN silicon
transistors ... .$1.50

PNP dual transistors. A T0-5

package (2N2807) containing 2
high gain 100 MHzPNP silicon
transistors ... $1

[] Hieh voltage NPN 150V. VBCBO
at 2.5A., HFE 100 in 70-3
package .................................. $1.50

I:I High voltage assemblies 3000-
6000¥. at 150-200 mils. These
silicon assemblies may be put in
series to achieve high voltages

Terms: FOB Cambridge, Mass.

Send check or Money OQOrder.
Include Postage, Average Wt.
per package % 1b. Allow for

Minimum Order $2.00

State

either ~direction when breakdown

H;; ! 720 : 208:, voltage is exceeded. Used in light
100 o 135 dimmers, etc. ......coenne 2/$1.00
200 1.05 1.90 |:| GaAs VARACTORS, sim. to AP-
309 180 245 , APG etc. 70 GHz at 150
506 | >80 50— | | MW- Boe e $4.
600 | 3.00 I:I 4" x 10” SPEAKERS. 8 Q.
700 | 3.50 1.5 oz Magnet. Ea. .......... $2.50
VAN POST OFFICE BOX 74B

/S\ Name

zSo_T_§.\ SOMERVILLE, MASS. 02143 Address
LA E
;Es SEND FOR FREE CATALOG City

e o T Y T
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GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for latest catalog

Voice Commander

132 to 172 MC, 1W 9.5
x 53”7 x 1.7” Reduced
price including hrand
New Rechargeahle Nickel
Catimjum Battery Pack

Lowest Price Ever!

148

If crystal & tuning is de-
sired add $45.00

i 1 Battery charger for these
= . units $16.00

WRITE FOR QUANTITY PRICES
VOICE COMMANDER

Monitor Receiver only— $78

Tuned & Crystalled
MOTOROLA 30-50mc

with dry Batteries

= —
& . T51G serles dynamotor
r . | l;:ow:;r ds;?(pl{dﬂ narrow

] S . ande wide
L e I banded ............ $1 48

T51G series vibrator power supply TX nar-
row banded RX wide banded ...............c.....

$118

Fully narrow banded (TX & RX) ........c..ccvun. $198
T i
._519(;_. vab‘l;‘alzc;r power supply TX narrow $“ 88

Fuily narrow banded (TX & RX) .............. . $208

Above prices include accessories less crystals and
antenna (less accessories, deduct ?30.

To tune unlt to deslred frequency including new an-
tenna and 845.0

MOTOROLA T41GGV
0-50mc

30 watt vibrator power s5up-
ply fully narrow banded

complete with ac-
cesseries less crys-
tals and antenna

Add $45.00 for tuning to desired frequency and new

antenna.

We Buy Late Model Equipment for Cash
—Write; Wire or Phonel

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J., 07662
Phone: (201) 489-9000

S GREGORY wu.

ELECTRONICS (soa

CIRCLE NO. 111 ON READER SERVICE CARD

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—''Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International
W, Greenvale, Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog
#CJ""—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey.

EDUCATIONAL
OPPORTUNITIES

LEARN TECHNICAL WRITING—qualify at home
for high paying prestige career not requiring
college. Growing demand in all Industries for
tech writers now. Low monthty tuition. Easy to
understand. FREE career book, sample lesson.
American Technical Writing Schools, Dept.
EWC-27, 5512 Hollywood Blvd., Hollywood, Calif.
90028.
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GET IT from GOODHEART!

SOMETHING NEW in Surplus Test Equipment:
At your request, will furnish dated NBS-traceable
Certiticates of Calibration.

EVERYTHiNG UNCONDITIONALLY GUARANTEED!

STANDARD SIGNAL GENERATORS

LP: 9% L to 50 me, w/pwr sply & boo .
T§:4137U: 75 ke to 40 me, xtl calil) .
T8-413C/U: 50 ohmg all atfen. setting
Gen. Radio 805-C: 16 ke to 50 me Certified.

TS-510A MIL exict imitation LT,
Borg-Warner G-201 Exact ckt 608D....
Gen. Radio #1021 1’'1/1°3 47-260 ..
Gen. Radlo #1021A 1’1/1°2 248-940 me

| frequency discounts, closing dates, etc.

I CLASSIFIED ADVERTISING ORDER FORM

| Please refer to heading on first page of this section for complete data concerning terms,

11 12 13

14 15

TS-608/U 41-400 me, 2 to 10 Watts Po.
TS-418A/U: 400-1000 mc up to 0 dbm Io.
Hewl-Pack. 614A: 800-2100 mec
TS-418/U: 900-2100 mc up to 0
Hewl-Paok. 616A: 1.8 to 4 ge....
TS-403A/U, Hewi-Pack, same as #616B.
URM-35: 4.15-8 ge, needs 400 C¥..vuveae
PRD-903 or TS- 622l 10 75 £e PM/FM.

#624C: 8.5 5
TS- 7398/UPM 10 8.5-0.6 gc -85 t
Polarad SS-1218: 12.4 to 17.5 ge. .
Hi-Pwr UHF Oscillators; Tell us your nec
FM & AM/FM SIGNAL GENERATORS
Boonton #152A: 1-5 & 20-28 mc AM/FM............ 37.50
Kay Radasweep #380A: 20-40 & 50-70 me ¥M 175.00
Simp. Genescone #480: 3.3 mec thru Chan. 83....69.50
T8-452/U: 5-108 me, bullt-in scope, FFM. 195.00
Boonton 202E w/207E: 0.1°216 me AM/FA
Boonton 202F : 175-250 me AM/I'M, new.
URM-75: 5-220 me IFM, new, w/book...
Lampkin #205A Mod. Meter 25-500 m¢
USM-16: AM/FM/PM 10-440 me xtl calib
Kay Moqasween #II1A: 10-950 mo F
PRD #907: 40-900 mc FM.

CMC #226A Universal Counter to 1 me.
H.P. 524B/525A,.B/540A counts to 5 ge.
Same but w/524D, also up to 5000 me
PRD #504 I'req. Meter 100-10,000 me..
Tektromx 514AD DC-10 me Scope 30 mv/on
H # 150A/152A DC-10 me dual-trace scope....563. .00
FOR YOUR SPECIFIC LABORATORY NEEDS!

ALL BAND SSB RCVR BARGAIN: Hallicrafters R-45/
ARR-7., 550 ke to 43 mc contlnuous Volce CW.
'\I( W, nUL!‘ned grtd, w/book; IF's,

r: nofse Imtr: 3 xtl,” 3 non- -xtl selcc- ]49 50
tlvn,y cholees. Less pwr sply. ... .......
60 _cy pwr sply: 830. SSB product detector: $20

TIME FAY PLAN: Any purchase totallng 10(7

00 or mare. down payment only. °

16 17 18

19 20

21 22 23

24 25

26 27 28

29 30

31 32 33

—_——— e e e e e ——

@ .40 Reader Rate

34 35

—— Words | @ 170 Commercial Rate y —
Insert time(s) Total Enclosed $
| NAME
E ADDRESS
| cimy STATE ZIP
| SIGNATURE

WE ALSO BUY! SO TELL US WHAT YOU HAVE.

| WORD COUNT: [nclude name and address. Name of city (Des Moines) or of state (New York) counts as one
| word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not

R. E. GOODHEART CO. INC. permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such
Box 1220-A, Beverly Hills, Calif. 90213 | as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-267
Phones: Area 213, office 272-5707, messages 275-5342 ' o
CIRCLE NO. 113 ON READER SERVICE CARD  _ ___ _ __— — — — - T T
OLDER
ke peecal : 138 aES
. 95 all purpose g,
@ With” every $10 Order co RN E LL '3 l..‘.’._!uf.'iiﬁ [l[g]'n%mc
(A1
1 YR.GU; \l] \N’ LEANER g giaei
per tube Mutual cond! L mdlvluuw-ly "
Comtepmih A Boxed, Branded lnd Code. Dated, Tubes e
e ; aré new, or used and so marked. 890 L]
(No Limit) from this list. Toeee Deaes i il
. 6AG5 6SN7
49 6AQ5 6CB6 654 0Z4 GAS5 6CDS  6K6  6X4  12BF6 0
6AU6 6J6 6W4 B3 AT6 6CF§ 6K7 6X8 12BH7 i R -
-3 st 13/1k3 6AT8 6CGT 607  7a7  12BL6 o
1H5 AUS  6cas 654 7ag 12877 IRCHEATER
Prestige & Success are your: L4 SQSZ 6CM7_6SAT 786 12C5 o Bg o e w
as auunnonc EXPER }m LINEA 1t not shipped ity 24 hre }§§,‘f, o0 r S,
Iom S customins oMy by LSRN YOUR ORDER REENY TORES JRECTIFIER
@mazing borgains ore evailable ;g é‘s 6BA6 25'.6
X ey A\ SU4 6BCS M 2526 WOISE FILTER ) FA4 sensational
< -, sus 6BD6 6CZ5 6SHT 7ICS 35W4 ,Mk
T O PERM sv4  eBGs s 687 N7 3523 B oo ' KIT VALUE
; 1) ruas 5Y3 6BJ6  6DA4 6SK7 7va  s0L6 [l same Iy Pt et mt o v
. 6A6 6BLT  gpE6 6SLT 12AD6 24 NETANTLY e e
z o 100 TUIES OR MORE: GAS 6BN4 gpQs 6SNT 12AE6 27 U S o g om 310 1 W1 69
CASY  6BNe  gpar  S3Q7T 12AF6 44 Tos, Y o e
- 300c rer uee M act  Ghe SN s 1 o] f i
6AGS 6UT  12AU7 e S A
COMPLEYE RADID SERVICING AHD . 6AKS Q7  6F6 6Us 2AX7 84/624 e 041 0 00 NG AL
2 pasc urcrm;cs COURSE ONLY $3.00 (g 6ALS 6BZ6 6GHS 6Vé :2:{6 56387 Raerive sy (...,,‘...‘...m.-::.a....:w testom et
250 + 5 pocumog st 6C4 i ] e gh e AT
BN TRAIRING COURSE €AN3 6C6 6W4  12BDS 635 fus 10¢
P e A ocas gp swe iames i3 Moo
P : Other tub S i PO DIOD
Both above ¢ b= T ONE T “' low pr '“' il v
courses ) - HIGH GLOSS ;i N N79¢—
cu' CDA'ED o R cTu R. RATING ON EACH DEVICE -
o T BOIT B 11000 gl HlEXPANDER P
RADICQ O R - PARFITIONS [ é ENioY PERFECT IV RECEPTION [l vttt L v g
" 1SS A R .
. 10 20 ™ 3 : A | . 12,000 VOUT NSULATI
® @ 07 REEEL (eEIR L= "°°°°';W
. wlunl 25 (255l | ) | e Q -8
=T==] o [en] .39 [3.49 iy ‘ * DICORATES .nm.
3.0 tetjwedl 59 | 5.29
SASSIIN. Lo 59 5.2 3y | I 1P I CAR RAOIOPO\.IA_IOERS
. rord TRANSISTOR
] » pp ord Rk
n ] ), FrEEEE o R
D 0 d d on Derso orde Ne.0$301 WMWA
Dep 4 A Dieoo q 0 orders add appro : " fipyeos
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U.S. GOV'T ELECTRONIC SURPLUS

e Natienally Knewn-World Fameus SURPLUS CENTER offers
finest, moat expensive, Government Surplus slectrenic units and
compornenie at a fractlon of thelr sriginal acquisitien cost,

ORDER DIREOT FROM AD sr WRITE FOR CATALOGS

LABORATORY EXPERIMENTAL KiT

PERFORM 100'S OF
FASCINATING
ELECTRICAL

EXPERIMENTS

Gov't Aquisition

Cost Of Parts
Over $50.00

$14.85

F.0.B,

3 (ITEM HA222 ) == Amazing Value! Valuable gift for son or
hus Teaches modern elece
unnic l.hv.-ur_y and pracllce Easy, intercsting way to leam,

® E: with
sonance, burglar almm relay clmulLs rectification, tesv. clrcul(s,

® Kit Oontains: DC mator, AC motor, clectro-magnetic coils, ac
and dc relays, sel of lab capacitors, compass, test bulbs, plaling
chemicals, silicon diodes, germanium diode, burglar alarm actuator,
carbon microphone envesdmpphg element, ac test sockels, permanent
magnets, lelephone handset, cords, test clips, wire, and ather items,
Over 35 pieces. Includes fine Experimental Manual with drawings, pro«
cedures, etc,, written by professional engincers.

® Also fumished with each kit our popular Look Home Laboratory
Bench and Experimenial Proccdures, ( Reg. $1.00). Shows how to huild
wonderful home lahoratory test bench, and how to get the most out of
Your experimental work. (12 1bs.) Parts cost gov't over $50,00,

AC PROGRAM TIMING CLOCK S

® (ITEM H#I58B ) - - Zenith 115-VAC program
timer, ¥'sc for periodic Signalling, work breaks,
school classes, turn on radio for ncwscasts, ele.
Adjustable clips permit swilching On or Off any~
time during 24-hour period. Sufficlent clips for
multiplo programing. Also has ** skip-a-day’*
fcature, Contacts can handle up (o 15 -amps.
8% x 6% x 4'. WL 8 Ibs. Gov't Cosl Over

Soos. r.0.s. $9.49

AUTO-PILOT GYROSCOPE
o {ITEMHIIE) -~ DC_ molor driven,

gimbal mounted gyroscape. Ultra-cxpensive
precision unit used to “*steer’’ large, multi-
engine planes. Deviatlon from established
planc sends potentiometer controlled Sig-
nals to bring about change in other molors,
Unit can be used as auto-pilot for boals,
Wonderful class room unit to demonstrate

and sludy gvio_action. Missiles, planes

roa $12.47 Esitamiadade ™
STANDARD DIAL TELEPHONE

® (ITEMAT5) - - Standard, commcrclal
same 2s used U.S.A. Altrac~
tive polished black, like now condilion. Use as
"F.0.B. $5

extension phono to private syslems or conncct
STEP-BY-STEP AUTOMATIC SWITCH

soveral phones togetee for local intercont sys-
o (ITEMHI38) -~ Amazing *up-and-around’’,
K

Instructlons Furnished.

Full lnslmcllnns are fumished.
Onginal Cost $24
eldctro-magnetic telephone switch, Dial any banl
pair from 1 o 100. Make your own telcphone system,
Can also be used to remotely control up ta 100 clr-
cuils over a single pair of wires,
® One of our FOUR STAR bargains. Comes com-
ple(e \A‘llh dzlz 0ne dinl and onc line baok. Size,
7°* x 15", Wi, 16 lbs, Cost Gov't Over $75.00.
Cnmplel.c Swnch cover,
dial. linc bank, inétructions...... F+0.B. .

® (ITEM HI543 ) - - Step vollage upor down,
Has many uses. Will step 115-volts up to 230~
A volis or step 230-volts down to L13~volts, Wil
R also transform 115-volis Lo 35-volts. Rated 1.75

ro.n. $4.99 G s MR IR AP B

TYPICAL BUYS FROM OUR 1967 CATALOGS
$ 350,00 - Geared 2-hp Battery Gelf Car Meter ..,
$ 15.00 - Westingheuse DO Ammeter, 0 te 300
$ 40,00 - Yaceum/Pressure Pump, 12-YOC
« 00-MW Walkis-Talkies, Per Palr yuies

= Deluxe, Multl-Range, AG/DC Tester.
$4000,00 - Carrier Telephone Amplifier System ...

SPECIAL SALE
Correspondence
Coursse In
ELECTRICAL

ENGINEERING sgis For slo.1s $8 79 Fogmea

® {ITEM HAIBI ) - - Wondetful chance Lo oblain technical train-

ing at Amazing Low Cost! Lincoln En?ineerlng School has suspended
its Cortespondence Courses because of jncteased operatng costs, We
affer 2 limited number of the school’s complele Elecutical Engineering

Course but witheut the examinwtion paper grading service. The course
consists of 14 lesson unit books. Each book has the regular exams, and
in a separale section, ‘“‘Standard Answers*® to each exam question,

® Course is well written, easy to understand, profusely 1lluﬁlramd.

Reader's Digest size, easy to carry and study jn spare t Many L

culn Englnoerln; Schaol stodents holding excellenl Jjobs as a result of

L.E.S, training. Course contains }atest information on lrlnslsl.ursf 8il-

iwn dlodes etc. Addijtional booh oo how lo build and operate a *‘Heme
y and E ench’® with each course,

SEND 25¢ CCIN OR STAMPS FOR 3 MAIN OATALOGS
. All Jtems FOB Linceln  Money Back Guarantee

SURPLUS CENTER

DEPT. EW-027  LINOOLK, NEBR. 6850(

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-lLearning Association,
Box 24-ZD, Olympia, Washington.

LEARN while asleep. Remarkable, scientific,
929% effective. Details free. ASR Foundation,
Box 721, Dept. e.g., Lexington, Kentucky.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free. (Courses Bought). Lee Mountain, Pisgah,
Alabama.

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.00. Signature
$2.88. Free catalog. Jackson Products, 1433
Winnemac, Chicago, lll. 60640.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS TECHNICIAN——a large midwest-
ern university is seeking an Electronics Tech-
nician. Must be able to perform routine main-
tenance and repair of electronic, scientific
equipment. Must have familiarity with both
electron tube and solid state circuitry, and must
be able to do design, construction, and modifi-
cation of electronic circuitry. Apply Personnel
Office, University of Missouri at Kansas City,
5100 Rockhill Road, Kansas City, Missouri.

INVENTIONS WANTED

INVENTIONS—IDEAS developed: Cash/Royalty
Sales. Member: United States Chamber Com-
merce. Raymond Lee, 130-GE West 42nd, New
York City 10036.

INVENTIONS wanted! Highest cash or royalties.
Financial assistance. Free analysis. International
Invention Institute, Dept. 31, 160 Broadway,
New York, New York 10038.

INVENTORS. We will develop, help sell your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro-
kerage, 79 Wall Street, New York 5, N.Y.
PATENT SEARCHES, $6.001 FREE ‘Invention
Record’’ /Information. Miss Hayward. 1029HE
Vermont, District of Columbia 20005.
INVENTORS! Get your “Little Piggy"” to market.
Highest cash or royalties. New York Invention
Service, Dept. 13, 160 Broadway, New York,
N.Y. 10038.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2,-
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-
necticut 06525.

FOREIGN EMPLOYMENT. Construction, other
work projects. Good paying overseas jobs with
extras, travel expenses. Write only: Foreign
Service Bureau, Dept. D, Bradenton Beach,
Florida 33510.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling. No college
education necessary. Pick own job location. in-
vestigate full time. Or earn $6.44 hour spare
time. Write for Free Literature. No obligation.
Universal, CZ-2, 6801 Hilicrest, Dallas, Texas
75205.

FREE BOOK ~990 Successful, Little-Known Busi-
nesses.” Work home! Plymouth-145T, Brooklyn,
New York 11218.

1 MADE $40,000.00 YEAR by mailorder! Helped
others make moneyl Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Michigan
48197.

CIRCLE NO. 90 ON READER SERVICE CARD
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CITIZENS BAND Radio Dealerships Available.
Sell Full or Part Time. Knox Electronic, Dept.
274, Galesburg, Ill. 61401,

ANNIVERSARY SPECIAL
e
FREE)! e

With Every $9.00 Purchase, %

N CHOOSE 51 ITEM
J Gesx ANY FREE

USE AS ORD-A-GRAM)

New! 'PANCAKE’ Transistors

IN THE ‘NEW .TO46 MICRO CASES
¥ Silicon Epitaxial Planars ¥ 70% off retail

‘Yr Only 1/16” high ¥t Gold novar leads vr Tested

Like Watts VCB®* HFE mc *Maximums
O2N706 .4 20 20 200

O2N708 .36 20 30 480

O2N870 .5 60 120¢ 80

O2NI613 .8 50 120: 80 F

C12N1893 .8 100 120* 70 FOF

O 2N2043 .8 50 300* 85 /
CI2N2645 .5 50 300° 85 $ Py
O 2N2314 4 60 ‘50 150 ‘tf

0 2N2434 5 185 100 &

< |$1 HEADLINERS

TRANSISTORS,

{0 70 PNP SWITCHING " §)

[0 10 NPN SWITCHING §!

T 15 PNP (CK722,2N107%1

1 15 NPN 2N335, 170 ,

1 4 2N255 POWER 20-W51
———————

O 25 GERMANIUM »+. ¢ $]
O 2s rop HAT's REcr.-51
0 RECTIFIERS $1

*zen ‘“
pIOPES  EacH
‘Yolts

Yolts Yolts .

HAT AND EPOXIES

Piv Sale PV Sale PIvV Sale

50 0 5¢ 600 ] 20¢ 1400 ] ®5¢
100 0O 7¢ 800 [ 25¢ 1600 .0 1o
200 ] 9« 1000 ] 50¢ 1800 [J1.35
400 [J 12¢ 1200 [J 65¢ 2000 [J1.50

" 06 nSILICON
(} CONTROLLED
RECTIFIERS

25

7
PRV  amp All\eP AMP

SILICON
RECTIFIERS

PIV. Sale PIV
s0(] 9¢
10007 13¢

Sql_e
600 [] 40¢
800 [] 51¢
19¢ 1000 [] &9¢

29¢

WORLD'S

MOST POPULAR $1 PARTS PAKS
30 “YELLOW' MYLAR "CONDENSERS, asstd. val $1
60 CERAMIC CONDENSERS, discs, npo's, to .05 $7
60 TUBULAR CONDENSERS, to .6m, to 1Kv, asst $1
40 DISC CONDENSERS, 27mm{, to .06mf to 1KV §1
‘60 TUBE SOCKETS, receptacles, plugs, audio, ete. $1
30 POWER lESlSTOlS 5 to 6OW. to- 24 Kohms $
65 HALF WATTERS, asst incl: A.B., 5% tool . R 3
60 HI-Q_RESISTORS, 2,1, 2w, 19 & 5 % values $1
10 VOLUME CONTROLS, to 1 meg, swn.ch too! .$1
10° ELECTROLYTICS, to 500m{,. 288t FP & tubulara$t
50 RADIO & TV KNOBS asstd. colors & styles .$}

oo DDDDDDC]E]

|5Amu

YCB-100
Pewar, Audie,RF, .untested
] “2N441, ,27.7 e 8% sllicon';PnD; npnl!

@ 1 AMP

800 P IV recriiers for $1
MICROAMMETERS “N" Channel Fet
0—100 transistors

D
2 []2N3085 49
D c_sm -Eoch

— e
GIANT SPRING.CATALOG ON: O PARYS (] REC-
TIFIERS n YRANSISYORS O SCRS O. IENERS

. L]
susmmviature ‘B

TERMS: send. :he:k, money order,
ln:lude postage—avg. wt. per pak
lh. Rated net .30 davs. CODs
*%*p.0. BOX 942w
SO. LYNNFIELD, MASS,
#PAK-KING'" of the Werld

OLY
AKS
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DON’T BUY TUBES!!
RADIO or T.V.-XMITTING

or SPECIAL-PURPOSE TYPES UNTIL YOU
GET OUR PRICE LIST. GUARANTEED TO
BE THE LOWEST PRICES IN THE U.S.A.
OVER 5000 TYPES—ALL 100% GUAR-
ANTEED BRAND NEW .

"WE'RE NEVER UNDERSOLD’
SEND POST CARD FOR T.V. OR
SPECIAL PURPOSE PRICE LIST

ESTABLISHED 1920

UNITED RADIO CO.

56 FERRY ST. NEWARK, N.J.
P.O. BOX 1000 — ZIP CODE - 07101

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolco, 2016 Canton, Dallas. Texas 75201.

SELL AMERICA’S Biggest Value Wedding Line!
Big 409% Profit Showing Wedding Invitations
and Over 50 Exciting Accessory Items. Sideline
For Printing, Christmas Card Salesmen. Free
Display Album. Elmcraft, 7201 S. Cicero, Dept.
EW-176, Chicago, lllinois 60629.

REAL ESTATE

NEW! FREE! Spring CATALOG! Giant 180 pages!
Selected Best thruout the U.S. Thousands of
properties described, pictured—Land, Farms,
Homes, Businesses—Waterfront, Recreation, Re-
tirement. 67 Years’ service, over 500 Offices, 37
states Coast to Coast. Mailed FREE from the
World’'s Largest! STROUT REALTY, 60-ZD, E.
42nd St., New York, N.Y. 10017.

BOOKS

CANADIANS—Fabulous Electronic Book Cata-
log—Listing over 500 Titles—Free—Books, Box
796, Dept. A, Montreal 3.

STAMPS

WORLD’S LARGEST STAMP 25¢ to approval ap-
plicants. Dukes, Greendale, Wisconsin 53129.

WOW! 110 ALL DIFFERENT GERMANY 10¢.
Commemoratives, Airmails, High Values, Big
catalog, bargain lists also, fine stamps from our
approval service, which you may return without
purchases and cancel service at any time.
Jamestown Stamp, Dept. A27EG, Jamestown,
N.Y. 14701.

FREE! BIG BARGAIN CATALOG—NEW EDITION
listing thousands of bargains including U.S. &
B.N.A. stamps, packets, albums, accessories
and supplies. Also, fine stamps from our ap-
proval service which you may return without
purchase and cancel service at any time. James-

town Stamp, Dept. E27EG, Jamestown, N.Y.
14701.

MISCELLANEOUS

WINEMAKERS: Fiee illustrated catalog of

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412,

BEERS, PEACH BRANDY, WINES—Strongest For-
mulas, $2.25, (complete brew supplies hydrom-
eters catalog 10¢)—Research Enterprises, 29-D
Samoset, Woburn, Mass.

TEN Winemaking Recipes and Winemaking Sup-
plies Catalog. 10¢. Country Winemaker, Box
243EGA, Lexington, Mass. 02173.

YOUR OPINIONS EARN $10 HOUR. Written in
your Spare Time from home about free products
and publications. Need no skill, nothing to buy
or sell. Details from Research ZD-3, Box 669,
Mineola, N.Y. 11501.

AS YOU READ THESE PAGES more than 196,000
monthly buyers of ELECTRONICS WORLD are
doing the same. If you want to do business with
these active Electronics Professionals your
Classified Advertising belongs here now!
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Today's electro-technology makes possible near-perfect
stereo at moderate manufacturing cost: that's the de-
sign concept behind the new EICO *'Cortina’ all solid-
state stereo components. All are 1009, professional,
conveniently compact (3%4”H, 12*W, 8”D), in an
esthetically striking *'low silhouette.”” Yes, you can pay
more for high quality stereo. But now there's no need
to. The refinements will be marginal and probably
inaudible. Each is $89.95 kit, $119.95 wired.

Model 3070 All-Silicon Solid-State 70-Watt Stereo

Introducing EICO’s New “Cortina Series”!

Amplifier: Distortionless, natural sound with unre-
stricted bass and perfect transient response (no inter-
stage or output transformers), complete input, filter
and control facilities; failure-proof rugged all-silicon
transistor circuitry.

Model 3200 Solid-State FM/MPX Automatic Stereo
Tuner: Driftless, noiseless performance; 2.4,V for 30db
quieting; RF, IF, MX are pre-wired and pre-tuned on
printe'ad circuit boards — you wire only non-critical power
supply.

TNew Ways to make Electronics more Fun!

Save up to 50% with EICO Kits and Wired Equipment.

You hear all the actlon-packed capitals of the
world with the NEW EICO 711 "Space Ranger'
4-Band Short Wave Communicatlons Recelver —
plus ham operators, ship-to-shore, aircraft,
Coast Guard, and the full AM band. 550KC to
30MC In four bands. Selective, sensitive super-
het, modern printed circuit board construction.
Easy, fast pinpoint tuning: illuminated slide-
rule dials, logging scale; 'S’ meter, electrical
bandspread tuning, varlable BFO for CW and
SSB reception, automatic noise limiter. 4~
speaker. Headphone jack. Kit $49.95. Wired
$69.95.

NEW EICO 888 Solid-State
Engine Analyzer

Now you can tune-up, trouble-
shoot and test your own car or
boat.

Keep your car or boat engine in
tip-top shape with this completely
portable, self-contained, self-
powered universal engine ana-
lyzer. Completely tests your total
ignition /electrical system. The
first time you use it — just to tune
for peak performance — it'll have
paid for itself. (No tune-up
charges, better gas consumption,
longer wear) 7 instruments in
one, the EICO 888 does all these
for 6V and 12V systems; 4, 6 &
8 cylinder engines.

The EICO 888 comes complete
with a comprehensive Tune-up
and Trouble-shooting Manual in-
cluding RPM and Dweil angle for
over 40 models of American and
Foreign cars. The Model 888 is
an outstanding value at $44.95
kit, $59.95 wired.

More “ham" for your dollar than ever — with
the one and only SSB/AM/CW 3-Band Trans-
ceiver Nit. new Model 753 — “the best ham
transceiver buy for 1966 — Radio TV Experi-
menter Magazine. 200 watts PEP on 80, 40 and
20 meters. Receiver offset taning, built-in VOX,
high level dynamic ALC, silicon solld-state VFO.
Unequaled performance, features and appear-
ance. Sensationally priced at $189.95 Kit,
$299,95 wired.

New EICOCRAFT® easy-
to-buiid solid-state elec-
tronie TruKits:® great
for beginners and
sophisticates alike. As
professional as the
standard EICO line —
only the complexity is
reduced to make Kit-
building faster, easier,
lower cost. Features:
pre-drilled copper-
plated etched printed
circuit boards; finest parts; step-by-step in-
structions; no technical experience needed —
just soldering iron and pliers. Choose from: Fire
Alarm; Intercom; Burglar Alarm; Light Flasher;
‘‘Mystifier’'; Siren; Code Oscillator; Metronome;
Tremolo; Audio Power Amplifier; AC Power Sup-
ply. From $2.50 per Kit.

There's more PUNCH in the new EICO "Sentinal-
Pro" 23-channel Dual Conversinn S-watt CB
Transcelver, New advanced Big-Reach ‘‘Range
Pfus’’ circuitry lengthens ‘talk-power” reach.
Automatic noise limiter super-sensitizes for weak
signals. “‘Finger Tip'' antenna loading and trans-
mitter tuning controls. 23 crystal-controlled
transmit and receive channels — all crystals
supplied. Rear-illuminated S/RF meter. Tran-
sistorized 12VDC and 117VAC dual power supply.
Wired only, $169.95. Positive-Negative Ground/
Mobile Marine Modification kit (optional $5.95).

-
| FREE 1967 CATALOG

EICO Electronic Instrument Co., Inc.
131-01 39th Ave. Flushing, N.Y. 11352
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Model 460 Wideband Direct-Coupled
5" Oscilloscope, DC-4.5mc for color
and B&W TV service and lab use. Push-

AUUrEES e rard—————a————-

——— s . o i i

CIRCLE NO. 120 ON READER SERVICE CARD

Send me FREE catalog describing the ful! EiCO line of
200 best buys, and name of nearest dealer. I'm inter-

pull DC vertical amp,, bal. or unbal City ... P ———
input. Automatic sync limiter and amp,
$99.95 kit, $139.50 wired. State_ - — R S

=1
|
|
|
|
|
|
|
|
|
1 Model 232 Peak-to-Peak VTVM. A must
for cofor or B&W TV and industriai
~1 | use. 7 non-skip ranges on all 4 func-
| tions. WIth exclusive Uni-Probe.®
$29.95 kit, $49.95 wired.
d




Lists more

~» than 1300

e . receiving
7 < " tubes

( \ The most popular receiving tube manual in the
X\ ! electronics industry has been revised and
‘ updated again! More than 600 data-packed
\ pages offer you additional text information on
general system functions, tuned amplifiers,

wideband (video) amplifiers, and TV
circuitry including scanning, sync, and both
horizontal and vertical deflection. Text
‘writeups of all circuits in the circuit
section explain in detail the functions of
the various stages, aiding in the
construction of these circuits. Data on
color and B/W picture tubes, voltage
reference tubes, voltage regulator tubes.
Updated Applications Guide.

Whether youre a service technician,

engineer, radio amateur, hobbyist
or student...the new RC-25
receiving tube manual is a

reference work that just has to

be in your technical library.
Order yours today from
your nearest Authorized

%\Q\ RCA Tube Distributor.

Only

$.25°

*Suggested
Price

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name
in Electronics
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