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Pioneer's new 9191.. .thé best 
cassettedeck under$450 

that money can buy. 
Here is a macnificent cassette deck 
'with specifications that are beyond what 
our industry iad been aware were 
possible; specs that surpass anything that 
a deck of this price, performance and 
quality has ever been able to come up to 
before. Unbelievably low wow and flutter; 
solenoid controls that operate at a touch 
with almost nagical precision, and a 
unique, truly -,risible horizontal front 
loading system by which the cassette is 
effortlessly set into place with two fingers, 
are only a few highlights. 

Pioneer's new 9191 incorporates a 
cascade of features and innovations: 
automatic Cr02 tape detector and indicator 
light; an -illuminated panel scale that lets 
you see at a glance the amount of tape 
remaining on a cassette; and an advanced 
memory rewind circuit that permits quick 
and easy location of (and automatic re- 
start from) any point on a cassette 
tape. It also has two independent drive 
motors; including an electronically - 
controlled DC unit for recording and 
playback. 

Our engineers took into consideration 
the many types of tapes available and 
included superior bias and equalization 
circuitry and switching (in addition to the 
the automatic Cr02 detection system) so 
that the 9191's recording capability is 

Unique, effortless, front -loading system.' 

BIAS 
STD LH' LH2 

SG 
ST STD 

LH LH-1 

38 IEcf 

Selectable -equalization and bias switches. 

optimized for any kind of cassettes you 
want to use. And, of course, there's built- 
in Dolby B* to bring the 9191's S/N ratio 
up to 62 dB, even with standard tapes. 
We've also included separate rílic/line 
mixing, and an extra pair of input and 
output jacks. 

By now you realize that here is a 
cassette deck rivalling the performance of 
decks costing hundreds of dollars more; a 
deckwhose controls make it respond 
faster than many reel-to-reel machines, 
and which offers greatly -extended 
frequency response and dynamic range. 
And it's the only front -loading, front- 
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control, stackable deck to have all the 
features we've mentioned. - 

Btit of'all the ingredients that male 
up.the 9191: performance, reliability, style 
and features, the most important'of al 's 
its value. We set out to build a cassettle 
deck that'was better, but less costly, than 
any deck built previously. We know wa 
have'succeeded. We know that you' I 

agree when you see and handle the 
Pioneer CT -F9191 at your Pioneer dealer: 

CT -F9191 Specifications: 
Frequency Response: Standard LH tapa 25- 

16,000 'Hz (35-13,000 Hz ±3dB); CrO:,tEpe: 
2017,000 Hz (30-14,000 Hz ±3dB) 

Signal -to -Noise Ratio: Dolby OFF: More than 
52 dB; Dolby ON: More than 62 dB (ve- 

"5,000 Hz, Standard and LH tapes) More tsar 
" 66.5 dB over 5,000 Hz with Cr02 tape 

. Harmonic Distortion: No more than 1.7% tOdB 
Wow and Flutter: No more thas 0.07% (WRMSX 

U.S. Pioneer Electronics Corp., 
75 Oxford Drive, Moonachie, 
New Jersey 07074. 

_ 

West: 13300 S. Estrella, Los Angeles" 
90248 / Midwest: 1500 Greenleaf, Elk - 
Grove Village, Ill. 60007 / Canada: -. 

S.H. Parker Co. 

61) IP'CUNE 
when you want something tfyher 
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Dolby is a trademark of Dolby Laboratories, Inc. 
{5449.95 is manufacturer's suggested resale price ooly and includes walnut grained vinyl top & side panels. Actual selling price Is set by Pioneer dealer at his option. 
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Other Model 1-612 features: 
LARGE (13/8" x 3/8") S-RF METER. Offers visual 
signal input and power output indication. 

TWIN LED LIGHT indicate transmit (red) and 
receive (green). 

VARIABLE TONE CONTROL. You adjust audio 
response level to compensate for high noise levels. 

LOCAL -DISTANT RF GAIN SWITC-I prevents over- 
load and distortion from nearby transmitters. 

AUTOMATIC NOISE ELIMINATOR SWITCH- 
with On -Off feature. 

PLUS THESE OTHER GREAT FEATURES AND 
CONVENIENCES: CB -PA switch cnnverts unit into 
powerful, 5 -watt P.A./Hailer system ... full-size, 
plug-in mike ... illuminated channel dial ... AMC 
circuit to prevent overmodulation . . . Tuned RF 
stage ... Positive and negative ground operation ... 
Full 4 watts power to antenna ...:Dual conversion 
superheterodyne receiver ... External speaker jack. 

Send for full -line color brochure today! 
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OYHq-SOCK SYNTHESIZER 

Royce Model 1-612 Gyro -Lock 
Citizens Band Transceiver 

That's Gyro -Lock! An amazing new inno- 
vation in CB engineering design. Imagine- 
full, 23 -channel operation from only 2 crys- 
tals. Advanced, integrated circuits (10 
of them) replace other crystals formerly 
needed. So, unlike old synthesizers which 
can be affected by temperature changes- 
with Royce Gyro -Lock you are always on 
channel, on every channel. 

Reason enough to choose the Royce 
Model 1-612. But, your Royce Dealer has 
many other features to show you. Stop by 
and see them all-soon! 

Royce 
electronics 
corporation 

1142 Clay Street 
North Kansas City, Missouri 64116 

CALL: (816) 8'.2-0252 TELEX: 426-145 
CIRCLE NO. 46 ON FREE INFORMATION CARO 



NEW... from A P Products 

O 

ALL -CIRCUIT EVALUATOR 
OBSOLETES ordinary breadboards - for fast, 
solderless, plug-in circuit building and testing 
ACE 
200-K 
4-9/16" by 
5-9/16" 

ACE 208 
4-9/16" by -;. 
5-9/16" , 

ACE 
21 2 
4-9/16" 
by 7" 

ACE 
201-K 
4-9/16" 
by 7" 

2 

SAVE 

$5 

7 
MODEL 
priced - from 

less than 

...1§11!: 

up- 

A 

$1 

special 20% off 
introductory offer 

ACE /995 
201-K 

ASSEMBLE -IT -YOURSELF KIT 
Now you can enjoy the pleasure and convenience of checking 
out your circuits on an ACE from A P Products at this special 
low price! Just plug in and power up ... no soldering required! 
Incorporates the famous A P multi -tie -point plug-in feature 
throughout for optimum circuit design flexibility. 

OFFER EXPIRES SEPT. 30, 1975 

ORDER TODAY AND SAVE CASH: check or M.O. enclosed 
No. Model Total CHARGE: Master Charge aZ ACE'S No. Price 

CHARGE: BankAmericard 

Regular 
$24.95 
value 

Total cost of ACE's 

Residents of California 
and Ohio add sales tax 

Postage and Shipping 

ORDER TOTAL S 

Send order to: 

1 50 

Send 
FREE catalog 

Acct No 

Expiration date 

Master Charge Interbank No.: 

4 NUMBERS OVER YOUR NAME 

SIGNALURE 

PRIN NAME 

A P PRODUCTS ADDRESS 

INCORPORATED CITY 

Box 110-H, 72 Corwin Dr. 
Painesville. Ohio 44077 STATE ZIP 

ACE 
218 
7.1/8"by 

_: 

-'solid wire. No special patch cords 
required. All models will accept all 

DIP's, TO -5's and discrete components with leads up to.032" 
diameter. Multiple buses can easily be linked for power and 
ground distribution, reset and clock lines, shift command, etc. 

ACE 227 . 8" by 
9-1/4" 

ACE 238 
10-1/4" by 

9-1/4" 

On all models ... 
simply plug in ydur 

components and inter- 
=' connect with ordinary 22-ga. 

ACE 200-K ... 728 tie points, holds up to 8 16 -pin DIP's, 
two buses, two 5 -way binding posts, kit form ...$18.95 

ACE 208 ... 872 tie points, holds up to 8 16 -pin DIP's, 
8 buses, two 5 -way binding posts, assembled ... $28.95 

ACE 201-K ... 1032 tie points, holds up to 12 14 -pin DIP's, 
two buses, two 5 -way binding posts, kit form ...$24.95 

ACE 212... 1224 tie points, holds up to 12 14 -pin DIP's, 
8 buses, two 5 -way binding posts, assembled... $34.95 

ACE 218 ... 1760 tie -points, holds up to 18 14 -pin DIP's, 
ten buses, two 5 -way binding posts, assembled . $46.95 

ACE 227 ... 2712 tie points, holds up to 27 14 -pin DIP's, 
28 buses, four 5 -way binding posts, assembled ..$59.95 

ACE 236... 3648 tie points, holds up to 36 14 -pin DIP's, 
36 buses, four 5 -way binding posts, assembled ..$79.95 

MATERIALS 
Anodized aluminum bases (also serve as ground plane); acetal copolymer 
dielectric; non -corrosive nickel/silver tie -point terminals; rubber bench feet. 

A P PRO_ DUCTS INC. Box 110-H Painesville, OH 44077 
CIRCLE NO. 1 ON FREE INFORMATION CARD POPULAR ELECTRONICS 
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-'11> Editorial 

ABOUT EDITORIAL BULL SESSIONS - 

The editors here at POPULAR ELECTRONICS get together on a regular and 
irregular basis to ruminate about the state of the art, where it's headed, 
and sundry editorial problems and challenges. Here's a minuscule 
sampling of what we typically discuss at these bull sessions. 

Why do two audio amplifiers with identical performance specifications 
sometimes sound different? One consideration, we concluded, may be 

"transient intermodulation distortion" or TIM. Essentially, this concerns 
the delay that occurs between a transient input signal to an amplifier and 

its output signal. Because of the delay, there is no feedback to modify the 

momentary high input as occurs under steady-state conditions. The upshot 
is often some degree of overload clipping, compounded by an extension of 

cut-off time by the feedback mechanism. Such a short burst of 
intermodulation distortion is said to resemble momentary crossover 
distortion in solid-state amplifiers, which is revealed as a harshness 
of sound. 

Unfortunately, TIM is undetectable at the output. To measure it requires 
disconnecting the feedback loops, a job that's easier said than done. 
Conclusive tests on this elusive distortion mechanism have not been made, 
to our knowledge. So you can be sure that we'll be kicking this one 
around again. 

We naturally follow electronic developments very closely, keeping each 

other posted on what we learn. For instance, moderately priced erasable 
PROM's for hobbyists do not appear to be too far down the road. Also of 
interest, fusable-link PROM's (see our July 1975 issue), which in effect 
allow you to make your own ROM's, are obviously untested by the 
manufacturer in final form. As a result, some 2% are likely to be defective. 
So add an extra device or two to your order to cover this possibility. 

Our readers are a major subject of discussion, too. What do you want to 
hear about: microprocessors, shortwave listening, hi-fi? Your letters help 
us answer this question and you'll sometimes see editorial changes 
reflecting them. For example, it's clear that our recently introduced 
quarterly column, "Computer Bits," will be increased in frequency due to 
its enormously favorable response and the many requests for more 
coverage. Also, we'll be resurrecting "Operation Assist" for readers who 
can't locate the schematics or parts for an old product. Other pleasant 
surprises are in store for you, too. 

And, of course, we chat about problems with some reader mail. So there 
are a few requests we'd like to make of you. They concern letters that you 
hope to have answered. To help ensure a reply, please enclose a stamped, 
self-addressed envelope. Due to- the tremendous volume of mail received, 
we can't respond if this is not done. Furthermore, we simply cannot modify 
or troubleshoot circuits by mail, as much as we'd like to. To answer 
complicated design questions would jeopardize our schedule, which must 
be met monthly to satisfy all of our nearly 400,000 readers. 

4 POPULAR ELECTRONICS 
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NEW %Vller®coRDLEss SOLDERING IRON 

GOES ANYWHERE 

A professional quality tool, Weller's feather -light and 
fingertip -handy WC -100 Cordless Soldering Iron allows 
you to make connections anywhere...without 
dependence on an AC cord and outlet. 

The heart of the WC -100 is its high-energy, 
long -life, nickel -cadmium battery which springs 
into action at the touch of your finger, heating 
the tip to over 700°F in just 6 seconds. 
And no danger of accidental discharge. 
Weller's exclusive sliding safety switch 
breaks the circuit when your finger is 

removed, won't lock in "on" position, and - 

does lock in "off" position for added 
safety while restoring energy with fast - 
power recharger (UL listed). 

Loosen two slotted set screws and 
you've got instant choice of four tips... 
regular, long -reach, fine -point, or miniature 
...each mounted on an extra -strong 
stainless tube to resist bending. Tip is 

continuously illuminated by the built-in light 
which focuses on the work area, a special 
advantage under poor lighting conditions. 

Try this for size! It's a full-scale photo of the 
compact WC -100. And the real thing is waiting 
for you at your dealer or distributor...right now. 
Need to know more? Request literature. 

r ° 

.Y 

I.`. 
COOPER 
INDUSTRIES 

Weller -Xcelite Electronics Division 
The Cooper Group 
P. O. BOX 728, APEX, NORTH CAROLINA 27502 
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CHECK FOUR FUNCTIONS 
WITH ONE INSTRUMENT ! 

Continuity O Polarity 
O Voltage Digital Logic 

LIGHTWEIGHT - POCKET SIZE 
PROTECTIVE. VINYL CARRYING 
POUCH. SEE YOUR FAVORITE 
ELECTRONICS DISTRIBUTOR. 

ruzigiut 
copy 

ANY 
CIRCUIT 

The All=New, 
=Quick And.Easy 
p Way To Réproduce 

Printed Circuits. 
Get Your Kit From 

:-Your Favorite 
CALECTRO Electronics` 

V.:4 Distributor Today 

GC ELECTRONICS o 
DIVISION OF HYDROMETALS, INC. 
ROCKFORD, ILLINOIS 61101 U.S.A. 

GC 
ELECTRONICS 

CAT: NO. 
J4-828 

Coming Up In The October 

Popular Electronics® 
THE "SENIOR SCIENTIST" CALCULATOR 

DESIGNING SOLID-STATE OSCILLATORS 

USING PHASE -LOCKED LOOPS 

RHOMBIC ANTENNAS FOR TV 

WHAT'S NEW FOR HI-FI IN 1916 
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Letters 
T 

BITS ON COMPUTER BITS 

The response to Jerry Ogdin's first Com- 
puter Bits column (in the June issue) has 
been tremendous. Here are excerpts from 
just a few of the letters: 

Thanks for your new column. I am in- 
terested in being a member of a computer 
hobbyist group. -John F. Sprague, Allen- 
dale, N.J. ... Make it monthly instead of 
quarterly as soon as possible. I am a 

reasonably good programmer but need 
support in electronics. - Peter Nevius, 
Niskayuna, N. Y... Because of this, I have 
just subscribed to your magazine. - Howe 
C. Fong, Los Angeles, Calif.... I have years 
of experience with hardware, but none with 
software. Please continue the column.-J. 
E. Kircher, Hannibal, Mo.... I would like to 
see this column become regular, instead of 
a quarterly thing. Glad to see somebody's 
in touch with 1975. - R. M. Bash, Fair- 
banks, Alaska.... We found your new col- 
umn very interesting. We will be using your 
magazine as a "textbook" starting next fall. 
The wide variety of articles, new compo- 
nents, career opportunities, basic design 
projects, quizzes, printed and digital cir- 
cuit projects all fit into our introductory 
electronics course.-J. W. Craig, St. Louis, 
Mo . . . . I welcome the appearance of 
"Computer Bits." However, I resent your 
statement that there are those who know 
hardware but nothing of programming and 
those who know software but not hard- 
ware. I know both very well and fully believe 
that you can't understand all implications 
of either without knowing both. - H. J. 
Kuhman, Pittsburgh, Pa.... I am guessing 
that your "neat, inexpensive. solution" to 
the program -sharing problem will be 
achieved with cassettes. I am planning to 
buy a microcomputer. When asked why I 

wanted one, I came up with the following 
planned uses: Files Management (adapta- 
tion for record -keeping in a small busi- 
ness): Teaching Programs (programmable 
learning via teletype or CRT display); Soft- 
ware Experience; Academic and Job Aug- 
mentation (doing work at home with a 
phone hook-up to a big plant); Home Re- 
creation (for the sheer fun of it). - Gary 
Walker. Gilroy, Calif. 

We're still gathering computer club info 
and will alert respondents to them in the 
near future. Commencing with this issue's 
"Computer Bits," the column will be 
bimonthly instead of quarterly. 

CREDIT FOR CONVERTER CIRCUIT 

I was pleased to see a good application 
for a V -to -f converter in the article "Conver- 
ter Turns Counter into a Digital VOM" (May 
1975). However, I was disappointed to see 
that a reference was not given for the 
source of this circuit. I developed the cir- 
cuit shortly after the NE 555 timer became 
available.-H. Klement, White Plains, N.Y. 

The author included the reference in his 
manuscript. It was dropped in editing. 

RED IS OK 

In the article "Build a Digital Marine/Auto 
Tachometer" (June 1975), it was stated that 
the use of red displays for anything other 
than emergency indicators in automobiles 
is illegal. 

We checked this out with the National 
Highway Transportation Safety Administ- 
ration, which is responsible for Federal 
Standard 101 (covering the subject), and 
also with the Motor Vehicles Manufactur- 
ers Association in Detroit, which provides 
automobile industry standards. We find no 
basis for the prohibition mentioned. - 
David K. Bradley,E. F. Johnson Co., 
Waseca, Minn. 

Thanks for bringing us up to date. Our 
. statement was based on information we 
received several years ago when the 
NHTSA was with the Department of Com- 
merce. 

THE LONG CONNECTION 

In your July 1975 editorial (The ATIS 
Connection), you said that transmission of 
the identifying code would take about 1/4 
to 1/5 of a second. Using the most common 
implementation of the ASCII code, includ- 
ing framing bits for synchronization, a total 
of ten or. eleven bits is required per charac- 
ter. Thus a 22 -character message (sug- 
gested for ATIS) means the transmission of 
220 or 242 bits. At 100 bits per second, each 
ATIS would take just under 21/2 seconds. 

Even more discouraging (about ATIS) is 

that the suggested frequency is smack-dab 
in the middle of the speech band. Of 
course, that's where you want it for use 
with equipment designed for spoken 
communication, but ATIS will sound like a 

canary. - Bob Brown, Atlanta, Ga. 

Identification would require 176 bits of 
information. Transmitting this at 100 baud 
would require 1.76 seconds. - Stuart 
Goldberg, Warrington, Pa. 

How right you are! It's 22 characters 
times 8 bits divided by 100 baud equals 1.76 
seconds. That's a SMOP (small matter of 
programming) for you. 

Out of Tune 
In "Build a Muscle Feedback Monitor" 

(May 1975), the polarity of B2 in Fig. 2 

should be reversed. 
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Model 1472 Dual Trace Scope has reliable auto- 
matic sync and plenty of deflection for waveform 
analysis at frequencies far beyond its nominal 
range. Look at its actual, smooth roll -off curve and 
you can see how you can do an expensive scope's 
job with our far less costly but equally reliable, 
easy -to -use counterpart. Model 1472 lengthens the 
B&K-Precision complete line of 2 to 10MHz band- 
width scopes-a line of scopes that now outsells 
every other 10 to 15MHz scope because our users 
have discovered our reliability, performance and 
instant delivery from our distriibutors. 

Model 1472 has 19 calibrated sweeps-.54EC/cm 
to .5SEC/cm and sweep to .1gSEC/cm with 5x and 
to 1.5SEC/cm with uncalibrated vernier. Deflection 
factor is 0.01V/cm to 20V/cm ±5% in 11 ranges 
plus fine adjustment. Regulation maintains calibra- 
tion accuracies over 105-130VAC range. Rise time 
is 24nSEC, fast enough to check most digital logic 
circuitry, including CMOS. Automatic triggering is 
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PRECISIONr 

Model 1472 Dual Traca 
Oscilloscope: 27MHz modu- 
lated carrier and origltal 
audio displayed ... $539.00 

obtained on waveforms with as little as 1cm deflec- 
tion. Dual trace display has algebraic addition and 
subtraction and differential input capability. Mode 
automatically shifts between CHOP and ALTER- 
NATE as you change sweep time, speeding set-up. 
Extremely flat in -band response is particularly use- 
ful for demanding applications like adjusting color 
video to close tolerances in TV broadcast studios. 

Front panel X -Y operation uses matched vertical 
amplifiers, preserving full calibration accuracy for 
both amplitude and phase. The intensity modula- 
tion input (Z axis) is available for time or frequency 
markers. Bright blue P31 phosphor and variable 
illuminated graticule make any waveform easy 
to see. 

In Stock For Free Trial 
Model 1472 or any B&K-Precision oscilloscope can 
be obtained from your local distributor for a free 
trial. You'll find the scope you need in stock today. 
Write for detailed specifications. 

PRECIS/ON 
PRODUCTS OF DYNASCAN 
1801 W. Belle Plaine Avenue Chicago. IL 60613 
CIRCLE M0. 10 ON FREE INFORMATION CARD 
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Almost half of the successful TV servicemen have 
home study training and with them, it's NRI 2 to 1. 
It's a fact! Among men actually making their living repairing 
TV and audio equipment, more have taken training from NR,I 
than any other home study school. More than twice as many! 
8 
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Not only that, but a national 
survey, performed by an 
independent research 
organization, showed that the 
pros named NRI most often as 
a recommended school and as 
the first choice by far among 
those who had taken home 
study courses from any school. 
Why? Perhaps NRI's 60 -year 
record with over a million 
students...the solid training 
and value built into every NRI 
course... and the designed -for - 
learning equipment originated 
by NRI provide the answer. 
But send for your free NRI 
catalog and decide for yourself. 

Two Famous Educators... 
NRI and McGraw-Hill. 
NRI is a part of McGraw-Hill, 
world's largest publishers of 
educational material. 
Together, they give you the 
kind of training that's geared 
for success... practical know- 
how aimed at giving you a real 
shot at a better job or a 
business of your own. You 
learn at home at your 
convenience, with "bite -size" 
lessons that ease learning and 
speed comprehension. Kits 
designed to give you practical 
bench experience also become 
first-class professional 
instruments you'll use in your 
work. 

*Summary of survey results upon request. 

25" Diagonal Color TV... 
Professional Instruments 
As a part of NRI's Master 
Course in TV/Audio servicing, 
you build a big -screen solid 
state color TV with every 

modern feature for 
great reception and 
performance. As you 
build it, you perform 
stage -by -stage 
experiments designed 
to give you actual 
bench experience 
while demonstrating 
the interaction of 
various stages of the 
circuitry. And your 
TV comes complete 
with console cabinet, 
an optional extra 
with other schools. 
Likewise, NRI's 

instruments are a cut above 
the average, including a 31/2 

digit precision digital 
multimeter, triggered sweep 5" 
oscilloscope, and integrated 
circuit TV pattern generator. 
They're top professional 
quality, designed to give you 
years of reliable service. You 
can pay hundreds of dollars 
more for a similar course and 
not get a nickel's worth extra 
in training and equipment. 

Ri NRI SCHOOLS 

1'1 rMcGraw-Hill 
Continuing Education Center 

3939 Wisconsin Avenue, li Washington; D.C. 20016 

Widest Choice of 
Courses, and. Careers. 
_NRI doesn't stop with just one 
course in TV/Audio servicing. 
You can pick from five 
different courses (including an 
advanced color course for 
practicing technicians) so you 
can fit your training to your 
needs and your budget. Or, 
you can go into Computer 
Technology, learning on a real, 
digital computer you build 
yourself. Communications 
with famous Johnson 
transceiver. Aircraft or Marine 
Electronics. Mobile radio, 
and more. 

Free Catalog... 
No Salesman Will Call. 
Send the postage -paid card 
for our free color catalog 
showing details on all NRI 
electronics courses. Lesson 
plans, equipment, and career 
opportunities are fully 
described. Check card for 
information on G.I. benefits. 
No obligation, no salesman 
will call. Mail today and see 
for yourself why the pros 
select NRI two to one! 

If card is missing, write to: 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

AP PRODUCTS BREADBOARDING STRIPS 

A new series of terminal and distribution 
strips is available from AP Products. These 
solderless, plug-in strips are available in 
three basic configurations of terminal 
strips and two versions of distribution 

strips. The Model L terminal strips contain 
two rows of 5 -tie -point terminals, are avail- 
able in four lengths, and are said to ac- 
commodate all components and jumpers 
with leads up to 0.032" (0.8 mm) diameter. 
The full-length model will hold eight 14 -pin 
DIP's. The Model R terminal strips are 
available with either one or two rows of 
4 -tie -point terminals and are useful in 
breadboarding circuits using standard 
DIP's. Distribution strips are available in 
two models. The first consists of two con- 
tinuous bus strips (three lengths available), 
and the second consists of two groups of 
three -bus strips. All buses are comprised of 
4 -tie -point terminals. All contacts are 
nickle-silver copper alloy. Price varies from 
'$2.00 to $12.50, depending on model. 

CIRCLE NO. 70 ON FREE INFORMATION CARD 

MAGNAVOX MX 4-/2-CHANNEL 

AM/FM STEREO RECEIVER 

The MX Model 1620 receiver from Mag- 
navox features four power amplifiers, SQ 
and RM decoders, and a full complement 
of controls. The tuner section features the 
ASNC system (which reduces noise level 
on weak stereo stations,) and three dual - 
gate MOSFET's in the front end. The am- 
plifier section has a direct -coupled output, 
a power boost circuit to double power out - 

12 

put in stereo mode, and an Automatic Pro- 
tection Circuit for amplifiers and speakers. 
Claimed FM sensitivity is 1.8 µV (IHF), 
stereo separation 50 dB C 10,000 Hz, har- 
monic distortion 0.3% (stereo), and cap- 
ture ratio 1.8d B. The amplifier is rated at 12 
W rms/ch (30 W/ch stereo), over a power 
bandwidth of 20-20,000 Hz with 0.5% THD 
into 8 ohms. The Model 1620 measures 
223/4"W x 15" D x 6" H (57.2 x 38.1 x 15.2 
cm) and weighs 33 lb (15 kg). Includes 
grained walnut veneer enclosure. $499.95. 

CIRCLE NO. 11 ON FREE INFORMATION CARD 

INFINITY MONITOR II LOUDSPEAKER SYSTEM 

Infinity System's new Monitor II is a floor - 
standing, four-way loudspeaker system, 
Program material ranging from 23 to 450 
Hz is reproduced by a patented long -throw 
12 -inch (30.5 -cm) damped woofer. A 
11/2 -inch (3.8 -cm) enclosed midrange driver 
is active in the 450 -5000 -Hz range, while a 
1 -inch dome tweeter covers 5000 to 10,000 
Hz. A Walsh Transmission Line Tweeter, 
which looks like an ice cream cone, han- 
dles material in the 10,000- to 28,000 -Hz 
range with 360° horizontal dispersion. The 
Monitor II's floor -standing, oiled walnut 
enclosure comes with two tops-one oiled 
walnut and one cloth -wrapped. The system 
is not recommended for use with amplifiers 
rated at less than 60 W rms/channel. Nomi- 
nal impedance is 8 ohms. The Monitor II 

measures 50" H x 17" W x 16"D (127 x 43.2 
x 40.6 cm) and weighs 94 lb (42.7 kg). 

CIRCLE NO. 72 ON FREE INFORMATION CARD 

GEMTRONICS MOBILE CB TRANSCEIVER 

The newest addition to Gemtronics' line of 
CB transceivers is the Model GTX-23 
mobile rig. Among its features are a fre- 

1 

quency synthesizer providing 23 crystal - 
controlled transmit and receive channels, 
three -position delta tune, PA/CB opera- 
tion, S/r-f meter, a modulation indicator 
lamp and noise limiter. 

CIRCLE NO. 73 ON FREE INFORMATION CARD 

OVER-VOLTAGE PROTECTION FOR MOBILE 

EQUIPMENT 

The Voltector, by D.R. Corbin Manufactur- 
ing Co., is a solid-state over -voltage protec- 
tion device for 12-V do mobile equipment. 
A PUT is used in a voltage comparator that 
is said to track ±0.5 volt from 20°F to 200°F 
(-6.7°C to 93.3°C). The comparator output 
feeds a high -current thyristor switch that 
crowbars the supply line. Voltage on the 

line is clamped to about 1 volt, which blows 
the line fuse normally used with the equip- 
ment. The unit is housed in a waterproof 
enclosure with aluminum r -f shielding, and 
looks much like a small electrolytic 
capacitor with two flexible leads. The Vol- 
tector can be used with either positive- or 
negative -ground 12-V systems. $29.50 

CIRCLE NO. 14 ON FREE INFORMATION CARD 

HELECTRONIX FUNCTION GENERATOR KIT 

The Model L-10 Function Generator kit by 
Helectronix has a pre -wired and pre -tested 
circuit board to facilitate assembly. Fre- 
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quency.range is claimed at 1 Hz to 100 kHz 
with amplitude constant ±-0.5 dB. Sine out- 
put with variable amplitude up to 10 Vp 
into 600 ohms is said to contain less than 
2% distortion. The generator's triangle 
wave is claimed to have a typical linearity of 
0.1%, with variable amplitude output up to 
12 V into a 600 -ohm load. The square 
wave and pulse (variable width) output has 
a fixed amplitude at TTL logic one (greater 
than 3 V) levels. Rise and fall times are said 
to be less than 15 ns. Duty cycle of the pulse 
output can be varied from 5 to 95%. Fanout 
is 30 gates, according to the manufacturer. 
The L-10 weighs 2 lb (0.9 kg) and measures 
7 x 5" x 4.5" (17.8 x 12.7 x 11.4 cm). 
$ 49.95 

CIRCLE NO. 75 ON FREE INFORMATION CARD 

UHER LIGHTWEIGHT STEREO HEADPHONES 

Uher of America is offering a pair of open- 
air headphones in three configurations. 
The Model W674 has a two -pin plug for use 
with Uher open reel decks, the Model W675 
has a 5 -pin plug for use with Uher cassette 
decks, and the Model W676 has a phone 
plug termination for use with arplifiers 
having the standard headphone jack. The 
headphones have a frequency response of 
20 to 20,000 Hz. It is said that they weigh 
only 2.2 oz (62 g), and permit you to hear 
external sounds as well as the program 
material. An eight -foot (2.4-m) cord is in- 
cluded. $49.95 

CIRCLE NO. 76 ON FREE INFORMATION CARD 

MAXELL RECORDING TAPES 

Maxell has introduced two new lines of re- 
cording tape. A family of premium cas- 
settes will be known as the UDXL series, 
available in 60- and 90 -minute packages. 
Epitaxial blending techniques of pure and 
alloy ferrites provide large dynamic range, 
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MITS Altair Computer Report II 

MITS Announces Lower Memory Prices! 
On July 1, 1975, MITS lowered the price of the Altair 1K Static 

Memory Card (88-1MCS). The kit price was dropped from $176 

to just $97 while the assembled price was dropped from $209 

to $139. 
This price reduction was made possible by a reduction in the 

price of the Altair 1K 8101 memory chips. 
Also affected was the price of 88 -MM 256 byte (word) memory 

modules. The $53 kit price was lowered to just $14 and the $61 

assembled price to $26. 

Altair BASIC-Not Just 
Anybody's BASIC 

Altair BASIC is an easy -to -use programming language that can 

solve applications problems in business, science and education. 
You will find that with only a few hours of using BASIC that 

you can already write programs with an ease that few other com- 
puter languages can match. 

Altair BASIC doesn't compromise power for simplicity. While 
it is one of the simplest computer languages in existence, it is 

also a very powerful language. 

ALTAIR BASIC comes in three versions. The first of these is a 

4K BASIC designed to run in an Altair with as little as 4,000 words 
of memory. This powerful BASIC language has 6 functions (RND, 

SQR, SIN, ABS, TNT, and SGN) in addition to 15 statements (IF .. . 

THEN, GOSUB, RETURN, FOR, NEXT, READ, INPUT; END, DATA 

COTO, LET, DIM, REM, RESTORE, PRINT, STOP) and 4 commands 
(LIST, RUN, CLEAR, SCRATCH). 

The second ALTAIR BASIC option is the 8K BASIC designed 
to run in an Altair with as little as 8,000 words of memory. This 

BASIC language is the same as the 4K BASIC only with 8 addi- 
tional functions (COS, LOG, EXP, TAN, ATN, INP, FRE, POS) and 
4 additional statements (ON ... GOTO, ON . GOSUB, OUT, 

DEF) and 1 additional command (CONT). This BASIC has a multi- 
tude of advanced STRING functions and it can be used to control 
low speed devices-features not normally found in many BASIC 

languages. 

The third ALTAIR BASIC is the EXTENDED BASIC version 
designed to run on an Altair with as little as 12,000 words of 
memory. It is the same as the 8K BASIC with the addition of 
PRINT USING, DISK I/O, and double precision (13 digit accuracy) 
add, substract, multiply and divide. 

Altair BASIC is only the beginning. MITS is currently engaged 
in an extensive software development program. Other software 
now available includes an Assembler, System Monitor, and Text 

Editor. 
Altair software comes with complete documentation. 

One Month Specials 
The Altair Users Group is quite possibly the largest computer 

hobbyist organization in the World. It is both a means or communi- 
cation among Altair Users and a method of building a comprehen- 
sive library of Altair programs. All Altair 8800 owners are entitled 
to a free, one year membership in this group. 

For one month only, you can become an Associate Member for 
one year at a reduced rate of $10 (regularly $30). Among other 
benefits you will receive a subscription to the monthly publication, 
Computer Notes, which contains complete update information on 
Altair hardware and software developments, programming tips, 
general computer articles and other useful information. 

Now available is the Altair Software Documentation Book I which 
contains technical data on the Altair Assembler, Text Editor, System 
Monitor and BASIC language software. This documentation is free 
to purchasers of Altair BASIC. For one month only, it is being 

offered for only $7.50 (regularly $10). 
Offers good until September 30, 1975. 

SEPTEMBER 1975 

The 1K Static Memory Card contains 1024 bytes of memory 
with a maximum access time of 850 nanoseconds. 

Now ready for production is the new Altair 2K Static Memory 

Card (88-2MCS) with 2048 bytes of memory. Like the 1K Static 
Memory this new card contains memory protect features and 

provisions for disabling the ready. 

It has a maximum access time of 850 nanoseconds and is 

engineered with the finest components available. It is inexpen- 

sively priced at $145 kit and $195 assembled. 

HARDWARE PRICES: 
Altair Computer kit with complete assembly instructions $439 

Assembled and tested Altair Computer $621 

1,024 Byte Static Memory Card $97 kit and $139 assembled 

2,048 Byte Static Memory Card $145 kit and $195 assembled 
4,096 Byte Dynamic Memory Card 3264 kit and $338 assembled 
Full Parallel Interface Card $92 kit and $114 assembled 
Serial Interface Card R5232) 5119 kit and $138 assembled 

Serial Interface Card (TTL or Teletype) $124 kit and $146 assembled 
COMTER I1' 5780 kit and $920 assembled 

'The Comter II Computer Terminal has a full alpha -numeric keyboard and a 

highly readable 32 -character display. It has its own internal memory of 256 

characters and complete cursor control. Also has its own built-in audio cassette 

interface that allows you to connect the Cornier II to any tape recorder for 

both storing dala from the computer and feeding it into the computer. Requires 

an R5232 Interface Card. 

SOFTWARE PRICES: 
Altair 4K BASIC $350 

Purchasers of an Altair 8800, 4K of Altair Memory, and Altair Serial I/O or 

Audio -Cassette I/O ONLY $60 

Altair 8K BASIC $500 

Purchasers of an Altair 8800, BK of Altair Memory, and Altair Serial I/O or 

Audio -Cassette I/O ONLY $75 

Altair EXTENDED BASIC $750 

Purchasers of an Altair 8800, 12K of Altair Memory, and Altair Serial I/O or 

Audio -Cassette I/O ONLY $150 

Altair PACKAGE ONE (assembler, text editor, system monitor) . . 

Purchasers of an Altair 8800, 8K of Altair Memory, and Altair I/O ONLY $30 

NOTE: When ordering software, specify paper tape or cassette tape. 

Warranty: 90 days on parts for kits and 90 days on parts and labor for assembled 

units. Prices, specifications, and delivery subject to change. 

MAIL THIS COUPON TODAY! 

Enclosed is check for $ 

BankAmericard # O or Master Charge # 

O Altair 8800 0 Kit Assembled Options 
Include $8 for postage & handling (list on separate sheet) 

Altair Users Group Associate Software Documentation 

Please send free literature - 

NAME 

ADDRESS 

CITY STATE & ZIP 

MITS/6328 Linn N.E., Albuquerque, NM 87108 505/265-7553 or 262-1951 

L -- 

"Creative Electronics" 

MITS/6328 Linn N.E., Albuquerque, NM 87108 505/265-7553 or 262-1951 

CIRCLE NO. 31 ON FREE INFORMATION CARO 
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0.1 Hz. to 100 KHz. 

For only $39.95 
Our new FG2 Function Generator kit 
gives you all five of the most useful 
waveforms for design and testing at one 
fourth the cost of previous similar in- 
struments. Thanks to improved IC's the 
FG-2 now features amplitude stability 
of + 1 db over any range, Sine wave 
distortion of less than 1% from 20 Hz. to 
20,000 Hz. and an output of 4.0 Volts 
peak -to -peak with adjustable offset. The 
offset selector lets you put the positive 
peak, negative peak, or the center of the 
waveform on DC ground. The DC coupled 
circuit keeps the waveforms in exactly 
the same position no matter what the 
level control setting. 

Gray impact plastic case 5% x 6% x 2%. 
115 Volts 60 cycle power supply included. 

FG-2 Function Generator Kit 
shipping weight 3.0 lbs $39.95 PPd 

GET OUR 

NEW 1975 
CATALOG 

listing this and other unique kits 
R E Er, 

by simply circling our number 
on the reader service card. 

SOUTHWEST TECHNICAL 
PRODUCTS CORPORATION 

DEPT. PE 

219 W. Rhapsody 
San Antonio, Texas 78216 

14 
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high sensitivity, uniform distribution and 
wide frequency response, according -to 
Maxell. Other features are a redesigned 
package with side and tape travel indica- 
tions, a built-in 5 -second cueing line, and a 
head cleaning leader. Also being intro- 
duced is a new high-level mastering tape 
known as Ultra Dynamic back -coated tape. 
Maxell claims that this tape can provide a 
flat response over the range of 20 to 24,000 
Hz when properly biased (about 115% bias 
current). The conductive back coating is 
said to provide good capstan traction and 
bee. edoff of static charges. The new UD 
back coated tape will be marketed in 7- and 
10 -inch reel formats. 

CIRCLE NO. 17 ON FREE INFORMATION CARO 

SANSUI CASSETTE DECK 

Sansui's new Model SC363 stereo cassette 
deck boasts a magni-crystal ferrite head, a 
4 -pole hysteresis synchronous drive 
motor, high -inertia flywheel, and belt - 

driven capstan. The transport has fail-safe 
devices, which according to Sansui elimi- 
nate tape jamming, stretching, and break- 
age. A photelectric sensor stops the tape 
automatically when it reaches either end. 
Other features are low -noise circuitry, 
Dolby -B noise reduction, a line/mic short- 
ing circuit to eliminate hum, provisions for 
a stereo headphone, and a no -click pause 
button. Wow and flutter are claimed at less 
than 0.12% (WRMS) and tape speed accu- 
racy at 1.5%. Winding time is less than 70 
seconds for a C60 cassette. Frequency re- 
sponse is 30 to 13,000 Hz for standard tape, 
and 30 to 16,000 for Cr02. $279.00 

CIRCLE N0. 78 ON FREE INFORMATION CARD 

B&K 6 -DIGIT AUTORANGING FREQUENCY COUNTER 

B&K's new model 1801 is a six -digit au- 
toranging frequency counter with a 
guaranteed measurement range of 20 Hz to 
40 MHz with a typical accuracy of 10 PPM. 
A front panel switch selects either a "1 
SEC" preset gate interval or the "AUTO" 
range. The display consists of 7 -segment 
solid-state numerical digits, and three 
LED's for units (kHz and MHz) and over- 
ange indication. A 10 -MHz crystal time 
base is incorporated, but an external time 
base can also be used. The 1801 measures 
101/2" D x 8-11/16" W x 3-5/16" H (26.7 x 
22.1 x 8.4 cm), and weighs 4 lb (1.8 kg). 
$230.00 

CIRCLE NO. 83 ON FREE INFORMATION CARO 

SCOTT DIGITAL FM TUNER 
The Scott T33S digital stereo FM tuner 
uses MSI and phase -locked -loop circuitry, 
digital frequency readout, a MOSFET r -f 
front end, two pre -tuned phase -linear i -f 
filters, and a quartz crystal reference stan- 
dard. Frequency selection is accomplished 
by automatic or manual scan, or by using 
prepunched cards for preferred stations. 
Channel spacing is set at 100 kHz, and de - 
emphasis is switch -selected (50 or 75 
µsec), which allows the tuner to be used in 
either the U.S. or Europe. The tuner will 
work on 120 or 240 V ac. Among other fea- 
tures are a front panel Tape Out jack, both 
upscale and downspale scanning, a mute 
control, hiss filter, and gas -discharge dis- 
play. Specifications include 1.8µV IHF sen- 
sitivity; frequency response, 20-15,000 Hz 

1 dB; tuning accuracy, 0.001%; and an 
image rejection of 85 dB. The tuner mea- 
sures 17.5" x 11.6" x 5.3" (44.5 x 29.5 x 
13.5 cm). $999.95. 

CIRCLE NO. 79 ON FREE INFORMATION CARD 

HEATH PORTABLE DIGITAL MULTIMETER 

Heathkit's IM -2202 DMM uses a recharge- 
able NiCd battery pack (included) and a 
built-in charging circuit for portable opera - 

tions. Up to eight hours of continuous op- 
eration can be obtained from each charge. 
Its 26 ranges include full scales of 100 mV 
to 1000 V dc, 100 mV to 750 V ac, 100 µA to 
1000 mA, and 100 ohms to 1000 kilohms. 
The meter's 100% overanging capacity op- 
erates on all ranges except 1000 V dc and 
750 V ac, giving full 2-A and 2-megohm 
capability. According to Heath, internal 
standards supplied with the kit allow field 
calibration to 0.5% (dc) and 1% (ac). Better 
accuracy can be obtained using lab stand- 
ards. The 3V2 -digit display features au- 
tomatic polarity indication and decimal 
point placement. $179.95. 

CIRCLE NO. 5 ON FREE INFORMATION CARD 

E&L MICROPROCESSOR SYSTEM 

A new Microprocessor System is being in- 
troduced by E&L Instruments. The basic 
system provides a CPU and interface con- 
trol built around Intel's 8080 microproces- 
sor chip, a memory card featuring 1K of 
read and write memory space and a 256 x 8 
PROM, a front panel, power supply, and an 
interface board. The front panel controls 
have priority over software, load 16 bits of 
address data, reset and suspend functions 
over the system program. The system is 
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16,000 afferent, dig tally -derived frequencies 
instantly at your command. Hear every "action" 
station within range- 30-50MHz, 150-170MHz, 
450-470MHz and 490-510MHz: 

p 

Cards easily programñed frcm list supplied. 
- Simple visual check otprogram. 

- Insert card in slot for instant 10 channel 
program change even while mobile. Witnout equal 
when traveing by car, truck, RV, boat. 

Smallest size and onlycrystai-les3 scanner 
with integral power supply for 12VDC and 115VAC. 
USE FOR BASE OR MOBILE. 

- No confusing, error -prone switches, tabs, 
mechanical gadgetry. ermaient card memory 
eliminates need for co,tinual re -programming. 

-Get the complete story -on OPTISCAN-write now 
for 4 -color descriptive brochure. - 

SBE 
LINEAR SYSTEMS, INC. 

220 Airport Blvd. Watsonville, CA 95076 

INTERNATIONAL OFFICES: 

E. S. GOULD MARKETING CO., LTD. LINEAR SYSTEMS, S.A. 
5 Rue des Alpes, P.O. Box 163, 

Quebec, Cenada NTT, 1S9 1211 Geneva 1, Switzerland 

CIRCLE NO. 29 ON FREE INFORMATION CARC 
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Sound reasons 1 thru 5 
why an SAE gives 
you what you pay for. 
You are an audio connoisseur. You know exactly 
what you are looking for in audio components. 
The right features. The right functions. The right 
power. But you can't find one at the right price. 
And you won't. What you're looking for costs 
plenty to produce. Some build additional price 
right into their units. We build additional unit 
into our price. Here are some reasons why an SAE 

gives you what yoú pay for. 

r5 YEAR FREE SERVICE CONTRACT e 
SAE - lint In the Indu.lry to offer a 

TRANSFERABLE FULL 5 YEAR FREE {. 

SERVICE CONTRACT on parts, labor and F~ 

performance specifications, This Contract s. 

covers SAE. complete Ilne of audio 
products wnen returned to the factory or 

an authorized eervice agent, 

We start with a Free Five Year Transferable 
Service Contract. It's on parts, labor and 
specifications. If you're a connoisseur, 
you'll demand it. 

We design each product from the 
strict requirements of professionals. 
After a unit has passed our rigid 
engineering and quality control 
standards, it must meet the demands 
of professional use. Road testing. Testing that 
requires extreme power handling for longer periods 
of time. Testing that requires surviving continual 
movement from place to place. All of which simply 
means that each unit will work that much better in 
your home. 

*11 ." 

The professional approach led to 
the development of the "Steady - 
State" audio component. A com- 
ponent that lasts longer because 
it's built as an efficient package to 
perform perfectly under highest 
demand conditions. 

~E>, ~11e 

w 
3 

Our product, its professional appearance and its 
unique features, create their own reasons for 
costing more. Like our Mark XXV Stereo Power 
Amplifier. It features Parallel -Series -Output 
circuitry (PSO). Forced air cooling. Triple diffused 
output transistors. Dual relay protection circuits. 
As if these were not enough to justify its $1250 
price, the unit delivers a minimum of 300 Watts 
RMS per channel into 8 Ohms, both channels 
driven from 20Hz-20kHz, ±.25dB, with no more 
than 0.05% total harmonic distortion from 250mW 
to rated output. Yet it weighs less than 60 pounds 
(lift others with the same specs). 

It all started here with our 2500 
professional version shown with rack 
mount for professional use. 

There are many other reasons. Send us the attached 
coupon and we'll send you an additional 25, 

plus literature, and the location of a dealer who'll 
be able to supply even more. 

Components for the Connoisseur 

- 
'_ 

Scientific Audio Electronics, Inc.. Pe -9/75 

P.O. Box 60271 Terminal Annex, 
Los Angeles, California 90060 

I want more reasons, thank you. 
Name 
Address 
City State Zip 

easily expanded, with the following op- 
tions available: synchronous communica- 
tions interface; printer output; priority in- 
terrupt with a real-time clock; D/A conver- 
ters; A/D converter with 8 channels of MPX; 
4K of reed -write memory (up to 64K total), 

'2K PROM (ultraviolet erasable) memory, 
and cassette I/O. Computer interfacing, 
hardware development and software are 
taught through the "Bugbooks" Ill and IV 

(included). 
CIRCLE NO. 80 ON FREE INFORMATION CARO 

DRAKE GENERAL COVERAGE RECEIVER 

R.L. Drake's new Model SSR-1 is a syn- 

thesized radio receiver capable of desk- 
top or portable operation over a range of 
500 kHz to 30 MHz on AM, Upper or Low- 

er Sideband (selectable), and CW. The re- 
ceiver is supplied with a built-in speaker, 
removable telescoping whip antenna, hol- 
ders for 8 D cells, and a built-in, switchable 
117/234 V ac power supply. With batteries 
installed, the SSR-1 will automatically 
switch to battery operation if ac power fails 
or the line plug is pulled. For reduced cur- 
rent drain on battery power, the dial lamps 
do not light up unless a red pushbutton on 
the front panel is depressed. Include 
coarse and fine tuning controls, preselec- 
tor, clarifiers, S meter, and headphone 
jack. 
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EICO CONVERTER/CHARGER 

A solid-state power supply, Model 1040, 

which permits auto stereo tape players or 
mobile CB rigs to be operated at home, has 

been introduced by Eico Electronic In- 

strument. Twelve -volt dc equipment can be 

operated from 120-V ac lines or can be 

checked out prior to installation in a car or 
boat. It can also be used as a charger for 
12-V batteries. Input: 120-V ac, 50-60 Hz; 

output: 12-V dc at 4 A continuous. $19.95 
(wired only). 

CIRCLE NO. 82 ON FREE INFORMATION CARD 

RECORDING TAPE/TIME SLIDE RULE 

The Tape Measure is a double -slide 

cardboard slide rule which computes the 
amount of recording or playing time left on 

a given length of tape. The slide rule can be 

used with regular 5-, 7- and 10V2 -inch 
open -reel tapes. Calibrated time scale 
ranges from 2 minutes to 24 hours. Availa- 
ble for $1.84 from the Rothchild Printing 
Co., 7900 Barnwell Avenue, Elmhurst, NY 

11373. 

New Literature 

SHAKESPEARE WHIP ANTENNA CATALOG 

Shakespeare has released its latest catalog 

of the Royal line of fiberglass whip anten- 

nas. Radiators for CB mobile, base station, 
and marine operation, as well as mounting 
hardware, co -phasing harnesses, and gut- 
ter clips are described. The White Knight 
base -loaded whip is representative of the 

line, featuring a tuning -screw adjustment 
for minimum SWR, and a helical coil in a 

sealed enclosure, which the company 
claims helps keep feedpoint impedance 
constant. For base operation, the 
Greyhound, a 5/a -wave antenna, uses a 

capacitive "hat" to reduce static and radia- 

tion angle. All Shakespeare antennas are 

rated to full legal power without burn outs. 
Address: Shakespeare Industrial Fiber- 
glass Div., Jefferson Sq., P.O. Drawer 246, 

Columbia, SC 29202. 

CB RADIO ACCESSORIES CATALOG 

An 8 -page catalog from GC Electronics il- 

lustrates and describes its line of CB and 

amateur radio replacement parts and ac- 

cessories. Items suchas base and mobile 
microphones, SWR meters, noise filters 
and suppressors, and mike and antenna 
connectors are featured. Address: GC 

Electronics, 400 South Wyman, Rockford, 
IL 61101. 

CTS SPEAKER LINE 

An 8 -page catalog featuring CTS of 
Paducah's line of high-fidelity loudspeak- 
ers. Twenty-four models are now available, 
ranging from a 13/4 -inch tweeter with a fre- 
quency response of 2000 to 20,000 Hz to a 

12 -inch woofer with a 50 -watt power rating 
and a response of 20 to 2000 Hz. All CTS 

speakers are designed with an 8 -ohm nom- 
inal impedance measured at 400 Hz. Ad- 

dress: CTS of Paducah, Inc., 1565 N. 8th 
St., Paducah, KY. 42001. 

WATTS RECORD CARE BOOKLET 

A new 27 -page booklet entitled, "Watts, 
Just For The Record," is available for $1 

from Elpa Marketing. The booklet discuss- 
es static and dust build-up on phonograph 
discs and styli, and how to keep them 
clean. The Watts line of record care pro- 
ducts is illustrated, and explicit directions 
are given for their use. The booklet also 
gives tips on handling records, storing and 
washing them, and how to keep the stylus 
in good condition. Address: Elpa Market- 
ing Industries, Inc., New Hyde Park, NY 
11040. 
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, 
five. new 

Power for the 
Professional! 

New Proto Boards 
PB-203 and PB-203A 

with built-in 
regulated 

short -proof 
power supplies! 

t 

Ready -to -use. Just pluc in and start 
building! 2 extra floating 5 -way binding 

posts for external signals (PB-203 only). Completely 
self-contained with power switch, indicator lamp and power 

fuse. 24 14 -pin DIP capacity. All metal colstructiol... 
no chipping or c-acking as with plastic cases. Two-tone 

quality case makes both PB-203 and PB-203A aesthetically, 
as well as technically attractive. 

PB-203 
3 QT -59S Sockets 
4 QT -59B Bus Strips 
1 QT -47B Bus Strip 
Fuse Power Switch 
Power -On Light 
9.75"L x 6.6"W x 3.25"H 
Weight: 5 lbs. 
5V, 1 AMP regulated power 
supply 

75. 
Add $2.50 shipping/handing 

OUTPUT SPECIFICATIONS 
Output Voltage 5V ± 1/2V 
Ripple & Noise @ 1/2 ANP 

10 millivolts 
Load Regulation Better then 1% 

2 

PB-203A 
3 QT -59S Sockets 
4 OT -59B Bus Strips 
1 QT -47B Bus Slrip 
Fuse Power Switch 
Power -On Light 
9.75"L x 6.6"W x 3.25"H 
Weight: 5 lbs. 
5V, 1 AMP regulated powe 
supply (same as PB-203) 
+15V, 1/2 AMP regulated 

owe supp 
P r AM 15VP regulated 
power supply 

120. 
Add $2.50 shipping/handling 

OUTPUT SPECIFICATIONS 
Output Voltage '5V, internally 

adjustable 
Ripple & Noise oa 1/4 AMP, 

10 millivolts 
Load Regulation Better than 1% 

Continental 
Specialties Corp. 
LOGIC MONITOR 
brings ICs to life 
faster than a scope . , . 

safer than a 
voltmeter 

LM -1 8495 
each 

Add $2.50 shipping/handling 
Self-contained, pocket size. No 
adjustments or calibrations neeced. 
Puts life into digital designs. JL:st 
clip to any DIP IC up to 16 pins. 
NO POWER SUPPLY NEEDED! 
Simultaneously displays static aid 
dynamic logic states of DTL, TTL, 

,HTL or CMOS on 16 large high Intensity LEDs. Watch 
signals work through counters, shift registers, timers, 
adders, flip flops, deczders, entire systems. Concentrate on 
signal flow and input/output truth tables. Forget probe 
grounds, pin counting or sync polarity. Precision plastir. 
guides and flexible plastic web' insure positive connectiors. 
Versatile. Fast. Accurate. Indispensable. Order yours today! 

11 N, 

Continents Specialties Corp. offers 
a total I inept breadboard test devices 

eveyth'ng from inexpensive kits 
to high -power professional units and 
logic monitors too. Each high cuality, 
compact urit conies with a guarantee 
ofrcomplete satisfacticn or your 
money'back within 10 days. Here are 
but five of :he "hottest" items .werrrake.. . 

PROTO BOARD 
\ 1. 

100 
d r)11 

A complete mini - 
breadboard budget 
kit with full IC capacity 

u .- 

;- 

PB-100 
Complete let ... 

1995 
Add $1.50 

shipp`ng'hsndling 

The PB-100 is a ow fig 10 IC capacíky 
breadboa d kit, complete dowr to the last nut, bolt 
and screw. Includes 2 QT -35S Sockets; 1 QT -35B 
Bus Strip 2 5 -way binding posts; 4 rubber feed; 

screws and easy assembly instructions. 4.50" 
(114.3mtr) wide x 6.00' :152.4mm) long x 1.35' 

(34.3mrr,) high. Orde- your PE --00 kit! Start building 
and testing now! 

=M= PROTO-CLIP offers power -on... 
hands-off signal tracing .. ,. under $5! 

Trace signals or troubles loot 
fast. Inject Signals or wire 

unused clrcui:s into existing 
boards. Flexib e plastic reb 

construction eliminates 
springs ani pivots. P us, the 
narrow throe` is per'ec for 

high dersity pc boards. 
Order now! 

PC -14 14 -pin Prato-CIIp: S4.5) ea: 
PC -16 16 -pin Prato-CIIp: 54.75 ea. 

Add $1.00 sNoping 
and handling _. 

Scope probes, 
test leads Iodo 

onto unique 
toothed arks 

Ae,,, . 

®COPYR GHr CONTINENTAL SPECIALTIES CORPORATION 1975 

All Continental Specialties breadboard test devices 
are made n the USA, and are available off -the -shelf 
from your local distributor or CSC. Direct purchases 
may be ciarged Dn Ban -(Amer card, Master Charga 
or American Express. You. cet a FREE English/Met-ic 
conversio-i slide rule wi'h each order. Foreign 
orders please add 10% for shipping/handling. 
Prices are subject to charge. Write or phone for 
comple:e illustrated catcicg, plus the'name and 
address ct the CSC dealer rearest you, 

Patertslendmg 

=M= 
CONTINENTAL SPECIALTIES CORP.: 
44 Kendall St.. Box 1942.Nevr Hawes, CT %509 20I3/ó24-3103 

West Coast O'Rce: Box 7809, Sen Francisco, C4 94119 415í3E3-4207. 
. .. CAf ADA:'Avaitaile tI-hi Las Finkler Ltd., Ontario 

SEPTEMBER 1975 
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If you're thinking of Investing your money 
In a learn -at-home program in electronics, there are 

a few things you should know first. 

Selecting a home electronics program 
isn't easy. It could be one of the most 
important decisions you'll ever make for 
your future. So you want to decide care- 
fully and get the best education you can. 

After all, you're investing your time 
and money, and you want a full return on 
that investment. 

What should you look 
for before you select a school? 
You probably want a school with a 

proven track record of quality and per- 
formance. You want personal attention 
plus, the convenience of learning at home. 
You want the most up-to-date technical 
texts...teaching aids and learning 
methods. 

But most of all you want to actually 
learn what electronics is all about. Not 
just theory, but actual hands-on experi- 
ence with the latest and best technical 
equipment available today! 

At Bell & Howell Schools, you get 
all that ...and so much more! 

Bell & Howell Schools has been in the 
home -study electronics business a long 
time. Almost half a century. In that time, 
we have developed teaching techniques 
that provide our students with the most 
vital and comprehensive learning system 
available for at-home study. 

Techniques like our "step-by-step" 
concept of learning. 

At Bell & Howell Schools, we start you 
Off with the basics.Then take you step by 
step through the learning process. You 
work at a comfortable pace-not too 
fast ...not too slow. If you already have 
some learning or experience, we'll arrange 
advanced standing in the program so you 
can skip the beginning lessons. And don't 
worry if you don't have any electronics 
background. 25% of our graduates never 

18 
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"Electro -Lab®" is a registered trademark of the Bell & Howell Compary. 
Simulated TV test pattern. 
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even had any electronics training before 
enrolling with Bell & Howell Schools. 
(Based on a recent survey of our graduates 
conducted by an independent research 
firm. Survey results available on request.) 

Or our system of personal contact. 
No course is without its problems. And 

when you get hung up on a problem, you 
want answers and you want them fast. 
Here at Bell & Howell Schools, we com- 
bine the convenience and pleasure of 
learning at home with a system of per- 
sonal contact with faculty and other 
students that rivals-if not beats-any 
other program available. 

For problems that "just can't wait" we 
have a toll -free "hot-line" that you can 
call and discuss your questions with an 
experienced instructor. You get real 
attention-someone whose only job is to 
see to it that your individual questions 
are answered. And answered quickly 
and clearly! 

To help you develop your thoughts 
and understand electronics principles 
more thoroughly, Bell & Howell Schools 
has developed a unique feature that no 
other learn -at-home program has-In- 
Person Help Sessions in 50 major cities 
throughout the United States. These let 
you get together with instructors and 
other fellow students.There you can talk 
shop with other people who share your 
interests...explore your problems further 
...and get additional assistance. 

But that's not all that Bell & Howell 
Schools will do for you! In addition to 
our vast experience and expertise, is a 
philosophy that the best learning comes 
from working with the best equipment 
available. And that's exactly what our 
students do! 

i 
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What better way to learn 
electronics than to actually work 

with electronics equipment? 
And what better way to find out how 

things fit together... how they work and 
why they work than to actually build the 
equipment? And we don't mean gadgets 
that will be worthless to you later. 

We mean equipment like the Bell & 

Howell Schools exclusive "Electro -Lab" 
electronic training system including 
design console, digital multimeter and 
oscilloscope, that you can use profes- 
sionally after you've graduated. 

The design console will allow you to set 
up and examine circuits without having 
to solder them in place. 

The digital multimeter measures volt- 
age, current and resistance and displays 
its findings in big clear númbers. for easier 
reading. 

And the solid-state "triggered sweep" 
oscilloscope is similar in principle to the 
kind used in hospital operating rooms to 
monitor heartbeats. But you'll use it to 
monitor and analyze tiny integrated 
circuits. And you'll find the "triggered 
sweep" feature locks in signals for easier 
observation. 

That's not all you build when 
you choose a course from 

Bell & Howell Schools! 
To learn the most advanced electronics 

technology, you have to work with the 
most z..dvanced 
training tools. r 

f 
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So in addition to the exclusive "Electro 
Lab®" system that you will build as part of 
Bell & Howell's Home Entertainment Elec- 
tronics program, you'll also build a 25" 
diagonal color TV with digital features. 

Sounds exciting, doesn't it? Well, 
digital electronics is exciting! Its growth 
and application are giving us new and 
better products and a whole new realm of 
split-second accuracy that was just a 
dream a few years ago. And this new 
technology is being applied more and 
more to TV's, clocks, radios and other 
home entertainment equipment. 

By studying with Bell & Howell Schools 
-one of the first schools to introduce 
digital electronics as part of its training 
program-you can actually get in on the 
ground floor of this new technology 
while learning all the basic electronics 
principles and skills you'll need to detect 
and troubleshoot problems professionally 
on digital and other electronic equipment. 

Make no mistake about it! As you 
build your digital color TV, you'll get a 
thorough grounding in electronics prin- 
ciples.You'll develop a working knowl- 
edge of "state of the art" integrated 
circuitry and the 100% solid-state chassis. 
Plus you'll actually know how to program 
a special automatic channel selector to 
skip over "dead" channels and how to 
build a remarkable on -the -screen digital 
clock that flashes the time in hours, 
minutes and seconds. 

But most importantly, you'll have 
the skills that could lead you to a 

brighter future... 
And isn't that what education is supposed 

to be all about? At Bell & Howell Schools 
we've always thought so although no school 
can guarantee you a job or income oppor- 
tunity. Get full details about us, our courses, 
our philosophy of education by mailing the 
postage-pa:d card today. If you take one of 
our courses for vocational purposes, this 
program is approved by the state approval 
agency for Veterans' Benefits. 

4 Mail card today for full details! 
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If card has been removed, write: 
An Electronics 'lome Study School 
DEVRY If1STmJTE OF TECHOOLOGY 

ONE OFT 

BELL E; HOWELL SCHOOLS 
4141 Belmont. Chicago, Illinois 60641 

763/4 R 
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inII Stereo Scene 
STARTING WITH A LACQUER DISC 

ACCORDING to my sources, two 
United States companies, Cap- 

itol (formerly Audio Devices) and 
Transco, are responsible for at least 90 
per cent of the world's blank lacquer 
discs for record cutting. Capitol has 
the larger share of the market-maybe 
55 to 60 per cent. Recently, I joined 
other members of the press on á trip to 
the Capitol plant in Winchester, Vir- 
ginia, where the pictures shown here 
were taken. (I can't take credit for the 
photography since that belongs to a 

professional, Thomas Bancroft, who 
was employed for the expedition). 

The blank lacquer disc is of course 
the modern equivalent of the wax- or 
tinfoil -covered surfaces on which the. 
first phonograph and gramophone 

By Ralph Hodges 

records were cut. Today's cutting (in- 
scribing) device is a precision cutting 
head mounted on a heavy worm - 
gear -driven lathe (Fig. 1). The inscrib- 

' ing stylus, a tiny jewel arrowhead with 
complex facets, is heated to ease its 
passage through the lacquer material, 
while the coils of the cutting head, 
which must dissipate enormous 
amounts of power, are cooled, usually 
by a flow of liquid helium. 

The lacquer records made on this 
device are used to produce metal 
molds for vinyl disc pressing. They are 
not intended to be played, although 
they can be with high -quality pickups 
(keeping in mind that the stylus mass 
and damping of pickup cartridges are 
designed for vinyl, not lacquer, and 

Fig. 1. Disc -cutting lathe used for evaluation of lacquers. 
Test cuts can be seen on the lacquer's surface. 
22 

some differences in high -frequency 
response can be expected as a result). 
When they are, they provide an eerily 
quiet background-quite obviously 
the best signal-to-noise ratio, audibly 
and measurably, of any recording 
medium in current use. Unfortunately, 
their durability under any practical 
playing situation is extremely poor. 

Lacquer Noise. This outstanding 
noise performance depends., of 
course, on a good master tape (tape 
noise is usually dominant on any lac- 
quer disc, as you soon become 
aware), good electronics, and a very 
consistent and well-defined inter- 
action between cutting stylus and 
lacquer material. How quiet is a lac- 
quer master that is not limited by tape 
noise? Well, Capitol claims to mea- 
sure signal-to-noise ratios that are typ- 
ically about 65 dB with A weighting. 
Hardly astonishing, you say, and in 
fact well within the proven capability 
of the tape medium. But the difference 
is that tape S/N is rated at a recorded 
level thát comes rather close to the 
saturation point of the tape, while the 
lacquer SIN is referred to a recorded 
velocity of 3.54 centimeters per 
secorid-a very moderate level in- 
deed. Recorded velocities briefly ex- 
ceeding 20 centimeters per second 
have been found on commercial disc 
records, and some of the better 
playback cartridges (the consumer's 
cartridge, not the recording system, 
determines the upper limit for levels 
on discs) are capable of around 30 
centimeters per second at mid -fre- 
quencies before mistracking. If the 
lacquer has a 65 -dB S/N at 3.54 cen- 
timeters per second, the equivalent 
S/N at 20 centimeters per second 
would be about 80 dB. Now you begin 
to understand how quiet the disc 
medium can really be. 

Basically, lacquer noise is low be- 
cause the groove wall is smooth, with 
a grain so fine that only the finest 
scanning electron microscopes can 
resolve it. This exquisite polish is ac- 
quired through the action of the 
heated cutting stylus on the lacquer 
material. It is not known whether the 
heat actually melts (briefly) the mate- 
rial or simply softens it to facilitate a 
smooth passage for the stylus, but it is 
known that the right stylus tempera- 
ture is critical for a quiet cut. (In fact, 
temperature requirements change 
from the outer grooves to the inner, 
where linear velocities are lower, so 
that a compromise must be made.) 

POPULAR ELECTRONICS 
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ll'nd only to the 111. 

The new Shure M95ED phono cartridge combines an ultra -flat 20-20,000 Hz 
frequency response and extraordinary trackability with an utterly affordable 
price tag! To achieve this remarkable feat, the same hi-fi engineering team 
that perfected the incomparable Shure V-15 Type Ill cartridge spent five 
years developing a revolutionary all -new interior pole piece structure for 
reducing magnetic losses. The trackability of the M95ED is second only to 
the Shure V-15 Type Ill. In fact, it is the new "Number 2" cartridge in all 
respects and surpasses much higher priced units that were considered 
"state of the art" only a few years ago. Where a temporary austerity budget 
is a pressing and practical consideration, the M95ED can deliver more 
performance per dollar than anything you've heard to date. 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited ® 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
SEPTEMBER 1975 
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disc side will accommodate. It has 
even been suggested that a non -flat 

w, t cutting surface may introduce a slight 
"warp wow, since the cutter head has 
a certain amount of freedom to ride up 
and down. 

What else? To a significant extent 
the motion of the cutting stylus is con- 
trolled by the compliance and damp- 
ing the lacquer material presents, so 
that linear performance of the system 
requires a material that is both cor- 
rectly constituted and homogeneous. 
The material should behave properly 
under the stress of cutting, so that 
forces "stored" during the modula- 
tion of one groove do not work them- 

, 

aeJ selves through the material to an adja- 
centter 

coating, 
groove, causing the phenome- Fig. 2. After steps are carried non called "groove echo." Consistent out under clean -room conditions, 

- performance of the lacquer under the including inspection. 
temperatures involved in cutting is 
vital. Otherwise the cut will be noisy, 
or the thin thread of material (the 
"swarf") thrown up by the stylus will 
not separate cleanly from the groove. 
Occasionally deposits of lacquer ma- 
terial will bake right onto the stylus, 
scoring the groove. And, of course, 
impurities or irregularities in the lac- 
quer coating are verboten. 

By now all these requirements are 
pretty much known and understood, 
but now and then a bizarre problem 
surfaces. For example, a cartridge 
manufacturer recently drew my atten- 
tion to a fault in a test record's stereo 
separation that he tentatively attrib- 
uted to the lacquer/cutting-stylus 
interaction. Apparently the cutting sit- 
uation involved too much friction, 
distorting the drive impulses from the 
cutter and altering the included angle 
of the groove being cut. 

What Makes a Good Lacquer? A 
blank lacquer disc is a rather impres- 
sive product to behold. It is mirror - 
finished (Fig. 2), solid and stiff, and 
has an intriguing chemical aroma. The 
mirror qualities are not so important to 
performance, although they do imply 
precision (and they give some indica- 
tion of the degree of polish the 
finished groove walls will take on). The 
near -perfect flatness is. With many 
modern disc -cutting lathes the depth 
of the groove cut will of course vary if 
the recording surface rises and falls 
beneath the cutting stylus. Since 
deeper grooves must be spaced 
further apart, it becomes difficult to 
decide on the appropriate average 
groove spacing, and on how many 
grooves (i.e., how long a program) the 

Fig. 3. In curing tunnel, counter 
measures airborne particles. 
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How It's Done. However compli- 
cated it may be, the making of a blank 
lacquer disc certainly looks simple 
enough. It begins with a disc of 
aluminum alloy, its surfaces prepared 
either by calendering or polishing, fol- 
lowed by whatever cleansing and 
chemical treatment the manfacturer 
deems appropriate. Then comes the 
lacquer, composed of a nitro- 
cellulose base with various (often 
proprietary) additives. It is made up in 
controlled batches, filtered, de - 
aerated, and then stored in special 
tanks that keep its highly volatile con- 
tents stable until the moment of use. 

British recording pioneer Cecil 
Watts acquired a certain reputation 
for eccentricity through his initial 
scheme for coating his own recording 

blanks. Reportedly he built up the 
coating in thin layers, letting each one 
cure for a precise period of time, and 
so had to rise at all hours of the night 
to perform a fresh application. The 
Capitol technique (which we were not 
allowed to view) is a one-step process, 
taking only a second or so for each 
side. After each side is done there is a 
trip through a curing tunnel (Fig. 3) 
that is monitored constantly for tem- 
perature and cleanliness. Then it's all 
over except for inspection, center - 
hole punching, and packaging, all of 
which involve clean -room environ- 
ments and elaborate handling precau- 
tions. During inspection, blanks for 
the various record sizes are sorted 
into both -sides -usable or one -side - 
usable categories. As might be im- 
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Fig. 4. Separating the metal master 
from the lacquer disc. 

agined, there is a lot of feedback from 
customers about the performance and 
consistency of the product, and this is 
taken quite seriously. 

The Lacquer's Fate. While we 
were there, Capitol permitted us a look 
at the Winchester pressing plant-a 
real treat for me, since I had never 
been admitted within the doors of 
such a facility before. Although I am 
not as a rule an admirer of pressing 
plants, I did manage to work up some 
genuine sympathy for their problems, 
considering that they're expected to 
keep intact every nuance of a record- 
ing they won't even get a chance to 
hear until it's half way to the mass - 
production stage. 

There is not enough space here for a 

detailed description of the record - 
making process (many of you are 
probably familiar with it anyway), but I 

can present some photographs of 
sights that few in the outside world 
have seen first-hand. Figure 4 shows 
the lacquer's fate. Here, in the 

POPULAR ELECTRONICS 



 

< Ti ' 
. 

IA 

Fig. .5. Metal mother is played and imperfections 
are marked. for later removal through "microsurgery. 

operator's right hand, the lacquer is 

being separated from a rather thick 
metal coating that has been built up 
on it through an electroplating proc- 
ess. The coating, called a "metal mas- 
ter," is a negative of the lacquer. It will 
in turn be electroplated to create a 

metal part that can actually be played 
on a turntable (Fig. 5), so that flaws 
can be detected. When okay, it is itself 
plated, creating the die that will mold 
side one or side two of the record 
you'll ultimately have a chance to buy. 
Before it is mounted in the press, 
however, its edges will be trimmed 
and crimped to mold the contour of 
the record's edge. It will also have a 

o, 

hole punched in the precise center of 
the groove spiral (Fig. 6). I say "pre- 
cise" bemusedly, since I too have had 
my share of off -center records. But 
from the look of this process, it 
couldn't miss if performed properly. 

The presses that mold the viryl rec- 
orcs are becoming automated more 
and more. The ones I saw require little 
more than an attendant to pick up the 
stacks of finished discs and cart them 
away. And that, after inspection (I 

hope) and packaging, is the last 
intended thing that happens to the 
offspring of the blank lacquer dJsc be- 
fore you have it in your own quivering 
and anticipatory hands. Q 
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Fig. 6. Locating center hole .for stamper ¿n wives 
spinning disc until groove pattern appears stationary. 

Mini-Scan' 
is the pocket 
scanner that 
works a week 

on just 4 

penlight cells. 

A breakthrough 
we call "mini- 
miser circuitry" 
makes it possible - - - 

... and it's 
actually 21/2 to 5 times more 
efficient than any other pocket 
scanner we tested!* Just 4 alkaline 
penlight cells power it for a full 
week, 8 hours a day, on a tough 
50-50 duty cycle (50% full volume, 
50% squelched). And its perform- 
ance is bred from our experience in 
public safety two-way radio ... so it 
also gives you the crispest, clearest 
messages possible. Just $119.95 
with built-in ferrite antenna 
(batteries, crystals and optional 
flexible antenna extra.) 
*Test results gladly supplied 
on request. 
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Johnson 
MINI -SCAN 

TM 

.. the professional pocket scanner 
E. F. JOHNSON CO., WASECA, MINNESOTA 56093 

IN CANADA: A. C. SIMMONDS& SONS, LTD. 
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HIGHLIGHTS 
International Digital Data Service 
Western Union International has applied to the FCC for 
permission to start a new international data communica- 
tions service (IDDS). IDDS features simultaneous digi- 
tal transmission over both satellite and submarine cable 
links for greater assurance of continuous service. 
Equipment will sample incoming data signals up to 6000 
times each minute and select the preferred path at each 
instant. Transmission rates of 50 to 9600 bits/second will 
be used. A real-time link between New York and Paris 
using IDDS has already been demonstrated. 

RCA Demonstrates AM Stereo System 
RCA conducted live demonstrations of a proposed AM 
stereo transmitting system at the National Association of 
Broadcasters convention in Las Vegas. The system is 
said to be compatible with existing monophonic receiv- 
ers, with the capability of multiplexing two discrete left 
and right channels. Appropriate industry standards and 
FCC approval would be necessary before AM stereo 
broadcasts could become a reality. 

Talking Computers 
An expert in human and computer -synthesized speech 
predicts that computers will someday be talking to man 
and helping him to do certain tasks. Dr. James Flanagan 
of Bell Labs says that talking laboratory computers can 
already read out stored information, verify the identity of 
a caller by checking his voice, and respond to simple 
spoken commands. Computers speak in their own dis- 
tinctive voices and 'accents, Dr. Flanagan says, which 
they assemble from the speech resonances and rules of 
syntax with which they are programmed. The voices can 
exchange fairly complex information with a questioner. 
The machines' capacities are still restricted to recogniz- 
ing single words from a limited vocabulary. One system 
handles about 200 words, and another responds to 
spoken digits. 

CB Mobile Use 
The EIA's Citizens Radio Section reports that 1 in 5 
long -haul trucks is equipped with CB radios and that 1 

out of every 28 American families (1 of 15 farm families) 
uses the Citizens Band in one way or another, with over 
61/4 million CB radios now in use. Through the use of 
emergency channel 9, approximately 20 million emer- 
gencies are said to be reported every year. 

Self -Healing Fuse 
NASA has developed a self -healing fuse, primarily for 
use in remote locations. It is a very fast -acting, current - 
limiting device that provides current overload protection 
for vulnerable circuit elements. It then re-establishes the 
conduction path within a few milliseconds. It also per- 
forms as a fast -acting switch to clear transient overloads. 
The fuse has a current -time curve almost identical to 
that of an SCR. Life tests indicate at least 500 operations 
before failure with fuse ratings from 4 to 40 amperes and 
50 to 100 volts dc. 

Production -Line CCD 
Fairchild Camera and Instrument Corp. is now produc- 
ing a charge -coupled memory device on a production - 
line basis. The high -density CCD 450, a 1 -kilobyte serial 
storage element, is expected to be incorporated into ter- 
minals, video displays, and electronic switching net- 
works for data communications. It is organized as 1024 
words by 9 bits. OEM sample pricing is $90 in quantities 
of 1 to 10. 

Artificial Sky -Wave Propagation 
Scientists at the Stanford Research Institute have dem- 
onstrated that a temporary bubble can be produced in 
the ionosphere which reflects radio signals back to earth. 
The bubble is produced by heating the atmosphere with 
radio signals from a ground -based "heating transmitter." 
The heating is based on principles similar to those em- 
ployed by microwave ovens. The bubble is typically 
about 100 miles in diameter and 10 miles thick directly 
above the transmitter, and is invisible to the naked eye. 
Space -charge irregularities within the bubble act as 
radio reflectors. When the heating transmitter is turned 
off, the bubble disappears without a trace. The tech- 
nique will be most useful for reflecting vhf signals, parti- 
cularly those from public service radios and mobile radio 
telephones. Existing 500 -kW shortwave transmitters 
can he used for heat sources. 

GE Marketing Transient Protector 
A solid-state device will be introduced by GE to protect 
home entertainment equipment against potentially 
dangerous oltage spikes on ac power lines. The GE- 
MOV'm is a voltage -sensitive metal -oxide varistor said to 
be able to respond to line transients in 50 billionths of a 
second. It absorbs them and dissipates the energy in the 
form of heat. Voltage spikes can be caused by the starting 
of pumps, oil burners, fluorescent lights, as well as 
lightning -induced effects. The device will not protect 
equipment against a direct lightning hit, however. VoIt- 
age transients are believed to be responsible for as many 
as one-half the component failures in solid-state televi- 
sion receivers and other home entertainment equip- 
ment. 

Transmitting Technique for "Ghosts" 
RCA Broadcast Systems has demonstrated that circular 
polarization of television transmission virtually elimi- 
nates ghosting-an effect caused by reflected signals. 
RCA says that the use of matching transmitting and 
receiving antennas (both circularly polarized) provides 
"polarization discrimination" rejecting a reflected 
signal. An application has been made to the FCC to 
permit special antennas to be used for TV broadcasting. 
If approved, the use of such antennas (and special re- 
ceiving antennas) should provide relief to viewers whose 
screens are haunted by "ghosts." 
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The ne Sansui L 
p akers that 

sel.IIheAES 
onven lion 

on its ears. 

LM 330 
CUT -A -WAY 

1 

At the Convention of the Audio Engineering Society 
" in Los Angeles last May, Sansui demonstrated a new 
concept in loudspeaker design. 

The reception from these experts-chief engineers 
of radio and TV stations, record producers, recording 

engineers and sales executives of audio companies-was 
even more sensational than we ourselves expected. 

And these are the reasons: 
Unlike conventional speakers, the LM design incor- 

'' porates a multi -radiational tweeter device. High, frequencies 
instead of being lost through encapsulation, are diverted through 

three special exponential horns and recovered into sound energy that 

adds a breathtaking sense of ambience, and realism. The LM speakers also display 
extremely stable and well-defined stereo images. At the same 

time, both the transient response and efficiency of the system are 
greatly increased. An extra large woofer assembly gives exceptionally 
strong bass response ordinarily available only in much larger 
and more expensive speakers. 

Hear any of the 3 models available 
` at your nearest Sansui franchised 

dealer. You never heard music so 
üt alive before. 

l 
Multi -radiational 

tweeter 
SANSUI ELECTRONICS CORP. :5~1. 

Woodside, New York 11377 Gardena. California 90247 
SANSUI ELECTRIC CO.. LTD., Tokyo, Japan SANSUI AUDIO EUROPE S.A., 

Antwerp, Belgium ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9, B.C. 

LM 220 

LM 330 
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NTS/HEATH '1 
GR2000 
Digital 
Solid -State 
Color TV 
315 sq. in. 
Picture 

=r ..-rs 

Simulated TV Reception) 
ELECTRO -LAB 

As an NTS student you'll acquire the know-how that 
comes with first-hand training on NTS professional 
equipment. Equipment you'll build and keep. Our 
courses include equipment like the NTS/Heath 
Digital GR-2000 Solid State color TV with first -ever 
features like silent varactor diode tuning; digital 
channel selection, (with optional digital clock), and 
big 315 sq. in. ultra -rectangular screen. 

Also pictured above are other units - 5" solid state 
oscilloscope, vector monitor scope, solid-state ster- 
eo AM -FM receiver with twin speakers, digital multi - 
meter, and more. It's the kind of better equipment 
that gets you better equipped for the electronics 
industry. 

Y+ 

' 

12:01:36 

SOLID-STATE 
OSCILLOSCOPE 

i 

This electronic gear is not only designed for train- 
ing; it's field -type - like you'll meet on the job, or 
when you're making service calls. And with NTS 
easy -to -read, profusely illustrated lessons you learn 
the theory behind these tools of the trade. 
Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip- 
ment, lessons, and manuals to make your training 
more practical and interesting. 
Compare our training; compare our lower tuition. 
We employ no salesmen, pay no commissions. You 
receive all home -study information by mail only. 
All Kits, lessons, and experiments are described in 
full color. Most liberal refund policy and cancella- 
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TUBE & TRANSISTOR TESTER - 
FET-VOM 

AM/FM/SW PORTABLE 
SOLID-STATE RECEIVER 

5" OSCILLOSCOPE 
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Ir 

DfGITAL \ 
MULTUMETER 

HIGH FIDELITY 
SPEAKERS 
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i 

VECTOR MONITOR 
SCOPE 

SOLID-STATE 2 -METER FM 
TRANSCEIVER & POWER SUPPLY 

tion privileges spelled out. Make your own com- 
parisons, your own decision. Mail card today, or 
clip coupon if card is missing. 

NO OBLIGATION. NO SALESMAN WILL CALL 

APPROVED FOR VETERAN TRAINING 
Get facts on new 2 -year extension 

NATIONAL TECHNICAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 So. Figueroa St., Los Angeles, Calif. 90037 

:¡ - 

-- --- --:' . 

4. 

SOL D -STATE 
POCKET RADIO 

SIGNAL 
GENERATOR 

COMPARE 
0 KITS AND LESSONS. 
R 

COMPARE 
OUR 

TUITION. 

o tt SOLID-STATE STEREO 
API/FM/MULTIPLEX 

RECEIVER 

CC'LOR BAR/DOT 
GENERATOR / 

d agouti 
-I- 

74 sq. ir. 
Solid-Sóté 
B&W TV 

_ :-. 

NATIONAL TECHNICAL SCHOOLS Dept. 205-095 
4000 South Figueroa St., Los Angeles, Calif. 90037 
Please send FREE Color Catalog and Sample Lesson. 
NO OBLIGATION. NO SALESMAN WILL. CALL. 

1 

I 
1 

Color TV Servicing 
B & W TV and Radio Servicing 

E Electronic Communications 
E FCC License Course 

Electronics Technology 
E Computer Electronics 

Basic Electronics 
E Audis Electronics Servicing 

NAME AGE 

ADDRESS APT # 

CITY STATE 

I Please fill in Zip Coce for fast service 
Check if interested in G.I. Bill information. 

E Check if interested ONLY in classroom training in Los Angeles. 
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Nov Mallory Ni -Cad Batteries. 
Rechargeable 1000 times. 
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Economical recharginc - 
Mallory BC -1 Charger draws ony two watts. 

Team these long -life nickel -cadmium cells 
with an automatic Mallory Charger, and you 
can recharge them 1000 times, or more. 
You'll be"sure of having fresh D, C. and AA 
batteries, while saving money, time and 
trouble. Mallory Rechargeable Nickel - 
Cadmium Batteries keep on coming back for 
more in electronic calculators, tapé recorders, 
radios, cameras, toys, other battery -powered 
products. 
Keep a spare set of Mallory Ni -Cads on hand, 

MMLLQRY 
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Í 
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and you'll never run out of battery power 
agáin. They recharge to full strength, two or 
four a: a time. And unlike ordinary dry cells 
that lose voltage during discharge, Mallory 
Ni -Cads with a full charge maintain operating 
voltage during the entire work cycle. You get 
maximum power, continuously, for top product 
performance. 

For the long run, Mallory Rechargeable 
Ni -Cads ... the 1000 -time batteries. Get them 
now at your Mallory Distributor. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY Sc CO. INC. 
Box 1284, Indianapolis, Indiana 46206; Telephone: 317-866-3731 

Batteries Capacitors Controls Security Products DURATAPE® Resistors Semiconductors SONALERT® Switches Fastening Devices 
DURATAPE® and SONALERT® are registered trademarks of P. R. Mallory & Co. Inc. 
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WITH stereo receiver prices rang- 
ing from less than $200 to more 

than $1000, choosing a model around 
which to build your hi-fi system is no 
easy task. The difficulty lies in the wide 
variety of features, functions, and per- 
formance offered by the literally hun- 
dreds of receiver models available. 
Obviously, a major consideration 
when you are out shopping is what 
you get for your money. If you have 
settled on a $400 to $500 receiver, for 
example, you'll want to know what it 
will give you that you can't obtain with 
a receiver selling at a lower price and 
what you'll be missing that a costlier 
receiver offers you. 

We have studied the characteristics 
of stereo receivers typical of each 
price category. Bar graphs provide 
at -a -glance performance expecta- 
tions versus price. Obviously, there 
are many other factors to consider 
-operating and control features, 
cosmetic styling, warranty policies, 
etc.-and we will touch on these also 
in this report. 

Features. A basic hi-fi system might 
consist of a stereo receiver, two 
speaker systems, and a record turnta- 
ble. Naturally, one should expect the 

"..i; Y,.-- 

hat 
Does 
Your 

Stereo 
Receiver 
Dollar 
Buy? 
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receiver to have a magnetic phono 
input. This should be supplemented 
by at least one high-level (Aux) input 
through which the audio output from 
an eight -track cartridge tape player or 
a TV receiver can be played. 

The basic hi-fi receiver should also 
have inputs and outputs for a tape re- 
corder and a tape monitor switch for 
simultaneous listening to the 
playback from the tape deck while re- 
cording. The latter feature is impor- 
tant even if you don't plan to use a tape 
player because it protects your re- 
ceiver from obsolescence. Further- 
more, a variety of accessories- 
including noise -reduction units, ac- 
tive equalizers, and quadraphonic de- 
coders and adapters-can be con- 
nected to a receiver via its tape 
monitoring jacks. The accessories 
permit you to update your system. 

Common to every receiver are vol- 
ume and tone controls. Each receiver 
has at least one tone control for the 
bass range and another for the treble. 
Some of the more expensive receivers 
have tone -control circuits that are 
more elaborate, permitting more flex- 
ibility in tailoring the sound to the 
listener's preferences. 

Almost all volume -control circuits 

Hirsch Houck Labs compares performance and price. 

BY JULIAN D. HIRSCH 
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are supplemented by loudness com- 
pensation systems that boost the low 
frequencies relative to the midrange 
and high frequencies when the vol- 
ume level is reduced. Unfortunately, it 
has been our experience that fully 95% 
of all such systems either do not have 
the best response characteristics or 
labk the provisions for matching the 
volume -control settings to the actual 
volume of the sound. 

Almost all stereo receivers have a 
headphone jack on the front panel for 
private listening. The rear apron usu- 
ally contains output connectors for at 
least two speaker systems (one per 
channel). 

Most receivers that sell for more 
than $200 feature interstation noise 
muting that removes the between - 
station hiss when tuning across the 
FM band. Since some muting circuits 
are more effective than others, it pays 
to perform a listening test before you 
buy. 

The great majority of receivers have 
at least one meter to aid in tuning. In 
lower -priced receivers, the meter 
gives a broad indication when a sta- 
tion is properly tuned. Better receivers 
might use a zero -center meter instead, 
while still better models are likely to 
have both types of meters for unam- 
biguous tuning indication. 

Other control features, such as 
rumble or hiss filters, microphone in- 
puts, multiple -speaker -system switch- 
ing, and the like, may or may not be 
important to you. On higher -priced re- 
ceivers, it is not unusual to find addi- 
tional input facilities, for a second 
phono cartridge, one or two more 
high-level sources, and a second tape 
monitoring system. The last is nice to 
have if you plan to use a tape deck and 
some other accessory that would 
normally use the receiver's tape - 
monitoring facilities. 

Electrical Performance. Perhaps 
the most advertised electrical specifi- 
cation, and the one most closely re- 
lated to price, is the receiver's output 
power. The greater the output power, 
the larger and more expensive the 
output transistors, the larger the heat 
sinks, and the larger the power trans- 
former and filter capacitors. All of this 
costs money and adds to the sale price 
of the receiver. Determining how 
much power you need depends on 
your speaker systems, the size and 
acoustical properties of your listening 
room, and your musical preferences. 

Any receiver that costs more than 

$200 should be able to drive 
acoustic -suspension speaker systems 
of moderately low efficiency to a more 
than comfortable volume level in your 
listening room. Bear in mind that the 
human ear requires a considerable in- 
crease in power for a modest increase 
in subjective volume level. A ten -fold 
power increase will roughly double 
the apparent loudness. Fortunately, 
typical home listening levels can be 
obtained with surprisingly little audio 
power -on the order of one watt or 
less. So, if you do not know how much 
power you need, play it safe and err on 
the high side. 

The recent FTC ruling regarding ad- 
vertised amplifier power rating re- 
quires manufacturers to specify dis- 
tortion level at any output power bet- 
ween 0.25 watt and maximum at any 
frequency limits specified by the man-. 
ufacturer. Furthermore, all channels 
must be driven into the loads specified 
by the manufacturer (usually 8 ohms). 
The low and high frequency limits 
most often set for hi-fi products are 20 
and 20,000 Hz. 

The rated distortion is the maximum 
figure. One can expect that, at most 
frequencies and power levels, it will be 
much lower than the published figure. 
In fact, it is often less than a tenth of 
the receiver's rated distortion level. In 
any event, the distortion should not be 

particularly audible as long as the am- 
plifier is operated within its design rat- 
ings. 

It is not our purpose to go into detail 
here on frequency response, noise 
level, input sensitivity, and so on. 
Though these are important consider- 
ations, our experience suggests that 
just about all modern receivers are 
compatible with good hi-fi standards 
in these characteristics. 

One amplifier characteristic that is 
often overlooked is its phono overload 
level: the input signal amplitude at 
which the phono preamplifier stage 
begins to distort significantly. With 
some combinations of heavily re- 
corded discs and high -output car- 
tridges, it is possible for the phono 
preamp to severely distort if it is poorly 
designed. This one minor rating ap- 
pears to correlate very well with the 
overall quality of the amplifier. 

In the FM tuner section, sensitivity is 
really not a very important specifica- 
tion, especially in view of the way it is 
presently defined. However, it does 
give a clue to the over-all caliber of the 
tuner's performance. Much more im- 
portant is the signal input required to 
achieve a listenable signal-to-noise 
(S/N) ratio. One might assume that 
higher FM sensitivity (a lower number 
of microvolts in the specifications) 
would go hand -in -hand with higher 

TABLE: 1 TABULATION OF SURVEY DATA (AVERAGE PERFORMANCE LEVEL) 

Survey Parameter 200-250 251-300 

PRICE' 

301-350 

RANGE 

51-400 

($) 

401-450 451-500 501-600 600+ 

Power (watts) 15.4 16.8 23 I 40 46 53 49 79 

THD (%) 1.1 0.8 0.6 0.4 0.4 0.4 0.4 0.2 

Phono Overload (mV) 77 88 102 117 87 144 152 210 

FM Sensitivity (pV) 2.5 ' 2.3 2.1 1.8 1.9 1.8 1.9 1.7 

Mono FM THD (%) 0.63 0.39 0.42 0.34 0.36 0.29 0.24 0.18 

Stereo FM THD (%) 1.0 0.58 0.73 0.64 0.60 0.53 0.42 ' 0.30 

Capture Ratio (dB) 2.7 2.5 ' 2.1 1.6 1.8 1.7 1.5 1.5 

Alternate -Channel 
Selectivity (dB) 51.2 51.2 55 65 66 68 78 83 

Image Rejection (dB) 53.4 60 65 77 70 86 88 95 

Average Price* $225 $268 $334 $368 $442 $488 $564 , $714 

Receivers Surveyed 26 6 19 20 8 11 8 9 
4 

'Fall, 1974 
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"quieting" sensitivity (a higher dB 
number). Thís ís not necessarily true, 
especially when comparing tuners 
with roughly the same IHF sensitivity 
rating. However, only the listener with 
severe weak -signal problems is likely 
to need all the sensitivity built into any 
modern receiver. 

An excellent indicator of the quality 
of an FM tuner's front-end design is its 
image rejection. A good image rejec- 
tion figure is needed to eliminate inter- 
ference on certain frequencies. If you 
are located near a busy airport, or on a 

flight path into or out of an airport, you 
may already be aware of the problem 
of interference. The only cure is a re- 
ceiver with a higher (in dB) image re- 
jection characteristic. 

Another source of interference is 

alternate -channel signals from a 

strong FM carrier 400 kHz removed 
from a weaker signal you are trying to 
tune. This can happen in locations 
very close to a powerful FM tansmitter. 
(It is unlikely to occur if you are more 
than a few miles from the nearest 
transmitter.) Again, the best cure is 

high alternate -channel selectivity (the 
higher the dB number, the better), 
which is a function of the receiver's i -f 
amplifier design. 

Many manufacturers emphasize the 
capture ratio of their receivers. This is 

an indication of how completely the 
stronger of two signals on the same 
frequency will take over (or capture) 
and prevent the weaker from being 
heard. A low number is better. Some 
receivers have a capture ratio as low 
as 1 dB. This means that with a signal 
level difference of only 1 dB, the 
stronger will suppress the weaker by 

30 dB, and if the signals are more than 
1 dB apart, it is possible that the 
weaker will not be heard at all. In most 
geographical areas, it is unlikely that 
two receivable signals will occupy the 
same channel. 

The greater significance of capture 
ratio is in its ability-together with AM 
rejection, to which it is somewhat 
related-to reduce multipath distor- 
tion. This distortion can deteriorate 
the quality of stereo FM reception. It 

occurs in many urban and suburban 
locations, where signals are received 
from stations via several different 
paths. The direct signal arrives first, 
followed by one or more delayed sig- 
nals reflected from obstacles in the 
surrounding terrain.The time differ- 
ences between the arrivals of the 
signals cause severe cancellations 
and amplitude modulation of the re - 
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ceived signal. The ultimate solution to 
severe multipath distortion is a direc- 
tional antenna, but a receiver with a 
good capture ratio will tend to dis- 
criminate against the weaker portions 
of the multiple signal and reduce the 
distortion. 

The distortion imparted to signals 
by the FM tuner section of the receiver 
is a function of the amplitude and 
phase characteristics of the i -f am- 
plifier and detector. Elaborate and ex- 
pensive components are needed to 
provide the nearly ideal characteris- 
tics that minimize distortion in the 
finest tuner designs. In stereo, distor- 
tion problems are compounded be- 
cause the stereo demodulator adds 
distortion of its own. As a result, stereo 
distortion is almost always greater (by 
an average of twice as much) than 
mono distortion. 

Performance vs Cost Study. The 
performance categories we analyzed 
in our study were: output power per 
channel into 8 -ohm loads with both 
channels driven over the audio range 
(usually but not always 20 to 20,000 
Hz); maximum THD at full power 
within the frequency range; phono 
input overload signal level; FM sen- 
sitivity (IHF usable); FM distortion in 
both mono and stereo; FM capture 
ratio; FM alternate -channel selectiv- 
ity; and FM image rejection. There are 
many other specifications that could 
have been included, but not all were 
available for a sufficient number of re- 
ceivers to provide meaningful resülts. 
However, we consider the specifica- 
tions selected to give a good picture of 
the overall quality of a receiver's am- 
plifier and FM tuner sections. 

The performance ratings were taken 
directly from the figures published by 
the various manufacturers. Some 
people might question this approach, 
but it has been our experience that, for 
the most part, most manufacturers 
honestly and even conservatively rate 
their receivers. A receiver's perfor- 
mance will often surpass its published 
ratings by a comfortable margin. Even 
when it fails to meet a particular 
specification, the difference is rarely 
serious. 

The objective of our survey was to 
determine the average level of per- 
formance offered in each price range. 
If you want to know which receiver is 
inferior or supérior to the average, you 
should examine manufacturer spec 
sheets or the listings in the STEREO 
DIRECTORY& BUYING GUIDE. Due to the 

TABLE 2: COMPARISON OF MEASURED RECEIVER PERFORMANCE 

8 . 
+ 
Y 

ti 

Parametér Pioneer 
SX=636 

-BRAND NAME 

Rote' 
RX-402 

AND MODEL 

Sherwood 
S-7110 

Sylvania 
RS -4744 

Price ($) 350 290 230 400 

Power (W) 23/25/25* 16.8/25/25 15.4/17/17** 40/60/60 

THD (%) 0.6/0.5/0.06 0.8/0.5/0.6 1.1/0.9/0.1** 0.4/0.25/0.13 

Phono 
Overload (mV) 102/110/100 88/85/87 77/90/88 117/NA/82 

FM Sensi- 
tivity (pV) 2.1/1.9/1.8 2.3/2.0/1.8 1.8/2.0/2.1 1.8/1.8/2.0 

Capture 
Ratio (dB) 2.1/1.0/0.7 2.5/2.0/3.3 2.7/1.5/0.7 1.6/1.5/0.7 

Selectivity (dB) 55/60/63 _51/70/71 51/60/61 65/55/51 

Image 
Rejection (dB) 60/60/70 60/60/53 53/60/51 77/53/56 

Mono THD (%) 0.42/0.20/0.12 039/0.20/0.65 0.63/0.44/0.22 0.34/0.40/0.27 

Stereo THD (%) 0.73/0.40/0.48 0.58/NA/0.45 1.0/0.6/0.28 0.64/0.40/0.63 

*Three -figure entries in each column are interpreted, le t to right, as follows: Averaged value 
from Table 1/manufacturer specification/Hirsch-Houck Labs measurement. NA means in- 
formation not available. 
**Specified at 40 to 20,000 Hz. All others 20 to 20,000 Hz 

spread in performance within each of 
the arbitrary price ranges we selected, 
you can expect some overlap in per- 
formance. The best receivers in one 
range may well be superior to the low- 
est ranks in the next higher range. 

The results of the study are tabu- 
lated in Table 1 and graphically via the 
bar graphs. The graphs clearly illus- 
trate the relationship of each perfor- 
mance rating to price. Starting with 
the lowest -priced receivers, audio 
power gradually increases with in- 
creasing price, although not signifi- 
cantly until the $450 point. The most 
notable increment comes in the most 
expensive ($600 -plus) category, 
where the average power rating of al- 
most 80 watts/channel is at least 50%. 
greater than in any of the lower -priced 
groups. It is striking to note the rapid 
drop in rated distortion with increase 
in price and the leveling -off at the $350 
mark, above which there is no sig- 
nificant reduction in distortion until 
the $600 -plus point is reached. 

Phono overload level rises steadily 

with price, except for a drop in the 
$401 to $450 range, which may reflect 
an inadequate sample lot. Even the 
lowest -priced receivers can typically 
handle 80 mV (the higher the mV the 
better) without overloading. Only a 
few years ago, such a high overload 
level was available in a very few of the 
highest -priced receivers. 

FM sensitivity improves slightly with 
price. This is partially because today's 
receivers approach the theoretical 
limit, which is variously stated to be 
between 1.5 and 1.8 µV. Since it is rela- 
tively easy to achieve a 2.5-0 sensitiv- 
ity in a low-priced receiver, the gap 
between the least and most expensive 
models is slight. Although the quieting 
sensitivity fora 50 -dB S/N ratio is more 
meaningful, this information wasn't 
available for a sufficient number of the 
receivers surveyed to be included in 
our calculations. Our experience with 
actual receiver performance indicates 
that there are appreciable differences 
among receivers with respect to quiet- 
ing sensitivity, especially when weak - 
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signal FM reception is required. loo 

Naturally, the more expensive receiv- 
90 

ers tend to be better in quieting sen- 
sitivity. In most strong -signal areas, 80 

the differences in quieting, or ultimate 
S/N ration, are usually difficult to de- 
tect without critical listening. 

Capture ratio seems to follow sen- 60 

sitivity as price goes up. But here, too, 
the differences are slight. FM distor- 
tion, like audio distortion, decreases 
steadily with increasing price, with the 4 

major improvements taking place be- 
tween $200 and $300 and again above 30 

$500. Selectivity and image rejection 
zo 

go hand in hand, although they are 
related to completely different parts of 

10 

the tuner circuitry, with little change 
up to the $301 to $350 range, where a 

steady and significant improvement 
occurs all the way to the most expen- 
sive receivers. 

Receivers often surpass their pub- 
lished specifications in many re- 
spects. To illustrate this, we have re- 
viewed our recent laboratory tests and 
have chosen representative receiver 
models in each of the four lowest - 
priced ranges in our survey. There 
wasn't sufficient choice of receivers in 
the high-priced range, since most 
$500 -plus models tested in the recent 
past have been 4 -channel models. As 
it happens, the receivers we selected loo 

all surpassed many of their published 
ratings and were above the average 
specifications in their respective price 
groups. 

Conclusions. The most interesting 
result (which we weren't entirely pre- 
pared for) of our survey was that the 
greatest incremental improvement for 
the extra cost can be obtained by 
going to the $351 to $400 range. It is in 
this price range that all facets of re- 
ceiver performance seem to be op- 
timum. Lower -priced receivers are 
less advanced in their performance, to 
say nothing of control feature limita- 
tions, while a worthwhile improve- 
ment would probably require a jump to 
over $500. 

There is a danger in reading too 
much into the above because of the 
overlap between ranges and the wide 
variations within each range among 
receivers from different manufactur- 
ers. Of course, there is the matter of 
features and control flexibility, which, 
although they are not among the tabu- 
lated parameters, are the major differ- 
ences between models in adjacent 
price ranges where electrical perfor- 
mance differs very little. Q 
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`NORMALLY -OPEN MINI 
PUSHBUTTON TYPES 

HOW TO ADD 
FUNCTIONS TO 
SIMPLE HAND 
CALCULATORS 

If it contains the right IC, 
you can turn your calculator 
into a more useful one 
at little extra cost 

BY DONALD SHAPIRO 

CALCULATOR manufacturers 
often stock just one type of IC 

and use it in a range of units-from a 
simple four -banger to one having 
memory, constant, percent, and 
battery -saver functions. So it is possi- 
ble that your inexpensive calculator 
can be modified to include the extra 
functions. We say possible because if 
the "bare -bones" MM5737 is used, 
there are no extra functions available. 
With an MM5738 IC, however, there 
may be one or more extra functions 
available. The basic arithmetic func- 
tions will be intact but the extra func- 
tions are inoperative. In the latter case, 
the IC manufacturer usually indicates 
an inoperative function by marking 
the case near the pin with a dot. 

A simple test can be performed from 
the calculator keyboard to determine 
if the extra functions are available. 
This test is based on the ability of the 
MM5738 IC to perform repeated 
squares. Press: 3, x, _, =. An answer 
of 9 indicates that no modifications 
are possible, but if the answer is 81, 
extra functions can be used. 

Modifying the Calculator. It would 
be an unrealistically expensive ap- 
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Where to add switches to IC. 
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MS MR 

proach to replace the keyboard in an 
inexpensive calculator with one that 
has extra keys to accommodate the 
extra functions. It would be far more 
practical to mount several miniature 
pushbutton switches on the outside of 
the calculator's case for the constant, 
storage memory, and percent func- 
tions and make one minor printed cir- 
cuit board change to activate the 
battery -saver feature. The photos 
show how a Novus Model 850 cal- 
culator was modified to take advan- 
tage of the constant (K) and memory - 
store (MS) and memory -recall (MR) 
functions that were operational in its 
MM5738 IC. 

To perform this type of modifica- 
tion, the calculator case must be dis- 
assembled to allow access to the bot- 
tom of the printed circuit board and 
provide working room for mounting 
the extra -function switches on the top 
of the case. First, isolate pin 13 of the 
IC from the rest of the circuit by care- 
fully cutting through the copper foil 
near the IC pin; this will activate the 
battery -saver feature. Then, carefully 
drill holes for and mount the switches. 

Now, referring to the schematic 
diagram, solder lengths of hookup 
wire to the extra -function IC pins that 
are operational. Route the wires along 
the bottom of the board, and reas- 
semble the case, with the wires exiting 
through the battery compartment 
cutout. Solder the free ends of the 
wires to the appropriate switch lugs. 

Cut a shallow groove in the case, 
making it just deep enough to ac- 
commodate the wires when the 
battery -compartment cover is in 
place. Then neatly arrange the wires in 
the battery well so that they will not be 
in the way of the battery. Plug the bat- 
tery into its connector, set it into the 
well, and replace the well cover. 

Photo al left shows switches 
mounted on top of calculator 

Checkout and Use. Turn on the cal- 
culator and push the numeral keys at 
random to just fill the display. Allow 
the display to remain undisturbed for 
about 60 seconds. If the battery -saver 
feature is operational, the seven most 
significant figures in the display will 
blank out. Depress the = key; the 
same random number should in- 
stantly reappear in the display. You 
can depress any of the .arithmetic - 
function keys to restore the display in 
this manner. Alternatively, you can use 
an externally mounted switch to re- 
store the display; label this switch DR, 
for display recall. 

Depress keys C, 1, 2, and 3. The dis- 
play should now have the number 123 
showing. Now, depress %; the display 
should now indicate 1.23. (Any time 

ram 
g 

p 

»-;.:...-'. 
e 

'3 

Arrange wires in battery well 
so they do not interfere. 

the % key is operated, the calculator 
automatically multiplies the displayed 
number by 0.01.) 

To check the memory function, feed 
in the keystrokes in the following 
order: C, 2, x, 3, = (a 6 should now be 
displayed), MS, 3, x, 5, = (15 should 
now be displayed), x, MR, =. The 
answer displayed at the last = key- 
stroke should be 90. 

Finally, check out the constant func- 
tion for both the x and _ functions. 
Start by pressing C. Then turn on K 
and press 2, x, 2, _, K, K, K, K. The 
answer displayed, if the constant func- 
tion is working properly, should be 64. 
Hit C, 8, 8, 8, ±, 2,-=, K, K; the display 
should now read 111. The constant 
function works on only the x and 
functions. The number used as the 
constant in either case is the one fed 
into the calculator after the arithmetic 
command is entered. Q 
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BUILD A 

I IIGI I -PERFORMANCE 
4 DEMODULATOR EZ 

Low-cost add-on unit for playing discrete 4 -channel discs. 

THE Compatible Discrete 4 -chan- 
nel sound system, called CD -4, 

permits four fully separate channels of 
sound to be reproduced, starting with 
discrete channel information incorpo- 
rated right into the record groove. This 
contrasts with SO® or QS matrix 
4 -channel sound, where channel in- 
formation is encoded. 

Some four -channel receivers today 
are akin to multiple -speed record 
players that play 33-1/3 or 45 rpm 
discs. The receivers can quite often 
handle information from either dis- 
crete or matrix discs. There are many 
4 -channel receivers, however, that 
only have a CD -4 input jack for adding 
a demodulator that's needed to play 
CD -4 discs (which includes RCA's 
"Quadradiscs," among other labels), 
while incorporating decoding circuits 
for SQ and/or QS matrix discs. If this is 

the case with your receiver, you will 
want to build the high-performance, 

SEPTEMBER 1975 

BY LOUIS DORREN 

low-cost demodulator described here. 
With the demodulator plugged into 
your receiver and a CD -4 cartridge on 
your record player, you will be able to 
play all types of 4 -channel discs in- 
cluding discrete. 

CD -4 Operation. The CD -4 system 
was designed to utilize the standard 
V-shaped record groove to assure 
compatibility of quadraphonic disc 
recordings with conventional stereo 
and mono playing equipment. So, all 
of the information contained in the 
four signal channels had to be com- 
bined to physically fit on the two walls 
of the record groove. In the process, 
the left -front and left -back signals are 
combined and impressedon one wall, 
while the right -front and right -back 
signals are combined and impressed 
on the other wall of the record groove. 

To facilitate separation (demodula- 
tion) of the front and back channels 

from the combined right and left sig- 
nals, separate 30 -kHz subcarriers are 
used. One carrier contains the differ- 
ence of left -front and left -back signals 
and the other contains the difference 
of the right -front and right -back sig- 
nals. By mixing the signals in an ap- 
propriate resistive network, each of 
the originally recorded channels can 
be extracted, resulting in the four dis- 
cretely different channels originally 
recorded. 

Whiile the CD -4 system is basically 
very simple, special techniques de- 
veloped to minimize signal degrada- 
tion require a complex demodulator 
circuit design. Pre -emphasizing the 
carrier is one such technique. Unlike 
the case in standard FM broadcasting, 
the pre -emphasized signal is fre- 
quency modulated from 0 to 630 Hz 

and from 6000 to 15,000 Hz, and audio 
information between these two ranges 
is phase modulated (PM) to provide a 
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DEMODULATOR PARTS LIST 

BPFI,BPF2-30-kHz bandpass filter 
(EUL-BPF006) 

C I ,C8,C 13,C 16,C 19,C22,C25,C28,C39, 
C40, C43, C44, C45, C57, C61 -3,3-µF. 
25 -volt electrolytic capacitor 

C2, C46 -220-µF; 25 -volt electrolytic ca- 
pacitor 

C3, C47 -0.0047-µF capacitor 
C4. C48 -0.002-µF capacitor 
C5, C49, CM, C76 -0,47-µF capacitor 
C6, C50 -0.033-µF capacitor 
C7, C51, C59, C73, C74, C75 -0,01-µF 

capacitor 
C9, C52 -0.0027-µF capacitor 
CIO, C36. C53, C70 -0.0031-µF capacitor 
C II. C14. C 17, C20 -0.0062-µF capacitor 
C12, C15, C18, C2I-820-pF capacitor 
C23, C38. C55, C68-960-pF capacitor 
C24, C37, C56, C69 -0.0039-µF capacitor 
C26, C35. C58, C7 1-0.0068-µF capacitor 
C27, C60 -0.0072-µF capacitor 
C29, C30, C41, C42, C54, C62, C63 

-100-pF capacitor 
C31, C65 -0.0022-µF capacitor 
C32, C66 -0,68-µF capacitor 
C33. C67 -4,7-µF, 25 -volt electrolytic ca- 

pacitor 
C34, C72-33-pF capacitor 
CRl to CR4-Diode (IN914 or similar) 
DS I -Low -current red LED (20-mA, 

max.) 
ICI, IC2-Demodulator (QSI-5022) 
LI. L2-100-mH inductor 
Q I to Q8 -Transistor (2N5210 or similar) 
The following resistors are 1/2 watt, 10% 

tolerance: 
RI, R24, R28, R32, R36, R58, R97, 

R98-47,000 ohms 
R2. R18, R59-100.000 ohms 
R3, R46, R60, R90-10,000 ohms 
R4. R14. R61-150.000 ohms 
R5, R6, R7. R20, R45, R62, R63, R64, 

R75, R88, R101, R 102-15,000 ohms 
R8, RI I, R I3, R65, R68, R70-2200 ohms 
RIO, R67, R99. R100-20 ohms 
R12, R69, R77. R78-330 ohms 
R15, R71-6800 ohms 
R17. R40, R73. R83-8200 ohms 
R19, R74 -75(x) ohms 
R21, R. R23, R25. R26. R29, R30, R31, 

R33, R34, R35, R37, R38, R39, R4I, 
R43, R47, R50. R51, R52, R53. R80, 
R81, R82. R84. R86, R89. R93, R94. 
R95, R96-4700 ohms 

R27 -Not used 
R42. R85-27.000 ohms 
R44, R48. R87, R91-220.000 ohms 
R49. R92-33((1 ohms 
R54, R57-470,000 ohms 
R55, R56-1800 ohms 
R76. R79-1000 ohms 
R9. R66 -500 -ohm trimmer potentiometer 
R 16. R72 -50)0 -ohm trimmer potentiom- 

eter 
S1 -5 -pole, double -throw switch 
S2-Spdt switch 
Misc.-Printed circuit board: suitable 

chassis (see text); phono jacks for inputs 
and outputs (6): spacers or plastic stand- 
offs: 28 -pin IC socket or Molex Solder-. 
cons (optional); hookup wire; machine 
hardware: solder; etc. 

Note -The following are available from 
Southwest Technical Products Corp,, 
219 West Rhapsody, San Antonio, 
78216: BPFI, BPF2. ICI, IC2, LI, and 
L2 for $24.50: etched and drilled power 
supply and demodulator printed circuit 
boards for $13.00: complete kit of parts, 
including chassis and power supply, for 
$50.00. 

Fig. 1. Schematic, left, shows 
how Iwo IC's, with added 
components make up circuit. 

better signal-to-noise (S/N) ratio as 
well as other advantages from the 
standpoint of higher level -capacity to 
the overall system. 

Audio level compression is also ap- 
plied in the modulation technique. It 

reduces the harmonic distortion of 
second-, third-, and fourth -order 
components. In some cases, it even 
reduces noise. 

How It Works. Each specialized IC 

used in this project contains all of the 
subsystems required for demodulat- 
ing one pair of channels. These in- 
clude a phono preamplifier to in- 
crease signal levels from the phono 
cartridge; a high -gain limiter FM de- 
tector; a phase -locked -loop (PLL) FM 

detector; and a high-speed carrier 
dropout cancellation circuit. Also pre- 
sent on -chip are an FM/PM/FM am- 
plifier, mid- and high -band audio ex- 
panders, resistive combining output 
networks (true matrix), output buffer 
amplifiers, a drive circuit for a quad- 
raphonic indicator LED, a complete 
power -supply regulator, and automat- 
ic changer transient muting circuits. 
By combining two IC's, with appro- 
priate filters and other related compo- 
nents, in a single system (see Fig. 1), 

we can obtain a CD -4 demodulator of 
advanced design. 

The input signal from a magnetic 
phono cartridge is applied to pins 26 

of IC1 and IC2. Equalization networks 
between pins 24 and 25 of each inte- 
grated circuit shape the frequency re- 

sponses of the amplifiers to produce 
the RIAA curvé characteristic. In the 
case of a semiconductor phono car- 
tridge input, the equalization is flat for 
the preamplifier. The preamplifier has 
both inverting and non -inverting out- 
puts. The inverting network is used in 

one IC and the noninverting network is 

used in the other IC because the 
semiconductor outputs are out -of - 
phase with each other and only one 
must be inverted before the signal is 

passed to the rest of the demodulating 
system. 

The outputs of the preamps (pins 
23) go through 30 -kHz bandpass fil- 
ters that isolate the subcarriers and 
eliminate unwanted signals from the 
main, or audio, channels. The filter 
outputs go to the circuit limiters (pins 
22). Then, pins 21 serve as the bypas- 
ses for the limiter stages. 

The outputs from the limiters (inside 
the IC's) feed the phase detectors of 
the PLL's. 

Because the fidelity of the 4 -channel 

output relies on precise tracking of the 
30 -kHz carrier that is present -along 
with the standard stereo infor- 
mation -even the smallest variation in 

turntable speed can significantly de- 
grade the overall signal. Hence the 
need for the PLL. The other reason 
why the PLL is needed is the very wide 
deviation of the 30 -kHz subcarriers, 
which presents extreme difficulties for 
low -distortion demodulation to other 
types of FM detectors. 

Whenever an input signal differing 
from the 30 -kHz free -running loop fre- 
quency is applied to the phase detec- 
tor, a corresponding error voltage is 

produced in the loop filter (RC net- 
works R12/C6 and R69/C50) that is set 
to the bandwidths of the PLL's. This 
output information causes the vco to 
swing toward the input frequency, re- 
ducing the error voltage until the vco 
and input signal frequencies are 
equal. At this point, the PLL is 
"locked" and remains so in spite of 
minor input variations. Pins 17 of /C1 

and 1C2 connect to timing capacitors 
C9 and C52 of the vco's while pins 16 

connect to potentiometers R16 and 
R72 that are used to set the center 
frequency of the vco's. 

}135 

oND 

POWER SUPPLY PARTS LIST 
C1 -2000-µF, 25 -volt electrolytic capac- 

itor 
C2; C3 -50-µF, 25 -volt electrolytic capac- 

itor 
DI to D4 -Diode (IN400I or similar) 
F1 -1/: -ampere fuse 
Q1-40406 (RCA) or similar transistor 
R1 -330 -ohm. 1 -watt resistor 
S l-Spst switch 
TI -15 -volt, 300-mA transformer 
ZI-15-volt, 500-mW zener diode (HEP 

Z0225 or similar) 
Misc -Printed circuit board; spacers: fuse 

holder: line cord; rubber grommets; 
grounding lug; hookup wire; machine 
hardware: solder; etc. 

Fig. 2. Conventional power 
supply uses zener regulation.' 

The audio output signals from the 
IC's, at pins 15, are coupled to 15 -kHz 
low-pass emitter -follower filters and 
the networks required in the .sub - 
channel systems for delay equaliza- 
tion (see small dashed boxes to the 
right of the IC's). The vco's also feed 
back to the phase detectors to yield a 

locked condition when the carrier is 
present. The outputs of the limiters are 
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cartridge to the demodulator via the 
audio input jacks. Make certain that 
switch S1 is set to SEMICONDUCTOR or 
MAGNETIC, according to the type of 
cartridge you are using. Use the setup 
tone provided on a CD -4 test record 
for an audio signal at all four outputs 
from the demodulator. (A CD -4 test re- 

cord can be obtained for $5.00 from 
the source given in the Parts List.) The 
absolute levels of the individual chan- 
nel outputs are not critical at this 
point, but the left -front level should be 
the same as the left -back level and the 
right -front level should be the same as 
the right -back level. 

When the system is properly detect- 
ing, DS1 will glow brightly. If it glows 
dimly or does not glow at all, one or 
both of the phase -locked loops may be 
too far out of adjustment. In this case, 
any of the following procedures can 
be used to set the PLL's on the correct 
30 -kHz frequency: 

1. With the cartridge stylus tracking 
the setup band of the test record, ad- 
just the vco's via R16 and R72. Adjust 
first one vco until the LED glows, then 
adjust the other until the LED glows at 
maximum brightness. Because of the 
high-level subcarrier modulation, you 
should now hear severe signal distor- 
tion. Now, adjust R16 and R72 for 
minimum audible distortion. 

2. Using an accurate 30 -kHz sine - 
wave source, feed this signal to pin 22 

of IC1 through a 1000-pF capacitor. 
Adjust the vco's center frequency via 
R16 until the LED glows. Then couple 
the test signal to pin 22 of 1C2 and 
adjust the other vco via R72 for max- 
imum brightness. 

3. Connect a high -impedance fre- 
quency counter to pin 16 of IC1 and 
ground and adjust the vco to 30 kHz 
(R16) without an input signal. Repeat 
the procedure for 1C2 (R72). 

Any of the above procedures will 
work successfully, but be sure that 
you adjust the center frequency of 
both IC's. 

Once the vco's have been properly 
adjusted, use the test record to check 
out the entire demodulator. Carefully 
listen to the rear channels and adjust 
separation controls for minimum vol- 
ume level of these channels. Once 
these adjustments have been made, 
they do not have to be touched again 
unless you decide to replace the 
phono cartridge. 

The CD -4 demodulator is now ready 
to use. Fasten the case cover to the 
chassis, and connect the demodulator 
into your 4 -channel hi-fi system. 0 
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calibrated, so you can use it to cue your Moonachie, New Jersey 07074.Also avail - 
recordings. able lRCanada. maXe 
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HAVE you ever tackled a digi- 
tal design project with vim 

and vigor-only to find yourself en- 
tangled in a morass of logic ones and 
zeros and a "this goes up, and that 
goes down" nightmare? If you have, 
don't despair. There is a much neater, 
much simpler method than the brute 
force approach. This article provides 
a coherent approach to digital de- 
sign. The method Is not a substitute 
for intuition and practical seat -of - 
the -pants experimentation, but a tool 
for getting the end results quickly. 

Before getting down to actual 
techniques, it might be wise to do a 
little reviewing. The truth tables for 
the AND, OR, and NOT (or COMPLE- 
MENT, or INVERTER) functions are 
shown in Fig. 1. The function a AND b 
is written ab; a OR b is written a + b; 
and NOT a is written á. Note that + as 
defined here is different from ordi- 
nary addition, and merely symbolizes 

a b ab a b a+b a á 
0 0 0 o o 0 o 

o 

I 

I 

0 

0 

0 

o 

o 

o 

I I I 

NOT OR 
AND OR COMPLEMENT 

FUNCTION FUNCTION FUNCTION 

AND GATE 

Fig. 1 

OR GATE INVERTER, 

the function defined by the truth table 
of Fig. 1. A truth table is simply an 
array, one side of which contains all 
possible combinations of the input 
variables and the other side of which 
contains the corresponding values of 
a logic function-or output. Figure 1 

also shows the digital logic gate sym- 
bols for the three functions. 

Any logic function can be con- 
structed from these three basic types 
of functions or gates. It is often con- 
venient, though, when working with a 
particular type of logic family (TTL, 
DTL, etc.) to use two other types of 
function, the NAND and the NOR. The 
NAND function of a and b is written 
ab, and the NOR function, a +b.. Their 
truth tables and logic symbols are il- 
lustrated in Fig. 2. All of these func- 
tions except the NOT, or INVERTER, 
can be extended in an obvious way to 
include more than two inputs. With 
these functions at hand, it becomes 
possible to construct any logic func- 
tion desired. 

In manipulating the basic functions 
50 
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to form more complex ones, it is ex- 
pedient to have available two impor- 
tant, yet simple, rules of basic logic 
theory known as DeMorgan's Laws. 
Figure 3 contains truth tables for the 
logic functions áb,á + b, a + b, and 
a-5. Comparing them yields the for- 
mulas of DeMorgan's Laws: 

1)áb =á +b 
2) a + b = ab 

These formulas are useful in imple- 
menting digital functions using only 
NAND or only NOR gates. 

Why Map Techniques? A truth 
table is one way of specifying a logic 
function-the Karnaugh map (pro- 
nounced Kar-no) is another. To get an 
idea of what such a map is, and why it 
is a convenient tool, let's look at a 
practical digital design problem. 

Suppose we are faced with design- 
ing the digital black box of Fig. 4, 
which has three inputs a, b and c, and 
a single output f(a,b,c). The black box 
is to provide a logic one output under 
the following input conditions: 

o b ob o b a+b 

o o I o o 1 

o 0 1 0 

0 I 0 0 Fig. 2 

o I I 0 

NAND 
FUNCTION 

bob 
NAND GATE 

NOR 
FUNCTION 

a+b 

NOR GATE 

a=b=c=1, a=c=1 and b=0, a=0 and 
b=c=1, or a=b=0 and c=1. How can 
we manufacture the digital logic in- 
side the box from this specification? 

One possible answer is to be 
methodical. A person unfamiliar with 
map techniques-but very method- 
ical-might reason in the following 
way. 

"The output function f(a,b,c) is 
logic one whenever a=b=c=1. An 
AND gate puts out a one whenever all 
inputs are logic one, so let's use an 
AND. But the AND output is zero for 
all other input combinations, and 
f(a,b,c) is a one for several other input 
conditions. 

"Well, the AND gate did pretty well 
for the first input combination, so why 
not try it for the second? Let's take 
the complement of b by passing it 
through an INVERTER and run it into 
an AND gate with a and c. This AND 
will put out a one when a=c=1 and 
b=0, as desired. This seems to be 
working well, so let's do the same 
with each of the other two combina- 
tions." 

With all the AND gates and INVER- 
TERs arranged as above, our method- 
ical experimenter will then observe 
that, since f(a,b,c) is to be a logic one 
whenever the input variables form the 
first combination, or the second, or 
the third, or the fourth, all he has to 
do is OR the outputs of the four ANDs 
to generate f(a,b,c). The resulting 
logic is shown in Fig. 5. 

Now this logic design works. It will 
do the digital job, but it is inefficient. 
It requires four AND gates, one OR, 
and two INVERTERs. This is costly, 
and it would cause quite a few layout 
problems because of the numerous 
interconnections. In addition, the de- 
sign procedure outlined above is slow 
and, for more complicated circuits, 
error prone. What can be done to 
'streamline the procedure? 

a b ab 

0 0 I 

a b á+b 
o 

0 1 I o 

a b 

o 

o 

Fig. 
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f(a,b,c) 

The answer is the Karnaugh map. 
This is just a rectangle divided up into 
a number of squares, each square 
corresponding to a given input com- 
bination. The Karnaugh map of our 
function f(a,b,c) is shown in Fig. 6. 
The right half of the map corresponds 
to a=1, the left half to a=0 (j=1), the 
middle half to b=1, and so on. The 
basic idea is that there is one square 
for each input combination. If we 
write into that square the value of the 
output function for that particular 
input combination, we will have com- 
pletely specified the function. The 
ones and zeros in Fig. 6 are the values 
which f(a,b,c) assumes for the as- 
sociated input variable combinations. 

Now recalling our methodical de- 
sign procedure, it is easy to see that 
each square which has a one in it cor- 
responds to the AND function of 
those input variables, and f(a,b,c) can 
be generated as the OR function of all 
of the ANDs. 

A key factor arises here. It isn't 
necessary to include all of these AND 
functions, and the Karnaugh map 
tells us how to eliminate some of the 
terms. For example, looking at Fig. 6, 

we see that f(a,b,c) is a one for four 
adjacent boxes forming the bottom 
half of the map. (We will consider 
squares on opposite edges to be ad- 
jacent.) It is also easy to see the fol- 
lowing: The only variable which does 
not change as we go from one square 
with a one to another with a one is c. 

It remains at one. What this means is 
that f(a,b,c) cannot depend on a and b 
because, regardless of their values, 
f(a,b,c) is a one as long as c=1. There- 
fore we can forget about a and b, and 

c\ 

b \b b 

Fig. 6 
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Fig. 7 

implement our black box as shown in 
Fig. 7. We have grouped together the 
four adjacent squares to eliminate a 

and b. Notice that we have simplified 
things a great deal, since we now 
need no gates at all. 

Using a Karnaugh Map. Maps 
of one, two, three, and four vari- 
ables are shown in Fig. 8. Maps of one 
variable are rarely used, and maps 
with more than four variables are.sel- 
dom needed-even if such a problem 
were to chance along, the Karnaugh 
map would not be the tool to use. Its 
value depends on the pattern recog- 
nition capability of the user, and it 
becomes hard to recognize pattern 
groupings in maps of more than four 
variables. 

Using the three -variable map as an 

example, note that there is one box 
for abc, one for abc, another for ábc, 
and so on, with abc corresponding to 
the input combination a=1, b=1, 
c=1; abc to a=1, b=0, c=1; and ábc 
to a =0, b =1, c =0; etc. Each box, 
then, corresponds to a single row in 

the truth table. The map is arranged 
in such a way that half of it -corres- 
ponds to the uncomplemented form 
of a given variable and the other half 
to its complemented form; and the 
variables are interleaved so that every 
input combination corresponds to 
exactly one square, and conversely. 
Usually only the uncomplemented 
form of each variable is written-it 
being clear that the other hall of the 
map corresponds to the com- 
plemented form. 

Now, a logic function is displayed 
by placing ones and zeros in the 
boxes on the map. If a given input 
combination produces an output, or 
function value, of one, a one is placed 
in the corresponding square on the 
map. If the output is zero, a zero is 

placed in the square. As an example, 
look at the logic function in Fig. 9. On 
the Karnaugh map, the box given by 
abc has a 1 in it. This means that f is a 

logical one when the input variables 
have the value a=1, b=1, and c=1. 
The box given by abc has a 0 in it. 
This means that f=0 when a=1, b=1, 
and c=0. These entries, as well as all 
the others, can be verified by looking 
at the truth table. 

The logic function in Fig. 9 is not at 

all simple looking. The question is, 
how can the function be reduced to 
its simplest form? Variables can be 
eliminated from the function by use of 
the following definition and rules: 

Definition: Two boxes are adjacent if 
the corresponding variables differ in 
only one place, for example if one box 
corresponds to abc and the other to 
abc. Notice that boxes on opposite 
edges of the map are adjacent under 
this definition. 

Rule 1: If two boxes containing ones 
are adjacent, the single variable which 
differs between the two (uncom- 
plemented for one, complemented for 
the other) can be eliminated and the two 
boxes combined. These two boxes cor- 
respond to the AND function of all the 
variables except the one eliminated. 

Rule 2: If four boxes containing ones 
are adjacent in such a way that each 
box is adjacent to at least two others, 
these boxes can be combined and the 
two variables eliminated-those two 
which appear in both complemented 
and uncomplemented form somewhere 
within the group. The group of four cor- 
responds to the AND function of all the 
variables except for the two which have 
been eliminated. 

Rule 3: The same procedure holds for 
eight, sixteen, and so on, adjacent 
boxes. Each box in a grouping must be 
adjacent to three, four, etc., others 
within that group. 

Rule 4: The various AND functions 
produced by the above groupings are 
"ORed" together to yield the simplest 
function. 

It should be noted that a given box 
can be included in more than one 
grouping if that will simplify the over- 
all function, but each grouping 
should contain at least one box which 
doesn't belong to an existing group - 

5 

b 

á a 

á a 

Fig. 8 

ONE -VARIABLE MAP 

TWO -VARIABLE MAP 

THREE -VARIABLE MAP 

FOUR -VARIABLE MAP 
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f=abc+abc+ abc +ábc 
LOGIC FUNCTION 
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TRUTH TABLE FOR f 
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Fig. 10 
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f =ab+bc 
SIMPLIFIED FUNCTION 

ing (otherwise, this would lead to re- 
dundancy). 

To illustrate, the Karnaugh map of 
Fig. 9 is repeated in Fig. 10, along 
with the adjacency groupings and the 
resulting simplified function. Note the 
contrast in simplicity. The boxes rep- 
resented by abc and abc, although 
adjacent, are not grouped together 
because each is already included in 
an existing grouping. Now we are 
equipped to tackle a real -life problem. 

BCD -to -Decimal Decoder. Con- 
sider the BCD counter of Fig. 11, 
with the four output variables a, b, c, 
and d. Suppose we need to decode 
the count of decimal eight and pro- 
vide a control pulse, lasting one clock 
period, to some other digital circuit. 
We must build a logic function f 

DECIMAL a b c d fe 

o o o o o o 

I o o o o 

2 0 o o o 

3 0 o o 

4 0 o 0 0 

5 0 0 o 

6 0 

7 0 

o 0 

o 

e o o o 

9 o o 0 

? o o x 

0 X 

o 

o 

0 

0 

x 

x 

x 

x 

defined by the truth table of Fig. 11. 
This truth table introduces a new var- 
iable, called a don't care and given 
the symbol "X" The don't care means 
that we can define the output func- 
tion f to be either zero or one for that 
particular input combination-simply 
because the input combination will 
never occur. A BCD counter never 
counts above decimal nine. The X's 
can be given values of zero or one so 
as to simplify the resulting function. 
In our case, the don't cares have been 
chosen as indicated by the smaller 
ones and zeros on the map. Notice 
the very simple form for the function 
f8, which can be constructed from a 

single AND gate and an INVERTER. 
The preceding was an example of 

what is called combinational logic. 
The outputs at a given time are de- 
pendent only upon the inputs at that 
time. Actually, the gates used to build 
up a logic function have some delay. 
In the case of combinational logic, 
though, this just means that after the 
input values are established, there is 
some flat delay before the output 
value is established. The delay is crit- 
ical only if we have to compare the 
output value with another being simi- 
larly generated. If this is the case, we 
could encounter problems with the 
timing margins. 

In the digital game we are playing, 
though, the gate delays can be impor- 
tant for a different reason. They allow 
us to build so-called sequential 
machines for storing information, as 
well as for a myriad of other useful 
things. The general idea of a sequen- 
tial machine is illustrated in Fig. 12. 

D/ 
KARNAUGH MAP FOR fe 

f8 =ad 
SIMPLIFIED FUNCTION 

CLOCK-+, BCD 
COUNTER 

fe 

Fig. 11 

All the gate delays of delta 
seconds-for illustrative purposes 
only-are assumed to be lumped into 
the output leads. The leads labeled x,, 
x2 and x3 are the external inputs, and 
those tagged q,. q,. and q3 are the 
outputs. (There could, of course, be 
any number of inputs and any number 
of outputs.) The leads labéled Q. Q2. 

and Q;, are assumed to respond in- 
stantaneously to the inputs and fed - 
back outputs. 

If the inputs have been in one state 
for a long time, the circuit will have 
settled into a stable situation with q,, 
q2. and q. identical with Q. Q2. and Q:,. 

respectively. Now suppose one or 
more of the inputs changes values. 
Then no longer will the small q's be 
the same as the upper-case Q's. After 
the passage of (delta) time corres- 
ponding to the gate delays, though, 
the values of Q will have propagated 
through to the outputs, and the small 
q's will again be identical with the 
large ones. For a given set of input 
values, then, the small q's are called 
the unstable states and the large ones 
the stable states of the sequential 
machine. The feature which allows 
memory storage and other effects is 
the regenerative characteristics 
created by the feedback. 

The R -S Flip -Flop. An R -S flip-flop 
is a one -bit digital memory whose 
output is set to the one state by a one 
on an input set (S) line and to the zero 
state by a one on another line, called 
the reset (R). An incomplete truth 
table for this device is sketched in 
Fig. 13. It is incomplete because the 
output stable state is specified not 
only in terms of ones, zeros, and don't 
cares, but depends in addition on the 
present (unstable) state q. We can 
form a complete truth table by includ- 
ing q as one of the input variables, 
thus creating a feedback situation. 
The complete truth table is also 
shown in Fig. 13, along with the re- 
sulting Karnaugh map and the de- 
rived logic equation for the state Q. 
Note that we must always have RS=0 
(called the RS flip-flop constraint) to 

COMBINATIONAL LOGIC 
-DIGITAL GATES- 

(NO TIME DELAY) 

TRUTH TABLE FOR fe 
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NOR -GATE R -S FLIP FLOP 

keep from violating the condition that 
R=S=1 must never occur. Figure 13 

also shows how DeMorgan's Law is 

used to get the function into a form 
requiring only NOR gates for its con- 
struction. By assuming all three pos- 
sible combinations of input variables 
(remembering the R=S=1 is disal- 
lowed from ever occurring) and com- 
puting outputs, the truth table can 

easily be verified. It is also easy to 

show in this way that the output 
labeled Q is, indeed, the complement 
of the output labeled Q for all input 
conditions except the disallowed 
R=S=1. 

The Clocked R -S Master -Slave 
Flip -Flop. It is often desirable to 

have available an R -S flip-flop which 
changes state only on, for example, 
the trailing edge (or 1-0 transition) of 
a clock signal. It is possible to use the 
Karnaugh map to derive the form of 

such a flip-flop, but the end result, al- 

though economical in number of 
gates and number of inputs per gate, 
would not shed much light on the in- 

ternal workings. 
This type of sequential machine is 

depicted in Fig. 14. When the clock 
goes high, the R and S inputs are 

passed through the input gates and 
stored in the master. When the clock 
goes low, the input gates are dis- 
abled, and the information is coupled 
through the transfer gates into the 
slave flip-flop. The function of the 
preset and clear inputs is evident. Try 
assuming a set of input values for R 

and S, and trace the information flow, 
letting thé clock change as described 

above, to convince yourself that the 

unit performs the R -S function. 

The 1-K Flip -Flop. Let's return to 

our newly developed map technique 
now and develop the (clocked) J -K 

flip-flop as a last example. For con- 
venience, since output changes are 

allowed only on clock transitions, 
let's denote the unstable state q by Qn 

and the stable state Q by Q+,. This is 

reasonable, because Qn is the stable 
state just prior to the nth 1-0 clock 
transition, and is the unstable state 
just afterward, with the flip-flop set- 

tling down into the stable state Qr, 
before the next clock transition oc- 

curs, 
The incomplete and complete truth 

tables are shown in Fig. 15, along 
with the Karnaugh map and the re- 

sulting simplified function. The J 

serves as the S and K as the R, 

respectively, of an R -S flip-flop. The 

only difference is that the J=K=1 
output is now defined (Q). 

Let's use the clocked R -S flip-flop 
to build the J -K from our derived 
equation. For this purpose, let S=JQn 
and R=KQn be the inputs to the 

clocked R -S. According to the R -S 

equation, 

CLOCK 
(CL) 

Qn+I = S + RQn = JQn + (KQn)Qn 
Now, applying DeMorgan's law to 

KQ, we get 
Qn+I = JQn + (K + Qn)Qn = JQn + KQn 

+ (71nQ. 

But 5.Qn = 0 always, so_ 

Qn+I = JQn + KQn 
which is the J -K flip-flop equation. 
Notice that the R -S constraint is satis- 

fied, since_ 
RS = (JQn)(KQn) = JK(l Qn) = 0 

Fig. 16 shows the construction of the 

J -K from the R -S using two AND 

gates. Again, test the operation by as- 

suming a set of conditions for J and K 

and tracing the logic flow. A glance 
back at the incomplete truth table will 
reveal that if J=K=1 (J and K inputs 
tied to a logic one) the J -K forms a 

toggle flip-flop. 

The preceding examples have been 

intended to accomplish two things. In 

the first place, knowledge of the logi- 
cal operation of the various types of 
flip-flops is essential in order to use 

them intelligently in an original de- 

sign. As a second objective, they have 

provided an effective demonstration 
of the economy of thought which re- 

sults when the Karnaugh may is used 
in a digital design effort. 
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BUILD A 
Dl ' 'T- ''' LING 

LOGiC PROBE 

THE LOGIC probe is almost a 
necessity in checking digital cir- 

cuits. Usually the probe detects and 
discriminates between high-level, 
low-level, and pulse conditions at var- 
ious points in a digital circuit. The re- 
sults are then displayed on miniature 
lamps or discrete light -emitting 
diodes. 

If you want a more advanced logic 
probe, try the one described here. It 
does what the conventional probe 
does, but has the additional capability 
of being able to sense an open circuit 
or an out -of -tolerance high or low 
logic level. And the indicator is a 
single seven -segment LED display. 
The four possible test conditions are 
shown as actual letters on the seven - 
segment display. 

'54 

Seven -segment readout displays high, low, open, and pulse. 

The letters are: H (high logic level), 
L (low logic level), o (open), and P 

(pulse). This type of display makes 
testing faster and improves accuracy 
in reading the results. 

How It Works. Shown in Fig. 1 is the 
logic probe's schematic diagram. 
Transistor Q1 functions as a voltage 
comparator and buffer with a 
threshold of approximately 0.6 volt. 
Transistor Q2 and diodes D1, D2, and 
D3 function as a voltage comparator 
and buffer with an approximate 
2.4 -volt threshold. These thresholds 
are slightly wider apart than is stan- 
dard for TTL devices, thus providing a 
safety margin. 

Resistors R4 and R5 and transistor 
Q3 shift the level of Q2 to make it TTL 

BY R. M. STITT 

compatible. The outputs of the two 
comparator circuits are further buf- 
fered and conditioned by IC2, the high 
(H) and low (L) outputs of which are 
decoded by the remaining circuitry. 
Assuming that the point under test is 
either at a constant high or a constant 
low, the end result will be an H or an L 
displayed on DIS1. 

In the event of any pulse activity at 
the point under test, one-shot mul- 
tivibrator /C1 will trigger and generate 
a P(for pulse) on D/S1. If a single pulse 
occurs at the test point, IC1 will still 
cause a P to be displayed, but only for 
about 0.5 second. (The probe is capa- 
ble of -capturing" pulses as short as 
10 ns in duration.) 

Any time the probe tip is not touch- 
ing a point in the test circuit or is 
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C2 
220pF 

COMMON 

IC 3 
7400 

R14 
IOK 

13 

D1S1,14 - 

C3 
2511F 

R7 
18011 e 

léón f .-.- 
R9 

9 
IC 

8 18011 

RIO I1 
DISI - 
SEGMENTS 

019 1,14 

PARTS LIST 

CI.C3-25-µF, 6 -volt tantalum electroly- 
tic capacitor 

C2-220-pF ceramic -disc capacitor 
DI thru D4-Signal diode (1N914 or simi'- 

lar) 
DISI-Common cathode seven -segment, 

LED display (Opcoa SLA-7 or similar) 
IC I-Ret-iggerable monostable multivi- 

brator (74122) 
IC2-Hex inverter (7405) 
1C3-Quad two -input NAND gate (7400) 
QI,Q3-Npn silicon switching transistor 

(2N3904 or similar) 
Q2-Pnp silicon switching transistor 

(2N3906 or'similar) 
The following are 1I/ -watt, 5% tolerance 

resistors 
R 1,R2-.47,000 ohms 
R3.R4,R5,R I4,R 15=10,0(x), ohms= 
R6-22,(00 ohms 
R7 thru R13-180 ohms - 

Misc:-Printed circuit hoard; 7A" x lü" 
inner diameter CPVC plastic tubing; 5t" 
or `1/2" diameter h;irdwood dowel stock 
(see text); one red- and one black - 
booted alligator clips; 72" length of No. 
18 test lead cable; 6d finishing nail: sol- 
der; etc. 

Fig. 1. Schematic diagram of the logic probe. 
Transistors Qt and Q2 are in comparator circuits which - 

set the logic levels. 1C2 and IC3 decode the signal. 

touching a point that is electrically iso- 
lated from the circuit, DIS1 will display 
an o. Furthermore, any logic level that 
is within the range set by the com- 
parators will also result in an o being 
displayed. 

In operation, H indicates a high TTL 
state (greater than 2.5 volts); L 

indicates a low TTL state (less than 0.6 
volt); o indicates an open circuit or an 
out -of -tolerance TTL state (high im- 
pedance or less than 2.5 volts but 
greater than 0.6 volt); and Pindicatesa 
pulse train or single pulse. 

Construction. When assembling the 
probe, parts layout and lead dress are 
not particularly critical. The test prod 
lead should be kept as short and direct 
as possible through the junction of R1 

and R2. 

To keep the electronic assembly as 
compact as possible, a printed circuit 
board is a must for component mount- 
ing. The etching and drilling and com- 
ponent placement guides are shown 
in Fig. 2. Since you will be making your 
own double -sided board and will not 
be able to plate through the holes, it is 
important to solder connections on 
both sides of the board. Conse- 
quently, you must install the compo- 
nents in a set sequence. Install and 
solder into place R7, R9, R13, and R15 
before you install R8, R10, R11, and 
R12. Likewise, install C2 before C1. 
All remaining components can be in- 
stalled in whatever sequence you de- 
sire. (Note: The component placement 
guide shown in Fig. 2 is the view from 
the top, or component, side of the 
board. The items to be installed first 

are indicated in phantom in Fig. 2.) 

After wiring the circuit board, solder 
a 1"(25 mm) length of insulated wire to 
the pad under DIS1 nearest the end of 
the board. The free end of this wire 
goes to the probe's test tip. Prepare 
the ends of two 36" (about 1-m) 
lengths of test -lead cable, and solder 
one end to the +5 -volt and ground 
Gads on the board. 

Now, cut a3/4"long by5/32"deep (19 x 
3.8 -mm) window th" (13 mm) from one 
end of the tube. Use CPVC tubing; it 
has thinner walls to provide a slen- 
derer assembly than is possible with 
ordinary PVC tubing. CPVC tubing is 
available from most hardware and 
building supply stores. 

You can fabricate the end caps for 
the tube to the dimensions given in 
Fig. 3 by turning on a lathe or whit- 
tling with a knife 5/8" (16 -mm) diameter 
hardwood dowel stock. If you don't 
have access to a wood -turning lathe or 
don't relish'whittling, you can fashion 
blunt end caps from Y2" hardwood 
dowel stock and use small screws to 
hold them in place. In either case, drill 
a 1/4" (6.5 -mm) diameter hole through 
the rear end cap and a hole just large 
enough to require force fitting a 6d 
finishing nail into it through the front 
end cap. 

Pass the power leads for the probe 
through the hole in the rear end cap. 
Connect and solder a red -booted al- 
ligator clip to the +5 -volt and a black - 
booted alligator clip to the ground 
cables. 

Test the probe by connecting its 
power cables to the --5-volt and com- 
mon buses of a known good circuit 
and touching the probe lead to the 
+5 -volt bus, common bus, and a point 
in the circuit where there are pulses. 
When the power leads are initially 
hooked up, the display should indi- 
cate 0. Touching the probe lead to the 
+5 -volt and common buses should 
cause an H and an L to be displayed, 
respectively. With the probe lead 
touching a point in the circuit where 
pulse activity is taking place, the dis- 
play should indicate a P. 

The circuit board is deliberately 
wider than the inside diameter of the 
plastic tube. To get the board into the 
tube, you will have to deform the latter. 
To do this, place the tube between two 
blocks of wood in a vise and very care- 
fully close the vise just enough to 
permit the board to slip into place. Be- 
fore opening the vise, make certain 
that the display is centered in the win- 
dow of the tube. 
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Fig. 2. Etching and drilling guides and 
component layout for pc board are above. 

5/8"DIA MAKE PRESS 
FIT FOR TUBE 

1/4" THICK 

3/4" LONG 
X 3/32"DEEP 

WINDOW 1/2" 

7 I/4" 

Fig. 3. Diagram shows how to assemble the 
probe. Be sure display shows in the window. 

I/2"INNER 
DIAMETER 

POWER 
CABLES 

CIRCUIT 
BOARD 

I 

Pr- 

FRONT 
END 
CAP TEST 

TIP 

File or grind the point of the finish- 
ing nail to a sharp tip, contouring it 
like a standard test -probe point. Drive 
the nail into the front end of the cap, 
leaving about 1/4" of the nail head free. 
Locate the free end of the probe tip 
wire coming from the circuit board. 
Strip away about 3/8" of insulation from 
the wire, wrap the exposed wire 
around the nail head, and drive the 
nail home in the end cap. Push both 
end caps into the tube (and secure 
them with small screws if necessary), 
and the probe is ready.to use. Q 

You don't have to buy a new car to get an electronic ignition. 
013. 
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Most of you know the evaluation of automotive electrical sys- 
tems . . . an evaluation characterized only occasionally by 
efficiency and performance. I know that, and that's why I use 
the Delta Mark Ten B CDI on all my cars, new and old. And 
believe me, you don't have to have a new car to appreciate 
the best electronic ignition available today. Study these fea- 
tures and you'll know what I mean. - 

1. Mark Ten and Mark Ten B Capacitive Discharge Ignition 
Systems are manufactured by Delta Products, Inc., a company 
with a conscience, and with a proven record of reliability both 
in product and in customer relations. 
2. The Mark Ten CDI's really do save money by eliminating 
the need for 2 out of 3 tune-ups. Figure it out for yourself. The 
first tune-up or two saved pays for the unit, the rest is money 
in your pocket. No bunk! 
3. Because the Mark Ten CDI's keep 

Ifs 

your car in better tune, you actually 
can save on expensive gasoline. M 

4. With a Mark Ten, spark plugs stay :AR- EN a'? 
clean and last longer ... fouling is 
virtually eliminated. 
No matter what kind of car you drive, it too can use a Delta 
quality lift. 

I want to know more about Mark Ten B CDI's. Send me complete 
no-nonsense information on how they can improve the performance 
of my car. 

Name 

Address 

City State 71p 

1 DELTA PRODUCTS, INC. 
P.O. Bois 1147, Dept. PE, Grand Junction, Colo. 81501 
303-242-9000 

Mark Ten B, 
assembled $64.95 ppd 

Mark Ten B, kit $49.95 ppd 

Standard Mark Ten, 
assembled $49.95 ppd 
Deltakit® $34.95 ppd 

CIRCLE NO. 18 ON FREE INFORMATION CARD 
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HOBBYIST INTERCHANGE TAPE SYSTEM 

COMPUTER hobbyists have an in- 
satiable appetite for new pro- 

grams. Consequently,theyare increas- 
ingly using the practice of sharing 
their programs. 

But efficient sharing requires a 

common communications medium. 
Short programs can be exchanged 
easily by correspondence on a type- 
writer or even longhand. As software 
becomes more complex, however, the 
possibility of translation error in- 
creases so it is essential that a univer- 
sally recognized exchange medium be 
used. Further, price and simplicity are 
of great importance since many hob- 
byists can't afford expensive com- 
mercial equipment. 

With no such common exchange 
medium available to hobbyists today, 
we have taken the bull by the horns 
and developed a standard which we 
think meets all of the foregoing re- 

quirements. We call it the Hobbyists 
Interchange Tape System or simply 
HIT. The system uses an ordinary 
low-cost audio cassette tape recorder 
as the hardware/software interface; 
and it can be adapted for use with any 
computer. In the following discussion, 
HIT is used with an 8080 CPU -design 
microcomputer. 

HIT is probably not the most effi- 
cient nor simplest possible system, 
but we think it is the best compromise 
for public interchange of software. At 
the tape speeds used, data will appear 
on the tape at rates between 30 and 
360 bits per second-not a blindingly 
fast speed, but reliable! However, by 

changing some of the circuit and 
software values and using a high - 
quality recorder, 2500 bits per second 
can be achieved. 

The technique does not depend on 
frequency, amplitude, or phase. In- 

deed, the low-cost cassette recorder 
does not even have to handle digital 
pulses directly. In practice, short and 
long bursts of tone are used, with each 

By Jerry Ogdin 

zero bit represented by a short burst 
and each one bit by a long burst. Here 
is how it works. 

Basic Theory. Every digital pulse 
has a leading and trailing edge; a bit 
interval extends from the leading edge 
of one bit to the leading edge of the 
next. If we synchronously count up 
during the time from the leading edge 
to the trailing edge, as shown by the 
dotted line in Fig. 1, and then count 

DATA `0" I' 

DATA "I ' 

J 

1.-- I BIT INTERVAL - 

Fig. 1. Pulse waveforms show how 
zero and one bits differ in length. 

J2 
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FROM TAPE 
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(AUDIO C3 
IN) .005pF 

J 

R9 
220K 

C4 
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down from the trailing edge to the next 
leading edge, we can determine 
whether the pulse is long or short. If, 

as shown .in the upper waveform of 
Fig. 1, we can count down to zero be- 
fore the next leading edge, we know 
that the data bit was a "O". If, however, 
the counter is stopped by the leading 
edge of the next pulse (lower 
waveform), we know that the bit was 
long and the data was a "1." 

Unfortunately, steep -edged pulses 
are unacceptable to most cassette re- 

corders. So we convert them into 
audio tones, with a data pulse rep- 
resented by a burst of approximately 
2000 Hz. which is compatible with 
most low-cost recorders. The schema- 
tic for the complete HIT translator is 

shown in Fig. 2, and the associated 
waveforms are shown in Fig. 3. 

The output of the computer consists 
of two data lines from an output port 
latch. One (Fig. 3A) is called the en- 
velope and is true during the tone 
burst. The other (B) is called modula- 
tion and is a software -controlled 
2000 -Hz square wave. Op amp 1C1A 

converts the TTL-level signals into an 
approximate 2 -kHz sine -wave burst 
(D) which can be recorded easily on 
any tape machine. The output of IC1A 
is about 2 volts peak -to -peak at the 
AUX output jack and about 50 mV at the 
Mlc jack. When recording on a stereo 
cassette, write this data into the right 
channel. 

The playback circuit takes the re - 

SCHMITT 
TRIG 

J3 
Aux 

TO 
TAPE 
REC 

MIC 
J4 

Fig. 2. At top is schen atic for recording end of HIT 
system. Circuit at bottom reads from cassette into computer. 

TO 
COMPUTER 

SEPTEMBER 1975 57 



corded data signal from the tape re- 
corder (Fig. 3E) and converts it back to 
the original digital signal. This circuit, 
consisting of IC1B, C, and D, works 
with an input signal level from 0.75 V 
to 4 V, although 2 to 2.5 V is ideal. The 
input is squared up in IC1B and IC1C 
(Figs. 3F and G) and then rectified by 
diodes D1 and D2. The combined out- 
put (H) is then applied to a Schmitt 
trigger (IC1D) which produces the 
output signal (I), an exact reproduc- 
tion of the original envelope input. 

The frequency of the tone burst is 
not critical. In writing a tape to be 
mailed to another person, use a fre- 
quency near 2 kHz as the modulating 
input. The reliability of the recorded 
data depends on how long each pulse 
is written. With very brief tone bursts, 
the data rate is high, but the reliability 
can be adversely affected by poor - 
quality tape and inexpensive cassette 
recorders. Each bit may be as short as 
1250 microseconds or as long as 35 
milliseconds, depending on the writer 
of the tape. In the programs that fol- 
low, 2.75 milliseconds is used as the 
bit. time. The playback circuit and 
software should be capable of adapt- 
ing automatically to pulse lengths 
since it is the ratio of the first half to 
the second half that determines the 
data value. 

With this wide range of permissible 
pulse lengths, virtually any computer 
can be used to write these standard 
format tapes. Even the slower 8008 
CPU can write out bits that have 1 -ms 

durations and still be able to recover 
them successfully. 

Programs. The software we have 
used with an 8080 is shown in Pro- 
gram 1 (overleaf). The output port 
(named TAPEO in the program) puts 
the envelope signal on the most - 
significant bit and the modulation on 
the least -significant bit. Since most 
output ports are TTL-compatible, the 
simple writing circuit of Fig. 2 can be 
directly connected. Each data bit is 
shifted into the CARRY flag of the com- 
puter, where the decision to emit a 
short or long pulse is made. The 
least -significant bit of the counter is 

used to determine how long to emit 
the tone burst (modulation) signal. 
After all of the tone burst has been 
sent out, we wait in a counting loop 
(built into the program) for some tape 
to move past the recording head be- 
fore starting the next output bit. 

Nine bits are written for each 8 -bit 
byte. Since this new recording 
scheme uses the leading edge of a 
burst as the "clock," it is necessary to 
assure that there is a data bit after. the 
eighth bit of a byte. This ninth bit is 
always written as a "0". The time that 
it takes this bit to move past the re- 
cording head is the time that we can 
use to process the character and store 
it away in memory. 

The data rate is 364 bits per second, 
using all the values in the illustrations. 
This writing routine, like the reading 
routine of Program 2, is critically 
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Fig: 3. 41'aveforHns at various 
points in the writing and 
leading circuits of the HIT. 

timed. Consequently, do not change 
the instruction sequences unless you 
fully understand the timing relation- 
ships of the instructions. 

In reading the data back in, the input 
port (the least significant bit is used) is 
examined until a zero -to -one transi- 
tion is found; that is the leading edge 
of the burst. We now count up (in the B 

register) until the trailing edge is 
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Fig. 4. How data to 
be recorded is first 
translated to ASCII 
code and then put 
on tape as torte bursts. 
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found. After that, we count down until 
either a new leading edge is detected 
(making the data bit a 1), or the 
counter goes to zero (data is a 0). Note 
that each bit condition must be sensed 
two times in succession to be consid- 
ered valid. This provides noise pro- 
tection. 

Each time a bit is found, it is shifted 
into place. After eight bits are located, 
the return is taken. When the charac- 
ter reading routine returns, the lead- 
ing edge of the ninth bit has thus al- 
ways been sensed. 

Data Format. Having a standard 
medium and a standard recording 
form is not enough for successful 
computer data exchange. We must all 
agree on the code and format of the 
data. As far as possible, the method 
described here uses national and in- 
ternational data communications 
standards. All data is written in ASCII 

code unless otherwise agreed upon by 

writer and reader. It is possible, for 
example, to agree on the transmission 
of actual eight -bit object code. All data 
is recorded with the least -significant 
bit first. 

The record format we use is shown 
in Fig. 4. This technique is synchron- 
ous, and from the beginning of the 
data to the end, there should be no 
dead spots. At this time, it should be 

pointed out that cassette recorders 
have agc or limiter circuits. When the 
data first appears at the record input 
of such a machine, the agc does cruel 
things to the waveshape. By not allow- 
ing this to happen, except in the first 
part of the data where it is permissa- 
ble, many problems can be avoided. 
This is done as follows: Each data 
block begins with at least 32 ASCII 
SYN (synchronizing codes 0001 0110). 
The SYN codes repeat long enough to 
allow the recorder's agc to settle down 
and the software to go into character 
"sync." A special character signal at 
the start of text (ASCII STX code 0000 
0010) appears next, followed by an 
eight -bit count word. That count 
specifies how many more characters 
appear in the date record. If the count 
is zero, then this is called an end -of - 
file block. If it is not zero, it specifies 
how many eight -bit bytes appear in the 
data record. At the end of the data 
bytes (if any), is an ASCII ETX (end -of - 
text 0000 0011) character and two 
block -check characters. These two 
characters are normally zero, but can 
be used to hold the CRC code, or a 

check -sum, or whatever error protec- 

tion the writer wishes to employ here. 
If the block -check characters are 

used, the writer of the original /ape is 

expected to provide a computer pro- 
gram in the first few data blocks for the 
machine of interest that will read and 
utilize them. This program should ap- 
pear at the front of the tape and be 

terminated by an end -of -file block. 
The data to be read in should then 
follow on the tape. This front-end 
program is called a "bootstrap 
leader." 

Programs for reading and writing 
standard format data tapes from 
memory of an 8080 are shown in Pro- 
gram 3. We can read or write 1024 bits 

in about 30 seconds using the stan- 
dard format. 

Higher Speed. This cassette inter- 
face can also be used locally for nor- 
mal input/output needs. However, in 

your own computer, you may be able 
to go substantially faster. Our experi- 
ments have shown that you can expect 
to have a data bit rate about one- 
fourth of the modulation frequency. If 
your tape recorder will faithfully re- 

produce a 10 -kHz signal, as many bet- 
ter decks do, you can expect to handle 
2500 bits (240 characters) per second. 

You may also want to add some ad- 
ditional hardware to eliminate some of 

the software. A simple gated oscillator 
can be used instead of performing the 
modulation in software. The envelope 
signal can drive the gate of an oscil- 
lator. You can even go so far as to have 
an eight -bit parallel output bit port and 
perform all of the timing and serializa- 
tion external to the computer. You will 
probably want to have two versions of 
these circuits: one to be used to write 
standard tapes at standard frequen- 
cies and rates, and the other to write at 
whatever speed your own tape record- 
er can handle without errors. 

The playback circuitry can also be 

expanded. The count-up/count-down 
software can be converted into a cou- 
ple of timers that control ramps. Simi- 
larly, you may want to assemble in- 

coming bits into eight -bit characters 
in hardware. With all this hardware in- 

stalled (it takes about 10 IC's), the 
software becomes only a few input 
and output statements. 

What is needed now is a central ex- 
change point. Perhaps some of the 
emerging hobbyist groups (or even 
individuals) will agree to create a li- 
brary of tapes for exchange or have 
them available at a nominal charge. A 

brief listing of program function, 
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Intrcducirig the family ofmodUlar micros 
from Marti.' Research!' 

.Choose either the economical 8008 proces- 
sor, or the powerful 8080. Either CPU is 
compatible with our advanced bus structure! 
Plus, a convenient monitor program, in 
PROM memory, allows you to enter instruc- 
tions with the ease of a handheld calcul- 
ator. Six large digits display data in octal 
format. 
Modularity makes for easy expansion. First, 
quality parts' throughout. Professionally 
made aC boards with platec holes, solder - 

mask protection. 8080 CPU board features 
versati e ilterrupt structure, multiprocessing 
capability. Easy interfacing to input and 
output ports. ° . 

MIKE 303:4: CPU board with- 8080, key- 
boardtdispley board, PROM/RAM board 
monitor PIRCM (256 bytes of RAM), 
breadtoardl,. hardware, 

- 
and instructions: 

$395.00 nit, $495.00 assembled and tested. 

MIKE 2034: CPU board 'with 8008, key- 
board/display. PROM/RAM, breadboard, 
hardware. and instructions: $270.00 kit, 
$345.00 A&T. 
MIKE 3-5 or 2-5: 4K RAM board with 
450 nis static RAM: $165.00 kit, $190.00 
A&T. 
F R E :E C A T A L -O G! 

Kits: US & Canada only. 
Master'Charge accepted.' 
OEMs: write for - 

. aJantity prices. 
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M''crocomputer Design 
1825 S. Halsted St. 
Chicago, IL 60608 
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SKIN TEMPERATuRE 
THERMOMETER 

DURING the past few years, a 
lot of research has been direct- 

ed at learning how to consciously con- 
trol some of the "involuntary" body 
functions. Electronics has played a 
major role in this research, providing 
the means for both sensing and 
monitoring body functions. Among 
the more commonly measured and, 
hence, controlled body functions are 
skin resistance, potential, and tem- 
perature, as well as alpha, beta, theta, 
and delta brain waves. 

Our interest, in this article, is in skin 
temperature, which is an indication of 
the flow of blood in the peripheral 
parts of the body (hands and feet). We 
want a skin temperature thermometer 
that will serve to teach the user how to 
increase and decrease the flow of 
blood to his limbs. With training, it is 
even possible to control the flow of 
blood in each hand independently. 

Controlling the flow of blood is one 
way of solving the problem of cold 
hands and feet. Another use for this 
technique is the control of migraine 
headaches. Working on the theory 
that the throbbing headache pain is 
caused by the blood vessels in the 

PARTS, LIST 

B1 -9 -volt transistor battery 
CI -0.047-µF capacitor 
ICI-Comparator integrated circuit (311) 
J I-Two-contact jack 
M1 -0-100-µA meter movement 
P I-Two-contact plug 
The following are %b -watt, 10% tolerance 

resistors: 
RI -3300 ohms 
R2-22,000 ohms 
R4,R5-15,0(0 ohms 

ae 

Consciously 
controlling the blood 

flow by measuring 
skin temperature is said to 

improve several body functions. 

BY COLIN SHAKESPEARE 

R6-39(0) Ohms 
R7-27,000 ohms 
R8-270) ohms 
R3-I0,000-ohm linear -taper potentiome- 

ter 
SI-Spst switch (part of R3) 
S2-Dpdt switch 
TDR I-Thermistor (Fenwal No. J A33J I) 
Misc.-Perforated board and solder clips; 

socket for ICI; contact clip for BI: suit- 
able box to house circuit; machine 
hardware; zip cord; hookup wire; sol- 
der; etc. 

Difference between drop across TDR1 and reference is shown on M1. 
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head being stretched (vasodilated) by 
the flow of blood, when more blood is 
diverted to the limbs, there is less to go 
to the head and the rest of the body. 
This reduces the pressure of the blood 
in the vessels of the head, which, in 
turn, diminishes the pressure pain. 

Once a person learns how to in- 
crease the flow of blood in one limb 
while reducing it in Others, it is possi- 
ble that he can control bleeding from a 

wound. However, a great deal of phys- 
ical and mental self control must be 
exercised - which may be impossible 
in the heat of the moment - for suc- 
cess. The uses to which such control 
can be put are almost limitless. If a 

person persists with regular training 
over a period of weeks, considerable 
control can be achieved. 

About the Circuit. As shown in the 
schematic, the skin temperature 
thermometer's circuit is a simple con- 
figuration. Temperature sensor TDR1 
is an ordinary thermistor, while mi- 
croammeter movement M1 is the 
monitor indicator. Voltage variations, 
resulting from variations in tempera- 
ture, from TDR1 are fed to the invert- 
ing input of comparator integrated 
circuit IC1. Inside the IC, this voltage is 

compared with a reference voltage 
applied to the IC's noninverting input. 
The output from IC1 then provides an 
amplified voltage that drives M1. 

For training purposes, two meter 
ranges (scales) are useful. One must 
be fairly sensitive; so, for this, a zero - 
center scale with a range of -±2° C was 
chosen. An absolute scale, covering 
the range from room temperature to 
blood temperature is also required. 
This is important because once a 

subject's hands are within a few de- 
grees of blood temperature, no 
amount of control will get them any 
warmer. (Most users will find that 
there is an upper temperature limit 
that will vary from person to person by 
a degree or so. From a training point of 
view, then, you must pick a time when 
the subject's hands are cool or start 
with training to reduce blood flow.) 

With S2 in the position shown, M1 is 
on the ABSOLUTE scale, indicating 
nominally from 20° to 40° C. In this 
position, potentiometer R3 has no ef- 
fect, and at room temperature, the 
pointer of M1 would be near the zero 
index on the scale. Setting S2 to its 
alternate position puts the meter on 
the SENSITIVE scale (±2° C), in which 
case, the pointer of M1 will peg at the 
left end of its travel. (This is a normal 
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condition and will not harm the meter 
movement.) 

Construction. The skin temperature 
thermometer project can be made 
very compact, as shown in the lead 
photo. With the exception of B1, Ml, 
R3/S1, S2, and TDR1, all parts can be 
mounted on a piece of perforated 
board that has holes on 0.1" (2.54 -mm) 
centers. Use a socket for IC1 and, if 
you want, solder clips for the rest of 
the components. 

The meter movement, switched 
potentiometer, range switch, and 
input jack for the thermistor mount on 
the front panel of a suitable enclosure. 
At one end of a 3' (about 1 m) long 
piece of thin zip cord, solder plug P1. 
At the other end of this cable goes the 
thermistor. Put insulating tubing over 
the leads of the thermistor, and heat 
sink TDR1 during the soldering opera- 
tion. Slide the sleeving right up to the 
thermistor's disc. As a final touch, 
apply a thin coat of lacquer or other 
insulating material over the probe. 
Keep the coating as thin as possible to 
avoid increasing the time constant of 
the sensor. 

When making hookups to the circuit 
board assembly, keep the leads to the 
two inputs of the IC as short as possi- 
ble. If oscillation problems are en- 
countered during checkout, which 
would appear as.a high reading on the 
meter, reroute the IC's input wires 
away from the other leads and com- 
ponents in the circuit. 

Checkout and Use. As potentiome- 
ter R3 is adjusted through its range 
with S2 in the RELATIVE position, a bal- 
ance point will be found. The voltage 
appearing across TDR1 during this 
test should fall between 3.0 and 4.7 
volts. 

Due to the tolerance of the thermis- 
tor used in the thermometer, the ac- 
tual scale reading for blood tempera- 
ture must he obtained by experiment. 
The absolute value of the temperature 
is not particularly important. What is 
of importance is to learn by trial and 
error the maximum temperature that 
you can normally achieve. 

To use the skin temperature ther- 
mometer, the thermistor should be 
lightly taped to a finger. Then sit in a 

relaxed, comfortable position. The 
more relaxed you become, the better 
results you will achieve. Any tension 
will completely override attempts to 
increase the flow of blood in the 
hands. 

Stravinsky 
made us 
do it. 
rA 

Stravinsky ... and every 
composer who has ever written 
music with the range, power and 
majesty of "Rites of Spring" ... 
music that demands far more 
than any stereo can deliver 
without adequate amplifier power. 

The Phase Linear 700B Power 
Amplifier faithfully reproduces the 
most difficult passages of the 
most demanding recorded music. 
It lets all of the music through at 
realistic volume levels. You never 
have to reach for your volume or 
tone controls to prevent clipping. 

The 700B has the highest 
power, widest frequency 
response and lowest distortion of 
any stereo amplifier in the world. 
Take Stravinsky to your dealer 
and listen to what we mean. 

Vinealt 
700-M 

THE POWERFUL DIFFERENCE 

PHASE LINEAR CORPORATION, 
P. 0. BOX 1335, 
LYNN/WOOD, WASHINGTON 98036 
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CIE's Warranty says a lot to you! 
A lot about CIEs FCC License training 
programs...and a lot more about our school. 

Our FCC License Warranty means just what it says. If 
you enroll in any CIE career course that includes FCC 
License preparation and successfully complete your train- 
ing ... you'll pass the Government FCC exam. We warrant 
that you'll succeed. 

CIE can make this no-nonsense warranty because we're 
confident of our in-depth career training programs. You 
see, we have specialized exclusive/y in Electronics educa- 
tion -by -mail for more than 40 years. Just Electronics. 
And, the courses we offer today are the result of these 
years of teaching experience and proven methods of 
training. 

Our courses of study are written in easy -to -understand 
language, so you can progress at your own learning pace, 
at home, in your spare time. And, there are never any 
classrooms to attend. 

CIE courses challenge your thinking ... help you de- 
velop your understanding of important electronics theories 
and applications ... enable you to learn new skills and 
knowledge. Our courses are thorough. They have to be. 

You see, we're training you for a career in Electronics. 
And, if an FCC "ticket" is part of your goal, you'll have 
to pass a tough licensing exam administered by the Federal 
Communications Commission (an agency of the U.S. 
Government). And you'll be prepared. 

CIE is willing to warrant that you will pass! The reason 
is ... we have every reason to expect that you will do 
exactly that. Based on a series of continuing surveys, close 
to 9 out of 10 CIE grads pass their FCC exams! 

What's a license worth? 
An FCC License can be worth a lot if you're interested 
in any area of Electronics involving communications. In 
some fields, federal law requires that you must have one. 
And, even in careers where a license is not required, it is 

Cs 

Vthe 

CIE's `) G FCC LICENS^ 
WARRANTY OF SUCCESS 

CIE warrants that when you enroll in any CIE course which includes FCC 

License preparation, you will, upon successful completion of the course and 

FCC License material, pass the Government FCC Examination for the 

License for which your course prepared you. If you do not pass the appro- 

priate FCC Examination, you will be entitled to a full refund of an amount 

equal to the cash price for CIE's "First Class FCC License Course," No. 3. 

This warranty will remain in effect from the date of your enrollment 

to 90 days after the expiration` `v;, 0-,7-z,of the completion time allowed 

for your course. 

gm.,_ 

M, 
/ II 

3 \ - De G. O. Allen President 
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Government certification of certain electronics knowledge 
and skills. 

What about other CIE courses? 
In every CIE career course, you'll find the same time - 
tested instructional techniques that have made CIE's FCC 
License preparation programs so successful. 

Each CIE career course is built on the principle that 
the best way for you to learn and retain what you've learned 
is to explain; then to check your understanding; then to 
reinforce your comprehension with practical applications. 
In some courses, you will perform experiments and tests 
with your CIE Experimental Electronics Laboratory using 
authentic electronic components and gear. And, if you 
select a course that includes Color TV technology, you 
will not only build and keep a 25" diagonal Color TV 
which features digital circuitry ... you'll also learn how 
to troubleshoot your TV. 

The CIE course you select (beginner, intermediate, or 
advanced college -level), will be a complete educational 
program, designed by experts to give you the best in Elec- 
tronics home -study education. 

Send for FREE school catalog 
Discover more about the career opportunities open to 
people with electronics training. Learn how CIE career 
courses can help you build new skills and knowledge and 
prepare you for a meaningful, rewarding career. Whether 
you are just starting out in Electronics or are a college - 
trained engineer in need of updating, (or anywhere in 
between), CIE has a course designed for you. And, more 
than half of CIE's career courses include FCC License 
preparation. 

Send today for our FREE school catalog and booklet 
on FCC License information. For your convenience, we 
will try to have a representative call to assist in course 
selection. Mail reply card or coupon to CIE ... or write: 
Cleveland Institute of Electronics, Inc., 1776 East 17th 
Street, Cleveland, Ohio 44114. Do it TODAY. 

G.I. Bill benefits 
All CIE career courses are approved for educational bene- 
fits under the G.I. Bill. If you are a Veteran or in service 
now, check box for G.I. Bill information. 

r 

CI E Cleveland Institute of Electronics, Inc. 
1776 East 17th Street. Cleveland. Ohio 44114 

Accredited Member National Home Study Council 

Yes. I want your FREE school catalog and career information 
package today. 
I am especiallly interested in: 

Electronics Technology Industrial Electronics 
FCC License Preparation Electronics Engineering 
Color TV Maintenance Other 
Mobile Communications 

Print Name 

Address Apt. 

City 

L 
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State Zip Age 

Check box for GA. Bill information. Veteran On Active Duty 
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Product 
Test Reports 

ABOUT THIS MONTH'S HI-FI REPORTS 

On testing Pickering's new "second geration" CD -4 cartridge, we found it 
to be one of the finest stereo cartridges on the market - not to mention its 
ability as a superb transducer for playing CD -4 quadraphonic discs. Thus, 
it overcomes the "stereo -playing" shortcomings exhibited by many earlier 
CD -4 cartridges made in the U. S., which did not equal the tracking ability 
and general performance of the same manufacturer's top stereo models. 

The second hi-fi product examined this month is Crown's new electronic 
crossover system. There has long been a school of thought that passive 
crossover networks were a significant weakness in conventional speaker 
systems. A biamplifier or triamplifier system, with electronic crossover 
networks preceding separate amplifiers for the different frequency ranges, 
is an ideal solution to this "problem." One of the most versatile accessories 
we have seen in some time is Crown's VFX2 electronic crossover. Its inde- 
pendently adjustable low-pass and high-pass. filters can he set to cross over 
at any.frequency between 20 and 20,000 Hz. They can also he connected to 
form a three-way crossover or a hand -pass filter. The VFX2 should he an 
invaluable aid to anyone brewing his own speaker system, as well as to 
those wishing to experiment with loudspeaker crossovers. 

Julian D. Hirsch 

PICKERING MODEL XUV/4500Q CD -4 PHONO CARTRIDGE 
Plays CD -4 and matrix 4 -channel records, 
as well as being a superb stereo transducer. 

In the company's 
own words, the 
Pickering Model 
XUV/4500Q is a 

"second -genera- 
tion" discrete phono cartridge that 
is designed to play all types of mono, 
stereo, matrixed, and CD -4 records at 
a very low 1 -gram tracking force. In 
short, this is a universal -program car- 
tridge. The "first generation" of CD -4 
cartridges required at least 1.5 or 2 

grams of tracking force for proper op- 

HIRSCH- 
HOUCK 

eration, although their specially 
shaped styli actually caused less rec- 
ord wear at these forces than do ordi- 
nary ellliptical styli operating at 1 gram. 

Pickering's "Quadrahedral" stylus 
assembly has a built-in hinged brush 
that removes dust from the surface of 
the record. This brush exerts a 1 -gram 
upward vertical force that must be 
cancelled out. To do this, you just set 
the downward vertical force to 2 
grams to yield a 1 -gram net tracking 
force on the record's grooves. Other 
stylus assemblies for playing mono 
LP's and 78 -rpm discs are available 
from Pickering, and they can be inter- 
changed with the Quadrahedral. 

As is the case with most CD -4 car- 
tridges, the output of the XUV/4500Q 
must be operated into a low - 
capacitance load (100 pF or less in 
parallel with 100,000 ohms) to obtain 
the full 50,000 -Hz response of the car- 
tridge. For 2 -channel stereo opera- 

tion, the load requirement is less 
stringent, with typical values being 
275 pF in parallel with 47,000 ohms. 

Although most CD -4 cartridges have 
the wide frequency response required 
for playing CD -4 discs, very few of 
them can play the highest recorded 
levels on stereo discs without distor- 
tion. Pickering has taken pains to 
eliminate this shortcoming in the new 
cartridge to allow it to perform at its 
best with all types of discs. 

The Pickering Model XUV/4500Q 
phono cartridge retails for $139.95. 

Laboratory Measurements. We 
tested the cartridge in the tonearm of a 
Garrard Zero 100 record player, using 
the recommended 100-pF in parallel 
with a 100,000 -ohm load. The 30-cm/s, 
1000 -Hz tones of the Fairchild 101 test 
record were played with negligible 
distortion 'at an extremely low 0.5 - 
gram tracking force, but we had to go 
to 1 gram to track the high-level 32 -Hz 
portion of the Cook Series 60 test 
record. For all subsequent tests, we 
used the 1 -gram tracking force. 

At 1 gram, the cartridge was able to 
track the 80-µm (micrometer), 300 -Hz 
tones of the German Hi -Fi Institute test 
record. This is a very severe test of a 
cartridge's midrange tracking ability. 
No other CD -4 cartridge has passed 
this test, and only a couple of the 
very finest stereo cartridges have 
squeaked by. Even more impressive 
was the fact that the Pickering car- 
tridge played the highest level on this 
record (100 µm) at its maximum rated 
tracking force of 1.5 grams. 

The output voltage from the car- 
tridge measured 3.95 mV at a 
3.54-cm/s velocity, which is a relatively 
high level for a CD -4 cartridge. That 
this output performance was identical 
for both channels is a very unusual 
occurrence in our experience. The 
1000 -Hz square -wave response of the 
CBS STR-111 test record revealed a 
single cycle of ringing at about 10,000 
Hz. The output distortion was checked 
with the aid of two Shure test records. 
The TTR-102 is a conventional IM (in- 
termodulation) distortion record, con- 
taining 400- and 4000 -Hz test tones re- 
corded at velocities up to 27.1 cm/s. 
The IM measured 1.5% at all levels 
except the highest where it reached 
2.5%. This is not only exceptionally 
low distortion, but it also indicates 
a very good contact between the sty- 
lus and the record groove walls at lev- 
els that cause most pickups to lose 
contact on modulation peaks. 
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1000 -Hz square wave. 

The TTR-103 test record has spe- 
cially shaped 10,800 -Hz tone bursts at 

a 270 -Hz repetition rate, with veloci- 
ties from 15 to 30 cm/s. The 270 -Hz 

content of the cartridge's output is an 

indication of the high -frequency non - 
linearity of its tracking performance. 
In this test, the cartridge was compar- 
able to the best stereo cartridges on 
the market and distinctly superior to 

the average for CD -4 cartridges. 
Next, we measured the frequency 

response of the cartridge from 1000 to 
50,000 Hz with a JVC TRS-1005 test 
record. The response was exception- 
ally uniform, varying by only -±3 dB in 

one channel and ±1.5 dB in the other 
channel over the full range. The chan- 
nel separation reached a minimum of 
15 to 20 dB in the vicinity of 10,000 to 
12,000 Hz. It was typically 25 to 30 dB 
at the lower and higher frequencies. 

When the audio frequency response 
of the cartridge was checked with the 

CBS STR-100 record, the output was 
flat to within ±2 dB from 40 to 20,000 
Hz. In this range, the frequency re- 

sponse was not changed measurably 
when we changed the cartridge load 

to the typical stereo load of 335 pF in 
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parallel with 47,000 ohms. The low - 
frequency tonearm/phono cartridge 
resonance had a "double -humped" 
shape with the maxima at 5 and 6.5 Hz 

and an amplitude of only 4 dB or less. 

These figures, of course, might be dif- 
ferent with other tonearms, but they 
are essentially what we would expect 
from a high -compliance cartridge. 

User Comment. Our 4 -channel lis- 

tening tests were conducted with a 

Panasonic Model SE -405H CD -4 de- 
modulator. In general, we feel that the 
Pickering cartridge delivered quad- 
raphonic reproduction that was at 

least as good as, and usually better 
than, we have heard from our CD -4 

records with any other cartridge. 
With stereo records, the cartridge 

was easily the peer of today's finest 
and most advanced stereo cartridges. 
The most heavily modulated record- 
ings played without strain at only 1 

gram of tracking force, and the slightly 
elevated signal output from the car- 
tridge in the 10,000 -to -12,000 -Hz 

« 0000 

range provided an ideal complement 
to the falling response of most 
speaker systems in this range. At all 
times, the sound was smooth. 

This is one of the most expensive 
phono cartridges on the market and, 
as such, is obviously intended for a 

select listening audience. Offsetting 
the high price is the fact that this car- 
tridge is one of the very few that can 
deliver flawless CD -4 performance at 

the maximum inherent fidelity in the 
program at a 1 -gram tracking force. 
Add to this the cartridge's ability to 
track the highest levels on stereo discs 
without significant distortion and the 
bonus of extremely low record wear. 

We were impressed with the close 
matching of such important operating 
characteristics as output level, fre- 
quency response, crosstalk, and dis- 
tortion between the two channels. All 
things considered, we must agree with 
Pickering's claim that the XUV/45000 
represents a genuine advance in car- 
tridge performance. 

CIRCLE NO. 65 ON FREE INFORMATION CARD 

CROWN MODEL VFX2 ELECTRONIC 
CROSSOVER STEREO SYSTEM 

Features active IC fibers and continuously 
variable crossorer./rvnr 20 to 20,000 Hz. 

Some years ago, 
before the ad- 
vent of stereo- 
phonic sound 
and solid-state 

electronics, there was considerable 
interest in electronic crossover sys- 

* tems among audiophiles who built 
their own speaker systems. The cross- 
over systems were designed tope in- 

stalled between the preamplifier and 
the power amplifiers that drove the 
appropriate portions of the speaker 
system. This permitted the listener to 
vary crossover frequencies over a 

hide range (not practical with fixed 
networks) and eliminated subtle dis- 
tortions thought to have been created 
by crossover network components in 

the speaker system. 
As stereo sound came into being, 
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the development of small and rela- 
tively inexpensive high -quality 
speaker systems eliminated most of 
the incentive to home-brew speaker 
systems. Most modern speaker sys- 
tems do not provide electrical access 
to their individual drivers. Fortunately, 
there are a few systems that do pro- 
vide such access, and when they are 
used with one of the new electronic 
crossover systems now being mar- 
keted, they make excellent choices for 
bi- and triamplification systems. One 
of the new electronic crossover sys- 
tems available is the Model VFX2 from 
Crown International. 

The Model VFX2 contains two inde- 
pendent but identical signal channels, 
each of which employs active 
operational -amplifier IC filters in low - 
and high-pass configurations. The 
cutoff slopes of the filters are fixed at 
18 dB/octave. Each filter, of which 
there are two per channel, has a step 
switch, supplemented by a continu- 
ously variable control, to permit ad- 
justing its 3 -dB down frequency over a 
full 20 -to -20,000 -Hz range (as well as 
providing a flat frequency response). 

The crossover system is physically 
compact. It is designed for standard 
rack mouting and measures 19"W x 
53/4"D x 3'/2"H (48 x 15 x 9 cm) 
and weighs 6 pounds (2.7 kg). Retail 
price is $249. 

General Information. The front 
panel control complement consists of 
a switch and control for the high- and 
low-pass filters in each of two chan- 
nels. The only other control on the 
panel is the POWER switch. 
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On the rear apron are 12 phone 
jacks that give complete access to all 
parts of the crossover system's cir- 

cuitry. A functional block diagram is 
silk-screened onto the panel to clearly 
illustrate how the signal is modified by 
plugging it into any of the jacks. Each 
channel has separate unity -gain and 
balanced (transformerless) inputs. 
Screwdriver controls can be adjusted 
to increase the gain of the balanced 
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inputs by about 15 dB. Each low- and 
high-pass filter section has two out- 
puts, one that is in -phase with the 
input and the other that is 180° 
out -of -phase with the input. Slide 
switches for each channel can be used 
to connect the two filter sections for 
parallel input, the normal method for 
electronic crossover applications, or 
in tandem for use as an adjustable 
band pass filter. 

By patching the signal between 
channels, the system can be used as a 
three-way crossover system for tri- 
amplification. In this mode, two 
crossover systems are needed for 
stereo operation. Another function, 
suggested for Crown amplifiers but 
also suitable for many other amp- 
lifiers, makes use of the normal and 
inverting outputs to drive the amplifier 
inputs and create a mono signal at a 
much higher power level across the 
two "hot" output terminals of a stereo 
power amplifier. 

The comprehensive instruction 
manual that comes with the crossover 
system includes curves that illustrate 
the typical phase and frequency 
charactistics of the filters, as well as 
complete specifications and technical 
data. The maximum unclipped output 
is rated at 10 volts into a high - 
impedance load, and the low output 
impedance makes it possible to de- 
velop 6.4 volts rms across 600 ohrns. 

The rated output of the system, with 
typical Crown conservatism, is 2.5 
volts, with hum and noise stated to be 
100 dB below 2.5 volts. The IM distor- 
tion is rated at less than 0.01% at 2.5 
volts output. The unity -gain inputs 
have 1-megohm impedances, and the 
balanced inputs are rated at 20,000 
ohms (10,000 ohms from either side to 
ground) impedance. 

Laboratory Measurements. The 
filters have ideal shapes, with identical 
gains above and below the crossover 
frequency, no passband ripple, an in- 
tersection within 0.5 dB of the ideal 
-3 -dB response point, and a cross- 
over frequency generally within 10% 
of the value indicated by the control 

B 

Lz Li 

knobs. The steep slopes also make the 
crossover filter highly suitable for 
conventional audio filtering applica- 
tions, and the continuously variable 
cutoff frequencies can easily be ad- 
justed to suit the program. 

For distortion and output level tests, 
we set up the crossover system as a 
20 -to -20,000 -Hz band pass filter, using 
the unity -gain inputs. The output 
clipped at 9.7 volts into a high - 
impedance load and exactly at the 
rated 6.4 volts into 600 ohms. The gain 
was unity (1), except through the bal- 
anced inputs, where it could be in- 
creased by as much as 16.5 dB. 
Somewhat unconventionally, the 
screwdriver adjustment controls on 
the rear apron, labelled LEVEL, in- 
crease the gain as they are turned 
counter -clockwise. The output noise 
level was well below the 100-0V 
minimum indication point of our 
meter, which corresponds to 88 dB 
below 2.5 volts. 

The distortion of the system can be 
measured, even approximately, with 
only the most advanced test equip- 
ment. With the Crown IMA intermodu- 
lation analyzer, the IM readings were 
the residual of the instrument at 
0.001% up to 1 volt output. It increased 
to 0.003% at the rated 2.5 volts and to 
0.07% at 8.5 volts output, which is just 
below the clipping level. The 1000 -Hz 
THD was less than the noise level up to 
0.5 volt, measuring between 0.004% 
and 0.008% from 1 to 9 volts output. 

User Comment. It is hardly neces- 
sary to comment on the electrical per- 
formance of the electronic cross- 
over system, which could hardly be 
more ideal with respect to frequency 
response, 'distortion, and noise 
characteristics. To determine how 
well the system performed its in- 
tended functions, we connected it be- 
tween a preamplifier and two power 
amplifiers in a biamplifier setup. Lack- 
ing any speaker systems designed for 
biamplification, we combined two 
full -range systems, using one as the 
"tweeter" and the other as the 
"woofer." 
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Simply varying the crossover fre- 
quency made dramatic differences in 

the overall sound quality. Needless to 
say, the optimum frequencies will de- 
pend on the specific drivers used. One 
thing that was immediately obvious 
was the need for gain controls on the 
power amplifiers, not all of which have 
them. The reason for this is that the 
crossover system supplies the same 

signal level at both outputs and one 
cannot reasonably expect the woofer 
and tweeter to have the same effi- 
ciency. 

Setting up the system in a bandpass 
configuration, its performance in this 
filter mode was excellent in every re- 

spect. Of course, this would be an ex- 
pensive way of using the system. 

Whether or not you can benefit from 

a multiamplifier system is difficult to 
say with certainty, since there are dif- 
fering points of view on the subject. 
But one thing is certain: if you decide 
to go the biamplifier route, the Crown 
Model VFX2 electronic crossover sys- 
tem will give you the utmost in operat- 
ing versatility and superb electrical 
performance. 

CIRCLE NO. 66 ON FREE INFORMATION CARD 

HEATHKIT MODEL GR-400 DIGITAL COLOR TV RECEIVER KIT 

Ultra -rectangular l7 -inch CRT provides bright, clear picture. 

`.. - ---- -.. 

N 

THE Model GR-400 is the mid -size 
version of three new small -screen 

color TV receivers being marketed by 
Heath. This 17" (43.2 -cm) diagonal 
measurement, "ultra -rectangular" re- 
ceiver employs virtually every state- 
of-the-art feature currently available in 

small -screen models, plus a few that 
are exclusive to Heath kit receivers. 

One of the new "digital" receivers 
on the market, the Model GR-400 fea- 
tures on -screen channel numbers. An 

optional digital clock accessory 
(pioneered with the company's top - 
of -the -line Model GR-2000 color re- 

ceiver) also places digitally generated 
numerals on -screen. 

The receiver comes as an all- 
inclusive kit at a retail price of $489.95. 
This includes walnut -grained cabinet, 
adjustable telescoping vhf antenna, 
and ring -type uhf antenna. Optional 
items available are the $29.95 Model 
GRA-2000-1 clock kit, $24.95 Model 
GRA-500-3 pedestal stand, and $21.95 
Model GRA-403-18 roll -around cart. 

General Information. Among the 
latest features employed in the re- 
ceiver are all -solid-state modular as- 
sembly, extensive use of IC's, and the 
latest in picture tubes. The solid-state 
design keeps energy requirements 
down, while the modular assembly sim- 
plifies kit construction and service. 

Ten IC's are used in the receiver. 

One is in the power supply, where it 
regulates the 24 -volt line. Two more 
are in the on -screen readout assembly 
for gating and character generation. 
(If the optional clock is used, the digi- 
tal system uses a total of three IC's.) In 

the i -f section are two IC's, one for 
wider than usual bandwidth i -f am- 
plification and the other for video de- 
tection. A fixed LC filter in the i -f sec- 
tion virtually eliminates the need for 
future realignment. 

The aft and agc/sync sections each 
have an IC to eliminate almost all other 
active devices. Sound i -f amplification 
and detection are accomplished 
by another IC. Finally, there are two 
IC's on the color demodulator board. 
One is for chroma demodulation; the 
other performs all remaining chroma 
functions. 

By far the most important feature of 
this receiver is its picture tube. It re- 

places the familiar dot triad format 
with three in -line electron guns, a slot- 
ted mask, and color stripes. The 
stripes are surrounded by a negative - 
guard -band black matrix. Further- 
more, the tube itself is designed to be 
operated at higher anode voltage 
(from a voltage tripler in this receiver). 
The result is brighter pictures with in- 
creased contrast and excellent color 
fidelity. 

The precision static toroid yoke as- 

sembly comes permanently bonded to 
the neck of the picture tube. It is fac- 
tory adjusted and sealed, which re- 

duces the number of convergence and 
purity adjustments during setup to 
zero. The new tube design has even 
done away with another potential 
source of trouble: pins. Metal contacts 
on the base of the tube pressure -mate 
with contacts on the tube socket for 
positive electrical contact. 

The vhf tuner used in this receiver 
borrows heavily from the top -of -the - 
line Model GR-2000 color TV receiver, 

including a four -circuit design for im- 
proved selectivity. The dual -gate 
MOSFET r -f amplifier is designed for 
low -noise performance, high gain, 
and low cross modulation. A dual -gate 
MOSFET is also used in the mixer cir- 
cuit. 

Both the vhf and uhf tuners are de - 
tented for all channels in their respec- 
tive ranges. Extensions on the rears of 
the control shafts of both tuners ac- 
commodate code wheels. The plastic 
wheels work with three printed circuit 
board assemblies (two on vhf, one on 
uhf) to electro -mechanically decode 
the channel numbers. Coded voltages 
are then fed to the character generator 
board for incorporation into the video 
signal. 

On the character generator board 
are three controls and three wire jump- 
ers. Two of the controls permit the 
display to be positioned anywhere on 
the CRT screen, while the third control 
can be adjusted for the desired display 
time. One jumper lets you display the 
numbers on -screen either continu- 
ously or for a predetermined period of 
time before they blank out. (The dis- 
play automatically activates whenever 
the receiver is turned on or a channel 
change is made.) A second jumper al- 
lows you to select between four- and 
six -digit time display format. The final 
jumper lets you select between 
channel -only or channel -and -time 
display format. The brightness level of 
the display can be adjusted as desired. 
When the display comes on and 
blanks out, it is simultaneous channel 
and time (if you are using the clock 
accessory and the jumpers are set for 
this format). With the receiver in the 
instant -on mode, the clock is always 
keeping time, even though there is no 
raster. 

A welcome convenience feature for 
families that have children who like to 
play with front -panel knobs is the 
one -button preset picture control 
(PPC) system. Duplicated on a small 
panel buried inside the receiver are 
the front -panel brightness, contrast, 
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