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Introducing the mobile that can move 
you out of the world of the ordinary 
and into the world of the serious CB'er. 
The Cobra 138XLR Single Sideband. 
Sidebanding puts AM1SB you in your own 
private world. A 
world where there's 
less congestion. 
More privacy. 
More time to talk. 

It's all possible because instead of 40 
channels you get your choice of 120 
channels. Both AM and SSB. And 
instead of 4 watts of legal power you 
get 12 watts of legal power. So you get 
almost double the range of AM. 

With the 138XLR Single Sideband 
there's less background noise and less 
interference. So there's cleaner, clearer 
reception. Because like all Cobras, the 
138XLR SSB is engineered to punch 
through loud and clear. Even in crowded 
metropolitan areas. 

alsoPreePennewn.., 

c`01111 

And like all Cobras it comés equipped 
with such standard features as an easy - 
to -read LED channel indicator. 
Switchable noise blanking and limiting. 
An RF/signal strength meter. And 
Cobra's exclusive DynaMike gain control. 

You'll find the 138XLR SSB wherever 
Cobras are sold. Wiich is almost every- 
where. Because Cobra's got a nationwide 
network of dealers and Authorized 
Service Centers offering sales, installation, 
sewice and advice. So come on in. 
And move on up. 

o b ra 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W. Cortland St., Chicago, Illinois 60635 
Write for color brochure 

EXPORTERS: Empire Plainview, N Y CANADA: Atlas ©ectron,cs Toronto 
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new grounds 
to buy Ungar 

*Mew OSHA® 
#750 Three -Wire 
3rounded -landle 
s easy to ese, 
ightweight and 
biomecharically 
designed to remain - 
cool and 
comfortable during 
continuous use. 

listed 

.g 

Unique, 
spring-loaced heat 
reflecting gound 
plate elimirates 
electres_a ib tip 
potentia. 

Heat resistanf,- 
three -wire, f eutble 
coro and NEMA 
plug assure ong 
life, easy hand) ng 

- anda posifive 
ground from doto 
plug. 

{ Ungar on{1 s ne " 
and "HP" steel, 
thread-tagether 
heaters taper --it 
firmly ntd :he 
handle and are 
aye lable in several 
wat=ages and types.' 
1. For ; hread-cn 
Standard Line tips. 
2. Integral heater/tips. 

The new,load= 
modulat=_d ' HP" 
Higi Fe--ormance 
Ser es Feátere 
respord 
automatically ;d 
tempe-atrre 
,changes and 
'provide, tie :azacity 
'of rnudh larger irons. 
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WHEN YOU'RE NOT IN A RUSH 
TO CATCH UP YOU'VE GOT THE TIME 

TO BUILD THINGS RIGHT 
;When Pioneer first introduced the 160 

watt SX 1250 last year, it prompted our 
competitors to hastily introduce a bevy of 
high powered receivers: 

Unlike the others, however, the SX 1250 
wasn't a rush job. And the time and care that 
went into it can both be seen and heard. 

Inside the SX 1250, for example, you'll 
find that we took the 
time to shield every 
critical section. So 
spurious signals from 
one section can't leak 
into another. And dirt 
and dust'can't get in 
to affect perfor- 
mance. So the SX 1250 
not only produces 

crisp, interference -free sound when it's new, but 
still sounds great as it grows old. 

In our power supply, instead of finding a 
conventional transformer, you'll find a heavier, 
more advanced toroidal -core transformer. It's 

An extraordinary power 
supply, for an extraordinary 

amount of power. 

160 watts per channel minimum RMS continuous 
with no more than -0.1 % total harmonic distortion, 

111 It 

THE SX1250. 

,less susceptible to voltage variations. And less 
likely to leak noise. Which meáns-you get a 
cleaner, clearer sound. 

And where most high powered_receiyers 
come with a three, or 
four gang variable 
capacitor for FM 
tuning, the SX 1250 
features a five gang 
zinc plated 
variable capácitor 
that cleans up FM 
reception much 
better. And helps to 
pull in stations that some three or four gang 
capacitors can't even touch. 

Obviously, these are -only a few"of the 
refinements that went into the SX 1250_, But 
given just these few things, it should come as no 
surprise that the SX 1250 even weighs more 
than most of our competitors' high powered = -_ 

offerings. 
So before you run out and buy just any 

high powered receiver, consider all the time and := 

"engineering that went into=the SX 1250: And 
Weigh yoÚCdecision High Fidelity Components 

Weigh GD R carefully. PIONEER' 
BRING IT BACK ALIVE. - 

C1977 U.S. Pioneer Electronics, $5 Oxford Drive, Moonachie, New Jersey 07074 

power output at 8 ohms, from 20 to 20,000 Hz, 

Á five gang variable capadtor 
for FM reception that never varies. 
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Editorial 

ELITISM FINELY DRAWN 

The results of the mythical quiz on electronics sent to our 400,000 or so primary 
readers as a prelude to accepting their subscriptions have finally been tallied (by 
computer, of course). 

The first part of the test was simple enough. It concerned dc theory; I=E/R and 
all that. Only 5% failed, leaving us with 380,000 potential readers. The second test 
covered ac theory, which included vector algebra and some trigonometric 
functions. (We graciously supplied formulas.) An impressive -enough number 
handled polar coordinates, the j factor and the Pythagorean theorem to earn our 
respect. We only lost 15% of the remaining subscribers on this one, leaving us 
323,000 electronics buffs.. 

In the third section, cricuit analysis techniques, we decided to forgive those who 
missed solving multiple -source networks with the superposition theorem. After all, 
this could be picked up quite easily. Employing this tactic, 258,400 determined 
people were left. (Females did better on this one, though they account for only 
0.1% of the testees.) 

I must be candid and say that I did not fully agree with the questions posed in the 
fourth part. They covered too much ground, I believe, ranging from transistor 
theory to operational amplifier operation with feedback, inverting, etc., as well as 
radio and TV circuits. After all, how many of us can draw a synchroguide circuit 
from memory? So we marked everyone right on this one problem. Nevertheless, a 
hefty 30% dropped by the wayside, with 180,880 left. 

The fifth part really separated the men from the boys. It concerned digital 
electronics. Most did rather well on gates and such, but when it came to 
Karnaugh-Veitch maps. . . . Would you believe only about 18,000 made it? It was 
the n variables that did it! 

The final test was composed of a potpourri of special interests, designed to 
check the broad base of electronics knowledge that our potential readers had. It 
included an analysis of SQ and QS matrix systems, designing a proportional 
control system for radio -control purposes, interpreting a host of logic timing scope 
traces, Brillouin scattering (everyone should know something about quantum 
electronics, right?), and an essay on how the Intel 8080 MPU works, among 
others. 

To our surprise, only one person came through with flying colors-Marcia 
Swampfelder. This single subscription was processed. 

After publishing our next issue for one subscriber, we instituted a PE reader 
attitude study (to keep a finger on the pulse, so to speak). The only subscriber left 
responded: "I'm too qualified to fully enjoy it." 

The moral of this parable is clear. Elitism can be carried too far. That's why 
POPULAR ELECTRONICS touches all bases in electronics-high level and lower 
level, from audio to microcomputers, from news to new -development details, 
tutorials and construction projects. Through PE, there's always the joy and 
stimulation of being exposed to some facet of electronics that is new to a reader. 
The excitement is in unfamiliarity, whether it's a PE "breakthrough" project, a 
refreshingly different description of a device to give one new insight, or an 
explanation of how a particular circuit works. Happily, too, age is not a disqualifier, 
as attested by two sixth -grade girls who recently won the Crest Hill Science Fair in 
Wyoming with a Kirlian photography project. They said, "What we learned came 
mostly from POPULAR ELECTRONICS magazine." 



EVERY PROJECT IN 
THIS BOOK IS ANOTHER 

REASON TO OWN 
CSC'S 61T SOCKETS AND 

BUS STRIPS. 
With QT solderless bread- ' . 

boarding sockets and bus strips, .. '. - w - 
1 

you can build twice the projects in : ' - 
t1 

half the time. Because making ' 
connections or circuit changes is : - : 
as fast as pushing in -or pulling 

.n 
Y 

out -component leads. No special 
clips or jumpers required, either. 

When you're building circuits 
just for the fun of it, you can take 
them apart in minutes -not hours. 
So you save money by re -using parts, 
while eliminating heat damage to 
expensive components. Interlocking 
QT Sockets and Bus Strips are 
infinitely expandable, too: start small 
and "grow- breadboards as large as 
you wish. 

For as little as $3.00, you'can get 
a lot more out of your time in electronics 
-so why not treat yourself to a QT 
Socket today? 

. - - I,rrr. : :.. 

Length 
Length Hole- 

Terminals 
Unit 

Price S 

kii - - M---to-Hole Hole- to -Hole 

1111111115115111"11119/111111- QT -59S 
- x,VJ 1u iiTrPitltatlfll g il; lfj 

6.5" 6.2" 118 12.50 

.n.,'_-au-,; ;;_;1,,_¡1u_-.!1_á QT -59B 6.5" 6.2" 20 2.50 
11 l'IPPlf4';1IINI 

,. 
. ,. QT -47S 

L 

QT 
5.3" 5.0' 94 10.00 

5.3" 5.0" 16 2.25 #uwueu uwrarn,rae,ttaur.8Dtw -47B -- - 

1.32 
' i. QT -35S 4.1" 3.8" 70 8.50 

-- liowi3 QT -35B 4.1" 3.8" 12 2.00 
-1 

QT -18S 2.4" 2.1" 36 4.75 

QT -12S 1.8" 1.5" 24 3.75 

QT -8S 
iit All OT units i 

1.4" 1.1" 16 3.25 

are .33" thick. `` - QT -7S 1.3" 1.0" 14 3.00 

1 it 

See your CSC dealer or call 
203-624-3103 (East Coast) or 415-421-8872 (West Coast) 
major credit cards accepted. 

Manufacturers suggested list Prices and specifications subject to change without notice 
rc 1976. Continental Specialties Corporation 
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Variety- 10 models from 70 to 590 solderless 
tie -points feature snap/lock design to expand or 

contract your breadboard to fit every circuit 
and budget requirement. 

Versatility -Use with virtually all types of parts. 
including resistors. capacitors, transistors. 
DIP's, TO -5.s, LED's. transformers, relays. 

pots. etc. Most plug-in directly and instantly. 
in seconds. No special jumpers required -just 

lengths of #22-30 AWG solid hookup wire. 
Molded -in holes let you mount QT units 

securely on any flat surface with 4-40 flat 
head screws. or 6-32 self -tapping screws, 

from behind panel. 
Economy -Sockets are priced as low as 
53 00* Save more money by eliminating 

heat and mechanical damage to 
expensive parts. re -using components. 

Speed -For fast circuit layouts. CT 
Sockets have 5 interconnecting tie - 

points per terminal: Bus Strips feature 
2 separate rows of interconnecting 

terminals. Both connect and dis- 
connect easily, without damage to 

socket or parts. 
Visibility -All parts are instantly and 

easily visible and accessible, for 
quick signal tracing, circuit analysis 

and diagramming. 
Durability -Higher -temperature 
sockets with abrasion -resistant. 

glass -filled plastic, rated better 
than 100°C. Screw -down -and - 

interlocked design provides high 
mechanical strength. 

Reliability -Ruggedly designed 
to professional engineering 
standards, for heavy day -in. 
day -out use. Non -corrosive 

prestressed nickel -silver contacts 
insure more secure mechanical 
and electrical connections. Vinyl 
backing prevents shorting when 

mounted on conductive surfaces. 

CONTINENTAL SPECIALTIES CORPORATION 

44 Kendall Street. Box 1942, New Haven. CT 06509 
203-624-3103 TWX 710-465-1227 

West Coast: 351 California SI.. San Francisco, CA 94104 
415-421-8872 TWX 910-372-7992 

MEXICO: ELPRO. S.A.. Mexico City 5-23-30.04 
CANADA: Len Funkier Ltd.: Ontario 
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Empire's 
.Blueprint: -For 

-Better Listening, 
No matter what system 

;:.you Own, a new Empire . 

, phono cartridge is certain' 
to improve its performance-, 

The advantages of. 
Empire are threefold. . 

One, your records wilt 
last longer..Unlike other. - 

magnetic cartridges, 
° 

.;,magnetic 
iron 

° ,design allows our diamoríd 
stylusto.floatfree,ofits . 

- magnets and coils. This 
° imposes much less weight 

'on the record surface and 
Insures longer record life. 

Two, you get better 
separation.Thesmall, 
hollow iron armaturewe . . 

use allows fora tighter fit . - 

in its positioning among 
the poles. So, even the . 

most minute movement is- 
accurately reproduced to - 

give you the space and . 

depth -of the original 
'recording. . 

Three, Empire uses 
4 poles,.4 coils, and 3 
magnets (more than any 
other cartridge) for better 
balance and hum rejection. 

The end result'is.great .q 

listening. Audition one for 
yourself or write for our, 
free:brochure,"How To . 

Get The Mast Out Of Your . 

Records:' After,you com- 
pare our performance 
specifications we think: 
you'll agree that, for the - 
money,. you can't do 
better than 
Empire. 

WIFE 
Already your system sounds bettér. 

Empire Scientific Corp.: 
Garden City, New York 11530 

Letters 

A BIT OF NOSTALGIA 

"The Morse -A -Letter" in the January 1977 
issue was particularly interesting to me be- 
cause it brought to mind the tinkering I did in 
the late 1930's and early 1940's. At that time, 
I put together a "siphon" telegraph recorder 
that recorded code as a wiggly line on "tick- 
er" tape at speeds up to 100 wpm. This copy 
could then be decoded by eye at speeds fast- 
er than I could copy by ear. 

One of the peculiarities I found was that 
manual keying was much more difficult to 
read by eye than by ear due to the great vari- 
ation in keying characteristics among the op- 
erators. I wonder if your digital system might 
have a similar problem. -George L. Rogers, 
WB9LVI, Waynesboro, VA. 

In on -the -air tests, we found very few in- 
stances where the Morse -A -Letter could not 
decipher code. In those rare cases where the 
converter "went wild," the operator of the re- 
ceived transmission had a very sloppy "fist." 

UPPING THE COUNT RANGE 

The "Photoelectric Sensor's" (January 
1977) maximum count can be increased from 
9 to 15 simply by replacing the 7419? (IC4) 
with a 74193 IC. Since these two IC's have 
exactly the same pinout, no other change in 
the basic circuit is needed. If a second 74193 
is connected as shown in Fig. 2 of the article, 
the maximum count would be 255. -Charlie 
D. Hefley, Pasadena, TX. 

VIDEO GAMES AND PIX TUBE ETCHING 

I note that POPULAR ELECTRONICS has re- 
cently presented a number of construction ar- 
ticles for inexpensive video games. While it is 
true that such games do provide many hours 
of entertainment, nowhere in any of the arti- 
cles is it mentioned that court boundaries, 
paddles, etc., displayed on -screen cart etch 
the expensive receiver picture tube. Believe 
me, this is a very real problem. I should know 
because I work for a vending service.-B. M. 
Michaud, Lake Placid, NY 

Though it is true that some commercial "ar- 
cade" types of video games have exhibited 
this "etching" process, there does not appear 
to be a similar problem in a home -entertain- 
ment system. Commercial vending games 
(and retail video game demonstrators) are 
generally operated 12 or more hours every 
day, which, over a long period of time can 
affect the CRT's phosphor. A video game 
used in a home,' is not likely to be operated 
over prolonged periods of time. 

GETTING PIN NUMBERS STRAIGHT 

I was unable to obtain the recommended 
Hewlett-Packard 5082-7340 hex displays for 
my "COSMAC Elf" microcomputer (August 
1976). So, I had to substitute Texas Instru- 
ments TIL311 displays. 'Unfortunately, the 
pinout table supplied with the TI displays con- 
tained several errors that other POPULAR 
ELECTRONICS readers might want to know 
about. The TI displays will work fine if the fol- 
lowing pin substitutions are made: 

H -P DISPLAY 
PIN NO. 

TI DISPLAY 
PIN NO. 

1 2 
2 13 

3 12 

4 8 
5 5 

6 7 

7 1,14 
8 3 

Do not connect pins 4, 6, 9, 10, and 11 of the 
TI displays.-Clayton Hallmark, Shelby, OH 

TESTING SEQUENTIAL IC'S 

The "Digital IC Tester" (June 1977) may 
operate satisfactorily when combinational 
logic such as AND gates and BCD -to -decimal 
devices are tested, but it will not do a good 
job when testing sequential circuits like 
latches and counters. As an example, the 
7490 decade counter shown in the article is 
made up of three JK flip-flops and one SR 
flip-flop. The set input of the last flip-flop will 
never be tested. Because the reset to zero 
and gate are conditioned before every fourth 
clock pulse at pin 1, inputs S1 and S2 will 
never both be high when the clock is applied 
to the toggle inputs of the SR flip-flop. Since 
the set input is never tested, it may be defec- 
tive, but the IC would still pass the test.- 
Richard Bipes, Rochester, MN 

Your statements would be basically cor- 
rect-if the 7490 were connected only as 
shown in the example in the article. However, 
the jumpers on the setup matrix can be ar- 
ranged to test of any part of a digital IC. 

MAKING IT WORK 

When I built the "Digital Electronic West- 
minster Clock" (November 1976), I had prob- 
lems getting it to operate properly. I found 
that pin 23 of 1C19 must be connected to VDD 
when fluorescent displays are used. Also, H 
at the junction of C3 and R9 should be con- 
nected to pin 13 of IC19 for a one -hour pulse. 
Now my Westminster clock operates fine. 
-Larry Baxter, New Rochelle, NY 

FILTERING OUT THE NOISE 

I am very happy with the performance of 
my "Digital Bicycle Speedometer" (March 
1977). However, I would like to pass on to 
other readers a slight addition I had to make 
to the circuit to obtain proper operation. The 
556 IC I used for (C3 was so noisy that the 
power supply had to be filtered. I solved this 
problem by installing a 2000-11F electrolytic 
capacitor between pin 4 of IC3 and the 
ground, or common, bus. -Rob Breffeilh, 
Shreveport, LA 
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And now consider the incredible conven- 
ience of a portable alarm clock handsomely 
adorning your wrist at all times ! ! ! 

Never again missing an appointment be- 
cause you lost track of time. 

Never again missing a plane or a train 
because you didn't relize how late it had 
become. 

Never again forgetting to make that all- 
important phone call. 

Never having to worry about forgetting 
to take important medication on time. 

Never worrying about waking up from 
that catnap, or at a hotel if your wake-up 
call isn't on time. 

Always being aware of when you should 
be coming or going or doing all that your 
hectic schedule demands - without de- 
voting your valuable time to trying to 
remember it all. 

1:55AM 
SET TO RING 
AT 7:55 A.M. 

THE ALARM 
The MICRO -ALARM has a 24 hour Alarm System, 
allowing you to set your watch to signal at any 

minute of the day or night (1,440 settings per day 

are possible). Once set, you need not be concerned 
about your next appointment or train, plane or 
phone call. The MICRO -ALARM will remember for 
you and remind you when you need to be reminded. 

SNOOZE/REMIND CONTROL 
For your convenience the MICRO -ALARM will 
give one short beep prior to its full alarm cycle, 
allowing you to turn it off without disturbing 
others. If not deactivated after the first short 
beep, the alarm will then beep for 15 continuous 
seconds. Push the deactivate button twice and the 

alarm is off. However, should you want a further 
reminder, then push the deactivate button only 
once and the alarm will go through its cycle again 
in exactly 5 minutes, allowing you to continue 
your current activity whether it be a snooze or 
phone call without fear of forgetting your next 
commitment. 
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At last, a constant readout (no buttons to push) precision quartz electronic watch 
with a built-in 24 hour alarm system. 

A quiet revolution has been taking place in the electronic watch industry during the last few years. Push-button 
LED's are being replaced with continuous -display LCD watches; 4 -digit displays are being replaced by 6 -digit 
readouts. This year there will be many such LCD watches available. 

However, Winthrop -Rogers prides itself on offering not only the most technologically -perfect products available, 
but also on introducing the most technologically -advanced products on the electronic market before they are 

readily available. Therefore, we are pleased to announce the most remarkable achievement in electronic watch 
technology to -date. 

By combining the quartz -accuracy precision of the LCD watch with miniaturized alarm technology, we proudly 
introduce the first CONTINUOUS DISPLAY ALARM WATCH. A watch that may not be available from other 
sources for years can now be yours at a price hundreds of dollars less than you would imagine. 

12:34 AND 56 
SECONDS 

6 -DIGIT LCD DISPLAY 
The MICRO -ALARM has a 6 -digit readout showing 
hours, minutes and seconds at a glance. Since the read- 

out is by Liquid Crystal Display (LCD) and not by 

Light Emitting Diode (LED), no button has to be 

pushed; the time is continuously displayed! A built 
in night -light functions at the push of a button for 
reading in darkness. 

AUGUST 15th 
FRIDAY 

CALENDAR DISPLAY 
Just one push of the control button converts the dis- 
play into a 3 -function calendar; displaying the month, 
date of the month, and day of the week. The remark 
able memory built into the module knows each month 
and the number of days in that month and resets 

automatically on the first day of the new month. 

QUARTZ ACCURACY 
The MICRO -ALARM is extraordinarily accurate. Its 

module is manufactured by Hughes Aircraft Company, 
one of the world's foremost manufacturers of micro- 
electronics, and is guaranteed accurate to within 3 

minutes a year (averaging less than 15 seconds per 

month). You can depend on the accuracy year after 
year. There are no moving parts, so there is nothing 
to wear out or even require servicing. The result of 
this accuracy is that you can set your watch to the 
second. 

B:15FR 

THINK ABOUT IT! 
Even if you have no consistent need for a watch with a 

built-in electronic alarm, the MICRO -ALARM is a valu- 

able investment for its watch features alone: 
1. It is the most up-to-date fully -functioning electronic 
watch available today. 
2. It is accurate to +/- 15 seconds per month, and never 

has to be wound - put it on, and the time and date are 

correct even if it has been in a drawer for a month! 
3. Its elegant styling will compliment any attire - and 

elicit compliments from your associates and friends. 

4. At this price you can not find a better buy. 
5. One day you will have a critical need to be reminded of 

a vital appointment - and then, having used the -alarm 

function once, you will never again return to any other 
reminder system. 

6. Why buy an ordinary watch when you can own a 

MICRO -ALARM? 

.n 

ELEGANT MESH BRACELET 
Each MICRO -ALARM comes with a 1 year limited 
warranty. You may order in your choice of gold - 

tone or silvertone case. Each for only S69.95 plus 

$1.99 ror shipping and handling. Each MICRO - 
ALARM comes with a matching, elegant, thin 
mesh bracelet, more handsome and much more 

practical than those "pullover -snap" type bracelets. 
This band adjusts comfortably and easily, eliminat- 
ing cumbersome link adjustments. 

15 DAY TRIAL 
Wear the MICRO -ALARM for 15 days to assure 

yourself that this is no ordinary watch. If at 

the end of that time you are dissatisfied for any 
reason you may return it for a prompt refund, 
no questions asked. 

To order by credit card please phone 
our 24 -hour toll -free number: 

800-325-6400 ask for Oper. 36 
In Missouri. 800-342-6600 ask for Operator 36 

or mail the attached coupon with your 
payment and the MICRO -ALARM will 
be on its way to you. 

Allow 3-4 Weeks For Delivery 

17,otArrrP - V5408 

Box A69, I 135 Greenridge Rd., Buffalo Grove, 1160090 

Please send_MICRO-ALARMS @ $69.95 each 

plus $1.99 for shipping and handling. 
_Silvertone MICRO -ALARM 
_Goldtone MICRO -ALARM 
If I am not completely satisfied I may return it 
for a full refund. Total amount enclosed $- 
check or money order. (Illinois residents please 

add 5% sales tax.) No C.O.D.s please. 
Charge: Amer. Exp. O Bank Amer./Visa 

Master Charge MCBK4_ 

Card # Exp 

Signature 

Name 

Address Apt._ 
City State_ Zip 

To expediate shipping by UPS, please provide 
street address rather than P.O. Box number. J 

AUGUST 1977 
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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. 

TRIPLETT HAND -SIZED VOM 

The new Model 100-T from Triplett is a hand - 
sized VOM featuring temperature ranges 
from -50 to +300 degrees F. A handy leath- 
er carrying case includes temperature 
probes, VOM leads, clamp -on ac ammeter, 

.t 
. 

-..., ; 
plus a plug-in line separator for current read- 
ings on standard line cords. The 100-T con- 
sists of the company's basic Model 390 "shirt 
pocket" VOM with five ac/dc voltage ranges 
(0-1200 volts), four do milliamp ranges 
(0.6-600 mA), and four ohm ranges (10 k to 
10 M). Dc sensitivity is 20 kilohms/volt; ac is 
5 kilohms/volt. $120. 
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AUTOMATIC RADIO STEREO POWER BOOSTER 

Featuring dual amplifiers in a compact case 
for underdash mounting, the Automatic Radio 
PWR-2125 stereo power booster attaches to 
the output of any stereo radio or tape player. 
It boosts the power up to four times, to a total 
of 30 watts rms. A pushbutton allows switch- 
ing from normal- to boost -power mode. 
$34.95. 
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NEOSONIC CB SPEAKER 

A CB speaker with a hinge that permits 
mounting virtually anywhere in cars, trucks, 
recreation vehicles, vans, tractors, base sta- 
tions and boats, the Neosonic FS -10 mea- 
sures 33" in diameter and 4" deep. It is said 
to provide high -quality sound over the 300 - 
to -4000 -Hz voice range because of a built-in 

sharp cutoff LC filter, with a response curve 
tailored for maximum intelligibility of CB sig- 
nals. The FS -10 has an 8 -ohm impedance 
and weighs just over 5 ounces. $14.95. 
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ONKYO "QUARTZ -LOCKED" FM TUNER 

Onkyo's Model T-9 AM/Stereo FM "quartz - 
locked" tuner uses a front-end dual -gate 
MOSFET. Mono FM sensitivity is rated at 3 

µV (16.1 dBf) at 50 dB quieting; image rejec- 
tion, 83 dB; and stereo S/N ratio, 73 -dB. PLL 

>a , 
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multiplex circuitry provides 40 -dB stereo sep- 
aration at 1000 Hz. A touch -sensitive FM tun- 
ing knob unlocks the frequency comparator 
and automatically activates a muting circuit 
when tuning in a station. Also featured are 
separate signal and center -channel tuning 
meters. Front -panel pushbutton switches are 
provided for POWER on/off, injecting a 400 -Hz 
recording signal for tape recording, Mule/ 
LOCKED function, stereó noise filter, and AM/ 
FM selection. 
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TARBELL MICROPROCESSOR PROTOTYPING 

The Model 1010 prototyping board from Tar - 
bell Electronics can be used with the 8080 - 
microprocessor based microcomputers made 
by MITS and IMSAI. The board accepts up to 
33 14 -pin IC's or a mixture of 40-, 24-, 18-, 
16-, and 14 -pin DIP IC's. Mainly oriented to- 
ward point-to-point soldering, the board can 
also be used for Wire Wrap. There are three 
rows for IC's. The IC's or their sockets are in- 
serted from the top of the board and then 
wires are soldered to the adjacent tabs. Even 
with 40 -pin IC's, there are two holes left over 
on each pin for hooking up wires. A place for 
a 5 -volt regulator is provided on the beard, 
and edge -connector pads are gold plated. 
$28.00. 

CIRCLE NO. 93 ON FREE INFORMATION CARD 

ELECTRA PROGRAMMABLE SCANNER 

The Bearcat 210 scanning monitor receiver 
gives the user pushbutton access to more 
than 6000 public-service frequencies. The 
five -band crystalless receiver employs com- 
pletely synthesized circuitry. Any 10 frequen- 

L. .- 

" : 
- -l 

cies can be programmed into the receiver in a 
matter of seconds. The scanning rate is 20 
channels/second. A large digital numeric dis- 
play allows the operator to see the frequen- 
cies he has selected as well as those being 
received. Bearcat's exclusive rolling zeroes 
indicate when the scanning function is active. 
A 2 -second scan delay allows the listener to 
hear both parts of a two-way broadcast. A 
pushbutton lock -out feature permits selective 
skipping of those channels the user does not 
wish to monitor. The receiver can be oper- 
ated on either ac or battery power. 
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TEAC CASSETTE DECK 

Model A-103 front -loading, all black design 
cassette deck from Teac features Dolby 
noise reduction, two-step bias and equaliza- 
tion switches, Permaflux heads for record/ 
playback and erase, separate left and right 
level controls, and a mic or line input switch. 
Wow and flutter is rated at 0.10%; frequency 
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response 30-14,000 Hz with chromium diox- 
ide tape; signal-to-noise ratio 50 dB, im- 
proved to 10 dB at 5000 Hz with Dolby. Di- 
mensions: 17 5/16" x 95/15" x 7 11/16" (40 x 
24 x 20 cm). $180. 
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VECTOR WIRE -WRAPPING TOOL 

Vector's P160-9 is a double -ended tool with a 
wrapping bit on one end and an unwrapping 
bit on the other. Designed for use either with 
Vector's battery -powered P160 -4R power 

s 
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PATENT PENDING . 

Photo courtesy of Edmund Scientific Co. 

AVANTI Invents the Saturn Base 
The reason the "Saturn" is so revolutionary 
is that it is absolutely the only combination 
vertical and horizontal omni-directional 
antenna. That's right, it needs no rotor! 
You can pick up mobiles (which are vertical) 
or horizontal and vertical beams. 
The "Saturn", invented after years of re- 
search by Avanti engineers, is the latest 
development using AVANTI's unique CO - 
INDUCTIVE principle to give you the per- 
formance of two antennas combined into 
one. 
The "Saturn" not only works on both 
polarities, but pounds out signals like an 
air hammer and picks them up like a magnet. 
Both polarities offer high gain figures. 

avanitY 

TOP 

SIDE 

Height 22' 
Radials 9' 
Weight 25 lbs. 
Omnidirectional - No rotor 
AV -501 Switchbox Included - 

PATENT PENDING 

Those of you who are worried about sun 
spots and "skip" can relax too. This antenna 
really helps. When the sun spots cause a 
signal shift, you can often change polarity 
(just like our P.D.L. or Moonraker) and still 
pick up the desired channel with no loss cf 
transmission. 
The P.D.L. and Moonraker made dual polarity 
famous as the only antennas to have during 
the last sun spot cycle, and this time around 
any serious C.B.'er will want to have the 
"Saturn." 
In fact, having a "Saturn" and a "P.D.L." 
or "Moonraker" will put you in the elite 
group of C.B.'ers who "always seem to get 
out better." 

Avanti makes a complete line of high performance base and mobile 
CB antennas from $11.95 to $404.00. Write for free Avanti catalog. 

AVANTI RESEARCH AND DEVELOPMENT, INC., 
340 Stewart Avenue, Addison, IL 60101 
©Copyright 1977, All rights reserved CIRCLE: NO. 7 ON FREE INFORMATION CARO 
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"Click 
and Pop" 
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Ever since the invention of the re- 
corded disc annoying "clicks" and 
"pops" caused by scratches, static 
and imperfections have consistently 
disturbed the listening pleasure of 
music lovers. 

Now, SAE introduces the unique model 
5000, an Impulse Noise Reduction 
System which eliminates those un- 
wanted sounds with no adverse effect 
on the quality of the recorded material. 

This breakthrough in electronic cir- 
cuitry is so demonstrably effective 
that the SAE 5000 is destined to be- 
come an essential part of any sound 
system. 

The SAE 5000 is compact and sleek, 
built to SAE's exacting standards, and 
ready to enhance the performance of 
any system, from the standard receiv- 
er/turntable combination, to the most 
sophisticated audiophile components. 

SAE is proud to add the 5000 to their 
broad line of Components for the 
Connoisseur. 

Scientific Audio Electronics, Inc. 
P.O. Box 60271, Terminal Annex 
Los Angeles, Cal. 90060 

Please send more information on the 
5000. 

Name 

Address 

City 

State Zip 
PÉ-877 

tool, or for manual wrapping, the tool makes 
gas -tight terminations on 0.025 -inch square 
posts, using 26 to 30 AWG wire. The wrap- 
ping bit's 0.07 -inch radius allows terminations 
on posts on 0.1 -inch centers. A bit depth of 
0.56 inch permits three wrap levels. The 
P160-9 Wrap -N -Unwrap tool is $18.40, and 
the P160 -4R power tool is $45.68. 
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HUNT IGNITION NOISE SUPPRESSOR 

"Phantom Damper" is what Hunt CB Acces- 
sories is calling its noise filter which, it claims, 
eliminates from 75% to 100% of all vehicle 
engine noise from CB radios. Housed in a 

small black box, approximately 111 inches 
square, the unit is installed in the vehicle be- 
tween the alternator and CB unit. Equipped 
with self-adhesive backing, installation is said 
to take only 15 minutes. It may be attached 
directly to the CB unit or any convenient loca- 
tion within 12 inches of the set. A power cable 
runs from the Damper through the vehicle's 
firewall to the battery and shielded coax runs 
from the Damper to the CB unit. A red LED 
lamp, located on the Damper, glows when all 
connections are tight and unit is correctly 
grounded. $39.95. Address: Hunt CB Acces- 
sories, Box 489, Eaglepoint, OR 97524. 

JOHNSON CB RADIO WITH FLASHING METER 

E.F. Johnson's new 40 -channel, mobile CB 
AM transceiver, the Messenger 4145, is 
equipped with a "Power Bar" LED meter 
which indicates received signal strength and 
relative power output with red LED segments. 
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It can also function as an attention -getting 
"silent alert" light when operating the radio 
with the volume control off. Other features 
are a PA function, built-in electronic speech 
compression, a tapered switchable automatic 
noise limiter, PLL circuitry on a single IC chip, 
a dimmer switch, and positive/negative 
ground power capability. Accessories avail- 
able include an external speaker and ac pow- 
er supply for base operations. $179.95. 
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B&K-PRECISION INSTRUMENT PROBE 

A new deluxe wideband instrument probe, 
designated the Model PR -37, has been an- 
nounced by B&K-Precision. It is designed to 
be used with frequency counters and oscillo- 
scopes at frequencies up to 100 MHz. The 

lightweight, slim -bodied probe has a three 
position switch that allows selection of 10:1 or 
direct modes or a reference position that 
grounds the tip through a 9-megohm resistor. 
A complete set of accessories is supplied 
with the probe, including a spring -loaded re- 
tractable tip cover, insulating tip, BNC tip 
adapter, IC tip, and an insulated compensa- 
tion capacitor adjustment tool. The insulating 
tip is designed for probing dense solid-state 
circuitry with no danger of shorting to nearby 
components. The BNC adapter converts the 
probe tip into a push -on BNC connector. The 
IC tip guides the probe contact onto any'pin 
of a DIP, making it almost impossible to short 
two pins of an IC. $40.00. 
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HITACHI STEREO RECEIVER 

Hitachi has expanded its Series "E" line of 
audio components with the Model SR -2004 
AM/stereo FM receiver, rated at 200 watts/ 
channel, 0.8% THD (20 Hz to 20 kHz at 8 
ohms). It incorporates the company's Class 
"G" amplifier circuit design and is said to be 
capable of delivering up to 400 watts/channel 
of transient music power within rated distor- 
tion. Features include dual power -output me- 
ters, separate signal and tuning meters, mi- 
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crophone mixing, turnover tone controls,'au- 
dio mute lever switch, FM muting/auto-lock 
switch, MPX noise -filter; i -f wide/narrow 
switch, three front -panel speaker system se- 
lector switches, and tape copy and monitor 
switches. In addition, performance specifica- 
tions include 1.51.1.V FM sensitivity, 85 dB se- 
lectivity and 50 dB stereo separation. $1000. 
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MITS AUDIO CASSETTE INTERFACE 

The MITS Model 680b-KCACR is designed to 
interface the Altair 680b microcomputer's bus 
with an audio cassette recorder/player to 
provide a mass data storage/retrieval medi- 
um. The circuitry is based on the Kansas City 
Standard. Other design features include a di- 
gital demodulator, CMOS logic for low power 
consumption, a motor control circuit for start- 
ing and stopping tape motion, and test points 
at key locations in the circuit. All IC's are 
socketed. A complete set of documentation 
containing diagnostic software, test -point 
waveforms, theory of operation, and a de- 
tailed operator's section is provided. Altair 
680b BASIC, Version 1.2, has been devel- 
oped for use with the system and includes the 
standard functions and operations of .680b 
BASIC as well as the capability to store and 
load software through the interface system. 
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ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

STRIP / WRAP / UNWRAP TOOL MODEL WSU-30 

. . 

2 
$595*.. 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

.DIP IC INSERTION TOOL'WITH PIN STRAIGHTENER: 

. ° = MODEL INS -1416" ' _ 

3:49* 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

BATTERY WIRE-WRAPPING'TOOL MODEL BW-630 
nn 

$34.95* 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

WIRE DISPENSER MODE 

WD -31-13 . 191-11 

THEDISPENSER WHICÍI 
4 

CUTS AND STRIPS 

THE WIRE 

a $3:45* 

--(5 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AN D MARKETED WORLDWIDE 

BY 

OK MACHINE 8 TOOL CORPORATION 

WNAT . 

MINIMUM ORDER $25.00, SHIPPING CHARGE 4,1.00. N.Y. CITY AND STATE RESIDENTS ADD TAX 

'OK MACHIN'El& TOOL CORPORATION, 
3455 Conner St., Bronx, N.Y. 10475 ! (212) 9,94-660Q Telea 125091 
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New Literature 
HUSTLER CB ANTENNA CATALOG 

The Hustler 1977 revised 26 -page CB and 
Monitor antenna catalog is offered by New- 

Tronics. Mobile and base station antennas 
are illustrated with special designs including 
the "Homing Pigeon," the "Hustloff" and "Su- 
per Hustler." A selection of 40 -channel an- 
tennas and hardware is also described plus a 
new series for recreational vehicles. Address: 
New-Tronics Corp., 15800 Commerce Park 
Dr., Brookpark, OH 44142. 

LOUDSPEAKER CATALOG 

"Quam '77, The Sound Decision" is the title 
of the new, 12 -page catalog from Quam- 
Nichols. Listed are 127 models, including mo- 
bile 2 -way radio replacement speakers and 
updated listings of general-purpose, automo- 
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adjustable. with no stress. 

FASTEST manual 
device available 
Will not 
wear out 
Safe - will 
not damage 
devices 

Adjustable 
Easy to use 

FREE 
CATALOG 

1, . . 

CIRCLE NO. 56 ON FREE INFORMATION CARD 

rnt 

Dístributñrs= 
Wanted é 

-As featured In March 1976 Popular Electronics- 

The Incredible 
"Pennywhlstle 103" 

Think 
Of 
It As 
The 
Ultimate! 

4' Interconnect cable 

$15.95 

$12995 
(plus $3.50 for postage and handling). 

California residents add 61/2% sales tax. 
Allow approximately four weeks for delivery. 

The Pennywhlstle 103 Acoustic Coupler la the first professional quality modem available In kit form. The 
Pennywhlstle may be used either as an acoustic coupler (with the telephone handset) or it may be wired 
directly into the telephone. In either case, The Pennywhlstle will operate in both the half -duplex (unidirectional) 
or the full -duplex (bidirectional) modes. 
The Pennywhlstle 103 is capable of recording data to and from audio tape without critical speed requirements 
for the recorder and it is able to communicate directly with another modem and terminal for telephone 
"hamming" and communications for the deaf. In addition, it is free of critical adjustments and is built with 
non -precision, readily available parts. 
The Pennywhlstle Is the only Acoustic Coupler Modem Kit in the world with these features. 
The Pennywhlstle represents many things in terms of operation, construction and concept. It is, in effect, a new 
generation of Acoustic Coupler Modems. 

-SPECIFICATIONS- 
Data Transmission Method Frequency -Shift Keying, full -duplex (half -duplex selectable). 
Maximum Data Rate 300 Baud. 
Data Format Asynchronous Serial (return to mark level required between each character). 
Receive Channel Frequencies 2025 Hz for space; 2225 Hz for mark. 
Transmit Channel Frequencies Switch selectable: Low (normal) = 1070 space, 1270 mark; 

High = 2025 space, 2225 mark. 
Receive Sensitivity -46 dbm acoustically coupled. 
Transmit Level -15 dbm nominal. Adjustable from -6 dbm to -20 dbm. 
Receive Frequency Tolerance Frequency reference automatically adjusts to allow for operation 

between 1800 Hz and 2400 Hz. 
Digital Data Interface EIA RS -232C or 20 mA current loop (receiver is optoisolated and non -polar). 
Indicators Red LED indicates power without carrier. Amber LED lights and red LED goes 

out upon aquisition of carrier..Data received causes both LEDs to flicker. 
Power Requirements 120 VAC, single phase, 10 Watts. 
Physical All components mount on a single 5" by 9" printed circuit board. 

All components included. 

Requires a VOM, Audio Oscillator, 
Frequency Counter and/or Oscilloscope to align. 

AIN IR8R WITERPRISES 
P.O. Box 61011, Sunnyvale, California 94088 
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five, high-fidelity, music -instrument and 
sound -system loudspeakers and matching 
line transformers. Specifications for each 
speaker provide information on dimensions, 
frequency response, power handling capabil- 
ity, voice coil impedance and diameter, and 
magnet material and weight. Line drawings il- 
lustrate configurations and mounting dimen- 
sions. Address: Quam-Nichols Co., 234 E. 
Marquette Rd., Chicago, IL 60637. 

MOTOROLA EXCLUSIVE -RADIO -CHANNEL GUIDE 

"Introducing a New Dimension In Radio 
Communications" is a guide offered by Moto- 
rola for land mobile business radio operators 
interested in interference -free, FM 2 -way ra- 
dio communication. The booklet provides in- 
formation on the FCC's decision to assign an 
exclusive channel to any user who can meet 
the 800 -MHz loading requirements. Address: 
Motorola Communications Group, Literature 
Distribution Center, 1301 E. Algonquin Rd., 
Schamburg, IL 60196. 

BREADBOARDING 8 TEST EQUIPMENT 

The 24 -page, Spring 1977 Breadboarding 
and Test Equipment Catalog is available from 
Continental Specialties. The company's line 
of solderless breadboards (including the Ex- 
perimentor series which snap -together to suit 
circuit design) are described, along with pro- 
toboard kits; logic monitors; logic probes; and 
equipment for design troubleshooting and 
testing. A section describing components is 

also included. Address: Continental Special- 
ties Corp., 44 Kendall St., Box 1942, New 
Haven, CT 06509. 

RCA BiMOS OP AMP BULLETIN 

Data Bulletin, File No. 976, describing the 
CA3160 series of BiMOS operational amplifi- 
ers, is available from the RCA Solid State Di- 
vision. The CA3160 series are frequency - 
compensated versions of the popular 
CA3130 COS/MOS operational amplifiers. 
Features include high input impedance and 
low input current, wide bandwidth (15 MHz), 
high slew rate, and strobing capability to re- 
duce standby power consumption. Applica- 
tions include voltage followers and regula- 
tors, and voltage -controlled oscillators.. Ad- 
dress: RCA Solid State Div., Box 3200, So- 
merville, NJ 08876. 

VOR RECORD CLEANER BROCHURE 

VOR Industries offers a 4 -color brochure de- 
scribing the benefits and operation of its 
Vac-O-Rec "dry" vacuum record cleaner. Ad- 
dress: Sales Dept., VOR Industries, 1440 S. 
State College Blvd., Unit 5H, Anaheim, CA 
90806. 

STACO POWER SUPPLIES SPEC SHEET 

A spec sheet from Staco, Inc. describes its 
line of regulated and filtered power supplies 
for "home base" operation of mobile CB ra- 
dios, stereos, and tape decks. Technical 
data, features and application information are 
provided. Address: Staco, Inc., 2240 E. 3rd 
St., Dayton, OH 45403: 
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SWTPC announces first dua 
minifloppy kit úuder $1,000 

f 
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íW ref adoK 

e 

Now SWTPC offers complete best -buy computer system with $995 
dual minifloppy, $500 video terminal/ monitor, $395 4K computer. 

5 'I iO DISKF SYSTEM 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefits 
from a minifloppy. So we waited to offer a 
floppy until we could give you a dependa- 
ble dual system at the right price. 

The MF-68 is a complete top-quality 
minifloppy for your SWTPC Computer. The 
kit has controller, chassis, cover, power 
supply, cables, assembly instructions, two 
highly reliable Shugart drives, and a 

diskette with the Floppy Disk Operating 
System (FDOS) and disk BASIC. (A floppy 
is no better than its operating system, and 
the MF-68 has one of the best available.) 
An optional $850 MF-6X kit expands the 
system to four drives. 

- 

$500 Terminal/Monitor 
The CT -64 terminal kit offers these 
premium features: 64 -character lines, 
upper/lower case letters, switchable con- 
trol character printing, word highlighting, 
full cursor control, 110-1200 Baud serial 
interface, and many others. Separately 
the CT -64 is $325, the 12 MHz CT-VM 
monitor $175. 

O. 

Enclosed is: 
$1 990 for the full system shown above 
(MF-68 Minifloppy, CT -64 Terminal with 

CT-VM Monitor). 
$995 for the Dual Minifloppy 
$325 for the CT -64 Terminal 
$175 for the CT-VM Monitor 
$395 for the 4K 6800 Computer 

$250 for the PR -40 Line Printer 
$79.50 for AC -30 Cassette Interface 

Additional 4K memory boards at $100 

Additional 8K memory boards at $250 

Or BAC # Exp. Date 

Or MC # Erp Date 

Name Address 
City State Zip 

CIRCLE NO. 51 ON FREE INFORMATION CARD 

,r o 6800 : :2" - 
$395 4K 6800 Computer 
The SWTPC 6800 comes complete with 
4K memory, serial interface, power supply, 
chassis, famous Motorola MIKBUG® 
mini -operating system in read-only 
memory (ROM), and the most complete 
documentation with any computer kit. Our 
growing software library includes 4K and 
8K BASIC (cassettes $4.95 and $9.95; 
paper tape $10.00 and $20.00). Extra 
memory, $100/4K or $250/8K. 
Other SWTPC peripherals include 
$250 PR -40 Alphanumeric Line Printer 
(40 characters/line, 5 x 7 dot matrix, 
75 line/minute speed, compatible with 
our 6800 computer and MITS/IMSAI); 
S79.50 AC -30 Cassette Interface System 
(writes/reads Kansas City standard tapes, 
controls two recorders, usable with other 
computers); and other peripherals now 
and to come. 

r--. Southwest Technical 
Products Corp. 

219W. Rhapsody, San Antonio, Texas 78216 
London: Southwest Technical Products Co., Ltd. 
Tokyo: Southwest Technical Products Corp_/Japan 
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TAPE TOPICS 

CONSEQUENTIAL things are sud- 
denly happening in the consumer 

tape industry. I don't mean to refer to the 
Elcaset and similar evolutionary devel- 
opments. Rather, the overall potential of 
consumer tape recording in any format 
is on the brink of giant steps forward in 
at least three and possibly four areas of 
research. The first step is probably only 
months away. The second involves a 
technology that is virtually perfected, but 
poses compatibility problems with al- 
most all existing tape machines. The 
third will insinuate itself subtly over a pe- 
riod of some years. And the fourth is a 
total departure from anything that has 
gone before. 

Let's take them as they (probably) will 
occur. 

The Hall Head. The Hall effect, 
named after its discoverer, was hap- 
pened upon late in the nineteenth centu- 
ry. It involves the ability of a suitably 
biased piece of semiconductor material 
(metallic compounds of antimony, ar- 
senic, and other exotic metals being 
among those favored) to develop an 
"output" voltage proportional to any 
magnetic flux impinging on it. This is 
precisely what we want from the play- 
back head of a tape recorder. But there 
is an important distinction! A convention- 
al coil -wound playback head can only 

PLAY 
SHIELD HEAD 

RECORD 
RECORD HEAD HEAD', 

/. 

--I L---3.4mm 
(A) 

By Ralph Hodgas 

respond to the rate of change in magnet- 
ic flux (the crossings of magnetic lines of 
force), and hence it cannot respond to a 
tape that is not moving. A Hall device 
can, however (with a steady and trium- 
phant dc output). This opens a delightful 
Pandora's Box of possibilities. 

The possibilities are all based on the 
virtual elimination of playback equaliza- 
tion in tape machines. Conventional 
playback heads, being rate -of -change 
dependent, exhibit a rising output with 
rising frequency, and hence must be 
compensated by "lossy" equalization 
circuits to restore flat frequency re- 
sponse. Additional gain stages must 
then be used to repair the losses, and 
the noise contribution from the electron- 
ics becomes a significant problem. 

A Hall -effect device could care less 
about rate of change. Instantaneous flux 
determines its output, which is therefore 
independent of frequency and essential- 
ly "flat" from any properly recorded tape. 
Of course, gap losses at high frequen- 
cies are still a factor (present Hall -effect 
heads use conventional head "yokes" of 
laminated iron with carefully defined 
gaps), but the amount of equalization 
necessary to compensate for them is 
comparatively (and audibly) trivial. 

At a press conference in late April, Hi- 
tachi announced the intention of install- 
ing Hall -effect playback heads into 

SHIELD 

HALL 
ELEMENT 

2.4mm--1 

(B) 

PLAY 
HEAD 

Comparison of a Hall -head 
assembly for a three -head 
cassette deck (B) with the 
conventional heads (A) 
presently used by Hitachi. 

three -head cassette machines within the 
year. (At present no application for the 
Hall effect in record heads is foreseen, 
so any Hall tape recorders will necessar- 
ily have to be three -head devices.) The 
Hitachi people allowed that develop- 
ment, requiring an exceedingly thin slab 
of material, was frustratingly difficult. (A 
vapor -deposited film of indium antimo- 
nide on a ferrite substrate is used, 
amounting to a total thickness of about 1 

micron.) The resulting playback head, 
lacking bulky coils, is quite compact, 
permitting it to nestle that much closer to 
the record head in a cassette deck. It 

thus further reduces the possibility of 
tape skew between record and play 
gaps. 

Another benefit legitimately claimed 
for the Hall head is a drastic reduction in 

phase shift (academic when you consid- 
er that the record head has already in- 
troduced copious phase shift, but of in- 
terest all the same). The Hitachi spokes- 
man, Dr. Miyazaki, also claimed that the 
Hall head developed by his company is 
intrinsically less noisy than a coil -wound 
playback head. If true, this (and all the 
rest of the benefits) should put a good 
ferric tape recorded without Dolby noise 
reduction (and played on a Hall -head 
machine) within easy reach of a chromi- 
um -dioxide tape recorded with noise re- 
duction. 

Fe "Yes," Fe2O3 "No!" But who 
cares about ferric -oxide tape if a pure - 
iron tape can do much better? I first 
heard about tape coatings containing 
pure metal particles (not oxides) several 
years ago. At that time, Philips was talk- 
ing about some remarkable results 
achieved with pure -iron tapes. The ma- 
jor fly in the ointment was that these 
tapes tended to corrode rapidly and 
even burst into flame spontaneously 
when used in an atmosphere containing 
oxygen. Now 3M, in a recent announce- 
ment, claims to have found a way- 
presumably an alloying process-to 
keep a very "hot" tape from literally 
burning itself up. And "hot" is an under- 
statement. The tape, which 3M has 
dubbed Metafine, is reported to provide 
an increase in recording headroom (or 
signal-to-noise ratio, if you prefer) of be- 
tween 6 to 12 dB over anything now 
available, at all audio frequencies. The 
potential here is a little unsettling, to say 
the least. 

The company originally viewed Meta - 
fine as a video-tape product; but when 
its phenomenal retentivity characteris- 
tics became apparent, the temptation to 
really rock the audio -tape market was a 
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NOW, SCANNING 
OVER 6000 LREQUENCIES 

IS AS EASY AS 
USING A PUSHBUTTON 

G PHONE. 
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Introducing the incredible. new Bearcat 210. 
The exciting, new Scanner Radio with the 

space-age, computer control center that brings in 

every available public service frequency with 
pushbutton ease. 

Bearcat's new 210 is as easy to program as a 

pushbutton phone. You can select any of the 
public service bands (all the available local 
frequencies) simply by pushing buttons. 

Simply punch in the frequency numbers on the 
computer control center keyboard. Hit the Enter 
button. And you're programmed. 

A large, flashing, digital readout panel shows 
you each frequency you've selected. 

The Bearcat 210 patented search capacity lets 
you explore the endless world of every available 
public frequency out there, too. 

SQOELCH 

V. 

.. H' i.9y511°°! . Q`. rF,.frin'y[!. 

Best of all, you're no longer limited to a given 
band or set of frequencies. The new Beam 210 
is syntheshed. Space-age circuitry lets you forget 
crystals forever. 

Let's look at some Bearcat 210 features. And 
facts. 

5 BAND COVERAGE-Includes Low, High. UHF 
and UHF' T" public service bands, the 2 -meter 
amateur (Ham) band, plus other UHF frequencies. 

SCANS 20 CHANNELS PER SECOND-In half 
a second, the Bearcat 210 scans all 10 channels. 

CRYSTAL-LESS-Space-age circuitry with 5 
custom designed chips. You never have to buy a 

crystal. 

TRA::K-TUNING-Patented track tuning provides 
full -band coverage on every band. 

AUTOMATIC LOCK -OUT - Locks out channels 
and skips" frequencies not of current interest. 

AC/DC-Mobile mounting bracket included. 

SELECTIVE SCAN DELAY-Adds a two -second 
delay to prevent missing transmissions when 
"call.;' and "answers' are on the same frequency. 

AUTOMATIC SEARCH-New, patented feature 
searches out any active local public service 
frequency automatically. For more police, fire. 

marine, emergency calls. And much more. 

THE NEW 
B .. AT 

ni 
9 _ 

THE MOST EXCITING THING THAT'S HAPPENED 
TO SCANNING SINCE SCANNERS. 
Electra Company 
300 East County Lire Road. South. Cumberland, Indiana 46229 
Copyright 1977 Masco Corporation 01 Indiana 
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No other TV/..udio 
home study school 

p t rices in 
its a s. ' hy? 
Maybe it's because they 
can't match these values. 

No other school gives you a choice of 
five ways to learn 1V/Audio servicing, 
with complete courses starting as low 
as $445 and convenient, inexpensive 
time payment plans. No other school 
includes both an engineered -for -train- 
ing 25" diagonal color 1V and a four - 
speaker Quadraphonic stereo in its 
best course. In fact, to even match 
this kind of thorough training at 
another school, you'd have to take 
an extra course costing hundreds of 
dollars more. We're proud to quote 
our prices because we believe you get 
top educational value from NRI. 

You pay less because NRI passes 
its savings on to its students. 
NRI pays no salesmen. We buy no out- 
side "hobby kits" for our experiments 
or training kits. VVe design our own 
equipment with special Power -On fea- 
tures that allow you to experiment as 
you build. You get low tuition rates 
without the penalty of exorbitant inter- 
est charges for time payments. VM 
pass the savings on to you. 

More than 1 million students have 
come to NRI for home training. 
Home study isn't a sideline with NRI. 
We've been its innovating leader for 

over 62 years. More than one million 
students have enrolled in our many 
career courses. NRI is one of the few 
home study schools with a full-time 
staff of engineers, authors and editors 
to help you with any problem. NRI 
graduates will tell you: you can pay 
more, but you can't buy better training. 

Widest choice of courses 
with digital computer, 
CB, and complete 
communications. 
Send for the free NRI electronics cata- 
log and check out the full spectrum 
of courses available, including Color 
TV, FCC License, Complete Commu- 
nications Electronics-with Citizens 
Band radio, Computer Electronics, 
Marine and Aircraft Elec- 
tronics, Mobile Communi 
cations, etc. iu FII'fllvlpM! 

Mail the card for your 
Free NRI catalog. 
No salesman will call. 

NRI NRI SCHOOLS /4 4 McGraw-Hill Continuing Education Center t:Il 3939 W sconsin Avenue. ir i Washington, D.C. 20016 
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Available for career study under GI Bill 
Check the GI Bill Box on the card for information. 
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7 kits: Quadraphonic Stereo... 

A basic TV/Audio Servicing Course including 7 training 
kits for your experiments. You build your own 4 -speaker 
Quadraphonic System, solid-state volt -ohmmeter, 
CMOS digital frequency counter, and electronics Dis- 

covery Lab. includes 48 bite -size lessons (18 on color 
TV), 10 special reference texts with hundreds of servic- 
ing shortcuts, tips on setting up your own business, etc. 

This completely up-to-date course covers black & 
white and color TV, FM multiplex receivers, public 
address systems, antennas, radios, tube, transistor and 
solid-state circuits. 

11 kits: Quadraphonic Stereo and 

B/W TV... 550 or low monthy te,m, 

A complete course in B&W and Color TV Servicing, 
including 48 lessons (18 on color TV) 10 special refer- 
ence texts and 11 training kits. Kits you build include 
4 -speaker Quadraphonic System, solid-state volt -ohm- 
meter, CMOS digital frequency counter, electronics 
Discovery Lab, plus a 12" diagonal solid-state black 
& white portable TV to build and use. At each assembly 
stage, you learn theory and "Power -On" application 
of that theory in typical solid-state 1V sets. 

11 kits: 19" diagonal Color TV... 

SVY QQO 
or low monthly terms 

The course includes 42 lessons and 4 reference texts 
plus kits and experiments to build a superb solid-state 
19" diagonal color TV receiver ... complete with cab- 
inet, and engineered specifically for training by NRI's 
own engineers and instructors. This handsome set was 

designed from the chassis up to give you a thorough 
understanding of circuitry and professional trouble- 
shooting techniques. You build your own solid state 
volt -ohmmeter, CMOS digital frequency counter, and 
experimental electronics Discovery Lab. 

14 kits: 25" diagonal color TV and 
Quadraphonic Stereo.' 1195.00 

or low monthly terms 

The -ultimate home training in Color TV/Audio servicing 
with 48 bite -sized lessons, 10 reference texts, and 14 
training kits ... including kits to build a 25" diagonal 
color TV, complete .,vith console cabinet; a 4 -speaker 
Quadraphonic Center; a wide band, solid-state, triggered 
sweep, service type 5" oscilloscope; digital integrated 
circuit color TV pattern generator; a CMOS digital fre- 

quency counter, and an electronics Discovery lab. 
This gives you thorough TV and Audio training for 
hundreds of dollars less than the separate courses 
you'd have to take elsewhere. 

This Master Course combines theory with practice, 
using the "Power-C)n" stages for experimentation and 
learning. Building NRI's equipment will give you the 
confidence and ability to service any color TV or Audio 
unit on the market. And you'll have a magnificent TV 
and quad unit for years of trouble -free performance. 

Pro Color: 19" diagonal color TV... 

An advanced Color TV Servicing Course for experienced 
technicians, 18 lessons, 5 new "Shop Manuals", and 
NRI 19" diagonal Color TV receiver with cabinet. 

AUGUST 1977 
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The 3M Iso-loop with tape's view 
of capstan and pinch -roller 
configuration at the top. 

bit too hard to resist. Consequently there 
now exists-in prototype form-a Meta - 
fine cassette tape. Of late it has been 
made available to tape -machine manu- 
facturers for their confidential evaluation 
and feedback, and rumor has it that sim- 
ilar tapes from Maxell and TDK are un- 
dergoing the same process. 

Of course, there are a few things 
about Metafine that will take some get- 
ting used to. For example, its coercivity 
is on the high side of 1,000 oersteds, or 
roughly twice that of chromium dioxide. 

Double Pinch Rollers 

VU Meters (left/right) 

Timer Start Switch 

Pitch Control 
Power Switch (on/off) 

Tape Speed Selector 

Meter Scale Selector 

Mic Attenuator Switch 

Headphone Jack 

Microphone Jacks 

This will call for a bias current approach- 
ing the strength of the erase current 
used in some consumer tape decks. 3M 
estimates there might perhaps be one 
tape machine presently on the market 
(whether professional or consumer was 
not specified) capable of delivering that 
kind of bias through to íts record head. 
As for the rest of the machine popula- 
tion, the anticipated problems with tape - 
head saturation and even excessive 
head temperatures are obvious. Evi- 
dently we'll all need new tape machines 
to cope with recording Metafine and oth- 
er tapes of its kind. In the meantime, 
wouldn't Metafine make a really superb 
prerecorded tape? 

Transports. Chances are that the 
tape -transport mechanism on your 
open -reel tape machine looks pretty 
much like mine: supply reel to port, take- 
up reel to starboard, heads in the middle 
(with the capstan and pinch roller just to 
the right), and tape guides or tension 
arms here and there. Not all audio tape 
recorders look like this. The 3M Iso-loop 
transport, invented years ago by tape pi- 
oneer John Mullin and still enjoying im- 
mense popularity in professional record- 
ing studios, is a marvel of simplicity by 
comparison. 

A large central capstan and two pinch 

rollers are used. The left-hand pinch roll- 
er seizes the tape and propels it down- 
ward around a roughly rectangular head 
nest. As the tape comes up again, the 
right-hand pinch roller takes hold and 
sends the tape out in the direction of the 
take-up reel. Both pinch rollers contact 
the same capstan, and hence there's 
not the battle over which capstan will 
"win" that you find in some dual -capstan 
designs. The capstan and the left pinch 
roller are gently "stepped" in profile, pro- 
viding two effective diameters. The left 
pinch roller contacts the inner diameter 
of the capstan, while the right pinch roll- 
er rides on the outer capstan diameter. 
The resulting differential in surface ve- 
locity controls tape tension across the 
heads quite precisely, and the whole 
concept makes for an absolute minimum 
of unsupported tape in the head region. I 

never expect to hear a user of an Iso- 
loop transport complain of scrape flutter 
or other unsupported -tape problems. 

It nearly brought tears to my eyes to 
visit 3M some weeks ago and find nu- 
merous Iso-loop transports designed for 
'/-inch tape in constant use, and none 
of them available to the consumer. But 
there's a bit of consolation to be had in 
the fact that, last year, Technics/Pana- 
sonic introduced the RS -15000S, a ma- 
chine whose transport is the Iso-loop 

Diagram of the Technics 
RS-1500US, showing 
that company's version 
of the Iso-loop. 

Tension Rollers 

Tape Position Marker 

Ultra -Large (34mm) Diameter Capstan 

Cue (Edit) Lever 

Real Time Tape Counter 

2 Track/4-Track Playback Head Switch 

Stroboscope Lamp and Markers 

Reversing Roller 

Equalizer Selector 

Bias Selector 

Recording Mode Switches (left/right) 

Monitor Switches (left/right) 
Output Level Control (left/right) 
Edit Dial 
Line -in Level Control (left/right) 
Pre -Set Markers 
Mic Level Control (left/right) 

20 
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Some guys rely on their 2 -way radios niore tháñ others: 

Fighting a fire takes tough men. And 
tough equipment. Equipment like the 
Motorola® 2 -way radios carried by so many 
fire fi hters. 

oday you can own a 2 -way radio with 
many of the engineering principles that go 
into Motorola professional radios. 

You can own a Motorola CB. 
Features like gain control, audio com- 

pression, and noise limiting are built in, 
fully automatic. 

So a Motorola CB is exceptionally 
simple to operate. Yet offers outstanding 
talk/listen performance. 

A top -fire 3Y2 -inch professional - 
quality speaker produces an audio 
fidelity that must be heard to be fully 
appreciated. 

A power mic that doesn't require 
batteries, that doesn't cost extra, is 
standard equipment. 

When you've made 2 -way radios as 
long as Motorola, the result is a radio with 
a difference you can hear. 

Whether you're 
fighting a fire. 
Or fighting 
the traffic 
home. 
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Motorola CB 
From the voice of experience in 2 -way radio. 

To find the dealer nearest you, write: Customer Relations Manager, Motorola Inc., Automotive Products Division, 1299 East Algonquin Rd., Schaumbuig, Illinois 60196. 

Motorola is a registered trademark of Motorola Inc. 
CIRCLE NO. 37 ON FREE INFORMATION CARO 
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When you do,you ll probably pick CIE. 
You can't afford to settle for 

less when it comes to something like 
electronics training that could 

affect your whole life. 

22 
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When you shop around for 
tires, you look for a bar- 

gain. After all, if it's the same 
brand, better price -why not 
save money? 

Education's different 
There's no such thing as "same 
brand." No two schools are 
alike. And, once you've made 
your choice, the training you 
get stays with you for the rest 
of your life. 

So, shop around for your 
training. Not for the bargain. 
For the best. Thorough, profes- 
sional training to help give you 
pride and confidence. 

* * 
If you talked to some of our 

graduates, chances arc you'd 
find a lot of them shopped 
around for their training. They 
pretty much knew what was 
available. And they picked CIE 
as number one. 
Why you should 
shop around yourself. 

We hope you'll shop around. 
Because, frankly, CIE isn't for 
everyone. 

There are other options 
for the hobbyist. If you're the 
ambitious type -with serious 
career goals in electronics - 
take a close look at what 
we've planned for you at CIE. 
What you should look 
for first. 

Part of what makes elec- 
tronics so interesting is it's 
based on scientific discoveries 
-on ideas! So the first thing to 
look for is a program that starts 
with ideas and builds on them! 

That's what happens with 
CIE's Auto-Programnied® 
Lessons. Each lesson takes one 
or two principles and helps you 
master them - before you 
start using them! 
How practical 
is the training? 

This is the next big impor- 
tant question. After all, your 
career will be built on what you 
can do - and on how 
well you do it. 

Mere are 
ways some 
of CIE's 
trouble- 
shooting 
programs - `:, 
help you get 
your "hands-on" 
training .. . 

With CIE's 
Experimental 
Electronics 
Laboratory... 
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you learn and review the basics - 
perfonn dozens of experiments. 
Plus, you use a 3 -in -1 precision 
Multimeter to learn testing, 
checking, analyzing! 
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When you build your 

own 5 MHz Triggered - 
Sweep, Solid -State Oscil- 
loscope you take your first 
real professional step. You use 
it as a doctor uses an X-ray 
machine -to "read" waveform 
patterns ... lock them in .. 
study, understand and inter- 
pret them! 

When you get your 
Zenith 19 -inch Diagonal 
Solid -State Color TV you 

- 
I'att._rn simulated. 

apply your new skills to some 
real on -the -job -type trouble- 
shooting! You learn to trace 
signal flow... locate malfunc- 
tions ... restore perfect operat- 
ing standards -just as with any 
sophisticated electronics 
equipment! 

WES if 

When -_J 
you work with a completely 

Solid -State Color 
k Bar Generator - 

actually a TV signal 
transmitter -you study 

up to ten different 
patterns on your TV 

screen ... explore digi- 
tal logic circuits ... observe 

the action of a crystal -con- 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro- 
gram, too. But the main point is 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

simply this: 
Xll this training takes 

effort. But you'll enjoy it. And 
it's a real plus for a trouble- 
shooting career! 
Do you prepare for 
your FCC License? 

Avoid regrets later. Check 
this out before you enroll in 
any program. 

For some troubleshooting 
jobs, you must have your FCC 
License. For others, employers 
often consider it a mark in your 
favor. Either way, it's govern- 
ment -certified proof of specific 
knowledge and skills! 

More than half of CIE's 
courses prepare you for the 
government -administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 
Shop around ...but send 
for CIE's free school 
catalog first: 

Mail the card. If it's gone, 
cut out and mail the coupon. If 

you prefer to write, men- 
tion the name and date 
of this magazine. We'll 
send you a copy of CIE's 
FREE school catalog - 
plus a complete pack- 
age of independent 

home study information! 
For your convenience, 
we'll try to have a repre- 
sentative contact you to 
answer your questions. 
Mail the card or coupon - 
or write: CIE, 1776 East 
17th St., Cleveland, 

OH 44114. r--- 1. 
ECleveland Institute 
of Electronics, Inc. ' 17th Street. Cleveland. Ohio 4a,14 

Accredited Member Netienel Nome stud, eounca 

YES ... I'm shopping around 
for the right kind of career training 
in electronics troubleshooting -and 
CIE sounds well worth looking into. 
Please send me my FREE CIE school 
catalog- including details about 
troubleshooting courses -plus my 
FREE package of home study 
information! PE -40 

Print Name__ _ 

Address Apt 

city 

State Zip 

Age_ - Phone 
(area code) 

Check box for G.I. Bill information: 
Veteran Active Duty 

Mail today: 
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If your cartridge is 
more thán three years old, 
don't replace your 
stylus! 
Don't get us wrcrg. There nothing worse 
than playing your eccrds , th a worn stylus. ' 

And no better way to restore -dour ofc un.t to its 
original glory than a new d arncnd 
But frankly, rh3re have tee significant strides = 

made recently in tie phone partridge field. 
And the new cartridges of tcda¡stand head 
anc shoulders aPcme ever tie 'best of a few 
'that years ago. _ 

Here's the cioice: Ge- fresh-tut outdated- 
pervormance vriti a replac nerrt s:yh.s, o- enjoy 
all the benefits of -nodlem car:r'dge research 
anc develop!n rt -or just_ a few dollars mare. 
\bt.'ll find that rat can updata your system 
for far less than ycu m gñt i -nag ne. It s prpbably 
the most dramat.c sirgie ir-serot.entenn you can 
Mate. 
For instance, Audio-Techrica offers Universal" 
cartridges equipped w th a genuine-4hibata 
s:yl.is and our unicuely etf_ctti a -Crux Magnet'" 
s¡rs-em beginning at ?t_st r&CrO ist. Or you can 
rep ace your p-e3e-it parlridfce v'itt- a 'resti new 
Aucio-Technica cartridge w th nighty -polished 
elliptical tip sot as little as SIE.CO 's:. 

4T11E 
£45.00 

rt( 

;.;: - y-- 
4T123á T10E3 AT13Sa 
$7-S.C-0 ..SES.7C $125.00 

Are these -new models wprtirtie difference? 
Absolutely. l+31111 to amazac at rxhat you hear 
from today's g?rtteratipi of pioro canridces. 
Improved .frequei---y respton _Loewe- distortion. - 

Bet:er separat-on. _ess record war.Truly 
= better sound - 

' A rnew Audh-Technica_car ridfg 
Your best value in hi-fi 

- - ,, aúcoteñica® 
INNOVA -PON c FRECISrON INTEGRITY 

!^1 

.-..-.... c 
. 

u 

AUDIO-TECHNICA U.S., INC., Dept. 87P, 33 Shlawassee Avenue, Fairlawn, Ohlo 44313 
Available In Canada from Superior Electronics, Inc. 

(except that pinch rollers of different 
hardness composition are used instead 
of the stepped pinch roller and capstan 
arrangement). As far as I can tell from 
my brief experience with the Technics 
deck, the trick of creating tape tension 
across the heads with hard and soft 
pinch rollers works reliably, but I regret 
that I have no firm numbers to report. 

The trend of the moment, of course, is 
to eliminate pinch rollers entirely, a goal 
being pursued in the professional field 
by Ampex (the ATR-100) and in the con- 
sumer area by Uher with its recently in- 
troduced Omega drive. The benefits of 
pinch-rollerless drive are difficult to de- 
scribe in a few sentences, so the subject 
is best put aside until the time when the 
trend is more fully established. How- 
ever, be aware that it seems to be the 
coming thing. 

PCM. But once again, who cares about 
sophisticated tape transports if he can 
have a nonanalog recording system that 
pays no attention to speed irregulari- 
ties? Pulse -code modulation (PCM), al- 
though not a digital recording technique 
in any strict sense, is independent of re- 
corded signal strength (and hence tape 
noise). It is also potentially independent 
of tape -speed irregularities. 

It consists of a series of uniform - 
amplitude pulses (on tape or any other 
recording medium) that define the anal- 
og signal originally picked up by the mi- 
crophones. They are "metered" by an 
electronic clock in the playback system 
to eliminate any time errors. So far as I 

know, there is no standard "code" to 
which audio PCM systems adhere. Du- 
ration and spacing of the pulses are the 
data that the recording generally pro- 
vides, and these variables are "inter- 
preted" as the designer of the overall 
system sees fit. 

Don't look now, but consumer PCM 
recorders are virtually right on top of us. 
Sony has announced an adapter for the 
Betamax video -cartridge deck that will 
convert it into an audio PCM recorder. 
Another highly esteemed tape -machine 
manufacturer (I'm not free to name 
names just now) has halted all work on 
its latest open -reel creation to convert it 
to PCM. The conviction here is that PCM 
is the only possible (immediate) future 
for tape, and that a properly designed 
conventional audio recorder can do the 
job quite nicely, thank you. 

It's apparent from the foregoing that 
tape recording, after these four immi- 
nent developments have materialized, 
will never be the same again. So let's 
gird our loins for the onslaught. O 
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- Powerful in computing muscle, yet 
small i'n physical size, the Altair'"'680b offers many 

special features at an affordáble price. Based 
on the 6800 microprocessor, the 680b comes with 1K 

of static RAM, Serial I/O port, PROM monitor and 
provisions for 1K of PROM as standard components. 

Its good thinking, when you're interested in making a 
modest investment on a highly reliable computer, 

tó consider the Altair 680b. 
Our PROM monitor eliminates the necessity for toggling 

front panel switches to load 
bootstraps or manipulate 
memory contents. Only a 

terminal and programming 
language are required for 

complete system operation. 
With Altair System software - 

Altair 680 BASIC, assembler 
and text editor-you may 

begin problem solving 
immediately with ease. 

By adding the 680b -MB 
E.xpander card, many options 

are currently available: 
"16K Static Memory Board- 
Increase your system memory 
with 16K bytes of fast access 
(215 ns), low power (5 watts 
per board) static RAM. 680 
BASIC and assembler/text 

o, 

, - 

-11" 

+ '- a.re. c . + t- goo, 

"1 
4/1:5~J: -L ...:ta..L1 311.1111.13i_ 

- +.. 1 

editor are.included free with purchase. 
*Process Control Interface-A PC card that uses optically 
isolated inputs and relay outputs that transmit sensory 
information to and control signals from the computer. A 

' diverse world of control applications is opened up with 
the Altair 680b-PCI. 

*Universal Input/Output Board-If your I/O needs exceed. 
" the serial port already on the main board, augment your 

I/O channels with the 68Q1D-UI/O. By implementing the 
optional serial port and two parallel ports, you can simul- - 

taneously interface to four 
terminals. 

*New Addition-Kansas City 
Audio Cassette Interface- 
Use the 680b-KCACR to inter, - 
face your Altair 680b with an 
audio cassette recorder for 
inexpensive mass stcrage'of 

- programming languages, pro- 
-. grams and data. 

Available in either full front 
- panel or turnkey models, the 

Altair 680b presents many 
computing 'capabilities at a 
low cost-without skimping 
on performance. See it today 
at your local Altair Computer 
Center or contact the factory 
for further details. 

Góod Thinking. 
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We've just made the impossible... 

a professional 31/2 digit DMM Kit for less than $60. 

MOOR 2000 

u 

saltrtr. 
iUNCT10N %PANG( 

1VOmV 10V 11(V 

1OyA ImA I00mA 

IM0 lON 1000 FIO 
I 

POWEN AC VOLT AMP OMM 

The Sabtronics Model 2000 is an impossible $59.95! 
And that price still includes phenomenal accuracy, range 
and professional features. 

This all -new bench/portable multimeter, reading to 
±1999, has a basic accuracy of 0.1% ± 1 digit, and has 
five functions giving 28 ranges, 100% overrange and 
overload protection. So you know it's no toy! 

Besides, what toys are as automatic as the 2000? With 
automatic over range indication, automatic polarity, 
even automatic zeroing! 

Yet the 2000 is easy to assemble. We send you all the 
parts you need, even the high -impact case. We also send 
you clear, step-by-step assembly instructions. 

So you end up with a professional quality 31/2 digit 
DMM for the unheard-of price of less than $60. From 
Sabtronics, specialists in digital technology. And 
manufacturers of the impossible. 

Order yours today! 

sabtlNrEoniATIOc INC 
e 

P.O. Box 64663 dallas, Texas 75206 (214) 369-7310 

GUARANTEE: 
Our guarantee to you; examine the 2000 
DMM kit for 10 days. If you're not satisfied, 
return it unassembled for a full refund of 
purchase price. 

SPECIFICATIONS: (condensed) 
DC volts in 5 ranges: 100µV to 1000V. 
AC volts in 5 ranges: 100µV to 1000V. 
DC current in 6 ranges: 10nA to 2A. 
AC current in 6 ranges: 10nA to 2A. 
Resistance in 6 ranges: 111 to 20Mí 
Input Impedance: 10Mf2 
Display: 9mm (.36") LED. 
Power requirements: 4.5 VDC to 6.5 VDC 
(4 "C" cells -not included). 
Size: 8"W x 6.5"D x 3.0"H 
(203W x 165D x 76H mm). 

MAX 1p1PUi 

2A-11 V 

n 

Made in U.S.A. 

To: Sabtronics International, Inc. PE8 

P.O. Box 64683, Dallas, TX 75206 

Please send me 

$59.95 each. 

Shipping and Handling, $5.00 per unit' 

Sabtronics Model 2000 DMM kit(s) at 

subtotal 

subtotal 

Texas Residents Add Sales Tax 

TOTAL enclosed 

Name 

Street Address 

City 

State Zip 
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HIFSCH/HOUCK LABORATORIES 

IS THERE A DIGITAL FM TUNER? 

In recent years, several FM tuners and receivers 
have been acclaimed as being "digital" compo- 

nents. In this context, "digital" is a catch -word that 
(with apologies to Lewis Carroll) usually means just 
what its writer intends it to mean; no more, and no 
less. 

The most obvious external feature of a digital tuner 
is its frequency display, which is usually the only di- 
gital feature it has. Instead of a tuning dial calibrated 
with an accuracy that may range from the barely ac- 
ceptable to the unusable, the tuner frequency is dis- 
played via glowing digits to the nearest 0.1 MHz (or 
10 kHz on AM, if that feature is included). In its sim- 
plest form, a digital FM tuner uses a frequency coun- 
ter to measure its local oscillator frequency, subtract 
10.7 MHz, and display the difference. Such a tuner 
(the Heath Model AR -1515 receiver, reviewed in this 
issue, is a good example) still requires a tuning meter 
as an aid to finding the exact center of the channel, 
since the digital display cannot resolve closer than 
100 kHz. Normally the display blanks out "even" 
numbered channels (for example, it will go directly 
from 96.1 to 96.3 MHz) since all channel assignments 
in this country are on "odd" frequencies. 

The advantages of the counter -type frequency dis- 
play to the user are its improved accuracy and visibil- 
ity at a distance. The designer's job is easier because 
he does not need a linear tuning characteristic, or 
even any sort of reproduceable tuning characteristic. 
However, the same stability and overall tuning ease 
are required as for any ordinary tuner. 

Another type of digital tuning system uses a fre- 
quency synthesizer instead of a free -running oscilla- 
tor. As a rule, a phase -lock loop (PLL) locks the local 
oscillator to a stable crystal oscillator. The PLL is an 
analog circuit, but considerable digital circuitry is re- 
quired in the frequency dividers that reduce the fre- 
quency of the local oscillator to where it can be com- 
pared with the reference signal. And, of course, this 
type of tuner has digital counter and display circuits 
as well (although this function could be handled eas- 
ily by several selector switches like those used to se- 
lect channels on 144 -MHz Amateur FM transceivers). 

A synthesized tuner behaves quite differently from 
one that has a free -running oscillator with a frequen- 
cy counter display. The synthesized signal moves in 
discrete steps, usually 200 kHz in this country. (Some 
European synthesized tuners use 50 -kHz steps to 
accommodate the channel assignments used there.) 

A tuning meter is not required, since the oscillator 
frequency is generated-and known-with far more 
accuracy than could be achieved by any manual tun- 
ing means. 

A synthesizer can be programmed to generate any 
frequency within its range. The most striking exam- 
ple of this (and still the only unit of its kind) is the 
Heath Model AJ-1510A FM tuner. Any frequency in 
the FM band can be selected by sequentially pressing 
the calculator -type keys on its panel. This tuner and 
some others made in past years also can he pro- 
grammed with punched cards to go immediately to 
the selected frequency when a card is inserted in a 
slot in the panel. (Heath's tuner can hold three cards, 
which can be selected by push buttons.) For scanning 
a band of frequencies, synthesized oscillators can be 
swept electronically (in discrete steps, although this 
is not obvious to the user), or tuned electrically by a 

conventional knob. The Revox tuner covers the FM 
band in 50 -kHz steps as its knob is rotated, as an ex- 
ample. 

The next step up in digital complexity is the use of 
a microprocessor in a tuner. So far, the only such ap- 
plication we know of is in a new "super tuner" an- 
nounced by Sherwood but not yet available for sale at 
this writing. Not only the frequencies, but the call let- 
ters, of selected stations can he made to appear on its 
alphanumeric display. We will undoubtedly see oth- 
er, even more imaginative, applications of digital cir- 
cuitry to tuner displays in the near future. 

Of course, none of these novel and intriguing ap- 
plications of digital electronics to FM tuners affect its 
sound. And since they all add to the cost, one is 
spending a portion of the product's cost for cosmetic 
appeal in many cases, and for repeatable tuning ac- 
curacy in other instances. 

Are there any actual digital circuits used in the 
functional portions of the tuner? There are a few easi- 
ly overlooked ones because they are within a single 
circuit block or IC chip whose function is basically 
analog. In a multiplex demodulator, for example, 
there are frequency dividers to produce 38- and 19 - 
kHz signals from a 76 -kHz voltage -controlled oscilla- 
tor (vco). For that matter, digital techniques have 
been used for decades in FM detection to give the 
greatest linearity. The discriminator, or ratio detec- 
tor, is one of the sources of distortion in an FM tuner. 
It should be perfectly linear, with a voltage output 
proportional to signal frequency. Any nonlinearity 
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creates distortion in the audio signal from the tuner. 
Most discriminators depend on a resonant circuit for 

their operation. This circuit can be linear over only a 

limited band of frequencies and never perfectly lin- 
ear from a theoretical standpoint. 

For many years, the counter -type detector has been 
recognized as the most linear form of FM demodula- 
tor. In the ideal case, it would generate a single very - 

short pulse of constant width and amplitude every 
time the incoming signal waveform crosses the zero - 
voltage axis. The average value of these pulses, 
emerging in a train from the detector, is proportional 
only to the number of pulses occurring in a unit of 

time (that is, to the frequency of the incoming signal). 
Since the pulse amplitude is also independent of the 
signal amplitude, this type of detector is also an effec- 

tive limiter. 
In practice, a true counter detector is too expensive 

to use in a consumer -type FM tuner, although it is 

found in some laboratory instruments. Less expen- 
sive versions have been developed, some of which 
are found in recent products from Sherwood and 
Heath (the Heath AR -1515 has such a detector). 

Another digital circuit in an FM tuner is in its in- 

terstat ion noise muting system. This is literally a "go/ 
no-go" circuit that responds to one or more of the in- 

ternal tuner parameters that depend on the presence, 
frequency, or strength of a signal. These include the 

discriminator output and limiter voltages and 
high -frequency random noise in the detector output. 
In the more sophisticated muting systems, a logic cir- 
cuit monitors all these voltages and passes the audio 
signals only when they indicate that a signal of re- 

ceivable quality is in the tuner's pass band. The "di- 
gital" character of the final muting action may range 
from none at all (a gradual reduction of signal level 

with strength) to total (a reed relay that opens or 
shorts the audio). 

Aside from these idealized examples, the very na- 

ture of FM reception is analog rather than digital. So 

when you read about a "digital" tuner, remember 
that this applies, at most, only to the generation of its 

local oscillator signal or, more probably, only to the 
display of its frequency. It is still less expensive to 

make an accurately calibrated tuning dial that's read- 
able to 100 kHz than to incorporate a frequency 
counter into an FM tuner. Nevertheless, so few com- 

panies have ever made a serious effort to achieve 
"slide -rule" dial tuning accuracy (this is one tuner 
parameter that has absolutely no relationship to the 
selling price of the product) that we assume digital 
numeric displays will eventually take over this func- 
tion. As dropping prices of digital IC's and display 
components eliminate the economic advantage of a 

tuning dial, we can expect digital tuner displays to 

become common at all price levels in a few years. V 

HEATH MODEL AR -1515 AM STEREO FM RECEIVER 

Complete integrated tuner/control center/amplifier has digital display. 

HIRSH- 
HOUCK 
LABS 
REPORT 

LitJ17HR1T:: . 

The Model AR - 

1515 AM/stereo 
FM receiver that 
tops Heath's hi-fi 

receiver lineup is 

derived, at least in part, from the highly 

versatile Modulus introduced a couple of 

years ago. For example, both have digi- 

tal numeric AM/FM frequency displays 
instead of a tuning "dial" and most cir- 
cuits are built on swing -up, plug-in pc 

boards. (In fact, the optional FM Dolby 

decoder in both cases is identical.) 
Where the two differ is in the fact that the 

Model AR -1515 is a complete integrated 
tuner/control center/amplifier, while the 
Modulus is basically a tuner/control cen- 

ter to which external power amplifiers 
must be added. The new digital receiver 
is rated to deliver a minimum of 70 

watts/ channel into 8 ohms with less 

than 0.08% THD from 20 to 20,000 Hz. 

The Model AR -1515 receiver meas- 
ures 211/2"W x 15"D x 61/4"H (54.6 x 

38.1 x 15.9 cm) and weighs 35.8 lb 

(16.3 kg). Available only in kit form, it is 

catalog priced at $549.95. The optional 

Model AD -1504 FM Dolby decoder kit is 

$39.95. 

General Description. The numeric 

display is really what makes this a "digi- 

tal" receiver. The 1/2" (12.7 -mm) red LED 

seven -segment display indicates FM 

frequencies to the nearest 0.1 -MHz, dis- 
playing only the odd -numbered chan- 
nels used in the U.S., and to the nearest 
10 -kHz on AM. The display and its de- 
coder/driver circuits are located behind 
a rectangular "dial" area at the left of the 
front panel. The dial area is covered with 

a window that appears as a dead black 

area when the receiver is turned off. 

Also behind the window are two me- 

ters that indicate relative signal strength 
on AM and FM and center -channel tun- 

ing on FM. The meters are lit in soft 
blue-green when the tuners are in use. 
Other illuminated legends that appear 
on the window identify the program 
source selected (Aux, TAPE, AM, FM, 

PHONO 1, and PHONO 2), the mode 
(MoNo or 2cH), and the presence of a 
stereo FM PILOT during reception. 

To the left of the dial window is the 
pushbutton POWER switch. When the 
power is on, no discrete power indicator 
comes on. Instead the numeric display 
lights up when the receiver is set to 

either tuner or at least one of the other 
legends is illuminated when the tuners 
are not selected to indicate the power - 

on status. 
To the right of the dial window area 
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Noise and sensitivity curves for FM section of receiver. 

are all the primary controls, arranged in 

a horizontal row. These include the TUN- 

ING control, MODE and source SELECTOR 

switches, and the VOLUME control. All 

less -frequently used controls are locat- 

ed along the lower portion of the front 
panel and hidden behind a narrow panel 
that hinges down to allow access to 

them. At the left is a headphone jack for 
private listening. This is followed by sep- 
arate pushbuttons that switch in and out 
two sets of speaker systems. The next 
two buttons allow switching in and out 
Low and HI audio filters. Next come 
three small controls, with knobs that are 
the same size and shape as those on 
the pushbutton switches. These are for 

adjusting the BASS, TREBLE, and BAL- 

ANCE. 

After the rotary controls come seven 
pushbutton switches: TONE FLAT by- 
passes the tone controls; LOUD cómpen- 
sates the response at reduced volume 
levels; SQUELCH DEFEAT; BLEND re- 

duces noise on weak stereo FM signals; 
DOLBY for decoding Dolby -encoded FM 

broadcasts when the optional Dolby 
module is included; TAPE MON (monitor); 
and TAPE DUBBING. The TAPE DUBBING 

switch is used with the two TAPE DUB- 

BING jacks located to its right. The jacks 
are labelled IN and our. They can be 
used to patch a second tape deck into 
the system (in addition to a deck con- 
nected to the terminals on the rear of the 
receiver). Programs can be dubbed from 
either deck to the other or copied on 
either or both decks from a selected pro- 
gram source. 

The speaker outputs on the rear 
apron use Heath's proprietary polarized 
connectors that are designed to simplify 
installation and eliminate phasing errors. 
Since there are no markings on the 
plugs themselves, the "hot" and ground 
terminals can be identified only by ex - 

AUGUST 1977 

80 90 100 

amining the rear panel of the receiver, 
on which the polarities are plainly 
marked. (The plugs can go into the con- 
nector blocks in only one direction). 

Among the input and output connec- 
tors provided are separate preamplifier - 
output and power amplifier -input jacks 
that are normally linked together by ex- 
ternal jumpers. Vertical and horizontal 
outputs are also provided for using an 

oscilloscope as a multipath indicator. A 

300- or a 75 -ohm FM antenna can be 
hooked up to the receiver via screw -type 
terminals, while a phono jack is used for 
the shielded coaxial AM loop antenna 
used with the receiver. (Materials are 
provided in the kit for making the anten- 
na.) 

The power transistors and their large 
heat sinks are mounted on the sides of 
the receiver, flush with the rear apron. 
Wooden walnut -finished side panels 
decorate the sides between the heat 
sinks and front panel. , 

The FM tuner has a preassembled 
and tested front end containing two 
MOSFET r -f amplifiers and four tuned 
circuits. The oscillator frequency is divid- 
ed by eight before being counted for dis- 
play on the numeric frequency display. 
The FM i -f amplifier has two shielded LC 

10 I 

o 
FREQUENCY RESPONSE 

-H 

10 

HEATH AR -1515 

STEREO FM 
AVERAGE BOTH CHANNELS // f-- 

E 

CROSSTALK 

FREQUENCY IN Mr 

Frequency and crosstalk 
averaged for both channels. 

filters, IC stages for gain and limiting, 
and an IC digital detector. The multiplex 
decoder uses a phase -locked -loop 
(PLL) IC. 

Laboratory Measurements. Our 
test receiver was built from a kit and 
aligned in accordance with instructions 
without the use of external test equip- 
ment. Since we found that the measured 
performance of the receiver after as- 
sembly and alignment without instru- 
ments generally matched or surpassed 
its ratings, we did not attempt to make 
any improvements by instrument align- 
ment. 

After the one -hour preconditioning pe- 
riod al one-third rated power, the heat 
sinks were fairly warm but not uncom- 
fortable to the touch. The rest of the re- 

ceiver was quite cool. (In normal serv- 
ice, the hottest part of the cabinet is di- 
rectly over the numeric display and its 
three IC drivers.) The outputs clipped at 
78 watts/channel with both channels 
driving 8 -ohm loads at 1000 Hz. The 4 - 

ohm output was 122 watts, and the 16 - 

ohm power was 59 watts. 
The 1000 Hz THD was between 

0.006% and 0.01% from 0.1 to 30 watts 
output. It increased to 0.014% at the rat- 
ed 70 watts and to 0.017% at 75 watts. 
The intermodulation (IM) distortion was 
between 0.02% and 0.1% for all outputs 
from 20 mW to 75 watts output. 

At the rated output into 8 ohms, the 
THD was about 0.015% in the midrange 
and less than 0.05% from 20 to 20,000 
Hz. At half power and less, the charac- 
teristic was similar and the distortion re- 

mained between those limits. The input 
required for a 10 -watt reference output 
was 55 mV through the Aux inputs and 
0.63 mV through the PHONO inputs. The 
respective S/N measurements were 85 
and 77 dB (unweighted), both of which 
are exceptional figures. The phono input 
overloaded at a very safe 125 mV. 

The tone control characteristics were 
excellent, with the bass control turnover 
frequency shifting from well below 100 
Hz to about 300 Hz as the control was 
moved from center and the treble re- 
sponse hinging at about 5000 Hz. Ex- 
cept at the extreme settings of the con- 
trols, the midrange response was hardly 
affected. The filters had the desirable 
(and rarely found) 12 dB/octave cutoff 
slopes, with their -3 -dB response fre- 
quencies being 5000 and 22 Hz. The 
loudness compensation boosted both 
low and high frequencies to such a mod- 
erate degree that the feature was actual- 
ly useful. 

The RIAA phono equalization was as 
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accurate as our test instruments could 
measure, with ±0.5 dB from 25 to 
20,000 Hz. It was immune to cartridge 
inductance, which changed the frequen- 
cy response by less than 0.5 dB in the 
10,000 -to -20,000 -Hz range. This is a re- 
sult of the use of op -amps for the phono 
preamplifiers, which maintain good iso- 
lation between the signal input and the 
feedback components that determine 
the frequency response. 

The FM tuner was as "hot" as any we 
have tested. The mono IHF sensitivity 
and 50 -dB quieting sensitivity both mea- 
sured 10.8 dBf (1.9 p.V). In stereo, the 
IHF sensitivity was 17 dBf (4.0 µV), and 
the 50 -dB quieting sensitivity was 35 dBf 
(30 µV) with 0.45% THD. The ultimate 
THD at a 65-dBf (1000 µV) input was 
0.24% in mono and 0.34% in stereo. 
The respective S/N measurements 
were 70.5 and 63 dB. The stereo THD, 
with L -R modulation, was 1.1% at 100 
Hz, 0.63% at 1000 Hz, and 0.07% at 
6000 Hz. 

The FM. capture ratio of 1.7 dB was 
fair by current standards, though the 72 - 
dB AM rejection figure was well above 
average. Image rejection was a very 
good 100 dB, and was barely within the 
range of our test equipment. Alternate - 
channel selectivity was also very good 
at 83.7 dB, and adjacent -channel selec- 
tivity was 11.8 dB. The muting threshold, 
as set by the kit builder, was at 21 dBf (6 
µV), which was a suitable setting for 
most purposes (the threshold is adjust- 
able during the alignment of the receiv- 
er). Unlike most FM receivers, the 
AR -1515 does not automatically switch 
from stereo to mono when the signal 
strength drops below a certain level. If a 
stereo signal is heard with too much 
noise, the user has merely to set the 
MODE Switch to MONO. This does not 
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affect the FM PILOT indicator on the pan- 
el, so that one is always aware that a 
transmission is in stereo, even if it is be- 
ing heard in mono. 

The FM frequency response was al- 
most perfectly flat from 30 to 10,000 Hz 
and was down 1.4 dB at 15,000 Hz. The 
19 -kHz pilot carrier in the audio outputs 
was suppressed to -62 dB. FM tuner 
hum was -70 dB. Stereo crosstalk was 
about -47 dB at 400 Hz, increasing 
smoothly to -28 dB at 30 Hz and to 
-23.5 dB at 15,000 Hz. Both channels 
were identical in this respect, and the 
adjustment of the separation control on 
the multiplex board (its only alignment 
adjustment) was completely noncritical. 
When it is set so that the FM PILOT light 
comes on, the separation is automatical- 
ly optimum. The only measurement 
made on the AM tuner was for frequency 
response, which (like that of the Heath 
Modulus) was excellent. It was within 
±1 dB from 20 to 4000 Hz, and down 6 
dB at about 6600 Hz, after which it 

dropped off steeply to -30 dB at 10,000 
Hz and beyond. (The usual AM "whis- 
tles" are effectively eliminated in this 
tuner.) 

User Comment. Assembling the re- 
ceiver was a time-consuming but by no 
means a difficult job. The kit builder 
spent some 41 hours assembling, 
checking out, and adjusting the receiver. 
An additional two hours were spent on 
assembling the tester that comes with 
the receiver and the optional Dolby 
noise -reduction module. 

As usual, a great deal of credit must 
be given to Heath's excellent assembly 
manual and the use of wiring harnesses 
with prepared wire ends (including sock- 
ets for the pc modules) for the ease with 
which this kit went together. Each sub- 

assembly that makes up the receiver 
was packaged in its own box, which 
made the kit -building job appear more 
like an exercise in assembling a number 
of mini -kits. Too, the mechanical por- 
tions of the receiver seemed to fall into 
place, so easily did they line up and fas- 
ten together. 

In many respects this receiver's per- 
formance is in keeping with the better 
manufactured receivers on the market 
today in its price range. In almost all oth- 
er respects, the receiver would rank 
from good to excellent. Only in a couple 
of measurements did it fall short of what 
we have come to expect from an expen- 
sive, deluxe receiver. Judged by its ac- 
tual off -the -air performance and sound 
quality, the receiver can hardly be fault- 
ed. Moreover, we know of no other 
stereo receiver that can match its AM 
quality. 

The concept of an uncluttered front 
panel, with only the principal controls ex- 
posed to view, is an admirable one. 
Heath has come very close to achieving 
this goal in the AR -1515. It missed its full 
realization, however, by putting the Mo- 
NO/STEREO switch on the main panel 
with a knob equal in size to the TUNING, 
VOLUME, and input SELECTOR controls. 

The tuning rate is unusually fast. Only 
about five turns of the tuning knob are 
needed to cover the entire FM band. 
The actual "feel" of the tuning is very dif- 
ferent from the freely -moving flywheel 
mechanisms of other tuners and receiv- 
ers, but it is very smooth, positive, and 
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With hinged front panel open, minor 
controls and jacks are shown. 
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noncritical. The digital "dial" leaves no 
doubt as to which channel the receiver is 
tuned to, of course, and there is no de- 
tectable frequency drift, even from a 
cold start. The tuning is non -critical for 
optimum noise, distortion, and stereo 
separation characteristics, so that cen- 
tering the tuning meter assures that the 
receiver is doing its best job. Interstation 

FM muting is positive and noise -free, ex- 
cept for a slight "click" as it goes in and 
out of action. Also, this receiver is one of 
the very few to have really effective au- 
dio filters. 

The AR -1515 receiver is certainly flex- 
ible enough for any reasonable listening 
situation and will easily hold its own with 
any receiver in sheer listening quality. If 

the pleasure of building your own receiv- 
er is a factor, (it requires considerable 
time to assemble, but it goes together 
without a snag), this receiver represents 
a fine choice since the end result from 
both a performance and aesthetic view 
would make any builder proud to claim it 

as his handiwork. 
CIRCLE NO. 90 ON FREE INFORMATION CARD 

THORENS MODEL TD -1 26C RECORD PLAYER 

Has low -mass tonearm and electronic belt -driven turntable. 

Q d c . .. ° 

HIRSChr. TD -126C high- 

LABS 
K performance rec- 

REPORT ord player from 
Thorens features 

the company's very -low -mass "Isotrack" 
tonearm and an electronic belt -driven 
turntable. It is also one of the very few 
modern turntables to offer the 78 -rpm 
speed as well as the more commonly 
available 33 1/3- and 45 -rpm speeds. 
The platter and tonearm are isolated 
from the base on which the motor con- 
trols are mounted by a highly compliant 
spring suspension. 

The record player is supplied on a 

black base with silver accents and 
comes with a hinged plastic dust cover. 
It measures 197/á'V1/ x 151/2"D x 63/4"H 

(50.5 x 39.4 x 17.1 cm) and weighs 34 
lb (15.5 kg). Price is $625. Additional 
plug-in tonearms are $15.00 each. 

The new Model 

General Description. The gimbal pi- 
vots support a 9" (23 -cm) straight tubu- 
lar lightweight aluminum tonearm. Anti - 
skating compensation is applied by op- 
posing magnetic fields and can be ad- 
justed by turning a knob on the side of 
the pivot housing. Four antiskating 
scales cover the use of conical and ellip- 
tical styli on dry and wet (lubricated) rec- 
ord surfaces. 

A large part of the effective mass of a 

tonearm is in the plug-in cartridge shell 
and its locking hardware found in most 
record-player systems. Thorens has 
eliminated the usual cartridge shell with 
the result that the end of the tonearm 
contains only a plastic T that is just large 
enough to permit mounting a cartridge 
through its 1/2" (12.7 -mm) spaced holes 
and a light metal finger lift 

For cartridge installation and inter- 
changing, the entire tonearm plugs into 
and unplugs from a socket that resem- 
bles the four -pin type used in most con- 
ventional tonearms at the cartridge shell 
end. The socket is located only about 
21/2" (6.35 cm) from the pivot, where its 
mass is much more tolerable than it 
would be if it were on the end of the 
tonearm. The removable tonearm (addi- 
tional arms are available for installing 
other cartridges) is furnished in a plastic 
storage container that also serves as a 
jig for aligning and orienting the phono 
cartridge. 

The 7 -lb (3.2 -kg) cast nonferrous plat- 
ter is driven by a 16 -pole synchronous 
motor. The speed of the motor is con- 
trolled by a stable Wein-bridge oscilla- 
tor. A vernier control is provided for ad- 
justing the speeds over a nominal ±6% 
range. 

The controls for the turntable are lo- 
cated in a row across the top front of the 
base. The suspended portion of the rec- 

ord player lies behind the controls so 
that operation of the controls does not 
jar the pickup. A knob at the left is for 
turning on and off the power to the turn- 
table. The speed is selected by pressing 
lightly one of three flat rectangular 
plates. The outer edge of the selected 
speed plate lights up. (When the turnta- 
ble is initially turned on, the 33V3 -rpm 
speed is automatically selected.) 

To the right of the speed -selector 
plates is the stroboscope window that 
provides a view of the illuminated mark- 
ings on the bottom of the platter. A 
speed vernier control near the window 
can be used to adjust each speed, re- 
ferred to its own set of stroboscope 
markings. Although a single Vernier 
speed control is provided, when one 
speed is accurately set, the others are 
also correctly set. To the right of the ver- 
nier control is the mode selector that 
provides the user with a choice of fully 
manual operation, automatic tonearm lift 
at the end of play, or automatic tonearm 
lift and motor shutoff at end of play. 

Next come three flat plates, similar to 
those used for speed selection. The first 
plate, whose edge lights up when power 
is first applied, is a shutoff control that, 
when activated, lifts the tonearm and re- 
moves power from the motor. The next 
plate turns on the motor but does not 
lower the tonearm; it can be used as a 

cueing arm lift when a record is being 
played. The last plate turns on the motor 
and lowers the pickup; it is the cueing 
descent control when a record is on the 
turntable. Very little force and almost no 
travel are required to activate any of the 
plate controls. For the automatic end -of - 
play tonearm lift, an electric velocity sen- 
sor detects the rapid movement of the 
tonearm in the eccentric groove and trig- 
gers the lift circuit. It does so without im- 
posing any additional load on the tone - 
arm or cartridge. 

Laboratory Measurements. We 
tested the record player with a Shure 
Model M95ED cartridge installed in its 
tonearm. After adjusting the cartridge as 
accurately as possible with the plastic 
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storage container/setup jig, we found 
that the apparent tracking error was 
larger than we had expected it to be. In- 
vestigating further, we discovered that it 
was difficult to measure the tracking er- 
ror with our stylus protractor because of 
the shape of the tonearm. (No cartridge 
shell surfaces are tangent to the record 
groove.) On the reasonable assumption 
that the almost contant 2° error that we 
found was a measurement problem 
rather than a true tracking error, we de- 
termined that the tonearm has a near 
zero error over most of the record sur- 
face and a maximum of 0.5°/in. near the 
outside of the record. 

When we balanced the tonearm so 
that the stylus was just above the sur- 
face (this according to instructions), the 
tracking force was high by 0.25 gram at 
all settings of the pressure dial. We 
readjusted the balance for a correct 
reading with the force dial set to 1 gram 
and found that the calibration was accu- 
rate over the entire 0.5 -to -3 -gram range 
of the dial. However, the tonearm bal- 
anced with the stylus about 1/2" above 
the surface of the record. 

When we measured the mass of the 
tonearm with a calibrated spring driven 

by a small loudspeaker motor, it was 9.8 
grams (after subtracting the 6 -gram 
mass of the cartridge). Although this is 
somewhat more than' the claimed 7.5 - 
gram mass, it was substantially lower 
than the mass of a typical record player 
tonearm. 

The low -frequency resonance of the 
M95ED cartridge in the Isotrack tonearrn 
fell at 10 Hz instead of the 8 Hz or so 
that is typical of other tonearms. The ca- 
pacitance of the tonearm's wiring and 
the integral signal cables was 190 pF/ 
channel, which is suitable for stereo car- 
tridges but obviously not intended for 
use with CD -4 cartridges. 

The turntable rumble was a very low 
-42 dB in a lateral unweighted mea- 
surement and -64 dB with ARLL 
weighting. Spectrum analysis revealed 
that the rumble was predominantly at 6 
Hz. Although flutter was a low 0.035%, 
the wow varied at a slow rate, with a pe- 
riod of several seconds, between 0.02% 
and 0.08%, averaging about 0.06%. The 
principal flutter component was at 50 
Hz. 

The speeds of the turntable were ex- 
act and did not change with line voltage 
or with extended use. The vernier con- 

trol had a measured range of ±9%. 
The antiskating calibration was cor- 

rect, giving equal distortion in both chan- 
nels of the cartridge's output when the 
control was set to match the tracking 
force. However, when the antiskating 
was set to its minimum, there was suffi- 
cient residual force to swing the tonearm 
outward when it was floated in a bal- 
anced condition. The descent of the 
tonearm during cueing was slightly in- 
fluenced by the antiskating force, caus- 
ing it to drift outward enough to repeat a 
couple of seconds of the record. 

The isolation of the record player from 
base -conducted vibrations was ex- 
tremely effective. There was only one 
resonant transmission peak, between 
40 and 50 Hz, and at this frequency, the 
sensitivity of the player to external vibra- 
tion was 10 to 30 dB lower than any oth- 
er record player we have tested. At other 
frequencies, the isolation was as much 
as 50 dB better than on other players. 
The self -resonant frequency of the play- 
er on its springs was about 3 Hz. 

User Comment. The Model TD -126C 
record player represents an appreciable 
advance in player performance, even 

Now, whenever you'd like to give a circuit 
a try, you can build it up nearly as fast as you -.. 
can dream it up with Super-StripsTM, the faster, easier 
and less expensive solderless breadboards from A P 
Products. When you build your circuit on a Super - 
Strip, everything stays as good as new. Once you're 
through, you can use everything again and again. In- 
stantly. Put a Super -Strip to work for you. Eight dis- 
tribution lines handle signal and power, and 128 five - 
tie -point terminals can handle 9 ICs and then some. 
It's a whole lot easier than printing a circuit 
and a whole lot handier than haywire. 

Part 
Number 

Model 
Number 

Terminal 
Type 

Price 
Each 

923252 SS -2 nickel -silver $17.00 
923748 SS -1 gold-plated $18.90 

Order from your A P distributor today. Our distributor list is growing daily. For the name of the distributor 
nearest you call Toll -Free 800-321-9668. 

aP Send for our complete A P catalog, the Faster and 
Easier Book. 

A P PRODUCTS INCORPORATED 
Box 110 Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250 
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though most of its basic design features 
are conventional. Most important is that 
its tonearm mass is the lowest by far that 
we have measured on a conventional 
record player (with a pivoted offset arm). 
The antiskating is correct, which is most 
unusual in our experience. Turntable 
flutter is low, though not unusually so, 
but the rumble is on a par with some of 
the best direct -drive turntables and is 

lower than we have previously mea- 
sured on a belt -driven turntable. And as 
we mentioned before, this is also one of 
the very few modern turntables to offer a 

78 -rpm speed. 

The operation of the player is simple 
and logical, providing a choice of partial 
automation or none at all. For all practi- 
cal purposes, the player is immune to 
acoustic feedback conducted through its 
base. However, the player was some- 
what sensitive to jarring under rough 
handling. 

To counterbalance its virtues, the 
player is large, heavy, and quite expen- 
sive. It is obviously not suited to CD -4 

cartridges, and it does not have a per- 
fectly drift -free cueing system (though it 

is no worse in this respect than most 
other players). 

Cartridge installation was an incred- 
ibly exasperating procedure, we ob- 
served. Fortunately, this is not a recur- 
ring process. Perhaps our reaction is 

colored by having read the manufactur- 
er's instruction manual before starting. 
The importer's manual is relatively clear 
on the cartridge installation procedure. 

In sum, even at its rather high price, 
the Model TD -126C record player is cer- 
tain to appeal to discriminating phono- 
philes, especially those who have col- 
lections of 78 -rpm discs. 

CIRCLE NO. 102 ON FREE INFORMATION CARO 

ORTOFON MODEL MC20 PHONO CARTRIDGE AND 
MODEL MCA -76 PREAMPLIFIER 

Top -grade stereo cartridge uses moving -coil design_ 

4 
HIRSCH- 
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REPORT 
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A 
MCA. 76 Ortofon 

Ortofon has re- 
cently produced 
some moving -iron 
cartridges, but its 
newest and finest 

model, the MC20, uses the moving -coil 
principle, which they had previously em- 
ployed exclusively. As is the case with 
most moving -coil cartridges, this one 
does not allow user replacement of the 
stylus. Instead, the entire cartridge can 
be exchanged for a new one at a consid- 
erable price saving when it comes time 
to replace the stylus. 

Since the moving -coil type of cartridge 
has a very low output level, it usually re- 
quires a signal "booster" to allow it to 
adequately drive the phono input circuits 
of most amplifiers and receivers. This 
booster can be a step-up transformer or 
a separate preamplifier, both of which 
are available from Ortofon. For our tests 
on the Model MC20 cartridge, we select- 
ed the new Model MCA -76 preamplifier. 

The Model MC20 cartridge is priced at 
$120 ($65 on exchange for stylus re- 
placement); the Model MCA -76 pream- 
plifier is $170. 

General Details. A modified elliptical 
"Fine -Line" stylus is used on this car- 
tridge. The shape of the stylus allows 
contact with the groove walls along thin 
edges in a manner similar to that of the 
special styli developed for CD -4 car- 
tridges to give better high -frequency 
tracking and lower record wear. The 
compliance of the cartridge is rated 25 
horizontally and 15 vertically, and the 
equivalent tip mass is 0.5 mg. The range 

é 

of tracking forces is rated at 1.5 to 2.0 
grams, with 1.7 grams being the force 
recommended by Ortofon. The vertical 
tracking angle is 20°. Total cartridge 
mass is 7 grams. 

The stylus drives the signal -generat- 
ing coils through a cantilever whose 
diameter is stepped to provide stiffness 
with low mass. The fixed end of the can- 
tilever is supported and damped by a 

rubber suspension, and the motion of 
the stylus "wiggles" the dual coil assem- 
bly in a powerful magnetic field. Each 
coil has only 28 turns of very fine wire. 
Hence, the output signal voltage at a 5- 
cm/s recorded velocity is a mere 70 µV. 
The dc resistance of the coils is 2.5 
ohms/channel, and the inductance is 

negligible. 
The Model MCA -76 preamplifier used 

with the cartridge has a voltage gain of 
50, which increases the minute output 
level of the cartridge to about 3.5 mV. 
The input impedance of the preamplifier 
is 75 ohms, which is a suitable load for 
the cartridge. The output impedance of 
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less than 140 ohms allows the pream- 
plifier to drive long cable lengths or to be 
terminated by almost any preamplifier 
input circuit without modifying the re- 

sponse of either the cartridge or the am- 
plifier. 

The maximum input rating of the 
preamplifier is 6 mV to provide a 300 - 
mV output, providing the assurance that 
it will never limit the system's dynamic 
range. The preamplifier's distortion is 

negligible, rated at less than 0.04% THD 
and 0.01% IM at the maximum input lev- 

els. Hum is rated to be 120 dB below the 
maximum operating level. Since this is 

almost 40 dB above the nominal output 
of the cartridge, the net S/N ratio is on 
the order of 80 dB, which is highly note- 
worthy and surpasses the S/N of any 
preamplifier that is likely to be used with 
this cartridge preamplifier. 

The preamplifier is housed in a small 
black box and has its own integral ac 
power supply. A pushbutton switch at 

one end of the box shuts off the power 
and simultaneously bypasses the am- 
plifier circuits when in the out position. 
This allows the preamplifier to be left 
connected to a record player in which 
other types of cartridges will also be 
used. A second button on the case al- 
lows insertion of a built-in CD -4 low- 
pass filter to roll off the response sharply 
beyond 50,000 Hz. This prevents inter- 
ference with the demodulator circuits 

Slum re -wave 
response 
reveo leca 

low-level 
ri ngting. 

from r -f noise pickup. There is a fixed 
subsonic filter that cuts off the response 
very sharply below 7 Hz. 

Laboratory Measurements. We 
tested the cartridge both directly at its 

outputs and through its companion 
preamplifier. For most of our tests, the 
cartridge was installed in the tonearm of 

a Thorens Model TD -126C player. 
Experimenting with different tracking 

forces, we found that a 2 -gram force 
was required to track the highest veloc- 
ities on our test records. That force was 
subsequently used throughout our tests. 

Playing the CBS STR100 test record, 

the frequency response of the cartridge 
sloped gently downward with increasing 
frequency, to about -2.5 dB between 
5000 and 10,000 Hz, before rising to be- 
tween +1 and +2.5 dB at 20,000 Hz. 

(The two channels responded slightly 
differently.) The rise was obviously the 
lower skirt of a relatively undamped sty- 
lus resonance, but we did not extend cur 
measurements beyond 20,000 Hz. 

Channel separation measured 20 to 

25 dB up to 10,000 Hz and beyond. It 

decreased to 12 to 18 dB at 20,000 Hz. 

The square -wave response of the car- 
tridge with the CBS STR112 test record 
revealed fairly low-level sustained ring- 
ing over the entire duration of the square 
wave at a frequency we estimate to be 

about 40,000 Hz. The measured vertical 
tracking angle was 20° (as rated). 

The output of the cartridge at 3.54 
cm/s was about 5.1 mV when using the 
Model MCA -76 preamplifier, with the 
two channels matched to within 0.4 dB. 
In our tracking tests, the cartridge was 
able to play all levels of the Shure 
TTR-110 record at 2 grams, although 
there was a hint of mistracking at the 
highest level of the bass drum. The 60 - 
micron level of the German Hi -Fi Insti- 
tute test record was barely tracked at 2 

grams. Using the Shure TTR-103 rec- 
ord, the 10,800 -Hz tone -burst distortion 
was low at less than 1% at all velocities 
up to 30 cm/s maximum. 

i 

The IM test, using the Shure TTR-102 
record, revealed that the distortion in- 
creased gradually from about 1.6% at 
velocities slower than 15 cm/s to 4% at 

27.1 cm/s. There was no evidence of 
the severe mistracking that occurs with 
some cartridges at the higher levels of 
this record. 

The Model MCA -76 preamplifier had a 

gain of 34 dB (equivalent to a voltage 
gain of 50) ±0.3 dB from below 10 Hz to 
well beyond 50,000 Hz. The 1000 -Hz 
distortion was less than 0.04% for out- 
puts up to 100 mV and only 0.1% at the 
maximum rated output of 300 mV. The 
output clipped at 430 mV, which re- 

quired just slightly greater than 8 mV at 

the input. 
We could not measure the noise level 

of the preamplifier. It was below the min- 
imum levels readable on our instru- 
ments. 

User Comment. An extended listen- 
ing experience with the cartridge/ 
preamplifier system did nothing to re- 

solve our doubts about whether or not 
moving -coil cartridges have special 
qualities. We never heard anything in 

the sound of this cartridge that we did 
not hear more or less when playing the 
same records with other good car- 
tridges. Unfortunately, we were not able 
to make true A -B comparisons with this 
and other cartridges in identical tone - 
arms playing the same record. 

In the same vein, the measured per- 
formance of the Ortofon cartridge re- 

veals that it is good to excellent in practi- 
cally every respect. After "living" with 
the new Ortofon cartridge for an extend- 
ed period, we eventually came to realize 
that its sound was impressively devoid 
of harshness and identifiable coloration, 
measurements aside. We got the per- 
sonal sense that this cartridge has a 

clarity and definition that place it some- 
what apart from other cartridges, al- 

though we would not be able to support 
this statement objectively. 

To our hearing, the preamplifier con- 
tributes no noise when in operation. At 

the highest listening levels we could 
use, lifting the pickup resulted in dead si- 

lence from the speaker systems. (At 
higher gain settings, which we do not 

consider to be normal for listening, some 
slight amount of hiss could be heard.) 
We did find, however, that there was 
enough power -line hum pickup in the 
cartridge circuit, apparently from ground 
loops, to be audible at high gain settings 
when the cartridge was installed in the 
Thorens tonearm. The magnitude of the 
hum varied with our choice of amplifier 
and was much less when we installed 
the cartridge in other tonearms. It ap- 
pears that this hum problem was a pecu- 
liarity of our installation and cannot be 

chargeable to the record player or car- 
tridge. 

This is one of the best as well as one 
of the most expensive phono cartridges 
we have used. (We include the cost of 

the cartridge preamplifier in our assess- 
ment; the cartridge alone is not unusual- 
ly expensive.) In combination with a suit- 
able audio system, it will provide as 
great a sense of reality as any other top- 
quality cartridge. 
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Why you should buy a digital 
multimeter from the 

leader ín digital multimeters. 
If you're shopping for your first multi - 

meter, or moving up to digital from 
analog, there are a few things you 
should know. 

First, look at more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs at any price. And 
it's only $169: 

Second, quality pays. Fluke is recog- 
nized as the leading maker of multi - 
meters (among other things) with a 
30 -year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under -buy. You may think 
that a precision 31/2 -digit digital multi - 
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday. 

If you're just beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% dc accuracy, and that's ten 

1808-7001 

times better than most analog meters. 
Also, the 8020A's digital performance 

means things like 26 ranges and seven 
functions. And the tougher your home 
projects get, the more you need the 
8020A's full -range versatility and ac- 
curacy. The 8020A has it; analog meters 
don't. 

If you're a pro. 
You already know Fluke. And you 

probably own a benchtop-model multi - 
meter. 

Now consider the 8020A: smaller in 
size, but just as big in capability. Like 
2000 -count resolution and high -low 
power ohms. Autozero and autopolarity. 
And the 8020A is MOV-protected to 
6000V against hidden transients, and 
has overload protection to 300V ac. 

Nanosíemens? 

Conductance To Resistance Conversion 
to 

á 

loo. 

1,000 

10,000 
0.1 1 10 100 

Conductance (nS) nanósiéméns 

Beginner cr pro, you'll find the meter 
you now have can't measure nanosie- 
mens. So what? With the 8020A con- 
ductance function, you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the 8020A, 
a 13 -oz. heavyweight that goes where 
you go, with confidence. 

What price to pay. 

$169.* 
Of course, you can pay more. Or less. 

In fact, you could pay almost as much 
for equally compact but more simplistic 
meters, and get far less versatility. And, 
the 8020A gives you the `plus' of custom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all). All parts 
and service available at more than 100 
Fluke service centers, worldwide. Guar- 
anteed, for a full year. 

Rugged. Reliable. Inexpensive to 
own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hours. 

Where to buy. 
Call (800) 426-3061 toll free. Give 

us your chargecard number and we'll 
ship one to you the same day. Or, we'll 
tell you the location of the closest 
Fluke office or distributor for a per- 
sonal hands-on feel for the best DMM 
value going. 

*U.S. price only 

Fluke 8020A DMM for 
Home Electronics Experts: $169 

FLUKE 

AUGUST 1977 
CIRCLE NO. 21 ON FREE INFORMATION CARD 

37 



. 

ocies 
e of this. 

32K. One Card. One low price. 
Only from the Digital Group. 

Now, on only one fully static card, the Digital Group has 
squeezed in a whopping 32K of memory. Which, with a little 
quick addition, means a full 64K architecture now requires 
only 2 boards instead of 8. That's a 4 -to -1 space reduction 
...and leaves one extra memory slot on the Digital Group's 
standard motherboard still available for future products. 

All this and one low price, too. 
It just may be the best news of all. Our full static, assembled 
and tested 32K memory board is only $995. Now that's worth 
remembering. It's substantially less than our equivalent as- 
sembled 8K board prices. (Please note: We're initially offer- 
ing this 32K hoard assembled only, but kit versions will soon 
he available, too-at even lower prices.) 

Here's what you get. 

Specifications: 
32K on single card 
Speed-450ns. All of our current CPUs will operate at 
full -rated speed. 
Decoding-Lower or upper 32K bank 
Power-+5V only 4A 
Card size -12" x 5" (excluding connector fingers) 

Features: 
May be intermixed on Digital Group systems with our 
8K memory cards 

All data and address lines are buffered 
Fully static memories-EMM 4801 (450ns) or equiva- 
lent 

Price: 
32K board complete, assembled and tested $995.00 

For all the memorable details, just fill out the coupon below. 
(Then all you have to remember is to mail it in.) 

P.O. Box 6528 
Denver, Colorado 80206 (303) 777-7133 

1 promise to mail this in, so add me to your mailing list! 

Name 

Address 

City/State/Zip 

O Remember me? I'm already on your mailing list, but I need the 
memory spec sheet desperately. 
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AUTOMATIC percussion synthesiz- 
ers are popular musical accompani- 

ment accessories. The "Cabonga" de- 
scribed here is a percussion synthesizer 
that is designed to be played by hand 
like a conventional bongo drum. All elec- 
tronic, it is battery powered and pro- 
duces an output that can drive just about 
any instrument amplifier/speaker system. 

The Cabonga electronically generates 
a damped sine wave whose frequency is 
continuously variable to provide sounds 
that range from a bass drum to a wood 
block. Its exponential decay time can be 
varied from a fraction of a second to 
more than two seconds to simulate 
sounds that range from a click to a tim- 
pani. 

Provisions are included for both local 
and remote triggering. In addition, a mul- 
tivibrator (such as the automatic trigger 
accessory to be described next month) 
can be used to continuously trigger the 
Cabonga at a preset rate. By intercon- 
necting the external -trigger jacks of two 
or more Cabongas, you can simulate a 
wide range of percussion instruments at 
one time. 

In this first part of a two-part article, 
we discuss the operation and construc- 
tion of the basic Cabonga. Next month, 
we cover the accessories that can be 
used with it. These include snare -drum, 
automatic triggering, special -effects 
sound modifier, and a combination ac 
power supply and active audio mixer. 

About the Circuit. The circuit of the 
Cabonga is shown schematically in Fig. 
1. When the drum head is struck, S1 
closes and applies a positive -going 
pulse to Cl and R2. This pulse is 

passed by C2 and 02 to the tone gener- 
ator: When S1 opens and Cl dis- 
charges, the negative -going pulse pro- 
duced is shunted to ground by Dl. 

Thé tone generator is a twin -T active 
filter made up of IC18, R4, R5, R10, and 
C3 through C6. An additional feedback 
loop is made up of R8 and R9. With the 
compónent values shown, applying a 

trigger pulse produces an exponentially 
damped sine -wave output. Potentiome- 
ter R10 determines the operating fre- 
quency of the sine wave, while R8 and 
R9 in the feedback loop determine the 
decay time of the damping. The output 
signal from the tone generator is at- 
tenuated by volume control R11 and is 

buffered by ICIA and fed to J3. for 
subsequent processing. 

Construction. The Cabonga's circuit 
can be assembled on perforated board 
or a printed circuit board, the etching 
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Played like a bongo drum, the 
Cabonga produces waveforms that 

simulate sounds of percussive 
instruments from bass drum 

to wood block. 

wit' 1111 a ., 

/ 
D 

crt ,, PART 1 
311/Ox 

AUGUST 1977 39 



JI 
EXT. TRIG. 

SI 
RI 
2.2K R3 

R2 C2 D2 
68K 005pF IN4148 

DI 
IN4148 

CI 
.IyF 

R8 
100K 

R9 
150K 

R4 - R5 
IOOK IOOK 

C3 C4 
.IyF .IyF 

Fig. 1. Schematic diagram of the Cabonga. 
Note that the "collar" of power jack J2 
is at -9 volts, not ground potential. 

B I ,B2 -9 -volt transistor batteries 
Cl ,C3 through C7 -0.I -µF disc ceramic ca- 

pacitor 
C2-O.005-µF disc ceramic capacitor 
DI ,D2 -1N4148 silicon diode 
IC 1-5558 dual operational amplifier IC 
11-Subminiature phone jack 
J2-Miniature phone jack (insulated) 
13-Standard phone jack 
The following resistors are 1/4 -watt, 

RIO 
2K 

C5 
.IyF 

PARTS LIST 

1-C6 
.IyF 

R6 
10K 

RII 
10K 

-AANMAA,- 
R7 

10K 

ILIA 

82 + 
9V 

II S2B 

S2_ 

1111-..1 
A 

B2 

10% tolerance, carbon composition: 
R1-2200 ohms 
R2-68,000 ohms 
R3-330,000 ohms 
R4, R5- 100,0(X) ohms 
R6,R7-10,000 ohms 
R8 -100,000 -ohm, linear -taper pc trimmer 

potentiometer 
R9 -150,000 -ohm, linear -taper potentiometer 
R10 -2,000 -ohm, linear -taper potentiometer 

9V 

V 
J3 
OUTPUT 

J2 
EXT 
PWR 

R I I -10,(100 -ohm, linear -taper potentiometer 
SI-Oak feather -touch calculator keyboard 

NO switch (Poly Paks 92CU 1749 or equiva- 
lent). 

S2-Subminiature dpdt switch 
Misc.-Printed circuit board; battery clips; 

hookup wire; hardware; solder; etc. 

Note: See Bill of Materials (next page) for 
availability of kits. 

and drilling and component -placement 
guides for which are shown in Fig. 2. In 

either case, it is recommended that you 
use a socket or two rows of Molex Sol- 
dercons for the IC. Also, be sure you ob- 
serve the proper polarities and orienta- 
tion of the components. 

The circuit board, batteries and hold- 
er, jacks, etc. can be mounted in any 
convenient size box that will accommo- 
date them and the momentary -action 
pushbutton switch used for triggering 
the Cabonga. 

II J3 S28 R9 
R"S2A SI R9 

I 

C7 / -RS- 
R8 

R6 R7 

\ 
C6 

The box can be made from four 
pieces of /4" (19.1 -mm) thick plywood 
for the sides and two pieces of 1/4" (6.4 - 
mm) thick Masonite or tempered hard- 
board. The overall dimensions of the 
box should be roughly 911" x 7" x 2" (24 
x 17.8 x 5.1 cm). The top and bottom of 
each wall should be rabbeted to provide 
3/8" (9.5 -mm) deep by 1/4" wide "shelves" 
so that the top and bottom plates are 
flush with the top and bottom of the 
walls. (Note: If you do not have a router 
to make the rabbets, you can make each 

I SI 

I 

RI 

C5 C4 C3 DI C2 

ICI I I T CI R2 
I 

I 

RIO 

Fig. 2. Etching 
and drilling 
guide (below) 
and component 
layout (left) 
for the Ca bongo, 
pc board. 

wall from separate pieces of 1/2" and t/4" 

plywood, cutting the latter 1/2" narrower 
and fastening the pieces together with 
glue and 5/8" finishing nails.) Round all 

top and bottom edges of the walls with 
sandpaper. 

The top plate must be finished to per- 
mit mounting of the controls, switches, 
jacks, and the drum head assembly, as 
shown in the lead photo. If you use a 

metal control plate as shown, be sure 
that jack J2 is isolated from it. The cal- 
culator switch used under the drum 
head as the trigger switch is not mount- 
ed on the top plate. Hence a 11/2" (3.8 - 

cm) hole must be drilled for it. Fix the 
center of this hole at the mid -point of the 
shorter side and 3" (7.6 -cm) up from the 
end opposite the location of the jacks 
and controls. Drill the hole where the two 
measurements coincide. 

Next, referring to detail A in Fig. 3, 

fabricate the drum head switch retainer 
assembly from white pine lumber. Note 
the grooves in which the hardboard on 
which the switch is mounted fits. You do 
not need a router to make these 
grooves; a sharp wood chisel will do sat- 
isfactorily because of the softness of the 
pine. The No. 8 x 1" sheet metal screw 
used for adjusting the sensitivity of the 
drum head should have its point filed off. 

Once the retainer assembly is fab- 
ricated, fasten it to the bottom surface of 
the top plate with glue and flathead 
wood screws. Coat the top surface of 
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TRIGGER 
SWITCH DRUM HEAD I 5 I/ 4" 

Fig. 3. Details 
for construction 

of switch 
retainer assembly 

(A), plywood 
head ring (B). 

Finished drum head 
is shown at (C). 

TOP 
PLATE 

VINYL 

%//'////i 
///...\... \\\. ' 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\; 
_ 

\\\^\\\\\\\ t k A\ 

SENSITIVITY BOTTOM 
ADJUST PLATE 

(A) (B) 

ROUND BOTH EDGES 
(TOP ONLY) 

DRUM HEAD 

TACKS 
(IO EQUALLY 

SPACED) 

(C) 

the top plate with contact cement except 
for a 5th" diameter circular area cen- 
tered at the keyswitch hole. Neatly cover 
the plate with black vinyl, overlapping it 

on all sides. Cut away the vinyl from 
around the holes already drilled but not 
from around the keyswitch hole. 

The collar over which the drum's dia- 
phragm is stretched is made from a 6" 

square by 3/4" thick (15.2 x 15.2 x 2 cm) 
piece of plywood. When the wood ring 
has been cut out, round the top outer ; º f 

1 if/! F 
..J 

mastic surfaces must close up on each 
other. This tape is the decorative band 
that goes around the drum head and 
covers the staples holding the dia- 
phragm. To hold it in place, use 10 

chrome -finished upholstery tacks 
around the circumference of the ring col- 
lar. (See details B and C in Fig. 3.) 

Use four 3/a" flathead wood screws to 
fasten the drum head assembly to the 
top plate, centering it over the calculator 
key trigger switch. Then glue a block of 

,d-°o 

eo 

s 

and inner edges so that the top forms al- 
most a semicircle. Smoothly sand all 
surfaces. Then stretch a single layer of 
fabric -backed white vinyl over the top of 
the ring collar, fastening it in place with 
wire staples. Allow the vinyl to overlap 
the bottom edge and staple it to the side 
of the ring. Cut the vinyl flush with the 
bottom edge of the ring. Now, fold an 18" 
(46 -cm) length of black Mystic cloth tape 
along its entire length /B" in from both 
edges so that the tape has a seam down 
its center. When you fold the tape, the 

Fig. 4. Bottom view 
of tne finished 
top plate 
shows the locations 
of the switch 
retainer assembly, 
pc board, 
controls and jacks. 

3/á' square by 51/4" long pine to the top 
plate as shown in Fig. 4 to provide a 
means for mounting the circuit board as- 
sembly and batteries. When the glue 
has set, fasten the battery holder and 
the circuit board assembly side by side 
on the top of the block with woodscrews. 
Interconnect the board with the various 
controls, switches, and jacks with in- 
sulated hookup wire. Temporarily set 
aside the top plate assembly. 

The bottom plate can be prepared as 
follows. First, using the same procedure 

described above for locating the center 
of the calculator key hole, locate the 
center of the access hole for the sen- 
sitivity -adjust screw on the key switch 
retainer assembly. Drill a 5/16" (8 -mm) 
hole at this point. Strike a line passing 
through the center of this hole and paral- 
lel to the bottom edge of the plate. At 
points approximately 1" (2.54 cm) on 
both sides of the access hole, drill a'/s" 
(3.2 -mm) hole. 

Smoothly sand and clean the bottom 
plate. Then coat a sheet of black vinyl 
with contact cement and neatly attach it 
to the outer surface of the bottom plate. 
Again, overlap the vinyl around all edges 
and onto the inner surface. (If you wish, 
you ca- fasten a sheet of ribbed rubber 

BILL OF MATERIALS 
Case 
2-pieces 3/4 ",plywood 91/2" x 2" 
2-pieces W" plywood 6" x 2" 
1-piece unsupported black vinyl 35" x 41/2" 

Top Plate 
1-piece !''tempered hardboard'(Masonite or 

equivalent) 8-3" x 5-3/4' 
1-piece black vinyl 91/4" x 6-34" 

'Bottom Plate 
1-piece t/á' tempered hardboard 8-%" x 

'1-piece rubber matting 8-3/4" x 5-3/4" or, l 

piece black vinyl 91/4" x 63/4" (see text) 
Head 
I-piece 3/d' plywood 6' x 6" 
1-piece cloth -backed white vinyl 7W x 71/2" 

I-piece black cloth tape 18" x ?/a" 

10-chromed upholstery tacks . - 
Control Plate 
1-piece 1/32" aluminum stock 5-W X 2" 
Switch Assembly 
I-piece 3/4" pine 41" x W" 
2-pieces 5 "pine 1" x 
1-piece' 3" hardboard 3'h" x 1" 

Miscellaneous 
1-5" x 3/" x 3/a" pine block 
4-No 8 x 3/" wood screws 
1-Na. 8 x.11/4' sheet metal screw 
2-No 8 x 1" sheet metal screws 
Nails, glue, etc. 
Note: The following are available from JAL 

Associates, Box 107, Eatontown, NJ 
07724: Complete kit including all compo- 
nents (M l), $32.50; parts kit (M I -E) in- 
cluding all electronic components, jacks 
switches, pc board, $19.50; etched and 
drilled pc board (Ml -PC), $3.50. All prices 
include postage. New Jersey residents add 
5% sales tax., 
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Side view of top plate reveals mounting details of 
switch retainer assembly, tension adjust screw and pc board. 

runner to the outer surface of the bottom 
plate with contact cement instead of the 
vinyl. The runner will provide an antiskid 
grip when the Cabonga is placed on a 
table as it is being played.) Clear away 
the vinyl (or rubber runner) from around 
the three holes. If you are using the rub- 
ber runner, clear away enough of it to 
allow the two screws that go into the 
holes on both sides of the access hole to 
go far enough in so that their heads sit 
flat against the bottom plate. Temporari- 
ly set aside the bottom plate assembly. 

Smoothly sand and clean all exterior 
surfaces of the box wall assembly and 
then coat all surfaces with flat black 
paint. When the paint has dried, coat the 
rear surface of a 35" x 41/2" (90 x 11.4 
cm) sheet of black vinyl with contact ce- 
ment and wrap it around the wall assem- 
bly. Start about 1" from one corner and 
finish up at the same corner; trim off any 
excess vinyl to make a neat seam. At 
each corner, slit the vinyl and trim it as 
necessary. Carefully fold the vinyl over 
the top and bottom edges and into the 
rabbets. Try to avoid having any of the 
wood show through as you trim. 

Before final assembly, check that the 
air seal between the drum head and the 
vinyl covering the key switch on the top 
plate is sufficient for proper triggering. 
To do this, first adjust the sensitivity 
screw on the key switch retainer assem- 
bly so that it is slightly depressed by the 
vinyl on the top plate. Press down on the 
drum head and note whether or not the 
key switch moves. If it does, the seal is 
sufficient; if not, you will have to tighten 
the screws that secure the drum head to 
the top plate until you get sufficient air 
sealing. If all else fails, you might have 
to remove the drum head assembly and 

r, . 

place gasketing material between it and 
the top plate. 

Final assembly consists of placing the 
top and bottom plate assemblies in the 
box wall assembly and securing the 
whole unit together with two No. 8 x 
11/4" sheet metal screws passed through 
the bottom plate's holes and driven into 
the crossbar on the switch retainer as- 
sembly. 

Checkout. To check out the operation 
of the Cabonga, it is necessary to take it 
out of its case. Once this is done, feed 
the output of the Cabonga from J3 to an 
instrument amplifier. Turn on the power 
via S2. Now, set PITCH control R10 to 
about its 9 o'clock position and DECAY 

control R9 and VOLUME control R11 fully 
clockwise. Then turn the sensitivity - 
adjust screw for the key switch until the 
switch closes and you hear a sound. 
Back off on the adjusting screw until the 
sound drops out and you can hear it only 
when the drum head is struck. 

If the Cabonga breaks into oscillation, 
adjust trimmer potentiometer R8 until 
the oscillations just cease. If you hear no 

IN I 

IN 2 

IN n 

R=10K, 1/4 W 

I 

2OUT 
R 

Fig. 5. Mixer combines several 
signals for use with one amplifier. 

oscillations on initial checkout, adjust R8 
until you do and then back off until the 
oscillations just drop out. Replace R4 
with a 68,000 -ohm resistor if you cannot 
obtain oscillations no matter where R8 is 
set. 

After the initial adjustment is made, 
vary the PITCH control over its entire 
range to determine whether or not oscil- 
lations still occur. The circuit might con- 
tinue to oscillate at higher frequencies, 
such as at the fully clockwise position of 
the PITCH control. If these oscillations do 
occur at high frequencies, break the 
connection between R10 and the C5/C6 
network and insert a 10 -ohm resistor be- 
tween the potentiometer and capacitors. 

Experiment with the settings of the 
PITCH, DECAY, and VOLUME controls 
while striking the drum head to deter- 
mine whether or not the project is oper- 
ating properly. When you are satisfied 
with the operation of the Cabonga, reas- 
semble it in its case. 

-13 

Bottom with rabbeting, tension 
adjust hole and retaining screw. 

Use Ideas. You will probably want to 
use several Cabongas, each tuned to 
produce a different sound, at the same 
time to simulate different musical ef- 
fects. To interconnect all Cabongas you 
might wish to use, you can do so with 
the passive summer shown in Fig. 5. 

Some attenuation of the signal will occur 
when the summer is used, but the output 
level will still be adequate to drive most 
instrument amplifiers. 

When interconnecting Cabongas via 
the external trigger jacks, you must ad- 
just the individual volume controls so 
that all sounds can easily be heard. 

Next month's discussion of a number 
of accessories will enable you to add to 
the Cabonga's versatility. Until then, you 
have an instrument that should provide 
many hours of entertainment. 
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BY JAMES R. HORSTMAN 

Tape enthusiasts need not 
be tied to a wall socket. 

HE CASSETTE and 8 -track car- . tridge tape formats for portable and 
mobile applications have grown and 
prospered side by side, each boasting 
its own unique advantages. 

The standard compact cassette is ac- 
tually a small, reel-to-reel tape housed in 

a self-contained plastic shell that meas- 
ures only 4" long by 21,-" high by 7/16" 
thick. Like open -reel tapes, with sepa- 
rate supply and feed reels, it may be re- 

wound or turned over to play other 
tracks. Wlhn the loaded cassette ma- 
chine is activated, a small pinch roller 
moves the tape smoothly at 13 ips. 
Tape measures about Y' wide and is 

available in 20 -minute to 120 -minute 
play- or record -time formats. 

Now, there are also sub -compact cas- 
settes. They're designed primarily for 
voice -dictation and note -taking pur- 
poses. Moreover, there are at least four 
sub -compact systems that are not inter- 
changeable. 

The tape cartridge, on the other hand, 

is much different. Its tape is wound in a 

continuous loop that's fed from the cen- 
ter of a single reel and rewound on the 
outside of That same reel, permitting 
continuous play. When it reaches the 
end of one revolution, the playback head 
moves over a notch (manually or auto- 
matically) to play the next track. In 

stereo, this head -moving process oc- 
curs four times, while in 4 -channel it's 
done twice. Compared to a cassette, a 

cartridge is bulky, being four times its 

size. Tape speed is 33 ips and tape 
width is 5", which, theoretically should 
make the cartridge superior to the cas- 
sette in terms of potential hi-fi reproduc- 
tion. Further, each tape cartridge con- 
tains its own pinch roller (which most ex- 
perts feel is not an advantage). 

Theory aside, however, the standard 
cassette system generally provides bet- 
ter fidelity. This is due, in part, to the 
special tape formulations available for 
cassettes. Additionally, the 8 -track car- 
tridge drive and head alignment systems 

are inherently less precise than a cas- 
sette's. But these differences are less 
noticeable in portables and auto units 
since Dolby noise -reduction circuitry, 
dual capstans, etc. are rarely used. 

As a result, choice of format generally 
involves considerations other than high- 
fidelity sound. For example, if one were 
to choose a battery -powered portable, 
it's likely that the choice would be a cas- 
sette. Due to its much smaller size and 
lighter weight, it has essentially elimi- 
nated cartridges from this market. Fur- 
ther, cassettes can be rewound and 
have a fast -forward speed, making it 

much easier (and faster) to locate spe- 
cific recorded sections on the tape. Also, 
most 8 -track machines do not offer re- 

cord facilities, while most cartridge ma- 
chines do. 

Selecting a car tape format, however, 
is an entirely different story. Here, 8 - 

track cartridges got the jump on cas- 
settes when Lear Jet teamed up with 
RCA and Ford before Phillips got up 
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steam with its cassette format. 
Aside from the auto tape lead initially 

enjoyed by 8 -track, the no -fumble con- 
venience of simply pushing a cartridge 
into a slot while driving and listening to 
commercial -free music played without 
ending attracted many people. It still 
does, thanks to the availability of a large 
library of prerecorded tapes and the 
easy transition from stereo to 4 -channel 
sound made possible by the 8 -track car- 
tridge system. The latter is something 
cassette manufacturers are still strug- 
gling with. 

Cassettes are challenging the 8 -track 
machine in automobiles, though. Com- 
pact size is one reason. Another is the 
ability to locate portions of a recording 
very quickly. And, equally important, if a 
person owns a home cassette deck, the 
recording facility and interchangeability 
permit a cassette to do double duty. 
Also, there are automatic -reversing cas- 
sette systems now available for continu- 
ous listening. 

Shopping for Portables. The way to 
start shopping for tape portables is to sit 
down with paper and pencil and assess 
the quantity and quality of portability you 
will require. Very often, these two go 
together, as extra dollars add desirable 
features you'll find you cannot do with- 
out. Once you have seen some deluxe 
unit, it's difficult to go back "down." 

Chances are that you'll choose a bat- 
tery -powered cassette unit, since there 
aren't many cartridge machines around. 
Most portable cassette machines are 
monophonic, which is just as well since 
you wouldn't want to pack an extra 
speaker wherever you go. However, if 
you're willing to sacrifice small size and 
light weight, there are a handful of ac -dc 
portable cassette machines that record 
and play back in mono or stereo. Some 
do feature two built-in speakers and two 
microphones for stereo use. (Sub -com- 
pact cassettes exhibit poor fidelity for re- 
producing music as compared to the 
conventional cassettes.) 

These tape recorders illustrate the types available 
to "on -the -move" tape enthusiasts. Clockwise from upper 
left: an in -dash AM/stereo FM multiplex radio with 
cassette player; portable AM/FM radio cassette recorder 
with weather band; cassette deck for a car with under - 
dash mounting bracket; portable stereo cassette deck 
with ANRS and other features. 
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Costlier cassette models offer a host 
of extra features you might want to 
check out. Here are some examples: 

Ac and do operation to extend battery 
life. 

Built-in battery charger for automatic 
charging when plugged into an ac outlet. 

Larger speaker(s) for more robust 
sound. 

Automatic shutoff with mechanism 
disengage when tape play is ended. 

Automatic level control to maintain 
relatively constant sound recording lev- 
el, so that the recordist need not con- 
tinually monitor a volume control. 

Large VU/battery indicator for easy 
viewing. 

Tone control to adjust playback to 
your liking. 

Tape counter to permit quick location 
of a recorded portion of your tape. 

Tape select switch to give you the 
flexibility of using premium tapes. 

Speedier fast -forward and rewind 
time for impatient users. 
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 Dual flywheels for reduced wow and 
flutter. 

Servo -control motor to maintain ac- 
curate speed when batteries weaken. 

Interlocking pause control for stable 
recording speed when starting and stop- 
ping. 

Remote microphone provisions to 
free you from the machine. 

Variable pitch control for the critical 
music lover. 

Peak limiter to automatically prevent 
distortion from overloading. 

Subminiature size for handy carrying. 
Stereo provisions. 
More powerful amplifier(s). 
Automatic voice activator so you 

don't miss a thing. 
Clearly, there will have to be tradeoffs. 

Each "extra" chosen adds to the cost, 
weight, and/or size. The latter is some- 
times offset by superb miniaturization 
with rugged construction, but the trade- 
off here is higher cost. 

How does one "test" a portable? 
There are a number of guidelines. 
First, handle it to judge weight and size. 

Play cassette tapes that you've heard 
Ion a high -quality cassette deck (prefer- 
ably a tape with plenty of highs and 
lows, and one with a solo piano record- 
Ing). Record a tape for playback at 
home. Record a few minutes on a 

C-120 (two-hour) tape, which is ultra 
thin, to judge tape -handling quality. 
Jingle keys so you can determine re- 
cording and playback realism. Speak 
at the same level at different distances 
and with your back turned to evaluate 
how much the voice is obscured by the 
machine's noise. (You'll be surprised at 
the substantial differences among ma- 
chines.) Try the pushbuttons to be 
sure they're conveniently located and 
don't stick. Attach an external, high - 
efficiency speaker system to the porta- 
ble's external speaker jack. 

Above all, don't lose sight of your 
quest for portability. After all, you don't 
want to be a furniture mover every time 
you wish to take along your portable. 

Shopping for Auto Tape Players. 
A major reason for the popularity of the 
automobile tape player is that even a rel- 
atively inexpensive system sounds bet- 
ter in the car than at home. The closed 
environment and masking of fidelity limi- 
tations by external noise (engine, wind, 
tires, etc.) makes listening a rewarding 
experience. The choice of music is 

yours, not the disc jockey's nor the 
broadcast station's commercials. Equal- 
ly important, there isn't much to distract 
you in the car. 

You'll have to make a choice between 
8 -track cartridge and cassette ma - 
chines. As discussed earlier, 8 -track of- 
fers many more prerecorded selections, 
largely nonclassical. The cartridges are 
bulkier, though, and it's difficult to locate 
portions of a recording with dispatch. 
However, they play continuously, so a 

cartridge doesn't stop when the record- 
ing ends, but continues 'round and 
'round. When driving; this no -handling 
facility is advantageous. Consider, too, 
that 8 -track offers 4 -channel sound, 
which provides a unique sound sensa- 
tion, especially in an auto environment. 

The favorable attributes of cassette 
machines can be recapitulated as: 
smaller machine, which makes for easi- 
er car installation; smaller tape package 
so you can store more cassettes in a 

small space; fast -forward and rewind fa- 
cility; and a convenient recording facility 
(at home). So take your choice. 

Cassette Players. Cassette car play- 
ers are small enough to be mounted in 

the dashboard where the car radio goes 
or in the glove compartment-both ma- 
jor deterrents to theft-although many 
are still mounted under the dash. Which- 
ever position you choose, practice load- 
ing the unit a few times before you try it 

on the road. With a glove -compartment 
mount, of course, you'll have to pull over 
to the side of the road to change tapes. 

If you have a cassette deck at home, 
you can get more from your mobile unit 
by making your own recordings. You 
can save money, too, since prerecorded 
tapes are costlier than discs by one or 
two dollars. Furthermore, with a high - 
quality cassette deck and good source 
equipment and material, you can make 
better tapes than you can buy. (Excep- 
tions, here, are the premium prerecord- 
ed cassettes made on chromium -diox- 
ide tapes by Advent of classical music.) 

An increasingly popular option in car 
cassette units is a built-in stereo FM ra- 
dio, which gives the driver more pro- 
gram options. Many of these models 
have a clever "custom" look in which the 
radio tuning dial also serves as the cas- 
sette slot. Some are wired to record di- 
rectly off the air (usually in mono, al- 
though the unit will play back in stereo), 
while others even have a hand-held mi- 
crophone so you can dictate while you 
drive. If you have only an AM radio in the 
car, as many of us do, this combination 
can be most rewarding. 

Other features to look for in an auto 
cassette machine (remembering that 
they add to the cost) are: automatic re- 
verse, multiband radio, automatic stop 

and/or reject, and signal -seeking on the 
radio. 

8 -Track Players. Features you may 
want to consider in 8 -track machines are 
track indicators, bass boost, and auto- 
matic track switching. Models with auto- 
matic play -through often feature a man- 
ual override switch so you can select 
channels if you wish. Cartridge players, 
too, have been mated with AM/stereo 
FM radios. 

Speaker Installation. Installing 
speakers and positioning them properly 
generally presents a severe challenge to 
the do-it-yourselfer. Probably most peo- 
ple should turn the job over to a special- 
ist, such as an auto dealer or auto radio/ 
tape player installation outfit. 

A popular speaker -mounting location 
is in the front door. There are also kick - 
panel installations in case the thought of 
cutting into doors upsets you. The latter 
technique is less expensive too. Under - 
dash installation of speakers is another 
possibility, but the overall stereo or 
quadraphonic effect is reduced consid- 
erably. As for rear speakers, you have a 

choice of rear doors, trunk ledge, or ex- 
ternal speakers. You'll have to find the 
combination that pleases you, based on 
the interior configuration of your car. 

Conclusion. Before finalizing your 
buying decision-whether a portable or 
mobile tape machine in the cassette or 
8 -track format-listen to a unit a "price 
point" higher and lower to determine if 

you can hear the difference. Consider, 
too, whether or not your choice is a well- 
known brand, the reputation of the deal- 
er, and what you have to do to obtain in - 
warranty and out -of -warranty repair. The 
latter is especially important with auto 
players since there is a removal -installa- 
tion chore involved. 

Don't expect to match the high -quality 
sound of your home hi-fi system in port- 
ables or mobile equipment-they rarely 
exceed 10,000 Hz response and are of- 
ten well under that. If you want truly 
good sound, do consider adding a 

"booster' amplifier to increase output 
power so that some of the fine, compact, 
low -efficiency speaker systems can be 
satisfactorily driven. There are also 
some high -power audio systems de- 
signed for car use (including ADS, sold 
as a package with Nakamichi's 250 cas- 
sette player or 350 record/player.) In 

any case, experienced travelers feel that 
fairly good mobile sound is every bit as 
rewarding as great sound that just sits 
there. O 
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100-mW portable two-way radios are 

moving out of the CB band. 

THE DAY of the 27 -MHz band unli- 
censed walkie-talkie is coming to an 

end. Production of such units has been 
halted, but the millions of unsold walkie- 
talkies can still be sold until March 1978. 
After this time, unsold units must be 
junked or rebuilt for the new 49.9 -MHz 
band to which personal -communication 
walkie-talkie operation has been moved. 
Existing 27 -MHz band w-t's can still be 
used until March 1983. 

The FCC established the 49.9 -MHz 
personal -communication band for two 
good reasons. The first is that users of 
the 100-mW walkie-talkies operating on 
the 27 -MHz Citizens Band are being 
clobbered by the standard 4 -watt CB 

BY LEO SANDS 

transceivers that must be operated with 
a license from the FCC. The other rea- 
son is that CB'ers are being interfered 
with by the unregulated users of w-t's on 
the CB channels. 

Technical Details. Under Part 15 of 
the FCC Rules and Regulations, no li- 
cense is required to operate low -power 
(up to 100 mW) communication devices 
in the 26.97 -to -27.27 -MHz band and the 
49.82 -to -49.90 -MHz band if the equip- 
ment meets applicable technical stan- 
dards. 

The power of the 27 -MHz w-t's is limit- 
ed to 100 mW input to the final r -f stage 
of the transmitter. The w-t's can be oper- 

ated on any frequency within the band 
ranging from 26.97 to 27.27 MHz. This 
does not necessarily mean that opera- 
tion must be on an exact frequency as- 
signed to the normal CB channels. 

The input power of the 49.9 -MHz 
band w-t's is not specified, but radiation 
is limited to 10,000 µV/meter, measured 
at a distance of 3 meters. These w-t's 
must be operated only on any of five 
channels whose specified frequencies 
are: 49.830, 49.845, 49.860, 49.875, 
and 49.890 MHz. The frequency toler- 
ance must be within ±-0.01% of the 
channel carrier frequency. Either ampli- 
tude modulation (AM) or frequency mod- 
ulation (FM) can be used as long as the 

46 
POPULAR ELECTRONICS 



LOADING 
COIL 

I SUPERREGENERATIVE AUDIO POWER 

t)R 
DETECTOR J1 AMPLIFIER Ir AMPLIFIER 

CRYSTAL 
OSCILLATOR 

Fig. 1. This simple walkie-talkie uses a superregenerative detector. 

emission is confined within a 20,000 -Hz 
band centered at the carrier frequency. 

The rules require that the microphone 
be built into the case of the w-t's and that 
the antenna be permanently attached to 
the box containing the transmitter. Fac- 
tory -built w-t's must also be certified by 
the manufacturer and FCC as being in 

compliance with the applicable technical 
standards. 

W-t's already in production use either 
a superregenerative or a superhetero- 
dyne design in the receiver section. All 
have crystal -controlled transmitters to 
assure on -frequency operation. 

Home Design Rules. You can design 
your own w -t and build up to five 49.9 - 
MHz band transmitters and/or trans- 
ceivers for your own use. Here are some 
of the rules you must follow: 

49.86 MHz 

line, the total current drawn must not ex- 
ceed 860 µA. 

The rules applicable to home -built 
49.9 -MHz band w-t's require that the mi- 

crophone be an integral part of the unit. 

The rules also require that harmonic 
emissions must be at least 20 dB below 
the level of the unmodulated carrier. 
(These harmonics are at exact multiples 
of the carrier frequency -100 MHz, 150 
MHz, 200 MHz, etc.) The 100 -MHz sec- 
ond harmonic could interfere with FM 

broadcast band reception, while the 
200 -MHz fourth harmonic could cause 
TVI (television interference) to TV chan- 
nel 11 and/or channel 12. The other har- 
monics could cause interference to 
nearby radio communication stations. 
Needless to say, it is extremely impor- 
tant to maintain harmonic radiation at 

the absolute minimum possible. 
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Fig. 2. Block diagram of superheterodyne receiver. 

The antenna must be a single element 
that is not more than 1 meter in length. It 

must be permanently mounted on the 
case that houses the transmitter/trans- 
ceiver circuitry. You can operate a 

home-made low -power communication 
device on any of the five 49.9 -MHz band 
channels set aside by the FCC or on any 
frequency between these channels, pro- 
vided the carrier and modulation prod- 
ucts are contained within the 49.82 - 
to -49.90 -MHz range. 

The total input power of the transmit- 
ter/transceiver, the latter in the transmit 
mode, must not exceed 100 mW under 
any modulation condition. Input power is 

measured at the battery or at the power 
line terminals if the w -t is ac operated. 
This means that if a 9 -volt battery is the 
power source, total input current of all 
transmitter stages may not exceed 
11.11 mA. If the power source is the ac 

Although the rules for home -built de- 
vices do not state that the transmitter 
must be crystal controlled, it should be. 

Since the band is only 80,000 Hz (80 
kHz) wide, a self-excited oscillator could 
drift enough to put the signal (even one 
of the sidebands) beyond the band limits 
into the 30 -to -50 -MHz land mobile band 
or the 50 -to -54 -MHz (6 -meter) amateur 
radio band. By using a crystal, you can 
be fairly certain that its frequency is 

close to the frequency indicated on the 
case. If you do not use a crystal, you will 
need a frequency counter. 

49.82- 
49.90 MHz 

INPUT 

Some Design Ideas. The simplest 
transceiver you can design would em- 
ploy a superregenerative detector, crys- 
tal -controlled oscillator, and an audio 
amplifier that doubles as the modulator 
when transmitting, as illustrated by the 
block diagram in Fig. 1. A more elabo- 
rate transceiver would employ a super- 
heterodyne receiver, as shown in the 
block diagram of Fig. 2. Alternatively, 
you could design a five -channel w -t with 
a crystal for each of the five channels 
and a switch. 

For optimum radiation, the antenna 
should be a quarter wavelength long, or 
1.5 meters (4.93') long, when an ade- 
quate ground plane is provided. Since 
antenna length is limited to 1 meter 
(3.28')-, a loading coil in series with the 
output of the transmitter and input of the 

POWER 
TRANSFORMER 

METAL 
CASE 
GROUND 

-lI7VACJ 
Fig 3. Base station grounding. 

antenna is required. In the case of a 
hand-held transceiver, the ground plane 
is inadequate for good antenna system 
efficiency. If you build the transceiver 
into a metal case, your body will effec- 
tively serve as the ground plane when 
you hold the w -t in your hand. If you 
build a base station, you can use a metal 
enclosure and ground it to the power line 
trrough a pair of capacitors, as shown in 

Fig. 3. 
When you build your own 49.9 -MHz 

band low -power communication device, 
it is a good idea to have the transmitter 
checked out by a professional unless 
you have the instruments and know-how 
to do it yourself. No matter who checks 
out the device, the following should be 
on the gist: transmitting frequency; mod- 
ulation level; occupied bandwidth; har- 
monic radiation; and input power. Occu- 
pied bandwidth and harmonic radiation 
can most easily be checked with a spec- 
trum analyzer. 

Fig. 4. Tunable converter for 
use with a CB transceiver. 
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Operating Hints. Factory -made w-t's 
are usually equipped for single -channel 
operation on 49.860 MHz so that various 
users will be able to communicate with 
each other, regardless of which manu- 
facturer made the transceivers. Since a 
lot of users can be expected to be oper 
ating on this channel, those who want 
more privacy and less interference will 
probably prefer another channel. 

A hand-held w -t uses the same whip 
antenna for transmitting and receiving. 

y M 

Six transistor "walkie talkie" 
from Interworld Enterprises. 

When operating at a fixed location, re- 
ceiving range can be increased by using 
a separate receiver connected to an ex- 
ternal antenna. When communicating 
with a base station using such a receiv- 
ing setup, your flea -power transmitter 
will be more effective. 

The receiver can be one designed for 
hams and tunable through the 6 -meter 
band (you might have to trim it to tune 
down to 49.82 MHz). You can also use a 
6 -meter converter with a standard short- 
wave receiver or a home -built converter 
with a CB transceiver (see Fig. 4). 

If you use a separate receiver with an 
external antenna, you can improve the 
receiving range by increasing the height 
of the antenna. If the effective radiated 
power is +13 dBm (20 mW) and the sig- 
nal delivered to an antenna 10' (about 3 
m) above ground is -107 dBm (1 µV), 
raising the antenna to a height of 30' (9 
m) will increase the received signal level 
10 dB to -97 dBm, or about 3 µV. 

When communicating with hand-held 
w-t's, the antennas of all units should be 
vertical or at the same angle. Otherwise, 
there will be a significant transmission 
loss due to conflicting polarization of the 
antennas involved. O 
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SHUT-OFF TIMER 
For Battery - Powered Appliances 

BY JEFFREY SANDLER 

IT IS easy to attach a timer to a line - 
powered radio so that the power will 

be shut off after a certain time, should 
the listener fall asleep. It is not so easy 
with a battery -powered radio unless you 
build the simple circuit described here. 
With this simple add-on, you can fall 
asleep on the beach or in a hammock, 
secure in the knowledge that the radio 
will automatically shut down later to con- 
serve the battery. 

Circuit Operation. A schematic of 
the circuit is shown in Fig. 1. Resistor R1 
and capacitor Cl provide a very long 
time constant. When Si is closed, Cl is 
discharged and its low voltage is applied 
to the parallel high -impedance inputs of 
IC1. In this case the outputs of the 
NAND gates are high and the battery 
voltage is available at output 1. 

When Si is opened, capacitor Cl 
starts to charge slowly through R1. 
When the voltage across C1 reaches 
about half that of the battery, the outputs 
of the NAND gates drop essentially to 
zero, effectively turning off output 1. 

Transistor Q1 is added to handle high- 
er current loads. When output 1 is high, 
01 is on and it supplies a higher current 
to output 2. The amount of current de- 
pends on the transistor used. Changing 
R1 and C1 changes the timing. 

Construction. The circuit can be as- 
sembled on a small perforated board or 
a small pc board such as that shown in 
Fig. 2. You can make the board small 
enough to fit inside many transistor ra- 
dios. The radio battery also supplies 
power to the timing circuit. However, the 
circuit draws so little current that it will 
not run the battery down when the radio 
is not in use. This low current demand is 
due to the use of CMOS logic and the 
high value of R1. Note that Cl should 
have a very low leakage to maintain the 
charging interval. 

The construction of S/ is left up to the 
user. It can be a subminiature pushbut- 
ton switch, a pair of small bare leads that 
can be bridged with a fingertip or even a 
small mercury switch. If using the latter, 
simply momentarily tilt the radio on its 
side to "toggle" the timing circuit. If you 
elect to use your fingertip, you can vary 
the playing time by the length of time 
you keep your finger on the two leads. 
One to five seconds of contact time is 
usually enough to produce between five 
and 35 minutes of playing time. 

The shut -down timer can be used to 
control almost any appliance if a sepa- 
rate battery is used for the timer and with 
output 2 driving a relay. The relay can 
then apply power through its own con- 
tacts to the appliance. O 

BATTERY + 

OUTPUT 2 

OUTPUT 1 

BATTERY - 

Fig. 1. Four parallel gates supply added power. 

PARTS LIST 
C I -220-µF low -leakage capacitor 
ICI -.40I I quad NAND gate (CMOS) 
QI-2N2222 or any low -leakage npn silicon 

transistor 
R l.-I O-megohm, t/B- or 1/4 -watt resistor 
R2 -5200 -ohm, li - or 1/4 -watt resistor 
S I -See text 

.-R1-+ 
V+ 

11 N U 

lU 

-OUT 1 

1 I 
c `b \e7Q 1 

V- OUT 
Fig. 2. Small pc 
board and component 
layout are shown. 
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i BUILD. -THIS TUT -6' 
s 

s 
2 YOUR SOFTWARE CONTROL CAN 
i INCLUDE INTERLACE. SCROLLING, 
s i A FULL PERFORMANCE CURSOR 
s 
s UP TO 4096 SHARP CHARACTERS 
s ON THE SCREEN IN LESS THAN 
s THREE MEGAHERTZ TU BANDWIDTH 

tisttisissi2iisittittiististit 

LAST MONTH, we discussed con- 
struction of the TVT-6 TV typewriter 

and explained how it works and how it is 

connected to a KIM -1 microcomputer. 
We also started a discussion of the op- 
erating secrets of the TVT-6. Here, we 
complete the "secrets" discussion and 
go on to system debugging, some useful 
programs, and tell you how to interface 
the TVT-6 with other microprocessors. 

Software. Four examples of tested, 
annotated, and workable KIM -1 soft- 
ware are given in the tables in this arti- 
cle. Table II contains a 16 x 32 scan 
program with full interlace. It automati- 

IyS 

02INPUT 

LOAD+ -Li L 
,PIN I IC8 

-.I 1.-60nS 
I 

r 
' IC 

CLOCK * 

1 I n 

BUILD THE 
TVT- 6 Part II 

System debugging, software, and 
how to interface to other processors. 

BY DON LANCASTER 

cally generates almost all the timing re- 

quired by the TVT-6 and its companion 
TV monitor for this display format. The 
program is run by jumping to memory lo- 

cation 17Ad. The display is stopped by 
interrupting with the operating system, 
the cursor, or other program. 

Table Ill is an optional full -perfor- 
mance cursor for the 16 x 32 system 
and includes scrolling, full cursor mo- 
tion, and erase -to -end -of -screen cap- 
abilities. It is run by allowing the key - 
press signal from the keyboard to inter- 
rupt the scan program (any of the three 
Tables) via the IRO interrupt line. Note 
that the cursor program is totally inde- 

.DECODE ENABLE 
IC2, PIN 6 BLANK AND TRACE 

HI(AB0) 
SIH2(ABI)J' 

1 

1 {^ 
H4 (A82) f" 

HB I ABA) 

6 CYCLES 

(A) 

., .. _ T1J 

I 

MI6(AB4) 1L 
I I 

H I 

I I 

31y$ 1 

I 

( =UNDEFINED 

(B) 

634 
316$ 

63pS 

SCAN 

+3V 

0 

+3V 

0 

+3V 

3263 

DECODIEC2,PIN 
6 

ENABLE 7 BLANK AND RETRACE 

H. POSITION 'H 
IC3, PIN 2 

H. SYNC 
IC ID, P IN II 

32pS 

SCAN L+3 0 

I 

+5 

0 

- 
(C) 

DECODE ENABLE 
IC2, PIN 6 

LI: IC7, PIN I4 

L2: IC7, PINI5 

L4: IC7, P1516 

CG ROW ADDRESSED 

Fig. 7. TVT-6 waveforms with. Table II program: (A) video 
rate; (B) horizontal rate; (C) horizontal sync; 
(D) character rate; (E) vertical rate; (F) outputs._ 

pendent of the SCAN program. The only 
things the two programs share in com- 
mon are the same pages of display 
memory. The screen -read -to -cassette 
can be performed using the existing 
KIM -1 operating system programs. You 

can also load from cassette to display, 
using the automatic search firmware. 

Table IV is a 16-line/64-character 
scan program that requires only 64 
words to be written into memory for the 
entire program. This program can be 
used to display the entire 1k of minimum 
KIM -1 memory for use as a super front - 
panel display if desired. For display -only 
applications, 1k of contiguous memory 

F--- 63yS 

6306$ 

PROGRAM FORMAT 

VERT. POSITION 
IC3, PIN 12 

VERT. SYNC 
ICIO,PCI8 

(0) 

EVEN FIELD 

104 SCANS, 160 ACTIVE 
RETRACE, SCANS 
BLANKING (16X103 

5 6 

ODD FIELD 

1 

0 

105 SCANS, 160 ACTIVE 
RETRACE, SCANS 
BLANKING (16X10) 

( 

.--2COPS 
I FRAME =1/3016 SECOND 

_ (E) 

PRESENT 
DURING 
ACTIVE 
SCAN 
ONLY 

+5V 
0 

+4,4V 
+2.5V 

RAW VIDEO 
II LJII 

43.SV+I.SV 

IC8, PIN J.-- 1_ J I_ .2V+ .2V 

DELAYED VIDEO 
IC9, PIN 2 

1 

ENHANCED VIDEO 
IC9,PIN 3 

TV OUTPUT 
(J2) 

VIDEO OUTPUT 
(JI( 

H SYNC 

BLACK 

I LINE 

(F) 

WHITE r WHITE 

BLACK 

4V 

2.8V 
- 2.4V 

I.6 V 

.4V 

-0V 



TABLE II 

16 line X 32 character per line Interlaced 
TVT6 Raster Scan: 

pP - 6502 
System - KIM -1 

Start - JMP 17Ad Displayed 0200-03FF 
Program Space 1780-17E2 End - Interrupt 

HS 

1780 
1781 
1784 
1785 

1786 
1788 
178b 
178d 

178F 
1791 
1794 
1797 

1798 
179b 
179d 

17A1 
17A3 
17A4 
17A6 

VS 114 

HOP 
STA 
PHA 
PLA 

BNE 
JSR 
ADC 
CMP 

BCC 
JSR 
JSR 
TAX 

LDA 
ADC 
STA 
TXA 

BNE 
NOP 
ADC 
JSR 

17A9 CMP 
17Ab BCC 

-START-~17Aá IDA 
17b0 EOR 

17b2 BMI 30 05 

E 
17b4 STA 8d (dF) (57) 
17b7 LDX A2 66 
17b9 JSR 20 (EO) (17) 

17bC JSR 20 (E0) (17) 
17bF BPL 10 05* 
17C1 STA 8d (dF) (57) 
17C4 LDX A2 67 

17C6 JSR 20 1E 
17C9 CID d8 
17CA PHA 48 
17Cb PLA 68 

17CC LDA A9 00 
17CE STA 8d (89) (17) 
1741 LDA A9 82 
17d3 STA 8d (8A) (17) 

17d6 JSR 20 00 80 
17d9 CLC 18 
17dA DEX CA 

17db BMI 30 A4* 
L-4-17dd BPL 10 Ed. 

17dF 80 
17E0 BCS b0 00 

L2 L1 0 

Upper Address' 

1 V8 V41V2](V1 H16 H8I'H4 j 1-121 H1 

Lower Address 

EA Equalize 2 cycles 
8d (8A) (17) Store upper address 
48 Equalize 10 cycles 
68 Continued 

dO 00 Continued 
20 00 80 ////Character Scans 1-8//// 
69 08 Increment Character Scan Counter 
C9 CO Is VS = 1? 

90 F0 No, do next character scan 
20 (E0) (17) Equalize 15 cycles via sub 
20 00 80 ////Character Scan 9//// 
AA . Save Upper Address 

Ad (89) (17) Get Lower Address 
69 1F Increment L; Set C on V4 
8d (89) (17) Restore lower word; save 
8A Get Lower Word 

dO 00 Equalize 5 cycles 
EA continued 
69 CO Add carry; Reset VS 
20 00 80 ////Character Scan 10//// 

overflow 
carry 

C9 84 Is it line "17"? 
90 d3* No, continue character scans 
Ad (dF) (17) Get Interlace word 
49 80 Change field 

Jump if even field 
Odd Field V Sync; Restore Interlace word 
Load short number of VB scans 
Equalize 15 cycles via sub 

Equalize 15 cycles via sub again 
Jump if odd field 
Even Field V Sync; restore interlace 
Load long'number of V Blank scans 

80 ////1st V blanking scan //// 
Equalize 9 cycles 
Continued 
Continued 

Initialize lower address 
Continued 
Initialize upper address 
Continued 

///Remaining V Blanking scans//// 
Initialize carry 
One less scan 

Start Character scan 
Repeat Vertical blanking scan 
Interlace word storage 
///Equalize'15 SUBROUTINE //// 

17E2 RTS 60 Continued. 

NOTES: TVT6 must be connected and scan microprogram PROM (I01) 
must be in circuit for program to run. 

Both 17b4 and 1701 require that page 17 be enabled 
when page 57 is addressed. This is -done automatically 
with KIM -1 circuitry. 

Step 1788. goes to where the upper address stored in 178A 
and the lower addressstored in 1789 tells it to. Values 
in these slots continuously change throughout the program. 

For a 525 -line system, use 17b8 64 and 1705 65 and a KIM -1 
crystal of 992.250 kHz. This is only needed for video 
superposition and titling applications. 

Normal program horizontal frequency 15,873.015 Hz; 
Vertical frequency 60.0114 Hz. 63 us per line; 264.5 lines. 

* Denotes a relative branch that is program length 
sensitive. 

( ) Denotes an absolute address that is program location 
sensitive. 

TVT6 length jumper must be in "32" position. 

is required. Keep in mind that the KIM -1 
has some operating system slots in the 
top of page zero and the stack at the top 
of page one. Unless you actually want to 
display the stack and operating system 
parameters, do not use these slots. 

The 64 -character line makes the TV 
receiver's horizontal frequency run con- 
siderably lower than normal. This will re- 
quire a readjustment of the horizontal - 
hold control or some extra capacitance 
across the existing horizontal -hold ca- 
pacitor. The width of the raster may also 
have to be reduced; this is most easily 
accomplished by adding a low -value in- 
ductor in series with the yoke. These 
changes are best made in a small - 
screen, transformer -powered mono- 
chrome TV receiver. The tradeoff of a 
lowered horizontal frequency produces 
a long character line but still allows 1 

µs/character. This will not tax the band- 
width restrictions of TV receivers or r -f 
modulators. (Editor's Note: The small - 
screen Sears TV receiver we used re- 
quired adjustment of horizontal size 
and linearity, a 0.033-µF Mylar capacitor 
in parallel with the 0.068-µF capacitor 
used for C408 in the receiver, and án in- 
ductor consisting of 60 turns of No. 24 
enameled wire on a 1/2" Nylon form in se- 
ries with the red yoke lead in the receiv- 
er. In addition, it was necessary to dis- 
connect one side of C201 in the receiver 
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NO 

EVEN 

DO CHARACTER 
SCAN 

END OF 
CHARACTER? 

YES 

(1788 17818 

11785 178F) 

COMPUTE NEW 
CHARACTER LINE 11798 17.4111 

ADDRESS ' 

17C6 17,IÁ1 

END OF 
SCREEN? í17A91 

I17Ad 171.21 

PICK ODD 

FIELD 

ODD FIELD V 
SYNC AND SETUP 

DO V 
BLANK SCAN 

1171.4 171Fí 

to defeat the sound trap. Never attempt 
to modify a TV receiver that is powered 
directly from the ac line without an isolat- 
ing transformer.) 

Table V contains a program that we 
call "Cruncher the Bear." This program 
produces 64 fully interlaced characters 
in each of 32 rows, for a total of 2048 
sharp ASCII characters on -screen at 
one time within the 3 -MHz bandwidth. 
You can add a hex -to -ASCII converter 
that slowly sequences high- and low - 
order machine code characters in the 
same slot and end up with 4096 hex 
characters displayed in only 3 MHz of 
bandwidth. 

Table V requires a contiguous 2k of 
memory with a common upstream tap 
and separate chip enables. However, it 

is easily incorporated if you really want 
or need to display as many characters 
as the program allows. 

Other software is easily written and 
developed for the TVT-6. For example, 
you may wish to have a 32 x 44 or a 32 
x 48 character display and still use nor- 
mal, or nearly normal, horizontal scan- 
ning rates. This allows for video titling 
and superimposition, oversize charac- 
ters, color graphics, lower-case charac- 
ters, and game displays. There is no 
lower limit to the number of character 
rows or characters per line you can use. 
If you have limited memory available, 
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Table III 

16 X 32 Full -performance Cursor: 

µP -- 6502 Start -- Displayed 0200-03FF 
System -- KIM -1 End --- RTI Program Space 0100-01dF 

Input to Parallel Word A 

Clear - CAN (18) 
Carriage Return - CR (0d) 
Cursor Up - VT-(Ob) 
Cursor Down - IF (0A) 

0 A7 A6 45 A4 A3 A2 

Cursor Home - SOH (0A) 
Scroll ITp - DC1 (11) 
Erase to End - DC2 (12) 
Spare Hook - DC3 (13) 

Cursor Left - BS (08) Enter -- All characters 
Ignore -- All other CTRL Cursor Right - HT (09) 

Enter via 

0100 
0101 
0103 
0105 

0107 
0109 

í---7-1§:010d 
- 010b 

1f 010d 
0147 

010F 
0111 
0113 
0116 

0142 f-0118 
011A 

015E+. ---011C 
011E 

0152-.---0120 
0122 

01940124 
0126 

0166-.---0128 
012A 

0158-0---012C 
012E 

01A7~-0130 
0132 

0147..---0134 
0136 

0175..---0138 
013A 

014A.. ---013C 
013E 

0íb1-0140 
0142 

It° 

145 
0147 

014A 
014C 
014E 
0150 

-0uc=0151 
0152 
0154 
0156 

0158 
+015b 

015E 
0161 

0147+----0164 
0166 
0168 
0169 

016b 

016F 
0172 

0175 
0178 
017A 

L°170 
017E 
0181 
0183 
0184 

0186 
0188 
018A 

014A -.---018C 

PHA 
LDY 
LDA 
CMP 

BEQ 
CMP 
BNE 
LDA 

AND 
STA 
LDA 
CMP 

BCS 
CMP 
BEQ 
CMP 

BEQ 
CMP 
BEQ 
CMP 

BEQ 
CMP 
BEQ 
CMP 

BEQ 
CMP 
BEQ 
CMP 

BEQ 
CMP 
BEQ 
CMP 

BEQ 
JSR 
BNE 
JSR 

LDA 
ORA 
STA 
PLA 

RTI 
LDA 
ORA 
STA 

JSR 
JMP 
JSR 
JSR 

BEQ 
LDA 
-CLC 

ADC 

STA 
BCC 
JSR 
JMP 

JSR 
LDY 
LDA 
LDY 

JSR 
BNE 
CLC 
LDA 

STA 
LDA 
STA 
BCS 

48 
AO 00 
A5 (EE) 
C9 03 

A 

Save A 
Reset Y Index 
Get Cursor and test for range 
Is cursor on page 3? 

FO 04* Yes, OK to continue 
C9 02 Is cursor on page 2? 

dO 3A* No, Home cursor 
bt (Ed) Get old cursored character 

29 7F Erase old cursor 
91 (Ed) Replace character 
Ad 00 17 Get new character 
C9 20 Is it a character 

LJ rrl 
1+,--10 µs 

without cursor 
from A parallel Int. 
to be entered? 

b0 28* Yes, go and enter character 
09 18 Clear Screen? 
FO 40* Yes, clear screen 
C9 Od Return Carriage? 

FO 30* Yes, Return carriage 
C9 Ob Cursor Up?_ 
FO 6E* Yes, Up Cursor 
C9 OA Cursor Down? 

FO 3C* Yes, Down Cursor 
C9 09 Cursor Right? 
FO 2A* Yes, Right Cursor 
C9 08 Cursor Left? 

FO 75* Yes, Left Cursor 
C9 01 Cursor .Home? 
FO 11* Yes, Home Cursor 
C9 11 Scroll Up?= 

FO 3b* Yes, Scroll Up 
C9 12 Spare Hook? 
FO OC* Ignore --Restore Cursor 
C9 13 Erase' to ECS? 

FO 
20 
dO 
20 

bt 
09 
91 
68 

40 
A5 

85 

20 
4C 
20 
20 

FO 
A5 
18 

69 

85 
90 
20 
4C 

20 
AO 
b1 
AO 

6F* 

(D3) 03, 
(C2) 

(Ed) 
80 
(Ed) 

(Ed) 
1F 

(Ed) 

(d5) 
(45) 
(C2) 
(Cb) 

E1* 
(Ed) 

20 

(Ed) 
03* 
(d9) 

(45) 

(C2) 
20 
(Ed) 
00 

Yes, Erase to EOS 
(01) /////inter Character///// 

End of Screen? 
(01) Yes, Home.Cursor 

////Restore Cursor///// 
Add cursor to cursored character 
Replace cursored character 
Get A 

Return -to Scan 
////Carriage Return///// 
Move Cursor to Right End 
Restore Cursor 

(01) Increment Cursor 
(01) Finish 
(01) ////Clear////Home Cursor 
(01) Clear Screen 

Finioh 
////Cursor Down//// Get Cursor 
Clear Carry 
Move Cursor Down 

Restore Cursor 
Overflow of page? 

(01) Yes, increment upper page 
(01) Finish 

(01) ////Scroll Up//// Home Cursor 
Add Offset to Index 
Get Offset Indexed Character 
Remove Offset from Index 

20 (d3) (01) Enter Moved -.Character and Increment 
dO F5* Repeat? 
18 Clear Carry 
A9 01 Set A to page 3 

85 (EE) 
A9 KO 
85 (Ed) 
60 bC* 

Set Cursor to Page 3 
Set A to start of last line 
Set Cursor to Start of last line 
Finish if carry set 

(Continued on next page.) 
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018E 
0191 
0192 
0194 

JSR 
SEC 
BCS 
LDA 

Table III 

20 (Cb) (01) 
38 
80 FO* 
A5 (Ed) 

(Continued) 

Clear last line 
Set Carry 
Restore Cursor 'to start of last line 
////Cursor Up/////Get Cursor 

0196 SEC 38 Set Carry 
0197 SBC E9 20 Move up one line 
0199 STA 85 (Ed) Restore Cursor 

014A -0----019b BCS b0 Ad* Underflow of page? 

019d DEC C6 (EE) Yes, decrement page 
019F LDA A9 01 Set A to Page 1 

01A1 CMP C5 (BE) Did screen underflow? 
BNE d0 A5" No, Finish 014A -r ---01A3 

ó14I BEQ FO P.O. Yes, Home Cursor -01A5 
01A7 DEC C6 (Ed) ///Cursor Left//f/Decrement Cursor 
01A9 LDA A9 FF Set -A to page underflów 
01Ab CMP 05 ( Ed ) Test for page underflow 

BEQ FO EE* Change Page if off Page 019d +-01Ad 
BNE d0 99* Finish if on page 014A t--01 Af 

01b1 LDA A5 (EE) ////Erase to EOS///Get Cursor 
0183 PHA 48 Save Upper cursor location 

01b4 LDA A5 (Ed) Get lower cursor location 
01b6 PHA 48 Save lower'cursor location 
01b7 JSR 20 (Cb) (011 Clear to End of Screen 
01bA PLA 68 Get lower cursor location 

01Db STA 85 (Ed) Restore lower cursor 
01bd PLA 68 Get upper cursor location 
01bE STA 85 (EE) Restore upper cursor 

BNE d0 88* Finish . 
-014A-4---01C0 

0102 IDA A9 00 ///SUB//Home Cursor/// 
0104 STA 85 (Ed) Set lower cursor to zero 
0106 LDA A9 02 Put page 2 in A 
0408 STA 85 (EE) Set upper cursor to 0200 

01CA RTS 60 Return to main program. r 01Cb LDA A9 20 ///SUB//Enter Space/// 
1 01Cd JSR 20 (d3) (D1) Enter space via Sub L01 0140 BNE d0 F9* Repeat if not to end 

01d2 RTS 60 Return to main program 
01d3 STA 91 (Ed) ////SUB//Enter, Increment// store 
01d5 INC E6 (Ed) Increment Cursor 
01d7 BNE d0 06* Overflow? 

INC E6 (EE) Yes, Increment cursor.page to 03 
01db LDA A9 04 Load A with page 4 ' 

01dd CMP 05 (BE) Test for Overflow 
01df RTS 60 Return to main program 

NOTES: IRQ vector must be stored in 17FE 00 and 17FF 01. 

Total available stack length is 32 words. Approximately 
16 are used by operating system, cursor, and scan program. 
Stack must be initialized to 01FF as is done in KIM -1 
operating system. For 30 additional stack locations, 
relocate subroutines starting at 0102 elsewhere. 

- 

To protect page, load 00F3 04. To enable entry load 00F3 00.- 

Cursor address is stored at OOEd low and 00EE high on 
page zero: 

- 

To display cursor load 014d 80. To not display cursor 
load 014d 00. 

* Denotes a relative branch that 
. Sensitive. 

iss.program length 

( ) Denotes an absolute address that is program location 
sensitive. 

you can run 8 x 32, 4 x 64, 1 x 64, or 
even 1 x 8 character formats. All this 
takes is software changes, and the cir- 
cuitry of the TVT-6 remains the same. 

Initial Debugging. At this point, there 
should be no IC's in the sockets of the 
TVT-6 board assembly. Start by con- 
necting the LENGTH jumper to 32 and the 
CURSOR jumper to YES on the TVT-6 
board. (Note: These points are pads lo- 
cated at the center of the circuit board, 
not the edge -connector contacts.) Tem- 
porarily insert a jumper wire between 

START 

101001 

10105 
0101,1 

VALID 
CURSOR? 

ERASE OLD CURSOR: 
GET NEW CHARACTER 

101161 
MACHINE' NO 

COMMAND? 

1011A1 

YES 

CLEAR "- HOME 
SCREEN?. CURSOR 

1010F 
01131 

lollEl RETURN 
` CARRIAGE? 

101221 

101261 DOWN 
CURSOR? 

1012A1 RIGHT 
CURSOR? 

YES 
RETURN 

CARRIAGE 

YES 

4012E1 - 

LEFT 
YES 

DECREMENT 
CURSOR? CURSOR 

10152 0151,1 

INCREMENT 
CURSOR 

10158 0151,1 

4015? 01Aí0 
NO 

pins 3 and 14 on the 105 socket. Center 
the two position control potentiometers I 

and install 1C1, 1C2, and 106 in their re- 
spective sockets. 

Connect your video monitor to the . 

TVT-6 board and power up the system. 
Check for the presence of the SCAN in- 
structions (see PROM Truth Table in 
Fig. 1 of Part 1) at hex locations 8000 
through 8020. Write a simple program 
that jumps to a subroutine at location 
8000 and then loops. Single-step 
through this program to verify proper op- 
eration of the SCAN instruction. Do not 

USING THE TVT-6 WITH OTHER 

POPULAR MICROPROCESSORS 

Both parts of this article have used the 
TVT-6 with the 6502 microprocessor, - 
based .KIM -1 microcomputer. Here is 
'how to Use the TVT-6 in µC's that use 
other popular microprocessors. 

6800. The 6800 µP is very similar to 
the 6502 and, therefore, is easiest to 
convert. The, SCAN microprogram can 
be LDAB(C6) for words 0 through 30 
and, RTS(39) for word 31. A literal trans 
lation .of the tightest part of the SCAN 
program (1D;1782 through 178C) is: 
STA(B7); JSR(BD); ADDA(8B); 
CMPA(81); BCC(24). This routine re- 
quires 25 µs to cycle through as com- 
pared to the 21.1.t,s required for the 6502. 

9 

4 
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131371 
HOME 

CURSOR? 

NO 

YES 

10136) r SCROLL- VES SCROLL 
UP? UP 

101750181) (0183 018C) 

(013A) 

(013E) 

NO 

O 

YES 

YES 

(0(471 ENTER CHARACTER 
AND INCREMENT 

(0145) 

IC 147) 

101561 

10155) 

SAVE 
CURSOR 

10161 0156) 

CLEFR TO END RESTORE 
OF SCREEN CURSOR 

(0157) I016A 01C0) 

END 
OF SCREEN? 

HOME 
CURSOR 

LOAD NEW 
CURSOR 

END 

J 

-4 

8080. Astock 8080 µP can normally 
change its program counter once every`. 
2 µs, but it can'be "tricked" into doubling 
its speed during a SCAN microprogram 
by driving the usual address line A9 of 
the display memory from SYNC. Thé 
SCAN microprogram is then NOP(00) 
for words 0 through 30 and RET(A9) for 
word 31. A tighter than literal translation 
of the SCAN program (1D;1782 through . 

178C) is: STAXB(02); CALL(AD)1 
ADD(82); CMP(BB); JNC(DB), which re-' 
qúires 24 µs to cycle through: Here, the 
TVT-6 address lines A5 through 'Al 
must be relabelled A4 through A,flf, re- 
spectively. 

Z80." The Z80 µP can use 8080 - 
developed software with speed -doubling 

. 

scans, or it can simply be run faster, al- 

lowing the program `counter to change 
once 'every microsecond. Use a literal 
translation of the -program for the 6502. 

12 Address Line µP's. -The four 
upper address lines of 12 address line 
p.P's can be decoded to allow normal 
operation, 8 to 12 lines of scan, a verti- 
cal sync pulse, an operating return sys- 
tern, and an optional "page -change" 
command. This leaves a 256 -character 
page on the bottom eight bits, and the 
"page -change" command can be 
latched to change to any number of ad: 
ditional pages, as required. 

General Hints. Horizontal §can 
should last at least 62, 63.5, or 64 µs for 
conventional horizontal -frequency oper- 
ation. The microprogram scan must end 
exactly this number of microseconds lat- 

er for each horizontal line- in the total 
scan program. The total number of lines 
must produce a vertical frequency be- 
tweed 59.9 and 60.1 Hz per 'field. Note 
that a portion. of the RTS time will be 
spent- during the active (microprogram) 
scan time. Horizontal scans that last 
longer than' 85 µs may make it difficult to 
obtain TV interface. - - -, 

You can shorten a blank micropro- 
'gram -active scan by an even number 
simply by jumping ahead when you call 
your subroutine. For example, a,JSR 
8000 may produce a 32 -character scan, 
while a JSR 8002 can produce a 

30 -character scan. This approach can 
:come in handy when there is a need for - 

equalizing scan lengths between. char= 
acter rows and during vertical retrace. 



TABLE IV 

16 line X 64 character per line TVT6 Raster Scan: 

N.P - 6502 
System - KIM -1 

Start - JMP 17ÁA Displayed 0000 - 03FF 
End - Interrupt Program Space 1780-17bE 

[RS VS L4 1 L2J Li FloTTWIFT4 

Upper Address 

1780 LOA 
1782JSR STA 

Í--I. 

1788 ADC 

1792 
1794 
1797 
1799 

179b 
179E 
179F 
17A2 

17A4 
17A6 
17A8 

-START-+ 17AA 

17Ab 
17AE 
17b0 
1782 

1785 
17b6 
1 

1788788 

~,--178C;1, 
t178E 

CMP 
BCC 
TAX 
LEA 

BOS 
JSR 
.BCS 
ADC 

.STA 
TXA 
JSR 
ADC 

CMP 
BCC 
BCS 
CID 

JSR 
LDX 
IDA 
STA` 

CLC 
BCS 
JSR 
DEX 

BMI 
BPL 

72 vi 832 1 8161 118 

Lower Address 

114 

A9 80 Initialize Upper Address 
8d (87) (17) Store Upper Address 
20 00 80 ////Character Scans 1-8//// 
69 08 Increment character scan counter 

C9 CO 
90 F4* 
AA 
Ad (86) 

80 00 Equalize 3 cycles 
20 04 80 ////Character Scan 
80 00 Equalize 3 cycles 
69 3F Increment Lower; Set C on V2 overflow 

8d (86) (17) Restore Lower Address; save carry 
8A Get upper address 
20 00 80 ////Character Scan 10//// 
69 CO Add Carry; Reset VS 

H2 

Is VS = 1? 
No, Do next character scan 
Save Upper Address 

(17) Get lower address 

9/11/ 

C9 84 It is "Line 17"? 
90 dA* No, continue character scans 
80 00 Yea, Go to vertical blanking scans 
d8 Equalize 2 cycles 

20 00 CO ////Vertical Sync Scan//// 
A2 22 Load #V Blank Scans -2 
A9 00 Initialize Lower Address 
8d (86) (17) Continued 

18 Equalize 2 cycles 
80 00 Equalize 2 cycles again 
20 00 80 ////Vertical Blanking Scans//// 
CA One less scan 

30 C2* Start Character Scan 
10 F5* Repeat Vertical Blanking scans 

H1 

NOTES: TVT6 must be connected and scan microprogram PROM (I01) must be in circuit for program to run 

Step 1785 goes to where the upper address stored in 1787 
and the lower address stored in 1786 tells it to. Values 
in these slots continuously change throughout the program. 

Normal program horizontal frequency is 11,764.705 Hz. 
Vertical Frequency is 60,024 Hz. 85 us per line; 
196 lines. Character time 1 us. 160 active lines, 
36 retrace. Needs TV set adjustment and possible modification 
(hold and width). 

* Denotes a relative branch that is program length 
sensitive. 

( ) Denotes an absolute address that is program location 
sensitive. 

TVT6 length jumper must be in "64" position. 

proceed beyond this point until you are 
certain that the SCAN subroutine is op- 
erating properly. (Critical waveforms to 
be observed with an oscilloscope are il- 
lustrated in Fig. 7 using the program list- 
ed in Table II.) 

Insert 1C3 into its socket and load the 
program given in Table II. (Never install 
an IC in a powered circuit; always turn 
off the power, install the IC, and power 
up again.) Set the address to 17Ad and 
depress GO. Using an oscilloscope, 
check at test point VR for the presence 
of a 60 -Hz pulse. Switch the scope to 
line -sync and observe that the pulse re- 
mains fixed or drifts very slowly across 
the screen. Again, do not proceed until 
you are certain that the SCAN program 
is operating properly. 

NO 

START 

DO V SYNC 
SCAN 

DO V BLANK 
SCAN 

LAST , 

VBl 

NO 

N 

YES 

DO CHARACTER 
SCAN 

i 

117AAI 

117A1,1 

(17r6 17651 

117óCI 

11780 178A( 

ENDOF 
1178CI 

CHARACTER?' 

YES 

COMPUTE NEW 
CHARACTER LINE 11792 17A4) 

ADDRESS 

f 

. END OF , 

SCREEN 

YES 

16 64 RASTER SCAN 

07A41 

Install all remaining IC's, except 105, 
in their respective sockets on the TVT-6 
board, At this point, the screen should 
be filled with a stable display of 512 cur- 
sor boxes. Viewed up close, the boxes 
should appear to be "hiding" characters. 
Do not proceed until you have the in- 
dicated display. 

Checking with Fig. 7, particularly with 
respect to the LOAD and CLOCK on 1C8 
(Fig. 7A) verify whether or not the appro- 
priate waveforms are present. If they 
are, remove the jumper wire from the 
105 socket and install 105. Now, the 
screen of the monitor should have dis- 
played on it a full array of characters 
with about half of them winking cursor 
blocks. Load the following hex numbers 
into memory, starting at location 0200: 

SI ART 

ODD FIELD V 
SYNC SETUP 

178A 
178C 
178E 
178F 
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20, 20, 20, 50, 4F, 50, 55, 4C, 41, 52, 
20, 20, 45, 4C, 45, 43, 54, 52, 4F, 4E, TABLE V 

49, 43, 53, 20, 20, 54, 56, 54, 2D, 36, 20, 
20. Return to address 17Ad and depress 
GO. The top display line should now 
read "POPULAR ELECTRONICS 
TVT-6" and be indented three spaces. If 

all is well to this point, you can begin 
feeding in your cursor programs, add ex- 
ternal keyboard and/or cassette loads 
and dumps, etc. 

Should you encounter problems with 
your TVT-6, always begin debugging by 
using the 16 x 32 format on a KIM -1, 
even if you plan on using longer line 
lengths or plan to translate the code into 
another coding system. Note that the 
translation must be at the machine -lan- 
guage level because the SCAN program 
must provide the exact number of ma- 
chine cycles as well as the proper se- 
quencing. The 64 -character lines will re- 
quire some adjustments to be made in 

the monitor TV receiver's horizontal cir- 
cuit as detailed earlier. 

Closing Remarks. We have present- 
ed here full construction and operating 
details for a very versatile and inexpen- 
sive TV typewriter for use with the KIM -1 

microcomputer. If you have a computer 
that uses a microprocessor other than 
the 6502 used in the KIM -1, we refer you 
to the box for use details. O 

DOCRAÑCTER 

NO ' ÉNDÓF,.. 
(178A t7aC1 CHARACTE87 

NO 

VES 

COMPUTE NEW 
CHARACTER LINE (178F 17901 

ADDRESS 

ODD 

n7CC 1716) 

YES 

,END OF 
SCREEN? 

YES 

117A1 17A61 

EVEN 

(179FI 

EVEN FIELD V 

SYNC 'SETUP 

DO V 
BLANK SCAN 

117d7 17,191 

NO 

CRUNCHER THE BEAR Program for a 32 line X 64 character per 
line TVT6 raster scan: 

µP - 6502 Start - JMP 17C0 Displayed 0000-07FF 

System - KIM -1 End - Interrupt Program Space 1780-17dA 

GE11Im m® M llw<Qi lliD lliD 1V2 VII H321 8161 H81 841H21 H11 

Upper Address Lower Address 

IDA A9 80 Initialize Upper Address 1780 
1782 STA 8d (87) (17) Store Upper Address 
1785 JSR 20 00 80 ////Character Scans 0-7//// 
1788 ADC 69 10 Increment Character Gen by 2 

178A CMP C9 CO Is VS = 1? 

178C BCC 90 F4 No, Do next character scan 
178E PHA 48 Save Upper Address 
178F LDA Ad (86) (17) Get Lower address 

1792 ADC 69 3F Increment L; Set Carry on V2 overflow. 
1794 STA 8d (86) (17) Restore I; Save carry 
1797 PLA 68 Get Upper -Word 
1798 JSR 20 OC 80 ////Character Scans 8,9 //// 

179b ADC 69 CO Add Carry; Reset Upper Address 
179d CMP C9 88 Is it "Line 33"? 
179F BCC 90 E1 No, repeat Character Scans 
17A1 LDA Ad (81) (17) Get Interlace word 

17A4 ADC 69 78 Set Carry if Odd Field finished 
BCC 90 OC* Start Even Field if Carry Clear 

17A8 LOX A2 22 Load Even number of V Scans' -2 
17AA LDA A9 80 Load Even Field Upper Start 

17AC STA 8d (81) (57) Even Field V Sync + Restore Interlace 
17AF IDA A9 88 Even Field Line 33 CMP Value 
17b1 STA 8d (9E) (17) Store Even 33 CMP Value 
17b4 LDA A9 00 Clear Accumulator 

17b6 STA 8d (86) (17) Initializé Lower Address 
17b9 LDY AO 06 Equalize 31 cycles 

DEY 88 continued 17bb 
17bC BPL 10 Fd continued 

17bE BCS b0 OC* Jump if even field 
-START --s-17C0 LDA A9 88 Load Odd Field Upper Start 

1702 STA 8d (81) (57) Odd Field V Sync + Restore Interlace 
17C5 LDA A9 90 Odd Field line 33 CMP Value 

1707 STA 8d (9E) (17) Store Odd 33 CMP Value 
17CA LOX A2 23 Load Odd number of V Scans 
17CC 
17Cf 

JSR 20 3F 80 
PHA 48 

//// let V Blanking Scan//// 
Equalize 7 

17d0 PLA 68 continued 
17d1 CLD d8 Equalize 4 
17d2 CLC 18 continued 
17d3 JSR 20 00 80 //// Other V Blanking Scans //// 

17d6 
17d7 

DEX CA One Less scan 
BM/ 30 A7 Start Character Scans 

L+17d9 BPL 10 F6 Repeat V Blanking Scan 

:1 NOTES: TVT6 must be connected and scan microprogram PROM IC1 
must be in circuit for program to run. TVT6 length 
jumper must be in "64" position. 

Step 1785 goes to where the upper address stored in 1787 
and the lower address stored in 1789 tells it to. Values 
in these slots continuously' change throughout the program. 

Step 1781 is 80 for even fields and 88 for odd fields. 
Step 179E is 88 for even fields and 90 for odd fields. 

Both 17AC and 17C2 require that page 17 be enabled when 
page 57 is addressed. This is done automatically with 
RIM -1 circuitry. 

Note that 2K worth of contiguous memory from 0000 to 07FF 
117AÁ1701) is needed. This takes a RIM -1 modification. Both sets of 

1k words must share a common upstream tap but be 
separately enabled. 

Normal program horizontal frequency is 11,764.705 Hz. 
Vertical Frequency is 59.8712 Hz. For 60 Hz vertical 
use 1.002150 MHz crystal. B5 us per line; 196.5 
interlaced lines per field; -two fields per frame. One us 
character time, 160 active lines per field. Needs TV 
set adjustment and possible modification (hold and width). 

Denotes a relative branch that is program length sensitive. 

( ) Denotes an absolute address that is program location 
sensitive. 
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MORE ON USING CALCULATORS 
AS STOPCLOCKS 

HOW TO CONVERT A 
"FOUR BANGER" 

FOR STOPWATCH FUNCTIONS 

OST low-cost "four -banger" cal- 
culators can be converted to pro- 

vide a stopwatch function with 0.1 - 
second resolution by adding the inex- 
pensive three -IC circuit described here. 
The circuit in no way alters the normal 
operation of the calculator. It provides 
crystal -controlled accuracy of 0.05% or 
better and has a drain of 3 mA or less. 

The timer circuit can be added to any 
calculator that has an automatic -con- 
stant feature on the addition (+) func- 
tion. Once installed, it can be used to 
time virtually any event from a race to 
developing a photograph to baking a 
cake. In addition, you can even convert 
directly to miles or kilometers/hour, 
feet/minute or second, etc. For exam- 
ple, you can check the accuracy of your 
car's speedometer by clocking a mea- 
sured mile and dividing the time in sec- 
onds into 3600 to find the average 
miles/hour. 

About the Circuit. Many low-cost 
calculators can be converted to provide 

BY CHARLES STANFORD 

the timing function-including some cal- 
culators with memory and other high- 
level functions. The only requirement is 
the automatic -constant feature on the -r 
function. To check whether or not your 
calculator has this feature, key in ., 1, +, 
_, _, =. If your calculator has the auto- 
matic -constant feature, 0.3 should ap- 
pear in the display. If the reading re- 
mains at 0.1, the calculator cannot be 
used. 

The circuit shown in Fig. 1 consists of 
a 5369 CMOS programmable count- 
er -divider IC (IC1) with a 3.579545- MHz 
crystal to deliver a 60 -Hz output; a di- 
vide -by -six counter (1C2); and a CMOS 
analog switch (1C3). Pushbutton switch 
Si enables 1C3 and effectively closes 
the = key in the calculator 10 times a 
second. CMOS circuitry provides very 
low battery drain and allows use of any 
battery that can deliver 3 to 16 volts. 

Integrated circuit ICI contains a crys- 
tal oscillator amplifier that causes the 
crystal to resonate, a 16 -stage divider, 
and a fractional divider to provide the 

)(TALI 

TC2 

2,3,7,8, 1,2,3,4,5, 
---- 

BLK 
9,10,12, 5 7,10,11,12,13 

I 14 8 GRN 

RI ICI IC2 IC3 KEYBOARD 
YELcr,,,"' 

6 
9 SI YEL 

8 13,4,7 6116 14,5,11 14 

NC NC RED 

Fig. 1. Timer updates count 10 times/second when constant is activated. 

PARTS LIST 
C I-5-to-40-pF trimmer capacitor 
C2-27-pF ceramic capacitor 
IC I-MM5369 programmable oscillator/ 

divider (National) 
IC2-4018 CMOS presettable divide -by -N 

counter 

IC3-4016 CMOS quad bilateral switch 
R I-22-megohm, t/ -watt resistor 
S I-Miniature push -push spst switch 
XTAL-3.579545-MHz (color TV) crystal 
Misc.-Printed circuit board; red, black, yel- 

low, green stranded hookup wire; insulating 
tape or fish paper; solder; etc. 

60 -Hz output. Presettable divide -by -N 
counter 1C2 is set to divide by 6 by con- 
necting pin 6 to pin 1. The output of this 
IC, taken at pin 13, is a 10 -Hz square 
wave. Quad bilateral switch 1C3 trans- 
mits an input signal to the output only 
when it is triggered. With the 10 -Hz sig- 
nal from 1C2 connected to the toggle pin 
of 1C3, and the = key in the calculator 
connected to the switch contacts, the = 
function is initiated 10 times/second. 

The timer function takes control of the 
calculator only when Si is closed. With 
Si open, the calculator operates in its 
normal manner. 

Construction. The timer circuit is best 
assembled on a small printed circuit 
board, the etching and drilling guide/ 
component -placement diagram for 
which is shown in Fig. 2. It is important 
to use care when mounting the crystal 
so that it can be bent back to lie flat 
against Rl. Alternatively, R1 can be 
mounted on the bottom side of the board 
and the crystal bent back to lie flat on the 
board itself. 

Install the IC's last, and practice safe 
MOS-handling procedures when han- 
dling and soldering the IC's in place. 
(See MOS-handling article in this issue.) 
When interconnecting the timer board 
and calculator circuitry, make absolutely 
certain that the power leads are con- 
nected in proper polarity. If you reverse 
the power leads, the integrated circuits 
can be destroyed. 

Switch Si can be installed anywhere 
sufficient space is available. (It fits nicely 
directly opposite the power switch on the 
Texas Instruments Model TI -1200 cal- 
culator this author used, requiring only 
accurate drilling of a mounting hole in 
the case. Check the fit of the switch and 
pc board assembly before drilling any 
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holes to make sure switch and board will 
fit in your calculator. 

It is best to leave the interconnecting 
leads a bit long to facilitate easy installa- 
tion and calibration of the timer circuit. 
The red (+) lead from the timer goes to 

any point on the calculator's bus after 
the power switch. The black (-) lead 

then goes to any point on the calcula- 
tor's negative bus. 

The green and yellow leads connect 
across the = key in the calculator. The 

hookup points for the = key can be 

found by trial and error with the aid of a 

jumper wire. Simply jumper from one 

contact to another, after feeding into the 
calculator (via the keyboard) 1, +, =. 
When you hit on the right combination, 
the display will read 2. On calculators 
with an X -Y matrix keyboard, each lead 
from a vertical key row initiates a func- 
tion with each lead from a horizontal 
row. In the TI -1200, for example, there 
are nine leads coming from the key- 

board, four vertical and five horizontal; 
the = function is controlled by the first 
and eighth leads, counting from the left. 

After you have identified the appropri- 
ate leads for the = key, determine their 
polarity by using a small diode (a 1 N914, 

for example) in series with the test lead. 
The function will initiate only when the 

cathode (banded) end of the diode 
points toward the negative contact. Con- 
nect the green lead from the timer circuit 

Fig. 2. Foil side, components 
mount on other side of board. 
Dots denote pin 1 of IC's. 

to the negative contact. The yellow lead 

then goes to the positive contact on the 
keyboard. (Note: a very few calculators 
cannot be keyed at the 300 -ohm "on" 
resistance of IC3; with such calculators, 
you must connect a 500 -to -1000 -ohm 
resistor between pins 8 and 9 of IC3.) 

Calibration. The timer can be calibrat- 
ed quickly and easily with the aid of a 

frequency counter. If a counter is not 

available, you can use an electric clock 
with a large sweep second hand and ob- 
tain reasonable accuracy, trimming as 

necessary. 
Start calibration with the trimmer ca- 

pacitor (C1) centered and rotate it about 
10° at a time. Ten minutes of timing 
(600.0 seconds) will provide better than 
0.05% accuracy if 10 trials provide re- 

sults that are within 0.5 second. 

Befcre final assembly, completely in- 

sulate the timer board to avoid short cir- 

cuits between leads or components. 
Usually, all that is required is to place a 

Mayer or two of masking or vinyl tape or a 

single layer of fish paper on the foil side 

of the board. 

Using the Timer. Each time the cal- 

culator is turned on for use as a timer, 
key in the following sequence: ., 1, +. 
Then, when you depress Sl, 0.1 will au- 

tomatically be added to the display at 

0.1 -second intervals until Si is again 
pressed. For successive timings, press- 
ing the 0 key will clear the display while 
retaining the + constant. You can also 

count down from any number by en- 

tering the number via the calculator's 
keyboard, followed by, -,., 1. If you press 

the C (clear) key, you must reenter the 
constant before timing another event. 

Another section of IC3 can be used in 

the 10 -Hz line to provide remote actua- 
tion of the timer by a gate switch or pho- 

tocell. This will require the addition of a 

jack to your calculator, assuming there 
is room to accommodate it. 

The addition of the timing function to 

an existing calculator is one way of up- 

dating a very versatile instrument. The 
timer actually doubles the usefulness of 
your calculator by providing a function 
that is available commercially in only 
very expensive calculators. O 

THE HP -25 AS A 
DIGITAL CLOCK &TIMER 

THE PRECEDING article showed 
you how to convert an inexpensive 

four -function calculator to a stopwatch 
by adding a three -IC circuit. This article 
describes how to program an HP -25 cal- 

culator to make it serve as a clock/timer. 
The display is in hours, minutes, and 

seconds, and resolution is to the nearest 

second. 

The Program. To set up the HP -25 

calculator as a timer, first put the display 
format into the FIX 4 mode. The display 
will read 0.0000. Now, switch to the pro- 

gram (PRGM) mode and key in the fol- 
lowing sequence: 

BY WILLIAM T. PETERS 

STEP 

01 

02 
03 
04 
05 
06 

KEYSTROKES 

RCL, 1 

f,-)t.MS 
f, PAUSE 

RCL, 2 

STO, +, 1 

GTO, 01 

Next, switch to the RUN mode and key 

in: 3600, g, 1/x, sro, 2. Now, when you 

press the run/stop (R/s) key, the cal- 

culator will begin counting in hours, min- 

utes, and seconds (approximately). The 
two digits preceding the decimal point in 

the display are the hours; the two digits 
immediately following the decimal point 

are the minutes; and the two digits fol- 
lowing the space are the seconds. You 
will note that the display updates every 
second as long as the calculator is in the 
RUN mode. 

After a few minutes, you will probably 
find that your calculator is gaining time. 

To remedy this, you can add one or 

more steps to the program by pressing g 

and then NOP for each step you wish to 

add. These extra steps can be added 
anywhere in the program before the final 

step. Under no circumstances should 
you attempt to adjust the calculator's in- 

ternal oscillator, which would void the 
manufacturer's warrantee. 
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Now your timer will probably be accu- 
rate enough for most photographic or 
kitchen timing. However, with a little fur- 
ther tinkering with the program, you can 
improve the accuracy to within seconds 
per day. 

Better Accuracy. If your calculator is 
running slow, an increase in the number 
stored in Register 2 will compensate. If 

the calculator is running fast, the num- 
ber in Register 2 will have to be de- 
creased somewhat. For example, as- 
sume the timer is running 7 seconds 
slow after 16 minutes (960 seconds). 
You can compensate for this by increas- 
ing the number in Register 2 by 7/960. 
Alternatively, if the timer is running fast 
by 7 seconds, you can decrease the 
number in register 2 by 7/960. 

Using the Program. You can use the 
HP -25 calculator as a stopclock by 
pressing the R/s key at the beginning of 
the event you wish to time. Then, at the 
end of the event, hit the R/s key again to 
stop the clock. The calculator will display 
the elapsed time, unless you stopped 
the clock while it was updating. To read 
the elapsed time, key in RcL, 1, f, 

To use the calculator as a digital 
clock, simply store the hour, minute, and 
second from which you wish the calcula- 
tor clock to start running in register 1. 

Before storing this number, convert it to 
a decimal -hour format by pressing 
g, ->H. While the HP -25 displays hours, 
minutes, and seconds, the timing pro- 
gram "thinks" in decimal fractions of an 
hour. 

A simple program change turns the 
calculator into a countdown timer. Store 
the starting time in Register 1 and 
change step 5 in the program to STO, 

-1. Now, when the timing program is 

started, the calculator will count down 
from the time stored in Register 1, a sec- 
ond at a time. 

Several of these countdown timer pro- 
grams can be stored in the calculator si- 
multaneously. They can be used as re- 
quired by instructing the calculator to go 
to (GTo) the first step of the desired pro- 
gram and then pressing R/s to begin 
timing. In fact, the conditional -function 
keys make it possible to program the 
calculator to go from one countdown 
program to the next automatically, al- 
though a small loss in timing precision 
will be encountered because of in- 
creased program length. This is very 
handy in a darkroom, where several pro- 
cesses of different duration must often 
be timed in sequence. O 

TTL LOGIC QUIZ 
BY W.J. FISHER 

Although the circuits shown here can 
not be put to any practical use, they can 
provide a test of your TTL IQ. For each 

A 
( I ) o_-.. - 

( 2 ) ir--<_)0 

+5 -Mr 

A 
Pt)P°(4) a 

+5- - et. MM 

circuit, determine the resulting outputs 
at B for the two possible logic inputs ("1" 
or "0") at A. 

B 

>-o 

(5) 

' J J 

(6) 1---E 

A 
(7) o- E 

l=8 '0=v 
0=9 !1.=V (9) 
l=8'0=V 
0=E1! 1.=V (s) 

0=8'0=v 
l=8'l=V (5) 
L=9 '0=v 
l=9'1.=v (Z) 

B --o 

B 

l=8 '0=V 
0=8' l=V (L) 
0=9'0=v 
0=8' =v (b) 
0=8'0=v 
0=9'l=V (l) :SH3MSNV 
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Low cost digital timer provides accurate check 
of camera shutter speeds from 1/1000th of a second to 1 second. 

HAVE YOU ever wondered why a 

camera whose diaphragm opening 
and shutter -speed setting are adjusted 
perfectly according to an exposure me- 
ter should regularly produce overex- 
posed or underexposed negatives or 
prints? Too often, the cause is a shutter 
speed that deviates too much from the 
camera's speed markings. 

Now you can check your camera's ac- 
tual shutter speed by building the elec- 
tronic shutter tester presented here. If 

the camera displays a gross speed inac- 
curacy, you'll know that you must corn- 

pensate for it by modifying the camera's 
control adjustments (say, an f stop 
greater or smaller than the exposure 
meter's indication) or having the camera 
serviced professionally. 

With your own shutter tester, you can 
test your camera at any time you feel it 

needs adjustment. The shutter tester 
described here uses digital circuits and 
has six decades of display to give a high 
order of accuracy. 

About the Circuit. The sensor/con- 
trol circuit for the tester is shown in Fig. 

1, while the counting circuit is shown in 

Fig. 2. The two circuits are coupled 
together via the +V and GND buses and 
the points marked K going to each other. 

When light strikes phototransistor 02 
and not LDR1 in Fig. 1, the Darlington 
circuit made up of 02 and ordinary tran- 
sistor Q1 triggers on and supplies cur- 
rent to timer IC6. This causes the timer 
IC to generate pulses at a frequency of 
10,000 Hz. (Potentiometer R1 is provid- 
ed for adjusting the operating frequency 
of the oscillator to exactly 10,000 Hz.) 

If at any time light strikes LDR1, the 
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Advanced Electronics 

Be the 
`Ne 

Professional" 
in electronics 

CREI trains you at home 
for one of the most important 
career levels in electronics- 

plus offers you special 
arrangements for engineering 

degrees 

Most people think there are only two 
levels of careers in electronics: the 
technician level and that of the degree 
engineer. 

There is, however, a third and very im- 
portant level. It is that of the engineering 
technician or practical engineer. The 
growing importance of this career level 
has created what might well he called the 
"New Professional" in electronics. 

If you look at the various levels of em- 
ployment in electronics, you will under- 
stand why this "New Professional" is so 
important. 

The average technician is a person 
who has had vocational training in elec- 
tronics. He understands the basic prin- 
ciples of electronics so he can trouble- 
shoot, repair and maintain equipment. 
He usually works under close super- 
vision in performing his duties. 

The engineer has college training in 
electronics. He usually supervises tech- 
nician personnel and is responsible for 
planning and developing of electronic 
equipment and systems. Frequently, 
however, engineers are more heavily 
trained in the scientific principles of 
electronics and less in their practical 
application. 

The engineering technician, by con- 
trast, is a specialist in the practical appli- 
cation of electronics. His training usually 
consists of a two-year college program 
in electronic engineering technology. In 
many organizations, the engineering tech- 
nician handles several of the respon- 
sibilities of the degree engineer. He often 
has the title of engineer. 

CREI programs are designed to give 
you at home the same level and depth of 
training you receive in a two-year col- 
lege program in electronic engineering 
technology. CREI programs are, in fact, 
more extensive than you will find in 
many colleges. And CREI gives you the 
opportunity to specialize in your choice 
of the major fields of electronics. 

Unique Design Lab 
CREI gives you both theory and prac- 
tical experience in circuit design with its 
Electronic Design Laboratory Program. 
The professional equipment included in 
this program allows you to construct, 
test out and correct the circuits you de- 
sign until you have an effective circuit. 

This Lab Program helps you under- 
stand advanced electronics. It also gives 
you practical experience in many other 
important areas of electronics, as in pro - 
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areer Training at Home 

totype construction, breadboarding, test 
and measurement procedures, circuit 
operation and behavior, characteristics 
of electronic components and how to 
apply integrated circuits. 

Only CREI offers the unique Lab Pro- 
gram. It is a complete college Lab and, 
we believe better than you will find in 
most colleges. The "Lab" is one of the 
factors that makes CREI training inter- 
esting and effective. And the profes- 
sional equipment in this program be- 
comes yours to keep and use throughout 
your professional career after you com- 
plete the training. 

Engineering Degree 
CREI offers you special arrangements 
for earning credit for engineering de- 
grees at certain colleges and universities 
as part of your home study training pro- 
gram. An important advantage in these 
arrangements is that you can continue 
your full time job while "going to col- 
lege" with CREI. This also means you 
can apply your CREI training in your 
work and get practical experience to 
qualify for career advancement. 

Wide Program Choice 
CREI gives you a choice of specializa- 
tion in 14 areas of electronics. You can 
select exactly the area of electronics 
best for your career field. You can spe- 
cialize in such areas as computer elec- 
tronics, communications engineering, 
microwave. CATV, television (broad- 
cast) engineering and many other areas 
of modern electronics. 

Free Book 
In the brief space here, there isn't room 
to give you all of the facts about CREI 
college -level, home study programs in 
electronics. So we invite you to send for 
our free catalog (if you are qualified to 
take a CRE! program). The catalog has 
over 80, fully illustrated pages describing 
your opportunities in advanced electron- 
ics and the details of CREI home study 
programs. 

Qualifications 
You may he eligible to take a CREI col- 
lege -level program in electronics if you 
are a high school graduate (or the true 
equivalent) and have previous training 
or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

li 

Send for this FREE Book 
describing your opportunities: 
and CREI . college -level 
programs. in electronics 
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Fig. 1. Timer IC6 is 
gated into= 

oscillation when 
light strikes Q2.= 

LDR1 is used to stop 
operation when the 
camera is removed 
from support block.= 

PARTS LIST 
C I -2200-µF, 16 -volt electrolytic capacitor 
C2 -4.022-µF Mylar capacitor - 

DIS I through DIS5-rf" common -anode, sev- 
en -segment LED display (DL -704 or simi- 
lar) 

Dl-l00-volt, I' -ampere silicon rectifier diode 
I1 -12 -volt high -intensity lamp with arm and 

reflector (see text) 
ICI through [CS -4033A CMOs decade 

counter 
IC6-555 timer 
LDR I-Light-dependent resistor (Vactec No. 

VT -214 or Clairex CL -903) 
Q I -2N4264 transistor 
Q2-FPT-100 phototransistor 
R1 -3000 -ohm trimmer potentiometer 

resistance in the base circuit of 02 
drops to a low enough value to cause 
the Darlington circuit to cut off. This, in 

turn, turns off the timer circuit. Under 
normal operating conditions, no light will 
fall on either 02 or LORI initially. After 
pressing reset switch SI (Fig. 2), light is 
allowed to reach only 02. This allows 
the timer circuit to generate a 10,000 -Hz 

+v 
GND 

T T 

The following resistors I/4 watt# 10% toler- 
ance: 

R2-I500 ohms 
R3,R4,R5-1000 ohms 
R6-5100 ohms 
SI=-Normally open, momentrary-action spst 

pushbutton switch 
S2-Spst toggle switch 
Tl-l2-volt, 1.2 -ampere transformer (see 

text) - 

Misc.-Printed circuit or perforated board; 
16 -pin DIP sockets (5); 14 -pin DIP sockets 
(5); 8 -pin DIP socket; chassis with cover (9" 
x 5" x 21/2'); line cord; pine block (31/2" x 
13/4" x_ 13/4"); soft vinyl sheet; rubber feet 
(4); contact cement; machine hardware and 
spacers; hookup wire; solder; etc. 

pulse output that is counted by the total- 
izer circuit shown in Fig. 2. The displays 
continue to count upward until the light 
to 02 is interrupted or light falls on 
LDR1. At this time, the displays "freeze" 
to indicate the total number of pulses 
counted. When the tester is used with a 
camera, the camera's body covers 
LORI to exclude all light and the shut - 

ter/lens mechanism is positioned direct- 
ly above 02, in line with a high -intensity 
light source. Switch S1 is momentarily 
depressed to reset the counters to zero. 
Then, when the shutter is tripped, the 
system counts the number of pulses 
generated between the opening and 
closing of the shutter. 

The counting circuit shown in Fig. 2 

consists of five decade -counter IC's (IC1 
through IC5) and their companion sev- 
en -segment displays (0151 through 
DIS5). Note that D152 is the only display 
whose decimal point is active. This deci- 
mal point comes on whenever the tester 
is powered. Note also that the decade 
counters are wired to suppress the ze- 
roes to the left of the decimal point. 
Since the display indicates the number 
of pulses counted during a discrete in- 
terval of time, it does not indicate time. 
To obtain the time indicated by the num- 
ber in the display, you must divide that 
number by 1000. Hence, displays of 1.0, 
8.0, 16.6, and 33.3 translate to 0.001, 
0.008, 0.0166; and 0.0333 second or, 
in photography terminology, 1/1000, 
1/125, 1 /60, and 1/30 second, respec- 
tively. (It is a good idea to make up a ta- 
ble of conversions that can be affixed to 
the completed project, as shown in the 
lead photo.) 

The power supply for the tester is line 
operated. Dc power for the system is ob- 
tained from a conventional rectifier- 
diode/filter-capacitor (D1/C1) setup that 
is driven from the center tap of trans- 
former TI. This circuit assumes that 
high -intensity lamp II is an integral part 
of the system. If you prefer, you can use 
a separate line -powered high -intensity 
lamp and substitute a 6.3 -volt transform- 
er for T1. 

Construction. The entire circuit, ex- 
cept Ti and the two switches and 02 

1 
SI_I 

R4 

RESET 

FIG I 

Fig. 2. The five 
decade counters 
are formed from 

IC's that also 
include 7 -segment 

decoded outputs. 
Note that DIS2 has 
the decimal point. 
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TD Q2 
AND LDRI 

*ON FOIL SIDE 

and LDR1, can be assembled on a sin- 
gle printed circuit board, the etching 
and drilling and component -placement 
guides for which are shown in Fig. 3. Al- 

ternatively, you can assemble the circuit 
on perforated board, using appropriate 
solder hardware. In either case, the use 
of sockets for the IC's and displays is 

recommended. 
Install the components on the circuit 

board as shown in the component - 
placement guide, taking care to properly 
orient them. Note here that the four 
jumper wires labelled J and R5 mount 
on the foil side of the board. To avoid the 
possibility of short-circuiting the board, 

CONVERSION TABLE 

NUMBER SHUTTER SPEED 

1.0 = 1/1000 sec 
2.0 = 1/500 sec 
4.0 = 1/250 sec 
8.0 = 1/125 sec 
10.0 = 1/100 sec 
16.6 = 1/60 sec 
20.0 = 1/50 sec 
33.3 = 1/30 sec 
4000 = 1/25 sec 

10000 = 1/10 sec 
125.0 = 1/8 sec 
250.0 = 1/4 sec 
500.0 = 1/2 sec 
1000.0 = 1.0 sec 

SI 

be sure to use insulated sleeving on the 
resistor leads and wire jumpers. 

Phototransistor 02 and light -depend- 
ent resistor LORI mount in a block of 
pine as shown in Fig. 4. The holes in 

which these two components mount 
must be stepped as indicated to permit 
easy routing of the hookup wires that in- 
terconnect them with the rest of the cir- 
cuit. Note that LDR1 mounts in the hole 
at the lower left corner and 02 mounts in 

the hole in the center of the block. 

Fig. 3. Foil pattern and 
component installation. Pin 
15 of ICI through 105 are 
connected together by a common 
jumper on the foil side of the 
board. Note that R5 and the 
other jumpers are also 
located on the foil side. 

Before you mount 02 and LDR 1 in the 
block of wood, apply a coat or two of flat 
black paint to all exterior surfaces of the 
block. Allow the paint to completely dry, 
and then mount the components in their 
respective holes, fixing them in place by 
force fitting. (If the fit is too snug, very 
carefully ream out the holes; if it is too 
loose, sparingly apply a drop or two of 

clear plastic cement to the component 
edges. Both components mount flush 
with the top surface of the block. When 
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