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Preview: Panasonic’s Four-Head Video Recorder
Guide To Floppy-Disk Formats
Computerized Tune Player With Expandable Memory
PE EXCLUSIVE:
Microprocessor Product Development System
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1. The NTS/Rockwell AIM 65
Microcomputer A single board unit
with on-board 20 column alphanumeric
printer and 20 character display. A 6502-based
unit 4K RAM, expandable. 2. The NTS/KIM-1
Microcomputer A single board unit with & digit
LED display and on-board 24 key hexadecimal
calculator-type keyboard. A 6502 basec
microcomputer with 1K RAM, expandable.

3. The NTS/HEATH H-89 Microcomputer
features floppy disk storage, “smart”
video terminal, two Z80 micro-
processors, 16K RAM memory, expand-

} able to 48K. 4. The NTS/HEATH GR-

) 2001 Digital Color TV (25" diagonal)
features specialized AGC-SYNC muting,
filtered color and new salid-state high
voltage tripler rectifier.
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NATIONAL
TECHNICAL =
SCHOOLS g Jisf

TECHNICAL-TRADE TRAINING SINCE 1905 -
Resldent and Home-Study Schools

| - 9 7]
4000 S0. FIGUEROA ST.. LOS ANGELES. CA. 90037 :‘aﬂg\
Y

NTS Training Pragrams
in Consumer and
Industrial Electronics

NATIONAL TECHNICAL SCHOOLS /3‘% A
4000 South Figueroa Street.  Dept. 205-112 i

Los Angeles, California 90037
Please rush FREE color catalog on course checked below

] MicroComputers/MicroProcessors [ Auto Mechanics
Communications Electronics ] Air Conditioning
] Digital Electronics ] Home Appliances
[]Industrial Technology } Color TV Servicing

Name Age
Address

Apt. City

State Zip

] Check it interested in G.I. informaticn.
Check if Interested ONLY in classroom training in Los Angeles.
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“RATEDNO.1FOR
SERVICE & RELIABILITY”

THIS MONTH’S
SUPER SPECIALS

WVPIONEER CASSETTE
IN-DASHW /RADIO

PIONEERcontnued
GM.12 [Bwansich)
GM-40 (20 wallsich )

&P-1500 89. GM 120160 wattsich ) 0990
::-‘:‘ggg 'lolggg CD-5(7-17 band equalirer) 8990
B2 IENsEn cansprakeas
KP-8500 4 AR
Jioe 450 00N t cparates)
£.3000 20990
. No6s loed v it . o3 50/
KE-500 24490 e
S, 12090 NONiewwau- 00 79 500x
"’“‘5’%26'.?'“‘"“", 1338 j:::o(l)n-‘l:":- -s.wm 82504
KP-BOOO(orexgn cars .
KE.2002 ilorenncars) 00.90 ﬂ:;: sa tras 5“ wiﬂib 82 50Dt
KPMOOO;'N\NK i'“ﬂ: :f;g 88 HOB0 1659 coar
KPX-9500 (requires amp} d
NO37 (619cosst 0w).  50.90ipr
CASSETTE UNDERDASH 1077 5incam A5 wattk, 41,5011
np.g;g 22,:8 JO4AY (Shcoar b 7S walls) 49501
KP-.
KP-575 0190 DSANYO CASSETTE
KP-250 1955 IN-DASHW/RADIO
KP.50 12990 130.90
KP.84G {1equrres amp) 79.90 n |495 25990
KP.77G {requres amp) 10490 15490
KP-88G {requies amp) .90 n_uoo 2 16490
KPX-6Q0 |requires amp) 12490 frya05 169.90
KP-7O7G lrequires 3mp) 14400 IC-2 5490
CARSPEAKERS fIC4 6490
5.M2 2890/ FIC-6 7190
1513 3490/ FIC-8 9990
15121 3490p  CASSETTE UNDERDASH
15107 32.90/py. 1606 7490
};'07 499Qmr.  F11400. . 9590
104 S99 BLAUPUNKT
Ipdl 4790/ 20000 22095
15,095) 8900/ cr2001 26095
gl oo griool 46995

WE ALSO CARRY THE RILL LINE N
CAR STEREQ BY: GRUNDIG, MTSU.
BISHI, CONCORD, PANASDML, MA
RANTZ, CLARKN, BLAUPUNKT, FOS -
GATE. AUDIOYOX, CRAIG AND SONY-
SENOFOR CATALDG

6
POWER AMPS/EQUALIZERS
BP-320 420 watisich ) 54.90
AD-360(70 watisicn ) 119.90
AD-3O(30 wantsich - equalzer} . 89.90
AD-50(50 wanych - equalizer} 144 90

CASSEYTETAPES

AMPEX Grang Master i o 4 C 90 Red TDKADC 60 168

BASF Prol, Worfil€ 90 99 TDKADC30 245
FUNFX) oW 90 TOK SAC 60 215
SCOVCHLow Norse C 90 Jipack 599 TDK SAC 90 29
MEMOREX tigh Bias € 90 379 TOKMAC 60tmetan 629
SONYFeCrC 90 325 TOK MA € 90 (meut 199
SONYLNXC 90 164 MAXELLUD.UDXLI&NC 90
TOKDC & 119 loo low to adverfise
DK DC 90 168 caliorwiite for prces
REEL-TO-REEL TAPES
SCOTCHMaster (1800 1) 599  VIDEOTAPES
SCOICH207(18001) 519 ALBFALS500 1295
MAXELL UD 35-90 uuoam 549  AUBEALISC 1595
TOKL-1800 (1800 1t 522 ALVHST-120(exceplHG) .. 1495
VIDEQ TAPES

WE CARRY: AMPEX, BASF FUILIVC MAXELL PANASONIC MEMOREX.
WEALSO s1ocxwosoaeconowsmonomzvuosomowss
MINIMUM ORDER12 TAPES—100% GUARANTEED

XSU 5000

SH

COMPLETE SYSTEM 10.9% KOSS pro aiAAA 4550
Diskit 3 KOSSHVINC. 3450

DISCORGANI l 9.96 KOSSHVXAC 4850
16 O2.DIRE 1095 KOS HVX 4205
ZEPOSVATAN'I S‘AHCGUN 1495 SENNHEISERHD-420 5250
5C-15MUSC 495 SENNHEISERHD-430 7250
DISCFOOT 1595 AUDIO TECHNICA ATH-7 0495
FULZBUSTER lrodor oetector 8290 CASIOC 80 Ca¥Warch 4500
FUZZBUSTER ELITE detector 13495 -A-PHONE IlDﬂl!emnl:y 16495
BEAM BOX FM-8 antenna 39.95 TEXAS INSTRUMENTS Tt 48

BEAM BOX FM-10 ontenna 6405

ATARICX 200igame)

A7 98 List $4.99
AIB.9BList. $5.49
AI9.9BList $5.99

SO additionol for cossette or 8-track
MINIMUM ORDER: 5 records or fopes N

WE STOCK ALL MAJORLABELS

HOW Y0 DRDER: For shipmesnt within 48 hours, send money order o
2artified check, Two weeks delay on persanal checks. Please add
$3.50 per order for shipping & handling (55 50 for orders oulside
U.S.) N.Y.S. residents add tax.No C.0.D.'s. All merchandise 1007
guaranleed, brand new & factory fresh.

ORDERTOLLFREE (800)221-8180
ALLOTHER MATTERS: CALL (212) 732-8600

MUSIC
WORLD

23 PARK ROW, DEPT.R.T, NEW YORK, N.Y.10038
CALLORWRITE FOR FREE 160 PAGE CATALOG
CIRCLE NO. 42 ON FREE INFORMATION CARD
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microprocessor

of the first key is stored in /C2. This puts
a full 8-bit number on the input side of
the 4016 gates /C3 and IC4. If the CPU
is in the LOAD mode, pressing the INPUT
button will load the binary value of the
two keys previously pressed into the pro-
gram memory. This is accomplished by
pin 2 of /C5 pulling the DMA IN line low,
causing the contents of the data bus to
be directly loaded into the memory loca-
tion specified by the register 0 in the
CPU. The CPU will acknowledge the
DMA by issuing a high on sci. This is
used to reset flip-flop /C5. The iNpUT
switch is also connected to the EFa line.

The hex keyboard also can be used to
input data during a program. It is con-
figured to respond to a 6C instruction.
The RUN, LOAD and RESET buttons are
connected to three NAND gates of
IC17. These gates are flip-flops that ap-
ply the appropriate logic levels to the
CLEAR and WAIT lines which control the
CPU mode. The waIT switch will cause
the CPU to pause. It is arranged so that
the pause will only occur between TpPA
and TpB to insure that valid data and
addresses are displayed when the wWaAIT is
issued. The single-step mode allows the
operator to execute the program one
step at a time, observing the STATE
CODES, Q line, data and address lines, as
well as the action taken by external re-
lays and components, etc. Jumper J/
can select the stopping point during the
single-step mode. If J/ is connected A to
C, then the program will stop only in a
FETCH cycle. If JI is connected B to C,
the stopping point will be each machine
cycle at the trailing edge of TPB. You
may want to try this initially to get a
better understanding of the CPU opera-
tion. However, eventually you will prob-
ably connect J/ to HALT only in the
FETCH mode.

Remember to consult the timing dia-
grams to interpret the contents and
meaning of the ADDRESS and DATA bus
signals.

Slow-Step Clock. Formed from
IC19, the speed of the stepping or tog-
gling clock is controlled by R3. Hold the
STEP toggle button depressed, and adjust
R3 for the clock speed desired.

Test Procedure. To test the combi-
nation of the product and programming
boards, install the six 1K bank-select
jumpers (IA to G). This will locate the
IK memory at 0000 hex. Connect the
input ports so that jumper 1 connects
from terminal A to EF3 and jumper 2
between A and B, selecting instruction
61. Connect the output port jumper 3 A
to B, the 1K memory-select jumper 4 A
to B. Jumpers 5, 6 and 7 are not
required at this time. Install the follow-
ing jumpers on the programming board:
J1 A to C, J2 B to C. Now connect an

8-volt dc supply between the 8-volt input
and ground on the product board. Use
the circuit shown in Fig. 8. Apply the
power with no ICs installed. Check the
output of the 7805 regulator Q2 on the
product board. The voltage should be
+ 5 volts, +5%. If not, correct the prob-
lem before proceeding.

Remove the power, install the ICs,
and plug the programming board into
the product board. If you are using an
EIf II to program the product board,
remove the 1802, 2102’s and the 1861
video chip. (The 1861 will interfere with
the I/O port allocation unless you use
your giant board to reallocate 1/0O in-
structions to IC4 and IC5 on the prod-
uct board.

When power is applied, the 7-segment
displays should light up. With the latch-
ing switches up, press the RESET button.
The ReSeT LED should be on, as well as
SCo. PAUSE, SC1 and Q LEDs should be
off. Press the LOAD button. The RESET
LED should go off. Enter a 7 on the hex
keyboard, followed by a B, then depress
the INpPUT button. The display should
read 0000 7B, indicating that a 7B is
located at memory location 0000. Now
input 7A, followed by a 3A and 00. The
display should read 0003 00. This pro-
gram first turns the Q light on, then
turns it off and BRANCHES back to the
beginning, running in a loop.

Now press RESET, followed by the Ex-
ECUTE RUN button. Both the RESET and
PAUSE lights should go on, indicating
that both the WAIT and CLEAR lines on
the CPU are high or that the CPU is in
the RUN ‘mode. The Q light should glow.
It is being turned on and off by the pro-
gram. Now press the wAIT button. The
PAUSE light should stay on, the RESET go
off. The program can now stop at any
point in the loop. Remember, it stops in
any machine cycle, so it may stop in a
FETCH Or EXECUTE.

Depress E again. The program will
start up where it left off. Try it a few
times, noting that the program stops
only at address 0000 through 0003 and
that the Q. sco and sci LEDs may or
may not be on. Try to estimate where
the CPU has stopped. Now depress the
S (sTEP) button. Then depress E, hold-
ing the T (TOGGLE) button down. Rotate
R3 until you can follow the program.

Note that the addresses displayed are
one step ahead of the action on the data
bus display and the @ LED. This is
because the SINGLE-STEP stops at the be-
ginning of a FETCH, while the paTa dis-
play and the Q LED are indicating the
previous machine EXECUTE cycle. Refer
to Fig. 4 and follow the timing diagram
through the single-step mode.

To examine memory, press RESET,
Loap and p (Memory Protect). Remem-
ber to release the SINGLE-STEP button.
Now, pressing INPUT will atlow you to
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step through your program. Pressing
and holding the TOGGLE button will al-
low you to review it at a rate determined
by R3. The M button is not used at this
time. Provisions have been made to add
a system monitor which will be activated
with this button. To test the 1/O ports,
write a small program such as those in
Fig. 9 using them.

Construction. Assembly of the devel-
opment system is basically straightfor-
ward, but because of the complexity of
the circuitry, use of pc boards is virtual-
ly a necessity. The boards are double-
sided and very difficult to make, and
their purchase is recommended. Because
of their size, the foil patterns are not giv-
enhere. The patterns and component lay-
out guides may be obtained by sending
a self-addressed 8-inch by 10-inchenvel-
ope with two units of postage to Edito-
rial, Dept. MP, Popular Electronics,
One Park Ave., New York, NY 10016.
Several of the ICs are MOS devices and
require the standard handling precau-
tions.

Once you have assembled and
checked out your development system,
you will be well on the way to proficien-
¢y in designing with microprocessors.
The scope of projects you can design and
build is limited only by your imagination
and ingenuity. Considering the vast pos-
sibilities offered by microprocessors, you
may want to order a supply of several of
the product boards.

PARTS AND KIT
AVAILABILITY

The following items are available from
Netronics Research and Development,
Ltd., 333 Litchfield Road, New Milford,
CT 06776: complete Product Board kit
including all components appearing in
Product Board parts list, $59.95; com-
plete Programming Board kit including all
components appearing in Programming
Board parts list, $79.95. The following
are also available individually: Product
Board printed-circuit board only, $25.00;
Programming Board printed-circuit board
only, $29.00; 86-contact edge connector
with gold-plated contacts only, $5.70; 8-
volt power supply including plug-in trans-
former/bridge rectifier/filter capacitor
assembly, $8.95. Postage, handling and
insurance charges for U.S.A. orders:
complete Product Board kit, $2.00; com-
plete Programming Board kit, $2.00;
Product Board pc board only, $1.50; Pro-
gramming Board pc board only, $1.50;
86-contact edge connector only, $0.50;
8-volt power supply, $0.80. Connecticut
residents, add state sales tax. Toll-free
telephone number for ordering purposes:
1-800-243-7428.
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Expand
your knowledge

ubscribe to BYTE

The 1980’s are here! The decade of the persenal computer
has arrived, and BYTE has made it happen! BYTE — the small
systems journal devoted to personal computers — has helped usher
in the new era. Leading the personal computer revolution, which is
already transforming home and personal life, are BYTE’s 160,000
enthusiastic readers. Their enthusiasm has made BYTE the largest
computer magazine in the world!

To be knowledgeable in the 1980’s you need to know how to
use personal computers. BYTE is your personal guide to the new
era. BYTE tells you how to build, buy, and use computers for fun,
practical purposes, and profit. With help from BYTE, you can experi-
ment right in your own home with graphics, word processing,
computer music, speech synthesizers, simulations, robotics,
personal dafa base management, business computing — and
hundreds of other fascinating hardware and software applications.

Resolve now to expand your computer knowledge.
Subscribe to BYTE!

B U'[ ® the small systems journal
» A McGRAW-HILL PUBLICATION

Fill 1n and mail the coupon loday. Read your first copy of BYTE. i it s

everything you expected, ho?’or our invoice. u isn't, lus![wrik‘ “Cancel” on Ca" us 'OII'free
he invoice and mail it back. 't be billed and the firat Isue i

::cmvomfa mail it 'ou won't and the lirt lsue isyours af 800_258_5485

r-------------------------------1

BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08836
Please enter my subscription for:

0 One year $18 (12 issues) [ Twa years $32 O Three years $46

O Check enclosed entitles me to 13 issues for price of 12 (North America only)
O Bill Vi [ Bill Master Charge 3 Bill me (North America only)

CardNurrber Expiration

Signature Narre (please prinl)

Address

City State/Province/Country  Code

Foreign Rates (To expedite service. please remit in U.S. Funds)

0 Canada or Mexico () One year $20 I Two years 336 O Three years $52
2 Europe. one year (air delivered) $32

[J All other countries, one year (surface delivered) $32. Air delivery available on request. 73B0 J

8u1ss330.4d 10) $Y33M -9 MO[(B 3sea|d
-G G G G G G OGN In G SN En e Ee
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Heath /Zenith Instruments:

Heath/Zenith instruments are
professional units that give you
good value for your money.
Awide selection to let you choose
the unit with the features you
need — without paying for a lot
of bells and whistles you don't.
Manufactured to strict Heath/
Zenith standards. Inspected at
every step of assembly to assure
performance to specifications.
They re built to last; built to give

you reliable service. 61U.S. and
Canadian locations offer service,
should it ever be necessary.
Whether you need a test instru-
ment for electronics service
work, manufacturing and design,
or serious hobby applications,
Heath/Zenith instruments are

a good choice. The selection
offered here is just part of our
total instrument line. Order
TOLL FREE 800-253-0570.

New 10 Hz-225 MHz
Frequency Counter

New 5 Hz-512 MHz
Frequency Counter

New Hand-held
512 MHz Counter

$29995

¢ Ideal for 2-way UHF work

® Ovenized, high-stability,
crystal timebase

® 8-Digit resolution

® 10 mV typical sensitivity

® .01,.1,1,10 second gate times
to fit your needs

® Trigger level control

® Frequency ratio function

® Period function

®4.25"Hx10.0"Wx13.0"D

¥159%

® 10 mV typical sensitivity

® Single input gives entire range
® Crystal-controlled time base

® 0.1,1.0 second dual time gates
¢ Full voltage protection

® Easy-to-read 8-Digit display
®3.38"Hx725"Wx9.0"D

SM-2410" 5 1 st 1o po sk 23 8556 4 0 an 159.95 SM-2420 ..................... 299.95
($2.30 shipping & handling) ($2.75 shipping & handling)
SMA-2400-1,Antenna ............ 9.95 SMA-2400-1,Antenna . ........... 9.95

($1.60 shipping & handling) ($1.60 shipping & handling)

179%

¢ Easy-to-read 7-digit display

® 10 mV typical sensitivity

¢ Includes nickel-cadmium batteries

® AC or battery operation

® .1 second and 1 second time gates
with automatic decimal point
placement

® Leading zero blanking

® Crystal-controlled time base

® Full voltage protection

®2.0"Hx3.38"Wx8.25"D

Hand-held Multimeter gives 0.1% accuracy

$12995

® Measure voltage, current, resistance

® Easy-to-read Liquid Crystal Display

* Five DC voltage ranges — 200mV-1000V

® Five AC voltage ranges — 200mV-750Vrms
® Four DC current ranges — 2mA-2000mA
® Four AC current ranges — 2mA-2000mA
® Six resistance ranges — 200 1-20 M)

76

* Uses one 9V battery or 120/240 VAC ‘ SM-2400 ... ... Y 179.95
,, ; - ($1.90 shipping & handling)
*20"'Hx3.5"Wx75"D 1
1 PS-2404 120V Battery Eliminator/
SM-2215 ............ LR 129.95 Charger (required) ............ ... 4.95
($1.75 shipping & handling) E ($1.60 shipping & handling)
IMA-2215-1 Leather Carrying Case ..14.95 ]

(81.60 shipping & handling)

PS-2405 240V Battery Eliminator/

Charger (required) .............. 12.95
PS-2350 120VAC Battery Eliminator ..4.95 ($1.60 shipping & handling)
($1.60 shipping & handling) SMA-2400-1 Telescopic
PS-2450 240VAC Battery Eliminator . . 14.95 Antenna ........................ 9.95
($1.60 shipping & handling) ($1.60 shipping & handling)
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professional quality; excellent value

Sine-square wave
Audio Generator

General-purpose
Power Supply

Tri-Power Supply

coe W _G6 B 0

210" 185%

¢ Fixed 5 VDC at 1.5A and two contin-

* Supplies B +,C - and filament uously-adjustable 0-20 VDC at 500mA $18 5 00
voltages ¢ Interconnect outputs in any
¢ 0-400 VDC output at 0-100 mA combination
continuous (125 mA intermittent) ¢ Clutch-coupled 20 VDC supplies for ¢ 1 Hz-100 kHz frequency range
¢ Qutput variation less than 1% from dual-tracking operation ¢ 0.003-10 Vrms sine wave output
no load to full load for 100-400VDC ¢ All outputs short-circuit proof l(l.Ok Qload)
¢ Ripple less than 10 mVrms ¢ Ripple and noise less than 5 mVrms ® 0.003-1V sine wave output
® Output impedance 10 Q from * Load or live regulation provides 1600 Qload)
DLE- T L1 less than 0.1% (20 mV) variation on ® Meter calibrated in volts and dB
¢ C— Voltage 0 to —100 VDC at 1mA 20V supplies and less than 2% e —62 to +22 dB ranges
¢ Filament voltage 6.3 VAC at 4 amp. variation on 5V supply * 0.1-10 V square wave output
® 5.5"Hx13.38" Wx11.25"D ®4.5"Hx10.75"Wx9.0"D 20000 load)
SP-2717 .. ... ... ... 210.00 SP-2718 .. ... ................ 185.00 ¢ 50 nanosecond risetime
($4.40 shipping & handling) (83.15 shipping & handling) ©513"Hx13.25"Wx7.0"D

SE=CME ¢ 4hs mun b s pae gl =T - > 185.00
($2.85 shipping & handling)

Dual-trace DC-10 MHz
Oscilloscope

Combination x1, x10
Scope Probe

$2995

$65000

¢ Two vertical input channels with
10 mV/cm sensitivity

¢ 11-step attenuator for 10mV/cm
to 20V/cm deflection factors

¢ 19-step horizontal time base from
0.2 sec/cm to 0.2 usec/cm

® Vertical accuracy within 3%

® X5 horizontal expansion

e Calibrated 1V peak-to-peak square
wave signal

e Switch-selectable x1 and x10 atten-
uation at probe tip

® Center (ground) switch position
allows quick zero level check

¢ DC to 15 MHz (x1) and DC to 80 MHz
x10) bandwidths

® 35 ns vertical rise time ® 1.0 nS (x10) rise time

® Automatic triggering ¢ Insulating tip, BNC tip adapter,

® 120/240 VAC, switch-selectable IC tip, insulated compensation
®6.9"Hx12.9"Wx19.3"D capacitor adjustment tool, vinyl case
SO-4550 . ............ ... . ... 650.00 PEW=105 tepc. cssescaisans g bos 29.95

($5.50 shipping & handling)

Order TOLL-FREE: HEATH |
8$00-253-0570 S | [hstruments

8:00 AM to 8:00 PM Eastern Time M-F. Sorry, toll-free service not For information on other Heath/Zenith Instruments write:
available in Alaska, Hawaii or Michigan. Call 616-982-3411, 24 hours Depl1010.7104 BentonHarbor, A9022
a day, seven days a week. TLX: 72-9421 GX-383

($1.60 shipping & handling)

To receive your order faster, charge it! 61 Service locations

Use your Visa, MasterCard or Heath Revolving Charge. throughout the United
Please have your card or account number handy when you call. States and Canada

m Heathkit Electronic Centers
WeR Yy inthe U.8" and Canada are
| N listed in phone directory
master charge. Charg-Q-k]t white pages.
prelarrhesn ARl %) & *Units of Veritechnology
Q7 5 Electronics Corporation.
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INEXPENSIVE

AUTO BATTERY

TESTER

BY HANK OLSON

Simulates 200-ampere starter-motor load

N AUTOMOTIVE battery works

very hard, especially when crank-
ing the engine, and if you have a pletho-
ra of electrically operated accessories
that often draw more power than the un-
aided alternator can deliver, it may not
have a full charge to work with. Even a
battery that loafs most of the time may
age to the point where it can no longer
start the engine on a cold day, so it’s a
good idea to check your battery’s health
now and then.

Numerous tests can be made on a bat-
tery, and all of them give some indica-
tion of its condition. But none is as con-
clusive as checking its performance un-
der load. To do that you need a profes-
sioni| battery tester, an inexpensive ver-
sion of which you can build, as described
in this article.

The Circuit. The battery tester,
shown schematically in Fig. 1, assumes
the test current to be 200 amperes at 12
volts. (To determine appropriate load
current, refer to the box.) Using Ohm’s
Law and assuming a 12-volt battery, you
can readily see that load resistor R2’s
value would have to be a very low 0.06
ohm (R = E/I = 12 volts/200 amperes
= 0.06 ohm). Furthermore, its power
rating would have to be a whopping
2400 watts (P = IE = 200 amperes X
12 volts = 2400 watts). Clearly, you’re
not going to find a resistor with these
ratings in your local electronics parts
store. Fortunately, however, you can
fabricate your own power resistor from
available inexpensive materials.
Continuing with our example of 12
volts and 200 amperes, you'll need about
12 feet of 12-inch wide, 0.025-inch thick
steel banding strap (used to cinch wood-
en packing cases) to fabricate R2. Con-
nect the strap in series with an ammeter
that can handle at least 2.5 amperes
across a variable power supply capable
of delivering up to 1 volt at more than 2

78

amperes. Adjust the power supply for a
2-A output and measure the voltage
across the load. If it is over 0.12 volt,
trim the strap until it equals 0.12 V.
Turn off the power supply and discon-
nect the test setup. You've now deter-
mined the length of steel strap to use for
a 0.06-ohm load resistor. (You can use
the same test setup to determine the
length needed for any other battery volt-
age/power ratings simply by changing

the voltage or/and current to the appro-
priate values in the formulas that are
provided in the box.)

You’re not likely to find a switch that
can handle 200 amperes in an electronic
parts store, but a conventional 12-volt
automotive starter solenoid (X! in Fig.
1) will fill your need. Operating current
for the solenoid is controlled by normally
open pushbutton switch S1.

Meter M1, resistors R3 through R6,
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