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% GERNSBACK SPECIALTY SERIES (5 49604

1,992 ECTRONICS

® Build A Super Directional Microphone

o Build A Solid State Disk Drive For Your PC
@ How To Put A TV In Your Multisync Monitor
o Build A Novel Rocket Altimeter

o Build A High-Tech Xmas Card

BUILD THIS FREQUENCYFRUBEZS

® All About Surround Sound

® High-Tech Consumer's Guide To Batteries . e e
® How To Find Power-line Glitches o
0"1» b S

Measuressl%wo MHzI

&~ | o Easy-To-Build Shortwave Radio
® Build A Digital Dashboard
o Experimenter’s I/0 Card For Your PC

o And Lots, Lots More!
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$3.50 U.S.
$3.95 CAN




ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES.

HITACHI COMPACT SERIES SCOPES
This series provides many new functions such as CRT
Readout, Cursor measurements (V-1085/1065/665), Fre-
quency Ctr {V-1085), Sweeptime Autoranging, Delayed
sweep and Tripper Lock using a 6-inch CRT. You don'tfesl
the compactness in terms of performance and operation.

V-660 - 60MHz, Dual Trace $1,195
V-665 - 60MHz, DT, w/cursor $1,345
V-1060 - 100MHz, Dual Trace $1,425
V-1065 - 100MHz, DT, w/cursor $105/mo*
V-1085 - 100MHz, QT, w/cursor $125/mo*
V-1100A - 100MHz, Quad Trace $125/mo*
V-1150 - 150MHz, Quad Trace $115/mo*

48 HOUR
SHIPPING

48 HOUR
SHIPPING

Hitachi RSO Series
(Portable Real-time Digitai Storage Oscilloscopes)
VC-6023 - 20MHz, 20MS/s _ ___$99/mo*
VC-6024 - 50MHz, 20MS/s $120/mo*
VC-6025 - 50MHz, 20MS/s _ $135/mo’
VC-6045 - 100MHz, 40MS/s $125/mo*
VC-6145 - 100MHz, 100MS/s _ ' $200/mo*

RSO's from Hitachi feature roli mode, averaging, save
memory, smoothing, interpolation, pretriggering, cursor
measurements. These scopes enable more accurate,
simplier observation of complex waveforms, in addition to
such functions as hardcopy via a plotter interface and
waveform transfer via the RS-232C interface. Enjoy the
comtfort of analog and the power fo digital.

20MHz Elenco Oscilloscope
k : $375

MO-1251

o Dual Trace
Component Tester
= 6" CRT

o X-Y Operation

o TV Sync

» 2 P-1 Probes

LEASING AVAILABLE
For all Hitachl Scopes - Call for detalls

* Based on 24 months except V-1150, VC-6045, VC-
6145 (36 months)

Hitachi Portable Scopes
DC to 50MHz, 2-Channel, DC offset func-
tion, Alternate magnifier function
V-525 - CRT Readout, Cursor Meas. __ $1,025
V-523 - Delayed Sweep $995
V-522 - Basic Model $895
V-422 - 40MHz__ $795
V-223 - 20Mhz delayed swes| $695
V-212 - 20MHz __ $425

FREE DMM
with purchase of

ANY SCOPE

SCOPE PROBES
P-1 65MHz, 1x, 10x  $19.95
P-2 100MHz, 1x, 10x $26.95

Elenco 35MHz Dual Trace
Good to $495

50MHz
MO-1252

o High luminance 6' CRT

o 1mV Sensitivity

» 6KV Acceleration Voltage

 10ns Rise Time

o X-Y Operation e Z Axis

» Delayed Triggering Sweep

e Includes 2 P-1 Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi

scopes. Call or write for complate specifications on these and many other fine oscilloscopes.

Multimeter with
Capacitance &
Transistor Tester

$55 cm-15008
Reads Vofts, Ohms
Current, Capacitors,
Transistors and
Diodes / with case

Digital Capacitance Meter
. CM-1550B

$58.95

Digital LCR Meter
9 Ranges

LC-1801
.1pt-20,000utd @

$125
5% basic accy. Iﬁ%
peog

Measures:

Coils 1uH-200H
Zero control w/ Case
Big 1° Display

FLUKE
MULTIMETERS

All Models
Available

TEST EQUIPMENT
All Models Available

Caps .1pi-200uf

Call for special price Res .01-20M Call for special price

[ S

Big 1" Display

AM/FM Transistor
Radio Kit
with Training Course

Quad Power Supply XP-580
$59.95

2-20V @ 2A
12V@ 1A
5V @ 3A
-5V @ .5A

True RMS 4 1/2
Digit Multimeter
M-7000

$135

.05% DC Accuracy
1% Resistance
with Freq. Counter
and Deluxe Case

Triple Power Supply XP-620

Assembled $49
Kit $45

210 15V @ 1A,

2to-15V @ 1A

(or 4 to 30V @ 1A)

and 5V @ 3A

All the desired features for doing experiments.

Features short circuit protection, all supplies

Model AM/FM 108

$26.95

14 Transistors ¢ 5 Diodes
Makes a great school project

Fully regulated and short circuit protected

GF-8016 Function Generator
with Freq. Counter

$249

Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

GF-8015 without Freq. Meter $179

Function Generator
Blox

Provides sine, triangle, square
wave from 1Hz to 1MHz
AM or FM capability

Learn to Build and Program
Computers with this Kit
Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00

Starting from scratch you build a compiete system. Our
Micro-Master trainer teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as 1I8M PC.

Robotics Kit for above (MM8010) 71.95
WE WILL NOT BE[UNDERSOLD!

UPS Shipping: 48 States 5%

($3 Min $10 Max) Shipping

IL Res., 7% Tax FAX: 708-520-0085

Wide Band Signal
Generators

SG-9000 $129

RF Freq 100K-450MHz AM Modula-

tion of 1KHz Variable RF output
S$G-9500 w/ Digital Display &

150MHz built-in Counter $249

C & S SALES INC.

1245 Rosewood. Deerfield, 1L 60013

(80 29277 L1 (708) 3410710

XK-500 DIGITAL / ANALOG TRAINER

A complete mini-lab for buliding, testing, prototyplng analog and digital clrcuits
Elenca's Dighal / Analog Tralner is spacially designed for school projects, with 5 bullt-in power supplies.
Inciudes a function generator with continously vanable, sine, triangular, sguare wave forms. All power
supplies are regulated and protected against shons.
POWER SUPPLIES
+ Vanable Power Supply
++1.2510 20VDC @ 5 Amp

(+12510 15VDC @ 1 Amp)
+—1.2510 -20VDC @ .5 Amp

(-1.2510-15VDC @ 1 Amp}

« +12VDC @ 1 Amp 214995 Assembled
oo g 119,95 Kit

« 45VOC @ 1Amp

+ 30VAC Center tappad @ 15VAC
at 1Amp

ANALOG - SECTION

« Function Generator Sine, Trianguiar
Squara wave forms

« Frequency adjustable n five ranges
trom 110 100KHZ

« Fine frequency adjust

- Ampittuds adust

+ DC offset

+ Modutation FM-AM

DIGITAL - SECTION

+ Exght data switches

+ Two no bounce logic swiiches

- Eight LED readouts TTL. buttered

+ Clock 176quency 110 100KHZ

+ Clock amplitude SVPP square wave

BREADBCARDS

« 2 Breadboards, each coman:
B40 tie points (total 1,680}

2 Year Warranty
WRITE FOR FREE CATALOG

CIRCLE 109 ON FREE INFORMATION CARD

15 Day Money Back Guarantee

Prices Subject to Change
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EXPERIMENTER'’S
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12 HIGH-TECH GUIDE TO BATTERIES
69 HOW TO FIND POWER-LINE GLITCHES
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R-E EXPERIMENTERS HANDBOOK

N

EDITORIAL

1992 =) ECTRONICS

EXPERIMENTERS
handbook

Getting the most out of electronics.

Welcome to the 1992 edition of the Radio-Electronics
Experimenters Handbook! As we’ve done in previous
editions, we've gone through the pages of Radio-Elec-
tronics from the past year or so, and picked our favorite
stories to present to you in a single package. The result?
A 128 pages jam-packed with great projects and the
latest technology.

But all these articles don’t amount to much unless you
get actively involved in them. The education that you can
receive from building a project is enormous. You want to
learn how a real power supply is designed? Then build
our laboratory power supply. You want to learn how to
use those new semiconductor laser diodes? We show
you how to build a high-tech handheld laser.

OK. You just want to have fun. Then build our lead-vocal
zapper and call your friends over for a sing-along party.
Or build our high-tech Christmas card that responds to
music. Or build a shortwave radio and tune in the world!

For the computer buffs who is equally enthusiastic
about electronics, we have a couple of great projects.
We show how to build a solid-state disk drive that can
speed up your PC’s performance. We also show you
how to use your multisync monitor to display composite-
video signals!

So before you pop that videocassette into your VCR for
another evening in front of the tube, think of what you
might be missing. Building electronic projects isn’'t only
educational. It's a helluva lotta fun!

—THE EDITORS

Hugo Gemsbagck (158@53 967) foupder

Larry Steckler, EHF, CET,
editor-in-chigf and publiahsr
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wAVItIVI RANGE
IMIZED SENSITIVI

We've Carefully balanced the amount of gain used in our input
amplifiers - too much or too little results in poor performance.
OPTOELECTRONICS' HANDI-COUNTERS™ with maximized
sensmvny give you the maximum range for antenra pick-up.

Made in the USA

Maximum
Security MODEL 8030

Device. With all the features of the
Increase your 3000 pius enhanced input
frequency signal conditioning and
. finding™ by 10 enhanced TCXO time base
§ times the distance
[ =, or more.
Tunable
Preselector
APS-104
$995.

MODEL 3000 g Counter Sold
Multi-function Counter T separately
10Hz-3GHz, 10 Digit LCD with :
frequency, period, ratio, interval
& signal level bargrapn....$375.

The Original Pocket-Sized LED
Handi-Counter™

All of OPTOELECTRONICS' LED
Handi-Counters™ will:

* Count frequencies above 2.4GHz.
e Have display saving Power Switch

(avcids premature LED burn-out, leading cause of
Mﬁ
D‘"-p 00

counter failure.)
m“ e

a00 Accept no substitutes -
22! A Look for the OPTOELECTRONICS  Model 2300 - 1MHz-2.4GHz

' Available with NiCads and AC
name on the label! Charger Adapter. Complete

Package only....$128.

Only OPTOELECTRONICS
offers you MAXIMIZED SENSITIVITY.

Factory Direct Order Line 1 '800'327'591 2

dbtoh FL(305)771-2050 * FAX(305)771-2052
T ey 5821 NE 14th Ave. » Ft. Lauderdale, FL33334 5% Ship/Handling (Max. $10)
2-2,4GH2 Full range U.S. & Canada. 15% outside continental U.S.A.
counter.Price includes

) Visa and Master Card accepted.
Nicads & AC charger/adapter.

CIRCLE 19 ON FREE INFORMATION CARD




& R-E EXPERIMENTERS HANDBOOK

ED BATHGATE

THE MAJORITY OF PROBLEMS THAT OCCUR
in a VCR are mechanical in nature.
Problems caused by dirty heads, worn
idlers, stretched belts, and jammed
gears are perhaps most common, but
VCR’s also have their share of elec-
trical problems. Such problems may
be bad end sensors, burned out
motors, power-supply problems, etc.

A good oscilloscope and a digital
voltmeter can get you through the ma-
jority of VCR problems quickly and
casily. However, problems involving
the video heads, rotary transformer,
head pre-amps, and head-switching
circuits can be tough to troubleshoot.
There are low-cost ($60) video-head
testers, but they won’t indicate if a
head is contaminated or if the gap is
clogged; in either case the output will
seriously be degraded.

You could replace the video head in
question, but that requires that you
have a spare head for every make and
model of VCR you service. Changing
heads is time consuming, and keep-
ing lots of heads in stock is expensive.
What's really needed is an instrument
that can generate a known-to-be-good
video-head playback signal, and one
inexpenstve source for such a signal is
another VCR. A VCR creates that
signal whenever it plays a tape, so a
working VCR can be used to trouble-
shoot a broken VCR (see Fig. 1).

If you are repairing VCR’s as part
of a service business, you probably
have more than one working VCR in
the shop at any given time. What’s
needed is a video jumper cable to take
the signal from the source VCR and
inject it into the VCR being repaired.
This project makes it possible to do
just that, with no modifications to ei-
ther VCR.

VCR operation

There are several signals that a vid-
eo head generates during playback.
The luminance and sync is a signal
from 3.4 to 4.4 MHz, frequency-
modulated by video luminance and
sync information. The chroma, or
color information, is a 629.371-kHz
signal recorded by amplitude modu-
lating the 3.4 MHz FM carrier. The

VCR

HEAD AMP

STER

This inexpensive piece of equipment can turn
a second VCR into a valuable troubleshooting tool.

combined signals are usually referred
to as video-head RF or RF envelope.

Two video heads are needed to
“read” the information from a stan-
dard VHS videocassette (see Fig. 2).
The two heads are mounted 180 de-
grees apart on a polished aluminum
cylinder that spins counter-clockwise
at 30 rpm. When one head completes
a scan of the tape, the other head is
ready to start its scan. In one scan,
one video head generates a ““field,” a
full top-to-bottom picture on the TV
screen. The second video head also
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generates a field, but it is interlaced
with the field from the first head. The
two interlaced fields make one frame.

A standard four-head VCR uses
only two heads at a time, one pair for
“SP™ (two-hour standard play), and
one pair for “EP” (six-hour extended
play). If one of the video heads is bad,
the VCR will send a full-size picture
to the TV, but with only half the pic-
ture information, with every other
field composed of “‘snow.”

Each head has its own pre-amp, and
the output of each one goes to an

PR P

@\”“““‘M;z;’%«w \»W«« 20

WER BEING TESTED
HEAD AMP TESTER -
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FIG. 1—THE VIDEO HEAD-AMP TESTER enables\you to use a good signal from a workmg
VCR to test a VCR with possible head probiems.




5 sure steps o a

fast start

as a high-paid
compuler service technician

COMPUTER]
—SERVICE
— [ JoBs—

1 a Choose training
that’s right for today’s
good jobs

Jobs for computer service technicians
will almost double in the next 10 years,
according to the latest Department of
Labor projections. For you, that means
unlimited opportunities for advance-
ment, a new career, or even a com-
puter service business of your own.

But to succeed in computer service today, you need training—
complete, practical training that gives you the confidence to service any
brand of computer. You need NRI training.

Only NRI—the leader in career-building, at-home electronics training
for more than 75 years—gives you practical knowledge, hands-on skill,
and real-world experience with a powerful 386sx/20 MHz computer you
keep. Only NRI gives you everything you need for a fast start as a high-

o paid computer service technician.

1992

Good pay, too!

2002

2- Go beyond
“book learning”
to get true hands-
on experience

NRI knows you learn better by
doing. So NRI training works
overtime to give you that
invaluable practical experience.
You first read about the subject,
studying diagrams, schematics, and photos that make the subject even
clearer. Then you do. You build, examine, remove, test, repair, replace.
You discover for yourself the feel of the real thing, the confidence gained
only with experience.

3 m Get inside

a powerful com-
puter system

If you really want to get ahead
in computer service, you have
to get inside a state-of-the-art
computer system. That’s why
NRI now includes the powerful
new West Coast 386sx/20 MHz
mini tower computer as the
centerpiece of your hands-on
training.

As you build this 1 meg
RAM, 32-bit CPU computer
from the keyboard up, you
actually see for yourself
how each section of your

NEW!
3J86sx/20 MHz
Mini Tower

Computer!

I._
| A2

| #cHECK ONE CATALOG ONLY

computer works. You

assemble and test your computer’s “intelligent” keyboard, install the
power supply and high-density floppy disk drive, then interface the high-
resolution monitor. But that’s not all.

You go on to install a powerful new 40 meg IDE hard disk drive—
today’s most-wanted computer peripheral—included in your course to
dramatically increase the data storage capacity of your computer while
giving you lightning-quick data access.

I Name
I Address
I City

Lt -

Plus, now you train witt. and keep the latest in diag-
nostic hardware and softwere: the RA.C.ER. plugin
diagnostic card and QuickTech diagnostic software,
both from Ultra-X. Using thase state-of-the-art diag-
nostic tools, you learn to quickly identify and ser-
vice virtually any
computer problem
on |BM-compat- % |
ible machines b

4- Make sure you've always got

someone to turn to for help

Throughout your NRI
training, you've got the
full support of your
personal NRI instructor
and the entire NRI
technical staff. Always
ready to answer your
questions and help you if
you should hit a snag,
your instructors will
make you feel as if
you're in a classroom of
one, giving you as much time and personal attention as you need.

5 a Step into a bright new future in
computer service—start by sending for
your FREE catalog today!

Discover for yourself how easy NRI makes it to
succeed in computer service. Send today for NRI's
big, full-color catalog describing every aspect of
NRI's one-of-a-kind computer training, as well as
training in TV/video/audio servicing, telecom-
munications, industrial electronics, and other
growing high-tech career fields.

If the coupon is missing, write to: NRI
School of Electronics, McGraw-Hill Continuing
Education Center, 4401 Connecticut Avenue, NW o
Washington, DC 20008.

RA.C.ER. and QuickTech are registered trademarks of Ultra-X, INC.

i T’
School of e
Electronics | Hil . approved under GI Bill

McGraw-Hill Continuing Education Center O check for details.
4401 Connecticut Avenue, NW, Washington, DC 20008

For career courses

] Computer Programming
[0 PC Software Engineering Using C
[ Desktop Publishing & Design
[0 Word Processing Home Business
[ Bookkeeping & Accounting

0 Microcomputer Servicing

O TV/Video/Audio Servicing

[0 Telecommunications

O Industrial Electronics/Robotics
[ Basic Electronics

e

State
Accredited Member, National Home Study Council

Zip

5-101

o MOOGANVH SH3ILNIWIHIAX3 3-H




o R-E EXPERIMENTERS HANDBOOK

%3 S RN e B o4
% &
S 4UPPER CYLINDLR s £ i
M 4 | i e
* | VIDEL LA
e Safe |~ /n JOHEAD &,
Wa p‘uGLE POIST % ANBLE LS 5
TAPL GUIDE TAPF GLIDE
» (SOURCE} O ke e :
i st P
:-nLTr“n@ P - HOLR L .
e | > . i
WIBED i : e Ly —— ALIDI0 SRASE HEAD %
ERASE _—D RHS SR UKD & CONTRO: TRACK HEAD
« READ WINED HEAD B < W 2
£ & (= TARE GUIDE W A 2
iy i B ! b e
ISy =0 : % 4 -
R 2 e S TAPE GLIDES " " PINCH RDLLER

..-}'leSlL‘-I': LASSEITE

& CAPSTAN
w

-
¥ L ‘ =
¥
O | % :
& | | # it
| S v
= & ; &
PR
- v F
F
el
s ¥ 3
3
s 2
{4 " 2
o 5
% e % LS 2
# - %
1 jz 2
E3 el
e > - * B = - .;é
@ k kil S

FIG. 2-—-VHS BASIC MECHANISM. Two video heads are needed to generate the standard
VHS format. The two heads are mounted 180 degrees apart on a polished aluminum
cylinder that spins counter-clockwise at 30 rpm.

clectronic head switch (sce Fig. 3).
The head-switching circuit combines
the outputs from each head pre-amp.
by switching to the head which is in
contact with the tape at that time. The
head-switching control pulse is a 30-
Hz square wave derived from the rota-
tion of the head-cylinder motor. The
output cnvelope (waveform d) is the

PARTS LIST

All resistors are Ya-watt, 5%, un-
less otherwise indicated.

R1, R4—100,000 ochms

R2—220,000 ohms )

R3—10,000 ohms, audio-taper *

potentiometer

R5—150,000 ohms

R6—2200 ohms

R7—1000 ochms

“Capacitors

C1, C3, C4—0.001 pF, ceramic disc

C2-—39 pF, ceramic disc

Semiconductors

LED1—red light-emitting diode

Q1, Q2-—2N2222 NPN transistor

Other components

J1, J2—RCA-type jack

S1—SPST on/off switch

Miscellaneous: Coaxial cable, PC
board, metal case, solder, etc.

sum of the two individual head pre-
amp envelopes (waveforms ¢ and b).
It the head-switching pulse is not
present, or it it’s distorted or inverted
in phase, the symptoms will be sim-
ilar to bad heads or a bad pre-amp.
Some examples of bad waveforms are
shown in Fig. 4. Waveforms a to  are
caused by mechanical misalignment
of the tape guides, and the waveforms
in ¢ and f indicate proper alignment,
but show a problem with the video
heads, pre-amps, or head switcher.

Head-amp tester circuitry

The schematic for the tester is
shown in Fig. 5. The input is an RF
envelope tfrom a working VCR. ap-
plied to QI through coupling-capaci-
tor Cl. QI is connected as an emitter
follower, with a high-impedance in-
put and a low-impedance output, and
a voltage gain of 1.

Potentiometer R3 is used as the
emitter load for QI and level control
tor the signal applied to Q2. Capaci-
tor C2 is for improving the frequency
ru‘ponse of R3. Transistor Q2 is also

a 2N2222 wired in the same contig-
uration as Q1. but with a lower output
impedance in order to drive circuits in
the VCR under test. The circuit draws

only 12 mA, so a 9-volt battery is well
suited for the project.

Construction

The circuit should be built on a PC
board, because RF as high as 4.5
MHz will be present. A single-sided
board was used in the author’s pro-
totype with no problems. The board
layout is very simple and can be
drawn by hand directly on the copper
with an etch-resist pen. See Fig. 6 for
a parts-placement diagram; a toil pat-
tern is provided in PC Service.

The assembled circuit should be
mounted in a shielded box and coaxial
leads should be used for input and
output. Keep the lead length as short
as possible (2-foot leads were used on
the prototype with no problems).

Checkout

After assembly, check the voltages
on QI and Q2, and the current draw, to
verify proper circuit operation. Con-
nect the VCR to be used as the signal
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FIG. 6—PARTS-PLACEMENT DIAGRAM. Use the foil pattern provided in PC Service to
make your own board.

source to a TV or monitor, and play a
tape to use as the test signal: it can be a
test pattern, or a home-made record-

ing of the news or some other show.
Use an oscilloscope to check out the
head RF envelope (Fig. 3-¢), trom the

source VCR for proper flatness. The
RF envelope should be between 100-
and 500-mV p-p in most VCR’s.

Now turn on and connect the head-
amp tester to the source VCR at the
same point in the circuit that you mea-
sured the RF envelope (Fig. 3-¢) with
the oscilloscope. There may be a
slight amount of signal degradation
but if the entire picture disappears, it
is loading down the source and the
output signal will be unusable.

Check the output signal of the
head-amp tester with the oscillo-
scope; it should be the same ampli-
tude as the input signal with the level
control at maximum. The output
should be 0-V with the level control at
minimum.

Using the tester

To substitute a signal in place of
bad or questionable video heads, first
put the source VCR into play, connect
the head-amp tester, and adjust the
output for 5-10-mV p-p. Put the VCR
to be tested into play with a blank
tape, and connect the output of the
tester to the input of one of the head
amps. That may be done at the con-
nector end of the cable between the
rotary transformer and the head amps.
You can also capacitively inject the
signal by clipping the output lead over
the insulation of a non-shiclded wire
(no clectrical connection). and in-
creasing the output level to about Y2 to
Y4 of maximum. Signals can also be
injected into the input and output of
the head switcher. The output level
should be high and direct electrical
connections should be made.

The rotary transformer (one that
can couple a signal from a rotating
drum to the rest ot the circuitry) can
be tested with the VCR under test in
“stop” mode, but the source VCR
must be in “play™ to supply a signal.
Connect the output lead directly
across one head at a time, and mea-
sure the output at the pre-amp input
connector. You should disconnect the
pre-amp connector tfrom the pre-amps
if possible. The signal trom the rotary
transtormer should be equal or greater
in voltage than the applied signal volt-
age. Test cach head and the corre-
sponding transformer winding.

The head-amp tester is not going to
replace any major test cquipment, but
it does help you to troubleshoot some
problems. And, after all. why
wouldn’t you want all the help you
can get? R-E
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BUIRDENI
RADAR

TESTER

HAVE YOU EVER WONDERED HOW SEN-
sitive your radar detector is? Or have
you ever had someone tell you that
their detector was better than yours?
Until now, the average radar-detector
owner had no way to prove or disprove
any claims made by the manufac-
turers concerning the performance of
the various detectors on the market.

The radar-detector tester pictured in
this article is an easy-to-build, low-
power X- or K-band radar transmitter.
With the device’s tow-level emissions,
you do not need a license to use it.
The average detection range is 12 feet,
which is more than enough to deter-
mine the sensitivity of your radar de-
tector. You can then do a side-by-side
test with your friend who’s been tell-
ing you his detector is better!

Operation

The heart of the circuit (see Fig. 1)
is a onc-transistor oscillator that oper-
ates at a fundamental frequency of
1169.44 MHz. The 9th harmonic of

TUNED CIRCUIT

FIG.1—THE HEART OF THE X-BAND UNIT
is a one-transistor oscillator that operates
at a fundamental frequency of 1169.44
MHz; the 9th harmonic of that frequency is
10.525 GHz, which happens to be the cen-
ter of the X-band police radar assignment.

DETECTOR

[
-
i

Is your friend’s radar detector as good as yours? Why not prove it, then!

JOHN B. AYER

that frequency is 10.525 GHz, which
happens to be the center of the X-band
police radar assignment. The K-band
unit operates at a fundamental of
1857.7 MHz with the 13th harmonic
falling at 24.150 GHz. As you proba-
bly have guessed, 24.150 GHz is right
in the center of the K-band police
radar assignment.

The oscillator uses a microwave
transistor in order to maximize the X-
or K-band output. The fundamental
frequency is determined by the tuned
circuit that is attached to the base of
the transistor. The tuned circuit con-
sists of a 50-ohm strip line that is
etched onto a PC board, and then cut
to the proper length during the tuning
procedure.

The printed circuit board is made
out of double-sided copper-clad teflon
with fiberglass reinforcement. The
teflon is necessary because of the high
frequencies involved (standard G-10
epoxy printed circuit boards act like
short circuits at frequencies above 3
GHz). Although teflon sounds exotic,
itisn’t, and it is readily available from
the suppliers listed in the parts list.

Some people may not be familiar
with strip-line circuitry. Any line that
is etched on one side of a double-
sided PC board will have inductance
along its length and capacitance
through the diclectric (the fiberglass,
teflon, etc.) to the ground plane (the
copper plating on the other side of the
board). In a properly designed strip
line, the inductance and capacitance
cancel cach other leaving the designer
with just a resistive impedance to wor-

o

ry about. As it turns out, the width of
the line and the thickness of the di-
electric determine the resistive im-
pedance.

In this particular case, it was deter-
mined that 50 ohms was the optimum
impedance. After deciding which PC-
board material would be best suited
for this project, the following cqua-
tion was used to determine the width
of the strip line needed:

Z,=(87/VE, + L4T) x
L,[5.98H/T + .8W)],

7, = characteristic impedance (50
ohms)

E, = diclectric constant (2.48)

L, = natural logarithm

H = thickness of dielectric (0.0156
inches)

W = width of line (0.038 inches)
T = thickness of copper cladding
(0.0004 inches)

Once the width of the line is deter-
mined, all that’s needed to finish the
job is to determine the length of the
line for the target irequency. (The os-
cillator 1s similar to a pipe organ
where the length and diameter of a
pipe determines the tone that is pro-
duced; the length of the strip line de-
termines the resonant {requency.)

Construction

Etch the circuit board using the pat-
tern provided in PC Service; a ready-
made board is also available. The
transistor has four leads; two are con-
nected to the emitter, and you must
determine which they arec. Use an
ohmmeter if you are not sure. (The
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FIG. 2—PARTS-PLACEMENT DIAGRAM. Resistor R1 must be in a different location,
depending on whether you re building an X- or K-band unit. Also, when aligning the unit,
the strip line must be cut in a different location depending on the type of unit.

emitter leads are the only two that will
exhibit a dead short from one to the
other) Cut off the left-hand emitter
lead, as shown in Fig. 2.

After removing the extra lead,
place the transistor in the hole on the
board so that the base lead is on the
strip line and the collector lead is on
the positive bus, and solder them in
place (sec Fig. 2). Place R2 on the
board and. keceping both leads as
short as possible, solder one of its
leads to the remaining emitter lead of
QI. The other resistor lead should go
through the hole in the PC board, and
soldered on both sides (a through
hole, if you will). A scrap piece of
component lead must go through the
other hole on the left side of the
board, and also soldered on both sides
(another through hole).

Cut one lead of Rl so that it’s Y-
inch long. Refer to Fig. 2 for proper
placement of R1 for cither the X or K
band. Then solder the shortened lead
of R1 to the strip line so that the re-
sistor is standing on end. The longer
lecad of the resistor should then be
soldered to the positive bus of the PC
board (see Fig. 2).,

Using a silicone adhesive, glue the
PC board into the enclosure that you
have selected. DO NOT use a metal
enclosure. The microwaves need to
escape from the box, and you will

PARTS LIST

R1—10,000 ohms, Vs-watt resistor

R2—470 ohms, Vz-watt resistor

Q1—MRF-901 Motorola transistor for
X band, or NE68137 California
Eastern Laboratories transistor for
K band.

B1—9-volt battery

S1—push-button switch

PC-board material—6 x 6-inch piece
of 0.0158-inch thick teflon-fi-
berglass (Taconic Piastics, part
number TLT-9-0150-C1/C1)

Plastic project case

Note: A complete parts kit is avail-
able from MICROSERVE, 60
Thompson Street, Maynard, MA
01754. Besides the parts, the kit
also includes a custom plastic
enclosure with an integrated
battery holder and decorative
face plate. X-band kits are $55,
and K-band kits are $65. Ship-
ping and tax extra. Spare parts
list available on request.

Motorola Semiconductor
Products

3102 N 56th St.

Phoenix, AZ 85018

602-952-3000 or 800-521-6274

California Eastern Laboratories

3260 Jay St.

Santa Ciara, CA 95054

408-988-3500

Taconic Plastics LTD.

Petersburg, NY 12138

518-658-3202

defcat the entire project by using a
metal box. Be sure to orient R1 so that
it's closest to the front of the box,
because most of the radiation is emit-
ted from that point.

Attatch the battery and switch as
shown in Fig. 2, being careful not to
reverse the polarity. Route wires away
from the strip line and components,
because stray wires can de-tune the
oscillator. Construction is now com-
plete and you are ready to tune the
transmitter (see Fig. 3).

9 f
'MM

R

FIG. 3—GLUE THE PC BOARD into the
plastic enclosure using a silicone-type
adhesive.

Alignment

To align the unit, you will need a
radar detector and an X-acto knife
with a fine blade. Turn on the radar
detector and the tester. Now make an
initial cut in the strip line starting at
the point specified in Fig. 2.for either
the X- or K-band unit. Be sure to cut
all the way across and through the
copper trace. If your detector does not
sound an alarm, make another cut
about Ye-inch closer to the transistor.
At some point your detector will
scund an alarm, and the tester will be
properly tuned. Be careful not to cut
too much at one time, because if you
go too far you will have to carefully
solder the line back together.

However, if you go just a little too
far, you can save some work by cut-
ting nicks in the remaining strip line
(cuts that go part way across the strip
line). That has the effect of making the
strip line electrically longer.

If you find that your range is limited
you may have tuned to the wrong har-
monic resulting in low output. It will
be necessary to experiment with dif-
ferent line lengths to achieve max-
imum range.

Your tester is now ready for use.
Simply hold the unit near a detector
and turn it on. The range of the X-
band transmitter is about 12 feet,
while the range for the K-band unit is
about 5 to 10 feet. R-E

MOO8ANVH SH3LIN3IWIHIdXT 3-H

-
-



BATTERIES ARE BECOMING A BIGGER
part of all our lives, and many
innovative new products coming
to market either use or contain
them. Battery-powered products
are no longer limited to just toys
and handheld vacuums. Serious
products—Ilike handheld trans-
ceivers, portable scopes, or lap-
top computers—are often bat-
tery-operated. However. while
batteries provide mobility, they're
also often the culprits when a
product fails.

Many of us still consider bat-
teries to be the ultimate black
boxes: mysterious devices that
work only when they feel like it.
However, theyre really not that
difficult to understand and use
effectively. Here are some ques-
tions and answers to help you
create better designs using them.

® I know there are many kinds
of batteries. What's the best type
for my application?

Choosing a battery type means
knowing something about both

batteries and how they’ll be used
in your equipment. Batteries are
commonly classed as either pri-
mary or secondary. Primary cells
include the disposable varieties
such as carbon-zinc, alkaline.
and lithium cells that can't be re-
charged.

Secondary cells include the va-
rieties based on either nickel-
cadmium (Ni-Cd) or lead-acid cell
chemistries, that are rechargea-
ble several times without-degra-
dation. So first, consider your
equipment. Specific questions
include: What is the drain rate?
How often will the equipment be
used? And, finally, is recharging
feasible?

Low current drain, short duty
cycles, and remote operation
favor the use of primary batteries
for watches, hearing aids. garage
door openers, and retrofit smoke
detectors. Obviously, the applica-
tion parameters for secondary
batteries are basically the op-
posite of those for primary cells.
In applications involving high

current drain or extended usage,
the cost of replacement of dis-
posable batteries may be pro-
hibitive. Such applications are
logical for rechargeable seccnd-
ary batteries as long as recharg-
ing power can be provided.

® Based on drain rate and duty
cycle, my application could go
either way. What are the perfor-
mance differences among vari-
ous battery types?

Table 1 provides a comparison
of various common battery types,
both primary and secondary. The
first point of interest is the nomi-
nal cell voltage; more sophisti-
cated concepts like energy densi-
ty will be covered later. Alsc, all
batteries have one or more cells,
operating at voltages fixed by the
electrochemistry of a given cell.
Note that the operating voltages
are shown as decreasing in Table
1; the initial value refers tc the
fully charged state. while the final
value refers to the end of run-
time, or useful life.

BATTERY TECHNOLOGY

Here are some important Q&A’s
about batteries to enable you

to use them more effectively.

*Gates Energy Products

MARK DEWEY*



TABLE 1—CHARACTERISTICS OF COMMON BATTERY TYPES

Characteristic Primary Cells Secondary Cells
Carbon-Zinc Lead-ecid Ni-Cd
(LeClanche) Alkaline (sealed (SLA), ~ound, gel.) (sealed, wound)
Chemistry:
Anode Zn Zn Po ) el Cd
Cathode MnO, MnO, PbO, NiQOH 5
Electrolyte NH,Cl and ZnCl, KOH H,SO, KOH
(all aqueous
solutions)
Cell voltage:
Nominal 15 1.5 2.0 1.2
Open-circuit 1.5-1.75 15 2.1 1.25
**Operating 1.25-1.15 1.25-1.15 2.0-1.5 ~1.25-1.00
End 0.8 0.9 1.7¢8 0.9
Operating -545 - 20-55 —40-55 40-70
temperature (°C)
Energy density
(20°C) for
cylindrical cells
*Whikg 85 85 85 30
*Wh/liter 100 220 70 80
Advantages Lowest cost; good High capacity Low cost; readily available; Sealed, no
for non-critical use | compared with good high-rate, high- and low- maintenance;
under moderate zinc-carbon; good temperature operation good low
conditions; variety low temperature temperature and
of shapes and high-rate
sizes; readily performance,
available - By | long cycle life
Limitations Low energy Moderate cost Relatively low cyde life; limited | Higher initial cost
density; poor low energy density; poor charge than lead-acid
temp., high-rate retention; hydrogen evolution
performance
Major types Cylindrical bobbin Button and Prismatic, cylindrizal, wound Button cells to 0.5
available cells to 30 Ah; flat cylindrical cells to cells, 200-400 Ah Ah; cylindrical
cells 20 Ah B cells to 10 Ah

*Wh: Watt-hour.
**Values are deliberately decreasing

The nominal voltages of all cells
are fixed by their electrochemis-
try (more below). The two major
primary cells, carbon-zinc and al-
kaline, both produce 1.5 volts,
while lithium versions produce
3.0 volts. The carbon-zinc cell is
referred to in Table 1 as a “Le-
clanche” cell. named after the
French chemist George
Leclanche. who discovered it in
1866. Under the Ni-Cd cell list-
ings, one of the the cathode mate-
rial has the unusual formula of
NiOOH, which is nickel oxy-hy-
droxide.

Of the major secondary cells,
Ni-Cd cells produce 1.2 volts/cell,
and lead-acid cells 2.0 volts/cell.
Higher voltages, up to 240 volts,
are commercially available from

series cells. In 12-volt car bat-
teries. all cells are connected in-
ternally. However, certain cell
potentials, like 4 volts, may be
possible from one cell type, but
not from others.

Cell chemistry also causes volt-
age “droop” during discharge,
which may affect a given applica-
tion. While flashlights merely
dim as their battery voltage de-
creases, many electronic circuits
are highly sensitive to even slight
drops in input voltage. Figure 1
compares the performance of pri-
mary carbon-zinc and alkaline
“D" cells with secondary Ni-Cd
and sealed-lead cells, for a dis-
charge current of 800 milliamps.

The carbon-zinc voltage profile
falls rapidly with discharge, with

a runtime under four hours. The
voltage of an alkaline cell also
falls off steadily, but its runtime
is roughly quadruple that of a
carbon-zinc cell. The Ni-Cd cell
has a voltage profile that's nearly
flat for most of its life, but only
half the terminal potential of an
alkaline cell. The Ni-Cd cell has a
first recharge life that roughly
equals the total life of an alkaline
cell.

The stability of Ni-Cd cells at
high current drains is why
they're used in portable items;
drills can draw up to 30 amps
under load. The internal resis-
tance of a Ni-Cd cell is 5—15 mil-
liohms due to its construction,
making such high current drains
possible. A spiral nylon separator

HOOHANVH SHILNINWIHICIXT 3-H
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FIG.1—THE VOLTAGE PROFILES OF PRIMARY and secondary D-cells are compared for a
discharge current of 800 milliamps. The carbon-zinc voltage profile falls rapidly with
discharge, with a runtime under four hours. Alkaline performance falls off steadily, but

runtime is quadruple that of carbon-zinc.

isolating the electrodes goes in a
steel can used as the negative ter-
minal, and is filled with elec-
trolyte that transmits mobile
charge. The steel it’s sealed in is
used as the positive terminal, as
shown in Fig. 2.

Whereas Ni-Cd cells have a
large anode-nylon-cathode sur-
face area due to their spiral de-
sign, alkaline cells have an
annular (or doughnut-shaped)
cross section. Powdered anode
material fills an inner ring, and
compressed cathode material fills
an outer ring. They're isolated by
a porous fiber separator as
shown in Fig. 3, giving a higher
internal resistance, and limiting
the available current drain.

Note that in Fig. 3, the top
positive electrode is the cathode,
while the bottom negative elec-
trode is the anode. At first glance,
that might seem odd, since most
of us are normally accustomed to
the reverse usage encountered
with diodes. However, since a
battery is an electrolytic (or elec-
trochemical) cell, the labels for
the terminals of a battery follow
chemical, not electrical usage.

Earlier, there was a reference to
how the electrochemistry of a
battery fixes its terminal poten-

tial; lets now examine that as-
pect in more depth. The chemical
process in a battery is an oxida-
tion-reduction, also called a “re-

RESEALABLE
VENT MECHANISM

* POSITIVE TAB WELDED
\TO POSITIVE TERMINAL

|I i
| 'SEALRING NICKEL POSITIVE
| 1 P

LATE

GOVER

|
il

1

s |

| NEGATIVE TAB CADMIUM
! NEGATIVE
NICKEL-PLATED STEEL CASE PLATE

FIG. 2—NI-CD CELLS EXHIBIT an internal
resistance of 5-15 milliohms due to their
construction, making stable current drain
possible.

dox” reaction.

The anode is the terminal
where material is oxidized, or
where electrons are removed
from or given up, and is usually
called negative or minus (“— "), or
where mobile electrons exit intoa
wire. The cathode is the terminal
where material is reduced, or
where electrons are accepted,
and is usually called positive,
plus (“+ "), or the terminal where
mobile electrons enter from a
wire.

An electrolyte is the wet (or at
least damp) ionic medium,
through which mobile free elec-
trons released by oxidation at the
cathode travel to the anode, to
propagate the electrolytic reac-
tion of a battery. Table 1 lists the
materials used for all three parts
of the most common batteries.

The term “electrolytic” has the
same meaning here that it has for
capacitors, with certain varia-
tions. An electrolytic capacitor is
polarized like a battery, and may
well explode if its DC working
voltage (WVDC) is exceeded (es-
pecially for reverse polarity), just
as many primary nonrechargea-
ble batteries will if recharged.

A battery, by contrast, is
basically a fuel cell, maintaining
terminal potential by elec-
trochemical means until its fuel
is exhausted. That is, the very se-
lection of electrode metals and
electrolyte is what determines the
terminal potential of a battery,
and a battery thus supplies
charge without having to be
charged initially.

All an electrolytic capacitor can
do is store a charge fed into it,
and dissipate the charge by gen-
erating an exponential current
into a resistance. It stores charge
(whereas a battery generates it
spontaneously), and its potential
decays exponentially, just as with
any other capacitor. However, the
electrolytic medium used allows
the packaging of larger capaci-
tance values than would other-
wise be possible for a given
volume. Nonetheless, batteries
and electrolytic capacitors are at
least second (or maybe even first)
cousins.

e What are cell capacity ratings
based on?
Battery manufacturers rate cell
capacities in amp-hours (Ah), a
continued on page 18
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| 12% INCHES
HERE’S THE SOLDER SIDE of the RAM disk at haif the actual size.

12% INCHES
HERE’S THE COMPONENT SIDE of the RAM disk at half the actual size.

| 55 INCHES l
USE THIS PATTERN for the pressure gauge.
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HOMEWORKS!

Now you can learn beginning to
advanced electronics at home, with the
same courses used today in the world's
top colleges and tech schools, and pay

a lot less! You'll learn just what you
want, when you want, at your own
pace.The complete story is in our free
catalog, Homeworks by Heathkit.

Order vours today, call toll-free:

1-800-44-HEATH

(1-800-444-3284)

-
YES' Please send me a FREE copy of the
ilomeWorks by Heathikit Catulog.

Send to: Heath Company, Dept 021-090
Benton Harbor, Michigan 49022
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BATTERY TECHNOLOGY

continued from page 14

unit of charge, not energy. A 1-
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FIG. 3—THIS IS A CROSS section of an
alkaline cell showing its annular con-
struction.

amp current corresponds to the
motion of 1 coulomb (C) of charge
past a given point in 1 second (s),
or

1amp=1C/s,
where,
1 C=6.25x10'8 electrons/s.

The individual electron is often
denoted by the variable e—, so the
above relation would appear as

1C=6.25x10"8 e,

The metric unit of charge is the
coulomb, while that of energy is
the joule (J). The potential energy
(or potential work) W contained
in a battery is related to its total
available charge g and terminal
voltage V by

W=qxV.

The variable W is used for ener-
gy to avoid confusion with E and
V., normally reserved for voltage,
although many texts use E for
total energy (kinetic and poten-
tial) and V for potential energy as
well, so you should know the con-
text to avoid confusion. Thus, an
“AA" Ni-Cd cell that can maintain
a 0.6-amp load for one hour is
said to contain

r-------------------

NO COMPLICATED ELECTRONICS, NO EXPENSIVE INSTRUMENTS:

An amazing fact: you can
do more than four out of five §&
VCR repairs with ordinary |8
tools and basic fix-it proce-
dures. Our home study pro-
gram shows you how.

Learn all of the systems,
mechanisms, and parts of
almost all brands of VCRs.
With no expensive instru-
ments. No complicated elec- |
tronics. No fancy workshop.
The step-by-step texts and

éﬁ'ﬁ

Name

Home study course shows you how
to make good monev in vcn rena|r

close personal attention from your instructor make learning easy.
Texts, course materials, and tool kit are sent to your
all home. Graduate ready to make up to $50.00 or more
per hour in your own spare-time or full-time business.

Send today for your free career
hooklet. Or call 800-223-4542

Address

City State

Zip

The School of VCR Repair

2245 Perimeter Park, Dept. vM351,Atlanta, Georgia 30341
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q=0.6 Ah,
=(0.6) x

£.25x 1018 e~\ /1C\ /3600s \ (1hr)
< C >< s hr

=1.35x%x1022 ¢,
=2160C

of available charge. Such a cell
has a terminal potential of

V=1.2 volts,

so the total energy nominally
available from it is

W=qxV=06Cx12volts=0.72 J.

As discussed earlier, Table 1
mentions the concept of energy
density of cylindrical batteries,
and uses another energy unit
called the unit watt-hour (Wh),
used with the electric meter on
most houses. Electric utilities
measure energy in watt-hours,
not joules, since the numbers are
more convenient.

The watt (W) is a unit of power,
not energy, defined as

1W=1Jss.

The variable for power is P: if
P>0 W,

then P normally refers to power
expended or dissipated, like the
loss from a resistor. Whereas, if

P<O W,

the reverse is normally true, that
power is being supplied, rather
then expended. Thus, a watt-
hour is equivalent to

1 Wh=<u><36005>(1 hr)

S hr
=3600J,

There are two energy density val-
ues per cell in Table 1, one relative
to mass, and the other to volume.
Thus, for the carbon-zinc cell, for
the value relative to mass

65Wh= <65Wh> <3600J>
kg kg Wh
=2.34x105%J
kg

A similar argument follows for
energy density relative to volume.

However, the same cell, if
providing less current, can pro-
vide more useful energy, since
there’s then less internal battery
heat loss. If the same “AA” cell
were discharged over five hours,
it could sustain a 130-milliamp
load, for an observed capacity of

q =650 milli-Ah.

— —_ L




Cells are generally marketed
using five-hour ratings, but any
comparison of cells from dif-
ferent manufacturers should use
equivalent ratings.

Battery manufacturers define
C as rated capacity; the italics are
used to avoid confusion with the
coulomb. Charge and discharge
currents are then discussed as
multiples or fractions of C. The
advantage is that we can discuss
battery currents, not cell sizes or
ratings; C for many manufac-
turers is based on a one-hour in-
terval. Thus, an “"AA™ Ni-Cd cell
has a rated capacity of

C=600 milli-Ah.

For example, under that conven-
tion, we could write

2xC=1.2 Ah.
or,
C/10 hours =60 milliamps.

Ni-Cd cells are recharged by ap-
plying DC opposite to that
generated during discharge,
whether pure, half-, or full-wave
rectified. Minimum commercial
recharge rates used are about
C/20, or taking 20 hours to re-
charge to rated capacity. But
since charging isn’t 100% effi-
cient, especially when it's so slow,
some 36—48 hours would real-
istically be needed.

® Is there a danger of over-
charging a Ni-Cd battery?

Recharging efficiency de-
creases as 