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We Only Skimped OnThe Price. 
Introducing The Fluke Series 10 From $69'5 

Actual size: Easy to carry, 
easy to use. 

New! V Chek": For fast accurate 
checks on power sources and 
supplies, set your meter on V Chek - 
and let it do the rest. V Chek will 
determine continuity/ohms; if voltage 
is present, it will automatically 
change modes to measure AC or DC 

volts, whichever is detected. For most 
initial troubleshooting checks, here's 
the only setting you need to make. 

Autoranging with manual option: 
Your choice. depending on your situation. 

Sleep Mode: Shuts itself off 
if you forget, extending long 
battery life even further. 

Fluke quality: Made in the USA by Fluke, 
with the same rugged reliability that's made 
us the world leader in digital multimeters. 
Count on hard -working high performance - 
and a two -year warranty to back it up. 

Large, easy -to -read display: 
4000 count digital readout. 

New! Min/Max record with relative 
time stamp and Continuity Capture": 
Makes intermittent problems easier to 
find. Records highs and lows -and 

"time stamps" when they occurred. In 

continuity mode, opens or shorts as brief 
as 250 µs are captured and displayed. 

Capacitance: Autoranging from 
.0011.1F to 9999 µF. No need to carry 
a dedicated capacitance meter. 

For high performance at Fluke's lowest price, get 
your hands on the new Series 10. Stop by your 
local Fluke distributor and feel what a powerful 
difference the right multimeter makes -at the 
right price. Fora free product brochure or the name 
of your nearest distributor, call 1- 800 -87- FLUKE. 

New! Slide switch and a 

few pushbuttons control 
all functions: Designed for 
true one -hand operation. 

Fast, accurate tests 
and measurements: 

AC and DC voltage 
measurements to 

600 volts, ohms to 
40 MS2; audible 
continuity test; 

and diode test. 

Fluke 10 

$69.95 
4000 count digital 

display 
1.5% basic dc volts 

accuracy 
2.9% basic ac volts 

accuracy 
1.5% basic ohms 

accuracy 
Fast continuity 

beeper 
Diode Test 
Sleep Mode 
Two -year warranty 

Fluke 11 

$79.95. 
V Chek'" 
Capacitance, 

.001 to 9999 P F 

4000 count digital 
display 

0.9% basic dc 
volts accuracy 

1.9% basic ac volts 
accuracy 

0.9% basic ohms 
accuracy 

Fast continuity 
beeper 

Diode Test 
Sleep Mode 
Two-year warranty 

Fluke 12 

$89.95" 
V Chek". 
Min /Max recording 

with relative 
time stamp 

Continuity 
Capture'"" 

Capacitance, 
.001 to 9999 PF 

4000 count digital 
display 

0.9% basic dc 
volts accuracy 

1.9% basic ac volts 
accurac 

0.9% basic ohms 
accuracy 

Fast continuity 
beeper 

Diode Test 
Sleep Mode 
Two -year warranty 

"Suggested U S. lis price. Optional holster with 
tilt -stand available. 

Lw! 
TL75 Hard Point" Test Leads: 

mfort grip with extra strong tips 
extended service life. 

CIRCLE 9 ON FREE INFORMATION CARD 

Safety-a Fluke standard: 
Designed to meet UL1244, 
IEC 1010, CSA and VDE safety 
requirements; extensive 
overload protection built in. 

Audible Continuity: 
To perform fast continuity 
checks, just listen for 
the beep; no need to watch 
the display. 

The New Series 10. 
A Small Price For A Fluke. 

FLUKE AND PHILIPS 
T H E T&M A L L I A N C E 

©1991 John Fluke Mfg. Co., Inc. Prices and specifications 
subject to change. Ad no. 00130. 

FLUKE® 
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POSITIONING OURSELVES 
This month, we look at a new navigation system that promises 

to revolutionize personal and commercial travel. Called the 

Global Positioning System, or GPS, it is a sophisticated, 
satellite- based, radio -navigation system. 

GPS is an example of a technology that was developed for the 

military that has evolved a consumer application. 
Unfortunately, in this country that seems to be the only way 

that new consumer technologies evolve. 

Think about it. Try to come up with a list of new technologies, 

developed primarily in this country in the last 20 or so years, 

that did not evolve directly from a military application. Even our 

interest in something like HDTV stems from military concerns. 

Lagging behind the rest of the world, our government finally 

decided to fund HDTV research only after the Pentagon 

decided it could use the technology for displays in fighter 

planes, and elsewhere. 

Such technology trickle -down is an extremely inefficient way to 

bring new products to consumers. Because of that, we are 

now in deep trouble. Like it or not, the rest of the World is 

passing us in areas such as electronics, transportation, 
science, and more. Our military -first legacy has left us with 

decaying plants and factories, a crumbling infrastructure, 
disappearing jobs, and a trade deficit that, political rhetoric 

aside, is most likely irreversible for the foreseeable future. 

What's needed is a national agenda that calls for investment in 

industry, as well as education. Government support of civilian 
technology and industry, whether in the form of tax incentives 

or direct funding, is absolutely essential. 

Despite the recession and the deficit, the money for that is 

there. What's missing is the proper perspective and direction. 
We desperately need to re- shuffle our priorities as we move 

into the 21st Century. If we do not, we are positioning 
ourselves for disaster. 

Carl Laron 
Editor 



CODE -ALARM 
CORRECTIONS 

While Code -Alarm greatly ap- 
preciates the inclusion of our 
Intercept product in the article 
"Electronic Tracking Foils Auto 
Thieves" (Popular Electronics, 
March 1992), it is necessary to 
correct some statements made 
about the product. It appears 
that the description of Intercept 
inadvertently became merged 
with that of another product 
called Locator. 

First, Intercept is manufac- 
tured, sold, and distributed by 
Code -Alarm Security Systems 
of Madison Heights, MI, not 
Locator Industries of Newport 
Beach, CA, as reported in the 
article. Second, the article 
states that a callback feature 
will be available later this year. 
Intercept's two -way communica- 
tion feature, which allows for 
instantaneous verification of a 

theft and the elimination of pos- 
sible false notifications to the 
police, became available during 
1991. Finally, the author of the 
article identified what he 
thought was a problem with the 
Intercept system -the un- 

availability of Loran C. Actually, 
Loran C became available na- 
tionwide during 1991. Thus, a 

vehicle equipped with Intercept 
can be tracked virtually any- 
where in the United States and 
is not constrained by tower dis- 
tances or state lines. 

Thanks for giving me the op- 
portunity to correct those 
misconceptions. 
Sheryl A. Gruener 
Public Relations Manager 
Code -Alarm, Inc. 
Madison Heights, Ml 

SURGE -SUPPRESSORS 
SET STRAIGHT 

Robert Angus article, "The 
Shocking Facts About Surge 
Suppressors" (Popular Elec- 
tronics, February 1992), was a 
useful and overall accurate de- 
scription of what those valuable 
devices can and cannot do. 
Regarding warranties, the au- 
thor is mostly correct. However, 
Tripp Lite has what we feel is 

the best warranty in the industry 
for surge suppressors: our Gold 
Seal Warranty. If a Tripp Lite 
Gold Seal product fails to pro- 

LETTERS 

tect connected equipment 
against spikes and surges, the 
company will repair or replace 
both the surge suppressor and 
the connected equipment for 
life. That makes the investment 
in a surge suppressor a one- 
time affair. 

Marc C. Vernon 
Advertising Manager 
Tripp Lite 
Chicago, IL 

APPLAUSE FOR THE 
PORCH -LIGHT 
CONTROL 

My hat is off to David Ponting 
for the technical- writing ability 
exhibited in his "Build an Auto- 
matic Porch -Light Control" 
(Popular Electronics, March 
1992). He presented a problem, 
envisioned a solution, overcame 
difficulties with the concept in a 
logical, outline -style format, and 
then pulled it all together in a 

theoretically (I haven't built the 
project yet) sound design. That 
is exactly the way that inven- 
tions and helpful products for 
the layman are achieved. 

As stated in the article, ex- 
treme caution should be 
practiced when dealing with 
household current. The only 
other drawback to the project is 
filing the leads of the Triac- 
there should be an easier way. 

I hope to see more such 
articles in the future. And please 
keep those FactCards coming! 
F.M.M. 
Versailles, PA 

MORE COMPLIMENTS 

I'd like to call your attention to a 

heart- warming part of Marc Ellis' 
Antique Radio column in the 
March 1992 issue of Popular 
Electronics. The first letter was 
a request from a 15- year -old 
boy. It's inspiring proof that Pres- 
ident Bush is wrong: Our youth 
is interested in science and 
electronics. The second request 
in that column was from a se- 
nior electronics buff with a 1920 
project. If Marc Ellis can draw 

out 15- year -olds as well as late - 
starters, that means both young 
and old share a common inter- 
est with the rest of us who enjoy 
your high -caliber magazine. 

My personal favorites are the 
articles and columns written by 
Charles D. Rakes. He explains 
each project in detail. Those 
projects are brief, affordable, 
and provide an easy way for me 
to attack my huge junk pile of 

electronics parts. If something's 
not in stock at my home, his 
articles tell where to send for it. 

I am a disabled, house -bound 
veteran who has been reading 
Popular Electronics for years. 
I await each issue like a child 
waiting for Santa Claus. It's 

great to see something on the 
cover and know that -thanks to 
the easy, common -sense in- 

structions -I'll be able to make 
it myself and show it off to my 
friends and relatives. I never 
throw away an issue, since they 
make such great reference 
sources. Congratulations on a 
fine, fun magazine! 
V.J.B. 

Ravena, NY 

ADVICE FOR YOUNG 
ENGINEERS 

I'm an engineer with 14 years 
experience; I also have seven 
years experience as an elec- 
tronic technician. I recently 
subscribed to Popular Elec- 
tronics, and was happy to read 
in my first issue (February 1992) 
the letters about young people 
who want to be engineers. My 
advice to them is to pursue their 
interests in engineering. I could 
tell them that no matter what 
career one chooses, one will 
find those who are discouraged 
with the field. Don't worry about 
it! If you want it and you enjoy it, 

then go for it! Remember, if it 

turns out that you don't like it, at 
least you'll know that you tried. 
But if you don't try, you'll never 
know, and you'll be missing a 
world full of challenges. Nothing 
quite matches the feeling of 
achievement that comes with 

making your circuit design work! 
J. G. 

Bridgeport, CT 

NEEDED: CORRECT 
ADDRESS 

Thank you for printing the letter 
in which I requested help in 

locating service information for 
a Dynaco SCA -50 stereo ampli- 
fier and FM -5 tuner in the 
"Haves & Needs" section of the 
Letters column (Popular Elec- 
tronics, April 1992). However, 
my address as printed was in- 

correct and I have been 
informed by the Post Office that 
all correspondence sent there 
will be returned to sender. I'm 

sorry for any convenience 
caused to those kind people 
who might have tried to respond 
to my letter. The correct address 
appears below. 
Bill Graham 
7537 Tamarind Avenue 
Fontana, CA 92336 

HAVES & NEEDS 

I am in dire need of a schematic 
for an ADC home audio equal- 
izer model #SS- 100SL. The 
actual part I need is the trans- 
former, but I haven't been able 
to find anyone who can identify 
the manufacturer. The only 
markings on the case read: 
2- 6032- 2/EFU4821 -22N. It has 
six secondary outputs. Any help 
in locating more information 
would be greatly appreciated. 
Clayton Whitehead 
2510(A) Stanford 
Rowlett, TX 75088 

I have a Scott Stereomaster 
Model 377 receiver /amplifier. I 

need help locating a schematic 
and service manual for it. H.H. 
Scott Company no longer car- 
ries the manual, which is about 
20-25 years old. I'd appreciate 
any help your readers can pro- 
vide. 
Don Richards 
RD 4, Box 113AB 
Slippery Rock, PA 16057 3 
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COURTEOUS SERVICE QUALITY PARTS DISCOUNT PRICES FAST SHIPPING 

at] 
PC BOARD WITH RF MODULATOR 

(and lots of other parts) 
We recently received a load of these 
PC boards which contain, among 
other things, a RF modulator. With 1 r rail ̂ ° it 

9 r_ !(Mb 1! 

a little desoldering you should be rf: -! I *_,,,..1-- m1'- 
able to Iterate a working unit from in 

r't -y 
1 

S6 

the board. Also contains a 7805T , 

-Tr-, '- 4 r -f-i 
voltage regulator with a couple of 
heatsinks, 20 Cs, capacitors, 
resistors, diodes and connectors. 
No hook -up information available 
on the modulator. CAT# VMB -1 

$Z's each 
Wireless Remote Control 

FOR NINTENDOTM 

CAMERICA "Freedom Connection" 
Turns your wired Nintendo' control pad- 
dle into a remote control unit. Infrared re- 
mote like those used on TV's and VCR's 
eliminates messy wires. Allows players 
more mobility. Two players can use one 
remote unit except on games where they 
play simultaneously. In those games two 
"Freedom Connections' units are re- 
quired. A well -known national discount 
toy chain sells these for more than twice 
our price. Operates on 4 AAA batteries 
(not included) CAT* IR -1 $9.95 

FLASH UNITS 

(Ti. 1 17r 
NEW compact flash assemblies from a 
camera manufacturer. Operates on 
3 Vdc. Measures 2 1/2" X 1 1/4". Ideal 
for use as a strobe, warning light or atten- 
tion getter. Includes a hook -up diagram. 

CAT* FSH -1 $3.75 each 
10 for $35.00 100 for $325.00 

'171- 
°1 e woo)** - 

If i' K_J 

L.E.D.'s 
Surface mount 
LED chip. `' 
Clear when off, green when lit. 
Very tiny - whole unit is 0.115" 
X 0.055" X 0.05" thick 1mm 
(0.04") lens diameter. Gold - 
plated mounting surfaces for 
superior conductivity. 
CAT* SMLED -2 10 for $2.00 

100 for $18.00 
1000 for $140.00 

Standard JUMBO 
Diffused T 1 -3/4 size (5 mm) 

RED CAT* LED-1 
10 for $1.50. 100 for $13.00 

GREEN CAT* LED -2 
10 for $2.00. 100 for $17.00 

YELLOW CAT* LED -3 
10 for $2.00 100 for $17.00 

REDUCED PRICES 
FLASHING LED 

W/ built in flashing circuit 
5 volt operation. T 1 -3/4 
(5mm) 

41111.--7:-: 

RED 50e each 
CATI LED-4 10 for $4.75 

GREEN 750 each 
CAT* LED-4G 10 for $7.00 

YELLOW 75e each 
CAT* LED -4Y 10 for $7.00 

LED HOLDER 
Two piece holder. 
CAT* HLED 
10 for 65c 

RECHARGEABLE BATTERIES (nickel- cadmium) 

AAA 
AA 
AA w/ Solder Tabs 
Sub C w/ Solder Tabs 
C 
C Heavy Duty 
D 
D Heavy Duty 

xM M 
1.20 180 mAh 
1.20 500rnAh 
1.20 500 mAh 
1.20 1200 mAh 
1.20 1200 mAh 
1.25 1800 mAh 
1.20 1200 mAh 
1.25 4000 mAh 

1= -117 

NCB -AAA 
NCB -AA 
NCB -SAA 
NCB-SC 
NCB-C 
HDNCB -C 
NCB -D 
HDNCB -D 

$1.50 
$2.00 
$2.20 
$4.25 
$4.25 
$5.25 
$4.50 
$7.00 

$13.50 
$18.50 
$20.00 
$40.00 
$40.00 
$42.50 
$42.50 
$65.00 

INFRARED Remote A.C. SWITCH 

I \ 
CAT# RC -1 

$995 h 
2 for $17.00 

This infrared remote control device lets you turn on/off lamps, appliances 
or other 120 Vac devices using an IR transmitter similar to the one on your 
TV or VCR. Originally designed for use with a hydromassage unit, these 
transmitters and receivers will apparently cperate most A.C. devices with 
2 prong non- polarized plugs. Not recommended for use with heaters. Re- 
quires a 9 volt battery (not included). 

A.C. Line Cord 

Arbon I _= 

6' Black A.C. power cords. SPT -1 insulation. Polarized plug. Hanked. 
CATI LCAC -7 2 for $1.00 100 for $45.00 1000 for $400.00 

D.C. Wall Transformers (120 Vac INPUT) Electret MIKE 
Volts Amps 

4 Vdc 70 ma. 
6 Vdc 300 ma. 
8.3 Vdc 10 ma. 
9 Vdc 300 ma. 
12 Vdc 100 ma. 
12 Vdc 500 ma 
12 Vdc 1 Amp 
14 Vdc 700 ma. 
15 Vdc 400 ma. 

Plug Styla 

2.5mm co -ax 
2.1 mm co -ax 
battery snap 
2.1 mm co-ax 
2.1mm co -ax 
2.1mm co -ax 
none 
1.3mm co -ax 
2.5mm co -ax 

Cae 
negative 
positive 

positive 
negative 
negative 

negative 
negative 

ELECTROLUMINESCENT 
BACKLIGHTS 

At last! A low cost elect oluminesoent glow 
strip and inverter. These brand -new units 

were designed to backlight small LCD Ns 
made by the Citizen Watch company. The 
inverter circuit changes 3 or 6 Vdc to ap- 

proximately 100 Vac, the voltage required to 
light the glowstrip. Luminescent surface 

area is 1.7' X 2.25'. The strip is a salmon 
color in its off state, and glows white when 
energized. The circuit board is 2.2" X 1 ". 

Glow strip and circuitry can be removed 
easily from plastic housing. Ideal for 

special lighting effects. 
Citizen* 91 TA operates on 3 Vdc 

CAT# BLU -91 
Citizen* 92TA operates on 3 -6 Vdc 

CAT# BLU -92 
LARGE QUANTITY AVAILABLE 

$350 each 1000` for for 

Cati 

DCTX-470 
DCTX-632 
DCTX-8310 
DCTX-932 
DCTX-1210 
DCTX-125 
DCTX-121 
DCTX-1470 
DCTX-1540 

Nee 

$2.00 
$2.75 
$1.50 
$3.00 
$2.50 
$4.50 
$6.50 
$5.25 
$4.50 

VERY SPECIAL DEAL 
17 Vdc 210 ma. WALL 

TRANSFORMERS 

New 17 Vdc, 
210 ma wall 
transformers. 
6 ft. cord. 
Unusual 
co -axial device on end of 
cord can be cut off and used 
for another application. 

Large quantity available. 
CAT* DCTX -1721 $1.50 ea. 

100 for $1.25 each 
1000 for $1.00 each 

10 AMP SOLID 
STATE RELAY 

(USED) 
10 amp 
solid state 
relays, removed 
from equipment and tested. 
Control voltage: 250 volts AC 
at 10 amps. Standard'hock- 
ey -puck size: 227' X 1.72" 
X 0.95'. UL and CSA listed. 
CAT* SSRLY-11U 
$8.25 each 10 for $80.00 

High efficiency, omni- 
directional, miniature 
electret condenser 
microphone element. Low current 
drain, good signal to noise ratio, oper- 
ates on 2 to 10 Vdc. Ideal for noise - 
activated alarms telephones, tape re- 
corders, and other applications. 0.39" 
dia X 0.31' high. 
CATI MIKE -10 
200 pcs $150.00 each 

85$ 

HALL EFFECT SENSORS 

Microswitch ISS41 
Tiny, solid state switch Lt -_ 
reacts instantly to 
proximity of magnetic field. 
Operates at extremely high speeds, 
up to 100 khz. Case size: 0.12" X 

0.17' X 0.06" thick. 4.5 Vdc to 24 Vdc 
supply voltage. 10 ma. sink type 
digital output. Operating gauss - 

15 to 40. P.C. leads. 
CAT* HESW -2 75e each 

10 for $6.50 100 for $60.00 

SURFACE MOUNT STYLE 
Sprague I UGN3075LT 
Operates on 4.5 - 24 Volts -1T . 

Can sink 10 ma With suitable output 
pull up, can be used directly with 
bi -polar or CMOS logic circuits. 
Especially suited for electronic com- 
mutation in brushless D.C. motors us- 
ing multiple ring magnets. Very tiny 
surface mount package 0.175 X 
0.09"X 0.06' thick. 

CAT It HESW -5 2 for $1.00 
100 for $45.00 

LARGE QUANTITIES AVAILABLE 

Highest Quality METAL CASSETTES 
Premium quality metal tape in C -60 style cassettes (30 or more per side). 
One of the finest "brand -name" tapes on the market, in durable, clear plastic 
transport mechanisms. Recorded and bulk erased, the record -protect tabs 
have been removed and therefore, need to be taped over to re- record. 
Audiophiles will appreciate the wide dynamic range of this tape. If your 
cassette deck has a "meter setting you will hear the difference. A real bargain) 
60 min. tape - CAT* C-600M 

10 for $10.00 

CASSETTE STORAGE CASE 
Black, unbreakable plastic audio cassette storage case. 
CAT*CBOX 5 for $1.00 100 for $15.00 

$125 sash 

ORDER TOLL FREE 1- 800 - 826 -5432 
FAX (818) 781 -2653 INFORMATION (818) 904 -0524 

Call Or Write For Our 
Free 64 Page Catalog 

Outside the U.S.A. send $2.00 
postage for a catalog. 

Minimum Order $10.00 All Orders Can Be Charged To Visa, Mastercard 
Or Discovercard Checks and Money Orders Accepted By Mail California, Add 
Sales Tax Shipping And Handling $3.50 for the 48 Continental United States - 
All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping 

Quantities Limited No C.O.D. Prices Subject to change without notice. 

DISCOVER 

VISA 

MAIL ORDERS TO: ALL ELECTRONICS CORP P.O. BOX 567 VAN NUYS, CA 91408 
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Where in the 
World? 
SONY PYXIS GPS RECEIVER. Manufac- 
tured by: Sony Corporation of America, 
Sony Drive, Park Ridge, NJ 07656. Price: 
$1395 

Among the lessons we learned from the 
tale "Hansel and Gretel" is that bread 
crumbs are not a reliable means for finding 
your way out of the woods. Unfortunately, 
we've yet to Lind a better way, and often 
end up lost on our "wilderness" treks, 
even when equipped with trail maps from 
the park rangers. Fortunately, the woods 
through which we hike are inhabited not 
by wicked, carnivorous witches, but by 
other hikers with more finely honed senses 
of direction. 

Of course, for sonic people. staying on 
track is critical. Any captain of a ship at 
sea, for example, has to know precisely 
where he is at all times. Once you get 
outside the channel markers, you had bet- 
ter know how to navigate or you'll quickly 
end up lost at sea! 

Airplane pilots also have to know where 
they are at all times. But small planes often 
lack the sophisticated navigation equip- 
ment that is commonplace on the big com- 
mercial jets. 

There is an answer for anyone who 
needs to know where he is, whether on 
land, at sea, or in air: the GPS or Global 
Positioning System. The GPS relies on a 
cluster of orbiting satellites that, in a 
sense, become "stars" by which you can 
navigate. The primary user of GPS is the 
U.S. Department of Defense, which main- 
tains the system to provide military aircraft 
and missiles with accurate navigation in- 
formation. (See the article The GPS Navi- 
gation System elsewhere in this issue for a 
complete description of the global posi- 
tioning system.) Many of the "smart" 
bombs that became media heroes during 
the Persian Gulf War used GPS tech- 
nology, as did many of the desert troops. 

Now, however, mere civilians can use 
the system (although not with the accuracy 
available to the military) to learn their lati- 

rude, longitude, and altitude thanks to 
Sony's Pyxis model IPS -360 GPS re- 
ceiver. Sony calls the Pyxis "the indus- 
try's first recreational GPS receiver in- 
tended for a wide variety of outdoor leisure 
applications." They make the claim be- 
cause other GPS receivers currency on the 
market are aimed either at industrial ap- 
plications (truck fleets, and the like). or at 
maritime use. If you visit your local ma- 
rine- electronics supply store, you'll likely 
find a number of GPS receiver, for the 
maritime market. Our local marine retailer 
says in their sales flyer, "Someday soon 
you'll own a GPS receiver. GPS is here 
today.... The future of marine navigation 
certainly lies with GPS." 

GPS receivers arc so popular in the ma- 
rina industry for two reasons. First, 
boaters need to know where they are - 
without to benefits of street signs, of 
course. Second, they are already familiar 
with usin., navigation technology that is 

similar to GPS to determine their position. 
namely I;xan -C, a radio aid to navigation 
pn.sided " y the U.S. Coast Guard. 

Sony's Pyxis is designed to take GPS 
oui of the water for consumers. The porta- 
hlc unit weighs under P/ pounds and mea- 
sures aboat 100 x 175 x 39 mm. It can be 
powered by 4 "AA" batteries (as can some 
of the marine units), so it can fit in a 
backpack and be used on a hike in the 
mountairxs. 
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The receiver consists of two units. The 
bottom third of the receiver contains the 
display and keypad (14 keys on the front, 
and one on either side). The top two- thirds 
is the antenna. a round satellite dish with a 

diameter of about 4 inches. The antenna 
can be removed from the hase and 
mounted in a remote location -a 23 -foot 
cable is provided. That is necessary for 
most applications, because you cannot re- 
ceive signals indoors, in a car, or in a boat 
cabin, unless the antenna is mounted out- 
side. 

When you turn Pyxis on for the first 
time-or if you turn it on after an extended 
period of inactivity, or after you've trav- 
eled a long distance -you must initialize 
it. That's done by turning the unit on, 
pressing the SET key, and scrolling down 
the menu to select INITIALIZE RCV. It can 
take a while- around a half hour -for 
Pyxis to automatically acquire the orbital 
data. 

Usually, position data can be obtained 
much faster, since the receiver retains the 
orbital data for the satellites in its memory, 
and therefore knows which satellites 
should be above the horizon. The satellites 
that it receives are shown on the top line of 
the display -they are identified by a 

number from 1 to 24. The bottom line of 
the display becomes a signal- strength 
meter while the unit is trying to lock on to 
the satellite and acquire data. When the 
receiver receives a strong, stable signal, an 

"L" shows up on the bottom line to indi- 
cate that the receiver is "locked" on the 
GPS satellite signal. An "E" (for 
ephemeris, relating to orbits of celestial 
bodies) shows up to indicate that the re- 
ceiver has acquired the orbital data. After 
three satellites have been locked onto and 
the data acquired, the receiver switches to 
its position mode. 

In the receiver's position mode, the dis- 
play shows your latitude and longitude, 
along with an indication of which geodetic 
system is in use. That's important if you 
want to compare the numbers given to a 

specific chart or map. For example, in the 
U.S., you would want to use NOAM 1, the 
North American 1927 geodetic system. In 
Europe, you might want to use EURO 3, the 
Ordinance Survey of Great Britain, 1936. 
Choosing the right system is done using 
the four menu buttons. 

You can select the precision of your po- 
sition measurements to be either low, me- 
dium, or high. In the high- precision 
mode. readings may take a little longer to 
acquire, because the receiver can't use all 
"visible" satellites to determine its posi- 
tion. (If readings are acquired from satel- 
lites that are close together, the precision 
decreases.) Thus, in the high- precision 
mode, the receiver has to search for data 
from more satellites. Of course, even in 

(Continued on page 20) 

Someone 
Bugging You? 
PHONE GUARD TELEPHONE SECURI- 
TY DEVICE. Manufactured by: DTI, 551 
Madison Avenue, Tenth Floor, Dept. PE, 

New York, NY 10022. Price: $199. 

Everyone at one time or another has 

heard a click or some other noise on a 

telephone line and thought, "Someone's 
tapping my line." Of course, if someone 
was really tapping your line, you probably 
wouldn't hear anything -unless the extent 
of the tap is one of your kids picking up the 
extension to listen in on your conversation 

Yet, many people are certain that some- 
one is watching or listening to them. We 
often get calls at Popular Electronics from 
people who want to know how to find out 
for sure whether someone is tapping their 
phones. Some have plausible reasons to be 
concerned -perhaps a business deal went 
sour because some information leaked 
out, or they're involved in a messy di- 
vorce. Some of the callers are simply para- 
noid -they have no reasonable explana- 
tion as to why someone would want to tap 
their phone. And still others claim to be 

concerned about eavesdropping as they 
call on cordless or cellular phones, obliv- 
ious that they're broadcasting every word 
they say to an audience of thousands. 

Those people who really have some- 
thing to lose are best off getting profes- 
sional help to find any phone taps or bugs. 
There are plenty of private investigators 
who will -for a hefty fee -"sweep" your 
home or office for all sorts of eavesdrop- 
ping equipment. (Because electronic sur- 
veillance is a tricky business, many 
investigators do a better job of putting on a 

high -tech show than actually doing a good 
job. It's not always that they don't mean 
well, but they just don't understand so- 
phisticated surveillance methods.) For 
those who want to have reasonable protec- 
tion without breaking the bank, there are 
alternatives to hiring a countersurveillance 
professional. We tried one, the Phone 
Guard from DTI. 

The Phone Guard can alert you to taps 
on the line, and to RF transmitters or 
"bugs." It can also jam bugs, making 
them useless. If you are under surveillance 
from a government agency or police de- 
partment, the Phone Guard will be essen- 
tially useless. Both agencies have access 
to your phone line from the telephone 
company's central office, where they can't 
be detected. But most unauthorized taps 
are. fortunately, not too sophisticated. 

Tapping a telephone is the most popular 
form of electronic eavesdropping for a 

number of reasons. First, it's often possi- 
ble to tap a phone without trespassing on 



the premiss -the phone_ wires lead right 
outside! Second, the pnesne is used molely 
for conver,ations-- usmi- ly for a specific 
purpose. "they're more focused and con- 
centrated than in-3c 'son conversations. 

The Phone. Guard Ica you counter hugs 
in three wäys. First, it ku tss fair charges in 

the clectrieal charactct isties of the ?hone 
line that occur s hen au ordinary tap is 

connected. Second_ it looks tor Ic-vels of 
RF (radio-frequency ) signals that tit high - 
er than normal. "Ihini, it modifies tie volt- 
age available on she ?hone line, and 
interferes wi'h nano vacs. 

The Phone Guarë installs betweee, your 
phone and the telephone line; its powered 
by a 9 -volt battery. is bx_sic mode =rf oper- 
ation is "privacy, s,surLnce." When you 
pick up your handset 'rr receive or ?take a 

call, one of the tout -ont -panel LLi) s 

lights. If someone pic`,s up an extension - 
or if a bug is attached-- the t>kiv LED will 
turn off. and your ph_ar. -e will be discon- 
nected from the fine. While that rrevcnts 
you from aiming anything "sensitive," it 

also prevents you from saying. "H_y, Cm 
on the phone. Get of the e.stcnsi :m." Of 
course, it doesn't tell Le person t. t whom 
you're taking that anything is wrong, ei- 
ther. 

The second mode of the Phone Guard 
adds RE (radio - frequency) detection. Any 
signal (from a wiroks. bug, for example) 
turns on the io- -si_,sr<s? LED. You have to 
be lookirgatthcunittosecthealarm no 
other warning 's gireno. To use the RF 
detector, you t;irst have to set tic unit's 
sensitivity by tun hg a small, screwdriver - 
adjustahly, multi -twin. potentor->eter for 
normal background I H (front computers 
and the lk). Once set. any RE detected 
above the background level will light the 
LED. The RF delete ion mode uses the 9- 

volt battery, so you have to remen`-er to 
turn the unit back toprivacy mule -- hich 
(Paws its power from the phone line- -after 
you're donc. 

-Ille third mode of the Phone Gkird is 

"tap nullification." In that mode (which 
also uses the battery). telephone -tapping 
devices are not detected. But many of 
them will be disabled by a two -pronged 
attack. Erst, as in the privacy mode, the 
voltage on the phone line is camped to a 
high level higher even than the normal 
tiff-hook voltage. Second, high - frequency 
audio is sen- over the line. Although the 
cudio is not audible during phone con - 
"ersations. the 18 -khi signals wreak 
havoc with FM bags. 'liar corversations 
will be masked by loud hash. 

Not being bugged ourselves, end not 
owning any illegal bulging devices, we 
tad a difficult tinte doing realistic '- nands- 
-m" user tests. But we were able u. verify 
:hat the device works its claimed. 

To understand how the Phone Guard 
works, you first have to undetstai-d how 
the phone s,'stem works. Norntalls, when 
your phone is on -hook, the telephone line 
voltage is between 48 tend 52 volts DC. (In 
our test area, we measured a constant 51.0 
volts.) When the phone is off hook. the line 
voltage drops to about 8.5 volts. 

Most taps use the difference tetween 
the on- and off-hook v-iltuge to turn them- 
selves on. As soon as the voltage on the 
line drops, the tan is triggered. The Phone 
Guard tries to disable the taps by not let- 
ting the phone-line aoltage drop too far. 
When you pick up a p?xme attached to the 
Phone Guard, the line vol ~age drops to 
only about 30 volts Surprisingly, that 
doesn't disturb phone servie,.. on "[lost sys- 
tems-it had no ill eft et on ours_ When a 
standard extension phone is placed on the 

line, or if a standard tap kicks in, the 
Phone Guard senses the resulting voltage 
drop, and disconnects your phone from the 
line. 

The RF- detection feature of the Phone 
Guard is basically a wide -band field - 
strength meter. It did a reasonably good 
job of detecting the standard RF sources 
that we had available. It was sensitive to 
wireless FM microphones. the favorite 
hug of low -tech espionage practitioners. It 

also did a good job detecting transmis- 
sions around 27 MHz (the CB band) and 
around 49 MHz (where a number of easily 
available transmitters work). It could not 
detect a 900 -MHz cordless phone only 
inches from it. Fortunately. few bugs are 
located at that frequency. On our high - 
power hug (a 100 -mW FM transmitter 
available for $49.95 from Deco Industries. 
Box 607, Bedford Hills, NY 10507, 
800- 759 -5553), it was able to detect the 
transmissions as long as the bug was with- 
in 15 feet of the Phone Guard. 

The tap -nullification node also worked 
as claimed on our test hug. However, we 
found that we were able to defeat the high - 
frequency interference with a couple of RF 
chokes. In the tap -nullification mode, it is 
also possible to adjust the DC clamping 
level. which might he necessary in some 
areas. Unfortunately, the privacy function 
doesn't work in the tap -nullification 
mode. So if you must change the clamping 
level to use your phone, you lose the pri- 
vacy function. 

The Phone Guard seems to offer reason- 
able protection front the most common 
taps. And most taps are pretty common. If 
you have reason to think that the FBI is 
after you. you should he looking for some- 
thing more sophisticated! 

Although they've done more than their 
share. the FBI doesn't set most taps. Usu- 
ally it's a wife spying on her husband, or a 
husband on his wife -or private inves- 
tigators on both of them. For most such 
unsophisticated bugs, the Phone Guard 
does a pretty good job. especially if you 
use it wisely. If you know you're hugged. 
for example, you could carry on most of 
your conversations normally. On a sen- 
sitive call. you could place the Phone 
Guard in its tap -nullification mode. Then 
whoever hugged you would think that the 
interference was a freak occurrence. If you 
jammed all calls, the eavesdropper would 
know that he had to find a more effective 
way to eavesdrop. 

If someone wants to hug you. there's no 
guaranteed way of stopping it. Just as the 
strongest lock and best alarm system -or 
even an armed guard -can't stop a deter- 
mined thief, no anti -hugging device will 
stop a determined eavesdropper. But the 
Phone Guard can offer reasonable security 
against the common, sleazy eavesdropper 
that you're likely to encounter. 7 



8 

Private 
First -Class 
Communications 
TROPEZ 900 DX DIGITAL 900 -MHz 
CORDLESS TELEPHONE. From V -Tech 

Communications, 8770 SW Nimbus Av- 
enue, Beaverton, OR 97500; Price: 
$ 299. 

Cordless telephones do nort have a spot- 
less reputation. They're subject to inter- 
ference-from computers, microwaves. 
and just about any other electrical appli- 
ance -which manifests itself in scratchy, 
static -ridden background noise. They 
rarely work at the full range promised on 
the box. They cost more than corded 
phones with similar features_ And, worst 
of all, they afford the user no privacy what - 
soever; anyone with a run -of -the -mill 
scanner can easily eavesdrop .tar cordless - 
phone conversations. We've even picked 
up one neighbor's phone colts on a baby 
monitor! That can be embarrassing during 
personal conversations, but much more 
damaging for business calls re juiring con- 
fidentiality. The privacy problem isn't even 
covered by law -it's not illegal 'o monitor 
cordless phone conversations, as it is to 

eavesdrop on cellular calls. (What kind of 
privacy can you expect when you're talk- 
ing on what is, in effect, a walkie- talkie ?) 

Despite those drawbacks, 41% of Amer- 
ican households currently own cordless 
phones. And, despite that already high 
level of household penetration, they are 
expected to account for more than 75% of 
all telephones purchased this year. Ob- 
viously, cordless phones have something 
going for them. In a word: convenience. It 
appears that there are plenty of folks out 
there (ourselves included) who are willing 
to trade off sound quality. price, and pri- 
vacy for the sake of convenience. 

A couple of recent happenings, how- 
ever, have paved the way to high -quality, 
private, albeit high -priced, cordless con- 
versations. First, the Federal Communica- 
tions Commission opened up the 900 - 
MHz hand, once reserved for industrial, 
military, and scientific use, to consumer 
products such as cordless telephones. Sec- 
ond, digital technology has been adopted 
by cordless telephone manufacturers. V- 

Tech's Trope: 900 DX digital cordless 
phone has the distinction of being the first, 
and so far only, cordless phone to take full 
advantage of both. And the advantages are 
many. 

Cordless phones using the 900 -MHz 
hand require shorter antennas, use less 
power, and provide more uniform coverage 
than those using the 46-49 -MHz band. 

CIRCLE 52 ON FREE INFORMATION CARD 

Higher frequencies generally requi.'e 
shorter antennas. For instance, standard 
cordless phones would need an antenna 
I 8-times longer than an equivalent antenna 
in the 900 -MHz hand. Unfortunately, 
that's not a practical solution. Most 
phones sacrifice some performance by 
using shorter antennas. On the 900 -MHz 
hand, a five- inch -long antenna is suffi- 
cient. The digital phone requires less 
power to transmit a signal a given dis- 
tance, affording it more uniform coverage 
over a much greater range when using the 
same amount of power as a standard core - 

less phone -almost a half mile, according 
to V -Tech. Moreover, the phones are less 
susceptible to interference from such influ- 
ences as microwave ovens or fluorescent 
lights -which means that as you walk 
around the house or office while chatting. 
you'll be much less likely to hit those "hot 
spots" of bad reception. Witty so fin', 900 - 
MHz phones in use for the present time, 
at least, only two other manufacturers are 
selling them -you'd also he less likely to 
intercept other conversations, even with- 
out the Tropez's digital security precau- 
tions. 

Digital security codes have been used in 
recent years by several phone manufac- 
turers to keep other cordless phone users 
from using your phone line. The system 
used by the Tropez automatically selects 
one of more than 65,000 possible digital 
security codes each time the handset is 
placed in the base unit. 

But the Tropez uses digital technology 
for more than a simple security code. It 

actually digitizes the user's voice. That not 
only reduces interference, it also effec- 
tively .seramble,s your voice to potential 
eavesdroppers. Both incoming and outgo - 
ing conversations are digitized as they are 
transmitted between the handset and the 
hase unit. In addition, it provides what V- 

Tech calls "digital clarity " -consistent 
high -quality sound over a wide range. 
Digital sound quality doesn't gradually 
deteriorate as the handset is moved away 
from the base. Instead, it remains constant 
until you near the range limit. and then 
quickly drops oft'. 

We first tried the Tropez 900 at the 1991 

Summer Consumer Electronics Show, he- 
fore it had FCC approval. We didn't have 
high expectations for a cordless phone 
used in the noisy, crowded convention 
center. But we certainly were pleasantly 
surprised to encounter excellent reception 
no matter how far we wandered from V- 

Tech's booth. As soon as the 900 -MHz 
band was allocated for cordless phone use, 
and the Tropez 900 became marketable, 
we requested one fòr review. 

The Tropez 900 looks only slightly dif- 
ferent from other cordless phones. There's 
a 5 -inch flexible antenna on the handset 
and a rigid antenna of the same size on the 
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base. There are keypads, along with sev- 

eral convenience -feature buttons, on both 
the handset and the base unit. The phone 
provides all the features we'd expect from 
a high -end cordless phone. Besides the 
standard mute, hold, redial, two -way pag- 
ing, and speed -dial (ten numbers can be 

stored in memory) functions, the phone 
also offers a few less -common features. 
For instance, the phone allows you to 
make calls either from the handset, or the 

base, using its speakerphone, and to initi- 
ate intercom conversations from either 
piece. The intercom can he used for a 

three -way conversation between the per- 

son on the other end, the person on the 
handset, and the person on the base unit. 
Of course, intercom conversations arc also 
digitally coded and can't be picked up by 
scanners or other cordless phone users. If 
another person picks up on one set while 
you're speaking on the other, the phone 
lets you know with one short beep. To 

guard your privacy within the walls of your 
home or office. the Tropez 900 offers a 

privacy control that deactivates the base 

unit when you're speaking on the handset 

(or vice versa) at the touch of a button for 
the duration of the call. Once the call is 

ended, or when you press the PRGIPR\ 

button again, the deactivated piece is auto- 
matically reset. Up to 41/2 hours of contin- 
uous talk time is available on a fully - 
charged battery. In addition, the phone 
provides a choice of four different ringer 
types for both the base and the handset: 
you can opt to have different rings for 
each. 

Actually. it's a good idea to learn some 
"phone- speak" when using the Tropez. 
Besides the adjustable "warbling" tones 
that indicate an incoming call. the phone 
uses other sounds to communicate. A page 

is indicated by a long series of beeps, and 
two short beeps means either that a call is 

on hold or that you are out of range. If you 
hear a short "buzz- buzz" when you press 

the PHONE button, or a "bleep" at regular 
intervals when the handset is off the base, 

the batteries need charging. A long buzz- 
ing tone when you try to pick up the phone 

indicates that the privacy mode is in effect. 
The features that really set the Trope?. 

900 apart from the crowd are invisible to 
the eye -its digital technology, the use of 
the 900 -MHz band, and its automatic 20- 
channel select to ensure line availability 
and clarity most high -end cordless 
phones offer a maximum of ten channels). 
What is hidden from the eye is imme- 
diately obvious to the ear, however. The 
sound quality is excellent; when used 

around the house or office, it's difficult for 
the parties on the other end of the line to 
determine that a cordless phone is being 

used. However, the received handset au- 

dio, in our judgment, was significantly 
below corded quality, and at best, about 

average for a cordless. We're used to 
avoiding certain areas that are highly sub- 
ject to interference -forget about grab - 
hing a snack from the fridge while talking 
on most cordless phones! We didn't expe- 
rience that problem with the Tropez 900. 
And when we tried to "monitor" our own 
conversations, we found out that digital 
calls are picked up simply as "hash" on 
our scanner. 

We were unable, however, to come any- 
where near the manufacturer's claim of an 

800 -meter range; nor did we experience 
completely uninterrupted talk until we 

stepped out of range. We were able to walk 
about 250 feet from the base location he- 
fore losing contact. Granted, that's a lot 
farther than any other cordless phone 
we've used, which fade out to static at 

about 50-60 feet. But it's nowhere near a 

half mile, and not even as far as we strolled 
at the CES convention center last summer. 
According to the manual, "The range 
quoted for this phone is based on open 
field measurements and under ideal condi- 
tions. The actual range you receive will 
depend on numerous factors such as build- 
ing construction, interference, at- 
mospheric conditions, location, etc." 

What surprised us even more was the 
digital phone's behavior as we neared the 
end of its range. Again according to the 
manual, "If you move the handset out of 
range during a phone conversation, you 
will hear an out of range' tone ... if you do 
not niove into range within 30 seconds. the 
call is disconnected." Until we reached 
that point, we expected the digital phone to 
retain its full clarity. Instead, after about 
150 feet our conversation cut in and out as 

the person with the handset walked away 
from the base unit, even though the recep- 
tion was crystal clear when he stood in one 
spot. As he neared the end of the range, 
the drop outs became more frequent, then 
nearly continuous, but no warning tone 
sounded. 

For our personal and work -related pur- 
poses, however, the Tropez 900 more than 
niet our needs. It also performed signifi- 
cantly better -and infinitely more pri- 
vately -than any analog. 46-49 -MHz 
band cordless phone we've ever used. Fif- 
teen years after its introduction, the cord- 
less phone seems finally ready to live up to 
its promise. 

"It did NOT short circuit!" 

Boom Book 
AUDIO NOTE A -4 NOTEBOOK STER- 
EO. from Sansui USA Inc., 1290 Wall 
Street West, Lyndhurst, NI 07071. Price: 
$499.95. 

If you were to ask the average person 
when the portable radio was invented, 
he'd likely guess that it was after the inven- 
tion of the transistor, sometime in the 
1960's. He'd be wrong on two counts. 
Portable radios have actually been around 
since the early days of wireless, and the 
first transistor set was introduced in 1954. 

As tsar back as the turn of the century. 
portable radios were championed by such 
visionaries as Hugo Gernsback, (the 
founder of Gernsback Publications, the 
publisher of Popular Electronics). who, 
looking hack on his 1908 outdoor demon- 
stration on the streets of New York of his 
Telimco wireless telegraph, called it "the 
first portable radio in the world." In the 
years since, portable radios of every imag- 
inable shape and size have been seen. In 
the 1920's they ran the spectrum from vest - 
pocket receivers (priced between $1 and 
$10) to "valise" style portables, some 
with attached horn speakers. Home - 
brewed sets were often much smaller. It 
wasn't until the end of the 1930's (and the 
Depression), however, that portable sets 

became popular with consumers. With 
RCA's 1939 introduction of miniature 
tubes came a new wave of true portables, 
most weighing just five or six pounds. 
Zenith's 1949 announcement of sub -mini- 
ature radio tubes led to the creation of 
some handheld sets that bear a striking 
resemblance to today's Walkman. Prob- 
lems in sound quality and expensive bat- 
teries kept the tiny radios from catching on 
hack then. Transistor radios, which didn't 
sound any better, were smaller and much 
cheaper to keep powered up. The transistor 
revolution, and the 1961 introduction of 
stereo FM radio, resulted in an array of 
hugely popular handheld and hox -style 
sets. As the awareness of high -fidelity au- 
dio grew. portables became better and still 
more firmly entrenched. 

The combination of radio with other 
audio formats was a natural progression. 
Portable systems make up a significant 
portion of today's audio market, which for 
the most part, consists of two categories: 
pocket -sized personal stereos and have - 
muscle- will -travel boom boxes. Some 
products in each category could also tit 
under the "convertible" heading: prod- 
ucts that can he used either at home or on 
the go. Sau.sui'z Audio Note A -4 CD /cas- 
sette/AM-FM stereo, though billed as a 

portable audio system. definitely is neither 
a personal stereo nor a boom box. It does, 



however, fit the convertible description. 
We decided to see how well it could meet 
our portable and at -home listening needs. 

Actually, the A -4 looks like no other 
portable stereo we've seen; when we 
pulled it out of its box, it more closely 
resembled a laptop PC. Unlike a laptop, 
the Audio Note A -4 is intended to stand 
vertically. When closed, the unit's front is 

a smooth expanse of granite -finish gray 

plastic, broken only by a pair of small 
speaker vents. Before its "doors" are 
opened, the portfolio -style unit measures 
121/4 inches wide x 83/4 inches tall x 31/2 

inches deep, and weighs less than five 
pounds. That's significantly heftier than a 
Walkman, but still light when compared to 
some of those back -straining boom boxes. 

The system's 3 -inch speakers are 
mounted in hinged, fold -out doors that are 

vented so that the unit can be played 
whether they're open or closed. Because 
the display and virtually all of the controls 
are located on the top panel, you never 
have to open the A -4's doors other than to 
load cassettes or discs. But you'll proba- 
bly want to-the sound is significantly 
better with the doors swung wide. 

Opened up, the Audio Note A -4 finally 
starts to look like a small audio system. 
Inside the doors are recognizable speak- 
ers, grilles and all. Set flush with the unit's 
main body are the cassette and CD wells. 
A contoured battery compartment runs be- 
low the wells. An LED that indicates the 
direction of the tape, a small LCD readout 
for the CD player, a tiny built -in micro- 
phone for recording, and the CD -eject but- 
ton are the only other features inside the 
A -4. 

The back of the unit is also cleanly 
streamlined. A telescoping antenna when 
compressed, fits into a horizontal slot. 
There are jacks for the AC -power adaptor, 
mini headphones, and a microphone -for 
karaoke sing -alongs. A three -position 
switch can be set for BEAT (for "beat cut- 
ting"), to reduce noise during AM recep- 
tion); FM; or KVC, or " karaoke voice 
canceller." As you might suspect, with 
such featureless outside, inside, and back 

(Continued on page 16) 
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If you want to learn about electron- 
ics, and earn a good income with that 
knowledge then CIE is your best 
educational value. 

CIE's reputation as the world 
leader in home study electronics is 
based solely on the success of our 
graduates. And we've earned that 
reputation with an unconditional 
commitment to provide our students 
with the very best electronics 
training. 

Just ask 
any of the 
150,000 -plus 
graduates of 
the Cleveland 
Institute of 
Electronics 
who are 
working in 
high -paying 
positions with 
aerospace, 
computer, 
medical, 
automotive 
and communi- 
cation firms 
throughout the 
world. 

They'll tell you success didn't 
come easy...but, it did come....thanks 
to CIE. And today, a career in elec- 
tronics offers more opportunities and 
greater rewards than ever before. 

CIE PROVIDES YOU WITH A 
LEARNING METHOD SO 
GOOD, IT'S PATENTED. 
CIE's Auto-programmed lessons are a 
proven learning method for building 
valuable electronics career skills. Each 
lesson is designed to take you step -by- 
step and principle -by- principle. And 
while all CIE lessons are designed for 
independent study, CIE's instructors 
are personally available to assist you 

with just a toll - 
free call. The 
result is practical 
training... the 
kind of experi- 
ence you can put 
to work in today's 
marketplace. 

CIE's COMMITTED TO BEING 
THE BEST....IN ONE 
AREA.... ELECTRONICS. 
CIE isn't another be-everything-to- 
everybody school. We teach only one 
subject and we believe we're the best 
at what we do. Also, CIE is accredited 
by the National Home Study Council. 
And with more than a 1,000 gradu- 
ates each year, we're the largest 
home study school specializing 
exclusively in electronics. CIE has 
been training career- minded students 
like yourself for nearly 60 years and 
we're the best at our subject 
ELECTRONICS ... BECAUSE IT'S THE 
ONLY SUBJECT WE TEACH! 

LEARN BY 
DOING...WffH 
STATE -OF- 
THEART 
FACILITIES 
AND 
EQUIPMENT. 
In 1969, CIE 

pioneered the first Electronics Labora- 
tory course and in 1984, the first 
Mircoprocessor Laboratory course. 
Today, no other home study school 
can match CIE's state- of- the-art equip- 
ment and training. And all your 
laboratory equipment, books, and 
lessons are included in your tuition. 
It's all yours to use while you study at 
home and for on -the -job after 
graduation. 

PERSONALIZED 
TRAINING....TO MATCH YOUR 
BACKGROUND. 
While some of our students have a 
working knowledge of electronics 
others are just starting out. That's 
why we've developed twelve career 
courses and an A.A.S. Degree program 
to choose from. So, even if your not 
sure which electronics career is best 
for you, CIE can get you started with 

WHY CHOOSE CIE FOR YOUR TRAINING? 
150,000 successful graduates from every country around the world. 
Only CIE rewards you for fast study. CIE offers an Associate Degree 
program based on actual study time used. The faster you complete your 
degree the less your overall tuition. 
State -of- the -art laboratory equipment is yours to keep and it comes 
assembled, ready for hands -on experiments. 

Approved for educational benefits under the G.I. Bill for veterans and other 
eligible persons. 

Upon graduation, CIE offers free preparation to pass the Certified 
Electronics Technician Exams. 

come lessons applicable to all areas of 
electronics. And every CIE course you 
take earns you credit towards comple- 
tion of your Associate in Applied 
Science Degree. So you can work 
toward your degree in stages or as 
fast as you wish. In fact, CIE is the 
orly school that actually rewards you 
fo- fast study, which can save you 
thousands of dollars. 

SEND TODAY FOR YOUR CIE COURSE 
CATALOG AND WE'LL SEND YOU A 
FREE 24 PAGE CIE ELECTRONICS 
SYMBOL HANDBOOK! 
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BOOM BOOK 
(Continued from page II) 

surfaces, the only place left for radio, tape, 
and CD controls is the 11/2 x 9' -inch top 
panel. Sure enough, Sansui managed to 
squeeze into that relatively tight area 
power, band. and function switches; eight 
pushbutton tape -deck controls; nine dual - 
function pushbuttons that arc used either 
to tune the radio or control the CD player; 
and three more dual- function buttons for 
setting the clock/timer and advanced CD 
programming; and an LCD readout. As 
much as we disliked the cramped controls, 
we wish they had put the CD display on 
that top panel instead of behind the speak- 
er doors, where it seemed to be added as 

an afterthought. 
The tape player allows one -touch re- 

cording from the radio or the CD player 
(after the source is selected and set up, of 
course). No line -level inputs or outputs are 

provided. When recording from a CD you 
can program the tracks in any order you 
prefer. Although the CD player doesn't 
display the track time or time remaining, it 
is a fairly easy unit to program, and allows 
you to play hack programmed tracks in 
order or randomly, to delete or add tracks 
to the program, and to check the pro- 
grammed tracks on the CD display. The 
CD player also lets you repeat a single 
track or a section of the disc, and to hear 
the first ten seconds of each track, using 
the Music SCAN button. We experienced 
no problems with mistracking in normal 
use, which including carrying the unit un- 
der our arm on a brisk walk. 

When in its karaoke mode, the A -4 re- 
moves most of the vocals from any stereo 
CD. tape. or radio source. By inserting the 
mini -plug of a handheld microphone into 
the jack at the back of the unit, you then 
can substitute your own voice. Such ka- 
raoke mixing cannot be recorded, how- 
ever, although it is possible to record using 
the built -in microphone on the inside of 
the unit. 

The radio provides up to 10 AM- and 20 
FM- station presets, which are accessed 
using seven buttons: five numbered 1 -5, a 

+ 5 button, and a TUNING UP button. To 
call up preset channel 17, for instance, you 
could either hit the TUNING UP button to 
scan the dial, or press the + 5 button three 
times tto equal 15) and then the 2 button 
once (for a total of 17). Reception was not 
great; we had a hard time tuning in some of 
our favorite FM stations, especially when 
using the A -4 around the computers in our 
office. There is no provision for using an 

external antenna, which would have 
helped. 

Timer operation lets you turn the radio 
or tape deck on or off or set the tape deck 
to record from the radio at a specified time. 

A sleep timer will automatically turn off 
the radio or tape deck after a set period of 
time ranging from 1 minute to 90 minutes 
in 10- minute increments. Neither timer 
function works with the CD player. 

That is a lot of functions to be controlled 
from those close -set top -panel buttons, 
knobs, and switches. While that top -panel 
arrangement allows you to use the A -4 

with its doors open or closed, you have to 
be careful not to accidentally press the 

wrong button. This isn't one of those sys- 

tems that you can operate blindfolded. In 
fact, you really should be close enough to 
read the (tiny) labels before you start push- 
ing buttons. That led to a problem when 
we kept the A -4 on our desk -we couldn't 
see the top panel when we were sitting 
down. That might not sound like a big 
deal, but it's inconvenient to have to stand 
up every time you want to change a station, 
fast forward to the next track, check the 

time, etc. The same problem would arise if 
you kept the A -4 on your night table as a 

clock- radio -and with the speakers ven- 

ted out the front, you couldn't even lay the 

unit face down so that the display would be 

visible, right -side -up, from the bed. Plus, 
the display is not backlit. 

Besides the inconvenience caused by 
crowding, many of the controls had a 

"cheap" feel to them. That's especially 
true for the undersized volume and tone 
knobs and the tape deck buttons; we think 
that that is unforgivable in a unit that lists 
for $499. 

After living with the A-4 for a few 
weeks, we still haven't discovered its niche 
in our lives. We require controls on our 
office audio equipment that are easier to 
use. We'd like a quick mute button that we 
could hit as we answer a phone call. for 
example. Neither its sound quality from its 
5 -watt amplifier nor its controls are up to 
our general at -home listening standards, 
and for portable use, we prefer a Walk- 
man -type unit. 

Perhaps if we'd used it in the summer 
instead of in March we'd have found more 
uses for it. While doing yard work the 
sound carried well, and our neighbors 
were impressed by the A-4's unique styling 
and compact size. 

We have a feeling that many of our com- 
plaints about the A -4 are due to our (rela- 
tively) advanced age. We'd imagine that 
high- school and college students would 
find the most uses for the A-4. Its book- 
like shape makes it easy to carry along 
with a stack of books, such as when walk- 
ing home from school or between classes. 
The A -4 would provide music during lunch 
hour or when just hanging out, and it 
would certainly meet the requirements of 
many dorm residents. From a historical - 
or should we say futuristic -perspective, 
however, we doubt that portfolio -style au- 

dio is the shape of things to come. 

Travelin' TV 
CITIZEN T530 COLOR LCD POCKET TV 
WITH AM /FM RADIO. Manufactured 
by: CBM America Corporation, 2020 
Santa Monica Blvd., Suite 410, Santa 
Monica, CA 90404. Price: $299.99. 

There's no question that portable audio 
is found everywhere in our society. Walk- 
ing down city streets, you pass school 
kids, joggers, cyclists, business people, 
and delivery men, all plugged into their 
walk -about stereos. Riding the buses, 
planes, trains, and subways often sitting 
right under the "No radios allowed" 
signs there are more of the same -and, 
on a had day, there's also someone blasting 
hip -hop tunes on a boom box. 

Portable television, however, has not 
achieved anywhere near that level of popu- 
larity, for practical as well as technical 
reasons. You simply can't take television 
everywhere you can take radio driving, 
cycling, or jogging are activities that are as 

well -suited to music as they are ill- suited 
to video. And, historically speaking, tiny 
televisions provided poor picture quality. 
Ironically, the same technology that may 
hold the key to affordable home projection 
TV's -liquid crystal displays -has also 
been used in a new generation of high - 
quality, small -sized televisions. Yet even 

though today's pocket -sized LCD sets of- 
fer good picture quality, the audio portion 
still lags far behind. 

So when we read in a press release that 
Citizen had introduced a 2.9 -inch LCD 
TV with a built -in AM /FM stereo receiver, 
we decided to give the T530 a try. We 

figured that by taking it, instead of our 
personal stereo, along, we could get vid- 
eo -on -the go and good stereo audio as 

well. 
When we pulled the unit out of its box 

and began to play around with it, it cer- 
tainly appeared to be designed with that 
dual use in mind. The granite -gray T530 is 

larger than most personal stereos----mea- 
suring approximately 7 x 3 -Y4 x 1 inches 
and weighing just over one pound without 
batteries -but still portable by any defini- 
tion of the word. The television screen 
folds down when not in use, so that you 
can safely carry the unit in a pocket, and 
the volume and radio -tuning controls are 

easily accessible even when the screen is 

retracted (although you can't read the tun- 
ing dial with the cover closed). 

A single speaker is on the left top of the 
unit; from illustrations we'd seen, we ex- 
pected to see another speaker when we 
flipped open the right two -thirds of its top 
to reveal the LCD screen. But what we'd 
mistaken for a speaker was simply part of 
the Citizen logo that resembled a speaker 



grille. Okay, we thought, so maybe the set 
provides stereo only through headphone 
listening. Wrong again. Totally perplexed, 
we decided it was time to read the blurbs 
on the 1530's box and its description in the 
manual. 

Perhaps there was a misunderstandi ig 
between Citizen's main office in Japan and 
the press office in California. (After all, 
communications between engineers in Ja- 
pan and marketing offices in the States are 
often troublesome: Just look at same of the 
gibberish found in owner's manuals.) In 
any case, as far as the T530 is concerned, 
nowhere m the user's manual or specifica- 
tions, or on-the box, is the word "stereo" 
mentioned. Similarly, the press release 
called the set "both NTSC and PAL com- 
patible," whereas the manual suggests 
that two separate versions are available for 
use in either NTSC- or PAL -equipped 
countries. 

We've been around long enough to 
know better than to believe everything that 
we read. So, putting aside our expecta- 
tions (and trying not to allow our disap- 
pointment color our judgment), we 
resumed anew our examination of Cit- 
izen's portable combination LCD and 
AM /FM monaural radio. 

When the hinged panel housing the 
LCD screen is flipped open, you have ac- 
cess to slide controls for tint, color, and 
brightness; up and down buttons for tuning 

the TV; a ci r 'TNI L CALL button; a slide 
switch to select between AM and FM, and 
UHF and VHF, and the radio dial. Besides 
the volume and radio- tunini dials, the 
front of the unit offers a three- position 
RADIO /OFF/TV switch and the button used 
to open the flip top. Along the left side are 
jacks for an eternal antenna an AC or DC 
adapter.. audio /video input, and ear- 
phones -none of which are supplied with 
the TV. The T530's three -way -power sup- 
ply allows it to run on five AA batteries or, 
with the optional adapters, AC or DC 
power. A telescoping antenna extends 
'rem the baclkof the unit. 

There's nothing tricky about using ei- 
ther the TV or the radio. When the TV is 
turned on a vertical, red channel- indica- 
?ar bar, whose position cotres ponds to the 
VHF and UHF channel charts under the 
screen, immediately appears on screen, 
and the set atuomatically begins scanning 
fora signal. When the system -locks into a 
station, the bar disappears a few seconds 
after the picture appears. To check what 
channel is being viewed a press of the 
CHANNEL c.. u_ button brings the bar back 
on screen_ When no signal is strong 
enough, the set will continuously scan up 
and down_ In such a case, either the bat- 
teries need replacing, or the optional exter- 
nal antenna is required. 

When a picture is obtained, a little fid- 
dling with the brightness, color, and tint 

IGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPYGUARDS 

While watching rent- 
al movies, you will 
notice annoying pe- 
riodic color darken- 
ing, color shift, 
unwanted lines 
flashing or jagged 
edges. This is 
caused by the copy 
protection jamming 
signals embedded 
in the video tape, 
such as Macrovision 
copy protection. THE 
DIGITAL VIDEO STABI- 
UZER: RXII COMPLETELY 
ELIMINATES ALL COPY 
PROTECTIONS AND JAM- 
MING SIGNALS AND 
BRINGS YOU CRYSTAL 
CLEAR PICTURES. 

WARNING 
THE DIGITAL VIDEO STA- 
BIUZER IS INTENDED FOR 
PRIVATE HOME USE 
ONLY. IT IS NOT IN- 
TENDED TO COPY RENT- 
AL MOVIES OR 
COPYRIGHTED VIDEO 
TAPES THAT MAY CON- 
STITUTE COPYRIGHT IN- 
FRINGEMENT. 

FEATURES 

Easy to use and a 
snap to install 
State -of -the -art 
Microchip technol- 
ogy 
100% automatic 
Compatible to all 
tv ses of VCRs and 

The best and most 
exciting Video Sta- 
bilizer in the 
market 
Light weight (8 
ounces) and com- 
pact (1x3.5x5 ") 
Uses a standard 9 
Volt battery ( last 1- 
2 years 
Fast UPS delivery 
Air shipping avail- 
able 
UNCONDITIONAL 
30 day money 
back guarantee 
1 year warranty 

(Dealers Welcome) 
FREE 20P Catalog 

To Order: $59.95 ea + $5for p & h 
Visa, M /C, COD Mon -Fri: 9-6 EST 

1- 800 -445 -9285 
ZENTEK CORP. DEPT. CPE7 
3670 -12 WEST OCEANSIDE RD. OCEANSIDE. NY 11572 

CIRCLE 5 ON FREE INFORMATION CARD 

CABLE TV 
DESCRAMBLERS 

How You Can Save Money on 
Cable Rental Fees 

Bullet Proof 

1 

It 
1 Unit 5+ 

Eau Super Tri-Bi Auto/ 
Var. Gain Adjustment 5119.95..585 
Jerrold Super Tri-Bi ... 5109.95.479 
Scientific Atlanta 5109 579 
Pioneer $109 579 
Panasonic TZPC145.... 599.95 579 
Stargate Converter 595 569 
Digital Video Stabilizer. 559.95 529 
Wireless Video Sender..559.95 $49.95 

30 Day Money Back Guarantee 
FREE 20 page Catalog 

Visa, M/C, COD or send money order to: 
U.S. Cable TV Inc. Dept. KPE7 

4100 N. Powerline Rd., Bldg. F-4 
Pompano Beach, FL 33073 

1- 800 -772 -6244 
For Our Record 

I, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be 
used on Cable TV systems with proper authorization from 
local officials or cable company officials in accordance with all 
applicable federal and state laws. FEDERAL AND VARIOUS 
STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL 
AND CML PENALTIES FOR UNAUTHORIZED USE. 

US Cable'll Beat 
Anyone's Price 
Advertised in 
this Magazine! 

Date: 

Signed: 

No Florida Sales! 
CIRCLE 6 ON FREE INFORMATION CARD 
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controls brings it in quite clearly -as 
clearly as you can expect from a screen 
that has a resolution of 146 x 648 pixels. 
The T530's hinged lid can be adjusted up 
to 120 degrees to find the best viewing 
position. In addition, the set uses an ultra - 
small fluorescent tube to light the screen 
uniformly. The tube is said to last for about 
five years if the set is used on average of 
one hour a day, and must be factory re- 
placed when it wears out. When the bat- 
teries run low, the tube does not light. To 
save batteries you can listen only to the 
audio portion of the TV by closing the 
unit's lid, which shuts off the tube's light. 

We live in an area notorious for its poor 
portable -TV reception. Using just the at- 
tached telescoping antenna, we were able 
to pick up just one VHF station and three 
UHF channels. Our sample unit didn't 
come with the optional antenna adapter, so 
we jerry- rigged our own. Using it, we ob- 
tained a clean, sharp, realistically colored 
picture on all the same stations we nor- 
mally receive over the air on our 27 -inch 
set. 

The radio portion of the unit is as 
straightforward as the TV section: The 
only controls are an AM /FM selector 
switch, a tuning knob. and the volume 
control. Although the tuning knob is on 
the outside of the T530, the numbered 
tuning dial is under the lid, making it diffi- 
cult to tune in a particular station without 
opening the unit. Both the tuning and vol- 
ume knobs tend to get jostled if you carry 
the unit in a pocket, making the unit diffi- 
cult to use as a crry- around radio. 

With the optional A/V adapter, the T530 
can be used as a monitor for a cam- 
corder -which could come in handy for 
some shooting situations-or a VCR. 

The Japanese /American communica- 
tions gap is evident in the user's manual. 
Actually. calling the scanty instruction 
sheet a "user's manual" is somewhat mis- 
leading -it's just a single piece of paper. 
printed on both sides and folded several 
times. It also contains such contradictory 
statements as "This TV set works on four 
"AA" size batteries. Please use five 
brand -new alkaline batteries ... ". Luckily, 
using the T530 really didn't require any 
detailed directions. 

We here at Gizmo have at least a dozen 
Walkman -type stereos. We've yet to find a 

real need for a pocket -sized television in 

our lives, but we can visualize a few places 
where it might come in handy. One is for 
viewing those vacation videos while 
you're still traveling. Others include 
watching shows in the garage, basement, 
or laundry room: keeping the kids Oc- 

cupied on a car trip (as long as the recep- 
tion is good); and as a bedside TV that you 
can watch without disturbing your spouse. 
The T530 would make a good contender 

18 for any of those jobs. 

Photos Go 
Digital 
FOTOMAN DIGITAL CAMERA FOR 
COMPUTERS. Manufactured by: Log - 
ite:h, Inc., 6505 Kaiser Drive, Fremont, 
CA 945 - -55. Price: $799. 

Although the cameras we use today are 
quite a bit different from those that were 
used the mid 1800's when photography 
was it vented, the actual process we use to 
turn what we see into photographs is very 

similar. Basically, photographic film is 
coated by light -sensitive silscr- hal :dc 
crystals. The changes in the cr ot, :ls .- 
come visible when the him is developed. 

The sign of a great invention is thin it 

remains relatively unchanged & scr time, 
much as the basic camera has. but digital 
technology has changed so many other 
great inventions. Take, Ibr example, he 
way we tell time, or the way we listen o 
music, or the way we type a letter. Now it 
seems that digital technology is destined 
to change the way we take snapsots. too. 

Digital photography - where. images 
are stored as data bits in memory instead of 
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as chemical changes on film -isn't brand 
new. Scientists have been using digital 
techniques to receive pictures from space 
probes for years. Large news organiza- 
tions use digital cameras for reporting 
when time is of the essence. Sports ltlus- 
trated, for example. uses digital cameras 
to cover the Olympics. Photos taken with 
digital cameras can be transmitted by 
phone to make deadlines that would be 
impossible to meet if the pictures had to be 
physically delivered. The major weekly 
news magazines also use digital cameras 
to get the latest breaking news into each 
issue. Beating the competition to a scoop 
can mean not only increased prestige. but 
dramatically increased newsstand sales. as 
well. 

PC users who want to get the photos of 
the latest breaking news into their docu- 
ments and desktop -published newsletters 
can enter the age of digital cameras with 
Logitech's h:otOMan. The system includes 
a camera, a charging /interface base, and 
FotoTouch software. Photos - --up to 32 of 
them -are stored in memory in the cam- 
era. After you've filled the memory, you 
can download the images into your com- 
puter through its serial port, and store 
them on your hard disk. 

Besides an open serial port, your PC- 
compatible computer must have at least an 
80286 processor, I megabyte of RAM, 
Microsoft Windows 3.0 or higher, MS- 
DOS 3.1 or higher, and EGA. VGA, or 
Hercules graphics. (VGA or higher is re- 
quired for gray -scale display.) 

When you take the camera out of the 
box, the built -in rechargeable nickel-cad- 
mium battery must be charged for at least 
30 minutes before using the camera for the 
first time. (Six hours are required fora full 
charge.) We used the half hour to install 
the FotoMan software on our hard disk. as 
well as the FotoTouch image -editing soft- 
ware supplied with the camera. 

Once the camera's battery is sufficiently 
charged. you can download the necessary 
software into the camera. a relatively auto- 
mated process. You connect the camera to 
the computer's serial port using the 9 -pin 
cable (or the 9 -to -25 -pin adapter supplied 
with the camera). The camera end of the 
cable is an 8 -pin mini -DIN plug, which 
plugs into the camera's charging /interface 
base. When the camera is inserted in the 
base, contacts on its bottom edge mate 
with pins in the base to provide both power 
(recharging) and communications connec- 
tions. When you launch the FotoMan soft- 
ware, it first tests the in- camera software. 
If it finds none (such as the first time you 
plug it in), it will automatically load or re- 
load the in- camera software. After the 
software is loaded and the battery is 
charged. you're ready to take pictures! 

Using the camera is deceptively simple. 
A single button on the front panel is all you 

have to work with -simply point and 
shoot! The fixed -focus lens has a depth of 
field from 3 feet to infinity. The built -in 
flash tires automatically if it's required. 
Any feedback from the camera comes 
from tones that it produces. For example, 
one long, high -pitched tone signals that 
the camera is ready to take the next pic- 
ture. (You must wait several seconds he- 
tween successive photos.) Six short tones. 
alternating between high and low pitches 
means that you have room Mr six more 
photos in the cameras memory. Five alter- 
nating short tones means you have room 
for five more photos, and so on. 

The camera's optics are equivalent to 
those of an Instamatic camera. and the 
camera's sensitivity is equivalent to ASA 
200 film. A supplied neutral- density filter 
(which is sometimes required for close -up 
flash pictures that would otherwise be 
washed out), reduces the sensitivity to 
about ASA 25. The shutter speed ranges 
from 1/30 second to 1/1000 second. al- 
though it is not manually adjustable. 

The camera shape takes a little getting 
used to. It's quite strange -tor a camera, 
that is- becuase of its vertical shape. The 
shutter-release button is on the front panel, 
below the lens. We found the viewfinder to 
he inaccurate. but we were able to com- 
pensate for that by aiming slightly to the 
left. Once we took a few test photos. we 
were ready to download them, using 
FotoTouch image -editing software. 

When you "acquire" photos from the 
camera, you first get "previews ". of the 
pictures in the camera. Up to twenty pic- 
tures at a time are displayed on the screen, 
in a form touch like a photographic proof 
sheet. lieu can then tag the photos that you 
want to download, and discard the rest. 

Nothing happens very quickly. mainly 
because the serial port is used to transfer 
data. Our pictures ranged in size from 
about 40K to 120K bytes, and took, on 
average, three to four minutes to transfer. 
Obviously. to download all 32 photos front 
the camera, you'll need plenty of time - 
and plenty of disk space. Fortunately, you 
can set -up the download procedure, and 
then walk away from the computer. 

Pictures can he stored as TIFF (tagged 
image file format) files, the most popular 
image -file format. They can also be stored 
as BMP (Windows, Microsoft Paintbrush, 
OS /2) or PCX (LSoft PC Paintbrush) files. 
FotoTouch also lets you convert images to 
EPS (encapsulated PostScript) files. 

Just as an Instamatic (or even a disposa- 
ble) camera can take perièctly good pho- 
tos, so can the FotoMan, despite its run -of- 
the -mill optics. But your best pictures will 
be limited to an image of 376 x 240 pixels 
(which is converted to 376 x 284 by 
FotoMan software to maintain the proper 
aspect ratio) with 256 gray levels. That 
works out to an equivalent resolution of 75 

Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 42nd year, is highly ex- 
perienced in "distance education" - 
teaching by correspondence- through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy -to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways - 
to learn more and to earn your degree 
in the process. 

Write or phone for our free' 
catalog. Toll free, 1- 800 -955 -2527, or 
see mailing address below. -o 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 
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SPECIAL FROM ETT 

TTL1 - 
TTL POCKET GUIDE, 

Volume 1, 

7400 - 74200 
$18.95. 

TTL2 - 
TTL POCKET GUIDE, 
Volume 2, 
74201 - 74640 

$18.95. 

TTL3 - 
TTL POCKET GUIDE, 

Volume 3, 
74641 - 7430640 

$18.95. 

ory 

Each volume provides a comprehensive list- 
ing of all commonly used TTL integrated 
circuits within the range of types noted. The 
combination of three volumes covers 7400 
through 7430640 TTL products from all ma- 
jor manufacturers. All current families are 
covered: standard, low power, Schottky, low 
power Schottky, advanced Schottky, ad- 
vanced low powered Schottky, high speed 
and fast Schottky. There are eight sections to 
the book. Section 1 illustrates the device 
schematic using a clear and simple logic di- 
agram. Next a brief description of the compo- 
nents, providing quick reference to the 
internal structure. The next section details 
input signals or levels at individual pins. The 
fourth section lists major applications and is 

followed by a summary of essential data. 
Below this, a table indicates the TTL families 
in which the device is available, and finally, 
device description and type number are high- 
lighted for easy reference. A manufacturer's 
index at the back of the book shows in tabular 
form which companies manufacture each 
package. 

TTLX - 
ALL THREE GUIDES, 
Vols 1, 2, & 3 

(save $6.00) 

$50.85. 

MAIL TO: Electronic Technology Today, Inc. 
PO. Box'240 
Massapequa Park, NY 11762 -0240 

SHIPPING CHARGES IN USA AND CANADA 

$0.01 to $5.00... $1.50 $30 01 to $40.00. $5.50 
$5.01 to $10.00.. $2.50 $40 01 to $50.00. $6.50 
$10.01 to $20.00. $3.50 $50 01 and above $8.00 
$20.01 to $30.00. $4.50 
SORRY, No orders accepted outside of USA and 
Canada 

Total price of merchandise $ 

Shipping (see chart) $ 

Subtotal $ 

Sales Tax (NYS only) $ 

Total Enclosed S 

Name 

Address 

City State Zip 

dots per inch for a photo that is about 31/2 

x 5 inches. That certainly limits the ap- 
plications for which FotoMan would be 
acceptable. It wouldn't, for example. be 
acceptable for use in this -or virtually any 
other -magazine. But we can think of a 

few professional applications for it. to 
friend suggested using it for making those 
chatty family Christmas letters complete 
with photos, but we have to focus on pro- 
fessional applications. Despite its con- 
sumer- friendly looks, FotoMan -with its 
suggested list price of almost $800 cer- 
tainly isn't aimed at casual users.) 

Real- estate professionals arc the first 
users who come to mind. Although the 
real- estate market has slowed down con- 
siderably in recent years, only a few years 
ago, it wasn't unusual for a house to sell 
the sane day it went on the market. Real - 
estate brokers now have to work quite a bit 
harder to get someone interested in a 

house. Photographs -even poor ones - 
can help. If you can edit the photo -to get 
the garbage cans out of the picture, for 
example -you can do even better. We tried 
such editing to take some Christmas deco- 
rations, unwanted bushes, and even a car 
out of a sample house photo. With only a 

limited amount of practice, we were able 
to do a convincing job. 

Someone producing a company news- 
letter could use the FotoMan to get late - 
breaking news into print. There's no need 
to take a traditional photograph. process 
the film, scan the photo to put it in elec- 
tronic form, and then import it into your 
document. And a company with security 
restrictions could make "instant" photo 
identification passes to allow visitors ac- 
cess to given areas. 

Whether the potential applications can 
justify the $800 price of the FotoMan is 
open to question. If the average production 
unit is constructed as shoddily as our eval- 
uation unit, we doubt that anyone could 
justify the expense. The camera stand 
broke apart the first finie we set the camera 
in it. That wasn't too big a deal -a little 
super glue repaired the seam that had split. 
More troublesome was the poor connec- 
tion between the camera base and the cam- 
era. The software constantly notified us 

that our camera was not connected. We 
could make things work by keeping pres- 
sure on the cables, or by turning the unit 
upside -down so that the cables would keep 
pressure on the contacts. On the bright 
side. a Logitech spokesperson has assured 
us that our unit was in the first production 
batch of cameras, and the problem has 
since been rectified. 

For $800, we'd certainly hope so. But 
then again, for that price, we'd expect 
some friendlier common -sense features, 
too. How about an LCD to show how 
many pictures are in memory? How about 
sonic manual control over shutter speed? 
How about the ability to focus manually 
with a quality lens? 

Products that are the first of their kind 
tend to he pricy. FotoMan is the first digital 
camera available to PC consumers. and 
Logitech should be congratulated for 
bringing the product to market. But we 
wouldn't he surprised to see it superseded 
soon by something that is more flexible, 
and less expensive. We have no pressing 
need for medium -resolution digital pho- 
tographs. While we wait for Logitech's 
next model. we'll stick to the old -but 
proven -silver halide technology. 

SONY GPS 
(Continued from page 6) 

the high -precision mode, the accuracy of 
the reading is limited by several factors, 
but the primary cause is data errors delib- 
erately introduced by the Department of 
Defense, which is responsible for main- 
taining the GPS system. 

Once you have acquired your position. 
you can store it in memory, if you like -up 
to 50 points can be stored, along with the 

time you were there. If you prefer, you can 
replace the time (which is automatically 
stored) with a six- character title (such as 

"harbor," or the name of a town). 
The Pyxis also has a track mode, in 

which you can display the distance, direc- 
tion, and points you have passed from your 
starting point to your present position. You 

can display a rough graphic description of 
your journey, or you can display an alpha- 
numeric description of your journey, 
which contains the distance from the start 

point to your present position (in meters. 
miles. or nautical miles). the direction of 
the present position from the start point (in 
degrees or descriptive direction, ENE. for 
example), and your altitude relative to the 
start point or in absolute numbers. 

While the track mode lets you check the 
distance from, and direction to points you 
have passed_ the navigation mode lets you 
check the distance and direction to your 
destination. You can store way points - 
places you will pass en route to your desti- 
nation-in memory as well. The Pyxis 
will beep as you approach your stored 
point (within 300 meters or up to 9000 
meters, depending on your preference). 
You can store up to nine different routes in 
the receiver, but the total number of way 
points you can store is 99. 

The maximum velocity that you can 
travel while still obtaining accurate navi- 
gation is 588 miles per hour (530 knots), 
so you can use Pyxis for auy type of land or 
sea travel, and it can also be used in many 
airplanes. 



For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

ELECTRONICS WISH LIST 

Travel Translator 
If you're en route to the Olympics this summer, you'll probably appreciate the 

TMl5 Travel Mate from Royal Consumer Business Products (Olivetti Office USA, 
756 U.S. Highway 202, Bridgewater. NJ 08807). The pocket -sized Travel Mate 
can translate over 100,000 words and phrases among six languages: English, 
Spanish, French, German. Italian, and Dutch. Any of the six languages can be 
used as the translator's base language. For people who never got the hang of the 
metric system, the translator automatically converts U.S. measurements to their 
metric equivalent. Price: $109.95. 
CIRCLE 56 ON FREE INFORMATION CARD 

Home DAT Deck 
It's had enough tiff consumers who have to wait for some indication that digital 

audio recorders will become real products that will be accepted by the recording 
companies, Congress, and consumers themselves. We can just imagine how the 
manufacturers feel. But Sony (Sony Drive, Park Ridge, NJ 07656) isn't waiting. 
They've added the DTC -670 digital audio tape deck to their current lineup. The 
deck offers 200 x and 400 x fast -forward and rewind, and optical and coaxial 
digital outputs, as well as a full complement of standard features. Price $750. 

Travel Mate Translator 
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Multi -ID Phone 
The phone company has sure changed over the years. Now they offer more 

services than ever. Caller ID is perhaps the best -known feature, because of the 
privacy issues that it raises, but it's only one of a host of new ways that your phone 
company can increase your monthly service charge. Call waiting, distinctive 
ringing, call trace, message waiting, and call forwarding are other popular 
services. Of course, using all of those features can get a little confusing because of 
the codes that have to be entered to access the services. Now phone companies can 
offer you a solution to that, too. Northern Telecom's (4001 Chapel Hill Nelson 
Highway, Research Triangle Park, NC 27709) QuickTouch 200. The phone offers 
up to 16 user -programmable autodialers and a display for outgoing number, date, 
and time. It can be tailored at the factory to serve different needs. One button, for 
example, could access call- forwarding services. A blinking light could indicate 
that a voice -mail message was waiting. (Usually such message -waiting services 
require the customer to pick up the handset and listen for a tone.) Price: $149.95. 
CIRCLE 58 ON FREE INFORMATION CARD 

Private Gambling Hall 
1f you're tired of losing your shirt every time you visit Las Vegas or Atlantic 

City, you might want to try Pro Blackjack from Saitek (2291 West 205th Street. 
Suite 101. Torrance, CA 90501). Unlike the casinos, it gives you a choice of how 
many card decks to play with, from one to six. Up to four people can play against 
the dealer. The dealer is friendlier than most we've encountered -it gives hints on 
betting, and even introduces you to the skill of card counting, which is frowned 
upon in real -life casinos. You can bet high or low stakes, and just as in a real 
casino, you can be bothered (or excited) by the sound effects it offers. Price: 
$69.96. 

Multi -ID Telephone 
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Ltti-_ 
Great Cities of the World CD -ROM Disc 

Vidikron Projection TV 

CD- Player Lens Cleaner 

IFor more information on any 
product in this section. circle 
the appropriate number on 
the Free Information Card. 

Desk -chair Tourist 
Most of us have cut back on vacation travel during the current recession. But 

that doesn't mean we can't learn about foreign cities in a relaxing, entertaining 
way. Inreroptitxr Publishing's (300 Montgomery Street, 2nd Floor. San Francisco, 
CA 94104) Great Cities of the World Volume 2 lets you use your PC to tour 10 
world cities: Berlin, Buenos Aires, Chicago, Jerusalem, Johannesburg. Rome. 
San francisco, Seoul, Singapore, and Toronto. The CD -ROM disc is available in 
Macintosh, DOS, and MPC versions. Each disc contains over two hours of audio, 
300 photographs, 300 maps. and the equivalent text of ten travel -guide books. 
Users can look in detail at city neighborhoods by clicking on the city map to zoom 
in for a closer look, or simply watch a slide show that features ai narration by a 
native of the city with local music in the background. Users can find hotels, 
transportation information, entertainment locations, and more. Price: Not avail- 
able. 
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A TV To Look At 
Projection TV's are meant to he seen -- that's why they have such large screens. 

Vidikron (15O Bay Street, Jersey City, NJ 07302) thinks that people aren't going to 
just watch the screen when they're in the same room as the 'videoprojector of the 
future,' the VPF 40. They'll also he captivated by the projector itself. Designed 
by Pinintàrina (the Italian automotive design firm famous for styling the Ferrai it, 
the VPF 40 looks to he a step ahead of other projectors. Thai's even more evident 
when you consider its specifications. The projector can handle virtually any signal 
you can throw at it. It accepts composite video, S- video. and RUB inputs. Its 
nutltisyne capability allows it to lock on different video signals regardless of their 
horizontal and vertical frame rates. It will display computer video signals as well 
as NTSC, PAL, and Sl'.('AM video. What's more. because of the projector's high 
scanning frequency sup to 54.5 kHz), it should he capable of displaying HDTV 
signals when a standard is reached. The VPF 40 can project images up to 25 feet 
diagonal. The aspect ratio of the picture can he changed by the user, and even 
stored in memory. So every time you watch a letterboxed videodisc. for instance, 
you can recall the proper settings with the touch of a button. Price S15,000. 
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Laser Lens Cleaner 
Although unknown to most people, CD players aren't completely maintenance- 

free, and need occasional cleaning. The laser lets, through which the laser beam 
must focus on the information stored on a CD, is highly susceptible to such 
airborne contaminants as dust, smoke, and moisture, all of which can cause 
distortion, mistracking, and slower access fine. AudioSource 0327 North Car - 
elan Avenue, Burlingame, CA 94010) helps you keep the laser lens clean in any of 
your CD players -home players, portables, stacking changers, and car audio 
units, with the LLC -2, a compact disc with two laboratory -grade brushes protrud- 
ing from its inner edge. The brushes are configured to clean the lens safely and 
effectively, and digitally encoded instructions tell the player to precisely align the 
laser lens under the path of the brushes as the cleaning cycle is executed in less 
than 20 seconds. Price: $29.95. 

CIRCLE 62 ON FREE INFORMATION CARD 



With NRI hands- 
on training, you 
can experience 
the rewards 
of a career 
in computer 
programming 

NEW! 
386sx 

mini -tower 
computer! 

Now you can get the practical training 
and experience you need to succeed in 
computer programming, today's top - 
growth computer career field. 

NRI at -home training gives you 
real -world programming skills in four of 
today's hottest computer languages: 
BASIC, Pascal, C, and COBOL. You get 
hands -on training that now includes a 
powerful 386sx/20 MHz mini -tower 
computer, modem, and programming 
software ... all yours to train with and 
keep! Best of all, NRI gives you the 
programming know -how you need 
to succeed on the job, in a new 
career, or in a business of your 
own. 

Job opportunities for the 
skilled computer programmer 
will increase by 71.7 percent 
over the next 10 years according to 
Bureau of Labor Statistics forecasts. And 
now, with NRI training, you can be one of 
the increasing number of computer 
programmers using their skills to build a 
top - paying career - even a business of 
their own - in this professionally and 
financially rewarding high -tech field. 

The only programming 
course that includes a powerful 
386sx -based computer system 
and programming software 
you keep 
Right from the start, 
NRI training gets you 
actively involved in 
the challenge of real - 
world programming. 
You learn how to 
create the kinds of 
full -featured, 
powerful pro- 
grams today's 
employers and 
clients demand. 
And, unlike any other school, NRI lets you 
experience first -hand the power of an IBM 
PC/AT- compatible, 386sx -based computer 
system, complete with modem, a full 
megabyte of RAM, disk drive, and monitor - all yours to train with and keep! 

Plus you 
explore the 
extraordinary 
capabilities of 
not one or 
two but four 
in- demand 
computer 
languages. You learn to design, code, run, 

debug, and document programs in 
BASIC, Pascal, C, and 

COBOL. In the 
process you become 

uniquely prepared for 
the wide variety of 

programming opportuni- 
ties available today. 

No previous 
experience necessary 

Immediately, you start getting the 
money -making job skills you need to 
secure a future in computer programming - no matter what your background. NRI's 
unique Discovery Learning Method guides 
you swiftly from computer novice to com- 
puter professional with step -by -step lessons 
covering program design techniques used 
every day by successful PC programmers. 

You'll find no heavy textbooks to 
plow through. No night classes to attend. 
Instead, NRI's at -home, step -by -step 
training covers all the bases, guiding you 

I 
Address 

I 

from the important fundamentals to real - 
world methods and techniques. Backed up 
throughout your course by your experi- 
enced NRI instructor, you quickly gain the 
skills you need to handle a wide variety of 
programming tasks with confidence. You 
even use your modem to "talk" to your 
instructor, meet other NRI students, and 
download programs through NRI's exclu- 
sive programmers network, PRONET. 

Send today for 
your FREE catalog 
Now you can experience the professional 
and financial rewards of a career in 
computer programming. See how NRI at- 
home training gives you the know -how, 
the computer, and the software you need 
to get started in this top -paying field. Send 
today for your FREE catalog! 

If the coupon is missing, write to us 
as the NRI School of Computer Program- 
ming, McGraw -Hill Continuing Education 
Center, 4401 Connecticut Avenue, NW, 
Washington, DC 20008. 

SEND FOR YOUR FREE NRI CATALOG TODAY! 

AW, Schools 
McGraw -Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

gCheck one free catalog only 

Computer Programming 
Microcomputer Servicing 
PC Applications Specialist 

tv: 

Programming in C ++ with Windows 
Desktop Publishing & Design 
Bookkeeping and Accounting 

Name Age 
(please print) 

I City State 
Accredited Member, National Home Study Council 

Zip 
5413-072 
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TSM 6 -DIGIT 
ALARM CLOCK/ 
CHRONOMETER KIT CIRCLE 119 ON FREE INFORMATION CARD 

A feature filled project perfect for the timepiece enthusiast 
with a moderate knowledge of electronics. 

Ibet mankind has been fasci- 
nated by the flow of time and 
methods for measuring it from its 

early beginnings. And that's as it 
should be; Time is one of those intan- 
gible, yet ever - present and all- power- 
ful forces of nature. Somewhere, 
perhaps in some antiseptic corner of 
the heavens, there is a giant clock 
ticking away the untold centuries as 
entire star systems are born, live, and 
die. I suppose it's romantic thoughts 
like those that turn some people into 
clock collectors. 

As for me, I just like machines of 
almost any kind, clocks included. I find 
electronic clocks particularly interest- 
ing because their method of opera- 
tion is just as invisible and silent as the 
phenomenon they attempt to gauge. 
Being an avid electronics hobbyist, 
the more whistles and bells an elec- 
tronic clock has, the more I like it. And 
if I can build the clock myself, I'll like it 
all the more. Luckily, I chanced upon 
the TSM 6 -Digit Alarm Clock/Chro- 
nometer Kit, which suits all of my likes: It 
was moderately easy to build, has a 
number of operating modes, and, of 
course, it silently measures the pas- 
sage of time -until the alarm sounds. 

The kit was not without its pecu- 
liarities, however. I'll mention what 

they were as I proceed, but they 
shouldn't hamper a fairly experi- 
enced kit builder (especially after I 

point out what they are). 

Features. As mentioned, the clock 
has a variety of useful operating 
modes. For example, it can be used as 
a 6 -digit alarm clock that displays the 
hour, minute, and seconds (although 
you must supply the alarm circuitry). It 

can also be used as a chronometer 
that displays minutes, seconds, and 
hundreths and tenths of a second, 
without losing track of the time of day. 
When you return to the clock -mode 
from the chronometer mode the 
chronometer's last readout is saved in 
memory. So, if you request the chro- 
nometer mode again, the readout 
will display the last chronometer read- 
ing unless you reset it to zero. 

The unit can also count down from 
a preset time (again without losing 
hack of the real time, or the last chro- 
nometer reading) in hours /minutes/ 
seconds format. Just as in the chro- 
nometer mode, when you return to 
the clock mode the last count -down 
mode readout is saved in memory, In 

fact, unless halted, the count -down 
timer will continue to operate in the 
background when the unit is in either 

clock mode, or chronometer mode. 
So the clock -mode circuitry can keep 
track of the time, while the count- 
down timer operates in the back- 
ground and the chronometer has 
control of the display. 

As if that much versatility isn't 
enough, there is yet another mode: 
seconds -count mode. As you might 
have guessed, the unit counts the 
passing seconds, minutes, and hours 
in that mode. While this mode can be 
active at the same time as both the 
chronometer and count -down 
modes, it replaces the clock mode. 
The clock and seconds -count modes 
are mutually exclusive -you can't 
have one while you run the other. 

That one exclusivity notwithstand- 
ing, I have never seen a clock capa- 
ble of so many time -display modes, 
let alone one that could perform most 
of its functions simultaneously. Since 
the clock's timekeeping circuit is 

based on a 320 -kHz crystal oscillator, it 
can perform those functions with ex- 
cellent accuracy. 

For all its capability, the circuit's 
power -supply requirements are very 
forgiving. While they are listed as 9 to 
12 volts DC at a Yz amp, the circuit 
contains a bridge rectifier, permitting 

(Continued on page 89) 



by Len Feldman 

Carver 
DPL -33 

Surround 
Sound 

Processor/ 
Amplifier 

PRODUCT 
TEST REPORTS 

Most people believe 
that in order to have 

a "home- theater" system 
that's worthy of the name, 
they have to spend up- 
wards of $30,000 to 
$40,000! That misconcep- 
tion probably arises from 
the many slick publications 
that show pictures of 
custom -installed and 
custom -built home -theater 
systems that do, indeed, 
cost that much. The fact is, 

though, that if you already 
own a decent large- screen 
TV set (25- inches or great- 
er), a video -program 
source that incorporates 
stereo sound (a stereo VCR, 

laser -disc player, or MTS- 

stereo TV), and a reason- 
ably good stereo audio 
system with a pair of good 
speakers, you are more 

CIRCLE 120 ON FREE INFORMATION CARD 

The Carver DPL -33 Surround -Sound Processor /Amplifier 

than two- thirds of the way 
towards having your own 
"home- theater" installation. 

All you need in order to 
recreate the excitement 
and thrill of watching mo- 
tion pictures and other 
programming the way you 
experience Dolby Stereo 
sound in a movie theater 
are at least two more 
speakers (preferably three) 

and a surround -sound pro- 
cessor /amplifier such as 
Carver's DPL -33. The Carver 
DPL -33 is a Dolby Pro Logic 
decoder and spatial pro- 
cessor with a built -in three - 
channel amplifier; it pro- 
vides up to 25 -watts for the 
center -channel speaker (in 

a Pro Logic set up), and 15- 
watts each for the two sur- 
round -sound rear channels. 
It can be easily added to 
any existing stereo system to 
create a five -channel sur- 
round -sound home theater 
with total remote control. 
When the DPL -33 is at- 
tached to the processor or 
in the tape -loop of a com- 
panion stereo amplifier or 
stereo receiver, all five 
channels can be controlled 
using the remote control, 
and their output levels can 
be directly monitored on a 
five -channel LED display. (A 

handheld remote control is 

supplied with the unit.) The 
unit also features automatic 
balance adjustment for the 
optimum decoding of 
movie sound tracks. For 

"concert- hall" ambience, 
when used with un -en- 
coded stereo program 
sources, the DPL -33 also has 
switchable 20- and 30- milli- 
second time -delay circuits. 

CONTROL LAYOUT 
The main power switch 

for this unit is at the extreme 
left end of the panel. Next, 
come eight small pushbut- 
tons, each surmounted by 
an indicator light. The first of 
these is a tape- monitor but- 
ton (the DPL -33 includes a 
tape loop to replace the 
one it uses in the compan- 
ion stereo amplifier). A 

Matrix button provides a 
simulated stereo sound for 
monophonic program 
sources. A Hall button pro- 
vides an airy, three - 
dimensional effect to non - 
Dolby- encoded stereo pro- 
grams. The Surround button 
engages the Dolby decod- 
ing circuitry. The remaining 
four buttons handle a 
choice of time delay for the 
surround channels (20 or 30 
milliseconds), normal or 
"phantom" center channel 
(the latter used in four - 
speaker setups that lack a 
center -channel speaker), 
and activate a "Test" noise 
signal that enables you to 
properly adjust the levels of 
all channels for best sur- 

round -sound balance. 
Four vertical rows of LED's 

serve as level indicators for 
the left-, center -, right -, and 
surround- (rear -) channel 
outputs. An input -level con- 
trol sets the input levels for 
all channels, and prevents 
possible overload of the in- 
put stages. Further to the 
right are Iwo rocker -type 
controls that adjust rear 
channel and center chan- 
nel levels upward or 
downward relative to the 
front channels. Finally, at the 
extreme right is a master 
volume control that raises 
and lowers the volume of 
all four channels: center, 
left, right and surround. 

The rear panel is 

equipped with Line In, Tape 
Out, Tape In, Line Out 
(Front), and Surround Out 
pairs of jacks; a Center out- 
put jack; and a Subwoofer 
output jack. Normally, the 
Surround Out and Center 
Out jacks would not be 27 
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used, since the DPL -33 con- 
tains amplifiers needed for 
driving those channels. 
However, just in case you 
find that the power pro- 
vided by the DPL -33 for 
those channels is inade- 
quate for the speakers you 
use (or for the room in 
which the installation is 

made), those outputs allow 
you to drive separate am- 
plifiers for those channels 
and speakers. The rear 
panel also contains a small 
slide switch that selects the 
crossover frequency for the 
subwoofer output (either 80 
Hz or 150 Hz) and an associ- 
ated small subwoofer -level 
control. Finally, at the right 
end of the rear panel there 
are spring- loaded sets of 
speaker terminals for direct 
connection of center -chan- 
nel and rear -channel (left 
and right) speakers. 

TEST RESULTS 
Measuring the perfor- 

mance of a unit such as the 
Carver DPL -33 is a bit tricky, 
since with similar signals ap- 
plied to left and right inputs, 
(in effect, mono), no out- 
puts will be decoded for 
the surround channels. Still, 

by tailoring our input signals 
for specific tests, we were 
able to plot some response 
and power output results 
graphically. Figure 1 shows 
the frequency response ob- 
tained for the front 
channels when L -only and 
R -only signals are applied 
to the Line Input jacks. Re- 
sponse was virtually flat, 
exhibiting approximately 
0.5 -dB roll -off at 20 Hz and 
- 0.3 dB at 20 kHz. When 
equal signals are applied 
to the line inputs, a center - 
channel output appears, as 
one would expect, even 
when in the Dolby Surround 
mode. In this mode, re- 
sponse is flat from around 
200 Hz all the way out to 20 
kHz, but a deliberate bass 
roll -off is introduced. This 

tends to add clarity and 
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Fig. I. The frequency- response plots obtained for the front 
channels when L -only and R -only signals were applied to the Line 
Input jacks shows the response to be virtually fiat. 
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Fig. 2. The surround channels have a deliberate roll -off above 
around 5 or 6 kHz. This is in accordance with the requirements 
of Dolby Surround decoding. The variations in the plot prior to 
the roll -off point were introduced by the unit's time delay. 
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Fig. 3. This plot shows the response of the unit at the Subwoofer- 
Out jacks. 

intelligibility to spoken di- 
alogue, which, essentially, is 

steered to the center chan- 
nel as it should be. 

Don't be too dismayed 
by the response plotted for 
the surround or rear chan- 
nels, shown in Fig. 2. The 
reason for the extreme un- 
dulations in response has to 
do with the time delay in- 
troduced by the decoder 
(20 or 30 milliseconds), 
making it impossible for our 
Audio Precision Test System 
to track the sweep as it 
normally would. We show 
this curve only to indicate 
that the surround channels 
have a deliberate roll -off 
above around 5 or 6 kHz. 

This is in accordance with 
the requirements of Dolby 
Surround decoding. 

Figure 3 shows the re- 
sponse of the unit at the 
Subwoofer Out jack. De- 
pending upon how the 
subwoofer -crossover switch 
is set on the rear panel, the 
-3 -dB point in the re- 
sponse at this output 
corresponds very closely to 
the 80 -Hz and 150 -Hz nomi- 
nal crossovers suggested by 
the labeling of the sub - 
woofer switch. 

Signal -to -noise ratios for 
this unit varied widely de- 
pending upon which 
channels were being mea- 
sured and under what 
conditions. Following the EIA 

standard, in all cases 500 - 
millivolt input signals were 
applied to the line inputs 
and the outputs were ad- 
justed either for 1 watt 
across 8 -ohm loads, (in the 
case of center -channel 
and surround -channel out- 
puts), or to 0.5 volts (in the 
case of the front -channel 
outputs). For those front - 
channel outputs, signal -to- 
noise measured 65 dB. For 
the center channel, S/N was 
more than 88 dB, while for 
the surround channels, S/N 
measured 89.6 dB on one 
channel and 89.2 dB for the 
other channel. 



TEST RESULTS- CARVER DPI -33 
SURROUND SOUND PROCESSOR 

Specification Manufacturer's Claim 
Frequency response (20 -20 kHz) +0, -0.3dB 

THD 

S/N (IHF weighted) 
Front channels 
Surround /center 

Power at 8 ohms 
Center channel 
Surround channels 

Weight 
Dimensions (H x W x D, inches) 
Price: $449.95 

Less than 1% 

55 dB 

85 dB 

25 watts 
15 watts 
14 lbs. 
3.8 x 19 x 12.75 

PE Measured 
--0.5, 0.3 
dB 
Confirmed 

65dB 
88/89 dB 

40 watts 
15 watts 
Confirmed 
Confirmed 

While it was difficult to 
measure frequency re- 
sponse using sweep signals, 
we had no problem mea- 
suring distortion as a 
function of power output, so 
long as single test tones 
were used. Thus, Fig. 4 
shows how distortion varied 
as a function of power out- 
put for the center -channel 
output, while Fig. 5 shows 
how distortion varied with 
power output for the sur- 
round- channel outputs. 
Three test frequencies were 
used in each case: 100 Hz, 1 

kHz, and 10 kHz. As is usually 
the case, the lowest distor- 
tion was noted for the 1 -kHz 
test signal. At rated power 
output (25 watts, in the 
case of the center -channel 
output), THD was only 0.1 %. 
At 100 Hz, THD was slightly 

higher at 0.12 %; at 10 kHz, 

THD rose to just under 0.2 %. 
Those results are shown in 
Fig. 4. For the surround - 
channel outputs (Fig. 5), dis- 
tortion at 1 kHz was 0.6% at 
its rated output of 15 watts, 
and approximately 0.8% for 
that power output at test 
frequencies of 100 Hz and 
10 kHz. 

HANDS -ON TESTS 
Hooking up a unit such as 

the DPL -33, in order to 
create a "home theater" 
audio /video entertainment 
center proved to be easier 
than I thought it would be. 
We quickly discovered that, 
using reasonably efficient 
speakers for the center and 
surround channels, the 
power provided by the 
DPL -33's amplifiers was 

DISTORTION NOISE VS. POWER OUTPUT. CENTER CHANNEL; CARVER DPL -33 PROCESSOR 

5 

Fig. 4. At the unit's rated power output (25 watts), THD for the 
center -channel output was only 0.1 %. At 100 Hz, THD was 
slightly higher at 0.12 %; at /0 kHz, THD rose to just under 
0.2 %. 
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Fig. 5 For the surround channel outputs, distortion at 1 kHz was 
0.6% at its rated output of 15 watts, and approximately 0.8% at 
100 Hz and 10 kHz. 

completely adequate. Ad- 
justing levels so that sounds 
were balanced was a snap, 
too, thanks to the "white 
noise" test tones that auto- 
matically move from 
channel to channel. If any- 
thing, the duration that the 
test tone sounds from each 
speaker might be short- 
ened a bit-the tones don't 
have to stay on each chan- 
nel as long as they do to 
give the user an idea as to 
whether that channel is too 
loud or too soft. 

Of course, the real thrill 
comes when you watch 
your first Dolby Surround - 
encoded movie. Ours was 
on a laser video disc, so 
that we not only had good 
surround sound but as 
good a picture as can be 
had with our present NTSC 

color -1V system. Our view- 
ing was done on a 32 -inch 
direct -view Sony TV and we 
turned off the internal 
speakers, since the front 
channels were powered 
separately from our regular 
reference stereo system. 

While we did not incor- 
porate a subwoofer into our 
test setup we strongly rec- 
ommend that you do use a 
center -channel speaker. 
The Phantom setting on the 
DPL -33 (in which the center 
channel sound is derived 

from the left and right front 
speakers), while reasonably 
good as long as you sit 
exactly mid -way between 
the front speakers, is se- 
riously deficient if you move 
off -center. By contrast, using 
a center -channel speaker 
(even a small, inexpensive 
one, since it's only expected 
to handle dialogue), makes 
your seating and viewing 
position far less critical and 
keeps that dialogue firmly 
planted "on screen" where 
it belongs. 

The Hall setting of the 
DPL -33, when used with 
non -Dolby encoded stereo 
material worked reasonably 
well, though there were 
some sorts of program ma- 
terial that we felt might 
have wanted less rever- 
beration and perhaps less 

time delay than even the 
lowest setting of 20 millise- 
conds provided. Some 
processors offer many more 
varieties of simulated en- 
vironments than the DPL -33, 
but of course, they cost 
more, too. In short, the Car- 
ver DPL -33 is well worth its 

$449.95 list price. 
For more on the DPL -33 

contact Carver (20121 48th 
Ave, West, PO Box 1237, Lyn- 
nwood, WA 98036) directly, 
or circle No. 120 on the 
Free Information Card. 29 



30 

YOUR HOME . 

the television series, 
will help guide you through it. 

For most families ... our homes are 
the biggest purchase we'll ever make. From time to 

time we've all thought about making changes to our homes. By 
watching the YOUR HOME television series, you can catch all of the latest 

ideas and trends designed to get you through the maze of products that will enhance the 
beauty, functionality, and quality of the time that you spend at home. Whether you're building a 

dream kitchen or attempting to create the home theater experience, from the simple to the exotic, YOUR HOME 
has a wealth of great ideas. It's like going to the world's biggest home and garden store each and every week. 

Tune into upcoming shows to check out the best and brightest in home products and services: 

LAGUNA TOOLS 
The N -31, Multi purpose wood 
working machine. 

PRIMESTAR 
The finest in direct broadcast satellite 
entertainment. 

APOGEE ACCOUSTICS 
Ribbon Technology Audio Speakers for 
the true home theater sound 
experience. 

TAG INTERNATIONAL 
Stainless Steel flatwear and holloware. 

ROYAL CROWN FIREPLACES 
European Style Masonary Fireplaces. 

STERLING DOMESTIC 
APPLIANCES 
The latest in downdraft Cooktops for 
the kitchen of the 90's. 

SWIM -X SYSTEMS 
The latest in compact, year round lap 
swimming pools. 

Check your local cable listing for the time and channel number in your area. 
A presentation of 

WJMK 2424 N. Federal Highway Boca Raton, FL 33431 (407) 367 -0703 



THE GPS NAVIGATION SYSTEM 
BY BRIAN C. FENTON 

GPS-the global positioning systein-UffPPs unprecedented positioning and 
navigation accuracy on land, at sea, or in the ell-. 

Everycne knows what it's like to 
be lest- -even those of us who 
don't like to admit it But imag- 

ine if your oar could tell you exactly 
where you were at all times. Imagine 
a system that could tell you the loca- 
tion of the nearest Mexican restau- 
rant. Or in matters of greater urgency, 
imagine al emergency vehicle al- 
ways knowing where to go when re- 

sponding to a call. Think of the safety 
improvements that could come from 
a foolprocf collision- avoidance sys- 

tem for air traffic. All of those things-- - 
and more- -are made possible by 
GPS, the Global Positioning System. 

Ever since people began to move 

around -and the first "humans" were 
nomadic hunters and gatherers 
we've needed some wcy to keep 
track of where we've been and where 
were going. Today, we move around 
at unprecedented rates. Gone are 
the days when people died within a 
few miles of where they were born, 
never having left then villages. It's rare 
for people to live in the same place 
for their entire lives -- many Americars 
leave their home towns every day just 
to go to work! Airplane travel has be- 
come commonplace, and has made 
the world smaller than ever. And i 's 

made knowing where were going 
more important than ever. 

Ancieit mariners learned to use the 
stars to determine their positions. As 

long as ycu don't need great ac- 
curacy, celestial navigation works 
we I --trat is, as long as the sky is clear, 
and as long as its nighttime. The idea 
behinc GPS is to set up a constellation 
of 'star_' that can be "seen" by sophis 
ticated receivers, twenty -four hours a 
day, regardless of the weather. 

GPS is net the worlds first radio -navi- 
gation system. Loran -C, Omega, and 
radio Deacons have been main 
toned cy the U.S. Coast Guard for de- 
codes. GPS isn't even the world's first 

world -wide satellite -based naviga- 
tion system. The U.S. Navy- sponsored 31 
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Transit program (sometimes called 
SatNav) became operational in 1964 
and is still in service today. GPS was 
developed to address some of the 
limitations of Transit. Table 1 compares 
the abilities of the major navigation 
systems available today. 

The main force behind the de- 
velopment of GPS was the U.S. De- 
partment of Defense. Why? We have 
only to look at recent history for the 
answer, In the Persian Gulf War and in 
the U.S. attack on Panama, U.S. forces 
made extensive use of portable GPS 
receivers. (During the Gulf War, the 
military bought almost 10,000 re- 
ceivers from one company alone!) 
Advanced weapons use GPS as part 
of their guidance systems. In the 
Tomahawk cruise missile, for example, 
GPS updates the missile's inertial guid- 
ance system and provides position in- 
formation to the on -board digital 
scene- matching area -correlation sys- 

tem (DSMAC). 

Full -scale development and testing 
of GPS took place between 1979 and 
1985. The final phase -production 
and deployment -began in 1985, 
and should be complete next year, a 
few years behind schedule. The main 
cause of the delay was the Chal- 
lenger space shuttle disaster in 
1986 -when only seven GPS satellites 
were in orbit -which put deployment 
of new satellites on hold for three 
years. Since the satellites have a life 
expectancy of less than eight years, 
new satellites will be continually 
launched to replace aging satellites. 

The GPS System. GPS consists of 
three major segments, Space, Con- 
trol, and User, as shown in Fig. 1. The 
Space Segment is the constellation of 
GPS satellites. When the system is fully 
implemented, the constellation will 
consist of 24 satellites -21 opera- 
tional and three spares. As of this writ- 
ing, 17 satellites are in operation. The 

satellites operate in circular orbits 
20,200 kilometers (12,500 miles) 
above Earth, and are arranged in six 

orbital planes, spaced 55° apart. They 
have an orbital period of about 12 

hours. That arrangement ensures that 
at any given time, at least 5 satellites 
will be in view to users anywhere in the 
world. A minimum of four satellites are 
required for accurate positioning. 

The Control Segment consists of a 
master control station in Colorado 
Springs, CO, and five monitor stations 
and three ground antennas located 
throughout the world. The monitor sta- 
tions track all satellites in view, and 
send the accumulated data to the 
master control station, which com- 
putes precise satellite orbits. Any posi- 
tion updates are transmitted to each 
satellite via the ground antennas. 

The GPS User Segment consists of 
antennas and receivers that allow 
land, sea, or airborne operators to de- 
termine their precise position and ve- 

Fig. I. The GPS navigation system consists of three segments, Space, Control, and 
User. 



locity. Accurate time -of -day data can 
also be obtained. A wide variety of 
user equipment is available, including 
the consumer -friendly Pyxis receiver 
from Sony. (See GIZMO for further in- 

formation.) 

How It Works. The GPS concept is 

easy enough to grasp. If you know 
how far away you are from a number 
of orbiting satellites, and if you know 
exactly where those satellites are, you 
can determine your position using 
standard triangulation methods. Al- 
though the concept is simple, the op- 
eration isn't that simple in practice. 

The first problem is determining 
how far away you are from the orbit- 
ing satellites. The distances are ascer- 
tained by measuring the length of 
time a radio signal takes to get from 
the satellite to your receiver. The dis- 
tance from the satellite will be equal 
to the velocity of the signal multiplied 
by the time it takes the signal to arrive 
at the receiver. Since we know the 
velocity of the signal (the speed of 
light, or 300,000 km /sec) we need only 
to determine the travel time to find 
the distance to the receiver. Since 
each satellite broadcasts an accu- 
rate time signal, and each receiver 
contains a built -in clock, we can de- 
termine the signal's travel time. 

That seems simple enough. But on 
closer examination, the problem be- 
comes more complex. If a GPS satel- 
lite were directly overhead, its signal 
would take less than a tenth of a sec- 
ond to reach the receiver. It is essen- 
tial that the receiver clock be ex- 
tremely accurate. An error of even 
one millisecond would mean a posi- 
tion error of almost two hundred miles! 
Even worse, because the signals trav- 
el through the ionosphere and atmo- 
sphere, they don't travel at the speed 
of light. We have to find a way to com- 
pensate for the resulting delays. 

Once you know how far you are 
from a satellite, you have to deter- 
mine where the satellite itself is -that's 
not a trivial problem. Knowing how far 
you are from a single satellite, how- 
ever, doesn't tell you much. If you 
know, for example, that you are some 
22,000 kilometers from a satellite, all 
you know is that you are somewhere 
on the surface of a sphere with a radi- 
us of 22,000 kilometers, as shown in 

Fig. 2A. That's not exactly precision po- 
sitioning! 

The GPS Space Segment is a constellation of 24 sate lites -21 operational and 3 

spares -orbiting Earth in six orbital planes. 

TABLE 1- NAVIGATION SYSTEM COMPARISONS 

System Position 
Accuracy 

Veloc ty 
Accuracy 

Tine 
Accuracy 

Operating 
Range 

Operation 

GPS 

(P Code) 
16m 0.1 m/s 100 ns Worldwide 

24 hours 
All weather 

Longitude, 
Latitude 

Transit 200 m Worldwide Longitude, 
Latitude 

Loran 180 m Regioial 
10% of world) 

Longitude, 
Latitude 

Omega 2,200 m Nearly 90% 
worldwide 

Longitude. 
Latitude 

ILS /MLS 5 -10 m Line cf sight 
At properly 
equip;)ed airports 

Altitude, Angle 
of approach 

Inertial 
Systems 

1500 m 

(after first hr) 
0.8 rr /s 
(after 2 hrs) 

Worldwide 
24 hours 
All weather 

Longitude. 
Latitude, 
Altitude 

If you know how far you are from 
two satellites, your situation improves 
somewhat. As you can see from Fig. 
2B, you can determine that you're 
somewhere on the circle where the 
two spheres intersect. Add a third sat- 
ellite, and your ability to determine 
your position improves even more. As 

shown in Fig. 2C, three measurements 
put you at one of two points where all 
three spheres intersect. 

In many cases, that's all you need, 
because one of the answers turns out 
to be unreasonable and can be ig- 

flared. To eliminate all uncertainty, 
you can take a measurement from a 
fourth sategite to tell you which of the 
two points is correct. (The fourth 
sphere could be Earth. If you know 
your altitude -4 you're on the sea, for 
example-you could use the diame -. 
ter of the planet as the fourth sphere.) 
We'll see shortly that using four satel- 
lites is not essential for determining 
your position, but using four satellites is 

essential for correcting timing errors. 
Knowing the range from four satel- 

lites won't tell you anything unless you 
33 



34 

know where those satellites are. For- 

tunately, the satellites orbit in a predic- 
table way -just as the planets have 
been orbiting with reasonable pre- 
dictably for millennia. That's not to say 
that we can predict the satelite orbits 
without errors. Things such as the pres- 
sure of solar radiation on the satellite 
or the gravitational pull of the sun and 
moon can lead to slight errors. That's 
the reason for the monitor stations in 
the Control Segment of GPS. Every 
time a satellite passes over a monitor 
station -and that happens twice 
each day -its altitude, speed, and 
position are measured by the Depart- 
ment of Defense. The data is then sent 
from the monitor station to the master 

A 

Fig. 2. Knowing how far we are from 
one satellite tells us only that we're 
somewhere on the sphere in A. Knowing 
the distances from two satellites puts us 

somewhere at the intersection of the two 
spheres as in B. Knowing distances from 
three satellites (C) can tell us that we 

are at one of two points. That's usually 
enough, because one of the points yields 
an absurd answer. 

TIME SIGNALS 
TRANSMITTED BY 

SATELLITES 

ot, 

At2 

At3 

At4 

n 

POSITION 
EQUATIONS 

R=COt 

R2=COt2 

R3=C,M3 

R4=Cet4 

C=SPEED OF LIGHT 

(X1- Ux)2 + (y,- Uy)2 + (z1- UZ)2 = (R1- CO2 

(X2- Ux)2 + (y2 Uy)2 + (z2- U2 = (R2 coz 

(X3 Uz)2 
+ (y3 Uy)2 + 

/(- 
Ux/2 = (R3_ CB)2 

(X4-UX)2+ (Y4-Uy)2+ lz4-U4)2=(R4_CB)2 

CB=USER CLOCK BIAS 

Fig. 3. Using four satellites lets us determine our position and eliminate any error 
caused by an inaccurate receiver clock. Note that taking measurements from four 
satellites results in a system of four equations in which there are four unknowns. 

control station, which then transmits 
the data to the satellite. The satellite, 
in turn, broadcasts its ephemeris (or 
orbital) information -including the 
corrections -to the users, along with 
its timing information. 

Even if a satellite is transmitting 
accurate information regarding its 

position, there are other potential 
sources for errors. The ionosphere- a 

layer of charged particles high above 
the Earth's surface can have an af- 
fect on the speed of the signals. (Re- 

member: The speed of light is 

constant only in a vacuum.) Multipath 
errors -caused when the signal 
travels to the receiver by bouncing off 
objects rather than in a straight line - 
are another potential problem. 

Even without external problems, ge- 
ometry can conspire to make mea- 
surements less accurate. If you obtain 
position data from closely spaced sat- 
ellites, you will not be able to deter- 
mine your position accurately. Such 
errors are referred to as GDOPor geo- 
metric dilution of precision. A better 
consumer GPS receiver will warn you 
that it is basing its measurements on 
satellites that are spaced too closely 
for optimum accuracy. 

Timing errors are also a concern. As 

previously noted, even small timing 
errors can cause huge errors in dis- 
tance. The GPS satellites use on -board 
atomic clocks, the most accurate 
clocks available. If receivers also had 

(Continued on page 96) 
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BY MARC SPIWAK, EDITORIAL ASSOCIATE 

As we all know, whether you are an engineer, 
a technician, or tinkerer, an oscilloscope is 

one of the most important and versatile 
electronic tools you can own. Obviously, if you are 
an engineEr or technician, an oscilloscope is abso- 
lutely essertial, but for hobbyists and tinkerers, an 
oscilioscops may seem less crucial. While it is true 
that for some basic hobby activities you can get by 
without one, the information that an oscilloscope 
can provide during circuit design or troubleshoot- 
ing makes having one very desirable. 

Anyone considering buying an oscilloscope 
should think of it not as an expense, but as an invest- 
ment. The investment can be in the form of educa- 
tion, as a lot can be learned about electronics with 
the aid of an oscilloscope. Or it can be an invest- 
ment in one's career either at the present time or in 

the future. I' you enjoy electronics as a hobby, then 
an oscilloscope is a great investment for many 
years to acme, with payment in the form of hours 
saved at the bench. 

But for hcbbyist, and even small- business use, the 
usefulness of an oscilloscope must be balanced by 
its cost. Advanced, sophisticated oscilloscopes can 
cost severd thousand dollars each. However, if your 
needs are more modest, basic analog os- 
cilloscopes can be had for under $500, and some 
surprisingly sophisticated units can be had at near 
the thousand- dollar mark. 

But who makes those oscilloscopes? How do they 
perform? Which one is right for my needs? Those 

KENWQOD 

E 
Looking for a low -cost oscilloscope 
for hobbyist or other applications? 

Here's the perfect place to start. 



are just some of the questions that 
must be answered whether you're 
thinking of replacing an outdated os- 
cilloscope or buying one for the first 
time. 

All -in -all, finding the one that best 
suits your needs can be frustrating. 
After all, there are hundreds of models 
of oscilloscopes on the market. To 

make your job of finding the right os- 
cilloscope as easy as possible, we've 
done some digging for you and 
gathered together the important 
specs to assemble this Buyer's Guide 
to Low -Cost Oscilloscopes. 

This guide is a compendium of os- 
cilloscopes currently available that 
carry suggested list prices of $1200, or 
less. In addition to listing the manufac- 
turer and price, we have provided 
some basic specifications for each 
model. Note, however, that many of 
the scopes mentioned have enough 
additional features to fill an entire re- 
view. Because of that, if you're inter- 
ested in a particular oscilloscope 
model, or if there is a particular fea- 
ture you absolutely require, you should 
contact the manufacturers directly - 
we've provided addresses and 
phone numbers for you in a Manufac- 
turers and Distributors Directory that 
you can find elsewhere in this article. 
You can also get more information by 
circling the appropriate number on 
the Free Information Card. 

Oscilloscope Specifications. 
Within our $1200 budget are scopes 
listed as having single, dual, or triple 
inputs. That's the number of input sig- 
nals that can simultaneously be dis- 
played on the CRT. A single -input 
scope can be used to analyze only 
one waveform at a time, while a dual - 
input scope can simultaneously dis- 
play, say, a clock signal and some 
other related signal so that you can 
view their timing relationship. Of 
course, a triple -input scope can simul- 
taneously display three related sig- 
nals. -. 

The bandwidth, or frequency re- 
sponse of an oscilloscope is the range 
of frequencies that it can accurately 
display. Most modern oscilloscopes 
have a bandwidth of at least 20 MHz. 

That means that the scope can dis- 
play a waveform at any frequency 
between DC and 20 MHz, with some 
limitations (more on that in a mo- 
ment). If you were to input a signal 

higher than 20 MHz, the scope 
wouldn't be able to "keep up," and 
the display on the CRT would not be 
complete. 

A bandwidth of 20 MHz is adequate 
for many applications. However, there 
are also many applications where 
higher bandwidths are needed. Our 
$1200 budget extends our selection to 
scopes as fast as 60 MHz. But that's 
actually quite fast -if you should need 
an even faster scope, you'll have to 
shell out more than $1200. Keep in 

mind though, that other specifica- 
tions -which we'll get to in a mo- 
ment -begin to drop off when a 
scope is pushed to the limits of its 

bandwidth. So if, for example, you 
need to see a 50 -MHz signal, you 
should be using an even faster scope. 
Ws a good bet that if one 50 -MHz 
scope costs a lot more than another 
50 -MHz scope, then the more expen- 
sive one probably meets its rated 
specs with much less difficulty. 

Vertical sensitivity is another impor- 
tant oscilloscope specification; it's the 
lowest voltage per vertical division 
that the scope can display. Vertical 
magnification can often be applied 
to an input signal, increasing the ver- 
tical sensitivity, but at the expense of 
reduced bandwidth. 

The vertical sensitivity of an os- 
cilloscope can be compared to the 
magnifying power of a microscope; a 
powerful microscope can reveal very 
small physical details and a scope 
with good vertical sensitivity can re- 
veal very small voltage deviations. 
Let's say one oscilloscope has a ver- 
tical sensitivity of 1 mV /div. A signal of 8 

mV p -p would fill eight vertical divi- 
sions on the CRT with lots of detail. Let's 

say that another scope is listed as 5 
mV /div. That same 8 -mV signal would 
now fill less than two divisions, with 
much less detail. Keep in mind 
though, that seeing details down to 
single millivolts is usually not impor- 
tant. But then again it might be, de- 
pending on your needs. 

All scopes examined have an input 
impedance of 1 megohm. That's a rel- 
atively high resistance that usually 
won't load down a circuit too much. 
However, sometimes even 1 megohm 
is too much of a load, and a 10:1 

probe must be used on a scope. Also, 
many scopes meet their rated band- 
width only when using a 10:1 probe. 
The trade off when using a 10:1 probe 

is that vertical sensitivity is reduced by 
a factor of 10. 

The horizontal section of a scope 
determines how much time each 
horizontal division on the CRT can be 
made to represent (how much a sig- 
nal can be stretched out horizontally). 
That's important in order to reveal ex- 
tremely brief pulses, or even glitches., 
For example, if the horizontal section 
of a scope is set at 1µs /div., a dis- 
played 1 -µs pulse would fill one hori- 
zontal division. The same pulse 
displayed at 5 -1.Ls /div. would fill only 
Ysth of the division. As more and more 
time -per -division is displayed, the 
same pulse begins to appear as just a 
spike. 

We have only touched upon some 
of the basic features of oscilloscopes. 
When spending up to $1200 on any- 
thing, you should always do some in- 
vestigative work of your own to figure 
out what you should buy. We have 
simply provided you with the funda- 
mentals in choosing an oscilloscope. 
It's now easy for you to focus in on a 
few models that might suit your needs 
and take it from there. 

Within our $1200 budget you'll find 
fast scopes, sensitive scopes, scopes 
with three inputs, and so on. In order 
for you to know which scope is best for 
you, you'll have to sit down and figure 
out exactly what your present and fu- 
ture needs may be. For the average 
hobbyist, a good 20 -MHz scope s 

probably all you'll ever need. How- 
ever, it would be silly to buy a 20 -MHz 
scope now for $500 only to find out 
later on that you must spend $800 on 
a 50 -MHz scope -buy the 50 -MHz 
scope now if you think there's a good 
chance you'll need it. After all, with the 
increasing operating speeds of to- 
day's electronics, a fast scope is prob- 
ably a wise choice. 

And now, let's look at the os- 
cilloscopes. 

Under $500 
COMPANY: Kenwood 
MODEL: CO -1303D 
DESCRIPTION: Single -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -5 MHz 

VERTICAL SECTION: 10 mV /div 
HORIZONTAL SECTION: 10 µs/div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: 18.6 x 13.1 x 

28 cm /10 lbs 

PRICE: $ 299.00 



COMPANY: Tenma 
MODEL: 72 -720 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 

VERTICAL SECTION: 5 mV /div -20 V/ 
div 
HORIZONTAL SECTION: 2µs /div -0.5 s/ 

div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WBGHT: 12 x 63/8 x 
133/4 inches /15.5 lbs 

PRICE: $ 359.95 

COMPANY: Goldstar 
MODEL: CS -9020A 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 0.5 mV /div -5 V/ 
div 
HORIZONTAL SECTION: 0.1 ps /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: NA. 
PRICE: $399.00 

COMPANY: Heath 
MODEL: SO -4552 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -25 MHz 
VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.1 µs /div -2 s/ 

div 
MAXIMUM INPUT VOLTAGE: 400 V 
DIMENSIONS/WEIGHT: 53/4 x 123/4 x 
173/4 inches /22 Ins 

PRICE: $419.95 

$500 -$750 
COMPANY: Hitachi 
MODEL: V -212 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 5 mV/div-5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s/div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WBGHT: 31 x 13 x 37 

Oscilloscpe Manufacturers and Distributors 

A.W. Sperry 
P.O. Box 9300 
Smithtown, NY 11787 
800 -645 -5398 
NY, Hawaii, Alaska call collect 
516 -231 -7050 

CIRCLE 138 ON FREE INFORMATION CARD 

B &K ?recision 
6470 W. Cortland St. 
Chicago, IL 60635 
312 -889 -1448 

CIRCLE 139 ON FREE INFORMATION CARD 

Component Specialties, Inc. (EMCO/ 
SPECO) 
1172 Route 109, P.O. Box 624 
Lindenhurst, NY 11757 
800 -645 -5516 
516 -957 -8700 

CIRCLE 140 ON FREE INFORMATION CARD 

Elenco Electronics, Inc. 
150 W. Carpenter Ave. 
Wheeling, IL 60090 
708 -541 -3800 
800 -533 -2441 

CIRCLE 141 ON FREE INFORMATION CARO 

John Fluke Mfg. Co., Inc. 
PO Box 9090 
Everett, WA 98206 
206 -347 -6100 
800 -443 -5853 

CIRCLE 142 ON FREE INFORMATION CARD 

Goldstar Precision Co., Ltd. 
13013 East 166th Street 
Cerritos, CA 90701 -2226 
213 -404 -0101 

CIRCLE 143 ON FREE INFORMATION CARD 

Hameg, Inc. 
20 Lumber Road 
Bldg. #2 
Roslyn, NY 11576 
515 -484 -7172 

CIRCLE 144 ON FREE INFORMATION CARD 

Heath Company 
Benton Harbor, MI 49022 
800- 253 -0570 

CIRCLE 145 ON FREE INFORMATION CARD 

Hitachi Densni America, Ltd 
150 Crossways Park Drive 
Woodbury, NY 11797 
516- 921 -7200 

CIRCLE 146 ON FREE INFORMATION CARD 

Kenwood U.S.A. Corporation 
PO Box 22745 
2201 East Dominguez St. 
Long Beach, CA 90801 -5745 

CIRCLE 147 ON FREE INFORMATION CARD 

Leader Instruments Corporation 
380 Oser Avenue 
Hauppauge, NY 11788 
516- 231 -6900 
800- 645 -5104 

CIRCLE 148 ON FREE INFORMATION CARD 

MCM /Tenma 
650 Congress Park Drive 
Centerville, OH 45459 -4072 
513 -434 -0031 

CIRCLE 149 ON FREE INFORMATION CARD 

Tektronix 
PO. Box 1520 
Pittsfield, MA 01202 
800- 426 -2200 

CIRCLE 150 ON FREE INFORMATION CARO 

cm /18.7 lbs 
PRICE: $525.00 

COMPANY: Kenwood 
MODEL: CS -4025 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 1 mV /div -5 V /div 
HORIZONTAL SECTION: 0.5 lis/div-0.5 
s/div 
MAXIMUM INPUT VOLTAGE: 250 V 
DIMENSIONS/WEIGHT: 29 x 15 x 38 
cm /22 lbs 
PRICE: $539.00 

COMPANY: Component Specialties, 
Inc. 
MODEL: OSC -10ST 

DESCRIPTION: Single -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -10 MHz 
VERTICAL SECTION: 0.01 V /div -10 V/ 
div 
HORIZONTAL SECTION: 1 µs /div -0.1 s/ 

div 

MAXIMUM INPUT VOLTAGE: 600 
V p -p 
DIMENSIONS/WEIGHT: 6`/8 x 113/4 x 
16 inches /14 lbs 
PRICE: $539.45 

COMPANY: Leader 
MODEL: 1021 

DESCRIPTION: Dual -input os- 
c (loscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 0/div -0.2 
s /div 37 



MAXIMUM INPUT VOLTAGE: 300 V 

DIMENSIONS/WEIGHT: 113/8 x 53/4 x 
143,4 inches/17.6 lbs 

PRICE: $595.00 

COMPANY: Hameg 
MODEL: HM 203 -7 

DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 

VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.1 
s -div 
MAXIMUM INPUT VOLTAGE: 400 V 

DIMENSIONS/WEIGHT: 28.5 x 14.5 x 
38 cm /7.5 kg 
PRICE: $598.00 

COMPANY: Elenco 
MODEL: S -1325 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -25 MHz 

VERTICAL SECTION: 1 mV /div -5 V /div 
HORIZONTAL SECTION: 10 ns /div --0.5 

s:div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: N 

PRICE: $ 599 00 

COMPANY: Heath 
MODEL: SO -4554 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 
VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.1 Rs /div -2 s/ 

dìv 
MAXIMUM INPUT VOLTAGE: 400 V 

DIMENSIONS /WEIGHT: 51ía x 123/4 x 
17'1 inches /22 lbs 

PRICE: $599.95 

COMPANY: Tenrna 
MODEL: 72 -740 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 5 mV /div -20 V/ 
div 
HORIZONTAL SECTION: 2 0/div-0.5s/ 
div 

38 MAXIMUM INPUT VOLTAGE: 300 V 

DIMENSIONS/WEIGHT: 133/8 x 51/4a x 
141', v i nch es /20 lbs 

PRICE: S599 95 

COMPANY: Component Specialties, 
Inc. 

MODEL: OSC -20DT 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 

VERTICAL SECTION: 5 mV /div -20 V/ 
div 
HORIZONTAL SECTION: 0.2 xs /div -0.5 
s /div 
MAXIMUM NPUT VOLTAGE: 600 
V p -p 
DIMENSIONS/WEIGHT: 61/2 x 111/2 x 
14 inches /1='1/2/171,, lbs 

PRICE: ; 645.95 

COMPANY: B &K Precision 
MODEL: 2125 
DESCRIPTION: Dual -trace os- 
cilloscope 
FREQUENCY RESPONSE: DC- 20 MHz 

VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.1 0/div - --50 

ms; div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: N.A. /N.A. 

PRICE: $646 00 

COMPANY: / .W. Sperry 
MODEL: 620e 
DESCRIPTION:' Dual -trace os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 

VERTICAL SECTION: 5 mV/div--20V/div 

HORIZONTAL SECTION: C.2 0/div -0 5 
s /div 
MAXIMUM INPUT VOLTAGE: 600 

DIMENSIONS/WEIGHT: 6.4 x 11.6 < 

13.9 inct er,'15.4 Ics 

PRICE: $6 3.00 

COMPANY: Goldstar 
MODEL: 0:S -9040D 
DESC[eIPrION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -40 MHz 

VERTICAL SECTION: 0.5 mV /div -5 V/ 
div 
HORIZONTAL SECTION: 0.1 µs /div -0.2 
sdv 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: NA 
PRICE: $574 00 

COMPANY: Tekthonix 
MODEL: 2205 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 5 mV /div --5 V /div 
HORIZONTAL SECTION: 0.1 0/div -0.5 
s /div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT_ N.A./14.8 lbs 
PRICE: $ :195.D0 

COMPANY: Fitachi 
MODEL: `$ -2_2 
DESCRIPTION: Dual -input os- 
cilloscope w -h DC offset 
FREQUENCY RESPONSE: DC 20 MHz 



VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: 300 V 

DIMENSIONS/WEIGHT: 31 x 13 X 37 

cm /18.7 lbs 

PRICE: $ 715.00 

$750 -$1000 
COMPANY: Kenwood 
MODEL: CS -4035 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 1 mV /div -5 V /div 

r c 
). . (.) 

HORIZONTAL SECTION: 0.2 Rs/div-0.5 
s /div 
MAXIMUM INPUT VOLTAGE: 250 V 
DIMENSIONS/WEIGHT: 29 x 15 x 38 
cm /22 lbs 
PRICE: $ 759.00 

COMPANY: Elenco 
MODEL: S -1340 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 1 mV /div -5 V /div 
HORIZONTAL SECTION: 10 ns /div -0.5 
s /div 

MAXIMUM INPUT VOLTAGE: N.A. 

DIMENSIONS/WEIGHT: N.A. 

PRICE: $795 00 

COMPANY: Tenma 
MODEL: 72 -760 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -60 MHz 

VERTICAL SECTION: 5 mV/div-20 V/ 

div 
HORIZONTAL SECTION: 0.05 µs/ 
div -0,5 s /civ 
MAXIMUM INPUT VOLTAGE: 300 V 

DIMENSIONS/WEIGHT: 14 x 53/4 x 15 

inches /20 lbs 

PRICE: $ 799.95 

COMPANY: A.W. Sperry 
MODEL: 315P 

DESCRIPTION: Dual -trace portable 
oscilloscope 
FREQUENCY RESPONSE: DC -15 MHz 

VERTICAL SECTION: 2 mV/div-10V/div 
HORIZONTAL SECTION: 0.5 µs /div -0.5 
s /div 
MAXIMUM INPUT VOLTAGE: 600 
V p -p 
DIMENSIONS/WEIGHT: 4.4 x 8.8 x 

11.7 inches /12.1 lbs (w /battery) 
PRICE: $800.00 

COMPANY: Goldstar 
MODEL: OS -904RD 
DESCRIPTION: Dual -input os- 
cilloscope with cursors and readout 
FREQUENCY RESPONSE: DC-40 MHz 

110' F 

r©rctlee :e. v aet 
e t+ 3 t+ 

VERTICAL SECTION: 0.5 mV /div -5 V/ 
div 
HORIZONTAL SECTION: 0.1 p s /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: NA 
DIMENSIONS/WEIGHT: N.A. 

PRICE: $839.00 

COMPANY: B&K Precision 
MODEL: 1541B 

DESCRIPTION: Dual -trace os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.5 
s /div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: N.A. 

PRICE: $845.00 

COMPANY: Kenwood 
MODEL: CS -5135 
DESCRIPTION: Dual -input os- 

cilloscope with delayed sweep 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 1 mV /div-5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.5 
s /div 
MAXIMUM INPUT VOLTAGE: 250 V 

DIMENSIONS/WEIGHT: 29 x 15 x 38 
cm/25 lbs 
PRICE: $ 899.00 

COMPANY: Hitachi 
MODEL: V -422 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 5 mV /div-5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WEIGHT: 31 x 13 x 37 

cm/18.7 lbs 
PRICE: $910.00 

COMPANY: Leader 
MODEL: 1041 

DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC-40 MHz 

VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s'div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WEIGHT: 11% x 53/4 x 
14/4 inches /193/4 lbs 

PRICE: $955.00 

COMPANY: Hitachi 
MODEL: V -522 
DESCRIPTION: Dual -input os- 
clloscope 
FREQUENCY RESPONSE: DC-50 MHz 

VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WEIGHT: 31 x 13 x 37 
cm/18.7 lbs 
PRICE: $995.00 

$1000 -$1200 
COMPANY: Kenwood 
MODEL: CS -5155 
DESCRIPTION: Triple -input os- 
cilloscope with delayed sweep 39 



FREQUENCY RESPONSE: DC-50 MHz 
VERTICAL SECTION: 1 mV /div -5 V /div 
HORIZONTAL SECTION: 0.05 µs/ 
div -O.5 s /div 
MAXIMUM INPUT VOLTAGE: 250 V 
DIMEENSIONS/WEÍGHT: 31.9 x 13.2 x 
38 CT 11/25 lbs 
PRICE: $1049.00 

COMPANY: Hameg 
MODEL: HM 604 
DESCRIPTION: Dual -input os- 
cilloscope 
FREQUENCY RESPONSE: DC -60 MHz 
VERTICAL SECTION: 5 mV/div-20 V/ 
div 
HORIZONTAL SECTION: 50 ns /div -1 s/ 

div 
MAXIMUM INPUT VOLTAGE: 400 V 
DIMENSIONS/WEIGHT: 28.5 x 14.5 x 
38 cm /8 kg 
PRICE: $1076.00 

COMPANY: Hitachi 
MODEL: V -523 
DESCRIPTION: Dual -input os- 
cilloscope with delayed sweep 

FREQUENCY RESPONSE: DC-50 MHz 
VERTICAL SECTIOPt 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 µs /div -0.2 
s /div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WEIGHT: 31 x 13 x 37 
cm/18.7 lbs 
PRICE: $1095.00 

COMPANY: B&K Precision 
MODEL: 2160 
DESCRIPTION: Dual -trace os- 
cilloscope 
FREQUENCY RESPONSE: DC-60 MHz 
VERTICAL SECTION: NA. 
HORIZONTAL SECTION: NA. 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSIONS/WEIGHT: NA. 
PRICE: $1099.00 

COMPANY: Kenwood 
MODEL CS -5130 
DESCRIPTION: Dual -input os- 
cilloscope with readout and cursors 
FREQUENCY RESPONSE: DC-40 MHz 

40 VERTICAL SECTION: 1 mV /div -5 v /div 

HORIZONTAL SECTION: 0.2 µs /div -0.5 
s /div 
MAXIMUM INPUT VOLTAGE: 250 V 
DIMENSIONS/WEIGHT: 31.9 x 13.2 x 
38 cm /25 lbs 
PRICE: $1099.00 

COMPANY: Hitachi 
MODEL: V -525 
DESCRIPTION: Dual -input os- 
cilloscope with cursors 
FREQUENCY RESPONSE: DC-50 MHz 
VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTION: 0.2 i.s /div -0.2 
s/div 
MAXIMUM INPUT VOLTAGE: 300 V 
DIMENSIONS/WEIGHT: 31 x 13 x 37 
cm /18.7 lbs 
PRICE: $1145.00 

COMPANY: Kenwood 
MODEL: CS -5165 
DESCRIPTION: Triple -input os- 
cilloscope with delayed sweep 
FREQUENCY RESPONSE: DC-60 MHz 

VERTICAL SECTION: 1 mV /div -5 V /div 
HORIZONTAL SECTION: 0.05 .s/ 

div -C.5 s /div 
MAXIMUM INPUT VOLTAGE: 250 V 
DIMENSIONS/WEIGHT: 319 x 13.2 x 
38 cm /25 lbs 
PRICE: $1149.00 

COMPANY: B&K Precision 
MODEL: 1422 
DESCRIPTION: Dual -trace portable 
oscilloscope 

FREQUENCY RESPONSE: DC -20 MHz 

VERTICAL SECTION: 10 mV /div -20 V/ 
div 
HORIZONTAL SECTION: 1 µs /div -0.5 s/ 

div 
MAXIMUM INPUT VOLTAGE: NA. 

DIMENSIONS/WEIGHT: 4.5 x 8.5 x 12 

irches/N A. 

PRICE: $1195.00 

COMPANY: Fluke 
MODEL: 93 
DESCRIPTION: Duaú -input hard -held 
ScopeMe *er 
FREQUENCY RESPONSE: DO-50 MHz 

VERTICAL SECTION: 5 mV /div -100 Vi 
div 
HORIZONTAL SECTION: 10 ns /div-5 si 

div 
MAXIMUM INPUT' VOLTAGE: 600 V 
DIMENSIONS/WEIGHT: 2.4 x 5.5 x 
10.2 inches3.3 Its 
PRICE: $1195.00 

COMPANY: Hitachi 
MODEL: V -209 
DESCRIPTION: Fortab'e dual -input 
oscilloscope 
FREQUENCY RESPONSE: DC -20 MHz 
VERTICAL SECTION: 5 mV /div -5 V /div 
HORIZONTAL SECTIOPt 0.5 µs /div -0.2 
s /div 
MAXIMUM 'NPUT VOLTAGE: 250 V 
DIMENSIONS/WEIGHT: 8.5 x 4.3 x 
13.8 inches /19.7 its 
PRICE: $1195.00 

COMPANY: Tekfrcnix 
MODEL: 2225 
DESCRIPTION: Dual -trace os- 
cilloscope 
FREQUENCY RESPONSE: DC -50 MHz 
VERTICAL SECTION: 0.5 mV /div -5 V/ 
div 
HORIZONTAL SECTION: 0.05 µs/ 
div-0.5 s /div 
MAXIMUM INPUT VOLTAGE: NA. 
DIMENSICNS/WEIGHT: iN.A. 

PRICE: $119500 



We are surrounded by 
energy that we can - 
not detect using our 

senses. For instance, the elec- 
tromagnetic signals that come 
alive through the magic of ra- 
dio have been passing through 
you and your home completely 
unnoticed. You are not aware of 
the electromagnetic radiation 
because the human body lacks 
the capacity to detect those 
signals; you can't see, hear, feel, 
or taste electromagnetic radia- 
tion (unless it is in the visible -light 
portion of the spectrum). The 
same is true of many other 
forms of radioactivity. 

Most people are concerned 
with radioactivity and ionizing 
radiation due to its relationship 
to atomic weapons and nu- 
clear power plants. When a nu- 
clear power plant has an 
accident -such as the ones 
that occurred at Three Mile Is- 

land and Chernobyl -the me- 
dia and a few anti -nuclear 
groups go into a feeding frenzy. 
That pushes public fears to the 
point where nuclear power 
plants are forced to shut down 
before they have started pro- 
ducing power. That fear helped 
prevent the opening of LILCO's 

Shoreham nuclear power sta- 
tion on Long Island, New York. 

That fear, while well founded, 
overlooks the medical, scien- 
tific, and economic benefits 
that nuclear technology has of- 
fered humanity. No one is ad- 
vocating that anyone treat 
atomic radiation or nuclear 
materials lightly -you should not -but 
it is not a technological monster ei- 
ther, considering that life on this plan- 
et has evolved in a naturally - 
occurring, radiation -rich environ- 
ment. Yes, radiation permeates our 
very being. For example, radioactive 
material can be found in food we eat 
(potassium -40 and carbon -14) and in 

the soil (uranium -238 and thor- 
ium -232). 

Build a 

Geiger 
Counter 
This project can be used to 

detect and identify radiation 
sources in and around your home 

Radioactivity. What is radioactivity? 
Radioactivity (a term coined by Pierre 
and Marie Curie) is defined as the 
spontaneous emission of energy and/ 
or particles from the atomic nucleus 
of certain elements. The energy emit- 
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ted can take the form of electromag- 
netic energy (called gamma rays), 

while the particles are typically alpha 
and beta particles. 

Alpha particles are helium -4 nu- 
cleii, consisting of two protons and 
two neutrons. When an atomic nu- 
cleus emits an alpha particle, it 
changes into another nuclide with an 
atomic number of two units less and a 
mass number of four units less. 

Beta particles, which can be either 
electrons or positrons (positive elec- 
trons), are more penetrating than al- 
pha particles. But they can be 
stopped by thin sheets of metal (such 

as aluminum) or a few feet of air. 

Gamma rays are typically deep- 

penetrating emissions; i.e., they 
can go through several inches 
of metal. Gamma rays are pho- 
tons of energy (quanta) emit- 
ted from excited atoms. When 
an atom (such as Uranium 238) 

emits an alpha particle, it be- 
comes Thorium -234. The Thor- 

ium atom at this point has 
excess energy. It is said to be in 

an excited state. But by emitting 
a gamma ray, it drops to its 

ground (unexcited) state. 

Measuring Radiation. Radia- 
tion is measured in curies, a 
quantity described as the 
amount of radiation given off 
by one gram of radium; a 
quantity that's equal to 
37,000,000,000 (3.7 x 1010) 

atomic breakdowns per sec- 
ond. Because the curie is a 
rather large number, many ra- 
dioactive sources are mea- 
sured in millicuries or microc- 
uries. 

In order to detect radioac- 
tivity, you need an instrument 
specifically designed to detect 
such energy. There are a 
number of ways to measure ra- 
dioactivity; scintillation, PN junc- 
tions, autoradiography, and 
gas- ionization. The Geiger - 
Muller (GM) tube, which works 
on the gas- ionization principal, 
can detect alpha, beta, and 
gamma radiation. If you are 
concerned about possible ex- 

posure to radiation, then per- 
haps the Geiger Counter de- 
scribed in this article can help 
to put your mind at rest. 

Our Geiger Counter, which is based 
on the gas- ionization method of de- 
tection, will give visual and audible 
indications of local radioactivity. It 

can be used to detect nuclear radia- 
tion or contamination in and around 
your home, to prospect for uranium, 
and measure background radiation. 
In fact, it can even be used to detect 
large solar flares. 

Figure 1A shows the basic operating 
principal of the GM tube. The tube 
consists of a cylindrical electrode 
(cathode) surrounding a center elec- 
trode (anode). The tube is evacuated 
and filled with a neon- and halogen - 
gas mixture. A voltage of 500 volts is 

applied across the tube through a 10- 41 
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Fig. 1. The Geiger -Muller tube consists 
of a cylindrical electrode (cathode) 
surrounding a center electrode (anode). 
The tube is evacuated and filled with a 

neon- and halogen -gas mixture. 

megohm, current -limiting resistor, Rl. 
The tube has an extremely high resis- 
tance when it's not detecting radi- 
oactivity. When an atom of the gas is 

ionized by the passage of radiation, 
the free electron and positively 
ionized atom created move rapidly 
towards the anode and cathode of 
the GM tube, respectively. In doing so, 
they collide with and ionize other gas 
atoms, thereby creating a small ava- 
lanche effect. 

The ionization causes the resistance 
of the tube to drop, passing a sudden 
surge of current that creates a volt- 
age pulse across R2. The halogen gas 
quickly quenches the ionization, re- 
turning the GM tube to its high initial 
resistance and enabling it to detect 
another particle. 

The number of pulses -per- minute 
that the GM tube generates rises with 
the voltage across its electrodes. (Fig. 

1B). By increasing the voltage, a 
plateau is reached where the pulse 
rate stays pretty constant. The plateau 
range for the GM tube used in our 

42 Geiger Counter is between 400 and 

600 volts with a recommended oper- 
ating voltage of 500 volts. If too much 
voltage is applied to the tube, when 
the tube detects a radioactive parti- 
cle the avalanche created will not be 
quenched, putting the tube in a state 
of continuous discharge that can 
damage it. 

A Look at the Circuit. Figure 2 is a 
schematic diagram of the Geiger 
Counter. The circuit is built around a 
4049 hex inverter (U1), a pair of 555 
oscillator /timers (U2 and U3), two tran- 
sistors, a Geiger -Muller tube, and a 
few additional support components. 
The first 555 (U2) is configured for asta- 
ble operation. The output of U2 (a se- 

ries of negative -going pulses) at pin 3 

is fed to three parallel- connected in- 
verters (U1 -a, W -b, and W -c). The 
positive -going output pulses of the in- 
verters are fed to the gate of Q1, caus- 
ing it to toggle on and off in cadence 
with the applied signal. 

The output of Q1, which is con- 
nected in series with the primary of 
step -up transformer T1, produces a 
stepped -up series of pulses in T1's sec- 
ondary. The output of T1 (approxi- 
mately 300 volts) is fed through a 
voltage doubler (consisting of D1, D2, 

C3, and C4), producing a voltage of 
around 600 volts. Three series -con- 
nected Zener diodes (D3, D4, and D5) 

are placed across the output of the 
voltage doubler to regulate the out- 
put to 500 volts. That voltage is fed 
through R4 (a 10- megohm current - 
limiting resistor) and J2 to the anode 
of the GM tube. The limiting resistor 
also allows the detection ionization to 
be quenched. 

The cathode side of the tube is con- 
nected to ground through a 100k re- 
sistor, R5. When a particle is detected 
by the GM tube, the gases within the 
tube ionize, producing a pulse across 
R5. That pulse is also fed through C5 
and applied to the base of Q2 (a 
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Fig. 2. The Geiger Counter is built around a 4049 hex inverter (UI), a pair of 555 
oscillator /timers (U2 and U3), two transistors, a Geiger -Muller tube, and a few 
additional support components. 



TIP120 NPN transistor), where it is am- 
plified and clamped to 9 volts. The 
output of Q2 is inverted by gate U1 -d, 
and then used to trigger U3 (the sec- 
ond 555, which is configured for 
monostable operation). The output of 
U3 at pin 3 causes LEDI to flash, and 
produces a click that can be heard 
through speaker SPKR1 or head- 
phones. 

The circuit is powered by a 9 -volt 
alkaline battery and draws about 28 
mA when not detecting radiation. 

Construction. There is nothing crit- 
ical about the circuit. In fact, if you are 
more comfortable with point -to -point 
wiring, there is no compelling argu- 
ment against you going that route. 
The author's prototype of the Geiger 
Counter, however, was assembled on 
a printed- circuit board. A full -size tem- 
plate of the foil pattern is shown clear- 
ly in Fig. 3. 

Once you've etched your printed - 
circuit board and gathered the parts, 
construction can begin. It is recom- 
mended that all of the IC's be sock- 
eted. Start by first installing IC sockets 
where indicated in Fig. 4. Then install 
the jumper connections, followed by 
the on -board components. After that, 
solder lengths of wire to the board for 
connection to the off -board compo- 
nents. When that is done, check your 
work for errors. Once you are satisfied 
that the circuit contains no errors, 
place the board to one side and pre- 
pare the project's enclosure. 
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Fig. 4. Begin assembling the project by first installing the IC sockets where indicated, 
followed by the jumper connections, and then the on- hoard components. After that, 
connect lengths of wire to the board for connection to the off board components. 

Any plastic enclosure large enough 
to hold the circuit board and other 
components can be used to house 
the project. Prepare the enclosure by 
drilling holes for J1 and J2, LEDI, and 
S1. Jack J1 is an enclosed, closed -cir- 
cuit type selected to mate with a 
headphone plug. Jack J2 is a' /8 -inch 
open- frame, closed -circuit type. The 
center contact of J2 should be con- 
nected to R4 and the outer contact 
connects to R5. It will also be neces- 
sary to make an opening in the en- 
closure for the speaker, SPKR1. Mount 
all of the off -board components to 
the enclosure, and connect the cir- 
cuit -board wires to the appropriate 
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Fig. 3. The author's prototype was assembled on a printed -circuit board. A full -si.e 
template of the foil pattern is shown here. 

components. Once that's done, 
place that assembly to one side and 
prepare a housing for the Geiger - 
Muller tube. 

Although the circuit is designed 
around the LN -712 Geiger -Muller 
tube, it is possible to use other Geiger 
tubes by altering the power -supply 
output accordingly. The power supply 
used in our circuit can be used to 
power any tube requiring up to 700 
volts by eliminating or substituting a 
Zener diode of the proper rating. For 
instance, if you have a tube that re- 
quires a 300 -volt source, simply re- 
move one of the 200 -volt Zener 
diodes and replace it with a jumper 
wire. Or if the tube requires a 600 -volt 
source, remove the 100 -volt Zener di- 
ode and replace it with another 200 - 
volt unit. In addition, using another 
tube may require that the value of the 
current -limiting resistor (R4 in the sche- 
matic diagram) be scaled accord- 
ingly. 

The GM tube is delicate and should 
be handled carefully. The GM tube 
has a thin mica window on the front 
end that allows alpha and beta parti- 
cles to penetrate and be detected. 
That window is easy to break, render- 
ing the tube useless. The author 
housed the GM tube in a plastic coin 
tube. The coin tube was prepared by 
drilling several tiny holes in the lid. 
Those holes allow alpha and beta 
particles to get to the mica window 
unimpeded. 

In the bottom of the coin tube, the 
(Continued on page 88) 43 



In 1989, electronic retailers sold 
over one million cordless tele- 
phones, thousands of which were 

manufactured using the same RF fre- 
quency. That allowed anyone within a 
given radius of your base unit, operat- 
ing on the same frequency (unbe- 
knownst to them or yourself), to dial 
out on your line with the obvious con- 
sequence: you foot the 
bill. Now that's not so bad 
if the person only makes 
local calls; but what if that 
person calls Siberia or the 
Sudan? You guessed it! It's 

your problem. 
The newer cordless 

telephones eliminated 
that problem by incor- 
porating circuits that re- 
quire the handset 
(through an ID code) to 
identify itself to the base 
unit before access to the 
telephone line is allowed. 

Give your old cordless 
telephone a security feature 
that is becoming standard 
in many of the modern 
cordless units 

that's used as a chip -enabling device. 
A 2764 EPROM, U5, is also included 

in the circuit. The EPROM contains the 
program that instructs U1 to act as a 
telephone -line lock. The program list- 

ing as well as a programmed EPROM 
is available from the vendor given n 

the Parts List. The read (RD at pin 17) 

and the PSEN (pin 29) of U1 are ANDed 

together via U6 -a (%d 

74LS08 quad two -input 
AND gate), and used to en- 
able the output of U5. 

Without the enabling sig- 
nal, no data could be 
read into memory. 

All cordless telephones 
can use a series of pulses 
(or a pulse train) to dial 
out. For that reason, an 
M959 dial -pulse counter 
(U7) is used as an inter- 
face between U1 and the 
telephone line. That unit 
counts the negative -go- 
ing transitions produced 
when the phone is dialed, 
and outputs the results in 

Cordless -Telephone Lock 
The idea behind that is that, a handset 
(although operating on the same fre- 
quency) that sends the wrong ID 

would be denied access, thereby, 
preventing someone down the block 
from making calls on your telephone 
line, 

Obviously that doesn't help you if 

you have an older unit. If you are still 

using one of the older cordless tele- 
phones and have been billed for calls 
that you or someone in your house- 
hold never made, or you would simply 
like to have the peace of mind pro- 
vided by a lock -out feature, perhaps 
the Cordless Telephone Lock de- 
scribed in this article is for you. 

The Cordless Telephone Lock is a 
digital telephone -line locking circuit 
that requires the user to key in a 5 -digit 
personal access code before gaining 
access to the telephone line. That 
prevents the frustrating, and illegal 
use of your private phone line by un- 
authorized persons. 

How it Works. Figure 1 shows a com- 
44 píete schematic diagram of the 
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Cordless Telephone Lock. The circuit is 

comprised of nine integrated circuits. 
The heart of the circuit - -the brcin, so 
to speak -is U1 (an 8052AH BASIC mi- 
crocontroller). Residing within U1's in- 
ternal memory (occupying 8K of in- 
ternal ROM) is a BASIC interpreter that 
translates BASIC commands into as- 
sembly language. That particular mi- 
crocontroller was chosen solely for its 

ease of programming. The command 
and statement package supported 
by the interpreter allows a simple 
statement like 10 PWM 100,100,25 to 
produce audio tones at pin 3 of U1. 

With statements such as 20 
PORTI = 254 or 20 IF X = 2 THEN 
PORTI = 230, one can easily control 
up to eight individual peripherals. 

In addition to the microcontoller, 
the circuit also contains a 6264 -15 

SRAM (U3); a 74LS373 octal latch (U2), 

which is used to separate data and 
address information (both of which 
are output on pins 32 -39 of U1); and a 
3 -to -8 -line decoder /multiplexer (U4) 

binary form at pins 8 -11. The binary 
output of U7 is sent to the address! 
data bus of U1 (pins 36-39). The data 
output by U7 is either stored in memo- 
ry as the secret access (unlocking) 
code or, once the circuit has been 
programmed, used to gain access to 
the telephone line. Counter U7 also 
provides a logic -level output at pin 13 

that is used to tell U1 whether the tele- 
phone handset is on or off hook. 
When the phone is off hook, pin 13 

goes high; when it's on hook, pin 13 is 

low. Since port 1 (pins 1 -8) of U1 is 

programmed to interpret a logic 0 as 
an off-hook condition, the output of 
U7 at pin 13 is inverted by U8 -b (' /o of a 
4069 hex inverter). 

It is also necessary at times to keep 
the binary output of U7 from access- 
ing the data bus; otherwise data con- 
flicts between chips will occur. To 

ensure the orderly transfer of data, a 
74LS138 3 -to -8 decoder /demultiplex- 
er (U4) is pressed into service. The de- 
coder /demultiplexer under program 
control, is used to enable any chip 
within the address range of 2000H to 
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OE000H. (The M959 dial -pulse counter 
is enabled at address 2000H.) 

The negative -going output of U4 at 
pin 14 is inverted by U8 -b and applied 
to pin 4 of U7 to enable the counter. 
Now whenever the U1 program en- 
counters a B = XBY (2000H), B will 
equal the binary output of the M959 
at that instant. From then on, just 
about anything can be done with that 
decimal number. 

The locking control is interfaced to 
the telephone line through K1 (an 
M949 FCC approved line -sense re- 
lay). The relay, which is placed in series 
with both the red and green (tip /ring) 
conductors of the cordless -tele- 
phone's base unit, is used to sense 
dialing pulses and whether the 
phone's handset is on or off hook. 

When a voltage is applied to the 
coils of K1, either from the circuit's 
power supply or from the telephone 
line (by taking the phone off hook), 
the relay energizes. Energizing the re- 
lay pulls pin 1 of U7 to ground, indicat- 
ing to U7 that the phone has been 
taken off hook. The off -hook condition 
causes pin 13 of U7 to go to logic 1. 

When the lock is plugged in for the first 
time -but before a secret access 
code has been programmed into 
memory -U1 outputs an interrupted 
warble tone signal at pin 3. The tone 
signal is fed through U8 -b and T1 to the 
telephone handset. 

In order to make programming the 
circuit as easy as possible, the circuit 
uses the cordless phone's handset 
keypad for programming. Program- 
ming is accomplished by first pressing 
S1; that causes the warble tone to dis- 
appear. Next, using the handset key- 
pad, a 5 -digit access code is entered. 
As each digit is saved in memory, U1 

feeds a steady tone -which we'll refer 
to as U1's dial tone -to the handset. 

Once an access code is pro- 
grammed into memory, the access 
code must first be keyed in via the 
handset keypad to gain access to the 
telephone line. The accessing of the 
protected telephone line can take 
place anywhere within the allowable 
1/4 mile of the base unit. When the 
phone is taken off hook, K1's contacts 
close, pulling pin 1 of U7 low. That 
causes U7 pin 13 to go to logic 1. That 
signal is inverted and fed to U1, which 
recognizes that signal as an off -hook 
condition, and awaits the proper ac- 
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PARTS LIST FOR THE 
CORDLESS TELEPHONE 

LOCK 

SEMICONDUCTORS 
U I- 8052AH (or 80052) BASIC 

microcontroller, integrated circuit 
U2- 74LS373 octal D -type latch, 

integrated circuit 
U3 6264 -15 static RAM, integrated 

circuit 
U4- 74LS138 3 -to -8 line decoder/ 

demultiplexer, integrated circuit 
U5 -2764 EPROM (programmed), 

integrated circuit 
U6- 74LS08 quad 2 -input AND gate, 

integrated circuit 
U7 -M959 dial -pulse counter 

(Teltone), integrated circuit 
U8 -4069 hex inverter, integrated 

circuit 
U9 -7805 5 -volt, 3 -amp voltage 

regulator (T0-3 package, see text), 
integrated circuit 

Qi.- 2N4402 general -purpose PIMP 

silicon transistor 

RESISTORS 
(All fixed resistors are 1/4-watt, 5% 

units.) 
R1-300-ohm 
R2 -1000 -ohm 
R3- Cadmium- sulfide light - 

dependent resistor (part of 
optoisolator /coupler, see text) 

CAPACITORS 
Cl, C2-30-pF, ceramic -disc 
C3- 2.2 -pf, 16 -WVDC, electrolytic 
C'1 0.1 -µF ceramic -disc 
C5 0.47 -pF, 250 -WVDC, ceramic- 

disc 
C6, C7- 470 -1.1,F, 16 -WVDC, 

electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 

XTALI- 11.0592 -MHz crystal 
XTAL2- 3.58 -MHz crystal 
NE1 -Neon lamp with resistor (part 

of optoisolator /coupler see text) 
SI- Spring return pushbutton switch 
KI -M949 line -sense relay (Teltone) 
K2 -DPDT 5 -volt relay 
TI- 10,000- ohm -to -8 -ohm, center - 

tapped, audio- output transformer 
.11--4- position modular jack (see text) 
PLI--4- position modular plug (see 

text) 
Perfboard materials, enclosure, 12- 

volt DC, 200 -300 mA power 
adapter, quad telephone wire, heat 
sink, hook -up wire, solder, 
hardware, etc. 

Note: The following parts can be 
purchased from Suncoast 
Technologies, P.O. Box 5835, 
Spring Hill, FL 34606: 8052AH 
BASIC microcontroller (UI), 
$27.50; programmed 2764 (U5), 
$8.50; M959 dial -pulse counter 
(U7), $7.50; M949 line -sense relay 
(KI), $5.75; telephone line cord 
(6 -ft, spade lug terminations), 
$1.75; all five parts for $48.00. 
The 2764 BASIC program is also 
available on 51/4-inch floppy disk 
for $6.50. A printed program 
listing is available for $4.00. 
Please include $2.75 shipping/ 
handling. Canadian orders in 
Postal money orders/US funds 
only; add $3.75 for Canadian 
shipping. Florida residents, please 
include 6% sales tax. Allow 3 to 4 
weeks for delivery. 

As the code is keyed in, each 
number of the 5 -digit code is exam- 
ined individually and compared to 
the programmed code that's stored in 
memory. If the keyed code matches 
the stored code, U1 pin 8 goes high, 
turning on Q1, which, in turn, energizes 
K2. That disconnects K1 and the tele- 
phone base unit from the circuit's in- 
ternal power supply and reconnects 
them to the outside telephone line. At 
that point, the central -office dial tone 
will be heard in the handset and nor- 
mal dialing can take place. 

When the telephone call is termi- 
nated (the handset placed on hook), 
U7 pin 13 goes to logic O. That logic 

level is inverted by U8 -c and applied 
to U1 at pin 5. That causes U1 pin 8 to 
go high, causing Q1 to turn off, which' 
de- energizes K2. That disconnects the 
Cordless Telephone Lock from the 
outside line and reconnects it to the 
circuit's internal power supply. At that 
point, the Cordless Telephone Lock 
rearms itself to protect the line until 
the secret access code is again en- 
tered via the handset keypad. 

If at any time the applied unlocking 
code does not match the pro -. 
grammed access code, the program 
stored in U5 branches to a subroutine 
that generates a third audio tone -a' 
slow on /off tone that signifies a mis- 



match. The mismatch tone is similar to 
a regular telephone busy signal; that 
signal is used to indicate that line ac- 
cess has been denied. 

When that occurs, the access code 
must be re- entered. To re -enter the 
code, press the reset button on the 
handset keypad; pressing that button 
is equivalent to placing the handset 
on hook. Once released, U1's dial tone 
will replace the busy signal. At that 
point, you can re -enter the access 
code. 

For incoming calls, there is no need 
to enter the access code. During nor- 
mal on -hook conditions, the voltage 
across the telephone line is about 48 
volts DC. That voltage does not reach 
the phone because an on -hook con- 
dition is essentially an open circuit; 
only the ring circuit is connect to the 
telephone line. But because the ring 
circuit is in series with a capacitor 
(which is an open circuit to DC), the 
phone does not ring. 

When a call is placed to the pro- 
tected station, the 48 -volt on -hook 
voltage increases to 110 volts, which 
pulses at a frequency of 30 Hz. The 
pulsating DC is passed to the ring cir- 
cuits, causing the telephone to ring. 
That voltage is also applied to an op- 
toisolator /coupler through C5 (a 
0.47 -14 250 -volt capacitor). Note that 
capacitor C5 performs the same 
function (blocks DC) as the capacitor 
in the telephone's ring circuit. 

The ring signal applied to the op- 
toisolator /coupler causes its internal 
neon lamp (NE1) to toggle on an off at 
the frequency of the ring signal. Light 
from the neon lamp striking light -de- 
pendent resistor R3, causes its resis- 
tance to rise and fall at the same 30- 
Hz rate. The output of the optoisolator/ 
coupler is used to signal U1 that there 
is an incoming call, by applying a 30- 
Hz signal to pin 7 of U1. That signal, 
recognized by U1's program as a ring 
signal, causes the U1 program to 
branch to a subroutine that bypasses 
the unlocking requirements of the cir- 
cuit. At that point K2 energizes, con- 
necting the cordless telephone's 
base unit (and K1) across the line, al- 
lowing normal ringing and answering 
to take place. 

If the phone goes unanswered, and 
the call has been abandoned (the 
calling party has hung up), the circuit 
rearms itself. That's accomplished with 
the aid of U1's internal timer. Micro- 
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Fig. 2. The Cordless Telephone Lock, although a rather complex piece of equipment, 
was nonetheless assembled on a section of perfboard, with the component 
interconnections accomplished using point -to -point wiring techniques. These pinouts 
for the U9, U7, Kl, and Ul are provided to help you to wire the circuit. 

controller U1 determines the time be- 
tween Iwo ringing cycles (a ring cycle 
in the US is 2 seconds of ring voltage 
followed by a 4- second off period). If 

a ring signal is not detected at pin 7 by 
about 4.5 seconds after the preced- 
ing one, U1 exits the ring loop and 
reactivates the unlocking program. 

Power for the circuit is provided by a 
three terminal 5 -volt regulator (U9) 

that's fed from a 12 -volt DC, 200-300 - 
mA wall adapter. The pulsating DC 
voltage created by the wall adapter is 

filtered by C6 (a 470 -1.LF capacitor) 
before application to U9. Integrated 
circuit U9 provides a steady 5 -volt out- 
put that is fed across C7, which is used 
to remove residual ripple from the 
power source. 

Construction. The Cordless Tele- 
phone Lock, although rather corn - 
plex, was nonetheless assembled on 
a section of perfboard with the com- 
ponent interconnections accom- 
plished using point -to -point wiring 

techniques. To aid in assembling the 
project, pinouts for U9, U7, K1, and U1 

are shown in Fig. 2. When assembling 
the circuit, it is recommended that 
sockets be provided for all of the DIP 

IC's (U1 -U8). Using IC sockets prevents 
thermal damage to the IC's during 
soldering. 

Component placement should be 
well thought out before the wiring is 

begun. Be sure that all Cs and corn - 
ponents supporting U1 are in close 
proximity to that device. That cuts 
down on long wire runs, which can 
introduce hum into the circuit and 
can cause erroneous data transmis- 
sions. 

The FCC rules regarding user -in- 
stalled equipment (including home - 
built projects like this one) -which 
states that any added equipment 
shall not introduce any foreign volt- 
age on the line, and requires that nor- 
mal line balancing be maintained - 
should also be kept in mind. The M949 
line -sense relay (K1) and the M959 47 



dial -pulse counter (U7), specified in 

the Parts List allow the Cordless Tele- 
phone Lock to conform to those re- 
quirements, so no substitutions of 
those components should be made. 

The wiring of the circuit is straight 
forward and, although it's quite in- 
volved and tedious, should pose no 
problem. To help prevent miswiring 
the circuit, Fig. 1 should be pho- 
tocopied. Then as wires are soldered 
in place, the corresponding connec- 
tion on the schematic should be pen- 
ciled out. 

Another consideration is the proper 
orientation of all IC's and polarized 
devices. It is advisable that a small dot 
be placed on the perfboard next to 
the pin 1 terminal of each IC socket on 
the wiring side of the board. And, if 
possible, the component designation 
(U1, U2, U3, R1, R2, R3, etc.) should also 
be included on the board as well. 

Although once available in IC form, 
the particular optoisolator /coupler 
that the author used in the prototype 
is no longer available. However, you 
can either make your own or try locat- 
ing a unit of similar composition. All 
that is required is that the input be 
able to withstand a 110 -volt AC ring 
signal and the output provides the 
proper output signal. 

If you prefer to make your own, that 
can be easily accomplished using a 
neon lamp (the type that comes with 
its own resistor) and a cadmium -sul- 
fide light- dependent resistor (LDR). To 

make the optoisolator /coupler, simply 
slide the neon lamp into one end of a 
small tube with both its leads protrud- 
ing from the end. Then place the LDR 

in the other end with both its leads 
protruding from that end. Be sure to 
mark the neon end of the unit so that it 
is not installed backwards. (Actually, it 

doesn't really matter which end you 
mark so long as you know which end is 

which) Make the assembly light -tight 
by sealing the ends temporarily with 
tape. Be sure that the leads do not 
short against one another. 

It's a good idea to test your op- 
toisolator /coupler before perma- 
nently sealing the tube ends. To test 
the assembly, connect an ohmmeter 
to the LDR leads. The ohmmeter 
should register a very high resistance. 
If so, apply a voltage to the neon end. 
The ohmmeter reading should drop 
dramatically. If that occurs, your cou- 

48 pier is okay. Permanently seal the ends 
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Fig. 3. This diagram shows how the circuit connects between your cordless telephone's 
base unit and the telephone line. 

(tape and silicon caulk work well), and 
install the coupler in the circuit as 
shown in Fig. 1. 

Turning our attention to the power 
supply, in the prototype the regulator 
used for U9 has a TO -3 case style. Reg- 
ulators housed in the TO -3 package 
are typically high- current (3 amps 
and up) units. However, units housed in 
the TO -220 case style (which typically 
can handle currents of up to 1.5 amps 
with proper heat sinking) should suf- 
fice for this project. 

In the prototype, heat sinking for the 
regulator was provided by the proj- 
ect's metal rear panel. If that scheme 
is followed, the regulator (regardless 
of which case style you use) should be 
insulated from the metal panel with a 
mica insulator (either the TO -3 or 
TO -220 type, depending on the reg- 
ulator package). As for the filter ca- 
pacitors (C6 and C7), in the 
prototype, they were mounted to a 
barrier strip, which was itself mounted 
to the rear panel of the enclosure. 

Next we come to the input /output 
connectors (PLI and J1, respectively). 
In the prototype, modular plug PLI 
was connected to a length of quad 
telephone wire, and the other end of 
the wire (the red and green conduc- 
tors) were connected to the appropri- 
ate points on the perfboard; but if you 
prefer, you can use a modular panel- 
mount jack and connect the Cordless 
Telephone Lock to the telephone line 
through a length of telephone quad 
cable that has modular plugs on both 
ends. By the same token, you also 
have some leeway with J1: You can 

use a panel -mount jack or a modular 
extension cable. Such cables, which 
have a modular jack at one end and 
a plug at the other, are available from 
many local outlets, including Radio 
Shack. To use the modular extension 
cable, simply clip off the plug and 
connect the red and green wires to 
the appropriate points on the per- 
fboard. 

Test and Installation. Once you've 
finished assembling the Cordless Tele- 
phone Lock, inspect the board for sol- 
der splashes and bridges. Such 
carelessly placed shorts can be disas- 
trous if located in sensitive areas. 
Note, the IC sockets should be empty 
at this time, and should remain so until 
you are instructed to install the IC's. You 
might also consider buzzing out the 
wire connections before proceeding 
to the next test phase. 

Because the output port of U1 is 

programmed as an 8 -bit word, incor- 
rectly connected interface compo- 
nents will greatly affect the circuit's 
performance. You should double 
check that all components are sol- 
dered to their correct port locations. 
Make absolutely sure that the ad- 
dress /data (ADO -AD7) lines are prop- 
erly wired. The wiring between U1 and 
U2, and U3 and U5 should, of course, 
be double checked with an ohm- 
meter before going on. 

If all is okay, plug in the wall trans- 
former. Using a DC voltmeter, check 
for + 5 volts at each of the IC +V 
power -supply pins. If all is okay, re 

(Continued on page 90) 
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I COMPUTER HOBBYISTS 

HANDBOOK- BP251- 
$8.95 

Subjects covered include 
microprocessors and their 
register sets; interfacing serial, 
paralley, monitor, games and 

MIDI ports; numbering systems, 
operating systems and computer 
graphics. While the book is 

aimed at the computer hobbyist, 
it should also prove useful to 

anyone who intends to use a 

computer to follow their 
interests. 

J FURTHER PRACTICAL 
ELECTRONICS 

CALCULATIONS - 
BP144 -$9.00 

450 pages crammed full of all the 
formulae you are likely to need. 
Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 
Generation and Processing, 
Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 
Power Supplies. Then there's an 
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Mathematical Formulae and 
more. 
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I : INTERNATIONAL RADIO 
STATIONS GUIDE - 
BP255-$9.95 

Provides the casual listener. 
amateur radio DXer and the 
professional radio monitor with 
an essential reference work 
designed as a guide for the 
complex radio bands. 

Includes coverage on Listening to 
Short Wave Radio, ITU Country 
Codes, Worldwide Radio 
Stations, European Long Wave 
and Medium Wave Stations, 
Broadcasts in English and more. 

International 
Radio ,.Stations 

Guide 
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WIRELESS & 
ELECTRICAL 
CYCLOPEDIA -ETT1 -$5.75 

A slice of history. This early 
electronics catalog was issued in 

1918. It consists of 176 pages 
that document the early history of 
electricity, radio and electronics. 
It was the "bible" of the electrical 
experimenter of the period. Take 

a look at history and see how far 
we have come. And by the way, 
don't try to order any of the 
merchandise shown, it's unlikely 
that it will be available. And if it 
is, the prices will be many times 
higher. 

ELECTRONIC TECHNOLOGY TODAY INC. 
P.O. Box 240, Massapequa Park, NY 11762 -0240 

Name 

Address 

City State Zip 

SHIPPING CHARGES IN 

USA AND CANADA 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 $2.50 
$10.01 to 20.00 $3.50 
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P792 $50.01 and above ... $8.00 

SORRY No orders accepted Number of books ordered 
outside of USA & Canada 

Total price of merchandise $ 

Shipping (see chart) $ 
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Sales Tax (NYS only) $ 

Total Enclosed 5 

All payments must be in U.S. funds 
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COMMUNICATIONS 

Communications Radios 
SCANNER & SHORTWAVE 

AOR 
AR1000XC 
$429.00 
AM Broadcast 
to Microwave 
1000 Channels 
500KHz to 1300MHz coverage in a 
programmable hand held. Ten scan 
banks, ten search banks. Lockout on 
search and scan. AM plus narrow and 
broadcast FM. Priority, hold, delay and 
selectable search increments of 5 to 
995KC. Permanent memory. 4 AA 
ni -cads and wall plus cig charger 
included along with belt clip case and 
ant. & earphone. 
Size: 6 7/8 x 1 3/4 x 2 1/2. Wt. 12 oz. 

AR2500 
$499.00 
2016 Channels 
IMHz to 1300 MHz 
Computer Cotrol 
62 Scan Banks, 16 Search Banks, 35 
channels per second. Computer control 
for logging and spectrum display. AM, 
NFM, WFM, & BFO for CW /SSB. 
Priority bank, delay /hold and selectable 
search increments. Permanent memory. 
DC or AC with adaptors included. 
Size: 21/4 H x 5 5/8 W x 61/2D. Wt. 1 lb. 
Mtng brkt & Ant incld. 

AR3000 
$1095.00 
100KHz to 2036MHz 
400 Channels 
Extreme coverage, excellent sensitivity, 
plus processor controlled band pass 
filtering and attenuation to eliminate 
interference. AM, NFM, Wide FM, LSB, 
USB, CW modes. RS232 control. Lockout 
in search. 4 priority channels. Delay & 
hold & Freescan modes. 
Size: 31/7Hx52/5W x77 /8 D. 
Wt. 2 lbs. 10 oz. AM. & AC /DC 
pwr cords included. 

Free Shipping and Handling 
25 Day Satisfaction Guarantee 
Toll Free Service and Support 

No Credit Card Surcharges 
Full Warranties 

SCANNERS 
AOR AR900 
$2.69.00 
Lo, Hi, Air, UHF, 800 
100 Channel Hand Held 
5 Scan & 5 Search banks with permanent 
memory. Extremely compact. Unrestricted 
800 coverage. Permanent memory, Delay, 
Hold, Priority. Supplied with Antennas, 
Charger, Ni-Cad Batts, Belt Clip. 

Bearcat BC760 
$269.95 
Lo, Hi, Air, UHF, 800 
100 Channel Mobile 
Five banks of 20 channels, weather scan, 
delay, priority, and search. AC /DC power 
cords, Ant., and mtng brkt included. 
Bearcat BC200XLT $259.95 
AOR AR950 $259.00 
Bearcat BC55XLT $119.95 
Bearcat BC560XLT $99.95 
AOR AR880 $149.00 
Bearcat BC210XLT $149.95 
Bearcat BC7OXLT $129.95 
Bearcat BC590XLT $199.95 
Bearcat BC855XLT $199.95 
Bearcat BC147XL $99.95 
Bearcat BC172XL $139.95 
Bearcat BC800XLT $249.95 

2 -WAY 
RH256 Í* 

0 
REGENCY/RELM EGEN 
Keyboard programmable 16 channel 
25watt transceiver with receive scan. 
Program CTCSS tone, range 148- 162MHz. 
Mic, mtng brkt, DC cord included. 
Size: 61/2 W x 101/2 D x 21/2 W Wt. 64 oz. 
RSP Prog. Hand Held VHF $419.00 
HR3500 10 mtr Mobile $249.00 
Ranger Marine Mobile $159.00 
Ranger Marine Hand Held $179.00 

SHORTWAVE 

SONY 
ICF2010 
$349.00 
The top selling shortwave receiver. Covers 
150KHz to 30.0MHz with 76 to 108 FM and 
116 to 136MHz Air. Keyboard programmable 
with 32 memories. Synchronous detection 
and selectable IF bandwidth. 
Size: 61/4 H x 113 /8 D x 21/16 D Wt. 3 lbs 12 oz. 
Kenwood R5000 $879.00 
Grundig SAT650 $849.00 
Grundig SAT500 $499.00 
Kenwood RZ1 $499.00 
Sangean ATS803A $174.00 

ACCESSORIES 
Wide Band 
Preamp 
GW-2 $89.00 
Impprove sensitivity of any receiver. -3 to 
+25db gain, adjustable. GaAsFET design, 
>1.5db NF,100KHz to 1500MHz coverage. 
9VDC power, battery included. 
Size: 3H x 17/8 W x 1 1/8 D Wt.'50z. BNC cnctrs. 

Interference Filter 
MPIF $59.00 
Filters interference from TV, FM broadcast, 
Paging and Cellular. 
Size: 3H x 17/8 W x 1 1 /8 D Wt. 5 oz. BNC cnctrs. 

Wide Coverage Base Antenna 
DA300 $99.50 
25- 1200MHz RX. TX or RX. 37" high. N 
adaptor with 50 ft. of cable to BNC adaptor. 

Antennas, power adaptors, computer 
programs. Call for details. 

WARRANTIES & SERVICE 

Extended warranties available for many units 
Call toll free for details. Service available for 
many scanners and transceivers by ex- fáctory 
technicians. Call toll free for cost estimates. 

To Order Call i 800 445 7717 
In All 50 States and Canada. 24 Hours a Day. Fax Orders: 1- 800 -448 -1084, 24 Hours a Day. 

ACE Communications Monitor Division 10707 E. 106th Street, Fishers, IN 46038 
Int'l Voice# 317 -842 -7115. Int'l Fax# 317 -849 -8794. 

Service and Support Lines: Mon -Fri 9 a.m. to 9 p.m., Saturday 10 -4.EST 
MasterCard, Visa, American Express, Check, Approved P.O.'s & C.O.D. (add 5.00) 

Price,specifications and availability subject to change. 
411:4 

CIRCLE 28 ON FREE INFORMATION CARD 

50C 



50D 

CALL TOLL FREE 
1- 800 -292.7711 ' 

1- 800 -445 -3201 (Can.) 

ELENCO PRODUCTS 
AT DISCOUNT PRICES 

True RMS 4 1/2 

Digit Multimeter 
M -7007 

$135 
.05% DC Accuracy 

.1% Resistance 
with Freq. Counter 

Data Hold 

DIGITAL METERS 
Multimeter with 
Capacitance & 

Transistor Tester 

$55 CM-1500B 
Reads Volts, Ohms 

Current, Capacitors, 
Transistors and 

Diodes / with Case 
Big 1' Display 

Digital Capacitance Meter 
CM -1550B 

$58.95 
9 Ranges 

.1 pf- 20,000utd 
.5% basic accy. 

Zero control w/ Case 
Big 1' Display 

48 HOUR 

SHIPPING 

Digital LCR Meter Digital Multimeter 
LC -1801 M -1000 

$125 $25 
Measures: 

Coils 1uH -200H 
Caps .1 pf -200uí 

Res .01 -20M 

.3 1/2 Digit 
.7% Accuracy 

Reads; 
AC /DC volts 
resistance, 

DC current & Diodes 

QUALITY AMERICAN MADE POWER SUPPLIES 
High Current Power Supply 

XP -800 

$295 
Digital 

Volt /Amp Meters 
Fully regulated, 0- 122VAC @ 2A, 0- 

40VAC @ 10A or 0 -30VDC @ 10A. Fully 

variable, Short circuit protected. 

Digital Triple Power Supply 
XP -765 

$289 
0 -20V @ 1A 

0 -20V @ 1A 

5V @ 5A 

Fully regulated, Short circuit protected 
with 2 limit control, 3 separate supplies 

XP -660 with Analog Meters $195 

Quad Power Supply XP -580 Triple Power Supply XP -620 
Assembled $75 

Kit $49.95 

$69.95 2 12V 
AA 

-5V @ .5A 
Fully regulated and short circuit protected 

2to15V @'A, 
-2 to -15V @ 1A 

(or 4 to 30V @ 1A) 
and 5V @ 3A 

All the desired features for doing experimerts. 
Features short circuit protection, all supplies. 

GENERATORS & EDUCATIONAL KITS - FUN & EASY TO BUILD 
VIDEO PRODUCTS Robotic Arm Kit 

Function Generator 
Blox 

#9600 

$28.95 an 
Provides sine, triangle, square wave 

Kit $26.95 
from 1 Hz to 1MHz 

AM or FM capability 

Color Convergence Generator 
SG -250 

$89.95 

Kit $69.95 
"` Finest in the industry 

10 rock steady patterns 
RF & Video output 

Model Y -01 $48.95 
Teaches basics of robotics. Arm 

grabs & releases, lifts & lowers, & 

pivots from side to side 

AM /FM Transistor 
Radio Kit 

with Training Course 
Model AM /FM 108 

$26.95 
14 Transistors 5 Diodes 

Easy to build because 
schematic is 

printed right on the PCB 

Makes a great school project 

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 complete system 
Our Micro- Master trainer teaches you to write into 
RAMs, ROMs and run a 8085 microprocessor, which 
uses similar machine language as IBM PC. 

Wide Band Signal 
Generators 

SG -9000 

$129 
RF Freq 100K- 450MHz AM Modulation 

of 1 KHz Variable RF output 
SG -9500 w/ Digital Display & 

150MHz built -in counter $249 

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 

WE WILL NOT BE UNDERSOLD 
UPS SHIPPING: 48 STATES 5% 
IL RES 7.5 °° TAX (53 min $10 max) 
OTHERS CALL 

LASER KITS 
Build your own laser. This great kit in- 

cludes all parts needed to build a class 
II laser. Safe to use, output is under one 
milliwatt. Kit includes a new He -Ne 
1.125 dia x 5.75' long laser tube. Comes 
with building instructions, schematic and 

all parts. 

Model LK -1 $79.95 
Specifications LK -t: 
Input voltage 12VDC @ 1.25 amp 

Output voltage 2 -3KV @ 3 -4.5MA 
Trigger voltage 6 -8KV 

Laser power 1 milliwatt 

Laser tube type helium - neon 

Laser tube size 1.125' dia x 5.75' long 

Mirror & Motor Kit 
This unique kit allows you to project 
laser patterns on the ceiling or walls. 
You change the patterns by varying the 
speed of the motors. The kit comes com- 
plete with 2 motors, 2 front surface mir- 
rors, 2 motor brackets and 1 power 
rheostat control to vary speed of the 
motor. 

Model LM -1 $19.95 

XK -500 Digital I Analog Trainer 
A complete mini -lab for building, testing, prototyping analog and digital circuits 
Elenco's Digital /Analog Trainer is specially designed for school projects, with 5 built -in power 
supplies. Includes a function generator with continously variable, sine, triangular, square wave 
forms. All power supplies are regulated and protected against shorts. 

Power Supplies 
Variable Power Supply 
.1.2510 20VDC @ 5 Amp 
(.1.25 to 15VDC @ I Amp) 
-1.25 to -20VDC @ .5 Amp 
( -1.25 to -15VDC @ 1 Amp) 
.12VDC @ 1 Amp 
-12VDC @ 1 Amp 
.5VDC @I Amp 
30VAC Center tapped 
@ 15VAC at 1 Amp 

Analog - Section 
Function Generator Sine. 
Triangular, Square wave forms 
Frequency adjustable in five 
ranges from 1 10 100KHz 
Fine frequency adjust 
Amplitude adjust 
DC offset 
Modulation FM -AM 

Digital - Section 
Eight data swiches 
Two no bounce logic switches 
8 LED readouts TTL buttered 
CloCk frequency 1 to 100KHz 
Clock amplitude SVPP square wave 

Breadboards 
2 breadboards. each contain: 
840 tie points (total 1.680) 

$149.95 Assembled $119.95 Kit 

C &S SALES INC. 
1245 ROSEWOOD. DEERFIELD. IL 60015 

FAX: 708-520-0085 (708) 541 -0710 

15 DAY MONEY BACK GUARANTEE 
2 YEAR WARRANTY 
WRITE FOR FREE CATALOG 
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ELENCO & HITACHI 

SCOPES AT 
DISCOUNT PRICES 

48 y Si/ '700 
NG 

ELENCO OSCILLOSCOPES 
25MHz and 40MHz Dual Trace, Dual Trigger 
10 MS /S Sampling Rate (DS -203) 

Vert Sensitivity from 1 mV /Div to 5V /Div 

Sweep Rate from 10nS /Div to 15 /Div 
Hold -off, X -Y Operation 
TV Sync Triggering 
6" CRT with Internal 
Graticule 
Includes Probes 
2 Year Warranty 

Ill fling NH,,,, 
,.., . _,,.. 

S -1340 40MHz 
Dual Trace Oscilloscope 

$495 

2K word per channel 
Plotter output 
8 bit vert resolution 
2048 pts hor. resolution 
Much more 

S -1325 25MHz 
Dual Trace Oscilloscope 

$349 

$775 
DS -203 20MHz, 10MS /S 
Digital Storage Oscilloscope 

. --1111111mr,uff,ffff¡ffffa 

S -1360 60MHz Delayed Sweep (not shown) $775 

All scopes include probes, schematics, operators manual and 3 
year (2 years for Elenco scopes) world wide warranty on parts and 
labor. Many accessories available for all Hitachi scopes. Call or write 
for complete specifications on these and many other fine scopes. 
lx, 10x scope probes: P -1 65MHz $17.95 P -2 100MHz $21.95 

SPECIAL BUY 
HITACHI V -212 

20MHz 
2 Channel 
Includes probes $409 

Hitachi Popular Series 
A favorite of field service personnel and educa- 
tion institutions around the world, these scopes 
have a reputation of quality and reliable perfor- 
mance. With dual channels, ± 3% accuracy and 
1mV /div sensitivity they have become the 
standard in portable analog oscilloscopes. 

V -525 - 50MHz, Cursors $995 
V -523 - 50MHz, Delayed Sweep $975 
V -522 - 50MHz, DC Offset $875 
V-422 - 40MHz, DC Offset $775 
V -223 - 20MHz, Delayed Sweep $695 
V -222 - 20MHz, DC Offset $625 

Hitachi Compact Series Scopes 
This series provides many new functions such 
as CRT Readout, Cursor measurements (V- 
1085/1065/665), Frequency Ctr (V- 1085), 
Sweeptime Autoranging, Delayed sweep and 
Tripper lock using a 6 -inch CRT. You don't feel 
the compactness in terms of performance and 
operation. 

V -660 - 60MHz, Dual Trace $1,149 
V -665 - 6OMHz,DT, w /cursor $1 345 
V -1060 - 100MHz, Dual Trace $1,395 
V -1065 - 100MHz, DT, w /cursor $1,649 
V -1085 - 100MHz, QT, w /cursor $1,995 
V -1100A - 100MHz, Quad Trace $2,195 
V -1150 - 150MHz, Quad Trace $2 695 

Hitachi RSO Series 
(Portable Real -time Digital Storage Oscilloscopes) 

RSO's from Hitachi feature roll mode, averag- 
ing, save memory, smoothing, interpolation, 
pretriggering, cursor measurements. These 
scopes enable more accurate, simplier obser- 
vation of complex waveforms, in addition to 
such functions as hardcopy via a plotter inter- 
face and waveform transfer via the RS -232C 
interface. Enjoy the comfort of analog and the 
power of digital. 

VC -6023 - 20MHz, 20MS /s $1 695 
VC -6024 - 50MHz, 2OMS /s $1,995 
VC -6025 - 50MHz, 2OMS /s $2 195 

VC -6045 - 100MHz, 40MS /s Call 
VC -6145 - 100MHz, 10OMS /s Call 

C &S SALES INC. 
1245 Rosewood 
Deerfield, IL 60015 
708- 541 -0710 Fax: 708- 520 -0085 

CALL TOLL FREE 

1- 800 -292 -7711 
1- 800 -445 -3201 (Can) 

15 Day Money Back Guarantee 
2 Year Warranty 

WRITE FOR FREE CATALOG 
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