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US

CANADA $4 00

Rti KELVIN
•
OMB

INDUSTRIAL Q UALITY

BREADBOARDS FOR LESS!
DURABLE

AT

Elec ronics

- MADE OF THE HIGHEST QUALITY

PLASTIC - DESIGNED TO WITHSTAND THOUSANDS
OF INSERT/ON CYCLES

DISCOUNT

TheProlessionals'Choice
with 20MHz FREQUENCY COUNTER exceeent tor

COMPUTER, TV, VCR REPAIR and ENGINEERING.

YOU CAN'T

Stock No.

810002

O LOGIC TEST

• 5 FREQUENCY RANGES

D

680097

840

680098

1380

$ 4.25 ea
$ 5.95 ea
$11.75 ea

680099

1580

$15.75 ea

WIRE JUMPER KIT

Stock No.

Description Points

130290

350 Piece Set

YOUR COST
$ 7.75 ea

Irs A FLUKE
Model

73
75
77

Model

COST

YOUR

83
85
87

$ 79.
$119.
$149.

YOUR COST

$199.
$229.
$269.

• 5 CAPACITANCE RANGES

O LED TEST
•20MHz

VERIFY

810041
810042

FREO comma

I:I AC/DC VOLTAGE RANGES
• AC/DC CURRENT RANGES
CASE •
Yeflow.
Durable.
Back Stand

$
69
Stock No

95

990092

KELVIN 100
$ 23 95

QUALITY

990087

• Selectable Reading Rates It Resolutions
• True RMS AC Voltage, AC Current
• .02% Baslc DC Voltage Accuracy
• DC Current to 10A
II RS-232 Interface
II Touch Hold, Relative & Min/Max

Stock No.

Model

710035

YOUR COST

45

$579.

KELVIN 150

Stock No. 600021

20 e ea. On 100+ Qty)

L.E.D. RED

(in 100+ Oty)
Stock No. 260020

Transistors

(1n100+ Qty)

2N2222 18 re• ea.
PN2222 .08 çe' ea.
Project BUnrgr-

6-9V DC, 80 dB
Stock No. 680089

$1.59 ea

$1.39/10+ ea.

9V Battery Snap & Holder

Snap
Holder

.15 ea. .1 Oea./100+
.20 ea .10ea/100+

YOU CAN'T
GO WRONG!
30 DAY
MONEY BACK
GUARANTEE!
CARRYING CASE
Stock No.

990093

$4.95 ea

60/40
60/40
60/50

$9.95 ea
$8.95 ea

WE STOCK
A COMPLETE LINE OF FUSES

$ .45 ea

Dual fuse block 21/4' x11ong. Black
bakelite base. For Ins - xI1/4" tuses.
Mounting centers 5/8" (15.8mm)
Stock No.
YOUR COST

380010

$ .62 ea

FUSE POST
TYPE HKP

Bayonet type. 2 3/16'L for 114' x11ie fuses. 15 Ampere 250V. Panel hole
size 1/2 (12.7mm).
Complete veth
re c
nt
io
nut.
YOUR COST

$ .90 ea

380001

PRINTED CIRCUIT ETCHANT

44°
017

$6.25

HI-SPEED DRY
PRINTED CIRCUIT ETCHANT
Clean, sale, economical, indefinite slue life
4 Ito will make 2 gallons of recommended
20% etching solution.
Stock No.
YOUR COST NEW PRICE

440026

1.5K ohms @ 2 ft., C m/n/mum dark resistance 75 ohms.
Mao voltage 170V peak. Peaks at 5500 angstroms

No. 260018 YOUR COST $.99 ea

NEMA grade FR-2 1/16'
Stock No.
Size

Silent action red push button molded hou 90 9
Requires 1e panel hole Overall length Includ,ng solder lugs ,s 1"
Rated 115 VAC. 1AMP
Stock No.
Color
YOUR COST
100,

DC MOTOR
1 5 to 6VDC
20.

$ 45 ea

7.00/ 4Ib bag

$8.40 ea

KELVIN BRAND COPPER CLAD BOARD

SUB-MINIATURE
MOMENTARY
PUSH SWITCH

$.35 ea

per gallon

KELVIN BRAND

SULPHIDE
PHOTO CELL

KELVI

21
16
13

Ready.to-use solubon at ferric chloride
printed circuit meant m plastic contamer
Stock No.
SPECIAL BUY

No. 260017 YOUR COST $ 99 ea

YOUR COST

.031
.062
.093

KELVIN BRAND

450 ohms @ 2 tt .C mor/mum dark resistance 225 ohms
Mar voltage 170V peak Peaks at 6900 angstroms

$ 50 ea

$11.75 ea

1/32"
1/16"
3/32"

HI-SPEED, HI-QUALITY

CADMIUM SELENIDE
PHOTO CELL

Stock No

580005
580001
580011

YOUR COST

BLOCK

LAPEL MICROPHONE
Stock No. 850306
YOUR COST $2.95 ea

852211

$11.95 ea

380030

KELVIN

AC/DC VOLTAGE
Acicc CURRENT
RESISTANCE
DIODE TEST
LOW BATTERY Warning
ACCURACY • 05%
CONTINUITY TEST/BUZZER
TRANSISTOR CHECKER
CAPACITANCE CHECKER

Red

RESIN CORE SOLDERS 1 LB. ROLL
Non-Corromve Flux Remn Core
Stock No. Inch
Dia.
GA. Type
580010
1/64" .025 23
63/37

FUSE MOUNTING

KELVIN 200
Stock No. $ 39 95
990091

990002

$ 1.80 ea

95

rrfir
i
'
n

TIMER -LM555

1.89 ea

$

SOLDER

Black lammated phenollc
1/2' wede
17/E long. For l/4 r 1 1/4"
long fuses Solder lug connections
Stock No.
YOUR COST

CONTINUITY TEST
TRANSISTOR CHECK

Display

6+
$13.09 ea

3AG FUSE BLOCK

AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE & BATTERY TEST
LOW BATTERY Warning
ACCURACY
•05%

Dual

$13.78 ea

FAST ACTING -SLO BLO TYPE -PIGTAIL

AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE TEST
BATTERY TEST
LOW BATTERY Warning
ACCURACY
05%

$29

stand

Replacement

INDUSTRIAL

Stock No.

No.

PH60

KESTER

30 DAY MONEY BACK GUARANTEE!

990090

6+

$7.95 ea

Sponge

PROTECTIVE CARRY CASE
Stock No. 990094 $9.95 ea

Stock

la 5 Digit Multifunction

YOUR COST

$8.55 ea

Ideal for

Replaceable tip.

Soldering stand veth base. sponge
For W6OP, WP25P, WP4OP, and irons %min barrel dameters
up to 15/32'
Stock No. Description
YOUR COST

CI TRANSISTOR hFE TEST

Stock No.
680093

p[IlltUifi

SOLDERING
IRON HOLDER
Model PH60

• DIODE CHECK

A

e

reaching into those hard to get spots.

a CONTINUITY TESTER

Fig.

EQUIPMENT

WELLER
MARKSMAN
SOLDERING GUN

Featherweight 1-3/4 oz., 25 watts for PC work.

MONEY BACK
GUARANTEE ,

YOUR
COST

SOLDERING

Model SP23

GO WRONG!

Contact
Pointe
500

PRICES

$ .28 ea

440002
440003
440015

Wick,

unpunched clad on one side
YOUR

41/2" x6"
5" xr
81/2 x12 1/2"

COST
$1.55 ea
$2.40 ea
$4.90 ea

ETCH RESIST INK PENS
frnr=2› reei
Black felt tip pen for making resist circuits directly an PC boards
Dries instantly for neat, easy apodication
Can be removed wan PC Board Stripping Solution
Stock No. Model
Description
YOUR COST

440115
440116

22-220
22-222

Draws 1/32" wide
Draws 1/64" wide

Call: 1(800) 645-9212
Electronics

7 Fairchild Ave. Plainview, NY 11803

WorldRadioHistory

1 (516) 349-7620
FAX: 1 (516) 349-7830

$1.48 ea
$1.85 ea

CONTENTS

May 1991
Volume 1
Number 8

In our next issue:
•
•
•
•
•
•
•

Real-time clock for Atari ST
OTC loop antenna
Precise a.f. indicator
Stepper motor board
Universal battery charger
Logic analyser -Part 4
Measurement techniques Part 6
• Laser -Part 2
• One-shot solid-state relay
timer
• Video A-D/D-A converter Part 2

APPLICATION NOTES

44

DC-to-DC Converter
SGS—Thomson Microelectronics
AUDIO & HI FI

54

PROJECT: Preamplifier for Moving-Magnet
Pick-Up
by T. Giffard
COMPUTERS & MICROPROCESSORS

17

PROJECT: 8032/8052 Single-Board Computer

24

by H. Reelsen
PROJECT: Universal I/O Interface for IBM PCs
by A. Rigby

Universal I/O interface for IBM PCs
p. 24

DESIGN IDEAS
48
Front cover
Seen here is the Mark II
version of the popular
BASIC computer we
published in November
1987. The Mark II is a
more powerful system
with more RAM, more
ROM, an on-board
EPROM programmer, and
several other additional
facilities on asingle-sided
Euro-size PCB.
The computer is ideally
suitable for small control
applications and software
development. It can work
with Intel's powerful
8032, 80C32 or
8052AH-BASIC
processor. The latter has
an on-chip interpreter that
allows you to program in
BASIC with full access to
machine code.

Versatile Pulse-Width Modulator
by U. Kunz
GENERAL INTEREST

14
27
40

PROJECT: Speed Control for Large DC Motors
by K.A. Nigim
PROJECT: Laser Pt. 1
an ELV design
Rectifier Calculations
by A.N. Other

Battery tester -p.32

INTERMEDIATE PROJECT
32

Battery Tester
by L. Lemon
RADIO, TELEVISION & COMMUNICATIONS

36

49

PROJECT: Video AID and DIA Converter Pt. 1
by P. Godon (Philips Components, Paris)
PROJECT: Wideband Active Rod Antenna
by J. Becker, DJ8IL
SCIENCE & TECHNOLOGY

42

Augmented A-Matrices
by Michael Soper, MA

Wideband active rod antenna
p.49

TEST & MEASUREMENT
46

PROJECT: Conductance Meter
from an idea by J. Vaessen
MISCELLANEOUS INFORMATION

Copyright

1991 Elektuur BV

ELEKTOR ELECTRONICS USA is published monthly esue August at 419 per year; 850 for two
years by Audio Amineut Publicatsons. loc., 305 Union
Si, Peterborough NH 03458 USA. Second class postage
paid at Peterborough NH and an additional mailing
office.

Electronics Scene 11, 12, 26; Book Reviews 58; Readers'
Services 59; Terms of Business 60; Advertisers' Index 62,

Classifieds 62.

Preamplifier for moving-magnet
pick-up -p. 54

POSTMASTER: Send address changes to
Elektor Electronics USA, Caller Box 876, Pelee
borough NH 03458-087R Return Postage Guaranteed.
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KIT SPECIALS FOR SPRING!
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MITEY MIKE SPECIFICATIONS
U2b-

Response
(rel. 1kHz)

PREAMP POWER SUPPLY
KG-5
Gary Galo/Walt Jung/Rich Markel'
$195
This low-impedance, dual-polarity power supply uses the excellent
Linear Technology LT1033CT and LT1085CT 3-Amp IC regulators. The
regulators feature low dropout voltage, which helps maintain regulation
even in situations where line voltage is low. Although the parts supplied
provide ±15 volts, the output can be varied from ±12 to ±18 volts by
changing two resistors. An oversized Avel-Lindberg 120VA toroidal transformer will operate many KG-5 regulator boards, allowing separate regulation of the left and right channel circuitry, or separate regulation of aphono
preamp and line level stages. The printed circuit board has heavy traces
on the input and output lines to minimize resistance. Case not included.
The KG-5 is ideal for many low-level applications, including preamplifiers and electronic crossovers. Gary Galo also uses the KG-5 to power
the analog circuitry of his CD player. From TAA 4/90.
Purchasing options available:
PCB8-5 Punted Crean Board Only
PCB and Parts Only (less Transformer)
Transformer Only
Complete KR

$ 15.00
$134.95
$ 64.95
S195.00

ADCOM POWER SUPPLY REGULATOR
KY-2
Kit Ryan
$99 per dun.
This popular mod was designed for taming Adcom's GFA-555, but it
adds sweetness and definition to just about any amp in the 80V-in, 60Vout, 10A-regulated family. Mounts in existing case; complete with PCB,
custom heatsink, and Japanese transistors. Two usually needed. From
TAA 4/89.

Sensitivity
Max Undistorted
SPL
Wideband Noise
Level
Power
Consumption

j1dB, 20Hz-10kHz
±2dB, 10kHz-20kHz
-3dB @ 3Hz and 25kHz
39mV/Pa, ±2dB
< 120dBA
> 42dBA
5mW typ. /7mW max.

MITEY MIKE TEST MICROPHONE
KO-2
Joseph D'Appolito
$149
At long last, atop-quality test mike at agreat price! Mitey Mike is the
answer to many an audiophile's testing dreams, providing flat free-field
frequency response; high, undistorted SPL capability ;good measurement
repeatability; and guaranteed long-term stability. Plus, it's asnap to build!
Complete with PCB, uncalibrated mike cartridge, custom brass wand, all
components, and (undrilled) blue case. Mike calibration service available.
Tripod, 9V battery not included. From SB 6/90

KK-3
$69

THE WARBLER OSCILLATOR
Richard Crawford
The Warbler produces aswept signal covering any 1
/ octave between
2
16Hz and 20kHz. With amike, it's
a pink noise source to evaluate
speaker system performance and
the effects of reflection and absorption. Comes with PCB, transformer, all parts. Case not included.
From TAA 1/79.

MITEY MIKEAVARBLER SET
D'Appolito/Crawford
Both of the above, at aspecial sayings of $19!

KMW-1
$199

Yes! Please send me
_ =

NAME

MAGIC NO

@ $
@

=

STREET

-- -

SHIPPING
TOTAL

CITY

$

SHIPPING: Postpaid in U.S. In Canada, please add
10% for surface; others, 20% for surface. Airmail:
Please inquire.

OLD COLONY SOUND LAB
PO Box 243, Dept. E91

Peterborough, NH 03458 USA
24-hour telephone: (603) 924-9464
24-hour FAX:
(603) 924-9467
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STATE

MONISA

ZIP

EXP. DATE

CALL OR WRITE FOR YOUR FREE CATALOGS
DEALER INQUIRIES INVITED.

NEW HAND-HELD TEST EQUIPMENT
OSC-1 FLAT OSCILLOSCOPE 699.00

SES

cam

The OSC-1 is a hand-held battery-operated oscilloscope.
It is
designed for field use. The batteries are housed in a trap-door
housing for easy field replacement.

"the audio source

The heart of the portable

oscilloscope is a Sony flat screen 2 black and white screen. There is
added circuity to take the analog signal and display it on the video
screen. The unit works as asampling oscilloscope by comparing the

OSC•
Pon•ble
1,01losco,

input wave-form with the horizonal timebase. The unit has an input

2100 WARD DRIVE
HENDERSON, NV 89015

gain control and sweep control. The unit is perfect for field use and
small labs where space is at a premium.

ASG-2 LOW DISTORTION AUDIO GENERATOR 255.00
ASG-2
S.ne W•re
•,14ce,lo

Ceeneo•lor

The ASG-2 is ahand-held battery-operated sine-wave audio generator.
It is designed for field use and is housed in arugged aluminum case.
The battery is in a slide-lock compartment that requires no tools for
change. The sine-wave generator is atypical wien-bridge with a FET
for thermal stabilization. The unit has low distortion, typically under
0.05% across the band. The unit will generate frequencies from 2020kHz. The ASG-2 has three-decade switching plus eight switches to
determine the exact operating frequency. There is apush-button onoff switch.
The output level has a range of +10dBm to -60dBm and has both
balanced

and

unbalanced

outputs.

The

balanced

output

is

electronically done. The output levels are determined by two rotary
switches. One switch is for the decades in 10dB increments and the
other rotary switch is in 1dB increments. The unit will drive 600 ohm
loads.

AVM-2 PORTABLE AUDIO VOLTMETER 259.00
The AVM-2 Audio Volt Meter is designed to read audio type signals
from a low of 1mv (-60 dB) full scale to a high of 100 volts (+40 dB)

UI
SCOM1

AVM-2
Ye,

Mel,

from a low frequency of 10 Hz to 100 KHz. The scale of the analog
meter is calibrated in both scales of volts/millivolts and dB's. The
accuracy of this instrument is about 2-3%. The input impedance is
1M ohms/ 10pf which means it will not load the typical circuit it is

iii ii
i
iii

..

i
•

measuring. The unit operates with a single nine-volt battery with a
current drain of 7.5 ma. The unit will operate with a low battery
voltage of 7.5 volts. The unit is factory calibrated so that is very
accurate in the field.

THD-2 DISTORTION ANALYZER 495.00
THD-2

Ponable

11S( DV

aina.,[r

The THD-2 is a hand-held battery-operated distortion analyzer.

It is

designed for field use and is housed in arugged aluminum case. The
battery is in a slide-lock compartment that requires no tools for
change. The distortion analyzer is atypical state-variable filter type.
The unit is easy to use. Place the input signal into banana jacks, and
set the input level control and range switch to obtain a100% reading.
Then set the frequency multiplier switch to the proper range. The
frequency can be set by the decades and units frequencies. The fine
adjust pot can make up for small differences in the correct frequency.
The final step is to depress the proper range switch to read the
distortion in °h.
THD+N.

This number is read on the analog meter in %

There is a low frequency filter switch to eliminate any

hum components.

THERE ARE FOUR MORE INSTURMENTS: LOUDSPEAKER IMPEADANCE METER,
FREQUENCY METER, AUDIO TESTER, SWEEP FUNCTION GENERATOR
CONTACT FACTORY FOR MORE DETAILS
800-634-345 -702-565-3400 -FAX 702-565-4828
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TUBES •PARTS •SUPPLIES
YOUR COMPLETE SOURCE

TUBES:
3000 audio, receiving and industrial types in stock, including early
and foreign types. Discount
prices!

SUPPLIES:
Chemicals, test equipment, wire,
batteries, tools, etc.

CAPACITORS:
High voltage electrolytic and mylar
capacitors for tube circuits.

LITERATURE:
Extensive offering of literature and
books on antique radios, hi-fi,
communications equipment,
tube data, and circuit diagrams.

TRANSFORMERS:
Hard-to-find power transformers,
audio transformers, and filter
chokes for tube equipment.

PARTS:
Resistors, lamps, tube sockets,
potentiometers, grill cloth, knobs,
vibrators and more.

"Write or call for our 28 page wholesale catalog"

ANTIQUE ELECTRONIC SUPPLY
6221 S. Maple Avenue, Tempe, AZ 85283, Phone (602) 820-5411, FAX (602) 820-4643

MARK V -YOUR AMPLIFIER SOURCE!
Indicates the level of difficult

in the assemblin. of our Products.

A Beeinner AA IntermecWate AAA Advanced

*

300 W HI-FI POWER AMPLIFIER (MONO)

100W + 100W NEW CLASS A DC STEREO PRE AND MAIN AMP

vIDEO/AUDIO SURROUND SOUND

TA-3600

TA-1500

SM-333

Power output: 300 watts RMS

AAA

into 8ohms. 540 watts music
power into 8 ohms •Frequency
response: 10Hz to 20 KHz -Total

4à

Complete Kit S85.00
Assembled 8 Tested -$110 00

harmonic distortion: Less than
0.05% •Intermodulation distortion: Less than 0.05% •Sensitivity: 1V rms at 47K • Power
requirements: 60 to 75 VDC at 8
amp •Dimensions: ex7V; x

120W MOSFET POWER AMPLIFIER (MONO)

TA-477 AA

T. H. D.: Less Than 0.007% •
Power output: 120 watts into 8
ohms RMS • Frequency response: 8Hz to 20KHz. +0-0.4
dB •Sensitivity: 111 •Power
requirements: 55 VDC 41)3 amps.
May use Mark V Model 003
Transformer.

Complete Kit: $811.00
Assembled 8Tested: $35.00

DC FET SUPER CLASS

Power output 80 watts per channel into 8ohms 100
watts per channel into 4ohms •Total harmonrc dis•
:onion Less than 003°. Frequency response Aux
input 5 to 50000 Hz.0.20EI -2 08 •Frequency
response Power ampldier section. DC lo 200 KHz
•Sensitivity Phono 25 mV ,
n 47 KAux 150 mV
47 KMic 6mV o 10 KOutput Tape 150 m11 A 471(
Preamp
e 600 OhMS •Power transformer 26V to
32 VAC >2. ANark VModel 0011• PC Board
Dimensions 105 o6 13 •225 •Heat sink 513 x
263 x3 (Each)Use rack mount cabinet LG 1924 Of

Complete Kit 573.70
Assembled 8 Tested 595 81

IC

"A" PRE-AMP

AUX) less than 001°.• Frequency response at rated output) Overall AUX to
PRE OUTPUT) 10 to 100 000 Hz .1(113•
Input sensitivity and impedance 11.000
Hz for rated output) •Phono 47 ohms
2mV• Output level Rated Output 03 01°.
Total harmonic distortionl• Preamplifier
output 13V i20 VMAX 01°. TH D )•
Recording output 130 mV •Power re.
quirements Power voltage AC 36V •2
02A •Dimensions 9 x588 •1

TA-1000A

ohms Total harmonic distortion: Lessthan
0.05% at rated power Intermodulation
distortion: Less than 0.05% at rated power
Frequency response: DC to 200 KHz. -0
dB. -3dB. @ 1watt Power requirements:
30 VAC x2Oh 6amp. May use Mark V
model 001 transformer P.C. Board: 8-1/2"
x5' x1-1/8" Heat sink' 5-1'8" x2-5/8 -x3
(Each)

Power output. 100 watts into 8ohms. 125

Complete kit $59 69
Assembled 8 Tested $80 58

watts into 4ohms •Frequency response:
10Hz 10100 KHz •Total Harmonic distortion Less than 0.008% •Signal to noise
ratio :Better than 80 dB •Sensitivity :1V
•Power requirements: 35 to 45 VDC (cP 3
amp. •May use Mark VMoel 001 trans former • PCB Dimensions 538 x3.38'
x1.2 •Heal sink: 5.13 x263x3 (Each)

MARK V ELECTRONICS, INC.
8019 E. Slauson

\e. Montebello, CA 90640

into 8

A MAIN POWER AMPLIFIER

AA

VISA

'MOW

AAA*

Complete Kit $65 00
Assembled 8 Tested 175 00

ORDER
YPHONE

SM-302

S\ N1 ‘1 1991

WorldRadioHistory

Frequency response. 20 Hz lo
20KHz •Total harmonic distortion.
Front channel -0.05%. Rear channel .Less than 0.25%• Input signal
voltage .0 1to 35V• Output: Front
channel. 01to 3.5V •Rear channel . 66V • Delay time. 5 to 50
milliseconds • Input impedance .
47 K •Power requ:rments. 100120 VAC. 60 Hz•Dimensians .14.2'
wide 482' deep. 2.1 -high

AA*

-

Complete Kit 567 00
Assembled 8 Tested $78 00

Frequency response' 201-ID to 20
KHz •Total harmonic disteion <
0 1% •Power output . 60W per
channel into 4ohm load •33W per
channel into 8 ohm load •Input
sensitivity Mic 10my •Hi 380mv
•Lo 640 my •Signal to noise ratio
Better than 70 db •Powet consumption .100W Dimension 360
mm x75 mm x200 mm

Rack Mount Metal Cabinets
witb aluminium panel are
suitable for many projects
and most of our kits.
We provide transformers
for most of our Mark V
amplifier kits.

OUTSIDE CA 1-800-423-FIVE (orders only)
IN CA 1-800-521-MARK
ORDER BY FAX (213) 888-6868

FREE CATALOG & INFORMATION 1213) SNS-KU8S

We accept major Credit Cards Money Orders Checks and C O D Orders COD tee is S5 00 Minimum order is 520 00 •We shop by UPS ground inside US min sa 001 and ship by US
mad outside US Please call our sales department tor orders over 2lbs or toreogn orders •All assembled units have a30 days warranty •Oualety or Volume discount available uponvequest
•Residents or CA please add sales ta. 65-1 , •All merchandrse are subject to prior sale Prices are subject to change without poor notice We are not responsible for typogralscal errors

ELEA:10R FIFA' IRoNluS

Assembled

60W + 60W Stereo Power Amplifier (with Mic. input)

Power output.. 80 watts per channel

100 W DYNAMIC CLASS

old 0h:: :0:1110 distortion Over all atom

1925

BOW +BOW PURE DC STEREO MAIN POWER AMPLIFIER

TA-802 AA

Complete Kit -$45 94
Assembled 8 Tested $59 72

TA-2200 AAA

Comlale art UT 70
Assembled 8Tested: $58.24

AAA

Full

PROCESSOR

Business & Showroom hOurS: (Pacific lime

Mon. thru Fri.
9:30 am to 5:00
Sat. 10:00 am to 5:00

MultiCap

GUESSWORK \

(UNCERTAINTIES\

k

Capacitors

j

Design

The formula for the best design begins with the best components. And for critical applications in advanced circuits,
you can't find better components than MIT's MultiCap Series capacitors.
*Each individual MultiCap gives you up to 10 precision paralleled capacitors in one compact optimized unit that
extends the usable bandwidth. You will not have to compromise the quality of your final design by adding additional
bypass capacitors to extend the range of conventional capactiors.
*Each hand-made MultiCap, with hand-soldered, large-gauge leads necessary for high-current conditions, provides
the highest resolution yet attained.
The combination of care and innovation in every MultiCap gives you extraordinarily high quality, reliability, and
performance.
MIT offers two series of capacitors: the original film-and-foil MultiCap and now the NEW METALLIZED- FILM
MultiCap which will be available Spring 1991. Both at new low prices.
The Film -and- Foil MultiCarr:
*Especially designed for high-performance filters, DC blocking, and high ripple-current capacity.
*Consistent, reliable for high -performance under demanding high -curent applications, with exceptional phase
stability and superior pulse-handling capability.
The New Metallized MultiCair:
*Same patented parallel design.,
*Smaller in size and less costly to make. Lower prices for the consumer.
*Recommended for application wherever metallized capacitors are used. As engineers know, metallized caps are not
usually recommended for high-current applications: MIT recommends its film & foil caps for these uses.

Transient
Response

Phase
Response

MIT

MIT
90 0

Typical

Typical
-90°
100 Hz

50 kHz

MIT now distributes the MultiCap capacitors directly, and provides OEMs with full technical
support and custom values when desired.
For our new prices and all current literature, including white papers and an introduction to the
metallized MultiCap, please write MultiCap, Music Interface Technologies, 3037 Grass Valley Highway, Auburn, CA 95603. Or call 916.823.1186. Fax: 916.823.0810.

MultiCap. s1 "The most advanced capacitor design in the world."
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Courteous Service

•

Discount Prices

•

ELECTROIlICS

Fast Shipping

CORP.

WE CAN HELP WITH

P.O. Box 567 •Van Nuys, CA 91408
Special Reduced Price

MINIATURE GEAR MOTOR
Maxon DC motor #
2130 910 61.112 050
Rating with no load:
24 Vdc @ 5 ma-168 RPM
12 Vdc @ 5ma -84 RPM
Precision gear motor.
Designed for 24 Vdc.
Operates on 12-24 Vdc. 30:1 gear reduction heal.
2.07 long X 1.18 - square mounting bracket has mounting holes on 0.9T centers. Motor has good torque
when used at 24 Vdc. CAT,/ MOTO-15 $12.00 each

INSTRUMENT
ENCLOSURES

PHOTOFLASH CAP.
Rubi con CE
210 Mfd 330 Volt
photoflash capacitor .

_

0.79- dia. X 1.1' high.
These ase new capacitors
that have been prepped wi h 1.4
blackand red wire leads soldered
to the terminals.
CATI PPC-210 $1.25 each
10 for $11.00 • 100 for $100.00

SWITCHES
Mercury Tilt Switch

High quality molded
ABS instrument
enclosures. Integrated
PC board standoffs
and two sets of vertical
mounting slots for
Iront and rear sub panels. An enclosures are
e wide X 6114 - deep. Choice of three hts.
Includes non-skid rubber feet and hardware.
Available in ivory, black, and blue.
Panel ht.
CATI
2 114 - CATI MB-A
$7.50 ea 10 /$65.00
2 5/8' CAT# MB-B
$7.75 ea 10 /$67.50
3"
CAT# MB-C
$8.00 ea 10 /870.00
Please specify color.

HEAVY-DUTY NICKEL
CADMIUM "C" BATTERY
Yuasa 1800C Special purchase
of new, rechargeable
,!'
nickel-cad batteries.
'1
1.2 volts, 1800 mAH.
PRICE REDUCED ON 10 OR MORE.
CATI HDNCB-C
10 pieces for $42.50 ($4.25 each)
100 pieces for $375.00 ($3.75 each)

OPTO SENSOR
TRW/Optron # OPB5447-2
IR emitter/sensor pair in
Rectangular package with
28' color coded leads.
CAT/ OSR-4 2for $1.00

HALL EFFECT SENSOR

0.2- diameter
X 0.65 long
mercury tilt switch. S.P.S.T.Closes circuit
when switch is tilted approx. 5degrees.
CAT* MS-3 $1.00 each
10 for $9.50 •100 for $85.00

Rotary BCD Switch
e
EECO # 2310-02G
BCD 10 position rotary switch. DIP conf iguration lits in standard 8pin I.C. socket.
Right angle style. Screwdriver actuation.
0.4? cube. CATI RDIP-2 $1.75 each
10 for $16.00 •100 for $145.00

E

0.58 -thick. Matrix encoded.
ideal for telephone or
security keypad.
CATI KPT-1 $1.00 each
10 for $9.00

E E

.

EEe

Tel. ¡NT + 49/8105/5291 (From US: 011/49/8105/5291)
FAX INT + 49/8105/24605 (From US: 011/49/8105/24605) 24 Hours

6 Volt 1Amp/Hour

JAPAN STORAGE
BATTERY CO.
Portalaca PE6V1
6 Volt 1Ah rechargeable
sealed lead-acid (gell cell).
r X 1.635 - X Z high.
Batteries are prepped with 5" black and
red leads terminated with 2pin connector.
Ideal for rechargeable reserve power.
CATI GC-61 $4.75 each •10 for $42.50

/

Cal

of cameras.
Operates on 3Vdc.

: , g J 11g -}
Measures 2 VT X 1114 r .i ,
Ideal for use as astrobe, warning light or attention
getter. Complete with instruction on how to wire.
CAT# FSH-1 $3.75 each •10 for $35.00

TOLL FREE ORDER LINES

1-800-826_5432
CHARGE ORDERS to Visa, MasterCard or Discover

P-C-B ARTWORK MADE EASY
Create and Revise PCB's in a Flash

*HERC, CGA, EGA, VGA, SUPER-VGA
*HELP SCREENS
*ADVANCED FEATURES
*EXTREMELY USER FRIENDLY
*AUTO GROUND PLANES
*DOT- MATRIX, LASER and PLOTTER ART
*CREATE YOUR OWN FILMS with 1X ART
*LIBRARIES
*DOWNLOAD DEMOS from 24 hr. BBS!
REQUIREMENTS: IBM PC or Compatible, 384 K RAM

TERMS: Minimum order $10.00. Shipping and handling for the 48 continental U.S .A $.3.50
per order. All others including AK, HI, PR or Canada must pay full shipping. All orders
delivered in CALIFORNIA must include state sales tax (6 %, 6 1/2%, 7%).
Quantities Limited. NO C.O.D. Prices subject to change without notice.

DOS 3.0 or later. IBM compatible printers.

PCBoards - layout program
(PCBoards HP or HI PEN PLOTTER DRIVER

Call Toll Free, or clip this couEon

99.00
49.00)

PCRoute -auto router
99.00
SuperCAD -schematic pgm. 99.00

FREE 60 Page Catalog containing over 4,000 ITEMS

ALL

ELECTRONICS CORPORATION
P.O. Box 567 •Van Nuys, CA •91408

Demo Pkg. -(includes

all 3programs) 10.00

Call or write for more information

Nns

PCBoards
2110 14th Ave. South, Birmingham, AL 35205

AM.,»
City

AUDIO

Melchior Fanger Strasse 34A •8031 Gilching •Germany

Ei wi

•

BORBELY

Ee

RECHARGEABLE Battery

Microswitch # SS41 **
Tiny, solid state switch
reacts instantly to proximity
This NEW compact
of magnetic field. Operates
flash unit comes
at extremely high speeds,
up to 100 kHz. Case size:U.S.from a
manufacturer
0.12" X 0.17- X 0.C6 -thick.

4.5 Vdc to 24 Vdc supply voltage,
10 ma. sink type digital output.
Operating gauss -15 to 40.
P.C. leads. CATI HESW-2
75# each •10 for $6.50
100 for $60.00 •1000 for $500.00

Are you trying to find the BS170, the BC547B or the
BPW40 components for your ELEKTOR project? We
can help you find these and practically all other
EUROPEAN components. We are located in Germany, and have good access to all major suppliers
of semiconductors, capacitors, resistors and mechanical components. We also stock alarge number
of semiconductors and other components from Japan.
Write or FAX your specific requirements to us. Please
enclose two IPCs (available from your post office)
for our standard price list.

TELEPHONE KEYPAD
I
1
v0
2r
b
yu
f
ttin
ois
nht
e
.th ?nxe
2ke
z yp
sad.

New **FLASH UNITS

f

HARD-TO-FIND
EUROPEAN COMPONENTS

EEO

Stall

1-800-473-PCBS / (205) 933-1122
BBS/ FAX (205)933-2954

Tip
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CIE Gives You The Training You Need to Succeed.„
At Your Own Pace.„8t In Your Own Home!
Discover Your Career Potential In The
Fast-Growing Field Of High-Tech Electronics!

II

Practical Training...
At Your Own Pace.

fyou're anxious to get ahead ...and
build areal career...you owe it to
yourself to find out about the Cleveland
Institute of Electronics!
CIE can help you discover your
career potential in the fast growing
field of high-tech electronics. Acareer
that will challenge and excite you
every day...reward you with apowerful
feeling of personal accomplishment...
and deliver alevel of financial security
you may have only dreamed of before!
As the leading school in home-study
electronics, CIE has helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you.. read on...then
send for aCIE catalog TODAY!

Through CIE, you can train for your
new career while you keep your present job. Each course allows agenerous completion time, and there are
no limitations on how fast you can
study. Snould you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.

"State-Of-The-Art"
Facilities & Equipment.
In 1969, CIE pioneered the first electronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIEs state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it's yours to use while
you study at home and on the job after
you complete your course!

A Growing Need For
Trained Professionals!
The career opportunities shown here
are only afew of the challenging, highpaying careers you could enjoy as an
electronics technician.
You could be the "brains" behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equipment.. design exotic new aeronautics
systems...CIEs job-oriented programs
offer you the quickest possible path to
the career of your dreams! And CIE also features
military and union re-training, to build on what
you already know.

Dozens Of Fascinating
Careers To Choose From!
Even if you aren't sure which career is best for
you, CIE can get you started with core lessons
applicable to all areas of electronics. As you
advance, CIE makes job opportunities available
to you through the bimonthly school paper,
The Electron.

Earn Your Degree To
Become A Professional
In Electronics!

Personal Training From A
Renowned Faculty.
Unlike the impersonal approach of large classroom study, CIE offers you one-on-one instructional
help 6days aweek, toll-free. Each CIE lesson is
authored by an independent specialist, backed by
CIE instructors who work directly with you to
answer your questions and provide technical assistance when you need it.
— Tr)
E
pc.

Send For Your
Catalog Today.

-

o
9

r
.

6>'
/ox

Every CIE course you take earns you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in
stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelors Degree programs!

o

CIE World Headquarters
Cleveland Institute of Electronics. Inc.
1776 East 17th St., Cleveland, Ohio 44114
(2 YES! Please send me your independent study catalog (For your convenience,
CIE will have arepresentative contact you—there is no obligation.)
Print Name
Address

,eso f, .$ 2e
,„d,•

e'
er ,
+../

0

«\•,›

geoe

e
M .Se

City/State/bp
Age

Area Code/Phone No

Check box for GIBill bulletin on educational benefits

cVeteran

cActive Duty

Mail This Coupon Today!
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MARK V ELECTRONICS, INC
Competitive Pricing *Fast Shipping

Since 1985

A indicates the level of difficulty in the assembling of our Products

ORDER IN CALIFORNIA 800 -521 -MARK
ORDER OUTSIDE CA 800-423-FIVE
FREE CATALOG & INFORMATION (213) 888-8988
FAX (213) 888-6868

•

A Beginner AA Intermediate AAA Advanced * Fully Assembled

; Amplifier

TA-3600

TA-477

TA-802

TA-1000A TA-1500

"Metal Cabinet
.

LG-1925

LG-1925

LG-1924

LG-1924

LG-1925

Transf
ormer

#007

#003

#001

#001

#001

Kit Set
Assmb. Set

$155.61
$179.36

$125.21
$141.36

$100.45
$113.54

$113.52
$133.36

$130.00
$150.00

me*

▪ M

TA:802
111

Or

MODEL
TA-28M82
TA-50A B
TA-50C
IA-120M82
TA-300
SM-302
1A-3238
TA-377A
TA-400
TA-477
TA-800M02
TA-802
TA-1000A
TA-1500
TA 2200
TA 2400A
TA 2500
TA-2800
TA-3000
TA-3600
SM-222
SM-328
SM-333
SM-666
SM-888

DESCRIPTION
Digital Voice Memo ••
$30 00
Muni-Purpose Melody Generator •
12 84
Muni-Purpose Melody (Happy Birthday Wedding March etc IGenerator A 13.65
35W Class -A Main Power Mono Amp ••
31.50
30W Multi-Purpose Single Channel Amp •
20 00
60W y60W Stereo Power Ampliher (with Mit inpull••
6760
30W X2Stereo Pre-main Amp •
31 50
State ol the Art Fully Complementary Symmetrical FET Pre-Amp •••
59 95
40W Sohd State Mono Amp •
28.00
120W Moslet Power Mono Amp ••
68 00
120W y120W Low Tim Pre-Main Stereo Power Amp ••
63 92
80W y80W Pure DC Stereo Main Power Amp ••
45 94
100W Dynamic Class "A" Main Power Mono Amp ••
59 69
100W X2Class A OC Stereo Pre-Main Amp •••
73 70
DC let Super Class ADC Pre-Amp •••
47 70
Electronic Echo .1 Reverberation Amp *
HO Pre-Amp w/10 band graphic equallzer *
BI-FIT IC Pre-Amp wr3 way tone control AA
4800
Stereo Simulator For Mono TV or Any Mono Source) ••
2700
300W HO Hi -Fi Power Mono Amp •••
85 00
7Band HI-FI Graphic Equalizer • • •
26 80
4Channel Protessional Color Light Controller*
Audio/Video Surround Sound Processor ••• •
65 00
Dynamic liaise Reduction •
26 00
Universal Audio/Video KARAOKF Mixer Pre Auu, •

TA-477

DIGITAL METERS AND COUNTER
SM-43
SM-48
SM-488
SM-49
SM-100
IC-1000A

Multi-Functional Led DPM (w/ABS plastic case/AA
4) •Hi-Precision PPM •••
ey Hi-Precision PPM Iw/ABS plastic case)•••
3r, Multi-Functional LCD DM P (w/Hold Function/LA
150MC Drgital Frequency Counter•••
1Guz Frequency Counter

17 20
18 71
42 80
29 00
78 00
42 80
75 00
34 93
85 00

Er 43 00
48 00
52.00
4410
90.00

moo

4

MISCELLANEOUS

18•355A
TR-35513
TB-503

•

0111

DESCRIPTION
3Channel Color Light Controller
Stereo Loudspeaker Protector •
FM Wireless Microphone •
AC/DC Quartz Digital Clock •
Sound /Touch Control Switch •
Infrared Remote Control Unit (w/Casei •••
Bar /Dot Level Meter ••
3.. Digital Panel Meter •
20 Steps Bar /Dot Audio Level Drspia‘ ••
Superior Electronic Roulette ••
80 VCapacitor (Suggested tor IA ;;; ,A ;
A

KIT ASSEMIL

14 85
11.25
19 00
200
22 00
24 15
2900
38 45
19 46
'0 10008 8TA-8021

REGULATORS

59 72
RO 58
95 81
58 24
96 00
68 W
6157
38.50
11000
3810
145 00
75 00
34 00
225 00

0-15V 5A Regulated DC Power Supply (no case Ar former) •
0.30V 3A Regulated DC Power Supply (no case 8. rformer) •
0-50V 3A Regulated DC Power Supply no case 8i) former) • •

56500
20 85
26 20
3500
33 81
38 00
46 14
27 24
73 00

KIT MEMO.
S15 65
15 65
16 75

S21 76
21 76
23 65

METAL CABINETS WITH ALUMINUM PANEL
MODEL
L01273
LG-1684
LG-1924
LG-1925
1.0-1983

el oW
3' 17
4 T6
e 191
5 191
25.•19"

u D' MATCHING
7
TA-2800. TA-377A. TA-2200
W
TA-323A. TA-377A. TA-2200
.
11 1
/ TA-802. TA-1500.TA120MK 2. TA-800 MK2 TA 10000
2
11 1
/ TA-477. TA-800. MK2. TA-1500 TA-1000A TA-3600
2
W
TA-377A TA-2800 TA-2200 TA-120MK 2

PRICE
S22 85
27 50
32 80
35 80
29 25

POWER TRANSFORMERS

KIT ASSES'S.
S34.50
38 00
41 20
36 00
79 00

-

500

•
1
j

MM.
MODEL
TV-238
TY-25
TV-35
Tv-36
TV-38
TV-41MK V
TV-42
TV-43
TV-45
TV-47
10 000u/f

T

1600

Metal Cabinet

•Due to this special otter e. low puce, we can only exchange or repa rany ot these units (TA-3600. TA-477. TA-802
TAT 000A) within 15 days of your receipt
•The above prices are tor the complete sets For separate unit price please see below
Transformer

AMPLIFIERS

TA- 1000A

MODEL
001
002
003
004
005
006
007

DESCRIPTION
28V x26A to 30V. 26A
36V 0238
40V x26A
24V x26A
26V x2 3A
18V x2 5A
53V e28A

MATCHING
TA-WO MK2 TA-802. TA-820k TA 1000A, TA-1500
TR-503. TA-323k TA-400 TA-300 TA-377A
TA-477
TA-120 MK 2
TB-3558
TR-355A
TA-3600

PRICE
27 00
22 00
28 00
22 00
16 00
15 50
43 00

Business 8. Showroom hours iPacific Time)
Mon thru Fri.
9.30 am to 5 00 pm
Sat. 10:00 am to 500 pm

MARK V ELECTRONICS INC. -8019 E. Slauson Ave, Montebello, CA 9O64OflII

Announcing Old Colony Sound Lab's

SUPER "SAVE YOUR INVOICE" SALE!
That's right! When you order from Old Colony from now through June, be sure to save the invoice
which comes with your shipment! It's worth cash! In July or August, you may subtract 10% of the
invoice's bottom line from any order of double or greater value-in addition to any other discount
which may apply!
For example, if you placed an order for $50 worth of products now, in July or August you would be
eligible for a $5 credit (10% of your earlier order) on any order of $10 or more (double or greater
the amount of your credit)! Plus any other discount!
BUT PLEASE REMEMBER:

YOU MUST SUBMIT YOUR ACTUAL PREVIOUS INVOICE WITH YOUR
NEW JULY OR AUGUST ORDER, SO BE SURE TO SAVE IT!
SEE OUR ADS ELSEWHERE IN THIS ISSUE
AND ORDER TODAY!
START YOUR SUMMER SAVINGS NOW!
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ELECTRONICS SCENE I

ENVIRONMENTALLY SEALED

DUAL-CHANNEL

KEYBOARD

UNIVERSAL COUNTER

BASICON's environmentally isolated key-

A universal counter with 5Hz-175MHz band-

board/display system, introduced to meet the

width and a ten-part-per-million (0-50 °C)

mounting and control needs of OEMs and

timebase is available from B&K Precision.

system prototypes, makes access to amicroprocessor easier. Designated the KD-1/B, the
unit features a Mylar covering and 0-ring
bezel mount that seals out moisture and dust.

II

The Model 1823 has frequency, period, perPOWERFUL SERVICE TOOLS
TO ELIMINATE DOWNTIME

The 4c Upgrade Maintenance Program from

iod average, ratio, time interval, and totalize
functions. It also includes an external timebase input.

The keyboard, four rows by four columns,

Micro-Circuits can help you eliminate the

Dual inputs and aratio function permit dis-

has pop-off customizable key caps. The dis-

intermittent connections causing downtime

play of the ratio of two input frequencies

play, four rows by 20 characters, has afull

and bad data—without identifying the prob-

(from 5Hz-10MHz on input channel A and

ASCII character set and uses an easy-to-read

lems. The 4c materials cover contact surfaces

from 5Hz-2MHz on channel B). The period

LCD panel. For ease of installation, the KD-

with a non-toxic lubricating carrier that

function's range extends from 0.5µS to 0.2S,

1/B mounts in a5" square opening.

prevents corrosion, leakage, or arc-over even

with resolution from 100pS to 100nS. The

at lkV between the edge card pads.

period mode allows you to make low-fre-

As an upgrade to the BASICON KD-1 keyboard, the KD-1/B includes an EPROM with

The product comes in two forms: the 4c3k

software to read the keyboard and write to

Kit (the "crayon") and the 4c3a aerosol. The

Low-frequency resolution exceeds the re-

the display. A single cable connects the unit

kits are for general connection use other than

quirements of commercial modems and

to most of BASICON's controllers.

most pin connectors and other hard-to-reach

tone-decoding systems.

quency measurements with high accuracy.

For more information, contact William V.

surfaces and cost around $80. The aerosols

The time interval function measures the

Rochat, President, BASICON, Inc., 14273

are for multi-pin connectors and hard-to-

time difference from the edge of channel A's

NW Science Park Dr., Portland, OR 97229,

reach surfaces. They come in 2, 6, and 12oz.

input to the edge of channel B's input, from

(503) 626-1012, FAX (503) 643-4686.

sizes and cost around $80, $210, and $380,

0.5µS to 0.2S, with 100pS to 100nS resolu-

respectively. All prices depend on the quan-

tion. The totalize function counts pulses

tity bought.

from 5Hz-10MHz, with front-panel reset

For more information, contact MicroCircuits Co., Inc., 10800 Maudlin Rd., New
Buffalo, MI 49117, (616) 469-2744, FAX (616)

and hold or with remote start/stop control
on the rear panel.
The universal counter is ideal for engineering applications, plant equipment mainte-

469-2742.

nance, and production testing. The unit
comes with adetachable power cord, sche-

I

matic, parts list, spare fuses, and instruction

PASSIVE BACKPLANE CHASSIS

luxe 10:1/direct probe and an accessory an-

a 19" rack-mounted PCXI chassis with a

tenna for checking transmitter frequency.

13-slot extended industry standard architecture (EISA) 32-bit passive backplane.

Published by Audio Amateur Publications, Inc

manual. Optional accessories include ade-

Rapid Systems has announced the PX1101,

The Model 1823 sells for $395. For more
information or the name of the nearest dis-

Rapid Systems Inc., 433 N. 34th St., Seattle,

tributor, contact B&K Precision, 6470 W.

WA 98103, (206) 547-8311, FAX (206) 548-

Cortland St., Chicago, IL 60635, (312) 889-

0322.

1448.
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FREQUENCY COUNTER
USES WINDOW 3.0

Optoelectronics has announced anew type

of universal frequency counter-timer in the
form of a9" drop-in card for personal and
laptop computers. The PC-10 uses Windows
3.0 as acontrol panel and display window
and it directly tunes radio receivers such as

ELECTRONICS SCENE

I

GLOBAL SPECIALTIES

"65 Ways to Save Time and Money Design-

ing and Testing Today's Electronics" is a

I

36-page catalog from Global Specialties.

MINIATURE MULTI-TONE ENCODER

The catalog features high-performance, af-

A miniature multi-tone encoder is available

fordably priced, electronic testing and proto-

from Communications Specialists. The en-

typing equipment.

the ICOM R7000, resulting in auniquely con-

coder permits selecting adiscrete CTCSS or

The catalog offers ten new products: digital

figured self-tuning radio.

burst tone from acustom 12- or 16-tone mem-

multimeters, test instruments, power sup-

At the heart of the PC-10 are a200MHz

ory. The tone is activated using arotary en-

plies, frequency counters, logic testers, bread-

custom CMOS ASIC and three bipolar

coder switch mounted on the board, instead

boards, and PC prototyping cards. Products
featured include a ten-instrument-in-one

MMICs. It is a10Hz to 2.4GHz radio instru-

of the usual DIP switch. If you need to change

ment that measures, captures, and analyzes

atone, the EEPROM will be reprogrammed

handheld multimeter, three logic analysis test

discrete and average frequency readings,

at the factory at no charge.

kits, and a digitally synthesized function
generator.

pulse width, time interval, period, and the

A portable, battery-powered programmer

ratio between two frequencies. The PC-10

is available for field programming. The en-

To obtain afree copy of the catalog or the

also provides a"reciprocal counting" feature

coder's size of 1.3" by 0.9" by 0.73" allows

name of alocal distributor, contact Global

for eight-digit resolution of low-frequency

for panel mount installation in most base sta-

Specialties, 70 Fulton Terrace, New Haven,

readings.

tions and many mobile radios.

CT 06512, (800) 572-1028.

The unit is simple to install, set up, and use.

Both units cost $39.95. For a catalog or

It works on an 8088 or higher-based IBM-

more information, contact Communications

compatible PC with Windows 3.0. This fre-

Specialists, Inc., 426 W. Taft Ave., Orange,

quency counter offers asoftware-calibration

CA 92665-4296, (800) 854-0547 or (714) 998-

feature: input any reference signal and enter

3021, FAX (714) 974-3420.

its frequency. PC-10 determines the refer-

I

TRIPLE-OUTPUT POWER SUPPLY

A triple-output variable DC bench power

ence frequency, compares it to what you say

supply is available from B&K Precision.

it is, then writes the difference to an initializa-

Conservatively rated, the 1651 will deliver

tion file. Then, whenever PC-10 takes amea-

maximum power output in continuous opera-

surement, it automatically corrects the

tion without overheating.

reading according to the calibration data.

Designed to power amix of analog and dig-

The PC-10 sells for $335 in unit quantities.

e/

For more information, contact Optoelectronics Inc., 5821 NE 14th Ave., Fort Lauderdale, FL 33334, (800) 327-5912 or (305)
771-2050, FAX (305) 771-2052.

I

AUDIO TRANSFORMER
TECHNOLOGY

ital circuitry, the 1651 is three DC power supplies in one: two variable 24V, 0.5A supplies
and afixed 5V, 4A supply. The 24V supplies
are switch-selectable for series, parallel, or
independent operation.
The unit has protection methods for reverse
polarity, overloads, short circuits, and current limiting (variable from 0-500mA with
automatic recovery). It also has low ripple

Sescom has announced Audio-Tran, an improvement in audio transformer technology.

(less than 2mV RMS) and tight line and load

Audio transformers used in professional au-

regulation (less than 0.01% +3mV for 24V

dio applications are favorites in field and

supplies, 0.1% +5mV on the 5V supply). Its

studio applications, but have suffered by

separate volt and amp meters are accurate

comparison to developments in electronic cir-

to within 2.5%. The Model 1651 is compact

cuitry. They exhibit low-frequency, highlevel distortion.
Audio-Tran can compete with the good fea-

I

(3.9" by 9.4" by 7.5") and weighs 10.5

SMPTE CALL FOR PAPERS

A call for papers for the 133rd SMPTE

pounds. Designed for 100, 120, 220, or 240V
AC input, it comes with three pairs of test

tures of electronic circuitry combined with

Technical Conference and Equipment Ex-

leads, a power cord, and an instruction

features of audio transformers. These new

hibit has been issued by Frank J. Haney, Ed-

manual.

modules have specially designed transform-

itorial Vice President of the Society of Mo-

The 1651 sells for $395. For more informa-

ers with electronic circuitry to give high

tion Picture and Television Engineers.

tion or the name of the nearest distributor,

power levels with ultra-low distortion across

The conference will be held in the Los Ange-

contact B&K Precision, Maxtec International

the audio band. The distortion is less than

les Convention Center October 26-29. The

Corp., 6470 W. Cortland St., Chicago, IL

0.005% from 20Hz to over 50kHz.

theme for this year's conference is "Ad-

60635, (312) 889-1448, FAX (312) 794-9740.

Two types of modules are available: the
AT-0 series of output types and the AT-I

vanced Motion Imaging—Enhancing the Universal Language."

series of input types, both microphone and

Prospective speakers should send a 500-

line units. These units are designed for OEM

word synopsis and acompleted SMPTE au-

requirements only.

thor form by May 31 to Marilyn Waldman,

For more information, contact Franklin J.

Program Coordinator, SMPTE, 595 W. Harts-

Miller, Sescom, Inc., 2100 Ward Dr., Hender-

dale Ave., White Plains, NY 1060, (914) 761-

son, NV 89015, (702) 565-3400, FAX (702)

1100, FAX (914) 761-3115. Final papers are

565-4828.

due by August 26.
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AMAZING
100,000 VOLT STUN GUN INTIMIDATOR
Construct your own high energy
personal protection unit.
•Intimidating effect up to 20 feet away
•Research into muscle building
STG2K Kit & Plans
.469.50
$129.50
STG20 Assembled tested
Miniature FM WIRELESS MIKE (3 Mi)
Construct adevice that transmits
sound to your FM radio, over
considerable distances
(up to 3miles)
•Be aneighborhood disc jockey
•Monitor children/invalids
•Build asecurity system
FMV1 Plans
FMV1K Kit & Plans
Invisible PAIN FIELD GENERATOR
Shirt pocket sized electronic
device produces time varient
complex shock waves of
intense directional accoustic
energy capable of warding off
agressive animals, etc.
IP67 Plans
IP67K Kit & Plans
IP670 Assembled testesd

$6.00
$39.50

dal)))
$8.00
$49.50
$74.50

SEE IN THE DARK VIEWING
Device uses invisible infra red illumination for seeing in
total darkness. Excellent application of night vision,
along with observing lasers and other IR sources.
Functional unit. Has many useful applications.
•Excellent science fair project
•Featured front cover "Radio Electronics"
August 1985
SD5 Plans
$10.00
SD5K Kit & Plans
$299.50
TELEPHONE TRANSMITTER (3 Mi)
Automatically transmits both sides of atelephone
conversation to an FM radio.
•Tunable frequency
•Easy to build & use
•Undetectable on phone
•Up to 3mile range
•Only transmits when phone is used
VWPM7 Plans
$6.00
VWPM7K Kit & Plans
$39.50
AUTOMATIC TELEPHONE RECORDER DEVICE
Automatically records both sides of atelephone
conversation onto atape recorder.
•Requires no power
•Easy to use
•Sub miniature
•Extends normal tape time
TAT3K Kit & Plans
$14.50
TAT30 Assembled
$24.50
ELECTRIC MAN/ION RAY GUN
Become an electric man! Construct anovel device that
transforms your body into awalking power source.
•Energize lights, objects and "other people."
•Demonstrate feats of magic and mystery.
•Enhances "apparent" telekinetic motion.
EMA1K Kit & Plans
$69.50
10G3K Kit & Plans (Gun Configuration)
$69.50
SEE IN THE DARK IMAGE
CONVERTER TUBES
Full Spec RCA 6032A
6032A & System Plans

$99.50

ELECTRONIC
PRODUCTS and KITS

LASER LISTENER
Hi-tech space age listening device that allows you to
hear sounds from asource requiring no access. Data
shows how to use our LLR1 Laser Lite Detector and
VRL2 Laser Lite Gun described on this sheet. CAUTION
-this data is for educational science projects only.
Check local and state laws before implementing.
Advanced science project.
LLIS1K Kit &Plans includes LLRINRL2
$199.50
GIANT SOLAR CELL
Demonstrates free energy from the sun. Shows how to
make asolar battery capable of doing actual useful work.
•Includes Plans to aSolar Battery
SOL1 Giant Solar Cells 4" 2amps & Plans
$7.50
SOLM1 6" x12" 14.5V Solar Cell & Motor
$14.50

5mw VISIBLE RED LASER DIODE SYSTEM
All new up to 5mw Highly Visible Red Laser utilizes
some of our unique circuit tricks that allows switchless
operation and non contact charging of the internal
nicad batteries. Shirt pocket sized system proveds up
to 5mw output and includes collimating lens. Circuitry
is being featured on front cover of Radio Electronics
magazine November 1990. This laser is areal
performer.
VRL2 Plans
$10.00
VRL2K Kit & Plans (3mw diode)
$158.50
VRL20 Assembled (3mw diode)
$249.50

TABLETOP TESLA COIL
•Spectacular and Fascinating
•Areal attention getter!
•Energy passes through windows!
•Great for science projects, displays,
stores advertising.
•Featured in Spring '84 Special
Projects by Radio Electronics
Highly spectacular device produces visible audible bolts
of lightning appearing to flash into the air. Cause
certain materials to burn from within and glow, lights
bulbs without wires, produces induction fields, St. Elmo
fire corona. Clearly demonstrates high frequency, high
voltages yet terminal may be touched by user during
operation with ametal object. 115VAC operation only.
BTC3 Plans
$10.00
BTC3K Kit & Plans
$249.50
BTC30 Assembled
$349.50
WORLDS SMALLEST TESLA COIL
Produces 50 to 75.000 volts of
lightning-like discharges capable of
generating "plasma in ajar",
St. Elmo's Fire, Corona or being
just an excellent conversation
piece. Unit contains power control
and discharge terminal. Excellent
lab or science project.
BTC1 Plans
BTC1K Kit & Plans
BTC10 Assembled & tested 115 VAC
powered unit, requires caution

INFORMATION UNLIMITED
DEPT ELK1, BOX 716, AMHERST, N.H. 03031
WE ACCEPT MC, VISA, COD, CHK. PLEASE AD $5.00 SHIPPING & HANDLING

$7.00
$49.50
$69.50

ELECTRO MAGNETIC LAUNCHER
This device clearly
demonstrates the magnetic
Ind mechanical reaction
produced by the "Lorentz'
force. This is the basis of
present research being done
on rail and coil guns.
weapons, or vehicle
launching. Great research
and controlled science fair
project. Propels object to considerable distance using a
discharge of 160 joules. Caution required, unit operates
on 115VAC.
EML2K Kit & Plans
$69.50
EML20 Assembled
$99.50

PLASMA FIRE SABER
Produces the spectacular effect that captured the
fantasy of millions of movie fans. Visible plasma field is
controlled by grip pressure &adjusts saber length.
Active energy field produces weird & bizarre effects
Excellent for special effects. Available in photon
blue/neon red/phasor green/starfire purple
PFS2 Plans
$8.00
PFS2K Kit & Plans
$49.50
PFS20 Assembled
$69.50

DECOR HI LITE NEON
26" display length. Available in choice of fire red,
phasor green, photon blue. Operates from 12VDC or
115VAC. Produces abizarre strobing effect when light
is in motion.
DNE10 Assembled
$49.50

MUSICAL NEON DANCING PLASMA FIRERHAPSODY IN LITE
Highly visible plasma length varies with the volume of
sounds and music.
•Supplement to home stereo
•Amusement for bars &entertainment areas
•Attention getting for point of sales
•Available in fire red, proton blue or phasor green
DPL1 Plans
$8.00
DPL1K Kit & Plans
$59.50
DPL10 Assembled
$79.50

-HARD TO FIND PARTS

-

VG20 -High Voltage 20KV Avalanche Diode
VG4 -High Voltage Sub Mini 4KV Avalance Diode
.001/15KV -High Voltage .001 AT 15KV Capacitor
TUD1 -Special Tunnel Diode 8 Plans for the Famous
Martini Olive Voice Transmitter
10K/25 -High Voltage 10KV 25MA 60HZ 115 AC
Transformer
CD258 -High Voltage 50KV Mini Pulse Transformer
TOO -High Voltage 8" High Toroidal Terminal
Fans -Muffin Fans 115 VAC, 3x3"
XLD660 -15 WATT Laser Diode with Plans

$3.50
$1.50

$3.50

$29.50
$69.50
$16.50
$69.50

$6.50

$19.50

VISIBLE RED LASER DIODES -670NM Toshiba all new full spec
VRD1 3MW Laser Diode & Plans to Build aComplete
System
$74.50

ORDERS: MAIL YOUR ORDER, OR
CALL TOLL FREE, 24 HRS. A DAY 1-800-221-1705
OR FAX 24 HRS A DAY 1-603-672-5406
FREE CATALOG OF MANY MORE ITEMS AVAILABLE ON REQUEST.
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SPEED CONTROL OF LARGE DC MOTORS
by K.A. Nigim, B.Sc., Ph.D., MIEE

The power circuit described in this article is used for obtaining a
variable direct voltage source from the 50 Hz a.c. mains supply.
The variable direct voltage is used, among other applications, for
controlling the speed of large d.c. motors.

A LTHOUGH

d.c. motors are more expensive than asynchronous a.c. motors,
their simplicity and controllability of speed
over awide range puts them in astrong,
competitive position for use as electrical
drive units in avariety of industrial processing plants.
There are several types of d.c. motor, depending on how the motor windings are connected and excited. The most popular and easiest to handle is the separately excited type.
In this, the magnetic field circuit is powered
by aseparate d.c. power source. This establishes the necessary magnetic flux, 0, in the
windings. When d.c. power is supplied to
the armature windings (the coils are embedded in the rotating part of the motor), torque
is developed and the motor starts to rotate.
To fully understand the behaviour of the
motor when it is powered by different levels
of direct voltage, the relationship between the
produced torque, current and speed is simplified in the following way. The torque, T,
developed by the armature windings when
the supply is switched on is given by:
T =Kt,

la

[N]

where Kb is amotor speed constant that depends on the number of turns the armature
windings consist of, how the windings are wound, and the number
of magnetic poles; I> is the flux
per magnetic pole produced by the
field windings; /
a is the current (in
amperes) flowing in the armature
windings and N is the symbol for
newton.
The current la produces aback
electromotive force, Eb, which is
given by:
Eb = Kb ON

magnetic flux, (/), produced by the magnetic
circuit. This method is restricted since the
speed range will always be above the specified rated speed, because the magnetic field
can not be made any stronger, only weaker.
Furthermore, failure of the control circuit
would cause very high speeds which might
be catastrophic. Generally, therefore, the
first method is used to maintain aconstant
output torque over the entire speed range,
while the second method is used where constant shaft power with speed is required.
Figure 1.
mature windings is balanced by the sum of
the voltage drop laRa and Eb :
Va = laRa+ Eb
= laR a + Kb ON

from which
N = (Va —I
aRa)14
This is the motor speed which, when ohmic
losses are small, may be approximated for
practical purposes to
N =ValKb

[V]

in which Nis the steady-state motor
speed.
The performance of amotor
may be analysed with the aid of
its equivalent circuit shown in
Fig. I. Note that the armature resistance, R a,is in series with Eb, because,
although the motor has ahigh inductance, this
is ignored during steady-state motor operations.
The field voltage, Va,applied to the arELEKTOR ELECTRONICS USA MAY 1991

Figure 2

From this equation, it is seen that two methods of speed control are possible. The first
one is to alter the supply voltage, Va.
The speed
may then varied from zero to its maximum
rating. The second method is to vary the
WorldRadioHistory

Variable d.c. power source
Variable d.c. power may be derived from
single-phase or three-phase a.c. mains supplies: in this article only single-phase sources
are considered.
There are various ways of converting alternating voltage to direct voltage; the simplest one that can be adopted successfully
to vary the speed of ad.c. motor rated at up
to 10 kW is shown in Fig. 2. The circuit uses
afull-wave rectifier bridge, afreewheeling
diode and athyristor. Each half cycle of the
input alternating voltage is rectified by bridge
B1.The rectified voltage is controlled by
thyristor Thy'. The thyristor is triggered by
phase-controlled signals at its gate. The firing signals are synchronized with
the waveform of the mains voltage to provide the required firing
delay angle, a. The thyristor is
switched off every time the supply voltage goes through its zero
crossing point.
The various levels of the average direct voltage across aresistive load and the motor are
shown in Fig. 3. Two sets of delay
angles are shown; one for high
power or speed with ashort delay
angle and the second for low power
or speed with along delay angle.
The relation between the produced
voltage and the delay firing angle
is given by
Vavg

Es(peak) (

+cosot)lr•

In practice, the motor can not be represented by aresistive load. As the motor rotates faster, aback e.m.f. is produced for
constant magnetic flux. The armature wind-

SPEED CONTROL OF LARGE DC MOTORS
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d.c. motor.

Thyristor synchronized firing
logic
IIte diagram of the electronic circuit that provides the required phase control (delay angles) over the range 0-180° is shown in
Fig. 4. It may be divided into three sections:
that producing the synchronizing signal, the
comparator, and the gate drive. It is powered by a12 V regulated power source based
on aType 7812 regulator (IC3).
A portion of the rectified, and as yet un smoothed, voltage at points A and B is applied to the base of transistor T1.The waveform of these voltages is shown in Fig. 5. A
pulse is produced at the collector of T1,point
C, every time the base voltage drops below
acertain level. This pulse is integrated by
the combination of amplifier IC la ,capacitor
C1,and variable resistor P1.
Transistor T2 is switched on at the onset
of each cyle and then short-circuits C1 and
IC I,. This results in asawtooth voltage at
Figure 3.
point D. This voltage is compared with avariable d.c. control signal in comparator IC lb.
The intersection of these two voltages deaway from the thyristor which then switches
ings also possess a large inductance and
termines the pulse at the output of the comoff. When the inductive current flowing through
some resistance: the motor will thus truly
parator, point F. The variable width of this
the armature windings and DI has decayed
behave as acomplex load.
pulse is, therefore, in step with the waveto zero, point C, the freewheeling diode
The reason for the motor current continform of the mains voltage.
ceases to conduct and the voltage across the
uing to flow in spite of the supply voltage
The controlled pulse is applied to monosarmature windings returns to the level of
dropping below the back e.m.f., point A, is
table IC 2,which produces anarrow pulse
Eb. From this, it is clear that DI allows the
the presence of the armature inductance.
circulation of stored energy and maintains a (point G) at the leading edge of the pulse at
This forces the voltage across the armature
the comparator output. The width of the
continuous load current. This is ahealthy prowindings to follow the supply voltage until
pulse, t, at point G is determined by R10 and
cess, since acontinuous flow of current through
it becomes negative at point B. At that point,
the load is essential for proper control of a C3 and is kept wide enough to sustain gate
freewheeling diode D I diverts the current
drive. The width is given by
t= 0.5Ri 0C3. [s]
An emitter follower, T3, interfaces the output of the monostable and the gate of the thyristor. To avoid gate isolation, the zero voltage
rail is tied to the negative rail of the power
circuit shown in Fig. 2. Therefore, the cathode of the thyristor must be tied to the negative rail.
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Figure 5.

Figure 4.
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GENERAL INTEREST

Construction and testing
Firing control circuit.
The firing control circuit, including the 12 V
regulated power supply, should be assembled
preferably on aprinted-circuit board (for which
no design is offered) or on asuitable prototyping board.
Owing to the sensitive nature of the circuit, an oscilloscope is needed to check the
relative position of the synchronized pulse
with respect to the mains voltage.
Connect the channel X probe of the oscilloscope to test point A and the ground
clip to the negative supply rail. With reference to Fig. 5, check the waveforms at points
A, B, and C, with the channel Y probe. When
the d.c. level at point E is changed, arectangular wave with variable width should be
obtained at point F. At point G, a2ms wide
pulse should be produced at the leading edge
of the pulse at F. Changing the d.c. level
with P2 should shift the pulse over the range
0-180° with respect to the waveform at A.
Network R7-C 2 across P2-12 8-R 9 ensures
asoft start of the control voltage applied to
IC ib, and sets the minimum and maximum
delay angles, thus determining the minimum and maximum speeds of the motor.
Connect a100-50012 resistor between the
emitter of T3 and the negative rail to check
that an output pulse is produced.
Network R12 -C 8 provides current and
dv/dt gate protection.

Power circuit and motor.
The ratings of bridge B1,diode DI and the
thyristor depend on the load current. If, for
instance, it is required to control a3.75 kW
d.c. motor, the current rating for amains
voltage of 240 V is close to 16 A. Both the
diode and thyristor, mounted on asuitable
heat sink, should then be rated at 35 A.
To test the power circuit, connect the
cathode of the thyristor to the negative rail
of the bridge rectifier. To play safe, first connect a100 W light bulb instead of the motor
windings across DI.Connect the output of
the control circuit to the thyristor gate and
the cathode of the thyristor to the negative
rail. When the delay angle is varied from minimum to maximum, the light bulb should
behave exactly as if it were controlled by a
light dimmer.
Next, connect the armature windings of
the motor (low resistance on amultimeter)
across DI.Before switching the supply to
the motor, make sure that there is avoltage
supply to the field windings (high resistance
on amultimeter). Refer to the motor name
plate for the rating of the field circuit. When
the supply to the motor is switched on and
the motor rotates in the wrong direction,
switch off and swap the connections to the
armature windings.
Finally, protect the thyristor by connecting aseries RC network between its anode
and cathode. Suitable values are R = 30 S2
(3 W) and C =0.1 I.LF (1000 V).
la

comPoNENTs LisT (FIG. 4)
Resistors:
R1, R4 = 10ko
R2 =470 CI, 0.5 W
R3, R5, R14 = 11(12
R6 =22 k12
R7 =47 k11
R8 =3.3 ki2
R9 =2.7 ki2
R10 = 15 kQ
R11, R13 =6.8 Id2
R12 = 100 f2
P1 = 10 fc.(.2 cermet potentiometer
P2 =5ki1multiturn potentiometer
Capacitors:
C1 = 11.1F, 63 V
C2, C8 =0.1 ptF, 100 V polypropylene
03 =0.15 µF polypropylene
04 =2200 piF, 25 V, electrolytic
05, C6 =22 nF, ceramic
C7 = 10 )IF, 35 V, tantalum
Semiconductors:
B1 =bridge rectifier, 200 V, 0.5 A
D1, 02 = 1N4001
D3 =LED, green
D4 =zener diode, 4.7 V
T1, T2 =BC107
T3 = BFY51
IC1 = LM358
102 =CD4098
103 =7812

INTEL FOUNDATION ESTABLISHES FELLOWSHIPS
TO HONOUR ROBERT NOYCE

T

HE Intel Foundation has established the
Robert Noyce Memorial Fellowship Fund.
Noyce, co-founder of Intel and Fairchild
Sem iconductor Corporation, Chief Executive
Officer of SEMATECH, and co-inventor of the
microchip, died last year.
"Bob Noyce spent the final decade of his
life working to improve the competitiveness of the United States in the world economy," said Gordon E. Moore, chairman of
Intel Corp. "With these fellowships, the Intel
Foundation is trying to honour Bob's commitment by supporting students preparing
to apply their technical training to jobs in
the U.S. industrial sector. Ithink Bob would
have approved," he added.
Intel gave adirect grant of $500,000 to
fund the fellowships and is matching other
contributions dollar-for-dollar. In addition
to the fellowship funding by Intel, other contributions have come from corporations and
foundations, and private individuals. Total
funds available already amount to $1.2 million.
Fellowships will be awarded to graduate
students with undergraduate technical backgrounds pursuing amaster's or doctorate deELEKTOR ELECTRONICS USA MAY 1991

gree whose research has the general goal of
improving U.S. industrial competitiveness in
the world economy.
Intel endowed the fellowships in Noyce's
memory at four iniversities he was close to
during his life:
The University of California at Berkeley,
College of Engineering; the fellowship will
be awarded to candidates from the Management
of Technology Program, an interdisciplinary
programme between the College of Engineering,
the Haas School of Business Administration
and the Berkeley Roundtable on the International
Economy. Noyce served as aregent of the
University of California system.
The University of Texas at Austin, School
of Engineering, where Noyce served on the
Engineering Foundation Advisory Council
Board while CEO of SEMATECH. Fellowships
will be awarded to Ph.D. candidates within
the Micro-Electronics Research Center in the
areas of integrated circuit process and device modelling, simulation capability development and the identification and analysis of integrated circuit device structures
WorldRadioHistory

with improved reliability and manufacturability.
The Massachusetts Institute of Technology,
Sloan School of Management, where Noyce
received his Ph.D. The fellowships will be
awarded to candidates from the Leaders for
Manufacturing Program and the interdisciplinary programme between the Schools of
Engineering and Management, focusing on
management and engineering that includes
a nine-month corporate internship.
Grinnell College, Grinnell, Iowa, adistinguished undergraduate liberal arts college and
Noyce's alma mater, where the Robert N.
Noyce Public Service Internships in Technology
have been established. The internships, keeping in line with the fellowships, will have a
focus on applied science and an emphasis
on application over discovery.
For further information, contact
Intel Corporation
3065 Bowers Ave.
Santa Clara, CA 95051
(408) 987-8080

8032/8052 SINGLE-BOARD
COMPUTER

E

FRÓIe+COVER
PROJEC''

MAIN SPECIFICATIONS
• Low-cost single-sided Eurocard
(10x16 cm)
• Ideal for software and hardware
development
• Programmable in BASIC, machine
code or assembler
• 8032, 80C32 or 8052AH-BASIC
microcontroller

Power to the bits and bytes! Here is the Mark-II version of
the popular BASIC computer we published afew years ago.

• 32 Kbyte ROM
• 32 KByte RAM
• Memory backup battery

This time we present an even more powerful system with

• Simple power supply

more RAM, more ROM, an on-board EPROM programmer,

• On-board EPROM programmer

and many more goodies on asingle-sided Euro-size PCB.
Ideal for small control applications and software

• Simple to use serial interface

development, the present single-board computer (SBC) can
work with Intel's powerful 8032, 80C32 or 8052AH-BASIC
processor. The latter has an on-chip interpreter that allows
you to program in BASIC with full access to machine code.

H. Reelsen

M

ICROCONTROLLERS these days are
silent workers in many apparatus,
ranging from the washing machine to the
video recorder, to mention but two examples
in the home. Nearly all of these controllers
are mask-programmed and therefore of very
little use for hobby applications since the

program they execute can not be altered.
And even if we could alter the program, the
information necessary to do so — an instruction set, an assembler language description
and some basic hardware information — is
often not available or very difficult to obtain.
Also, the last resort of many programmers, a
cross-assembler, is long sought but never
found. In short, many microcontrollers,
powerful as they may be, are not accessible

• Clock frequency up to 24 MHz
(80C32) or 15 MHz (8032 or
8052AH-BASIC)
• Low-cost a-c row 64-way DIN
connector for serial interface and
hardware extensions

(but bear in mind that they were not designed to be so).
An marked exception to the above
'misery' is the 8052AH-BASIC from Intel.
This microcontroller has features that seem
to make it more accessible than any other
single-chip microcontroller with a reasonable price tag. Consider, for instance, its bit
manipulation instructions, its internal
BASIC interpreter, its ability to program
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COMPUTERS AND MICROPROCESSORS
EPROMs, or load a BASIC program into
memory via athree-wire RS-232C link.
In 1987 we published asingle-board computer based on the 8052AH-BASIC (Ref. 1),
and it has been apopular project ever since.
The computer was not only built and programmed by vast numbers of computer enthusiasts, its design concept was also taken
up commercially, witness the sudden influx
of 8052-based controller boards and development systems following our publication.
The single-board computer described
here is an upgraded version of the 8052AHBASIC computer. The improvements are basically a larger RAM and ROM space of
32 KByte each, a memory backup circuit
with 2 µA RAM data retention current, a
12.5-V EPROM programming voltage supply, and, last but not least, the possibility to
use the ROM-less (inexpensive) 8032 or
80C32 microcontroller. A further boon for
the home constructor is that the printed-circuit board for the present computer is singlesided and designed with 0.4-mm wide
copper tracks for easy reproduction. This
allows the cost of the computer to be kept to
a minimum. If a double-sided board had
been used, it would probably have cost more
than all the components on it to build the
8032 version of the computer.
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IC9

o

IC12
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8...16V

5V

o
W

D4

5V
100e

16V

2x
1N4148

03
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IC5
5V

7
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C5
Min

TL081
4

220e
MKS

BC337

3.0V
Lithium

95
27

0 0

The circuit
The heart of the circuit shown in Fig. 1 is
either the ROM-less 80(C)32 CPU or the
8052AH-BASIC processor. The LS (least-significant) group of address lines, AO-A7, is
multiplexed with the data, and extracted
with the aid of octal latch IC8 when the ALE
(address latch enable) signal is logic high.
The latched databits are fed direct to the data
inputs of the system RAM and ROM, as well
as to buffer IC9. The MS (most-significant)
group of address lines, A8-A15, is not multiplexed and connected direct to the memories
and the address decoders, ICI, IC2 and IC3.
The memory map of the system has the
following structure:
• two ROM ranges, one from 0000H to
3FFFH and one from 8000H to BFFFH;
• one RAM range from 0000H to /1-1
.}H.
• An I/O range mapped between addresses COOOH and OFFH.

*see text
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The structure of the memory map is illus-
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ICIO

IC8

IC3

\AO

trated in Fig. 2. Wire jumper Br' when fitted
allocates the range from 0000H to 1FFF H (a
part of the ROM range) to the internal BASIC
interpreter ROM in the 8052AH-BASIC processor. The wire jumper is removed when an
external ROM (or EPROM) is used, as required in most cases with the 80(C)32.
The ROM and RAM ranges have an overlapping area between 0000H and 1FFFH.
The
PSEN signal allows the processor to use this
'shared' area either as program memory or
data memory. This means that the memory
structure of the 80(C)32 and 8052 is not based
on the 'classic' Von Neumann model in
which the memory areas allocated to program and data are arranged as contiguous
blocks in the address space. Fortunately, the

1

IC1
IC2

=ZZZ

Fig. 1.

Circuit diagram of the single-board computer. Note that although a80C32 CPU is showr
WorldRadioHistory
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rou may also fit a 8032 or 8052AH-BASIC. The latter brings programming in BASIC within easy reach if you have a PC emulating a terminal.
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present system does allow for a'classic' address division. This is achieved as follows:
access to the lower 16 Kbytes in the ROM
(EPROM) area is only allowed when the
CPU supplies the appropriate address, and
actuates the PSEN line. The upper 16 KByte
range can be selected with the appropriate
address and the RD (read) or the PSEN signal. This means that the upper 16 KByte
range may function as adata memory or a
program memory, which is a requirement
for the storage of BASIC programs. The
memory division is realized by a 74HCOO
(IC2) whose gates are combined to form a
kind of decoder.
The lower 16 KByte block in the RAM
range between 0000 H and 7FFFH can only be
used as data memory, while the upper
16 KByte block can be used as data memory
or program memory because it does not
overlap the ROM range. The upper block is
therefore suitable for writing and debugging
programs written in machine code.
The address decoding of the RAMs is arranged by IC3. Gate ICIb combines address
lines A14 and A15 to provide an input/output address strobe, LOAD, required for the
signalling of access to the address range
above COOO H,i.e., the range reserved for I/O
operations.
Although IC9 latches the lower address
byte like ICs, it is controlled differently via its
OE input which is connected to the previously mentioned LOAD line. This means
that the 8-bit address is latched only when
IOAD is actuated. Otherwise, the de-actuated IC outputs are held at +5 V by aresistor
array and so represent avalue FF H.
The datalines are buffered by an octal
three-state bus driver, ICio. The RD signal
supplied by the controller is inverted by IC2c
and
determines
the
data
direction
(read/write) of ICio. To keep the external
bus free from all of the data transfer oper-

ations performed by the processor, ICio is
enabled by LOAD via its C input.
Port 1is freely available and may be used
to convey outgoing as well as incoming data.
A bidirectional bus driver Type 74HC245
protects the controller and increases the
drive capacity when the port is used as an
output. The logic level applied to the P1DIR
connection determines the direction of the
data. When P1DIR is not connected, or connected to ground, the port functions as an
output (write). The input function (read) is
selected by making P1DIR logic high. The
2.7 kfl resistors between ICii and the controller prevent overloading when port 1is
programmed as an output while ICii supplies data as aresult of incorrect programming. The resistors limit the processor output
current to asafe 2mA or so in this outputagainst-output conflict.
A memory backup circuit retains the
RAM data when the power is removed from
the computer. A PCB-mount 3-V lithium cell
supplies the required data retention current
to RAM IC6 via resistor Rio and diode D3.
When the computer is in normal use, diode
D4 conducts and D3 isolates the backup battery. If you have asensitive voltmeter, the
data retention current may be measured indirectly as the voltage across resistor Rio:
1mV corresponds to about 1µA of RAM
current.
The RAM is automatically switched to its
low-power standby state when the power is
removed. This function is effected by aMOSFET, T2. As long as the computer is powered
by the mains supply, the PET takes the CE
input of the RAM low. When the power is
removed, the PET arranges the CE input to
be effectively connected to the retention voltage via resistor R9. In this manner, the RAM
is never allowed to be in anon-defined state
(i.e., CE 'floating' while a voltage exists
across the supply terminals) which results in

arelatively high current drawn from the battery.

Interfaces
Programming the board in BASIC essentially requires aserial keyboard as an input
device, and aserial display as an output device. The two functions are probably best
combined into aterminal or aPC running a
terminal emulation or general-purpose communication program (see Refs. 2and 3).
The SBC has an on-board serial interface
that works with TTL levels. The RX (received
data) and TX (transmitted data) terminals of
this interface are available on the DIN-VG64
connector, Ki. Although the serial interface
of the SBC works basically with TTL levels,
there should be no problem in hooking it up
to a terminal or PC with an RS232C-compatible input/output. Designed to work
with ±12-V signals, most of these interfaces
work happily with TTL (0 V/+5 V) signals,
although it must be noted that the noise immunity suffers considerably when arelatively long cable is used between the SBC and
the PC or terminal.
At the side of the SBC, the signal received
at terminal RX of connector Ki is made positive only and limited to aswing of 5Vby R20,
aresistors in 8-way array R2i, and diode Ds.
The RS232C signal is inverted as required by
that standard by 102. The serial signal at the
TX output of the SBC has aswing of 5V, and
is connected to the RxD input of the terminal.
The RX input of the SBC is connected to the
TxD output of the terminal or PC.
The two interrupt inputs of the board,
INTO and INT1 (pins c3 and c5 respectively
on Ki) enable the processor to respond
quickly to external events. The use of interrupts is of particular interest when the SBC
is at the heart of acomputer-controlled system. A software interrupt is acknowledged
by the processor with an appropriate servicing routine written by the user.
The SBC may be reset with an external
signal via the RES terminal, pin cl 1on
Since 102 contains inverting buffers, the
write (WR), read (RD) and I/O address
(IOAD) signals are active-high on connector
Ki. An example of the use of these signals for
a data input/output decoder is shown in
Fig. 4.

On-board EPROM
programmer

Fig. 2.

Parts of the memory space in the system are shared by ROM and RAM. A special

kind of memory addressing is therefore required to access the right data or program.
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The 8052AH-BASIC processor is capable of
storing aBASIC program in EPROM starting
from address 8000H. The hardware to do so
consists of opamp ICs, transistor Ti and a
handful of passive parts. The non-inverting
input of the opamp is held at +5 V, while the
inverting input is connected to pin a12
(PRG) of connector Ki via a2.2 kI resistor. A
low level on PRG takes the opamp output
high. Transistor Ti then supplies a programming voltage of about 12.5 V to the Vpp
pin of the system EPROM, 10. When the
PRG line is at +5 V, the Vpp pin is at 5V also.

8032/8052 SINGLE-BOARD COMPUTER
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Fig. 4.
Illustrating byte-wide input/output for the SBC. Shown here are two suggested external circuits to effect memory-mapped
input/output operations with the single-board computer. Both circuits are wired to the system extension connector. The left-hand circuit
reads an array of eight push-buttons in a keyboard, while the right-hand circuit is a basic output device that controls eight LEDs.

The ALE signal must be disabled while
the EPROM is being programmed. This is
achieved by the processor making the
ALDIS line logic low. To program an
EPROM, connect the PRG terminal to port
line P1.4, and the ALOIS line to port line
P1.3. The P1DIR terminal is not connected,
and jumper Br2 is best removed.
The programming sequence is indicated
by LED D6, which lights only when the programming voltage is higher than about
6.5 V. Wire jumper Br2 must not be fitted
while D6 lights.

Which processor?
The choice between a 8052AH-BASIC, a
80C32 or a80C32 processor is up to you. The
latter two do not have an on-chip BASIC interpreter, and can only be programmed in
machine code. It is, however, possible to unload the BASIC interpreter from the
8052AH-BASIC, transfer it to EPROM, and
run it with a 80(C)32. How this can be
achieved is detailed in Refs. 2and 3. In addition to the information provided in these earlier publications we print another EPROM
downloader — see Fig. 4.

The 80C32 can work with much faster
clocks than the 8052AH-BASIC: according to
the manufacturer, it is capable of operating
at aclock of 16 MHz. A couple of our prototypes however worked fine at a clock of
24 MHz. By contrast, the HMOS 8052AHBASIC threw in the towel at about 15 MHz.

Power supply
The unregulated power supply voltage to
the SBC should normally lie between 8 V
and 12 V. To enable the 12.5-V stabilizer
around ICi and Ts to operate correctly, a
minimum supply voltage of about 16V is required when an EPROM is to be programmed. Provided IC4 is adequately
cooled, the SBC may be powered permanently with 16 V obtained from a simple
mains supply: a12-V transformer, abridge
rectifier and a1,000 1.1.F capacitor should do
the job.
The current consumption of the SBC depends on the ICs fitted. When the CMOS
80C32 is used, you can expect acurrent consumption between 50 mA and 150 mA. The
HMOS CPUs (8032 and 8052AH-BASIC) will
require the power supply to deliver more
WorldRadioHistory

than 300 mA. Depending on the type of
EPROM installed (CMOS or non-CMOS),
add another 100 mA or so to the current requirement.

Practical use
The microcontroller has its own clock generator which operates in conjunction with a
quartz crystal. Remove inductor Li when a
quartz crystal specified for fundamental frequency resonance is used, as with the
8052AH-BASIC, which will not go faster
than 15 MHz or so. Since most crystals of
20 MHz and higher are overtone types, Li
must be fitted when a24-MHz type is used
with a80C32 processor. A 1.5-gH inductor
then prevents the crystal resonating at its
fundamental frequency of 8MHz.
In case the computer does not function
spot on, the power-on reset capacitor, C9,
may have to be changed from 220 nF into a
4.7 I.IF tantalum type. This may be necessary
when the supply voltage rises too slow at
power on.
You will need software to program the
computer, and to use the computer in conjunction with aterminal. MCS-52 assemblers
ELEKTOR ELECTRONICS USA MAY 1991

ga

Fig. 5.
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Track layout (mirror image) and component mounting plan of the single-sided printed circuit board for the computer.

and cross-assemblers are available for use on
aPC, and the object code may be transferred
to the SBC by means of an EPROM. If you
want to avoid the hassle of burning
EPROMs, debugging the program, erasing
the EPROM and programming it again, consider the use of an EPROM emulator which
forms adirect link between the PC used to
develop the program and the target system,
ELEKTOR ELECTRONICS USA MAY 1991

in this case, the SBC.
By virtue of its internal BASIC interpreter, the 8052AH-BASIC is much simpler
to get going than the 80C32: connect the terminal or PC to the SBC via RX, TX and
ground, set abaud rate of anything between
300 and 19,200, reset the SBC and press the
space bar to initiate the automatic baud rate
timing. The message
WorldRadioHistory

*MCS-51 (tm) BASIC V1.1
READY
should appear on the console display, and
you are ready to start entering or downloading aBASIC program.
One final note: when the 8052AH-BASIC
is used, do not suspect amalfunction of the
memory backup circuit if you find that your
program has disappeared. The BASIC inter-
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COMPONENTS LIST
Resistors:

6 220riF

C4-C9

2 33pF ceramic

C10;C11

1 47051

R1

1 1501

R2

1 47Q

R3

Semiconductors:

1 2W2

R4

1 BC337

Ti

10 2k.Q7
1 10k,Q

R5;R8;R12-R19
R6

1 BS170
1 1N4004

T2
01

1 5600

R7

3 11(Q
1 15kQ
2 9-way 10k0 SIL

R9;R10;R11

1 4V7 0.4 W zoner diode D2
3 1N4148
03;04;05

R20
R22;R26
R21;R23;R24

3 8-way 101(Q SIL
1 1MQ

R25

1 74HCT240
,IC12
1 80C32 or 8052AH-BASIC
Miscellaneous:

1 green LED
3 74HCOO

D6
IC1:1C2:1C3

1 LM317
1 TL081

IC4
IC5

1 62256-LP2
1 27C256-2

IC6
IC7

1 10-15 choke
1 64-way a-c row DIN
connector with angled
solder pins
1 12MHz, 15MHz or 24MHz
quartz crystal
1 3V lithium battery
(button cell) for PCB
mounting

Cl

2 74HC573

IC8;1C9

2 10OµF 16V radial

C2:C3

2 74HC245

IC10;1C11

1
10
20

FOR I=0 TO 8191 : XBY(I+8192)=CBY(I)
: NEXT I
PRINT "UNIVERSAL PROM PROGRAMMER" : PRINT "WHAT TYPE OF DEVICE
PRINT : PRINT "1 = EEPROM" : PRINT "2 = INTELLIGENT EPROM"

30
40
50
60
70
80
90

PRINT "3 = NORMAL (50 MS) EPROM" : PRINT : INPUT "TYPE (1,2,3) ON (T-1) GOSUB 340,350,360
REM this sets up intelligent programming if needed
IF W=.001 THEN DBY(26)=DBY(26).0R.8 ELSE DBY(26)=DBY(26).AND.OF7H
REM calculate pulse width and save it
PUSH (65536-(W*XTAL/12))
: GOSUB 380
POP G1 : DBY(40H)=G1 : POP G1 : DBY(41H)=G1 : PRINT

100
110

INPUT
PRINT

120
130

IF E<S.OR.E>OFFFFH THEN 110
PRINT : INPUT " PROM ADDRESS

140
150

REM calculate the number
PUSH (E-S)+1 : GOSUB 380

160

REM

170
180
190
200

PUSH (P-1) : GOSUB 380 : POP G1 : DBY(26)=G1 : POP G1 : DBY(24)=G1
REM set up the source address
PUSH S : GOSUB 380 : POP G1 : DBY(27)=G1 : POP G1 : DBY(25)=G1
PRINT : PRINT "TYPE A 'CR' ON THE KEYBOARD WHEN READY TO PROGRAM"

210
220
230

" STARTING DATA ADDRESS - ",S
: INPUT " ENDING DATA ADDRESS

up the

REM wait

for

eprom

a

'cr'

then

PGM
REM see if any errors
IF (DBY(30).0R.DBY(31))=0

270

PRINT

280
290

REM these routines
REM eprom location

330

program

the

100

THEN

130

: DBY(30)

= G1

eprom

THEN

PRINT

"PROGRAMMING

"***ERROR***ERROR***ERROR***"
calculate the address of
that failed to program

COMPLETE"

: END

: PRINT
the

source

and

S1=DBY(25)+256*DBY(27) : S1=S1-1 : D1=DBY(24)+256*DBY(26)
PHO. "THE VALUE ",XBY(S1),
: PH1. " WAS READ AT LOCATION ",S1 : PRINT
PHO. "THE EPROM READ ",XBY(D1),
: PH1. " AT LOCATION ",D1 : END
REM

these

subroutines

340
350

W=.0005 : RETURN
W=.001 : RETURN

360
370

W=.05 : RETURN
REM this routine

380

: POP G1

?"

THEN

P<8000H.OR.P>OFFFFH

910042

220

240
250
260

300
310
320

: IF

to program
: DBY(31)=G1

X1

address

X=GET : IF X<>0DH THEN
REM program the eprom

: PRINT

- ",P

of bytes
: POP G1

: IF S<512.0R.S>OFFFFH
- ",E

Li
K1

Batl

1 TO220 style heat-sink
1 printed-circuit board

Capacitors:
1 10µF 35V radial

set

IC13

POP GI

: PUSH

takes

set

up

the

(Gl.AND.OFFH)

the

top

pulse

of

: PUSH

stack

width

and

returns

(INT(G1/256))

high,

low

bytes

: RETURN

Fig. 6. Type in this listing if you want to unload the BASIC interpreter from the 8052AH-BASIC CPU, transfer it to EPROM and run it with
a8032 or 80C32. The advantages: lower cost and higher speed. The pulse timing in this program is based on aclock of 11.0592 MHz.

preter on reset runs amemory test that clears
all of the RAM content. When the program is
transferred to EPROM, you have the option
to use the programming mode PROG3,
which forces the interpreter to clear the
memory up to the value indicated by MTOP.
All data above MTOP is retained.

References:

1. "BASIC computer". Elektor Electronics November 1987.
2. "CMOS replacement for 8052AH-BASIC".
Elektor Electronics January 1990.
3. "ROM-copy for 8052-BASIC computer".
Elektor Electronics September 1990.
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For further reading:
1. Microcontroller Handbook, Intel Corp.
1984.
2. MCS® BASIC-52 users manual, Intel
Corp. 1984, order no. 270010 001.
3. "LCD for 8052 microcontroller". Elektor
Electronics Supplement July/August 1990.
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UNIVERSAL I/O INTERFACE FOR
IBM PCs
Those were the days when you could use your Commodore C64,
Acorn Atom or ZX81 computer to control hardware intelligently.
Model train systems, robots, greenhouse watering and temperature
control systems — all within easy reach of the keen programmer
with little or no knowledge of computer hardware. Alas, the coming
of the IBM PC, the compatibles, the ATs and the 386-based systems,
seems to have banished simple hardware interfacing, the PC being
an expensive 'box' harnessing a lot of computing power, but
restricted to use in an office environment. We do not agree that a PC
is unsuitable for control applications: all it needs is the circuit
described here: alow-cost fully buffered insertion card that forms a
versatile, simple and safe link between the PC (whether an XT, AT or
386-based machine) and your own hardware.

A. Rigby

U

SING acomputer and some home-brew
software to control apparatus is sheer
fun. A few lines of program code allow
lamps to light, motors to start turning, and
model trains to find their way on acomplex
track system. Sensors and other types of recorder device enable acomputer to measure
and store physical quantities from the 'real
world' around us.
Unfortunately, an IBM PC or compatible
appears to be less suitable for the above control applications as it is very much aclosed
system designed for office use. Does that
imply that we have to say goodbye to the
model train system and the computer-controlled hobby lathe? No! Many of you will
have noted that PC interface cards are being
offered for industrial control applications.
Unfortunately, these cards are pretty expensive, so it's time for alow-cost solution.

Count the components
The circuit shown in Fig. Imay well be the
simplest PC I/0 interface you have ever
seen, having only three ICs, three resistors
and three capacitors. The interface is suitable
for all types of IBM PC and compatibles, i.e,
XTs, ATs and 386-based systems.
The circuit acts as abuffer between the
computer and the external hardware, and is
set to operate at aunique address in asmall
area in the PC's I/O range.
As shown in the circuit diagram, the connector between the computer and the interface card is a type with 31 connections at
each side. This is the well-known IBM PC expansion slot connector. A small number of
signals available on this connector are used
ELEKTOR ELECTRONICS USA MAY 1991
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for the present interface and/or the hardware controlled by it. The external hardware
is connected to Kt, a20-way PCB header that
provides the 8-bit wide databus, two address
lines, an enable signal and the read and write
signals. The computer's 5-V supply rail is
also available on Kt, allowing small (experimental) digital circuits to be powered
without the need of an external supply.
The address decoding logic ensures that
interface card occupies four addresses in the
I/O range reserved for prototyping cards.
The actual address setting is accomplished
with three switches in DIP switch block Si. In
all cases, afree base address must be used,
i.e., the interface card must not share an I/O
address with any other card in the PC. The
four addresses in the block are selected individually by AO and Al. For convenience the
DIP switch settings are printed on the component overlay of the interface card (see the
component mounting plan in Fig. 2b).
The three switches determine the logic
level at inputs PO, PI, P2 and P3 of ICI. The
pull-up resistors connected to these inputs
provide alogic high level when aswitch is
opened. When aswitch is closed, the relevant IC input is logic low. All other Pinputs
of ICI are held at fixed logic levels.
Address lines A2 to A9 on the expansion
bus are connected to inputs QO to Q6 of address comparator ICt. An AND gate, IC3d,
combines address lines A8 and A9 at input
Q6. This frees input Q7 for use by AEN, the
address enable signal that indicates DMA
(direct memory access) activity without an
I/O address being decoded. Gate IC3c ensures that IO is enabled during a read or
write operation only. When the binary code
at the P inputs equals that at the Q inputs,
output P=Q goes low. This signals the selection of the user hardware hooked up to connector Kt. The P=Q output also actuates the
C input of IC2, which enables the PC's databus to be connected to the databus on Ki. The
direction of the dataflow between the PC
and the external hardware is determined by
the level of the RD (read) signal. A low level
means that data is transferred from Ki to the
PC, while ahigh level means data transfer
from the PC to Kt. Both the RD and the WR
(write) signal on connector Kt are provided
by the PC and buffered by agate, IC3a and
IC3b respectively. The PC's databus is buffered by IC2. Since all PC signals are buffered, the risk of cross-effects between the PC
and the external hardware is reduced to a
minimum.
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Circuit diagram of the interface card for IBM PCs and compatibles. This ultra-simple

circuit forms the ideal link between a PC and your own hardware developments.

Construction
The compact printed-circuit board designed
for the PC interface is shown in Fig. 2.
Ready-made boards supplied through our
Readers Services are provided with goldplated bus contact fingers. Connector Kt is a
so-called box header with right-angled PCB
pins. It protrudes from aclearance cut in the
support bracket attached to the rear side of
the circuit board. This arrangement allows
ready connection of aflatcable with an IDC
connector.

Fig. 2a.

Mirror-image track layouts of the PCB component side and solder side.
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COMPUTERS AND MICROPROCESSORS

After mounting all components, set the
DIP switches to the desired I/O address. To
avoid an address conflict, consult the manuals of other cards inserted in the PC to
make sure the interface occupies afree address. Applications for the interface card will
be described in future articles.

Kl
+5V

10 0

2

+5V

1/00

3

4

1/01

1/02
5
-0
1/04
7 0 0

6

1/03

8

1/05

1/06

9 0 0

10

1/07

GND

110 0

12

NC

14

ENABLE

0

0
0

GND
13 0 0
AO
150 0
--Al
170 0
GND
190 0
-

16

RD

18

WA

20

GND
910046 -12

Fig. 3.

Pinning and signal assignment on

connector

COMPONENTS LIST
Resistors:
3

10k5≥

Rl;Ft2;R3

Capacitors:
3

100nF

Cl ;C2;C3

Semiconductors:
1

74HCT688

Cl

1

74HCT245

IC2

1

74HCTO8

IC3

Miscellaneous:
1 20-way header with
eject handles and
angled PCB pins

K1

1 4-way DIP switch
1 printed-circuit board
Fig. 2b.

Component mounting plan.

Flopp disk emulator for PCs
The recently introduced EDISK insertion card from DSS innovative electronics is capable of emulating afloppy disk
drive in aPC. The maximum storage capacity of the EDISK is 4 MBytes with
EPROMs fitted, or 1MBytes with static
RAMs fitted. The following EPROM
types
may
be
used:
27(C)512
(64 KBytes); 27(C)010 (128 kBytes);
27(C)020
(256
kBytes);
27(C)040
(512 kBytes). The card supports two
32 kByte SRAM types, the 62256 and
the 621000.
The EDISK card enables you to replace the mechanical floppy disk drive
A: by an all solid-state equivalent, which
will be faster as well as more reliable,
offering a speed of the order of a RAM
disk. The main difference between the
EDISK and aRAM disk, however, is that
the contents can be stored in non-volatile
EPROMs, or stored in static RAM. When
the computer is switched off, the pro-

NEW PRODUCTS
grams contained in the EDISK will be
retained in static RAM by virtue of a
back-up battery. Another difference is
that the EDISK is automatically writeprotected if EPROMs are used. The
EPROMs are loaded with the aid of a
programmer; their content can not be
changed or erased by the PC user.
Since the EDISK is based on non-volatile memory, it is possible to boot the
computer without afloppy disk, or even
without adisk controller card.
The EDISK allows a combination of
EPROMs and RAMs to be fitted, which
effectively emulates two drives, drive A:
containing EPROMs and drive B:
SRAMs.
Applications of the EDISK include a
'stripped' XT computer that can be connected to anetwork as adiskless station.
WorldRadioHistory
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Alternatively, amotherboard fitted with
an EDISK and a special I/O card can
form apowerful control system. The use
of SRAMs allow system parameters to be
stored and altered as required.
For more information on the EDISK,
contact DSS innovative electronics •
Accustraat 25 • 3903 LX Veenendaal • Holland. Tel. +31 8385
41301. FAX: +31 8385 26751. US
dealer inquiries invited.

LASER
PART 1: POWER SUPPLY AND MIRROR GALVANOMETERS

Over the past few years, avariety of low-power
Helium-Neon (HeNe) laser tubes has found its way into the
electronics surplus trade circuit. Unfortunately, these laser
tubes are nearly always sold without a suitable power
supply, which, being a higi-voltage unit, is not so simple to
construct. In this two-instalment article we describe a
power supply for the popular 2-mW class of laser tubes, a
beam steering system based on mirror galvanometers and
last but not least astate-of-the-art modulator that enables
laser patterns to be created with the aid of a music signal.

MAIN SPECIFICATIONS
LASER EXCITER
Type:

red Helium-Neon laser

Wavelength:
Output power:

Laser current:

1,050 to 1,250 V
5 mA

0.2 mA

Beam diameter
at tube aperture:

by ELV.

Beam divergence:

M

8,000 V

Ignition voltage:
Operating voltage:

The circuits described are designed and marketed as kits

OST power supplies for laser exciters
are fairly conventional circuits based
on acascade-type voltage multiplier. Unfortunately, these circuits exhibit very low efficiency and have the further disadvantage of
being powered from the mains, which
makes them dangerous units in many respect. Having alow-power laser tube complete with a suitable casing is one thing,
actually making it work is quite another. The
stumbling block is nearly always the power
supply with its special transformer and
high-voltage components.
The good news is that all owners of atwomilliwatt HeNe laser unit can now build a
compact,
high-efficiency
switch-mode
power supply: all the parts required to do so
are contained in akit supplied by ELV. The
mirror galvanometers and associated control
interface are also available in kit form. Many
home-made lasers use conventional mirrors
fitted on bulky loudspeaker drive units. The
mirror galvanometer system discussed here
achieves far better beam positioning accuracy, and is much smaller and more sensitive
than any loudspeaker-based system. In addition, the mirror control system (to be described in Part 2) is an advanced circuit
capable of absolute beam positioning, li-

630 nm
approx. 2 mW

0.75 mm
0.75 mrn,m

Beam diameter at 10 m: approx. 15 mm

nearizing apart of the mirrors' frequency response, supplying a number of Lissajous
patterns, and much more.

POWER SUPPLY
Input voltage:
Max. input power:
Max. output power:

Mirror galvanometers

Output curent (stabilized):

A mirror galvanometer is basically a
measuring instrument based on asmall mirror attached to asuspension system. The position of the mirror is determined by the level
of electrical current sent through acoil in a
permanent magnet assembly. A beam of
light is reflected by the mirror and the spot of
tight moves, in principle, across a linear
scale. In the present application, aminiature
mirror galvanometer is fitted where the laser
beam leaves the exciter tube, allowing the
beam to be steered to give patterns. The mirror is positioned by asuitable drive signal,
which may be supplied by an audio amplifier. By using two mirror galvanometers
fitted at right angles, we are capable of deflecting the laser beam in two directions,
horizontal (X) and vertical (Y).
From a constructional point of view, a
mirror galvanometer is almost identical to a
moving coil meter. The galvanometers used
here, however, reverse the operating principle by using acoil as the stator and asus-

Max. ignition voltage:

Output voltage:

10 to 16 V
approx. 15 W
10 W
5.1 mA
1.4 to 1.5 kV
10 kV

pended magnet instead of the other way
around. The practical realization is shown in
Fig. 1. The magnet is divided into two parts
suspended from aglass carrier. The carrier is
fixed to aflexible silicone pivot, and forms
the base for about 40 deposited layers of
glass that form ahigh-precision interference
mirror. The irregularities on this surface are
smaller than 60 nanometre, or about one
tenth of the wavelength of the laser light. The
reflection efficiency of the mirror is very
high: 99.7% for light incident at an angle of
45°. This means that the mirror hardly contributes to the attenuation or divergence of
the laser beam. Since the mirrors are precision instruments, the glass surface must
never be touched — afingerprint degrades
the reflecting performance considerably.
The mirror is positioned with the aid of a
coil wound around the moving parts. The
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Fig.

1.

Fig. 2.
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Basic construction of a mirror galvanometer.

Laser beam deflection as a function of coil voltage and frequency.

soft iron core around the coil concentrates
the magnetic field in the direction of the
magnets attached to the mirror. The resultant magnetic force makes the mirror tilt. The
silicone suspension system provides asmall
counterforce that stops the mirror at acertain
position, preventing it from tilting completely. The amount of deflection is determined
by the magnetic field strength, the inertia of
the mirror, and the counterforce of the pivot.
Since the magnetic force depends on the
level of current that flows through the coil,
the deflection of the laser beam incident on
the mirror can be controlled fairly accurately
by controlling the current through the coil. In
practice, however, it is easier to use avoltage
rather than acurrent to control the mirror.
Fortunately, this is not aproblem since the
coil represents acertain resistance. This resistance, albeit reactive, enables voltage
drive of the coil.
The deflection of the mirror is not linear
but dependent on the frequency of the signal
applied to the coil — see Fig. 2. The curves
show the correlation between the voltage
and the frequency of the coil signal for mirror deflections of 7.5° and 15°. Fortunately,
the actual response of the mirrors is alittle
better than suggested by the two curves. In
practice, the deflection of the mirrors will be
almost linear for single frequencies in the
range from 0to about 60 Hz. Serious deviations are, however, caused when more than
one frequency is applied to the coil. This
happens when the galvanometer coils are
driven directly by a music signal. In most
cases, however, accuracy is then not apoint
— what counts is an attractive pattern.
Electrically, the mirror system behaves
not unlike an 841 loudspeaker. This means
that the deflection system can be connected
to almost any AF power amplifier, provided
the drive power is limited to about 1 W.
Also, the frequency spectrum of the drive
signal is limited to about 120 Hz as the mirrors are not capable of following 'faster' signals. When they are not removed or
suppressed, signal components of 120 Hz
and higher cause additional unnecessary
heating of the mirror system.

High-voltage laser supply
As already mentioned, the present laser supply is somewhat different from most earlier
designs because it is off the beaten track
formed by mains transformers, cascades and
series resistors. The high-voltage supply
presented here has an input requirement of
10 to 16 V, and thus can be used independently of the mains. The current consumption is modest at about 1A, allowing
the unit to be powered from acar battery, a
set of NiCd batteries, or a suitably rated
mains adapter. The proposed PSU is a
switch-mode DC-DC converter with current
stabilisation to ensure that the laser tube
supplies the maximum light intensity without having its lifetime degraded.
The circuit diagram of the power supply
is given in Fig. 3. The input voltage is connected to reservoir capacitor Cs via apolarity
WorldRadioHistory
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Fig. 3.

Circuit diagram of the high-voltage laser power supply.

29

reversal protection, Di. The positive terminal of Cs is connected to the primary winding of a ferrite-core transformer, Trt. The
current through this winding is switched by
transistor Ti. The transistor is driven by a
pulse-width modulated (PWM) rectangular
signal that allows the voltage induced in the
secondary winding of Tin to be controlled.
The transformer secondary is connected to a
special rectifier/voltage multiplier. First, the
secondary voltage is rectified by diodes D2
and D3 for the negative and positive halfcycles respectively. This means that the total
voltage across reservoir capacitors C7 and Cs
is about two times the peak value of the alternating voltage supplied by the secondary
winding of Tri. Since D4 conducts and C9 is
relatively small, the high voltage is maintained even after ignition of the laser. The
laser operating voltage is then 1,400 to
1,500 V. When ignition has not yet taken
place, i.e., when the tube draws no current as
yet, D4 and C9 plus D3 and C7 form avoltage
doubler. This arrangement gives atotal voltage multiplication of six times. Since the
laser does not draw current at this stage, the
voltage control system enables the maximum output voltage of about 10 kV to be
achieved briefly. Immediately after ignition
of the laser, the output voltage drops to the
nominal operating value. This happens because of the small value of C9, and the action
of the voltage control system.
Unfortunately, the voltage control circuit
does not obviate acurrent limit resistor in the
HV output line. However, the resistor used
here has half the value of the one used in a
conventional cascade-based laser supply,
and introduces apower loss of only 0.75 W
instead of the more usual 1.5 W or more.

COMPONENTS LIST
Resistors:
1 6k128

R1

1 47012

R2

1 68Û1W

R3

3

1kit

R4;R8;R9

3

10k51

R5;R6;R7

Capacitors:
1 101.IF 25V

Cl

1 4nF7

C2

2

C3:C4

luF 100V

1 220p.F 16V

C5

1

1nF

C6

2

IOnF 1.600V

C7;C8

Semiconductors:
1 1N5400

D1

3 BY509

D2;133;04

1 BU406

Ti

1 SG3525

ICi

Miscellaneous:
1 ferrite-core HSP transformer
2

Tri

PCB terminal block

1 ABS enclosure
40cc epoxy resin (compound)
Fig. 4.

Double-sided printed circuit board for the laser power supply.
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Fig 5.
Here the laser power supply is seen fitted behincrthtexcitérttee lñi
cabinet supplied with the kit.

The power supply has astabilized output
current of 5.1 mA to keep the laser beam intensity at the maximum level without shortening the tube life. The regulation circuit to
achieve this is contained in ICI. The current
consumption of the laser is measured by
means of the voltage across Rs. This voltage
is passed to pin Iof ICI via R9. Pin 2of the
same IC is held at aconstant voltage of 5.1 V.
The two input voltages are compared, and
the difference is used to control arectangular
wave generator with avariable duty factor
(pulse/pause ratio). When Rs measures no
current, i.e., when the laser has not yet ignited, the duty factor of the PWM signal is 1
(i.e., asquare wave is produced). Hence, the
transformer supplies the maximum secondary voltage. The frequency of the PWM signal is fixed at about 25 kHz, allowing a
transformer to be used of asize much smaller than amains transformer with an equal
power rating.
It is well known that laser exciters have a
very low efficiency. The laser tube used here
is no exception: it requires about 10 watts of
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input power to supply about 2milliwatt of
laser light. That's an efficiency of 0.02%, and
you will like to hear that the PSU used to
power the laser is at least reasonably efficient

Construction of the PSU
Although the laser PSU supplies only small
currents, every possible care must be taken
to prevent that any part of the circuit can be
touched while it is operational. Remember:
the maximum output voltage is about 10 kV,
and the normal output voltage about
1,500 V. Both voltages can cause nasty and
possibly harmful electrical shocks, so be
careful.
Another source of danger is the light produced by the laser proper. Never look direct
into the laser beam; your eyes may be permanently damaged. Never point the laser
beam at aperson. At some distance of the exciter, the beam is less harmful, but still, never
look into it. During laser shows in discotheques and the like, the beam moves continuously and is unlikely to be harmful as the
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eye is 'hit' very briefly and at aconsiderable
distance from the exciter.
The design of the printed-circuit board
for the high-voltage PSU is given in Fig. 4.
Remarkably, the board has only one, round
copper area at the component side. This area
forms one 'plate' of high-voltage capacitor
C9, which is etched on the board. The single
copper area at the component side is connected to the circuit by soldering the anode
terminal of diode D3 at both sides of the PCB.
The layout of the solder side of the PCB
(Fig. 4) shows three grey areas that must be
cut out with the aid of ajig-saw (fret-saw) to
prevent arcing.
The construction of the PSU board is
straightforward — simply follow the components list and the component overlay
printed on the board. To prevent arcing, cut
all soldered component terminals to alength
of 1.5 mm or less. Do not cut its terminals
and fit transistor Ti as high as possible above
the PCB surface, but at the same time make
sure its terminals are soldered securely. This
leaves the metal tab of the transistor in contact with air after the supply is cast in a
moulding compound.
The low-voltage connections, ST1 and
ST2, are made either via solder terminals or
via wires soldered direct to the copper pads.
A wire length of 10 cm is sufficient when the
PSU is to be built into the exciter cabinet. Use
wire of across-sectional area of 0.4 mm 2 or
greater. If you use stranded wire, make sure
all individual wires pass through the PCB
hole. One wire, however thin, may cause a
short-circuit!
The last part to be fitted onto the PCB is
the ferrite transformer (note: you must have
fitted 02 and 02 beforehand, since they are
located underneath the transformer). First,
however, cut off the transformer terminals
that are not connected to awinding. These
terminals are easily identified.
Once the transformer has been fitted on
the board, the PSU is ready for testing. Note,
however, that this must never be done without aload connected. So, before switching
on, connect either the laser exciter unit or a
250 ki2 resistor made from 25 series-connected 10 kû resistors with a minimum
power rating of 0.33 W. When the laser ex-
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the internal resistor) to the upper pin on the
NU board (ST3), and the cathode wire to the
lower pin (ST4). To ensure the greatest distance between the connections, solder the
anode wire to the top side of ST3, and the cathode wire to the lower side of ST4.
The mirror galvanometer assembly is
fitted to the laser cabinet with the aid of four
screws that are inserted from the inside of
the cabinet into the mirror unit. The photograph in Fig. 6shows the mirror assembly
attached to the laser cabinet, with the cover
plate removed. The mirror assembly has two
screws that enable the rest position of the
mirrors to be adjusted.

Power supply and cooling

Fig. 7.

Competed power supply board photographed bebre it was cast into a moulding

compound to protect it against dust and mcysture.

citer is used, connect the anode wire to PSU
terminal ST3. The anode wire is black, and
has amoulded in-line resistor. Connect the
cathode of the laser to ST4. Switch on the
PSU and measure the voltage across Rs.
Switch off immediately and investigate the
circuit for errors if this voltage is not between
5.0 and 5.2 V.
Although slightly cumbersome to make,
the 'dummy' resistor will withstand unintended rough treatment far better than the
laser exciter when it comes to testing the
PSU. When the supply functions properly,
its output voltage is between 1,300 V and
1,500 V. If your voltmeter can not measure
such high voltages, connect it to asuitable
point in the composite resistor and calculate
the output voltage. Note, however, that the
internal resistance of your voltmeter may affect the measurement considerably. If you
are unable to measure the high voltage, rest
assured that avoltage of 5.1 V ±1% across Rs
is areliable indication that the current control will function all right when the laser is
connected.
Connect the laser and check that it ignites
almost instantly after the PSU is switched on.
If not, and if the PSU is known to supply the
correct (tower) operating voltage to the
250 k(.2 dummy load, the minimum voltage
to ignite the laser is probably not reached.
Run a thorough check on the NU circuit.
Have you soldered the anode of D3 at both
sides of the PCB?
Once the power supply has been tested
successfully, it is cast into amoulding compound. This is done to prevent arcing as aresult of dust or humidity. Place the enclosure
horizontally on aflat surface, and lower the
NU board into the box (the box and the
moulding compound are contained in the kit
supplied by ELV). Next, lift the PCB about
1cm at the side of C9 to allow the air to escape as the compound is poured into the box.
The 2-component resin compound (approx.
40 cc) is mixed at aratio of 1part of hardener
to 5parts of resin, or at the ratio stated in the

manufacturer's instructions. Mix the compound until a uniform colour is achieved.
Next, pour the compound into the box, at the
side of ST1 and ST2 (which have been connected to wires beforehand!). Allow the air
to escape as indicated. Resistors Rs, R6 and
R7 must be covered by the compound, but
ST3 and ST4 must remain accessible. Allow
the compound to set overnight.

Assembly
The photograph in Fig. 5 shows the highvoltage NU fitted at the rear of the exciter
cabinet. The NU is secured to the rear plate
of the cabinet with the aid of two small brackets. Fit aspring washer between the cabinet
and each bracket. One of the screws used to
secure the bracket also has a solder eye
which is wired to the ground connector (the
lower socket). The NU must be fitted just
above the bottom plate of the laser cabinet.
The rear plate of the laser enclosure is
drilled to accept one 3.5-mm jack socket and
two sockets for banana plugs. Connect the
lower socket and the ring of the jack socket
to ST2 (ground) on the NU board. Connect
the upper socket and the centre contact of the
jack socket to ST1 (positive supply) on the
NU board.
Before fitting the plastic clamps for the
laser tube, remove the protruding pieces
from the sides. Fit the clamps with small
screws and nuts, but do not tighten them as
yet. Slide the tube into the clamps until its
beam aperture is flush with the front side of
the enclosure. Then push the tube about
0.5 mm deeper into the cabinet and tighten
the clamps. The tube is preferably fitted to
give horizontally polarized laser light. This
is done to prevent reflections on smooth,
non-metallic, horizontal surfaces (the socalled Brewster effect). The polarization is
horizontal if the holes in the tube are positioned horizontally (i.e., to the left and the
right of the tube).
Solder the black anode wire (the one with
WorldRadioHistory

Any power supply with an output of 12 V
d.c. at anominal current of 1A can in principle be used to power the laser. The safest
and cheapest power supply is probably a
ready-made mains adapter. In many cases,
however, mains adapters do not meet the
specifications as regards output current. The
typical symptoms of an overloaded mains
adapter are extreme heating and a slowly
falling output voltage. Obviously, the mains
adapter used to power the laser must be capable of supplying 1A at 12 V for extensive
periods. If you have doubts about the performance of your mains adapter, use a more
powerful type, or build aseparate 12 V supply.
Given its very low efficiency we can safely say that all of the input power of the laser
(approx. 10 W) is dissipated as heat. To keep
the operating temperature of the laser tube
within safe limits, there should be ample airflow around the device. The laser cabinet
shown in the photographs has slots in the
side panels to prevent heat building up inside.
Continued next month.

"Pe
lIEWF
A complete kit of parts for the laser is
available from the designers exclusive worldwide distributors:
ELV France
B.P. 40
F-57480 Sierck-les-Bains
FRANCE
Telephone: +33 82837213
Facsimile: +33 82838180
The type code of the kit that contains
the laser power supply, the laser exciter tube and the metal cabinet is
LPS12. The type code of the kit that
contains the mirror galvanometer assembly is LA90.
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INTERMEDIATE PROJECT
A series of projects for the not-so-experienced constructor. Although each article will
describe in detail the operation, use, construction and, where relevant, the underlying
theory of the project, constructors will, none the less, require an elementary
knowledge of electronic engineering. Each project in the series will be based on
inexpensive and commonly available parts.

BATTERY TESTER
This month we describe a useful little instrument that gives a clear
condition indication for the most popular types of dry battery. Based
on one integrated circuit and acoloured LED bar that functions as a
readout, the tester is both inexpensive and simple to build.

L. Lemon

R

UNNING a quick condition check on
the batteries before using portable
equipment can help prevent alot of frustration. The professional photographer, for instance, can not rely on his good fortune
when he starts to use his flasher to make, say,
aseries of wedding photographs. He knows
that there can be no excuses for mishaps: the
flasher must work under all conditions, and

must have fresh, tested, batteries. Similarly,
if rechargeable batteries are used, they must
be fully topped up and known to have their
full capacity.
There are, however, instances where a
partly exhausted battery can be used without problems. But then again, it is useful to
have at least an indication of how long we
can rely on the battery to supply its nominal

voltage. For this purpose we can use the
present tester. It has anumber of ranges with
different test currents for popular dry batteries of 1.5 V, 4.5 V and 9V. On pressing the
TEST button on the instrument, aVU-meterlike read-out gives an unambiguous
full/usable/flat indication. No difficult-toread scales or expensive moving coil meters
here: just three colours: red for 'flat', orange
for 'usable' and green for 'full'.

Loading, e.m.f. and
measuring
If you have ever attempted to test abattery
simply by measuring its voltage with a
multimeter, you may have noted that the
battery in question may be virtually exhausted even though its voltage is, say, less
than 10% below the nominal value. The explanation for this is that degradation of battery capacitance is a matter of increasing
internal resistance rather than decreasing
cell voltage.
A multimeter with avery high internal
resistance gives acorresponding indication
of the e.m.f. (electromotive force) of the battery. We must hasten to add, however, that
the term e.m.f. applies strictly to an unloaded source of electrical energy but is
sometimes erroneously used as being equivalent to apotential difference. The e.m.f., E,
of abattery will supply acurrent Ito an external resistance R:
E=I(R+r)

[volt]

where ris the internal resistance of the battery. From this equation it is simple to see
WorldRadioHistory
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8111

light'), 45 mA ('baby') or 100 mA ('mono').
The test current for 4.5 V 'power pack' batteries is 66 mA, and 27 mA for 9-V (PP3 or
IEC 6F22) batteries. Since the battery is connected permanently to the voltmeter, you
can instantly see the difference between the
open-circuit voltage (virtually the e.m.f.) and
the loaded voltage, which is indicated when
S2 is pressed. The larger the difference between the open-circuit voltage and the
loaded voltage, the smaller the battery capacitance. Note that the term open-circuit voltage is strictly incorrect here since the battery
is connected to the RLO and SIG pins of ICi.
However, the LM3914 has such ahigh resistance between these pins that it is safe to say
that the battery is not loaded. Hence, the test
current flows only when S2 is pressed.
It should be noted that the tester can only
be used with batteries or cells that exhibit a
gradually falling voltage curve, as shown in
Fig. 2. These batteries include carbon-zinc
and alkali-manganese types, as well as
nickel-cadmium types (which are rechargeable). The tester is not suitable for battery
types whose voltage remains almost constant over the hours of service, and drops
suddenly at the end. This type of voltage
characteristic is illustrated in Fig. 2 for lithium, silver-oxide and mercury batteries.
Fig. 1.
The circuit diagram of the battery tester is basically a standard application of
National Semiconductor's LM3914 LED bargraph driver IC.

that Emay correspond closely to the nominal
battery voltage as long as ris small with respect to R. Returning to the above battery
test using avoltmeter, adigital multimeter
will have atypical input resistance of several
megohms, so ris bound to be small in any
case, even it is, say, five times the value specified for a'fresh' battery. The upshot is that
the capacity (not the e.m.f.) of adry battery
can only be measured when the load resistance equals, say, ten times the internal resistance of the battery. If the battery is capable of
supplying its nominal voltage at the resultant load current, its internal resistance is
still relatively small. If the battery is exhausted, the internal resistance will have
risen to avalue that is no longer small with
respect to the load resistance.

selected load resistor is connected across the
battery terminals when S2 is pressed. Assuming that the relevant battery is full, it
supplies 0.7 mA (button cell), 10 mA ('pen-

As shown in the block diagram in Fig. 3, the
LM3914 from National Semiconductor has

Range

07

D8

D9

010

green
1.5 V

0.86

0.96

1.04

1.13

1.21

1.29

1.38

1.46

1.55

1.63

4.5 V

2.58

2.83

3.05

3.31

3.57

3.82

4.07

4.33

4.57

4.82

5.8

6.3

6.9

7.4

7.9

8.5

9.0

9.5

10.2

9.0 V , 5.3
Table 1

The circuit: a single-chip
voltmeter
The circuit in Fig. 1is akind of VU (volumeunit) meter based on asingle IC and LEDs
D1 Dio. The load resistors that set the battery
test current, R7-R12, are selected with arotary
switch. The battery is effectively loaded
when push-button S2 is pressed.
The dual-pole rotary switch in the circuit,
Si, enables one of six load resistors to be selected. Each load resistor has avalue geared
to aparticular type of battery, of which the
capacity, as you probably know, depends on
size, construction and chemical composition.
The first four ranges are for 1.5 V batteries.
The load currents are for button cells, penlight batteries (IEC-R6), IEC-R14 ('baby') batteries and IEC-20 ('mono') batteries. The

Circuit description:
introducing the LM3914

Switch-on voltage levels for the LEDs on the battery tester.

3.0

e

LI -THIUM

2.5

SILVER OXIDE
•••••eaMbebalme•I•M•

1.5
77'4.
•• m

e

MERCURY

I.•• «Ma .1111

1.0

0.5

ALKALINE MANGANESE

CARBONZINC

4

10

20

30

40

50

60

HOURS OF SERVICE

Fig. 2.

70

-11..

80

90

84091-1

Typical discharge curves for a number of dry battery types.
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an internal network of series resistors connected between the RLO and RHI terminals
(pins 4and 6of the IC). In the present application, the RLO terminal is connected to
ground via Rs, while the RHI input is held at
a fixed voltage derived from the IC's onboard 1.25-V reference voltage source. The
output of the reference is connected to IC
pin 7, marked REF OUT. Hence, the internal
resistor network is supplied with an accurately defined voltage. This, in turn, means
that there are fixed voltages at the taps on the
series network (i.e., at the junctions of the resistors that form the ladder network). There
are 10 taps on the ladder, and each of these is
internally connected to the +input of an associated comparator. The other inputs of the
10 comparators are connected to the output
of an internal buffer opamp, whose input is
connected to IC pin 5, marked sic (for signal). The main function of this opamp is to
protect the 10 comparators against reversed
or too high input voltages.
Because of the ladder network in the
LM1914, the comparator which is closest to
the RLO input will toggle at the lowest input
voltage. As the input voltage rises, more
comparators toggle, until the 'highest' one,
i.e., the one associated with the top of the ladder at the RHI input, changes state. The comparator outputs are connected to an internal
decoder (not shown in the block diagram)
with active-low outputs marked Ll to L10 in
the circuit diagram. Here, the decoder is set
to operate in the 'dot' mode, which means
that only one LED lights at atime, depending on the input voltage applied to the tester.
The stabilized voltage at pin 7 of the
LM3914 can be changed within certain limits
by connecting pin 8 to a voltage divider.
Note, however, that the voltage between
pins 8and 6-7 is fixed at 1.25 V. Thus, the indication range of the voltage meter can be
changed by giving resistors Ri to R4 appropriate values. In the present circuit, this is
achieved with the aid of a rotary switch
which creates the three voltage ranges, 1.5 V,
4.5 V and 9V. Table 1shows the voltages at
which the LEDs of the VU-meter light. The
red LED lights when the battery is flat, one
of the orange LEDs when the battery is
usable, and one of the green LEDs when the
battery is full, covering arange from usable
to fully topped.

Fig. 3.

Internal circuit of the LM3914 bargraph driver (Illustration reproduced here by

courtesy of National Semiconductor).

Building the battery tester
The track layout and the component mounting plan shown in Fig. 4are used to produce
aprinted-circuit board for the battery tester
(ready-made PCBs are unfortunately not
available for this project). The internal construction of the prototype of the battery tester is shown in the Fig. 5. The 'TEST' button,
S2, is connected to the board via two short
wires before it is secured to the front panel of
the ABS enclosure. Do not cut the terminals
of the 10 LEDs before you solder them onto
the board. The distance between the PCB
and the front panel of the enclosure is determined by the mounting height of the LEDs.
As shown in Fig. 5, the PCB is secured to the
WorldRadioHistory
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COMPONENTS LIST
Resistors:
1 18052

R1

1 1k.528

R2

2

R3,R5

10kil

1 8k.Q.2

R4

1 68on

R6

1 2k522

R7

1

R8

15052

1 3352

R9

1 1552

R10

1 6852

R11

1 33051

R12

Capacitors:
1 10µF 25V

Cl

Semiconductors:
7 green rectangular
LED e.g., LGE3480F

D1-D7

2 orange rectangular
LED e.g., LYB480H

D8;D9

1 red rectangular LED
e.g. LSB48011

D10

1 LM3914

ICl

Miscellaneous:

Fig. 4.

1 two-pole six-way rotery
switch for PCB mounting

Si

1 push-to-make button

S2

1 ABS enclosure approx.
dimensions: 110x45x55 mm

Printed-circuit board for the battery tester.

front panel of the box by lour plastic spacers.
Cut aslot in the front panel, and adjust the
position of the LEDs such that their tops are
just flush with the front panel surface.
The rotary switch used is adouble-pole
six-way type with solder pins for PCB
mounting. The range and test current indications on the front panel are made with the
aid of rub-down symbols as shown in Fig. 6.
The tester is powered by a small mains
adapter with a12-V d.c. output which need
not be regulated. This adapter is connected
to the circuit via asmall socket of the type
used on portable cassette recorders and
pocket calculators — see Fig. 5.
Finally, LED Dt lights when the tester is
powered but not connected to abattery. It is,
therefore, aperfect on/off indicator!
•

PREVIEW

Audio Amateur
Issue 2, 1991

•An updated Borbely preamp
•Pragmatic noise reduction
•Remote volume/balance
controls
• A simple transistor electro-

static headphone

•Heath's ET1000 Circuit
Design Trainer reviewed
Fig. 5.

As shown here, the PCB is secured to the front panel of the enclosure with the aid

•Stepped attenuators

of four long M3 screws and plastic PCB spacers.
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VIDEO A-D/D-A CONVERTER
PART 1: INTRODUCING THE ICs
Although fast 8-bit video converters are available from avariety of
manufacturers, their practical application has so far been over the
head of the average electronics hobbyist with an interest in video
signal processing. Fortunately, that situation has come to an end
with the introduction of anumber of simple to use A-D and D-A
converter ICs from Philips Components. Two of these ICs, the
TDA8708 ADC and the TDA8702 DAC, form the heart of an advanced
video converter described in this two-instalment article. This month
we discuss the basic operation of ADC and the DAC, followed next
month by aconstructional project intended to get you going with
video encoding/decoding experiments, digital video processing,
sync locking techniques, etc.

P. Godon (Philips Components, Paris)

TDA8708
analogue-to-digital
converter
The TDA8708 contains more than just afast
ADC — in fact, it should be referred to as a
'video analogue input interface'. The internal diagram of the TDA8708, which is also
available in asurface-mount assembly package (suffix -T), is given in Fig. I. Clearly, the
ADC is but one of a number of functional
blocks contained in the IC. Each of the three
analogue video inputs, VINO, VINI and VIN2
may be driven by a CVBS (chrominancevideo-blanking-synchronization) signal of
an average level between 0.45 V and 1.6 V
measured with respect to the analogue
ground, AGND. The typical input capacitance
of the VINx inputs is about 1pF, while the
input impedance lies between 10 kfl and
20 ki2 (input capacitance and input impedance values without external components).
The video input selection is effected by applying logic levels to the IO and ti inputs of
the chip as shown below:

Fig. 1.
ELEKTOR ELECTRONICS USA MAY 1991

Internal diagram of the TDA8708 analogue-to-digital converter.
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The video amplifier features switchable
AGC (automatic gain control) and clamping
circuits. The AGC sets the upper video level
(peak white); the clamping, the lower video
level (base of sync pulse). As illustrated in
Fig. 2, the peak white level produces the highest digital value, and the base of the sync
pulse, the lowest digital value. The AGC and
clamping sections receive information on the
instantaneous drive level of the ADC via
three comparators: one for the white level,
one for the black level and one for the sync
level. The AGC and the clamping logic each
drive apulsating direct current source that
controls the video amplifier gain. The control current causes a voltage drop on the
AGC capacitor connected to pin 25 of the
TDA8708. The minimum and maximum
video amplifier gains are 0.5 and 2.3 times
respectively, corresponding to control voltage levels of 2.8 V and 4.0 V. As an option,
the gain may be determined externally by
omitting the AGC capacitor and applying a
direct voltage instead. This, however, requires a fairly accurate temperature compensation circuit.
The gain of the internal amplifier is also
controlled as afunction of the lower video
level: here, the voltage across the clamp capacitor at pin 24 is subtracted from the instantaneous video input voltage. A current
limiting resistor, RPEAK at pin 28, determines
the level of the current diverted when the instantaneous level of the video signal exceeds
the set limits. With RPEAK = O Q, the diverted
current has amaximum level of 80 µA.
Table 2 lists the various possibilities of
controlling the upper and lower video levels
with the aid of logic levels applied to the
GATE Aand GATE Binputs of the chip.
In mode 1(GATE A = GATE B = 1), the ADC
output values are 255 for peak white and 0
for the base of the sync pulse. Mode 2by contrast affords greater control over the conversion output values. As shown in Fig. 2, a
positive pulse at the GATE A pin links the
sync level to avalue of 0. A positive pulse applied to the GATE Bpin during the back porch
sets the digital value of the top of the sync
pulse to 64. The white level comparator is active all the time. Nominal levels of the video
input signal produce adigital value of 213.
This creates asafety margin of between 213
and 240. When the output value exceeds 240,
the white level comparator reduces the gain
of the video amplifier. This is done to reduce
the risk of ADC overdrive to aminimum.
The analogue output, AN OUT (pin 19), of
the video amplifier is connected to an external anti-aliasing low-pass filter. The maximum amplifier output current is limited to
2.5 mA, while the maximum output voltage
is set to 1Vpp at anominal video input level
of 1Vpp .
Table 3lists afew additional characteristics relevant to the input circuit in the
TDA8708.
The output signal of the external filter is
fed back into the IC via the ADC IN pin. The
ADC input may also be driven direct, provided the applied video signal has avoltage
range of (VccA-1.6) V to (VccA-1.1) V. The
input impedance of the ADC is about 50 Mû,

Fig. 2.

lid

Digital output value as a function of the analogue video input level in mode-1 (top

drawing) and mode-2 (lower drawing).

ble 2.

TDA8708 Mode Selection

GATE
AB

Output

AGC

<0

-2.5µA

I
PEAK

11

0 - 255

-2.5pA

-2,51.1A

>255

'PEAK

-2.5µA

00

<240

0

0

00

>240

0

I
PEAK

10

<0

+2.5pA

0

10

0 -240

-2.5pA

0

10

>240

I
PEAK

0

01

<64

+50pA

01

64 -240

-50µA

o
o

>240

7 50

1
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Table 4.

the DAC output level for load impedances of
10 k.(.1 and 75
While the output voltage (w.r.t. VCCA) at
the your pin is proportional to the digital
input value, the vourN pin supplies an inverted output signal. The signals at VOUT and
VOUTN are typically coupled out via an electrolytic capacitor of 68 µF to 100 µF. Each of
these introduces avoltage drop,

TDA8708 pin function description

Pin

Symbol

1-4

D7 (MSB) -04

Description
Digital outputs, bit 7 (MSB) through bit 4

5

CL

Clock input

6

VCCD

Digital supply voltage +5 V

7

VCCO

TTL output supply voltage +5 V

DONO

Digital ground

9

OF

Output format and chip enable (3-state)

10-13

D3 -DO (LSB)

Digital outputs, bit 3 through bit 0 (LSB)

14,15

10.11

Video input channel selection

16-18

VINO -VIN2

Analogue video inputs 1. 2, 3

19

ANOUT

Analogue voltage output
ADC input

20

ADCIN

21

DEC

Decoupling capacitor for ADC

22

VCCA

Analogue supply voltage +5 V

23

AGND

Analogue ground

24

CLAMP

clamp capacitor

25

AGC

AGC capacitor

26.27

GATEB, GATEA

clamping and sync level control

28

RPEAK

current lima for AGC

and the input capacitance is as low as 1pF.
The maximum clock rate of the ADC inside the TDA8708 is 30 MHz. The timing is
illustrated in Fig. 4: the analogue input voltage is measured 2 ns (ts.) after the leading
edge of the clock signal has exceeded the reference level of 1.5 V. The previous digital
word remains on the outputs for another
four to six nanoseconds, and is replaced by
the new value after adelay td (16 to 20 ns).
The digital outputs of the ADC, Do
through D7, have a20 µA current sinking or
sourcing capability. The digital word is supplied either in binary form (with pin OF not
connected) or as atwo's complement value
(with pin OF at logic 0). The ADC outputs are
switched to high-impedance when the OF
input is made logic high. Finally on the ADC,
Table 4provides the descriptions of the signals associated with the IC pins.

Votrr XRL
RL+ 7512
where RLis the load impedance.
The circuit in Fig. 6shows the two video
outputs connected to adifferential amplifier.
This may be done to increase the suppression of hum and noise on the ADC supply
voltage. A suggestion for asimple transistorbased buffer amplifier is given in Fig. 6.
Finally, afew notes on the timing of the
TDA8702. As shown in Fig. 7, the DAC is
transparent while CL (clock) is held logic low.
Transparent means that the DAC follows the
changes of the digital input signal. The

REF
100nF —

CURRENT
REFERENCE
LOOP

BAND-GAP
REFERENCE

I

16

• I

VCCA

DONO
CURRENT
GENERATORS

AGND

44141-1,
CURRENT
SWITCHES

CLOCK INPUT
INTERFACE

CL

5

VOUTN

14

tttt ttt
TIM 8702

REGISTERS

tttt‘t t
LSB DO
DI
D2
D3
D4
D5
D6
MSB D7

TDA8702

12
11
3
4
10
9
8
7

13

VCCD

4-

DATA
INPUT
INTERFACE

digital-to-analogue
converter
This IC is of amuch simpler layout than its
counterpart — see the block diagram in
Fig. 3. The pinning of the DAC is given in
Table 5.
The digital data applied to the TDA8702
is accepted at the DO through D7 inputs,
which are TTL-compatible. The data are buffered by an input interface before they are
loaded into aregister. As shown in the block
diagram, the register drives eight constantcurrent sources that translate the digital
value into acorresponding analogue quantity, in this case, acurrent. Each digital output causes acurrent of about 85 µA to flow
through the 7542 resistor. This in turn causes
avoltage drop of about 6.3 mV with respect
to the positive analogue supply voltage,
VccA, provided the load impedance is relatively high. Table 6provides information on
ELEKTOR ELECTRONICS USA MAY 1991
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Fig. 3.

Block diagram of the TDA8702 digital-to-analogue converter.

Table 5.

TDA8702 pin function description
Description

Pin

Symbol

1

REF

Reference voltage source decoupling

2

AGND

Analogue ground

3.4

D2,D3

Digital video inputs bits 2, 3

5

CL

Clock input

6

DGND

Digital ground

7-10

07-D4

Digital video inputs bit 7 (MSB) through 4

11.12

D1,00

Digital inputs bit 1, bit 0 (LSB)

13

VCCD

Digital supply voltage +5 V

14

VOUT

Analogue video output

15

VOUTN

Inverted analogue video output

16

VCCA

Analogue supply voltage +5 V
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TDA8702 latches the current digital value
when the clock signal reaches a value of
1.3 V on the leading edge. To ensure that the
output voltage is stable until the trailing
edge of the clock signal, the input data must
be stable at least 0.3 ns before, and 2ns after,
the threshold is reached. Table 7 lists the
main technical characteristics of the
TDA8702.

TDA 8702 output loading data

Table 6.

Output voltage at
Code

ZL= 10 ki2

Binary

Vow- [V]
0

ZL= 75 f2

VOUTN [
V]

VOUT [
V]

-1.6

VOUTN [
V]

0

-0.8

0.003

-0.797

000

000 000 00

001

000 000 01

-0.006

128

100 000 00

-0.8

-0.8

-0.4

-0.4

254

111 111 10

-1.594

-0.006

-0.797

-0.003

255

111 111 11

1.594

-0.8

Fig. 6.

Fig. 4.

Next month's final instalment of this article will
describe a construction project based on the
TDA8708 and TDA8702.

Transistor-based video output buffer for the TDA8702.

TDA8708 data conversion timing.

11.0111fflOrli
«O-

Cul

mode

kID
1
001
0

91

mend
codes

V OUT

analogue
output
voltage

Uttlespa.M

Waled mode

male

latable output)

leagnSpaten;
mode
910009-17

Fig. 5.

Fig. 7.

Video output buffer based on a differential amplifier.

Table 7.

Transparent and latching modes of the TDA8702 DAC.

TDA8702 main technical characteristics

Symbol

Min.

Parameter

VccA

Analogue supply voltage

I
CCA

Analogue supply current

VCCD

Digital supply voltage

ICCD

Digital supply current

VOUT(N)

Output voltage (ZL=10kf2)

4.5
4.5

Typ.

Max.

Min.

Unit

Symbol

Parameter

Zour (N)

Output impedance

5.5

26

32

mA

DLE

Differential linearity error

±0.5

V

ILE

Internal linearity error

±0.5

mA

t
su

Data setup time

0.3
2.0

5.0
23

5.5
30

-1.45

-1.6 -1.75

V

tHD

Data hold time

-0.72

-0.8 -0.88

Propagation delay

V

-25

mV

tsi

Settling time

Temperature co-eff. Vour

200

uV/K

ts2

Settling time ±1 LSB

AVoFF/AT

Temperature co-eff. VoFF

20

ilV/K

B3de

3-dB bandwidth
of analogue output

(ZL=75f2)
Output offset

AV OUT(N)/AT

Max.

-3

150

10-90%

Unit

75

5.0

tpd

VOFF

Typ.

V

LSB
LSB
as
as

1.0

as

1.1

1,5

as

6.5

8.0

as

MHz
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RECTIFIER CALCULATIONS
What is the ripple voltage across the buffer capacitor? What
is the level of the peak current through the rectifier diodes?
The values of these and many other quantities are often
obtained by rule of thumb, but what is the basis of that?
This article aims to answer that question.

A

TYPICAL, fundamental mains power
supply is shown in Fig. 1. In this, Up is
the primary voltage; Rp represents the total
losses at the primary side; Us is the secondary voltage; Rsrepresents the total losses
at the secondary side; Uc is the open-circuit
output voltage (e.m.f.).

Draw first, calculate later
Figure 2shows afew voltages that are involved in the calculations. If rectifiers were
ideal components, the waveform of Uswould
indeed be as drawn. Since, however, ideal
components do not exist, the voltage that is
available to charge the buffer capacitor is
lower than Us by the knee voltage of the
diodes, Ud. The level of that knee voltage
depends on the number of diodes and on the
forward voltage of each diode. The bridge
rectifier in Fig. 1will lower Us by about
2V. The voltage, U, after the rectifiers is
thus

[3]

U = Us— Ud.

In most textbooks, the waveshape of that voltage is shown slightly differently: roughly as
the dashed line in Fig. 2immediately below
It is advantageous in most calculations
the peak of U. In reality, the voltage will
to combine Rp and R, into asingle loss rephave ashape somewhere between the dashed
resentation at the secondary side and call
and solid curves of Uc, depending on the ratio
this R. The value of R (in n) is given by
charging current :discharge current.
The shape of the (solid) curve of Uc is
R =(UslUp)
2 Rp+R s.
[1]
explained as follows. From the moment that
Ubecomes larger than tit ,
current flows from
This means, in effect, that the transformer the voltage source to the buffer capacitor
need no longer be apart of any calculation;
via resistor R. The level of the current is dethe circuit is fed by asource that provides a termined by the difference between U and
voltage Us,has an internal resistance R and,
Uc, which is UR, and the value of R across
for nominal loads, has negligible inducwhich that difference voltage exists.
tance.
At the onset, UR is tiny and the charging
Unfortunately, Rcan not be calculated readcurrent, /
ch ,is smaller than the discharge
ily owing to lack of data, and measuring it
is also not possible. An ohmmeter will not do,
2
Ulnpl
because that does not take into account the
losses caused by stray magnetism. Similarly,
the resistance offered by the diodes can not
U,
be measured realistically.
For aproper measurement to be made, a
Voltage'
variac is needed at the primary side of the
transformer (begin with Ut,=0). The buffer
capacitor, C, is short-circuited by an ammeter (whence the variac).
Start by adjusting the variac until the secondary winding provides the nominal level
of current specified by the manufacturer.
The primary voltage needed for this depends
on the variac, the transformer, the rectifier
diode(s), and the ammeter. The current indicated by the ammeter is the r.m.s. value of
the short-circuit current, /„. Now, R (in (2)
may be calculated from

current, ¡di s:U, will then drop to //m i
n (the
minimum value of Ut ). From there, Uc rises
and may goon rising afterU has begun to drop
again (because /
ch is then still larger than ',Hs ).
However, at agiven instant, U becomes too
small and the capacitor starts to discharge.
How much Uc will drop depends on the current, /
L,
that the capacitor must supply to
the load and on the duration, tdi s,of the discharge current.
The level of load current is known from
the specification of the power supply. The duration of the discharge current is equal to
the period of the rectified voltage minus the
time necessary to charge the capacitor. The
charging period is (as yet) unknown, but in
general it is much smaller, in fact, negligible, compared with the discharge period. That
means that the discharge time is equal to the
period, T„ of the rectified voltage. Note that
Trdepends on the frequency and the method
of rectification. For instance, in full-wave rectification, the capacitor is charged twice as
fast as in half-wave rectification. That means
that in half-wave rectification Tr =
and
in full-wave rectification Tr= I/2f.
The charge, Q, that the capacitor can supply in that time is given by
Q =IT,
The ripple voltage, Ur,may be calculated from
Ur=Q IC =II2fC.

UO,In

R = 115/'Sc.
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[4]

[5]

RECTIFIER CALCULATIONS

Apart from the ripple voltage, the mean
capacitor voltage, Uc m ,or, if voltage regulators are used, the minimum capacitor
voltage,Ucm i
n,
is important. The exact computation of these voltages is, unfortunately,
fairly complex and, therefore,in this article approximations are used, based on the
data that have been found so far. Which of
the two approximations given must be used
for the mean capacitor voltage depends
primarily on the ratio R:R L,where R
represents the total resistance of the trans-

former and the rectifier and RLis the load
through which current I
L flows. If RL is large
with respect to R (the usual case), I
L is
small with respect to the maximum current with which the buffer capacitor can
be charged. This means that the capacitor
can be charged to the peak value, Up,of
the available voltage. The mean capacitor
voltage is then

and the minimum capacitor voltage is
UCmin = Up

Ur.

[7]

If RL is not much larger than R, the capacitor will not charge to Up and [6] and [7] are
no longer valid. However, Ucnr,
may then be
calculated with the aid of Fig. 3.

[6]

li2Ur

UC m = Up —
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Some additional mathematics
rectification and = 1/2f in full-wave rectification).
Since the incoming and outgoing charges
are equal,

Voltage

sin((otch) = nedisTr/ 2/p ,

[16]

so that,
—

t
ch

The buffer capacitor is charged via resistor
Rfor aperiod—tL to +/L. The charge, Q, stored
in the capacitor in that period depends on
the average charging current,
and the
length of the period, t=2tch:

Q=Icht•

Q= UR2tch/R.

th

21 P

[17]

=

ch

ch

2col

417

[18]

2gleh
t
ch

=

'ch

[19]

=
2 (1)/ P

P

where it is assumed that

cos(cot )dt =
arcsin(x)

0

= 2U sin (cot

ch

)

[13]

and
2U P
sin tch

2 IPsin tch

coR

co

where I
p is the peak value of the current
that the supply can deliver for short periods, that is, U/ R.
To keep the mean value of the capacitor
voltage constant, the charge removed from
the capacitor must equal the input charge,
that is,
/eh2tch= /dis

Tr,

14=QIC =/dis

(Tr

—2tch)/C.

[20]

In awell-designed power supply, the capacitor is charged rapidly and t
ch« Tr,
so
that asimplification may be made:
Ur =

TrIC

[21]

or
Ur=/
di
s/2fC (full-wave rectification)
[21

[15]

where /
di
s is the discharge current and T
ris
the period of the rectified voltage (as explained in the text, Tr= 1/f in half-wave

xif x5. 0.5.

The level of the ripple voltage, Jr, is determined by the amount of charge removed
during the period that the capacitor is not
being charged. The length of that period is
Tr—2tch, so that

[14]

Uc = U —IR.

[8]

The level of U is dependent on the method
of rectification: with full-wave rectification
it is equal to 2U/it, and with half-wave rectification it is equal to Up/n.
The maximum current through the rectifier diode(s), /
d(p) is
I
d(p) = UpIR

or

[12]

r
e

Q=

Tr \

Depending on the method of rectification,
coTr=7C (full-wave rectification) or oil', =
(half-wave rectification). If it is assumed that,
/p is several times (or even many times"!
larger than /dis,the following approximations
are obtained:

So that

2U

CO

dis

arcsin

[11]

The average current depends on the resistance, R,in the charging circuit and the
average voltage, UR, across that resistance:

U R 2t
eh =

1

The voltage source, which represents the
transformer and rectifier, provides adirect
voltage that is equal to the mean value of
the non-smoothed direct e.m.f., U, supplied
by the transformer and rectifier. The internal resistance of the source is represented
by R. If acurrent 1is drawn from the circuit,
that is, the circuit is loaded, the output voltage, Uc, will reduce by the voltage drop
across R, that is

[9]

This level of current flows normally only
when the power supply is switched on, since
the capacitor voltage is then zero. It can, however, also flow in conditions of very heavy
(over-) loads when the minimum of the ripple voltage is zero. Normally, however, the
capacitor voltage is appreciably higher and
the current that then flows is equal to the maximum voltage drop acrossR (roughly U— U)
divided by R, that is
= (U

Uc)IR

[10]

The rectifier diodes must be able to cope
continuously with this level of current, and
should also be able to withstand, for short
periods, the maximum current !
d(p) .
The considerations in this article allow the
practical design and calculation of the rectifier section of apower supply. The formulas
given are not one hundred per cent accurate
for all theoretical considerations; for instance, no account has been taken of the
time constant, T, presented by resistance R
and buffer capacitor C.

or
Ur=/
di
s/fC (half-wave rectification).
[23]
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SCIENCE 13( TECHNOLOGY
Augmented A-matrices:
a new circuit technique suitable for use with home computers
by Michael Soper, MA

Many articles have been written on the use of two-by-two
matrices for the representation of two-port or four-terminal
networks. Computer design now makes such techniques seem
laborious when CAD facilities are available. But many designers
still do not have access to such advanced facilities and need
powerful techniques to help them analyse their proposed circuits.
The advantage of the techniques outlined in this paper is that,
unlike standard matrix techniques, they may represent forwardbiased diodes as well as linear active or passive circuits.
To describe the system, we start off with the
standard circuit where ashunt impedance Z
has these equations:
VI

The system in use here is athree-by-three
matrix system which represents these equations:
1/ 1=a liV2 —a 12/
2 —u.1

V2

and
V2 = ai2V2

Ii =V2/Z —/2
and is represented by the matrix

The whole standard system is summarized
as follows:
11 =

1= 1
The third equation is purely formal and
thus the three-by-three matrix has this form:

[1
°
1/Z I]

LV

—a22/2 —y.1

[Al [V 2

í
all au

-I2

0

1_

Another notation may be used for this:

represents th's circuit

[V 1

u

a12 a22 y

0

resented adequately for design purposes
by two-by-two matrices (called A-matrices),
these are not adequate for the d.c. design
of active circuits. This is because of the
necessity of bias components which can not
be calculated by what is essentially an incremental method. For example, there is unfortunately no matrix for aforward biased
silicon diode.
This restriction has its origin in the mathematical fact that two-by-two matrices can
not be used to move the origin to which the

La bul

vectors of the model are referred. This restriction may be removed by an artifice: replace

[
I;

by

cdy
00 1
The vectors to use are:

vit

LI/ I

and use three-by-three matrices. These may
be termed 'augmented' A-matrices and they
have the form:
La bui
cdz

910058 -11

where
A=

a

11

a12

]

1

001

This is the standard voltage/current vector used in transmission matrices augmented
by the extra column:

where u,z are complex numbers as are, of
course, a, b, c, d.

[u
y

a21 a22
and the circuit equations are:
VI= an V2 —a 12 /
2
=a21

V2 - a22 /2
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1
All this will be explained more fully in
the following.
A drawback of A-matrix technique is that
although linear passive circuits can be repWorldRadioHistory

Standard A-matrix technique
We will summarize the standard A-matrix
technique and then show how the augmented
matrices are an improvement.
A-matrix technique has its origin in the
equations:
=aV2 —bV2

[2a]

AUGMENTED A-MATRICES
11=

V2 —dV2

[2b]

in which the diode is forward biased and
has zero forward impedance. The matrix for
asilicon diode then summarizes the situation:
[1 0

V2

111

0.7

0+10
00

1

VI= V2 +0.7
[6]

=4 2
1= 1
where VI,I are the input voltage and
current, and V2,/
2 are the output voltage
and current. Equations [2a] and [213] may be
summarized neatly in matrix form:
[V

[V 2 1
= [A]

—I2

[1

Z

Current source
Let us now consider the matrix of acurrent
source

[3]
[7]

The simple series impedance, Z, and the
parallel admittance, Y, have therefore the corresponding A-matrices:

A formulation like this is particularly
suitable for use in computer programs, but
it has aserious limitation: Vand Iare incremental, not absolute, as may be seen from
the fact that ashunted current-source can
not be represented by an A-matrix.

V1 = V2
Ii
1
2 i.
The source has infinite impedance and supplies acurrent i. These matrices may be multiplied just as the unaugmented matrices:
the result represents two circuits in cascade.
The advantage of this system is that it is absolute and can represent absolute levels of
voltage and current.
To model atransistor, we must include
the knee voltage of the emitter-base junction and an emitter-collector working voltage. A small-signal silicon n-p-n transistor
with a0.7 V e-b voltage in acommon-emitter configuration might have amatrix

L

910058-13

New system

When it is known what d.c. voltage offsets are required at input and output, the matrix may be computed as follows:

M

=

A

10
0
0
1knee 1
0
1V
0

()

1 0 —V

0

010
00 1

V
[1

by

If the matrix is to represent atransistor,
and A is the usual A-matrix for, say, acommon-emitter configuration, A may be found
from the hparameters, where his the determinant of the hybrid matrix by choosing

u
z

0 01

[
5]

To give an example: suppose the circuit
is

for Vk,where Z is adjusted for zero input
current.
Then, let the supply voltage be Vand the
transistor d.c. current, I.

00

1

2. Solvefor RL.

3. Let jbe the current in the potential divider and dv half the peak-to-peak signal
value; then:

L
I+ R 2 /R
1/R

i

0

[0.7+ dv

1

R2 0

1

0

0

1

lah 22 ,1]=[V ,j,1]

Solve for R2 and R.

System use
The use of this system has been outlined in
the foregoing; it allows, with care, circuits
containing forward- or reverse-biased diodes
and transistors, as well as passive components, to be easily designed.
References.

/

and each matrix A by:
[A

1. Solve A(Z, 0, 1)T =(Vk,0, Dr

[1 R L 0
T
T
A ()I
() [V,-1,1] =[0.7,11oth 22' 1]

-7 x 10E-4 —20
0.7
—10E-6
—0.24 10E-6
O
0
1

The liberation of the standard technique
from this restriction is relatively easy, since
the restriction has its root in the fact that
two-by-two complex matrices can not be used
to represent translations in the (V, /)plane.
The solution is to replace each vector

In the design of asmall-signal, single-stage
n-p-n bipolar silicon transistor amplifier in
acommon-emitter configuration, let A be
the augmented matrix of the transistor. For
convenience, we write the column vectors
in rows.

which provides these equations:

[4]

01

In acommon-emitter configuration, the
emitter resistor, the collector resistor, and
the two base bias resistors are the minimum
requirement.
This is best shown by an example as follows.

Design procedure

and
910058-12
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a=-10121
b=-11111h21
=

-

d=

h22,1h21

-1

111 21.

Empirical tests may be the best way to obtain optimum parameters for the augmented
A-matrix.
A related question is: 'Given the augmented A-matrix of atransistor, how can
the surrounding circuit values be designed?'
WorldRadioHistory
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APPLICATION NOTES
The contents of this column are based on information received from
manufacturers in the electrical and electronics industries and do not
imply practical experience by Elektor Electronics or its consultants.

D.C.-TO-D.C. CONVERTER
(SGS-THOMSON MICROELECTRONICS)

D

C-TO-DC converters are also known
as switching regulators, which, in the
opinion of many, is amore appropriate name.
The converter described in this article is
based on SGS-Thomson's new UCxx84x
family of regulators.
The average output voltage of the converter is controlled by varying the pulse-width
of aregulator, IC I in Fig. 2.
The regulator described is astep-up type
that converts adirect voltage input of 12-1 6V
to one of 18 V. The maximum output current is 3A at 18 V. The efficiency is 73%.
The new chips all operate according to
the pulse-width control technique. In contrast
to similar chips, for instance, those from
National Semiconductor, the SGS-Thomson
devices do not have the power transistor on
board. Although this increases the number
of external components required, it offers
greater freedom in the design of the regulator circuit. The internal circuit of the regulator chip is shown in Fig. 1.
The various members of the UCxx84x family differ in ambient temperature range, the
difference between on and off voltage, the
accuracy of the internal reference voltage
source and the maximum duty ratio. The
housing is indicated by asingle letter: Jfor
ceramic mini-DIP; B and D for DIP-14 and
SO-14 respectively. The circuit described here
uses the consumer version UC3843N.
The principle of operation is that the countere.m.f. generated in inductor Li is added to
the input voltage. When T1 is switched on
for atime t1,the current through L1 rises
and energy is stored in the inductor. When
T1 is switched off for atime t
2,
the energy
stored in the inductor is transferred to the load
via diode DIand the inductor current drops.
When T1 is on, the voltage across L1 is
UL= L(dIldt)

U.= Urd(bllt2)
= U;(1+tilt2)
= Ui(d11[1—k]).

[3]

The large capacitor, C5, across the load ensures that the output voltage is continuous.
Note from Eq. [3] that the output voltage

Fig. 1. Diagram of the internal circuit of the UCxx84x regulator.

[1]

and this gives the peak-to-peak ripple current in the inductor as
[2]
where U; is the input voltage.
The instantaneous output voltage, Uo,is
Fig. 2. Circuit diagram of the step-up switching regulator controlled by the UCxx84x.
ELEKTOR ELECTRONICS USA MAY 1991
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D.C.-TO-D.C.CONVERTER

depends on the duty factor, k, that is, the
ratio of the on and off times, (
1/1 2,
of Ti.
The minimum output voltage occurs when
k= 0. However, T1 can not be switched on
continuously such that k= 1. For values of k
tending to unity, I.10 becomes large and very
sensitive to changes in k.

Circuit description
The circuit shown in Fig. 2is based on regulator IC I.
This device controls the on and off
times of T1and thus the on-off switching of
the current through LI.
As explained earlier, the voltage across C5
depends on the ratio of the on and off times
of Ti. The regulator chip (pin 2: error amp)
measures the output voltage with the aid of
potential divider P1-R2-R5 and compares

the part of it that exists across R5 with the
internal 2.5 V reference voltage. On the basis
of this, it adjusts the duty factor of the pulse
at its output (pin 6), which switches T1,in a
manner that ensures the required level of
output voltage.
The pulse rate is constant and kept at
about 50 kHz by the oscillator on board the
UC3843N. The duty factor may vary from
0% to 50% (x844/5) or from 0% to 100%
(x842/3).
A peculiarity of the regulator chip is the
way the current in the transistor circuit is measured: this is done indirectly by the voltage
drop across source resistor R9. This voltage
is integrated by R7-C2 and then applied directly to the input of the current sense comparator on board IC I.
This method improves
the speed of control appreciably.

45

Construction

It the converter is constructed on the PCB
shown in Fig. 3(not available through our
Readers' services), no difficulties should be
encountered. If the board is mounted on to
the metal rear panel of an existing power unit,
Ti normally does not require an additional
heat sink. It must, however, be insulated
with the aid of mica washers and heat conducting paste, since its metal base is NOT at
earth potential.
Since DIcan get pretty warm, it is advisable to mount it 2-3 mm above the board.
Inductor L1consists of 19 turns 1.5 mm
dia. enamelled copper wire on aSiemens Type
R20/7 ring core. The turns should be distributed more or less evenly across the core,
but this is not very critical.
The efficiency of the converter depends
greatly on the quality of the components
used. Therefore, afast FET instead of abipolar transistor is used for T1.
Also, afast diode
is used for Di; the circuit would operate
with asimple silicon diode, but the transit
times would not be short enough.
The converter is calibrated by applying
an input of 10-16 V provided by an accurate power supply and setting the output
voltage to 16-20 V as required with P1.
References
SOS Application: Industrial and Computer
Peripheral ICs.
SGS Power Supply Application Manual.
"Switch-mode power supplies", Elektor
Electronics, October 1987.
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Resistors:
R1 =22 f2
R2 = 62 k12
R3 = 100 kl2
R4—R6 = 10 ki.
1
R7 = 1IcS2
R8 = 15 kS1
R9 = 0.1 S2; 5 W
P1 = 10 k12preset

ve000e

Capacitors:
Cl, C4 = 10 nF
C2, C3 = 1nF
C5, C6 = 1000 tiF; 35 V; upright

01

o

040
6

o

o in fi co a 0 1Feo c
o cc a 011.0.0.4
e
Z5-5 OIP 7 b

Semiconductors:
IC1 = UC3843N
11 = BUZ11
D1 = FR606 (Taiwan Semiconductors)
Miscellaneous:
L1 = 20 µH (see text)
Ring core R20/7, K1 (Siemens)
Heat sink for Ti (SK09)
Enamelled copper wire 1.5 mm dia.

Fig. 3. Printed-circuit board for the d.c.-to-d.c. converter.
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CONDUCTANCE METER
from an idea by J. Vaessen

Conductance, the inverse or reciprocal of resistance, is not a
quantity that many of us measure daily: we normally deal with
resistance. However, in some instances, for example, in liquids,
it is easier to measure conductance than resistance.

G

ENERALLY speaking, the measurement
of conductance is not any harder than
measuring resistance. In fact, in case of an analogue ohmmeter it is sufficient to state the
inverse of the printed figure to convert the
instrument to aconductance meter. However,
most ohmmeters operate from adirect voltage or current. If that were used in aliquid,
it would invariably give rise to some sort of
electrolysis that would distort the measurement.
To counter the electrolysis, the meter must
operate with an alternating voltage or current
of asufficiently high frequency. The principle of such ameter is shown in Fig. la. Here,
arectangular-wave generator provides avoltage that alternates between 0and areference voltage, Uf. That potential is applied
to one end of the unknown conductance, Gx;
the other side is kept at 1/
2 Uref. This means
that the potential across Gx is arectangular
voltage that swings between ±1/2Uref,
which
is atrue alternating voltage. To determine
the conductance, the potential across one of
the resistors Rref needs to be measured.
The relationship between Gx and the output voltage, 1.10,follows from Thevenin's
Theorem and the Superposition Theorem. For
convenience, in the following the direct voltage setting of 1/21.1ref will be ignored. That
being the case, Fig. lb is the a.c. equivalent

Fig. 1. The principle of measurement is similar to that used in an ohmmeter.

of Fig. la. From this,
1
(1 0 =

Iref

—
2 R ref
Gx

-i-R

If we make the term 1/21I re fin the denominator much smaller than 1/G x,the formula
may be rewritten as

The circuit

U0 = V4Ure fRref G.

However, this has advantages as well as drawbacks. The advantages are that the meter
will have alinear scale and that Rr f will be
e

Fig. 2. Circuit diagram of the conductance meter.
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small in spite of the fact that conductance measurements are normally used in case of high
impedances. After all, Rref would be impractically high for some meter ranges. It is also
possible to draw anew scale for the meter,
which allows for the assumption. The drawbacks are that the assumption causes some
degradation of accuracy and that in this method
of measurement the greatest accuracy is obtained when 1/Gx =Rref.

The circuit diagram of the conductance meter
is given in Fig. 2.
The rectangular-wave oscillator is based

CONDUCTANCE METER

on the well-known Type 555 (IC 1). Its frequency is 10 kHz, which is high enough to
prevent electrolysis in aliquid.The output
of the oscillator is applied to the measuring
circuit as indicated in Fig. 1(G x,R3, R4).
The output of the measuring circuit is
buffered by opamp IC 2a and amplified about
x10. This figure comes about because both
R3 and R4 must have avalue of 0.2/ Gmaxr
where Gma ,is the value of the conductance
at full-scale deflection—f.s.d.
The amplifier is followed by ahigh-quality rectifier circuit based on IC 2b. Buffer capacitorC 3is charged via D3 regularly, fast and
accurately to the peak value of the voltage
at the non-inverting input of the opamp,
while it discharges slowly via Rg.
The potential across C3 is applied to the
non-inverting input of buffer IC 3a ,which
drives the meter. Network R9-P 1 serves to
set the full-scale value of the meter. Potential
divider Rio-Rii-l' 2 serves to zero the meter.
The circuit is powered via voltage regulatr
IC 4.The regulator ensures that the supply
voltage may be used to derive the reference
potential.
A probe for measuring in liquids is made
readily from aprint header. Two pins of the

ing calcium-sulphate in distilled water until
the liquid accepts no more of the CaSO 4.
Note, however, that calcium-sulphate is only
slowly soluble in water.
By adding an identical volume of distilled
water to the solution, the conductance will
be halved. Doubling the volume again by
adding distilled water will halve the conCalibration
ductance once more. While diluting the solution, make sure that it remains at 20 °C,
Depending on the application, the meter
because the conductance varies with temmay be calibrated in two ways. If it is to be
perature.
used for measuring the conductance of solids
Start the calibration before the power is
only, ahigh-value resistor may be used as
switched on by manually adjusting the movthe calibrating conductance. The meter is
ing-coil meter to zero.
adjusted with P1and P2 as described later.
Next, switch on the power and let the inIf the meter is intended for measurements
strument warm up for afew minutes, after
in liquids, the shape of the probe, that is, the
distance between the two electrodes, plays a which the microammeter is zeroed by adrole. The measurand is expressed in µS cm -1 , justing P2 as appropriate. There should be
nothing connected to the measuring electhat is, micro-siemens per centimetre. The 'per
trodes or terminals.
centimetre' emphasizes that the distance beThen, connect the calibrating resistor or
tween the electrodes is afactor.
immerse the probe in to the calibrating liqTo calibrate the meter including probe
accurately, acalibrating liquid is required. A uid and adjust P1 till the microammeter insaturated calcium-sulphate (anhydrite—CaSO4) dicates the correct value. Since this affects
the setting of P2 slightly, the adjustments of
solution is eminently suitable for this purthe two potentiometers should be repeated
pose: at 20 °C, this has aconductance of
acouple of times.
1976 µS cm- 1.
The solution is prepared by mix-

header—preferably gold-plated—form an excellent probe with fixed distance between
the electrodes. The link between the electrodes and the connecting wires should be
made waterproof with the aid of two-component epoxy resin or potting compound.

RED LASERS - New Diode Lasers and Pulled Helium-Neon lasers. DANGER: All
lasers are retinal damage hazards.
HerNe lasers are high-voltage hazards.

THE R.F. CONNECTION
213 North Frederick Ave. #11
Gaithersburg, MD 20877

User's
finished
product must comply with DHEW Radiological Health
requirements.
Purchaser agrees to assume all responsibility for damages.

ORDERS

NEW 670nm 3.5mw SIE-PUNIATME LASER DMDDE POINTERS WITH COATED GIASS
OFITCS.
MODULE only without rase $229.
BRASS 7/16d x 5 3/16 w/2 AAAs
$279.

TITANIUM 3/8d x 5 9/16 w/2 AAAAs $329.

301-840-5477
FAX 301-869-3680
"THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

STATE-OF-THE-ART!

"Specialist in RF Connectors and Coax"
Pad No.
PUMNSA
PUMMT
UG-21D/U
UG.21WU
9913/PIN

Illustrated catalog $2.
First Class Insured Postage free.
10-day
satisfaction guaranteed.
1-year guarantee on new, 30-day on pulled items.
California residents add 7%. VISA and MASTER CARD accepted.

UG.210/9913
UG-219/9913
UG.146A/U
UGAGIM

DYNAUDIO
MB QUART
AUDAX
PEERLESS
SOLEN
ETON

DoscdMIon
UMFMMePhenoft.IMAmmM
UHFMMeSilverTelonUSA
N MaleRG-13,213,214Delta
NMaleRG-8.213.214,Kings
NMMePInfor9913.9086,8214
FitsUG.21WWIUG.21WUN's
NMaleforRG8with9913Pin
NMallOorRGevMh9913PIn
NMalelo50.239,TellonUSA
NFieenMeloP1.459.TelonUSA

Prle*
70
150
325
500
1.50
3.95
5.75
6.00
600

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE
VISA, MASTERCARD, ADD 4%
UPS C.O.D. ADD $3.50 PER ORDER

PALEOSYSTEMS, 11152 Lucerne Avenue, Culver City, CA 90230.
Voice (be prepared to leave message) or FAX (213)-559-6661.

In 1988, Madisound Speaker Components processed
20,000 orders

1-800-783-2666

INFO

FIRM HE-INE IA:MS WITH EtCAPSEILATED POWER SUPPLIES.
hod 24vdc, 5vdc
enable, cylindrical $60; with 115vac to 24vdc kit $80.
low 12vdc or
115vac, ahem enabled, cylindrical $100.
2.5mw 115vac, always enabled,
5vdc enabled, or open circuit enabled, exposed tube $150.

VIFA
FOCAL
PHILIPS
EUROPA
MOREL
KEF
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MAKE CIRCUIT BOARDS THE NEW EASY WAY

PERFECT LAY
SIDEWINDER
ELECTRO VOICE
SLEDGEHAMMER

WITH TEC-200 FILM

Doesn't your hobby deserve these fine product lines?
MADISOUND SPEAKER COMPONENTS
8608 University Green
Box 4283, Madison, WI 53711
Phone (608) 831-3433
FAX: (608) 831-3771

•Copy circuit

JUST 3 EASY STEPS:

on TEC-200 film using any
plain paper copier or

laser printer

film on to

• Iron
copper clad board
Peel off film and etch

•

SATISFACTION GUARANTEED
convenient 81/
2 x 11 size
5-Sheets for $195 10-Sheets only $5.95
add $1.50 postage
NY res, add sales tax

The MEADOWLAKE Corp.
Dept D. P.O. Box 497. Northport, NY 11768
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DESIGN IDEAS
The contents of this column are based solely on information supplied by
the author and do not imply practical experience by Elektor Electronics

Versatile pulse-width modulator
by Dr U. Kunz

T

HE CIRCUIT shown here generates a
pulse train in which the width of each
individual pulse is determined by acontrol
voltage. This property makes the circuit suitable for use as amultiplex-decoder in, for
instance, aremote control system, but other
applications are, of course, also possible.
If the input signals applied to IC Ioriginate in analogue sources, they can be transmitted in digital form over atwo-wire system or via awireless system. In other words,
the circuit can also serve as an analogue-todigital converter with eight channels. Its use
in that function is readily accomplished with
the aid of acomputer.
The constant-current source, based on
T1, 12 and associated components charges
capacitor CIlinearly. When the rising potential at the non-inverting input (pin 3) of
IC3 reaches the level of the voltage at the
inverting input (pin 2), the output of the
opamp becomes +Ub.
The consequent leading edge at pin 12 of
•IC4 starts monoflop IC4a ,and this results in
the output going high. At the same time, C1
discharges via IC 5band 14.
When IC4a toggles, binary counter IC 2advances one step. Since outputs Ql, Q2 and
Q3 of the counter are connected to the digital inputs of multiplexer IC I,this IC applies
adifferent voltage, which is presettable with
P4-P4', to the input of IC 3.
Since CI discharges via T4,the process
just described repeats itself, but with adifferent input voltage. This ensures that the time
lapsed before comparator IC 3 toggles is different from that in the previous cycle. The
setting of the potentiometers or, if none is
used, the voltage level at the inputs of IC3
influences the width of the pulse at pin 10
of IC 4.In other words, the input voltages
are translated into pulse widths.
At the eighth cycle, pin Q4 of IC2 goes
high and this starts monoflop IC4b. The time
constant of this stage is much longer than
that of IC 4a .The leading edge at pin 6of
IC4b is used to reset the counter. Gate IC 5a
and 13 prevent CI from charging until IC4b
toggles. The long pulse so generated, which
appears at the outputs of IC5c and IC5d ,may
be used for time synchronization (for instance, to reset acounter) in the receiver
unit. When IC4btoggles, the whole process

starts afresh.
The values of C1,C2 and C3, which determine the time constants of the pulse generation, must be chosen to fit the particular
application.

Applications
The circuit was designed as amultiplex encoder for aremote control system, in which
potentiometers P4-P4'
are the control joysticks.
P5-P5'
serve to restrict the control range of 1
34P4'. This is advantageous in applications
WorldRadioHistory
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where great sensitivity of control is needed.
Since the time constants for the various cycles can be set independently of one another,
and the time lapses are controlled not only
by potentiometers, but also by voltage sources,
the field of applications is very wide.
The possibility of using the circuit as an
A-to-D converter has already been mentioned. Other uses include aweather station, where the sensor output voltages for
air pressure, temperature, wind speed, humidity, and so on, are applied to the inputs
of IC I.
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WIDEBAND
ACTIVE
ROD
ANTENNA
The starting point for this
design is the well-known
5 8-lambda

whip antenna

with base coil as used for
mobile communications in
the 2-m VHF band.
Interestingly, this type of
antenna is readily tuned to
6-metres. Add awideband
low-noise preamplifier and
you have awideband rod
antenna for a large
frequency range (20 kHz to
150 MHz).

Dipl.-Ing. Jo Becker, DJ8IL

A

familiar sight on cars fitted with aVHF
and mobile radio, the %4. whip aerial
offers again of 2to 3dB over the 1
/ 4 rod,
4
known as the Marconi antenna. The coil seen
at the base of the 5/8-X antenna serves to
lengthen it electrically and match it to a50-0
coax cable. Most 5/84 antennas for the 2-m
amateur radio band have alength of about
1.25 m, which is about 0.22 X in the 6-m
band. The additional inductance formed by
the base coil gives the antenna an electrical
length of a little over 1/4 X., which allows
ready connection to a5042 coax cable.

Active antenna
Long established for maritime radio communications, the active antenna is gaining
popularity with users of general coverage receivers (100 kHz to 30 MHz). Compared
with the familiar long wire, the active antenna is unobtrusive, small and simple to install (although its final location will have to
be given some thought in view of interference). Where a'full-size' vertical antenna
for general coverage reception has a minimum size of about 6m and aweight of more
than 5kg, the active version presented here
weighs amodest 400 gand has alength of
only 1.3 m.
In principle, an antenna for the frequency
range below 20 MHz or so can be shortened

to about 1m without degrading reception.
This is so because the level of man-made and
natural noise is then still higher than the
noise level of the receiver. However, the
problem with such ashort antenna is that it
has arelatively high radiation resistance. As
arule of thumb, short antennas for the SW
frequency range have acapacitive base impedance, CA,of about 10 pF/m. This means
that they must be fitted quite close to an amplifying impedance transformer with a50-s2

output for the coax cable to the receiver
input. This assembly of a short rod and a
wideband RF amplifier fitted at its base is
called an active antenna. The amplifier is
provided with its supply voltage via the coax
cable and asimple L-C decoupling network
at the receiver input.
Transmit/receive operation in the 2-m
and 6-m band is enabled by arelay that disconnects the amplifier and connects the antenna to the coax cable when transmitting.

Table 1 Main technical data
• Passive operation; transmitting or receiving:
- VSWR = 1.4 -1.6 in 2-m amateur radio band
- VSWR = 1.2 -1.7 in 6-m amateur radio band
- Loss introduced by relay and switching circuit: 0.1 dB (2-m band)
- Permissible transmit power: >50 watt
• Active operation at Lib = 11 to 15 V (13.5 V typ.)
- Current consumption: 60 mA
Field strength conversion constant kA = Uo /E =0.5 m
Ripple of kA: ±1 dB between 150 kHz and 65 MHz
- Noise level PNO
= -155 dBm /Hz ±1.5 dB between 1and 60 MHz
UN° /Niàf =- 4 nV /\i Hz
Equivalent noise level: 8 nV /m x 1/
Large-signal behaviour: 2nd-order intercept point IP2 =48 dBm; 3rd-order intercept point
IP3 =30 dBm
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Background noise and

malized at 50 12 for RF; 0dBm equals 1mW.
For SSB in abandwidth of 2.5 kHz:

background theory

—155 dBm +34 dB =—121 dBm
hence Pimx =—20 dBm, and DR =101 dB

PNo =

The field strength conversion factor, kA,
of an
antenna of effective length l
en1/2 (for values
of /smaller than 1/8) is determined with the
aid of the basic circuit shown in Fig. I. As an
example, the factor is calculated at a frequency of 10 MHz and at the associated gain,
G, measured as 1.91 (see Fig. 2):
Fig. 1.
Basic schematic and parameters of
an active antenna.

The relay is controlled remotely from the receiver or transceiver.
As illustrated in Fig. 2, the active rod antenna supplies avirtually constant voltage
relative to the field strength of signals in the
range from VLF to VHF. It is precisely this
characteristic that makes the active rod
suited to relative field strength measurement. Fitted on acar roof, it allows the inband and out-of-band signal levels of SW
stations to be monitored. The antenna is also
suitable for mobile long-distance SW reception, provided you take the trouble to drive
your car as far as possible from large cities,
broadcast transmitter sites and industrial
sites. At home, the antenna is best fitted to
the metal protection parts of the roof (see the
introductory photograph). An alternative location is the balcony railing.
Given its small size, the performance of
the active antenna is quite impressive, as
shown by the measurement data collected in
Table 1.

kA

—

1.10 — I• CA
E 2 CA +Ci

For CW in abandwidth of 500 Hz:
—155 dBm +27 dB =—128 dBm
hence Pm ax=—23 dBm, and DR =105 dB

PNo =

To many of you, voltage levels may be more
familiar than the above dBm values. Assuming an antenna impedance of 50
and remembering that

•G

— 1.25m •le e =0.5 m
2

U =41.7-TZ
Next, the intermodulation-free drive margin
of the amplifier, Pm , and the dynamic
range, DR, are calculated with the aid of the
second-order and third-order intercept
points, IP 2and IP3.
The purpose of this calculation is merely to compare the performance
of one active antenna with that of another.
For the practical construction, it has no significance.
1
Pmax =—
3 (P/vo +2IP3 )

DR =Amax

[dBmJ

2
PNO = —
3
IP3 —PNO ) [
dBm]

All power levels in the above equations are
entered in decibel-milliwatts (dBm) nor-

the resultant figures may have more
meaning. The result for SSB is anoise voltage, Ursio, of 0.21 µV, a maximum antenna
voltage, U., of 22 mV, and a maximum
field strength, E., of 44 mV/m.
For CW we obtain the following values:
UNO = 0.09 µV, Uma x= 16 mV, and Emax =
32 mV/m.
In practice, when the field strength of a
received station exceeds Emax, the intermodulation and interference signals produced by the amplifier will exceed its own
noise. The effects of intermodulation cause a
number of spurious signals which may be
heard in the receiver if they are strong
enough to top the level of the background
noise produced by man-made, atmospheric
and other natural sources.

TO.Lev -20.00 dBm

Ref.Lev
0-20.00 dBm

RF.Att

10 dB

Unit [dB]

-1.0
-2.0
-3.0
1

-4.0
Test emit:

-5.0

f„

c.

,..,

-6.0

AMP.

1
.13,

-7.0
!
-,-.

-80
.
-9.0
-10.0

Spectrum

__
10kHz

100kHz

iMHz

1 1 1111 1
10MHz

100MHz
910023-12

Fig. 2.

Frequency response of the active antenna. The rod was simulated by a capacitor of 15pF and a resistor of 2512
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From Fig. 2we could be lead to believe
that the active antenna could be used up to
nearly 200 MHz. However, when the electrical length of the rod is X/4 or greater, the antenna starts to form alow impedance. This
means that the preamplifier (which is essentially an impedance converter) can be
omitted, and the rod connected direct to the
input of the VHF receiver. Consequently, the
VHF receiver will produce alow noise voltage relative to its own noise level. For an impedance of 50 SI, the equivalent input noise
voltage of the amplifier is 1nV MHz.

Circuit concept

The active antenna discussed here was
tested with a Yeasu FT-757GXII SW transceiver. The noise produced by the active antenna was audible only above 10 MHz. The
dynamic range of the receiver with the active
antenna switched on is smaller than that of
the receiver proper, while the dynamic range

of the receiver alone is greater than that of
the preamplifier alone.
The achievable signal-to-noise ratio can
only be improved by means of adirectional
antenna, which, as most radio amateurs
know, have asize of at least X/2, and offer a
relatively small bandwidth.

As to the wideband amplifier, if you are after
low amplifier noise rather than ahigh dynamic range, consider the following alternatives:
- asingle-stage VMOS-FET based amplifier utilizing, for instance, the VN0808M
or the VN66AK from Siliconix;
- atwo-stage amplifier with asource follower at the input and an emitter follower with strong feedback at the
output.
The second alternative has certain advantages: the input capacitance C, is small; the

Fig. 3.
Circuit diagram of the active antenna, consisting of a 5/
8-lambda whip with base coil, awideband RFamplifier and a supply voltage
coupling circuit. Relay Rel is actuated in receive mode only when the amplifier is functional also. During transmit operation, the supply
voltage to the amplifier is switched off, so that the whip antenna is connected direct to the transceiver.
WorldRadioHistory
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Resistors:
1 2752

R7

2 470 0.3W

R1 ,R8

1 82Q

R5

1 12051 0.3W

R6

2

R2,R4

100k.Q

1 2M512

R3

Capacitors:
1 470pF 3kV ceramic

Cl

1 5nF feedthrough

C9

1 100nF 10 V ceramic

C5

2

C3,C4

100nF 35V ceramic

1 470nF ceramic

C7

1 470nF 35V tantalum

C2

1 4µF7 10V tantalum

C6

1 10µF 25V tantalum

C8

Semiconductors:
2

1N4148

01,D2

1 18V 1.3W zener diode D3
1 J309 (Siliconix)

Ti

1 2N5109 (Motorola)*

T2

Miscellaneous:
1 12V relay with 2c/o
contacts (SDS"• type
DS2E-12V)

Rel

1 noble-gas surge arrester
145V @ 5,000A

Ul,U2

•Cricklewood Electronics.
*" SDS Relays Ltd. •17 Potters Lane •Kiln
Farm •Milton Keynes MK11 2HF •Tel.
(0908) 567725.

fier and the transmit /receive relay via
chokes Li and L2. The chokes must be capable of withstanding the transmit power
while not introducing significant losses or
resonance at any frequency within the range
covered by the active antenna.
Fig. 4.
Double-sided printed circuit board for the wideband RF amplifier.
Two small gas-filled surge arrester tubes
are provided to protect the amplifier against
to be used. The output signal is fed to the renoise level UN is low; the current consumpvoltage peaks caused by lightning and 'elecceiver via adiplexer consisting of R8, L3, C7
tion is modest and, importantly, the amplitrostatic rain'. In addition, two diodes, Di
and the input impedance of the receiver.
fier has no adjustments.
The supply voltage arrives at the ampli- and D2, and aseries resistor, Ri, protect the
The circuit shown in Fig. 3is asource follower based on aType J309 n-channel junction FET (Ti) from Siliconix or National
Semiconductor. This transistor offers agood
Table 2. Inductor winding data
large signal performance by virtue of the
relatively high and constant drain current.
To stabilize the drain current, the source reLi: 22 turns of 0.2 mm dia. copper enamelled wire on a ferrite ring core of
sistor, Rs, is not connected to ground but in
o.d./i.d.=16 mm/9.6 mm; h = 6.3 mm; type B64290-K45-X830 from Siemens.
parallel with the base-emitter junction of the
L2: 20 turns of 0.2 mm dia. copper enamelled wire on a ferrite ring core of
o.d./i.d. = 14 mm/9 mm;h = 5mm; type 43220209718 from Philips Components.
output amplifier transistor, T2. This is aType
Alternative type: FT50A-61 (Micrometals/Amidon).
2N5109 medium-power wideband transistor
L3: 21 turns of 0.2 mm dia. copper enamelled wire on a ferrite ring core of
designed for use in CATV head-end stations.
o.d./i.cl. = 16 mm/9.6 mm; h= 6.3 mm; type B64290-K45-X830 from Siemens.
The transistor (manufactured by Motorola)
is marked by low noise and excellent linearity. If you can not get hold of the
2N5109, you may use the 2N5943, 2SC1252
or 2SC1253 as anear equivalent.
The linearity of the output stage is ensured by a relatively high degree of feedback. The gain of the stage is set to about 1.9,
allowing kA factors of between 0.2 and 0.5 to
be achieved. The output impedance of the
amplifier is 50 12 to allow conventional coax
ELEKTOR ELECTRONICS USA MAY 1991

Main electrical data of the ferrite cores:
Li, L3: material N30, pi-4,300; AL=2.77 µH. L1=1.3 mH; L3=1.2 mH.
L2: material 4C6;µ;=120; AL=53 nH; L2=21 gH.
Siemens distributor in the UK is ElectroValue Limited •28 St Judes Road •
Englefield Green •Egham •Surrey TW20 OHB. Telephone: (0784) 33603. Telex:
264475. Fax: (0784) 35216. Northern branch: 680 Burnage Lane •Manchester
M19 1NA. Telephone: (061 432) 4945.
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Fig. 5.

Mechanical outline of the active antenna. The whip antenna is bolted to the top part of the base, P.

gate of the J309. The zener diode, D3, has
three functions: first, it limits the maximum
supply voltage; second, it prevents backe.m.f. from the relay coil; and third, it acts as
aprotection against polarity reversal of the
supply voltage.

Construction and earthing
Figure 4 shows the double-sided, not
through-plated, printed circuit board for the
amplifier. The component side is largely unetched to allow it to function as a ground
plane. All component terminals that are connected to ground are soldered at both sides
of the PCB. Note that all component terminals, whether grounded or not, must be kept
as short as possible.
The construction of the board is largely
apparent from the photograph of the prototype. Note the orientation of the tab on the
case of T2. If you use atransistor with aterminal connected to the case (the near equivalents of the 2N5109), this terminal is
soldered to ground.
The PET, Ti, is fitted with its flat side facing D2, R2 and the relay. The centre terminal
of the PET (source) is not indicated on the
component overlay. The outer two terminals
are the drain (near C3) and the gate (near Di).
The frequency response of the amplifier
will be alittle smoother than shown in Fig. 2
when toroid core L3 is allowed more space
than in the 'cramped' prototype shown in
the photograph. The supply/coax connection should be sealed to prevent rain or dew
entering the coax cable or the amplifier enclosure. An N-type plug and socket may be
used because they are waterproof. The disadvantage however is the relatively high

Table 3.

Mechanical parts

o.d. = outside diameter
id. = inside diameter
A: Metal washer o.d./i.d.=16/11 mm; 4 mm thick.
B: 6.3 mm dia. jack socket.
E: chrome-plated aluminium support plate.
H,J: Isolating washer o.d./i.d.=1 2/
4 mm; 2 mm thick.
K: relay.
N: nylon screw M4x15 mm.
Q: stainless steel spring washer o.d./i.d.=16/11 mm; 0.2 mm thick.
S: 6.3 mm dia. angled jack plug.
X: isolating washer o.d./i.d.=16/11 mm; 2 mm thick.
W: water exhaust
G: diecast case 111x60x27 mm (Eddystone Radio 27134P),
P: antenna base.

cost. The author used acheaper alternative
in the form of a jack socket and a mating
plug. After 11/
2 years of continuous use on
the roof no traces of corrosion could be detected inside the amplifier enclosure.
In the introductory photograph the antenna is seen attached to the zinc rim (of
width w) on the edge of aflat roof. The antenna is secured to a2-mm thick U-shaped
chrome-plated aluminium piece (E) that is
clamped on to the metal rim of the roof. The
size of the aluminium plate is 200 (L) x
(100+w+100 mm) (W) mm. The zinc rim on
the roof is connected to the lightning conductor system. It should be noted that there may
exist aup to afew 100 mV of hum between
the lightning conductor system (which is
earthed) and the protective earth on the
mains system, to which the RF equipment is
connected. To prevent astray current flowWorldRadioHistory
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ing via the relay coil and Li, L2 and L3 (as a
result of the potential difference, which is essentially hum), the two earthing systems are
capacitively coupled via 0 The value of 0
is 470 pF, which is much greater than CA. The
capacitor effectively prevents harmonics of
the hum voltage occurring in the VLF range
of the receiver. Finally, use insulating spacers between the PCB and the metal enclosure, as shown in Fig. 5. This is done to
ensure that the two earth systems are not interconnected.
Note:
This article was translated and edited by the
staff of Elektor Electronics from an originally
German version that appeared in the 2-1990
issue of CQ-DL magazine. We thank the editors of CQ-DL for their permission to reproduce Mr. Becker's article.
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PREAMPLIFIER FOR MOVING-MAGNET PICK-UP
by T. Giffard

The basic function of a pick-up element is to translate the motion
of the stylus into an electrical signal. The most popular cartridges
in use are the moving magnet (fixed coil and tiny magnet) and the
moving coil (fixed magnet and tiny coil). In both designs the
vibrations of the stylus cause fluctuations in a magnetic field.
Last month we published a preamplifier for advocates of the
moving coil design; this month we turn our attention to those
who favour a moving magnet element.

M

OVING magnet carrtridges have arelatively high output and require aload
of some 47 kfi in parallel with aspecified
capacitance, normally 200-500 pF, for optimum performance.
The output voltage of the cartridge increases with frequency as shown in Fig. 1
following the recording characteristic of LP
records in accordance with the IEC recording standard. This is a1976 adaptation of
the well-known RIAA (Recording Industry
Association of America) recording standard.
The preamplifier is therefore required to have
aplayback characteristic as shown in Fig. 1
with de-emphasis time constants of 8ms,
3180 ¡is, 318 j.ts and 75 pts,corresponding to
roll-off points of 20 Hz, 50 Hz, 500 Hz and
2120 Hz respectively. The output level is
0.8-2.0 mV cm- 1 s- 1 of groove modulation
velocity, resulting in amean output of some
3-10 mV at 1kHz.
The RIAA recording characteristics did not
specify the 8ms time constant which, particularly in the present preamplifier, is of
importance since it attenuates all kinds of subsonic sound (at 2Hz by as much as 20 dB compared with the RIAA characteristic). The use
of the IEC rather than the RIAA characteristic means that the amplifier reproduces records
cut according to the RIAA standard with a
greater attenuation of any rumble, while
those cut in conformity with the IEC standard
are reproduced correctly. This assumes, of
course, that the components in the correction networks are close tolerance types.
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Circuit description
This is the first quality preamplifier designed
around opamps that we have ever published.
The opamps used have the lowest noise figure currently commercially available—more
about this later.
The circuit diagram of the preamplifier is
shown in Fig. 2; it will be discussed on the
basis of the left-hand channel.
The signal from the pick-up element is
applied to the non-inverting input of ICI.
The input impedance is formed by the parallel network R1-C 1. The correct value of these
components is normally given by the manu- Fig. 1. Recording (1) and playback (2) characteristics according to the 1976 IEC standard.
ELEKTOR ELECTRONICS USA MAY 1991
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facturer of the cartridge, although that of the
resistor is usually taken as 47 kil. The value
of the capacitor varies between 200 pF and
500 pF. Note that C1 is shunted by the capacitance of the cable, which is normally
100-200 pF and this must, of course, be deducted from the capacitor value specified
by the manufacturer. If no manufacturer specification is available, make R1 = 47 kS2 and
C1 = 100 pF.
The feedback of low-noise opamp IC Ihas
been arranged to ensure that the opamp does
not only provide an amplification of x10, but
also the required correction of the low frequency part of the signal. The high-frequency
part is corrected by R7-R 8-C,. Apart from
the 20 Hz roll-off point, that completes the frequency response requirement according to
the IEC standard.
The output of IC Iis applied to IC 2,whose
characteristics are virtually identical with
those of the well-known OP27. The amplification of the stage is x6.5.
Although RI1 at first sight appears to have
no function, it does, in fact, stabilize the
opamp if the load is highly capacitive.
The 20 Hz filter is formed by the parallel
combination of C10 and C11 and the input
impedance of the power amplifier connected
to K2. The value of the capacitors may be
calculated from Cio +C il = 1/40nR i,where
R1is the input resistance (471(12). The old RIAA
characteristics may be retained by giving
both C10 and C11 avalue of 470 nF.
The power supply for the stereo preamplifier contains no fewer than six regulator
stages. The transformer rating is about 4.5 VA.
Any spurious noise signals produced by
the rectifier diodes are suppressed by capacitors shunting the diodes.
The ±15 V output of regulators IC 5 and
IC 6 is suitable for powering IC, and IC 4,but
for the low-noise opamps it needs further
smoothing in T1—T 4.Strictly speaking, since
these transistors are not saturated, they function not so much as regulators but more as
filters. Their bases are driven via RC networks with avery low cut-off point (0.7 Hz).
This arrangement ensures effective suppression of any residual hum and other noise
extant on the output voltage.

Fig. 2. Circuit diagram of the stereo preamplifier and associated power supply.
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Fig. 3. Equivalent circuit of all noise sources associated with the preamplifier.

Fig. 4. Voltage noise and current noise as afunction of frequency (Courtesy Linear Technology).
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Noise
Noise figures do not tell the whole story of
the noise that an amplifier will produce. The
level of noise is determined primarily by the
input circuit(s). The equivalent circuit in
Fig. 3shows where the sources of noise are
to be found. Sources EN ,I
N 'and I
N2 represent all possible causes of noise in the opamp.
Sources E1and E2represent the thermal
noise level of the source impedances (R ai
and Ra) that are connected to the opamp. The
noise level at 25 °C is about 0.13'R (nV •elz- 1)
where R is expressed in SI. Although this
noise is not under the direct control of the
designer, it does have an effect on the amplifier. The extent of its effect can only be assessed once we know more about the noise
caused by the opamp.
The noise voltage, EN ,and noise current,
I
N ,as function of frequency are shown in
Fig. 4. In both, the characteristic may be divided into two: aflat part and apart where
the amplitude rises with decreasing frequency.
This comes about because, basically, both voltage noise and current noise consist of two
types of noise: white noise and 1/f noise.
White noise is characterized by by its level
being the same at all frequencies, whereas
the level ofl /f noise is inversely proportional to the frequency. The characteristic
curve is therefore adescending line (1 /f component greater) that slowly becomes horizontal (white noise greater). The frequency
at which the levels of the two components
are equal is usually called the rolloff frequency.
The effects of these noise sources may be
limited by three golden rules:
• The source impedance must be kept as low
as possible to keep thermal noise low. This
in turn will keep down the level of the noise
voltage caused by noise currents I
Ni and I
N2
across the source impedances. Note, however,
that with the LT1028 the effects of the noise
current are already exceeded by those of the
thermal noise when the source impedance is
smaller than 20 kl.
2. Nevertheless, to ensure
minimum noise in the LT1028, the source
impedance must be less than 400 S
.
2to ensure that both the noise current and the thermal noise may be ignored: only the noise
voltage then still plays arole. In their data
book, Linear Technology therefore state that
the use of the LT1028 is sensible only when
the source impedance <400 O.
• The 1/f rolloff frequency must be chosen as low as necessary (and possible). This
ensures that the amplifier has agood signalto-noise ratio at even low frequencies. It does
not make sense to use a1/f rolloff frequency
that lies beyond the bandwidth of the amplifier.
• Match the bandwidth of the amplifier to
that of the signal. Noise that lies outside the
bandwidth of the amplifier is amplified to a
lesser degree than noise within it. In other
words, the output of an amplifier with acorrect bandwidth will contain less noise than
that of an amplifier with too large abandwidth.
With the LT1028 abig step has been taken

Fig. 5. The printed-circuit board for the preamplifier is availabe through our Readers' services.
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Sure, high tech audio has its share of mystery, hype
and mystique. But all that clears up when you venture with us behind the front panel. At first, you may
be satisfied to just look around, and check things out
with the schematic. Very soon, you'll begin to
understand what that mumbo jumbo is all about.
Then whenever you like, you can start improving
your system's performance in ways that mass production doesn't allow.
If that sounds overly optimistic, read that first
quote again. It's from a reader who had never
opened the back of a set,
never read a schematic or
plugged in a soldering
iron— before subscribing to Audio Amateur. And
there are thousands more like her who've been
turning garden variety preamps into something
really special by replacing the power supply,
upgrading the components, or actually improving
the circuit design.
And this is only a fraction of what
Audio Amateur has been doing for
thousands of readers during the
past twenty years.
We've done it in part by publishing authoritative
articles about audio technology by people who have
improved their own systems. Most often, they're nonaudio engineers who recognize that there are better
ways to reproduce sound than commercial products
allow. We also publish original designs as good or
better than those on the market—and always at far
lower cost. We always tell you where to find the
parts you need. Not surprising, there are specialist
suppliers who offer kits based on the articles.
But it's not all "work." You'll meet the who's who
in audio. You'll enjoy the lively exchange of ideas in
our reader letters. Audio Aids is a forum where
readers share their tricks and ideas. Booktalk has
reviews of old and new audio books. And you'll learn
about all that's really unusual among the new. Our
free classified ads for subscribers and audio clubs
provide a great meeting ground.
All this will lead you to hours of hands-on pleasure
and listening with a satisfaction you had never experienced before. But that's not all. You'll find that
new venture so engrossing you'll wonder what
happened to all that stress.
It's easy to get started. Just have your Mastercard
or VISA handy when yoU call us at (603) 924-9464,
any working day between 9 and 4. Or use the
coupon. There's nothing dated about Audio Amateur,
so your subscription starts with the first issue of this
year. And they'll arrive in about six weeks.

Start reading
Audio Amateur and
you'll soon be
writing us letters
just like these
"I never realized that an absolute novice like
me could really get into the electronics of my
music system and make changes that would
improve the sound so dramatically."
Gayle Farris, Denver, CO 80216
"I scratch-built the last PAS with certain
modifications...a much more stiffly regulated
heater circuit, and one cathode follower
tube function in the RIAA stage... and it
sounds great."
Zoltan Gal, Gyor Hungary
"The servo article (by Brian Clark) is now my pet
project, and I'm trying to apply it to my PA Audio IV
H preamp...it would allow me to eliminate three
100uF aluminum electrolytics from the signal path."
S. F. Lataros, Nazareth, PA 18064

Send me Audio Amateur
Post Office Box 578, Dept. E91, Peterborough, NH 03458-0576
LI one year for $20. [II two years for $35
r] Use my credit card
Iunderstand that my subscription will start with the first issue
published in 1991 and each year's subscription will end with the
last issue of that year. Canada: please add $4 per year postage

EI'm enclosing acheck/money order.

AudioAmateur
THE

JOURNAL

FOR

AUDIOPHILE

CRAFTS

NAME
STREET & NO
CITY

MC/VISA
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EUROPE'S
HOTTEST KITS
NOW AVAILABLE
IN
NORTH AMERICA!

IBM PC SERVICE CARD

PLOTTER MARK-II

This card was developed for assistance in the field of service,
development and test. The card is
used as abus-extension to reach the
measurement points very easy. It is
also possible to change cards without
having a "hanging computer".

completely reworked version: see Elektor Electronics March 1990.

Ready Assembled Module

* Max. width 50 cm.
• All mechanical parts supplied ready-drilled, filed and tapped, so get
oing at once.
Complete kit, including 2stepper motors, 3pen lift solenoids, HPGL software
on disk (IBM), stepper motor control board

$145

loo.loo $275
•1
1
e
l s
•
•
\

IC TESTER FOR IBM-PCXT/AT
With the ELV IC tester logic function tests can be carried out on
nearly all CMOS and TTL standard components, accommodated in DIL packages up to 20
pin. The tester is designed as an
insertion card for IBM-PC-XT/AT
and compatibles. A small ZIF test
socket PCB is connected via a
flat band cable. Over 500 standerd components can be tested using the accompanying
comprehensive test software.
Complete Kit including Textool
sokket, connectors, sockets, Flat
band cable, PCB, Software.

-fr

•

0 SOO
ge....h
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COLOUR TEST PATTERN GENERATOR
A PAL-compatible colour video source that
supplies a number of test patterns for
aligning television sets.
A test pattern generator is virtually indispensable for troubleshooting in television sets
because it supplies a video signal that is
known to be stable, and thus easily
displayed and synchronized on an
oscilloscope.
Inc. case and front

100 111

$175

Ready Assembled Module

ELEKTOR P.C. i/o card

$200
ELEKTOR ELECTRONICS USA MAY 1991
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220 007 $175
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MICROPROCESSOR-CONTROLLED
FREQUENCY METER
A professional grade multi-purpose frequency meter, designed by Elektor Electronics, that can be build by many at
affordable cost. Described in Elektor Electronics December 1984, January & February
1985. U665B-based prescaler.
• Frequency meter:
0.01 Hz to 1.2 Ghz.
• Pulse duration meter:
0.1 to 100 s.
is Pulse counter:
0to 10 9 pulses
el Period meter:
10 ns to 100 ns
• Sensitivity:
Input A: 10 mV
(Z =2Mi2);
• Input B: TTL or CMOS compatible
a = 25 kil);
• Input C: prescaler input:
10 mV rms (Z, n =50 n).
• Auto-ranging and completely menudriven.
al 6or 7digit accuracy.

Kit includes power supply,
prescaler and enclosure
100.112

$300

69
S-VHS/CVBS-TO-RGB CONVERTER

BASIC COMPUTER

e

With Intel 8052AH-BASIC
100 117

$160

ELECTRONICS
THE HAGUE HOLLAND

ANALOG MODULE
eps 880162

DIGITAL MODULE

eps 880163

ADRESSDECODER
eps 880159

100.113

$80

100.114

$55

100.115

$45

Following last month's introduction into the
main characteristics of the Super-VHS system,
we close off the article with details of a
practical converter circuit that allows an SVHS-VRC or camcorder to be connected to
the RGB inputs of a colour TV or monitor. The
circuit presented here forms a state-of-the-art
approach to all-analogue picture standard
conversion, and is based on the latest in IC
technology available for this purpose.
220.039$150

AVAILABLE FROM:

OLD COLONY
SOUND LAB
PO Box 243, Dept E91
Peterborough, NH 03458 USA
24-Hour Lines:
Tel. (603) 924-6371 FAX (603) 924-9467
• Check, money order, MCNISA
accepted.
• Please allow 6-8 weeks for delivery.
• SHIPPING: Airmail shipping to USA
included in price. Others: Please
inquire.
• CUSTOMS: USA residents may be
required to pay 5-10% customs
duty. Others may vary.

MULTIFUNCTION MEASUREMENT
CARDS FOR PCs

MICROPROCESSOR-CONTROLLED
TELEPHONE EXCHANGE

The high-performance insertion card described in this article allows your IBM PC-XT,
PC-AT or 100 % compatible to measure direct
voltage at 12-bit accuracy, as well as frequency and a host of other parameters
related to pulse-shaped signals. The accuracy and versatility afforded by the card are
of a level associated with much more expensive, industrially rated products. The
menu-driven control software developed for
this exciting project allows you to keep tabs
on up to eight voltages quasi-simultaneously,
while up to eight remaining inputs can be
used for time-related measurements including frequency, duty factor and pulse duration, not forgetting the event counter.
Connected to the sensors and timing devices of your choice, this card turns a PC
into a powerful central controller in a complex measurement and control system.

The telephone exchange presented here
allows up to eight pulse-dialling telephone
sets to be connected, and has an option for
connecting calls to or from an external
(trunk) telephone line. The unit is controlled
by the popular 8052-based BASIC computer
we introduced a few years ago.

220.040

220.057

MAIN FEATURES

$190

MAIN SPECIFICATIONS
•Mode: Single
-one adjustable power supply
with current an voltage
controls.
-Output:
0-40Vat0-5A

$225

•Mode: independent
-two identical, electrically
separated, power supplies.
-Outputs:
2xO- 40 Vat 2xO- 5A
•Mode: Tracking
-two indenticol. series connected. power supplies.
-Outputs: ± - 40 Vat0- 5A
0 -80 Vat 0 -5A
-Voltage and current of stave
follow master

SPECIAL PARTS SERVICE
We are the no. 1suppliers of hard-to-find
components for Elektor Electronics projects.Always contact us first if you see an
unfamiliar component. Items include
analogue & digital ICs (HCT, SMD), precision resistors (1%, 0,1%), capacitors
(MKT/styroflex), inductors (Neosid, Toko),
transducers, enclosures (Telet, OKW) and
quartz crystals
FOR FURTHER INFORMATION,
PLEASE SEND A BUSINESS-SIZE

400-WATT LABORATORY POWER
SUPPLY

•Mode: parallel
-two identical, parallel connected, power supplies
-Outputs 06 -39 4V at 0 -10 A

Here is an all-purpose d.c. power supply for
symmetrical as well as asymmetrical use,
and capable of supplying high output currents and voltages. An all-analogue design
based on discrete parts only, this 400-watt
PSU deserves a prominent place on your
work bench.

SASE TO OLD COLONY SOUND LAB
(ADDRESS ABOVE), ATTN: MEEK IT.

•8 Internal lines
• 1external line
•memory for 10 numbers
•Internal through connections
•versatile computer control
•automatic hold for external line
•simple-to-extend
•can be interfaced to a PC
•selective external call
acceptance
•shortcut dial codes for external
number
•works with pulse-dialling telephone sets
•one optinal relay for extra
switching function

ex. case 220.036
WorldRadioHistory

•Maximum output voltage:
O -40 V (at full laod)
48 V (no load)
•Maximum output current::
•Rippie:

$525

5A

10 mV (no load)
50 mV (at full load)

•Volta9e difference in
tracking mode:

50 mV
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Subscriber
Services
•

Complete the applicable
section(s) below and
mail to:
Elektor Electronics USA
PO Box 876
Peterborough, NH
03458-0876

WOULD YOU LIKE TO.
SUBSCRIBE?
YES! Just check the appropriate boxes in the
"renew" section and fill in name and address.

=ELI

11 RENEW?

SUBSCRIBER NUMBER

Fill in the appropriate sections below. For
faster service use your mailing label and
subscriber number.
1.••

[j 1 year at $28

EJ

2 years at $50

EJ

NAME

STREET & NO

Check/MO enclosed

CICharge

MC/VISA

CITY

ST

MCNISA

ZIP

EXP

Canada add $8 per year postage
Remit in US $ only

Li CHANGE YOUR ADDRESS?

MY NEW ADDRESS:

Fill in your new address to the
right and old address and subscriber
number above.

NAME

STREET & NO

CITY

ST

ZIP

CITY

ST

ZIP

D GIVE A GIFT?
What a thoughful idea! Fill out your name and
address above, the recipient's name and address
to the right. We'll even send a gift card
announcing your gift.

• 1IJ TELL YOUR FRIENDS ABOUT US?
Print their names and addresses below or photocopy this form for them.
We'll take care of the rest.
NAME

NAME

STREET A. NO

STREET A. NO

CITY

•••1

ST

ZIP

Li COMPLAIN ABOUT YOUR SUB SC RIPTION ? YOU CAN CALL US
Yes, it sometimes happens. We try to avoid it at
(603) 924-9464
all costs, but it you have a problem, we want to
know. Call or write with all pertinent information.

Subscription Department
94 Business Days
Answering Machine
All Other Hours

FAX: (603) 924 9467

0II1

=13
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MORE

BUY FOUR, TAKE 15% OFF!
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SALE ENDS JULY 1!

HOW TO USE OP AMPS
KEYS
E. A. Parr
$9.95
Parr's book is adesigner's guide covering many operational amplifiers
which serves both as asource book for circuits and as areference book for
design calculations. The approach is as nonmathematical as possible and
is thus equally understandable by the hobbyist or the engineer. United
Kingdom, 1982, 160pp., 4 % x 7, softbound.

ACOUSTICS SOURCE BOOK
BKM95
Sybil P. Parker, editor-in-chief
$39.95
This widely-sought member of the McGraw-Hill Science Reference Series
is an accumulation and explanation of all that has to do with acoustics, focusing on basic concepts, sound production, sound transmission, sound detection, and practical applications. One of the clearest and most basic references
on acoustics available today. 1988, 333pp., 7 x 9 1
/ ,hardbound.
2

AUDIO PROJECTS
BKEV4
F. G. Rayer
$6.95
This book covers in detail the construction of awide range of audio projects, including preamps, power amps, mixers, tone controls, and many
others. All are fairly easy to build, and to that end the author has included
anumber of board layouts and wiring diagrams. United Kingdom, 1981,
96pp, 4 % x 7, softbound.

MONTI
LISTENING: AN INTRODUCTION TO
$39.95
THE PERCEPTION OF AUDITORY EVENTS
Stephen Handel
This book combines broad coverage of acoustics, speech and music perception, psychophysics, and auditory physiology in alively introduction to
the perception of music and speech events. Coherence and clarity are the
hallmarks of this book, and the author's strategy is to discuss specific points
in detail rather than every possible thing superficially. All in all very fascinating, especially the treatment of the physiology and neurophysiology of
the auditory system. 1989, 597pp., 6 Y2 x 9 1
/ ,hardbound.
2

AN INTRODUCTION TO
BKEV5
LOUDSPEAKERS AND ENCLOSURE DESIGN
$9.95
V. Cape!
In this volume may be all you need to know about the theory and operation of speakers and the various boxes into which they may be fitted. The
book also includes the complete design and construction details for the inexpensive but high quality enclosure called the "Kapellmeister." United
Kingdom, 1988, 160pp., 4 % x 7, softbound.
MODERN OP-AMP PROJECTS
BKEV6
R. A. Penfold
$6.95
BKEV6 includes awide range of construction projects which make use
of the specialized operational amplifiers available today, including low noise,
low distortion, ultra-high input impedance, low slew rate, and high output
current types. Circuits using transconductance types are also included. United
Kingdom, 1982, 112pp., 4 % x 7, softbound.
HOW TO GET YOUR ELECTRONICS PROJECTS WORKING
INEV7
R. A. Pen fold
$6.95
We have all built circuits from magazines and books only to find that they
did not work correctly, or at all, when first switched on. The aim of this
book is to help the reader overcome just these problems by indicating how
and where to start looking for many of the common faults that can occur
when building projects.
Chapter 1deals with mechanical faults such as tracing dry joints, short
circuits, broken PCB tracks, and so forth. The construction and use of a
instate continuity tester to help in the above is also covered. Chapter 2deals
with linear analog circuits and also covers the use and construction of a
signal injector/tracer which can be used to locate and isolate faulty areas.
Chapter 3considers ways of testing the more common components such
as resistors, capacitors, op amps, diodes, transistors, SCRs, unijunctions,
and so forth, with the aid of only alimited amount of test equipment. Chapter
4 deals with both TTL and CMOS logic circuits and includes the use and
construction of apulse generator to help in fault-finding. United Kingdom,
1982, 96pp., 4 % x 7, softbound.
CONCERT HALL ACOUSTICS
Yoichi Ando
$111.115
Number 17 in the Springer Series in Electrophysics, this book provides
an interdisciplinary approach to solving acoustic design problems in concert halls. Considered one of the original sources in this field, the volume
explains in detail the importance and interrelationship of total sound energy,
delay of early reflections, reverberation, and the "spatial-binaural criterion,"
ameasure of the spatial impression of the sound field. Germany, 1985,
151pp., 6 Y4 x 9 %, hardbound.

AUDITORY PERCEPTION
BKMX1
F. Alton Everest
$159.95
This thorough, inventive, and understandable audio training course on
psychoacoustics comes complete with eight lessons on four tapes and a
manual with hundreds of technical diagrams illustrating the concepts. The
aural examples and classic experiments enable the student to clearly and
quickly comprehend the complexity of the hearing process. Topics include
the perception of delayed sounds, auditory filters, masking of critical bands,
the perception of pitch, timbre, and much more. 1986, 104pp., 5 1
/ x 8 V2,
2
softbound, 4 cassettes, vinyl case for all.
POWER ELECTRONICS HANDBOOK:
IKI4
COMPONENTS, CIRCUITS, AND APPLICATIONS
$79.95
F. F. Mazda
The purpose of this book is to provide all the information required by
power electronics engineers. It describes the design of power circuits used
for avariety of applications, the characteristics of power semiconductor
devices, and how they are used in power circuits. The author's approach
is to give the maximum amount of information in aconcise form, with the
emphasis on the practical rather than the theoretical. United Kingdom, 1990,
417pp., 6 ,
12 x 9 1
/ ,hardbound.
2
AUDIO ELECTRONICS REFERENCE BOOK
BKBL1
Alan R. Sinclair, editor
$149.95
Written by ateam of expert, specialist contributors, this volume is of interest and profit to audio design and service engineers and technicians, as
well as any amateur users of audio equipment who want to learn the technology of the art. BKBL1 is both asummary and aguide to the new state
of audio, and includes in its coverage those areas where professional and
amateur audio have begun to overlap, such as electronic music and public
address systems. United Kingdom, 1989, 615pp., 6 1
/ x91
2
/ ,hardbound.
2
TROUBLESHOOTING AND REPAIRING
BKT20
COMPACT DISC PLAYERS
$UM
Homer L. Davidson
This is an invaluable reference for both the electronics technician and
the do-it-yourselfer alike. With it, you'll be able to troubleshoot and repair
servo control loops, remote control systems, optical lenses and laser assemblies, and much more! Detailed examples of actual repair and adjustment procedures and achapter on the care and handling of the discs themselves further enhance the usefulness of this book. 1989, 337pp., 7 1
/ x
2
91
/ ,softbound.
2
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BEGINNER'S GUIDE TO
READING SCHEMATICS
Robert J. Traister

BKT14
$11.95

This outstanding handbook takes you step-by-step through every phase
of understanding and using schematics. Coverage includes how and why
schematics are used; how each symbol is derived, used, and drawn; how
individual symbols are combined to represent electronic circuits; proper
numbering of components; and units of electronic measurement. 1983,
134pp., 5 x 8 1
/ ,softbound.
2

GREAT SOUND STEREO
— WITH PROJECTS

SPEAKER MANUAL

BKT15
$16.95

David B. Weems
In this book, Weems strips the mystery from drivers, crossovers, and construction materials in order to help you build your own speakers and get
the best possible performance from all of your sound equipment. Included
are current trends in speaker design, getting great stereo sound from units
you build yourself, calculating design parameters, transmission- line systems,
crossover networks, and much more! I990, 248pp., 7 1
/ x 9, softbound.
2
PRACTICAL STEREO AND QUADRAPHONY HANDBOOK
INIEV11
B. B. Babani
$4.95
A reference book for all those interested in modern stereophonic and multisound-channel equipment. The subjects covered include explanations of
many of the technical terms used in this audio field, stereo equipment and
techniques, positioning of multiple loudspeakers for best results, stereo and
four-channel pickups, and more. United Kingdom, 1975, 96pp., 4 % x 7,
softbound.
AUDIO SYSTEMS DESIGN AND INSTALLATION
BK533
Philip Giddings
$59.95
This book is apractical, hands-on tool designed to help the audio professional find information quickly. The many useful tables, checklists, photos,
and diagrams included are all intended to improve and expedite system
design. Giddings also provides many effective tips and strategies for efficient audio system installation. 1990, 350pp., 7 % x 9 %, hardbound.

YES! Please send me

AUDIO MADAM ELEMENTS OF ELECTRONICS, COOK 11)

BKEV8
F. A. Wilson
$11.95
In this book, analysis of the sound wave and an explanation of acoustical
quantities prepare the way. These are followed by astudy of the mechanism
of hearing and examination of the various sounds we hear. A look at room
acoustics with asubsequent chapter on microphones and loudspeakers then
sets the scene for the main chapters on audio systems, amplifiers, oscillators, disc and magnetic recording, and electronic music. United Kingdom,
1985, 320pp., 4 % x
softbound.
AUDIO AMPLIFIER FAULT-F1NDING CHART
MVO
C. E. Miller
$4.95
This tool is actually afoldable wall chart which will help the user trace
most common faults which might occur in audio amplifiers. All the reader
has to do is select one of the faults shown at the top of the chart and then
follow the arrows, carrying out the suggested checks in sequence until the
fault is cleared. United Kingdom, 1987, 17 1
/ x 25.
2
THE ART OF DIGITAL AUDIO
OXII2
John Watkinson
$52.95
This book begins with clear definitions of technical terms specific to particular technologies employed in digital audio. The theory of each area is
then discussed and their practical applications considered. All of the major
digital recording formats are explained. Consumer machines, compact discs,
DAT, and mastering recorders are covered, as well as multitracking. The
professional's first digital audio reference, written in laymen's terms. United
Kingdom, 1988, 500pp., 6 'h x 9 V2, hardbound.

AUDIO TECHNOLOGY FUNDAMENTALS
IM534
Alan A. Cohen
$24.95
Audio Technology Fundamentals is abrief yet comprehensive overview
of the electric and electronic circuitry used in typical audio systems. It provides students, audio beginners, and musicians with an introduction to electric circuits and basic audio concepts. The book is especially appropriate
for musicians who want to record their performances and electronically
modify the recording. 1989, 250pp., 7 % x 9 1
/ ,softbound.
4
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OLD COLONY
SOUND LAB

SHIPPING: In US, please add $2 for first book,
75C each additional. In Canada, please add $4.50
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BKT16
COMPACT DISC PLAYER
$14.95
MAINTENANCE AND REPAIR
Gordon McComb, John Cook
Complete with apreventive maintenance schedule you can follow, this
well-illustrated guide walks the reader through the steps involved in taking
apart, cleaning, and lubricating aCD player. And if problems do occur, the
troubleshooting techniques in this book provide easy relief. The book also
includes background information on the theory and operation of CD players,
what criteria you should use when shopping for one, alist of major manufacturers, a"similar model" cross reference table for troubleshooting, and a
handy glossary. 1987, 245pp., 7 V2 X 9 1
/ ,softbound.
2
DESIGN AND BUILD AUDIO AMPLIFIERS
BIR17
—INCLUDING DIGITAL CIRCUITS
$13.95
Mannie Horowitz
This second edition is acomplete course in designing and building audio
circuits for all electronics applications, covering JFETs, equivalent noise
generators, and much more. Whether you need apreamp, amp, power amp,
mixer, tone modification circuit, power supply, or special accessory, here
is all the data you need to create completely up-to-date circuits. 1980,
350pp., 5 x 8, softbound.
HOW TO MAKE PRINTED CIRCUIT BOARDS
BKT18
—WITH 17 PROJECTS
$15.95
Calvin R. Graf
In addition to general workshop principles, in this book Graf discusses
tools and safety habits and offers acomplete refresher course on electronics
theory, schematic diagrams, and soldering. He also explains design and layout
as well as numerous types of boards and wiring. Key subjects covered include: how to get from an electronic schematic to aprinted circuit board;
etching aprinted circuit board; cleaning, drilling, and mounting electronic
parts onto the board; soldering and desoldering components; alisting of
commercially available electronic project kits; and the various types of
diagrams used in electronics, including block, pictorial, layout, and wiring.
1988, 207pp., 7 x 9, softbound.
TROUBLESHOOTING AND REPAIRING
Bla19
AUDIO EQUIPMENT
$18.95
Homer L. Davidson
This volume supplies all the basic information you need, along with specific
examples, to fix stereo components, compact disc players, telephone answering machines, and much more. The detailed discussion of servicing and repair
procedures for individual items includes probable causes of malfunctions
and tips on difficult-to-diagnose problems. Scores of photos, diagrams, and
drawings are used, as well as actual manufacturers' schematics and service
literature. In addition to the equipment above, the book also covers auto
CD players, compact cassette tape decks and portable stereo players, boombox cassette players, deluxe amplifiers, auto stereo cassettes, and stereo
turntables and speakers. 1987, 325pp., 7 1
/ x91
2
/ ,softbound.
2
ACOUSTICS: WAVES AND OSCULATIONS
S. N. Sen
$34.95
The result of the need in an honors course at Jadavpur University for a
better text, this rare yet refreshing book supplements the physical bases
of acoustics with mathematical and experimental details wherever possible. Topics include simple harmonic motion; theory of forced vibration and
resonance; theory of coupled oscillations; vibration in an extended medium;
vibration of strings, bars, tuning forks, membranes, rings, and air columns;
reflection, refraction, diffraction, reception, and transformation of sound;
sound measurement and analysis; acoustics of building; recording and
reproduction of sound; and ultrasonics. India, 1990, 234pp., 6 1
/ x 10,
2
hardbound.

THE MUSICIAN'S GUIDE TO ACOUSTICS
AKS35
Murray Campbell, Clive Greated
$27.95
The result of the authors' fifteen-plus years of lecturing on musical acoustics
to students at Edinburgh (U.K.) University, this book is amust for everyone
with some musical background who feels the need for aclearer understanding of the practical basis of their art. While reasonable familiarity with musical
notation and terminology is required to make best use of the book, only
elementary mathematics is needed. Chapters include The Creation and
Transmission of Musical Sounds; Hearing Musical Sounds; Anatomy of a
Musical Note; Playing in Tune; Sound Production in Musical Instruments;
Bowed and Plucked Stringed Instruments; Stringed Keyboard, Woodwind,
Brass, and Percussion Instruments (one chapter each); Organs; The Human
Voice; Electronic Instruments; and The Musical Environment. 1987, 612pp.,
61
/ x 9 Y2, hardbound.
2
SEMICONDUCTOR CROSS REFERENCE DATA BOOK
BKS37
Engineers of Howard W. Sams & Company
$19.95
Old Colony Sound Lab uses cross references all the time, every day. Of
all the versions available for semiconductors, this is easily one of the very
best. Sams' engineers have assembled replacement data for over 319,000
registered type and part numbers, including those for the United States,
Europe, and the Far East, and present it here in avery easy-to-read and use
format. Four suppliers are featured: NTE Electronics, Radio Shack, Philips
ECG, and RCA. Semiconductors covered include bipolar transistors, FETs,
diodes, rectifiers, ICs, SCRs, LEDs, modules, and thermal devices. 1991,
520pp., 8 1
/ x 11, softbound.
2
THE RECORD SHELF
BKSM1
GUIDE TO THE CLASSICAL REPERTOIRE
$14.95
Jim Svejda
From the host of American Public Radio's "The Record Shelf," this classy
book is an irreverent, selective, and highly opinionated recordings guide
to the best in CDs, LPs, and cassettes. Just as on his radio show, the author
tries to include something pointed, interesting, amusing, or enlightening
about each work, and then suggests which of the available recordings should
be bought. 1988, 462pp., 6 x 9, softbound.
THE FOUNDATIONS OF ACOUSTICS:
BKSV2
BASIC MATHEMATICS AND BASIC ACOUSTICS
$189.95
Eugen Skudrzyk
The goal of this book is to provide the acoustician with amathematicallybased insight into the physical phenomena of acoustics. Combining into
one volume such subjects as mathematics, dynamics, hydrodynamics, physics, statistics, signal processing, and electrical theory, the author comes up
with apowerful reference for the academic or professional acoustician. Well
illustrated. Austria, 1971, 790pp., 7 1
/ x 10, hardbound.
2
AUDIO AMPLIFIER CONSTRUCTION
BKEV10
R. A. Penfold
$7.95
The purpose of this book is to provide the reader with awide range of
preamplifier and power amplifier designs that will hopefully fill almost
anyone's needs. The preamp circuits include low noise microphone and
RIAA types, atape head preamp, aguitar preamp, and various tone controls. The power amplifier designs range from low-power, battery-operated
to 100W MOSFET types. Also included is a12V bridge amp capable of giving up to 18W output. All of the circuits are relatively easy to construct
using the PCB or stripboard designs given. Where necessary any setting-up
procedures are described, but in most cases no setting-up or test gear is required in order to successfully complete the project. Most of the designs
should be within the capabilities of constructors with limited experience
as well as more advanced hobbyists. United Kingdom, 1983, 128pp., 4 %
x 7, softbound.
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AUDIO ENTHUSIAST'S HANDBOOK
BKEV12
B. B. Babani
$4.95
This book discusses a number of audio and hi-fi topics, including
record/playback curves, stylus compliance, vinyl recordings then and now,
evaluating loudness, acoustic feedback, hi-fi vs. stereo, stereo tape track
standards, equipment performance figures, and tracking error's cause,
effect, and cure. United Kingdom, 1975, 96pp., 4 X x 7, softbound.
BUILD YOUR OWN SOLID STATE
BKEV13
NI-FI AND AUDIO ACCESSORIES
$4.95
M. H. Babani, editor
This volume presents the reader with the design and construction plans
for avariety of useful projects, including astereo decoder, three-channel
stereo mixer, FET preamp for ceramic PUs, microphone preamp with adjustable bass response, stereo dynamic noise filter, speaker protector, and
voice-operated relay. United Kingdom, 1976, 96pp., 4X x 7, softbound.
DIGITAL AUDIO PROJECTS
IIKEV14
R. A. Pen fold
$9.95
The first section of this book takes alook at the basic principles involved
in converting an audio signal into digital form and then converting it back
again to an analog signal. It also deals with some practical aspects that have
to be borne in mind when considering digital audio projects. The second
section contains some useful and extremely interesting practical circuits
for constructors to build and experiment with. The projects are not highly
complex, but nonetheless they are probably beyond the range of complete
beginners. United Kingdom, 1988, 96pp., 4 X x 7, softbound.
ELECTRONIC CIRCUITS FOR THE
911E915
COMPUTER CONTROL OF MODEL RAILWAYS
$9.95
R. A. Pen fold
This innovative book is an examination of the problem of interfacing the
computer to the layout. It includes projects consisting of various types of
controllers, including ahigh-quality pulse type, as well as circuits for train
position sensing, signal and electric points control, sound effects, and more.
Projects are equally adaptable to large or small layouts. United Kingdom,
1986, 96pp., 4 X, x 7, softbound.

BUY THREE, TAKE 10% OFF!

THE WOOD EFFECT
1901111
R. C. Johnsen
$12.95
According to the author, masked by random combination with other distortions in the music reproduction chain an unsuspected major contributor
has lain hidden: aural sensitivity to "phase inversion," the Wood Effect.
In this book the results of an extensive study of the Wood Effect are reported
and discussed, including an exhaustive survey of the relevant literature.
Although no means are proposed to correct countless errors, customary
practice in acoustics and audio is severely scrutinized. BIM/11's subtitle
is "Unaccounted Contributor to Error and Confusion in Acoustics and
Audio." 1988, 99pp., 6 x 9, softbound.
THE HOMEBUILT DYNAMO: DYNAMO DESIGN
AND CONSTRUCTION WITH CERAMIC MAGNETS
$84.95
Alfred T. Forbes
We added this book to our offerings not just because it is aphysically
handsome volume, but also because it is unique and, as many reviewers
have pointed out, an experimenter's "delight." In 1969, Al Forbes and his
wife decided to live the simple life and retreated to aparcel of undeveloped
land. Soon enough, they needed agenerator. This book is the extremely
detailed account of how Al built one from scratch. But it is more than that:
it's ahead-on encounter with just about every principle of electricity, magnetism, and hands-on construction known to man. Along the way, incidentally, the reader runs into how to build precision wire-winding jigs, asmall
lifting magnet, afoot-powered version of the dynamo, adiamond saw, a
sheet metal cutter, and a139-pound flywheel. With more than 300 illustrations, this volume is slowly becoming aworldwide cult favorite among doit-yourselfers everywhere. New Zealand, 182pp., 8 V2 X 12, hardbound.
THE VTL VACUUM TUBE LOGIC BOOK
IIKVT1
David Manley
$12.95
This third edition of every tube freak's must-have book is replete with
tube matter of every description, including circuits, specifications, reviews,
and history, presented with more than a liberal dash of humor and
pucicishness. 1991, 120pp., 5 1
/ x 8 Y2, softbound.
2

MODEL RAILROAD SPECIAL!

AUDIO AND HI-F1
BKHN 1
ENGINEER'S POCKET BOOK
S27.95
Vivian Cape!
This book is aconcise collection of practical and relevant data for anyone
working on sound systems. The topics covered include microphones, record
players, compact discs, tape recording, high-quality radio, amplifiers, loudspeakers, and public address systems. A lengthy section on acoustics is included for dealing with most aspects atechnician is likely to encounter,
from human hearing to sound insulation, and qualities such as heat and
magnetism are covered as well. This is apocket book, in avery handy size.
United Kingdom, 1988, 190pp., 3 3
/ x 73
4
/ ,hardbound.
4

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE
89E917
Adrian Michaels
$11.95
This book, one of two transistor guides recommended by Old Colony,
is designed to help the user find possible substitutes for apopular, useroriented selection of modern transistors. It includes devices produced by
over 100 manufacturers, and wherever possible the equivalents are subdivided into European, American, and Japanese types. Also shown are the
material type, polarity, and manufacturer, as well as an indication of device
use or application. United Kingdom, 1981, 1990, 320pp., 4X x 7, softbound.

STRUCTURE-BORNE SOUND
BEM
L. Cremer, M. Heckl
$84.95
Translated from the German and revised by E. E. Ungar, this second edition is athorough introduction to structural vibrations, with emphasis on
those at audio frequencies, and the attendant radiation of sound. The book
presents in-depth discussions of fundamental principles and basic problems,
in order to enable the reader to understand and solve his own. Included
are chapters on the measurement and generation of vibrations and sound;
the various types of structural wave motions; structural damping and its
effects; impedances and vibration responses of the important types of structures; the attenuation of vibrations, and sound radiation from structures.
Germany, 1973, 1988, 573pp., 6 1
/ x91
2
/ ,hardbound.
2

MODEL RAILWAY PROJECTS
BKEV16
R. A. Pen fold
$6.95
This handbook provides anumber of useful but reasonably simple projects for the model railway enthusiast to build, including such things as controllers and signals and sound effects units. Stripboard layouts are provided
for each project. United Kingdom, 1981, 112pp., 4 X x 7, softbound.
IIKEVAIR
$14.95
Both Electronic Circuits for the Computer Control of Model Railways
(BKEV15) and Model Railway Projects (BKEV16), at asavings of $1.95 1
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BK716
COMPACT DISC PLAYER
$14.95
MAINTENANCE AND REPAIR
Gordon McComb, John Cook
Complete with apreventive maintenance schedule you can follow, this
well-illustrated guide walks the reader through the steps involved in taking
apart, cleaning, and lubricating aCD player. And if problems do occur, the
troubleshooting techniques in this book provide easy relief. The book also
includes background information on the theory and operation of CD players,
what criteria you should use when shopping for one, alist of major manufacturers, a"similar model" cross reference table for troubleshooting, and a
handy glossary. 1987, 245pp., 7 1
/ x91
2
/ ,softbound.
2
DESIGN AND BUILD AUDIO AMPLIFIERS
BKT17
—INCLUDING DIGITAL CIRCUITS
$13.95
Mannie Horowitz
This second edition is acomplete course in designing and building audio
circuits for all electronics applications, covering JFETs, equivalent noise
generators, and much more. Whether you need apreamp, amp, power amp,
mixer, tone modification circuit, power supply, or special accessory, here
is all the data you need to create completely up-to-date circuits. 1980,
350pp., 5 x 8, softbound.
HOW TO MAKE PRINTED CIRCUIT BOARDS
KT 18
—WITH 17 PROJECTS
$15.95
Calvin R. Graf
In addition to general workshop principles, in this book Graf discusses
tools and safety habits and offers acomplete refresher course on electronics
theory, schematic diagrams, and soldering. He also explains design and layout
as well as numerous types of boards and wiring. Key subjects covered include: how to get from an electronic schematic to aprinted circuit board;
etching aprinted circuit board; cleaning, drilling, and mounting electronic
parts onto the board; soldering and desoldering components; alisting of
commercially available electronic project kits; and the various types of
diagrams used in electronics, including block, pictorial, layout, and wiring.
1988, 207pp., 7 x 9, softbound.
TROUBLESHOOTING AND REPAIRING
BKT19
AUDIO EQUIPMENT
$18.95
Homer L. Davidson
This volume supplies all the basic information you need, along with specific
examples, to foc stereo components, compact disc players, telephone answering machines, and much more. The detailed discussion of servicing and repair
procedures for individual items includes probable causes of malfunctions
and tips on difficult-to-diagnose problems. Scores of photos, diagrams, and
drawings are used, as well as actual manufacturers' schematics and service
literature. In addition to the equipment above, the book also covers auto
CD players, compact cassette tape decks and portable stereo players, boombox cassette players, deluxe amplifiers, auto stereo cassettes, and stereo
turntables and speakers. 1987, 325pp., 7 1
/ x91
2
/ ,softbound.
2
ACOUSTICS: WAVES AND OSCILLATIONS
BKIN2
S. N. Sen
$34.95
The result of the need in an honors course at Jadavpur University for a
better text, this rare yet refreshing book supplements the physical bases
of acoustics with mathematical and experimental details wherever possible. Topics include simple harmonic motion; theory of forced vibration and
resonance; theory of coupled oscillations; vibration in an extended medium;
vibration of strings, bars, tuning forks, membranes, rings, and air columns;
reflection, refraction, diffraction, reception, and transformation of sound;
sound measurement and analysis; acoustics of building; recording and
reproduction of sound; and ultrasonics. India, 1990, 234pp., 6 1
/ x 10,
2
hardbound.

,—
THE MUSICIAN'S GUIDE TO ACOUSTICS
11035
Murray Campbell, Clive Greeted
$27.95
The result of the authors' fifteen-plus years of lecturing on musical acoustics
to students at Edinburgh (U.K.) University, this book is amust for everyone
with some musical background who feels the need for aclearer understanding of the practical basis of their art. While reasonable familiarity with musical
notation and terminology is required to make best use of the book, only
elementary mathematics is needed. Chapters include The Creation and
Transmission of Musical Sounds; Hearing Musical Sounds; Anatomy of a
Musical Note; Playing in Tune; Sound Production in Musical Instruments;
Bowed and Plucked Stringed Instruments; Stringed Keyboard, Woodwind,
Brass, and Percussion Instruments (one chapter each); Organs; The Human
Voice; Electronic Instruments; and The Musical Environment. 1987, 612pp.,
61
/ x91
2
/ ,hardbound.
2
SEMICONDUCTOR CROSS REFEREES DATA BOOK
IIKS37
Engineers of Howard W. Sams & Company
$19.95
Old Colony Sound Lab uses cross references all the time, every day. Of
all the versions available for semiconductors, this is easily one of the very
best. Sams' engineers have assembled replacement data for over 319,000
registered type and part numbers, including those for the United States,
Europe, and the Far East, and present it here in avery easy-to-read and use
format. Four suppliers are featured: NTE Electronics, Radio Shack, Philips
ECG, and RCA. Semiconductors covered include bipolar transistors, FETs,
diodes, rectifiers, ICs, SCRs, LEDs, modules, and thermal devices. 1991,
520pp., 8 1
/ x 11, softbound.
2
THE RECORD SHELF
BKSM1
GUIDE TO THE CLASSICAL REPERTOIRE
$14.95
Jim Sveida
From the host of American Public Radio's "The Record Shelf," this classy
book is an irreverent, selective, and highly opinionated recordings guide
to the best in CDs, LPs, and cassettes. Just as on his radio show, the author
tries to include something pointed, interesting, amusing, or enlightening
about each work, and then suggests which of the available recordings should
be bought. 1988, 462pp., 6 x 9, softbound.
THE FOUNDATIONS OF ACOUSTICS:
BKSV2
BASIC MATHEMATICS AND BASIC ACOUSTICS
$189.95
Eugen Skudrzyk
The goal of this book is to provide the acoustician with amathematicallybased insight into the physical phenomena of acoustics. Combining into
one volume such subjects as mathematics, dynamics, hydrodynamics, physics, statistics, signal processing, and electrical theory, the author comes up
with apowerful reference for the academic or professional acoustician. Well
illustrated. Austria, 1971, 790pp., 7 1
/ x 10, hardbound.
2
AUDIO AMPLIFIER CONSTRUCTION
IKEV10
R. A. Pen fold
$7.95
The purpose of this book is to provide the reader with awide range of
preamplifier and power amplifier designs that will hopefully fill almost
anyone's needs. The preamp circuits include low noise microphone and
RIAA types, atape head preamp, aguitar preamp, and various tone controls. The power amplifier designs range from low-power, battery-operated
to 100W MOSFET types. Also included is a12V bridge amp capable of giving up to 18W output. All of the circuits are relatively easy to construct
using the PCB or stripboard designs given. Where necessary any setting-up
procedures are described, but in most cases no setting-up or test gear is required in order to successfully complete the project. Most of the designs
should be within the capabilities of constructors with limited experience
as well as more advanced hobbyists. United Kingdom, 1983, 128pp., 4 %
x 7, softbound.
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SOUte
AUDIO ENTHUSIAST'S HANDBOOK
BKEV12
B. B. Baden,
$4.95
This book discusses a number of audio and hi-fi topics, including
record/playback curves, stylus compliance, vinyl recordings then and now,
evaluating loudness, acoustic feedback, hi-fi vs. stereo, stereo tape track
standards, equipment performance figures, and tracking error's cause,
effect, and cure. United Kingdom, 1975, 96pp., 4 % x 7, softbound.
BUILD YOUR OWN SOLID STATE
96E613
HI-FI AND AUDIO ACCESSORIES
$4.95
M. H. Babani, editor
This volume presents the reader with the design and construction plans
for avariety of useful projects, including astereo decoder, three-channel
stereo mixer, FET preamp for ceramic PUs, microphone preamp with adjustable bass response, stereo dynamic noise filter, speaker protector, and
voice-operated relay. United Kingdom, 1976, 96pp., 4% x 7, softbound.
DIGITAL AUDIO PROJECTS
BKEV14
R. A. PantoId
S9.95
The first section of this book takes alook at the basic principles involved
in converting an audio signal into digital form and then converting it back
again to an analog signal. It also deals with some practical aspects that have
to be borne in mind when considering digital audio projects. The second
section contains some useful and extremely interesting practical circuits
for constructors to build and experiment with. The projects are not highly
complex, but nonetheless they are probably beyond the range of complete
beginners. United Kingdom, 1988, 96pp., 4 % x 7, softbound.
ELECTRONIC CIRCUITS FOR THE
IIKEV15
COMPUTER CONTROL OF MODEL RAILWAYS
$9.95
R. A. Pen fold
This innovative book is an examination of the problem of interfacing the
computer to the layout. It includes projects consisting of various types of
controllers, including ahigh-quality pulse type, as well as circuits for train
position sensing, signal and electric points control, sound effects, and more.
Projects are equally adaptable to large or small layouts. United Kingdom,
1986, 96pp., 4 % x 7, softbound.
MODEL RAILWAY PROJECTS
IIKEV16
R. A. Pen fold
$6.95
This handbook provides anumber of useful but reasonably simple projects for the model railway enthusiast to build, including such things as controllers and signals and sound effects units. Stripboard layouts are provided
for each project. United Kingdom, 1981, 112pp., 4 % x 7, softbound.
MODEL RAILROAD SPECIAL!

BKEVIRR

$14.95
Both Electronic Circuits for the Computer Control of Model Railways
(BKEV15) and Model Railway Projects (BKEV16), at asavings of 81.95!
INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE
96E617
Adrian Michaels
$11.95
This book, one of two transistor guides recommended by Old Colony,
is designed to help the user find possible substitutes for apopular, useroriented selection of modern transistors. It includes devices produced by
over 100 manufacturers, and wherever possible the equivalents are subdivided into European, American, and Japanese types. Also shown are the
material type, polarity, and manufacturer, as well as an indication of device
use or application. United Kingdom, 1981, 1990, 320pp., 4X, x 7, softbound.

THE WOOD EFFECT
R. C. Johnsen
$12.95
According to the author, masked by random combination with other distortions in the music reproduction chain an unsuspected major contributor
has lain hidden: aural sensitivity to "phase inversion," the Wood Effect.
In this book the results of an extensive study of the Wood Effect are reported
and discussed, including an exhaustive survey of the relevant literature.
Although no means are proposed to correct countless errors, customary
practice in acoustics and audio is severely scrutinized. BKMA 1's subtitle
is "Unaccounted Contributor to Error and Confusion in Acoustics and
Audio." 1988, 99pp., 6 x 9, softbound.
THE HOMEBUILT DYNAMO: DYNAMO DESIGN
INTF1
AND CONSTRUCTION WITH CERAMIC MAGNETS
$64.95
Alfred T. Forbes
We added this book to our offerings not just because it is aphysically
handsome volume, but also because it is unique and, as many reviewers
have pointed out, an experimenter's "delight." In 1969, Al Forbes and his
wife decided to live the simple life and retreated to aparcel of undeveloped
land. Soon enough, they needed agenerator. This book is the extremely
detailed account of how Al built one from scratch. But it is more than that:
it ahead-on encounter with just about every principle of electricity, magnetism, and hands-on construction known to man. Along the way, incidentally, the reader runs into how to build precision wire-winding jigs, asmall
lifting magnet, afoot-powered version of the dynamo, adiamond saw, a
sheet metal cutter, and a139-pound flywheel. With more than 300 illustrations, this volume is slowly becoming aworldwide cult favorite among doit-yourselfers everywhere. New Zealand, 182pp., 8 1
/ x 12, hardbound.
2
THE VTL VACUUM TUBE LOGIC BOOK
BRIIT1
David Manley
$12.95
This third edition of every tube freak's must-have book is replete with
tube matter of every description, including circuits, specifications, reviews,
and history, presented with more than a liberal dash of humor and
pucicishness. 1991, 120pp., 5 V2 X 8 1
/ ,softbound.
2
AUDIO AND HI-F1
ENGINEER'S POCKET BOOK
Vivian Capel

BKHN1
S27.95

This book is aconcise collection of practical and relevant data for anyone
working on sound systems. The topics covered include microphones, record
players, compact discs, tape recording, high-quality radio, amplifiers, loudspeakers, and public address systems. A lengthy section on acoustics is included for dealing with most aspects atechnician is likely to encounter,
from human hearing to sound insulation, and qualities such as heat and
magnetism are covered as well. This is apocket book, in avery handy size.
United Kingdom, 1988, 190pp., 3 3
/ x 7 44, hardbound.
4
STRUCTURE-BORNE SOUND
BKSV4
L. Cramer, M. Heckl
$84.95
Translated from the German and revised by E. E. Ungar, this second edition is athorough introduction to structural vibrations, with emphasis on
those at audio frequencies, and the attendant radiation of sound. The book
presents in-depth discussions of fundamental principles and basic problems,
in order to enable the reader to understand and solve his own. Included
are chapters on the measurement and generation of vibrations and sound;
the various types of structural wave motions; structural damping and its
effects; impedances and vibration responses of the important types of structures; the attenuation of vibrations, and sound radiation from structures.
Germany, 1973, 1988, 573pp., 6 1
/ x91
2
/ ,hardbound.
2
HOPIEBUILY
DYNAN.

ELEKTOR ELECTRONICS USA MAY 1991

WorldRadioHistory

PREAMPLIFIER FOR MOVING-MAGNET PICK-UP

towards alow-noise design, but the designer
has little control over the source impedance.
A moving-magnet cartridge usually has an
impedance of 1-2 kI and that means that
not the opamp but the pick-up element produces most noise. In other words, the amplifier is too good for amoving-magnet element.
There are, however, high-output movingcoil elements with an impedance of about
200 f2; when these are used, it is the noise voltage of the opamp that will determine the
signal-to-noise ratio.
In the latter case, the 1/f frequencyalso becomes important. For the LT1028 that lies at
about 10 Hz. That is well below the 20 Hz
rolloff frequency designed into the preamplifier: no problem here. In case of amov-

PARTS LIST
Resistors:
All resistors are 1% metal film types
unless otherwise stated
R1, R12 = 47.5 k.Q 1
R2, R13 = 20 kl.
2
R3, R14 = 2 ks≥

R4, R15 = 200 SI
R5, R6, R16, R17 = 4.7 kçl2
R7, R8, R18, R19 = 10 kC.2
R9, R20 = 1.54 IcS2
R10, R21 = 274
All, R22 = 22 S1 2
Capacitors:
Cl, 014 = 100 pF 1
C2, C15 = 150 nF MKT (match)
C3, 06, 016, 019, C33, C37 =
= 47 µF.;25 V; radial
04, 07, C17, 020, C27-C30, 032,
C34, C36, 038 = 47 nF, ceramic
C5, 08, C12, C13, C18, C21, C25,
026 = 22 µF; 25 V; tantalum
09, 022 = 15 nF; 1%; polystyrene

If, for instance, the amplifier is built as a
stand-alone unit (in ametal enclosure), it is
advisable to house the transformer in its own
(metal) enclosure away from the amplifier.
The connecting cables between the amplifier and the pick-up element must be as
short as feasible. It is not abad idea to build
the amplifier within the record player.
Populating the board is fairly straightforward, although it requires absolute firstclass soldering. It is necessary to tin the earth
track again before any other work is begun.
The only components that require extra care
are:
C1,R12 ,C14 ,which ensure correct termination of the pick-up element. Their value is
as indicated in the documentation of the element. Note that the cable capacitance must
be deducted from the specified capacitance
to arrive at the correct values for C1and C14 .
If no data on terminating the element are
available, use the values given in the parts list.
C2,C15 should preferably have been 1%
polystyrene types, but those are so large that
the size of the PCB would have to be increased by almost 40%. It was therefore decided to use MKT-metallized polyester
(PEPT)-types. These must, however, be carefully selected to ensure accuracy of the circuit.
Apply soldering heat for ashort time only, because the value of MKT capacitors changes
when they are overheated.
Cn, C10 ,C23 ,C24 form, together with the
input impedance of the amplifier connected
to K2 and K4, the 20 Hz high-pass filter. The
correct value is calculated from

ing-magnet element, the frequency at which
the noise of the cartridge is exceeded by the
1/f noise is lower still, so no problem here
either.
The question is, however, what are we
going to do with the bandwidth? After all, the
correcing networks are affected by the bandwidth. To keep the bandwidth as narrow as
consistent with the amplifier requirements,
the entire IEC correction network should be
incorporated in the feedback loop. Only then,
no more noise than absolutely unavoidable
will be amplified. There is, however, also the
requirement of keeping the source impedances
small. This means that the value of R4 (R 15 )
must be kept low (200
in the prototype).
Since the consequent 40 uF capacitor would
be very large (it has to be afilm type, because an electrolytic one would not do),the
20 Hz high-pass filter can not be accommodated in the feedback loop.
Similarly, the 2122 Hz low-pass filter can
not be included in the feedback loop, because an opamp that is used as anon-inverting amplifier has an amplification of not
less than xl. The required attenuation of the
highest frequencies can not, therefore, be
achieved by the feedback loop.

Construction
As always, ahigh-quality amplifier as described here should preferably be constructed
on the printed-circuit board shown in Fig. 5.
The most conspicuous aspect of this is the
earth track that divides the left- and righthand channels.
It is also possible to separate the power
supply from the the remainder of the board,
at least as far as its part without transistors
11-T 4 is concerned. Those transistors are located as close as possible to IC 1 and IC 3 for
reasons explained earlier.
This arrangement makes it possible for a
range of a.c. input voltages to be used: the amplifier works readily from.±7.5-20 V. In all
cases, it is essential to keep the mains transformer or adapter well away from the board.

CH3 +C11 =C23 +C24 = /401tRi.
Note that the board allows the use of two
capacitors in parallel.
It is important that the capacitors just discussed are of exactly the same value in the
lefty- and right-hand channels. This means
that two capacitors for the C2 and C15 positions that have the same value are preferred
over two values that are not equal but are
closer to 150 nF.

010, 023 = 100 nF; MKT
Cl 1, C24 = 68 nF; MKTi
C31, 035 = 470 µF; 40 V; radial
Semiconductors:
D1-D4 = 1N4001

THE R.F. CONNECTION

Ti, T3 = BC550C

213 North Frederick Ave. #11
Gaithersburg, MD 20877

T2, T4 = BC560C
IC1, IC3 = LT1028CN8 3

ORDERS

IC2, IC4 = LT1007CP 3

INFO

1-800-783-2666

301-840-5477

FAX

301-869-3680

THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

Miscellaneous:

"Specialist In RF Connectors and Coax"

K1-K4 = gold-plated phono sockets

Pert No.
PL-259IUSA
PL-2591ST
UG-21011.1
UG.2113/11
9913/PIN

Mains adapter or transformer, 4.5
VA, with 2x15 V secondary
PCB Type 900111
1

See text

2

carbon film type

3

Linear Technology

UG-21 019913
UG-218/9913
UG-116AIU
UG-8313/U

Description
UHF Male Phenolic. USA made
UHF Male Sliver Teflon USA
N Male RG-11, 213, 211 Delta
N Male RG-8,213, 214, Kings
N Male Pin for 9913, 9086, 8211
Fils UG-21 DIU dUG-21 B/UN's
N Male for RG-8 with 9913 Pin
N Male for ROB with 9913 Pin
N Male lo SO-239, Teflon USA
N Female lo PL-259, Teflon USA

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE
VISA, MASTERCARD, ADD a%
UPS C.O.D. ADD $3.50 PER ORDER
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RECENT ADVANCES
IN ELECTROMAGNETIC THEORY
Edited by D.L. Jaggard and H.N. Kritikos
ISBN 0-387-97143-2
392 pages—illustrated
Price $98 (hardcover)

NEW BOOKS

high-definition TC, communication satellites,
superconductivity, local area networks, and
many more.
The work is not confined to electronics, but

Easy Electronics Projects Series" from TAB
Books. It deals in detail with asimple but of-

Derived from the work of Professor Paps and

ten overlooked device: the comparator. In

dedicated to his scientific and pedagogical

fact, countless things can be done with acom-

achievements, this volume investigates a

parator as the 39 projects in this book show:

series of problems on the forefront of electromagnetics. Topics range from group

from abasic zero-crossing detector to acapacitance meter, the most complex project

theory and fractals to chiral media and inte-

in the book.

grated optics. In each case, new material or

The Comparator Book is recommended

ways of investigating traditional problems
in electromagnetic theory and anew style

reading for all electronics enthusiasts, professionals and hobbyists alike.

of interpreting fundamental electromagnetic

TAB Books Inc.

interactions.

Blue Ridge Summit, PA 17294-0850

Springer- Ver lag

also includes concepts in physics, mathematics, computer science, chemistry, and
other subjects that relate to electronics.
Subjects are arranged alphabetically and
are accurately cross-referenced and indexed,
which makes finding what you're looking for
very easy indeed.
The book's reputation rests on that of the
co-editors. Stan Gibilisco wrote or co-authored other distinguished reference works,
including the Illustrated Dictionary of Electronics (reviewed in the October 1988 issue
of Elektor Electronics USA) and the International Encyclopedia of Integrated Circuits.
Neil Sclater, an electronics engineering

175 Fifth Ave.

consultant, has written dozens of feature articles for such publications as Communications

New York, NY 10010

News, Control Engineering, Design Engineering, and many others. He is also the author

ELECTRONIC CIRCUIT DESIGN
& APPLICATIONS
By U. Tietze and C. Schenk

of Electrostatic Discharge Protection for Elec-

206 pages—illustrated

ISBN 0-387-50608-X
944 pages—illustrated
$49 (hardcover)

clopedia ofElectronics to every electronics en-

Price $16.95 (softcover)

thusiast. This important work should be

Completely updated and broader scoped,

available in all colleges, polytechnics, univer-

THE THYRISTOR BOOK
By DeIton T. Horn
ISBN 0-8306-3307-3

tronics and Gallium Arsenide IC Technology.
We cannot but recommend the new Ency-

The Thyristor Book is one title in "The Easy

this is the second English edition of an inter-

sities, and general libraries.

Electronics Projects Series" from TAB Books.

national bestseller. Eleven previous editions

McGraw-Hill Book Company

The titles in this series offer arange of low-

have appeared in German, as well as in other

Princeton Rd.

cost electronics projects that can be built in

languages. Written for the student and the

Hightstown, NJ 08520

one evening. Each book explains in simple

practicing engineer and scientist, the book

terms all the details concerning the various

covers all of the important aspects of modern

electronic components and offers a wide

analog and digital circuit design. Part Icov-

range of ideas and experiments.

ers elementary analog and digital circuits,
operational amplifiers, combinatorial and se-

Although thyristors are commonly encountered devices in modern power control
and switching applications, they are poorly

quential logic, and memories. Part II discusses applications. The analysis of circuits

understood by many electronics hobbyists

is straightforward, presenting only those

and technicians. This book offers adetailed

details essential for clear understanding of

examination of thyristors and their uses in

circuit operation, allowing the reader to ar-

theory and practical applications. Projects are

rive directly at aworking circuit.

agreat way to learn about electronic devices

Springer-Verlag

and circuitry and this book contains 49 of

175 Fifth Ave.

them. Many are useful practical applications
that cost far less than comparable commercial units.

New York, NY 10010

The Thyristor Book is recommended reading
for all electronics enthusiasts, professional
and hobbyist alike. Although the reader need
not be an expert in the electronics field, he
is assumed to have some experience in it.
TAB Books Inc.
Blue Ridge Summit, PA 17294-0850

THE COMPARATOR BOOK
By Delton T. Horn

HIGH FREQUENCY SWITCHING
POWER SUPPLIES
Second Edition
By George C. Chryssis
ISBN 0-07-010951-6
287 pages
Price $46.95 (hardcover)
Virtually every section of the new edition of
this important book has been revised and expanded to obviate any guesswork in the engineer's analysis and design of modern
switching power supplies. There is amass of

ENCYCLOPEDIA
OF ELECTRONICS
Second Edition
Edited by Stan Gibilisco and Neil Sclater
ISBN 0-8306-3389-8
960 pages
Price $69.50 (hardcover)

working information and ready-to-use diagrams for designing effectively in all phases—
from input to output, transformer design,
control ICs, and switching elements.
Formulas and related information cover a
vast area, including advances in magnetic amplifiers, new topologies for operation over

This is a "big" book in every sense of the

100kHz, resonant converters, synchronous

word and it remains the best single-source

rectifiers, bipolar transistors and MOSFETs,

reference available for anyone interested in

PWM control ICs, output supervisory cir-

electronics. This edition has been revised ex-

cuits, feedback loop stability analysis, EMI-

ISBN 0-8306-8312-7

tensively to take account of the fast pace at

186 pages—illustrated

RFI problems, and power safety standards.

Price $15.95 (softcover)

which electronics is proceeding. New entries
include artificial intelligence, surface-mount

McGraw-Hill Book Company

The Comparator Book is another title in "The

technology, compact discs, FAX machines,

Hightstown, NJ 08520
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READERS SERVICES
All orders, except for subscriptions, should be
sent to Old Colony Sound Lab: by mail to PO
Box 243, Peterborough NH 03458-0243; Visa/
MasterCard charge orders by FAX to (603)
924-9467 (24 hours) or by voice 8-4 weekdays
to (603) 924-6526 or 6371. Please use the form
opposite for all orders. All prices are postpaid
to customers in the fifty states except for books.
Please add $2.00 for the first book and 75e
for each additional book ordered. Canadians, please add $4.50 US for the first
book, and 75t for each additional one. Outside North America, please add 20%. Canadians may expect Canadian duty charges on
shipments of any items except books and
subscriptions.
SUBSCRIPTIONS
Subscriptions can be provided anywhere in the
United States and its territories as well as
Canada by sending mail subscriptions to Elektor
Electronics USA, PO Box 876, Peterborough NH
03458-0876. Visa/MasterCard orders may be
telephoned directly to (603) 924-9464 between
8 and 4 on business days and to our machine
recorders at other hours and on weekends.
Orders may be FAXed at any time to (603) 9249467. Subscription rates: $28 per year (11 issues);
$50, 2years (2-year rate not available in Canada). Student Rate to full-time, registered students, $15 per year (photocopy of student ID
required).
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PO BOX 243
PETERBOROUGH,
NH 03458
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Answering
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a.m.,
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LETTERS
Letters commenting on articles appearing in
Elektor Electronics USA or concerning a matter
of general interest in any field of electronics
should be addressed to the Editor. Publication
is at the discretion of the Editor and all letters
will be subject to prior editing and/or shortening for publication.
PAST ISSUES
Previous issues of editions published elsewhere
are not available from Old Colony. Back issues
of the British Elektor from July/August 1987 onward are available from Worldwide Subscription
Service Ltd., Unit 4, Gibbs Reed Farm, Pashley
Road, Ticehurst TN5 7HE, England, United
Kingdom. Single copies are $4.50 surface mail,
$7.50 airmail.

CALL OR WRITE FOR YOUR FREE OLD COLONY CATALOG!
Please supply the following: For PCBs, front panel foils, EPROMs, and cassettes, state the part number and description; for books, state the full title; for
photocopies of articles, state full name of the article and month and year of
publication. Please use block capitals.

SUBTOTAL
SHIPPING
TOTAL

PAST ARTICLES
Photocopies of articles from the British Elektor
from January 1979 onward are available from Old
Colony Sound Lab for $5 each (multi-part articles:
$5 per part); $6 in Canada. Indexes are available.
Send astamped (50e), self-addressed businesssize envelope to Old Colony, at the address
above, for EACH YEAR desired. Acomplete set
of indexes for 1979-90 is available for $7.50
postpaid. Also available postpaid:
Digital model train (13 parts)
$15.00
Although we are always prepared to assist
readers in solving difficulties they may experience with projects that have appeared in
Elektor Electronics USA, we regret that these
cannot, under any circumstances, be dealt with
by telephone or FAX.
COMPONENTS
Components for projects appearing in Elektor
Electronics USA are usually available from appropriate advertisers in this magazine. If you
have difficulty finding parts, please send aselfaddressed postcard listing the parts you desire
and we will attempt to locate a source. If difficulties in the supply of components are envisaged, asource will normally be advised in the
article.
BOOKS
The following Elektor books are currently available from Old Colony Sound:
301 Circuits
$12.50
302 Circuits
$12.50
303 Circuits
$15.95
Data Sheet Book 2
$16.50
Databook 3
$17.95
Databook 4
$17.95
Microprocessor Data Book
$17.90
SHELF BOXES
$6.00

FRONT PANEL FOILS
PROJECT
Video mixer
The complete
preamplifier
All solid-state
preamplifier
LF/HF signal
tracer
meter

900040-F 20.00

5/90

20.00

6/90

5941
e-controlled
telephone exchange
(1 x 27128)
MIDI program
5961
changer (1 x 2764)
5981
MIDI-to-CV interface
7061
8751 programmer
(1 x 8751)

26.00

10/90

26.00

4/91

26.00
70.50

2/91
11/90

PROJECT

No. Price

Issue

Digital model train

109 11.50

2-5,7/894/90

111

7-9/88

Logic analyzer for
Atari ST (b/w only)
Computer-controlled
Teletext decoder
Plotter driver

11/88

FAX interface, IBM
PCs
RAM extension for

12/90

No.

Price issue

87304-F
890169-F

33.00 1-4/90
15.00
3/91

890170-F1
890170-F2
890183-F

33.50
18.50
18.50

12/89
1/90
12/89

900031-F

23.00

4/90

PROJECT

No. Price

Issue

Intelligent time
standard
(1 x 2764)
I/O extension
for IBM
(1 x PAL 16L8)
Multifunction
measurement
card for PCs
Centronics
interface
for slide fader
(1 x PAL 16R4)
e-controlled radio
synthesizer
(1 x 27C64)
Portable MIDI
keyboard
(1 x 2764)
Pitch control for
CD players
(1 x 2764)
MIDI control unit
(1 x 27C64)
Digital model train
(1 x 2764)
Darkroom clock
(1 x 27128)
Slave indication
unit for I.T.S.
(1 x8748H)
EPROM emulator
(1 x 8748H)
Microcontrollerdriven powersupply
(1 x 8751)

553 20.00

2/88

SUPER

561

6-7/88

17.50

2/91

562 17.50

10/88

564 20.00

567 20.00

568 20.00

12/88

570 20.00

6-7/90

572 33.50
583 18.50

2-5,7/894/90
2/90

700 30.00

DISKETTES

20.00

10/89

113 20.00

10/89

117 11.50

5-6/88

119 14.00

6/90

123 10.00

7/89

BBC-B
12/89
EPROM simulator11.50 129
4/90
RS-232 splitter
1411 11.50
Centronics
1421 11.50
5/90
ADC/DAC
1431
13.00
5/90
Transistor
characteristic plotting (Atari ST b/w)
1441 13.009/90
ROM-copy for BASIC
1461

13.00

2/91

3/88

Multifunction
measurement card
for PCs
8751 programmer

1471

13.00

11/90

30.00

12/89

PT100 thermometer

1481

13.00

11/90

13.00

3/91

5,6,9/88

PC-controlled
weather station (1)

1551

702 95.00

I/0 interface for Atad 1571
Tait/Intel file converter 1581

13.00
13.00

4/91

701

"SAVE

YOUR
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PRINTED CIRCUIT BOARDS
No. Price

PROJECT

5921

10-11/90

17.50

12/88

1-4/90

900082-F 35.00

561

704 95.00

20.00

2/91

910004-F 28.00
910011-F 16.504/91

Autonomous I/O
controller
(1 x 8751)
Video mixer
(1 x 2764)
Four-sensor
sunshine recorder
(1 x 27128)

5861

900078-F 28.00

EPROMS/PALSIMICROCONTROLLERS

TECHNICAL QUERIES

Blue heavy-duty Elektor vinyl shelf box
(holds 6 issues)

Budget sweep/
function
generator
High current
hFE tester
400W lab
power supply
Milliohmmeter
Wattmeter

INVOICE"

4/91

JANUARY 1991
Logic analyzer (1)
bus board
SWR meter

900094-4 18.00
900013

FEBRUARY 1991
Logic analyzer (2)
RAM board
probe board
Multifunction measurement card for PCs
High current hFE tester
MARCH 1991
The complete preamplifier
input board
main board
Electronic exposure
timer
PC-controlled
weather station (1)
2m band converter

900094-2 31.50
900094-3
8.50
900124-1 48.00
900078 11.00

890169-1 44.40
890169-2 67.00
900041 18.50

APRIL 1991
Logic analyser (3)
control board
MIDI program
changer
8-bit I/O for Atari
6m band transverter
Wattmeter
meter board
display board
MC preamplifier
Dimmer for halogen lights
transmitter
receiver
MAY 1991
8032/8052 computer
Battery tester
Moving-magnet (MM)
preamplifier
Universal I/O interface
for IBM PCs

SALE-SEE

6.00

PAGE

900124-3

7.50

900006-1

8.50

900094-5 31.50
900138 11 50
910005 21.00
910010 19.50
910011-1 11.00
910011-2
7.00
910016 18.00
910032-1
910032-2

7.00
7.50

910042 20.50
906056
7.00
900111 11.50
910046 18.50
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TERMS
PRICING
Prices, except as noted, include shipping in the continental USA. The minimum order is $10. A $2 service charge will be added to orders of less than $10.
Prices are subject to change as our costs change. WE
RESERVE THE RIGHT TO MAKE PRICE CHANGES
WITHOUT NOTICE.
TELEPHONE ORDERS
Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EDT, Monday-Friday. Orders
for parts are to be made on the ORDER FORM provided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS (603)
924-6371 or 924-6526. Our answering machine for
MC/VISA orders during non-business hours is (603)
924-6371. FAX: (603) 924-9467 (24 hours).
PAYMENT
All remittances MUST BE IN US FUNDS DRAWN
ON A US BANK. Payment for telephone orders must
be made by MasterCard or VISA. Mail order payment
may be made by MC/VISA, money order, cashier's
check or personal check. If payment is made by personal check, allow up to 2weeks for clearance before
order is shipped. Should check be returned for any
reason, there will be a $10 charge.
SHIPPING
Unless noted, freight is prepaid by Old Colony.
All orders shipped USPS first class mail or by UPS.

OF

BUSINESS

Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling (UPS
next day or second day). UPS requires astreet address. If you cannot receive UPS delivery, please include an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery
of uninsured Parcel Post shipments. Absolutely no
COD shipments.
BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge for the US is $2.00, plus
75e each additional item. In Canada, please add $4.50
for the first item, 75e each additional. No returns.
According to the Connecticut Dept. of Revenue Services, Regulation #27, Section 12-426-27, in order to
sell software to residents of Connecticut, we must
register with the department as well as collect taxes
for the state from the purchaser. We regret to inform
our customers that we will not sell software to anyone
from Connecticut, as it will prove to be too costly and
burdensome.
OVERSEAS ORDERS
For orders to be shipped outside North America, add
20% to the total order to cover shipping.
RETURNS
If you wish to return all or part of an order for any
reason, please call or write first. If we are in error,
correction will be made promptly, without charge.
WARRANTY
We warrant that all items sold conform to the qual-

ity and specifications set forth. We make no representations. We accept no responsibility whatever for further use by the customer. We accept no monetary
liability in excess of the original cost or replacement
of the material if originally defective or damaged in
transit.
COPYRIGHT
All drawings, photographs, articles, printed circuit
boards, EPROMs, software, and cassettes published
in our books or magazines (other than in third-party
advertisements) are copyright and may not be reproduced or transmitted in any form or by any means,
including photocopying and recording, in whole or
in part, without the prior permission of Elektor Electronics USA in writing. Such written permission must
also be obtained before any part of these publications
is stored in aretrieval system of any nature.
Notwithstanding the above, printed circuit boards
may be produced for private and personal use without
prior permission.
LIMITATION OF LIABILITY
Elektor Electronics USA shall not be liable in contract,
tort, or otherwise, for any loss or damage suffered
by the purchaser whatsoever or howsoever arising
out of, or in connection with, the supply of goods or
services by Elektor Electronics USA other than to supply goods as described, or at the option of Elektor Electronics USA, to refund the purchaser any money paid
in respect of the goods.

BOOKS FROM ELEKTOR ELECTRONICS USA
301 CIRCUITS
This book follows the theme of the first in this series, 300 Circuits (now out of print). It contains over 300 assorted circuits first published in the 1979, 1980, 1981 summer issues of
Elektor Electronics.
The circuits range from the simple to the more complex and are described and explained
in straightforward language. The book is acomprehensive source of ideas and construction
projects for anyone interested in electronics.
ISBN 0-905705-12-2
BKAA11
Price $12.50

plication. Far from it, as witness the familiar type MC146818A real-time clock and the type
MC6845 cathode-ray tube controller. It deserves a place on the bookshelf of anyone concerned with the design, maintenance and servicing of microprocessor-controlled electronic
equipment.
ISBN 0-905705-30-0
BKAA15
Price $17.95

MICROPROCESSOR DATA BOOK

The popularity of this book is shown by its having been reprinted no fewer than three times.
It otters aselection of the most interesting articles from the 1982, 1983, 1984 summer issues
of Elektor Electronics.
In it you will find circuits for audio and video; car, cycle, and motorcycle; home and garden;
receivers and aerials; hobbies and games; measuring and testing; oscillators and generators;
current sources and FOVIer supplies; microcomputers and music electronics; and amiscellany
of other interesting subjects.
ISBN 0-905705-25-4
BKAA12
Price $12.50

This book has come about because of a need by Elektor Electronics engineers, technicians,
and editorial staff of a ready reference work on the most important microprocessors. This
implies that it does not only contain information on the latest devices, such as the transputer,
but also on older, well-established types, such as the Z80 and the 6800.
A general description, hardware block schematic, software structure, DC characteristics,
and instruction sets are given for over 70 microprocessors. To prevent the book from becoming unwieldy (and to keep coats down), timing diagrams and AC characteristics have, however,
been omitted. The detailed information on all manufacturers mentioned will, however, enable
any additional information to be obtained quite readily.
Included in the book are, among others, the 68000 series; the 6502 family; the Z80, 8080,
and 8085; Intel's 8086, 80186, 80188, 80286, and 80386; the NS32)00( series, and the INMOS transputers.

303 CIRCUITS

ISBN 0-905705-28-9
BKAA18
Price $17.90

302 CIRCUITS

Like its predecessors, 303 CIRCUITS offers a comprehensive collection of practical ideas,
concepts, and developments in the gamut of electronics. Unlike its predecessors, the book
is arranged in 11 subject sections to make it easier for the reader to find that long-sought circuit.
In well over 330 pages, the book offers 32 Audio and Hi-Fi projects; 14 circuits for Car
and Bicycles; 43 Computer & Microprocessor circuits; 11 Electrophonic projects; 24 HF and
VHF circuits; 16 circuits for a number of hobbies and pastimes; 54 projects for Home and
Garden; 29 Power Supply circuits; 29 circuits for Test and Measurement equipment; nine
TV and Video projects; as well as 42 Design Ideas.
ISBN 0-905705-82-2
BKAA13
Price $15.90

DATA SHEET BOOK 2
Like its predecessor (now out of print), this book offers concise, relevant, and rapidly accessible information, which is both practical (e.g., the pin-out of a device) and informative.
The book contains data on integrated circuits as well as on discrete transistors and diodes.
Moreover, it gives an introduction to fast (HCMOS) devices and a review of the new symbolic logic as laid down in British Standard BS3939:Section 21 (IEC Standard 617-12).
The final pert of the book deals with anumber of computer chips, such as memory devices
(including programming information for these) and I/O circuits. This section also includes data
on a number of non-digital discrete and integrated devices, such as op amps, as well as
on some microprocessor peripherals (e.g., the 6522 VIA, the 6580 ACIA, and the 8355A PPI).

DATABOOK 4: PERIPHERAL CHIPS II
This final volume in Elektor Electronics' Microprocessor Data Book series deals with general
peripheral chips that, at least as far as their type-coding is concerned, do not belong to a
specific family of microprocessors. There are so many of these, however, that only aportion
of them can be dealt with in one book. Those contained in this collection have been chosen
carefully on the hams of their practical application and frequency of use. Complete data are
given for coprocessors from the 80 series (AMD, Cyrix, rr-r, Intel, Weitek); real-time clocks
from MEM, OKI, Statek, National Semiconductor, and Dallas Semiconductor; transmitters
and receivers of serial interfaces Res749, 422, 423, 485 from Motorola, Newport Components,
Maxim, Texas Instruments, National Semiconductor, Dallas Semiconductor, and Linear
Techrolugy; UARTS, DUARTS, and QUARTS 0.e., programmable ICs intended for data
transfer); and the CS8221 set of ICs from Chips & Technology that are used in agreat number
of PC mother boards (also included is the data sheet of associated software LIM 4.0 for the
management of the Extended Memory System).
Apart from the actual data, the book contains much other useful information, such as comparisons between and second sources for all important IC families; addresses of manufacturers and their representatives; and overviews of all peripheral chips (including many that
could not be included in this book) that are available from various manufacturers.
ISBN 0-905705-32-7
BKAA17
Price $17.95

ISBN 0-905705-27-0
BKAA14
Price 815.50

SPECIALS!

DATABOOK 3: PERIPHERAL CHIPS
This book lists the most important design data of peripheral chips whose type numbers and
functions relate them unambiguously to aeniououLessur in the same family. NI listed devices
form pert of families based on widely used microprocessors or miciuuxitrollers. Their most
evident application will therefore be in conjunction with the associated microprocessor. This
should, however, not be taken to mean that a peripheral cannot be used in another ap-

BKAAZ/1

BKAA11, 12, 13: all 3 for 835 (Save $5.95!)

BICAA7J2

BKAA14, 15, 16, or 17: ANY THREE for $45 (Save $7.35!)
rtia SURE TO SPECIFY!)

BKAALS

Complete Eiektor library: all 7 for $85 (Save $26.20!)

These books are all available direct from Elektor Electronics USA through the Readers Services, from a number of bookshops and electronics retailers in the US and
Canada, and from selected bookshops throughout the world. Special prices are those of EEUSA only.
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:
Ili KELVIN
DMZ

MULTIMETERS

LED CENTER

D ISCOUNT
C ENTER

Electronics

BREADBOARDS

JUMBO

RESISTORS

STOCK NO

Carbon Film
680097

6

1

0000

680098

KEL VIN 100 Basic

19."

KELVIN 150 Basic+

with Transistor Hfe Test
639."

KELVIN 200 Advanced

w Transistor Hfe, Capacitor Test
w Transistor. Capacitor. AC DC Test.
Logic. 20 MHz Freq Counter, Durable

Kelvin Meters backed by a
2 Yr Warranty -Parts a Labor
For Model 100, 150, 200

Protective Case

500

0

680097

0

840

680098

2
4

1380
2390

680100

YOUR COST

s 4."
s5."
'11."
s22."

WIRE JUMPER KIT

•
4.

89 .95

For Model Pro 400

140 Piece Set
350 Piece Set

Stock No

TYPE

YOUR COST

600021

555 TIMER
556 DUAL TIMER
LM566 PLL

s.20
.40
s.60

600039

EA
EA
EA

FUNCTION GENERATOR

600018

741C

OP-AMP ..

600026

1458

OP-AMP ..

630041

2N2222
PN2222

S

.30

EA

.35

EA

INTERNALLY COMPENSATED
S

DUAL MC OP.AMP DIP

$.18 EA
$.08 E.
7805 VOLTAGE REG .36 EA

630383
600023

SILICON CONTROLLED RECTIFIER
(Similar to GE C106C1) 4.0 AMP,

.,6

TOO

$.89

600014

$3 /200 Pcs

EA

PIV

$.79 E. 50.

Green

260026

Yellow

.10 ea

$.06

1W

$1.30 /10 Pcs

2W

$1.70 /10 Pcs

WD-40
LUBRICANT

$.05
8.07
$.07
_8
Lit

ea

$2.95 ea
$2.80 ea 3+ Oty

TYPE

COST

Anode

S

260090

Cathode

.95 a. 6 .75
81.25.. $99

3. Oty

MINUS

62 INSTANT
CHILLER
SPRAY

1.15 0.

YOUR COST

260066

'9.75

15 OZ SPRAY CAN
Stock No. 510004

Color

YOUR COST

260058

Red

11 1.99..

260088

Green

6 1.99

260089

Yellow

FLUKE 70

NEW Series II
Series II

D

FLUKE 73 series

$ 63

$ 89

FLUKE 75 series Il

S

FLUKE 77 Series II

0

FLUKE 79

u '169

Series II

FLUKE 83

127
s149

N

s199

FLUKE 87

E s229
D
s269

FLUKE 86

S367

FLUKE 88

423

FLUKE 85

FLUKE 8062A

$329

FLUKE 8060A

5395

FLUKE 8010A

'329

FLUKE 8012A
FLUKE 8050A
FLUKE 37

RED

COST

$.65
$.65

E
S

'359
5439

s249
5579

SCOPES
5375

with Built-In Component Tester
2 Yr Warranty - Parts & Labor

HITACHI V523 50 MHz _9995
50 MHz, Analog 2Ch. 1mV. Delay
Sweep, DC Offset, Vert Mode Trigger
3Yr Warranty - Parts 8 Labor

25. Oty
ea .S .50 ea

.50

ea

'5.50 ea

30 Oty

YOUR COST
$8.95 ea

'8.25

ea

DOUBLE
BANANA
JACK

Stock No
990103

30 Oly

$2.07

..

ee

30 Oty

YOUR COST
ea

s2.75

$2.95

YOUR COST
'5.95 ea

ea

SCOPE PROBES
60 MHz

xt 5510

150 MHz. 010

TYPE

2.1 mm Male

.49

30 Oty

64.95 ea

ea

S

.39 io.

9V Battery

MINIATURE

6.55

.99

.99

AAA

220025

AA

220027

C

220037

0

220038

9V

$3.30
$2.85
$6.00
$6.00
8.90

ea
ea
ea
ea
ea

4Cell Charger fo AAA

or
YOUR COST

Stock No.

ea

.28

ea

990002

100+ Qty

MINIATURE TOGGLE SWITCH
Stock No. 270034

.90 ea Type -SPST
$.79 ea '50+ Oty C-/-11e;
e
Liip,'

CIRCLE RESPONSE CARD OR
WRITE FOR OUR CATALOG FUL
OF WHOLESALE PRICED ITEMS.

KELVIN
ELECTRONICS
1991 CATALOG

DELUXE
WIRE
STRIPPER
& CRIMPING
TOOL

7 Fairchild Ave. Plainview, NY 11803

100+ Oty

SWITCH
6.35

82.95 ea
$2.66 ea /6+ Oty

Electronics

ea

SUB-MINIATURE MOMENTARY

ea /6+ Oty

3.60 ea
$3.42 ea 16+ Oty

e

ea

.49

DIAGONAL
CUTTER

120 PAGES
FULL OF DISCOUNTS

OVER 10,000 ITEMS
IN STOCK

CRIMPS REGULAR IC
INSULATED TERMINALS
CUTS & STRIPS WIRE
Stock No. 520065

$9.95 ..

ea

PUSH-ON, PUSH-OFF
Stock No. 270021

TOO

220039

ea

PUSH-BuTTON SWITCH

MODEL
ADJUSTABLE
GRIPPING HANDLES
INSULATED
Stock No. 520010

YOUR COST

KELVI

260061

PHOTO CELL

WIRE CUTTER
& STRIPPER

TYPE

SPECIAL

IR Pair. LED infrared
transmitter and
receiver

SULPHIDE
Stock No. 260018

MILLER

STOCK NO

220035

ea '20. Oty

INFRARED LED

4 1,2" LONG,
INSULATING
HANDLES.
DROP FORGED
STEEL,
FULLY MILLED JAWS
Stock No. 520021

'3.45

ea 10+

9V Battery
SNAP aHOLDER
Snap $.15 ea $.10 ea,100+
Holder s.20 ea s.10 ea 100+

STOCK NO

ea

.89

PHOTO CELL

'3.95 ea

1.95 ea

BATTTERY
CHARGER
3. Ceg ea

.79

61.25

CADMIUM SELENIDE
Stock No. 260017

4 12" LONG.
CUSHIONED
HANDLES,
DROP FORGED
STEEL
Stock No. 520023

NI-CAD

YOUR COST
ea

.79..
8.79..

TRIGGER COIL
Ion XenonStrobe Tube
Stock No. 320037

LONG NOSE
PLIERS

'3.95 ea
$3.50 ea 16+ Oty

RECHARGEABLEBATITRIES

3FT

MRD
MDR
DMZ

ea

HEAVY DUTY NI-CAD

MALE TO MALE

'3.45

STOCK NO

370048

6 1.75

BNC TEST
CABLES

Stock No
990101

ea

Duracell /Eveready

DUAL
BANANA
BINDING
POST TO
MALE BNC PLUG
Stock No.
600058

$3.95
$4.25

BATTERIES

YOUR COST

FEMALE 2.30
BNC TO
DUAL
BANANA
PLUG

12V DC 500 mA

MALE JACK

MINIATURE HOOK-ON
PROD AT BOTH ENDS

Stock No
600056

TYPE •Female

220068

5COLOR CODED
18" LEADS WITH
Stock No.
990108

WALL

220069 sv DC 500 mA

260056

ea

s.15 ea
.12 ea ,100+ Oty

TRANSFORMER
STOCK NO

6.

NE2, 2" Lead
Stock No. 260003

ea /3+ Oty

ea

IC TEST
LEAD SET

Stock No.

$2.79 ea
NEON LAMP

MINIATURE

8

FLUKE 45

20 MHz SCOPE

990105

ummimm

3,4" x 1 12", .45V DC.
150 mA. wired encased

Stock No.

STOCK
260091 NO

IC CLIPS
SOLDER TYPE
SPRING LOADED
Slock No
COLOR
990104 BLACK

200
10, 01,

«
41.99..

50 mm
te:N\

SOLAR CELL

2.95 ea
$2.50 ea 20+ Oty

!or Fem..° Your Own Moving Sign Display

1OZ. TUBE
Stock No. 510002

ea

XENON STROBE
TUBE

MOVING SIGN DISPLAY
.

DC MOTOR

Stoc0k5 0No.
260

FLUKE 87
BEST BUY

20. Oly

:.• •

STOCK NO

10+ Oty

$.45 ea 120+ Oty

•
•

:

ea

for SOLAR ROBOTIC
Stock No. 852211
6.50

RED LED DISPLAY

'5.95 ea
$5.25 ea 3+ Qty

'4.95

lea

COST

STOCK NO

TRANSISTOR `.j
SILICON
GREASE

.69

• ••
•
•

e

ea

e•

.99 ..
TIL 311 4X7
HEXIDECIMAL DISPLAY

24 OZ. SPRAY CAN
Stock No. 510007

ea

Loud Penetrating Sound
Stock No. 640001

6.75

260022

Jumbo

BUZZER

3 9 Volt DC, 80 db
Stock No. 680089

HORN
ALARM

10000 Oty

STOCK NO

260021

59 e
Project
81.59

0.37"
7 SEGMENT
LED READOUT

STOCK NO

Speaker

$1.39 ea '10. Oty

1000 Oty

0.6"
7 SEGMENT
LED READOUT

12 OZ. CAN
Stock No. 870001

s8.95 ea
$8.25 ea

260027

IWO, Sly

.06 ioo.
.08 100.
$.08 is..

s

for T 134 SIZE, BLACK
Stock No, 250019

BLUE SHOWER
CLEANER &
DEGREASER

s 4. 75
S 7.75

COMPONENTS
600029

FLUKE

1/2 W

Red

S

MINUS

Pre-cut. Pre-Stripped

KELVIN PRO 400

Protective Case

Contacts ...

680093

$2 /200 Pcs

LUBES/CLEANERS

680100

Stock No, Post

KEL VIN PRO 400
KELVIN DIGITAL MULTIMETERS

1/4 W

YOUR COST

260020

Project
2", 8 Ohm, .1 Watt
Stock No. 350009

LED HOLDER

CALL WITH YOUR VALUE

00

LE

TYPE - T 134, 5rnm

5% Tolerance
680093

PROJECT PARTS

RED LED - .05 ea '100(4 Oty

SPECIAL

ELECTRONIC COMPONENTS
8 TECHNOLOGY ACTIVITIES
VISA & MASTERCARD ACCEPTED

$20 MINIMUM ORDER

Call: 1(800) 645-9212
1(516) 349-7620

FAX: 1(516) 349-7830

39. 95
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WANTED

CLASSIFIEDS

Toshiba T-300 MSDOS computer keyboard, SCSI to
ST-506 hard disk controller (not host adapter), also back
issues of magazines about the Sinclair OL computer. I
have some equipment to trade such as Radio Shack
TRS80 Model 4and Altos MPM computer, D. Hemming,
(208) 466-1931, 830 Briarwood, Nampa, ID 83651.

INDEX OF ADVERTISERS

FOR SALE

AUDIOPHILES IN THE DAYTON/SPRINGFIELD,
OHIO AREA: We are forming an audio club. Please contact me if you're interested in construction, modifications,
testing, recording or just plain listening to music. Ken
Beers, 1756 Hilt Rd., Yellow Springs, OH 45387, (513)
767-1457.
AUDIO SOCIETY OF MINNESOTA. Audiophiles, music
lovers, scratch builders, record collectors, tube freaks,
digital freaks — we've got 'em all! Monthly meeting, tours,
audiophile concerts, special guests, etc. Now in our 13th
consecutive year! Write ASM, PO Box 32293, Fridley, MN
55432.
CHICAGO AREA ENTHUSIASTS WANTED for audio
construction club. Call Tom, (312) 558-3377 or (708)
516-0170 evenings for details.
CONNECTICUT AUDIO SOCIETY is an active and growing club with activities covering many facets of audio —
including construction, subjective testing, and tours of
local manufacturers. New members are always welcome.
For acopy of our current newsletter and an invitation to
our next meeting, write to: Richard Thompson, 129
Newgate Rd., E. Granby, CT 06026, (203) 653-7873.
THE COLORADO AUDIO SOCIETY is agroup of audio
enthusiasts dedicated to the pursuit of music and audiophile arts in the Rocky Mountain region. We offer acomprehensive annual journal, five bi-monthly newsletters,
plus participation in meetings and lectures. For more information, send SASE to: CAS, 4506 Osceola St., Denver,
CO 80212, or call Art Tedeschi, (303) 477-5223.

Audio Amateur

67

Elektor Electronics USA

70

Borbely Audio

8

CIE

9
13

Kelvin Electronics

CV II, 61

Madisound Speaker Components

WE SELL MORE HIGH PERFORMANCE SPEAKER
KITS than anyone in the US. Complete line of raw drivers,
crossover components, etc. Free catalog. AUDIO CONCEPTS, INC. 901 S. 4th St., La Crosse, WI 54601, (800)
346-9183.
T7/91
HIGH-VOLTAGE PLANS Create fork lightning 50,000V1,200,000V... Catalogue, $1. SCIENTIFIC, Box 1054AF,
Duvall, WA 98019.
T6/91

RESISTORS 5% 1/4 WATT
1OHM TO 4.7 MEG THE
COMPLETE SERIES
161 VALUES

5 OF EACH VALUE
IN ITS OWN LABELED
ENVELOPE ALL IN
A NEAT FILE
BOX

6

Information Unlimited

TRADE

OVER 1000 Mar
RESISTORS

8

Audio Amatuer Publications

Tech Pro BBS! It's Free! San Diego Technical Job listings,
daily computer industry newspaper, lots of engineering
and tech files, windows files, and much morel 300-9600,
Al Gordon, (619) 755-7357.

CLUBS

All Electronics Corp
Antique Electronic Supply

47

Mark V Electronics

6 10

Meadowlake Corp

47

MIT- Finch & Marsh

7

Old Colony Sound Lab
Books

59, 60, 63-66

EPROMS

59

Front Panel

59

Foils

59

Meek It Kits

68, 69

New Kits

4

Printed Circuit Boards

59

"Save Your Invoice" Sale

10

Software

59

Optoelectronics
11 MORE
OF THE MORE
POPULAR VALUES
LARGER ASSORTMENTS
AVAILABLE

VISA
AND MC
ACCEPTED

1 (800) 234-4196
DELTA DISTRIBUTORS -BOX 87R EAST DERRY. N.H. 03041

CV IV

Paleo Systems

47

PC Boards

8

RF Connection

47, 57

Sescom Inc

5 CV Ii

ELEKTOR ELECTRONICS CLASSIFIED ORDER FORM
PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD
5

23

24

42

— Private
For Sale

15

16

25

26

27

28

29

30

35

36

37

38

39

40

45

46

47

48

49

50

—
, Private
— Wanted

18

7 Trade
—I If Trade, please indicate # of insertions

Private ads are on a one time insertion basis. Must be resubmitted for renewal. Ads cannot be taken over the phone.
Definition of a word: A series of letters with a space before and after. Count words, not letters. Any words over 50, 2oe per word.
Trade ads are 75e per word and indicate number of insertions. Deduct 10% for a 6x contract; deduct 15% for a 11 x (year) contract
in Elektor Electronics USA. Payment MUST accompany first ad.
Please remember to include your name, address and telephone
number when making calculations. In order for Private For Sale
and Want ads to be free, you must be a current subscriber. Ten
dollar minimum charge for charge card orders and Trade ads.

Please charge to my MasterCard/Visa:

Check/Money Order Enclosed

NAME

COMPANY

STREET & NO

CARD NUMBER

ELEKToR ELEcTRoNics l•SA

EXP

DATE

CITY
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MAN 1991

ST

ZIP

Eg

117

SESCOM INC.

THE "FIRST CHOICE" FOR
CONSTRUCTORS HARDWARE

PARTS DIVISION
2100 WARD DR.
HENDERSON, NV 89015 -9998

Rub-ON

RACk ChASSiS

MODEL #.

MODEL II.
DESCRIPTION
1RU5
19x 5x1.75 in.
1RU7
19x 7x1.75in
1RU10
19 x10 x1.75 in.
2RU5
19 x5x3.50 in.
2RU7
19 x7x3.50 in.
2RU10
19 x10 x3.50 in.
3RU5
19 x5x5.25 in.
3RU7
19 x7x5.25 in.
3RU10
19 x10 x5.25 in.

(Width xDepth xHeight)
(482.6 x127 x44.45mm)
(482.6 x177 x44.45mm)
(482.6 x254 x44.45mm)
(482.6 x127 x88.9mm)
(482.6 x177.8 x88.9mm)
(482.6 x254 x88.9mm)
(482.6 x127 x133.35mm)
(482.6 x177.8 x133.35mm)
(482.6 x254 x133.35mm)

PRICE $
28.00
30.00
32.00
30.00
32.00
34.00
38.00
40.00
42.00

The above rack chassis are made of .063 aluminum.
The front and rear panels are clear brushed anodized.
All hardware is included. Assembly Required.

METAI. CAbi NETS

MODEL I.
MC-1A
MC-2A
MC-3A
MC-4A
MC-5A
MC-6A
MC-7A
MC-8A
MC-9A

DESCRIPTION
4x3 x2 in.
6x3x2in.
8x3x2in.
4x5x3 in.
6x5x3 in.
8x5x3in.
4x7x4in.
6x 7x4 in.
8x7x4in.

(Width xDepth xHeight)
(101.6 x76.2 x50.8mm)
(152.4 x76.2 x50.8mm)
(2012 x76.2 x50.8mm)
(101.6 x127 x76.2mm)
(152.4 x127 x76.2mm)
(203.2 x127 x76.2mm)
(101.6 x177.8 x101.6mm)
(152.4 x177.8 x101.6mm)
(203.2 x177.8 x101.6mm)

PRICE
15.00
17.00
19.00
17.00
19.00
21.00
19.00
21.00
23.00

The above cabinets are made of .063 aluminum.
The front and rear panels are clear brushed anodized.
All hardware and rubber feet are included. Assembly Required.

PUNCh

Model I.

kiTS ANd

Description

HP-1

5JR TOOL KIT

HP-3

BENCH MOUNT

PD-1

ROUND 1/16'

PD-2

ROUND 5/64'

PD-3

ROUND 3/32'

PD-4

ROUND 7/64'

PD-5

ROUND 1/8"

PD-6

ROUND 9/64'

PD-7

ROUND 5/32'

PD-8

ROUND 11/64'

PD-9

ROUND 3/16'

PD-10

ROUND 13/64"

PD-11

ROUND 7/32'

PD-12

ROUND 15/64'

PD-13

ROUND 1/4"

PD-14

ROUND 17/64'

PD-15

ROUND 9/32

PD-16

SQUARE 1/8"

PD-17

SQUARE 5/32"

PD-18

SQUARE 3/16"

PD-19
PD-20

REC. 1/8 x3/16"

PD-21

REC. 1/8 x15/64'

REC. 1/8 x7/32"

Model I.
HP-2
HP-4
PD-30
PD-31
PD-32
PD-33
PD-34
PD-35
PD-36
PD-37
PD-38
Prise S PD-39
49.00
PD-40
PD-41
15.00
PD-42
6.00
PD-43
6.00
PD-44
PD-45
6.00
PD-46
6.00
PD-47
6.00
PD-48
6.00
PD-49
PD-50
6.00
PD-51
6.00
PD-52
6.00
PD-53
PD-54
6.00
PD-55
6.00
PD-56
6.00
PD-57
6.00
PD-58
PD-59
6.00
PD-60
6.00
PD-61
66.90
PD-62
PD-63
66.90
PD-64
66.90
PD-65
66.90
PD-66
66.90
PD-67
66.90
PD-68

PUNCIIES
Description
Price
XX TOOL KIT
129.75
BENCH MOUNT 15.00
ROUND 1/16'
9.50
ROUND 5/64"
9.50
ROUND 3/32
9.50
ROUND 7/64
9.50
ROUND 1/8"
9.50
ROUND 9/64'
9.50
ROUND 5/32'
9.50
ROUND 11/64'
9.50
ROUND 3/16'
9.50
ROUND 13/64'
9.50
ROUND 7/32'
9.50
ROUND 15/64'
9.50
ROUND 1/4'
9.50
RONND 17/64"
9.50
ROUND 9/32
9.50
ROUND 19/64'
9.50
ROUND 5/16'
9.50
ROUND 21/64'
9.50
ROUND 11/32"
9.50
ROUND 23/64'
9.50
ROUND 3/8"
9.50
ROUND 25/64'
9.50
ROUND 13/32'
9.50
ROUND 27/64"
9.50
ROUND 7/16'
9.50
ROUND 29/64"
9.50
ROUND 15/32
9.50
ROUND 31/64"
9.50
ROUND 1/2"
6.00
ROUND 33/64"
6.00
ROUND 17/32"
6.00
SQUARE 1/8"
66.90
SQUARE 5/32"
66.90
SQUARE 3/16"
66.90
REC. 1/8 x3/16'
83.10
REC. 1/8 x1/4"
83.10
HEC. 1/8 x5/16"
83.10
REC. 1/8 x3/8"
83.10
REC. 1/8 x11/32 75.10

LT-1
LT-2
LT-3
LT-4
LT-5
LT-6
LT-7
LT-8
LT-9
LT-10
LT-11
LT-12
LT-12
LT-12

COMpONENT PARTS

LETTERS

DESCRIPTION

PRICE $

CAPITAL LETTERS HELVETICA 14 pt.
LOWER CASE LETTERS HELVETICA 14 pt
NUMBERS HELVETICA 14 pt.
CAPITAL LETTERS HELVETICA 10 pt.
LOWER CASE LETTERS HELVETICA 10 pt
NUMBERS HELVETICA 10 pt.
CAPITAL LETTERS HELVETICA 6pt.
LOWER CASE LETTERS HELVETICA 6pt.
NUMBERS HELVETICA 6pt.
DIAL MARKING (DOTS)
DIAL MARKING (LINES)
WORDS (AUDIO) HELVETICA 10 pt.
WORDS (AUDIO) HELVETICA CAPS 6pt.
WORDS (AUDIO) HELVETICA UPPER
AND LOWER CASE 6pt.

3.95
3.95
3.95
3.95
3.95
3.95
3.95
3.95
4.95
4.95
3.95
3.95
3.95
3.95

TERMS AND CONDITIONS
MINIMUM ORDER: The minimum order is $10.00.
TERMS: Terms of payment on open accounts are NET 30 days
from date of invoice.
C.O.D.ORDERS:Payment must be made in cash, money order
or certified check. Acompany check will be accepted only if previously approved by the factory.
OPEN ACCOUNTS: SESCOM, I
NC. extends credit to government
agencies and industrial accounts with agood published rating. Firms
may apply f
or an open account by requesting acredit application from
the Accounts Receivable department. All orders are shipped C.O.D.
until credit is approved. (Please allow 4to 6weeks to open anew
account.) We accept Mastercard and Visa.
PRICES: Catalog prices are NET. FOB destination shipped UPS
ground. UPS BLUE and RED LABEL service available at an additional
charge: UPS BLUE is $10.00 and UPS RED is $20.00. PRICES ARE
SUBJECT TO CHANGE WITHOUT NOTICE. Orders are invoiced at
prices in effect at the time of shipment unless specifically quoted otherwise. SESCOM. INC. shall add any existing or future Federal, State,
or Local taxes that may apply. We reserve the right to apply the above
if your Tax Exemption Certificate is not on file with our office.
SHORTAGE OR DAMAGE: All claims for shortage or shipment
error must be made within 10 days after receipt of the shipment. Our
liability is limited to the material value on the invoice.
MERCHANDISE RETURN: Aprior written authorization from
SESCOM, I
NC. must be issued before return of any material. Instructions for returning the material will accompany the authorization.
Material that is returned without authorization or is over 90 days will
carry arestocking fee of aminimum of 25% to amaximum 100%.
Special order items will not be accepted for return.
SUBSTITUTIONS: We reserve the right to substitute higher
quality (but identical part) at our option, unless you specify no substitution at the time of the order.

SIIEET METAL PUNCIIES
MODEL #.
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
'PUNCH

HOLE SIZE

PILOT HOLE

PRICE $

1
3/8"
ROUND
3/16'
7/16'
2
7/16'
ROUND
3
1/2"
ROUND
7/32'
4
9/16'
ROUND
7/32'
5
5/8'
ROUND
7/32"
7/32"
6
11/16'
ROUND
7
3/4'
ROUND
7/32'
7/32'
8
13/16'
ROUND
7/32*
9
7/8'
ROUND
10
1'
ROUND
5/16'
11
1-1/16'
ROUND
5/16"
12
1-1/8'
ROUND
5/16'
13
1-3/16" ROUND
5/16'
14
1-1/4'
ROUND
5/16'
15
1-3/8'
ROUND
5/16"
16
1-1/T
ROUND
5/16'
17
1-5/8'
ROUND
5/16"
18
1-3/4'
ROUND
5/16'
19
2-5/8'
ROUND
1/2"
20
11/16'
SQUARE
1/2"
21
3/4"
SQUARE
1/2"
22
1'
SQUARE
1/2'
23 21/32 x5/16' REC.
1/2"
24
*THURST RACES FOR PUNCHES
(FOR EASIER PUNCHING) 1' thru 1-3/4'

8.95
8.95
8.95
11.95
11.95
11.95
11.95
11.95
11.95
12.95
12.95
12.95
12.95
13.95
13.95
15.95
20.95
23.95
59.95
31.95
35.95
45.95
45.95
995

TRANSISTORS:
PART NO.
2N3904
2N3906
2N2102
2N4037
PN2219A
PN2905A

DESCRIPTION
NPN 7092
PNP TO92
PNP1039
PNP TO39
NPN TO237
PNP 70237

1-9
.12
.12
.80
.90
.40
.40

10-99
.10
.10
.67
.75
.34
.34

100 +
.08
.08
54
.60
.28
.28

DIODES:
PART NO.
1N34A
1N4001
1N4148

DESCRIPTION
GE DIODE
SI DIODE
SI DIODE

1-9
.17
.13
09

10-99
.15
.11
.07

100+
.13
.10
.06

1-9
.60
1.05
1.28
1.80

10-99
.54
.95
1.15
1.62

100 +
.48
.84
1.02
1.44

1.85

1.67

1-9
.11
.12
.13
.15
.19

10-99
.10
.11
.12
.14
.16

100 +
.09
.10
.11
.13
.15

CARBON FILM RESISTORS:
PART NO.
DESCRIPTION
1-9 10-99
CF +VALUE
5% 1/4W
.05
.02
ALL STANDARD VALUES 1.0 OHM THRU 1.0M OHM

100 +
.01

LINEAR INTEGRATED CIRCUITS:
PART NO.
DESCRIPTION
LF351N
SINGLE OP-AMP
LF353N
DUAL OP-AMP
NE5534N
SINGLE OP-AMP
NE5534AN
LOW NOISE
SINGLE OP-AMP
NE5532N
DUAL OP-AMP

ICSOCKETS:
PART NO.
SOC -8
SOC-14
SOC-16
SOC-18
SOC -20

DESCRIPTION
8PIN TIN
14 PIN TIN
16 PIN TIN
18 PIN TIN
20 PIN TIN

1.48

POTENTIOMETERS:
PART NO.
DESCRIPTION
10KA
10K AUDIO TAPER

1-9
2.00

10-99
1.80

100 +
1.60

CONNECTORS:
PART NO.
DESCRIPTION
XLR FCA
3PIN CABLE FEMALE
XLR M CA
3PIN CABLE MALE
XLR FCH
3PIN CHASSIS FEMALE
XLR M CH
3PIN CHASSIS MALE
1/4 ST
1/4' STERIO JACK
3.5 ST
3.5mm STERIO JACK
RCA
RCA PHONO JACK CHASSIS

1-9
3.20
2.75
3.60
2.60
.97
.97
.65

10-99
2.88
2.48
3.24
2.40
.87
.87
.59

100 +
2.56
2.20
2.88
2.08
.78
.78
.52

1-9
.38
.39
.39
.46
.69
.97
1.34
2.22

10-99
.35
.35
.35
.42
.62
.87
1.21
2.00

100 +
.30
.30
.30
.37
.55
.78
1.07
1.78

CAPACITORS Radial Lead Electrolytic
PART NO.
DESCRIPTION
1-9
10-99
RC 1/50
lut -50V
.26
.24
RC 4.7/25
4.7u1- 25V
.28
.26
RC 10/25
10uf -25V
.31
.28
RC 47/25
47uf -25V
.39
.35
RC 100/25
100ut -25V
.41
.36
RC 220/35
220u1- 35V
.61
.55
RC 470/35
470uf -35V
.99
.90
RC 1000/35
1000uf -35V
1.27 1.15

100 +
.21
.23
.25
.28
.33
.49
.80
1.02

CAPACITORS: Axial Lead Electrolytic
PART NO.
DESCRIPTION
AC 1/50
1ut -50V
AC 4.7/25
4.7uf -25V
AC 10/25
lOut -25V
AC 47/25
47u1- 25V
AC 100/25
100uf -25V
AC 220/35
220uf -35V
AC 470/35
470uf -35V
AC 1000/35
1000uf -35V

•UPS GROUND SHIPPING IS FREE WITHIN THE CONTINENTAL LIMITS OF THE USA •
MasterCard

TOLL FREE ORDERING IN ALL 50 STATES AND CANADA
FOR ADDITIONAL INFORMATION CONTACT:

=A

SESCOM INC.- PARTS DIVISION,

2100 WARD DR., HENDERSON, NV 89015-9998

FOR ORDERS: 1-800-634-3457 •FAX: 1-702-565-4828 •REGULAR BUSINESS: 1-702-565-3400
BUSINESS HOURS: 8:00 A.M. TO 4:00 P.M. PACIFIC TIME ,MONDAY THRU FRIDAY

WorldRadioHistory

ELEKTOR ELECTRONICS USA MAY 1991

3000
Top of the Line Universal
HandiCounterTM,

$375.

OFF
THE BENCH
AND
RUNNING
When OPTOELECTRONICS took frequency counters off the bench we
created a whole new dimension Frequency Finding.

2600
Super Sensitive RF
Frequency Finder.

$325.

Our Handi-Counters ,̀' make
Frequency Finding a reality by
allowing you to pick-up radio
transmitters at the maximum
possible distance.
Monitoring Enthusiast, Security
Specialists, Broadcast and Design
Engineers, Two Way and Amateur
Radio Operators and Service Technicians have all made the move.
Shouldn't you?

2210A
Full Range
Pocket
Size LED.

$239.

1300H/A
Low Cost Ultra
Sensitive (HF,
UHF, VHF).
$179.

8030
Bench Portable (Fits in an attache
case) with ALL the Handi-CounterT‘f
Features plus More. $579.

Me
MANGE »KZ

11A/F
Ma*

Model

Range
Low
High

Display
8Digit LED

Display
10 Digit LCD

Signal
Strength
Bargraph

Universal
Counter

TCXO
Option

•

•

±.1ppm
add $125.

8030

10Hz
24GHz

3000

10Hz
2.4GHz

± .2ppm
add S80.

2600

1MHz
2.4GHz

± .2ppm
add S80.

2210A

10Hz
2.4GHz

± .5ppm
add S75.

1300H/A

1MHz
1.3GHz

± 5ppm
add S75.

Sensitivity: <1 to <10mV typical. NICads & AC Charger/Adapter Included. Carry
Case, Antennas and Probes extra. One year parts & labor warranty on at products.

WorldRadioHistory

•

Toll Free Order Line:
1-800-327-5912

In Florida call (305)771-2050
FAX (305)771-2052

5821 NE 14th Avenue •Ft. Lauderdale, FL 33334
Visa, MC, COD, Cash, M.O. accepted. Personal
Check allow 3weeks. 5% Shipping, Handling,
(Maximum $10) U.S. 8( Canada. 15% outside
continental U.S.A.

