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CORPORATION 

 

Best Systems Corporation of Canada Inc., formerly Exceltronix 

 

Components and Computing Inc., and Multiflex Inventions and 

 

Technology Development Inc., is now a wholly owned subsidiary of 

 

LSI Logic Corporation of Canada Inc. 

 

This new corporate and financial structure reflects renewed 

 

confidence in the excellence of design and engineering of Best 

 

computer products. We are dedicated to provide complete system 

 

solutions for both the standard and the unique requirements of our 

 

many clients. 

 

The Best team of engineers is ready to work with our customers 

 

to design application specific integrated systems for North Ameri-
can solutions. 

 

As we move now to strengthen our base and to seek and satisfy a 

 

broader user network in North America, we invite you to enjoy the 

 

benefits of this new, enhanced, nation-wide corporation. 

 

For your free brochure on the Best line of microcomputers 

 

please contact Best at 1-800-387-6995. 

 

Remember BEST-for quality-for service-for 

 

value. But above all-remember BEST. 
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lbsbiba has just given 

 

the portable laptop 

 

a lot more bytes, 

 

Introducing the exciting new Toshiba T3200. 

 

The portable laptop computer designed to take a big bite 

 

out of the desktop AT market. 

 

While you're chewing over that data, consider some 

 

other major features of the T3200. It's a portable laptop 

 

that comes standard with one and one-half internal IBM*-
compatible slots for hardware expansion and 

 

a fast 40 -megabyte internal hard disk drive. 

 

The T3200 moves fast too, with an 

 

80286 microprocessor running at 12MHz. 

 

It's also very easy to read, with a superb 

 

Gas Plasma screen which is EGA (Enhanced 

 

Graphics Adapter) compatible. And it has 

 

even more bytes with the standard one megabyte of RAM, 

 

upgradable to four megabytes. There's also a separate 

 

numeric keypad within the full standard keyboard, for real 

 

ease of use. And with all this, there's the added advantage 

 

of true portability. 

 

To learn more about the multi-purpose T3200, place a 

 

call to your authorized Toshiba re - seller, 

 

or call Toshiba direct at 1- 800 - 387-5645. 

 

Ask for a demonstration. Once you've 

 

had a taste of the new T3200, you'll be 

 

spoiled for any other PC, desktop or 

 

portable. 

 

The best keep getting better! 

 

TOSHIBA 

 

*IBM is a registered trademark of 

 

International Business Machines Corporation. 
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For Your InfornmirlLp" 

 

Science Mobilizes to 

 

Beat Murder in the Air 

 

By Bill Pressdee 

 

The problems confronting airport 

 

security are basically the same as 

 

those involved in the custody of any 

 

major industrial complex of nation-
al importance. These include theft, 

 

ranging from petty larcency to bul-
lion robbery, illicit incursion, rang-
ing from unauthorized entry to 

 

military takeover, and specifically 

 

terrorist attack, either in the airport 

 

or in the air. 

 

Combating these problems calls 

 

for adequate surveillance by man or 

 

machine to discover illegal acts, and 

 

the appropriate detection of illicit 

 

devices or materials in sufficient 

 

time to apply remedial action. 

 

Incidents at airports, such as bul-
lion robbery, the smug-
gling of drugs, or the dis-

covery of explosives in 

 

hand luggage, are 

 

generally reported in 

 

isolation. However to be 

 

effective, an airport sys-
tem must be comprehen-
sive to cover every aspect 

 

of security. For each air-

port the security system 

 

must first take account 

 

of the particular site 

 

problems. 

 

There are many 

 

security devices available 

 

for use around the air-
field, and these should 

 

be deployed to monitor 

 

various zones of increas-

ing risk, starting at the 

 

perimeter fence: 

 

microphonic cable to 

 

detect break in; closed 

 

circuit television 

 

(CCTV) cameras to scan 

 

various sectors of the 

 

airfield (possibly connected to mo-
tion detectors); and infrared, 

 

microwave and underground pres-
sure detectors to discover intruders 

 

and vehicles in unauthorized areas. 

 

come more ingenious, the detectors 

 

deployed against them need to be-
come more effective. 

 

CCTV is an important general 

 

means of monitoring the concourse 

 

of the airport and noting ir-

regularities. The recent develop-
ment of charge coupled device 

 

(CCD) cameras using solid state 

 

image sensors is a major step 

 

towards improved CCTV surveil-
lance. The units are extremely 

 

small, allowing covert operation; 

 

they have a long life, are robust, 

 

need negligible maintenance and 

 

work at low voltage with power con-

sumption of just a few watts. 

 

Finding Metal 

 

Coupled via a fiber optic taper to a 

 

microchannel plate image inten-
sifier, they are capable of operation 

 

over all ranges of ambient illumina-

detector such as the GM2 made by 

 

Graseby Dynamics. 

 

Baggage and hand luggage is nor-
mally inspected via an X-ray 

 

machine, tended by an operator 

 

trained to identify suspicious opa-
que profiles. Recent products from 

 

Astrophysics Research, which has 

 

supplied over 2000 such machines 

 

worldwide, include a combined 

 

check in desk and X-ray screening 

 

system and mobile systems for spot 

 

checks. 

 

Explosives Threat 

 

Detection of illegal objects depends 

 

at present on the operator's alert-
ness and experience, but the advent 

 

of microprocessors operating at 

 

several million instructions per 

 

second ,heralds the development of 

 

expert detection systems in which 

 

the X-ray responses will be com-

Security Model 35, which are light, 

 

compact and easy to use. Although 

 

they perform a useful; function, 

 

their sensitivity is limited, their dis-
crimination medial, and they are un-
likely to respond to certain military 

 

explosives. 

 

Finer Sampling 

 

A more sensitive and selective 

 

range of instruments is available, 

 

based on gas chromatography. It in-
cludes the A.I. Security Model 97. 

 

These devices rely on a constant and 

 

very pure supply of inert gas, and 

 

the means for introduction of the 

 

atmospheric sample into the gas 

 

stream. The penalties for increased 

 

sophistication, however, appear in 

 

terms of increased size, weight, 

 

warm up time, response time, and 

 

cost. 

 

The only other detectors available 

 

are the very complex and 

 

Searching The Public 

 

Chubb Alarms is a major British 

 

security company marketing a com-

prehensive range of such devices, 

 

and has considerable expertise to 

 

advise how an area can best be 

 

protected. 

 

Of more critical concern at 

 

present, however, are the airport 

 

areas to which the public have ac-
cess — in particular the interfaces 

 

between the public areas and those 

 

restricted to passengers and airport 

 

staff. Through these pass the pas-
sengers, their baggage and their 

 

hand luggage, each piece of which 

 

may be concealing weapons or ex-

plosives, or the means for making of 

 

assembling them. 

 

It is at these interfaces that, as the 

 

criminal and would-be terrorist be-

tion from bright sunlight to star-

light. The English Electric Valve 

 

Company Ltd. has recently an-
nounced a comprehensive range of 

 

CCD cameras and sensors manufac-
tured in its new factory at 

 

Chelmsford , eastern England, the 

 

most advanced CCD facility in 

 

Europe. 

 

Firearms and most other weapons 

 

will incorporate a substantial 

 

amount of metal, which may be 

 

detected by X-ray machines or 

 

metal detectors. Passengers, on 

 

entering the airport's departure 

 

area, and possibly also before em-

barking, may be required to pass 

 

through an archway incorporating a 

 

metal detector and explosives detec-
tor. 

 

The threshold sensitivity of the 

 

detector will be set to discriminate 

 

between, say, a small pistol and 

 

loose coins in the passengers' pock-
ets: warnings of significant metal 

 

detection may then prompt further 

 

investigations by means of a physi-
cal body search or hand held metal 

 

pared automatically with a multi-
tude of those from known weapon 

 

types. 

 

Explosives represent the most 

 

deadly on the armaments available 

 

to the terrorist and also, even when 

 

made into improvised bombs, the 

 

most difficult to detect. The mini-
mal amount of metal in the 

 

detonator or triggering device is un-

likely to reach the alarm thresholds 

 

for archway or hand held metal 

 

detectors. 

 

Accordingly, over the last two 

 

decades several types of explosive 

 

detectors have been developed. Ex-

plosive compounds, their additives 

 

and decomposition products emit 

 

minute quantities of a characteristic 

 

vapour, which it is possible to 

 

sample and identify — although 

 

with some modern military ex-

plosives this is far from easy. 

 

The simplest sniffer devices avail-
able relay on direct ionization of the 

 

vapour from the explosives in air. 

 

These include typically the Graseby 

 

Dynamics PD4C and the A.I. 

 

accurate instruments 

 

mostly confined by their 

 

size and lack of por-
tability to laboratories, 

 

except for a recent 

 

product of Graseby 

 

Dynamics, the Ion 

 

Mobility Spectroscope 

 

(IMS), which shows con-
siderable promise. 

 

The IMS operates by 

 

first drawing an air 

 

sample through a probe 

 

and over a membrane 

 

which excludes dust and 

 

moisture, but permits 

 

the diffusion of the 

 

vapour molecules. The 

 

molecules are then 

 

ionized by a weak Nick-
el-63 beta emitter and 

 

subjected to a 1000 V 

 

DC field, controlled by a 

 

gating grid which allows 

 

the passage of the ions 

 

in discrete samples. 

 

The drifting ions become ranged 

 

spatially in order of their mobilities, 

 

and, on reaching the collector 

 

electrode, present a current 

 

waveform characteristic of the ions 

 

in the sample. The internal air 

 

stream is circulated by a pump and 

 

dried. Then certain dopant chemi-
cals are added in minute quantities 

 

to enhance the sensitivity. 

 

The waveform received by the 

 

collector is digitized and fed to a 

 

microprocessor, in which its charac-
teristics are assessed against pat-
terns for various explosives, while 

 

vapours derived from other sub-
stances are disregarded. The PDS 

 

has a hand held unit with digital 

 

readout connected by an umbilical 

 

to a briefcase, making it ideally 

 

portable. 

 

In many aspects the means of en-

suring good airport security are be-

coming better and more sophisti-
cated. It remains only for airport 

 

authorities to develop security sys-
tems that use these means effective-

ly. 

 

6 

 

E & TT December 1987 

 



4n� 

 

AP 

 

AW 

 

40 

 

s 

 

s 

 

Nine Test Probes 

 

with only one difference 

 

between them and your 

 

scope 's original equipnn e nt 

 

11 

 

w 

 

Manufacturers Original U.S. $ CO LIN E 

 

Scope Probe Price Equivalent 

 

TEKTRONIX 

 

2300 Series 

 

2200 Series 

 

2400 Series 

 

400 Series 

 

IWATSU 

 

SS-5321 

 

SS-5711 

 

P6101A $53 

 

P6108A $75 

 

P6121 $100 

 

P6122 $58 

 

P6131 $140 

 

P6133 $115 

 

P6105A $93 

 

P6106A $140 

 

P6130 $130 

 

M12X1 

 

M12X10 

 

M12XIOAP 

 

P100 

 

M15X10HFAP 

 

M 12X 10AP 

 

M12XIOAP 

 

M15X10HFAP 

 

M12XIOAP 

 

SS-0014 $92 M 12X 10 

 

SS-0012 $77 M 12X 10 

 

LEADER 

 

LBO-315 LP-060X $60 SP100 

 

LBO-518 LP-100X $76 SP100 

 

CDN 

 

Price 

 

$ 45.90 

 

$ 54.90 

 

$ 70.60 

 

$ 36.20 

 

$105.90 

 

$ 70.60 

 

$ 70.60 

 

$105.90 

 

$ 70.60 

 

$ 54.90 

 

$ 54.90 

 

$ 46.10 

 

$ 46.10 

 

Manufacturers Original U.S. $ Coline 

 

Scope Probe Price Equivalent 

 

PHILIPS 

 

PM3267 

 

PM3256 

 

PM3264 

 

HITACHI 

 

V•1100A 1 

 

V-670 } 

 

V-509 � 

 

PM8294 $60 M 12X 1 

 

PM8926 $70 P100 

 

PM8928 $95 M 12X 10 

 

AT-10AL1.5 $64 SP100 

 

HEWLETT PACKARD 

 

1715A 10018A 

 

1722B 10017A 

 

1725A 10017A 

 

1740 Series 10041A 

 

10021A 

 

$135 M20X10 

 

$130 M15XIOHF 

 

$130 M15XIOHF 

 

$135 P100 

 

$85 I P20 

 

CDN 

 

Price 

 

$45.90 

 

$36.20 

 

54.90 

 

$46.10 

 

$62.80 

 

$90.10 

 

$90.10 

 

$ 36.20 

 

$31.90 

 

Take up the Coline challenge and compare our prices with the probes you currently use. In many cases you 

 

can replace both probes on your dual trace scope at the cost of one probe from the scope manufacturer. 

 

Plus, bandwidth and overall performance of the probe typically exceed that of the original equipment. 

 

Satisfaction is guaranteed with a ten day return privilege. Coline - Specialists in probes for over 15 years. 

 

IN CANADAr-j== ooline Ltd PROBES & ACCESSORIES 

 

distributed f rom your Canadian stocking source 

 

n 

 

980 Alness St., Unit 3„ 

 

Uownsvlew, Ontario, 

 

M3J 2S2 

 

(416) 661-5585 

 

TELEX 065-28169 

 

 1 

 

w 

 

Circle No. 22 on Reader Service Card 

 

16 

 



 13F L 

 

TECHNOLOGY INC. 

 

11 Donex St. Pointe-Claire, Quebec H9R 4Z3 

 

Tel: (514) 694-9773 

 

Fax: (514) 694-0908 

 

Telex: 05-822-982 

 

ANNOUNCING THE EASIEST  

 

SIMPLEST AND THE MOST 

 

ECONOMICAL MULTI-USER SOLUTION 

 

TO YOUR PC, THE O.A. LINK 

 

FULL OF MUSCLE POWER  

 

According to PC Magazine's network 

 

speed comparison test. O.A. Link cluster 

 

is twice the speed of Novell Netware/286, 

 

each card is a complete workstation run-
ning 2.5 times faster than an IBM PC/XT 

 

based on Norton Si. 

 

GOES EVERYWHERE, 

 

RUNS EVERYTHING  

 

O.A. Link provides the ultimate in 

 

compatibility. It can plug into an IBM 

 

PC/XT, PC/AT, Compaq 386 and other 

 

compatibles. It will run all off-the-shelf 

 

software. 

 

PLUG IN AND GO  

 

The installation can be done in just 

 

minutes, and the operation is intuitively 

 

easy. O.A. Link promises to be the 

 

easiest, simplest multi-user system you 

 

can find on the market. 

 

BEYOND YOUR IMAGINATION  

 

O. A. Link is the most creative vehicle for 

 

system houses to integrate peripheral 

 

devices such as bar code readers, touch 

 

screen and cash registers a true vertical 

 

market tool. 

 

MULTIPLE NETWORK  

 

ARCHITECTURE  

 

Clusters of O.A. Link can also be finked 

 

with an IBM PC-Net or Novell system for 

 

multiple network integration to improve 

 

network traffic and relieve the workload 

 

of the file server. 

 

For Your ItWorffwdon 

 

Digital IC Tester 

 

The microprocessor-based AR-6000 from American Reliance is a high 

 

speed efficient IC tester designed to fill the void between basic com-
ponent testers and costly ATE systems. It can test and identify more than 

 

1600 CMOS and TTL digital ICs with up to 28 pins, including: Texas In-
struments 54/74, 55/75 TTL, Motorola 14000 and RCA CD4000 CMOS 

 

series. In addition to its use as a valuable R & D tool, this affordable 

 

tester will help you control costs in manufacturing, inspection and service 

 

functions of even small companies. 

 

Key features include: 16 by 1 character, 9 by 7 dot matrix LCD display, 

 

14 function, 10 numeric keypad; and "open collector", "totem pole", "tri-
state" output circuit detection of'ITL ICs. As well the unit features Auto 

 

Search for identifying unknown ICs, Auto Test checks same ICs without 

 

keying in, and Loop Test for examining the durability of ICs. 'rice: 

 

$2310.00 Cdn. 

 

BCS Electronics, 980 Alness Street, Downsview, Ontario M3J 2S2 (416) 

 

661-5585. Circle No. 50 on Reader Service Card 

 

Continued on page .31 

 

PC-FAX with 

 

OCR capability 

 

Have you been 

 

looking for a really 

 

complete PC com-
munications 

 

package? One that 

 

will handle both 

 

text and graphics 

 

between PC's and 

 

facsimile 

 

machines? It's 

 

finally here! 

 

Faxcom Access 

 

Network is happy 

 

to announce the ar-
rival of the PC-FAX 

 

board, a multi-
functional 

 

9600-baud modem 

 

board and software solution to your communications 

 

Typed or hand-written documents, drawings, signatures, photos, 

 

charts and virtually any other visual information can be transmitted to 

 

clients anywhere in the world — at an incredible 960 characters per 

 

second! From Point A to Point B in a mere two seconds! At 40% less 

 

than long distance telephone rates! 

 

All you need is a single easy-to-install, easy-to-use Faxcorn Power 

 

Board. 

 

All this from one unit that installs into your PC, XT, AT or IBM com-
patible! 

 

i 

 

needs. 

 

FAXCOM ACCESS NETWORK 

 

Suite 1400, 70 University Avenue (416) 596-7449 

 

Toronto, Ontario M5J 2M8 Fax: 416-596-6836 
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Train with NRI for a high paying 

 

career.. servicin.. • com   ut6mg 

 

011 

 

DIGITAL, MULTIMETER---
Professional test instrument 

 

for quick and easy 

 

measurements. 

 

LESSONS-- Clear, well illustrated 

 

texts build your understanding 

 

of computers step-by-step. 

 

DISK SOFTWARE--
including MS-DOS, GW 

 

BASIC, WordStar, 

 

and CalcStar. 

 

SANYo t,f}mNU'I ER— 8088 

 

CPU double-sided disk drive, 

 

256K RAM, 4.77 MHz and S 

 

MHz turbo speed. 

 

MONITOR---High resolutR)n, 

 

green screen displays, crisp 

 

text and graphics. 

 

TECHNICAL MANUALS 

 

--with complete specs on 

 

Sanyo computer and 

 

professional programs. 

 

DISCOVERY LAB--Using it, 

 

you construct and test 

 

circuits like those used 

 

with computers. 

 

Get started now by building this 

 

fully PC compatible computer 

 

Now you get it all ... training for America's 

 

fastest growing career opportunity .. . 

 

training to service all computers .. . 

 

training on the newest total computer 

 

system, the Sanyo 880. Only NRI can give 

 

you the well-rounded training you need, 

 

because only NRI gives you a complete 

 

computer system ... computer, monitor, 

 

disk drive, software, even test instruments 

 

like a digital multimeter and logic probe to 

 

work with and keep. It all adds up to 

 

training that builds the knowledge, 

 

competence, and ability you need to 

 

succeed as a computer service specialist. 

 

Get inside the newest Sanyo Computer 

 

—fully compatible with the IBM PC 

 

As an NRI student, you'll get total 

 

hands-on training as you actually build 

 

your own latest model Sanyo 880 Series 

 

computer from the keyboard up. It's 

 

fully compatible with the IBM PC and, 

 

best of all, it runs programs almost twice 

 

as fast as the PC. As you assemble the 

 

Sanyo 880, you'll perform demonstra-
tions and experiments that will give 

 

you a total mastery of computer 

 

operation and servicing techniques. 

 

You'll do programming in BASIC 

 

language—even run and interpret 

 

essential diagnostic software. 

 

Understanding you get only 

 

through experience 

 

You need no previous knowledge to 

 

succeed with NRI. You start with the 

 

basics, rapidly building on the fundamen-
tals of electronics with bite-size lessons. 

 

You perform hands-on experiments with 

 

your NRI Discovery Lab and then move 

 

on to master advanced concepts like 

 

digital logic, microprocessors, and 

 

computer memories. 

 

Learn at home in your spare time 

 

You train in your own home at your 

 

own convenience, backed at all times 

 

by your own NRI instructor and the 

 

entire NRI staff of educators and 

 

student service support people. They're 

 

always ready to give you guidance, 

 

follow your progress, and help you over 

 

DIGITAL 

 

LOGIC 

 

PROBE— 
Simplifies 

 

analyzing digital 

 

circuit operation. 

 

the rough spots to keep you moving 

 

toward your goal. 

 

100 page free catalog tells more .. . 

 

send today 

 

Send the postage-paid reply card today 

 

for NRI's 100 page catalog that gives all 

 

the facts about computer training plus 

 

career training in robotics, data com-
munications, TV/audio/ 

 

video servicing, and 

 

many other fields. If 

 

the card is missing, 

 

write to NRI at 

 

the address 

 

below. 

 

*IBM is a registered 

 

trademark of International 

 

Business Machines Corp. 

 

A&
f
ffVj

1

SSCH00LS 

 

McGraw-Hill Continuing Education Center 

 

330 Progress Avenue 

 

Scarborough, Ontario M 1 P 2Z5 
F
 

 

or telephone 416-293-8787 A 

 

We'll give you tomorrow I ■ r 

 



P
 a 

 

ect 

 

Electronic 

 

AnaloglDigit al Multimeter 

 

A versatile test instrument for the workshop 

 

By Mark Str mrt 

 

he Design of an Electronic 

 

Analog/Digital Multimeter was a 

 

very interesting exercise in com-
promise. During the course of its 

 

development a great deal of respect 

 

was gained for the designers of what 

 

were considered to be "ordinary" com-
mercial instruments. 

 

The basic electronic circuit for volt-
age, current, resistance, and AC 

 

measurements are fairly easy to deal 

 

with when taken individually, but com-
bining them into a compact hand-held 

 

unit with a single range switch is 

 

another matter. 

 

After some thought, it was concluded 

 

that the only solution suitable for home 

 

construction would be a bench meter 

 

and to incorporate a number of 

 

separate range switches. The idea of a 

 

single multi-pole multi-way switch was 

 

considered, but the price, and the com-
plicated wiring that would be necessary 

 

completely ruled this out. 

 

Two advantages of using separate 

 

range switches are that the switches 

 

can be printed circuit board mounting 

 

types — so eliminating wiring and 

 

wiring error and that parts of the cir-

10 

 

cuit can be built separately and used 

 

individually in other applications. 

 

The "indicating device" specified is a 

 

panel meter with a 100uA sensitivity. 

 

This is modified by means of a series 

 

resistor to read 0-1V. Almost any 

 

standard panel meter can be used, or 

 

instead one of the new digital panel 

 

meter modules could be added. 

 

The overall performance of the 

 

meter is very good, its frequency range 

 

when measuring AC voltages and cur-
rents is good up to 50kHz and the 

 

input impedance of 10 Megohms on all 

 

voltage ranges gives good accuracy in 

 

high impedance circuits where a nor-
mal analog multimeter would be use-
less. 

 

In addition to the standard range the 

 

meter has an "AC Millivolts" circuit 

 

which allows audio frequency 

 

measurements from 3mV RMS up to 

 

1V and is very useful for testing 

 

amplifier signal levels, microphone and 

 

pick-up outputs, frequency responses 

 

and general signal tracing. 

 

The resistance ranges have the 

 

benefit of a linear scale that reads from 

 

left to right instead of the usual non-

linear, reverse reading scales. Also, the 

 

probes are correctly polarized; red is 

 

positive — when making Ohms checks. 

 

All resistance measurements are made 

 

at a maximum of 100mV so in-situ 

 

measurements will not be affected by 

 

transistors, ICs and diodes in the cir-
cuit. 

 

Other features are that the meter is 

 

protected from overloading by a fuse 

 

and electronically, and measurements 

 

up to 1000V and 10A AC and DC are 

 

possible. The meter is built in a fully in-
sulated case for safety. 

 

Circuit Description 

 

The full circuit diagram for the 

 

Electronic Analogue/Digital Multi-
meter is shown in Fig. 1. For clarity 

 

each section will be described 

 

separately. The low noise diodes 

 

specified are types BAS45. Provided 

 

that they are "classified" as low noise, 

 

almost any general-purpose or signal 

 

diodes should work in this circuit. 

 

However, there may be some slight 

 

variations in meter performance from 

 

device to device. 

 

Voltage 

 

Inputs for voltage measurements are 

 

applied to the voltage divider chain 

 

made up of resistor R2 to R7. Voltage 

 

ranges are selected by Sla, which taps 

 

off a proportion of the input voltage 

 

from the divider chain and passes it to 

 

ICl, the input amplifier circuit. 

 

On the 1kV range an extra resistor 

 

(R1) is added to the top of the divider. 

 

To avoid having high voltages on the 

 

circuit board this resistor is made up 

 

from a series combination of values 

 

which are sleeved and mounted in the 

 

lead to the ikV terminal(SK3). 

 

The input impedance of the circuit is 

 

set by the total combined value of R2 
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to R7 which is 10 Megohms. In order 

 

to make accurate measurements on all 

 

ranges it is essential that the input 

 

amplifier circuit has an impedance 

 

which is in excess of 50 Megohms. 

 

Use of a FET input amplifier IC, 

 

TL071, and careful board layout en-
sures that this is achieved. IC1 does not 

 

have any gain, but it acts as a buffer cir-
cuit with a very high input impedance 

 

and a low output impedance. 

 

From IC1 the signal passes to a 

 

second amplifier stage IC2 via resistor 

 

R32. S 1b switches resistor R33 in and 

 

c1 

 

4P7 9X1M 

 

C2 

 

12P 

 

C3� 

 

220P 

 

C4 

 

R2
*
 

 

SEE TEXT 

 

R3 

 

750k 

 

R4 

 

150k 

 

`o 

 

R5 

 

75k 

 

R6 

 

15k 

 

R7 

 

2?OOp1 10k 

 

[VOLTAGE 

 

51a 

 

r 

 

out of circuit on alternate ranges to 

 

give the 3V, 30V, and 300V ranges. 

 

The combination of resistor R32 and 

 

R33 is such that the signal is reduced 

 

by 3 to 1 on each of these ranges but 

 

remains unaltered on the 1V, 10V, and 

 

100V ranges. The amplifier IC2 has a 

 

gain of 10 and its output is applied to 

 

the meter movement via switch S5 

 

when DC measurements are selected. 

 

AC Voltage 

 

The circuit as far as the output of IC2 

 

QCA AIC. AMPLIFIER & RECTIFIER R35 
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R34 
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-9V 

 

is identical for AC and DC ranges. 

 

Capacitors C1, C2, C3, C4 and C5 cor-
rect for the effects of stray capacitance 

 

and maintain a level frequency 

 

response to above 50kHz. 

 

When AC measurements are made 

 

the meter is connected via switch S5 to 

 

the output of the rectifier circuit IC5. 

 

This circuit takes its input from IC2 

 

and produces a half-wave rectified out-

put which is averaged by the meter 

 

movement to give a steady DC reading. 

 

Diodes D3 and D4 in the feedback 

 

loop around IC3 are connected so that 
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Fig. 177ie complete circuit diagram for the Electronic AnaloglDigital Multitneter. 

 

The "active" sections of the circuit are shown within the dotted boxes. 
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on negative half-cycles the output stays 

 

at OV, but positive half-cycles are 

 

passed normally with a gain of just over 

 

2. 

 

The value of gain is selected so that 

 

the meter reads the average value of 

 

the incoming signal and indicates the 

 

correct (RMS) voltage. As with all 

 

meters the accuracy of AC readings 

 

depends on the signal waveform. Sine 

 

waves are the most frequently en-
countered and so the meter is set to 

 

read correctly for these. 

 

Diodes D7 and D8 across the meter 

 

protect it from being overdriven when 

 

switching ranges etc. Diodes D1 and 

 

D2 provide similar protection for ICl. 

 

Current 

 

On the current range the shunt resis-
tors R8 to R13 are connected in circuit 

 

by S3a and the voltage across them 

 

read by the standard voltage circuits. 

 

S2a selects the value of shunt resistor 

 

and Sib makes the connection between 

 

the shunt resistors and the input of 

 

IC1. 

 

The values of the shunt resistors are 

 

selected to drop 100mV at the full 

 

scale current. A shunt of one ohm will 

 

give full scale reading on the meter 

 

when a current of 100mA is passing 

 

and so on. 

 

For the 10A range a shunt value of 

 

0.01 ohm is required, this should be 

 

made from a length of wire connected 

 

directly between the 10A socket (SK4) 

 

and the negative (Common) socket 

 

SK2. This is necessary because the 

 

range switch is only rated at 1A, and 

 

the PCB copper tracks would have to 

 

be huge to carry 10A comfortably. 

 

The AC and DC current measure-
ments are treated by the amplifier sec-
tion in exactly the same way as vol-
tages. The current ranges increase in 

 

direct decades (x 10) so that the use of 

 

Slb is not involved. Switch Sac ensures 

 

that this is switched out of circuit on all 

 

ranges except voltage. 

 

Resistance 

 

Resistance is measured by passing a 

 

known constant current through the 

 

resistor under test and measuring the 

 

voltage drop across it using the stand-
ard voltage circuits. 

 

The current source consists of IC4, 

 

transistor TR1, and associated com-
ponents. 

 

A reference voltage of 5.6V from 

 

Zener diode D5 is connected to the 

 

12 
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Fig. 2 Component layout on the printed circuit board. Note that the long link wires 

 

should be made with plastic insulated connecting wire. 

 

non-inverting input of IC4. Negative 

 

feedback around IC4 via TR1 and R42 

 

works in such a way that the emitter 

 

voltage of TR1 is made equal to this 

 

reference voltage. This means that 

 

5.6V appears across whichever emitter 

 

resistor is selected by S4. 

 

This constant reference voltage 

 

across a fixed resistance value gives a 

 

constant current output at the collector 

 

of TR1. As the reference voltage is 

 

5.6V, a 5k6 range resistor gives a cur-
rent of 1mA. The standard voltage cir-
cuit, which is connected via S3b, gives 

 

full scale deflection for 100mV. A 

 

range current of 1mA thus gives a full 

 

scale reading of 100 ohms. Low value 

 

resistors drop less voltage and so the 

 

reading is directly proportional to the 

 

resistor value. 

 

On the higher resistance ranges the 

 

current becomes rather too small for 

 

comfort. For example on the 100k 

 

range a current of only 1uA is re-
quired. The 1M and 10M ranges re-
quire 0.1uA and 0.01uA respectively. 

 

A current of 0.1uA is just about the 

 

limit of the circuit, so readings on this 

 

range will not be too accurate, and a 

 

10M range is impractical. 
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Fig. 3 Full size printed circuit board foil master pattern. 

 

The middle resistance ranges are ac-
curate and linear, and much easier to 

 

use than a standard meter. No com-

pensation has been made for wiring 

 

and test lead resistance, so on the 

 

lower ranges 100 ohm and 10 ohm, an 

 

offset zero will be present when the 

 

test leads are short circuited. This 

 

value should be subtracted from any 

 

measured resistance value to give the 

 

true reading. 

 

AC Millivolts 

 

The measurement of AC Millivolts is 

 

E & TT December 1987 

 

made by first amplifying the input to 

 

1V and using the standard rectifier cir-
cuit IC3. 

 

The AC pre-amplifier, IC5, is con-
nected to IC3 via resistor R45 and R38. 

 

The gain of IC5 is set by the feedback 

 

resistor R43 and the range resistor 

 

selected by S2b. The values of resistors 

 

R20 to R28 are chosen to given ranges 

 

of 1V 300mV, 100mV, 30mV, 10mV 

 

and 3mV. The frequency response is 

 

level up to 100kHz except on the 3mV 

 

range where it is slightly lower. 

 

When making measurements on the 

 

mV range the input of IC1 is con-

nected to OV by Sib so that stray inputs 

 

do not interfere. In a similar way the 

 

input of the mV range is shorted out 

 

when the input lead is disconnected by 

 

use of a switched jack socket (JK1). 

 

The input impedance on this range is 

 

set to 100 kilohms by the input resistor 

 

R44. 

 

Power Supplies 

 

The Multimeter circuit consumes very 

 

low current, but as meters tend to be 

 

used frequently it is recommended that 

 

two sets of six AA cells are used. These 

 

can be standard or re-chargeable 

 

types, and should give very long life. 

 

AC derived power supplies can also 

 

be used, but take care to use double in-
sulated circuits without a ground on the 

 

output side as this could cause all sorts 

 

of problems with ground loops. 

 

Construction 

 

As the circuit is all built on a single 

 

printed circuit board the assembly is 

 

fairly straightforward. Fig. 2 shows the 

 

component layout and Fig. 3 the 

 

printed circuit board track pattern, full 

 

size. 

 

Begin assembly by fitting the wire 

 

links as shown. The longer links should 

 

be made with insulated wire while the 

 

shorter ones can be made from offcut 

 

resistor leads. 

 

As there are a lot of resistors and 

 

most of them carry the five-band one 

 

per cent colour code system it is neces-
sary to be careful to get the correct 

 

values in the right places. Any errors 

 

will give "odd" ranges which may not 

 

be easy to spot as the meter may ap-
pear to be working perfectly. 

 

Sockets should be used for all ICs. 

 

The rotary switches are usually sup-
plied with loop tags for direct wiring 

 

and these must be cut off leaving as 

 

much of the straight stems of the tags 

 

as possible. 

 

Switches S1, S2 and S3 will fit more 

 

than one way, so take care to set them 

 

fully anticlockwise and use the flat part 

 

of the shaft as a guide to get them right. 

 

Remember that the pointer on the 

 

knob is exactly opposite the flat on the 

 

spindle. If you get it wrong and don't 

 

want to unsolder the switch, screw fix 

 

knobs are a good alternative way out. 

 

Capacitor C1 is mounted between 

 

two distant points; its leads must be 

 

sleeved and may need extending to fit 

 

the board centres. Make sure that all 
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diodes, and capacitors C9 and C11 are 

 

the right way round. 

 

The final component to be fitted to 

 

the board is the fuseholder which is 

 

fitted to the track side to keep easy ac-
cess to the fuse. Once the board as-
sembly is complete connect the neces-
sary wires to the board. The mV input 

 

should use screened cable, the other 

 

input socket connections should be 

 

made with 16/0.2 wire. 

 

Resistors for the 1KV socket should 

 

be fitted in a length of sleeving be-
tween the board and the input socket. 

 

The 10A shunt is made from a 71cm 

 

length of 18 SWG enamelled wire con-
nected directly between the 10A socket 

 

and the negative (Com) socket SK2. 

 

The wire can be loosely wound on a 

 

flat piece of insulating material. 

 

The wiring diagram in Fig. 4 shows 

 

how the shunt can be fitted and also 

 

the wiring to the other parts of the 

 

board from the sockets. 

 

Testing and Setting Up 

 

The thorough testing of a meter of this 

 

type presents quite a problem. The 

 

wide range of accurate voltages and 

 

current necessary to check each range 

 

fully is not likely to be available even in 

 

electronics workshops. The best way is 

 

to make comparisons with other 

 

meters using whatever sources of volt-
age and current are available. It is pos-
sible that a local training centre, school 

 

or college will be able to help, so ask 

 

around. 

 

Fine tuning of capacitor values C1, 

 

C2, C3, C4, and C5 may be undertaken 

 

by those determined to extract the very 

 

best from the meter. These com-
ponents affect the frequency response 

 

on the AC Voltage ranges. Capacitors 

 

C1 and C5 in particular have a large ef-
fect and should be changed only if a 

 

good reliable sine wave source of 0-
100kHz or more is available. 

 

If no test gear is available it is safe to 

 

say that the meter should work ac-
curately first time provided no errors 

 

are made in assembly. 

 

There are three presets that must be 

 

set up to remove the zero offsets of 

 

IC1, IC2 and IC3. To do this, set the 

 

AC/DC switch S5 to DC and the 

 

Range switch to mV. Link pin 3 of IC2 

 

to OV and if necessary adjust VR2 to 

 

zero the meter. Remove the link and if 

 

necessary adjust VR1 for zero. These 

 

two are now correctly set. 

 

Next set the AC/DC switch to AC 

 

and turn VR3 until the meter deflects 

 

to the right. Back off the setting of 

 

VR3 to the point where the meter just 

 

touches zero and the settings are com-
plete. 

 

The accuracy of the Ohms range 

 

depends on the Zener diode D5 which 

 

is specified as a five per cent com-
ponent. More accurate voltage 

 

references can be obtained and sub-
stituted if required. 

 

The value of resistor R46 depends on 

 

the meter being used. Its value can be 

 

calculated easily as its function is to 

 

make the meter resistance value up to 

 

10 kilohms. A meter of four kilohms 

 

resistance thus requires a six kilohms 

 

resistor and so on. 

 

It is also possible to use meters of 

 

other current ratings, all that is neces-
sary is to set the meter and series resis-
tors so that 1V gives a full scale deflec-
tion (FSD). Thus a 1mA meter would 

 

need a combined meter plus series 

 

resistor value of one kilohm. A 50uA 

 

meter, 20 kilohms; a 500uA meter, 2 

 

kilohms etc. 

 

On AC ranges the "averaging" effect 

 

of some types of meter may be affected 

 

�1kV 

 

SK? I ! SK3 

 

R1 IN SLEEVE 

 

SEE TEXT 

 

I10A 

 

SKI 
t 

 

by the diode (D4) in the drive circuit. 

 

A lk resistor from D4 cathode to OV 

 

line overcomes this and allows any type 

 

of meter to be used. 

 

Safety 

 

For complete safety an insulated case 

 

is essential where high voltage readings 

 

are to be made. It is also necessary to 

 

add some screening to the meter 

 

electronics. The best way to combine 

 

these two functions is to use a plastic 

 

case with a metal front panel overlaid 

 

with an insulating panel. The metal 

 

panel should be connected to the OV 

 

point in the circuit. 

 

Decibel Ranges 

 

The dB Range on the meter is set to be 

 

accurate on the AC mV Ranges. On 

 

the 1V AC Range (mV) the OdB point 

 

represents the universal 1mW in 600 

 

ohms. Each range down from the sub-
tracts exactly lOdB so relative 

 

measurements are easy. 

 

The use of dB scales is a difficult sub-
ject for beginners and it is not intended 

 

to go into details here. 
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Parts List 

 

Resistors 

 

All 0.25W carbon except where noted 

 

Rl 13M3 (2xlOM + 3M3 in series, 5%) 

 

9 x 1M in series, see text 

 

750k 

 

150k 

 

75k 

 

R6 15k 

 

10k 

 

1k 

 

R10130,42 IOOR 

 

Rll 1OR 

 

R12 1R 

 

R13 OAR 

 

R14 560R 

 

R15 5k6 

 

R16 56k 

 

R17 560k 

 

R18 SM6 

 

R19 56M (series comb.) 

 

R20 16R 

 

R21 30OR 

 

R23 2708 

 

R24 3k 

 

R25 llk 

 

R26 43k 

 

R27 31:3 

 

R2  

 

R3  

 

R4  

 

R5  

 

R7,8,33,37  

 

R9,22  

 

R28 10M 

 

R43144 look 

 

R29 1M 

 

R31,36 lk5 

 

R32 22k 

 

R34  - 2k 

 

R35 18k 

 

138 9k1 

 

R39 10OR 

 

R40 22k 

 

R41 20 

 

R45 9108 

 

R46 8k6 (or value to suit meter) 

 

R(10A) ... O.O1R made from resistance wire 

 

Potentiometers 

 

VR172  look Horiz. Preset 

 

VR3 22k Horiz. Preset 

 

Capacitors 

 

Cl 4p7 axial 500V 

 

C2 22p cer. 50V 

 

C3 110p cer. 

 

C4 2200p polystyrene 

 

C5 lop cer. 

 

C6 1 n cer. 

 

C7 1u min. layer 100V 

 

C8 Ou22 100V 

 

C9111 loon disc cer. SOV 

 

010712713 15p cer. 

 

Semiconductors 

 

D17217,8 BAS45 (see text) 

 

D314 1 N34 or 1 N60 

 

D5 5V6 Zeiler 

 

D6 1N4001 

 

TR1 BC214 or 2N6003 

 

IC192,4 TL071 

 

IC3,5 LF356N 

 

Switches 

 

S1,2 2-pole 6-way make-before-break 

 

S3 3-pole 4-way 

 

S4 1-pole 12-way make-before-break 

 

S516  DPDT min. slide sw. 

 

Miscellaneous 

 

100uA, panel meter, 1k4 resistance (see text); 

 

8-pin IC sockets (5); 1A fuse Q.B.; 20mm 

 

chassis fuseholder; knobs, four with colored 

 

caps; case to suit with insulated front panel; 

 

4mm sockets (4); insulated jack socket (with 

 

N/C switch); test leads and probes (2); 9V 

 

battery clips; 6 x AA battery holders (2). 
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Feature 

 

Travelling 

 

Wave 

 

Scope 

 

Design 

 

Brightening high-speed scopes with travelling wave tube technology 

 

By Dr. H. Virani 

 

onventional CRT designs, even 

 

those using post-deflection ac-
celeration run into limitations at about 

 

200 MHZ due to the amount of power 

 

required. Deflection current has to be 

 

high to charge the deflection plate 

 

capacitance and, as a result, dissipa-
tion in the final amplifier stage is very 

 

high requiring custom components 

 

which are expensive if not downright 

 

beyond the limits of current technol-
ogy. 

 

Travelling wave deflection provides 

 

the only practical alternative in very 

 

high frequency oscilloscopes, and also 

 

offers the advantage of providing a 

 

bright image for single-shot signals. 

 

The basis for travelling wave design 

 

has existed for some time; tubes for up 

 

to 7 GHZ were produced using such 

 

Fig. I Simple schematic representation of a travelling wave CRT. 

 

an approach for French Government-
sponsored applications including 

 

image intensification and signal 

 

storage. 

 

Incorporating Latest CRT 

 

Technology 

 

The tube developed for this special 

 

kind of oscilloscope uses the latest 

 

Phillips gun and domed mesh technol-
ogy, internal magnetic correction, and 

 

the travelling wave deflection system. 

 

A schematic view can be seen in Fig. 1. 

 

The performance of a CRT always 

 

requires a trade off between the sen-
sitivity and the writing speed and, as 

 

far as the user is concerned, a maxi-
mum writing speed is the important 

 

parameter. Lack of sensitivity in the 

 

tube itself can be compensated for by 

 

using a more powerful final amplifier. 

 

The major problem however for TWSs 

 

came in the design of the deflection 

 

system. Tube sensitivity can be im-
proved by using long deflection plates, 

 

but this requires more power due to 

 

the increased capacitance. There are 

 

additional problems at very high fre-
quencies, where the input from the cir-
cuit under test can change so fast that 

 

the travelling time through the deflec-
tion plates becomes critical. 

 

In fact three basic requirements have 

 

to be met in the design of the deflec-
tion system for very high frequencies: 

 

There must be a constant impedance, 

 

at all frequencies throughout the 

 

deflection system, to prevent reflec-
tions. 

 

Signals must have the same travelling 

 

time through the structure, at all fre-
16 
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quencies to prevent phase distortion 

 

particularly noticeable in step func-
tions. 

 

Signal speed must match electron 

 

speed through the structure; if the sig-
nal changed while the electron was 

 

passing, there would be distortion on 

 

the screen. 

 

The final requirement means slowing 

 

down the signal. The speed of the sig-
nal along the deflection line is that of 

 

the light; with an acceleration of 3KV 

 

before the deflection structure, the 

 

electron is travelling at only 10% of 

 

this speed. So the length of the signal 

 

path in the deflection system has to be 

 

ten times that of the electron's. 

 

Travelling Wave Deflection 

 

The most effective method of matching 

 

the speed of the electron through the 

 

deflection plates to that of the signal is 

 

to use a travelling wave deflection sys-
tem. Various approaches are available 

 

for this, but the two most widely used 

 

are the meander line and the helical 

 

slow-wave structures. The former is 

 

slightly easier to make but, as its im-

pedance is much lower in general, it is 

 

more difficult to drive. Both structures 

 

can be used either single ended or 

 

balanced. At first, the single-ended ap-
proach shown in Fig. 2 appears 

 

simpler. It could be matched to 50 

 

ohms for example, allowing it to be fed 

 

directly using a coaxial line. 

 

In practice, however, the balanced 

 

structure shown in Fig. 3 is more ad-

vantageous; driving a balanced system 

 

from two push pull amplifiers reduces 

 

driving power and only needs half the 

 

voltage rating. 

 

In such a case the beam can be 

 

trimmed to dead centre of the CRT 

 

when there is no input signal and 

 

deflection is symmetric (positive and 

 

negative) in both x and y axes. Maxi-
mum deflection potential is reduced 

 

and defocussing of the spot towards 

 

the screen edges is eliminated due to 

 

the balanced approach. 

 

Practical Deflector Design 

 

The basis design of the travelling wave 

 

deflector structure is shown in Fig. 4. 

 

It consists of a double helix driven by 

 

a push-pull amplifier stage and ter-
minated with a matching impedance to 

 

avoid reflection. Impedance of the 

 

structure is 2 x 165 ohms requiring a 

 

330 ohm terminator. The design of the 

 

CRT enables it to be produced to very 

 

tight tolerances; this is achieved by 

 

trimming of the deflection structure 

 

using a time domain reflectometer 

 

before the gun is mounted and sealed 

 

in the tube. As well, careful component 

 

selection during assembly of the oscil-
loscope minimizes the effect of reflec-
tions. 

 

ELECTRON 

 

BEAM 

 

TERMINATI 

 

Fig. 2 Diagram of a single-ended 

 

helit system.  

 

Special attention has been paid to the 

 

cable connections to reduce induc-
tance. This isn't so simple because as at 

 

very high frequencies the effect of the 

 

change of dielectric from air, to glass, 

 

to vacuum is noticeable. One action 

 

here, for example, was the use of thin-
ner wires through the glass. 

 

The output amplifier itself is built 

 

using standard available components 

 

mounted on a thin film substrate to 

 

keep inter- connections as short and as 

 

symmetrical as possible. Output tran-
sistors are high-power components 

 

having low feedback capacitance at 

 

their collectors and very good thermal 

 

characteristics. 

 

Internal Magnetic Correction 

 

Many electronic companies here and 

 

abroad have had extensive experience 

 

in the design of televisions and special-
ized instrumentation applications such 

 

as the internal magnetic correction 

 

technology used in the 350 MHZ tube. 

 

Internal magnetic correction 

 

depends on the use of permanently 

 

magnetized wire rings in the electron 

 

gun. These replace the more conven-
tional external multipole magnets nor-
mally required for static convergence 

 

correction. 

 

Two rings are applied in the oscillo-
scope CRT: one is used for scan mag-
nifications, beam centering and or-
thogonality; the other mainly handles 

 

beam shaping. The rings are mag-
netized towards the end of the 

 

manufacturing process, and the inter-
nal magnetic fields developed by the 

 

rings are unaffected by external metal 

 

shieldings. 

 

A high initial acceleration system is 

 

used with a potential difference of 3kv 

 

between the cathode and the deflec-
tion system. This is important because 

 

accelerating the electrons this much 

 

lessens the influences of space charge 

 

repulsion between them. 

 

The section of the tube following the 

 

deflection system is a conventional 

 

ELECTRON 

 

BEAM 

 

TERMINATION 

 

Fig. 3 Diagrain of a balanced Relit• 

 

s}7stem showing the zero plane. 

 

post-deflection acceleration design 

 

with a domed mesh. This is effectively 

 

an accelerating negative lens with rota-
tional symmetry providing post ac-
celeration and scan magnification 

 

horizontally and vertically at the same 

 

time. 

 

Dr. H. Vcrani is a freelance wj7ter ftoin 

 

MiSsiSsauga, On tarI o. 
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Fig. 4 Shematic diagram of deflection system/driving circuit. 
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Magnetic body scans and how they work 

 

t used to be that when your doctor 

 

wanted to find out what was going 

 

wrong inside you, he found out the 

 

hard way -- with a scalpel. But in the 

 

past hundred years, with the advent of 

 

X-rays and, more recently, ultrasound 

 

and CT scanners, doctors have been 

 

looking inside the human body without 

 

so much as touching the skin. The 

 

latest newcomer to this group of high-
tech systems is Magnetic Resonance 

 

Imaging, or MRI, a tool which has 

 

many of the advantages of the other 

 

three methods and few of their draw-
backs. 

 

MRI has its roots in NMR (nuclear 

 

magnetic resonance) spectroscopy, an 

 

analytical tool which can be used to 

 

determine the structure of organic 

 

molecules. The magnetic resonance 

 

phenomenon was first described in 

 

1939, when it was noticed that a beam 

 

of hydrogen molecules, passing 

 

through a magnetic field, could be 

 

deflected by radio frequency energy. In 

 

the mid-1940s, it was found that a con-
tinuous wave of radio frequency energy 

 

radiation applied while changing the 

 

magnetic field produced radio fre-
quency absorption in paraffin wax or 

 

water. Then, in the early '50s, it all 

 

came together when several groups 

 

showed that protons in different 

 

chemical environments absorbed dif-
ferent radio frequencies, hence, the 

 

birth of NMR spectroscopy. 

 

It took until 1980 for NMR imaging 

 

methods to develop to the stage where 

 

MRI could be used clinically. The first 

 

pictures produced were crude, since 

 

the magnets used in the units were 

 

much weaker than those used now, al-
though they still showed information 

 

that could not be gathered by any other 

 

method. However, in the past seven 

 

years, the field has grown quickly, and 
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there are now 13 MRI systems in-
stalled or soon to be installed in 

 

Canadian hospitals. 

 

Why MRI? 

 

It might be questioned why a new im-
aging method is necessary when we 

 

have X-rays, ultrasound and CT scan-
ning already on hand. However, X-rays 

 

and ultrasound are limited because the 

 

waves or particles used have to interact 

 

with body tissue and possess sufficient 

 

penetration depth. These conditions 

 

are satisfied by X-rays and gamma 

 

rays, but they use ionizing radiation, 

 

which carries risks of radiation 

 

W
.
 

 

A representation of atomic nuclei in 

 

free space (above) and in a magnetic 

 

field. Courtesy Siemens Electric Ltd  

 

damage, cancer and so on. As well, to 

 

show soft tissue, contrast agents (dyes) 

 

or tracer injections have to be used. 

 

These are not always pleasant for the 

 

patient, as anyone who has had a 

 

barium X-ray will attest to. 

 

Ultrasound, although it doesn't in-
volve radiation risks or tracers, is 

 

limited in penetration depth by strong 

 

reflections from bone and air, so the 

 

range of applications is not as wide as 

 

that of other techniques. MRI, 

 

however, uses no tracers or radiation 

 

yet produces high contrast cross sec-
tional images of any plane desired, and 

 

has high sensitivity to physiological al-
terations. 

 

How It Works 

 

The principle on which MRI works is 

 

the phenomenon of atomic nuclei 

 

emitting measurable radio signals 

 

when placed in a magnetic field and 

 

stimulated by a specific radio frequen-
cy. This applies to all stable nuclei 

 

which contain an odd number of 

 

protons, neutrons, or both, because 

 

these nuclei have two vital properties, 

 

spin, and magnetic moment, properties 

 

which make them behave like a spin-
ning magnetic gyroscope. About two 

 

thirds of 'all stable nuclei have these 

 

characteristics. 

 

Since the adult human body is about 

 

56 per cent water, hydrogen is the most 

 

common element in humans, and 

 

hydrogen, with its one proton, is an 

 

ideal element for NMR analysis. When 

 

protons are in a magnetic field, they 

 

align themselves with or against the 

 

field, more commonly with it, because 

 

this is energetically favorable. Because 

 

more protons are aligned with the field 

 

than against it, a magnetization exists 

 

in the direction of the magnetic field. 

 

This magnetization spins about its axis, 
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because of the angular momentum of 

 

all the nuclei involved. 

 

In a state of equilibrium, the mag-
netization lines up with the magnetic 

 

field like a compass needle. However, 

 

if this magnetization is deflected, it will 

 

not return directly to its equilibrium 

 

state, but instead will rotate in ever-

decreasing circles around the direction 

 

of the field, which is where the gyro-
scope analogy comes in. The angular 

 

velocity of the rotating magnetization is 

 

proportional to the strength of the 

 

magnetic field. To measure the preces-
sion, or movement with angular 

 

momentum, of the nuclear magnetiza-
tion, the sample being examined is sur-
rounded by a coil in which an alternat-

ing voltage of the frequency of the an-

gular momentum is induced. 

 

A radio frequency field is used to 

 

deflect the nuclear magnetization away 

 

from the magnetic field and thereby in-
duce precession. This field is 

 

generated by a radio frequency current 

 

pulse in the coil around the sample. If 

 

the frequency of the field is equal to 

 

the precession frequency of the mag-
netization, then the energy will be 

 

transferred and the magnetization will 

 

be deflected. 

 

After the radio frequency pulse is 

 

switched off, the NMR signal induced 

 

in the coil is recorded. The frequency 

 

of the signal corresponds to the 

 

precession frequency and its initial 

 

amplitude to the number of stimulated 

 

nuclei in the sample. Since atomic 

 

nuclei in different chemical environ-
ments possess different resonant fre-

quencies, it is possible to determine 

 

how much of a given element is in 

 

which organic or inorganic form. 

 

Using this on people is somewhat 

 

more complicated, because this sort of 

 

measurement on large biological ob-
jects produces values which are often 

 

meaningless. So, a method was 

 

developed to produce an NMR 

 

spectrum just from a specific part of 

 

the object (or person) by tuning the 

 

NMR receiver to the frequency of only 

 

one homogeneous volume being inves-

tigated. This volume can be further 

 

spatially limited by the shape of the 

 

receiving coil used. 

 

How An Image Is Made 

 

For NMR imaging, the contributions 

 

to the NMR signal from the various 

 

regions of the body have to be differen-
tiated. This is done by making the 

 

strength of the static magnetic field de-
pendent on its location. Because the 

 

resonance frequency and the magnetic 

 

field strength are proportional to each 

 

other, the various contributions to the 

 

signal can be allocated to their sites of 

 

origin by examining the frequency. 

 

Only the signal from a limited volume 

 

element, or "voxel", is detected. By 

 

measuring a series of voxels in the 

 

human body, the image of a slice can 

 

be built up. 

 

To vary the strength of the magnetic 

 

field, auxiliary magnetic fields whose 

 

strength varies locally are superim-
posed on the base field. These 

 

auxiliaries produce a linear depend-
ence of the magnetic field strength in 

 

the x, y or z-directions. To select a par-

ticular slice to be examined, a field 

 

gradient perpendicular to the slice 

 

plane is switched on before the radio 

 

frequency pulse is applied. Only the 

 

magnetization in that slice is excited 

 

out of equilibrium by the pulse, while 

 

all other regions of the body are 

 

uninfluenced. 

 

To record the measurement signal 

 

and thereby produce an image of the 

 

selected slice, the first gradient field is 

 

switched off, and in its place, a field 

 

gradient whose direction lies in the 

 

plane of the slice is switched on. A 

 

mixed frequency is received at the coil, 

 

which contains all the NMR frequen-
cies which arise from that slice. This is 

 

repeated with different field gradients 

 

until enough information has been ac-

Magnet assembly of the Siemens M14GNETOM MR systenz. coullesy Siemens 

 

Electric Ltd. 
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cumulated to reconstruct an image of 

 

the slice using a Fourier transform. 

 

The information gathered from the 

 

NMR signal includes the concentra-
tion of the nuclei being examined and 

 

also their relaxation times. Relaxation 

 

refers to the decay of the 

 

magnetization's precession over time 

 

as it returns to equilibrium after excita-
tion. Because of interaction between 

 

spins of neighbouring magnetic mo-

E 

 

CO 

 

ments, some components of the mag-
netization rotate more rapidly than 

 

others, and the moments become in-
creasingly distributed. This is called 

 

transverse or spin-spin relaxation and 

 

its time constant is called T2. Then, 

 

due to interaction with the environ-
ment, the nuclear magnetic moments 

 

move towards equilibrium again and 

 

become parallel to the magnetic field. 

 

This is called longitudinal or spin-lat-

Frequency 

 

Recording of a projejction in the field gradient. Courtesy Siemens Electric Ltd. 

 

Various MRI images displaying a 

 

normal brain (top); normal thorax 

 

and upper abdomen (middle); and 

 

spine with a tethered cord (bottom). 

 

Courtesy of Siemens Electric Ltd. 
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tice relaxation, and its time constant is 

 

Ti. 

 

T2 is always shorter than Ti; that is, it 

 

takes less time to disperse the mag-
netic moments than to realign them 

 

with the magnetic field. Both relaxa-
tion processes occur because of the in-
teraction of nuclear spins with the tis-
sue environment: Ti to thermal inter-
action, and T2 to differences in the in-
termolecular magnetic fields. There-
fore, these times can be used to derive 

 

useful biochemical information which 

 

can be applied clinically. 

 

By adjusting the timing of the radio 

 

pulses and the recovery mode, the soft 

 

tissue of the body can be displayed in 

 

many different ways, emphasizing dif-
ferent characteristics of the tissue. The 

 

image appears on a video screen, and a 

 

hard copy is made by a camera. 

 

Uses 

 

Because NMR imaging displays soft 

 

tissue, but not bone, one of its most im-

portant uses is in neurology; looking at 

 

the brain and the spinal cord. It is 

 

generally conceded that MRI has a dis-
tinct advantage over X-ray and CT 

 

scanning in this area, since it can show 

 

the environment that tissues are in, and 

 

can also measure and produce images 

 

of slices in any desired orientation 

 

without moving the patient. CT scan-
ning can only be done in the axial 

 

(transverse) plane, while MRI can 

 

record in all planes, including oblique 

 

ones. It is not an uncommon ex-
perience for one brain scan to show 

 

nothing abnormal, while the next, in a 

 

Vvll 

 

i 

 

A 3-D reconstruction of the inside of 

 

the head. Courtesy Siemens Electric 

 

Ltd. 

 

different plane, suddenly shows a clear 

 

brain tumour. 

 

A spinal cord compression can be 

 

very easily seen with MRI, while to ex-
amine it with X-rays is an invasive pro-
cedure, requiring tracer injection. 

 

Multiple sclerosis patients also have 

 

their disease processes monitored with 

 

MRI, since CT scanning requires a 

 

double dose of tracer injection. 

 

There are certain areas of the body 

 

where MRI may not be as good an im-
aging method as other modalities. MRI 

 

images taken from the chest and ab-
domen can be of poor quality because 

 

the patient's respiratory motion wipes 

 

out the clarity of the image. Currently, 

 

the imaging time is four to five minutes, 

 

but with new techniques, this has been 

 

reduced to five to ten seconds. The 

 

patient then holds his breath while the 

 

measurements are taken, and the pic-
ture remains clear. 

 

What The Patient Does 

 

It takes about an hour for a patient to 

 

be examined by MRI. Advances in 

 

MRI technology have reduced the time 

 

for each series of images to be 

 

produced, but since new techniques 

 

and options have also been introduced, 

 

the patient time in the unit remains 

 

about the same. No preparation for the 

 

procedure on the part of the patient is 

 

necessary. After the patient has been 

 

positioned comfortably within the unit, 

 

a strap is placed across the head to 

 

provide awareness of motion. The 

 

patient must remain still while the im-
ages are taken (for between 15 and 45 

 

minutes), since any movement will ruin 

 

the pictures. 

 

Not every patient is a candidate for 

 

MRI. The technicians in the hospital 

 

MRI units screen out anyone who has a 

 

pacemaker, which might be affected by 

 

the magnetic field, or who has had 

 

brain surgery for an aneurysm, since 

 

the metal clips implanted during 

 

surgery might twist under the effects of 

 

the magnet. MRI can also be inap-
propriate for metal workers, because if 

 

they have metal chips in their eyes ac-
quired in the course of the job, the 

 

chips can twist during the procedure 

 

and damage the eye. However, if an X-
ray is done first to ascertain that there 

 

are no metal chips, MRI can be per-
formed. 

 

Patients with metal implants, such as 

 

an artificial hip or knee joint, are not at 

 

risk as long as the implant material is 

 

non- ferromagnetic, but if the surgery 

 

has been performed within the pre-
vious month, the MRI procedure may 

 

be delayed. Likewise, patients who 

 

have had recent heart surgery (less 

 

than three months ago) may be put off, 

 

since certain types of heart valves have 

 

to be tested before the patient can un-
dergo MRI. 

 

For patients who do not fit into any 

 

of the above categories, MRI is practi-
cally risk-free. Studies have shown that 

 

there are no adverse biological effects 

 

from the static or time-varying mag-
netic fields, or from the radio frequen-
cy electromagnetic field when used at 

 

the levels necessary for MRI. 

 

Installation 

 

For a hospital buying an MRI unit, 

 

there are several factors to consider to 

 

decide on a model, including cost, 

 

which ranges from $2.3 to 3 million 

 

(Cdn). Magnetic field strengths are 

 

available in 0.5 Tesla, LOT, 1.5T and 

 

2.OT, each of which has different clini-
cal applications. To gain high resolu-
tion images of very thin slices of tissue, 

 

the signal-to-noise ratio in the NMR 

 

signal must be high, which requires a 

 

higher (1.0 to 1.5T) field strength, and 

 

therefore a larger magnet. The mag-
nets used are superconductive mag-
nets, cooled by liquid helium. Connec-

Skull images in three planes perpendicular to each other. Courtesy Siemens 

 

Electric Ltd. 
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tion to a current supply is only neces-
sary for energizing up the required 

 

field strength. After this, the field is 

 

temporally stable and requires no fur-
ther electrical energy. The magnet has 

 

to be shielded to avoid both inter-
ference with machines in other rooms, 

 

and contamination of the images. 

 

The technicians working with the sys-
tem require at least three weeks of 

 

training before they can operate it, but 

 

for a full understanding of the prin-
ciples behind the technique, one tech-
nician said it would take about five to 

 

six months on the job. 

 

In The Future 

 

The uses of MRI are continuing to in-
crease. The latest technological 

 

breakthrough is MRI angiography; 

 

showing the blood vessels alone 

 

without the injection of a dye. It is not 

 

being used clinically yet, but research 

 

hospitals are investigating it, and it 

 

could be available to patients within a 

 

couple of years. Advantages over cur-
rent angiography methods include less 

 

blurring due to motion of the blood, 

 

and the option of visualizing vessel 

 

trees acquired with 3-D techniques. 

 

Arteries and veins can be selectively 

 

enhanced, and the vessels can be ex-
amined from different angles of view. 

 

Another area opening is imaging with 

 

different elements than hydrogen. 

 

Sodium imaging has the potential to 

 

detect and localize tissue cells which 

 

are damaged due to cancer, stroke or 

 

epilepsy. Phosphorus imaging has also 

 

been introduced, since phosphorous 

 

plays a key role in human metabolism. 

 

Patient throughput, or the rate at 

 

which patients can be put through the 

 

system, has been improving rapidly. 

 

Fast scan techniques, which can 

 

reduce the scanning time to 3 seconds, 

 

allow 3-D imaging and better chest and 

 

abdomen images. It can also reduce 

 

the blurring due to motion of the 

 

blood. 

 

MRI is not available everywhere in 

 

Canada yet; there are three machines 

 

in British Columbia, six in Ontario, one 

 

in Alberta and three in Quebec, but 

 

none in the Maritimes, Saskatchewan 

 

or Manitoba. However, as techniques 

 

continue to improve and more uses are 

 

found for the method, who knows? 
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MRI may be the diagnostic wave of the 

 

future. 

 

We would like to thank Siemens Electric 

 

Limited for their assistance with this ar-
ticle. 

 

Carol Thomas is a freelance science 

 

writer from Toronto, Ontario. 0 

 

Brain with pituitary enlargement 

 

(top); fast imaging of the kidneys 

 

(middle); and a normal joint of the 

 

foot (bottom). Courtesy Siemens 

 

Electric Ltd. 
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What to look for, it's /imitations and how to use one of the most 

 

versatile of test instruments 

 

ike most electronics enthusiasts my 

 

itoolkit started with a screwdriver, a 

 

pair of pliers and a soldering iron. The 

 

first measurements that I need to make 

 

were simple and crude. There were 

 

three very common questions to 

 

answer: 

 

Is the battery flat? 

 

Has the fuse blown? 

 

Is the "power" getting through? 

 

Without knowing it I was asking 

 

about the three basic electrical units: 

 

voltage, resistance and current. With 

 

the aid of a battery and a bulb I was 

 

able to get some indication of all three, 

 

using the methods shown in Fig. 1. 

 

With experience I was able to judge 

 

voltage and current by the brightness 

 

of the bulb, and by using the fuse 

 

checking arrangement I was able to 

 

test some low value resistors as well as 

 

fuses. I got by using these methods for 

 

(a) 

 

VOLTAGE 

 

By Mark Stuart 

 

quite some time until the great day ar-
rived and I carefully unpacked my first 

 

multimeter. With this prized posses-
sion I was able to measure voltage, 

 

resistance and current accurately over 

 

wide ranges. The real beauty of it 

 

though, was that I could use it in exact-
ly the same way as my battery and bulb. 

 

The principles were exactly the same, 

 

only the quality of the equipment had 

 

changed. 

 

As my electronics knowledge ad-
vanced I learned that my multimeter 

 

also had some shortcomings. Just as 

 

the battery and bulb method had its 

 

limitations, so too did the multimeter. 

 

The multimeter of course got much 

 

nearer to telling me exactly what was 

 

happening, but it wasn't always telling 

 

me everything, and sometimes it could 

 

be quite a long way from the truth. In 

 

fact, I had a good deal more to learn 

 

( b) 

 

RE 51 STANCE 

 

(c) 

 

CURRENT 

 

Fig. 1 First attempts at "measuring" Voltage, Resistance and Current with a bat-

tery and bulb.  

 

about electrical and electronic 

 

measurements as the rest of this article 

 

shows. 

 

Voltage Measurements 

 

In Fig. la the basic principle of voltage 

 

measurement is shown. Voltage ap-
pears across components in a circuit 

 

and is measured by putting the meter 

 

leads, one at each end of the com-
ponent, that is, in parallel. Fig. 2 shows 

 

some typical measurements and the 

 

points from where they are taken using 

 

the circuit of an infrared burglar alarm 

 

as an example. 

 

The most common measurement 

 

made in circuits of this kind are voltage 

 

measurements. The reason for this is 

 

that unlike currents, voltages can be 

 

read without breaking the circuit. For 

 

example, the first sensible check on a 

 

circuit is to measure the supply voltage. 

 

A simple multimeter set to the 25 volt 

 

DC range could be used with the nega-
tive probe (usually black) connected to 

 

point a and the positive probe (red) to 

 

point b. 

 

The next check would be to move the 

 

positive probe to point n to read the 

 

Zener stabilized supply voltage across 

 

D2. To measure the collector voltage 

 

of TR1, the positive probe is moved on 

 

to point d still keeping the negative 

 

probe connected to point a. A great 

 

deal can be learned about a circuit by 

 

voltage measurements made in this 

 

way. 
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Using A Muffimeter 

 

With most circuits all of the voltage 

 

measurements are made from a com-
mon point (in this case point a) usually 

 

the negative supply point. The voltage 

 

at points b, n, and a are said to be 

 

measured "with respect to negative". 

 

Voltages may be measured with 

 

respect to any suitable point in a circuit 

 

or across individual components. For 

 

example the voltage across R11 is 

 

measured by putting the negative 

 

probe on point r and the positive probe 

 

on point p. 

 

OHMs per Volt 

 

So far the voltages measured have all 

 

been from "low impedance" points in 

 

the circuit and will read accurately. If 
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similar way, giving 500k for 25V and 

 

2M for 100V. A value of 50 microamps 

 

has been chosen as this is an extremely 

 

common value for standard multi-
meters. 

 

The expression "ohms per volt" 

 

which appears in multimeter specifica-
tions is derived by working out the 

 

series resistor that would be required 

 

to give a full scale voltage of one volt. 

 

For a 50 microamp meter, it is 

 

1/0.00005 = 20k. A multimeter with a 

 

50 microamp meter is therefore a "20 

 

kilohms per volt" type. The best (most 

 

sensitive) analogue multimeters are 

 

based on a 10uA movement and so 

 

have a sensitivity of 1/.00001 or 100k 

 

per volt. 
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meter properly and so the meter reads 

 

low. 

 

Similarly when the voltage at point g 

 

is measured the current required by 

 

the meter is drawn from point f via 

 

R15. As the voltage here is ap-
proximately one volt the meter re-

quires five microamps on the 10 volt 

 

range which must be drawn through 

 

R15. Now to get 5 microamps through 

 

one megohm takes five volts (Ohms 

 

law again). As there is only one volt 

 

available it is obvious that the meter 

 

will read very low. In fact the meter will 

 

read 0.2 volts which is miles away from 

 

the true voltage. 

 

If all the math here is a bit too much, 

 

don't worry, the principle is simply that 
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Fig 2 Solne typical measurement "test points" in a working circuit of all infra red burglar alarm. Points k, 1, and »i indicate 

 

where current measurements are made. 

 

the meter is connected to read the vol-

tages at points c and g (with respect to 

 

negative) the readings will be low. The 

 

reason for this, is best explained by 

 

reference to Fig. 3 which shows the in-
ternal circuit of a multimeter when set 

 

to its voltage ranges. The meter move-
ment is essentially a current measuring 

 

device, the construction and operation 

 

of which has been described else-
where. 

 

To convert a basic 50 microamps 

 

meter movement into a voltmeter, a 

 

series resistor is used. The value of a 

 

resistor is calculated from Ohms law so 

 

that it passes 50 microamps at the re-

quired full scale voltage. For example a 

 

10 volt range needs a resistor of 10 

 

volts divided by 50 microamps that is 

 

10/0.00005 ohms = 200,000 or 200k. 

 

The other ranges are calculated in a 
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How this affects the circuit under test 

 

depends upon how easily the circuit 

 

can supply the 10 or 50 microamps that 

 

the meter requires. Power supply 

 

points such as b and n can supply an 

 

extra 50 microamps without any dif-

ficulty, but to sensitive parts of the cir-
cuit such as points c and g 50 

 

microamps represents a heavy current 

 

drain that substantially affects circuit 

 

operation. 

 

In the case of point c the actual volt-

age in the circuit is 0.6 volts and the 

 

current flow through R6 and into the 

 

base of TR1 is two microamps. If the 

 

multimeter is set to the 10 volt range its 

 

resistance is 200k. At 0.6 volts 200k 

 

draws a current of 0.6/200,000 or three 

 

microamps. Since this is more than the 

 

current already flowing in the circuit 

 

there is not enough current to drive the 

 

• 

 

at points in the circuit where there are 

 

high value resistors, voltages will read 

 

lower than they really are. 

 

Average Reading 

 

Another situation where a multimeter 

 

doesn't tell the whole truth is when the 

 

voltage at point j is measured (with 

 

respect to negative). At point j there is 

 

not a steady voltage, but one which 

 

varies one hundred times a second 

 

from approximately 14 volts to 16 volts. 

 

The meter will try to follow the voltage, 

 

but fail, because it can't move quickly 

 

enough. The result is an average read-
ing of 15 volts. For most purposes an 

 

average reading is adequate, but it 

 

gives no indication of the ripple volt-
age. This is simply a job that a multi-
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meter can't do. The best instrument for 

 

this is an oscilloscope. 

 

Other points in the circuit will also 

 

give misleading readings. For example, 

 

point h oscillates between OV and 

 

+ 10V, spending half of its time in each 

 

state. The meter will read the average 

 

voltage which is five volts, but give no 

 

indication of the oscillation. 

 

The voltage at points d, a and r will 

 

give one reading when the infrared 

 

beam is being received, and another 

 

reading when it is not. In many circuits, 

 

voltage differences such as this do 

 

occur and sometimes service sheets or 

 

manuals give two sets of voltage read-

ings. The "quiescent" voltages are 

 

usually those found when the circuit is 

 

operating normally but without an 

 

input signal and are the most common-

ly quoted ones. 

 

Despite these imperfections, voltages 

 

measured with a multimeter are still 

 

the simplest and most effective "first 

 

approach" to circuit testing. The num-
ber of voltage measurements made 

 

using multimeters each day must ex-
ceed the numbers of all other electrical 

 

measurements put together. 

 

Resistance Measurements 

 

The measurement of resistance is 

 

much more straightforward than volt-

age measurement but the meter circuit 

 

is slightly more complicated. Fig. 4 

 

shows a simplified standard multi-
meter circuit for resistance measure-
ment. Resistors R1, VR1, and R2 are 

 

simply to make the 50uA meter move-
ment into a voltmeter reading 0 to 3 

 

volts. The variable resistor (VR1) al-
lows the sensitivity to be varied slightly 

 

so that full scale deflection can still be 

 

achieved when the battery voltage falls 

 

to 2.5V. The three range resistors R3, 

 

R4 and R5 are selected individually by 

 

the range switch S1. 

 

When the probes are touched 

 

together the full battery voltage is con-
nected across whichever range resistor 

 

is in circuit and the meter reads full 

 

scale. If necessary, adjustment of VR1 

 

can be made for exactly full scale. 

 

When the probes are separated the 

 

battery negative terminal is no longer 

 

connected anywhere and there is no 

 

deflection of the meter. These two ex-
tremes represent zero resistance (or 

 

short-circuit) and infinite resistance 

 

(or open-circuit) respectively. The 

 

scale of the meter reads backwards be-
cause zero resistance corresponds to 

 

full scale deflection and infinite resis-
tance to no deflection. 

 

When an unknown resistance is con-
nected across the meter terminals, the 

 

battery is no longer connected directly 

 

across the range resistor via the un-
known resistor. If the unknown resistor 

 

is equal to the range resistor, half of 

 

the battery voltage will appear across 

 

each, and the meter will read centre 

 

scale deflection. So with the three 

 

range resistors given, centre scale is 
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MICROAMPS 

 

POSIT IVE 

 

PROBE 

 

- NEGATIVE 

 

PRCBE 

 

Fig. 3 Circuit diagram of multimeter 

 

voltage ranges: IOV,• 25V and IOOV. 

 

obtained by measuring resistors of 

 

20ohms, 200ohms and 2k. For those 

 

who want to do the arithmetic the 

 

deflection for other values of resis-
tance is given by dividing R (Range) by 

 

(Range) plus Rx where Rx is the un-
known resistor. 

 

For the 20ohm range this gives a 

 

deflections on the 50 microamp meter 

 

corresponding to nine microamps for 

 

200ohms, 33 microamps for 10ohms, 25 

 

microamps (centre scale) for 20ohms 

 

and a tiny deflection of one microamp 

 

for 2k ohms. A glance at any multi-
meter resistance scale will show that 

 

this is nonlinear, and is especially 

 

cramped at the high resistance end. 

 

3V 

 

POSITIVE 

 

PROBE 

 

(RED) 

 

- NEGATIVE 

 

PROBE 

 

(BLACK) 

 

Fig. 4 Circuit diagram of multimeter 

 

Oltnts ranges: 20 ohms; 200 ohms 

 

and 2 kilolims (2k). 

 

If there are sufficient ranges (usually 

 

four or five) however, it is possible to 

 

get satisfactory readings from one ohm 

 

to one megohm. Higher resistance 

 

readings can also be obtained but it is 

 

necessary to have a higher voltage bat-

tery. Some multimeters have provision 

 

for two batteries, the higher one being 

 

switched into circuit when the highest 

 

resistance range is selected. 

 

Apart from measuring resistance one 

 

of the other uses of the k ohms ranges 

 

is to make simple checks for continuity, 

 

and to test diodes. 

 

Diodes 

 

When testing diodes it is essential to 

 

bear in mind this very important fact: 

 

The RED Probe is NEGATIVE and 

 

the BLACK Probe is POSITIVE. 

 

This comes about because of the 

 

need to keep the negative terminal of 

 

the meter movement permanently con-
nected to the negative probe. The con-
struction of the meter and the switch-

ing arrangements are made much 

 

simpler by this means. Referring to 

 

Fig. 4 should help to make it clear. 

 

Over the years this polarity reversal 

 

has been accepted as "standard" and 

 

all conventional analogue multimeters 

 

are the same. Digital meters and 

 

electronic meters, however, have more 

 

complicated switching arrangements 

 

and, as if to add to the confusion, have 

 

their positive output on the red probe 

 

for ohms measurement. If in doubt the 

 

best way is to keep a known diode 

 

handy. Usually resistor values are 

 

measured by first removing the resistor 

 

from circuit. 

 

In-circuit measurements can be 

 

made but often the readings will be low 

 

because of other components forming 

 

parallel paths. This is particularly so in 

 

circuits with transistors and ICs. For 

 

example the value of R7 in Fig. 2 could 

 

be measured in theory by connecting 

 

the probe between points p and d. 

 

With the black probe on d and the 

 

red probe on p a correct reading could 

 

be obtained, but with the probes 

 

reversed a parallel path via R8 and the 

 

base-emitter junction of TR2 is intro-
duced leading to a reading nearer to 

 

15k. 

 

In a situation like this where one way 

 

the resistance is lower than the other 

 

way, it is always true that.--the higher 

 

value is nearer to the correct
-
 reading. 

 

If the resistance reads the same in 

 

both directions it is probable that the 
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value is correct, but by no means cer-
tain, because there could be purely 

 

resistive parallel paths in existence. 

 

A final note on resistance ranges: 

 

make sure that the circuit is switched 

 

off whenever resistance measurements 

 

are made. A glance at Fig. 4 shows that 

 

on the resistance ranges all that exists 

 

between the probes is a battery and the 

 

range resistor. 

 

Connecting a power supply across 

 

this unlucky combination is a frequent 

 

source of smoke as the range resistor is 

 

destroyed. Luckily the meter move-
ment itself is usually adequately 

 

protected by R1, but it's better not to 

 

put it to the test. 

 

Current Measurements 

 

Current measurements are made by 

 

breaking the circuit and inserting the 

 

meter. While voltage is measured 

 

across components, current passes 

 

through them. 

 

The multimeter current ranges cir-
cuits are shown in Fig. 5. As with the 

 

voltage circuit the current circuit is 

 

very straightforward. The three resis-
tors are known as shunts because that 

 

is their function. 

 

For example on the 1mA range 950 

 

microamps flow through the shunt 

 

resistor while 50 microamps flow 

 

through the meter. On the one amp 

 

and 100mA ranges the same principle 

 

applies, with all but 50 microamps 

 

flowing in the shunt resistors. To calcu-
late the value of the shunt resistors the 

 

meter movement resistance needs to 

 

be known. In the case of most standard 

 

50 microamps meters this is 2k. The 

 

value of the current that must flow in 

 

the shunt is first calculated: e.g. for 

 

1mA the shunt current is 1mA minus 

 

50 microamps which equals 950 

 

microamps. The shunt value can then 

 

be worked out as follows: shunt value 

 

= meter movement current times 

 

meter resistance divided by shunt cur-
rent. 

 

For 1mA this gives: 0.00005 times 

 

2000 divided by 0.000950 which gives 

 

105 ohms. The other shunt values are 

 

one ohm and 0.1 ohm for the 100mA 

 

and 1A range respectively. 

 

The measurement of the power supp-
ly current of the main circuit board of 

 

Fig. 2 is takes by breaking the circuit -at 

 

point 1 and inserting the meter. When 

 

measuring an unknown current it is 

 

wise to start with the highest range (in 
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this case one amp) so that the meter is 

 

not overloaded. The range switch can 

 

then be advanced until the best range 

 

is reached. The alarm circuit takes ap-
proximately 20mA so is best measured 

 

on the 100mA range. 

 

Series Resistance 

 

When the meter is put into the circuit it 

 

adds another series resistance which 

 

has some effect on the current being 

 

measured. In this instance when set to 

 

the 100mA range the meter shunt 

 

resistance one ohm is added to the cir-
cuit. With 20mA flowing a resistance of 

 

one ohm produces a voltage drop of 20 

 

millivolts. This is not significant in 10 

 

volts, but there are situations where the 

 

extra voltage drop of a meter can have 

 

a significant  effect. An example of 

 

where meter resistance begins to cause 

 

problems is given when measuring the 

 

current in the Infra-Red emitter circuit 

 

(point k). The current is not con-
tinuous but instead is a series of pulses 

 

Fig. 5 Circuit diagram of multimeter 

 

Current ranges: 14; I00m4 and 

 

ImA. 

 

of approximately 0.5 amps with a 

 

mark-space ration of 100 to 1. The 

 

average current is therefore 0:5 divided 

 

by 100 or SmA. 

 

Connecting the meter into circuit 

 

adds an extra one ohm to the 15ohms 

 

already present (R4) and so the pulse 

 

current is reduced. The average cur-
rent reading will be lowered from SmA 

 

and will read one part in 15 lower than 

 

the true value. 

 

Another problem encountered when 

 

inserting a multimeter into power 

 

supply circuits is that sometimes even a 

 

small extra resistance can cause severe 

 

instability and violent circuit oscilla-
tion. In these conditions the meter 

 

reading will be quite different from the 

 

true circuit current. In general, current 

 

measurements are relatively trouble-
free and accurate, without the huge er-
rors that can occur when making volt-
age measurements. 

 

A.C. Measurements 

 

So far the voltage and current 

 

measurements made have all been in 

 

DC circuits. Another essential require-
ment is to be able to measure alternat-
ing currents and voltages, particularly 

 

at the main supply frequency. The 

 

usual way to achieve AC measure-
ments is simply to put a diode in series 

 

with the meter. The meter is thus fed 

 

with a half wave rectified signal which 

 

it averages to produce a constant read-
ing. A separate set of series resistors 

 

and current shunts are required so that 

 

the meter reads correctly. 

 

In most meters it is assumed that the 

 

AC signals being measured will be sine 

 

waves and that the frequency is in be-
tween 1OHz and SkHz. Some better 

 

meters give a wider frequency range. 

 

In general the meter manufacturers 

 

take some liberties with AC measure-
ments, particularly AC current, based 

 

on the fact that the main use of such 

 

range is to measure power supply vol-
tages and currents where an error of 

 

up to ten per cent can be acceptable. 

 

High quality expensive multimeters 

 

have elaborate AC ranges often using 

 

special transformers to step up the 

 

voltage so that the rectifier circuits can 

 

work to their very best. 

 

The main problem encountered 

 

when taking AC measurements is that 

 

any departure from a sine wave signal 

 

will produce inaccurate readings. A 

 

square wave and a pulse waveform will 

 

both give strange readings, and as the 

 

waveform is not usually known to the 

 

meter user it is very hard indeed to get 

 

meaningful results. It is safest to stick 

 

to reading mains frequency sinewave 

 

signals, and leave the rest until an os-
cilloscope is available. 

 

Conclusion 

 

Having spent most of this article dis-
cussing the drawbacks and limitations 

 

of multimeters I think I should say that 

 

I find my multimeter to be indispen-
sable. There are very few circuits that 

 

can't be examined or repaired with its 

 

aid. My toolkit is now much more ex-
tensive than 25 years ago when that 

 

first multimeter arrived, and in those 

 

years the changes in electronics have 

 

been incredible. Sadly I no longer have 

 

the original meter — I dropped it 

 

downstairs some time ago, and before 

 

that I blew the 20 ohm range resistor by 

 

trying to measure a power supply volt-
age with the meter set to kohms. ■ 
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Product Review 

 

The EduKit 3EC 

 

Automotive 

 

Trainer 

 

Automotive e%tries and electronics in an easy to understand, hands-on format 

 

By Edward Zap/eta/ 

 

nyone who has ever encountered 

 

utomobile electrical problems 

 

knows that they are the most frustrat-

ing thing of all. They are often hard to 

 

diagnose; appearing to be more like 

 

electrical "mysteries" than problems. 

 

And given the growing complexities of 

 

today's newer cars, with all their com-

puter gadgetry, the mysteries deepen 

 

ever further. With this in mind, teacher 

 

and author Frank Kurucz has 

 

developed a hands-on approach to 

 

help novices, and particularly students, 

 

to untangle those automotive electrical 

 

mysteries. 

 

As with all the other books in the 

 

EduKit 3EC series, the aim of this one 

 

is, according to Mr. Kurucz: "to 

 

promote `electrical thinking', the 

 

single, most valuable tool of all to those 

 

studying or working with automotive 

 

electricity." The 90- plus page book is 

 

divided into four sections: electrical 

 

knowledge for automotive technology, 

 

electrical components, circuits, and 

 

systems. 

 

In addition, there is an appendix 

 

which deals briefly with the use of mul-
timeters for circuit analysis and 

 

troubleshooting. The package also in-
cludes a built-in testing method where 

 

the participant answers questions 

 

during each section as well as at the 

 

end of each section. An answer book is 

 

also supplied for teachers, parents, or 

 

those who just want to go it alone. 

 

What is important here is that some-
one with little or no knowledge of 

 

electric theory should be able to work 

 

through each section and get a basic 

 

feel for electric circuits and their ap-
plications in the automotive environ-
ment. 
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As its name would imply, the EduKit 

 

3EC trainer is more than just a book -

it also provides the means to get some 

 

basic hands-on experience with 

 

electronics. A small solderless circuit 

 

board (breadboard) is provided along 

 

with a number of components, four 

 

batteries, lamps, switches etc. These 

 

are used in conjunction with the book 

 

to teach simple electrical principles 

 

and circuit building techniques. 

 

Section one, electrical knowledge for 

 

I 

 

automotive technology, lays some 

 

quick groundwork for the participant 

 

in such areas as voltage, current, resis-
tance, circuits, power, and switching. 

 

Each of these is explained- in a concise, 

 

simple fashion with equivalent 

 

automotive applications given as ex-

amples. Simple circuits can be con-
structed to give practical experience in 

 

component identification and wiring 

 

methods. 

 

The second section deals with 

 

electrical component types such as 

 

resistors, capacitors, inductors, and 

 

semiconductors, and their particular 

 

functions in automotive electronics. 

 

Foremost of these functions is the igni-
tion system. 

 

Ignition-related devices such as Hall-
Effect switches, reluctor coil systems, 

 

and transformers are discussed, as are 

 

transistors, generators, and batteries. 

 

This section is capped-off with an in-
troduction to integrated circuits, both 

 

analog and digital, and some guidance 

 

is given towards the correct procedure 

 

for wiring ICs. 

 

Section three deals strictly with cir-
cuits and circuit analysis, with heavy 

 

emphasis on the concept of "electrical 

 

thinking". Examples of common 

 

automotive circuits such as starting, 

 

charging, and windshield wipers, 

 

washers etc. are analyzed using the 

 

basic laws given in the earlier sections. 

 

In addition to these, more complex 

 

logic circuits and logic fundamentals 

 

are also covered. 

 

A special note: during the review we 

 

uncovered a small error in one of the 

 

logic circuit diagrams. The publisher 

 

has been notified and an addendum is 

 

in the works to rectify this. 

 

An overview of computers makes up 

 

the fourth section of the 3EC trainer. 

 

This section was not intended to teach 

 

computing, rather to give the novice 

 

some insight into the uses of computers 

 

in the home, automobile and in in-
dustry to some extent. 

 

Overall, the 3EC Automotive offers 

 

practical, hands-on experience in un-
derstanding the fundamentals of 

 

electricity and electronics in the 

 

automobile. The cost of the package is 

 

$49.95 and there's special pricing avail-
able for schools. 

 

For information Contact: EduKit, P.O. 

 

Box 38, Station N, Toronto, On tari o 

 

M8V 3S4 or pl t on e (416) 897-1217. ■ 
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Continued from page 8 For Your  Infortmdon 

 

Standby Power System 

 

Power Control Inc. of Toronto is now a carrying 

 

a new line of standby power systems suitable for 

 

personal computers, networks, super micros, 

 

phone systems, laboratory instruments, and 

 

programmable controllers etc. 

 

Power Control standby power systems instan-
taneously provide AC power from an internal 

 

battery, permitting uninterrupted operation of 

 

the protected equipment. When normal com-
mercial power is restored, the SPS automatically 

 

resets and recharges its batteries. A full comple-
ment of alarms alert the operator of abnormal 

 

conditions. 

 

Utility power is continuously monitored by the 

 

SPS and the output is protected from sags, sur-
ges, impulses and EMI/RFI. Available in 400, 

 

800 and 1500 watt sizes. 

 

For detailed information and pricing contact: 

 

Power Control Inc., 12 - 175 Toryork Drive, 

 

Toronto, Ontario M9L 2Y7 (416) 747 — 6643. 

 

Circle No. 52 on Reader Service Card 
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MADE IN CANADA 
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$ 189.95 
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935 THE QUEENSWAY, BOX 641 

 

TORONTO, ONTARIO M8Z 5Y9 

 

(416) 676-1600 

 

DEALER ENQUIRIES INVITED 

 

1 

 

1 

 

1 

 

1 

 

OR 

 

"THE HIGH PRODUCTIVITY MULTIMETER" 

 

2 VOLTAGES 

 

AT THE SAME TIME WITH 

 

31/2DIGIT DISPLAYS 41/2DIGIT DISPLAYS 

 

Ohl 

 

ALL AUTORANGING 

 

CAN ALSO DISPLAY 3 VOLTAGES AND 1 CURRENT AT THE SAME TIME WITH MANY OTHER 

 

COMBINATIONS AVAILABLE INCLUDING OUR 4'/z DIGIT 
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WITH HIGH RESOLUTION ANALOG BARGRAPH DISPLAY 

 

PANORAMIC PSEUDO 

 

7 DIGIT RESOLUTION 
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ALSO INTRODUCIN
G 

 

A NEW CONCEPT 

 

OTHER FEATURES: 

 

* RELATIVE REFERENCE 

 

(100% FULL SCALE) 

 

* HOLD FUNCTION 

 

M � r � � � � � 

 

* CONTINUITY BEEPER ON RESISTANCE CHECK 

 

* MANUAL RANGING ON ALL FUNCTIONS 

 

* COLOR CODED INPUTS TO AVOID CONFUSION 

 

* PROGRAMMABLE SETPOINTS 

 

� � � " M i � � � � � � M � � � � 

 

191 . 
63'911. 0 0 

 

I..I red...' 
* ONE YEAR PARTS + 

 

- LABOUR WARRANTY 

 

* STILL MANY MORE 

 

FEATURES 

 

[ ] (QTY) MM100 (INCLUDES 1 RED AND 1 BLACK TEST LEADS AND MANUAL) @ $189.95 $   

 

TO AVOID CONFUSION IN READING MANY VOLTAGES AT ONCE WE HIGHLY RECOMMEND ONE 

 

OF THE FOLLOWING SETS WHICH ARE MATCHED TO THE COLOR CODED INPUTS OF THE 

 

[ ] TL220 SET OF 6 COLOR COATED LEADS WITH EZ HOOKS  @ 

 

( ] TL230 SET OF 6 COLOR COATED LEADS WITH ALLIGATOR CLIPS   @ 

 

[ ] CARRYING CASE, TOUGH LEATHER LIKE AND LARGE ENOUGH TO CARRY A SET OF 

 

TL220 OR TL230 LEADS AND INSTRUCTION MANUAL.  @ 

 

[ ] AC ADAPTOR  @ 

 

SHIPPING: CHECK ONE OF THE FOLLOWING...... 

 

[ ] UPS (SERVICES TO VICTORIA, VANCOUVER, ONTARIO & MONTREAL 

 

[ ] 1ST CLASS MAIL ADD 3%, [ 1 COURIER PREPAID ADD 10%   

 

[ ] COURIER COLLECT (BUSINESS ONLY)   

 

ONTARIO RESIDENTS ADD 7% SALES TAX   

 

[ ] CHECK [ ] MONEY ORDER [ 

 

[ ] CARD NO.  
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ADDRESS   

 

CITY 

 

MM100 

 

$39.95 $   

 

$39.95 $   

 

$34.95 $   

 

$11.00 $   

 

ONLY) ADD 2.5%, 
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L�1  

 
L .1 

 

Dreams can come true if you "Get Active". 

 

Our remuneration and benefits package is well above average. 

 

Our Managers and Sales Representatives have unlimited earnings 

 

potential! If you dream of the "good life", we can help you realize 

 

that goal. 

 

Due to our accelerated expansion program, we have immediate 

 

openings for qualified candidates to be trained to manage our 

 

branches. Our comprehensive training program will teach you 

 

all that is necessary to run them. 

 

AD-PCM method solid state Tapeless Recorder Kit. 

 

• Max recording time 32 sec. (at 32K BPS) with 256K x4 pcs. D-Ram controlled by new 

 

technological 60 pin LSI. 

 

• 500mW audio Amp and 600ohm/10Kohm MIC Amp built-in 

 

Assembled & Tested (without SP. MIC)  $ 98.00 

 

Voice (speech) recognition 5CH (Max. 20CH) Control SW Kit 

 

• Can control 5 relays on/off with your voice 

 

• State-of-the-art special 60 pin LSI control 

 

• With additional circuit can extend more 15CH. 

 

Complete Kit with 5 Relays  $149.00 

 

Digital Capacitance Meter Kit 

 

• 3 digit large size LED display 6V/9V battery operation. 

 

• Wide range 10pF to 999uF. Accuracy 2% 

 

Complete Kit (without case)  $ 39.00 

 

Max 500MHz, 8-digit Frequency Counter Kit 

 

• 10Hz to 500MHz, 6 combination measurements 

 

• Up to 10MHz 30mV, 10MHz to 500MHz 100mV, Accuracy 0.00504, 

 

Complete Kit (without case)  $145.00 

 

Frequency Counter Adapter for your multi-meter 

 

• Change your multi-meter into handy frequency counter. 

 

• 5Hz to 200KHz, with optional pre-scaler. Max. 200 MHz. 

 

• Accuracy 1%, sensitivity 100mV 

 

• Comes with X'tal Calibrater Unit 

 

Complete Kit (without case)  $ 45.00 

 

200MHz Universal Pre-Scaler Kit 

 

• 200MHz 80mV, 1/100. 1/1000 divider 

 

Complete Kit (without case)  $ 29.00 

 

12CH (Max 32CH) Remote-Control Switch Kit 

 

• Special function 1-chip CPU control 

 

• A-type. Infrared Tx, Rx. Max. distance 40 feet. 

 

• B-type. Wireless FM, Tx, Rx. Max. distance 300 feet. 

 

Complete Kit — A-type  $87.00 B-Type  $145.00 

 

Stepping motor driver kit comes with mini motor 

 

• Good for drive small motor. Max. 12V 1.2A, 3000pps. 

 

• Manual or computer control are selectable. 

 

Special price  $ 68.00 

 

High Speed EP-ROm erasing Lamp Kit. 

 

• High intensity type. Erase 20pcs Rom in 5 to 10 minutes. 

 

• Also, P.C. Board exposing UV Lamp sold by K.E.M. 

 

1 set with timer  $ 41.98 

 

$6.00 for shipping. Plus P.S.T. for B.C. residence. Plus C.O.D. fee, if requited. We do not 

 

accept invoice orders. 

 

K.E.M. Electronics Ltd. 

 

Mail to Box 69126, Station (K), 

 

Vancouver, B.C. V5K 4W4 

 

Office 879E. Hastings, Vancouver 

 

(604) 251-1514 

 

PRO AUDIO and STAGE LIGHTING 

 

Faders all values and tapers-
' Rotary and trim pots. - ' Knobs all sizes. 

 

NEUTRIK audio connectors. - ' Chemicals. 

 

' Resistors and capacitors all values. 

 

Led's, diodes, transistors and IC's. 

 

' Tone generators 1 hz-100 khz. 

 

Pink noise generator. - ' Summing, line and preamps. 

 

Level indicators. - ' LCD panel meters 

 

' Phantom power supply circuit boards. 

 

Regulated power supply circuit boards for all Radio Shack and 

 

Hammond 161 and 229 series transformers. - ' Power supply kits. 

 

Low distortion digitally or manual controlled auido attenuators. 

 

High headroom noiseless electronic switches with remote. 

 

' 3 wire communication module compatible with others. 

 

' RFI filter chokes 10-200amps. - ' Triacs 15-40A. SCR's 3-150A. 

 

' 1,4 and 8 ch- 120 vac dimmer cards. 

 

' 4,6 and 10 ch. solid state relay boards 15 - 40A RMS. 

 

10 scene 12 ch. programmable solid state relay controller with ch. bump and push 

 

on push off switches. - ' 2-8 ch. chaser board with speed and level control. 

 

24 ch. random generator. 

 

' 4 ch. color organ with active filters. 

 

' Rate controlled auto fade with presets and remote control. 

 

4 wire analog multiplexer compatible with others. 

 

' All circuits operate at standard levels. 

 

Send $2.00 (refunded with initial order) for compelte catalog with pricing and detailed 

 

specs of circuits to: 

 

PATOR COMPONENTS 

 

P.O. Box 81037, S. Burnaby, B.C. V5H 4K1 

 

Classifieds 

 

ADVERTISING FORM 

 

Rates: The basic onetime insertion rate is $1.50 per word (Minimum 25 words) The rate of 

 

$ l 50 per word allows your advertisement to run in all three publications (Com-

puting Now', Electronics Today, and Computers in Education) Headings, logos and 

 

reverse advertisements are available for an additional 53000 

 

Special discount rates are available for multiple Insertions they 

 

25% for 12 consecutive insertions 

 

15% for 6 consecutive insertions 

 

10% for 3 consecutive insertions 

 

These rates apply only to the prepayment of the entire sum 

 

Send a cheque (deduct applicable discounts) along with this order form 

 

are as follows 

 

Please contact Moorshead Publications 

 

1300 Don Mills Rd, Don Mills, Ontario M313-3M8 

 

(416) 445-5600 

 

DO DREAMS COME TRUE? 

 

SALES MANAGEMENT TRAINEES 

 

AND SALES REPS 

 

The entrepreneurial spirit lives on at Active Electronics. Active 

 

is one of the fastest growing electronic retailer/MRO distributors 

 

in North America. We plan on opening new branches from coast 

 

to coast, and need management trainees and sales reps to help 

 

us grow. This is a once in a lifetime opportunity that will appeal 

 

to the person who would like the next best thing to running one's 

 

own business! 

 

If you are an above average person, with a great deal of 

 

ambition and drive, prior experience in sales, telemarketing, 

 

management, or electronics, we would like to hear from you! 

 

Forward your resume to: 

 

Hank Boyer, General Manager 

 

Active Electronics 

 

237 Hymus Boulevard 

 

Pointe Claire, PQ H9R 5C7 
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A n idea/ project for the muscian who wan ts to crea te the righ t 

 

sounds, without the noise 

 

0 ver the last few years the 

 

popularity of electronics effects 

 

units for musicians has grown dramati-
cally, particularly those using time-

delay techniques. These include 

 

flangers, choruses, echo, reverbs, and 

 

so on. While these effects offer the 

 

musician new and interesting sounds, 

 

they often suffer from a poor signal-to-
noise ratio; that is, the amount of noise 

 

produced relative to the maximum sig-
nal level that the system can handle. 

 

This noise is normally masked by the 

 

music, but stop playing and the same 

 

noise becomes quite objectionable, 

 

manifesting itself in the form of hisses, 

 

whistles, crackles, whoops, etc. 

 

Using more than one effect-box 

 

simply makes matters worse, as do 

 

noisy leads and j ack-connectors. One 

 

solution would be to turn the 

 

amplifier's volume control down when-
ever playing stops, but that is obviously 

 

impractical. The Noise-Gate offers a 

 

neat and simple answer to the 

 

problem. Connected immediately 

 

before the input to the amplifier, and 

 

therefore after any effect- boxes in use, 

 

it constantly monitors the signal level. 

 

If the signal is below a certain level, 

 

then the Noise-Gate will "close" and 

 

prevent the signal from reaching the 

 

amplifier. Start playing and the signal 

 

rises, causing the Noise-Gate to 

 

"open", allowing the signal to get 

 

through to the amplifier. So when there 

 

is music, the signal gets through; when 

 

there is only noise, it doesn't. 
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By /an Coughlan 

 

The signal level at which the Noise-
Gate will open is called the 

 

"threshold", and a control is provided 

 

so that it may be adjusted. The 

 

threshold should be set just above the 

 

level of the noise (the so-called "noise 

 

floor"), so that any signal above the 

 

threshold, and therefore above the 

 

noise floor, will open the Noise-Gate. 

 

Note the terminology used: open 

 

means the signal is allowed to pass 

 

through, closed means it is not. Don't 

 

think in terms of a switch: think in 

 

terms of gate (hence the name "noise-
gate"). 

 

The Noise-Gate should open as 

 

quickly as possible in response to an 

 

increase in the input level, so that little 

 

of the music is lost. In this design, the 

 

response time is around a couple of 

 

milliseconds. Obviously, the same does 

 

not hold true when the input level falls 

 

below the threshold, otherwise the 

 

Noise-Gate would close with every gap 

 

in the music of more than a millisecond 

 

or two. This design will remain open 

 

for about half a second after the music 

 

stops. These times are not externally 

 

adjustable, but the experimenter may 

 

wish to try altering the values of the 

 

relative components, to lengthen or 

 

shorten either or both times. 

 

There is also a control for adjusting 

 

the gain of the Noise-Gate. Normally 

 

this would be set to unity (output = 

 

input), but can be set anywhere be-
tween 0.02 and 5 (or -34dB to + 14dB 

 

gain). A switch on the rear allows the 

 

user to open the Noise-Gate regardless 

 

of the signal level, this is handy for 

 

tuning-up instruments; an LED on the 

 

front panel displays the status of the 

 

Noise-Gate. 

 

Circuit Description 

 

Integrated circuit IC3 (Fig. 1) is a quad 

 

CMOS switch, and IC3a, is the "gate". 

 

For the input signal to reach the out-
put, it must first pass through I0a, 

 

and the state of this switch is control-
led by the voltage on IC3 pin 13. When 

 

this voltage is high, the switch allows 

 

the signal to pass; when it is low, the 

 

signal is blocked. IC1b, wired as a vari-
able gain stage, boosts or attenuates 

 

the gated signal, and provides a low 

 

output impedance suitable for driving 

 

virtually any amplifier or tape- re-
corder input stage. 

 

For the Noise-Gate to open, about 

 

six volts peak-peak is required at IC2a 

 

pin three. This is much larger than can 

 

be provided by musical instruments, so 

 

the input signal is boosted considerably 

 

by ICla, another variable gain stage, 

 

whose gain is adjustable between 23 

 

and 73, giving a threshold that can be 

 

set from about 85mV peak-peak, to 

 

250mV peak-peak. IC2a pin two is 

 

biased by R10 and R12 to about 9V. 

 

With no input signal present, IC2a pin 

 

three is at 6V. Therefore, for IC2a, 

 

which is the threshold detector, to 

 

operate IC2a pin three must exceed 3V 

 

peak (or 6V peak-peak). When the 

 

threshold is reached, IC2a pin one will 

 

go high, charging C9 determine the 
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Fig. 1 Complete circuit diagram for the Noise-Gate. The 12Vpower supply section is shown below. 
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time taken for the Noise-Gate to open. 

 

When the voltage on C9 exceeds about 

 

6.2V, the voltage on IC2b pin five will 

 

exceed that on pin six (6V), and will 

 

cause IC2b pin seven to go high. 

 

Without R19, IC2b would tend to oscil-
late as the voltages on pins five and six 

 

approached each other. 

 

When the input level drops below the 

 

threshold, C9 will no longer be getting 

 

charged from IC2a pin one, and will 

 

discharge through R15. R15 sets the 

 

time taken for the Noise-Gate to close. 

 

This resistor may be decreased for 

 

shorter hold times, but must not be in-
creased, otherwise the Noise-Gate will 

 

not function. 

 

Switch S1, when closed pulls IC3b 

 

pin five to OV, causing IC3b to open, 

 

allowing IC3 pins 12 and 13 to open, 

 

and allowing IC3 pins 12 and 13 to be 

 

pulled high via R21. IC3a will therefore 

 

close, allowing the input signal to reach 

 

the amplifier stage, as described above, 

 

and IC3d will close, causing D6, an 

 

LED to light, indicating that the Noise-
Gate is open. Since IC3b is open, the 

 

voltage on IC2b will have no effect on 

 

the status of the Noise-Gate: i.e., the 

 

gate will be open regardless of the 
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input signal. When S1 is open, IC3b 

 

will then be closed, and the state of 

 

IC3a and IC3d, and therefore the 

 

status of the Noise- Gate, will depend 

 

on the voltage on IC2b pin seven, this 

 

in turn depends on the input signal 

 

level. 

 

Power is supplied by transformer T1, 

 

and regulated by IC4, a 78L12 voltage 

 

regulator, see Fig. 1. 

 

Construction 

 

Construction of the Noise-Gate is fair-
ly straightforward and is built on a 

 

single printed circuit board. Because 

 

the power transformer is also mounted 

 

GUT 
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IC4 IN 

 

_? S '_ 1
2 1 
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COM 

 

on the board extreme care should be 

 

taken when testing. 

 

The component layout and printed 

 

circuit board foil master pattern is 

 

shown in Fig. 2. 

 

Begin by checking the bare printed-
circuit board for shorts. Veropins 

 

should be inserted into the PCB from 

 

the foil side. These can be gently 

 

tapped into place with a hammer, and 

 

then soldered. Fix the resistors to the 

 

PCB, followed by the capacitors and 

 

the link-wire. If using DIL sockets for 

 

the ICs, fit these next, then the fuse-
clips, IC4, and the diodes. Turn the 

 

PCB over, and connect insulated wire 
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Noise Gate 

 

between the points shown in Fig. 2. 

 

Lastly, fix the transformer to the board, 

 

and fit the ICs in their sockets. 

 

After selecting a suitable case, drill 

 

the holes, and deburr the surfaces to 

 

be painted (the front and the rear), 

 

prime them, and paint them. When the 

 

paint is dry, lettering can be applied, 

 

using Letraset dry-transfers, which 

 

should then be protected with a light 

 

coat of varnish. Fix the grounding-
point and the PCB mounting pillars to 

 

the base of the box. As a safety 

 

measure, apply a few lengths of PVC 

 

adhesive insulating tape to the inside of 
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Fig 2 Component layout and ficll size printed circuit foil master pattent for the Noise-Gate. Note that the wires temiiiiated with 

 

single letters should be asingle-sleeved link, i.e x to x, y toy etc, and should be soldered on the underside. 
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Noise Gate 

 

the box, underneath those areas of the 

 

PCB that carry the 120VAC. Fix the 

 

PCB to the four mounting pillars. 

 

Interwiring 

 

Connect the power cord (not forget-
ting the grommet and a cable clamp) to 

 

the PCB, and the ground conductor to 

 

the ground tag, which should be con-
nected to the grounding point on the 

 

box. At this point it may be worth 

 

checking that the power supply is 

 

operating. 

 

Fit a 500mA fuse, and check the 

 

resistance between the live and neutral 

 

conductors of the power cord (this 

 

should be a few tens of ohms). Next, 

 

check that the ground conductor is 

 

connected to the case, and that the 

 

resistance between the ground conduc-
tor and the live and neutral conductors 

 

is very high (it ought to be im-

measurably high on a normal multi-
meter; in other words, check for an 

 

open circuit). Next, check for a similar-
ly high resistance between the live and 

 

neutral conductors and the 6V power 

 

can be applied. Take extreme care as 

 

high AC voltages are potentially lethal. 

 

Check across pins seven and 14 of IC3 

 

for 12 volts. 

 

If the 12 volts is not present, then dis-
connect the power before attempting 

 

to find out why. If the 12 volt supply is 

 

correct, disconnect the power before 

 

continuing the construction. 

 

Fix the two sockets, the switch, the two 

 

potentiometers, and the two LEDs to 

 

the box. Connect these components as 

 

shown in Fig. 3, using 7/02 connecting 

 

wire and miniature screened cable. 

 

Make a quick visual check over the 

 

PCB to ensure nothing has been 

 

missed out or fitted the wrong way 

 

around. Fix the lid on the box, and con-
nect the power supply. The Power 

 

LED should light. The Open LED may 

 

also be lit, depending on the position 

 

of the switch on the rear of the noise-
gate: position the switch so that the 

 

LED goes out. 

 

Testing 

 

Connect the noise-gate between an in-
strument and the amplifier. If using ef-
fects boxes, the noise-gate should be 

 

connected between the last of these 

 

and the amplifier. As the instrument is 

 

played, the Open LED should light, 

 

and the signal from the instrument 

 

should reach the amplifier. The Open 

 

LED should go out as playing stops: if 

 

it does not, then rotate the threshold 

 

control until it does. The Output con-
trol should be set to provide an output 
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Fig 3 Front and rear pastel wiring and connections to the PCB. 

 

OUTPUT 

 

INPU1 

 

level suitable for whatever amplifier or 

 

tape- recorder is being used. 

 

Hangers and choruses are among the 

 

worst producers of noise, so, if using 

 

one or both of these effects, switch 

 

them on, and adjust them for their 

 

worst output (that is, for maximum 

 

noise). Adjust the threshold control 

 

until the Open LED just lights, and 

 

then rotate it in the opposite direction 

 

until it goes back out. Playing the in-
strument should now open the gate, 

 

and the gate should close about half a 

 

second or so after playing stops. Con-
struction and testing is now complete. 

 

■ 

 

Parts List 

 

Resistors 

 

All 0.25W 5% carbon 

 

 IM 

 

R2 '
7OOk 

 

R314 470k 

 

R5,9 47 

 

R6 10OR 

 

87920121 100k 

 

88,10 330k 

 

811,17 10k 

 

R13 5k1 

 

R14 33k 

 

822,23 3k9 

 

Potentiometers 

 

VR1 1M log. carbon 

 

V R 21 10k log. carbon 

 

Capacitors 

 

C1 330n min. layer polyester 100V 

 

C2139417 10u min. rad. elect. 16V 

 

C5 

 

81,12115,16,18,19 

 

 100u min. rad. elect. 16V 

 

C6 22p polystyrene 160V 

 

C8910 100n min. layer polyester 100V 

 

C9 470n min. layer polyester 100V 

 

Semiconductors 

 

IC1 TL072 dual low-noise op-amp 

 

IC2 TL082 dual op-amp 

 

I0 4066B quad switch 

 

IC4 78L12 + 12V reg. 

 

D1729374 1N4001 lA 50V rectifier diode 

 

D5 1N4148 small signal diode 

 

D617 3mm red LED 

 

Miscellaneous 

 

S1 SPST min. toggle 

 

SK1,2 6.3mm jack sockets 

 

FS1 500mA fuse 

 

T1 1.2VA transformer w/12V secondary 

 

PCB; case 154mm x 120mm x 

 

45mm; PCB mounting pillars (4), 

 

LED mounting clips (2); miniature 

 

screened cable; suitable power 

 

cord, grommet and clamp; control 

 

knobs (2); soldertag; screws for 

 

PCB pillars; 1mm rubber sleeving; 

 

PVC insulating tape. 
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HEN  you first unwrap the Hioki 3234 

 

and hold it in your hand, you'll be im-

pressed by the remarkable miniaturization 

 

and smooth operation, even by today's 

 

standards of tiny wizardry. Print out a list 

 

of volts, or ohms or or milliamps, each 

 

measurement identified with the ap-
propriate symbol, on 1.5" roll paper. 

 

Your next reaction might be "But 

 

what do I need one for?" 

 

Aside from the convenience of having 

 

a record of tests you've made, the 

 

most important uses of a recording meter 

 

are sequential troubleshooting procedures 

 

and monitoring some parameter at inter-
vals. In the first case, good troubleshoot-

ing requires you to make a sequence of 

 

measurements as you make your way 

 

through the circuit. If it's a simple, 

 

problem (such as no power supply vol-

tages at all), you may only need a go/no-go 

 

indicator to trace from the supply to the 

 

fault, or vice versa. If it's a logic circuit, 

 

however, or adirect-coupled amplifier, a 

 

single fault can cause all sorts of voltage 

 

readings at various other components, and 

 

the way to troubleshoot is to use a consis-
tent pattern of measuring. 

 

This is where the recording meter 

 

comes into its own. You aren't likely to 

 

remember what reading you got ten 

 

measurements back, and writing down the 

 

readings is cumbersome. With a printout, 

 

though, you can instantly look up the 

 

readings you obtained bc l'orc and com-

pare them to new ones under a different 

 

set of conditions. 

 

When it comes to monitoring a circuit 

 

over a lengthy period, a recording meter is 

 

unmatched for convenience if you can set 

 

it to automatically record a parameter at 

 

preset intervals. 

 

The 3234 

 

The multimeter section of the Hioki 3234 

 

Hi Tester has a 3 1/2 digit LCD readout 

 

with auto or manual ranging. It measures 

 

DCV from 300mV to SOOV full scale, 

 

ACV from 3V to SOOV full scale, ohms 

 

from 300 to 30M, and AC/DC milliamps 

 

to 300mA. There's also slow-power ohms 

 

function; this keeps the probe voltage 

 

below 1/2V so that semiconductor junc-
tions under test will not be activated. The 

 

Option position of the range switch is 

 

used for Hioki external optional equip-
ment. 

 

The multimeter and printer is 

 

powered by an internal NiCad recharge-
able battery, giving about six hours of con-
tinuous use if the printer runs every ten 

 

seconds. The clock function is separately 
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Left: the printout from the Hioki 3234 

 

Hi Tester. At the top is a sequence of 

 

resistances as a resistor changes 

 

temperature. In the middle is a series 

 

of manual measurements, and a t the 

 

bottom is a list of voltages taken every 

 

30 seconds as a large capacitor 

 

discharges. 

 

powered by a standard LR-44 button 

 

cell. An AC adapter is provided to 

 

either run the unit or charge the bat-

tery. 

 

The Printer 

 

Each time that you press the 

 

Start/Stop button after a Clear, the 

 

printer records the hour, minute, year, 

 

month and day. Then it will record 

 

volts, ohms or milliamps, with each 

 

recording numbered. It's quite a con-
venience to be able to look up a read-

ing and see whether it's changed from 

 

new readings. 

 

The printing is on 38mm thermal 

 

paper, and enough is stored in the 

 

3234 to print about 750 lines. 

 

The time interval function can be 

 

selected from the numbers that appear 

 

above the DMM display; selectable in-
tervals are 10 seconds, 30 seconds, 

 

1,5,10 and 30 minutes, and 1 hour. 

 

Once the function and interval is set, 

 

the 3234 quietly records your 

 

parameter with a daily accuracy of plus 

 

or minus 3 seconds. You could set it to 

 

monitor the voltage or current varia-
tions of a power supply for an ex-
tended operating period, or monitor a 

 

resistance to see how much it changes 

 

during warmup. 

 

The External Switch jack is used 

 

for remote triggering using a pushbut-
ton. There's also a Sync input; this is 

 

used to synchronize two 3234s so that 

 

they operate at the same time during 

 

the time interval function. 

 

At $1005 Canadian, the 3234 is 

 

something of a luxury for the average 

 

testbench, but it's a delight to use; I 

 

never realized how useful a printout 

 

could be until we had to send the 

 

review model back. For further infor-

mation, contact RCC Electronics Ltd., 

 

310 Judson St., Toronto, Ontario, M8Z 

 

5T61 (416) 252-5094, FAX (416) 252-
3031. 

 

■ 

 

Un"M 

 

terruptible Power Supply 

 

Keeps your computer 

 

running when the lights 

 

go out! These Emergency 

 

Standby Power Systems 

 

generate AC Power from 

 

an internal battery. 

 

Available in all sizes up to 

 

15,000 watts. 

 

• Blackout Protection 

 

• Brownout Protection 

 

• Surge Protection 

 

• Sag Protection 

 

For Flexible Disk PCs, Hard Disk XTs and ATs, 

 

Networks, Minis and Mainframes. 

 

M'i'cro Power Cond'it'ioner 

 

Provides Computer Grade 

 

Power from any outlet. 

 

Tuned filters block and 

 

absorb adverse voltages. 

 

• Surge Protection 

 

• Sag Protection 

 

.! Impulse Protection 

 

Complete Power Line Protection from 

 

Power Control Inc. 

 

12-175 Toryork Drive, Toronto, Ontario M9L 2Y7 • (416) 747-6643 

 

CROSS-16 META 

 

ASSEMBLER 

 

■ Table based 8/16 bit cross-assembler. 

 

■ Uses manufacturer's assembly mnemonics. 

 

■ Tables & Example Source files are included for ALL 

 

of the following processor families: 

 

1802 

 

65816 

 

6811 

 

8051 

 

COP800 

 

3870 

 

6801 

 

68000 

 

8085 

 

SUPER8 

 

64180 

 

6805 

 

7000 

 

8086 

 

Z8 

 

6502 

 

6809 

 

8048 

 

8096 

 

Z80 

 

■ Users may modify or create new tables for 

 

additional processors. 

 

■ Produces listing, symbol table, and 8/16 bit binary. 

 

Intel and Motorola hexcode. 

 

■ 5" DSDD for PC/MS-DOS 2.0 or greater. 

 

$ 99.95 US $139.95  CDN 

 

■ Portable C sourcecode is available. 

 

Worldwide shipping (AIRMAIL) & handling included. Credit 

 

Card orders ($139.95 CDN) please specify: Card number, 

 

name on card and expiry date. 

 

Universal Cross-Assemblers 

 

P.O. Box 384, Bedford, N.S. 

 

Canada 134A 2X3 
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PROJECTS 

 

BP74: ELECTRONIC MUSIC 

 

PROJECTS $10.00 

 

R.A. Penfold 

 

Although one of the more recent 

 

branches of amateur electronics, 

 

electronic music has now become ex-

tremely popular and there are many 

 

projects which fall into this category. 

 

The purpose of this book is to provide 

 

the constructor with a number of 

 

practical circuits for the less com-
plex items of electronic music equip-
ment, including such things as a 

 

Fuxx Box, Waa-Waa Pedal, Sustain 

 

Unit, Reverberation and Phaser-
Units, Tremelo Generator etc. 

 

BP24: TRANSISTOR SELECTOR 

 

GUIDE $15.00 

 

Listings of British, European and 

 

eastern transistor characteristics 

 

make it easy to find replacements by 

 

part number or by specifications. 

 

Devices are also grouped by voltage, 

 

current, power, etc., includes 

 

surface-mount conversions. 

 

BP50: IC LM3900 PROJECTS $4.25 

 

The purpose of this book is to in-
troduce the LM3900 to the Techni-
cian, Experimenter and Hobbyist. It 

 

provides the groundwork for both 

 

simple and more advanced uses and 

 

is considerably more than just a col-
lection of simple circuits or projects. 

 

BP75: ELECTRONIC TEST EQUIP-
MENT CONSTRUCTION $5.25 

 

This book covers in details the con-
struction and use of a wide range of 

 

test equipment for both the elec-
tronics hobbyist and radio amateur. 

 

The projects are fairly simple to build 

 

and the components are inexpensive 

 

and easily obtainable. 

 

BP92: ELECTRONICS SIMPLIFIED -
CRYSTAL SET CONSTRUCTION $5.25 

 

This is a book written especially for 

 

those who wish to participate in the 

 

intricacies of electronics. 

 

BP101: HOW TO IDENTIFY 

 

UNMARKED IC's $1.95 

 

An unusual and fascinating chart 

 

that is highly recommended to all 

 

those interested in electronics and 

 

which will hopefully pay for itself 

 

many times over, by enabling the 

 

reader to use IC's that might other-
wise have been scrapped. 

 

BP121: HOW TO DESIGN AND MAKE 

 

YOUR OWN PCBs $5.85 

 

The purpose of this book is to 

 

familiarise the reader with both sim-
ple and more sophisticated methods 

 

of producing printed circuit boards. 

 

The emphasis of the book is very 

 

much on the practical aspects of i 

 

printed circuit board design and con-
struction. 

 

BP180: ELECTRONIC CIRCUITS FOR 

 

THE COMPUTER CONTROL OF 

 

MODEL RAILWAYS $9.00 

 

Shows how home computers can 

 

easily be applied to the control of 

 

model railroads and other quite 

 

sophisticated control. A variety of 

 

projects are discussed as well as cir-
cuits for train position sensing, 

 

signal and electric points control etc. 

 

BP185: ELECTRONIC SYNTHESISER 

 

CONSTRUCTION $9.00 

 

With this book a relative beginner 

 

should be able to build, with the 

 

minimum of difficulty and at a 

 

reasonably low cost, a worthwhile 

 

monophonic synthesiser and also 

 

learn a great deal about electronic 

 

music synthesis in the process. 

 

COMPUTERS 

 

BP72: A MICROPROCESSOR 

 

PRIMER $5.25 

 

In an attempt to give painless ap-
proach to computing, this inexpen-
sive book will start by designing a 

 

simple computer and then the short-
comings of this simple machine will 

 

be discussed and the reader is shown 

 

how these can be overcome. A 

 

glossary of microprocessor terms is 

 

at the end of the book. 

 

BP78: PRACTICAL COMPUTER 

 

EXPERIMENTS $5.25 

 

The aim of this book is to enable the 

 

reader to simply and inexpensively 

 

construct and examine the operation 

 

of a number of basic computer circuit 

 

elements and it is hoped gain a fuller 

 

understanding of how the mysterious 

 

computer "chip" works. 

 

BP86: AN INTRODUCTION TO BASIC 

 

Programming Techniques $5.85 

 

This book is based on the authors 

 

own experience in learning BASIC 

 

and also in helping others, mostly 

 

beginners to programming, to 

 

understand the language. 

 

YAYAl�! 

 

boob I��er 

 

Exclusively available in 

 

Canada from 

 

Moorshead Publications. 

 

BP115: THE PRE-COMPUTER BOOK 

 

$5.85 

 

Aimed at the absolute beginner with 

 

no knowledge of computing, this en-
tirely non-technical discussion of 

 

computer bits and pieces and pro-
gramming is written mainly for those 

 

who do not possess a microcomputer 

 

but either intend to one day own one 

 

or simply wish to know something 

 

about them. 

 

CIRCUITS 

 

BP42: 50 SIMPLE L.E.D. CIRCUITS 

 

$5.85 

 

Contains 50 interesting and useful 

 

circuits and applications, covering 

 

many different branches of elec-
tronics, using one of the most inex-
pensive and freely available com-
ponents. 

 

BP85: INTERNATIONAL TRANSI 

 

STOR EQUIVALENTS GUIDE $9.00 

 

This book is designed to help the 

 

user find possible substitutes for a 

 

popular user-oriented selection of 

 

modern transistors and includes 

 

devices produced by over 100 

 

manufacturers. 

 

BP140: DIGITAL IC EQUIVALENTS 

 

AND PIN CONNECTIONS $15.00 

 

Shows equivalents and pin connec-
tions of a popular user orientated 

 

selection of Digital Integrated Cir-
cuits. Includes European, American 

 

and Japanese devices. 

 

RADIO AND 

 

COMMUNICATIONS 

 

BP7: RADIO AND ELECTRONICS 

 

COLOUR CODE AND DATA CHART 

 

$3.00 

 

Opens out to Wall Chart approxi-
mately 584 x 457 mm. Includes many 

 

Radio & Electronics Colour Codes in 

 

use in UK, USA, Europe and Japan. 

 

Covers Resistors, Capacitors, 

 

Transformers, Field Coils, Fuses, 

 

Battery Leads etc. 

 

BP100: AN INTRODUCTION TO 

 

VIDEO $5.85 

 

This is a book for the person who has 

 

just, or is about to buy or rent some 

 

video equipment but is not sure what 

 

it is all about. 

 

BP125: 25 SIMPLE AMATEUR BAND 

 

AERIALS $5.85 

 

This book describes how to build 25 

 

amateur bank aerials. The designs 

 

start with the simple dipole and pro-
ceed to beam, triangle and even a 

 

mini-rhombic. 

 

BP136: SIMPLE INDOOR AND 

 

WINDOW AERIALS $7.00 

 

People living in apartments who 

 

would like to improve shortwave 

 

listening can benefit from these in-
structions on optimising the indoor 

 

aerial. 

 

BP147: AN INTRODUCTION TO 6502 

 

MACHINE CODE $10.00 

 

The popular 6502 microprocessor is 

 

used in many home computers; this 

 

is a guide to beginning assembly 

 

language. 

 

BP225: A PRACTICAL INTRODUC-
TION TO DIGITAL ICs $7.00 

 

This book deals mainly with TTL type 

 

chips such as the 7400 series. Simple 

 

projects and a complete practical 

 

construction of a Logic Test Circuit 

 

Set are included as well as details for 

 

a more complicated Digital Counter 

 

Timer project. 

 

BP47: MOBILE DISCOTHEQUE 

 

HANDBOOK $7.80 

 

Divided into six parts, this book 

 

covers such areas of mobile "disco" 

 

as: Basic Electricity, Audio, Ancillary 

 

Equipment, Cables and Plugs, Loud-
speakers, and Lighting. All the infor-
mation has been considerably sub-
divided for quick and easy reference. 

 

BP131: MICRO INTERFACING CIS+ 

 

CUITS - BOOK 2 $9.00 

 

Intended to carry on from Book 1, this 

 

book deals with practical applica-
tions beyond the parallel and serial 

 

interface. "Real world" interfacing 

 

such as sound and speech genera-
tors, temperature and optical sen-
sors, and motor controls are discuss-
ed using practical circuit descrip-
tions. 

 

BP141: LINEAR IC EQUIVALENTS 

 

AND PIN CONNECTIONS 

 

ADRIAN MICHAELS $23.80 

 

Find equivalents and cross-
references for both popular and 

 

unusual integrated circuits. Shows 

 

details of functions, manufacturer, 

 

country of origin, pinouts, etc.,. in-
cludes National, Motorola, Fairchild, 

 

Harris, Motorola, Intersil, Philips 

 

ADC, AMD, SGS, Teledyne, and many 

 

other European, American, and 

 

Japanese brands. 

 

BP156: AN INTRODUCTION TO QL 

 

MACHINE CODE $10.00 

 

The powerful Sinclair QL microcom-
puter has some outstanding capabi-
lities in terms of its internal struc-
ture. With a 32-bit architecture, the 

 

QL has a large address range, ad-
vanced instructions which include 

 

multiplication and division. Ttiese 

 

features give the budding machine 

 

code programmer a good start at ad-
vanced programming methods. This 

 

book assumes no previous know-
ledge of either the 68008 or machine 

 

code programming. 

 

BP59: SECOND BOOK OF CMOS IC 

 

PROJECTS $7.80 

 

This book carries on from its 

 

predecessor and provides a further 

 

selection of useful circuits, mainly of 

 

a simple nature. the book will be well 

 

within the capabilities of the begin-
ner and more advanced constructor. 
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BP32: HOW TO BUILD YOUR OWN 

 

METAL & TREASURE LOCATORS 

 

$7.80 

 

Several fascinating applications with 

 

complete electronic and practical 

 

details on the simple, and inexpen- 

 

(TRIACs) have a wide range of ap- 

 

plications in electronics today. This 

 

book gives tried and practical work- 

 

ing circuits which should present the 

 

minimum of difficulty for the en- 

 

thusiast to construct. In most of the 

 

BP84: DIGITAL IC PROJECTS $7.80 

 

F.G. RAYER, T.ENG (CEI), Assoc.IERE 

 

This book contains both simple and 

 

more adanced projects and it is 

 

hoped that these will be found of help 

 

to the reader developing a knowledge 

 

BP98: POPULAR ELECTRONIC 

 

CIRCUITS, BOOK 2 $9.00 

 

R.A. PENFOLD 

 

70 plus circuits based on modern 

 

components aimed at those with 

 

some experience. 

 

sive construction of Heterodyne 

 

circuits there is a wide latitude in 

 

of the workings of digital circuits. to 

 

Bp179: ELECTRONIC CIRCUITS FOR 

 

Metal Locators. 

 

component values and types, allow- 

 

help the newcomer to the hobby the 

 

THE COMPUTER CONTROL OF 

 

ing easy modification of circuits or 

 

author has included a number of 

 

ROBOTS $12.00 

 

ready adaptation of them to in- 

 

dividual needs. 

 

board layouts and wiring diagrams. 

 

Also the more ambitious projects can 

 

The main stumbling block for most 

 

would-be robot builders is the 
most 
ec-ELECTRONIC THEORY 

 

be build and tested section by sec- 

 

tronics to interface the computer to 

 

BP108: $7.00 

 

BP71: ELECTRONIC HOUSEHOLD 

 

PROJECTS $7.00 

 

tion and this should help avoid or cor- 

 

rect faults that could otherwise be 

 

the motors, and the sensors which 

 

Cross-references European American 

 

R.A. PENFOLD 

 

troublesome. An ideal book for both 

 

provide feedback from the robot to 

 

and Japanese diode part numbers. 

 

Some of the most useful and popular 

 

beginner and more advanced en- 

 

the computer. The purpose of this 

 

Besides rectifier diodes, it includes 

 

electronic construction projects are 

 

thusiast alike. 

 

book is to explain and provide some 

 

Zeners, LEDS, Diacs, Triacs, SCRs, 

 

those that can be used in or around 

 

relatively simple electronic circuits 

 

OCIs, photodiodes and display 

 

the home. The circuits range from 

 

which bridge the gap. 

 

diodes. 

 

such things as '2 Tone Door Buzzer' 

 

BP99: MINI - MATRIX BOARD 

 

BP39: 50 (FET) FIELD EFFECT 

 

intercom, through Smoke or Gas 

 

PROJECTS $7.60 

 

TRANSISTOR PROJECTS $7.00 

 

ELECTRONICS CALCULATIONS 
FURTHER PRACTICAL 

 

ELECT 

 

Detectors to Baby and Freezer 

 

Alarms. 

 

R.A. PENFOLD 

 

Twenty useful projects which can all 

 

F.G. RAYER, T.Eng.(CEI),Assoc,IERE 

 

Field effect transistors (FETs), find 

 

AND FORMULAE $15.00 

 

This book covers man aspects of 

 

be built on a 24 x 10 hole matrix board 

 

with copper strips. Includes Door- 

 

application in a wide variety of cir-

a and 

 

electronics where a knowledge g 

 

familiarity of the appropriate  for- 

 

mulae is essential for a fuller 

 

understandings of the subejct. An 

 

essential addition to the library of all 

 

BP90: AUDIO PROJECTS $7.80 

 

F.G. BAYER 

 

Covers in detail the construction of a 

 

wide range of audio projects. The text 

 

has been divided into preamplifiers 

 

buzzer, Low-voltage Alarm, AM 

 

Radio,Si t t  Signal Generator, projector 

 

Timer, Guitar Headphone Amp. Tran- 

 

sistor Checker and more. 

 

cuits. The projects described here in-
clude radio frequency amplifiers and 

 

q Y P 

 

converters, test equipment   and 

 

receiver aids, tuners, receivers, m ix-

ers and tone controls, as well as  

 

those interested in electronics be 

 

and mixers, power amplifiers, tone 

 

BP103: MULTI-CIRCUIT BOARD 

 

various miscellaneous devices which 

 

home. 

 

they amateur, professional or stu- 

 

controls and matching and miscel- 

 

PROJECTS $7.80 

 

are useful in the 

 

dent. 

 

laneous prospects. 

 

R.A. PENFOLD 

 

This book allows, the reader to build 

 

This book contains something of 

 

particular interest for every class of 

 

ELEMENTS OF ELECTRONICS . AN 

 

BP44: IC 555 PROJECTS $10.00 

 

21 fairly simple electronic projects, 

 

enthusiast - short wave listener, radio 

 

ON GOING SERIES 

 

F.A. WILSON, C.G.I.A., C.ENG., 

 

E.A. PARR, B.Sx., C.Eng., M.I.E.E. 

 

Every so often a device appears that 

 

all of w hic h ma y be constructe d on 

 

the same printed circuit board. 

 

amateur, 

 

, experimenter or audio 

 

devotee. 

 

BP62: BOOK 1. THE SIMPLE ELEC• 

 

is so useful that one wonders how 

 

Wherever possible, the same com- 

 

Bp88: HOW TO USE OP AMPS 

 

TRONIC CIRCUIT AND 

 

life went on before without it. The 555 

 

ponents have been used in each 

 

E.A.PARR $11.80 

 

COMPONENTS $11.70 

 

timer is such a device included in this 

 

design so that with a relatively small 

 

A designer's guide covering several 

 

BP77: BOOK 4 MICROPROCESSING 

 

book are Basic and General Circuits, 

 

number of components and hence 

 

op amps, serving as a source book of 

 

SYSTEMS AND CIRCUITS $11.80 

 

Motor Car and Model Railway Cir- 

 

low cost, it is possible to make any 

 

circuits and a reference book for 

 

Although written especially for 

 

cuits, Alarms and Noise Makers as 

 

one of the projects or by re-using the 

 

design calculations. The approach 

 

readers with no more than ordinary 

 

well as a section on the 556, 558 and 

 

components and P.C.B. all of the pro- 

 

has been made as nonmathematical 

 

arthmetical skills, the use of 

 

mathematics is not avoided, and all 

 

559 timers. 

 

jects. 

 

as possible. 

 

the mathematics required is taught 

 

as the reader progresses. 

 

BP82: ELECTRONIC PROJECTS 

 

USING SOLAR CELLS $7.80 

 

BP107: 30 SOLDERLESS BREAD- 

 

BOARD PROJECTS •BOOK 1 $9.00 

 

BP65: SINGLE IC PROJECTS $6.00 

 

R.A. PENFOLD  

 

Each book is a complete treatise of 

 

a particular branch of the subject and 

 

A collection of simple circuits which 

 

have applications in and around the 

 

R.A. PENFOLD 

 

A "Solderless Breadboard" is simply 

 

There is now avast range o f ICs 

 

available to the amateur market, the  

 

majority of which are not necessarily 

 

therefore, can be used on its own 

 

with one proviso, that the later books 

 

home using the energy of the sun to 

 

power them. The book deals with 

 

a special board on which electronic 

 

circuits can be built tested. The 

 

designed for use in a single applica-

do not duplicate material from their 

 

practical solar power supplies in- 

 

and 

 

components are in 

 

Lion and can offer unlim ited possi-

predecessors, thus a working know- 

 

eluding voltage doubler and tripler 

 

used just plugged 

 

and unplugged as desired. The 30 

 

bilities. All the projects contained in 

 

this book are simple to construct and 

 

ledge of the subjects covered by the 

 

earlier books is assumed. 

 

circuits, as well as a number of pro- 

 

jects. 

 

projects featued in this book have 

 

been specially deisgned to be built 

 

are based on a single IC. A few pro-

BOOK 1. This book contains all the 

 

on a 'Verobloc'' breadboard. 

 

jects employ one or two transistors in 

 

addition to an IC but in most cases 

 

fundamental theory necessary to 

 

lead to a full understanding of the 

 

BP49: POPULAR ELECTRONIC 

 

PROJECTS $10.00 

 

Wherever possible the components 

 

used are common to several projects, 

 

the IC is the only 

 

y active device used. 

 

simple electronic circuit and its main 

 

components. 

 

R.A. PENFOLD 

 

hence with only a modest number of 

 

reasonably inexpensive components 

 

BP118: PRACTICAL ELECTRONIC  

 

BOOK 2. This book continues with 

 

Includes a collection of the most 

 

it is to build, in turn, 

 

BUILDING BLOCKS - BOOK 2 $7.60 

 

alternating current theory without 

 

popular types of circuitsand projects 

 

p p YP P 1 

 

possible every 

 

project shown. 

 

R.A. PENFOLD 

 

which there can be no comprehen

t

 

 

which n

- 

 

which, we feel sure, will provide a 

 

This sequel to BP117 is written to 

 

of speech, music, radio, tele 

 

number of designs to interest most 

 

help the reader create and experi-

sion or even the electricity utilities. 

 

electronics constructors. The pro- 

 

BP106: MODERN ON AMP 

 

ment with his own circuits by com-

BOOOK 3. Follows on semiconduc- 

 

jects selected cover a very wide 

 

PROJECTS $7.80 

 

bining standard type circuit building 

 

for technology, leading up to tran- 

 

range and are divided into four basic 

 

R.A. PENFOLD 

 

blocks. Circuits concerned with 

 

sistors and integrated circuits. 

 

types. Radio Projects, Audio Pro- 

 

Features a wide range of construe- 

 

generating signals were covered in 

 

BOOK 4 A complete description of 

 

jects, Household Projects and Test 

 

tional projects which make use of op- 

 

Book 1, this one deals with process-

the internal workings of micro- 

 

Equipment. 

 

amps including low-noise, low distor- 

 

ing signals. Amplifiers and filters ac-

input impedance, high 

 

count for most of the book but om-
processor. 

 

BOOK5 A book covering the whole 

 

BP94: ELECTRONIC PROJECTS FOR 

 

CARS AND BOATS $7.80 

 

tion, ultra-high 

 

slew-rate and high output current 

 

the

 

 

Schmitt triggers and other 

 

communication scene. 

 

R.A. PENFOLD 

 

types. 

 

ircuit

rs, 

 

circuits are covered. 

 

PROJECTS 

 

Projects, fifteen in all, which use a 

 

12V supply are the basis of this book. 

 

BP83: VMOS PROJECTS $7.80 

 

R.A. PENFOLD 

 

BP180: ELECTONIC CRICUITS FOR 

 

Included are projects on Windscreen 

 

Although modern bipolar power tran-
THE COMPUTER CONTROL OF 

 

Wiper Control, Courtesy Light Delay, 

 

CIRCUITS 

 

sistors give excellent results in a 

 

MODEL RAILWAYS $9.00 

 

Battery Monitor, Cassette Power Sup- 

 

BP127:HOW TO DESIGN 

 

wide range of applications, they are 

 

The projects in this book consists of 

 

ply, Lights Timer, Vehicle Immo- 

 

ELECTRONIC PROJECTS $9.00 

 

not without their drawbacks or limita-
various types of controller, including 

 

a high quality pulse type, as well as 

 

biliser, Gas and Smoke Alarm, Depth 

 

Warning and Shaver Inverter. 

 

Although information on stand cir-
cuit blocks is available, there is less 

 

tions. This book will primarily be Ion-
cerned with VMOS power FETs 

 

circuits for train position sensing, 

 

signal and electronic points control 

 

BP95: MODEL RAILWAY PROJECTS 

 

information on combining these cir- 

 

9 

 

cuit parts together. This title does 

 

although power MOSFETs will be 

 

dealt with in the chapter on audio cir-
and many more. 

 

$7.80 

 

Electronic for model rail- 

 

just that Practical examples are used 

 

cuits. A number of varied and in-

BP194:: MODERN OPTO DEVICE 

 

projects 

 

ways are failry recent and have made 

 

and each is analysed to show what 

 

teresting projects are covered under 

 

the headings 

 

PROJECTS $9.00 

 

possible an amazing degree of 

 

each does and how to apply this to 

 

main of: Audio Circuits, 

 

This book provides a number of prac- 

 

realism. The projects covered include 

 

other designs. 

 

sound Generator Circuits, DC Control 

 

Circuits 

 

tical designs for beginners and ex- 

 

perienced project builders. These 

 

projects utilize a range of modern 

 

controllers, signals and sound of 

 

fects: striboard layouts are provided 

 

for each project. 

 

AUDIO AMPLIFIER 

 

CONSTRUCTION $6.T5 

 

CONS 

 

A wide circuits is given, from low 

 

and Signal Control Circuits. 

 

opto-electric devices, including such 

 

things as fibre optics, ultra bright 

 

BP93: ELECTRONIC TIMER 

 

noise microphone and tape head 

 

100W MOSFET type. 

 

ORDER 

 

BY 

 

LEDs and passive IR detectors. 

 

PROJECTS $7.80 

 

Windscreen wiper delay, darkroom 

 

preamps to a 

 

There is also the circuit for 12V 

 

TELEPHONE 

 

BP37: 50 PROJECTS USING RELAYS, 

 

SCR's & TRIACS $7.80 

 

F.G. RAYER, T.Eng,(CE4,A99oc. IERE 

 

Relays, silicon controlled rectifiers 

 

(SCR's) and bi-directional triodes 

 

timer and metronome projects are in- 

 

eluded. Some of the more complex 

 

circuits are made up from simpler 

 

sub-circuits which are dealt with in- 

 

dividually. 

 

bridge amp giving 18W. Circuit board 

 

or stripboard layout are included. 

 

Most of the circuits are well within 

 

the capabilities for even those with 

 

limited experience. 

 

(416) 

 

4455600 
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eather stations that I remember, 

 

at least the high school variety, 

 

were large and complicated and you 

 

had to be really faithful about writing 

 

down all the measurements daily. They 

 

weren't the sort of thing you had at 

 

home, not unless you were a real 

 

keener. 

 

Now Technology Marketing of 

 

Oregon has come up with a weather 

 

station that's comprehensive, compact 

 

and best of all, uses an IBM PC or 

 

compatible to measure everything and 

 

keep extensive records of the findings. 

 

With a few keystrokes you can find out 

 

everything you wanted to know about 

 

past and present temperatures, rain-
fall, barometric pressure, windspeed 

 

and wind direction. And all from the 

 

comfort of your computer desk: no 

 

more slogging through the wet to see 

 

how water is in the rain gauge. 

 

How It Works 

 

The various parameters I mentioned 

 

above are measured by a collection of 

 

E & TT December 1987 

 

Start your own weather forecasting 

 

with this versatile weather station 

 

for the PC, 

 

ingenious gadgets, and I'll discuss each 

 

of the various sensors in more detail 

 

later. 

 

First, each sensor has a cable com-
ing back to your PC. In one of the PC 

 

expansion slots lives a half-size printed 

 

circuit card; on this card is a panel full 

 

of jacks that faces out through your 

 

computer's card slot. Once connected 

 

up and powered by the included 9-volt 

 

AC adapter, the card is ready to start 

 

measuring everything and feeding the 

 

information to the software. 

 

Secondly, the software is loaded 

 

into memory, either from the floppy 

 

disk as a regular program or from an 

 

AUTOEXEC file, or from your floppy 

 

disk. The program sits in memory 

 

doing its measurements until the com-

puter is turned off; I didn't find any in-
terference with the operation of other 

 

computer programs. It takes up about 

 

35K of RAM. 

 

Whenever you want to monitor 

 

anything, ALT-SHIFT-W brings up 

 

the data menu, with everything at a 

 

By E. Penn 

 

glance: the air pressure and its chan-
ges, daily and yearly rain, temperature 

 

with its high and low point, wind speed 

 

with gust speed and wind chill, and the 

 

wind direction. 

 

An options menu lets you set the 

 

time, date, metric/imperial and so on. 

 

The various data are also saved to your 

 

choice of drive and directory for future 

 

reference. There's also a real-time 

 

clock on board which you can use if 

 

you don't have a clock card on your 

 

computer. 

 

The Temperature Probes 

 

There are two tiny probes, each 

 

smaller than a bean; one is for indoors 

 

and the other for outdoors. They live 

 

on the end of 11-foot cables, and each 

 

is individually calibrated for the 

 

printed circuit card that comes with 

 

your station. That is, the disk you 

 

receive is calibrated for your hardware 

 

alone, and should you do something as 

 

dim-witted erasing your disk, you'll 

 

have the embarrassing job of returning 
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things to the factory for recalibration. 

 

The moral is: make backups and don't 

 

even think of using your master disk. 

 

The readings from the outside 

 

probe are kept in registers on the 

 

printed circuit (which never powers 

 

down) and the inside readings are 

 

stored in the computer's RAM (and 

 

lost when you turn the computer off). 

 

If the 11-foot cords are not ade-

quate, you can purchase extenders 

 

from Technology Marketing, in 40-foot 

 

increments for a total of 200 feet. 

 

Homemade extenders are discouraged 

 

because they may affect calibration. 

 

The Rain Gauge 

 

From the outside, it just looks like a 

 

black plastic megaphone with a 40-foot 

 

cable. Rain funnels into the small end 

 

and the rainfall is measured by the 

 

computer in increments of 0.1 inch. It's 

 

self-emptying and needs no main-
tainence unless leaves fall into it. 

 

A group of us junior scientists 

 

took it apart and had a guess or two at 

 

how it works. We poured water into 

 

the centre cylinder, it reached the level 

 

of the siphon tube and gurgled into the 

 

small cup and poured over a small 

 

glass tube, and then a sponge floated 

 

up and opened a drainhole to let the 

 

water out. Then you could repeat the 

 

cycle. Well, we decided that the little 

 

glass tube was a thermistor heated by 

 

the 5V supply, and that the water 

 

cooled it to toggle a counter. 

 

Wrong. Technology Marketing 

 

told me that the "sponge" is actually a 

 

magnet embedded in foam, and when 

 

it rises, it closes the magnetic reed 

 

switch in the glass tube. Just the same 

 

as the windshield-washer warning light 

 

on my car. Clever, this. 

 

We never did come up with a reli-
able way to check the accuracy of the 

 

rain gauge. Of course, it wouldn't rain 

 

when you wanted it to, and the lawn 

 

sprinkler was too random in action to 

 

give any kind of answer. We'll trust 

 

them, though, cause everything was so 

 

well made it inspired that kind of con-
fidence. 

 

Wind 

 

The wind gauge consisted of an 

 

anemometer and a vane mounted on a 

 

shaft with 40-foot cables. The 

 

anemometer's rotation sends pulses to 

 

the PCB to measure windspeed, and 

 

the vane rotates with the wind direc-

tion, providing a readout in degrees as 

 

well as compass points. 

 

This one is a little more tricky to 

 

install than the others, because it has 

 

to be clamped to an upright or 

 

screwed into a wooden post via the in-
cluded adapter. The direction sensor is 

 

turned until the screen reads 0 

 

degrees, and then the vane is fastened 

 

on pointing to the north, using either a 

 

compass or some known direction 

 

reference. 

 

The instructions for installation 

 

are very good; they point out in their 

 

drawings, for instance, that the wind 

 

will eddy around the walls of a house, 

 

and so the wind sensors should really 

 

be mounted as high as you can 

 

manage. 

 

Barometric Pressure 

 

This one needs no installation; it's a 

 

tiny sensor mounted on the printed cir-

cuit, and it's set to your local pressure 

 

during installation. You might have to 

 

call a local airport or weather service if 

 

you want a proper value. 

 

And that's it... 

 

Once installed, the weather station will 

 

soon prove addictive to science fans. 

 

The comprehensive software is like a 

 

database: you can keep dibs on every-
thing. It has menu after menu of fea-
tures. For instance, you can set an 

 

alarm to sound the computer's 

 

squeaker on your setting of inside or 

 

outside temperature, wind speed or 

 

time. The rain readout is a little draw-
ing of a tank that fills with water, and a 

 

tiny graphics faucet actually drains it 

 

out when you reset the counter. Any of 

 

the parameters can get a screen of its 

 

own for a much more expanded view. 

 

You can also make graph plots of 

 

all data and print it out using the 

 

SHIFT-PrtSc function from DOS. 

 

Almost... 

 

In general, the quality and operation of 

 

the weather station hardware and 

 

software is beyond reproach. However, 

 

as an owner of a compatible, I had a 

 

bit of trouble with the computer side 

 

T/te rant gauge, which can record any amount of rainfall in increments of 0.1 inch. 

 

The small cylinder on the right contains a float with an imbedded magnet, which 

 

trips the small reed switch and empties the gauge. 
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A prirttoilt of the weather data screen, which gives a summary of all the parameters. 

 

of the installation. At first, I could get 

 

nothing but can't-find-card error mes-

sages, and I assumed that I had a duff 

 

unit. A call to Technology Marketing 

 

proved them very helpful, and I soon 

 

had a technical paper from them that 

 

solved the mystery. It turned out that 

 

both my real-time clock and the 

 

weather card were occupying the same 

 

port address (300 hex). It was a simple 

 

matter to solder a jumper onto the 

 

card to change the address to 340, but 

 

I really think that this information 

 

should be included for clone owners in 

 

the otherwise splendid documentation 

 

(for the record, I tried the card in 

 

three Bests: a Mark II, a Mark III and 

 

a Mark IV — same problem). 

 

To sum up, though, I can't imagine a 

 

nicer piece of gear for individuals or 

 

schools interested in weather monitor-

ing. The whole package is available for 

 

$575US from Technology Marketing, 

 

Inc., 4000 Kruse Way Place, Bldg. 2, 

 

Suite 120, Lake Oswego, Oregon 

 

97035, (503) 635-3966 

 

5hz-500M Hz Frequency Counter 

 

GLOBAL MAX-500 
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Write or Phone for your FREE copy of our 

 

NEW - FALL/WINTER 1987 CATALOGUE. 

 

y/m 

 

Sale 

 

Price 524995 

 

• 8 digit display 

 

• switchable gate 

 

times 

 

• low cost & easy 

 

to use 

 

• ideal for hobbiest 

 

& technicians 

 

• 1 year warranty 

 

Sale Price to December 31st, 1987 

 

3
1
/2 DIGIT M ultimeter 

 

M ETEX 3630 $13995 

 

ID 92 

 

ONM 

 

vro 

 

RPE 

 

T est s: 

 

do to 1000V ± 0.3% 

 

ac to 750V ± 0.8% 

 

20 Amp - AC & DC 

 

transistor HFE 

 

Capacitance to 20uf 

 

• Large LCD Display 

 

• Rugged/compact 

 

case 

 

• 1 year warranty 

 

i 

 

master charge 

 

i 

 

R.P. ELECTRONIC COMPONENTS LTD. 

 

2113 West 4th Ave., Vancouver, B.C. V6K 1 N7 

 

Phone: (604) 738-6722 Fax: (604) 738-3002 

 

Please order by phone or mail. We accept Credit cards, Money 

 

orders, certified cheques and bank transfers. Include 5% for 

 

shipping/Handling. BC residents add 6% PST. 

 

THE NEW 65/9028 VT 

 

ANSI VIDEO TERMINAL BOARD! 

 

* FROM LINGER ENTERPRISES * 

 

A second generation, low cost, high performance, mini 

 

sized, single board for making your own RS232 Video 

 

Terminal. This highly versatile board can be used as a 

 

stand alone video terminal, or without a keyboard, as a 

 

video console. VT100, VT52 Compatible. 

 

FEATURES: MICRO SIZE! 

 

* Uses the new CRT9128 Video Con-
troller driven by a 6502A CPU 

 

* On-Screen Non-Volatile Configuration 

 

* 10 Terminal Modes: ANSI, H19, 

 

ADM-5, WYSE 50, TVI-920, KT-7, 

 

HAZ-1500, ADDS 60, QUME-101, and 

 

Datapoint 8200 

 

* Supports IBM PC/XT, and Parallel 

 

ASCII Keyboards 

 

* Supports standard 15.75 kHz (Horiz. 

 

* Composite or Split Video (50/60 Hz) 

 

* 25 X 80 Format with Non-Scrolling 

 

User Row 

 

* Jump or Smooth Scroll 

 

* RS-232 at 16 Baud Rates from 50 to 

 

19,200 

 

* On Board Printer Port 

 

* Wide and Thin Line Graphics 

 

* Normal and Reverse Screen Attributes w/100 Page Manual 

 

* Cumulative Character Attributes: De-Inten, ADD $40 FOR A&T  

 

Reverse, Underline and Blank 

 

* 10 Programmable Function Keys and 

 

Answerback message 

 

* 5 X 8 Character Matrix or 7 X 9 for 

 

IBM Monitors 

 

* Mini Size: 6.5 X 5 inches 

 

* Low Power: 5VDC @.7A, ± 12VDC 51/4 

@ 20mA. 

 

$7995 

 

FULL KIT 

 

OPTIONAL EPROM FOR 

 

PC/XT STYLE SERIAL 

 

KEYBOARD: $15 

 

 IN. $15 

 

SOURCE DISKETTE: 

 

PC /XT FORMAT 

 

Digital Research Computers 

 

P.O. BOX 381450 9 DUNCANVILLE, TX 75138 • (214) 225-2309 

 

Call or write for a free catalog on Z-80 or 6809 Single Board 

 

Computers, SS-50 Boards, and other S-100 products. 

 

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 751t handling. No 

 

C.O.D. We accept Visa and MasterCard. Texas Res. add 6-1/4% Tax. Foreign orders 

 

(except Canada) add 20% P & H. Orders over $50 add 856 for Insurance. 
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THE MOORSHEAD AIRPLANE 

 

HANGER/MAGAZINE BINDER 

 

Got a room full of model airplanes and 

 

nowhere for them to live? The Moorshead han-

gar/binder is the answer. 

 

Unlike the Avro Arrow shown, the binders are 

 

not subject to sudden cancellation and destruction 

 

by the government, but are durable vinyl and steel 

 

for a lifetime of storage. 

 

Unlike the Avro Arrow, our binders hold 12 

 

issues of Electronics & Technology Today without 

 

cutting or punching. Spring rods allow easy 

 

removal of any copy, and also allow open 

 

magazines to lay flat for reading. 

 

Unlike the Avro Arrow, our binders are avail-
able for $9.75 each (Ontario residents please add 

 

7% provincial sales tax). Send to: 

 

Binders 

 

Electronics & Technology Today 

 

Moorshead Publications 

 

1300 Don Mills Road 

 

Toronto, Ontario 

 

M3B 3M8 

 

For Your Informalff-00-n- Continued from page .31 

 

600 Amp Clamp Meter 

 

A new 600 Amp Clamp-style meter has been introduced from Kyoritsu 

 

Electrical Instruments. The model 2804 is a rotary scale meter with AC 

 

current ranges of 6/30/100/300/600, AC voltage ranges of 150/300/600, 

 

resistance to 2Kohms and a maximum conductor size of 30mm. The unit 

 

can also be used in conjunction with the optional Kew Energizer model 

 

8021 designed to split a two conductor line and also to measure low cur-
rent. Comes complete with carrying case, ohms probe, test leads, and a 

 

two year parts and labour warranty. 

 

Omnitronix Ltd., 2410 Dunwin Drive, #4, Mississauga, Ontario L5L 

 

1J9 (416) 828 — 6221. 

 

Circle No. 53 on Reader Service Card 

 

New Mitsubishi TV 

 

Mitsubishi Electric Sales Canada Inc. has announced the availability of 

 

the CS-2654, High Tech 28-inch stereo Diamond Vision color TV. 

 

Features include: 39-function integrated TV/VCR infrared remote con-

trol; NITS-SAP stereo broadcast reception; on- screen mode display with 

 

time of day and channel; 125 channel cable-ready tuner; automatic picture 

 

latitude circuitry, channel lock-out and program timer; separate bass and 

 

treble controls; stereo audio input and output; and video input. 

 

Available from authorized Mitsubishi dealers across Canada. 

 

Lorne Grossman, Mitsubishi Electric Sales Inc., 8885 Woodbine Avenue, 

 

Markham, Ontario UR 5G1 (416) 475 —7728. 

 

Circle No. 54 on Reader Service Card 
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Subscriptions: 
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ITEM 
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Project Book No. 3 $3.95 
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$   
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Back Issues: 
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Project 

 

Basement 

 

Flood 

 

itlar m 

 

A water levef wammg device with a c we. 

 

By H. Wright 

 

uring a hydro power failure or the 

 

failure of the sump pump motor 

 

float switch, a sump can overflow, with 

 

disastrous consequences. If warned in 

 

time, the householder can get down 

 

there with a bucket. It will also double 

 

as a full sewage tank warning on a boat, 

 

and it could be used in rural or cottage 

 

areas where holding tanks are being 

 

more widely used. 

 

How It Works 

 

A dual 556 timer performs the noise 

 

making function. The schematic 
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Fig. 177:e schematic diagram of the Basement Flood Alann. 
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100k 

 

PROBES 

 

(see text) 

 

diagram is shown in Fig. 1. The left-
hand half of IC1 generates a low (ap-
proximately 1.0 Hz) frequency square 

 

wave at its output pin 5, and this is at-
tenuated to a suitable level by R5 and 

 

R6. The attenuated signal, which 

 

determines the frequency spacing be-
tween the high and low sound output, 

 

is applied to pin 11, the FM input for 

 

the right hand side of IC1. Output pin 

 

9 drives a small speaker through R7 

 

and C3. 

 

IC1 gets its power through Q2 which 

 

is acting as a switch. When the water 

 

touches the probe tips, Q1 is biased on, 

 

draws current and produces a high at 

 

its emitter. This high turns on the 

 

alarm through Q2. 

 

Construction 

 

Figure 2 shows a layout for copper 

 

stick-on tapes and patterns which is 

 

readily converted into a printed circuit. 

 

If you are into printed circuits, the size 

 

should be left as as. Fig. 3 is the com-

ponent placement diagram. The whole 

 

thing goes into a Radio Shack box. The 

 

bottom of the box is used as a front 

 

panel. The test push-button and the 

 

on-off switch are mounted on this 
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panel below the speaker, and, a grid of 

 

holes is drilled in the plastic to allow 

 

the sound to escape. The finished cir-
cuit board is installed in the box, below 

 

the speaker and fastened to the panel 

 

with three bolts equipped with sleeves 

 

long enough to make sure that the 

 

printed circuit is clear of the two 

 

switches. The assembly arrangement 

 

can be seen in Fig. 4. The speaker is 

 

held in place with epoxy cement. Fig. 5 

 

is a front view of the complete alarm. 

 

The probe is constructed inside a 

 

piece of 3/4" ABS plastic plumbing 

 

To Power Switch 

 

pipe or short adapter. Two 6/32 brass 

 

bolts are fastened through a plastic 

 

disc that is cemented onto one end of 

 

the pipe with 5 minute epoxy cement. 

 

Roughen the plastic surfaces with 

 

sandpaper before applying the cement. 

 

This applies also to the speaker mount-
ing. The pipe provides something solid 

 

for attachment to the top or wall of the 

 

sump. Before cementing the disc in 

 

place, split the two ends of the wire in a 

 

length of rubber or plastic insulated 

 

two-wire drop cord. This wire should 

 

be long enough to reach the location 

 

upstairs where 

 

you expect to 

 

install the 

 

alarm box. 

 

Mount the 

 

bolts into 

 

holes drilled in 

 

the disc and 

 

solder the 

 

stripped bare 

 

copper ends of 

 

the wire into 

 

the slots in the 

 

bolt head. Use 

 

a flux stripper 

 

to remove all 

 

flux from the 

 

solder joint. 

 

This should 

 

also have been 

 

done to the 

 

copper tape or 

 

printed circuit 

 

board. Now 

 

slide the pipe 

 

over the wire 

 

until the disc is 

 

in contact with 

 

the end of the 

 

pipe. Epoxy 

 

cement the 

 

disc in place. 

 

The drop cord 

 

can be any 

 

length re-
quired inside a 

 

house. 

 

When the 

 

disc cement 

 

has cured, give 

 

it an exterior 

 

coat of epoxy 

 

to seal any pin 

 

holes that 

 

might exist. 

 

Except for 

 

about 1/4" at 

 

the end of the 

 

R9 

 

To Battery Neg. 

 

To P.B. 

 

To Probe 

 

Fig 2 (Top) The copper tape layout of the Flood Alarm. Fig. 3 

 

(Bottom) 77te parts placement guide. 

 

bolts, coat the rest of the probe bolts 

 

with epoxy. When this cement has 

 

cured, squeeze the rest of the pipe full 

 

of clear silicone rubber. To aid in the 

 

escape of air during the filling process, 

 

drill a small hole in the wall of the pipe 

 

near the disc. Squeeze in the silicone 

 

until it is coming out of the hole. Fig. 6 

 

shows the construction detail for the 

 

probe. 

 

This alarm has a very high sensitivity 

 

to water and moisture so it is essential 

 

that no part of the wiring between the 

 

probes and the alarm box be exposed to 

 

the atmosphere, dampness or water. The 

 

probe should be mounted rigidly in the 

 

sump with the probe tips a half inch or 

 

so above the water level that turns on 

 

the pump. The box should be installed 

 

upstairs, perhaps on a kitchen wall. 

 

While current is negligible in the 

 

standby mode, it is desirable to shut it 

 

off when the alarm goes off to conserve 

 

the battery while you hunt for a bucket. 

 

There will be no problem hearing this 

 

alarm throughout the ground floor of a 

 

modern house. 

 

Parts List 

 

Resistors 

 

All resistors 1/4W unless otherwise stated. 

 

R1 1M 

 

R2 680K 

 

R374 33K 

 

R5 2K2 

 

R6 6K8 

 

R7 47R 1/2 Watt 

 

R8 68K 

 

R9 56K 

 

R10 100K 

 

Capacitors 

 

C1 0.47uF min. 15V 

 

C2 OuF02215V 

 

C3 1000uF 15 v. 

 

C4 0.1uF 15V 

 

Semiconductors 

 

Q11
-
)  3904 

 

IC1 LM556 dual timer. 

 

Miscellaneous 

 

S1 Mini. toggle switch on-off 

 

S2 Mini. P.B. Switch N.O. (R.S.#275 1547) 

 

Battery 9V alk. 

 

Case Radio Shack #270-625 

 

Loudspeaker salvage from a 

 

discarded pocket 

 

radio 

 

Note: In an alarm system it is 

 

desirable to have components rated 

 

well above the minimum require-
ment. 15 volt is the minimum 

 

recommended. 

 

Harold Wright is a freelance writer front 

 

Belleville Ontario. 
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WIRELESS VIDEO 

 

TRANSMITTER KIT 
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Fig. 4 (Top) The assembly inside of the box and Fig. S showing the front view of 

 

the co»tpleted alann. Fig. 6 (Below) shows the detailed constncction for the probe 

 

asse»ibly. 
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Specially designed to modulate and 

 

transmit a video/audio signal to a 

 

TV/UHF channel. Provides great ver-
satility when used with your VCR, 

 

home computer, video camera. etc. 

 

Requires 9 VDC adapter. 

 

ONLY 

 

3999 

 

ORDER NOW 

 

limited quantities 

 

• Channel 14 or 15 UHF operation 

 

(please specify one) 

 

• Case, parts, PCB incl. 

 

• Pre-assembled modulator 

 

• Full instructions 

 

MAIL ORDER 

 

Cheque, money order, certified 

 

cheque. Add $5.00 postage and 

 

handling. Quebec residents 

 

add 9% PST. 

 

Techkit 

 

8007 Rene Descartes 

 

Montreal Que. H 1 E 3E2 

 

or 

 

P.O. Box 216 

 

Ville D'Anjou Que. H1 K 4G6 

 

Circle No. 12 on Reader Service Card 

 

Classifieds 

 

Where Buyers find Sellers 

 

COMPUTER and Electronic components 

 

at reasonable prices. Send $2.00 for 1988 

 

catalogues and be on mailing list for one 

 

year of 'Bargain Flyers." M.O. ENTER-
PRISES, Box 2066, Bramalea, Ontario, 

 

L6T. 353. 

 

DESIGNERS ENGINEERS, hobbyists: 

 

Looking for that hard-to-find circuit? Try 

 

search on bibliographic data base. 

 

Thousands of practical circuits from 

 

dozens of journals. Many scientific ap-
plications. Ask for manual. CIRCUIT 

 

SEARCH, P.O. Box 268, Breslau, Ontario 

 

NOB 1 MO. 

 

CABLE TV DESCRAMBLING TECHNI-
QUES. 56 pages. $13.95. Channel 3 notch 

 

filter $39.95. Amazing see-in-the dark 

 

infra-red night viewer kit $295. SCA 

 

backround music kit $49.95. Catalogs $1. 

 

OCTE(J), Box 173, Montreal, H3X 3T4. 

 

514-739-9328. 

 

ELECTRONIC SURPLUS INDUSTRIES 

 

LIMITED, we sell used industrial/military 

 

test instruments, including oscilloscopes 

 

by HP Tektronix, Philips; Signal gene-
rators, meters, components, tubes etc. 

 

1191 Lawerence Avenue West, Toronto, 

 

Ontario M6A 1 E2 416-7871837. 

 

For Advertising Information Call 

 

(416) 445-5600 
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The basics of the eats comp/icated response to sounds 

 

ast month, in our introductory ar-

ticle, we touched on a few of the 

 

mysteries of the ear's complex 

 

functioning. This month, a bit more 

 

detail on how the human hearing 

 

response is anything but flat. In fact, 

 

the ear/brain mechanism is the most 

 

sophisticated audio device imaginable. 

 

The previous article touched on 

 

the decibel, the workhorse unit of the 

 

audio technician, and an indicator of 

 

the ear's enormous dynamic range in 

 

handling the softest to the loudest 

 

sounds. There was also a mention of 

 

how the ear's frequency response 

 

changes with loudness. This month, 

 

we'll go into these in more detail. 

 

Dynamic Range Review 

 

The average sound intensiI which the 

 

ear can hear is about 10 watt/cm , 

 

and the loudest at the threshold of 

 

pa in, is about 10� watt/cm
2. This is a 

 

dynamic intensity range of a thousand 

 

billion. Expressed in the logarithmic 

 

compression of the decibel, this is OdB 

 

to 120dB from softest to loudest. 

 

If one sound has 10 times as much 

 

power as another, the difference in 

 

their intensity levels is 1OdB, or 1 bel. 

 

In the midrange frequencies (say, 500 

 

to 2,50OHz) and at typical listening 

 

levels, we perceive this 1OdB increase 

 

as a doubling of loudness. It should be 

 

noted that this convenient relationship 

 

holds true only under certain condi-

tions; with bass sounds, for instance, 

 

and at low levels, much more power is 

 

50 

 

By Bill Ma kwick 

 

required to produce the sensation of 

 

loudness doubling. 

 

The Ear 

 

The mechanical parts of the ear are a 

 

miracle in themselves, before we even 

 

begin considering the processing 

 

capability of the brain. The eardrum, 

 

or tympanic membrane, vibrates as a 

 

result of the sound's variations in the 

 

air pressure. The amplitude of these 

 

vibrations is incredibly small; ordinary 

 

conversation results in a displacement 

 

of only one one- hundred-millionth of 

 

a centimeter, about the diameter of a 

 

hydrogen molecule. The eardrum then 

 

transmits these variations in air pres-
sure to the three small bones of the 

 

middle ear, the hammer, anvil, and stir-

rup. The mechanical advantage 

 

provided by these bones results in a 

 

pressure change of 30 to 60 times. 

 

The cochlea of the inner ear is 

 

where the variations in pressure stimu-
late the sensation of hearing. Its name 

 

means "snail" in Latin and refers to its 

 

coiled shape. Its inner workings are so 

 

complex that whole books can be (and 

 

have been) written on its functionings. 

 

To oversimplify: the cochlea is lined 

 

with groups of microscopic hair cells 

 

of various sizes, each group respond-
ing to a certain band of frequencies. 

 

It's quite possible for extremely loud 

 

sounds to damage these cells, resulting 

 

in hearing loss. In fact, the cochlea 

 

does such a good job of discriminating 

 

frequencies that a single tone of suffi-

O 

 

cient loudness can cause deafness at 

 

only that frequency, a biological notch 

 

filter. In most cases of short-term ex-

posure to loud sounds, the hair cells 

 

will repair themselves. In long-term ex-

posures, or with extremely loud 

 

sounds, the damage may be per-
manent. 

 

There is normally a faint back-

ground noise which we can hear in 

 

quiet enough surroundings. This sig-
nal-to-noise effect is usually not a 

 

problem, but can develop into a ring-
ing called tinnitus, which may or may 

 

not indicate oncoming deafness. It's in-

teresting to note that Beethoven's 

 

deafness was said to be severe tinnitus, 

 

rather than a drastic decrease in sen-

sitivity. Temporary tinnitus can be in-
duced by short-term exposure to loud 

 

sounds; people who say that they come 

 

away from rock concerts with their 

 

ears ringing are speaking literally. 

 

Thresholds and Sensitivities 

 

We usually read that the minimum 

 

sound we can hear has been defined as 

 

OdB, where zero is defined as a par-
ticular intensity, and we tend to think 

 

that any sound of OdB in quiet enough 

 

surroundings produces the sensation 

 

of hearing in anyone. In fact, this 

 

figure was arrived at by measuring all 

 

sorts of subjects using tones of many 

 

different frequencies. The figure rep-
resents the average response of a num-
ber of people to midrange frequencies, 

 

about 800 to 2000Hz. 
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The fun dan i ental parts of the inner ear. 

 

T is the tympanum, or eardntm, and C 

 

is the cochlea. 77ie circular canals S at 

 

the top are organs of balance not 

 

connected with hearing. (McGraw 

 

Hill) 

 

Outside the midrange, the ear re-
quires a much louder sound before the 

 

impression of hearing is reached. The 

 

chart shows, for instance, that at 

 

110Hz (the A string on a guitar), the 

 

threshold is about 40dB higher than at 

 

the midrange. The 10kHz range, cor-
responding to the upper "brightness" 

 

harmonics of a sound, is about 20dB 

 

higher than the mids. 

 

In addition, there's a wide varia-
tion between individuals. The figures 

 

given are only a starting point, a guide 

 

to the ear's variations with frequency. 

 

Threshold Shifts 

 

As mentioned above, the ear can be 

 

overloaded by exposures to loud 

 

sounds. The threshold of hearing can 

 

be shifted upwards, sometimes per-
manently. Often, though, the effect is 

 

temporary. The shift can be as much as 

 

40dB for a very short time if the sound 

 

level has been 80dB or more; it can be 

 

as high as 10dB for long periods. 

 

There also may be shifts in pitch (pitch 

 

being our subjective perception of fre-
quency). 

 

If you listen to loud music for any 

 

length of time, you'll have noticed 

 

without doubt that the high frequen-
cies ("treble") appear to be reduced. 

 

Everything sounds slightly duller. This 

 

effect usually goes away in time, but 

 

threshold shifting of this magnitude 

 

must surely indicate an abuse of hear-
ing. 

 

Loudness 

 

Loudness is our subjective perception 

 

of sound intensity. Because we're lar-
gely unconscious of the complex work-
ings of our hearing mechanism, we 

 

tend to think of loudness as being 

 

rather straightforward: turn up the 

 

stereo and it gets louder. Nothing to it. 

 

In fact, our perception of loudness 

 

depends on both frequency and the 

 

level of intensity itself. The graph of 

 

equal-loudness curves demonstrates 

 

this. Each curve graphs the frequency 

 

and intensity that will produce the sen-
sation of equal loudness to average lis-
teners; the curves are based on a 

 

midrange intensity in steps from 0 to 

 

120 phons (about the same as a 

 

decibel; see below). For example, at 

 

the threshold of audibility, OdB is the 

 

minimum only between 800 and 

 

1500Hz. At 100Hz, the intensity must 

 

be raised about 40dB for perception to 

 

occur. 

 

At an intensity of 60dB, there is 

 

only about a 10dB difference between 

 

100 and 1000Hz for equal loudness, 

 

and at 100dB there's hardly any dif-
ference. Note that there's a consistent 

 

dip around 3 to 4kHz in every curve, 

 

indicating that the ear is so sensitive in 

 

this area that the intensity must actual-
ly be reduced. 

 

N 100 

 

N 

 

0 

 

0 

 

60 

 

80 

 

40 

 

N 

 

20 

 

Q_ 
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The Phon 

 

Not a unit you run across every day, 

 

the phon is used to designate loudness 

 

levels. It might be said to be to loud-
ness as the decibel is to intensity 

 

(audiologists will cry that I've over-
simplified things — the proper subjec-
tive unit is the sone — but we're close 

 

enough) . 

 

If a number of different tones all 

 

intersect the 50 phon contour at the 

 

same point, they all have the same 

 

loudness, regardless of the actual in-
tensity or frequency. 

 

As an illustration of how compli-
cated it can all get, and why I won't 

 

bother splitting hairs between phons 

 

and sones, imagine a huge cathedral 

 

organ playing a chord at the same 

 

loudness as say, a flute or piccolo. We 

 

just know that the organ is louder, and 

 

will swear blind that it is, despite all 

 

the physical evidence to the contrary. 

 

Perhaps it has to do with the harmonic 

 

content, or perhaps there are subjec-
tive factors that just refuse to hold still 

 

for physical measurements. 

 

The Loudness Control 

 

The equal-loudness curves illustrate 

 

the function of the hifi loudness con-
trol. If you're listening at 100 phons, 

 

the curve is fairly flat: an intensity of 

 

100dB produces equal loudness pretty 

 

much across the frequency spectrum. 

 

If the neighbours bang on the wall and 

 

AUDITORY SENSITIVITY AND LOUDNESS 

 

100 

 

3 4 56 8 

 

20 100 

 

2 3 456 8 

 

11000 

 

Frequency, Hz 

 

2 3 4 56 8 

 

10,000 

 

The sensitivity curve based on average healing. The vei-tical arts is sound intensity in 

 

decibels, with odB representing the threshold of hearing The horizontal axis is in 

 

Hertz. 
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Equal loudness eountours. Each curve is based on a midrange intensity of a certain 

 

level; the curve then shows how much intensity is required to produce equal loudness 

 

at other frequencies (Intext Publishers). 

 

you drop the level to 60 phons, a 

 

glance at the curve would indicate that 

 

a bass note of 100Hz falls an extra 

 

10dB in loudness, as does a 10kHz 

 

treble frequency. In other words, drop-
ping the volume has a drastic effect on 

 

the perceived frequency response; it's 

 

like turning down the bass and treble 

 

as well. 

 

To compensate for this, the 

 

manufacturers of stereo amps add a 

 

loudness control. Usually it's a simple 

 

switch, though expensive units might 

 

have an adjustable potentiometer. In 

 

theory, the loudness control is sup-
posed to boost the bass and treble if 

 

you turn the volume down, and cut 

 

them if you turn it up. 

 

In actual practice, the poor loud-
ness control is used more as an effect 

 

to get a thick, boomy sound. Since the 

 

great majority of popular music is 

 

electronically doctored to an enor-
mous extent, I don't suppose it makes 

 

much difference if you add even more 

 

exaggeration to already exaggerated 

 

sounds. If you listen to acoustic music, 

 

however, it can be a bit painful when 

 

guitars sound like double basses. Ah, 

 

to each his own. 
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Volume 

 

What then of volume? The word im-
plies loudness levels, but as we've seen, 

 

the volume control on your stereo is 

 

really an intensity control. The 

 

"volume" is supplied by your ear/brain 

 

interpreting physical quantities. It's of 

 

interest to note that the word never ap-
pears on professional audio equip-
ment; the label is usually "level", 

 

Pitch 

 

Pitch is to frequency as loudness is to 

 

intensity. The usual frequency range 

 

given for the ear is 20Hz to 20kHz, but 

 

like the previous measurements, this is 

 

just a generalization. Some people can 

 

hear to 25kHz or more, and some cut 

 

off at 10kHz. The ear's high frequency 

 

response diminishes with age and can 

 

be affected by illness or long exposure 

 

to loud sounds (though it's remarkable 

 

how the brain compensates — most 

 

will swear that nothing has changed). 

 

Our sense of pitch is not as ill-be-
haved as our sense of loudness. By and 

 

large, pitch and frequency are locked 

 

together and are not affected quite as 

 

much by intensity levels. There are 

 

graphs available which show that sub-
jects listening to pure tones report that 

 

tones below 500Hz sound lower in 

 

pitch with increasing intensities, and 

 

sounds above 3000 appear higher. Still, 

 

we don't often listen to pure tones for 

 

enjoyment. 

 

There is a scale of pitch using a 

 

unit called the mel. This unit replaces 

 

the Hertz when it comes to subjective 

 

measurements. For example, if a lis-
tener hears a 1000Hz tone (given a mel 

 

value of 1000) and when asked to 

 

choose a tone of one-half the pitch, he 

 

may well pick 400Hz (many people 

 

will). The 400Hz tone is then given a 

 

mel value of 500, because it appears to 

 

be one-half the pitch, or one octave 

 

down. 

 

There is one practical application 

 

of this phenomenon when it comes to 

 

music. The majority of musical instru-
ments are designed by acoustical rules, 

 

and the designers don't worry about 

 

pitch versus frequency, largely because 

 

most instruments have a limited range 

 

of fundamental frequencies. When it 

 

comes to pianos and organs, however, 

 

the great obtainable range means that 

 

the very highest and very lowest notes 

 

will not sound true if they are tuned 

 

according to theory. We'll be looking 

 

into this theory in a future issue, but 

 

for now, we can say that keyboard 

 

tuners have to adjust the extreme notes 

 

at both ends to compensate for this 

 

drifting apart of pitch and frequency. 

 

It's probably safe to say that the 

 

pitch/frequency problem arises so sel-
dom that we can ignore it for most 

 

purposes. 

 

Response to Tones 

 

Highschool experiments pointed out 

 

that two tones identical in frequency 

 

and phase (i.e., peaks and valleys oc-
curring at exactly the same time) will 

 

add together; the amplitude of the 

 

resulting wave is the sum of the in-
dividual amplitudes. Similarly, the 

 

result of two tones identical in fre-
quency but 180 degrees out of phase is 

 

a tone with an amplitude equal to the 

 

difference of the individual 

 

amplitudes. Such exacting conditions 

 

of frequency and phase tend to happen 

 

only under laboratory conditions. It's 

 

unlikely that two musicians could hold 

 

their pitches that closely, though it. 

 

might happen with synthesizers. 

 

A much more likely occurrence is 

 

two tones that are similar but not iden-
tical. In this case, the result tends to be 

 

the formation of beats, a pulsation in 
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COMPUTER PARTS GALORE 

 

316 COLLEGE ST. TORONTO M5T 1S3 

 

SALES,SERVICE 1-416-928-2161 FAX # 1-416-924-0292 

 

TOLL FREE ORDERS 1-800-387-1385 ENVOY100 ID: CPG 

 

*80287 SOCKET 

 

*CLOCK/CAL 

 

*STD AT** SIZE 

 

*4 LAYER PCB 

 

*6-16 BIT SLOTS 

 

*2-8 BIT SLOTS 

 

*U.S.A. BUILT 

 

*VLSI CHIPSET 

 

*8Mhz S1=7.7 

 

*10Mhz S1=10.3 
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AT BASIC SYSTEM* INCLUDES: 

 

ATTAK286 MOTHERBOARD (6/8/10 Mhz) 

 

ATTAK MANUALand SCHEMATICS 

 

640K(120ns)DRAM 

 

PHOENIX BIOS w SETU P/SPEED SWITCH IN ROM 

 

FULL SIZE ATFLI TOP CASE 

 

CGA or MGAVIDEO ADAPTER 

 

20OW POWER SU PPLY 

 

6 DISK SET OF SYSTEMWARE SOFTWARE 

 

5060 "TACTILE" KEYBOARD 

 

16 BITHARD/FLOPPYDRIVE CNTRL 

 

1.2MEG and 360K FLOPPY DRIVES 

 

1 YEAR PARTS/LABOR WARRANTY 

 

OPTIONS 

 

EGA UPGRADE 

 

EXTENDED MEMORY 

 

EXPANDED MEMORY 

 

80287 MATH CHIP 

 

44 Meg 36ms HDISK 

 

44 Meg 28 ms HDISK 

 

72 Meg 28 ms HDISK 

 

72 Meg 25ms HDISK 

 

MOUSE 

 

80287 MATH CHIP 

 

MODEM 

 

PRINTER 
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all for only $1999.95 

 

*MONITOR not included in BasicS stern Price 

 

**IBM,XTandAT are Trademarks oIBM Corperation 

 

SYSTEM U PGRADES ADD TO BAST C PR I CE 

 

EGA Video U gqrade 199.95 

 

EGAWONDE_R"Upgrade 70.00 

 

44 Meg 36ms Hdisk Seagate .ST251 775.00 

 

44 Meg 28ms Hdlsk Mini-scribe 6053 099.95 

 

72 a 28ms HHddlsk MIni-scribe6085 1399.95 

 

72  e�25ms HdiskTandon 3085 11250.00 

 

UMOS3.21
ouse '+149.95 

 

104.95 

 

2400 Baud Modem ', 99.95 

 

3 Meqq Extended Ram Ok 99.95 

 

EGA 3" Monitor 75.00 

 

80287-8 ', 25.00 

 

230W POWER SUPPLY ', 9.95 

 

BABY AT BOARDS -UPGRADE YOUR OLD PC or XT SYSTEM 

 

BABY AT #1 ONLY $649.95 6/8 Mhz. Fits in XT case. Runs all XT peripheral cards. 

 

6-16 Bit slots. 2-8 Bit slots AWARD BIOS ZeroK ram. Directly replaces motherboard in std. 

 

clone system. With Basic AT SYSTEM Above$1850.00 

 

BABY AT #2 ONLY $849.95 6/8/10/12 Mhz. Uses new CHIPS &TECH six chip 

 

chipset. Fits in XT case. Runs all XT peripheral cards. 6-16 Bit slots. 2-8 Bit slots. Expan-sion Bus runs at 8Mhz. Allows use 8Mhz peripheral cards. ZeroK ram. Clk/Cal. 

 

With Basic AT SYSTEM Above $2050.00 

 

MAIL ORDERS: We take VISA, MC 

 

AMEX. Cheques (2weeks for non-certi-
fied) C.O.D.$4.00 extra. Min.Order $25.00. 

 

Delivery & handling 5% (min $5.00) for 

 

surface del. Heavy items may cost more. 

 

Premium del.service of your choice, extra 

 

cost. All prices are subject to prior sale. All 

 

prices are subject to change without notice. 

 

RMA needed for retums. 

 

20% re-stocking fee. 

 

CABLES 

 

CableM25 
e Eft 1Oft 20ft 

 

Serial  M-F,M-M,F-F 14.95 18.95 24.95 

 

Par. DB25 F-Cent M 14.95 18.95 24.95 

 

Parallel Extension 14.95 18.95 24.95 

 

Monitor Extension 19.95 NA NA 

 

Keyboard Extension 9.95 NA N.A 

 

PAR/SER SWITCH BOXES 

 

AB to C $49.95 

 

ABC to D $54.95 

 

ABCDto E $59.96 

 

ACCESSORIES 

 

GENDER BENDER M-M,F-F,M-F $8.95 

 

RS-232 JUMPER BOX $8.95 

 

RS-232TESTER $14.95 

 

NULLMODEMADAPT $8.95 

 

FLOPPY CABLE 12.95 

 

EXT. FLOPPY CABLE :14.95 

 

3.5" FLOPPY CABLE $14.95 

 

LARGE SWIVEL STAND $19.95 

 

SMALLSWIVEL STAND $14.95 

 

WIDE CARR. PRT STAND $39.95 

 

STD SIZE PRINTER STAND $29.95 

 

UPRIGHTSTAND ATorXT $49.95 

 

XTDUSTCOVER $9.95 

 

GREYSCALE Adapter 19.95 

 

DXY-85 DISKETTE HOLDER 14.95 

 

GOLDSTAR DSDD. 10 disks 12,95 

 

GOLDSTAR SSDD. 10 disks 10.95 

 

GOLDSTAR2HD 10 disks 129.95 

 

GOLDSTAR 3.5" DSDD $29.95 

 

AlIGOLDSTAR disks 100%Warranty 

 

WIRED XT** CARDS 

 

Wired and tested, w//manual. Bare PCB's still 

 

availableASK$$$AII cards haveZeroK ram, 

 

no disks exceptwhere noted. 

 

COLOR GRAPH ICS adapter/par.port $64.95 

 

MONO GRAPHICS-w/par. ort $79.95 

 

EGAVideoAdappterw//256k 
p
 $269.95 

 

MGA/MIO Hi-ResTTLVideoAdapter 

 

w/DnveCntrler,ser/par/clk/game $179.95 

 

CGA/MIOColor/gra h1/ideoAdapter 

 

w&C
iv
o

eCritrIer'ser �ppar/clk/game $179.95 

 

DNTROLLERStd.1 to4drives $39.95 

 

XT1.2M 36OKFIoppyController $99.95 

 

MULTII�O.w flpy ser/par/game $119.95 

 

VR
O

INTERStdpara 
+2-serial

/

/clk�par/gamew/dis 89.95 

 

llel interface 39.95 

 

RS-232 Std serial w/oneport tAA.95 

 

GAMEStd 2 joystickports E39.95 

 

CLOCK/CALENDERw/disk ,95 

 

384MULTwser/par/clk/gameZeroK $129.95 

 

576K Ram xppansion ZeroKK $54.95 

 

2Meg Ram EMS card w/diskZeroK $169.95 

 

2Meg EMS & MULTIFUNCTION Card 

 

w/ser/par/clk/game ZeroK $219.95 

 

1200 Baud Internal Modem 
fl 

39.95 

 

MIDI CARDforXT/AT 19.95 

 

MIDI Source Book/DemoSoftware $19.95 

 

XT SYSTEMS 

 

Latest clone technology. 100%compatble. 

 

Le al BIOS. Fullytested and Burned-in. 

 

BAIC SYSTEMS INCLUDE: 

 

-640K Ram on 8 slot Motherboard 

 

-2 DSDD 36OK Foppy and controller 

 

-ATIXT51 
SO Tactile keyboard 

 

-Co ororMono// rapPhic Video Adapter 

 

-Hi-ResTTLorBJWCom . Monitor 

 

-Clock/Cal  Serial, Parallel, Game Ports 

 

-8Slot lip-fop case 

 

-150W Power Supply 

 

-6free disks of public domain Systemware 

 

Choose form these motherboard options. 

 

4.77 Mhz Std. 1075.95 

 

8 / 4.77 Mhz 2 Layer Pcb 11099.95 

 

8 / 4.77 Mhz 4 Layer Pcb 1175.95 

 

10/4.77 Mhz4 Layer Pcb 1195.95 

 

B BYAT6/8Mhz $1549.95 

 

D TO BASIC SYSTEM PRICE 

 

-20 Meg Hdisk with Controller $479.95 

 

-30 Meg RLL Hdiskw/ Controller $524.95 

 

$199.95 

 

$560.00 

 

$199.95 

 

$299.95 

 

$104.95 

 

DRIVES and CONTROLLERS 

 

PANASONIC JU455 DSDD 360K $149.95 

 

PANASONIC JU364 DSDD 3.5'720K $149.95 

 

JU3643.5'Drivewith Mounting Kit 169.95 

 

PANASONIC JU4751.2MAT Drive 199.95 

 

XT20 Meg Hdiskw/controller 99.95 

 

XT20 Meg Hard Card 649.95 

 

XT30 Megg Hdisk RLLController $549.95 

 

XTM-F-IVIHdiskController (w/cables) $159.95 

 

XTRLL Hdisk Controller (w/cables) $224.95 

 

AT44 Meg 36ms 1 2 heightST-251 $799.95 

 

AT44 Meg 28ms Full height6053 $1099.95 

 

AT72 Meg 28ms Full height6085 1399.95 

 

AT72 Meg 25ms Full height 3085 11250.00 

 

AT 16 Bit Hard/Floppy Controller 289.95 

 

AT16BitHard/FloppyRLLController :375.00 

 

AT 16 Bit Low-profile Ylard/Floppy 

 

Controller for XT size cases $299.95 

 

FEEWARE - CATCH THE WAVE 

 

Catalog Disk 250+ Disk library- $2.00 

 

Library disks each - 5.00 

 

10 or chore library disks each - 14.00 

 

Feeware of the Month Club 1 Year $49.95 

 

-Upgradeto EGAw/ 56k 

 

Uppggradeto EGA monitor 

 

-8b875Mhz 

 

-80878Mhz 

 

-MS-DOS 3.21 with system 
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amplitude equal to the difference be-
tween the two; for example, a 267Hz 

 

tone and a 260Hz tone would produce 

 

a beat note at seven times per second. 

 

Obviously, two tones far enough 

 

apart will be heard as separate tones; 

 

from listening to an orchestra we know 

 

that we can distinguish a vast array of 

 

tones and tonal colours (though it 

 

often takes training to improve this 

 

facility). If the two tones are fairly 

 

close together, say 400 and 600Hz, we 

 

can often detect sum and difference 

 

frequencies of 200 and 1000Hz. Of 

 

course, this depends greatly on the 

 

tones themselves; we might hear the 

 

phenomenon with two flutes, for in-
stance, but not with a kazoo and a 

 

flute. 

 

Electronic technicians may point 

 

out the fact that sum and difference 

 

tones result when tones are passed 

 

through a non- linear system; i.e., the 

 

system introduces a distortion which 

 

results in the creation of tones in the 

 

output not present in the input. The 

 

harmonic series generated (which we'll 

 

be covering in more depth) results in 

 

any extra sounds that we hear. The 

 

non- linearity as far as music is con-
cerned may be the ear itself; as we've 

 

seen, there is a variation in our percep-
tion of intensity and frequency as these 

 

parameters themselves change. 

 

It would be an interesting experi-
ment to take two tuning forks 100 or 

 

200Hz apart and see if the sum and 

 

difference tones can be heard. The 

 

sum tone is said to be more difficult to 

 

hear. 

 

If you have a guitar handy, you can 

 

try this. Finger an E on the second fret 

 

of the fourth string and pluck this note 

 

together with the open A or fifth 

 

string. Listen carefully for the dif-
ference tone; try sounding the notes 

 

separately and then together until you 

 

can detect it. What you're hearing is 

 

the difference note resulting from the 

 

interval of a fifth; the E (164.8Hz) 

 

minus the A (11OHz) gives a resultant 

 

of 54.8Hz. This is a very low note, one 

 

that you would associate more with the 

 

bass or the organ, so its amplitude is 

 

not all that high coming from a guitar 

 

body or guitar amplifier. Don't worry if 

 

you can't perceive it; it's no reflection 

 

on your talent for music or acoustics. It 

 

often takes a lot of practice to separate 

 

the familiar musical sounds into their 

 

constituent parts, or even some of 

 

them. 

 

In the next article, we'll be ex-
amining how the ear hears complex 

 

sounds, and we'll touch on basic 

 

acoustics, looking at phenomena like 

 

sound location, echo, reverberation, 

 

and other spatial effects. 

 

Sources: most of the information in 

 

the first two instalments comes froin 

 

these books, all highly recominended for 

 

a good read as well as references: 

 

College Physics, Weber/Man-
ning/White, McGraw-Hill 

 

Music, Physics and Engineering, 

 

Olson, Dover Publications 

 

Sensory Experience, Christman, 

 

Intext Educational 

 

Oxford Companion to Music, 

 

Scholes, Oxford Press 

 

■ 

 

New Model 

 

for IBM 

 

• AT/XT/Tu rbo 

 

Only K.E.M. original almighty SUPER EP-ROM TOASTER can 

 

support 1 Mega bits EP-Rom programmer, 1-chip CPU 

 

programmer & EP-Rom emulator adapter units. 

 

Features: 

 

• Program 2716 to 27512 including CMOS and A versions in super 

 

high speed. 

 

• Can Program 32 pin type/Mega bits EP-Rom with optional adapter 

 

unit KEM-904. 

 

• Call Program 1-chip CPU with optional adapter units 

 

KEM-903A (8741/48/49) or KEM-903B (8751). 

 

• Also with an optional EP-Rom unit KEM-902 this programmer 

 

becomes a powerful development tool. 

 

Super EP-Rom Toaster 

 

KEM-901SPfor IBM .$195.00 

 

KEM-901 for Apple .. $195.00 

 

1 Mega bits EP-Rom 

 

Programmer adapter unit 

 

KEM -904 $130 

 

1-chip CPU Programmer Unit 

 

KEM-903A, KEM-903B .. $145 

 

EP-Rom Emulator adapter 

 

unit 

 

KEM-902 (Max.256K) ... $130 

 

Intel HEX or Motorola, format - Binary format convert software. 

 

(to Program from C-compiler, Assembler etc. into EP-Rom) $ 50 

 

$6.00 for shipping. Plus PST for B-C. residents. Plus C.O.D. fee, if 

 

required. Sorry we have no facility for credit cards and do not accept 

 

invoices orders. 

 

K.E.M. Electronics Ltd. 

 

Mail to Box 69126 Station(K), Vancouver, B.C. V5K 4W4 

 

Office 879E. Hastings Vancouver (604) 251-1514 
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Dad, 

 

ou ve got  to 

 

me:Yelp 

 

"Sandy, what's wrong? Are you hurt?" 

 

"No, Dad, I'm fine." 

 

"Where are you?" 

 

"At Pat's. We all came over here to celebrate 

 

after the game." 

 

"It's almost 12:30. Isn't it time you called 

 

it a night?" 

 

"That's just it. Remember you always told 

 

me if I was out never to drive with anyone who's 

 

had too much to drink? And not to be afraid to 

 

call you if I had no other way of getting home? 

 

Well, tonight I'm taking you at your word." 

 

"Stay right there. I'm coming to pick 

 

you up." 

 

"Thanks, Dad. Oh, and something else." 

 

"Shoot." 

 

"Are you angry with me?" 

 

"Angry? No, Sandy. Not on your life." 

 

Seagram 

 

We believe in moderation and we've 

 

been saying so since 1934 

 

Circle No. 4 on Reader Service Card 

 

For a free chart on responsible drinking limits, write to us. P.O. Box 847, Station H, Montreal, Quebec. H3G 2M8 

 



The Hitachi Compact Series .. . 

 

nothing else comes close 

 

Sure there are other 60 and 100 MHz service 

 

scopes out there but do any give you the 

 

features, quality, warranty and price of Hitachi's 

 

compact series? 

 

With features like trigger lock, autoranging, 

 

cursors and self calibration in this compact 

 

package, you'll agree that nothing else 

 

comes close! 

 

a 

 

I 

 

I 

 

To arrange a demonstration call 

 

1-800-268-3597 

 

Hitachi  en hi  Ltd. (Canada) 

 

Head Office: 

 

65 Melford Drive, Scarborough, 

 

Ontario M1 B 2G6 

 

Tel.: (416) 299-5900 

 

Ottawa Office: 

 

159 Colonnade Road, Unit 3, 

 

Nepean, Ontario K2E 7J4 

 

Tel.: (613) 727-3930 

 

Performance Proven Electronics 

 

Eastern Office: 

 

8096 Route Trans Canadienne 

 

St. Laurent, Quebec 1-14S 1 M5 

 

Tel.: (514) 332-6687 
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Western Office: 

 

3433-12th Street N.E. 

 

Calgary, Alberta T2E 6S6 

 

Tel.: (403) 291-4388 

 


