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Al1 OROERS PROCESSED PROMPTIY. sSEN0 409 Queen StW.

CERTIFIEO CHEQUE, MONEY OROER OR
CHARGEX, M/C NUMBER, BANK NAME OR
NUMBER, ANO EXPIRY OATE.

MINIMUM OROER $5.00. ONT. RES. AOO
7%. ALLOW 5% SHIPPING—EXCESS RE
FUNDED. PRICES SUBJECT TO CHANGE.

/ software too!

OHIO SCIENTIFIC
SUPERBOARD

The lowest priced stand-alone system
You can buy. You've seen all the ads.
What more can we say and we have

ARKON KITS

01 Auto Head Light Reminder

................ $3.95
02 Hi-Power 12V Flasher ., . . $5.9
03 0-24 1A Power Supply
............... 18.95
04 Single Channel Colour Organ
s 4' 5 10 (0) BAl N AR A $6.25
05 3 Channel Colour Organ . $18.95

I 06 Shimmer Light Kit . . . . . $7.25
07 Xenon Strobe . . ., .. . $15.95

Itd ~ LED SPECIALS 08 Loudmouth Siren . . . . . $12.25
09 30W Soldering lron . . , . . $7.25

/ RED Jun‘;bu .................. 6/81.00 | 1/ 314 1003 Cor Clock. | 819,95

Medium 6/$1.00 8 11 MA 1023 Car Clack. . . . $19.95

Mini........ 6/$1.00 ] 12 AM-:=M Freq. Readout . $49.95

EN 13 Decision Maker . . . ... . $4.95

Toronto Ont GRE l'lv'll:;?:m g;::w 14 5 Transistor IW Amp. . . . $8.95
M5V 2A5 . /8100 | 15 Timer Board 555 . . . . . . $3.95
Minl....oocniiien 5/$1.00 | 16 Code Oscillator 555, . . . . $3.95

8681315 AMBER Jumbo................., 5/$1.00 i; ggg«;?ey Brass WWH. . . . $3.95

Med ) -TTL Converter . . . $9.95

Minimm ; g;:}g 191C Amp (LM380) . . .. .. $5.95

CPU+10+DOS
*hk S100 *xk

The ARKON CP/10-1 is an §-100 card that has

ASK
OUR
CATALOGUE

FOR
1980

Flashing Red

Red and Green Pinhead . .
Bipolar-Red, Green, Amber . 3/$2.00
Chrome Jack.ei. .R.eb.. éa.nél.sl.SOea.
Black Mounting Hardware 6/50¢

20 Crystal Radio

/812000 S e & L e A

22 HE—NE Laser Kit

3/$3.50§23 TRS/80 . Apple Upgrade Kit

24 FK~10CM, Super LCD Alarm
Clock Module $29.95

.. .$149.95
$119.95

all the CPU, Disc control and 10 capability
needed to construct a disc based microproces-
sor system for business, hobby or scientific
system, Features are:

*2 Mhz 8080-A, fully buffered §-100.

*E1A-RS232 port, 110 to 76,000 baud.

*Fully vectored interrupt (TMS-5501).

5 Interrupt controlied timers.

*E1Aport for printer up to 9600 baud.

Disc controlier on board {1771).

*Shugart 400, 800, Memorex 550, Plus.

*0n board digital data sepatator.

*2K bytes EPROM.

*24 fuily handshaked 10 lines.

*Qual mapped 10.

*MWRITE generation on board.

*Software driven cassete interface.

ARKONGO KEY ASCII

KEYBOARD KIT

FEATURES

60 Keys generatc the full ASCII set. (128
with upper & lower casc)

Fully buffered output compatible with
TTL/DTL/MOS logic arrays.

Caps lock for upper case only Alpha
characters

Uses a KR2376-ST ENCODER read only
memory

Easy interfacing with 20 pin Header Strip
On board regulator for +5V and inverter for
-12V allows universal single supply
operation on +5 to +30 Vdc. Typically,
draws 150 mA

Parity invert selectable

POWER AMP MODULE KIT
T00WATT $49.95ppd

WATT $34.95ppd
TX~-80DOT
MATRIX PRINTER

Now an affordable 150 cps dot matrix tractor
feed printer can be bought in Canada for the un-
heard of grlce of $995.00. Easilg attaches to Apple
II. TRS-80, PET, etc. through readily available
interface options. Write for details,

TX-80. Parallcl Interface $995.00

FORT//80

ARKON CPIO

VIDEO TERMINAL
KIT

DISPLAY: 64 char per line x 16 ling per frame

— Parity output AKB-1

Data invert selectable

Repeat Key

Keypress and keypress output
— Strobe and

trobe output

$89.95

S.D.SYSTEMS

FORT//8C Is here at an affordable price. A fast, resident
Fortran compller. Produces directly executable, highly con-
densed machine code for the 8080, (will run on Z80 and 8085).
Runs on any CPMC system.

Direct |0 t0 8080 ports
*Fortran interrupt control

*Accepts embedded In-tine code
*ANSI FORTRAN IV subset

'
|
|
|
]
] *SAingle, double precision  ®Custom i0 drivers
. ‘ H .
) OISPLAY: ¢ .5X7UOI matrix, 64 ASC|I char Z-80 Starter Set MPB-100.280 oMemory mapped i0 sMade in Canada
) VERTSYNC: 60 HzXTAL controlled | =77 ° 70 =77 $425.00( oo o s - . $325.00 d
HOR SYNC: 15.840 KHx XTAL controlled SBC200 . . .$425.00|sBC 100 . . .$369.00] S¢N nog!fora(ulldata sheet and sample program. 1
 VIDED 0/P: 1V p-P composite video Versafloppy 11 Versafloppy | Copyright Arkon Electronics, Digital Research of Cal. 1
: 1/0: Parallel port to ASCII keyboard Enamiobram o0 wasenyaeb28008 PORTIAN  axsssspinessmvessroresssiisonioniy $9.00 )
+20ma Cufl'en“OOp +R82‘3 2 ........ $249.00 PROM 100: $249.00 MANUAL ONLY [APPL'ES To BUY] ........... mw lll
: BAUO RATE: 110 to 9600 Baud remote sel DATASHEET ANOSAMPLEPGM ................... N )
y POWER: 5 1A CS + +12VDC forR5232 [expanaoram 1 ExpandcRam 1 VIDED MODULATOR KIT | WHISPER LIGHT KIT ]
1 . (I)PG(K ...... :ggggg A4MHz, OK  .$325.00 gonven[s :{ny TV rglwdeo monitor An m!ereﬂs!mg:;l small mike picks 1]
REBG416..... $169.95 = J16K.. .. .. . OISR L $465.00 Fluper s 35 ‘esruna e over ch 4-6 . up sounds and converts them to 1]
15y d Ight Th h
] LOWER CASE POWER SUPPLY QLIRS § gl $469.0032K. . . . . . $585.00 s.;:.!;fgm unnzcncfhpersmﬂfue‘; Sl t;?lgmsr :nelc:.?h? é;n:&l{:fy’ ,:::: 1]
MB8K. ¢ 56 = . $569.0048K. . ., . . . $705.001 Complets kit vD-1 $8.95 contained includes mike runs on
0PT|0N ...$16.95 OPTION . . .$16.95 4 $669.00 ’ 110VAC conlrots u ”
| WIREDAND TESTED .. .. $239.00 T Er T ag e R $825-001"SUPER SLEUTH g ur | commciern w54 55
.. 8239, Al data on request ARl i Sl ﬁ’ } Complete kil W1 .
pifier which will pick LED BLINKY KIT 1]
d ‘ A n
: M E M o R E x 550 B ]’%R]‘S 51 50 E?eiﬁ'é\. m';:nf;:.lg r’;ea‘;y 8 100m or :agr:a?:tftaa’s‘;:'sog ?uer:\lts;;thé?): all:las'e lII
; " g : 8 sition DIP switches . . .. .. .. 3 as general purpose amplitier Full 2 for name badges butions warning
o0 sompatine a a rassonabe pis . Ca,. | S~TOD Comnectars, Solder fat: [ 11 $398 | MR | RIS |
; e Wrap .. . ... B Comptete ki_BN-3 $5.95 1 BL-
) ada. Ask fora data sheet as there is notenough § DB-25Plug . . . .. .......... $5.95 TONE DECODER Cﬁ;’i‘;:’; ;(;::‘L 1 $2.95
] space here to do justice to this high quality unit. § DB-25 Socket . . . . .. ........ $5.50 | | e O\ 2 /MUSiC, LIGHTS J
| DEISIMaIl 2 45 5e aarvme s ol SL75 | fnedeticion w lghts Meker wits mssc Onecreny N
3 a single board b~ > ;
MEMOREX 550 ORIVE ................... $650.00 | Quad 20K Joy Stick . .. ....... $9.95 Feaien” 46000 O for ows. e forthe mid range ang :{:
it 4 dvidually adjustadle and drives
20 lurn pot vollage reguiation 567 A
LED BAR GRAPH AND ANALOG METER ORIVER IDEALER INQUIRIES (€ Uselultortouchtone decodng | 0 e cosne o meres and ()
. also be used as 8 stable tone en- Complete kit ML-1 $14-95 )
Two new chips from National, the LM3914 for linear lNV'TED ot Rons ane 1o E e
meter applications and the LM3915 for logarithmic 2 TO. FM WIRELESS MIKE KIT
audlio uses. Both drive 10 LED's to make bar graphs, ;om;'eﬁu — 28,95 Transmits up to 300" |F|
audio power meters, etc. Can be cascaded for lo-o-ng IREN KIT to any FM broadcast |F|
stk AR Fl Sothale: | R EL Y. ]
igeCIpl.pBi';t:reLsébQ;') includes 12 page data sheet. 5 W peak auioouio N Type FM-2 has added sen. ==
mitni L N

¥Olts. uses 3-45 ohm speaker
Comptlete ki SM-3

sitive mike preamp stage

FM-1 kit $3.95 FM-2 ki $4.95




Vol. 4, No.3

March 1980
ISSN 0703-8984

Assistant Editor
JOHN VAN LIERDE

ADVERTISING

Advertising Manager

MARK CZERWINSKI
Advertising Services

NANCY ALLEN

Advertising Representatives

JIM O'BRIEN

Eastern Canada JEAN SEGUIN &
ASSOCIATES INC. 601 Cote Vertu,
St. Laurent, Quebec H4L 1X8.
Telephone (514) 748-6561.

Subscription Department
BEBE LALL

Accounts Dapartment
SENGA HARRISON
Layout and Assembly
SARAH-JANE NEWMAN

Contributing Editors

WALLACE PARSONS (Audio)

BILL JOHNSON (Amateur Radio)
JOHN GARNER (ShortWave Listening}
STEVE RIMMER {Video)

DAVID VAN IHINGER {Servicing}
EDITORIAL AND ADVERTISING
OFFICES

Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H 181
Telephone {416) 423-3262

Pubtished by Electronics Today
International {Canada) Ltd.

Printed by Livingstone Printing Ltd
Delta Web Graphics

News Stand Distribution

Master Media, Oakville.

COPYRIGHT

All material Is subject to worldwide copy.
right protection. Atl reasonable care is

taken to ensure the accuracy of the
Imformation.

AN ETI PCB Patterns are copyright .
No company may sell boards to our
designs without our permission.

INTERNATIONAL EDITIONS
Electronics Today International,
145 Charing Cross Road,
London WC2H 8DEE, UK.
Electronics Today International
Ryrie House, 15 Boundary St.,
Rushcutters Bay, Sydney, Australia,
Managing Editor Collyn Rivers.
Acting Editor Roger Harrison
Elrad
Kommanditgeselischaft, Bissendorfer
Strasse 8, 3000 Hannover 61 Germany
Editor Udo Wittig
Electronica Top International
Post Bus 93 Bifthoven, Holland
Postal Information
Second Class Mail registration number
3955, Return postage guaranteed: Post
office returns to Unit 6, 25 Overlea

8ivd., Toronto, Ontario., M4H 181

ETI CANADA-MARCH 1980

electronics today

international
INCORPORATING ELECTRONIC WORKSHOP

PROJECTS

Electromyogram,partl......... N SRR, RO R Rk L1 el 12
Designed with our biofeedback article in mind.

Battery Condition Indicator ...... PISEERMIE R o8, DR L S T TS A2 S 18
Without it, you could get stuck.

Vife TraCBN - o oalacle o s aius rouat dys apale o Siapere AReItsMede v oo Keliyel;s

Sound out wires safely.

Calcumeter 4T00 Review. . . .......cciiiieenerernennennsas
User report of a revolutionary piece of test gear.

Biofeedback . m i St s s o St Lo et e T bia, o e e AT B b bl 36
How to control yourself.

GAINCONTrOLIPAIT I . i dic® v 85 e o o elop o s i 05 e s AT as ot s & 7a Rl 40
More circuits from Tim Orr.

POWBESUPPIES: adi Ko AT WS e e ot S b o fa aAsa o 5 A e vaae SHuirar e s bageld 50
Power to the people? How to get yours.

Self Resonant Capacitors. . .......coviveeivenneereennansnns 56

Your next tank circuit could be a 1p ceramic.

NEWS &COLUMNS

INOWEIDIGOST: o+ e « "o wialetRlatanans o] or's B sfle Srelyofo Tang ol at o oMo L0 SEI Vi Han
AU IOV TR AT 25t s o i o el e e vy v sihbe svanihe o B IoIEITE ool sar xalavalemary 12
Wally Parsons takes a look at an old classic, the class A amplifier.

W RS DMisaci it s e o T hirtelaatngs, i17s.ro s S fovise 00, ok o1 s Puas¥ e SARe s nehot 31
Hints on how to make TV work for you from Steve Rimmer.

The Middie East, ListeningWiththeWorld . .................. 44
Find out more about the oil countries, John Garner tells you how.
SOTVICOINGWS . s o o s/ et o Tire o sore e & onorlietonnl et ombvRAetian e hel e o e 48
This month, David Van lhinger introduces himself.

(O R T N P o - A R R G AR T o 5 T T O L TR 63
Doubtful about morse code? Bill Johnson sounds out,

Teacher's ToPics . . v . /v ve st oss Sonmsddesies R T R e A 64
Implementation of a circuit design can often be d/ff/cult here’s an easy way.
TherFun OFf EleCtronics. . « v« « o ote oo’ o e siasore ot o edANTS L0 70

More musings from Paul Geiger.

INFO & MISCELLANEOUS

Next Month IR ETI . . ......... Feedbaok. .oy v et 5 o bt riile s

Reader Service Cards . , . ....... 58 Classifieds oo ois bt Sxoie vt mlad: v 71
SUBSCHItIONS i a1 e o o omete s am v s 58 Babanibooks............00. 75
LT 1o [ A S SPETRE  E O B 59 ProjectFile ....vvvevveorsnn 73
Samis BoOKS:: & s o.0 3% gtz oo igsns 60 General Information .. .. ..... 74
TABBOOKSY sla .2 o orope i dber cabna 67 Advertiser’sIndex ... .. Fesi G ¥ 74

THIS MONTH'S COVER. A small package with big idess is an apt description of the
Calcumater 4100, This month we took long look at the Calcumeter and what it can do,
Read about it on page 27.
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Fibre Optics And The Telephone

In late December Bell Canada completed
placement of the first high capacity fibre
optic cable in its Ontario and Quebec regions.

The company’s Ontario Region engineer-
ing staff of its Technology Development
Department will now add opto-electronic
components to the eight kilometre cable join-
ing the 20 Water St, switching centre with the
microwave radio site on Mannheim Rd. west
of Kitchener, and by mid-year will start per-
formance monitoring tests of the optical
transmission systems.

Transmission of the system will be at the
DS-3 data rate of 44.736 megabits (44.7
million units of information) a second or 672
equivalent voice conversations on each pair
of hair-thin glass fibres. With traditional trans-
mission methods, one pair of copper wires can
carry not more than two conversations at one
time in the subscriber loop network and
about 12 in the trunk network (intercon-
necting switching centres and other equip-
ment sites.)

The Kitchener trial will be the first time
optical fibre has been placed in Bell Canada
as an entrance link, ie. connecting the
switched telephone network with the 8 giga-
hertz DRS-8 microwave radio system which
later this spring will join Toronto and Calgary
through the TransCanada Telephone System
network.

The Kitchener system was designed by
Bell-Northern Research and manufactured
by Northern Telecom and uses all-Canadian
assemblies. This type of system will be
installed for actual network service in
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Sudbury, Kingston and Ottawa and parts of
Quebec in 1981.

Two other lower capacity optical fibre
systems are currently being tested by Bell
Canada; a trunk network test in Montreal,
and a subscriber loop network test in the
Yorkville district of Toronto. Cable for two
other trunk network tests has been laid in
Montreal and Berthierville, Quebec for trial
this year.

The Yorkville trial, when it was opened in
December, 1978 was the first in the world
to connect a telephone switching centre by
optical fibre with actual telephone sub-
scribers. Thirty-six households are currently
receiving phone service in this system, and
a demonstration centre in the same area is
connected by 1.2 kilometres of optical fibre
with the 15 Asquith switching centre to carry
simultaneous two-way telephony and TV sig-
nals in both uni-directional (two fibres) and
bi-directional (signals over one fibre) appli-
cations.

Optical fibre systems, like the one to be
installed in Kitchener, comprise tiny tight
sources that convert voice and data signals
into coded light pulses which are transmitted
down the inside of very pure glass strands and
re-converted in electrical signals by a light
detector at the receiving end. The light
sources in the Kitchener trial will be 4 tiny
injection lasers, designed and developed by
Bell-Northern Research, which pump out §
milliwatt light pulses (about .02 per cent of
the cutput of a 2§ watt light bulb) some
44 million times a second. This is the first
time that Bell Canada will use lasers in an

VS DIGEST ™

operating communication systems and is
a forerunner of the future when signals will
be transinitted by lasers 30 to 50 kilometres
without need of repeaters.

The cable in Kitchener is coated by an
air-tight plastic sheath and contains six slots
arranged around a plastic core which itself
encloses a steel strength member. Four of
these slots each contain three strands of
fibre .000125 metres (5/1000ths of an inch)
in diameter. The others will hold two pairs
of copper wires used for pressure alarm
cicuits and emergency voice communication
during maintenance or restoration procedures,

Bell-Northern Research started work on
optical fibre communication systems in 1972
and first installed a working system in 1974
for the Department of National Defence.
First test by Bell of optical fibre in the oper-
ating network started during October, 1977
between two switching centres in Montreal.
Early success of this trial led to development
of the pioneering Yorkville trial.

Principal advantage of using glass fibre
rather than copper pair as a transmission
medium is the increase of capacity by
hundreds of times and the efficiency and
economy of sending light pulses up to 9 kilo-
metres without the need of repeaters,
compared with about 1.8 kilometres for
copper. Moreover copper is a diminishing
resource and becoming more expensive
whereas optical fibre is made from one of the
world’s most abundant resources, silicon —
commonly found in sand — and is expected to
drop in price as manufacturing techniques
improve and demand for it grows,

Bell Canada will make other trunk
installations of optical fibre on a regular basis
from 1981 and will start placing fibre in the
subscriber loop network starting about 1986
in the densely-populated urban areas of
eastern Canada.

Since it permits simultaneous transmission
of voice, TV and data signals, optical fibre
has been suggested as the ideal medium for
“wired city” communications in the future.

Want to know more? Write to: Douglas
C. Peck, Supervisor-Technical Press, Public
Affairs, 393 University Avenue, Floor 19,
Toronto, Ontario M5G 1W9. (416) 599-
6840.

Expose Yourself

News Digest is a regular feature of ETI
Magazine. Manufacturers, dealers, clubs and
government agencies are invited to submit
news releases for possible inclusion. Submis-
sions, or questions about material, should be
sent to: News Digest, cfo ETI Magazine,
Unit 6, 25 Overlea Blvd., Toronto, Ontario,
M4H 1B1.

Audijo product news will be directed to
Audio Today’s product department, and simi-
larly Shortwave news will appear in
Shortwave World. Sorry, submissions cannot
be returned.
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Hams Take Note

Weekend Projects for the Radio Amateur is
written for the electronics hobbyist interested
in constructing low-cost Amateur Radio
equipment while investing a minimum of
time. Volume 1 in a series, Weckend Projects
is a 60 page soft-bound book which supplies
the builder with schematic diagrams and help-
ful suggestions for the construction of a pre-
amplifier, noise blanker, transmatch, 160-
meter converter, small transmitter, amplifier,
external VFQ, plus various test equipment
and Amateur Radio accessories.

Weekend Projects for the Radio Amateur
is available directly from the ARRL or local
electronics dealers tor $3.50 (sug.).

FFor more information contact: Ms. Bobbie
Chamalian, Publication Sales Manager, ARRL,
225 Main Street, Newington, CT 06111.

ETI CANADA—-MARCH 1980

‘Nother Portable VCR

Readers of News Digest may remember we
commented on RCA’s VDP 150 portable
video casselte recorder. It seems now that the
tnarket is just starting to open up.

Sony of Canada, Ltd. has introduced the
V04800 portable U-matic videocassette re-
corder.

The compact recorder has built-in features
such as field editing capability for smooth
picture transitions, a three way power opera-
tion, warning lamps and relatively low-power
consumption.

This selt-contained unit also features an
antigyroscopic mechanisin that stabilizes
mobile operation in either a vertical or hori-
zontal position.

Used with Sony’s new DXC-1640,
portable Trinicon camera, users have a versa-
tile 2-piece system that is idea! tor EFP of
ENG applications where portability is desired.

For more intormation write to: Sony of
Canada, Ltd., Industrial Division, 411 Gordon
Baker Road, Willowdale, Ontario. M21i 2S6.

A Really Small Scope

The SC110 is a truly portable professional
oscilloscope. Priced at $499.00, it has many
applications, including field service,
laboratory bench use, technical education and
amateur electronics.

Fitting easily into a briefcase or toolkit,
weighing less than 2% pounds, and offering
performance of standard bench oscilloscope,
the SC110 is perhaps one of the most flexible
pieces of test equipment on the market.

The basic specification of the single trace,
10MHZ Bandwidth and 10mV Sensitivity,
together with attractive styling, lightweight
portability, low power eonsumption, clear
bright display, and simple controls, adds up
to a unique combination of features. The
SC110, with a 12 month guarantee, and a

range of optional accessories, is now avail-
able from Audiex Electronics distributors
or write to Audiex at 1735 Avenue Road,
Suite B, Toronto, Ontario M5SM 3Y7.

PSST! Got A Secret?

Budding cryptologists will be interested in
a new publication, The Code Book by Michael
Marotta.

The book goes into considerable detail on
codes, cypher, computer applications and
how to successfully employ your secret code.
In addition the author adds a good historical
perspective to the subject.

The Code Book $6.95 + $1.25 shipping
from Loompanics Unlimited, P.O. Box 264,
Mason MI 48854. U.S.A.




NEWS DIGEST

New DVOM From Hickok

New from the Hickok Electrical Instru-
ment Company is the latest in their LX Series
of low cost hand-held DVOM’s . The LX 304
teatures & % inch 3-%2 digit L.C.D. display,
automatic polarity, zero and over-range in-
dication and other features.

Designed tor convenient and economical
bench and field use, Hickok LX Series multi-
meters are self-<contained, with test leads that
store in the removable, protective thermo-
plastic cover. Hickok claims they will with-
stand a four foot drop without loss of
accuracy. A complete line of accessories
extends their use into high voltage applica-
tions and temperature measurements beyond
the capacity of comparably priced analog
meters.

Contact H. Rogers, P.O. Box 310, 595
MacKenzie Avenuc, Units | & 2, Ajax, Ont.
L18S 3Cs.

MOTOROLA SQUARE SOLAR CELL

FULL CELL
1.25 W Typ

Solar Cells

Utilizing its advanced solar cell technology,
Motorola Solar Systems has announced the
production of square solar cells for the di-
rect conversion of sunlight to electricity.

The new square cells, 100 cm X 100 cm,
offer 20% more density than round wafers.
All square cells are now available in 33-cell
modules, with full square cells giving 40
watts per module.

Applications of the new square cell photo-
voltaic products include village power
systems, remote communications equipment,
offshore and forestry equipment. Other
applications in which such devices are in
current use include cathodic protection for
buried pipelines to prevent corrosion, electri-
cal power on boats, for water pumping, and

/2 CELL
0.6 W Typ

/4 CELL
0.3 W Typ

for microwave relays and navigational aids.
Other uscs are in emergency phones, portable
equipment requiring electrical power and in
remote refrigerators,

Other teatures of the new square cell mod-
ule are: High reliability due to redundant in-
terconnects; across-the-cell contacts eliminate
potential power loss due to cracked cells;
maintenance-free construction, with tempered
glass superstrate and stainless steei frame; and
low cell temperature.

Price of the MSP43A40, 40W panel is
$476.00 US ($71.90 per W) in quantities of
100 and up. Additionally 10 and 20W
Modules are availabie. Write to Motorola
Semiconductor Products, P.O. Box 20912,
Phoenix, Arizona 85036. Call Bob Hammond
(602) 244-5459.

Low Cost Keyboards

Two professional quality keyboards suit-
able for demanding environments, the VP-601
with a 58-key typewriter format at $65. US
and the VP-611 with the typewriter format
plus a 16-key numeric keypad for fast data
entry at $80. US have been announced by
RCA. Both boards feature tully encoded,
128-character ASCil alphanumerics in a
desk-top style package. They utilize flexible-
membrane key switches requiring only a light,
but positive, pressure for activation. Contact
life is rated at greater than five million cycles
per key. A finger-positioning overlay
combined with the positive keypress action
gives good operator “feel” and an on-board
tone generator gives aural keypress feedback.

The keyboards operate from a single 5
volt DC supply and include and LED power-
on indicator. The buffered seven-bit ASCIH
output is TTL compatibie. The user may
select either the full 128-character upper and
lower case alphanumerics or 102-character
“‘upper-case-only.” The typewriter format
also includes two user-definable keys (switch
closures). Two-key-rollover circuitry, even
parity bit and buffered KD (keydown), KD,
Strobe and Strobe handshake signals.

For further information contact RCA
COSMAC ViP Marketing, New Holland
Avenue, Lancaster, PA 17604,

Precision Voltage
Regulators

Teledyne Semjconductor is offering a set of
three comnprehensive data sheets on its new
voltage reference product line, These data
sheets supply detailed information on the
9491 (1.22V), 9495 (5.00V) and the 9496
(10.00V).

All three references use the band gap prin-
ciple to achieve extremely tight regulation
over a wide range of operating currents and
temperature conditions,

Teledyne Semiconductor’s references are
ideally suited for use in such applications as:
A/D converters, D/A converters, voltage reg-
ulators, VOM and VTVM’s. They are available
in both hermetic or plastic packages. Temp-
erature ranges are 0°C to 70°C and -55°C to
+125°C.

For a complete set of data shects write to
Teledyne Semiconductor, 1300 Terra Bella
Ave., Mountain View, Calif, 94043,
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Using Bubbles

An eight-page brochure entitled “A Total
System Solution to Magnetic Bubbie Mem-
ory Applications” is now available from Inte!
Magnetics, Inc.

Included are discussions on: the concept
of bubble memories; an examination of both
the Intel 7110, and the one-megabit bubble
memory; and the support electronic family
which completes the system.

Copies of the “Total System Solution to
Magnetic Bubble Memory Applications™ may
be obtained at no charge by writing to the
Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

Tiny Toolkit

Moody Tools, Inc., has introduced their
Super Economy Tool Set, a precision sub-
miniature 3 oz. tool package for field engi-
neers, technicians and lab personnel.

More specifically, the Super Economy Set,
stock no. 58-0154, contains a knurled, chuck-
type, swivitop handle and the 27 interchange-
able tools; six slotted drivers from .025" to
.100”, two Philips, no. 0 and no. 1, six Allen
from .028” to .093”, eight open-end
wrenches from 5/64" to 5/16" and five
socket wrenches/nut drivers from 5/64” to
57327,

For complete information on the Moody
Super Economy Lightweight write to Len
Finkler Limited, 25 Toro Road, Downs-
view, Ontario M3J 2A6.

== LEADER’S New portable semi-checker that
automatically identifies emitter, base, and collector
and gives an absolute meter readout of gain and
Model No. leakage.

LTC906. * In-Out Circuit

$279 OO * Automatic

-

* L.E.D. Display
* Transistors, F.E.T.s, Diodes

* 2 YR. WARRANTY
AVAILABLE IN CANADA AT AUTHORIZED LEADER DISTRIBUTORS

7 omnitronix Itd, &

2056 South Service Rd., Trans Canada Hwy,
Dorval, Québec. H9P 2N4
Tél. 683-6993 - Télex. 05-822692

esspben

Represented in
Canada by:

e o
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THE VACUUM TUBE is a device in
which current is controlled by the
voltage applied to a control electrode.
As such it is possible to produce a
current flow pattern which is the
counterpart of a voltage wave-form, If a
resistance is placed in the external
circuit, the varying current flow will
result in a varying voitage drop across
the resistance, and if the current
variations are great enough and/or the
resistance is of an appropriate value, the
resulting variations in voltage drop may
exceed the voltage variations on the
control electrode. In other words, the
AC output voltage wilt exceed the input
voltage, and the stage behaves as a
voltage amplifier.

We examined this mode of operation
fast month, using a triode tube as our
example. One of the characteristics of
all vacuum tubes is plate resistance,
which is the resistance to the flow of
electrons between plate and cathode,
If a voltage is applied across the tube
a current will flow whose magnitude can
be determined by Ohm’s law. Since cur-
rent flow is also controlled by the voi-
tage on the control grid, then it is pos:
sible to regard the tube as a variable
resistance whose instantaneous internal
resistance .is controlled by the signal.
This is illustrated in Fig. 1, in which
Rv is the vacuum tube and Ry is the
load. If Ry is made large as compared
with Rv under zero signal, the current
flow will be small, but large voltage
swings can be produced at the junction
{x).

Suppose, now, that we reduce the
value of R to a value close to that of
Rv. We can still swing the voltage at the
junction (x) over a wide range, but
now the current wiil not only be higher
at zero signai, but the swing will be
greater. This is shown in Fig. 2 which

8
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Developments in audio reviewed by Wally Parsons

plots plate voltage against plate current
for a variety of grid voltages. The line
xy is a load line drawn for three differ-
ent values of load resistance.

Since power is the product of current
and voltage, it can be seen that a large
increase in current with only a small
reduction in voltage results in an
increase in power dissipated in the
entire circuit, and that if R and Rv
are of equal vatue, half the power will
be dissipated in each,

In real tubes, we connot always use
this relationship, in part because we are
more likely to be interested in max-
imizing the power in the load, and in
part because this may not be the most
linear mode of operation for the indi-
vidual tube,

Fig. 2. Triode characteristics.

o
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Fig. 1. Tube viewed as variable
resistance.
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A REAL LIFE CIRCUIT.

In Fig. 3 we have a power amplifier
stage using a single triode, transformer
loaded, with cathode bias, operating in
Class A. By using a transformer in this
manner, several benefits are achieved:
very low DC resistance exists in the
transformer, so amost full supply
voltage is available, and very little power
is dissipated as heat in the windings.
The optimum load will turn out to be
several thousand ohms, whereas, if we
wish to use a loudspeaker, the load is
only a few ohms. The transformer
allows impedance matching. f a loud-
speaker is used as the load, we want to
keep DC out of the voice coil.

In the real world in which we live,
there are very few real triodes designed
for audio use. The usual practice is to
connect a pentode as a triode by
connecting the screen {more about this
electrode later) to the plate, and that's
how it's shown in Fig. 3.

The RCA Receiving tube manual
lists the following characteristics for a
type 6L6 tube connected as a single
ended triode;

INTERNALLY
CONNECTE

Fig. 3. Triode power amplifier stage,

single ended, with cathode bias.

Plate Voliage; 250V
Grid No 1 Voltage; -20V
Zero Signal Plate Current; 40mA

Maximum Signal Plate Current; 44mA
Plate Resistance; 1700 Ohms (approx. )
Amplification Factor(u};

Transconductance; 4700umhos
Load Resistance; 5000 Ohms
Total Harmonic Dist.; 5%
Maximum Signal

Power Qutput; 1.4 Watts

6L6-GC

i &

—— -
-— v -

+250V ——8

3 RL
+
< 5K

brand—without knowing it.

liked what you heard.

Over the past 25 years. you may have heard
more Oaktron speakers than any other single

If you've added a custom sound system to your Oaktron™s
¢ar, you may be hearing Qakiron every time you  pepresentea
drive. Ogktron has made speakers for most of the  in Canaas
well-known U.S. manufacturers and installers of
audio products. You've heard Qaktron in cars, F omnitronix ita. 72
living rooms. airports, and theaters—and you've

You’ve heard Oaktron...

INDUSTRIES INC
Ask for

latest catalog.

Jaktron's
popular
5 1/4 coax
| CABFS3H2
2056 Trans Canada Highway
Dorval, Quebec HIP 2N4
Tel: (514) 683-6993

by:
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PRIMARY
IMPEDANCE
Rx
500R

+270V

This is a convenient form for
tabutating required information, but
doesn’t do much for us if we wish to
operate with a supply voltage of up
to 450 V and deliver proportionately
more power. However, the manual does
include a nomograph to allow
conversion conveniently to different
conditions.

Three important facts can be
observed from this table; Power output
is very low; the recommended load re-
sistance is almost three times the plate
resistance, resulting in low effiency, and
accounting for the low output; there is
a difference of 4 mA between zero-sig-
nal and maximum-signal plate current.
One would think that since the average
voltage on an AC sine wave is zero, that
the average signal current would also
be zero (averaged over 360°). However,
the tube is not completely linear, as
indicated by the distortion figure of 5%,
so that current swing is not equal on
each half-cycle. The importance of this
will become clearer as will the mechan-
ism involved, when we deal with Class
AB, and Class B Push-Pulil circuits.

The only component value to be
calculated is the value of the cathode
resistor, Ry, which establishes bias, and
the value of supply voltage.

The voltage on grid No. 1, the con-
trol grid, is specified as -20 Volts., As
we saw last month, this voltage is with
reference to the cathode, and it makes
no difference if we make the gird neg-
ative with respect to ground, with the
latter grounded, or the cathode positive
with respect to the grid, with the latter
at ground potential for DC. Since plate
current flows through the cathode
resistor, a voltage drop will appear
across Ry which is equal to the current
times the resistance. To find the
required value of resistor, divide the de-
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sired voltage by the value fo plate cur-
rent. The desired voltage drop is 20 V,
and current is 40 mA, so the required
resistance is 500 Ohms. Since the plate
voltage is specified as 280 V, and this
is measured between plate and cathode,
and because we have dropped 20 V
across Ry the required supply voltage
is 260 + 20 = 270V, assuming negli-
gible drop across the primary winding
of the transformer. If the drop across
this component is significant (ie. 10%
or more of the supply voltage) the
supply must also be increased by this
amount. An even better idea is to use
a better transformer whose primary DC
resistance is low.

CURRENT VARIATIONS

At this point, it would be instructive
to examine the effect of driving the
stage to full output. )

At full output, plate current rises
to 44mA. Since this_ passes through
Ry. or 2(44 X 10-3)2 X 500 = 22V.
Also, the plate-to-cathode voltage now
drops to 248V. Ordinarily, reduced vol-
tage between plate and cathode requires
a reduction in bias voltage, not an in-
crease. This is the main reason for using
such a high value of load resistance; a
lower value would certainly allow

greater output power, and, with most
tubes, lower distortion, but as Fig. 2
illustrates, current swing is greater and
will usually result in greater difference
between zero and maximum current.
Again, the significance of this becomes
greater when we deal with Class B and
Class AB stages.

Ry is bypassed by a capacitor, Cy.
Because both the input signal and out-
put signal appear across Ry, but in
opposite  phase, negative feedback
occurs. This may be desireable because
of the benefits_of feedback, but for
maximum gain C) bypasses R at audio
frequencies. 1t should be noted,
however, that if the time constant is
made long enough, the variations in
bias between minimum and maximum
output can be reduced. !f, for example,
{RC)y = 1 second, then bias will remain
constant for peaks of less than one
second duration.

INPUT

Finally, we come to Cg and Rg, the
input coupling capacitor and grid leak
resistor. In any tube, there is some
gassing present due to the fact that
no vacuum ‘is actually complete. As a
result, there is normally some grid
current present. The grid leak resistor
serves the function of providing for
a ground return for this current, and a

ground reference for the grid. This may
be any value up to and including the
maximum specified for the tube, which
in the case of the 6L6 tube with catho-
de bias, is 500k.

However, this resistor is effectively
in paraltel with the load of the previous
stage, and, if it's value is too small, may
load it down, reducing both gain and
maximum drive voltage. |If we elect
to use the maximum permissible value,
then the value of Cg which couples the
grid to the previous stage, while
blocking the DC component of the
latter, shouid be such that, at the {owest
frequency to be reproduced, its
reactance is equal to Rq in parallel with
the series combination of the load re-
sistance and plate resistance of the pre-
vious stage. Where this is not critical
you can simply make it equal to the
load of the previous stage, but if feed-
back is to be used around the amplifier,
it will be necessary to contra! the
response of each stage, and you can't
approximate.

A great deal of space has been
devoted to this simple littie circuit, but
doing so should save having to explain
the same thing over and over again.

Next manth we’ll discuss that screen
grid which we connected to the piate,
and we'll do other things with it, as well
as get into push-pull operation.

Audio Today Products

Audio deveiopments reviewed by ET!'s Contributing

Audio Editor Wally Parsons.
PICKERING INTRODUCES THE

XSV/4000

This is a new addition to the
Pickering line, and uses the Stereo-
hedron long contact stylus, a design
described in previous issues.

The new design is a moving magnet
system, a departure from previous mov-
ing iron designs. The change is due to
the availability of samarium cabait for
use in the magnet structure, a material
featuring a high ratio of mass to reten-
tivity, allowing considerable reduction
in the physical size and mass of the
magnet with no loss of magnetic field
strength and the attendant reduction
in output. The result is a moving system
with extremely low mass, permitting a
claimed frequency response to 36 kHz,
the ability to track high velocity mod-
ulations, and superior transient re-
sponse.

Output is said to be 0.7mv/em/sec
within 2 dB, DC resistance is 900 Ohms,
Inductance 510mH, and it works into
a load of 47k in parallel with 275 p cap-
acitance.
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Pickering XSV /4000 Cartridge

Total mass, including brush, is 6.5 g,
and recommended tracking force is
from % g to 1% g, with 1 g as the op-
timum. Also available as accessories are
accessory stylii, one for Mono long
play and another for 78 rpm discs.

Priced at $189.95 suggested retail,
is distributed in Canada by E.S. Gould
Marketing Co. Ltd., 109 Montee de
Liesse, Montreal, Quebec, H4T 1S9.
Telephone {514} 342-4441,

BLAUPUNKT STEREO
CASSETTE DECK

Blaupunkt Electronic Tuning AM/-
FM Stereo Cassette Car Radio Model
CR3001 features automatic and manual
electronic scan, twelve station (6 AM
and 6 FM) memory storage with digital
display of time and frequency and 4 x
15 Watt IC power amplifier.

The cassette unit features sendust
head and metal, chromium dioxide
playback capability, plus Dolby on FM
and tape. Radio scan and cassette pro-
gramme selection can be remotely
controtled, and dial lighting intensity is
automatically controlled by a tight
sensitive cell.

Other features include Noise Sup-
pression circuit for FM, built in four
way fader, separate bass and treble con-
trols, local/distance, stereo/mono, and
balance control. The cassette unit has
auto reverse, locking fast forward and
rewind, and automatic cassette eject
when ignition and radio power are off.

For price and other information,
contact Robert Bosch (Canada) Ltd.,
6811 Century Ave., Mississauga Ont.,
L5N 1R1, or phone {416) 826-6060.
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The chap with the beard in the above
picture is S.K. Pramanik, chief engineer
of Bang and Olufsen of Denmark, and
the brains behind one of the more suc-
cessful approaches to long line stylus
design. The occasion was a meeting for
dealers and the press at the offices of
8 & O's Canadian distributor, BSR Can-
ada Ltd., during which Pram discussed
the rationale behind the stylus design
which bears his name, as well as the
general Bang and Olufson design philo-
sophy, which includes one of the very
few lines of receivers which actually
looks as if it were designed for the
home.

These pages will deal with the
characteristics of various stylus geo-
metries sometime in the future, so the
meeting was most welcome.

Although it was not on the agenda, |
was able to take part in one of the few
meaningful speaker blind comparisons
{'ve yet encountered, part of a salesman
training programme set up by BSR for
the benefit of dealers. =

BSR can reached by writing to P.O.

Box 7003, Stn. B, 26 Ciairville Dr., Dealers meet Bang & Olufsen chief engineer.

Rexdale, Ont. M9V 4B3, phone {416)

675-2425

SPECIALLY RECOMMENDED BP62

FOR TEACHERS AND STUDENTS! g:g34 $8.35

BOCK 1 (BP62) Introduces
the reader to the nature of
electricity, it's sources and
the simpls ejectric clrcuit.
Additionally there are
chapters on components,
electrical safety and
electronic math.

BOOK 2 (BP63) delves Into
the secrets of AC current
theory. Attention is paid to
resonance and Q-factors,
Impedance, phasor diagrams
and transformers. Includes
ample mathematical
appendices.

BOOK 3 (BP64) centers
on semijconductor theory.
Chapter 1 starts at the
physlcs and  applications
theory of semjconductors.
Other subjects Include
diodes, transistors and FETs.
Applications studled include

Please use card to order or write to:

rect:ﬂers. * mam D“':';::. Electronics Today, 25 Overlea Bivd., Unit 6,
osclilators, switching an A
technigues. Toronto, Ontario MdH 181
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ETI Project

Electromyogram

David Tilbrook

This unit senses the tiny electrical impulses associated with muscle
activity and provides an indication of this activity via a meter and
a sound output. The latter is a series of pulses, the repetition rate
increasing with increased muscle activity, decreasing as muscle activity
declines. It may be used to ‘train’ particular muscles or to learn effective

relaxation.

Virrhend

R
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MUSCLE ACTIVITY
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ET1 576 ELECTROMYOGRAM
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OFF

N " N ;
® e/

AT THE SUGGESTION of Tom
Benjamin, author of the biofeedback
feature on page 36 elsewhere in this
issue. An electromyogram project was
investigated to go hand in hand with the

feature on the premise that it's
frustrating to read about something that
you can’t follow up with some practical
experiments!

I rackled this project with some
enthusiasm as it presented a range of

12

interesting design problems as well as
having some pretty tough specifications
to meet if the unit was to be at ali
useful. There's nothing like a challenge
to stimulate a little creativity!

Before going on to the construction
and setting up of the instrument, you
may be interested in seeing how this
design evolved and why particular
circuit techniques were used.

DESIGN PROBLEMS

The design and construction of an
clectromyogram presents some unique
problems.

The object is to detect the minute
electrical signals produced by the 'firing’
of muscle fibres in a particular muscle,
For our purpose metal clectrodes of
some sort are attached to the skin over
the muscle(s) of interest. For a relaxed
muscle, these signals are fractions of a
microvolt in amplitude. That's a small

ETI CANADA—-MARCH 1980
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Electromyogram part |
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enough signal to detect on its own
without having to find it amongst volts
of 60 Hz hum that will be present in
the body — induced from power and
light wiring. Of course, you could do
these measurements in the middle of
the Gibson Desert but that's not
always convenient! You only have to
touch your finger to the input of an
oscilloscope to get an idea of the
magnitude of the hum induced onto
the body.

When the body is grounded, this hum
will drop to typically one volt peak-to-
peak, but trying to see one microvolt
in 1 volt of unwanted noise (60 Hz
hum here) sure isn’t easy.

The overall block diagram of the unit
is shown in the drawing here.

Battery operation is essential as, with
any device connected directly to the
body, the possibility of accidental
contact with line potential from a
line-operated unit is very real— with
lethal results.

Under no circumstances should this
unit be used with any form of AC
adaptor. Always restrict use to battery
operation. The low electrode to skin
resistance required will substantially
reduce the potential that can cause

ETI CANADA—-MARCH 1980

shock and possible heart fibrillation.

The instrument is called upon to
detect quite small signals in the presence
of large amounts of noise. It should
have variable gain control — adjustable
by the user, a threshold control so that
small variations of a large signal may be
readily detected, a visual indication (a
meter) and an audible output that
follows the convention of rising pitch
or pulse rate for increasing muscle
activity, and vice versa. Tom Benjamin
also mentions some form of bandpass
filtering to sort out the predominant
muscle signal which is in the 100 Hz
to 500 Hz range. Selectable integration
of the feedback response is also
considered desirable.

First thing was to tackle the hum
problem. To overcome this, a number
of techniques have been employed.
Firstly, 1 have used a differential
amplifier for the input stage. This type
of circuit has two input terminals.
Signals on the inputs that are out of
phase will be amplified and passed to
the output, while signals that are in
phase (called common mode signals)
will be rejected. The amount of
rejection is determined by the
amplitude of each in-phase signal. As,

=)

in this application, the two inputs are
connected to the skin, they will each
receive hum signals in phase and of
similar amplitude and thus be rejected
to a large extent. The amount of
rejection of a common mode signal is
called the common mode rejection fatio
(CMRR).

Most IC operational amplifiers are of
the differential input type. A typical
op-amp IC has 2 CMRR of about 90 dB
— which means that any common-mode
signal will be reduced by a factor of
about 30,000..This is good in theory
but, in practise, the use of 5% resistors
in circuits results in 2 CMRR of around
60 dB, which is not good enough.

The differential input stage was the
most difficult portion of the circuit to
design as it was required to have a very
high CMRR, a high input impedance
and very low noise. Naturally, the home
constructor should be able to reproduce
the performance of our prototype,
preferably without going to a lot of
trouble selecting special components or
through elaborate set-up procedures. |
managed to achicve all these design
goals — after discarding several circuits!

The need for a high input impedance

is a muchdebated subject. Some
commercial EMG’s boast  input
13
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impedances as high as 1000 M! The
reason is to reduce the effect of poor
clectrical contact between the electrodes
and the skin. In a 1000 M input
impedance a few thousand ohms
difference between the electrode input
impedances (that is, from each electrode
to the instrument common or ‘ground’)
goes unnoticed as it represents such a

small percentage of the unit’s input

impedance. Input impedances in this
order necessitate MOSFET devices
which are relatively noisy in comparison
with  bipolar transistors at these
frequencies.

I elected to use a much lower input
impedance and to optimise the noise
figure. This has the added advantage
that readily available transistors could
be used for the input stage.

The input impedance is limited by
the base bias resistors of the input
stage — in this case, 220 k for each
input. At this input impedance,
differences in  electrode  conrtact
resistance with the skin are important,
so care should be exercised to minimise
this when attaching them,

Biasing the differential input stage is
important and this is discussed in the
"How it Works" section. One trimpot
is used to set up the input stage for
correct operation. Once set up, any of
the component values may be varied
by +/— 10% without affecting the
CMRR.

Gain of the input stage is about
1000 (60 dB). Common mode signals
will be reduced by the CMRR (about
100 dB, or better), the exact amount
of reduction depending on the electrode
attachment, as just mentioned, but the
CMRR can be degraded quite a bit by
this before it becomes a real problem.
We  experienced little  difficulty
attaching dry electrodes to dry skin on
the forearm.

The choice of this type of first stage
has resulted in a very low noise figure,
The prototypes (we built two) had
measured noise figures close to 150 nV
(0.15 uV) at the input. This equals the
performance of the best commerical
units we have seen.

Immediately following the input
stage is a 60 Hz notch filter to offset
any increase in hum pickup due to
contact resistance variations.
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........ 150 nV (0.15 uv}
........ 80 dB (irrespective of common

Equivalent inputnoise . . ...........
Minimum 60 Hzrejection . . . ........

Common Mode Rejection Ratio. . ... ..
Inputimpedance. .. ..............
BandWidth ;o seswei & w58 & Aot e ivrets

Powersource .........c..ocouv...
Power consumption. . . ............
Battery ehetk 4 iz . avsssvs s v

mode rejection)

........ 100 dB or better

........ 220k

........ 100 Hz to 500 Hz

........ Variable repetition rate pulse

output from inbuilt loud-

speaker,

........ two 9 V batteries
........ 20 mA per battery
........ battery check switch indicates

condition of batteries on meter

There are two hum filters, we'll get
around to the second shortly.

From the first hum filter the signal
goes to a variable gain stage. This
employs a 741 op-amp, the gain of
which is controlled by a potentiometer
mounted on the front panel. Gain is
variable between 10 and 1000. This
stage is fairly straightforward, although
the circuit is a little unusual. See "How
it Works” for a complete description.

Following this stage is the second
hum filter, immediately preceeding the
bandpass filter. Signal levels at this stage
are around one volt, excess hum on top
of this can cause clipping and severe
distortion in the succeeding stages.

The bandpass filter is centred at 250
Hz, around the middle of the frequency
range of interest. Qutput from the
firing muscle fibres consist of a broad
‘noise’ signal extending from a little
below 100 Hz to about 1 kHz, although
the largest amplitude portion of the
muscle signal spectrum s between
100 Hz and 500 Hz. The bandpass filter
attenuates noise and other signals outside
the main area of interest, improving the
signal to noise ratio of the instrument,

The output of the bandpass filter is
available as a ‘monitor output’, via a
coax socket on the rear panel of the
instrument. This enables you to monitor
the signal directly using an oscilloscope
or via an audio amplifier,

To provide the required audible and
visual feedback indications, the signals
must undergo some processing to contro}
the appropriate outputs.

From the bandpass filter the signal
1s mixed with a dc voltage that is varied
by means of the Threshold control on
the front panel, then fed to a precision
half-wave rectifier. This stage tectifies
any (ac) signal above the dc voltage set
by the Threshold control. By setting the

threshold just above the level of noise
present, very small changes in muscle
activity are made readily apparent. The
output of this stage is a series of positive-
going pulses from the muscle fibre signal.

The meter drive stage follows the
precision rectifier. This employs a 741
op-amp and an emitter follower stage
with negative feedback from the emitter
of the rransistor. The positivegoing
pulses from the rectifier stage charge a
capacitor, the voltage on this being a
measure of the muscle activity as the
signal varies above the threshold while
the muscle is active.

To provide some integration of the
muscle activity level, so that the meter
and audible responses are not too rapid
(as researchers have found undesirable
in some instances), switched capacitors
are provided at this point to provide
integration times of about 0.5 second
and 4 seconds — selected by a front
panel switch.

The audible output is derived from
the meter drive so that it corresponds
with the visual feedback response
provided by the meter. This consists of
a voltage-conttolled oscillator (VCO)
that provides a series of pulses to drive
a speaker. The VCO employs a 555
timerlC.

Originally, it was intended to use a
tone for the audio output. However,
battery consumption on the prototype
was almost 150 mA — at best! Battery
life would be very limited at this
consumption. A class A audio output
stage is necessary to provide a tone
output, and these are quite inefficient.
Using a pulse output enabled me to
reduce the total current consumption to
20 mA.

Construction details and how to

use the machine will appear next

issue . acts of God, gremlins
and the fairies at the bottom of
the darkroom permittingl
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cleciromyogram pdart 1

Since the circuit is fairly complex,
a detailed anatysis of its operation
is best tackled by looking at the
individual stages in turn, from
input to output,

Differential input stage

Input signals from sensors on the
body drive Q2 and Q1 which are
arranged as a differential pair.
Emitter current, and thus
collector current, for Qt and Q2
is derived from a precision
constant-current source
comprised of Q3, Q4 and ICVa.
Transistors Q1 and Q2 share the
current supplied by the constant-
current source. If Q1 ({for
example) is driven harder, by an
input signal, than Q2 then, while
the collector current of Q1
increases, there will be a corres-
ponding decrease -in the collector
current of Q2.

Now, the collectors of Q1 and
Q2 are each connectad to the
input of {C1b, one amplifier in an
LM3900 {a quad op-amp package).
The amplifiers in the LM3800
package have the special feature
that they amplify current
differences applied to the inputs.

To ensura a high common-
mode  rejection ratio, the
quiescent (no signal} collector
currents of Q1 and Q2 must be
held very close 10 a fixed amount,
Hence, the precision constant-
current source,

To derive this constant current
source for Q1 and Q2 the two
bases of Q3 and Q4 are driven by
the output of IC1a. The non-
inverting input {markgd +) of
IC1a is driven by a fixed voltage
derived from a voltage divider
{R12, R13} from the positive
supply rall. C1Y is a bypass
capacitor to prevent supply rail
variations modulating this
reference voltage.

The inverting input (~) of
IC1a is coupled to the emitter of
Q4 placing this transistor in the
feedback loop of IC1a. The op-
amp {ICla) will attempt to
maintain  the current flowing
through its inputs at a constant
level, thus maintaining the base-
emitter current through Q4, and
therefore the collector current,
constant at nominally, 100 mA.
Assuming Q3 has similar gain to
Q4, its collector current will be

the same. The 1k preset, RV4,,

allows adjustment of the two
coliector currents to offset any
slight differences in gain.

The input stage gain is
determined by the value of the
resistance between the emitters
of Q1 and Q2, The lower this
resistance, the higher the gain.
The ‘x 10’ switch simply connects
3 100 ohm resistor in parallel with
R3, increasing the gain.

Capacitors C7 and C8 ensure
high frequency stability through

HOW IT WORKS
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bypassing the bases of Q1 and Q2
at frequencies above the range of
tnterest,

To ensure good common-
mode rejection ratio, it is essential
that the bases of Q1 and Q2 each
receive the same lavel of input
signal. As the input is ac-coupled
the characteristics of the input
coupling capacitors must closely
match each other. H stranded
10% capacitors are used the
slightly different impedances of
each will limit the common mode
rejection. The solution we
adopted was to use several
capacitors in parallel so that the
slight capacitance variations, and
corresponding impedance
variations, average out. It is
important therefore that these six
capacitors, C1-C6, are all the same
type.

Supply rail decoupling for the
input stages is provided by R25,
R26 and €22, C23.

The hum fiiters
Two 60 Hz hum fliters are
employed, as can be seen in the
block diagram, one immediately
following the differential input
stage, the other between the
variable gain stage and the band-
pass filter.
Both 60 Hz fliters employ a
‘twin-T* circuit .,

In_the first hum filter, Q5 is
connected as an emitter follower,
the twin-T components connected

to provide feedbacCk at 60 Hz. In
order to obtain a high circuit Q
ana thus good rejection at 60 Hz,
the value of the resistance formed
by R16 and R17 (parallelled}
must be as close as possible to
half the value of R14 and R15, As
the latter are 47k resistors, the
best way to obtain a value of half
that is to connect two 47k
resistors in parallel,

Similarly, for the sacond hum
filter, Q6 is the active component
and the filter consists of C24, 25,
26, 27 and R27, 28, 29 and 30.
Resistors R28 and 29 form ‘a
registance half that of R27 and 30
to provide good rejection at the
notch frequency.

These stages provide a total of
20 dB rejection at 50 Hz,

Variable gain stage
Following the first hum filter is
a variable gain stage employing a
741 op-amp. This is quite a
conventional  amplifier, gain
variation being provided by RV1,
a 1M potentiometer connected in
the feedback path of ths 741.
RV1'is a front panel control. Gain
is variable between 10 and 1000,
To avoid problems arising
from large output offset voitages
and unstable gain settings, the
feedback for the 741 has been
arranged via a voltage divider
consisting of R23 and R24, the
gain potentiometer being
connected betweean the op-amp

ETI CANADA—MARCH 1980
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output and the junction of these
two resistors.

The gain of the circuits is
given by the equation:

823 RV1

Raa

GAIN = st * + RV1

Threshold control

This consists of a precision
rectifier that passes only the
positive peaks of the signal that
are greater than a preset doc
voltage determined by
potentiometer, the threshold
controi on the front panel.

B2

Bandpass filter

Signal levels at the output of the
variable gain stage are around 1 V.
Any hum exceeding this level
could easily cause clipping in
succeeding stages and the purpose
of the second hum filter is to
prevent this.

The bandpass filter employs
one op-amp from the LM33800
package, IC1c. A filter network,
consisting of R34, R35 and R37
and C29 and C30, is connected
around a feedback path between
the op-amp output and its
inverting input., This provides a
bandpass extending from 100 Hz
to 500 Hz which encompasses
the range of interest for the
muscle fibre signals. At midband
{250 Hz), the gain of this stage
is roughly four.

A  monitor output is taken
from the output of IC1c so that
the muscie activity waveforms
{filtered) may be viewed on an
osciloscope if desired,

The output of the bandpass
filter Is mixed with a dc voltage
derived via the positive supply
rail by the potentiometer RV2,
The resultant signal — the ac
muscle activity signal super-
imposed on a dc voltage — is then
applied to the input of the
precision rectifier, This involves
ICld, D1 and D2 and
resistors R39, 40, 41 and R42.
The tatter two resistors convert
the current-differencing input of
the LM3900 into a conventional
voltage-input op-amp.

Positive-going signals of less
than 0.6V above the voitage
present on the junction of R39
and R40 wilt be amplified by the
full open-ioop gain of 1IC1d. The
output of this stage increases
rapidty until D2 conducts, the
stage then has only unity gain
{x 1), determined by the ratio
of R42 and R39.

Output from the precision
rectifier is taken from the cathode
of D2 and will consist of the
amplified, positive-going part of
the muscle fibre signals that are
above the positive voitage set by
the threshold potentiometer,
RV2.

Diode D1 ensures that the gain
of the stage remains at unity gain
for the negative-going portions of
the muscie fibre signals from the
output of IC1c,

Meter drive

This consists of an op-amp (IC3)
with an emitter-follower stage
{Q7} connected in the negative
feedback path. The emitter of
Q7 drives the meter,

The threshold stage output is
coupled to the input of 1C3, a
741, via a 100n capacitor, C34.
Resistor R47 limits the base
current of Q7 to a safe value as
the 741 will provide much more
current than the transistor wilt
stand! A signal from the output
of the threshold circuit witl be
amplified by IC3, causing Q7 to
turn on, charging C38. The meter
is connected to ‘read’ the charge
on C38, visa R48. The more signal
that appears above the threshold,
the longer Q7 will be turned on,
increasing the charge in C38, thus
increasing the meter reading. The
circuit will respond quickly to
increasing input signals, showing
a corresponding increase in the
meter reading. As the signal
decreases, with decreasing muscle
activity, the meter reading decays
at @& rate depending on the
capacitance between the emitter
of Q7 and ground. This provides
for some integration of the signal
level variations.

The integrate switch, SW2,
connects a 470 wuF capacitor
C37) in parailel with C38 {47 uF).
With this in circuit {integrate
switch ‘on’), the meter takes some
four seconds to drop from ful!
scale to zero.

Voltage-controlled putse

generator

This provides an audio output,
consisting of a series of puises,
the repetition rate being an
indication of muscle activity.

The emitter of Q7 is coupled
to IC4, a 555 timer, via R44.
Current through this resistor
charges C33 until the volitage on
pin 6 of 1IC4 reaches 2/3 of the
voltage on pins 4 and 8, At this
point, pin 7 of the 555,
previousty appearing 8s an open
circuit, will conduct discharging
C33 via R45. Once the voitage
on pin 2 drops below 1/3 of that
on pins 4 and 8, pin 7 returns to
an open circuit condition,
allowing C33 to charge again. In
this manner, the 555 oscillates
providing pulses on pin 3 to the
speaker, via RV1 which serve as
a volume control. As the voltage
at the emitter of Q7 varies
according to the varistion in
muscie activity signals, the rate at
which C33 charges will vary. This
varies the pulse repetition rate of
the 555 osciliator in sympathy
with the wvariations in muscle
activity.
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Learn Electronics
(and how to

i/
play cupid) with /i
this cleverand
entertaining
Jana Kit.

Build a Jana Love-O-Meter
and take it to a party.
When you reveadl who the
Great Lovers are, the
party will suddenly
become very exciting!
Some of your friends may enjoy
Love-O-Meter but say it's only a
hilarious game. Yet they cannot
dispute its electronic powers with
one who knows how to put together
7 transistors, 6 diodes, 10 LEDs, a
capacitor, 15 resistors and a power
jack.

You can achieve all that by following the

clear, step-by-step plans provided by Jana. Al See your hobby electronics

you need to add to the Love-O-Meter kit and dedler for dozens of useful

its glass PCBoard (optional extra) are a pencil and educational Jana kits.

soldering iron, screwdriver, needie nose pliers 1. Automotic Headlight 15, 0-20V Power Supply
and a bit of your time and interest. Batteries or Reminder 16. Single Channet Color

: Battery Operoted Organ
power adapter are extra, but the plastic Fluorescent Light ¥. Electronic Siren

2
package serves as case for your finished 3 Bug Shoo 18. Shimmer Strobe Light
product. 4 Code Oscilkotor 19. Tone Generotor
8
7
8.

. CrystolR 20.5 Tronsistor 1 Wott
If anybody asks about what makes the LED Cfvatel sack) ronsistor 1 Wo

; " £ ! Curiosity Bax Il Ampiifier
display light up, you can give a technical Dally Lighter 22. Xenon Strobe

answer: conductivity from one touch plate Q. Declsion Moker 23. LJ12016A Color Orgon
. 10. Fish Caller 24. Loudmouth Siren

through the boy and the girl to the other touch N HiPower 12V DC Flasher 25. Roulette Wheel

plate. Or you can merely smile and wink. 12. Photo Bectric Night Light 26, Electronic Sheet Game

27. Electronic Dice
28. Super Roulette
29. FM Mini Broodcoster
33. Love-O-Meter

Though leamning electronics is sometimes a
solitary task, your Jana Love-O-Meter can
provide both the learning and the solution to
your loneliness. Consider it a micro-miniature
computer dating machine, a transistorized
“Match Maker”. And lots of fun!

Circle no. 14 on Reader Service Card.

INDUSTRIAL ELECTRONICS

1777 Ellice Avenue, Winnipeg, Manitoba R3H OWS
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Battery

Condition
Indicator

Ever been caught by a battery that went flat at an embarrassing
moment — like when you‘ve just offered a friend a lift? The
conversation goes a little flat when you‘re both riding the bus to work,
20 minutes late. Jonathan Scott found a solution . . .

THE OLD, RELIABLE lead-acid
battery may be way ahead of what ever
is in second place for vehicle electrical
systems, but they do need a ‘weather
eye’ kept on them. Particularly if
they're out of warranty. The same
applies to ‘reconditioned’ batteries, so
often found in secondhand vehicles of
some age.

That's the problem with cars —
running out of gas and running out of
of battery produces the same heart-
rending resulft. Immobility.

Most vehicles have a gas gauge.

Few have an equivalent for the battery.
Many ‘older’ cars included a ‘charging
current’ meter. This told you some-
thing about the car’s generator-
regulator and required some inter-

pretation to figure out whether the
battery was in good health.

Probably the best way to check on
the state of your battery is to use a
hydrometer. However, hydrometers have
a number of drawbacks. Being made of
glass, they’re fragile and can’t be used
while a car is in motion, The small
amount of battery acid that remains on
them presents a storage problem — the
drips and fumes attack most metals and
materials. They’'re okay for the corner
garage but justifying their cost,for the
occasional use they getin home work-
shops, is not always possible,

Another method of testing battery
condition is by checking the voltage ‘on
load’. A lead-acid vehicle battery in a
reasohable state of charge will have a
terminal voltage under normal working

18

load somewhere between 11.6 and 14.2
volts. When a battery shows a terminal
voltage below 11.6 volts its capacity is
markedly decreased and it will discharge
fairly quickly. Like as not, it won‘t

turn the starter motor for very long!

On the other hand, if the voltage on
load is above 14.5 volts then the battery
is definitely fully charged! However, if
it remains that way for any length of
time while the car is on the road, the
vehicle’s alternator-regulator system is
faulty and the battery may be damaged
by overcharging.

Reading the battery voltage can be
done in a number of ways. You could
use adigital panel meter, set up as a
voitmeter, Their drawback is that they
cost nearly ten times as much as a
hydrometer! The next best method is
to use an ‘expanded-scale voltmeter’.
Reading the voltage range between 11
and 15 volts on a meter face calibrated
0-16 volts is a squint-and-peer exercise.
On a 0-30 volts scale, as used on many
modern multimeters, it's worse, A meter
which reads between 11 volts at the low
end of the scale and 16 volts at the high
end is ideal. Hence, the term *expanded-
scale’,

—HOW IT WORKS —

This circuit depends for its operation
upon the different voitage drops across
different colour LEDs.

At 20 mA the voltage drops across
red, yellow and green LEDs are typi-
cally 1.7, 3.0 and 2.3 volts respectively.
When the vehicle battery voltage is too
low to cause either ZD1/ZD2 or ZD3 to
conduct, Q! and Q2 are held off by R3
and RS. Under these conditions the
yellow LED is forward biased and con-
ducts via D1 producing a potential of
about 3.7 volts at point A (see circuit
diagram). When the supply rises above
about 1).6 volts ZD3 conduets, biasing
Q2 on. By virtue of its lower voltage
requirements the green LED conducts,
reducing the voltage at point A to
approximately 2.6 volts. This is not
enough to bias DI/LED3 on, so the
yellow LED goes off. The green LED
‘steals’ the bias from the yellow LED,
When the supply rises above about 14.2
volts, Q1 is bijased on and the red LED
‘steals’ the bias from the green. The
potential at point A falls to two volts
and only the red LED conducts.

R1 limits the current through the
LEDs. R2 and R4 limit the base currents
into Q1 and Q2.

ETI CANADA-MARCH 1980



Build your own microcomputer
asyou learn
computer technology at home.

New from NRI! The Most Complete and Up-to-date Home Study Course Ever Offered

As the microprocessor revolutionizes
the computer world and microcomputers
appear almost everywhere, NRI brings you
a new, convenient, and effective way to
keep up with this expanding technology.
It's NRI's Computer Technology Course,
created and designed exclusively
for learning at home in your
spare time.

Featuring NRI's
Exclusive Dual
Language
Microcomputer
NRI goes beyond book
leaming to give you practical,
“hands-on” experience in de-
signing circuitry, interfacing
components, programming,
and troubleshooting. As you
learn, you actually assemble
NRI's designed-for-learning
microcomputer, Incorporating the
latest advances in the state of the

art. It looks and operates like the finest of
its kind, actually does more than many
commercial units. But NRI engineers have
designed components and planned assembly
50 it demonstrates important principles,
gives you working experience in detecting
and correcting problems. And it’s yours

»

~
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N
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v

to keep, put to work in your own home
or business.

You also bulld and keep your own test
instruments, including a transistorized volt-
ohm meter and CMOS digital frequency
counter And NRI's Discovery Lab® broadens
your horizons with specialized experiments
and theory demonstrations.

No Experience Needed

You don't need prior training in elec-
tronics or computers to take this exciting
new course. NRI starts you with the basics,
gives you a firm foundation to build on. And
your NRI instructor/counselor is always
available, ready to help whenever you
have questions or need advice.

Proven Way to Learn at Home

No need to worry with travel, classes,
or time lost from work when you learn the
NRI way. As we have for over 65 years of
teaching technical subjects to more than a
million students, NRI brings the material to
you. You study in your spare time, at your
convenlence, using “bite-size” lessons that
program material into logical segments for

.};‘:: < J

e

e e |

=~ e
-

¢ -l

o
Ty o gy

easier assimilation. You get practical experi-
ence that reinforces theory by performing
experiments and building equipment using
kits that we supply.

Send for Free Catalog

Get the details on these exciting
new courses in NRI's free, 100-page cata-
log. Shows all kits and equipment, lesson
outlines, and full information, including
facts on other electronics courses. Mail the
postage-paid card today and we'll rush your
catalog. Keep up with the latest technology
as you learn on your own computer. If card
has been removed, write to:

NRI Schools
R McGraw-Hill Continuing
' Education Center
i 330 Progress Avenue

Scarborough, Ontario MP 225
or telephone 416-293-1911

Cle
Hill'




ETI Project

TO BATTERY +Ve

ON IGNITION - »

SWITCH

R2
100R

202
6V8

2D
6v8

TO BATTERY —Ve

R1
470R
Q
7 %
LED1 ” LED2
RED YELLOW
a Q2
2N3904 2N3904
D1
IN914

g . o

The circuit diagram and component overlay
{belfow). During construction, make sure all
of the diodes and LEDs are the right way
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However, you don’t want to be
peering at a meter on the dash board
when you're driving through traffic. The
range of voltage over which your
battery is healthy is some two volts. An
indicator which simply requires the
occasional glance, and needs no ‘inter-
pretation’, is what is really needed.

With this project, that’s exactly what
we've done.

GO, CAUTION, STOP
We have devised a simpte circuit that
indicates as follows:

Yellow: battery ‘low’
Green: battery okay
Red: battery overcharging

When the battery voltage is below
11.6 volts, a yellow indicator lights.
This indicates the battery is most likely
undercharged or a heavy load (such as
high power driving lights} is drawing
excess current. When it is between 11.7
and about 14.2 volts the green indicator
lights, letting you know all is sweet. If
the red indicator lights, as it will if the
voltage rises above 14.2 volts, maybe
the vehicle’s voltage regulator needs
adjusting or there is some other problem,

THE CIRCUIT

The circuit is ingeniously simple, having
barely a handful of parts. Reliability
should be excellent.

We actually started out with a some-
what complex circuit. it used only two
indicators and required you to ‘interpret’
what was happening. In trying to
convert that to a yellow-green-red style
of indication it sort of grew like topsy.
This circuit had four transistors, a dozen
resistors etc and didn‘t look at all
attractive as a simple project that the
average hobbyist or even handyman
could build one Saturday afternoon and
get going immediately. A rival circuit
was devised by another staff member
using a common 1C. This sparked a
controversy as to which was the better!
Certainly, both did the job required . . .
but maybe there was a simpler method.

It was discovered that different
coloured light emitting diodes {LEDs),
which we had decided to use for the
indicators in the project, had different
voltage drops when run at the same
current. Seizing on this idea, the originat
circuit (four transistors, a dozen
resistors . . . ) was modified to exploit
this characteristic and the simple
circuit you see here was the result.

CONSTRUCTION

Construction is straightforward. i you
haven’t soldered electronic components
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before — and this project was designed
for the motorist/handyman as well as
etectronics enthusiasts — then we
suggest you practice on something
befare tackling this project.

We recommend you use the printed
circuit board designed for this project.
The actual layout of the components
themselves is not critical but a printed
circuit board reduces the possibility
of errors.

It is best to mount and soider the
resistors first. Follow this by soldering
in the diodes D1 and the zener diodes
ZD1, ZD2 and ZD3. Carefully follow
the accompanying component overlay
making sure the diodes are all inserted
the correct way around. Next, mount
the transistors, again referring to the
overlay, checking to see they are
inserted correctly before soldering.

Finally, mount the light emitting
diodes. These too may only be inserted
one way. Check with the component
overlay and connection diagrams. Make
sure they are in the correct sequence.
On the component overtay, LED 1is
the red LED, located at the left. The
yellow LED is on the right, marked with

a '2’. The green LED, marked ‘3’ is
between them.

The circuit could be tested at this
stage if you have a variable power
supply, or access to one. Simply vary
the voltage across the range between 11
and 16 volts and note whether the LEDs
light up in the correct sequence and
close to the voltages indicated.

MOUNTING
As vehicles vary so much in dash panel
layout, we can only make general
suggestions.

Clearly, the indicator should be
mounted such that the three LEDs
are not in direct sunlight. A low part
of the dash, but make sure it's readily
visible from your normal driving
pasition, will pretty well ensure the
display may be easily read during the
daytime. Alternatively, if you have an
‘overhung’ dash, or a portion which
overhangs {usually where the
instruments are mounted anyway), then
a suitable position will generally suggest
itself.

E xact mechanical details will have to
be determined according to your

Battery Condition Indicator

particular situation. Two holes are
provided in the pc board for mounting
bolts. Alternatively, the whole assembly
may be mounted from the LEDs. Three
LED holders inserted through part of
the dash panel, or an escutcheon plate
mounted on the dash, will hold the
LEDs quite securely. Providing the leads
on the LEDs are fairly short, the pc
board will place little strain on them
and the assembly should be
mechanically secure.

CONNECTION

The indicator may be instailed in

vehicles having positive or negative ground
electrical systems.

The component overlay shows the
connection for a negative ground
vehicle. The ‘battery+ve’ lead goes to the
ignition switch — the indicator only
operates when the vehicle is being used
— the battery negative lead should be
taken to a good ‘ground’ point on the
vehicle frame.

For a positive or negative ground vehicle,
the lead marked ‘battery —ve’ goes to the
ignition switch connection, while the
‘battery +ve’ lead goes to the vehicle
frame.

REPEAT
OF A

- 8K Microsoft BASIC - in - ROM

. 4K RAM on board expandable
to 8K

. Full 53 - Key keyboard with
upper/lower case and user prog-
rammability

. Audio cassette interface

. Graphics and gaming characters

. Fully assembled and tested

. Includes case and power supply

. Books on BASIC also available.
Circle No. 1 for free list.

- Requires Video Monitor

SELL-OUT!

SEREVE e TaNs, e

BYSYr BYTRS FACE

I TR IR HE
L 1.3
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VIDEO MONITOR
This is a brand new mod-
ified TV similar to the one

" $149.00

READY TO GO!

GREAT FOR SCHOOLS OR PERSONAL USE!

509-:00

08I SUPERBOARD 11

Same features as the Chall-

enger 1P but requires +5V

NEW COLOUR DISPLAY COMPUTER

CAPIBKCRAM o v's 55 4.5 4 ot sw dt s o $999.00 cheque, money order or Chargex, M/C number, p .
C4P MF, 24K RAM, MINIFLOPPY. , . .$2,465.00 signature and expiry date. g mgg:},‘;;o;" 2 TV “sef - with RE
HERIOB UL ATIOR 3L 84 % o % o e oo h o5 $7.95 Minimum order $5.00. Ont. Res. add 7%. Allow i

See our four page catalogue in the middle of the

December, 1979 ET1 for more bargainsi

All orders processed promptly. Send certified at 3 amps, a case, and a video

5% shipping - excess refunded. Prices subject

to change.

Al ELECTRONIC

Hours: 9:30 — 6 pm: Mon, Tues, Wed & Sat. 9:30 — 9 pm: Thurs & Fri.
5062 Dundas St. West, Islington, Ontario, M9A 1B89. (416) 231-4331
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JUST WRAP™“WIRE WRAPFING
Tool

WHY CUT? WHY STRIP? WHY SLIT?
WHY NOT JUST WRAP?

JW-1-8 BLUE WIRE $24.95
JW-1.wW WHITE WIRE $24.95
JW-1.¥ YELLOW WIRE $24.95
JW-1-R RED WIRE $24.95
JUST WRAP REPLACEMENT ROLLS
R-JW-B BLUE WIRE 501t Roll { sase
R-JW-W WHITEWIRE 50 ft Roll | sa.s8
R-JW-Y YELLOWWIRE 50 ft Roll | sa.98
R-JW-R RED WIRE 50 1. Roil | sass

UNWRAP TOOL FOR JUST WRRP

=
[ Juw-1 | UNWRAPPING TOOL | 3585 |
——y JUST WRRAP WIT
.... [owk-e | JUST WRAP KiT [3a17s]
“NOBBY ” WIRE
g 1001 BATTERY PIIIIIEREﬂ
[Bw-2630] FOR AWG 26- 30 | sazse |
Use “C" size NICAD Batteries, not included. Bits
not included.
BT-30 | BIT FOR AWG 30 | s7.15 |
BT-2828 | BIT FOR AWG 26-28 {s14.35 |
HOBBY WRAP TOOLS
25 Eg:.. - a
__‘ | WSU-30 | REGULAR WRAP [g12.55 ]
i [WSU-30M| MODIFIED WRAP [g14.35
v 850010 3 AW, bive Wire | Long
‘\\ R Y0010 W AW Yelon Wire 1 Long ?
. \ \ \ 30 W 50010 X1 AW, Whiie Woe | Long 7'
\ SRELOI0 TG Tt Wor T Log 7
% 20920 10 AWL filee Wee 7 Long ]
S0 020 LRI oy 35 |
30 W 50020 AW Whie Wee [ 95
20 A 50020 3] AW(, Hed Wee | ang 9
30 8 50 430 T AW, Re Wt © Lo $2.10
030 5 AW “obom Woe } L ong 2
0 050 T AW Wivie Woae ¢ Long. )
\ ‘ X R 50030 AW, Red e 1 L ong 70
\ 30 8 50 040 Vi ARG Hiw $or 4 | ong 25
¥ S0 040 U AWL Yolow Wire 4 | un Vi
PRE-STBIPPED O W 50 040 30 AWE Wohile Wae 4 fov‘;‘ 225
WIRE WRAPPING 0 R 50 040 U AW frea Wer 3100 $225
WIRE DR 50 050 SC_AWG Hive Woe & Long %2 35 |
3¢ ¥ 50 050 U AW Yriiow Wore 5 Long 35
Wire for wire wrapping, iR Ao TR Wiete W= T o (3R
AWG 30 (0 25mm) VIR RecWor S Toog 5 TS
KYNAR" wira. 50 wirey 30 B 50 0G0 U AW Bive Wre & Long 50
pet package Strepped 30 ¥ 50060 AWG Yol ow Whee & Long 50|
I” both ends 30 W 50 060 W AWG WP Wie & | ong 32 50
nYAAN B AR T8 50 1 AL, R Wie ©& ¢ 0y .50
TRI-(OLOR DISPENSER
[WD-30-TRi | TRI-COLOR DISPENSER [$10.75 ]
¥ ,_ 4 “u [R-30-TRI | REPLACEMENT ROLLS | ¢7.15]
1-... WIRE DISPENSER
; W0-30-8 BLUE WIRE $7.1%
W0-30-Y YELLOW WIRE $7.15
WwD-30-W WHITE WIRE $7.15
WD-30-A REQ WIRE $7.15
DISPENSER REPLACEMENT ROLLS
R-308-0050] 30-AWG BLUE 50 T _RAOLL | $3.55
.30Y-0050] 30- AWG YELLOWSOFT ROLL] $3.55
A-30W-0050] 30-awWG WHITE 5C FT_ROLL] $3.55
A-30R-0050] 30-AWG RED SO FT ROLL ] $3.55
Sy NAA-
HOOK-UP WIRE
ps-18 '8 AWG[2s FT] SOLID CONDUCTOR  82.19
HK-20 mnwclzs F1| SOLIO CONDUCTOR 18179
] P22 122 AWG|50 FT|_SOLID CONDUCTOR _$2.45,
N HK-24 24 AWG|50 Fr [ SOLID CONDUCTDR _ |82 45
o HK-28 126 AWG|50 FT _SOLIO CONDUCTOR _ [s2.45

ISHK-18]18 AWG| 25 FT 15 TRANDED CONDUCTOR. 15
[SHK-20]20 AWG| 25 FT [STRANDED CONDUCTORM1 79
SHK-22]22 AWG|50 FT |ISTRANDED coNDuCYOR§| 79

SHK-24i24 AWG]50 FT [STRANDEC CONDUCTORB2 45
ISHK- 26126 AWG| 50 F T[STRANDED CONDUCTORE2 45

Circle No. 6 on Reader Service Card,
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RIBBON CABLE ASSEMBLY sinGLe enp
26 AWG Rainbow Coded fiat cable

SE 14-24 VNI (oo | seas
SE 14.48 ‘“ﬁEﬁL‘éNpé“sz'fs% LA
SE16-20 | WTH O G aness " C | s8.78
SEt6.48 | WTH T oG o, U | 8740

DIP PLUG WITH COVER FOR USE
UNTH RIBRCD (ABLE

14-PLG 14 PIN PLUG & COVER | $265
16-PLG 16 PIN PLUG & COVER | $2.89

QUANTTY 2 PLULS 2 COVERS

RIBBON (RBLE RSSEMBLY DOUSLE END

foE 122 WITH 14 PINDIPPLUG —2°__ | $6.79

P514-4 WITH 14 PIN DIF PLUG 4" 36.96

OE 14-8 WITH 14 PIN DIP PLUG — 8" $7.1%
E 14-12 WITH 14 PINDIPPLUG - 12" | $8.79

E 14-16 | WITH 14 PINDIP PLUG ~ 18 $6.85
DE 14-24 | WITHT4APINDIPPLUG - 24" ! 8750
{DET6-2 WITH 16 PINDIP PLUG — 2° | $7.50
E16-4 WITH 16 PINDIP PLUG _ 4~ $7.69

E 16-8 WITH 16 PIN DIP PLUG - 8° $7.86
E18-12 | WITHI16PINDIPPLUG —.12° [ $7.40
£185-16 ] WITH16PINDIPPLUG - 16° | $7.56

DE 16-24 | WITH 16 PINDIP PLUG — 24" | $8.25

. WITH 24 PIN DIP PLUG — 5 70.00

4-§ WITH 24 PIN DIP PLUG — 10.85)

12 | WITH 24 PIN DIPPLUG 12' $11.50

DE 24-16 | WITH24PINDIPPLUG - 16" [$11.85

324 WITH24PINDIPPLUG _ 24 _|$12.79

DIP SOCHETS

14 DIP 14 PIN DIP SOCKET | s1.40

18 JIP 18 PIN DIP SOCKET [ $1.86 |
24 OIP 24 PIN DIP SOCKET $2.49
36 OIP 36 PIN DIP SOCKET $4.15
40 DIF 40 PIN DIP SOCKET | sa98 |

DIP 1C INSERTION TOOLS
WITH PIN STRAIGHTNER

Narrow profile. Pin straightener
tuilt into tool. Autamatic ejector

14-16 PIN
[ NS “‘51 DIP /IC INSERTER F"“]

mos, (mos-SAFE

GROUND STRAP NOT INCLUDED

MDS-1416 14-16 PIN. MOS

CMOS SAFE INSERTER 87435

MDS-2428| o AL THE

NS,
AFE INSERTER [$13-29

36-40 PIn (MOS-SAFE
It INSERTION TOOL

Atigns bent out pins. Includes terminal lug for at-

tachment of ground strap.

GROUND STRAP NOT INCLUDED

MOS-40| 36. 4g PIN CNIQS SAFE

N TOOL
0IP {{ EXTRACTOR TOOL

Extracts ail LSI, MSt and $S1 devices of from 8 to
24 pins.

e

1511.35]

EXTRACTOR TOOL 18270 |

24-40 (MOS5-SAFE EXTRACTOR TOOL

Removes 24-40 pin IC's, .600“ centers. C-MOS safe.
Inciudes terminal lug for attachment of ground strap.

GROU.AD STRAP NOT INCLUDED
| Ex2 | CMmDS SAFE EXTRACTOR TODL | $13.30}




PRB-t DIGITAL LOGIC PROBE

* DCto>> 30 MH2 » Automatic thesahold

#® 10 Neoc. puise 7esponse rewriting

v 120K . R s “’-ztgc.n logie

® Aviomalic putse aiseiching |, monog e lendedte 1823 VDG
o 60 Maac. with opttonsl PA-1

® Aulometic ln'lllﬂo fmamory o tu»‘y O¥P. 15 ¢

o Oven circ il

[ PRB-1 | OiGITALLOGIC PROBE | s61.95 |

PROTOTVPE BORRD (M-100

TERMINALS 1020 TEST POINTS 188 separate 5
point termenals plus 2 horizontal bus lines of 40 com-
mon [es! points each

SIZE 612" Wide, 5 Long
[Em-100]MODULAR PROTOTYPE BOARD | 843.45

PC BOARD

4 x 4.5 x %, in. board, glass coated EPOXY laminats,
solder coated 1 0z. copper pads. The board has pro-
vision for a 22/44 two sided edge connector. .156 in.
spacing. Edge contacts are non-dedicated for maxi-
mum fiexibility.

The board contains a3 matrix ‘of .040 in. diameter
holes on .100 in. centers. Component side contains
76 two-hoie pads.

Two independent bus gystems are provided for volt-
age and ground on both sides of the board.

|H-PCB-1 | HOBBY BOARD | se00 |

TERMINAL BORRD

.062 thick glzss coated epoxy laminate. Outside di-
mensions 6.3 in. x 3.94 in. Not plated.

[A-pC-01 | TERMINAL BCARD | ss7 §

PROTOTVPE BORRD (M- 200
TERMINALS 630 TEST POINTS 94 separate § point
1erminals. plus 4 bus knes of 40 common lest pomts
each.  gIZE 6" Wide 3% " Long

{ CM-200] MODULAR PROTOTYPE BOARD[ $27.50 |

PROTOTVPE BORRD (M-300,(M-300

CM-300 and CM-400 have two separated rows of five
interconnected contacts each. Each pin of a DIP in-
serted In the strip will have four additional tie-points
per pin to insert connechng wires. They accept leads
and components up to 032 in. diameter. intercon.

/8 T Sk TS U T R L A WO 8

nections are readily made with RW-50 Jumper Wire
All contact sockets are on 8 100 in. square grid
(1%, In. wide)

CM-300 | MODULAR PROTOTYPE BOARD/ $16.65 |
CM-400] MDDULAR PROTOTYPE BOARD[ 34.15 |

MODULAR BUS STRIP

CM-500 |3 2 bug strip to be used in conjunction with
CM-300 and CM-400 for distribution of power and
common signed {ines. Two separate rows of common
terminsts, grouped into clusters of five. All contact
sockets are on a 100 in. square grid.

[Cm-506T mDDULARBUSSTRIP | 3329 |

JUMPER WIRES

50 Preformed wires, from 1% to 4 Inches, 20 AWG
solid wire, white insulation.

LARwW.50 | JUMPER WIRES | sese |

" (LIP RND STRIP ~ TOOL

For cutting and stripping 1 in. insulation from 30
AWG wire.

[CAas-13%0] CLIP AND STRIP | s3ss |

mini SHEAR
[ ms-10 | MINI-SHEAR [ 3895 |
mInt SHEAR WITH SRFETY (LIP

[ms-20 | mini-SHEARWITH CLIP | s1075 |

ABS construction, 1% in. wide jaws

vva T VACUUM VISE T ss8s5]

WIRE WRAPPING HITS
WH-2,WH-J,WK-8

WK-2-B | WIRE-WRAPPING KIT (BLUE) | $2095
WK-2-Y |WIRE-WRAPPING KIT{YELLOW)| $20.05
WK-2-W| WIRE-WRAPPING KIT (WHITE) | $20.95
WK-2-R | WIRE -WRAPPING KIT {RED) $20.9%
[WK=38 (BLUE)| WIRE-WRAPPING KIT | $27.35]

[WK-4B {BLUE)[ W!IRE-WRAPPING KIT | 341.90 |

WIRE WRAPPING HIT WK-S

BW.630, WSU-30M, CON-1, EX-1, INS-1416. TRS-2,
MS-20, 14, 16, 24 .nd 40 0P sockets, WWT-1,
WD- 30 TR] H-PC8-1

Same specifications as A-PC-O1 except matfix pat-
tern is copper plated and solder coated on one side.

[A-PC-02 | PRINTEC CIRCUIT BOARD | $395 |

Same specifications as A-PC-01. Each line of holes
is connected with copper plated and solder coated
parajlel strips cn one side.

[A-PC-03] PRINTEC CIRCUITBOARD | s9.95

Same specifications as A-PC-01. One side has hori-
zontal copper strips, solder coated. Second side has
vertical paratie) bars.

[A-Pc-04]  PRINTED CIRCUIT BOARD | 81330 ]

The A-PC-DS features numbered contacts for aasy
reference 8long with 3 numbered matrix for eas
hole locations. Made of 062 in. thick epoxy lami-
nate. 4.5in. x 5 in. Edge Connector Board,
[A-pc-05] PRINTED CIRCUIT BOARD | 39.15 |
Same as A-PC-05 except outside dimensions are 4.5
in. x 6.5 in. Edge Connector Board.
[A-PC-06]  PRINTED CIRCUIT BOARD  [$1165 |
Same as A PC-0B except outside dimensions are 4.5
in. X 7 in. Edge Connector Board.

PRINTED CIRCUIT BOARD

TERMINALS

WWT-1 SLOTTED TERMINAL
SINGLE SIDED
WWT-2 TERMINAL

WWT-3 iC SOCKET TERMINAL

DOUBLE SIDED
WWT-4 TERMINAL

TERMINKL INSERTING TOOL

For inserting WWT-1, -2_ -3 and -4 terminals.
[ INS-1 | INSERTING TOOL |

PC 0. TERMINAL STRIPS

4 -POL

-1

MOOULAR TERMINRL STRIPS

[ 1s-em0 | 2-POLE [ s300 }
(3 per Package)

(781 T _ CARD GUIDES [ s5e0 )
DUANTITY = ONF PAIA (2 PCS }

PC CRRD GUIDES & DRACKETS

| TRs-2 | GUIDES & BRACKETS | ssas |
CUANTITY = ONE SET (4 PCS )

P( EDGE (ONNECTOR

4@ pin, dual read-out, .156 in. spacing, wire-wrap-
ping.

| wKk-5 | WIRE-WRAPPING KIT | s12085 | [ CoN-T ] P.C_E0GE CONNECTOR | %635 )

Available at your nearest Electronics Parts Disfributor  Write for complete OK Machine & Tool catalogue

len tinkler limited
25 Toro Road Downsview Ontano M3J 2486 Tel (416) 630 9103 Telex 065 24010

Circle No. 8 on Reader Service Card.




ETI Project

Wire Tracer

ETVs latest offering to the DIY person:
a wire tracer that will find wires that

other tracers cannot find.

IF YOU HAVE EVER done a complete
or partial rewire of 38 house, or have
found yourself lumbered with jobs
like drilling holes or knocking
masonry nails into interior walls,
you'll appreciate just how useful and
reassuring it can be to know exactly
where live wiring is hidden
beneath the wall plaster. ETI's wire
tracer is designed to help give you
that reassurance and will help you
trace those hidden wires that most
other ‘seekers’ can not find. No
licence is needed to operate the
device.
BFO TRACER
There are two basic types of
line seeking device. The most
common of these is the BFO
metal-detecting type of unit. Fig. 1
shows the circuit diagram of one
simple version of this type of device,
which in this case is supposed to be
used in conjunction with a3 hand-held
pocket radio. The fig. 1 circuitis 3
simple L-C oscillator, tuned to about
120 kHz. Coil L1 is a long-wave
aerial coil, wound on 3 ferrite rod.

in use, the fig. 1 circuit and the
radio are both turned on and held
close together. Their controls are
then adjusted to obtain 3 beat note
from the receiver. When any kind of
metal comes near the end of the L1
ferrite rod 1t causes the inductance of
the coil, and thus the frequency of
the oscillator and the tone of the beat
note, to change. Metal that is buried
beneath plaster can thus be located
by simply moving the above ferrite
rod and radio slowly across the
‘search’ area of the plaster.

The BFO type of wire tracer is
very good at locating old-style wiring
that is shrouded in metal conduit,
and old style metal plumbing, but is
not very good atdocating unshrouded

24

cables or cables that are shrouded in
modern plastic conduit. The wise
handyman is never the less advised
1o build one of these simple units,
but to build the new ETI wire tracer
as well.

THE ETI WIRE TRACER

The theory behind the ETH wire
tracer is quite elementary. All

current-carrying wire generates a
magnetic field about itself. Wiring

ETI

ISk
NHGER

PICKUP

L 2

£ ARPHONE

that is carrying line current
generates a magnetic field at line
frequency and the intensity ot the
field is proportional to the magnitude
of the current being carried. Line
currents above a hundred milliamps
or so generate quite significant
magnetic fields, so live wiring

can easily be traced by applying it to
a load (switching on the lights, etc),
and then using a field-detecting and
indicating instrument to trace the

ETI CANADA-MARCH 1980

s



ol

L
LONG-WAVE
AERIAL COIL
ON FERRITE
ROO

-LC’

200

¢2

Tzna

7 o

THE ETI WIRE TRACER works by
detecting the weak magnetic field of any
current-carrying house wiring and
amplifying this signal up to a level that is
adequate for driving a magnetic earpiece.
The unit uses a telephone pick-up coil to
detect the magnetic field.

IC1is a type-741 op-amp, biased for linear
operation from a single-ended supply via
potential divider R2-R4, which has its
junction decoupled to AC via Cl. The
op-amp is configured as a variable-gain
inverting amplifier, and directly drives the
Q1-Q2 complementary emitter follower
output stage which is used to drive a
magnetic iece via limiting resistors R7
and R8 and via C2. Components R5, D1, D2
and R6 are used to bias Q1 and Q2 into the
linear mode. Note that the QI, 2 stage is
incorporated in the negative feedback loop
of the op-amp.

The input to pin 2 of the op-amp is
derived from a telephone pick-up coil,
which is highly sensitive to magnetic fields
and typically has an impedance in the order
of 1k to 5k. The overall voltage gain of the
circult is approximately equal to the ratio of
this impedance to that of the R1-RV1
negative feedback network and typically
can be varied from near unity to about 50
dB via RV1. This degree of gain is sufficient
to produce strong audible signals in the
earpiece even from quite weak magnetic

fields in the vicinity of the pick-up coil.

ETI CANADA—-MARCH 1980

R1
220k
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R2 Wi
10k
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Fig.1. Clrcuit dlagram of one simple version of a BFO

metal detector,

Wire Tracer

w1
+
-
Ilr&:vsgn: p—— lt c2 N
con S 100u
[ —
$KT2 F
= [ maGNETiC
EAR—PIECE
ﬂL NOTE:
1IC118 741
Fig.2. Circuit diagram of the ET) Wire Tracer.
PROBLEMS? NEED PCBs? Before you
write to us, read Project Flle through
carefully. You may find the infor-
RV1 w1 mation you need and save time.
— PARTS LIST -
al RESISTORS
] R1,2 3, 4 4k7
; RS, 6 10k
R7.8 10R
— CAPACITORS
(=) C1,2 100p
POTENTIOMETERS
INPUT K RV1 1MO bin
CI— SEMICONDUCTORS
Q1 MFS 6515
—— + Q2 2N3906
OUTPUT | 4 741
D1 2 IN4148
MISCELLANEOUS
SwWi1 SPST
2 3.5mm jack sockets
Case to suit
ov AV1 teiephone pick-up coil
Flg.3. Component overlay. personal earphone 80
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The

alternative
to custom
enclosures

M HAMMOND
MANUFACTURING 1w

The problem with custom fabri-
cated enclosures is the cost of
tooling and the cost of making
changes.

We offer you an aiternative; one of
the largest selections of small
enclosure designs, shapes, sizes
and colours availabie in Canada
today. We have iIN STOCK,
miniature enclosures, small en-
closures, meter housings, desktop
component and keyboard
consoles; in steel, aluminum and
plastic. In all, over 750 models
available in many different colours.
No stocking, tooling or manu-
facturing problems for you.

tnvestigate the aiternative. call your
locat Hammond distributor and
have a hard 100k at cost, availability
and design freedom. We think you
will like what you find.

Circie our reader card number, and
we will send you our catalogues,
prices and a list of Hammond
distributors in your area.

NG CO LTD

w HAMMOND MANUFACTURI
354 Edinburgh Rd. Guelph Ontario N1H 1ES {519) 822-2860 or {416) 456-3770

Circle No. 8 on Reader Service Card
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Wire Tracer

wiring route.

tn the ETI wire tracer we use a
standard telephone pick-up coil {as
used with tape recorders) to detect
the line frequency signal, which is
then amplified and fed to a magnetic
earpiece via a variable high-gain
op-amp and transistor stage. The
resulting instrument easily traces
buried cables that are either
unshrouded or are buried in plastic or
non-fertous conduit, or are hidden in
non-ferrous metal channelling, but is
not so good at tracing cables that are
shrouded in old-style ferrous conduit.
Circuits of the fig. 1 type are more
suitable for the latter application.
CONSTRUCTION
Construction should present no
problems at all, since the circuit uses
relatively few components, most of
which are mounted on the PCB.

We housed our prototype unitin a
plastic case with outside
dimensions of approximately 3 X
42 X 1Yz inches, but any roughly
similar case is suitable. The pick-up
coil and the earpiece are connected
to the unit via jack sockets.

ETI CANADA-MARCH 1980
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Calcumeter Review

This month, we present a truly fascinating piece
of test gear. Electro Scientific’s Calcumeter 4100
uses custom MQS technology to combine a digital
multimeter and scientific calculator in one hand
held instrument. John Van Lierde reports.

PERHAPS the most fundamental and
significant facet of science and techno-
logy has been the measurement and
interpretation of physical phenomena.

Essentially scientific measurement
consists of the gquantitative observation
of known physical characteristic follow-
ed by the appropriate translation and
scaling into meaningful and useful units.
This is achieved, to a degree, in all
measuring devices. A clock converts the
period of swinging pepdulum to hands
rotating across a calibrated scale. Simi-
larly a car speedometer converts angular
velocity to an angular displacement
across another calibrated scale. These
instruments are rather inflexible in
their range of application. For example,
try recalibrating a glass fever thermo-
meter from Fahrenheit to Celsius. A
ticklish proposition at best.

To bring the point closer to this arti-
cle, consider the ubiquitous VOM. An
indispensible instrument, yet very few

offer the facility to measure Siamens.

{mhos) directly. You couild add your
own scale calibrations directly to the
meter face, but this is a tedibus and

unsatisfactory solution, ¥ Similarly,
applying the output of .a temperature
sensor directly to a muitimeter rarely

produces direct readlnga ‘Some inter-
mediate calcuiation is requared d

it is with these thoughts in mind that
we now turn our ﬂa‘ltentlon to the
Calcumeter 4100

WHAT IT IS. ~L~,‘-'

As the name |mpi1es theicalcumeter

is a combination scientific calculator
and dlgltal multimeter. All functions
l;shgd by a ‘dedicated MPU

s commands from the key-
board, initiates and interprets A/D con-
versions, and drives an LCD display di-
rectly.

The net effect is a calculator that
accepts data entry from the digital

ETI CANADA—-MARCH 1980

“million measurémmts from si

multimeter section for calculation pur-

poses. In addition there are several
preprogrammed  functions , to take
advantage of this. !

THE DMM

For measurement purposes, the Cal-
cumeter is an Auto ranging 3% digit
DMM capable of measuring Ac and
DC voltagE and current directly.

To make a measurement, one. merelv

connects the probes and depresses either

the HOLD. or CONT button. In CONT
mode. the Calcumeter will continue to
make measurements untitHOLDis de-
pressed. Depressing HOLD allows only
one measurement cycle.

The Calcumeter actually “bas  six
measurement ranges. When a; measure-
ment is initiated;.it cycles through each
range Ontil it finds the onewith the best
resolution; In CONT ‘mode it remains
in the 'same range during each subse-
quent” measurement cycle. The auto-
ranging function takes several seconds
to cycle through all, the rangas,vfand a
fixed range fUnctiohsis avaﬂable"td save
time for repeated measurements’

Electvo ' Scientific prom;ser;saOne

9V
battary: This is accomplished by turning
off the'analogue section after a measure-
ment.is complete and simply holding
the reading_on the display. Another
nifty featute is a two speed CPU clock.
The clock runs at slow speed {25 kHz)
during idle periads and swit
higher {spaed {300 kHz) for' m
ments and calculbtions. Another advan-

tage of battery operation is the elimina-

tion of common mode errors.
‘The Calcumeter also incorporates a

'A‘sma,u ‘piezo electric transducer to gener-

ate clicks and beeps. The clicks can be
heard whenever the autorange is search-
ing at the rate of one click per range.

5102

t

(7, ove AT

The Cachmeter will also beep for any
type of error,, whether on a measure-
ment or a calcutation. It's not a very
|mpressive “sound, in fact it would be
“fost In any kind of noisy enviroment,
but it can be disabled if it becomes
unhearabie

THE CALCULATOR

The calculator itself is similar in
" gperation to any Hewlett Packard
calculator in that it uses reverse polish
nofation. The only difference is the
absence of a LAST X key. The calcula-
tor can store five numbers, one in mem-
ory and four in the stack. In addition
you can perform all four arithmetic
functions directly on memory.

Another feature is variable display
formats. The user has a choice of fixed
scientific or engineering notation. The
display  formatting appheq o “both

measurements  and ns. It
should be noted vﬁa&wﬂnfé the caicula-
tor will work gight guts the
multiméter ohlv proddcd#% , an impor-

__‘.When calculating on

mg a measurement

?ame effect as using
the keyboard " numerical value is
placed in the X ret n‘ which is where
you want it, for you' no RPN users).

ESI did produce ﬁk really novel
innovation, fically ' a 27 key,
which is great for reagé’nce calculations
{l usual!»y‘ ‘end up/ Keeping a 27 in
rnerhpfw‘? 1'm doing any kind of AC

E analysis). This was definitely incorpor-
atedwwith engineers and technicians in
mind.

One major beef, though, there’s no
SIN, COS or TAN key. This is under-
standable, since the Calcumeter was pro-
bably primarily intended as a lab and
industrial instrument, but is sure would
have been nice for power factor

A t@mmnsadh )
‘measure
has essenua‘l
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calculations. | found this disappointing
as | had originally envisaged the
Calcumeter as an engineer’s right hand.
The Calcumeter is more at home in the
lab than at the drawing board.

PUTTING IT TOGETHER

The true worth of the Calcumeter,
however, does not become apparent
until you consider the preprogrammed
functions it offers. In atl, there are six
such functions, they are; a scaling abil-
ity {mx + b), averaging, fimits, inversion,
percent deviation and decibel voltage.

The scaling function is probably the
most useful. In effect, it allows you to
muitiply theDMM reading by a constant
{m) to produce a direct reading in what-
ever units you choose, In addition you
can introduce an additive constant (b)
to cancel any offsets. This is useful for
thermocouples in that you can take
accurate temperature measurements
directly from the display. For example
the ES| Model 4120 Temperature probe
has a temperature coefficient of 0.5
mV/°C {m) and requires an offset
of -279°C (b). This function could also
be used for strain gauges (dlsplay
Newtons), photocells {candellas/m?), or
a small DC motor {RPM).

Sometimes one is required to make
measurements of a noisy or unreliable
source, such as perhaps a gasoline gener-
ator. Use of the averaging mode
produces a reading with the effect of
noise fluctuations greatly reduced. The
Calcumeter will take any number of
measurements (stored in memory)
before displaying the final result.
Measurements are made at the rate of
two per second. Some caution is requir-
ed in using this feature. The amount of
noise removed is proportional to the
square root of the number of measure-
ments. Consequently 100 measurements
adds one more digit of accuracy and one
minute to the measuring period. Ten
thousand measurements adds two digits
at the expense of an hour and a half of
measurement time.

The inverse function allows direct
measurement of conductance {Siemens)
by directly inverting resistance measure-
ments. | suppose if you tried hard
enough you could find a case for inverse
Volts or Amperes.

The decibel voltage function is par-
ticulary useful for measuring amplifier
or filter response. The reading is refer-
enced to a predetermined input value
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SPECIFICATIONS

ol seaie RANGE

. - sed A00Me e
AANGE Acouaty 'w: |‘-‘:v »
Full scsse Rewponss * 168 from 40H2 10 10RH¢ Acturecy (1. 2% at 1eming & 2 coum ¢ TmA)

id ce SOM ihwated w th A00F
"y 0 28~
oo gl RANGE
~1 ey 30M ot 1000V pesk
Ful icain
Normal mon
St 15t ok R Actu sy +10.30% of 1eadmg ¢ 1 counl = ORY)
BOH ¢ avd OH.
Full wcaty GENERAL
Common
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Fig. 3. Inside rhe Calcumeter one finds two PC boards. The one in the case carries the micro-
processor and 1/0 interfacing and the one on the right, the A/D convertor. The round disk
in the middle of the A/D board is the sound transducer. The socket at top right is the 1/0
interface socket.
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stored in memory. With this feature you
can make adjustments to an amplifier
while continuously monitoring the gain
{this assuming you do not change the
input signal}.

The final two functions, percent de-
viation and limits are particularly useful
for comparing similar quantities.

Of the two, percent deviation is the
mare obvious in function. Upon taking
a measurement, the display will give
a percentage difference from a nominal
reference stored in memary.

The limits function is the maost in-
triguing to use. After being given nom-
inal upper and lower bounds the Calcu-
meter will yield a graph like display for
a given measured value(Fig. 4}, the posi-
tion of the bar being equivalent to the
values located within the boundaries.
{Pressing the DSP key, normally used
for formatting, will cause the Calcume-
ter to temporarily display the true
measured value). |f the value lies outside
the timits, the display will read ERROR
and the beeper will sound, the latter is
handy if you can’t look at the Calcu-
meter. This function is probably the
most valuable in small factories where it
can be used to quickly check compo-
nents to specifications and tolerances.

USING IT

The first thing one notices upon
turning on the Calcumeter is - total
gibberish on the display. This is easily
cleared up when the Shift key is
pressed, but it seems odd that the
machine can’t initialize and clear itself
upon powering up. No matter, though.

The calculator is simple and easy to
use, if you know RPN. The keys click
upon actuation and have a good posi-
tive feel to them.

As with the calculator, there is
little one can say about the multime-
ter section. The clicking that accom-
panies the range search is useful in that
it tells the Calcumeter is working {which
is handy when nothing else seems to).
The range setting feature is also a use-
ful  time-saving characteristic  for
multiple measurements.

The oddest part of getting to know
the Calcumeter is having to initialize
a measurement using HOLD or CONT.
This is especially inconvenient if you
need both hands to make a measure-
ment. One can leave it in CONT so
that it measures continuously, but this
puts a larger drain on battery power
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{there is a way around this. ESI makes a
foot switch}).

While not exactly pocket size, {21.5
X 8.0 X 4.0 cm, it would stick out alot)
the Calcumeter is a good size to hold in
one hand. The HOLD is positioned on
the left, easily reached with the left
thumb.

The Owners Handbook is one of the
best !'ve seen. Using a profusion of key-
board and display diagrams, it walks
the user through all functions without
being too elementary.

- g

"\1
-0 0 00 0 00 *
= E
%= 9 0 0 00 *
¥R . ‘
LA A h Fig.4. Printer
output of the
R » fimits function,
A £ 3 Note that the
=1 A o values  outside
a0 o =00 2 * /imits cause error
. reading. The
. o 0 0 0 0 * LCD diSp/&V is
- similar.
— - - ‘—"‘—u. __—-JE )

e ClCUMEtEr Review

The table of contents is very
complete, and one can reference any
function with very little trouble. In add-
ition there is an excelient block des-
cription of the analog circuitry as well
as schematics {the circuit description
only goes up 'to the |/O interface, no
description of keyboard, interfacing,
mpu or the display is given).

ACCESSORIES

The  Calcumeter itself comes
complete with test probes, alligator clips
and rubber case. The case {Fig. 5} is
composed of two shells of mouided re-
silient rubber(Fig.5.) which would pro-
bably do an excellent job of protecting
the Calcumeter except there is no fas-
tener to keep it together (I used a heavy
rubber band}. The bottom half of the
case also serves as a stand and storage
for test leads, spare battery and fuse.
Very few multimeters or calculators
have that degree of protection and con-
venience in their cases. Other accessories

Sinclair SC110 low power
portable Oscilloscope

*Ravolutionary 2" diagonal CRT In a case oniy 1'%:" thick and weighing lass than 2 pounds!
*Full-sized performance with 10MHz bandwidth, 10mV per division sensitlvity, and triggered
sweep. *Runs on “‘C’ cells or AC adapter, making the SC110 ideal for field or bench use.

Probes and carrylng case avalable. Suggested net. . . . . . ¢ o . . i a . a4 e e e a e . $499.00

sSsirci=ir

Call or

nearest distributor.

H 1736 Avenue Rd., Sulte B,Toronto
wiite tor Syt Y I@IC ELECTRONICS 1738 fverue B (416) 787-7367.

Circle No. 2 on Reader Service Card.
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include RF probe, temperature probe,
battery adapter, 20 Amp current shunt,
AC Clamp-on Current probe and so on.

A particularly useful accessory is the
foot switch. Essentially it allows you to
operate the HOLD button with your
foot. Obviously it's reaily only suitable
for bench work, but it's invaluable
when your digging around the guts of
some complicated piece of equip-
ment.

Another usefu! adjunct is the Model
4142 Data Logging Printer (Fig.6.). The
Printer does more than just print any
Calcumeter reading, it can be set to ini-
tialize and print measurements at pre-
sent intervals up to over 3 hours in
length. Data is printed on standard 3%
inch adding machine paper in a 12 col-
umn format. In addition to printing
numbers, the printer also has a limited
character capability in that it can print
units {(dB, V, A, etc} along the right
margin. Characters and time intervals
are selected by DIP switches located
on the bottom.

The printer plugs into an interface
socket at the ‘top-end’ of the Calcume-
ter. This socket allows external control
of the Calcumeter, direct input to the
A/D convertor, and has a serial ASCI!
latter is a

output. The significant

Fig. 5. Even the case is well thought out,
It provides storage for test leads, spare fuse
and battery and protects against drops fwe
didn’t test that feature though).
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Fig. 6. The Model 4142 Data Logging Printer can be used for automatic monitoring over

long periods of time fits MPU controlled too).

feature. ES| is planning a R§232 ASCI|
and |EEE interface. These probably
aren’t necessary since it should be
feasible to interface the Calcumeter
directly to any Microcomputer. What
can you say about a autoranging, fully
protected A/D convertor that can
convert and process Ohms, Volts and
Amperes?

FINALLY

For the price, the Calcumeter isn't a
feasible instrument for the hobbyist or
bench technician but it is such in
industry and laboratory situations
where significant amounts of numerical
interpretation of results is required. |
would suspect that in these applications
the Calcumeter could be very cost
effective.

The Calcumeter itself is an incre-
dibly well thought out and well built
piece of equipment. There are some
features that | feei have been passed

over, but they are relatively insignificant.

The most exciting aspect of the Cal-
cumeter is what the future promises.
With any sort of luck, Calcumeter prices
will start to drop, (remember digital
watches?} bringing them within range of
more people. Hopefully some will even-
tually come out with programmable
ability, allowing the user greater control
and telemetry capability. The Calcume-
ter 4100 is only the beginning.

The Calcumeter is available from
Webster Instruments, Ltd., 1200
Aerowood Drive, Unit 28, Mossissauga,
Ont, L4W 2S7. Price, $545.00 (CDON.)
for the calcumeter jtself, $434.00
for the printer, and the foot switch
is @ mere $59.00.

Our special thanks to Mr. Roger
Webster for making a review model
available to us.
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WHAT'S

MORRIS’

LAST MEAL

QUR STORY QPENS, as it has on so
many previous occasions, with a daz-
zling full frontal shot of Morris. Now,
we all know that the real Morris is
actually dead; he bit the dust about 3
year ago. However, the animal shelters
of Southern California have been
mercilessly scoured and, eventually, it
seems, someone did come up with
another tan coloured, grossly overfed
house cat, so the illusion remains. In
this episode, Morris is perched upon 3
plush cushion in a polystyrene kitty bed
looking, as always, like the director has
been dabbing hash oil on his nose. From
out of the ether comes a sparkling
female voice, late of the dish washing
soap scene. "“Morris! Dindin time.” Do
people really talk like that?

A slightly effeminate, deeper voice
intones 'l think V'll be finicky.”” Ch,
really. Like, this is supposed to be
the cat talking, but | suspect it's a fake.
His lips never move.

""But Morris . I1t’s Nine Lives.”

"Oh, God help me"”, bemoans the
cat, still without actually saying much.
"The last time she served that stuff it
took three of mine.”

"Don't be finicky, Morris, Honey”’,
coes the lady off camera.

“I'm not hame.”

"Look, Morris. A nice twelve gauge
double barrel shotgun.” The barrel of
which prods the cat in the side. | don't
remember these script changes.

Cut to a clone in a suit, grasping
a bottle of detergent. 'Ever wasted an
annoying pet with light artillery? In the
living room? It can get a little messy. All
that dried blood on the paint. You pro-
bably thought it would never come off.
Well, here's good news. New, improved
Pine Sol, with fifty percent more piasma
dissolvers...”

Never seen this particular com-
mercial on the tube? You just haven't
been tuning into the right networks.
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producted material.

Want to get into directing but don’t have a lot of money
for production? Steve Rimmer tell you how to use pre

CUTTIN" N* SPLICIN’

As much creative expression can
be had in editing tape as in shooting it.
In fact, TV being such a rich medium,
with quite a mulititude of images already
committed to the video format, just
in terms of commercial broadcasting,
a lot can be done without ever turning
a camera on at all. The Saran Wrap like
nature of network programming does,
of course, lend itself to satire...it may
be regarded as one in completeness just

as it rolls off the tube...but much can be
done in other genres as well. In many
cases, veritabie phosphor Mono Lisas
can be created by doing nothing more
cases, veritable phosphor Mono Lisas
can be created by doing nothing more
than rearranging the order of a few
scenes. Soap operas, for instance, are
great for this. With relatively little
effort, it is possible to distil a week’s
worth of the Edge Of Night into a
completely new melodrama. Some
overdubbing of voices might prove

Built-In heatsink
for cool reliabte
operation

Amplifier
circuitry
encapsulated
in epoxy for
excellent
thermal
stability

ILP s the original line of audic amplifier modules, and the on
warranty. Choose from 4 models, conservatively rated 30 -

Performance:
!lp Amp

L] -
lifier Modules —
HYS50 - 30 watts
{RMS)
HY120 - 60 Watts
HY200 - 120 watts rTRUE HIGH
HY400 - 240 Watts} FIDELITY
SPECIFICATIONS:
Typical distortion-
0.05% at 1lkHz
Frequency rasponse-
10-45 kHz
Signal/nolse ratio-
up to 96 db

AR

Only S
stmple
connections

—\

ones with a five-year
- 120 and 200 watts.

Matching preamp module also avallable. Fully short/open circuit protected. ILP alone
offers performance, value, reliability backed up by a five year warranty. In short, iLP
is the only choice for the discernina audiophlle

*to original owner when used with recommended power supply,

ILP MODWLES ARE AVAILABLE IN: BRIDGEPORT, Nova Scotla: F.  Rhodenlzer,
CORNER BROOK, Newfoundiand: Electronic Systems. KINGSTODN, Dntario: Kjngston
Electronics. KITCHENER, Ontario: Orlon Electronics. LONDON, Ontario: Buckland
Company. MISSISSAUGA: Atwater Electronics. MONTREAL: Addison TV Parts,
OTTAWA: Kris Electronics. PENTICTON, B.C: Lakeland Electronics. QUEBEC CITY: Cit
Electronique. TORONTO: Domlinlon Radio, General Electronics, Gladstone Electronics.

Dealer/distributor d' 1736 Avenue Rad., Suite & ,
enquiries weicome, au |ex ELECTRONICS Toronto, Ont. (416)787-7367
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necessary, although real artists at this
sort of thing can usually get along
without it.

imagine creating your own K-Tel
commercials. “Now, for the first time
ever, forty of your favourite election
lies on one low priced album.” Recreate
the CTV National News, with Lloyd
Robertson and Harvey Kirk...telling
dirty jokes. Have the Avyatollah host
Saturday Night Live. The possibilities
are endless, not to mention probably
iliegal if shown in public.

Cutting film, 10 get scenes in order, is
not very complicated, and most people
with average eye-hand coordination can
master it in a few hours. Cutting video
tape, in much the same manner, is not a
great deal more difficult, and maost
basement videophiles try it sooner or
later. The main difficulty comes in
watching what results.

The first problem which we en-
counter in editing tape is that the
physical distribution of the signal
on a piece of video tape is not, as in the
case of film, perpendicular to the fong
axis. If one considers the operation of a
helical scan VTR, it will become appar-
ent that the video tracks are layed down
at some angle, running diagonally across
the tape. In fact, depending upon a
number of variables, a single frame of
the TV image may be spread out over
more than six inches of longitudinal
tape travel. Thus, a simple razor blade
cut across the tape will pare not one
but many frames, and unless the human
wielding the knife is maost extraordin-
arily lucky, the resuiting union will find
the gverall picture, at the point of the
splice, rather abysmal.

Even with the very sophisticated
equipment used by studios today,
“bad” tape edits are not unheard of.
This is not so much sloppiness on any-
one’s part, but, rather, the very critical
nature of the signals involved. The
actual video which presents itself on
the screen can be gquite miserable before
we'll notice it, especially if the misery
is short lived, or if we’re watching
Mork and Mindy and thus do not
notice it. {On second thought, you
watch Mork and Mindy by vyourself.)
However, the sync information assaci-
ated with said video is most fiendishly
touchy. It wants to run along just so,
with no sudden changes in frequency or
phase, because, even though we speak
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of having television sets with built-in
automatic frequency controls for the
synced oscillators, these have extreme-
ly limited compensatory abilities when

faced with abrupt disruptions. If a
cheery train of pulses is coming along,
triggering an osciliator and generally
getting the picture together, and that
train is suddenly modified, even min-
utely, the AFC circuitry will have to
spend quite a while hunting around for
a new lock. In the meantime, the screen
will be rolling and guffawing in the rap-
tures of severe picture breakup.

If one is editing together a series
of four second scenes, it will be shortly
observed that this can be a trifle
annoying.

The key to editing video, then,
is 10 do so with supreme concern for
the preservation of a mellow and un-
disturbed karma about the sync pulses
in the vicinity. This is not all that easy
to accomplish, and a lot of ingenuity
has been laid down in pursuit of a fast,
clean edit.

There are two ways to edit. The
first is physical editing, actually chop-
ping tape up with a razor blade and
sticking it back together with adhesive
plastic stuff. The other is electronic
editing, in which signals are dubbed
from recorder to recorder. The former
is all but unheard of in the present day,
but, as might be imagined, is the pre-
cursor of contempaorary electronic tech-
niques. It also illustrates an important
fundamental in the makeup of a record-
ed videao signal.

Bedsides which, it's a good thing
to know if you tape breaks.

A complete recorded video signal
consists of at least three tracks. Central
of these, as one migh expect, is the
video information, which occupies most
of the tape surface in a wide track down
the middle. On either side of this lies
an audio track, one carrying the sound
associated with the picture, and the
other carrying a control signal which
provides a reference for the video head
drum servos when playing back. This
latter track is a genus of sync pulses,
just as are the ones actually associated
with the video signal. In other words,
if they become disrupted during the
editing process, the picture will break
up too, although the cause will be the
upsetting of the drum servos in the play-

back machine as opposed to the sync.

ascillators in the TV,

When making a physical edit, the
prime rule is to cut between the sync
pulses. However, if you hold a piece
of tape up to the light, you may notice
that it isn’t all that easy to discern the
location of said pulses. This is due
to several peculiar characteristics of
magnetic recording, not the least
of which is that the tracks are invi-
sible to the naked orb. in order to
nail down the little trolls, it is neces-
sary to coat the area of the area of
the tape where an incision is con-
templated with the solution of sus-
pended metallic particles, which goes
by the name of Edisol. Once having
done this, it will be observed that the
pulses are rendered marginally viewable
and extremely small. Physical editing
is thus performed beneath a micrascope.
Having found the pulses, one can
now decide which of two types of
edits is called for. 1f a vertical cut
is made so as to fall between two
of the control track pulses, the resulting
edit will take the form of a downward
moving vertical wipe, taking a little
less than two seconds, the exact time
being variable from machine to machine
This type of cut is relatively easy to
to do, but gets to be boring after a
while. on the other hand, a diagonal cut
can be made so as to fal! between two
video tracks, and if this is properly
done, if will be found that the several
control tracks, line up upon splicing.
The result wiil be an instantaneous
cut between scenes. However, this type
of edit is quite difficult to perform,
the actual splice being a good half
foot long.

The actual splice used in editing
video tape is, whichever of the above
techniques is involved, is quite critical.
The process is no different than that
which is employed with audio, except
that the tape is, of course, somewhat
wider. The two sections are butted
together and the appropiate width
of splicing material is applied to the
back of the tape. However, it is essential
that the two edges match perfectly,
and that none of the adhesive shows
through. If the video head is allowed
to run over the sticky surface of the
splicing tape, it will roll up its little
eyes and check out permanently.

THE ELECTRONIC EQUIVALENT
Physical editing is a supreme pain.
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It's deadly dull, very time consuming,
and involves putting the blade to $60
rolls ‘of tape, something !'ve never
been too fond of. Furthermore, white
it is potentially more accurate, and

cleaner, than electronic techniques,
considerable practice is required to
be able to achieve consistently good
edits. In the interim, bad physical
edits are worse than no edits at all.

The alternative to the physical editing
process is electronically synchronized
dubbing. One can simply dub the scenes
one wishes to splice thgether in the
correct sequence .on a second recorder.
Now, in the simplest sense, this won’t
yield anything like clean edits, because
the random blocks of video so deposited
will be just askew as if they randomly
spliced together. However, it must be
kept in mind that while the signal
source, such as a VTR playing back,
is fixed, in terms of phase, the recorder
which is recording the signal can modify
the phase of what it is putting down
on the tape with respect to the tape.
If the recorder knows the phase of
what is already on tape, and has the
capacity to shift that phase, it can
bring itself into line with an incoming
signal. Confused so far?

The simplest form of electronic
editing is called assembly. To make
an assembly edit, on a machine
equipped to do so, of course, the first
scene is laid down on the tape. When
it is complete the tape is wound back
slightly, and the machine put into play.
At the same time, the recoder having
the second scene on it is also put
into play, again slightly before the
point where the edit is to be made.
Timing is everything, and it will take
some practice to get an edit just when
one wants it. As the two machines
are rolling, the recorder on which the
finished productions is to be assembled,
the recording recorder compares the
phase of the signal it's playing back
with that of the signal being fed into
it, and juggles its head drum servos
to get them to sync. Thus, when the
recording recorder switches into the
record mode, there will be a clean
cut between scenes, with no picture
breakup, because both signals were,
however artifically, synchronized.

Most VTRs having assembly editing
functions are also usually equipped
with a second type of editing system,
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called insertion. Insertion is just what
it sounds like; it permits dropping
a new scene into the middle of an
existing, longer scene without breakup
either at the beginning or end of the
insert.

FURTHER MOOD MODIFIERS

Now, the cosmic headspace expantion
of the karmic imperceptability of the
psychic flotsam that is network
television broadcasting into the multi-
dimensional meta-reality of your own
individual -spacial and temporal per-
ception with the external .oneness
of electronic editing is by no means
a complete entity within its limited
sphere. Which is to say, you can render
far more interesting modifications upon
the trash on the tube than just cuttin’
an’ splicin’. f you can dig directing
the galactic transposition of vyour
individual polychromatic aura further

into the multi-faceted orbness of the
astral plane of your non-finite psyche
will be expanded further toward the
ever receding limitless cosmo of
absolute comprehension. in other
words, here’s a couple of other things
you can get into.

One of the very useful headspace
expanders you might want to check
out when fooling around with broad-
cast video is the capability of taking
pictures of the TV screen with a
videocon camera, should you happen
to have one. This would permit, for
instance, throwing a scene out of
focus, doing some marginal cropping
and exposure control and interposing
silhoueted objects, such as the shotgun
in the bit at the beginning of this coi-
umn, between the tube and the camera.

GLaDSTON LEGTRONIGS

e —

q - » v
' - sincl=ir
PDM35 3 1/2 digit
multimeter

$99.50

* & functlons, 26
ranges * operates
from 9V battery
+ 10 day money-
back trial offer

SINCLAIR TEST EQUIPMENT IN STOCK:

DM235. 3 1/2 diglt multimeter $169.95
DM350. 3 1/2 diglt multimeter,
accuracy 0.1%, 34 ranges. . . . . 23995
DM450. 4 172 digit multimeter,
accuracy 0.05%, 34 ranges. . . . 33995

PFM 200 dlgital frequency meter .169.95

N

Audio Amplifiess

*5.year warranty.
HY50 30 watts RMS . . . . . .. §31.95
HY120 60 watts RMS . . . . . . 62.95
HY200 120 watts RMS. . . . . . 287.50
HYA400 240 watts RMS {dohms) $110.00
HY5 mono preamplifier . . . . . .95

Just arrived! ACE AUDIO SUBWOOFER
CROSSOVER KIT. 100 Hz. 18 dby/
octave. Model S000K. Only ?141.00

NEW GLADSTONE STORE now open
at 2936 EGLINTON AVE.E., Scarbor-
ough, Ont. Telephone 438-3999,

GL3DSTONE 8

¢ ,,,,u,,l% SPEARERNITS

DeFOREST ualii
‘Loudrgpcalg/t"g

AD15240/W8 15" Wooter (150wW)$74.95
AD12240/W8 12" Woofer (120wW)$74.95
AD10240/W8 10" Woofer {120W}$69.95
AD0211/5Q8 (or 4} 5" dome mid $32.95
ADS5060/5Q8 (or 8) 5" cone mid $21.95
AD0162/63/T4,8, or 15. dome

tweeter $14.95
AD3WXSP. 200 watt 3 way xover $42.50
AD3WXA 60 watt 3-way crossover$17.95
AD2WXA 60 watt 2-way crossover$10.25
FREE CABINET PLANS

$117.00
GNOME

Electronlc music mini-synthaesjzer. .Glad-
stone's carry the comptete PAIA line of
synthesizers and computer products.

MAIL ORDER ADDRESS and
MAIN STORE: g
1736 Avenue Rd..Toronto, Ont.. MSM 3Y7:
Phone order line: (416)787 1448,

Use your Chargex Visa or Mastercharge.
Ont. resldents add 7% P.S.T.

Both locations open Tues-Sat 9:30-6,
ti1 9 Thurs and Fri,
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With a bit of practice, this last
technique can vyield surprisingly good
results. The most obivious way to go
about this would seem simply to be
simply aiming the camera at the TV.
Sometimes this works, the only
noticable result being a slight loss of
resolution. Other times, such attempts
are plagued with frame and retrace
lines, due to the scan of the camera
being out of phase with that of the
broadcasted image.

For reliably decent results at this,
an additional bit of hardware is
required. Don’t worry though. It's
nothing atomic. n order to lock the
camera onto the scan of the TV set,
the video from the TV is fed into a
sync  box’, a circuit not much
different from the sync separators
used in TV receivers. This device strips
the sync pulses from the video, cleans
them up, and sends them onto to
trigger the scan in the camera. The
nuts and bolts involved are not excess-
ively complicated, and we’ll have
a look at some circuitry in a future
column.

The other thing you might want
to add it titling. The generation of
titles can be most easily achieved
with a TV typewritter or minicomputer,
should you be so endowed. if you
can restict your titles to a small handful
of chracters at any one time, a fairly
simple, single line generator can be
put together for about fifty doilars.
A good start for this is the On Screen
Time Generator in the September ‘74
issue of Radio-Electronics.

The simplest way to get titles into
a production is simply to edit them
in, as if they were a scene. The only
severe limitation involved with this
is that one cannot have them sitting
over a scene. . . at {east, not without
further circuitry. This time, it is the
timebase of the character generator
which must be synchronized to what-
ever is producing the image to be
placed under the titles. In addition
to this, a circuit is required to mix
the two video sources together. Once
again, due to limitations of space.
this will have to be dealt with some-
time in the dark and distant future.

THE BIT AT THE END

Creating kamakazi video of this sort
can be a lot of fun. It can also provide
a smail modicum of revenge for all those
incessantly interrupted movies and
banal situation comedies. Its single shin-
ing feature is that the worse television
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gets, the greater the expanding vistas of
potential that will appear before anyone
with a VTR and sufficient inclination...
promising some really splendid material
in the next few years. You can do a
really poetic trip, here, about vanquish-
ing the enemy with his own sword.

For all the satelite freaks, excuse me,
phreaks, out there, there will be another
bit on this fascinatingly expensive topic
as soon as some data can be amassed.
There has been considerable mail, much
of it with postage due, requesting in-
formation on satelites of late. One of
these came from a persona calling him-
self K. R. Daniel, PhD, which could
very well be his real name, although
you meet very few people with last
names PhD. In any case, fictional
or not, this felow would tike to contact
anyone currently engaged in building
a TVRO downlink. Anyone so emcum-

Brandon, Manitoba R7A 6A9.

t should also mention that there
was a small, however tiny error in the
January video camera column. It stated
that Cosmicar iris-less lenses are not
supplied with any production TV
cameras. |n fact, it turns out that there
are two super-econo surveilance cameras
from the mysterious East which can be
ordered with these optics. A hearty
much obliged to Mark Salusbery of
TeleTech for this one.

Next issue, a test pattern generator.
Maybe.

if the spacial infudibulation that is
the undifferentiated meta-galactic fug
of karmic destiny burns the incense of
the eternal guru of beneficent fate with-
in the finite plane of your aura, fcome
on Steve, give us a break, ed.) you can
catch this column here next month,
same time, same station. Until then,

bered can contact him at the Psycho- avoid wusing pachouli oil for salad
logy Department, Brandon University, dressing, and stay tuned.

B Bandwidth DC - 10MH2
. Screen 7cm

B8 LPs Triggering
@ 5malt Dimensions

SPECIAL UNTIL MAY

'‘449%

WE CARRY OTHER MODELS
INCLUDING STORAGE

HM-307
feg. $460-

n HAMERG

‘P 0.:-

OSCILLOSCOPE HM 307

Bandwidth:

A.C. Voltage: 30 Volts PK to PK

SPEC/A[ "RF verecron PROBE

100 KHz ~ 300 MHz + 1 dB
Isolation Voltage: 200 Volts D.C. {including peak A.C.)

L I . . T I L L L L ) - - e e S wa—mw- -

BCS ELECTRONICSLTD.

980 ALNESS STREET UNIT 35
DOWNSVIEW, ONTARIO M3] 252
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DP300 ProbeKit
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(416)-661-5585

Circle No. 5 on Reader Service Card.
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Tech Tips is an ideas forum and Is not aimed
at the beginner. ET! is prepared to consider
circuits or ideas submitted by readers for this
page. All jtems used will be paid for. Orawings
should be as clear as possible, and the text
shouid preferably be typed. Circuits must not
be subject to copyright. Items for considera-
tion should be sent to ETI Tech Tips, Unit 6,
25 Overlea Blvd., Toronto, Ontario, M4H 181

Circuits from our
readers.

Continued on page 46.

SINE SQUARER
Robert Maxwell, Ont.

ALTERNATE
Here is yet another use for the 555 'NPU7°'""": ngm
timer IC. In the configuration show, ) {
the 555 behaves very satisfactorily I i
as a Schmitt trigger. It is extremely o
useful for squaring up the 60 Hz sine- 2 6
wave from the AC line. On the falling Vec=5-15v g Tr9." Thres
portion of the sine wave, the output 120V [ Vee
of the 555 goes high as the voltage 60Hz 555 3 OUT
reaches 1/3 Vcc at pin 2, the ‘trigger’ oy J_LJ'
pin. When the rising portion of the o S T‘Joo“ 60Hz
input wave reaches 2/3 Vcc, pin 6 . 1}Gnd
assumes that the capacitor normally _L 5 7
: 10n
present is charged, and the output 5 o l [NC
goes low. The circuit is most handy
for IC gates that need a fast risetime
or falltime, but the project needs
only one or two Schmitt triggers.
X A poy BINARY ROCKET LAUNCHER
N Ray Hill, Manitoba.
M af ls m;;:o 20K Its Launch Fitament This 8 second Binary Rocket Launcher
RST ] 2 is an eye catcher, simple and cheap
| P | o to make. Since CMOS is used, a 5V
o e :egulated sul::’ply rs“not dnezded and
RS 566 ’ R1 ow current drain allowed the proto-
22 out - - I {W type to run all weekend on a shelf
S TResH " from a 9V battery too pooped to power
TRIG L " = a small transistor radio.
. D4
100u G cV. | ano Launch occurs on the eighth second
I : T 5 {, as the green LED light {on the seventh
= = _J_ - ..L. second, ‘aII three reds are lit ). Some
Iw" change in the value of R5 may be
= required to obtain an exact 1 second
~ R1-4 560R 01 Green Led  02-4 Red Leds period if desired. The circuit will

ETI CANADA—MARCH 1980

run off Ve if connected via SW3.

If the 4520 is used, the period may
be extended beyond 8 seconds to 16,
32 etc.
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Biofeedback

Machines t0 aid human motor functions, or to replace functions lost
through birth defects or accidents, are now able to be linked to the
brain using electronic biofeedback techniques — chief among being
the electromyogram, a sensor of the tiny bio-electrical impulses con-

troling muscle activity.

“Why should we offer you a pilot’s job?”,
asked the interviewaer.

“In addition to my considerable private
experience, | have superior reflexes”,
replied Geoff.

“But surely & desk job would be more
suitedto your..,uh,.,capabilities.”

“My ‘handicap’, you meen? ... perhaps
an old trick could help me make my point.
Would you mind placing your thumb and
finger on either side of this card? . . . Now
see if you can catch it when { drop it. ..
before it slips through . . . Ready?
Without warning, Geoff then dropped
the card. . . the interviewer’s fingers closed
on empty space.

"Now you try it,” said Geoff.

The interviewer dropped the card without
warning . . . it fell about 10mm before
Geoff caught it.

“Following my accident,” said Geoff

dispassionately, “the surgeons put me
back together again... the engineers
made some improvements... this is

one of them. There are others . ., ”

THE short story above, imaginary though
it is, may very well represent a reallife
situation in the not too distant future.

Geoff, the bionic pilot, isn't flying
yet but our minds have been prepared for
his appearance ycars in advance thanksto
‘The Six Million Dollar Man' and ‘The
Bionic Woman' ~ souped-up, sexed-up
versions of last century’s Frankenstein's
Monster.

BIONICS: The emulation of biological
components, ‘body parts’, with electro-
mechanical ones with the object of their
ultimate replacement.
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Today's handicapped person may
sometimes feel like a “Six Doliar Man”
compared with TV’s Steve Austin.
However, the stigma attached to pros-
thetic devices such as electric wheel-
chairs, artifical legs, and hearing aids
may someday give way to the sort of
intrigue and admiration we feel toward
TV’s growing bionic community.

From another direction, we have
been increasingly prepared for the
appearance of more human-like robots
(see ETI January 1979). The ‘droids’ of
Star Wars are the only characters beside
the noble Ben who show a selfless
compassion — as when C3P0 offers to
lend his own components to his comrade
R2D2.

Thus, the media has looked at the
bridge between man and machine from
both ends. The engincer who builds a
more human 'droid’ and the biologist
who creates machine-like capabilities for
the human are each working towards a
new species. A quite believable example
from 2001: A Space Odyssey was the
Jupiter space craft complex, with its
combination of human crew and HAL,
the computer, vying for control of the
mission. An alien spacetraveller might
well have had difficuity in figuring out
“Who's in charge here?” in a close
encounter with this craft.

CURRENT PROGRESS

IN BIONICS
In November 1978, Dr. G. Shannon, of
Queensland  University, published an
account of a "myoelectrically controlled
hand” capable of providing sensory
feedback about the strength of grip
applied by its electric motor — possibly
the first of its kind accepted and used
for any length of time by its recipient.

The mechanism used for providing a

sense of “touch™ was a pair of strain
gauges attached to the mechanical
fingers to register the slight bend which
occurs when grasping. The sense of
“force” was provided by an electro-
myograph (EMG) which amplifies the
electrical activity of a muscle’s nerves,
converting this to a signal capable of
controlling the motor. The EMG was
attached to the forearm between the
elbow and the patient’s amputated
stump. The muscles measured in this
case normally control movement of the
fingers — now they control an electric
motor in an artificial hand.

The brain is regarded as “the last
defence perimeter” of a person’s iden-
tity. Fears of electrical stimulation and
control of the brain have been expressed
in such works as Brave New World and
The Terminal Man. However, it seems
likely that many severely handicapped
persons will gladly trade some amount
of personal identity and privacy for
increased abilities with which to contact
and manipulate the outside world.

Today’s multiply-handicapped
person — quadraplegic or brain-damaged,
can look forward to a pretty sedentary
life. A number of complex switching
circuits can put such amenities as a
typewriter, TV, and intercom at the
person’s  disposal. Currendy, these
circuits interface via a blow-tube on/off
switch or, more recently, via a matrix
system switched by photocells activated
by a beam mounted on the head. Neither
of these systems can provide the multi-
channel, simultancous, analogue type
of control required for complex move-
ment and manipulation. A more direct
interface is required.

In addition to artificial hands, there
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Iustrating muscle retaxatlon tralning using our owm electromyogram project. This project design Is based on criterla given by the author

of this article and compares very well with commercially made machlines. Learning to relax is Jan CoHlins. . .

furrowed brow and general aura of peace!

are a variety of aids being perfected to
replace and assist the eyes, ears, and legs
of those who are denied their use, either
by birth or accident. Implantations in
the visual cortex of an electronic grid
which produces light sensations have
brought. artificial vision closer to reality

than dream. Similar experiments with the
auditory cortex have shown promise,
although the frequency range perceived
has thus far been limited.

BIOFEEDBACK
In 1901 the psychologist, J.H. Blair,

note the calm expression, un-

sought to shed light upon “the nature
of the will” by observing how sub-
jects learned to direct muscles to serve
a mental command. He taught his
subjects to wiggle their ears by observing
their efforts amplified via a system of
pressure-filled drums onto a kymograph

LAY

MAN VERSUS MACHINE: A COMPARISON

keep the following shopping list:

SPECIFICATIONS AND FEATURES

MAN MACHINE

on-line processing and data reduction
of multi-sensory input

large CPU capacity (1020bits) relative
o size

delicate components require an
artificial environment

reliability through redundancy;
multiple back-up systems

What are some of the strengths and weaknesses that each brings
to an intertace between man and machine? The space programmes
and the nuclear arms race have forced a perhaps premature look
at these issues. The age of cloning and bionics may well force
a further look. A shopper for bionic and cloned components might

reliance upon external sensors
limited CPU dependent upon size

capable of operation in extremely
hostile environments

refiability through strength of
components

learning capability

direct interface difficult due to
the body s rejection systems

indirect opto/mechanical interface
with outputs

complex manipulative abiltty

flexibitity in short-distance
locomotion over rough terrain

low energy consumption: < 100 W
low energy output: < 400W
must be protected

must be maintained alive

very limited learning capability

modular construction allows
limitless interface

direct amplification of outputs

strong but clumsy manipulative ability

capable of fast, extended travel over
large distances — land, sea, air, space

high energy requirements
high energy output
disposable

can be switched off indefinitely

ET! CANADA-MARCH 1980
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Biofeedback

{early chart recorder). A notched lever
fitted to the wall of a drum transmitted
small ear movements as pressure changes
to a second drum to which was affixed a
chart-pen. The subjects made efforts to
wiggle these long-disused muscles and
were rewarded by feedback from the
pen tracing.

In the early ‘60s, Dr. John Basmajian
investigated the ability of persons to
control the ’'motor units’, which are
responsible for muscle contraction,
using EMG biofeedback. He uscd needle
electrodes 25 um in diameter, inserted
beneath the skin to contact a large
number of the tiny’ motor units. The
oscilloscope tracings of the combined
thythms of the motor unit firings
resemble a noise signal. To the person
observing the tracing, however, the effect
is like that of an orchestra. From the
assembled patterns, the traces of single
thythms could be discerned. With
practise, Basmajian’s subjects learned to

be able to recognise and control single
motor unit firings — voluntary control
over the action of a single body cell in
tsolation!

The significance of the discovery was
not lost upon orthotists, biomechanical
engineers, and doctors. The electro-
my ograph had been in use since the *20s
as an expensive laboratory tool capable
of measuring the activity of the nervous
system in controlling the body's
movements. By the ‘60s, however, the
devices had become cigarette pack in
size and capable of interface with a
variety of electronic devices. The
myo-electrically {muscle-electrically)
controlled prosthesis was born.

FROM LABORATORY TO
REHABILITATION CENTRE

The human body is notorious for its
ability to reject as “foreign matter” the
finest creations of the best-intending
implanter. The problems encountered in
the kidney have long plagued pioneers
in transplant and pacemaker research.

Current prosthetic hand ‘replacements’ sre capabla of quits a range of manipulative mowmo9t.
With improved materials and slectromechanical controls employing biofsedback, such prosthetics
will improva markedly in appearance and performancs.
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The courtship of medicine and
engineering has been equally stormy.
Qursiders such as physicists, psycholo-
gists and engineers who operate within
the inner sanctum of medical care often
complain publicly about their 'sidekick’
status, minimal financial retum from
the great health 'pork barrel’, and lack
of reciprocity in learning the other’s
secrets.

Even granted the smoothest of inter-
professional relations, there is a lengthy
process involved in fitting even the
simplest of prosthetic devices to the
most willing of recipients:

1. Construction: devices used in real life
must be durable, simple to operate
by someone not concentrating,
“normal” in appearance, and cheap
enough for the disadvantaged
recipient to afford.

2. Fitting: an orthotic team must
ensure that the device is precisely
mated to the person’s height, weight,
shape of limb, and cosmetic needs.

3. Training: a team of physiotherapists
and occupational therapists must put
the recipient through a graduated
series of tasks to allow practise in
mastering the device. EMG biofeed-
back provides a bridge between the
trainee and his new addition.

The myoelectronic prosthesis is
currently only in experimental use.
Many of the needs of the handicapped
are better served with simpler mechani-
cal limbs, spring-soled shoes and, of
course, the ubiquitous wheelchair. But
the day may not be far off when the first
handicapped person opts for a myo-
electric device which gives him abilities
he lacked before his accident.

THE ELECTROMYOGRAM
(EMG)

The electrical output of a muscle derives
from the moror units which entwine the
contracting fibres of the muscies. As a
numbet of motor units fire to contract a
muscle, their asynchronous firings
resemble a noise signal, modulated in
amplitude. Numerous studies have
attempted to describe the statistical
properties of the complex EMG signal.
It may be regarded for practical
purposes as:

@amplitude modulation

@2 weighted sum of the potentials of
the motor units

@®2a function of the number of units,
their rate of activation, and the
quality of electrical contact
Amplification of the EMG signal

presents problems to the amateur con-

structor. The output of a relaxed muscle
is of the order of one or two microvolts
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peak to pcak. To tap this signal from
the skin is no mean feat. The skin is
itself a source of electrical actvity,
whose surface resistance changes with
mood (see ETI — 546 galvanic skin
response meter, June ‘77). and a source
of a dc potential which can dwarf the
feeble EMG signal from beneath.
An amplifier which meets the strict
demands of electromyography will
probably -have some of the following
specification:
@ common mode rejection of greater
than 70 dB

& noise level less than 1 uV p-p
W scnsitivity of at least 2 uV pp

B lincarity over the range 1 4V to 10mV

Feedback from a
normal muscle

muscle

impaired proprioceptive
foOp

ET)I CANADA-—-MARCH 1980

obtained through a combination of thc
following features:

®mac coupling,

®a high input impedance (100 K) or
'bootstrapped’ differential prec-amp.

ma threshold for amplitude which
chops the midportion of the signal,
giving greater contrast to small
changes in input.

mFiltering for line radio and heart-
beat frequencies.

ma narrow bandwidth, centred around
200 Hz say 100 Hz to 500 Hz.

mprovision for both direct and time-
integrated readings to capture both
transients and average levels of
activity.

maudio and visual output for feedback.

For practical use there are mechanical
considerations as well. The electrodes
are, of necessity, attached at some point
in the system by flexible cable to allow
movement by the user. But cable,
however well shielded, presents its own
problems of noisc. One solution is to
mount the electrodes, together with a
compact preamplifier stage, into a single
assembly worn directly on the user. The
amplifier, integration, power, switching
and output functions, built into a larger
box, can then be connected by cable
to this tiny system which rides on the
body.

USES OF EMG

The object of training with an EMG is
to begin to recognise the subtle sensa-
tions within the body which correspond
to tiny variations in muscle activity level.
One application is in learning to relax:
the subject attempts to "switch off” his
central nervous system from movement
and sensation in specific areas of the
body. This technique has shown promise
with a variety of anxiety-based disorders
and may benefit Yogi's and athletes
who are learning to conserve their
energy. At the other end of the spectrum
is the need of the physically-handicapped
to use the EMG as a sort of 'strength-
ometer’ for re-training weakened
muscies. )

Typically, the user applies a conduc-
tive gel to the electrode, tapes it to the
skin and adjusts the sensitivity of the
device, checking the noise level. A
popular and practical training procedure
is as follows:

1. Connection to forearm — flex the
fingers and note the electrical activity
which corresponds to fine move-
ments; relax the arm by picking it up

at the wrist and dropping it, altowing
it to flop lifelessly onto the lap; note
the sensations as the arm is allowed
to become more and more ‘“numb”
and “hcavy”

. Connection to forehead — raise and
lower the eyebrows, frown, squecze
the eyes shut, bite hard: note how all
of the facial muscles interconnect;
close the eyes and allow the face to
become '‘smooth’, listening to the
audio feedback as the muscles lose
their tightness.

3. Connection to neck (cervical or
trapezius) — shrug  the  shoulders,
move the head from side to side:
note the postures in which the muscle
output becomes lowest — slightly
drooped shoulders, head balanced
vertically; lose that tight feeling in
the neck which often accompanies
typing or driving.

b A

Having practised the above, the
trainee can then strive for more complete
mastery of the nervous system: causing
tinier and dnier voluntary flickers of
movement while remaining relaxed;
relaxing quickly after muscular strain;
relaxing one portion of the body while
tensing another.

Biofeedback is an educational and
athletic discipline — there are no un-
breakable records, no unbeatable perfor-
mances, no lack of goals and challenges.
No matter how powerful and sophisti-
cated a man's bionic body may become,
the challenge of mastery will remain.

Biofeedback will cantinue to form a
bridge between man’s mind and his
body.
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ain Control

To conclude his survey of electronic gain control methods. Tim Orr
presents us with more circuits which vary from a light bulb compressor
to amarkspace modulated universal filter unit, and a noise gate/expander.

Basic Limiter Circuit

Most professional limiter circuits use a FET as the variable gain element.
Relatively Yow distortion with a reasonable signal to noise ratio can be
obtained. A basic limiter circuit is shown this being no different to
previous circuits except for the variable gain element.

When a relatively small voltage (20 mV} is applied to the drain
source of a FET, it acts like a fairly linear resistor. As the gate source
voltage is varied, this resistor {RDS) also varies.

In fact the channel resistance RDS is inversaly proportional to gate
source voltage Vgs. When Vgg is OV, then RDS is at its generally
minimum resistance {Rq ) which can be as low as SR, but it is generaliy
more like T00R. When Vg3 exceeds the pinch oft voltage (Vp or Vgg
off) the channe! resistance goes up to several hundred megohms. So a
junction FET can be used as a voltage controlled resistor, except that
Ron and Vgg {OFF) tend to vary widely from device to device. How-
ever with a bit of perseverance suitable devices can be selected and
made to work.

One circuit trick that greatly reduces distortion is shown here, Half
of the audio signal at the drain of the FET is presented to the gate. This
is superimposed on top of the control voltage and produces a distortion
cancelling effect. Distortion levels below 0.1% can be achieved using
this technique,

+6v

15k
MATCHED 2%
NPN PAIR

1000 400k \01

Wie

kO

NOTE v
IC1 s 741 CONTROL
Q3152N3904 +3V=OFF

40

g OUTPUT
glxéo:o LEVEL -'
iN DETECTOR
ATTACK
RELEASE
TIME
CONSTANTS
QUTPUT +
/_7
T o
Transistor VCA

A circuit similar in operation to @ CA3080 can be constructed with ]
matched pair of transistors and an op amp. Transistors Q%, 2 form a
differential transistor pair which is used to steer whatever current is
available between the two collectors, just as in the CA3080. The differ-
ence between the collector currants is equal to the product of the input
voltage times the current Igg times & constant. This difference is
extracted by the differential amplifier IC%. The current!gg iscontrolled
by Q3. As the control voltage goes positive, Q3 robs most of the
current flowing down the 39k resistor, and hence lgg and the output
of ICT decrease.
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+12v

NOTE

56k

Gain Control

22k THD TRM

IC1 18 % NES?0 i ol g
12 15 &3"0 -36dBM(33mvpp) | 30 ———
01,02 ARE W48 -46dBMOI0OMVDPDP) | 100
-56 dBM(33mV ks /;rln
hk pR) | 300
T
1u0 |
1L [
ot 01 P
B
» 7(10),
02 — QUTPUT
10
,_+. |
RA
INPUT ] b e
Co\-—--—q 220n 10K ™ ¢
r 1 220n . J'
H __‘ — — S P —
2 i I DL afond — Bl
+12ve—AAA |
“—(POWERED FROM OV &12v) o
100K E—‘ % == &
(]
E ouT +10
o 22k 3 LEveL ©
EFFECT oF  T1SLOPE -
VARYING -
RA /RB RATIO~——____ -20
=30
~40
2:1 SLOPE THRESHOLDY =50 7
-6 5
d8M =7
' ; =720-60-5040-30-20-10 0 +10
u - LEVEL
IN
/ oec}gn.smc» RC
{RC=¥0M) {RC =100k}
Two Channel Low Level Expander/Noise Gate
It is often required that a rather noisy signal be clesned up a bit. This
is not possible to do continuously, but it is possibie to clesn up noise
in what was initially the gaps. The results of this cleaning up process
can quits often ba heard when telephone conversations from "‘foreign @
correspondents’” ere broadcast. LIGHBULB Qu
8y tuming down the signal level in the gaps, (by performing 8 low gy
leve! expansion) the perceived sound quality improves dramatically. )
: 4 3 . POWER 8
The circuit performs just such an expsnsion. The inputs signal AMPLIFIER 9
passes through the variable gein cell and then sppears at the op amp \ e
output. The gain of the gain cell is controtied by the signal i LOUDSPE AKER 99

from IC2. This is a high gain amplifier with diade clamping, so that lhe
output swing is limited to sbout 1VO ptp. Therafore for input signals
of 10 mV pp to 10 V pp, the output of IC2 remains at about 1 VO ptp
to 1V2 ptp.

So, for this rangs of input voltages the gain of the gain ceil remains
roughly static. Now when the input tevel drops below 10 mV, the out:
put of IC2 will start to fall and 30 will the gain of the gain cell. This
produces a 2:1 downwards expansion curve, which means that the out:
put then gets quieter at a rate faster than the input. To accentuate this
affect, a bieed resistor can be placed in parallel with Cr,

The resistor robs soms of the current that would have otherwise
gona to the gain cell and causes the input/output curve to roll off much
more rapidly st low signal levels. Also, by varying the resistor ratio of
RZ/RB, the expansion threshold level can be sitered.
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QUTPUT VOLTAGE

Incredibly Simple Compressor

Not all gain control systems need to be complicated or indeed active.
One product which | saw advertised was a compressor to help prevent
loudspeaker/overtoads. All it was was a lightbulb in series with the loud-
spesker. When the powar exceeds a certain level, the tamp will turn on,
glow, its resistance increase dramatically and hence s bigger percentage
of the powsr output is dissipated in the lamp. A nice, simple solution,
but | think it would require some experimentation to find the right sort
of car headlamp bulb!
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A |OFF | ON |OFF | ON 11 9)

Fe¢ |300Mz| wrz | 2aMz | 2-8aNe

SO0Hz 1kO | 2kS FREOQUENCY
Switched Frequency Low Pass Filter -
In this example the effective resistance is switched by using 4016 gates.
The filter is a lowpass Butterworth and by turning gates A or B ON or
OFF the cut off trequency can be sitared. This allows the filter control
to be physically remote or even to be computer controlled. Mark Space
modulation of A and B would enable continuous contro! over the cut
off frequency.

Aw
22x
ke
39k
6k 8
A 8 y, -
15K | I 22k
—/\V\A - vin —/ AN 2
BALANCE 100k l
{vx REJECTION) POWERED BY %6V ‘o 150 Vit
10k +2v ,;
VX et 15n
Ak

b ouTeuT u

NOTE
IC11s CA3080
DC OFFSET RN
{vy REJECTION)

3%k

Vy &=

OuTPUT % Four Quadrant Multiplication
\ By using a few circuit tricks, the CA3080 can be made to perform 4

quadrant multiplication. In fact the CA3080 performs 2 quadrant
/\ muitiplication and the trick is to move the axis on the muitiplying

@ VX Vy graph. if we ignore the RA resistor chain then we have a 2 quadrant
) \/ multiplier circuit similar to that shown previously. Imagine that V,
is 8 TkHz sine wave. 1 Vptp and Vy is a OV. The output of IC2 is a sine

wave of fixed amplitude. Now if we connect RA , and adjust the
L @ - \/\/\/ batance control, it wilt be possible to cancel out the output, because

the signal coming from IC1 is out of phase with that from the RA
resistor chain. So with V,, set at 0 V there is no output for IC2. It Vy
goas + ve, the output of ICT will become greater than the current vis
the RA chain and the output if IC2 will grow.

If Vy goes—ve the current through the RA chain wiil exceed that
from IC1 and the output of IC2 will grow, the phase being opposite to
that when V), was a sinewave from an oscillstor, then this circuit could
be used to generate ring moduiation effects.

When V, is set at OV there may be some V,, breakthrough and this
can be minimised by adjusting the V,, rejection preset.
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oV - e /

20k W2 TRIANGLE

Markspace Modulated Universal Filter

it is possible to change the gein of an amplifier by sffectively altering
the input resistor. This can be done by markspace modulating a voitage
controtied switch in series with the resistor.

Whaen the markspace ratio is low, the switch is ‘off’ most of the time
and the effective resistance is largs. Whaen the markspace ratio is high

~the switch is ‘on’ most of the time and the effective resistance

aspproaches that of the series resistor.

Having generated a markspace control waveform, it is possible to gang
together literally hundreds of voitage controlied switches. This atlows
the contro! of large numbers of varisbles simultaneously. '

The circuit consists of a modulated universal filter {ICs 1 to 5) and a
markspace generator {ICs 6 and 7). [
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ICs 7 and 6a to 6¢c form a triangle/square wave osciilator, {C7 is the
intsgrator whoss output ramps up and down between OV and +3V,
IC6a and €b are fast comparators which detect the end of tha inegrator
travel and switch the schmitt trigger IC6¢c, which in turn controls the
integrator. The output frequency of the oscillator is sbout 20 kHz.

It is important that the frequency of the oscillator be relatively high.
As a rule of thumb it should be 2% times the highest frequency
components of the signal you wish to process. The triangle output
is fed into ICBd’s inverting input, the control voltage being fed into
the non-inverting ons. The output of 1C6d is the markspace modulation
which is used to drive the switches 1C5a and b. The filtar's resonant
frequency is directly proportional to the markspace ratio of the signal
that drives the switches and thus is proportional to the controf voltage.

43



SHORTWAVE

WORLD

The Middle East,
Listening with
the World

NEAR & MIDDLE EAST
LISTENING

IN THE SEPTEMBER, 1979 issue of
ETI we had a list of stations broadcast-
ing from the Far East. We will continue
this month with some interesting
stations in the Near and Middle East
countries. All times mentioned are in
GMT (EST plus five hours}) and fre-
quencies are given in kilohertz. Of
course, as |-have mentioned previously,
stations often change frequencies so
some of these stations may change.
Most of the frequencies, however,
should be in use until May, at least,
when most of the stations make their
seasonal changes. Now onto the stations
in alphabetical order:

AFGHANISTAN - The external service
from Radic Afghanistan in Kabul has
English to South Asia at 1530 to 1600
on 4775 kHz and English to Europe
between 1900-1930 on 15075. They
also transmit in Urdu, Russian, Arabic,
German and Pushtu/Dari languages.
Their domestic service also broadcasts in
local languages on 15289, 11900, 7200,
6230, and 4775 kHz at various times
during the day.

CYPRUS - The International service of
the Cyprus Broadcasting Corporation is
sometimes heard here in Greek to the
United Kingdom on 6155, 7190 or
9695 on Friday, Saturday and Sunday
between 2215 and 2230.

The BBC also operate a relay
station from the island of Cyprus on a
number of frequencies. A few that you
might try include the following: 21660
at 0900-1130; 11735 from 0030-0145
and 0230-0330; 9530 from 0000-0230;
7140 from 0000-0145 and 0230-0330;
15420 from 0500-0730. They also use
many other frequencies and times from
this East Mediterranean relay.

Radio Bayrak, the Turkish-Cypriot
State Radio, has been observed in the
Turkish tanguage on the variable fre-
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quency of 6141 until their sign-off at
2000.

IRAN - Broadcasting from this troubled
country has been somewhat erratic since
the overthrow of the Shah. The name of
the international broadcasting station
was changed at that time from the
Voice of lran to the Voice of the
Iranian Islamic Republic. English is
usually heard between 1930 and 2000
on 9022. French may be heard one-half
hour earlier. They aiso broadcast in
several other languages.

IRAQ - The foreign service from Radio
Baghdad in lraq is often heard here
quite well in English between 2130 and
2230 on 9745 and between 0300 and
0400 on 11925. French may be heard
on 9745 between 1930 and 2030. They
also broadcast in Arabic, German,
Hebrew, Persian, Russian, Turkish and
Urdu languages.

ISRAEL - The foreign service of the
Israel Broadcasting Authority (IBA) is
now called “Kol Israet””. This is pro-
babty the easiest station to hear from
this area of the globe. They broadcast in
English at the following times and fre-
quencies: 0500 to 0515 on 21500,
15300, 15105, 11637 and 9815 kHz;
from 1200 to 1230 on 25640, 21495,
17605 or 17615, 17560 and 11620
kHz; from 2000 to 2030 on 17685,
11655, 9815, 9425, 8009 and 7412
kHz; and from 2230 to 2300 on 17685,
15300, 11655, 11637, 9815 and 7412
kHz. You will notice from the above
English schedule for Kol Israel that they
do not broadcast to the North American
continent during the prime evening
hours. This is something that they want
to rectify and had hoped to be on the
air during evening hours here tast fall,
but that was postponed temporarily.
Because of a union agreement, tech-
nicians will not work beyond midnight,
Israeli time. Hopefully this problem will
soon be resolved and we will be able to

listen to this popular station at a more
convenient time. Kol Israel also broad-
cast in twelve other languages.
JORDAN - Radic Jordan is often
heard here in North America although
they are not one the the powerhouses.
Try for them in English between 0900
and 1200 on 7155 and from 1500 to
1730 on 9560. They also have many
Arabic language programs.
KUWAIT - This is another popular sta-
tion here. From Radio Kuwait you may
hear many of the latest American tunes.
Try the following frequencies from
0500 to 0800 on 21545 and 9650 and
from 1800 to 2100 on 11690 and 9650
kHz. They have also been reported
lately on 15345 at 1930 GMT.
LEBANON- This is another troubled
country whose broadcasting is erratic.
Radio Lebanon has been heard in recent
months on 6550 in English at 1640 and
on 15440 at 0242 GMT. The latest
Schedule | have from Lebanon also
shows English at the following times
and frequencies: 1830-1900 on 21610;
0230-0300 on 15285.
OMAN - This can’t be classified among
the more popular shortwave stations in
the Near and Middle East however the
BBC have a relay station here which is
frequently heard. This is their Eastern
relay station. Some of the times and
frequencies that the BBC use are: 17770
from 0900-1245; 15310  from
0900-1515; 11955 from 0230-0330;
7250 from 1700-1830; 6195 from
0230-0330; 6140 from 0000-0030 along
with many other times and frequencies.
Radic Oman may sometimes be
heard in English between 0900 and
1100 on 11890 kHz. They also
broadcast in Arabic on 11890 from
0345-0800 and from 1100 to 1315 and
also on 6174 between 1349 and 2010.
QATAR The Qatar Broadcasting
station operates from 0300-2100 in
Arabic on the frequency of 9570. it
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isn‘t heard here very often but keep
trying.

SAUDI ARABIA - The Broadcasting
Service of the Kingdom of Saudi Arabia
operate their external service in English
on 11855 from 1100 to 1300 and from
1900 to 2200 GMT. They broadcast in
French on the same frequency from
0500 to 0700 and from 1700 to 1900.
These broadcasts are beamed to North-
east and Centrat Africa but are often
heard in North America. They also
broadcast in Turkish, Indonesian, Urdu,
Persian, Swahili and Somali.

Their home service in Arabic may
be heard on a number of frequencies
throughout the day.

SYRIA - Shortwave broadcasting from
Syria had been off the air for some time
but has recently returned on the fre-
guency of 7145 carrying the Western/
Turkish programming with French from
0800-0900, English from 0900-1000
and West Music with an Arabic intro-
duction from 1000 to 1100.

TURKEY - The Voice of Turkey is
quite well heard here throughout the
year. Their English service operates
from 1200 to 1300 on 15125 and also
from 2130 to 2255 on 6185, 7170,
9515 and 11955. French is aired from
2100 to 2130 on 11955. They also
broadcast in Arabic, Bulgarian, German,
Greek, Persian, Romanian, Serbo-Croat
and Urdu as well as Turkish. | had the
pleasure of meeting Mr Ekber Men-
emencioglu of the Voice of Turkey
last summer and he mentioned at that
time how important radio is to the de-
veloping countries to help them get
their message across to world-wide
audience. He also indicated that the
Voice of Turkey appreciate all recep-
tion reports that they recieve. ;
UNITED ARAB EMIRATES - This one
witl be rather tough to get but give it a
try now'and then. Their home service
in Arabic is carried on 9695 between
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0900 and 2100. To help you identify

them they make the following
announcement, ‘‘Sout all Emirat al
Arabiyah  al’Mutahidah min Abu
Dhabi”.

YEMEN ARAB REPUBLIC - This is
another station which only broadcasts
in Arabic. They are on 4853 from 0300-
0700, 1100-2110 and on Friday only
from 0710-1100; on 6050 at the same
times as above; and on 9780 from 0300-
0700 and 1100-2110. Their identifying
announcement is “idha‘at al
Jumhuriyah al Arabiyah al Yamaniyah”.
PEOPLES’'S DEMOCRATIC REPUBLIC
OF YEMEN - Like its neighbour, this is
another Arabic broadcaster. They are on
the air from 0300-0530 and 1100-2200
{Friday 0300-2200) on 5060, 5970
and 7190; also on 11770 from 1200
to 2200. They announce “iIdha’at at
Jumhuriyah Al’'Yemen Al-Dimucratia
Ash-Shabeya Min Aden”.

So there you have sixteen countries
from this exciting part of the world.
Most of these stations are reported to
club bulletins quite reqularly so you
shouldn’t have too much difficulty
hearing them. To help you obtain QSLs
from these stations a list of addresses

follows: gapio aFGHANISTAN. PO. Box
544, Kabul, Afghanistan
8BC, Box 76, Bush House, WC28 4PH
London, England {fo# the Cyprus and
Oman relays}.
CYPRUS BROADCASTING
CORPORATION, P.O. Box 1834,
Nicosia, Cyprus
RADIO BAYRAK, Ataturk Square, Nic
osis, Cyprus {Turkish Federated State
of Cyprus}
RADIO IRAN, National Iranian Radio
& Television, P.D. Box 41:3456,
Foreign Relgtions Department, Tehran,
Islamic Rapublic of Iran

RADIO BAGHDAD, Directorate
General of Broadcasting, Salithiya,
Baghdad, fraq

KOL ISRAEL, Israel Broadcasting

Authority, P.O. Box 1082, 91-000 Jery-
satem, Israel
RADIO AMMAN (Broadcasting Service
of the Hashemite Kingdom of Jordan),
Box 909, Amman Jordan
RADIO KUWAIT, Kuwalt Broadcesting
and Television Service, P.O. Box 397,
+ Kuwait, Kuwait
RADIO LEBANDN, Ministry ot infor-
mation, Beirut, Lebanon
RADIO OMAN, Ministry of Infor-
mation snd Culture, P.O. Box 397,
Muscat, Oman
QATAR BROADCASTING SERVICE,
Director of Broadcasting, P.O. Box
1414, Doha, Qatar
BROADCASTING SERVICE OF THE
KINGDOM OF SAUDI ARABIA,
Ministry of Infosmation, Engineering
Department, Riyadh, Saudi Arabia
RADID DAMASCUS, Omayad Square,
Bamascus, Syria
TURKISH RADIO-TELEVISIDN
CORPORATIDN, TRT Turkiys Radyo
Talevizyon Kurumu, Nevzat Tandogan
Caddesi 2, Kavakiidere, Ankara, Turkey
VOICE OF THE ARAB EMIRATES,
P.O. Box 637, Abu Dhati, United Arab
Emirates
RADIO SA'NA, Sa'na, Yemen Arsb
Republic
YEMEN BROADCASTING SERVICE,
P.O. Box 1264, GPQO Aden, Peopie’s
Democratic Republic of Yemen

WARC 79

The World Radio Administrative
Conference {WARC) held sessions for
about ten weeks last fall in Geneva,
Switzertand. All users of the radio
spectrum were present to discuss
changes to frequency spectrum. Because
of the crowded conditions in the short-
wave bands, international broadcasters
were naturally looking for more space
to help them to avoid interference. Add-
itional portions of the high frequency
spectrum were approved for interna-
tional shortwave broadcasting above 9
Megahertz. To implment these ex-
pansions a High Frequency Broadcast
Planning conference will be held in
1982 or 1983. The first session will
consider technical aspects such as single
side band (SSB) broadcasting. The
actual planning for the use of the new
band aliocations by the various

countries will take place in the second
session of this conference. Since there

RADIO BAGHDAD
The ¥oice Of The
Iraai Regublic

Q.8. L
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Kartleh,  Posne, Raamr  Teoinh 'hn—n

are presently other fixed services
operating in the expanded portions of
the bands, these will have to be moved
and transfer procedures will be set up
for this purpose. Therefore it looks as
though it will be at least ten vyears
before we will be into expansion for the
international broadcasters.

According to George Jackson, head
of Radioc Canada International’s
Engineering Services and a member of

45



SVIORTWAVE WORLD

Canada’s delegation to WARC ‘79,
the Canadian delegation was quite
satisfied with the: results of the con-
ference except for the crowded 7
MHz band where no expansion was
approved. Canada took a final protoco!
on the conference expressing their views
in this area.

All approved expansions took place
above 9 Megahertz. Here are the new
expanded bands with the present fre-
quency ranges in parenthesis:

Up to 9 MHz - no change
9500 to 9900 (9500 to 9775)

an increase of 125 kilohertz
11650 to 12050 (11700 to 11975)

an increase of 125 kilohertz
13600 to 13800 (a new band)

an increase of 150 kiiohertz
15100 to 15600 (15100 to 15450)

an increase of 150 kilohertz
17550 to 17900 (17700 to 17900)

an increase of 150 kilohertz
21450 to 21850 (21450 to0 21750)

an increase of 100 kilohertz

As you can see from the above
there will be an additionat 850 kilohertz
of frequency spectrum available for
shortwave broadcasting. Canada’s

for WARC ‘79 ironically called for an
expansion of the bands by 850 kilo-
hertz, although the Canadian proposal
had been broken down differently by
bands.

One of Canada’s proposals was for
an additional world-wide broadcasting
band between 3950 and 4000 which
would help the CBC Northern Service
to reach Canada’s far north. This pro-
posal was rejected by the conference.
However a foot-note was added to the
frequency tables allowing Canada to
broadcast to the north in this band.

NATIONAL IAANIAN AALIG & TRLEVIBON

Kerman Television

(Kernen Province)
€ Sapn 1971

This will be a great help for the listeners
of the Northern Service.

A transcript of a half hour talk with
George Jackson and lan McFarland of
RCl's DX Digest about WARC '79
appeared in the January issue of
CANDX, the monthly bulletin of Can-
adian S-W-L International. Copies of
this article may be obtained from Can-
adian S-W-L International, P.0. Box
142, Thunder Bay, Ontario, P7C 4V5.
Please include 50 cents to cover postage.

Until next month all the best and
good listening.

Continued from page 35.

antenna
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Audio in 2 2V P-P
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CB TRANSMITTER
Ken Higginson, Cobourg, Ont.

While not outstanding in performance
{15 m can be considered DX), this
transmitter is useful for control
applications. Note that the audio
source cannot share a common ground
with the rest of the circuit. Frequency
can be adjusted by altering C1. There
is very little room for improvment
in the basic circuit other than exper-
imenting with resistor & capacitor
values. Using germanium diodes should
reduce crossover distortion somewhat.
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Service News

This month a friend takes over for a friend. Some
reminiscences from David Van lhinger.

WHEN DICK CARTWRIGHT approach-
ed me a few weeks ago to ask if | would
take over (for a while) writing this
column, | did not feel that | had any
choice other than to say “yes™. Dick
and 1 have been following each other
around for a long time.

In 1953 | met Dick when he opened
a store within a block of mine and we
started off by sharing tough dogs {re-
member Crostey and Addision?). Later
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we took turns at the helm of R.E-T.A,,
memoirs of which | hope to examine in
forthcoming articles, When M. T.T.S.A.

{Metropolitan Toronto  Television
Service Association), now known as
O.T.E.A. {Ontaric Television

Electronics Association) was formed,
who else than Dick persuaded me to
join. After enjoying his light-hearted,
timely and well-written column for the
past year or so, | find myself again

HIGH QUALITY

TV AND FM RECEPTION PRODUCTS

For Dealers and Serious Hobbyists. ..

FREE CATALOG «

OF HIGH PERFORMANCE,

BY WINEGARDGO. | —

Winegard is one of the most respected names inthe U.S. for its
fine line of TV and FM antennas, preamplifiers and master TV
systems equipment. We now stock these products in Canada
and want you to learn more about them. Let us send you a
complimentary copy of Winegard's new 48-page catalog.

Mail Today
SR,

Name .

—

TO: OMNITRONIX, LTD./WINEGARD CO.

2056 S. SERVICE ROAD
DORVAL, P.Q. HIP 2N4

Please send FREE Winegard Catalog to:

Address

| am a O Dealer O Hobbyist
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obligated to my old friend, whose act is
going to be tough to follow.

In all the years | have known him,
Dick has always been a fervent promo-
ter of the television electronic techni-
cians and has constantly championed
licensing and certification.

In April, after decrying the lack of
compulsory legislation in Ontario with
regard to certificates of proficiency in
television and electronics repairs Dick
appealed to “technicians or associations
across Canada” to advise him regarding
“rules and regulations pertaining to
their particular province.”

In August he’d received an answer
sent in by Mr. Bob Collins of Stettler,
Alberta stating that in that province
"anyone found to be servicing domestic
electronic equipment without a license
faces very stiff penalties.”

In the same article he also stated that
95% of the people to whom he had spo-
ken on the subject, were “'still adamant
in saying that certification is necessary,
and they would like to see the Govern-
ment take action forthwith, if only to
protect those technicians who have
spent so much time and money in fur-
thering their skills and at this moment
have absolutely no protection at all.”

In May he reported on a meeting of
O.T.E.A. where Frank Drea, Ontario's
Minister of Consumer and Commerclal
Relations, had given an address, offering
the green light to O.T.E.A. to go ahead
and draft a resolution dealing with the
subject of regulation, such regulations
to be carried out by the association with
the blessing of this government.

Mr. Drea made it quite clear,
however, that lacking such action, his
government could readily institute its
own regulatory laws relieving O.T.E.A,
of the bother. Rather, he advised that if
O.T.E.A. wished to take up the chall-
enge, it should first increase its mem-
bership across the province.

And in June, Dick came on quite
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strongly with “Make it a point to invest
in your future by becoming a member
of your Provincial Association.”

It is quite obvious from theforegoing
that Dick has never relented in his
crusade for government recognition and
| intend to take up the same theme, and
{ hope the reader who can, will follow
suit, in more than just words.

| am publishing again, the list of such
associations:

Appliance Service Association of

British Cotumbia

860 Kingsway, Vancouver, B.C.

V5V 3C3

Mr. D. W. Loughran, Secretary

Electronic Guiid of B.C.

735 Sixth Street,

New Westminster, B.C. V3L 3C6
Mr. George Quan, President

Professional Electronic Guild of
Alberta

P.O. Box 784, Stony Plain, Alta.
Mr. R. A. Hopkins, President

Manitoba Electronics Service Assoc.
297 St. Mary’s Road,

St. Boniface, Manitoba

Mr. M. Wrublowshy, President

New Brunswick Electronic
Technicians Association
247 Dundonald St.,
Frederiction, N.B.

Mr. Glen Smith, President

Ontario Television Electronics Assoc.
1245 Ellesmere Road,

Scarborough, Ontario

Mr. Hank Steenhuysen, President

If you feel that you qualify for member-
ship, simply mail your name and address
to the one in your province so you can
add your support which is so vitally
needed. Even if you cannot attend
meetings, or make a personal commit-
ment to the group, your money is need-
ed. The membership fee is a small price
to pay for the recognition that has
eluded this industry for so long.

Ontarioc Television Electrical Assoc-
iation Annual Provincial Convention.
Three days in Toronto at the Prince
Hotel (don Mills and York Mills).
May 30, 31 and June 1 {Friday, Satur-
day and Sunday). Contact Len
Longman, Vice President  and
Convention Chairman. 36 Fenelon
Drive, Don Mills, Ontario. M3A 3K#6.
Phone: (416) 444-9219 or 447-3295.
Watch this column for announce-
ments. As they arrive I'll put them
down.
David Van lhinger.
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POWERACE 101
General-purpose model
for prototyping all
types of circuits.

POWERACE 102 (shown)
Complete digital prato-
typing lab with pulse
detector built in,

POWERACE 103
Triple-output power
supply for prototyping
both linear and digital
circuits.

Now. Prototype faster and easier
with POWERACE. Power is built in.

A new dimension in conven-
ience for fast, solderless
circuit buliding and testing.
Built-in shon-¢circuit-proof
and fused power supply.
Also built-in: two of the
famous A P Super-Strip
universal plug-in bread-
boards. 1,680 solderless,
plug-in tie points accommo-
dates up to 18 14-pin DIPs
plus traonsistors and discretes
with leads up to .030” dia.

Interconnect with any salid
20to 30 AWG wire. Breadboard
elements mounted on ground
plane—ideal for high-
frequency and high-speed/
low-noise clrcuits. Operate
on 110 to 130 VAC at 60 Hz. All
three models. A P Products
quality all the way. Enjoy!
Where to buy? Call your
iocal A P Distributor, And ask
for our complete A P catalog,
"The Faster and Easier Book.

DISTRIBUTORS
Calgary, Alberta 403) 287-0520 Armdaie. Nova Scotia 902) 876-2920
Edmonton, Alberta 403) 453-6691  Downsview, Ontario 416) 663-5563
Red Deer, Alberta 403) 346-2088 Downsview, Ontorio 416) 663-5650
Kamploops. B.C. 604) 372-3338 Kitchener, Ontario 519) 576-9902
vancouver, B.C. 604) 324-0505 Ottowa. Ontorlo 613) 820-9471
Vancouver, B.C. 604) 291-1441  Ottowa, Ontarlo 613) 746-4413
vancouver, B.C. 604) 324-6831  Toronto, Ontaro 416) 868-1315
Victoria, B.C. 604) 3185-2411  Montreal, Quebec 514) 731-7441
Winnipeg. Manitoba 204) 786-8481 Montreal, Quebec 514) 769-8861
Winnipeg. Manitoba 204) 786-1471 Quebec.P.Q. 418) 647-4422
Winnipeg. Manitoba 204) 683-1260 ina. Saskotchewan 306) 525-1317
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Power Supply

One more from Tim Orr. This time he takes us through a series of different
methods for powering up circuits. On the way he explains the theory behind

each.

THE JOB OF producing stable regulated power rails has
been much simplified by the introduction {(about seven
years ago), of three terminal fixed voltage regulators.
These devices can make the power supply design
problem relatively simple, but even so the designer must
be fully aware of a fot of other important details that can
cause poor results. Firstly, consider a simple unregu-
lated power supply, fig. 1

v

secondary ~

Full Wave Rectified

Figure 1. Below: an unregulated power
supply. Above: The output {with s load
resistor).

Diode Bridge

D1 -D4

f

The function of a line isolating transformer is to
physicaily separate the user end of a piece of equipment
from the * potentially * (1) lethal line voltage. The trans-
former also provides a suitable voltage which can be
rectified and smoothed and connected to a voltage
regulator. This is the secondary voitage of a transformer
and it is measured in VRMS at a particular loading.

That is, if the transformer is rated at 15V at 10VA,
then the output voitage will be 15V when the load upon
the transformer secondary is 10VA (10 watts).

if the load is removed the output voltage will rise. The
percentage change from load to no load is known as the
TRANSFORMER REGULATION and is typically of the
order of 20%.

To convert the V,,,. voltage to a DC voltage it must
be multiplied by 1.4142. Thus a 15VRMS (loaded)
transformer secondary will generate 21V2 DC when full
wave rectified and smoothed. which will rise to 25V45
DC when the load is removed {assuming 20% regulation
see Fig. 1).

Thus care has to be taken when selecting a trans-
former such that the smoothing capacitor working.
voltage is not exceeded. Also, make certain that the
polarity on this capacitor is correct, they can LITERALLY
explode if wired up backwards!

secondary

l -+ +ve Output

LINE TRANSFORMER

This piece of hardware has three sectlons, a step down, isolating
transformer, a dlode brldge and a smoothing capacitor. The trans-
former is driven from the lines, the voltage of which vartes depen-
ding on where you live (it's 120 RMS In Ottawa). Some trans-
formers have got a copper screen which isolates the primary winding
from the sacondary windings. For the purpose of safety this should
be ¢connected to ground.

Ailso, for maximum safety, connect the 110/117/120 tapping to
line LIVE, Another type of line transformer uses what is knewn
as split bobbin, the primary |s wound on ona bobbin, the secondary
on another. Thus the two windings are inherently physically
isolated, and so no safety screen Is included, These two transtormer
types are generally constructed on what s known as an "E' core;
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FULL WAVE RECTIFIER

C1 Load
I Resistor
SMOOTHING
CAPACITOR

take one to bIts and you will find that It Is constructed out of lots
of 'E’ shaped laminations. These 'E' laminations are butted Into 'I’
lamInations, and ¢lamped together, This butting together of the lam-
Inations ¢an cause magnetic field problems. The wlder the gap be-
tween the 'E' and 'I' laminatlons, the larger.the magnetic fleld
around the transformer.

The magnetic field generates a significant amount of Induced
hum In nearby electronics, this can be overcome by using a low
leakage torroidal transformer which Is constructed from circular
laminatlons. The primary and secondary windings are wound
through the centre of the torrold (see If you can imagine haw),
The torroidal transformer, by virtue of Its ‘continuous’ laminations
resuits In a low stray fieid and a low profile design, making it Ideally
sujted for audfo amplifier applications.
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Bridge Rectifier

S~

/ keep short.

CHARGING
CURRENT
PATH

Use thick track,

» To PSU

Smoothing
4" Capacitor

—p To PSU

Heavy Current
Return
{Loudspeaker return
for example)

Potential
between these
these two points:

-

|

t as much as 10 to 20mV

When a load is placed upon the power supply shown above, the
output voltage appears as a DC voltage on top of which Is a ripple
voitage. This can be thought of as two separate periods, a charge
period where the capacltor Is charged up by the power supply and a
dischargé period where the load discharges the capacitor.

This charging and discharging generates a ripple voltage which
has a period of 8 ms (120Hz). a load current of 100 mA, and a
100u capacitor will result in a ripple voitage (Vpp) of about V7,

As a rule of thumb | usually allow 1 to 1V5 maximum ripple
if a voltage regulator is being used. This will generally result in an
output ripple of less than 1 mV, If this ripple were to be obtained
by just using a farger capacitor, then a 700,000u-capacitor would be
required!

Generally the discharge pertod s much longer than the charge
perlod. This means that the transtormer Is only supplying power for
short perlods, in fact during the charge period. During these periods
the smoothing capacitor is rapidly charged, and it is quite common
for these current surges to exceed several amps. This can cause
ilnes BUZZ problems when laying out printed clrcult board designs
for power supplies.

The correct iayout is shown beiow the circuit. If the current
surge is 1 A and the track resistance is 200 millohms then the
voltage developed wili be 20 m Vpp.

Heavy Charging
Currents

CHARGING
CURRENT

Power Supply

VOLTAGE REGULATORS

A voltage regulator takes a varying unregulated input
voltage and produces a fixed regulated output voltage.
There is a wide range of fixed voltage three terminal
regulators to choose from, with a choice of maximum
current handling, output voltage and positive or
negative operation. The data sheets for these devices
contain lots of seemingly complex pieces of information
and so a glossary of terms is now included.

ET) CANADA—-MARCH 1980

Ripple Rejection
The ratio of the ripple voltage at the regulator input to
that at the output, generally expressed in dB. Typically
of the order of 60 dB (1000 to 1), that is 1 Vpp of
ripple at the input ends up as 1 mVpp at the output.

Temperature Coefficient
The output voltage change for a change in regulator
temperature, expressed in mV/°C.
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Input Voltage range

The range of voitages over which the regulator will
function normally. For example, a 12V regulator may
work from 14V5 to 30V. At 14V5 the regulator will
‘drop out’ and lose its regulation. Regulators generally
need 2 to 2V5 in excess of their output voltage. At
30V the regulator will go ‘pop’ (time to buy a new
one).

Output voltage
The voltage at the output terminal with respect to
ground. Generally within = 5% of stated value.

Line Regulation
The ratio of the change in the output voltage caused
by a change in the input voltage, typically of the order
of 0.2%.

Load Regulation
The output voltage change for a specific change in
output load current.

Sthort Circuit Current
The output current when the output is shorted to
ground.

Output Noise Voltage
The RMS noise voltage measured at the regulators
output, not Including any ripple.

Power Dissipation
The maximum power that the regulator can safely
generate on a particular heatsink.

As a rule of thumb the regulator case should not exceed
about 80° C {which is hot to touch}. However, always run
the device at as low a temperature as possible. It is
thermal ageing that eventually kills electronic devices
and for higher temperatures the ageing process is
disproportionally faster.

Some applications of voltage regulators are given
below.

The table below relates the secondary voltage of a
transformer to the peak voltage at rated load and
the off load voitage, which will be considerably
higher.

TABLE ONE
V secondary V peak V peak off load
at rated at rated transformer
load load regulation
20%

5 VRMS 7vo7 8Vv48

6 VRMS 8V48 10V18

9 VRMS 12V72 15V26
10 VRMS 14V14 16V97
12 VRMS 16V97 20V36
15 VRMS 21v2l 25V45
20 VRMS 28V28 33vV93
25 VRMS 35V35 42V42
30 VRMS 42V43 50v92
35 VRMS 49V 50 59V40
40 VRMS 56V57 67V88

TO92
plastic
R (1
metal
{100mA rating)
TOS
metal
or TO0202 ‘ 9
plastic %‘
power

{200maA rating)

T0202
TO0220
(500mA) W
SRR
TO3 ¥ ]
metai -3
(2A) |
SEEEEG
103 ‘-H |/
metal e
(3A) }
Unregulated
input >—I— IN OUT OV st
470n Common J
== 10u
)

h

A)

This circuit shows » conventional arrsngement of a three
terminal device. It is advisable to use a decoupling capascitor
connected close to the input terminals. This prevents high
frequency instability. 1f this capacitor is left out then reguiation
can sometimes be greatly reduced. The decoupling capacitor on
the output helps reduce the impedance at high fraquencies,
where the reguiator loses its performance. For best results use a
tantalum capacitor.

Input .L
470n

B)
The output voitage of a reguiator cen be increased by applying a

voitage to the common terminal. This can be done by using a
zener diode.
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5R6
INPUt o—d IN OUT T
Common
330n
- 10u
L;_T
4
mn

<)

The output current can be increased by using a bypass transistor.
Whaen the current flowing through the vottage regulstor excesds
100 mA (the voltage across the 5R6 being 560 mV), the bypass
transistor begine to turn on. This transistor takes all currents in
excess of 100 mA and yet the output still remains regulsted.
However a few extra components are needed to get current
limiting in the transistor psth.

out

Input Q1
IN OUT
Common | Vout
0: o
220n 10u
7i7 o

D)

A high voltage unregulated supply can cause problems when
using regulators. It may at times exceed the maximum voltage
rating of the regulator. A simple voitage regulator D, and Q1 can
be used to overcome this problem. D_should be chosen so that it
ia sbout 8V greeter than the regulator output voitage. 1nis
technique has the added sdvantage that the power dissipated in
the reguiator is less (the rest being dissipated in Q1), and the
regulstor is presentad with a semiregulated voltage, so the
output will have less ripple.

Power Supply

DUAL POWER SUPPLY

Thae circuit shows s d dual power supply. The
unregulated rails are obtained from s split secondary trans-
former, 8 bridge rectifier and two smoothing capacitors. A
positive and a negative regulator have been used to generate the
*+ and — rails. These regulators should ba mounted on heat sinks

and they should be insulated. The pin out of ths negative
regulator is different to that of the positive reguletor. The fwo
diodes at the output prevent letching up situations (on losd)
whereby one side starts up faster than the other end forcibly
revarse biases it, preventing it from operating.

AV -~ L Positive Regulator
7815
/ o l 15 4 x TN4002 T _]'—_"'1_J ] +15V
I &P
| Sl " Faea S5 10u 1N4001
| i T
J 15 r .], > ov
—— ——o : ~15V
7915
Negative Regulator
25V - 21V . ¢
TRACKING REGULATOR ¥t
Innogd of using a negative voltage regulator to obtain the A
nuno:.:t::;.: ‘:pn?::t:::i:::v :!:o nogativcm :.o;::: m Current Limiting Characteristic
negative rail is not, however, current limited. The internal //
current limiting of the regulator is shown. When the loed current > P
sxceeds the current limit, the output voltage drops to almost 0V, V7
This makes the reguletor short circuit protectsd. Another type ot »
protecti K n a8 ‘FOLD BACK’ current limiting
(shown dotted). This serves to reduce the short circuit current. [/ f I =
These devices protect the power supply from abuse. Ancther RS r'y out
type of protection device is the overvoitage clamp, which Foldback Current Limiting  Max Current
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protects the ‘non-power supply electronics’ from an increase in +ve unregulated ETERe Ry eres o5 +ve output
the power supply voltage. These are two terminal heavy current - - Regulator
devices which are piaced across the power supply. When the -

suppty voltage exceeds » certain level a thyristor is triggered on

and clamps the rail to ground. This is intended to pop » fuse and

ouT
so disconnect the faulty power supply . 7
: = 1u

—ve output = —(+ve output X R2/R1)

10k R1

[~ 2
With foldback the short circuit power dissapated in the reguiator g 10k ~-ve output
is less than that with current limiting.

.

—ve unregulated

v+ Frequency
] Compensation

723 VOLTAGE REGULATOR

v
c
The 723 is an industry ‘standard’ device. Many manufacturers
produce it and the device itself is versatile. It comes in a 10 pin NG
TOS can or a 14 DIL pack. The device contsins a precision
voltage referance, with a temperature coefficient of 50ppm/°C, »
an ervor amplifier, an internal transistor capable of handling 100 = vuf
mA and 8 current limiting mechanism. By using s few external
resitors, 8 capacitor and maybe an external power trensistor, 8 e /1
wide variety of reguiator designs can be reslised. vout
: , : I V
Leftis shown the block diagram of the 723 reg . As pi v z
vary depending upon package, no pin bers are sh . =

Current Limit Current Sense

f-\ +ve

D 1 P
ADJUSTABLE POSITIVE N I |
VOLTAGE REGULATOR v+ Ve
By using a variable feedback path {(RVI), a variable reguiated Vv R1 Outpu
output voltage can be generated. The voitage reference is v ~it
connected to the non-inverting input of the error amplifier and ref | Voltage
the output voitage (via RVI), to the inverting input. The error 723
smplifier drives the output transistor and h the output d CL
voltage is controllad by the feedback voitage from VR 1. A 100pf
capacitor is used to stabilise the device. R1 is used ss a current .
limit control. When the current through R1 (the load current), T
exceeds 100 mA a voltage of 580 mV is set up scross it. This is V- Comp
just about sufficient to turm on the current limiting transistor 100p VR1
which in turn shorte out the reguleting transi A ing the I
output voltage to collapse towards OV. l—"—" ax7?
. > 777 » R2
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Power Supply

REGULATED POWER SUPPLY

Sometimes it is necessary to make a simple power supply using
discrete components when a non-standard voltage is required.

+ve

The circuit shown uses all the basic elements of a voltage
regutator, that is, & reference voitage Z1, an error amplifier and s
series controt Transistor Q1. The zener diode, Z1 sets up a
reference voltage of 5V1, This diode has a temperature coef-
ficient of —1.2mV/°C (a 5V6 zener is best at —0.2mV/"C). The
resistor ratio of R3 and R2 sets the output voltage and the op
amp provides the error correction (the regulation).

Left: Circuit diagram of discrete com-
ponent PSU. Voitage measurements are
taken with high impedance voltmaeter.

C1 is used to reduce the output impedance at high frequencies.
The zener diode has a slope resistance of 76(), and so any
fluctuations in the unregulated rail will be attenuated by the ratio
of 76:7: 0.016

R1 4700

Therefore a 1 Vpp rippie will end up as 16 mVpp, but wiil be
multiplied by the gain of the R3, R2 network to nearly 50mV.

IMPROVED POWER SUPPLY

This power supply has various lmpvovomom‘- over that shown,
The reference zener Z2 is run at almost constant current by the
R12, Q121 network, This makes Z2 much less sensitive to ripple
and unreguiated supply fluctuations. Tha filter R3 C1 (7 HZ low
pass), further reduces sny ripple voitage snd noise from the
2ener diode. The presst VR 1 allows the output voltage to be
varied.

A+v° b
R1 k 21
1k 5V1
a1
22
5V1

7T

If a precision power supply is required then a precision
voltage reference shouid be used. These can be obtained with
temperature cosfficients as low as 10ppm/ C. When using this
level of stability, high stability resistors (TC= 10ppm/“C), and &
low drift op smp should be used.
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CLASSIFIEDS. . .

... AND LATCH
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& SERVICES

See page 71 of this issue.
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Self Resonant
Capacitors

Roger Harrison has been plotting again — this time it's self-resonant
trequency versus lead length of ceramic capacitors!

THE LEADS AND CONSTRUCTION
of all capacitors form an inductance
which is effectively in series with the
capacitance of the component. The
combined effect forms a series resonant
tuned circuit, the frequency of which
{the self-resonant frequency) is mainly
dependant on the length of the
connecting leads, the construction of
the capacitor and the way it is mounted.

The impedance of an ideal capacitor

FROM
POWER L
AMPLIFIER

—_I—myj—«' D)
TC‘ T,\(:2

=

CAN BE RESONATED
WITH APPROPRIATE LEAD
LENGTH AT AN

Fig. 1. Pi-network.

decreases with increasing frequency. But
in a real capacitor the series inductance
of the leads and construction causes the
impedance of the capacitor to increase
above the self-resonant frequency.
Within a range of 0.7 to 1.4 times this
frequency the impedance will be equal
to, or better than, the reactance of the
pure capacitance.

One can make use of this characteristic
in bypass applications by using a

r— N

/

' COAX QUYPUT
/, SOCKET '
/ oy \

o
"t~ G)
2 B—=

UNWANTED FREQUENCY

.
~

n o LS
T LPAD
SGUENGTH |
R

Fig. 2. Finding the series
resonant frequency of a
capacitor.
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™~

r

- DIPMETER

» CAPACITOR UNDER TEST

L

SOLDER LEADS
INTO SMALL HOLES

COPPER PLATE
OR PC ROARD

capacitor of appropriate value and lead

length so that its series resonant
frequency is at, or close ‘to, the
frequency in use. Series resonant

bypasses do a better job.

Alternatively, when selecting a bypass
capacitor, always ensure that, for the
value chosen, its series. resonant
frequency is above the highest
frequency likely to be encountered in
the circuit. This ensures that the
impedance is always low over the
frequency range of interest.

There are other ways in which the
series resonance of a capacitor can be
utilized. A pi-network, as is frequently
used in the output stages of
transmitters, is shown in Fig. 1. The
output capacitor, C2, will have a value
that depends on the frequency and the
input/output impedances. The leads of
this capacitor can be cut to length
before installation so that the series
resonant frequency of the capacitor falls
on the second harmonic transmitter
frequency. Thus it acts as a trap of very
low impedance at this frequency.

If the second and third harmonics are
to be suppressed, two capacitors may be
connected in parallel {their added values
to equat the value of C2}, and resonated
at the frequencies of the two harmonics.
Other frequencies (such as spurious
mixing products} may be suppressed in
the same fashion provided each
frequency is sufficiently separated.

In interstage coupling applications, the
coupling capacitor may be resonated to
the frequency used. Mounting a bypass
capacitor flat against a groundptane (i.e.
metal chassis or printed circuit board
ground plane) increases its series
resonant frequency by about 5%-10%.
Adding 2 mm or 3 mm wide copper
strips along the length of the wire leads
of a capacitor can increase its series
resonant frequency by 30%-40%.

The series resonant frequency of a
capacitor may be measured by soldering
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Self Resonant Capacitors

TABLE 1. SERIES RESONANT FREQUENCIES OF VARIOUS CAPACITOR STYLES
Lead Lengths & Resonant Frequencies
Value Style & Size 25 mm 20mm 12mm 5 mm 1 mm Bandwidth
100pF Hi-K disc ceramic, 5mm dia 80 MHz - 135 MHz 165 MHz 200 MH2z Broad
100pF NPOQ disc ceramic, 20 mm dia 75 MHz - 105 MHz 130 MHz - Narrow
100pF NPO tubular ceramic, 20 x 3 mm 68 MHz - 99 MHz 122 MHz - Narrow
100pF  Stacked mica 60 MHz - 95 MHz 120 MHz — Narrow
470pF Lo K disc ceramic, 5 mm dia. - — 65 MHz 80 MHz 140 MHz Narrow
470pF  Hi-K disc ceramic, 7 mm dia. 40 MHz - 60 MHz - - Broad
680pF  Hi-K disc ceramic, 5 mm dia. - 40 MHz 53 MHz 74 MHz 92 MHz  Narrow
1000pF Hi-K disc ceramic, 5 mm dia. 34 MHz 37MHz 45 MHz 58 MHz 84 MHz Narrow
1000pF Hi-K disc ceramic, 20 mm dia. 25 MHz - 35 MH2z 46 MHz - Sharp
1000pF Plastic Film ‘Greencap’ 28 MHz 31 MHz 33 MHz 50 MHz 65 MHz Sharp to Broad
4.7nF Hi-K disc ceramic, 7 mm dia. - - 18 MHz 22 MHz - Broad
4. 7nF Hi-K disc ceramic, ‘Red cap’, 5 mm 18 MHz 21MHz 25 MHz 33 MHz = Sharp to Broad
4.7nF Plastic Film ‘Greencap’ 13 MH2z 15 MHz 18 MHz 26 MH2z - Sharp
.0VuF Hi-K tubular ceramic. 10 x 3 mm 8 MHz — 11 MHz 14 MHz - Broad
OVuF Hi-K disc ceramic, 10 mm dia. - - 13 MHz 15 MHz - Broad
.01uF Hi-K disc ceramic ‘Redcap’, 5 mm 10.3 MHz 11.7 MHz 16 MHz 21 MHz 34 MHz Sharp to Broad
OVuF Plastic Film ‘Greencap’ 93MHz 10.8MHz 135MHz 18 MHz 22 MHz Sharp to Broad
1000pF Resin-sealed Button Mica, 10 mm dia. — - — 500 MHz - Broad
1000pF Gold-sealed Button Mica, 10 mm dia. - — - 800 MHz Broad
1000pF Solder-in Ceramic Feedthrough - - - 400 MHz - Broad
1000pF  Screw-mount ceramic Feedthrough - - - 250 MHz - Broad
.082uf  Resin-sealed Button Mica, 10 mm - — - 100 MHz - Narrow
the leads to a relatively large copper  good choice for bypass applications into Button ceramics exhibit similar
plate or piece of p.c. board, as shownin the middle VHF region. For characteristics. Note the high

Fig.2, and finding the resonance with a
grid-dip meter (gate-dip meter, or
base-dip meter for modern instruments).

Table 1 lists the series resonant
frequencies of a variety of values, styles
and sizes of capacitors. The lead iengths
noted are the lengths of each lead (refer
Fig.2), the disc ceramic is obviously a

applications to 60MHz or so the
common, plastic film 'greencap’ is quite
good along with various styles of
ceramic capacitors. For stringent
apptications in the VHF-UHF region or
for effective bypassing over wide
bandwidths, the button mica capacitor
or ceramic feedthroughs are necessary.

self-resonant frequency of the 0.082uF
button mica.

The self-resonant frequency of disc
ceramics is dependent largely on its dia-
meter and lead length. The graph in Fig.
3 illustrates this for a variety of disc
ceramics and a stacked mica capacitor
for comparison.

Fig. 3. Self-resonant frequency versus lead length for various diameter ceramic
disc capacitors {after J. Bork, ‘A note on the self-resonance of ceramic
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SINGLE IC PROJECTS
R.A.Penfold

There are now a vast range of IC’s available on the
amateur market, the majority of which are not necessarily
designed for use in a single application and can offer
unlimited possibilities.

All the projects contained in this book are simple to
construct and are based on a single IC. A few projects
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in most cases the IC is the only active device used.
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New Selection!

LED CIRCUITS AND PROJECTS

by Forrast M. Mims tit Descnbes all kinds of LED applications—from digital displays and logic tester
probes 10 communication systems and iravel ets for the biind. Discusses LED instaliation, operating
hints., 1LED detector circuils. muttiple~color LEOS. diode Jaser theory and operation, and much more
Lots of photos, graphs, tables, and drawings. 176 pages. 5% x 8%, softbound {ISBN. 0-672-21006-1}
© 1973

No. 21006

UNDERSTANDING IC OPERATIONAL AMPLIFIERS (2nd Edition)

Dy Roger Melen end Marty Garlend. Explaing how IC 0p empa work end how 1hey can be used in many
practical circuits, Featutes the newast matenal on FET op ampa. Also gives oslailed informaton on
basic semiconducior electroniCe, INtegrated Op-emp cirCuilry, prectical design considersiions in
circuils using iC op amps, bias current, offget vollage. frequency compensation. $nd slaw rate. 128
pages; 5vy x 8%: softbound. (ISBN: 0-872-21511-X} @ 1978

No. 21511

ACTIVE-FILTER COOKBOOK

Dy Don Lancaster. A practical, user-onented ireaiment of active fiters. Expiains whal aclive filters are
and how Ihey work, and gives detailed inlormation on design, anelysis. end synthesis techniques

Explores some inlsresling spplications for ective fillers in brainwave research, ¢iecironic music,
quadreture art, and psychedalic ighting. 240 peges; 3 x 8%, softbound. {ISBN 0-672-21188-8) ¢
1975

No. 21188

WIND/SOLAR ENERGY for Radiocommunications and Low-Power
Electronic/Electric Applications

by Eaward M. Noil Thisis a book Tor those wiih an eye lowaros the fulure. it discusses the use of wind
and soiar energy 88 ailernalive soutcas 0! electricity It covers enargy-conversion principles. bat:
10108, Inverters, alternalors, 1he slecine auto, and preclicsl windisolar appiications auch as a 200-
wall wind generaior &nd & solar-powered amateur redio sislion. 208 pagas. 5% x 8. sotibound
(1SBN: 0-872-21305-2) & 1978

No. 21305

AUDIO CYCLOPEDIA {2nd Edition)

Oy Or Moward M. Tremeine. A complate sudio relerence library bn itsel! and the most comprehensive
and authoritative work on eudio avarlable Covers svely aspect of the audio art—from the dasic
principies ol Sound 10 the latest (n soid-state squipmeni Complels coverage of acoustics, motion
piciure equipment. recording, reproduction, test squipment, audic measurements. snd much more
3650 entries and hundreds ot illusirations and schematics. 1760 pages: 8% x $%; hardbound. (1ISBN
0-872.20675.7) @ 1969

No. 20878

ABC'S OF INTEGRATED CIRCUITS (2nd Edition)

Dy Rutus P Tutnes Especially wrilten for readers with & know!edgs of basic electronics, this book
approaches the survey ol the IC in & descriptive and praclicel mannet. The new adition describes the
(m18sl circuils with & minimum of theory and mathematics. 96 pages: 5% x 8%: softbound. {ISBN
0-672-21462-8) © 1977

Ho. 21462

BUILDING AND INSTALLING ELECTRONIC INTRUSION ALARMS

(2nd Edition)

Dy John €. Cunninghem. Countermeasures 10 otfset crime are suggested in thia book writion for the
novice who wants to insiail & secunty system in his home s$nd the lechnicisn who wishes 10 enter the
lucrative flekt of security slec Cour i include electr intrusion
alarms, sensofs and switches, CIoSed-Cicult 1elevision, proXimity alarma, power suppites, telephone
attachments, and alerms for Ihe protection ot aulomobiles. 128 pages; 5% x B%; softbound. {ISBN:
0-872-21485-2} @ 1977

No. 21485

Held Overl!.

TTL COOKBOOK

Dy Donaid Lancaster. A compiete and detailed guide 10 transisior-iransistor logic Explains

what TTL I8, how it works, end how 10 use il. Discusses practical apphications, such s a digilal counrer
and display ystem, events counler, electronic stopwaich, djital voitmeler, and a digital tachometar
336 pages: 5% x 8%; softbound. {IS8N: 0-672-21035-5) © 1974

No. 21035

UNDERSTANDING CMOS INTEGRATED CIRCUITS
Dy Roger Meien and Marry Garland. Takes a burlding-block approach to the subjactof complementary
melal-oxile semiconductors Begins with basic digital ICs. then covers semiconducior physics,

CMOS tabrnicetion technology and design, and advanced CMOS icat 5
softbound. {ISBN. 0-672-21129-7) @ 1975 il Lol

No. 2112¢

DBUG: AN 8080 INTERPRETIVE DEBUGGER

by Jonethan A Titus end Christopher A. Titus. Thia text describes DBUG. a sofiwars debugging
package for 8080-based microcomputers. it describea the operelion of the program end how itcan be
applied 10 progrem development and testing. Comp with docum d i and octal
Nstnga. 112 pages; 5W x 8%; #oftbound {ISBN: 0-572-21536-5) @ 1077

No. 21536

DESIGN OF PHASE-LOCKED LOOP CIRCUITS, WITH EXPERIMENTS

Dy Howard M. Beriin. The design of the basic PLL Circuits is described: datecior, phese compareior
and voitage-coatrolled oacillator clrcuita ere detailed. Contains many peactical circuits using mo'
560-s8nies devices and Ihe CMOS 4048 chip. Wilh over 15 experiments. 288 pages, S x 8%
softbound. {ISBN: 0-572-21545-4) @ 1978 ¥ i
No. 21545

MODERN RECORDING TECHNIQUES

Dy Roben €. Aunstein. Provides the informalion r Y 10 prepars pop music r gs. Exp
he equipment. conirots, snd techniques found in the mode«n recording studio and how to usa them
nOt only properly but Creetively 10 produce & desited resull. N ph 18, di and
charts. 368 pages, 5¥ x 8%; softbound. (ISBN: 0-872.21037-1) © 1974

No. 21037

E

HOW TO READ SCHEMATIC DIAGRAMS (3rd Edition)

by Doneld € Hecrington. Explana the vanous types of eiecironic diagrams, shows the schematic
symbols lor the vatious components m @ circuit, and explaing their operation. Tells how they are
connecled inlo circulls and gives the symbols lor Ihese connections. Vanations fikely 1o be
encoynterad in both symbaois and d tions are lraaled at iength. Aeview questions at end of each
chapler. 192 pages, 5% x Bw; soltbound. (ISBN: 0.672-21127-0) © 1975

No. 21127

AVIATION ELECTROMCS (3rd Edition)

by Kewh Bose Using & practical approach, this third edition updates, describes, and shows rep-
resontattve types of electronic squipment that is vital in today’s aircratt. This informative handbook
has been written e3 a Quide for aircraft owners, pilols, techniciang, sngineers. and anyons else who
maght require & kRowledge ol AVIALON 8tec ronic equipment. It IS eralty iMusireted with pholographs,
schematics. and drawings. 300 pages. 5 x 8% softbound. (ISBN: 0-672-21440-7) © 1977

No. 21440

SOLAR CELLS AND.PHOTOCELLS

2y Rufus P. Turner. An explanation of photocells and sotar ceils, and & selecied collection of practical
appications, such as a ighi-beam commurnicalor, light-powsced tone telegraph, and ght-actuated
temote Control. Addressed primanly to expanmanters, techmiciens, and science fair eniranis: as-
sumes thal the reader is already lamiiar with general slecironics. 96 pages; 5% x 8%: soltbound.
{ISBN. 0-872-21175.0) € 1975

No. 21175

30 IC PROJECTS

by Merbert Frisdmen. Complete instructions. peris ists. and sch i o for 30 difty
inlegreted-circuit projects, most of which can be built in & few hours and at low cosl. The projects
include & walkie-laliue power pack, budget-priced taps-head pr plfies, 4-ch ¥ microp
mixer. timed auto burgier alarm, Ight meler, Sisrec balancer. and portable intercom. B0 pages: 5% x
v soltbound. (ISBN. 0-672-21145-9) ® 1975

No. 21148

IC TIMER COOKBOOK

by Walter Jung Provides an excellent inlroduction to the fisid of IC timers by presanting a collection of
vanous circult “recipes” usehsl In applying the devices. Arranged n three parts. The lirst part gives
basic and generalized information. Part Il the applications saction, 13 the “meat” of the book and
nciudes over 100 dinterent Circuits for @ wide range of uses. Part Il contains reproductions of
manufacturers data sheets, sacond-source manutacturers, and more. This book is & valuabie reler-
ence lor the hobbyist, the technical or engineesing student. or professional. 288 pages: 5 x 84:
softbound. {ISBN: 0-572-21418-4} © 1977

No. 21418
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CMOS COOKBOOK

by Don Lancastar. Telts all you need 1o know 10 understand and profitably use this inexpansive and
genuinaly fun to work with digitaf logee family, First an expianation of what CMOS 1s, how il works, and
how to power it, plus usage rules, state testing, breadboarding, interface, and other basics 1s given

Then a minicatalog of over 100 devices. (ncluding pinouts and use descriplions is given. Subjects
covered include gate fundamentats, ti-state logic, redundant logic design techniques, multivibrators,
nonvolatile memory techniques, clocked JK and D fhp-tiop, counter and register techniques. op amps.,
analog switches, phase-locked toops and much more. A must for the student. hobdyist, teachsr

technician, or engineer who wants 1o leatn about CMOS. Filied with practical appfications. 416 pages;
St x 8%; sofibound. (ISBN: 0-672-21396-2) © 1977

No. 21398

TV TYPEWRITER COOKBOOK

by Don Lancaster. An in-depth coverage of tv typewriters (tvt's)—the only truly low-cost micrecompu-
ter and small-systorns display interface. Covars tvi terminology. principles of operation, tvi configura-
fions, memorias, system design, cursor and update CirCuiiry and techniques. har¢ copy, color
graphics, and keyboards and ancoders. 256 pages: 52 x BYe: sobound {ISBN. 0-872-21313} 1976
No. 21312

555 TIMER APPLICATIONS SOURCEBOOK, WITH EXPERIMENTS

by Moward M. Berlin. Daals wih the many applications ot the popular 5SS fimer “chip.” Uses 1or
voltage regulation, control, sequencing are covered as well as the more usual fimung and signal
generating functions. Wilh many usstut circuils and 15 delailed expenments. 160 pages, 5va x 8%
softbound. (ISBN: 0-872-21538-1) © 1978

No. 21538

Z-80 MICROCOMPUTER HANDBOOK

by Witham Barden, Jr. The Zilog Model Z-80 represents & microprocessor {hat (s extremely sophisii-
cated and atiractive 1o many computer users. This handbook will provide the current user and the
prospeclive user with essential Information on he technology of the Z-80. Organized into three
sections, the first section concentrates on hardware; ihe secoad on software, and the thied on
microcomputers built around the 2-80. 304 pages. 5v; x 8Yz; sofibound. (ISBN: 0-672-21500-4} ©
1978

No. 21500

10

(CONTINUED)

THE CHEAP VIiDEO COOKBOOK

by Don Lancaster. A complate guide 1o super low Co8t alphanumeric and graphic microprocessor-
based video displays. Contains complete construchion details on a seven tC circudt thal dramatically
slashes the cost of gclting words, op-code, and graphics out ot a microcompuler and 1010 a ielevision
set Inciudes thoroughly documented and debugged software Enables you to produce virtually any
aiphanumeric tormat. including scrolkng 24 ines by 80 characters, and virtuaily any graphics format
ncluding high resolution 256 x 256 mode and four-color graphics Also contams complele delads on
trangparency techmques that let you compule and display at the same time with tigh throughpul. 288
pages, 5%z x 843; sofibound {ISBN. 0-672-21524- 1) © 1978

No. 21524

THE 8080A BUGBOOK™: MICROCOMPUTER INTERFACING AND
PROGRAMMING

by Peter N Rony. David G Larsen, and Jonathan A Titua Ths princrples, cancepts, and apphicafions
of an B-bil microcomputer based on the BOBO microprocessor IC chip The emphasis is on the
computer as a contralier. Covers the four tundamental 1asks ol computer intertacing: {1} genetation ot
device select pulses; {2} leiching of outpul data; (3) acquisition of nput dala. {4) secvicing of intercupt
signals Infended (o halp develop the skilis needed to use #n 8080-based Breadboard micracompuies
system BUGBOOKX" s a registered trademark of £ & L Instruments, Inc.. Dorby, Connectlicut 06418
416 pages: 51 x 8%, softbound. (ISBN 0-872-21447-4) £ 1977

No. 21447

USING THE 6800 MICROPROCESSOR

by Etmer Pog. No speciat background in digilal electronics 13 necessary to enjoy the §800 micro-
processor. This book will acquaint the reader with the hardware and software of the 6800 “lun
machine. # will guide the reader through the conception. configuration, writing, and tunming of a
variely of programs thal demonsirate the praclical use ol a 6800 syslem Features fifleen
information-packed chaplers with an appendix which includes & detachable programmer s card. 176
pages. 5%z x BW: sotibound {ISBN. 0-672-21512-8) & 1978

No. 21512

Please see page 62 for prices and ordering instructions.
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Technical Books» et certain d’autre
publication techniques dans la langue
frangaise. On peut obtenir ces pub-
lication par l'intermédiare du Service
Spécial des livre ETI & Montréal. Priére
de remplir ce coupon pour commander
vos livres. Pour expédier vos livre dans
une fagon plus économique, nous
pouvons accepter paiement par chéque
ou par mandat.

Faites vos chéque payable a: «ETI
Special Book Service».

POUR LES SUBCRIPTIONS, LES
LIVRES BABNI ET AUTRE ITEMS,
VOIR, SIL-VOUS-PLAIT, LES IN-

STRUCTIONS RELATIVES A CES
COMMANDES DESCRITES SUR LA
CARTE D’'INSCRIPTION DANS CE
NUMERO.

Pastal Rate Chart

Pounds/Livres Tabteau des tarlfs postaux.
0-5 6-10 11.20 21.30 31+

Dostlnatlon

T QUE. 40 .30 .15 .12 .09

ONT. $45, '35, S20h. 185 %10

N.S.

N.B.

p.E.1. 50,240l 20 5 .15

NFLD.

MAN. .55 .45 .25 .18 .15

SASK.

ALSB. .60 .50 .25 .20 .17

B.C. .65 .55 .30 .22 .19

YUKON .80 * .60 .35 .25 .21

NWT 60 .55 .55 .60 .55
Cents/Pound Cents/Livre

(Inct ins/inc ass.)
Example: Destination Yukon, weight/poids
261 ounces/onces:
261 oz = {approx/env) 17 |b
5X80c+5x%x60¢c+7x 35 =%$9.45

ET) Special Book Service, 4050 Jean Talon
W., Montreai PQ H4P w1,
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in view of todays modern communications techniqugs morse che
may seem as useful as the cat’s whisker. Bill Johnson thinks otherwise.

WHAT IS T that justifies our exist-
ence as amateur radio operators? |Is
it the public services that we perform
at times like the Mississauga Rail Dis-
aster (QRM January), the contribution
to the state-of-the-art, or maybe the
self-training in communications that
is useful in time of national emergency
or war? |n both world wars, amateurs
have been a prime resource for signal-
lers and communications technicians,
Our national EMO largely uses people
who are amateurs to man their stations,
so it seems that the only thing left to
question is advances in the state-of-the-
art.

It might seem paradoxical that am-
ateurs the world over still use, and
strongly support the continuance of the
use of morse code for their transmis-
sions. Such techniques have not been
used by the other services for years
now, having largely given way to high-
speed data transmission and other
highly-sophisticated modes.

The fact of the matter is that am-
ateur radio is largely oriented towards
building equipment and carrying out
experiments. |t is not the use of the
equipment that is all the fun, but the
building of it. Commercial communi-
cations, on the other hand, is concerned
with the transmission of as much data
as possible, be it voice or digital data
such as telegrams, etc., as reliably as
possible. Let’s take the example of a
ship at sea. While they still employ
brass pounding radio operators, a large
amount of the telegraphy traffic, such as
passenger radiograms, weather bulletins,
etc., is carried by teletype. The ‘sparks’
job is largely one of technician on the
bigger ships. If a teletype machine
fails, it can be replaced with a spare,
communications maintained, and the
spare repaired on board or at the next
port of call. Thus the data still gets
through, at a price.

Amateurs are communicating more
and more by digital techniques. At the
RSO convention in October last year, a
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complele packet station was demonstr-
ated using a packet repeater. Data were
sent from one side of the room to the
other via a repeater some 20km distant,
Amateurs all over the country have mic-
ro-computers in their shacks. At the
moment, they are largely under-used, as
their owners get used to them and try
different programs and techniques. But
they will be used, and they will be used
very much in the years to come. Packet
techniques will be expanded to voice
communication and what we now see as
a new-born baby will be an ever-present
adult in the years to come. It is hard
for us to envisage now, and our diffi-
culties of foresight have not been un-
known before. Take FM, for example.
When FM was invented, it was thought
that it would never be used in amateur
communications, because it took up too
much spectrum space, and amateurs are
traditionally spectrum-thrifty, But all
you have to do is take one look at any
city’s two metre spectrum and you will
see that FM has become one of the
more popular modes for local chatter.
So, we can‘t rule out digital voice
communication for the future because it
appears at the outset to be wasteful of
spectrum space. FM is supposed to be
wasteful too, but it has many redeeming
qualities.

Amateurs, while they can fill their
basements with sophisticated equip-
ment, cannot offer the reliability of
commercial communications systems,
because they cannot afford to buy
complete spare systems. So, while
amateurs can provide message service
through repeaters and teletype stations,
such service, offered to the public at
no charge, cannot be guaranteed to be
available at all times. However, one
distinct advantage is still possessed by
the amateur service, we can always get
through with morse code, no’ matter
how badly-off our super-sophisticated
computer or teletype equipment is. This
reliability will always be built into the
amateur service, as long as we keep code

a requirement for examination to be a
ham.

The subject of dropping the morse
requirement has reared its head at suc-
cessive world administrative radio con-
ferences since time immemorial. The
old argument was that amateurs must
know morse code so that they would
not inadvertently interfere with a distress
communication in morse. The vatidity
of the argument has lost some weight in
light of recent disuse of morse by ships,
but it must be remembered that, despite
all the sophisticated equipment on
board ship, morse can and will continue
to be a last resort means of communi-
cation where life is at stake.

A perfect example of the need for
morse qualification in amateurs occurr-
ed in Northern Manitoba last year. An
aircraft was down and rescuers were on
the way. The people on the downed air-
craft, knowing help was coming, started
stripping all the valuable equipment out
of the plane, ieaving only the basic com-
munications radio. When they reaiised
that the search was concentrated fifty
km away from their position, clearly
given in the Mayday, they tried calling
again and cerrecting the position being
searched. The reply from the search
party was that they had no audio, just
dead carrier. The pilot, being a ham,
realised that he must have damaged a
mike connection while removing the
equipment, and started giving his posi-
tion in morse code, Great method, but
nobody on the search party could read
morse!  He ended up sending slowly
enough that they could look up what
he was saying, one letter at a timel

Send your letters to;

QRM LETTERS,

ET! Canada,

Unit 6,

25 Overlea Bivd.,

Toronto, Ontario M4H 1B1

73 til next month,
Bill VE3APZ
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Teachers’ Topics

Some of us have trouble translating a circuit which we can
understand into a practical layout of components. K.T.

Wilson holds our hand to guide us over this difficult step.

EVERYONE WHO'S ANYONE publishes interesting
circuits. Seen our “Tech Tips”? That's the sort of
circuit that arouses the greatest interest and there's no
doubt that many readers try them out, perhaps making
their own modifications. Despite this, there are countless
readers who find that circuit layoutis a chore, a task that
needs painful planning and lots of second thougbts. If
you've never learned how to lay out a circuit properly
easily, instantly — stay tuned — what follows I1s
electronics-by-numbers: circuit layout with no sketches
or plans, just the circuit diagram and a few scnibbles

THINK JUNCTION

There's no wizardry involved in instant circuit layout, but
you have to be able to identify what is called a circust
junction. That's not the same as a semiconductor
junction, but it’s certainly a place where things join. Ata
circuit junction components join to each other, or to 3
negative or positive line, or to an input or output. Circuits
consist of circuit junctions with components strung
between them.

Figure 1 should make this idea of circuit junctions a
bit clearer. The circuit is a straightforward one, a couple
of transistors connected as an amplifier stage with DC
feedback. In this circuit there are eight circuit junctions
Where are they? Well, one is at the input, because we
have to take a signai to one lead or C1 Wherever there

1]

f—@ ouT

(e
Q2

R4
L ¢ Nv\—eg_l
R3% ns% —R
F‘ { 1

Fig. 1. Marking out circuit junctions.
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are connections, there’'s a circuit junction. We can mark
it with a pencilled ring on the circuit diagram. There will
be another similar junction at the output, and we can
ring that one too

Getting the idea? Each of these junctions is where
components are connected together, and when you
build a circuit you will need one line of a matrix board
{ like Veroboard } for each circuit junction, Have a look at
the other junctions we have ringed in the circuit of Fig. 1
and see what you think of the show so far.

Now for the instant circuit layout. The circuit has
eight junctions, so number your ringed junctions from
one to etght. As easy as that!

Yes, it is, if all of thecomponents have reasonably long
ieads, but if the transistors have short leads you will have
to arrange your numbering so that the junctions where
transistor leads are connected have consecutive or
near-consecutive numbers. You don’t, for example,
want to have the collector of a transistor on junction
number 1 and its emitter on junction 8. Fig. 2 shows a
suggested numbering, one of many that are equally
possible.

MATRIX BOARD

Now to build the circuit ati you need is a piece of matrix
board, the stuff with conducting lines of copper laid on a
non-conducting board. Next, get yourself a bottle of liquid

R c3 2

g

.. ¢ 5

R3

R4
G TR ('
RS%-_C?
g

Q 3 7 4) 3

Fig. 2. Numbering the junctions.
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paper or similar correction fiuid. This is a quick drying
liquid that sets matt-white, and it is used by sloppy typist
{like me} to obliterate mistakes — it dries as white as
paper and you can write on it . { You can also make it
go a lot further by thinning it with any dry-cleaning fluid).
paint a stripe of this — there’s a brush provided on the
cap of the bottle — down the side of the veroboard on
each side, and let it dry for a minute {and | mean just
a minute). Then you can number the strips of the vero-
board on each side — but make quite sure that each
strip has the same number on each side!

What are you waiting for? You can build the circuit
-straight away now, because the position of each lead of
gach component is indicated on the diagram, Fig. 2.C1,
for example, is connected between strip 5 and strip 8,
with the positive end on strip 5.Q1 i1s connected with its
emitter on strip 7, its base on strip 5 and its collector in
strip 4. R1 is connected between strips 4 and 1, and so
on.

With your circuit built, look how easy it is to check
your connections. Instead of going through the circuit
bit by bit, all you need to do is to check that each
component.is connected between the correct strips.
Couldn’t be easier. You'll find, incidentally, that a
remarkable number of “Tech Tips” can be built on boards
of up to 14 strips.

WHAT IF. . ..

Now for the what-if department. What if your circuit
needs more strips than you've got, what if the layout
turns out awkward, what if you want to use ICs? We've
thought about all these points, and here’s how.

To start with, if your circuit is long rather than short,
there are several things you can do. One is to break the
circuit up into bits that will fit onto whatever number of
strips you have on each board, and then connect several
boards together. This after all is what everybody has to
do with a realy large strip, a television isn‘t built on one
board, after ail {well, not usually).

The other dodge is just to cut the strips so that you
double the number of strips on the board. You don’t
have to cut all the strips, in fact, because it’s most likely
that you'll want to keep the + and — supply lines uncut.
A 14-track board cut in this way, and leaving two uncut
lines, will give you 26 lines to play with, and that's
enough for a pretty large chunk of circuit. If that's not
enough for you, there's no law to stop you making
another lot of cuts. The important thing, of course, is to
identify each piece of track,

THE AWKWARD SQUAD

Now for the awkward squad. There are several types of
circuits, particularly the multivibrator family of circuits
(astable, monostable, bistable) which are awkward to lay
out on any sort of matrix boards, particularly if the
transistors have short leads. There’'s a nice simple
solution to this problem, and that is to use 3 mirror-
image layout. Never heard of it? Look and learn, then.

In 8 mirror-image lavout. the negative line, or wher-
ever the emitters ot the multivib fransistors are con-

nected to, is made the centre track of the board, and the
outer tracks (1 and 14, for example, when a 14-track
board is used) are connected together by a wire lead and
used for the positive supply. If you're using PNP, reverse
all that, of course. One transistor will have its emitter
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connected to the centre line, and the supply end of its
collector load resistor to line 1. The other transistor of the
pair will have its emitter connected to the centre track
and the supply end of its collector load resistor to track
14, or whatever the outer track is numbered. Not clea¥?
Take a look at the numbered junction diagram of Fig. 3.
and the board layout alongside it, and you’ll see what
we mean, This is a particularly simple form of construc-
tion, and ‘it adapts well to strings of multivib type

1 LINK 7

R R2 R3 R4
C1 c2
{a) 2 6
Q Q2
3 5

(b}

Fig. 3. Mirror-image iayouts {A) Marked-out circuit (8) Bosrd
layout.

circuits, such as when a slow astable switches a faster
one, or for bistable counters, or for long-tailed pair
circuits atl in a row. Short pulse generator circuits,
consisting of an astable driving a bistable are also
particularly easy to build this way.

INTEGRATED CIRCUITS
Now for these ICs. There's no doubt about it folks, lots of
people don’t like constructing IC circuits. As we’ll show,
though, Instant Circuit Layout makes IC circuits even
easier to construct than discrete circuits. The key to it all,
once again, is the numbering of the tracks on the board.
Most IC circuits, particularly digital circuits, don’t call for
all that much in the way of other components. In
addition, most of the components that are needed are
strung either between one pin of the IC and the positive
or negative lines, or between IC pins. This means that
the number of circuit junctions we have to use is very
often just equal to the number of IC pins.

tet's take an example. Fig. 4. shows a circuit for
generating 6 different audio ‘frequencies from a single
TTLIC, a 7414. Just ignore the circuit for the moment.
The IC isa 14-pin type and it will have to be mounted on
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NOW AVAILAB[E

OSI SUPERBOARD Il

. 8K Microsoft BASIC — in — ROM
4K RAM on board expandable
to 8K

. Full 3 — Key keyboard with
upper/lower case and user prog-
ranimability

. Audio cassette intertace

. Graphics and gaming characters

[Fully assembled and tested. Re-

quires +5V at 3 amps and a video

monitor or modified TV set.

NEW COLOUR DISPLAY COMPUTER
C4P 8K RAM! W5 nidio. e oin, it $1,026

....................

....................

$1.315
C8P DF 32K RAM, DUAL 8" FLOPPIES
................ ... 83,817

* Ontatio tesidents add 7% Sates Tax.
Prices subject (o change without notice,
Master Charge or Visa accepted. Shipped
collect by any method you specify,

D.C.B.ELECTRONICS
333 Denison St. Unit 3, Markham,

Teachers' Topics

+Sy

L e

Ontario L3R 2Z4 (416) 495-1599

errerrrerer

taeed

Handheld 3% digit
LCD multimeter.
Model 2035A:

6 Functions, 32
Ranges, .1%

DCV Accuracy

DC, AC Volts 100 uV — 1000V

DC, AC Current 0.1uA — 2A

High, Low obms 0.1 ohms — 20M ohmsg

Temperature :500C~ +150°C
{Model 2037A onty)

INQUIRE ABOUT FREQUENCY
COUNTERS-550MHz.

20358, It A o 5 4% ¢ @ s Dot - $114.75
2035A Assembiled. . .. .. .. ... $144.75
2O T S o s et s e i $137.75
2037A Assembled. . . . ... ..,. $189.75
Ins., Shipping & Handling . . . . . . . $4.75

(Per Instrument)

Ontario Residents add 7% PST. Use your
Chargex or Master Charge. Phone orders:
{416) 828-0583, or wrlte to:

Kumar And Company
3344 Mainsail Crescent
Mississauga, Ontario LSL 1H2

P IR W e R
D e

(v)

Fig.4. Sample IC circuit (3}, and 0-1in
Vero cut-out diagram (b).

Conventional 0.1in Vero board will have to be cut as
shown in figure 4b, and the tracks numbered. There is
however, a Verostrip and a DIP board which the cuts
ready-made, so that only numbering is needed. 0.K. so
far? You should have in front of you a circuit diagram
showing the IC pin numbers and a piece of board with
numbered tracks. All you have to do now is to make
these numbering systems agree!

Using DIP board? Then make your track numbering
agree with the IC pin numbers and connecting up is
equally easy; there's no need to change the numbers on
the circuit diagram if you're using just one IC. If you're
using several 1Cs, then fetter them A, B, C, and so on,
and letter your bits of track as well.

Vero makes a spot face cutter for breaking Vero Track
for about $5.00. Order tool No. 22-0239G.

There are fourteen Vero distributors in Canada, too
numerous to list here. You can find out about them,
as well as catalogues and pricing, from Electronic Pack-
aging Systems Ltd., PO Box 481, Kingston, Ontario
K7L 4W5.

Using a Vero tool to bresk up copper tracks.
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NOW! Tab Books From ETI

"ABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTABTAB'

Electronics Today is now offering this fine
set of exciting electronics books from TAB!

*Order by number using handy card in this issue!*

HOW T0 DESIGN, BUILO,
& TEST COMPLETE
SlPEAKER SYSTEMS

comginm 06 & peewelt frate for sube
Tl o Tt T 2 o ey

1064 $8.50+.90=$9,40

270U 4 s . e das iy ) i s WS i o
$ 00N B VA S e iy AR 1 A 5 00 £ g e
e Foath 5 4] scman e oo

The Compiete
Handbook of

Robotics

- p &4
Astificial
Intellicence

M hines “think™
pm g TSN

‘ Y
oo € )i

1015

A BEGINNER S GUIDE
T0 COMPUIE
MICROPROCES

eih pro

4 e 24 0 = cume
[y iy
—~

e
g
-

Pyl

I 25

®
l”ls 1 ADAMS

$8.50+.75-$9.25

S7 PRACTICAL
PRAOGRAMS € GAMES
IN BASIC
i ks e b 1 g

”" -
> 4
«f‘

i

.,
£~

’

Ay &0 tHacien

1000 $9.75+.60=510.35

BUILD \’!IUIF
OWN “'(ll&h’ll’ﬁ
|

\ ’ ‘f."

HY DAYID L. MEISERMAN

84l $7.50+.60=%8.10

1070 $10.95+1.35=%12.30

How to Design G
Build Your Own
Custom TV Games

The COMPLETE mets o0 Setigumg oty
g ¥ ipag M ee o 1Y

N | PR
—
o gﬂ

1101 $11.95+1.35=$13.30

1088 $9.75+.90=510.65

Prices shown are cover price plus postage and packing. As you can see from the postage, many of

these books are heavies!
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Handbook of

Practical Electronic Cirtuits

foited by Kendall Webasier Sesyions

800 $11,95+1.35=813.30

TAD BOOMY NS S04

Master
Handhook of

1001
MORE

Practical Electronic Circuits

Edited by Mihavl L Faie

804 $15.50+1.40=$16.90

P I O A
uﬁh.&'ﬂy".:‘

$8.50+.90=39.40
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COLOR LED POWER
LEVEL INDICATOR

The latest advanced way of
measuring audio power output
e Works as a pair of VU meters, and adds
exclting sights to your sound system.
e 3 color LED display, each channel.
e Enjoy the “dancing color light” show
while you enjoy your music. @ Responds
to musicat signals at much faster speed
than conventlonal mechanical VU
meters. @ Applicable to most power
amplifiers. @ Very easy to bulld, and just
hook up with the speaker output
without affecting the sound. ® Operates
on battery or AC adaptor. ® Dispilay
panel, plated fiberglass p.c. board and all
electronic parts inctuded.
SAD-03
15 Step display -
Front panel
slze 9''x2%""
— 30 LED (4 colors) with peak, floating
and graduat display.
— Suitable for IW—200W/Ch max.
power output amplifiers.

— Operates on DC 12-18V,
KIT: $56.00. . . .. Assembled : $66.00
}or dsetfpll display also avaifable. Write

Send cheque or money order, Add 10%
for shipg g/md handling. Ont, residents
ease a sales tax.

MONEY BACK GUARANTEE,
FREE REPAIR SERVICE.
For free audl|o kits catalogue, wrlte to:
AUDIOVISION SERVICE
P.0O. Box 955, Stn. B,
Willowdale, Ont.
M2K 2Té

MORE
ELECTRONICS
IN MODEL
RAILWAYS

Folliow up the article in last
month's ETI with more circuits for
use in model railroad systems.
“Electronic Circuits for Model
Railways” was compiled in 1976
by Michael Babani and was
published in the UK as a pocket-
size 90-page book. Now we have
the book in stock for our
Canadian readers. Local
equivalents are given for
transistors used. Canadian price
$2.90 (inc p&p).

Send order with cheque or
Mastercharge/Chargex number
(with expiry date and signature)
to ETI Books, Unit Six, 25 Overlea
Blivd., Toronto, M4H 1B1.

I ———————

FEEDBACKQ]
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Questions about our 60W Amplifier and a remark on our

first attempts at French text.

Letters from our readers. This month; working projects,
supply problems and a little bit more on potice radar.

May | take some time to comment
on -your "Project 408" amplifier and
CMOS switched preamp. | finished
building this project some months ago,
and must say | was suprised at how well
it worked. | didn‘t know magazine
projects could turn out so well,

Your magazine is tremendous. Keep
up the good work and good improve-
ments

Johnson DuPlessis
St. Laurent, Quebec

Frankly Johnson you've got us stump-
ed. However you might try putting a
few ICs in backwards. This should de-
grade performance sufficiently to give
you something to worry about.

| am a student of Ladysmith Senior
Secondary School. | have been working
on your project, the Add-On FM Tuner
from the May 1978 issue. | am half-way
through completion and there is one
part, the LP1186 FM Tuner module
that | can not get a hold of. 1 would
appreciate any information of where |

could obtain an LP1186 FM Tuner
module.

8ob Scyrup

Box 1146

Ladysmith, 8.C.

VOR 2E0

Bob, I've got some bad news for you.
Mullard stopped making the LP1186
about a year ago. Philips stock ran out
some time later (probably due to our
article). You should have checked avail-
ability before you started.

Perhaps someone out there bought a
module and has since decided not to use
it. If so, drop Bob a line.

In your article ‘‘Jobs for Profession-
als’’, News Digest, December 1879 issue,
you mentioned a Technical Service
Council. Are they an employment
agency? How would | get a job with
them?

Ron Ho
Crowell, N.S.

P.S. Your News Digest is great! A little
bit like ‘Science Fiction’. Keep up the
very good work.

Fiction! Ron, please we like to call
it reality. (How's that for pomposity).
Glad you like it though.

Write to the Technical Service Council,
931 Yonge Street, Suite 401, Toronto,
Ont. MaWw 2H8. Or contact, (Toronto)
N.A. Macdougall (416) 966-5030, (Mon-
treal) C. Labrecque (514) 866-2807,
{Edmonton) C.H. Humble (403)
482-7116, (Vancouver) A.G. Tinker
{604) 682-8888.

The axcellent article on police radar
omits one quite obvious way of avoiding
detection - bear in mind that the whole
purpose is not to get caught.

So just arrange a simple electro-mech-
anical catapult which tosses a hand gren-
ade into the hedge as soon as a detector
picks up a transmission from a radar.
The fuzz will be so busy rushing to-
wards the resultant explosion that you
can roar around everywhere at 100 mph
with impunity.

There are a few minor problems in
towns.

Coltyn Rivers
Managing Editor
ETI Australia
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Deep Space Tracking e

As unmanned probes travel further
and further from mother Earth the
problem of Jmaintaining reliable com-
munications becomes critical. _Brian

Dance reports. )
T “\

Auto Failure Monitor

The dash board of modern cars would
look like a Christmas tree if all the
idiot lights were to come on. The
Auto Failure Monitor will beep insis-
e tently if any vital function of your
car fails. What's more, it doesn’t burn
out like dash lights do. ‘

-

Q0

Electromyogram, Part Ll

Concluding portion of this two part
feature includes constructional details,
parts lists and hints on using it.

40 CMOS Clocks

A varjety of 1timing and clocking
functions are possible with just two
inverting gates. Ray Marston has put
‘ together 40 (some simple, some unique)
g circuits to trigger your imagination,

Surface Acoustic Wave Filters

A major consideration in the design
of a radio or telivision receiver is the db
use of filters to improve selectivity.
SAWFs offer numerous advantages
when compared to conventionat
IF strips.

-

f

Complex Sound Generator,

Actually we don't quite know what
to call it. It's more than a toy organ
but doesn't quite make it as a syn-
thesizer. Essentially, our Minisynth
makes full use of a TI-SN76477 sound
generator 1C’'s abilities. Another in
a series of ET| noise makers,
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WELL, | WENT AND GOT ONE OF THOSE SOLAR POWERED

WATCHES. WITH MY LUCK, THOUGH, THE SUN WILL

PROBABLY NOVA AND THEN I'LL HAVE TO EXCHANGE IT
7 oz

W = A0 '{"",\_\,
g S ()

e o

]

.

‘ -

MAY HAVE TO GET A NEW
AMPLIFIER—MY OLD ONE IS REALY
DISTORTING.

amg \\

E i_ E .:- é‘:
B

! DIDN'T HAVE A BUZZER IN MY JUNK BOX, AND |
NEEDED SOMETHING THAT WOULD MAKE A REALY
LOUD NOISE. . .

I WAS GETTING AN
Si v ANNOYING ~ POWER
. LINE NOISE THROUGH

MY STEREO SYSTEM,
SO | DECIDED TO TRY
MAKING IT OUIETER
8Y OPERATING IT
WITH A GAS—POWERED
GENERATOR.

N

_, -

e

1<) E

| ; “wi‘:
70
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| SECURITY SYSTEMS INC |

y
wittfl]

i
THIS MODEL FEATURES
AN AUTOMATIC DIALER,
IF  SOMEONE BREAKS —4

INTO YOUR HOUSE, IT:
PHONES YOUR INSUR-
ANCE AGENCY IMMEDIA—
— sl TELY AND TELLS THEM

‘ TO RAISE YOUR RATE.




IO eanis e woreel

ETI's not-so-new classified advertising section aliows you to reach 30,000
readers nation-wide. For as little as $15 (there’s a 20 word minimum} you
can promote your business from coast to coast.

WHAT DO YOU DO?

Send us your typewritten or clearly printed words, your permanent add-
ress and telephone number, and your money {no cash please). Make your
cheque or money order payable to ‘ETI Magazine’. We’re at Unit 6, 25
Overlea Blvd., Toronto, Ontario M4H 1B1.

WHAT DO WE DO?

We typeset your words {and put the first word and your company name

in bold capital ietters).

If we get your message by the 14th of the month, it will appear in ETI
1% months later. For example, if we receive it by November 14th, you
{and thousands more} will see it in the January issue.

PRINTED CIRCUIT boards from your
sketch or artwork. Affordable prices. Also
fun kit projects. Free details. DANOCINTHS
INC. Dept. ETI, Box 261, Westland MI.
48185. U.S.A.

AMPLIFIER Kit from SW, 10W, 25W,
40W, 100W R.M.S. Low (TIM) preamplifier
kit. Alarm clock kit 12/24 hr operation:
hr, min, sec, display. Gas discharge displays
8 digit. Suitable for calculator, clock,
D.V.M’, frequency counters. For free
literature and price - list send to:
KITSTRONIC [INTERNATIONAL, P.O.
Box 577, Stn. J. Toronto M4J 422

ETI CANADA-MARCH 1980

$1.00 Unusual Canadian and American
parts and surpius catalogs. Hundreds
of bargains. ETCO, Dept 087, 183G Hymus,
Pointe Claire, Que.

SIFIE

CLAS

SATELLITE TELEVISION. Receive enter-
taining TV stations, movies, sports, and
much more directly in your home via sateilite.
24 hour programming. We have the latest
in advanced technology antenna and receiving
systems. Send $7.50, refundable with min-
imum 6rder, for our catalog of information
packages, video receivers, and associated
earth station equipment. We are the Canadian
originators of home satellite receiving
systems. NORSAT SYSTEMS, Box 232,
Surrey, B.C. V3T 4W8

COMPLETE HOBBY SERVICES. Custom
kits and circuit designs. Write for frec
information. TEKNIKIT ASSOCIATES 301
Flora Street, Carleton Place, Ontario,
K7C 3M8.

SPEAKERS Galore, Individual Raw Drivers,
Do-it-yourself Kkits, and fully assembled
speaker systems. Write to us for our frec
1980 catalog, illustrating our complete
line. 1US ELECTRONICS LTD. P.O. Box
81, Trail, B.C. VIR 4L3

100W POWER AMPLIFIER KIT, $59.50
PPD. High deflnition stereo pre-amplifier
$74.50 PPD. Send cheque or Money Order
to AUDIO CONCEPT, 575 Nobel, Thunder
Bay, Ontario P7B 5Y7

NEW Store! For the Hobbyist, Ham, Audio,
CB’r. GENERAL ELECTRONICS, 5511
Yonge St., Willowdale, Ont. 221-6174.
Monday, Friday, Saturday: 10:00 am-
6:00 pm. Tuesday, Wednesday, Thursday:
10:00 am to 9:00 pm.

WE SELL SERVICE! Professional repairs
to all types of equipment: amateur, comm-
ercial, avionics, marine, CB, broadcasting.
We stock Japanese transistors! Service
Division, HAMTRADERS Inc., 1845 Bris-
bane Road, Downsview, Ontario. M3}
2K1.416-661-8800. Telex 065-22234

SOFTWARE: TRS-80 and Apple - choice
programs! Example: Sargon Chess and
Adventure. Hours of fun! Send for free
flyer - today! PHIDIAN ASSOCIATES
P.O. Box 2456, Station B, Kitchener,
Ontario, N2H 6M3.

2N3055 TO3, 10-24: .68, 25-49: .60
50-100: .54, 100-1K: .50 ELECTRONIX
CP 1812 Terminus, Quebee. PQ, G1K 7K7

SPECIAL: Send $10 and receive a min-
imum of 1000 electronics parts (market
value over $100). ARl new and first quality.
100% guaranteed. Resistor - transistor -
capacitor - choke - hardware - etc! Flyer
and sample on request. SURPLUS
ELECTRO QUEBEC, 2264 Montee Gagnon
Blainville, Que. Canada J7E 4H5

J&J ELECTRONICS LTD., P.O. Box 1437 E,
Winnipeg, Manitoba R3C 2Z4. Surpius Semi-
conductor Specialists. Do you get our bargain
flyer? Send $1.00 to receive the
current literature and specials and to be
placed on the mailing list for future publica-
tions.

SHORTWAVE RADIOS! Everything for
the shortwave, medium-wave, longwave
listener! Special receiver modifications,
COLLINS filter, digital frequency displays,
loop antennas! Free Advice/CATALOG!
RADIO WEST, 3417 Purer Rd., Escondido,
CA 92025 USA (714) 741-2891

WSI RADIO — SWL Radios — Ham radios -
18 Sheldon Avenue North, Kitchener, Ontario
N2H 3M2. Telephone (519) 579-0536. Write
for giant catalog, free of course!!(VE3EHC)
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ETI Project File

Updates, news, information, ETI gives you project support

PROJECT FILE is our department dealing with
Information regarding ETI Projects. Each month
we will publish the Project Chan, any Project Notes
which arise, general Project Constructor's
Information, and some Reader's Letters and
Questions relating to projects.

PROJECT NOTES

Since this magazine is largely put together by
humans, the occasional errormanagestoslipbyus
into print. In addition variations in component
characteristics and availability occur, and many
readers wtrite to us about their experiences in
building our projects. This gives us information
which could be helptul to other readers. Such
information will be published in Project File under
Project Notes. {Prior to May 78 it was to befound at
the end of News Digest.)

To find out it there are project notes for a project
you are interested In, simply refer to Project Chart
{see below). If there are project notes listed, they
will have appeared in Project File (note, prior to
May 78, project notes appeared at the end of News
Digest.}

Project notes can be ordered one of two ways.
You can order the complete back issue, or you can
order a photocopy from the appropriate issue. In
either case consult General Information For
Readers. i you order a copy of a construction
article, specify the issue wherethe projectnotecan
be found and we will include them at no cost. You
must specify from which issue those project notes
can be found.

PROJECT CHART

This chartis an index to all information avallable
relating to each project we have published in the
preceding year. It guides you to where you willfind
the article itself, and keeps you informed on any
notes that come up on a particular project you are
interested in. it also gives you an idea of the
importanceofthe notes,incaseyoudonothavethe
issue refered to on hand.

COMPONENT NOTATIONS
AND UNITS

We normally specify components using an
international standard. Many readers will be
unfamiliar with thisbutit's simple, less likety to lead

PLEASE NOTE: WE CANNOT
ANSWER PROJECT QUERIES
BY TELEPHONE.

to error and will be widely used sooner or later. ET)
has opted for sooner!

Firstly decimal points are dropped and
substituted withthe muitiplier, thus 4.7 uF is written
4u7. Capacitors also use the multiplier nano (one
nanofarad is 1000pF). Thus 0.1uF 1s 100n, 5600pFis
5n6. Other examples are 5.6pF= 5p6, 0.5pF = OpS.

Resistors are treated simitarly: 1.8M ohms Is
1M8, 56k ohms is 56k, 4.7k ohmsis4k7,100 ohmsis
100R, 5.6 ohms is SR6.

KITS, PCBS, AND PARTS =

We do not supply parts for our projects, | ¢
must be obtained from component sup i
However, in order to make things easier we
cooperate with various companies to enable them
to promptly supply kits, printed circuit boards and
unusual or hard-to-find parts. Prospective builders
should consult the advertisements in ET| for
suppliers for current and past projects.

Any company interested in participating In the
supply of kits, pcbs or parts should write to us on
their |etterhead for complete information.

READER'S LETTERS AND
QUESTIONS

We obviously cannot troubleshoot theindividual
reader's projects, by letter or in person, 8o if you
have a query we can only answer it to the extent of
clearing up ambiguities, and providing Project
Notes where appropriate. If you desire a reply to
your letter it must be accompained by a self
addressed stamped enveiope.

ISSUE

DATE ARTICLE

ISSUE

A
OATE RTICLE

Feb 79 | Phasemeter & Neg
Feb 79 | SW Radio

Feb 79 | Light chaser & Neg
Mar 79 | Tape-Slide Synch
Mar 79 | Synth. Sequ.

Mar 79 | Dual Dice

Apr 79 | Solar Control

Apr 79 | Audio Compressor
Apr 79 | Wheel of Fortune
May 79| Light Controller
May 79 | AM Tuner

May 79 | VHF Amt.

June 79| Easy Colour Organ
June 79| LCD Thermometer
June 79] Light Show Seq.
June 79| VHF ant. 2

June 79| Bip Beacon

July 79| Note C

July 79| STAC Timer

July 76 ] Two Octave Organ
July 79| Light Act Tacho
Aug 79 | Audio Power Meter
Aug 79 | Two Octave Organs
Aug 79 | Shootout.

Sept 79| Field Strength Meter
Sept 79} Sound Effects Unit
Sept 79] Digital Wind Meter
Feb 80 {Note S

Sept 79] Up/Down Counter
Oct 79 |Simple Graphic Eq.
Oct 79 |Digital Dial

Oct 79 | Variwipe

Oct 79 | Cable Tester

Nov 79] 60W Amp

Feb 80} Note U

Mar 80| Note S, U

Nov 79} Mode! Train Controller
Nov 79 Curve Tracer

Dec 79 | High Performance
Stereo Preamp

Dec 79 | Development Timer
Dec 79 | Logic Trigger

Mar 80 [ Note C

Jan 80 | Logic Probe

Jan 80 |Guitar Effects Unit

Jan 80 |Series 4000 Stereo Amp
Jan 80 JLogic Probe

Feb 80 |Series 4000 Moving Coil
Preamp

Feb 80 |Egg Timer

Feb 80 |General Power Supply
Feb 80 JRTTY 1
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ETI Project Chart

PROJECT CHART

This chartis anindex to all intormation availabie
reiating to each project we have pubtished in the
preceding year. it guides you to where you willfina
the article itsel!, and keeps you informed on any
notes that come up on & particui.r project you are
Interested in. It aiso gives you an idea of the
importance of the notes, incaseyoudonothavethe
issue refered to on hand.

Canadian Projects Book

Audio Limiter Metal Locator

SW Stereo Heart-Rate Monitor
Notes N, D May 79 GSR Moni*ar
Overled FPhase‘;

Bass Enhancer uzz Box

Moaular Disco Touch Organ

G P Preamp Mastermind

Bai. Mic. Preamp Double Dice

Reaction Tester
ST;:',“LC,.%S fidge Preamp o5 und-Light Fiash
VU Meter Circuit Burglar Alarm
Hesaphone Amp Injector-Tracer
S0W-100W Amp Dignal Voitmete:
Note N May 79

Key to Project Notes

C:- PCB or component layout

D:- Circuit diagram

N:- Parts Numbers, Specs

Neg:- Negative of PCB pattern printed
Q:- Other

S:- Parts Supply

T:- Text

U:- Update. Improvemeni, Mods

ETI CANADA-MARCH 1980



PCB SUPPLIERS

The following companies currently
actively supplying ail or some PC8s for
ETI projects. Write for complete
ordering information.

— B & R Electronics, P.O. Box
6326F, Hamilton, Ontario
L9C 6L9
Spectrum Electronics, P.O.
Box 4166, Stn. ‘D’,
Hamilton, Ontario
L8V 4L5.
- Wentworth Electronics, RR
1, Waterdown, Ontario
LOR 2HO.
- Danocinths Inc., P.O. 8ox
261, Westland, M| 48185,
USA.

Project Notes

Series 4000 Amplifier

Jan 80

Unfortunately we neglected to include
the pcb for the 472 power supply.

It is included here.

Simple 60W Power
Amplifier Nov 79

Most people haven‘t had problems
with their 470 module, but inevitably
there are some who do. From calis
and letters we have identified five
areas of trouble

1) The ground rail on the amplifier
must be returned to the OV rail on

the power supply. If this is not done
the input transistors and their current
source (Q1-Q5) will be destroyed.
2) It can be seen from the overlay
that the base lead of Q5 must be slightly
bent to fit the pc board. the transistor
can easily be inserted the wrong way
round. Watch this.

3) The darlington output transistors
must have an adequate heatsink. Always
make sure the thermal contact between
the transistor and the heatsink is good.
Use a thermal compound (such as
GC No. 81095}, but not too much —
Just a smear on either side of the mica
washer. Use a metel, rather than a
nylon screw with an insulated bush to
fasten the transistor — a nylon one
will stretch under tension. Make sure
the heatsink is smooth and flat, curved
or sandblasted heatsinks will not make
a good thermal contact with the tran-
sistor body.

4} Make sure that the transistor Q8
has a good thermal contact to the
heatsink. It must be on the same
heatsink as the output transistors.

5) Never, never run the amp without
a heatsink, even if only to the set the
bias.

Overheating of the output devices
due to poor heatsinking will result
in thermal run away which will blow
the fuses, but will probably not damage
the output transistors provided the
two amp fuses are in circuit. Faults
where the amplifier operates correctly

for a while then blows fuses, will
probably be due to poor heatsinking.
Most transistors in the amplifier
are designed to run quite warm in
normal operation.
6) Additionally we have been informed
that the 2N49820 and the 2N4923
transistors are available from Future
Electronics {Active Components Sales,
see ad in this issue for address), even
though they're not listed in the
catalogue.

By YU HEAR ABUT The
WIPPY ELBCT RONICS ENGINEER
WH A SECTED LS. D INTO A

“Tont. GENERRTOR we
WANGED AN ULTHA ~ Wik

Jan. 1980

ETL 472

4000 Power Suppiy

E”X\‘.kath

.
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/
General \
Information

For Readers

- D

Editorial Queries

Written queries can only be answered
when accompanied by a seif-addressed,
stamped envelope, and the reply can
take up to three weeks. These must
relate to recent articles and not involve
ETI staff in any research. Mark your
letter ETI Query.

Projects, Components,
Notation

For information on these subjects
please see our Project File section.

Sell ETI

ET) is available for resale by
component stores. We can offer a good
discount and quite a big bonus, the
chances are customers buying the
magazine will come back to you to buy
their components. Readers having
trouble getting their copy of ETI could
suggest to their component store
manager that he should stock the
magazine.

Back Issues and
Photocopies

Previous issues of ETI-Canada are
available direct from our office for
$2.00 each. Please specify issue by the
month, not by the features you require.
The following back issues are still
available for sale.

We can supply photocopies of any
articie published in ETI-Canada, for
which the charge is $1.00 per article,
regardiess of length. Please specify
issue and article. (A speclal con-
sideration applies to errata for
projects, see Project File.)

1977
February
May

July

1979
January
February
March
April

May

June

July
August
September
October
November
December

1978
February
March
May

June

July
August
September
October
November
December

1980
January
February
March

LIABILITY: Whilst every etfort has been made 10 ensure that all constructional profects referred to in this edition will operale as indicated efliciently and properly and thal ait necessary
components to manutacture the same will be avaiable. no responsibility whatsoever is accepted in respect of the (silure for Any reason al all of the project to operate etfactively or atall
whether due to any faull in design or otharwise and no responsibility is accepted for the failure to obtain any component parts in respect of any such project. Further no responsibilily is
accepted in respact of any Injury of damage caused by any fault i the design of any such project as sforesaid

READER
SERVICE
NUMBER
1 A-1 Electronics
Arkon Electronics
23 A.P. Products
2 Audiex Electronics
3 Audiex Electronics
Audiovision
5 BCS Electronics
Classified

DCB Electronics

4 Gladstone Electronics

Advertisers’ Index

Page 17
Page 66

Page 22,23

Page 76
Page 19
Page 48
Page 9
Page 7

READER

SERVICE

NUMBER
Page 21 8 Hammond Manufacturing Page 26
Page 2 14 Jana Industrial
Page 49 Electronics
Page 29 Kumar & Company
Page 31 6 Len Finkler
Page 68 17 Metermaster
Page 34 McGraw-Hill
Page 71 9 Omnitronix/Winegard
Page 66 10 Omnitronix
Page 33 1 Omnitronix

12 Standard Electronics

Page 47
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Electronics Pocket Books sped to you from

the offices of Electronics Today.

Babani Books From ETI

Specially imported from England!

Please Use Card to Order

Is etectronics your interest? Then get into it more deeply in the special areas of your choice. Electronics
Today carries a range of electronics books published by Babani Press and Bernards, amongst which are
ose described below. (If someone has already used the card, write to Electronics Today Magazine, Unit 6.
‘Overlea Blvd, Toronto, Ontario M4H 1B1)

Select from this collection of fascinating pocket books.

IC 555 Projects BP44

@ Everyeocilenadi hat ful
went On balore without It. Tho 555 mer is such a device

50 (FET) Field Effect Transistor Projecis BP39

B Freld sitect fransistors (F E T s} find appiicaton In a wide vanety of
circuita. The projecin described hare include radio lrequency ampiifersand

& it was first manufaciured by Signatica butis
every 101 urer and (s pe
oblainable

B Inckidad In this bogk are Basic and Genenal Circuits. Motor Carand Model
Railway Circurts, Alarms and Noise Makers an weil as a section on the
558.558 and 339 timars

@ An invaluable addition to the lbrary of All Inose Interesled in Electroncs

$6.50 plus 30c postage and handling.
52 Projects Using IC741 BP24

@ IC741  one ¢f the moat popular. inespensive and saaily obiainable
GevICEs AVAGADI® 10 the home CONSLrUCIOr 1t im also exiremely versstile and
canbe used 1n & greal number of vanous apphcations.

® Thia unique book, onginally pubksned in Germany. ahows iy two
ditterant projacts tnat ¢an b simply CONstruciad using only the ICT4Y anda
tew discrale Companents

@ An invaluable addition 10 tha library o1 all thoss (nlarastes In electronica

$3.95 plus 30c postage and handling.
Mobile Discothegue Handbook BP47

B The vast mejarity of peopis who atarl up "Mobils Discos” know very litlle
nhoul 1hair squipmaent or aven what i buy Many paople Nave wasled a
‘small tOrlunNe’ ON POOT, UNNECessary o badly matched sppareium

B Tha sm of 1his BOOK (8 10 QIve YOu SaOUgH Inlermation :o enable you o
heve a batier underatanding of many aapacts of “caco

B The 4pproach adopled 1t [0 assume 1he reader haa No lno-laog. and

starts with

enough tor almost anyons 10 nderstand bul pleass nol that this 1aby no

means the futl story

B The book I8 divided N0 six pcru = Basic Eleciricity, Audio, Anciviery

€qupmant, Cables and P! Lighting and the

Informalion has baen :oqsvd-uhly sub-divided for quick and easy

reteranca

$4.95 plus 30¢ postage and handling.
28 Tested Transistor Projects No.221

@ Mr. Aichard Torring is & well §1perIonCed oleCironiCs development
snginear and has designed develtpod. buili and testad ine many ipeful and
interesting ¢ircuits inCluded In INis DOOk

@ 30me of lhe ¢ircuils 816 cCompleisly New and, 10 1he beat snowisdge o11he
author, unlike anything previously published wikle others many bear
Similarity 10 more {amiliac Sesigns

@ The projects themselves can be spiil down into sumpler buflding blocks,
whith are shown 36pATRLEO By DOXes (n the Circulls 1or sase of descrption.
and also 10 enable any reader who wishes 10 combing boxes trom difterent
projocis 10 cealise idans of his own

W Most of tha Tircuils are vary ontheusaof andin
many cases 1he semicoOnduetorns amploysd ars nonCrlical, cammonly
available and nexpensive lypss.

$4.50 plus 30c postage and handling.

almos
and very sasty

First Book of Transistor Eguivalents BP1

and Substitutes

@ Shows alternatives and eguivalents 1o Many popuylar trinsistors made i
Greal Britain, U 5 A, Europs, Japan and Hong Kong e1c

B Companion Voluma 1o BP14 — SECOND SOOK OF TRANSISTOR
GOUIVALGNYS AND SUBSTITUTES

WA libracy ol alt n be
they amateur or proleasionas

$2.50 plus 30c postage and handling.

Second Book of Transistor Equivalents
and Substitutes BP14

8 Shows alternatives and equivalenis 1o many POPular Irangisiore made in
Gt Britain, U S A, Europe Japan and Hong Kong atc

@ Companign Volums 10 BP1 — FIRST BOOK OF TRANSISTOR
EQUIVALENTS AND SUBSTITUTES

S Allinvalusble addwion 1o1heiibraryof a be

ore, faat ANd reCeIver a(ds, 1UNB1S, receivery. mizera and
tone coniroln, s well a3 wprious Miscallaneous devices which are usetul in
Ine home.
& wilt be taund that mgcnlll‘lhcmullf E T ueedisnotcrticet andmany
Suitabie typas wiit perform TheFET isak high gasn
device wilh many uses. and the duaigate F £ T in of particulsr use for mixer
and other applicatione
@ This ook contains samething of particuler (nterest for every class of
SAthULiesl — ShOnwave Lstener 0O SMALOUC. #SDETIMeNer or sudio

Gevoies
© A vatuabie sdA1:00 10 the Kbrary of all a8tronk enthusiasta

$4.50 plus 30c postage and handling.
Popular Electronic Projects BP49

B Incluced in this DOOK ara acolNCTOn of the MOst 2Tpular 1ypes of projecha
which, we feel aure, will provide meny cesigns 10 mterest all elCtronics
anthuaiests

@ Al the circuits ullise MOJErn, INaapensive 1 treely aveiladle
cOmponenta

B The 27 projecis $819C10d COVEr B very wide range and are dis 08d #wo fouc
pasic arsas’ Radio Projecta. Audio Projects. Howsehold Projecia and Test
Instruments

& An Intereating addiion o the library o1 both the beginner and more
advancad COnRfuCtor

3$5.50 plus 30c postage and handling.

Electronic Music and Creative Tape Recording

B Eisctronic Music (3 the new music ot the 201h Century Il playsa larQa pan
In "Pop” and “"Rock”™ Mugic and. in lact, (hare i3 scarCely a group wathoul
20m# 501t Of SMCITONIC Byniheniser OF Other effects genarator
i1 ‘a pOosmbie wiih relatively simple Apparatus 10 Crebte compleis

COMPONNONS uENg SBCtronic and aoMetlimen Non-electronic musical
sourcen
@ Thia ook seta out10ahow how Electronic Molk: canbe mndu! homwnh
fhe simpleat and mos| inaspensive
are genersled and how |hese may be m:wuec to bu Id w the fingl
componton
@ Wath the constrution m mind. seversl k3ess M8 given |0 snatie a small
$16di0 10 be OuIlt INCILCING & MIxer Snd various sound affect unis

Circunts are included tor VCOs, VCAs, Envelope Shapers. YCFs, Active
and Passive Mixern Fuzz. Nows Generators. Metronomaes and a 10-Nole
Programmsbile Sequencer aic

Al the uMits SHhOwNn Nave Deen SucCeisiully Dudt and used by the suthor
and most of 1he projects can be Bl by 1he b.gmrm

W@ AN ynusuai b 0 snd ighly of
$4.50 plus 30c postage and handllng BPS1
1C LM 3900 Projecis BPS0

B The purpose of 1his BOOK 14 10 Intr0ouce Ihe LMIDOO 10 the TechniCian
Expenimantsrand HobOyial It provides the groundwork for DOth simple and

Handbook of IC Audio Preampilitier &
Power Amplifier Construction BP35

@ Shows what audia (C'uare, ay well a3 how 10 uss them

® includes practical constructional delalla of various IC and Hybnd
1C/Trangis:0¢ designa of about 250mW 1o 100W outpul

B Thip BOOK 18 writen by the very @xpenencid snd populsr author Mr F G
Rayer who deala with the subject in four parts

Part hUngerstanding Audio IC'y

Part Il Preamplitiary. Mixers and Tana Controln

Part I Powaer Ampliliara and Suppliea

Part ¥ Hyend Circuits

@ An 10e3! book for both beginnes and advanced enihusiaat altke.

$4.50 plus 30c postage and handling.
50 Projects Using Relays SCR's & Triacs BP37

B Relays. slicon conirodled recifiers (SCRa) and bi-directionsl triocdes
(TRIACs} heve & wide range ol apphicasons Inelecironce inday Thess mey
oxtend Ove¢ the whaie Ee'd of malar control, dimming and heat conlirol
delayed. timing and hight sansilive circuits 8nd include warning devices.
various lignt priority excess voliage
Dreakers o1
@ inthia ook, the vary experienced snd popular author — Mr F.G. Rayer —
# Given 11ied and prackcal working CIRGUits which should prasent the
of

y for ihe 10 construct
@ In most circuits men (8 8 wide latitude (n companent valuas and types.
geany o Y

needs
8 An idwal BOON for Doth beginner and advanced snthusiant alike

$4.50 plus 30c postage and handling.
50 Projecis Using IC CA3130 No.223

@ The CA 313018 y tihe more
This t

ahighar ievel of ¥ sndthatlto d

lower ancillary componen

@ In this book Mr RA Paaiola has dasigned “clnlam # numbar of

} Audio Projecta

WA F Projecls

Wi Test Eowpment

1V Housenald Projects

¥ Miscallaneous Projecta

| An igaal Boak for both the beginner and allka.

$4.50 plus 30c postage and handling.

Electronic Projects lor.aauinners BP48

@ In 1hwe book 1he newcomar 10 electronics will ing & wide range ol easly
made projecta, many camplete with actual Gomponent and wiring layouts.
Furthermore, & number of projects have baen arranged 8o (hat they can be
CONRTLCT without any nead tor soldering and, thua avoid Ihe need for &
s0i0enng kon
@ Thia book whith ks wntten by the very aaperienced author Mr F .G Rayerls
diviaed into fous sections —

\ WNo Soldenng " Prajects

usesand thanjus! 1 simple
Girguits oF projects.
@ The LMI200 1a aitferant trom convanional ‘'Op-AMPe” it can be used for
many of Ine usual SPOICANONE 43 welf 33 Many cew ONes. [1WONe Ot Ine MOt

versatile, and treety e o on ihe market today.
W The BOOK (8 SiviGed IMO §1x BISIC 3eclions —
Introduction

Audio Appications
Simpla Linesr Applications
Simpte Digital Appiications
Bignel Generator Circuits
Specai Appiications
B The LM3900 can do much more than (s shown herg — His (8 just an
nlroduchon. imagination (8 1he only imitalion with this usetul devce, but
fira1 1NG reacer must kaow the Das ¢ and el & what this book i3 sil sbout
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W An ad20luts must 10 ol Deginners In elcironics

$4.95 plus 30c postage and hand!ing.
50 CMOS IC Projects No.224

B CMOSIC! p y the mos foruse
Dy Ihe ameieur oothuuu! They are suilabie fo- an onuzxamanly wide
range 01 applicalions and are now aisd soma of the Mosl Inexpenaive and
sasily available types of 1 C

@ In this book Mr R A Peniold hsa deaignec and devalaped a number of
nleresting and uselul projacts which are divided into four ganeral
catagories

1Multtvidestar

11 Ampi#ers and Osc iiatora

11 Trigger Davicar

IV Special Davices

& An desl book 10t both 1he beginnaer alk

$3.95 plus 30c postage and handling.
Electronic Calculator Users Handbook BP33

B An invaluable book for all calculator users whelever thair age of
occupation. or whether 1hey have the simplest or mos! sophisticated of
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such as ping

maasures 8IS

W Formuine and daia for VAT, discounts snd mark up. CUfMency conversion,
inerest, Rolubicns of eqQuations, binary 8nd oCla nUMbArS, Ar and
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THE BEST BUYS AVAILABLE!

9IVIHz Oscilloscopes

s695- each

FST INCLUDED

Model 65310
3” DUAL TRACE Portable Scope

The Model 65310 is a truly portable, dual trace,
15MHz scope offering battery operation as a standard
feature. This is an ideal oscilloscope for the service -
man who needs a combination bench®and portable
instrument. This scope is packed with features:

* Operates from 3 power sources:

1) Rechargeable NiCad batteries
2} 120VAC line {also charges batteries)
3) 11 —30vDC
3" High Britliance CRT
Fully Automatic Triggering
Built-in Calibration Source
Trace Rotator
2mV Vertical Sensitivity
Operating Modes CH-A, CH-B, Dual, Add/Sub
Chop, and X-Y
WEIGHT: 13.5 Ibs.
OPTIONAL ACCESSORIES: Combination 1:1 and
10:1 switchable probes{compensated). Priced at
$30.00 F.5.T. included.

Vinyl carrying case for Model 65310 only, priced

at $62.00 F.S.T. inciuded.

* X * ¥ x %
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h Meterma; -ur:

Maodel 65610
5" DUAL TRACE Bench Scope

The New METERMASTER Model 65610 scope
employs an extremely bright 5 rectangular CRT
with internal graticule. External DC operation
permits floating measurements. Take a look at the
features this scope has to offer:

* Operates from 2 power sources:

1) 120VAC line
2) 11.5—-30 vDC
Frequency Response 15MHz(-3dB)
Fully Automatic Triggering
Built-in Calibration Source
Trace Rotator
HF Rejection
5mV Vertical Sensitivity
Operating Modes CH-A, CH-B, Dual, Add/Sub
Chop, X-Y, and Z modulation.
WEIGHT: 16 Ibs.
OPTIONAL ACCESSORIES: Combination 1:1 and
10:1  switchable probes{compensated} Priced at
$39.00 F.S.T. included.

* % X X ¥ ¥ %

Call one of our offices (below} for a no obligation, free of charge evaluation.

===um [Metermaster mm—
R.H. NICHOLS i

BN Toronto {416) 661-3190 ® Montreal (514) 337-0425 ® Edmonton (403) 432-7746 @ Ottawa (613) 238-7007 .




