
M M 70924 

A New Wave In 
Instrumentation? 

441 



electronics ltd 
Al I ORDERS PROCESSED PROMPT1Y. SEND 
CERTIFIED CHEQUE, MONEY ORDER OR 
CHARGEX, M/C NUMBER, BANK NAME OR 
NUMBER, ANO EXPIRY DATE. 
MINIMUM ORDER $5.00. ONT. RES. ADD 
7%. ALLOW 5% SHIPPING-EXCESS RE 
FUNDED. PRICES SUBJECT TO CHANGE. 

409 Queen St .W 
Toronto Ont. 
M5V 2A5 
868-1315 

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 
software too!  $ 415 .00 

CPU +10+ DOS 
*** S100 *** 
The ARKON CP/10-1 is an S-100 card that has 
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 S-100. 
•E1A-RS232 port, 110 to 76,000 baud. 
'Fully vectored Interrupt (TMS-5501). 
*5 Interrupt controlled timers. 
'El A port for printer up to 9600 baud. 
*Disc controller on board (1771). 
•Shugart 400, 800, Memorex 550, Plus. 
*On board digital data sepatator. 
•2K bytes EPROM. 
•24 fully handshaked 10 lines. 
'Dual mapped 10. 
'M WRITE generation on board. 
*Software driven cassete interface. 

ARKON CP10   $495.00 

VIDEO TERMINAL 

KIT 
DISPLAY: 64 char per line x 16 line per frame 
DISPLAY: of 5x7 dot matrix, 64 ASCII char 
VERT SYNC: 60 Hz XTAL controlled 
HOR SYNC: 15.840 KHx XTAL controlled 
VIDEO 0/P: IV P-P composite video 
I/O: Parallel port to ASCII keyboard 

+ 20ma current loop +RS2,3 2 
BAUD RATE: 110 to 9600 Baud remote sel 
POWER: 5v lA CS + +12VDC for RS232 

RE6416   $169.95 
LOWER CASE  POWER SUPPLY 
OPTION ... 516.95  OPTION ...$16.95 

WIRED AND TESTED  5239.00 

MEMOREX 550 
Now you can buy a full sized 8" disc drive fully 
IBM compatible at a reasonable price in Can-
ada. Ask for a data sheet as there is not enough 
space here to do justice to this high quality unit. 

MEMOREX 550 DRIVE  $650.00 

ASK  FOR 
OUR  1980 
CATALOGUE 

LED SPECIALS 
RED  Jumbo  6/51.00 

Medium  6/51.00 
Mini  6/51.00 

GREEN Jumbo  5/51.00 
Medium  5/51.00 
Mini  5/51.00 

AMBER Jumbo  5/51.00 
Medium  5/$1.00 
Mini  5/51.00 

Red and Green Pinhead . . . 4/$1.00 
Bipolar-Red, Green, Amber . 3/$2.00 
Flashing Red   3/$3.50 
Chrome Jacket, Red, Panel $1.50ea. 
Black  Mounting  Hardware  6/50« 

ARKON KITS 
01 Auto Head Light Reminder 

  $3.95 
02 Hi-Power 12V Flasher . .   $5.95 
03 0-24 lA Power Supply 

  $18.95 
04 Single Channel Colour Organ 

  $6.25 
05 3 Channel Colour Organ . $18.95 
06 Shimmer Light Kit   $7.25 
07 Xenon Strobe   $15.95 
08 Loudmouth Siren   $12.25 
09 30W Soldering Iron   $7.25 
10 MA 1003 Car Clock. . . . $19.95 
11 MA 1023 Car Clock. . . . $19.95 
12 AM-FM Freq. Readout . $49.95 
13 Decision Maker   $4.95 
14 5 Transistor 1W Amp. . .   $8.95 
15 Timer Board 555   $3.95 
16 Code Oscillator 555   
17 Code Key Brass W WII. . .   $3.95 
18 RS232-TTL Converter . .   $9.95 
19 IC Amp (LM380)   $5.95 
20 Crystal Radio   $4.95 
21 Photo Electric Night Light 

  $5.95 
22 HE-NE Laser Kit  . . . .$149.95 
23 TRS/80 • Apple Upgrade Kit 

 $119.95 
24 FK-10CM, Super LCD Alarm 

Clock Module   $29.95 

ARKON 60 KEY ASCII 
KEYBOARD KIT 

FEATURES 
- 60 Keys generate the full ASCII set. (1 2 8 
with upper & lower case) 

- 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 
- Data invert selectable 
- Repeat Key 
Keypress and keypress output 

- Strobe and Strobe output 
Parity output  AKB.1  $89.95 

S. D. SYSTEMS 
Z-80 Starter Set 
 $425.00 
SBC200 .  $425.00 
VersafloPpY Il 
 $425.00 
ExpandoProm 
 $249.00 

Expandoram I 
 $269.00 

16K  $369.00 
32K  $469.00 
48K  $569.00 
64K  $669.00 

MPB-100 480 
 $325.00 
SBC 100 . . .$369.00 
Versafloppy I 
 $325.00 
V0B8024 .  $449.00 
PROM 100.  $249.00 

ExpandoRam Il 
4MHz. OK  .$325.00 
16K  $465.00 
32K  $585.00 
48K  $705.00 
64K  $825.00 

All  data on  request 

PARTS 
8 position DIP switches   $1.50 
S-100 Connectors, Solder Tail   $5.95 

Wire Wrap   $6.95 
DB -25 Plug   $5.95 
DB-25 Socket   $5.50 
DB-25 Shell   $1.75 
Quad 20K Joy Stick   $9.95 

LED BAR GRAPH AND ANALOG METER DRIVER 

Two new chips from National, the LM3914 for linear 
meter applications and the LM3915 for logarithmic 
audio uses. Both drive 10 LED's to make bar graphs, 
audio power meters, etc. Can be cascaded for lo-o-ng 
bars. 
Special price $5.95 Includes 12 page data sheet. 
10 mini Bar LED's   $2.00 

DEALER INQUIRIES 

INVITED 

POWER AMP MODULE KIT 
100 WATT  $49.95ppd 
55 WATT  $34.95ppd  

IX -80 DOT 
MATRIX PRINTER 

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

FORT// 80 
FORT//80c is here at an affordable price. A fast, resident 
Fortran compiler. Produces directly executable, highly con-
densed machine code for the 8080, (will run on Z80 and 8085). 
Runs on any CPMcsystem. 

*Direct 10 f08080 ports 
*Fortran Interrupt control 
•SAingle, double precision 
'Memory mapped 10 

'Accepts embedded In-line code 
'ANSI FORTRAN IV subset 
'Custom 10 drivers 
*Made in Canada 

Send now for a full data sheet and sample program. 
cCopyright Arkon Electronics, Digital Research of Cal. 

FORT//80    $99.00 
MANUAL ONLY [APPLIES TO BUY1    $20.00 
DATA SHEET AND SAMPLE PGM   NC 

VISA 

VIDEO MODULATOR KIT 
Converts any TV to video monitor 
Super stable. tunable over Ch 4-6 
Runs on 5-15V accepts sld vrdeo 
signal Best unit on the market' 
Complete kit VO-1  S8.95 

SUPER SLEUTH 
A super sensitive am. 
okeer which will per 
up a pin drop at 15 lem. 
Great for monitoring baby sroom or 
AS general purpose amplifier Full 2 
W rms output, runs on 6 to 15 volts 
uses 8-45 onm speaker 
Compiere kir BN-9  65.95 

TONE DECODER 
A complete 
tonedecoder on 
a single PC board  
Features  400-5000 
Hz adjustable range via 
2010,0 pot, voltage regulation. 567 
IC Useful for touch•tone decoding 
tone burst defection FSK. etc Can 
also be used as a stable tone en-
coder Rune on 5 to 12 volts 
Complete kit TO- I  66.95 

CN 

WHISPER LIGHT KIT 
An interesting kit small rnike picks 
,up sounds and converts them to 
net The louder the sOund the 
brighter the light Completely self-
contained, includes mike runs on 
110VAC conlrots opto 300 watts 
Complete kit WU' $8.95 

LED BLINKY KIT 
A great attention getter which alter-
nately flashes 2 jumbo LEDs Use 
for name badges, buttons. warning 
Panel lights. anything' Rung on 3 to 
15 volts 

Comolele k.t PLI 52.95 

CI MA ORGAN/MUSIC LIGHTS 
See music come alise' 3 different 
lights flicker with music One light 
tor lows one for the midrange and 
one tor me highs Each channel 
individually adiustable, and drives 
up 10 300W Great for parties band 
music. nite clubs and more 
Complete k., ML 1  $14-95 

SIREN KIT 
Produces upward and downward 
wail characteristic of a police siren 
5 W peak audeoutput. runs on 3-15 
volts. uses 3-45 ohm speaker 
Complete kit SM-3  $3g 

FM WIRELESS MIKE KIT 
Transmits up to 300 
to any FM broadcast 
radio uSes any type of 
rnike Runs on 3 to 9V 
Type FM-2 has added sen-
sitive mike preamp stage 
FM-1 kit 63.95  FM-2 kit 64.95 
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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, i.e. 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 

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 t'or 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 light 
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 5 
milliwatt light pulses (about .02 per cent of 
the output of a 25 watt light bulb) some 
44 million times a second. This is the first 
time that Bell Canada will use lasers in an 

operating communication systems and is 
a forerunner of the future when signals will 
be transmitted 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, c/o ET! Magazine, 
Unit 6, 25 Overlea Blvd., Toronto, Ontario, 
M4H 1BI. 
Audio 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, Weekend 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 VFO, plus various test equipment 
and Amateur Radio accessories. 
Weekend Projects for the Radio Amateur 

is available directly from the ARRL or local 
electronics dealers for $3.50 (sug.). 
For more information contact: Ms. Bobbie 

Chamalian, Publication Sales Manager, ARAL, 
225 Main Street, Newington, CT 06111. 

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 consumption, clear 
bright display, and simple controls, adds up 
to a unique combination of features. The 
SC110, with a 12 month guarantee,. and a 

ETI CANADA—MARCH 1980 

'Nother Portable VCR 

Readers of News Digest may remember we • 
commented on RCA's VDP 150 portable 
video cassette recorder. It seems now that the 
market is just starting to open up. 
Sony of Canada, Ltd. has introduced the 

VO-4800 portable U-matie 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 self-contained unit also features an 

antigyroscopic mechanism 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 ideal for EH' of 
ENG applications where portability is desired. 
For more information write to: Sony of 

Canada, Ltd., Industrial Division, 411 Gordon 
Baker Road, Willowdale, Ontario. M2H 2S6. 

range of optional accessories, is now avail-
able from Audiex Electronics distributors 
or write to Audiex at 1735 Avenue Road, 
Suite B, Toronto, Ontario M5M 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. 
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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 
features a 1/2 inch 3-1/2 digit L.C.D. display, 
automatic polarity, zero and over-range in-
dication and other features. 
Designed for 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 Avenue, Units 1 & 2, Ajax, Ont. 
LIS 3C5. 

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 

1/2 CELL 
0.6 W Typ 

1/4 CELL 
0.3 W Typ 

for microwave relays and navigational aids. 
Other uses are in emergency phones, portable 
equipment requiring electrical power and in 
remote refrigerators. 
Other features 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 steel 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 available. 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 fully encoded, 
128-character ASCII 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 ASCII 
output is TTL compatible. 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. 

lit f ' 
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Precision Voltage • 
Regulators 

Teledyne Semiconductor is offering a set of 
three comprehensive 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, DIA 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 sheets write to 

Teledyne Semiconductor, 1300 Terra Bella 
Ave., Mountain View, Calif. 94043. 
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NEWS DIGEST 
Tiny Toolkit 

Using Bubbles 

An eight-page brochure entitled "A Total 
System Solution to Magnetic Bubble Mem-
ory Applications" is now available from Intel 
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. 

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 
5/32". 
For complete information on the Moody 

Super Economy Lightweight write to Len 
Finkler Limited, 25 Toro Road, Downs-
view, Ontario M3J 2A6. 
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%te 
checking line 

Represented in 
Canada by: 

Model No. 
LTC906. 

$279.00 

LEADER'S  New  portable  semi-checker  that 
automatically identifies emitter, base, and collector 
and gives an absolute meter readout of gain and 
leakage. 
* In-Out Circuit 
* Automatic 
* L.E.D. Display 
* Transistors, F.E.T.s, Diodes 

* 2 YR. WARRANTY 

AVAILABLE IN CANADA AT AUTHORIZED LEADER DISTRIBUTORS 

rr I ornnitronix lid,  •   
2056 South Service Rd., Trans Canada Hwy, 
Dorval, Quebec. H9P 2N4 
Tél. 683-6993 - Telex. 05-822692 
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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 voltage 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 will exceed the input 
voltage, and the stage behaves as a 
voltage amplifier. 
We examined this mode of operation 

last 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 vol-
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 RL is the 
load. If RL 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 RL 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 will not only be higher 
at zero signal, but the swing will be 
greater. This is shown in Fig. 2 which 

Audio 
Today 
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 RL and Rv 
are of equal value, 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. 

400 

300 

200 

100 

PLATE CURRENT
 mA 

Fig.  1. 
resistance. 

Tube  viewed  as 

100  200  300  400  500  600 
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variable 
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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. If 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; 

IN  
CONNECTED 

Cg 

Rg 

Fig. 3. Triode power amplifier stage, 
single ended, with cathode bias. 

Plate Voltage;  250V 
Grid No 1 Voltage;  —20V 
Zero Signal Plate Current;  40mA 
Maximum Signal Plate Current; 44mA 
Plate Resistance; 1700 Ohms (approx.) 
Amplification Factor(u);  8 
Transconductance;  4700umho5 
Load Resistance;  5000 Ohms 
Total Harmonic Dist.;  55' 
Maximum Signal 
Power Output;  1.4 Watt, 

You've heard Oaktron 

...more than you've heard of Oaktron 
Over the past 25 years, you may have heard 
more Oaktron speakers than any other single 
brand—without knowing it. 

II you've added a custom sound system to your 
cor, you may be hearing Oaktron every time you 
drive Oaktron has made speakers tor most of the 
well-known U.S. manufacturers and installers of 
audio products. You've heard Oaktron in cars. 
living rooms, airports, and theaters—and you've 
liked what you heard. 

Circle No. 10 
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omnitronix 
2056 Trans canada Highwayr, 

Dorval, Quebec HOP 2N4 
(514) 683-6993   
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6L6-GC 

o 
CN 
+ RL 

+20V 
5K 

PRIMARY 
IMPEDANCE 

Rx 
500R 

+270V 

This  is a convenient  form  for 
tabulating  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 3600). 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-Pull circuits. 

The only component value to be 
calculated is the value of the cathode 
resistor, Rk, 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 Rk which is equal to the current 
times  the  resistance.  To  find  the 
required value of resistor, divide the de-
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Audio Today 
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 250 V, and this 
is measured between plate and cathode, 
and because we have dropped 20 V 
across Rk the required supply voltage 
is 250 + 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 
Rk, 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. 

Rk is bypassed by a capacitor, Ck. 
Because both the input signal and out-
put signal appear across Rk, but in 
opposite  phase,  negative  feedback 
occurs. This may be desireable because 
of the benefits _of feedback, but for 
maximum gain Ck bypasses Rk at audio 
frequencies.  It  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. If, for example, 
(RC)k = 1 second, then bias will remain 
constant for peaks of less than one 
second duration. 

INPUT 

Finally, we come to Cg and Hg, 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 parallel 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, should be such that, at the lowest 
frequency  to  be  reproduced,  its 
reactance is equal to Hg 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 control the 
response of each stage, and you can't 
approximate. 
A great deal of space has been 

devoted to this simple little circuit, but 
doing so should save having to explain 
the same thing over and over again. 
Next month we'll discuss that screen 

grid which we connected to the plate, 
and we'll do other things with it, as well 
as get into push-pull operation. 

Audio Today Products 
Audio developments reviewed by ETI'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 cobalt 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/cm/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. 

Pickering XS V/4000 Cartridge 

Total mass, including brush, is 6.5 g, 
and  recommended tracking force  is 
from 3/4 g to 11/4 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. 

BLAUPUN KT 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 
controlled, and dial lighting intensity is 
automatically  controlled  by  a light 
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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Audio Today Events 
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 
B & 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, I 

was able to take part in one of the few 
meaningful speaker blind comparisons 
I'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 Clairville Dr., 
Rexdale, Ont. M9V 483, phone (416) 
675-2425 

Dealers meet Bang & Olufsen chief engineer. 

SPECIALLY RECOMMENDED 

FOR TEACHERS AND STUDENTS! 

BOOK 1 (8P62) Introduces 
the reader to the nature of 
electricity. It's sources and 
the simple  electric  circuit. 
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  semiconductor  theory. 
Chapter  1  starts  at  the 
physics  and  applications 
theory  of  semiconductors. 
Other  subjects  include 
diodes, transistors and FETs« 
Applications studied include 
rectifiers,  amplifiers, 
oscillators, switching and IC 
techniques. 

Please use card to order or write to: 

Electronics Today, 25 Overlea Blvd., Unit 6, 

Toronto, Ontario M4H 181 

ETI CANADA—MARCH 1980 

BP62 
BP63 
BP64 

$8.35 
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ETI Project 

Electromyogram 
part I 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. 

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 tackled this project with some 

enthusiasm as it presented a range of 

ETI 576 ELECTROMYoc;EIAM 

EIAIN  THRESHOLD 

I  I I 

POWER  BATTERY 

OFF 

ON  TESI 

VO‘UNIE 
t 

GA M  INTEGRATE  INPUT 

interesting design problems as well as 

having some pretty tough specifications 
to meet if the unit was to be at all 
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 
electromyogram 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 electrodes 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 
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Electromyogram part I 

DIFFERENTIAL INPUT 
INSTRUMENTATION 
AMPLIFIER  OTP1 

INPUT 

i0 SWITCH SWITCH  +Ve 

BANDPASS 
FILTER 
100-500Hz 

MONITOR 
OUTPUT 

L 

x1000 VARIABLE 

GAIN STAGE 

THRESHOLD 
CONTROL 

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 
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FILTER 
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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,  I have used  a differential 
amplifier for the input stage. This type 
of circuit has two input terminals. 
Signals on the inputs that arc 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, 

VCO 
OHM 

SPEAKER 

VOLUME   

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 ratio 
(CM R R). 
Most IC operational amplifiers are of 

the differential input type. A typical 
op-amp IC has a 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 a 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. I 
managed to achieve all these design 
goals — after discarding several circuits! 
The need for a high input impedance 

is  a much-debated  subject.  Some 
commercial  EMG's  boast  input 
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Eli Project 

ELECTROMYOGRAM SPECIFICATIONS 

impedances as higb as 1000 M! The 
reason is to reduce the effect of poor 
electrical 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 ro 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  contact 
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 H7 notch filter to offset 
any increase in hum pickup due to 
contact resistance variations. 

Equivalent input noise   150 nV (0.15 uV) 
Minimum 60 Hz rejection   80 dB (irrespective of common 

mode rejection) 
Common Mode Rejection Ratio   100 dB or better 
Input impedance  220 k 
Bandwidth   100 Hz to 500 Hz 
Audio output   Variable repetition rate 

output  from  inbuilt 
speaker. 

Power source   two 9 V batteries 
Power consumption  20 mA per battery 
Battery check   battery check switch indicates 

condition of batteries on meter 

pulse 
loud-

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. Output from the 
firing muscle fibres consist of a broad 
'noise' signal extending from a little 
below 100 lIz to about 1 kHz, although 
the largest amplitude portion of the 
muscle  signal  spectrum is between 
100 I Iz 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 control 
the appropriate outputs. 

From the bandpass filter the signal 
is 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 rectifies 
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 transistor. The positive-going 
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-controlled oscillator (VCO) 
that provides a series of pulses to drive 
a speaker. The VCO employs a 555 
timer IC 
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 permitting! 
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Since the circuit is fairly complex, 
a detailed analysis 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 02 and 01 which are 
arranged  as a differential pair. 
Emitter  current,  and  thus 
collector current, for 01 and 02 
is  derived  from  a precision 
constant-current  Source 
comprised of 03, 04 and ICia. 
Transistors 01 and 02 share the 
current supplied by the constant-
current  source.  If  Q1  (for 
example) is driven harder, by an 
input signal, than 02 then, while 
the  collector  current  of  01 
increases, there will be a corres-
ponding decrease in the collector 
current of 02. 

Now, the collectors of 01 and 
02 are each connected to the 
input of IC1b, one amplifier in an 
LM3900 (a quad op-amp package). 
The amplifiers in the  LM3900 
Package have the special feature 
that  they  amplify  current 
differences applied to the inputs_ 

To ensure a high common-
mode  rejection  ratio,  the 
quiescent  (no  signal)  collector 
currents of 01 and 02 must be 
held very close to a fixed amount. 
Hence,  the  precision  constant-
current source. 

1412 lk 

ICla L M3900 

4410 1M —"/VVL--•-43 7Pl 

IC1b 
okseee  C13 C14 100r1 88b 

HOW IT WORKS 
To derive this constant current 

source for 01 and 02 the two 
bases of 03 and 04 are driven by 
the output of  IC1a. The non-
inverting  input  (marked  +I of 
IC1a is driven by a fixed voltage 
derived  from a voltage divider 
(R12.  R13)  from  the positive 
Supply  rail.  C11  is a bypass 
capacitor to prevent supply rail 
variations  modulating  this 
reference voltage. 

The  inverting  input  (—I of 
IC1a is coupled to the emitter of 
04 placing this transistor in the 
feedback loop of IC1a. The op. 
amp  (IC1a)  will  attempt  to 
maintain  the  current  flowing 
through its inputs at a constant 
level, thus maintaining the base-
emitter current through 04, and 
therefore the collector current, 
constant at nominally, 100 mA. 
Assuming 03 has similar gain to 
04, its collector current will be 
the same. The 1k preset, RV4,. 
allows  adjustment of  the  two 
collector currents to offset any 
slight differences in gain. 

The  input  stage  gain  is 
determined by the value of the 
resistance between the emitters 
of 01 and 02. The lower this 
resistance, the higher the gain. 
The  10' switch simply connects 
a 100 ohm resistor in parallel with 
R3, increasing the gain. 
Capacitors C7 and C8 ensure 

high frequency stability through 

C22 
1000u 

In v  

1426 10014 

±T,C20 
••r 33« 

Imount dos 
- to ICI 

os 
MPS6515 

C18 All 
Olin  look 

C17 68«  1420 16. R15 
39k 

C23 

4 

1423  1124 IN  104. 
HV1 (COIN IN 

1425 1009 

'Y' 

bypassing the bases of Q1 and 02 
at frequencies above the range of 
interest. 
To  ensure  good  common-

mode rejection ratio, it is essential 
that the bases of 01 and 02 each 
receive the same level of input 
signal. As the input is ac-coupled 
the characteristics of the input 
coupling capacitors must closely 
match  each  other.  If 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, Cl -C6, are all the same 
type. 

Supply rail decoupling for the 
input stages is provided by R25, 
R26 and C22, C23. 

The hum filters 
Two  60  Hz  hum  filters  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  filters employ a 
'twin-T. circuit . 

In the first hum filter, 05 is 
connected as an emitter follower, 
the twin-T components connected 

to provide feedback at 60 Hz. In 
order to obtain a high circuit Q 
and 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 47 k 
resistors in parallel. 

Similarly, for the second hum 
filter, 06 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 
resistance half that of R27 and 30 
to provide good rejection at the 
notch frequency. 

These stages provide a total of 
20 c113 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 the 741. 
RV1 is a front panel control. Gain 
is variable between 10 and 1000. 
To  avoid  problems  arising 

from large output offset voltages 
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 between the op-amp 
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output and the junction of these 
two resistors. 
The gain of the circuits is 

given by the equation: 

R23 RV 1 
GAIN = R23 +  R24  + RVI 

R21 

Bandpass filter 
Signal levels at the output of the 
variable gain stage are around 1 V. 
Any  hum exceeding this leyel 
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 LM3900 
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  muscle activity waveforms 
(filtered) may be viewed on an 
oscilloscope if desired. 

Threshold control 
This  consists  of  a precision 
rectifier  that  passes  only  the 
positive peaks of the signal that 
are  greater  than  a preset dc 
voltage  —  determined by 
potentiometer,  the  threshold 
control on the front panel. 
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 
IC1d,  01  and  D2  and 
resistors R39, 40, 41 and R42. 
The latter two resistors convert 
the current-differencing input of 
the LM3900 into a conventional 
voltage-input op-amp. 
Positive-going signals of less 

than  0.6 V above the voltage 
present on the junction of R39 
and R40 will be amplified by the 
full open-loop gain of ICid. The 
output  of this stage increases 
rapidly until 02 conducts, the 
stage then has only unity in 
lx 1), determined by the ratio 
of R42 and R39. 
Output  from  the  precision 

rectifier is taken from the cathode 
of 02 and will consist of the 
amplified, positive-going part of 
the muscle fibre signals that are 
above the positive voltage set by 
the  threshold  potentiometer, 
RV2. 

Diode 01 ensures that the gain 
of the stage remains at unity gain 
for the negative-going portions of 
the muscle fibre signals from the 
output of IC le. 

Meter drive 
This consists of an op-amp (IC3) 
with  an  emitter-follower stage 
(07) connected in the negative 
feedback path. The emitter of 
07 drives the meter. 
The threshold stage output is 

coupled to the input of IC3, a 
741, via a 100n capacitor, C34. 
Resistor  R47  limits  the  base 
current of 07 to a safe value as 
the 741 will provide much more 
current than the transistor will 
stand! A signal from the output 
of the threshold circuit will be 
amplified by IC3, causing 07 to 
turn on, charging C38. The meter 
is connected to 'read' the charge 
on C38, via R48. The more signal 
that appears above the threshold, 
the longer 07 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  a rate  depending on  the 
capacitance between the emitter 
of 07 and ground. This provides 
for some integration of the signal 
level variations. 

18k 

L 

The  integrate switch, SW2, 
connects  a 470 pF  capacitor 
C371 in parallel with C38 (47 ./F). 
With  this in circuit  (integrate 
switch 'on'), the meter takes some 
four seconds to drop from full 
scale to zero. 

Voltage-controlled pulse 
generator 
This provides an audio output, 
consisting of a series of pulses, 
the  repetition  rate  being  an 
indication of muscle activity. 
The emitter of 07 is coupled 

to IC4, a 555 timer, via R44. 
Current  through  this  resistor 
charges C33 until the voltage on 
pin 6 of IC4 reaches 2/3 of the 
voltage on pins 4 and 8. At this 
point,  pin  7 of  the  555, 
previously appearing as an open 
circuit, will conduct discharging 
C33 via R45. Once the voltage 
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 07  varies 
according to the  variation  in 
muscle activity signals, the rate at 
which C33 charges will vary. This 
varies the pulse repetition rate of 
the 555 oscillator in sympathy 
with  the  variations in muscle 
activity. 
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Love-o-Meter 
Learn Electronics 
(and how to 
play cupid) with 
this clever and 
entertaining 
Jana Kit. 

Build a Jana Love-O-Meter 
and take it to a party. 
When you reveal 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. AI 
you need to add to the Love-O-Meter kit and 
its glass PCBoard (optional extra) are a pencil 
soldering iron, screwdriver, needle nose pliers 
and a bit of your time and interest. Batteries or 
power adapter are extra, but the plastic 
package serves as case for your finished 
product. 

If anybody asks about what makes the LED 
display light up, you can give a technical 
answer: conductivity from one touch plate 
through the boy and the girl to the other touch 
plate. Or you can merely smile and wink. 
Though learning 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. 

Quality Kit 

Jana offers no 
moneV-dack guarantees 

o marriages which may 
resu nit from operation of the 

Jana Love-OA/fetes- at parties, 
discotheques, laboratories or 
other gathering plaCes 
Or susceptible 

Young 
People. 

See your hobby electronics 
dealer for dozens of useful 
and educational Jana kits. 

1. Automatic Headlight 
Reminder 

2. Battery Operated 
Fluorescent Light 

3. Bug Shoo 
4 Code Oscillator 
5. Crystal Radio 
7. Curiosity Box Il 
8. Daily Lighter 
9. Decision Maker 
10 Fish Caller 
11, Hi Power 12V DC Flasher 
12. Photo Electric Night Light 

15. 0-20V Power Supply 
16. Single Channel Color 

Organ 
17. Electronic Siren 
18. Shimmer Strobe Light 
19. Tone Generator 
20.5 Transistor 1 Watt 

Amplifier 
22. Xenon Strobe 
23. LJ 12016A Color Organ 
24. Loudmouth Siren 
25. Roulette Wheel 
26. Electronic Sheet Game 
27. Electronic Dice 
28. Super Roulette 
29. FM Mini Broadcaster 
33 Love-O-Meter 

Jana 
INDUSTRIAL ELECTRONICS 
1777 Ellice Avenue, Winnipeg, Manitoba R3H 0W5 



Eli Project 

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 result. 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 get in 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 

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 a digital panel meter, set up as a 
voltmeter. 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 multi meters, 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 voltage 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, QI and Q2 are held off by R3 
and R5. 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 11.6 volts ZD3 conducts, 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 D1/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, QI is biased 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. 
RI limits the current through the 

LEDs. R2 and R4 limit the base currents 
into QI and 02. 
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Build your own microcomputer 
as you learn 

computer technology at home. 
New from NRI! The Most Complete and Up-to-date Home Study Course Ever Offered 

OP 

•11 

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

Featuring NRI's 
Exclusive Dual 
Language 

Microcomputer 
NRI goes beyond hook 

learning 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 
so it demonstrates important principles, 
gives you working experience in detecting 
and correcting problems. And it's yours 

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

You also build and keep your own test 
instruments, including a transistorized volt-
ohm meter and CMOS digital frequency 
counter. And NRI's Discovery Lah4 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 
convenience, using "bite-size" lessons that 
program material into logical segments for 

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 NRIS 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: 

Pril) 
Iler1111 

NRI Schools 
McGraw-Hill Continuing 
Education Center 

330 Progress Avenue 
Scarborough, Ontario M1P 2Z5 
or telephone 416-293-1911 



ETI Project 

TO BATTERY +Ve 

ON IGNITION 
SWITCH 

TO BATTERY —Ve 

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. 

Z03  With this project, that's exactly what 
we've done. 

The circuit diagram and component overlay 
(below). During construction, make sure all 
of the diodes and LEDs are the right way 
round. 

TO BATTERY +Ve 
ON IGNITION SWITCH 

TO BATTERY —Ve 

PARTS LIST 
RESISTORS all  W 5', 

R1    470R 
R2   100R 
R3, R5 . . .   10k 
R4   680R 

R4 203 
ZD2-4    R1 

C D 0 O 
LED 

N a 
k 

c 07  

2 T  W C > O b 

SEMICONDUCTORS 

D1    1N914 
ZDI, ZD2 .   6V8 400 mW zener 
ZD3   11V 400 mIN zener 
01, 02 . . .  2N3904  or 

common silicon 
NPN type 

MISCELLANEOUS 
pcb ETI 320 

4 cc.ii 
e  e 

The printed circuit board pattern 

PROBLEMS? NEED PCBs? Before you 
write to us, read Project File through 
carefully.  You may  find the infor-
mation you need and save time. 

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

Yellow: 
Green: 
Red: 

battery low' 
battery okay 
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 IC. 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 original 
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. If you 
haven't soldered electronic components 
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 Battery Condition Indicator 

before — and this project was designed 
for the motorist/handyman as well as 
electronics enthusiasts — then we 
suggest you practice on something 
before 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 solder the 

resistors first. Follow this by soldering 
in the diodes DI 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 overlay, LED 1 is 
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 
position, 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. 
Exact mechanical details will have to 

be determined according to your 

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 installed 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 
SELLIMUT! 

. 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 ' 

ellee  *****  retell 

MI;ofeLev:!': • 

OP 

eil  VIDEO MONITOR 
This is a brand new mod-
ified TV similar to the one 
shown.  (IN 

-149.00 

GREAT FOR SCHOOLS OR PERSONAL USE! 
READY TO GO! $509.00 

NEW COLOUR DISPLAY COMPUTER 
C4P 8K RAM  $999.00 
C4P MF, 24K RAM, MINIFLOPPY. . . .$2,465.00 
RF MODULATOR   $7.95 
See our four page catalogue in the middle of the 
December, 1979 ETI for more bargains! 

All orders processed promptly. Send certified 
cheque, money order or Chargex, M/C number, 
signature and expiry date. 
Minimum order $5.00. Ont. Res. add 7%. Allow 
5% shipping — excess refunded. Prices subject 
to change. 

4•I ELECTRONICS 
ETI CANADA—MARCH 1980 

tee - et e 
;14tleetooso 
ofes  % 
ttoos %Ilk% 
o  

$399.00 

OS! SUPERBOARD II 
Same  features  as  the  Chall-
enger  IP  but  requires  +5V 
at 3 amps, a case, and a video 
monitor or a TV set with RF 
modulator. 

Hours: 9:30 — 6 pm: Mon, Tues, Wed & Sat. 9:30 — 9 pm: Thurs & Fri. 
5062  Dundas  St.  West,  Islington,  Ontario,  M9A  199.  (416) 231-4331 

Circle No. 1 on Reader Service Card. 
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JUST WRAP-WIRE UIRAPPIRG 
TOOL 

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

JW -1 -B BLUE WIRE 574.95 
JW -1-W WHITE WIRE 524.95 

.1W- 1 ,Y YELLOW WIRE 524 95 

.1W- 1-R RED WIRE $2495 

JUST WRAP REPLACEMERT ROLLS 
R-JW-B BuiE WIRE  50 'I Roll $4.98 

R-JW-W WHITE WIRE  50 11 Roll mini 

R-JW-Y YELLOW WIRE 50 ft Rol! $4.98 

R-JW-R RED WiRF  50 It Roll $488 

(nenefen.  UMUMIP TOOL FOR JUST WRAP 
[  LAv  UNWPAPPING TOOL ss 

111000 

PRE-STRIPPED 
WIRE WRRPPIRG 
WIRE 
Wde lot ore nrappay, 
AWG 30 10 25mrn) 
KYNAte wde. 50 ewe, 
per package stnpped 
I both ends 

••••••••••kkk. 

'eeedei 

JUST WRAP HIT 

JWK 6 I _PAST WRAP KIT  I $41 75 

"HOBBY" WIRE WRAPPING 
TOOL BATTERY POWERED 

IBW-26301  OR AWG 26- 30  [ $33.50 

Use "C" size NICAD Batteries. not included. Bits 
not included. 

BT-30 BIT FOR AWG 30 $7.15 

BT-2628 BIT FOR AWG 26-28 814.35 

HOBBY WRAP TOOLS 

WSU-30 REGULAR WRAP $12.65 
WSU-30M MODIFIED WRAP 514.35 

0 
e0 5,501 ,  

301; e 

.005 1 79 
>R_  :1 79 

$1 79 
$119 

8 50 022 

30850 020 
30 8 50 b 
30 r 50 qD 
70W 50 017 

51 95 
tcet  S1 95 

4.e-7-5one $195  
,  4, .10411 . 2..£1.9 
Ann, lItue lone  $2 10 
"VG v1.9,1, I Lou  6715 

wsieW.re 5 tone  "."17-10 
308 SO Or Red 45N. 3 tons 

,  kmb 85...Wee 4 ION 
S2 10 
7 25 

10 y 94e  AM, rd.. W.. à (00e i2 25 
JO W   52 49/G Wee vi4e  t 2 25 
30890 047' k• AWGRe0 *004 loNt $2 25 
10 950 05, AIVC. BkR, i,45,e  tall 23 

50 091 

ASK. ',lino We. ) 10.N 
17 41500 Wme Wne Çlox  
AWC, 6.4 W C 5-1ong $2 35 

5o OC., Ake Wee 6 tang $750 
•. • '19 Ohh 
19 w  

• 

41, "WO.. 54, 6 tong  $250 
ANC *Nle  6 ino.  92 50 

4, A 5vG12e4 per. 6 tonk  _ 97 50 

TRI-COLOR DISPENSER 
WD-30-TRI TRI COLOR DISPENSER $10.75 

[II 30 TRI I REPLACEMENT ROLLS  I SO IS 

WIRE DISPENSER 
WD-30-B BLUE WIRE 87.15 

WD- 30-Y YELLOW WIRE 17.15 

WD-30-W WHITE WIRE $7.15 

WD-30.R RED WIRE 17.15 

DISPERSER REPLACEMERT ROLLS 
R-308-0050 30-AWG BLUE 50 FT ROL,_ $3.55 

R-30Y-0050 30-AWG YELLOW5OFT ROLL:i $3.55 

R-30W-0050 30-AWG WHITE 50 FT ROLL, $3 55 , 
R.30R.0050 

30-AWG RED  SOFT ROLL 53  55  
NNWAL 

HOOK-UP WIRE 
HK-18 18 AWG 25 FT SOLID CONDUCTOR  3 Is 
PIK-20 20 AWG 25 FT SOLID CONDUCTOR  1 79 
FK-22 22 AWG SO FT SOLID CONDUCTOR  2 45 
HK -24 24 AWG SO FT SOLID CONDUCTOR  2 es 
HK-28 26 AWG SO FT SOLID CONDUCTOR  p2.45 

SHK-18 
SHK•20 

18 AWG 
20 AWG 

25 FT 
25F? 

STRANDED CONDUCTOR 1 15 
STRANDED CONDUCTOR  79 

SHE-22 22 AWG SO FT STRANDED CONDUCTOR 1 79 

SHK-24 24 AWG 50 FT STRANDED CONDUCTOR  -45 
SHK -26 26 AWG 50 FT STRANDED CONDUCTOR  2.4S 

RIBBON CABLE ASSEMBLY SHI M Eno 
26 AWG Rainbow Coded flat cable 

SE 14-24 WITH 14 PIN DIP PLUG 
24" LONG 1609MMI Re m 

SE 14.48 WITH 14 PIN DIP PLUG 
48- LONG 11216mml 87.10 

SE 16.24 WITH 16 PIN LONG DIP PLUG 
2e LONG 1609MM1 SS.Te 

5616 .48  WITH 16 PIN LONG DIP PLUG 
48" LONG 11218MAll  

ii  an  

DIP PLUG WITH COVER FOR USE 
WITH RIBBON CABLE 

14-PLO 14 PIN PLUG A COVER $2.65 

16-PLO 16 PIN PLUG iS COVER $2.89 

,"¡'.4  7 5'f0C 

RIBBON (ABLE IISSEMBLY DOUBLE Eno 



PRIM DIGITAL LOGIC PROBE 
• DC to • 501402 • Autoo•alIc11,•••old 
• 10 Mein pv,•• reiD••••  r•••11Ing 

• Corno•D6 ,• w00•11logic • ‘10 imp•danc• 
f•ag10•• 4,S VDC 

• ••' 4, •4'. ev'•• s1151itt9 • Ra na atleed•4 •51$ VDC 
I, SO No « will, 0.54 .11 PA-I •d•pber 

• 40411'411c r•••Ding rn•mori • $.pply 0.0 P.1. • 70 VDC 
• De.. ..,‘•11d•I•cliew  • No **H O' « nu céllbration 

PRB-1 DIGITAL LOG IC PROBE $61.95 

•  •-- 
V. ai m aim • f . 

• 

• e f 

CM-300 

• 

PROTOTYPE 101110 C111-100 

rERmINALs I 020 TEST POINTS 186 separate 5 
point terminals plus 2 horizontal bus lines of 40 com-
mon test Points each 

SIZE 6, Wide. 5- Long 

CM-100 MODULAR PROTOTYPE BOARD $43.45 

ra 

=.-

PC MORRO 
4 x 4.5 x in. board, glass coated EPDXY laminate, 
Solder coated 1 oz. 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 flexibility. 
The board contains a matrix of .040 in. diameter 
holes on .100 in. centers Component side contains 
76 two-hole pads. 
Two independent bus systems are provided for volt-
age and ground on both sides of the board. 

H-PCB-1 1 HOBBY BOARD Ss ox 

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

Pr. PC-01 1 TERMINAL BOARD  I $5 79 1 

PROTOTYPE MORRO Le 200 
TERMINALS 630 TEST POINTS 94 separate 5 point 
terminals. pluS 4 bus lines 01 40 common lest points 

each  SIZE 6" Wide. 31-'," Long 

CM-200i MODULAR PROTOTYPE BOARD 1427.50 1 

9 

e 

CM-500 

PROTOTYPE 11011RDEM-300,C11141111 
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 connecting wires. They accept leads 
and components up to .032 in. diameter. Intercon-
nections are readily made with RW-50 Jumper Wire. 
All contact sockets are on a .100 in. square grid 
(1k, in. wide). 

CM-300 MODULAR PROTOTYPE BOARD $1665 

CM-400 mODuL An PROTOTYPE BOARD $4.15 

PC MORRO 
Same specifications as A-PC-01 except matrix pat-
tern is copper plated and solder coated on orie side. 

A • PD-02 PRINTED CIRCUIT BOARD $9.95 

LI  
PI MORRO 
Same specifications as A-PC.01. Each line of holes 
is connected with copper plated and solder coated 
Parallel strips on one side. 

A. PC-03 PRINTED CIRCUIT BOARD 19 95 

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

A- PC 04 PRINTED CIRCUIT BOARD  1, $13 30 

MODULAR RUS STRIP 
0.4-500 is a bus strip to be used in conjunction with 
CM-300 and CM-400 for distribution of power and 
common signed lines. Two separate rows of common 
terminals, grouped into clusters of fire. All contact 
sockets are on a .100 in. square grid. 

CM-500 MODULAR BUS STRIP 53 29 

JUMPER WIRES 
50 Preformed wires, from 11/2  to 4 inches, 20 AwG 
solid wire. white insulation. 

RW.50 1  JUMPER WIRES S4 oe 

"CLIP Imo STRIP" TOOL 
For cutting and stripping 1 ininsulation from 30 
AWG wire. 

CAS-1301  CLIP AND STRIP  I 13.55   

+RC,- AND $,1•0' 'Oat .5 VO7 4,5 % Cs,., 

et , fr Ord ,NSuLAIION 

num SHEAR 
MS.10  1  MINI-SHEAR 

mini SHEAR WITH SAFETY CLIP 

MS-20 J MINI-SHEAR WITH CLIP 

WICUUM UISE 
ABS construction. 11/2  in. wide jaws 

VACUUM VISE 

WIRE 'URANIUM KITS 
W11-2,U1K-3,WK-4 

510 71. 

WK-2-8 WIRE-WRAPPING KIT IBLUE) $20 9S 

WK-2-Y WIRE-WRAPPING KIT(YELLOW) 5209b 

WK-2-W WIRE-WRAPPING KIT (WHITE) osons 

WK-2-R WIRE-WRAPPING KIT (RED) $20 95 

WK-38 íBLUEI1  WIRE- WRAPPING KIT  527 35 

WIRE WRAPPMG NIT LUH-5 

BW-630, WSU-30M, CON-1, EX-1. INS-1416, TRS-2. 
MS-20, 14, 16. 24 and 40 DIP sockets, WWT-1, 
WO- 30-TR1, H-PCB-1. 

PC 11011111 
The A PC-05 features numbered contacts for easy 
reference along with a numbered matrix for easy 
hole locations. Made of .062 in. thick epoxy lami-
nate 4.5 in. 1. Sin Edge Connector Board. 

A-PC-05 PRINTED CIRCUIT BOARD 59.15 

Same as A-PC-05 except Outside dimensions are 4 5 
in. a 6 5 in. Edge Connector Board.   

1A- PC-06I  PRINTED CIRCUIT BOARD   

Same as  -PC-05 except outside dimensions are 4.5 
in. x 7 in. Edge Connector Board. 

S11 65 

A • PC -07 PRINTED, CIRCUIT BOARD Slang 

-.e1=1:11 a 

-: =.7111 r▪ it rar k;' 

ovr.1 

WW 1 

✓UT4 

TERMINUS 

W WI-1 SLOTTED TERMINAL $539 , 

W WT•2 
SINGLE SIDED 
TERMINAL 

$5 39 

W WT•3 IC SOCKET TERMINAL 57 70 

W WT-4 
DOUBLE SIDED 
TERMINAL 

53 59 

1  

1111111111 Mil 
1 

TERRIIIIRL IRSERTIRG TOOL 
For inserting WWT-1, -2, -3 and -4 terminals. 

INS-1 INSERTING TOOL $4.50 

KC. 11. mm = STRIPS 
4- Pû .E 52 50 

5-POLE 
• 2 1"•0•,_E 

03 40 

54 69 

MODULAR riaminin STRIPS 

F 

(3 re, Pac,age) 

PC CARD GUIDES 

TA-1  1  CARD GUIDES I si ‘•(, 

QUANTITY — ONE PA M IS  

PC CARD GUIDES IL BRACKETS 

TAS-2  1  GUIDES 6 BRACKETS I Se as  

QuANT ay — ONE SET (A i-COI 

PC EDGE connEcTon 
44 pin, dual read-out, .156 in spacing, wire-wrap-

/  ping, 

CON-1 I PC EDGE CONNECTOR 

Avaiktbte at your nearest Electronics Pads Distributor  Write tor co mplete OK Machine & Tool catalogue 

len finkler limited 
2510,0 Road, Down view Ut tOI iiJ M33 2A6 Tel (416)630 9103 Telex 065 24010 

Circle No. 6 on Reader Service Card. 
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ETI Project 

Wire Tracer 
ETI's 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 a 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 a hand-held 
pocket radio. The fig. 1 circuit is a 
simple L-C oscillator, tuned to about 
120 kHz. Coil Li is a long-wave 
aerial coil, wound on a 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 a beat note 
from the receiver. When any kind of 
metal comes near the end of the Li 
ferrite rod it 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 at locating unshrouded 

ETI 
MINE 

POWER 
ON,OFF 

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

THE ETI WIRE TRACER 
The theory behind the ETI wire 
tracer is quite elementary. All 
current-carrying wire generates a 
magnetic field about itself. Wiring 

that  is carrying line current 
generates a magnetic field at line 
frequency and the intensity of 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 
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Wire Tracer 

1 I I 1 

LONG-WAVE 
AERIAL COIL 
ON FERRITE 
ROO 

HOW IT WORKS--
THE ET!  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. 
ICI is 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 
QI-Q2 complementary emitter follower 
output stage which is used to drive a 
magnetic earpiece via limiting resistors R7 
and R8 and via C2. Components R5, DI, D2 
and R6 are used to bias QI 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 lk to 5k. The overall voltage gain of the 
circuit is approximately equal to the ratio of 
this impedance to that of the R I -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 

• R2 
10k 

C5 
10u 

) 01 

Fig.l. Circuit diagram of one simple version of a BFO 
metal detector. 

TELEPHONE 
PICK-UP 
COIL 

INPUT 

RI 
4k7 

SKT1 

RV1 

OV 

Flg.3. Component overlay. 

R2 
, 4k7 

RV1 
IMO 
GAI 

2 

N 

ICI 

4k 7 

<4> R4 
> 4k/ 

7 

1 R5 
10k 

9V 

R7 
1OR 

02 

Cl 
100u 

SKT2 

MAGNETIC 
EAR-PIECE 

NOTE. 
ICI IS 741 

Flg.2. Circuit diagram of the ET I Wire Tracer, 

RV1 

PROBLEMS? NEED PCBs? Before you 
write to us, read Project File through 
carefully.  You may find the infor-
mation you need and save time. 

OUTPUT 

9V 

PARTS LIST-
RESISTORS 
R1, 2, 3.4 
R5 6 
R7 8 

CAPACITORS 
Cl. 2 

POTENTIOMETERS 
RV1 

4k7 
10k 
10R 

100p 

I MO lin 

SEMICONDUCTORS 
01  MPS 6515 
Q2  2N3906 
ICi  741 
D1,2  IN4148 

MISCELLANEOUS 
SW1  SPST 
2  3 5mm jack sockets 

Case to Still 
telephone pick-up cod 
personal earphone 80 
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The 
alternative 
to custom 
enclosures 

HAmmoND 
MANUFACTURING 

Sotv oE AP9u4110HS 

sloU )1AuE..IN r1Iii.1, u1k>1 
You Usii,e_b it"? 

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

We offer you an alternative; one of 
the largest selections of small 
enclosure designs, shapes, sizes 
and colours available in Canada 
today. We  have  IN 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. 

Investigate the alternative, call your 
local Hammond distributor and 
have a hard look at cost availability 
and design freedom. We think you 
will like what you find. 

Circle our reader card number, and 
we will send you Our catalogues, 
prices  and  a list  of  Hammond 

distributors in your area. 

HAMMOND MANUFACTURING CO LTD 
394 Edulburgh Rd Guelph Ontarro N1H 1E5 (5191 822-2960 or ,4161 456 3770 

Circle No. 8 on Reader Service Card 
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Wire Tracer 
wiring route. 
In 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-ferrous 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 unit in a 

plastic case with outside 

dimensions of approximately 3 x 
41/2  X 11/2  inches, but any roughly 
similar case is suitable. The pick-up 
coil and the earpiece are connected 
to the unit via jack sockets. 
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Calcumeter Review 
This month, we present a truly fascinating piece 
of test gear. Electro Scientific's Calcumeter 4100 
uses custom MOS 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 quantitative 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 pendulum 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 Siemens 
(mhos) directly. You could add your 
own scale calibrations directly to the 
meter face, but this is a tedious and 
unsatisfactory  solution.  Similarly, 
applying the output of a temperature 
sensor directly to a multimeter rarely 
produces direct reading. Some inter-
mediate calculation is required. 
It is with these thoughts in mind that 

we now turn our attention to the 
Calcumeter 4100. 

WHAT IT IS. 
As the name implies, the calcumeter 

is a combination scientific calculator 
and digital multimeter. All functions 
are accomplished by a dedicated MPU 
which accepts 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 
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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 31/2 digit 
DMM capable of measuring AC and 
DC voltage and current directly. 
To make a measurement, one merely 

connects the probes and depresses either 
the HOLD or CONT button. In CONT 
mode the Calcumeter will continue to 
make measurements until HOLD is de-
pressed. Depressing HOLD allows only 
one measurement cycle. 
The  Calcumeter  actually  has six 

measurement ranges. When a measure-
ment is initiated, it cycles through each 
range until it finds the one with 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 ranges, and a 
fixed range function is available to save 
time for repeated measurements. 
Electro Scientific  promises  one 

million measurements from single 9V 
battery. 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 feature is a two speed CPU clock. 
The clock runs at slow speed (25 kHz) 
during idle periods and switches to a 
higher speed 1300 kHz) for measure-
ments and calculations. Another advan-
tage of battery operation is the elimina-
tion of common mode errors. 
The Calcumeter also incorporates a 

small 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. 

The Calcumeter will also beep for any 
type of error, whether on a measure-
ment or a calculation. It's not a very 
impressive sound, in fact it would be 
lost in any kind of noisy enviroment, 
but it can be disabled if it becomes 
unbearable. 

THE CALCULATOR 

The calculator itself is similar in 
operation  to  any  Hewlett  Packard 
calculator in that it uses reverse polish 
notation. 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  applies  to  both 
measurements  and  calculations.  It 
should be noted that while the calcula-
tor will work with eight digits, the 
multimeter only produces 3'4, an impor-
tant consideration when calculating on 
measurements. Taking a measurement 
has essentially the same effect as using 
the keyboard, the numerical value is 
placed in the X register (which is where 
you want it, for you non-RPN users). 
ESI  did  produce  a really novel 

innovation,  specifically  a 2 ir key, 
which is great for reactance calculations 
(I usually end up keeping a 2 ir in 
memory if I'm doing any kind of AC 
analysis). This was definitely incorpor-
ated with 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 
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calculations. I found this disappointing 
as  I 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 all, there are six 
such functions, they are; a scaling abil-
ity (mx + b), averaging, limits, inversion, 
percent deviation and decibel voltage. 
The scaling function is probably the 

most useful. In effect, it allows you to 
multiply 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 ESI 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  (display 
Newtons), photocells (candellas/m2), 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.  I 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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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 

more obvious in function. Upon taking 
a measurement, the display will give 
a percentage difference from a nominal 
reference stored in memory. 
The limits function is the most 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). If the value lies outside 
the limits, 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 I've seen. Using a profusion of key-
board and display diagrams, it walks 
the user through all functions without 
being too elementary. 

•  •  •  •  •  •  • 

•  •  •  •  •  •  • 

•  •  •  •  -  •  •  • 

•  •  •  •  •  •  • 

E 

E 

E 

Fig.4.  Printer 

output  of  the 

limits  function. 

Note  that  the 
values  outside 

limits cause error 

reading.  The 

LCD  display  is 

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

ACCESSOR IES 

The  Calcumeter  itself  comes 
complete with test probes, alligator clips 
and rubber case. The case (Fig. 5) is 
composed of two shells of moulded 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 

eetrokKionear 
Sinclair SC1.10 low power 
portable Oscilloscope 

anchor. 
*Revolutionary 2" diagonal CRT in a case only 11/2" thick and weighing less than 2 pounds! 
*Full-sized performance with 10MHz bandwidth, 10mV per division sensitivity, and triggered 
sweep. *Runs on "C" cells or AC adapter, making the SC 110 Ideal for field or bench use. 
Probes and carrying case available. Suggested net  $499.00 

Call  or  write  for au 
nearest  distributor. 

diex ELECTRONICS 1736 Avenue Rd., Suite B,Toronto 
Ont. M5M  3V7 (416)  787-7367. 
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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 
fout. Obviously it's really only suitable 
for bench work, but it's invaluable 
when your digging around the guts of 
some  complicated  piece  of  equip-
ment. 
Another useful 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 ASCII 
output.  The  latter  is a significant 

Fig. 5. Even the case is well thought out, 
it provides storage for test leads, spare fuse 
and battery and protects against drops (we 
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 (its MPU controlled too). 

feature. ESI is planning a RS232 ASCII 
and  IEEE  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  AID  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. I 
would suspect that in these applications 
the Calcumeter could  be very cost 
effective. 

The  Calcu meter  itself  is an  incre-
dibly well thought out and well built 
piece of equipment. There are some 
features that I feel 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 
Aero wood Drive, Unit 28, Mossissauga, 
Ont, L4W 2S7. Price, $545.00 (CDN.) 
for  the  calcumeter  itself,  $434.00 
for the printer, and the foot switch 
is a mere $59.00. 
Our special thanks  to Mr.  Roger 
Webster for making a review model 
available to us. 
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MORRIS'  LAST MEAL 

OUR STORY OPENS, 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 a 
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 a 
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 "I think I'll be finicky." Oh, 
really. Like, this is supposed to be 
the cat talking, but I suspect it's a fake. 
His lips never move. 
"But Morris . It'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 home." 
"Look, Morris. A nice twelve gauge 

double barrel shotgun." The barrel of 
which prods the cat in the side. I 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 plasma 
dissolvers..." 
Never  seen  this  particular  com-

mercial on the tube? You just haven't 
been tuning into the right networks. 
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WHAT'S 

ON 
Want to get into directing but don't have a lot of money 
for production? Steve Rimmer tell you how to use pre 
producted material. 

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 multitude 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, veritable 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 

Performance: 
IILIF Amp 

Built-In heatslnk 

for cool reliable 

operation 

A mplifier 
circuitry 

encapsulated 
In epoxy for 

excellent 

thermal 

stability 

lifier Modules 
HY50  - 30  Watts 

(R MS) 
FiY120 - 60 watts 
HY200 - 120 Watts 
HY400 - 240 Watts 

TRUE HIGH 

FIDELITY 

SPECIFICATIONS: 

Typical distortion-
0.05% at  lkHz 

Frequency response-
10-45 kHz 

Signal/noise ratio-

up to 96 db 

simple 

connections 

Only 5 

ILP is the original line of audio amplifier modules, and the offy. ones with a five-year 
warranty. Choose from 4 models, conservatively rated 30 --CO- - 120 and 200 watts. 
Matching preamp module also available. 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 discerning audiophile 

-  *to original owner when used with recommended power supply. 

ILP M ODULES ARE AVAILABLE  IN:  BRIDGEPORT, Nova Scotia:  Rhodenizer. 
CORNER BROOK, Newfoundland: Electronic Systems. KINGSTON, Ontario: Kingston 
Electronics.  KITCHENER,  Ontario:  Orion  Electronics.  LONDON, Ontario:  Bucklancf 
Company.  MISSISSAUGA:  Atwater  Electronics.  M ONTREAL:  Addison  TV  Parts. 
OTTA WA: Kris Electronics. PENTICTON, B.C: Lakeland Electronics. QUEBEC CITY: Cite 
Electronique. TORONTO: Dominion Radio. Ge0er3I Electronics, Gladstone Electronics. 

Dealer/distributor audiex ELECTRONICS Toronto, Ont. (416)787-7367 
1736 Avenue Rd., Suite  , 

enquiries welcome. 
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What's 

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 Ayatollah host 
Saturday Night Live. The possibilities 
are endless, not to mention probably 
illegal if shown in public. 
Cutting film, to 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 most 
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 long 
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 most extraordin-
arily lucky, the resulting union will find 
the overall 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 quite 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 yourself.) 
However, the sync information associ-
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 

32 

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 oscillator 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 to 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 contemporary electronic tech-
niques. It also illustrates an important 
fundamental in the makeup of a record-
ed video 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 
oscillators 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 microscope. 
Having found the pulses, one can 
now decide which of two types of 
edits is called for. If 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 
inoving 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 fall 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 will 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 I've never 
been too fond of, Furthermore, while 
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'. If you can dig directing 
the  galactic  transposition  of  your 
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 col-
umn, between the tube and the camera. 

PDM35 3 1/2 digit 
multimeter 

$99.50 
* 6 functions, 26 
ranges * operates 
from  9V  battery 
• 10 day money• 
back trial offer 

SINCLAIR TEST EQUIPMENT IN STOCK: 

DM235. 3 1/2 digit multlmeter  $169.95 
DM350. 3 1/2 digit multimeter, 
accuracy 0.1 %, 34 ranges   239.95 
DM450. 4 1/2 digit multi meter, 
accuracy 0.05%. 34 ranges. . . . 339.95 
PF M 200 digital frequency meter •169.95 

MLR" 
Audio Amplifiers 
t5-year warranty. 

HY50 30 watts RMS   $31.95 
HY120 60 watts RMS   $62.95 
HY200 120 watts RMS   $87.50 
HY400 240 watts RMS (4oh ms)  $110.00 
HY5 mono preamplifier   $24.95 

Just arrived! ACE AUDIO SUB WOOFER 
CROSSOVER  KIT.  100  Hz.  18  db/ 
octave. Model 5000K. Only $141.00 
NE W  GLADSTONE  STORE  now open 
at  2936  EGLINTON  AVE.E., Scarbor-
ough, Ont. Telephone 438-3999. 

LECTRCIIIICS 
maasronE s 

PHILIPS III I Msp u e mars 

DeFOREST  Quality" 
'Loudspeakers 

AD15240/W8 15" Woofer (150W)S74.95 
A012240/W8 12" Woofer (120W)S74.95 
A010240/VV8 10" Woofer (120w)$69.95 
AD0211/SQ8 (or 4) 5" dome mid $32.95 
A05060/SQ8 (or 8) 5" cone mid  $21.95 
AD0162/63/T4,8, or 15, dome 

tweeter $14.95 
AD3 WXSP. 200 watt 3 way xover $42.50 
AD3 WXA 60 watt 3-way crossove 117.95 
AD2 WXA 60 watt 2-way crossover 10.25 

FREE CABINET PLANS 

$117.00 
GNOME 

Electronic music mini-synthesizer. Glad-
stone's carry the comptete PAIA line ot 
synthesizers and  computer Products. 

MAIL ORDER ADDRESS and 
MAIN STORE: 
1736 Avenue Rd.:Toronto. Ont.. M5M 3Y7 
Phone order line: (416)787 1448. 
Use your Charges Visa or Mastercharge. 
Ont, residents add 7% P.S.T. 
Both  locations open Tues-Sat 9:30-6, 
till 9 Thurs and Fri. 

Circle No. 4 on Reader Service Card. 
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What's On 

With  a bit  of  practice,  this  last 
technique can yield 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. In 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 dollars. 
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 least, 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 soace. 
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 small 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 fellow would like to contact 
anyone currently engaged in building 
a TVRO downlink. Anyone so emcum-
bered can contact him at the Psycho-
logy Department, Brandon University, 

Brandon, Manitoba R7A 6A9. 
I 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. In 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, (come 
on Steve, give us a break, ed.) you can 
catch this column here next month, 
same time, same station. Until then, 
avoid  using  pachouli  oil  for  salad 
dressing, and stay tuned. 

II Bandwidth DC - 10MHz 

1111 Screen 7cm 0 

• LPS Triggering 

II Small Dimensions with xl 
probe 

SPECIAL UNTIL  MAY 

$449 95 

WE CARRY OTHER MODELS 

INCLUDING STORAGE 

HM -307 
reg. $460-

W.G ERM ANY 

OSCILLOSCOPE HM 3071 

SPECIAL R F DETECTOR PROBE  DP300 Probe Kit 

Bandwidth:  100 KHz - 300 MHz ± 1 dB 
Isolation Voltage: 200 Volts D.C. (including peak A.C.) 
A.C. Voltage:  30 Volts PK to PK 

3000 

BCS ELECTRONICS LTD. 

980 ALNESS STREET UNIT 35  (416)-661-5585 
DO WNSVIE W, ONTARIO M3J 252 

Circle No. 5 on Reader Service Card. 
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Tech Tips is an ideas foru m and is not aimed 
at the beginner. ETI is prepared to consider 
circuits or ideas sub mitted by readers for this 
Page. All items used will be paid for. Drawings 
should be as clear as possible, and the text 
Should 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 1 B1 

Continued on page 46. 

SINE SQUARER 
Robert Maxwell, Ont 

Here is yet another use for the 555 
timer IC. In the configuration show, 
the  555  behaves  very  satisfactorily 
as a Schmitt trigger. It is extremely 
useful for squaring up the 60 Hz sine-
wave from the AC line. On the falling 
portion of the sine wave, the output 
of the 555 goes high as the voltage 
reaches 1/3 Vcc at pin 2, the 'trigger' 
pin. When the rising portion of the 
input wave reaches 2/3 Vcc, pin 6 
assumes that the capacitor normally 
present is charged, and the output 
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. 

ALTERNATE 
INPUT 0-

\s/\,) 60Hr 

+9V 

10k 

115 
22k 

+9V 

1  
8 SI 

HOLD 

15. RESET 

,.r. 10n 

_L 

+9V 
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20K 

20k 

+9V 

116 

4518 or 
4520 

Ri-4 56OR 

RI 

R2 
A A A  L2 

4 

----APX4A-A-1 47 f91.3 

Launch Filament 

DI 

DI Green Led 

9V, or separate 
battery 

SCR 4A 
Or more 

02-4 Red Leds 

BINARY ROCKET LAUNCHER 
Ray Hill, Manitoba. 

This 8 second Binary Rocket Launcher 
is an eye catcher, simple and cheap 
to make. Since CMOS is used, a 5V 
regulated supply  is not needed and 
low current drain allowed the proto-
type to run all weekend on a shelf 
from a 9V battery too pooped to power 
a small transistor radio. 
Launch occurs on the eighth second 
as the green LED light (on the seventh 
second, all three reds are lit ). Some 
change in the value of R5 may be 
required to obtain an exact 1 second 
period  if desired.  The circuit  will 
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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Biofeectack 

Machines to 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 interviewer. 
"In addition to my considerable private 
experience,  have  superior reflexes", 
replied Geoff. 
"But surely a desk job would be more 
suited to your. ... uh ... capabilities." 
"My 'handicap', you mean?: . . 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 I 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  said Geoff. 
The interviewer dropped the card without 
warning ... it fell about  lOmm 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 real-life 
situation in the not too distant future. 
Geoff, the bionic pilot, isn't flying 

yet but our minds have been prepared for 
his appearance years in advance thanks to 
'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 Dollar 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 ET1 January 1979). The d̀roids' of 
Star Wars are the only characters beside 
the noble Ben who show a selfless 
compassion  as when CPO 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 engineer who builds a 
more human d̀roid' 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 difficulty 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.  Currently,  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, simultaneous, 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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Illustrating muscle relaxation training using our owm electromyogram project. This project design is based on criteria given by the author 
of this article and compares very well with commercially made machines. Learning to relax is Jan Collins. . . note the calm expression, un. 
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 

MAN VERSUS MACHINE: A COMPARISON 

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, 

What arc some of the strengths and weaknesses that each brings 
to an interface 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 
keep the following shopping list: 

SPECIFICATIONS AND FEATURES 

MAN 

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

large CPU capacity 11020 bi5s) relative 
to size 

delicate components require an 
artificial environment 

reliability through redundancy; 
multiple back-up systems 
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MACHINE 

reliance upon external sensors 

limited CPU dependent upon size 

capable of operation in extremely 
hostile environments 

reliability through strength of 
components 

learning capability 

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 

direct interface difficult due to 
the body's rejection systems 

indirect opto/mechanical interface 
with outputs 

complex manipulative ability 

flexibility 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 

 • 
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Biofeecback 
(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 Basrnajian 
investigated the ability of persons to 
control the 'motor units', which are 
responsible  for  muscle  contraction, 
using EMG biofeedback. He used 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 
rhythms 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 
rhythms 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 
isolation! 
The significance of the discovery was 

not lost upon orthotists, biomechanical 
engineers, and doctors. The electro-
myograph 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' are capable of quite a range of manipulative movement. 
With improved materials and electromechanical controls employing biofeedback, such prosthetics 
will improve markedly in appearance and performance. 
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The  courtship  of medicine  and 
engineering has been equally stormy. 
Outsiders such as physicists, psycholo-
gists and engineers who operate within 
the inner sanctum of medical care often 
complain publicly about their s̀idekick' 
status, minimal financial return 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) 
eeGleCtrical output of a muscle derives 

from the motor units which entwine the 
contracting fibres of the muscles. As a 
number 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: 

samplitude modulation 

•a weighted sum of the potentials of 
the motor units 

•a 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 peak. To tap this signal from 
the skin is no mean feat. The skin is 
itself a source of electrical activity, 
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 I pV p-p 

• sensitivity of at least 2 pV 

• linearity over the range 1 pV to 10 mV 
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obtained through a combination of the 
following features: 

• ac coupling, 

•a high input impedance (100 K) or 
'bootstrapped' differential prc-amp. 

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

• Filtering for line radio and heart-
beat frequencies. 

•a narrow bandwidth, centred around 
200 Flz say 100 Hz to 500 Hz. 

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

•audio 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 noise. 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 
muscles. 
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, allowing 
it to flop lifelessly onto the lap; note 
the sensations as the arm is allowed 
to become more and more "numb" 
and "hcav " 

2. Connection to forehead — raise and 
lower the eyebrows, frown, squeeze 
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. 

Having  practised the above, the 
trainee can then strive for more complete 
mastery of the nervous system: causing 
tinier and tinier 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 continue to form a 

bridge between man's mind and his 
body. 
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Gain 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 a markspace 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 low 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 inversely proportional to gate 
source voltage VG s. When VG s is OV, then RDS is at its generally 
minimum resistance (RON ) which can be as low as 5R, but it is generally 

more like 100R. When VG s exceeds the pinch off voltage (Vp or VGs  

off) the channel resistance goes up to several hundred megohms. So a 
junction FET can be used as a voltage controlled resistor, except that 
RON and VGs (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. 

AUDIO 
SIG 
IN 

OUI PT 

—111. 
INPUT 

MATCHED 
NPN PAIR 

NOTE 
Cl is 741 
03 rs2N3904 

-12V 

15k 261. 

Transistor VCA 
A circuit similar in operation to a CA3080 can be constructed with a 
matched pair of transistors and an op amp. Transistors 01, 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 currents is equal to the product of the input 

voltage times the current 'EE times a constant. This difference is 
extracted by the differential amplifier IC1. The current 'EE  is controlled 

by 03.  As the control voltage goes positive, 03 robs most of the 
current flowing down the 39k resistor, and hence IEE and the output 
of ICI decrease. 
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+12V 
56k  22k TI-ID TRIM Gain Control 

NOTE 

IC1 IS Ile NE570 
IC2 IS C43140 
01,02 ARE 1N4148 

INPUT 

THRESHOLD RA /RB 

-36 dBM(33mVpp) 30 

-460BM(10mVpp) 100 

-56 dBm(3-3rrNpp) 300 

EFFECT OF 
VARYING 
RA /RB RATIO 

2:1 SLOPE 

1:1SLOPE 

f DEC'k ASING PC 
(RC.10M) (RC.100k) 

Two Channel Low Level Expander/Noise Gate 
It is often required that a rather noisy signal be cleaned up a bit. This 

is not possible to do continuously, but it is possible to clean up noise 

in what was initially the gaps. The results of this cleaning up process 
can quite often be heard when telephone conversations from "foreign 
correspondents" are broadcast 

By turning down the signal level in the gaps, by performing a low 

level expansion) the perceived sound quality improves dramatically. 
The circuit performs just such an expansion. The inputs signal 

passes through the variable gain cell and then appears at the op anIP 
output. The gain of the gain cell is controlled by the signal coming 
from IC2. This is a high gain amplifier with diode clamping, so that the 

output swing is limited to about IVO ptp. Therefore 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 range of input voltages the gain of the gain cell remains 

roughly static. Now when the input level drops below 10 mV, the out-

put of IC2 will start to fall and so will the gain of the gain cell. This 

produces a 2:1 downwards expansion curve, which means that the out-

put then gets quieter ata rate faster than the input. To accentuate this 

effect, a bleed resistor can be placed in parallel with Cr. 
The resistor robs some of the current that would have otherwise 

gone to the gain cell and causes the input/output curve to roll off much 
more rapidly at low signal levels. Also, by varying the resistor ratio of 
RZ/RB, the expansion threshold level can be altered. 
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100k 

8(9) 

AG 

6 ( 11) 

22k 

 A AC  
33p 

II  
22e 

tk— VV V"-- 1 

min 
5 (12) 

V ref 

1(16)  4 GND 

• Cr  /7177 
'•""' 2u2 

+10 
OUTPUT 
LEVEL 

10 

20 

30 

-40 

Sr' 

6 

cleM 7 
-70-60-50.40-30-20-'0 O + 
dBM  INPUT 

LEVEL 

13 Vcc 

+12V 

IuO 

10 0 k 

LIGHBULB 

OUTPUT VOLTAGE 

Incredibly Simple Compressor 
Not all gain control systems need to be complicated or indeed active. 
One product which I SSW advertised was a compressor to help prevent 

loudspeaker/overloads. All it was was a lightbulb in series with the loud-
speaker. When the power exceeds a certain level, the lamp will turn on, 
glow, its resistance increase dramatically and hence a bigger percentage 
of the power output is dissipated in the lamp. A nice, simple solution, 
but I think it would require some experimentation to find the right sort 
of car headlamp bulb! 
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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 frequency can be altered. 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 control over the cut 
off frequency. 

15k 

{O UTPUT 

%ix 

Vy 

RA 

NOTE 
IC1 as CA3080 
IC2 IS 741 

1 IIIIIIIII111111 !"111111 """ 

10c) Vx .Vy 

Vaut 
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OUTPUT 

A 

Ft 

OFF ON OFF ON 

OFF OFF ON ON 

500Hz um Hz 2514z 2.510tà 

A •  

VOut 
Vin 

22k 
ICla 

6 k 8 
IC1b •  • 

IC 'C 

Cid 

22k 
A  A  A 

1. n  V V 

POWERED BY ±5V 

500Hz lk0  2k5 FREQUENCY 
2k 0 

22k 

6k8 
-- V V VL-0  

22k 

il 

39k 

22k 

e—e.Vout 

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 
multiplication and the trick is to move the axis on the multiplying 

graph. If we ignore the RA resistor chain then we have a 2 quadrant 
multiplier circuit similar to that shown previously. Imagine that Vx 

is a 1kHz sine wave. 1 Vptp and V y  is a OV. The output of IC2 is a sine 
wave of fixed amplitude. Now if we connect RA , and adjust the 
balance control, it will be possible to cancel out the output, because 
the signal coming from ICI is out of phase with that from the RA 
resistor chain. So with V y  set at 0 V there is no output for IC2. If V y 

goes + ve, the output of ICI will become greater than the current via 
the RA chain and the output if IC2 will grow. 

If VY goes—ve the current through the RA chain will exceed that 
from IC1 and the output of IC2 will grow, the phase being opposite to 
that when Nix was a sinewave from an oscillator, then this circuit could 
be used to generate ring m odulation effects. 

When Vx is set at OV there may be some V y breakthrough and this 
can be minimised by adjusting the V y  rejection preset. 
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10k 

IC k 

 li\Ar  Gain 
Control 

10k 
INPUT 

ICI IC5a 

—to HP 

470R 

RO 

10k 
--VV V   

/7?77 

MARK /SPACE 
RATIO T 

10k 
10n 

C2 

101i 

ALL OP AMPS 
POWERED FROM *6V 

1.46$1N2 

RESONANT 
11111501.»  FREOuENCY 

OR 
FILTER 

  Ov  + 3v 
V CONTROL 

820p 

II— 

IC? 
• 

e   IC5ti 

MARK/SPACE 
MODULATION 

10k 
10n 

NOTE 
ALL OP AMPS ARE 741 
ofr  RC4136 
1C5a,b ARE 1/4  4016 
IC6 IS LM339 
Fo MAX = 1.4 6kHz 

10k  20 = — 
R0 

OUTPUTS BP, LP, NP 

DI IS 1N4148 

I 

Okft   
OV 

+Vcc (+6v) 

21i7 

2*? 

+3V 
Vref 

10n 

47k 

 A.AC  

• 
006 

4k? 

DI 

+Vcc 

4 k 7 

 • 
+ 3V 

V CONTROL 

20kriz TRIANGLE 

Markspace Modulated Universal Filter 

It is possible to change the gain of an amplifier by effectively altering 

die input resistor. This can be done by markspece modulating a voltage 

controlled switch in series with the resistor. 

When the markspeca ratio is low, the switch is 'off' most of the time 

and the effective resistance is large. When the markspece ratio is high 

the switch it 'on' most of the time and the effective resistance 

approaches that of the series resistor. 

Having generated a markspece control waveform, it is possible to gang 

together literally hundreds of voltage controlled switches. This allows 

the control of Ivies numbers of variables simultaneously. 

The circuit consists of a modulated universal filter (ICs 1 to 5) and a 

markspace generator (ICs 6 and 71. 
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VCONTROL e -
0-•+3v 

4k 7 

4-vcc (+6v, 

100n 

.— P77 

.7 . 100n 

-vcc (-6v) 

CA3140 13. LM339 
POWERED FROM *Vcc 

+Vcc 

4 *7 

ICs 7 and 6. to 6c form a triangle/square wave osc.illator.  IC7 is the 

integrator whose output ramps up and down between OV and +3V. 

IC,6a and 6b are fast comparators which detect the end of the inegrator 

travel and switch the schmitt trigger IC6c, which in turn controls the 

integrator. The output frequency of the oscillator is about 20 kHz. 

It is important that the frequency of the oscillator be relatively high. 
As a rule of thumb it should be VA times the highest frequency 

components of the signal you wish to process.  The triangle output 

is fed into IC6d's inverting input, the control voltage being fed into 

the non-inverting one. The output of IC6d is the markspace modulation 

which is used to drive the switches IC5a and b. The filter's resonant 
frequency is directly proportional to the markspace ratio of the signal 

that drives the switches and thus is proportional to the control voltage. 
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Thc Middlc East, 

Usk fling with 
Mc 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 I 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 Radio 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 language 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 Iran 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 also broadcast in 
several other languages. 
IRAQ • The foreign service from Radio 
Baghdad in Iraq 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 Israel". This is pro• 
bably 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, 9009 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 last 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  - Radio  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 I 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. 

Radio 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 Central 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-
quency 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. I 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 
will 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 "Idha'at al 
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 regularly so you 
shouldn't  have  too much difficulty 
hearing them. To help you obtain QSLs 
from these stations a list of addresses 
follows: RADIO  AFGHANISTAN,  P.O.  Box 

544, Kabul, Afghanistan 
BBC, Box 76, Bush House, WC28 4PH 
London, England (for the Cyprus and 

Oman relays). 
CYPRUS  BROADCASTING 

CO,cRosP,aC)RcAvpTrluO,N,  P.O.  Box  1834. 
N   

RADIO BAYRAK, Ataturk Square, Nic-
osia, Cyprus (Turkish Federated State 
of Cyprus). 
RADIO IRAN, National Iranian Radio 
& Television,  P.O.  Box  41-3456, 
Foreign Relations Department. Tehran, 
Islamic Republic of Iran 
RADIO  BAGHDAD,  Directorate 
General  of  Broadcasting,  Salithiya, 
Baghdad. Iraq 
KOL  ISRAEL.  Israel  Broadcasting 
AuthOntv, P.O. Box 10E12, 91-000 Jeru-
salem. Israel 
RADIO AMMAN (Broadcasting Service 
of the Hashemite Kingdom of Jordan). 
Box 909. Amman Jordan 
RADIO KUWAIT, Kuwait Broadcasting 
and Television Service, P.O. Box 397, 

Kuwait, Kuwait 
RADIO LEBANON, Ministry of Info, 
mation, Beirut, Lebanon 
RADIO  OMAN,  Ministry  of  Infor• 
melon and 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 01 Information, Engineering 
Department. Riyadh, Saudi Arabia 
RADIO DAMASCUS, Omayad Square, 
Bamascus, Syria 
TURKISH  RADIO-TELEVISION 
CORPORATION, TRT Turklye Radyo 
Televizyon Kurumu, Nevzat Tandogan 
Caddesi 2, Kayak lidere, Ankara, Turkey 
VOICE OF THE ARAB EMIRATES, 
P.O. Box 637, Abu Dhati, United Arab 
Emirates 
RADIO SA'NA, Sana, Yemen Arab 
Republic 
YEMEN BROADCASTING SERVICE, 
P.O. Box 1264. GPO Aden, People's 
Democratic Republic of Verne's 

VVARC '79 

The World Radio Administrative 
Conference (WARC) held sessions for 
about ten weeks last fall in Geneva, 
Switzerland. 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  allocations  by  the  various 
countries will take place in the second 
session of this conference. Since there 
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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 years 
before we will be into expansion for the 
international broadcasters. 

According to George Jackson, head 
of  Radio  Canada  International's 
Engineering Services and a member of 
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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 protocol 
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 tu 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 kilohertz 
15100 to 15600(15100 to 15450) 

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

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

an increase of 100 kilohertz 

As you can see from the above 
there will be an additional 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 MANtAX RA40,0» rtlEViSi01.1 

Kerman Televiston 

hi sein 

This will be a great help for the listeners 

of the Northern Service. 
A transcript of a half hour talk with 

George Jackson and Ian McFarland of 
RCI'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.O. 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. 

Audio in  2V P-P 

o  

antenna 

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 Cl . 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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NOTRE SUPER SPECIAL  

OUR SUPER SPECIA1 
2SC 1308K Sanyo  $3.99 ch/ea. 

Horizontal Out Put Transistor equivalent b/to ECG 238 

*Commande minimum 10  Minimum order of 10 

DE NOS PIECES POPULAIRES 
FROM OUR POPULAR PARTS 

2N3055 Motorola   $0.90 
LM 741N Minidip T.I.   $0.40 
LM 324N T.I. Fair   $0.80 
LM 339N T.I. Fair   $0.80 

DE NOS TRANSISTORS ET IC'S JAPONAIS 
FROM OUR JAPANESE TRANSISTORS AND IC'S 

SANYO 
2SC 693   $0.25 
2SD 325   $0.45 

NEC 
2SC 1330   $0.30 
UPC 30C   $1.95 
UPC 575C2   $1.95 
UPC 576H  $2.95 
UPC 1026C   $2.55 

TOSHIBA 
2SC 784   $0.30 
2SC 403 C (Sony)   $0.35 

MATSUSHITA/PANASON IC 
2SA 699  $0.45 
2SA 564  $0.30 
2SB 512A   $0.80 
2SC 1226A   $0.40 
2SC 1567   $0.60 

DE NOTRE LIGNE MES 
FROM OUR MES LINE 

MES 12-3AP  Equiv. b/to ECG 123AP  $040 
MES 13-0  Equiv. b/to ECG 130   .$1.99 
MES 11-4 ' Equiv. b/to ECG 114  $0.40 
MES 11-5  Equiv. b/to ECG 115  $0.40 
MES 15-9P  Equiv. b/to ECG 159P   $0.40 
MES 17-6  Equiv. b/to ECG 176   .$1.75 
MES 18-0  Equiv. b/to ECG 180   $4.95 
MES 18-1  Equiv. b/to ECG 181  $4.85 
MES 18-4  Equiv. b/to ECG 184  $1  18 
MES 18-5  Equiv. b/to ECG 185   .$1.28 
MES 18-6A  Equiv. b/to ECG 186A   .$1.08 
MES 18-7A  Equiv. b/to ECG 187A   .$1.18 
MES 21-9  Equiv. b/to ECG 219   .$2.50 
MES 23-4  Equiv. b/to ECG 234   $0.65 
MES 26-8  Equiv. b/to ECG 268  $1.25 
MES 26-9  Equiv. b/to ECG 269   .$1.35 
MES 70-6  Equiv. b/to ECG 706  . $2.45 
MES 71-2  Equiv. b/to ECG 712   .S2.25 
MES 72-8  Equiv. b/to ECG 728   $4.75 
MES 74-4  Equiv. b/to ECG 744  $4.55 
MES 79-8  Equiv. b/to ECG 798  $4.65 
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This month a friend takes over for a friend. Some 
reminiscences from David Van Ihinger. 

WHEN DICK CARTWRIGHT approach-
ed me a few weeks ago to ask if I would 
take over (for a while) writing this 
column, I did not feel that I had any 
choice other than to say "yes". Dick 
and I have been following each other 
around for a long time. 
In 1953 I met Dick when he opened 

a store within a block of mine and we 
started off by sharing tough dogs (re-
member Crosley and Addision?). Later 

we took turns at the helm of R.E.T.A., 
memoirs of which I hope to examine in 
forthcoming articles. When M.T.T.S.A. 
(Metropolitan  Toronto  Television 
Service Association), now known as 
0.T.E.A.  (Ontario  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, I find myself again 
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For Dealers and Serious Hobbyists... 

FREE CATALOG 
OF HIGH PERFORMANCE, 
HIGH QUALITY 
TV AND FM RECEPTION PRODUCTS 

BY WINEGARD CO. 
Winegard is one of the most respected names in the 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 

TO: OMNITRONIX, LTD./WINEGARD CO. 
2056 S. SERVICE ROAD 
DORVAL, P.O. H9P 2N4 

Please send FREE Winegard Catalog to 

Name 
Address   
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obligated to my old friend, whose act is 
going to be tough to follow. 
In all the years I 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 

0.T.E.A. where Frank Drea, Ontario's 
Minister of Consumer and Commercial 
Relations, had given an address, offering 
the green light to 0.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 0.T.E.A. 
of the bother. Rather, he advised that if 

0.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 the foregoing 

that Dick has never relented in his 
crusade for government recognition and 
I intend to take up the same theme, and 
I hope the reader who can, will follow 
suit, in more than just words. 
I am publishing again, the list of such 

associations: 
Appliance Service Association of 
British Columbia 
860 Kingsway, Vancouver, B.C. 
V5V 3C3 
Mr. D. W. Loughran, Secretary 

Electronic Guild 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. 

Ontario  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 3K6. 
Phone: (416) 444-9219 or 447-3295. 
Watch this column for announce-

ments. As they arrive I'll put them 
down. 
David Van Ihinger. 
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POWERACE 101 
General-purpose model 
for prototyping all 
types of circuits 

POWERACE 102 (shown) 
Complete digital proto-
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 di mension in conven-
ience for fast, solderless 
circuit building and testing. 
Built-in short-circuit-proof 
and fused power supply. 
Also built-in: two of the 
fa mous A P Super-Strip 
universal plug-in bread-
boards. 1,680 solderless, 
plug-in tie points accom mo-
dates up to 18 14-pin DIPs 
plus transistors and discretes 
with leads up to .030" dia. 

Calgary, Alberta 
Edmonton, Alberta 
Red Deer, Alberta 
Kamploops, B.C. 
Vancouver, B C. 
Vancouver. 13.0 
Vancouver, B.C. 
Victoria. B.C. 
Winnipeg, Manitoba 
Winnipeg, Manitoba 
Winnipeg, Manitoba 

403 
403 
403 
604 
604 
604 
604 
604 
204 
204 
204 

Interconnect with any solid 
20 to 30 AWG wire. Breadboard 
elements mounted on ground 
plane —ideal for high-
frequency and high-speed/ 
low-noise circuits. 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 

local A P Distributor. And ask 
for our co mplete A P catalog, 
"The Faster and Easier Book." 

DISTRIBUTORS 

287-0520 
453-6691 
346-2088 
372-3338 
324-0505 
291-1441 
324-6831 
385-2411 
786-8481 
786-1471 
683-1260 

Armdale. Nova Scotia 
Downsview, Ontario 
Downsview, Ontario 
Kitchener, Ontario 
Ottowa, Ontario 
Ottowa, Ontario 
Toronto, Ontario 
Montreal. Quebec 
Montreal, Quebec 
Quebec. P. Q 
Regina, Saskatchewan 
Saskatoon. Saskatchewan 

Mail Order (514)735-6425 

902 876-2920 
416 663-5563 
416 663-5650 
519 576-9902 
613 820-9471 
613 746-4413 
416 868-1315 
514 731-7441 
514 769-8861 
418 647-4422 
306 525-1317 
306 652-6424 

A P PR ODUCTS INCORPORATED 
1359 W Jackson St., Painesville, Ohio 44077 Tel. 216/354-2101  1WX: 810-425-2250 

See us at the Canadian Consumer Electronics Show in Toronto, March 30, 31 and April 1 
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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 lot of other important details that can 
cause poor results. Firstly, consider a simple unregu-
lated power supply, fig. 1. 

Vsecondary 

Full Wave Rectified 

Figure 1. Belo w: an unregulated po wer 

supply. Above: The output (with a load 

resistor). 

LINE TRANSFORMER 

Diode Bridge 
DI — D4 

FULL WAVE RECTIFIER 

This piece of hardware has three sections, a step down, isolating 

transformer, a diode bridge and a smoothing capacitor.  The trans-

former Is driven from the lines, the voltage of which varies depen-

ding on where you live (it's 120 RMS in Ottawa). Some trans-

formers have got a copper screen which Isolates the pri mary winding 
from the secondary windings. For the purpose of safety this should 
be connected to ground. 

Also, for maximum safety, connect the 110/117/120 tapping to 
line LIVE. Another type of line transformer uses what is known 

as split bobbin, the primary is wound on one bobbin, the secondary 

On  another.  Thus  the  two  windings  are  inherently physically 

isolated, and so no safety screen Is included. These two transformer 

types are generally constructed on what Is known as an 'E' core; 

The function of a line  isolating  transformer is to 
physically separate the user end of a piece of equipment 
from the ' potentially ' (!) 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 voltage of a transformer 
and it is measured in VRMS at a particular loading. 
That is, if the transformer is rated at 1 5V at 10VA, 

then the output voltage will be 1 5V 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! 

Load 
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 clamped together. This butting together of the lam-
inations can cause magnetic field problems. The wider the gap be-

tween the 'E' and •I' laminations, the larger .the magnetic field 

around the transformer. 
The magnetic field generates a significant amount of Induced 

hum in nearby electronics, this can be overco me by using a low 

leakage torroidal transformer which Is constructed from circular 

laminations.  The  primary  and  secondary  windings are  wound 
through the centre of the torrold (see If you can Imagine how). 

The torrOidal transformer, by virtue of its 'continuous' laminations 

results In a low stray field and a low profile design, making It ideally 

suited for audio amplifier applications. 
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CHARGING 
CURRENT 

PATH 

Potential 

between these 

these two points: 

Power Supply 

Smoothing 
Capacitor 

To PSU 

Heavy Current 

Return 
(Loudspeaker return 

for example) 

($>_ _n _ n _n _ _tltmuch 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 

voltage. This can be thought of as two separate Periods, a charge 

period where the capacitor 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 m A, and a 
100u capacitor will result in a ripple voltage (Vpp) of about V7. 

As a rule of thu mb I 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 m V. If this ripple were to be obtained 

by lust using a larger Capacitor, then a 700,000u-caPacitor would be 
required! 

Generally the discharge period is much longer than the charge 

period. This means that the transformer is only supplying power for 

short periods, in fact during the charge period. During these periods 

the smoothing capacitor is rapidly charged, and it is quite com mon 
for these Current Surges to exceed several amps. This can cause 

lines BUZZ problems when laying out printed circuit board designs 
for power supplies. 

The correct layout is shown below the circuit. If the Current 

surge is 1 A and the track resistance is 200 millloh ms then the 
voltage developed will be 20 m Vpp. 

CHARGING 

CURRENT 

Heavy Charging 
Currents 

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. 
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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. 

51 



Ell Project 
Input Voltage range 
The range of voltages 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 -4- 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. 

Short 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 voltage, which will be considerably 
higher. 

V secondary 
at rated 
load 

TABLE ONE 

V peak 
at rated 
load 

V peak off load 
transformer 
regulation 
20% 

5 VRMS 
6 VRMS 
9 VRMS 
10 VRMS 
12 VRMS 
15 VRMS 
20 VR MS 
25 VRMS 
30 VRMS 
35 VRMS 
40 VRMS 

7V07 
8V48 
12V72 
14V 14 
16V97 
21V21 
28V28 
35V35 
42V43 
49V50 
56V57 

8V48 
10V 18 
15V 26 
16V97 
20V36 
25V45 
33V93 

42V42 
50V92 
59V40 
67V88 

T0202 
TO220 
(500mA) 

TO3 
metal 
(2A) 

TO3 
metal 
(3A) 

Unregulated 
input 

470n 

1092 
plastic 

Of 
TO5 
metal 

(100mA rating) 

TO5 
metal 

or  10202 
plastic 
power 

(200mA rating) 

IN  OUT 

Common 

-JJ 

10u 

out 

A) 
This circuit shows a conventional arrangement of • three 
terminal device. It is advisable to use a decoupling capacitor 
connected close to the input terminals. This prevents high 
frequency instability. If this capacitor is left out then regulation 
can sometimes be greatly reduced. The decoupling capacitor on 
the output helps reduce the impedance at high frequencies, 
where the regulator loses its performance. For best results use a 
tantalum capacitor. 

Input 
out 

B) 
The output voltage of a regulator can be increased by applying a 
voltage to the common terminal. This can be done by using a 
zenar diode. 
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Input 

C) 
The output current can be increased by using a bypass transistor. 
When the current flowing through the voltage regulator exceeds 
100 rriA (the voltage across the 5R8 being 580 mV), the bypass 
transistor begins to turn on. This transistor takes ell currents in 
excess of 100 mA and yet the output still remains regulated. 
However a few extra components are needed to get current 
limiting in the transistor path. 

330n 
Common 

,ou 
/7777 

Vout 

Input 
01 

Power Supply 

IN OUT 
Common Vout  

10u 

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 voltage regulator D. and 01 can 
be used to overcome this problem. D should be chosen so that it 
is about 81/ greater than the regulator output voltage. lois 
technique has the added advantage that the power dissipated in 
the regulator is less (the rest being dissipated in  ), and the 
regulator is presented with a semiregulated voltage, so the 
output will have less ripple. 

DUAL POWER SUPPLY 
The circuit shows a complete regulated dual power supply. The 
unregulated rails are obtained from a split secondary trans-
former, a bridge rectifier and two smoothing capacitors. A 
positive and a negative regulator have been used to generate the 
if and — rails. These regulators should be mounted on heat sinks 

•  

•  

15 

and they should be insulated. The pin out of the negative 
regulator is different to that of the positive regulator. The two 
diodes at the output prevent latching up situations (on load) 
whereby one side starts up faster than the other and forcibly 
reverse biases it, preventing it from operating. 

4 x 1N4002 

—1 
Screen 

"I MP 

15 

+25V — +21V 
Positive Regulator 
7815 

1000u 

1000u 

220p T 
10u 

1OU 

• 

-25V — -21V 

4 1N4001 OV 
1N4001 

  —15V 

7915 
Negative Regulator 

 • +15V 

TRACKING HEGULATOR 
Instead ot using a negative voltage regulator to obtain the 
negative rail, an op amp and a power transistor can be used. The 
resistor ratio, R1. R2 determines the negative rail voltage. The 
negative rail is not, however, current limited. The internal 
current limiting of the regulator is shown. When the load current 
exceeds the current limit, the output voltage drops to almost OV. 
This makes the regulator short circuit protected. Another type of 
current protection is known as 'FOLD BACK current limiting 
(shown dotted). This serves to reduce the short circuit current. 
These devices protect the power supply from abuse. Another 
type of protection device is the overvottage clamp, which 
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Vout  

Current Limiting Characteristic 

Foldback Current Limiting Max Current 

l  — out 
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protects the 'non-power supply electronics' from en increase in 
the power supply voltage. These are two terminai heavy current 
devices which are placed across the power supply. When the 
supply voltage exceeds a certain level a thyristor is triggered on 
and clamps the rail to ground. This is intended to pop a fuse and 
so disconnect the faulty power supply . 

—ve output = --(+ ve output x R2 / R1) 

With foldback the short circuit power dissapated in the regulator 
is less than that with current limiting. 

+ve unregulated 

IN 

•  

470n 

17777 

Regulator 

OUT 

—ve unregulated 

lu 

10 k R1 
• 

R2 

741 
10k 

+ve output 

 • 

—ve output 

723 VOLTAGE REGULATOR 

The 723 is an industry 'standard' device. Many manufacturers 
produce it and the device itself is versatile. It comes in a 10 pin 
T05 can or a 14 DIL pack. The device contain. a precision 
voltage reference, with a temperature coefficient of 50ppm / C, 
an error amplifier, an internal transistor capable of handling 100 
mA and a current limiting mechanism. By using a few external 
resitors, a capacitor and maybe an external power transistor, a 
wide variety of regulator designs can be realised. 

Left is shown the block diagram of the 723 regulator. As pinouts 
vary depending upon package, no pin numbers are shown. V— 

V+ Frequency 
Compensation 

Vc 

Current Limit  Current Sense 

ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 
By using a variable feedback path (RV!), a variable regulated 
output voltage can be generated. The voltage reference is 
connected to the non-inverting input of the error amplifier and 
the output voltage (via RVI), to the inverting input. The error 
amplifier drives the output transistor and hence the output 
voltage is controlled by the feedback voltage from VR1. A 100pf. 
capacitor is used to stabilise the device. R1 is used esa current 
limit control. When the current through R1 (the load current), 
exceeds 100 mA • voltage of 560 mV is act up across it. This is 
just about sufficient to turn on the current limiting transistor 
which in turn shorts out the regulating tranaiittor, causing the 
output voltage to collapse towards OV. 

+ve 

Unregulated Input 

• 

100p 

Vref  
723 

CL 

V—  Comp 

R1  Outpu 

Voltage 

VR1 

4k7 
 • 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 

Z1 
5V1 

4k7 3 

+5.1 
2 
741 

R3 

7 

4 

R2  10k 
4k7 

01 

+16.55 

+15.95 

Cl 

The circuit shown uses all the basic elements of a voltage 
regulator, that is, a reference voltage Z1, an error amplifier and a 
aeries control Transistor Q1 . The zoner diode. Z1 sets up a 
reference voltage of 5V1. This diode has a temperature coef-
ficient of —1.2mV/ C (a 5V6 senor is best et —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. Voltage measurements are 
taken with high impedance voltmeter. 

Cl is used to reduce the output impedance at high frequencies. 
The senor diode has a slope resistance of 760, 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 ripple will end up as 16 mVpp. but will be 
multiplied by the gain of the R3. R2 network to nearly 50mV. 

IMPROVED PO WER SUPPLY 

This power supply has various improvements over that shown. 
The reference zener Z2 is run at almost constant current by the 
R1 2, 01 Z1 network. This makes Z2 much less sensitive to ripple 
and unregulated supply fluctuations. The filter R3 Cl (7 HZ low 
pass), further reduces any ripple voltage and noise from the 
zoner diode. The preset VR1 allo ws the output voltage to be 
varied. 

+ve 
•   

74 

7 
>. 6 

4 

R5 

02 

V out R4 8k2   

\A/ RV1  ,L C2 

2k2  10u 

3k9 

If a precision po wer supply is required then a precision 
voltage reference should be used. These can be obtained with 
temperature coefficients as low as 10ppm / C. When using this 
level of stability, high stability resistors (TC = lOppm / C), and a 
low drift op amp should be used. 
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READ THE 
CLASSIFIEDS... 

... AND LATCH 

ON TO ALL 

KINDS OF 

PRODUCTS 
& 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 
frequency 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 
AMPLIFIER 

Cir  

Fig, 1, Pi-network. 

Fig. 2, Finding the series 
resonant frequency of a 
capacitor. 

• 

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 

CAN BE RESONATED 
WIT H APPROPRIATE LEAD 
LENGTH AT AN 
UNWANTED FREQUENCY 

LEAD 
I F NC TH 

MF TF 

COAX OUTPUT 
SOCKET • 

fi 

CAPACITOR UNDER TEST 

SOLDER LEADS 
INT O SMALL HOLES 

COPPE R PL ATE 

OR PC BOARD 

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 equal 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 groundplane (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 

40 mm 

35 mm 

Lead Lengths & Resonant Frequencies 

Value  Style & Size  25 mm  20 mm  12 mm  5 mm 

100pF  Hi-K disc ceramic, 5mm dia 
100pF  NPO disc ceramic, 20 mm dia 
100pF  NPO tubular ceramic, 20 x 3 mm 
100pF  Stacked mica . 
470pF  Lo K disc ceramic, 5 mm dia. 
470pF  Hi-K disc ceramic, 7 mm dia. 
680pF  Hi-K disc ceramic, 5 mm dia. 
1000pF  Hi-K disc ceramic, 5 mm dia. 
1000pF  Hi-K disc ceramic, 20 mm dia. 
1000pF  Plastic Film 'Greencap' 
4.7nF  Hi-K disc ceramic, 7 mm dia. 
4.7nF  Hi-K disc ceramic, 'Red cap', 5 mm 
4.7nF  Plastic Film 'Greencap' 
.01/IF  Hi-K tubular ceramic, 10 x 3 mm 
.01/IF  Hi-K disc ceramic, 10 mm dia. 
.01/IF  Hi-K disc ceramic 'Redcap', 5 mm 
.01/IF  Plastic Film 'Greencap. 

1000pF  Resin-sealed Button Mica, 10 mm dia. 
1000pF  Gold-sealed Button Mica, 10 mm dia. 
1000pF  Solder-in Ceramic Feedthrough 
1000pF  Screw-mount ceramic Feedthrough 
.082/IF  Resin-sealed Button Mica, 10 mm 

80 MHz  135 MHz  165 MHz 
75 MHz  '105 MHz  130 MHz 
69 MHz  99 MHz  122 MHz 
60 MHz  95 MHz  120 MHz 

65 MHz  80 MHz 
40 MHz  60 MHz 

40 MHz  53 MHz  74 MHz 
34 MHz  37 MHz  45 MHz  58 MHz 
25 MHz  35 MHz  46 MHz 
28 MHz  31 MHz  39 MHz  50 MHz 

18 MHz  22 MHz 
18 MHz  2- 1 MHz  25 MHz  33 MHz 
13 MHz  15 MHz  18 MHz  26 MHz 
8 MHz  11 MHz  14 MHz 

13 MHz  15 MHz 
10- .3 MHz  11.7 MHz 16 MHz  21 MHz 
9.3 MHz  10.8 MHz 13.5 MHz  18 MHz 

—  —  —  500 MHz 
—  —  —  800 MHz 
—  —  400 MHz 

—  —  250 MHz 
—  100 MHz 

1 mm 

200 MHz 

14- 0 MHz 

9- 2 MHz 
84 MHz 

65 MHz 

3- 4 MHz 
22 MHz 

Bandwidth 

Broad 
Narrow 
Narrow 
Narrow 
Narrow 
Broad 
Narrow 
Narrow 
Sharp 
Sharp to Broad 
Broad 
Sharp to Broad 
Sharp 
Broad 
Broad 
Sharp to Broad 
Sharp to Broad 

Broad 
Broad 
Broad 
Broad 
Narrow 

the leads to a relatively large copper 
plate or piece of p.c. board, as shown in 
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 lengths 
noted are the lengths of each lead (refer 
Fig.2), the disc ceramic is obviously a 

E 

45 mm — 

8 

30 mm 

25 mm — 
E  E 

2 E 
a, m 

20 mm 

15mm 

5 rnm 

40 

isc 
22 rnm dlans 
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good choice for bypass applications into 
the  middle  VHF  region.  For 
applications  to  60 MHz  Of  so  the 
common, plastic film 'greencap' is quite 
good  along with  various  styles, of 
ceramic  capacitors.  For  stringent 
applications in the VHF-UHF region or 
for  effective  bypassing  over  wide 
bandwidths, the button mica capacitor 
or ceramic feedthroughs are necessary. 

100 

Button  ceramics  exhibit  similar 
characteristics.  Note  the  high 
self-resonant frequency of the 0.082pF 
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. Selfresonant frequency versus lead length for various diameter ceramic 
disc capacitors (after J. Bork, 'A note on the self-resonance of ceramic 
capacitors; proc. I.R.E. lAust) May 1957). 
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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. 
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New Selection! 

LED CIRCUITS AND PROJECTS 
by Forrest M Mans ill Describes all kends of LED applecaleons—fromdegdal displays and loge tester 
probes lo communication systems and travel ads for the blend Discusses LED installation Operating 
hints, LED detector circuits. multiple-color LEDs, diode laser theory and oPeration, and much more 
LON Of photos. graPhs, tables, ancl drawegs 176 pages. 511 ge2. softbound (ISBN 0-672.21006-1) 

e) 1973 

NO. 21006 

UNDERSTANDING IC OPERATIONAL AMPLIFIERS (2nd Edition) 
by Roger Meten end Harry Garland Explains how !Cop amps work and how they can be used in many 
practical circuits. Features the newest retinal on FET op amps Also geves deleted enformaten on 
basic semiconductor electrones. integrat e op-amp circuitry, practical design considerations in 
Circuits using IC op amps, bras current. oftsel voltage, frequency compensation, and slew rate 128 
pages; 511 s  softbound (ISBN M672.2151140 e 1978 

NO. 21511 

ACTIVE-FILTER COOKBOOK 
by Don Lancaster A practical. user-oriented treatment of active filters Explains what active filters are 
and how they work, and gives detailed information on design, analysis, and syntheses technequet 
Explores some interesting applications tor active filters in braenwave research electronic fflUsiC, 
quadrature art, and psychedelic lighting. 240 pages; 51/2 It 81/2 . softbound (ISBN 0.672-21168-8) Ç. 
1975 

No. 21168 

WIND/SOLAR ENERGY for Radiocommunications and Low-Power 
Electronlc/Electric Applications 
Dy Edward M N011 This es a book for those with an eye towards the talare It discusses the 01. 01 wind 
and solar energy as alternative sources of electricity If covers energy-conversion principles, bat-
teries enverters, anernators, the electric auto. and practical wend. solar applications such as a 200. 
watt wind generator and Ei solar-powered amateur radio station 208 pages. 51/2 x et,. softbound 

(ISBN 0-672-21305-2)  1975 

No. 21305 

AUDIO CYCLOPEDIA (2nd Edition) 
by Dr Howard A4 Treanor,. A complete audio reference library in itself and the most comprehenseve 
and authoritative work On audio available Covers every aspect Of the audio art—from the basic 
principles of sound to the latest in solid-state equipment Complete coverage of acoustics motion 
picture equipment. recording. reproduction, test equipment, audio measurements, and much more 
3650 entriee and hundreds of illustrations and schematics 1760 pages: 654 o 915. hardbound (ISBN 
0-872-20875.7) egi 1969 

No. 20675 

ABC'S OF INTEGRATED CIRCUITS (2nd Edition) 
by Rufus P Turner Especially w e e for readers with a knowledge of base electronics, this book 
approaches the survey of the IC in a deers:eve and practical manner. The new edition describes the 
latest circuits eh a minimum of theory and mathematics 96 pages, 51/2 x  sebound (ISBN 
0-672-21482-8) CC 1977 

No. 21482 

BUILDING AND INSTALLING ELECTRONIC INTRUSION ALARMS 
(2nd Edition) 
by John E Cunningham Countermeasures to oftsel crime are suggested ere tiles book written for the 
novice who wants to install a security system in his home and the technician who wishes to enter the 
lucrative held of security electronics. Countermeasures outlined include electromechanical intrusion 
alarms, sensors end swaches, closed-circ e televisen. prox erty alarms, power supplees, telephone 
attachments, and alarms for the protection of automobiles. 128 pages. 51elf n 8Sh; softbound. (ISBN' 
0-872.21465.2) r0. 1977 

No. 21465 

Held Over!. 

TTL COOKBOOK 
by 00(10KI Lancaster A complete and detailed guide to transestor-transistor logic  Explains 
what TTL is. how it works, and how to usait Discusses practical applications such as a digital counter 
and display system, events counter, electronic stopwatch, digital voltmeter and a digital tachometer 
336 pages. 51/2 x8½; softbound (ISBN 0-672-21035-5) ;lc) 1974 

No. 21035 

UNDERSTANDING CMOS INTEGRATED CIRCUITS 
by Roger Malien and Harry Garland. Takes a building-block approach tO the sub) ec t of complementary 
metalm ee semiconductors Begins with basic digital ICS. then covers semiconductor physics, 
CMOS fabrication technology and deegn, and advanced CMOS appleations 144 pages. 51h x 8vs; 
softbound. (ISBN. 0-672-21129-7) © 1975 

No. 21129 

DBUG: AN (1080 INTERPRETIVE DEBUGGER 
by Jonathan A Titus and Christopher A Titus This text describes DBUG. a software debugging 

package for 8080-based microcomputers It describes the operation of the program and how it Can be 
applied to program development and testing Complete with documentated hexadecimal and octal 
listings t 12 pages. 5,/ r 8vx, sottboune (ISBN 0.672-21536-5) ',O), 1977 

No. 21536 

DESIGN OF PHASE-LOCKED LOOP CIRCUITS, WITH EXPERIMENTS 
by Howard M Ehrrhn Inc design ot the basic PLL circuits ii descnbed, detector, phase comparator, 
and voltage-controlled oscillator circuits are detailed Contains many practical circuits using me 
560-nenes devices and the CMOS 4046 chip. With over 15 experiments 288 pag e 51/2 x 81h, 
soft bound (ISBN: 0-672-21545.4) e 19713 

No. 21545 

MODERN RECORDING TECHNIQUES 
by Robert E Runsrein Provides the information necessary to prepare pop music recordings Explains 
the equipment. controls. and techniques found in the modern recording studio and how lo use them 
not only properly but creatively to produce a desired result. Numerous photographs. diagrams, and 
charts 388 pages, 51/2 a81/2 . soft bou nd (ISBN 0472-210374)  1974 

No. 21037 

HOW TO READ SCHEMATIC DIAGRAMS (3rd Edition) 
by Doopid E eie,ongton Explains the various types of electronic diagrams, shows the schernate 
symbols for the various components in a circuit, and explains their operation. Tells how they are 
Connected into circuits and gives the symbols or these connections Variations likely to be 
encountered in both symbols and designations are treated at iengM Review questions ata ndo) each 
chapter 192 pages. 51h x 81/2 , sof bound (ISBN 0-672-21127-0) e 1975 

No. 21127 

AVIATION ELECTRONICS (3rd Edition) 

by )(ear, Bose Using a practical approach. this third edition updates. describ e and shows rep-
resentative types ot electroniC equipment that is vital in today's aircraft This enformative handbook 
has been written as a guide for aircraft owners, plots, technicians, engineers, and anyone elSe who 
might require a knowledge of aviation electronic equipment (lis liberally illustrat e with photogr aphs, 
schematics, and drawings 300 pages. 5l/t g  softbound (ISBN. 0-672-21440-7) 0 1977 

No. 21440 

SOLAR CELLS AND PHOTOCELLS 
by Rufus P Turner An explanation of photocells and sole, cells, and a selected collection of practical 
applications. such as a lughl•bearn communicator. light-powered lone telegraph, and light actuated 
remote control. Addressed primarily lo experimenters, technicians, and science lair entrants: as-
sumes that the reader is akeady ?a mber we general electrones 96 pees. 55x s frz. softbound 
(ISBN 0.672-21175-0) e 1975 

No. 21175 

30 IC PROJECTS 
Dy Herbert Friedman Complete enstruchons, parts lists. and schemete diagrams tor 30 diffamant 
integrated-prise projects. most CS which can be bain In a few 1101.1111 and at low cost. The projects 
include a walkie-talkie power pack, budget-priced tape-head preamplifier. 4-channe/ microphone 
mixer, timed auto burglar alarm, tight melee. stereo balancer, and portable intercom 80 pages 5'h x 
81h. softbound (ISBN 0-672-21145-9)  1975 

No. 21145 

IC TIMER COOKBOOK 
Dy Walter Jung Provides an excellent introduction to the field of IC timers by preeenteng acollection of 

venous circuit 'recipes useful n applying the devices Arranged in three pans, the lust part ones 
basic and generalized information, Part If. the apolecalens section, is the meal" or the book and 
Incases over MO ddlerent Circuits tor a wide range of uses. Part Ill contains reproductens of 
manufacturers data sheets. second-source rnanulacturers. and 1110f0. This OVA Is a valuable refer-
ence for the hoboyest, the technical Of engineering student. Of pelessional 288 pages. 51/2 0 81h: 
softbound (ISBN. 0-672-21416-4) (O; 1977 
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C MOS COOKBOOK 
by Don Lancaster Tells all you need to know to understand and prolitably use eus ineypensrxe and 
genuinely fun to work with digital logic lamrly. First an explanation of *net CMOS is, how il works, and 
how to power it, plus usage rules, stale testing. breadboarding. interface. and other basics s given 
Thon a minicatalog of over 100 devices, including prends and use descriptions 1s given Subjects 
covered include gale lundainentals, tri-state logic. redundant logic design techniques. rnultivibrators. 
nonvolatile memory techniques. clocked JIS and 0 Ilip-flop. counter and register techniques. op amps. 
analog switches, phase-locked loops and much more A must for the student hobbyist, teacher 
technicien. or engineer who wants to learn about CMOS Filled with practical applications 416 pages. 

5Y1 x 8W; softbound. (ISBN 0-672-21398.2) 4. 1977 

No. 21398 

TV TYPE WRITER COOKBO OK 
by Don Lancaster An in-depth coverage of ty typewriters evtel —the onlytruly low-cost nucrecompu-
ter and small-systems display interface Covers tvt terminology, principles of operation. tv1 configura-
tions, memories, system design, cursor and update circuitry and techniques herd copy, coke 
graphies, and keyboards and encoders 256 pages: ez a e'e. softbound IISBN 0.672-21313) c 1976 

No. 21313 

555 TI MER APPLICATIONS SOURCEBOOK, WITH EXPERI MENTS 
by Howard M Berlin Deals with the many applications 01 the popular 555 tuner 'chip " Uses for 
voltage regulation, control, sequencing are covered as well as the more usual timing and signal 
generating functions. With many uselul circuits and 15 detailed expenments 160 pages, x ey. 
soltbound (ISBN 0-872-21538-1) (S) 1976 

No. 21538 

Z-80 MICROC O MPUTER HANDBOOK 

by William Barde'', Jr The Zilog Model Z.80 represents a microprocessor that is extremely sophistr. 
cated and attractive to many computer users This handbook will provide the current user and the 
prospective user with essentiel information on the technology ol the Z-80 Organized into three 
sections, the fast section concentrates on hardware, the second on software, and the third on 
microcomputers built around the Z-80 304 pages. 5,  n ev. sottbourid (ISBN 0.672-21500-4 1 4: 

1976 

NO, 21500 
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THE CHEAP VIDEO COOKBOOK 
by Don Lancaster A complete guide lo super low cost alphanum eric and graphic microprocessor-
based video displays Contains complete construction details on a seven IC circuit that dramatically 
slashes the cost of getting words, op-code and graphics out ola microcomputer and into a television 
set Includes thoroughly documented and debugged software Enables you to produce virtually any 
alphanumeric format including scrolling 24 lines by 80 characters, and virtually any graphics format 
including high resolution 256 y 256 mode and four-color graphics. Also contains complete details on 
transparency techniques Mal let yOu compute and display at the sarna lime with high throughput 288 
pages. Sv x 8'v. softbound (ISBN 0-672-21524-1)  1978 

No. 21524 

THE 8080A BuGBOOK ^: MICROC OMPUTER INTERFACIN G AND 

PROGRAMMING 
by Peter H Rony, David G Larsen and Jonathan A Titus The principles, concepts, and applications 
of an 8-bd microcomputer based on the 8080 microprocessor IC chip The emphasis is on the 
computer as a controller Covers the four fundamental tasks ol computer interfacing (1)generabon of 
device select pulses. (2) latching ol output data (3) acquisdion of input data. (4) serwcing of interrupt 
signais Intended ro help deveiop the skills needed louse an 8080-based breadboard microcomputer 
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USING THE 6800 MICROPROCESSOR 

by Elmer Poe No special background in digital electronics is necessary to enjoy the 6800 micro-
pr ocessor This book will acquaint the reader with the hardware and soltware of the 6800 'fun' 
machine It *dl guide the reader through the conception configurahan. writing, and running of a 
variety of programs Mat demonstrate the practical use of a 6800 System Features filtren 
informati on-pack ed Couplets with an appendix which includes a detachable pr ogrammers card 176 
pages 5' e y 8' e. softbound (ISBN 0.672.21512-81  1978 
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In view of todays modern communications techniques morse code 
may seem as useful as the cat's whisker. Bill Johnson thinks otherwise. 

WHAT IS IT 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 (ORM 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?  In 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.  It 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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complète 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 validity 
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, leaving only the basic com-
munications radio.  When they realised 
that the search was concentrated fifty 
km away from their position, clearly 
given in the Mayday, they tried calling 
again and correcting 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 time! 

Send your letters to; 
ORM LETTERS, 
ETI Canada, 
Unit 6, 
25 Overlea Blvd., 
Toronto, Ontario M4H 161 

73 tu l 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 layout is a chore, a task that 
needs painful planning and lots of second thoughts. If 
you've never learned how to lay out a circuit properly 
easily, instantly — stay tuned — what follows is 
electronics-by-numbers; circuit layout with no sketches 
or plans, just the circuit diagram and a few scribbles. 

THINK JUNCTION 
There's no wizardry involved in instant circuit layout, but 
you have to be able to identify what is called a circuit 
junction. That's not the same as a semiconductor 
junction, but it's certainly a place where things join. At a 
circuit junction components join to each other, or to a 
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 signal to one lead or Cl Wherever there 

OUT 

IN 

Cl 

Fig. 1. Marking out circuit junctions. 

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 eight. As easy as that! 
Yes, it is, if all of thecomponents have reasonably long 

leads, 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 all 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 

Fig. 2. Numbering the junctions. 
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paper or similar correction fluid. 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 I medn 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 
each 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 is connected with its 
emitter on strip 7, its base on strip 5 and its collector in 
strip 4. R1 is connected between str.ips, 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 all (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 a mirror-
image layout. Never heard of it? Look and learn, then. 
In a mirror-image layout, the negative line, or wher-

ever the emitters of the multivib transistors 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 clealq 
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 

(a) 

b) 

R4 R2 

Fig. 3. Mirror-image layouts (A) Marked-out circuit (8) Board 
layout. 

circuits, such as when a slow astable switches a faster 
one, or for bistable counters, or for long-tailed pair 
circuits all 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 
Let's take an example. Fig. 4. shows a circuit for 

generating 6 different audio 'frequencies from a single 
TTL IC, a 7414. Just ignore the circuit for the moment. 
The IC is a 14-pin type and it will have to be mounted on 

65 



NOW AVAILABLE 

S 419e .... 

OSI SUPERBOARD Il 

„ 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. Re-
quires +5V at 3 amps and a video 
monitor or modified TV set. 

NEW COLOUR DISPLAY COMPUTER 
C4P 8K RAM . . . . . . . . . . . SI,026 
C4P  24K RAM, MINIFIOPPY 

52,491 . . . . 
àk  à  iiitékPLANE 

...........  $1,315 
C8.P.Lir: 32k RAM DUAL 8" FLOPPIES 
  S3,817 
* Ontario residents add 7% Saks Tax. 
Prices subject to change without notice. 
Nlaster Charge or Visa accepted. Shipped 
collect by any method you specify. 

D.C.B.E L E CT R ON ICS 
333 Denison St. Unit 3, Markham, 
Ontario L3R 2Z4 (416) 495-1599   

DC, AC Volts 
DC, AC Current 
High, Low oh ms 
Temperature 

Handheld 3112 digit 
LCD multirneter. 
Model 2035,4: 
6 Functions, 32 

Ranges, .1% 
DCV Accuracy 

100 uV — 1000V 
0.1uA — 2A 
0.1 oh ms — 20M ohms 
•50 0C— +150 0C 
(Model 2037A only) 

INQUIRE ABOUT FREQUENCY 
COUNTERS-550 MHz. 

2035A Kit  $114.75 
2035A Assembled  $144.75 
2037A Kit  $137.75 
2037A Assembled  $189.75 
Ins., Shipping & Handling   $4.75 
(Per Instru ment) 

Ontario Residents add 7% PST. Use your 
Charges or Master Charge. Phone orders: 
(416) 828-0583, or write to: 

Kumar And Company 
3344 Mainsail Crescent 

Mississauga, Ontario L5L 1H2 

Teachers Topics 

(a) 

15    15 
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  __I I   e 
16 

(b) 

Fig.4. Sample IC circuit (a), and 0-1 in 
Vero cut-out diagram (6). 

Conventional O. lin 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. O.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 ICs, then letter 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 
K7 L 4W5. 

iiktredre ebc ite 

Using a Vero tool to break up copper tracks. 
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COLOR LED POWER 
LEVEL INDICATOR 

The latest advanced way of 
measuring audio power output 

• Works as a pair of VU meters, and adds 
exciting sights to your sound system. 
• 3 color LED display, each channel. 
• Enjoy the "dancing color light" show 
while you enjoy your music. • Responds 
to musical signals at much faster speed 
than  conventional  mechanical  VU 
meters.  • Applicable  to  most  power 
amplifiers. • Very easy to build, and just 
hook  up  with  the  speaker  output 
without affecting the sound. • Operates 
on battery or AC adaptor. •  Display 
panel, plated fiberglass p.c. board and all 
electronic parts included. 

SAD-03 
15 step display 
Front Panel 
size 9"x2 3/4" 
— 30 LED (4 colors)  with peak, floating 
and gradual display. 

— Suitable for 1W-200W/Ch max. 
power output amplifiers. 

— Operates on DC 12-18V. 

KIT: $56.00   Assembled: $66.00 

10  step  display  also  available.  Write 
for details. 

Send cheque or money order. Add 10% 
for shipping and handling. Ont, residents 
please add 7% sales tax. 

MONEY BACK GUARANTEE. 
FREE REPAIR SERVICE. 

For free audio kits catalogue, write to. 
AUDIOVISION SERVICE 
P.O. Box 955, Stn. B, 
Willowdale, Ont. 
M2K 2T6 

MORE 
ELECTRONICS 
IN MODEL 
RAILWAYS 

Follow 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 Midiael 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 
Blvd., Toronto, M4H 1B1. 
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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 police radar. 

May I take some time to comment 
on your "Project 408" amplifier and 
CMOS switched  preamp.  I finished 
building this project some months ago, 
and must say I was suprised at how well 
it worked.  I 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. 

I am a student of Ladysmith Senior 
Secondary School. I have been working 
on your project, the Add-On FM Tuner 
from the May 1978 issue. I am half-way 
through completion and there is one 
part, the LP1186 FM Tuner module 
that I can not get a hold of. I would 
appreciate any information of where I 
could obtain an LP1186 FM Tuner 
module. 

Bob Scyrup 
Box 1146 

Ladysmith, B.C. 
VOR 2E0 

Bob, I've got some bad news for you. 
Mu/lard 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 1979 issue, 
you  mentioned  a Technical Service 
Council.  Are  they  an  employment 
agency? How would I 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. M4W 2H8. Or contact, (Toronto) 
N.A. Macdougall (416) 966-5030, (Mon-
treal) C. Labrec que (514) 866-2807, 
(Edmonton)  C.H.  Humble  (403) 
482-7116,  (Vancouver)  A.G.  Tinker 
(604) 682-8888. 

The  excellent 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. 

Collyn Rivers 
Managing Editor 
ETI Australia 
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N E X T  M O N T 
APRIL ma   E TI 

sell • 

Deep Space Tracking 

As  unmanned  probes travel further 
and further from mother Earth the 
problem of ,maintaining reliable com-
munications  becomes  critical.  Briam 
Dance reports. 

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-
tently if any vital function of your 
car fails. What's more, it doesn't burn 
out like dash lights do. 

Electromyogram, Part Il 

Concluding portion of this two part 
feature includes constructional details, 
parts lists and hints on using it. 

Surface Acoustic Wave Filters 

A major consideration in the design 
of a radio or telivision receiver is the 
use of filters to improve selectivity. 
SAWFs  offer  numerous  advantages 

conventional when  compared  to 
IF strips. 
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40 CMOS Clocks 

A variety  of  timing  and  clocking 
functions are possible with just two 
inverting gates. Ray Marston has put 
together 40 (some simple, some unique) 
circuits to trigger your imagination. 

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  IC's  abilities.  Another  in 
a series of ETI noise makers. 
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The 

Fun& 

Elect-
ronics 

WELL, I 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 

I MAY  HAVE  TO  GET A NEW 
AMPLIFIER-My OLD ONE IS REALY 
DISTORTING. 

6E46 M' 

  I DIDN'T HAVE A BUZZER IN MY JUNK BOX, AND I 
NEEDED SOMETHING  THAT WOULD MAKE A REALY 
LOUD NOISE... 

11 

I WAS  GETTING  AN 
ANNOYING  POWER 
LINE NOISE THROUGH 
MY STEREO SYSTEM, 
SO I DECIDED TO TRY 
MAKING  IT QUIETER 
BY  OPERATING  IT 
WITH A GAS-POWERED 
GENERATOR. 
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SECUZITY" 5̀CSTEMS INC .  

THIS MODEL  FEATURES 
AN AUTOMATIC DIALER; 
IF  SOMEONE  BREAKS - 
INTO  YOUR  HOUSE,  IT  
PHONES  YOUR  INSUR-
ANCE AGENCY IMMEDIA-
TELY AND TELLS THEM 
TO RAISE YOUR RATE. 



CWICA 
ETI's not-so-new classified advertising section allows 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 181. 

WHAT DO WE DO? 
We typeset your words (and put the first word and your company name 
in bold capital letters). 
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 5W, 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's,  frequency  counters. For free 
literature  and  price  list  send  to: 
KITSTRONIC  INTERNATIONAL,  P.O. 
Box 577, Stn. J. Toronto M41 4Z2 
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$1.00 Unusual Canadian and American 
parts  and  surplus  catalogs.  Hundreds 
of bargains. ETCO, Dept 087, 183G Hymus, 
Pointe Claire, Que. 

MI ELECTRONICS LTD.. P.O. Box 1437 E, 
Winnipeg, Manitoba R3C 2Z4. Surplus 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. 

CLASSIFIED 
SATELLITE TELEVISION. Receive enter-
taining TV stations, movies, sports, and 
much more directly in your home via satellite. 
24 hour programming. We have the latest 
in advanced technology antenna and receiving 
systems. Send $7.50, refundable with min-
imum order, 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 free 
information. TEKNIKIT ASSOCIATES 301 
Flora  Street,  Carleton  Place, Ontario, 
K7C 3M8. 

SPEAKERS Galore, Individual Raw Drivers, 
1)o-it-yourself kits, and fully assembled 
speaker systems. Write to us for our free 
1980 catalog, illustrating our complete 
line. IUS ELECTRONICS LTD. P.O. Box 
81, Trail, B.C. V1R 4L3 

100W POWER AMPLIFIER KIT, $59.50 
PPD. High definition 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 Sr.. 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., 18-45 Bris-
bane  Road,  Downsview,  Ontario. M3J 
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 T03,  10-24:  .68, 25-49:  .60 
50-100: .54, 100-1K: .50 ELECTRONIX 
CP 1812 Terminus, Quebec. PO. GI K 7K7 

SPECIAL: Send $10 and receive a min-
imum of 1000 electronics parts (market 
value over $100). All 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 17E 4H5 

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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Eli Project nle 
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 Chart, 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 error manages to slip by us 
into print. In addition variations in component 
characteristics and availability occur, and many 

readers write to us about their experiences in 
building our projects. This gives us information 
which could be helpful to other readers. Such 
information will be published in Project File under 
Project Notes. (Prior to May 78 it was to be found at 
the end of News Digest.) 

To find out if 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.) 

Ph:4kt notes can be ordered one of two ways. 
You can order the complete back issue, or you can 
orders photocopy from the appropriate issue. In 
either case consult General Information For 
Readers. If you order a copy of a construction 
article, specify the issue where theproject notecan 
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 chart is an index to all information available 

relating to each project we have published in the 
preceding year. It guides you to where you will find 
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 
importance of the notes, in case you do not have the 
issue ref ered to on hand. 

COMPONENT NOTATIONS 
AND UNITS 
We normally specify components using an 

international standard. Many readers will be 
unfamiliar with this but it's simple. less likely to lead 

PLEASE  NOTE: WE CANNOT 
ANSWER  PROJECT  QUERIES 
BY TELEPHONE. 
to error and will be widely used sooner or later. ETI 
has opted for sooner! 

Firstly deci mal points are dropped and 
substituted with the multiplier, thus 4.7 uF is written 
4u7. Capacitors also use the multiplier nano (one 
nanofarad is 1000pF). Thus0.1uF is 100n, 5600pF is 
5n6. Other examples are 5.6pF. 5p6, 0.5pF = 0p5. 
Resistors are treated similarly: 1.8M ohms is 

1M8. 56k ohms is 56k, 4.7k ohms is 4k7, 100 ohmsis 
100R, 5.6 ohms is 5R6. 

KITS, PCBS, AND PARTS 
We do not supply parts for our projects, these 

must be obtained from component suppliers. 
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 ETI 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 letterhead for complete information. 

READER'S LETTERS AND 
QUESTIONS 
We obviously cannot troubleshootthe individual 

reader's projects, by letter or in person, so 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 envelope. 

ISSUE  ARTICLE  ISSUE  ARTICLE  
DATE  DATE ETI Project Char 
Feb 79 
Feb 79 

Phasemeter & Neg 
SW Radio 

Oct 79 Variwipe 
PROJECT CHART Oct 79 Cable Tester This chart is an index to all information availabie 

Feb 79 Light chaser & Neg Nov 79 60W Amp relating to each project we have published in the 
Mar 79 Tape-Slide Synch Feb 80 Note U preceding year. It guides you to where you willfind 

Mar 79 
Mar 79 

Synth. Sequ. 
Dual Dice 

Mar 80 
Nov 79 

Note S, U 
Model Train Controller 

the article itself. and keeps you informed on ail, 
notes that come up on a particu,r project you are 
interested in It also gives you an idea of the 

Apr 79 Solar Control Nov 79 Curve Tracer importance of thenotes, in case you donot have the 
Apr 79 Audio Compressor Dec 79 Hip Performance issue uttered to on hand 

Apr 79 Wheel of Fortune Stereo Preamp 
May 79 Light Controller Dec 79 Development Timer Canadian Projects Book 
May 79 AM Tuner Dec 79 Logic Trigger Audio Limiter  Metal Locator 
May 79 VHF Amt. Mar 80 Note C 5W Stereo  Heart-Rate Monito 

June 79 Easy Colour Organ Jan 80 Logic Probe Notes N, ID Pvtay 79  GSR Mon!' ,r 

June 79 LCD Thermometer Jan 80 Guitar Effects Unit 
Overled  Phaser 

Fuzz Box 
June 79 Light Show Seq. Jan 80 Series 4000 Stereo Amp 

Bass Enhancer 
Mo uler Disco  Touch Organ 

June 79 VHF ant. 2 Jan 80 Logic Probe G ID Preamp  Mastermind 

June 79 
July 79 
July 79 

Bip Beacon 
Note C 
STAC Timer 

Feb 80 

Feb 80 

Series 4000 Moving Coil 
Preamp 
Egg Timer 

Bal. Mic. Preamp  Double Dice 

Ceramic Cartridge Preamp  Reaction Tester 
Sound-Light Ra e 

Mixer 6 PSU 
VU Meter Circuit  Burglar Alarm 

July 79 Two Octave Organ Feb 80 General Power Supply Headphone Amp  Injector-Tracer 

July 79 Light Act Tacho Feb 80 RTTY 1 50W-100W Amp  Digital Voltmetes 

Aug 79 Audio Power Meter Note N May 79 

Aug 79 Two Octave Organs 
Aug 79 Shootout. Key to Protect Notes 

Sept 79 Field Strength Meter C - PCB or component layout 
D:- Circuit diagram 

Sept 79 Sound Effects Unit N-- Parts Numbers, Specs 
Sept 79 Digital Wind Meter Neg:- Negative of PCB pattern printed 

Feb 80 Note S O.- Other 

Sept 79 Up/Down Counter 
S- Parts Supply 
T:- Text 

Oct 79 Simple Graphic Eq. u:- Update. improvement. Mods 
Oct 79 Digital Dial 
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PCB SUPPLIERS 
The  following  companies currently 
actively supplying all or some PCBs 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 2H0. 
Danocinths Inc., P.O. Box 
261,  Westland, MI 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 calls 
and  letters  we have  identified five 
areas of trouble 
1) The ground rail on the amplifier 
must be returned to the OV rail on 
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the power supply. If this is not done 
the input transistors and their current 
source  (01-05)  will  be  destroyed. 
2) It can be seen from the overlay 
that the base lead of 05 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 08 
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  2N4920 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. 
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General 
Information 
For Readers 

Editorial Queries 
Written queries can only be answered 
when accompanied by a self-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 
ETI  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 

article published in ETI-Canada, for 
which the charge is $1.00 per article, 
regardless of length. Please specify 
issue and article. (A special con-
sideration  applies to errata for 
projects, see Project File.) 

1977 
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LIABILITY: Whilst every effort has been made to ensure that all constructional protects referred to in this edition will operate as indicated efficiently and properly and that alt necessary 

components to manufacture the same will be available no responsibility wh:rtsoever is accepted in respect of the failure for any reason at all of the project to operate effectively or at all 
whether due to any fault in design or otherwise and no responsibility is accepted for the failure to obtain any component parts in respect of any such project Further no responsibility Is 

accepted in respect of any inpury Or damage caused by any fault in the design of any such project as aforesaid 
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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 electronics 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 
those described below. (If someone has already used the card, write to Electronics Today Magazine, Unit 6, 
26 Overlea Blvd, Toronto, Ontario M4H 1B1) 

Select from this collection of fascinating pocket books. 

IC 555 Projects  B P44 
• Every so atiene device eppears that is so uselul then one wonders now 

went On before without it The 555 timer is such a device 

• It was first manufactured by Signetics but is now m mufactured by al most 
every se mnenductor manufacturer and is inexpensive and very easily 

Obtainable 
• Included in this book are Basic and General Circuits Motor Car m0 Mode, 

Railway Circuits. Alar ms and None Maker. 85 well as a seen'sn on the 

558,558 and 559 line n 
• An invaluable addition 10 the library Of all those intereeled in Electronics 

$6.50 plus 30c postage and handling. 

52 Projects Using IC741  B P24 
• IC7s1 15110e ol the most popular  inex pensive and easily Obl enable 

devices aveleble to the la me constructor It re also alre men ye ns. » end 

can be used in s great nu mber of van e/see.. .hone 
• This unique book, originally published in Ger many. snows filmitwo 

dillerent protects Mat can be si mply COntleutted using only the IC741 enca 

few discrete co mponents 
• An inval mbla addition to the library of all those interested in electronics 

$3.95 plus 30c postage and handling. 

Mobile Discotheque Handbook  B P47 
al It » vast mal ady or people who tart up 'Mobile Discoe" know very Mlle 

about their equip ment or even what to boy Many people have wasted • 
'Small fortune' on poor, unnecessary or badly marched alstre ato. 

• The ai m Of thit beak is 10 give yOu enough inliamialiOn II:renal,» yours 

have a better unde m anding of many aspects of -disco gear 

• The approach adopted it to M uri a the reader has no knowledge end 

starts with the fundemenlals. hope' ullytheexplenal enegi an are si mplified 

enough for al most anyone to understand but please not that this ra bo no 

means the full story 

• The book is minced into six m ris — Basic Electncity. Aud a. Ancillary 

Equip ment. Cable, and Plugs L aids makers Lighting Equip ment and Me 

infor mation has been cons id ere b iy sub-divi ded for  clo ak and easy 

reference 

$4.95 plus 30c postage and handling. 

28 Tested Transistor Projects No.221 
• Mr  Richard Toning n • well exciarienced elettrenas de alOpment 
engineer end hàs deergned developed built and testedlne many ' Wotan(' 

interesting circuits included in this book 

II So me ol the circuits are co mpletely new and, lot » best knowledge ot the 
•uthor  unlike anything previously published while others many bear 

si milarity to more I ernil nr deergne 

• The projects the mselves can be split down into si mpler building knocks 

which are shown separated by boxes on Me Circuits 'Or ease of description 

and el a 10 enable eny reader whO wishes to Co mbine boxes from different 

protects to realise idea. of es own 

• Most of the circuits are very econo mical on the use ot components and in 

many cases the se miconductors err aboyed are non-critical tOrri monly 

available and inexpensive types 

$4.50 plus 30c postage and handling. 

First Book of Transistor Equivalents  BP1 
and Substitutes 
• Sh ave alternatives and equivel mts to many popular transistors made in 

Great En ni s U S A. Europe Japan and Hong Kong etc 

• Companion Volu me to BPI4 — SECOND BOOK OF TRANSIST OR 

EQUIVALENTS AND SUBSTITUTES 

• An Inval mtheadditiOnlOthelibra n01•111110Seinlerested in Electr a,' " be 

they amateur or prolessional 

$2.50 plus 30c postage and handling. 

Second Book of Transistor Equivalents 
and Substitutes  8P14 
• Shows alternatives end equivaled , to many popular transistors made in 

Gt. Britain. U S A  Europe Japan and Hong Kong etc 
•  Companion  Volu me lo  BP1  —  FIRST BOOK OF  TRANSIST OR 

EQUIVALENTS AND SUBSTITUTES 

• All invaluable addition tolhe library of air those int mestedin Erectroni a be 

they amateur or professional 

$4.50 plus 30c postage and handling. 

Radio Circuits Using ICs  8P46 
• This book describes Integrated . ..ids and now they can ce employed in 

rateivare for the '4/Capl an of either amplitude or frequency modulated 

signals The chapter on amplitude Modulated la m I metier/M all beof most 

interest to those who wish tO receive distant statiOne el only moderater•ud m 
quality, whilst Inc chapter on frequency rnoduletion If m.) receivers will 

appeal to those vino desire high fidelity reception of local uhf Salient 

POSSibly with stereo land even quadrophony at so me future datai Stereo 

decoder circuits and the devices avail/ ate al Me ant for quadrophonic 

w ants are discussed Yon ne regulator fleeces are ano Covered because 
they are so conyernent in all varicep tuned receiv er, and becauSeIney have 

so many applications in all types ol circuit 

• Brian Dance is a highly experienced author who regularly contributes to 

many 01  the POpular electronic magaci ms Mat are evadable both in teal) K 

and OvenleaS 

• An extremely val mble M ahon to the lotn ey OlahElettr ancsenthusl ate 

$4.95 plus 30c postage and handling. 

50 (FET) Field Effect Transistor Projects Bp39 
• Field effect transistors iF E T 'is) find application in • wide veiely 

Circuits The propeCt S described here include radio frequenc unpin ersend 

Converters. test equip ment and recel ar aide, tuners reVel are mixers and 

lone controls at well as vanous miscellaneOUS deviCeS whit hare useful in 

the nor m 

• It yell be found that in pen m en » &Cruel F E T used nnot critical m er man y 

suitable ty pes will perfor m satisfactorily Tin F.E T Ise low-none. high gain 

device with many uses. and theduei gee FE T lent panic ular use for mixer 

end other applications 

• This bOOk Contains so mething of particular interest tor every cla m of 

enthusiast — snnrfwace listener ria010 amateur e men menter or audio 

devotee 

• A valuable M anton to the library Of ail electronic enthusiasts 

$4.50 plus 30c postage and handling. 

Popular Electronic Projects  8P49 
• Included in Millbr ae arle taletti al Of Me m eet ;c aner typeset project, 

which we feel sure, will provide many designs to interest MI electronics 

•nteusiasts 

II  All  the  circuit, utilise  modern.  inexPe an a  ° Mill  Wadable 

co mponents 
• The 27 ° mesas sencleo cov eavery wide uni Mancill m 

basic areas R M . Projects Audio Protects hauleh ad P alette and Test 

inetrurnents 

• An interesting addition to the library of both the beginner and more 

advanced Constructor 

$5.50 plus 30c postage and handling. 

Electronic Music and Creative Tape Recording 
e€4›uron., Music of Ina nay, mu,. of 'he Zan Century It playse iarge pan 

in 'Pop' end ' Rock - 'T ait end In het there is scarcely a gro°11 without 

some sod of electronic synthesiser Or Ot her effects generator 

it it POteble wiln relatively si mple eppereput to create can o ee 

tO mpOtit ane using elett arut and someti mes nonielectronic musical 

Sources 

• This book sets our loshow how Elect, on. Moen c m be madeet norms worth 

the Si mplest and  most inesPensne equipment it describeshOw the sounds 

are generated end how these may be recorded to build up the final 

composition 
• With tee constructor in mind Set ae' ideas ere given 10 enables Small 

studi010 be built including a mixer and van°i.w sound effect units 

Circuit. are included for VC Os. VGA.. Envelope Shapers VCFs. Active 

and Pass, » Misers Fu n, Noi se Generators. Maironom m and a 10- Note 

Progra m matic Sequencer etc 

Ali the unite enOwn flare been succe mfully built and used hy the auth or 

d most of the Payette can be built by the beginner 

• An unusual fascinating and halbly rewarding appirtel an CI electronics 

$4.50 plus 30c postage and handling.  BP51 

IC LM3900 Projects  BP50 
• T N purpose of 1.4 bo a 410 rntr aluce IN 1.413900 lo the Technicran. 

Experi menter and Hobby lit It providee the groundwork tor both te mple...Id 

more advenced u msand iscomederable more thanjulde collection°, si mple 

circuits Or p alette 

• The L M3900 is efferent from conventinnal 'OP-A mPS it ceo be used for 
many ot the usuarappricetione a m mo as many any ones Ili. ..not the most 

vet-Sable inexpensive and ffesy available a m en Oe the market Iaday 

• The book is divided int0 Six beta Seaman — 

IntrOrtuttion 

Audio Applicat ant 

Si mple Linear Applications 

Si mple Ocgifei Appri utions 

Signal Generator Circuits 

Special ApploCaliden 

• The L513900 can do much more than is shown here — f51515 isist an 

introduction Imagination lithe Only laidat an with this useful device. but 

trIm mn reader must know the tiso nna fret ,, what mis boos ie all about 

$4.95 plus 30c postage and handling. 

1st Book of Hi-FI Loudspeaker Enclosures 
• Contains 78 practical designs and Over 40 drawings to enable the 

eanueast to construct nit Pon  Loudspeaker enclosures 
• Includes Me tollo mng types 01 enclosure, — 

Corner Relies, Bass Refies. Exponential K am Folded Horn, Tuned Port 
Klipschorn  Labyrinth.  Tuned  * Mx .  Loaded  Port  M nire ankei 

Panora mic etc 
• Also covers general construchon hints and erebellIshing ofeel:n ails as 

well ata considerable amount ol Other useful intotrnallon 

• A 'revs/ tom the library of all audio m triusrasts 

$2.95 plus 30c postage and handling.No.2°5 

50 Simple L.E.D. Circuits  8P42 
• T he manor cl this book Mr R N Scar h m compiled 50 interesting and 

useful circuits and appliCatiOns  covering many dif keen, branches of 

electronics. using one of the most ele vens,oe and beery m ailable 

co mponents — the Light Emitting Diode (L E Oj 

• Also includes circuits for the 707 Com mon Anode Disa.).• 

• A useful 000k for Ira library cl botn beginner and more advanced 

mthuteast alise 
•  Co mpanion volu me to  book Me  13P36 —  50 CIRCUITS USI NG 

GER MANIU M. SILIC ON & ZENER DI ODES by tne ta me aufrrOr 

$2.95 plus 30c postage and handling. 

Handbook of IC Audio Preamplifier & 
Power Amplifier Construction  8P35 
• Snows what audio IC's are. 85 well as how lo use them 
•  In akidet practical Constructional details of carious IC and Hybrod 

IC 'Transistor designs of about 250rn W to 100 W output 

• Teis book is whiten by the very expenenced and popular author Mr F G 

Rayer who deals with °we enie' In lour pads 

Part I Understanding Audio ICS 

Pan It Prea mplifiers Misers and Tone CO M MIS 

Part III Power Amplifiers and Supplies 

Part IV Hybrid Circurls 

• An ideal latek ar both beginner and advanced emissive,' alike 

$4.50 plus 30c postage and handling. 

50 Projects Using Relays SCR's & Triacs Bp37 
• Relays, silicon controll ed recta ere (SCR's) mid bh arectional triodes 

(TRtAesi ha ve e rape range pi eppIrsattonsInelectron.ca today Tbeise may 

ester» Over the whole field of rater Contr a, dim ming and heat Ce ar a. 

delayed. timing and light M al aya a node and include earning device., 

venous novelties  light modulators, priority endicatOrs  emcees allege 

br akers etc 
• In a,' be at the very experienced and popular auth or — Mr F G Rayer--' 

N M given tried and Practical working CnCulta wnr ar Snead present the 

mini mu m or dithculty for the end-bonnet 10 tOnetri al 

• In most circuits there is a wide latitude in Co mponent values and type. 

allowing easy modification a arcurts or readyadaphon of therm to individual 

needs 
• An ideal book or 1501n beginner end advenced enti me nst alike 

$4.50 plus 30c postage and handling. 

50 Projects Using IC CA3130 No.223 
• The CA 313011 currently one of the mOre advinced operational amplifiers 

th e ', meltable totnenOnn COnftructor Thrs ennuis that it is oftencapebleol 

a higher n MrOf Den a men a Man many anier demcseend that it often needs 

fewer ancillary components 

• In tea book Ut R A Penfold ries designed and developed a nu mb., of 
inler mhng M at/ Wu' projects which are divided Intel wegeneral telegra m 

I Audio Projects 

Ile r Protects 

Ill Test Equipment 

IV Household Protects 

V Mitt en.. .Ai Pronnts 
• An ideal book for both tne beginner end more advanced enthuslaSt alike 

$4.50 plus 30c postage and handling. 

Electronic Projects for Beginners BP48 
• Ir this book the newco mer to electronics will find e wide ran ge nt easily 

m me projects. many co mplete with actual co mponent and wiring layouts 

FurtnettnOtO, • nu mber of projects have been arranged so that they can be 

constructed without any need for soldering end, thus m ad the need fora 

hie book wsobering 
Iron •  enn is written by teevery expeneecedauthot Mr F G Royer is 

divvied Into four sections — 

I N o Soldenng - Projects 

2 Miscellane a,. Devices 

3 Radio and Audio Frequency 

I Power Supplies 

• An absolute must fa all begonnere in electronict 

$4.95 plus 30c postage and handling. 

50 CMOS IC Projects No.224 
• C M OS ICS•reprobably the most ver mule rengeof digital devi ant°, use 

by the amateur enthusiast They are suitable for en extraordinarily wide 

mange ai applital anS and me now ',no so me of the most inexpensive and 

re ally available types Ot IC 

• In this ban Mr R A % Mold hen designed and developed a nu mber ot 

interesting and useful projects which We e nded into four general 

catag aiee 

Multrvio ntore 

ir Amplifiers and Oscillators 

Ill Trigger Device. 

IV Specral Devices 

• An ideal book for both the beginner and mo m advanced enthuti nets•I ne 

$3.95 plus dOc postage and handling. 

Electronic Calculator Users Handbook Bp33 
• An my/11,41,1e book for all calculator users whatever their age or 

Occupation. or whether May have the si mplest or moil sophiStiCated of 

Calculators 
• Presents for mulae data methods of calculation conversIon factors etc 

with the calculab a user esp ecially In m ad Often illustrated wi th si mple 

s a mple. 

ncludes 
• The way to calculate. using only a si mple four lunchon caiculator 

Trigono metric funct mns len, 004. tent 

Hyperbolic functions isinn Cosh. minci 

Logantrires square N ate and po wers 

• A corn aehensi n sectron ol a: me ni al lectors Covering such co m mon 
con versions as length. ens volume and weight etc  through to more 

M easlier» conversions such as viSCOSIty. Illu mination, and cargo shinier» 

reo'r'rn ri:e'cand data for VAT. discounts and mark up. CurrencY conversion. 
interest  town. , of ego-Wiens, binary and octal nu mbers, areas and 

volu mes statistics and Mathematics etc 

$3.95 plus 30c postage and handling. 

Please order by number using the handy order card in this issue. 
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THE BEST BUYS AVAILABLE! 

15 MHz Oscilloscopes¡  

$695. 
F.S.T. INCLUDED 

Model 65310 
3" DUAL TRACE Portable Scope 

elIZI11 1113 

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 Brilliance 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 lbs. 
OPTIONAL ACCESSORIES:  Combination 1:1 and 
10:1  switchable probes(compensated). Priced at 
$39.00 F.S.T. included. 
Vinyl carrying case for Model 65310 only, priced 

at $62.00 F.S.T. included. 

Call one of our offices (below) for a 

each 

. 
-0 or— 

e "LI ie 
mole  

Model 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 lbs. 
OPTIONAL ACCESSORIES: Combination 1:1 and 
10:1  switchable  probes(compensated)  Priced at 
$39.00 F.S.T. included. 

no obligation, free of charge evaluation. 

M eter master 
R. H. NI C H OL S 

III MI Toronto (416) 661-3190 • Montreal (514) 337-0425 • Edmonton (403) 432-7746 • Ottawa (613) 238-7007 


