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Radio Ihaek
(:RS) A DIVISION OF TANDY ELECTRONICS LIMITED

Meet the
stay-at-home
Realistic®

NAVAHOTM

TRC-440 is an AM base station CB for home or
office use. We designed it without the frills but with plenty of guts...
so you can get into base station CB at a minimal cost without sacrific-
ing the quality. Inside, the NAVAHO has features like multiple IF
filters for superior selectivity and adjacent channel rejection; full-
time ANL to cut pulse interference; push-pull audio for clean, highly -
intelligible sound; hysteresis -type adjustable squelch that auto-
matically compensates for fading to reduce signal 'chopping.' With
PLL circuitry for precise frequency accuracy...no crystals to buy!
Outside, we added a lighted channel selector and S/RF meter (so you
can determine your signal strength); an up -front speaker, dynamic
plug-in Communications mike and headphone jack. For an economic-
al base station, it's unbeatable! Stay at home - and keep in touch -
with a NAVAHO TRC-440.

21-1540 Only 179.95 at your nearby Radio Shack store.

Price is in effect at Radio Shack stores and is the maximum at Authorized Sales Centres (DEALERS).
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NEWS DIGEST

NEW! NEW! NEW!
It's not often that we get to meet

the heads of any of the world's
leading electronics companies and
when that rare occasion does arrive
it is interesting to see the direction of
the thoughts and aims of their
company. It was therefore
enlightening to discuss the future of
electronics in general and Tektronix
in particular with Earl Wantland,
President and Chief Executive
Officer and Leon Orchard, General
Manager of Tektronix Service
Instrument Division at the recent
opening of Tektronix Canada Ltd.,
new Canadian Headquarters in
Barrie, Ontario.

The opening also formed the stage
for the world launch of the model
442 oscilloscope and the Canadian
launch of the model 8002
Microprocessor Lab. The 442 scope
has been specifically designed with
the microprocessor era in mind and
has a performance matched to this
field of servicing without the high
performance required for servicing
full blown computer systems.

The 8002 Microprocessor Lab is a
designers aid which has the ability to
be used with any of the presently
available microprocessors and able
to adapt to new types as they
become available. Designing a mpu
into an electronic system poses new
and unique problems for electronic
engineers who must now become
computer programmers as well as
circuit design engineers.

Until now a typical product design
incorporating a microprocessor has
required several man -months of
software program design, followed
by hardware design, and then finally
integrating the two into the final
product.

The Tektronix 8002 has solved the
problem and drastically reduced the
design time by allowing the engineer
to design his program on an
emulator cpu (central processing
unit) and then transferring the
program into a prototype unit step
by step, analyzing and debugging at
each step.

While some development aids
recently have been offered by a few

microprocessor manufacturers, they
have been limited to use with only a
single microprocessor unit. The
Tektronix 8002 is the first universal,
high level microprocessor design lab
capable of supporting existing as
well as future microprocessors from
different manufacturers. Examples of
existing microprocessors which the
8002 can presently support include
the Intel 8080, Motorola 6800, Zilog
Z80, and Texas Instruments 16 BIT
TMS 9900.

The products are not designed for
the hobbyist - the scope being
about $1,500 U.S. and the basic 8002
about ten times that figure -
however, they do demonstrate the
importance Tek are putting on the
"microprocessor explosion" (as one
of their executives put it). It is
obvious that Tek are heading into a
future they expect to be the fastest
period of development in this century
and they have the openmindedness
and ability to be part of that
development.

For more information please
contact: Tektronix Canada Ltd., P.O.
Box 6500, Barrie, Ontario L4M 4V3.

GIMIC OR RICH MAN'S TOY!

An optional miles -to -empty gauge
is being offered by Ford on its 1978
Lincoln Continental Mark V. The unit
provides a three digit readout gas -
discharge display at the push of a
button and automatically lights when
the miles -to -empty drop below 50.

The device employs an I.s.i. logic
circuit which receives data from two
transducons, one in the fuel tank and
one connected to the transmission to

provide vehicle speed.
From the information received the

logic circuitry calculates distance
travelled, fuel used and m.p.g. From
this data it provides the miles -to -
empty figure. All that sophistication
to provide a "gimic" to prevent you
running out of fuel when a reserve in
the tank with a simple switch over
system could be used?

Surely electronics can be
employed in a more useful way - as
the control for an anti-skid device for
instance!

DELAYED ITEM!
Audio signals can now be delayed

up to 205 milliseconds in a single
solid state device. Matsushita
Electronics Corp. have developed a
charge coupled device (bucket
brigade) which can provide
approximately 8 times the previously
attainable delay. The device, type no.
MN3005, has 4096 steps and is
expected to find immediate use in
electronic musical instruments and
other audio equipment to provide
longer reverberation and echo times
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MASTERMETER!

A wide range electronic multimeter
is now available from Conway
Electronic Enterprises. The Master -
anger MKII/A has an input
impedance of 100 megohms and
covers a d.c. and a.c. voltage range
of 50 uV to 50,000V. Current ranges
are from 50nA to 150A a.c./d.c.;
resistance and insulation from 0 to
10,000 megohms.

A special probe incorporating a
bridge network is employed for
temperature measurements from -
150°C to +500°C. In addition to all
this dB and dBM can be measured
and the unit can be driven by
internal batteries or from a power
line of 90 to 250V at 40 to 400 Hz.
Price is $288 including standard test
probes, leather carrying case and
federal sales tax.

For more information contact
Conway Electronic Enterprises Ltd.,
88-90 Arrow Road, Weston Ontario,
M9M 2L8.

PROBING
Two new "probes" for digital fault

finding and testing have recently
been announced by C.S.C. The
Logic Probe 2 (LP -2) is a compact,
self-contained instrument, measuring
only 147 x 25 x 18mm. Drawing its
power from the circuit under test,
LP -2 provides pulse detection and
pulse stretching functions for an
instant readout of logic levels,
positive and negative transitions,

pulse symmetry (duty cycle), as well
as abnormal circuit conditions .
with all major logic families,
including TTL, DTL, HTL and CMOS.
Cost of the LP -2 is approximately
$40.

The second device is a Digital
Pulser (DP -1 also drawing its power
from the circuit under test this device
detects the circuit's condition - high
or low state - triggering the unit to
produce an opposite polarity pulse.
Rapid, stimulus -response type
trouble -shooting is accomplished by
using the pulser to inject signals at
key points in TTL/DTL, CMOS and
other popular circuits.

Testing with a single pulse, or with
100 pulses per second is possible via
a simple pushbutton control on the
DP -1, allowing the selection of
single -shot or continuous modes. An
LED indicator monitors the operating
mode by flashing once for a single
pulse, or continuous illumination for
a pulse train.

Pulse width in the DP -1 is
selectable to accommodate CMOS
(10 usec + 30%) or TTI/DTL (1.5 usec
+ 30%) logic families. It provides
CMOS circuits with a 50 mA source
to logic 1, and a sink to logic 0. For
TTL/DTL circuits, the DP -1 can be
used as a 100 mA source up to 3.5V
and a sink to .6V, for up to 60 loads.
Cost of the DP -1 is approximately
$100. For more information contact
Len Finkler Ltd., 25 Toro Rd.,
Downsview, Ontario, M3J 2A6.

MARKET STUDY
Results of a preliminary market

study in the electronic calculator
market carried out by Sharp
Electronics have some interesting
features. For instance they predict "a
significant stabilization in prices . . .

there is no doubt that we will see
more attention being paid to
cosmetic elements . . . an industry-
wide increase in unit sales of about
20 per cent. We expect that Sharp
will exceed that figure. As for
projections of industry -wide dollar
volume, we project an industry -wide
dollar increase of 10 per cent, and
we expect to better that figure.

"We are convinced that the
consumer calculator market is going
to continue to expand rapidly and we
are involved in a total commitment to
provide the most advanced and
attractive product that it is possible
to manufacture for this broad and
highly diversified market. The proof
is obvious. The size of our line is 30
models and a substantial amount of
money has been invested in
technology, market research, sales
support, public relations and
advertising.

"We expect desk -top calculators
will have a larger share of the market
in 1977, and we also expect that the
replacement purchases will represent
a growing market with great
potential. We estimate that the 1977
calculator market in Canada today is
about $73 million."

M.P.U. COPIER
Another example of the use of a

microcomputer has recently been
announced. The Xerox Corp. will be
marketing a microcomputer -
controlled copier - the 5400. The
microcomputer is employed to
diagnose trouble and reduce the
number of service calls. It also
controls the operation of an attached
sorter.

The 5400 will use similar image
forming technology to the 9200 high
volume copier.

For more microprocessor news see
the Microfile section in this issue.

MASTERMIND - JULY 1977
It has been brought to our

attention that the name Mastermind
is a registered Trade Mark. We
apologize to Invicta Plastics of
Cadby, Leicester, England, the
owners of this trade mark, for our
unauthorised use of this in the July
1977 issue. It was not our intention
to infringe their rights and we
acknowledge their exclusive rights to
the Mark.
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AUDIOPHILE
NEW PRODUCTS

More power, less distortion,
extremely competitive prices, and
entry into both the turntable and
cassette desk markets are the
highlights of the new 1978 audio
component line from H.H. Scott Inc.

The Scott stereo receiver line will
include five models ranging from the
budget -priced 18 watt R307 to the
top -of -the -line R376 with 75 watts
per channel. Feature improvements
include flywheel tuning, lower
harmonic distortion, and increased
sensitivity.

The Scott stereo integrated
amplifier line sees the addition of the
60 watt A457. Harmonic distortion
figures are again improved across
the line. Another addition is the T527
stereo tuner with IHF sensitivity of
10.33 dBf at 1.8uV.

Five new turntables are all two -
speed single -play models, with
automatic return and aluminum die
cast platters. The three lower -priced
models are belt -drive and the
remainder, direct -drive. All but the

budget PS -17 feature strobe lights.
For 1978, Scott has also entered

the cassette tape deck market,
initially introducing the CD -67 and
CD -87, two front loading systems.

More details on the Scott range are
available from Paco Electronics Ltd.,
45 Stinson St., Ville St. Laurent,
Quebec H4N 2E1.

Also available from Paco is a new
range of Peerless "Mix and Match"
loudspeaker components. The range

consists of 4 woofers, one midrange
and two tweeter speakers with four
different crossover circuits which can
be made up into five recommended
speaker systems cabinets are not
provided but sizes and basic
construction details are given.

Suggested prices start at
approximately $60 for a single, basic
two way system and go up to around
$160 for a single three way system
using the best available components.

NOISE REDUCTION
New audio items from the well

respected Bur wen Research Inc.
Two new noise reduction or
elimination devices are now available
they are the DNF 1201A dynamic
noise filter which costs approx. $600
and the Transient Noise Eliminator
TNE 7000.

The DNF 1201A is basically a low-
pass variable filter the cutoff
frequency of which varies between
500 Hz and 300kHz in accordance with
the needs of the signal. Transients
can extend the bandwidth in 600
microseconds whilst reduction is
automatically adapted to the signal

and varies between 50 milliseconds
and 1.5 seconds.

The TNE 7000 is designed to
eliminate occasional ticks and pops,
and to reduce the hash on older
records to something more like tape
hiss. Ticks are detected by
measuring the high frequency
content of the vertical stylus motion
from a stereo record. When the high
frequency level changes more rapidly
than it does in natural music, a tick
is sensed and the system output is
switched off. Unlike other systems
which may switch off the signal for
as long as 3 milliseconds, this
system turns off the signal only for
the duration of the tick, typically 100

to 600 microseconds. This short
blanking duration reduces the
amount of transient noise generation
that would otherwise result from the
removal of the tick. Furthermore, the
blanking period is filled by a voltage
which produces a smooth transition
from the musical signal before the
tick to the musical signal after the
tick. This advance system thus
produces a minimum of error in the
musical signal and, at the same time,
is sensitive enough to eliminate most
of the small ticks.

Further information on these
systems is available from A. Allen
Pringle Ltd.. 30 Scarsdale Road, Don
Mills, Ontario, M3B 2R7.
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ri 1H1 eii microfile
The microprocessor scene

watchers have been buzzing recently
with the almost simultaneous release
of information on two consumer
oriented "complete" systems.

COMMODORE PET 2001
Using the all -in -one box approach,

the "PET computer 2001" contains 9
inch (pardon me, 23 cm) video
display, cassette recorder and two
keyboards - one for alpha
characters, the other for numbers.
But there's a lot more to this
carefully prepared product.

Here's the rundown:
Processor: 6502 (MOS Technology)
Resident Software (ROM) 8K BASIC
Interpreter
4K Operating System
1K Diagnostic Routine
1K Machine Language Monitor
RAM
4K or 8K expandable to 32K

Commodore claims their BASIC is
the fastest yet implemented on a
micro, and it includes all standard
Dartmouth, and many extended
BASIC statements including string
handling and sophisticated I/O
statements, with file management. In
addition provision is made to allow
writing of and linkage to user
developed machine language
routines.

The screen -keyboard set-up is
quite novel, with a display of 40
columns by 25 lines of 8 x 8 dot
matrix characters. These may be
alphnumeric, or one of a collection
of 64 graphic symbols allowing
graphs, drawings and even playing
cards to be displayed. You are also
armed with a winking cursor, fully
controllable, and can reverse any of
the characters (white on black or
black on white).

The hardware itself is quite nicely
done, with only 3 pcb's in the basic
machine, one for cassette recorder,
one for video monitor, and one snap
out boardfull of processor guts. The
machine also interfaces to the IEEE
- 488 bus system for information
interchange, up until now greeted
with only mild enthusiasm by high
priced test equipment manufacturers.
This product could give the bus a
shot in the arm.

Now where can you get one, and
how much?

Commodore in the U.S. has been
absolutely inundated with orders,
and they're not exactly hustling
machines "up"here. On top of this

there's C.S.A. approval to be won.
You may be holding your breath until
January or later. It's possible that a
couple may be on view at your local
micro -emporium before then, but for
sale?

You can order a PET from
Commodore in the U.S. for the
following prices - 4K model
US$595.00; with 8K RAM US$795.00.
Delivery is within 90 days. No
peripherals are available yet, but may
come next year.

Commodore Business Machines
Ltd.,
3370 Pharmacy Ave.,
Agincourt, Ontario

This futuristic looking unit is the much
talked about PET from Commodore -
note the unusual keyboard layout.

RADIO SHACK TRS-80
Radio Shack has also just jumped

on the byte wagon (band bus?) with
the introduction of a low priced
system in the U.S. And guess what
it's got!

The TRS-80 system actually comes
in four parts, 12" video monitor.
cassette recorder, and power supply
boxes being separate from the
keyboard unit which also contains
the mpu and main circuitry. (The
separate power supply may make for
faster CSA approval).

The system is based on the Z80
chip, and includes 4K ROM
containing BASIC, plus graphics, 4K
dynamic RAM, and I/O ports.

Various options are available. the
parts above come to (surprise
surprise) US$599.95. However, the
keyboard may be obtained by itself
for US$399.95. No word yet on

1H
availability in Canada.

Information from:
Radio Shack
Dept. TRS-80
205 North West Seventh St.,
Fort Worth
Texas 76101, U.S.A.

Radio Shack's consumer oriented four
piece package.

NEW STORE
Business is still booming in the

personal computer field - at least it
seems to be, as another Toronto
based computer store has recently
opened.

This one, called the Home
Computer Centre, opened in mid
September and is located at 6101
Yonge which is up near the 401 for
those coming in from other areas.

The store will mainly concentrate
on complete systems with an
emphasis on communication
between systems and with remote
cpu's. There will be technically
qualified staff available most days to
answer your questions and help you
"play" with the systems! The
principals tell us that they should
have one of the elusive PET's in the
store by the time you read this.

The main sales target will be
concentrated on two areas, one is
the home computer and its
peripherals and the other is the small
business application. The store will
also provide maintenance, repairs,
system software and hardware
designs to customers.

We are always pleased to hear of
the opening of new computer stores,
and formation of clubs, so if you're
involved - drop us a line!

Next month we hope to bring you a few
technical details on the Heathkit H8
and H11 systems pictured on this
mo"ith's cover.
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PREAMPLIFIERS
High Input Impedance
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The first in a new series
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Adjusting Zener Voltage
Variable Zener
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High Power
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Regulator & Fuse
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Voltage Polarity
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Current Limiting

TEST

Diode Checker
GO NO GO Diode Tester
Zener Check
GO NO GO Transistor Tester
Quick JFET Test
Current Gain Tester
Basic Transistor Tester
Simple Transistor SCR
SCR Tester
Crystal Check
Crystal Checker
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Battery Tester
Op -Amp Tester
Op -Amp Checker
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Audible Slow Pulses
Logic Probe
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I and 0 Display Probe
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Voltmeter
AudioiRF Tracer
Thermocouple Thermometer
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Simple Frequency Meter

TIMERS & DELAYS

Low Standby Drain
741 Timer
Self Triggering Timer
Pulse Timer
Pulse Delay
Voltage Controlled Monostable
Sequential Relays
Door Chime Delay

SWITCHING

Touch Triggered Bistable
Touch Sensitive Switch
Electronic Switch
Sound Operated 2 Way
SPST Switch Flip Flop
Two Signals on one Wire

INDICATORS

Line -o -Light
3 Step Level
Light Level
Bargraph Display
Fuse Failure
Blown Fuse
Back Up Lamp
DC Lamp Failure
FM Tuner Station
Current Flow
Disco Cue

FLASHERS

Dancing Lights
Low Frequency Strobe

Capacitor Substitution
Electronic Capacitor
Speeding Up Darlingtons
Shutter Saver
Thyristor Sensitivity
Sound Operated Flash
Strength Tester
Logic Noise Immunity

TIPS

Identifying 74 Series
Supply Pins
Soldering IC's
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Front Panel Finish
DIL Drilling
Fluorescent Starting
Avoiding Insulated Heat Sinks
TTL Mains Interface
Boost Your Mains
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Template & Heat Sink for
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Solder Flow Problems
Odd Resistor Values
Resistors in parallel
CMOS DIL Handling
Identifying Surplus ICS
Extending Battery Life
Battery Snaps
Power Supply or Battery
Battery Checking
Muck Remover
Transformers in reverse
Loudspeaker Checking
Improving UJT Linearity
Signal Tracer
Crystal Earpieces
Cheap Varicaps
Zener Lifts Capacitor Rating

DATA

741 Op -Amp Data
BC 107-109 Data
BC 177.179 Data
CMOS & TTL Data
2N3055 Data
MJ2955 Data
Bipolar Data Tables
Bipolar FETs Rectifiers
Diodes Pinouta Zener Misc

Flasher
Ultra Simple

POWER CONTROL

LOP Mains Control
Floodlamp Control
Zero Crossing Sync
Train Controller
Low Differential Thermostat
Simple Temperature Control
Full Wave SCR Control

AUTOMOBILE

Brake Lamp Failure
Courtesy Light Delay
Simple Hazard Light
Ligh' Extender & Reminder
Four Way Flasher
Headlamp Dipper
Wiper Delay
Suppressed Zero Voltmeter
Rev Counter,Tachometer
Auxelary Battery

DETECTORS &
COMPARATORS

Peak Detect & Hold
Window Detector
Peak Program
Positive Peak
Reaction Comparator

RADIO FREQUENCY

Crystal Marker
100 kHz Marker
RF Voltmeter
RF Detector
LED RF Indicator
RF Amplifier Protection
FET-Radio
Op -Amp Radio

MISCELLANEA

Phase Locked Loop
Touch Doorbell
Phase Lock Control
Audio Mixer
Virtual Earth Mixer
Plop Eliminator
Loudspeaker Protection
Digital Capacitance Probe
Digital Tape Recorder Adaptor
Breakdown Diode Substitution
Dual Function Charger
Dual Mode Amp
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ETI PlIOJECT

Olt
GRAPHIC EQUALIZERS are popular
with both the professional and domestic
user alike. However unt I the
presentation of our earlier equalizer
(ET! 427) the cost of such a device was
very high and this limited its wide use.
We have now redesigned the equalizer
to simplify the construction and it now
has no coils and one additional filter has
also been added.

LEVEL

LEVEL

LEFT CHANNEL
BOOST

CUT

The advantages of an equalizer are
not generally well known but are as
follows.

Firstly an equalizer allows the
listener to correct deficiencies in the
linearity of either his soeaker system
alone, or the combination of his speaker
system and his living room.

As we have pointed out many times
in the past, even the best speakers

available cannot give correct re-
production in an inadequate room.
It is a sad fact that very few rooms
are ideal, and most of us put up with
resonances and dips, convinced that
this is something we have to live with.

Whilst the octave equalizer will not
completely overcome such problems, it
is possible to minimize some non -

particular system. One adjusts the
equalizer to provide a uniform response,
the settincs of the potentiometer knobs
then graphically display the areas where
the speaker etc is deficient.

There is a snag, however, one must
have an ecucated ear in order to
properly equalize a system to a flat
response. It is not much use equalizing
to your own preference of peaky bass

RIGHT CHANNEL
8110S1

CUT

CENTRE !BOUNCY

linearities of the combined speaker/
room system.

In a concert hall it is also possible
to use the unit to put a notch at the
frequency where microphone feedback
occurs, thus allowing higher power
levels to be used.

Thirdly, for the serious audiophile,
an equalizer is an exceedingly -valuable
tool in evaluating the deficiencies in a

LEVEL

LEVEL

IAPI MOM

,1

13010;q14

IS)

etc in order to evaluate a speaker.
Ideally, a graphic equalizer should

have filters at 1/3 octave intervals, but
except fcr sound studios and wealthy
pop groups, the expense and size of
such units are too much for most
people.

The equalizer described here has 10
octave spaced filters but if desired it
could be modified to give 1/2 or 1/3
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GRAPHIC
EQUALISER

The power supply circuit
The transformer was a 24V secondary.
and a 30V must not be used else the regula-
tor will overheat and shut down the
equaliser. If it happens to you now - serve
you right! Current drawn per rail is about
48mA.

 15V

15V

0V

Component overlay and foil pattern for the power
supply. The LED dropper resistor is wired from C32. The
foil pattern is shown full size i.e. 88mm width.

fm,rt Furl r-111-7 r,,

1 '.114 a 1

111116 -No* The power supply board in
citu. Note the LED dropper
resistor wired from the
reservoir capacitor. The
support pillars are missing
from one end of the pcb
here, as they help support
the screen around the
transformer and this had to
be removed. For some rea-
son our camera wouldn't
work through aluminium.

Below: The beast assembled and lying beneath our
camera. Note that here the screening has been
removed from around the power supply so you can
see what's gone where. The LED wiring can be
seen as a twisted pair running from the regulator
board top left.
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IN 1906, Lee DeForest first used high -vacuum tubes as
amplifiers in the repeaters of the first transcontinental
telephone network, officially opened in 1915. In 1924, Bell
labs first demonstrated electrical recording. The next year
Victor and Columbia each released its first electrical
recording. In that same year Victor sold 42,446 Orthophonic
acoustical Victrolas, but only 11 of its new all electric
phonographs.

Over the years the ratio has changed, to put it mildly, with
an ever-increasing search for perfection, accompanied by
numerous milestones along the way: new circuits,
transducers, tube types, semi -conductors. The newest
milestone is the subject of this article, a new power amplifier
technology.

But before describing this new technology, some basic
review might be in order, both for readers new to electronics,
and for those who may have forgotten certain fundamentals,
as we all do in a time of fast changing technology.
TUBES

In the beginning, man created vacuum tubes, and they
were indeed wonderful devices.

A vacuum tube has all its working parts enclosed in a
vacuum, and is, in a sense, a field effect device, in that
current is controlled by the electric field on its control
electrode. Electrons are emitted by thermionic action from a
heated cathode and attracted to the anode by that
electrode's high positive potential. Since its physical
structure allows only one electrode to provide a source of
electrons, current can flow in only one direction and under
only one condition of polarity. Therefore, it functions as a
diode, conducting either continuously under one condition
of polarity, or on alternate half-cycles of an AC voltage.
Current is essentially proportional to applied voltage. (Fig. 1)

If a grid structure is placed between these electrodes, it
can also be used to control current flow. A negative potential
will repel electrons, opposing their flow to the anode, and by
placing it close to the cathode, a small change in grid
potential will have the same effect on anode current as a
much larger change in anode potential. Ha load is inserted in
series, a voltage is developed, and power dissipated.
Therefore, the device will amplify.

It can be seen that this action is direct, and electron flow
can be made to respond rapidly to changes in control
potential. Moreover, in switching applications it can switch
an inductive load rapidly, because the back EMF developed
sees an extremely high impedance and no reverse current
flows.

Fig. 2 shows the relationship of anode voltage, grid volts,
and anode current for a triode tube. It can be seen that anode
current can be controlled by both anode volts and grid volts.
If a load resistance is inserted in the anode circuit, current
changes will cause voltage changes across the load. These
can be plotted in the form of a load line as shown, and also as
a transfer curve for the specific load.

BY WALLY
PARSONS

Fig. 1 Basic diode tube construction
and operation.

Fig. 2 Triode construction, circuit and characteristics.

It is obvious that the amplification of this device is quite
linear, but gain and output are limited as shown by the semi -
vertical slope of the curves, and also by the fact that plate
voltage cannot be swung close to the zero volts level.

Inserting a second grid between the control grid andanode, or plate and applying a fixed positive voltage
somewhat lower than on the plate further accelerates

16
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electrons, but because of the grid's open structure, most of
them continue on to the plate. But note that the screen
voltage takes precedence over the plate in controlling
current. And we can swing the plate voltage further for more
output, and get higher gain as well.

The addition of the second grid with a fixed high potential
results in a current flow essentially independent of anode
voltage, but still subject to the action of the control grid. (Fig.
3). Trouble occurs, however, when we try to produce a plate
voltage swing lower than the screen voltage. Electrons are
moving so fast that when they strike the plate they dislodge
other electrons, which are attracted to the higher potential
screen grid, thus reducing current through the load.

Then someone had the bright idea of installing yet another
grid between the screen and plate, and tying in to the
cathode. Because it is at cathode potential, it literally pushes
the secondary emission electrons back to the plate, resulting
in a family of curves as in Fig. 4. (Pay close attention to these
curves because we'll be looking at similar ones later on).

Distributed loading is also possible by dividing the load
between screen and anode, and results in Fig. 4a. This kind
of flexibility makes possible some tube designs of
exceptional linearity.

PROBLEMS
This would look pretty good except for a few problems. To

begin with, the tube, like a light bulb, converts more electric-
ity to heat than to useful work. To get a lot of work out of it
means it uses up lots of energy, which in this day and age is
wasteful. To give an idea of how much heat is generated,
consider the two 75 watt class AB amplifiers plus other
assorted components which quite literally keep my studio at
25°C without any additional heating on the coldest day of
winter. Or a television receiver (hybrid) producing an image
to rival the best colour film - when it isn't down for repairs to
the circuit board or other devices suffering from heat
prostration.

Secondly, also like a light bulb, a tube's performance
deteriorates from the moment power is applied. Thus, direct
coupled circuits can give real headaches in maintaining
correct operating characteristics.

And then there's the output transformer. In order to match
the thousands of ohms impedance to a low impedance load
such as a loudspeaker, a transformer is virtually a necessity.
And with the kind of inefficiencies involved we can't afford

Fig. 3 The addition of a second grid showing circuit and
characteristics.

EFFECT 0,
SECONnARL
EMISSION

GRID VOLTS

SCREEN GRID

SECONDARY
EMISSION EFFECT

PLATE VOLTS

OUTPUT

EEL
0.1AF!

Eq OV

EM,

DIS-RIBUFED LOAD

EFFECT OF
SUPPRESSOR
GRID

VMS

DISFRIDUTED
,MDING

RI. ATE VOLTS IVI

Fig. 4 Circuits and characteristics of the tube of Fig. 3 with additional
grid connected to the cathode.

the impedance mismatches if we try to get away without
using transformers. And we can't use gobs of feedback to
reduce the resulting distortion. It's bad enough that, if we
don't opt for a delicately balanced direct coupled circuit we
have a low frequency roll -off and 90° phase shift at every R -C
coupling point, but also add the additional phase shift and
internal resonances of the transformer. In practice, we are
limited to between 20 and 26dB of overall feedback.
Obviously, a high level of open loop linearity must be
designed into such an amplifier.

A great deal of engineering energy was spent designing
Output Transformerless Amplifiers, but few were very
successful, and those that were often created more problems
than they solved. So if you're a masochist or a compulsive
tinkerer, fine. Or if you're a perfectionist. Some legendary
amplifiers were built using tubes. The Williamson, (I still have
one, in daily use, and it still sounds great), Quad, Leak Point
One, Macintosh Unity Coupled. The Quad, for example
delivered all of 15 watts - and was rock stable driving an
electrostatic (Quad, of course) at live performance levels.
Mac's drove a lot of disc cutters (at 60 watts) to produce discs
which still sound spectacular.

But many were anxious to do something with the new-
fangled transistors, and we did.

TRANSISTORS
The bi-polar transistor is an entirely different kind of beast.

It is composed of three materials, either a p -type
semiconductor between two n -types, or an n -type between
two p -types, as shown in simplified form with bias voltages
Fig. 7a. A semi -conductor such as silicon or geramanium
possesses a crystalline structure in the form of a diamond
lattice with each atom having four adjacent neighbours, held
together by what are known as co-valent bonds, each bond
involving a shared pair of electrons. These electrons are not
available for conducting current, and, as a result, conduction
is very semi, indeed, the resistance being around 100 million
times that of copper.

17ETI CANADA - OCTOBER 1977



Fig. 5a. Basic lattice structure

However, if either during crystal growth or by diffusion we
introduce an impurity such as pho-sphorus or arsenic, four of
its electrons form bonds while the fifth is only lightly held and
is available for conduction. This is an n -type material. If we
add an impurity such as aluminum, only three valence
electrons are available. Therefore, one of the valence bonds
is not completed, resulting in a vacancy or hole in the lattice
structure (Fig. 5). An electron from an adjacent electron pair
bond may absorb enough energy to break its bond and fill
the hole. This doesn't look like much of a big deal, but the
result is quite dramatic.

It should be noted that the atomic structure is in
equilibrium and there is no net change. However, if a free
electron breaks its bond it leaves behind a positive net
charge; if it completes a bond by entering a hole, a negative
net charge results. Current flow is produced by bringing
about this carrier mobility. What was originally a very high
resistance is now, under the right conditions, able to conduct
substantial current. Just as a small impurity (e.g. sulphuric
acid) added to non-conductive pure water, makes
electrolytic conduction possible, as in electro-plating, or an
automobile battery.

When p and n -type materials are joined together, a p -n
junction is formed (Fig. 6). Some of the free electrons from
the n -type material diffuse across the junction and
recombine with holes of the p -type material. The opposite
process takes place with holes from the p -type material,
producing a space charge or depletion region on either side
of the junction, giving the p -type material a slight negative
charge, and the n -type a slight positive charge. This process
is finally limited by the resulting potential gradient.

But if a battery is connected as shown in Fig. 6a free
electrons from the n -type material are attracted to the
positive terminal, while holes from the p -type material are
attracted to the negative terminal, widening the space
charge region and increasing the potential gradient until it
approaches that of the external battery. There is now little or
no voltage difference across each region and little or no
current flow. The junction is reverse biased.

If we reverse these polarities (Fig. 6b) electrons in the p -
type material break their bond and enter the battery creating
new holes, while electrons from the battery negative terminal

JUNCTION

IMAGINARY
SPACE -CHARGE
EQUIVALENT
BATTER, -

Fig. 5b. P -type lattice structure Fig 5c. N -type lattice structure

enter the n -type material and diffuse toward the junction.
The space charge region narrows and the energy barrier
becomes insignificant, so that excess electrons from the n-
type material can penetrate the junction and move via the p-
type holes to the positive battery terminal, for as long as
voltage is applied. The junction is now forward biased.
WORK!

Now we'll make these materials do some work.
In the device shown in Fig. 7, the forward -biased emitter -

junction injects electrons into the base region. The impurity,
or doping levels chosen are such that almost all the emitter
current is composed of these electrons, and very few holes
injected into the emitter. The base region is very thin so that
nearly all injected electrons diffuse to the edge of the
depletion region of the reverse -biased base -collector
junction where the field sweeps them across the collector
bulk. Since for an equal current, more power is developed
across a high resistance than a low resistance, amplification
occurs as a result of current being transferred from the low -
resistance emitter -base junction to the high resistance
collector junction.

COLLECTOR ICI

SE dFll

EMITTER IEI

110

LOAF'

CURRENT FLOW IN NUN LLIANSISTOR

1REVERSE CURRENT, AND BATTERY POLARITY FOR PNPI

iii

REAL CIRCUIT

Fig. 7a. Current flow in a semiconductor and circuit diagram.

The curves show that, as with the pentode tube, current is
controlled mostly by the control electrode (base), but in this
case the controlling parameter is current, not voltage. We
have an inherently low -impedance device, and since it
requires current into its input impedance, its signal source

VERY SMALL ELECTRON
rI,RRENI FLOW

-0111-

1111 REAL BATTERY

VERY LARG ELECTRON
CURRENT FLOW

Fig. 6. Showing "space charge", reverse bias and forward bias.
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Fig. 7b. Output and transfer characteristics of the 2N3054.

must be capable of delivering power. Even an ideal
transistor requires input current, unlike an ideal vacuum
tube. This reduces efficiency (after all, x volts across x
draws 0 Amp current, which means zero watts input) but we
don't have to heat up a cathode to shake a few electrons
loose, so our overall efficiency is vastly greater.

DISADVANTAGE
The major disadvantage of this type of device lies in the

nature of the depletion layers at the junctions, particularly
the emitter -base. When current flows in a transistor, excess
charge is stored in the base region. If the base -emitter
junction is changed from a forward to reverse bias state, as in
the negative swing of a class B or AB stage, or when a class A
stage is overdriven, the junction cannot immediately switch
to the reverse blocking state due to the presence of these
excess charge carriers. They have the effect of allowing
current to flow in reverse as if forward biased, until these
charge carriers are removed.

In addition, there is a capacitance effect associated with
the barriers of a reverse -biased junction, which possesses a
finite charge -discharge time. The result is a switching
transient during part of a cycle, sometimes erroneously
referred to as crossover distortion (the latter occurs in any
device in push-pull and is due to a discontinuity in the
transfer function, usually caused by incorrect bias). This can
be reduced by reducing the junction area but this reduces
the dissipation capability. In fact, a transistor design
favouring one characteristic usually does so at the expense
of others.

Also as temperature rises in the device (due to current
flow, for example) carrier mobility at the junctions increases,
causing further increase in current. The current increase
further raises temperature, which raises current - wheels
within wheels, perpetual motion, whatever. The resulting
thermal runaway quickly destroys the device. And all in a
matter of milliseconds - ZAP!

In large area transistors, current tends to become non-
uniform in distribution. The temperature rise in the high
current region leads to localized thermal runaway until
equilibrium is reached by a sharp drop in collector voltage,

called secondary breakdown, frequently with total
destruction to the device. This is more true at high voltage
and low current than the reverse, and frequently means that
rated dissipation cannot be reached. This leads to
overdesign, unnecessarily high voltage and dissipation
ratings (and remember, a design which favours one
characteristic often does so at the expense of others) plus
elaborate protective circuits.

High levels of feedback are generally used to control
distortion and this in conjunction with the excess charge
condition in the base leads directly to transient overload, and

resultant transient intermodulation. Output is delayed
during this charge/discharge, which delays application of
feedback. It simply isn't available. The input signal isnot
immediately reduced by feedback, and passes through at
high initial level. At this point it seems that the millenium has

not quite arrived after all.

THE FET
Since a semi -conductor is precisely that, a battery

connected across the ends of a p -type or an n -type bar will
cause current to flow through the material, just as it does
through a vacuum tube. We discussed earlier the
characteristics of a pn junction. If for example, a p -type
material is joined to the surface of an n -type bar, located
between the battery terminals, a pn junction is formed, and if
this junction is reverse biased, a space charge or field is
produced of opposite polarity which will inhibit current flow,
just as the control grid inhibits current flow in a vacuum tube.
Changing this reverse voltage causes a large current
change, and therefore amplification results.

A simple junction FET is shown in Fig. 8. With a given drain
SOURCE GATE DRAIN

I Bs' I HI

N CHANNEL -j

SUBSTRATE .P.

O

(IDRAIN

SO /ROE

Fig. 8 N -channel JFET construction and symbol.
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DRAIN
TERMINAL
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INTRA, E

L INCE

Fig. 9a. N -channel depletion horizontal MOSFET construction and

symbol.

SOURCE
TERMINAL
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DRAIN
TERMINAL
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IIuACE

Fig. 9b. N -channel enhancement horizontal MOSFET construction

and symbol.
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- source voltage, maximum current flows under zero gate
voltage conditions, and at some reverse voltage, determined
by device geometry and doping levels, no current will flow.
Also, as in the vacuum tube, load characteristics are not re-
flected to the input circuit, because current is not controlled
by carrier injection as in bipolars, but by voltage levels.

A variation is the Metal Oxide Semi -conductor Field Effect
Transistor. (MOSFET) (Fig. 9) a far more versatile device
whose technology is virtually the cornerstone of modern
computer technology, although it has had less use to date in
linear applications such as audio amplification.

MOSFETS come in two basic types. In both types the gate
consists of a metal electrode separated from the channel by
a thin oxide layer. In the depletion type current flow is
controlled by the electrostatic field of the gate when biased.
Voltage relationships are the same as for the J-FET, except
that when the J-FET is forward biased current will flow
through the junction (after all, it is a pn junction). This does
not contribute to amplification, and may even destroy the
device. When a depletion MOSFET is so biased it may result
in increased current flow, and, provided current, dissipation,
and breakdown ratings are suitable, the device may be driven
on both sides of the zero volts point as with vacuum tubes.
Unlike vacuum tubes, under these conditions, the gate draws
no current, therefore does not require the driver to deliver
power.

The enhancement type MOSFET shown in Fig. 9b, is more
widely used. The source and drain are separated by a
substrate of opposite material, and under zero gate volts no
current flows. However, when sufficient forward bias is
applied to the gate the region under the gate changes to its
opposite type (e.g. p -type becomes n -type) and provides a
conductive channel between drain and source. Carrier level,
and conduction is controlled by the magnitude of gate
voltage. Although J-FETS, and especially MOSFETS, have
certainly delivered on their original promise, in one area they
are particularly conspicuous by their absence, and that is in
the area of power. Unfortunately, the channel depth
available for conduction is limited by the practical limits on
gate voltage. The lower current density has been the primary
limitation due to the horizontal current flow.
VMOS

Recent years have seen the introduction and commercial
use of Vertical Channel J-FETS, notably by Sony and
Yamaha (Fig. 10). The vertical channel permits a very high
width -length ratio, permitting a decreased inherent channel
resistance and high current density. Unfortunately it exhibits

GATE SOURCE GATE

EA
DRAIN

Fig. 10. Vertical junction FET construction.

the same disadvantages as the small signal J-FET, plus, in
available devices, a very high input capacitance, ranging
from 700pf to around 3000pf, limiting high frequency
response. In addition, since they must be biased into the off
condition, bias must be applied before supply voltage and
removed after the supply if it is to be operated anywhere near
its maximum ratings. This problem doesn't exist with
vacuum tubes because of heater warm-up time, although
some "instant -on" circuits impose heavy turn -on surges.

This necessitates a complex power supply, and indeed
Yamaha, for example, uses more devices in the supply than it
does in its amplifier circuits. However, the construction does
make possible the design of complementary types and
Nippon Electric and Sony both have high power devices
available. Unfortunately, neither company seems anxious to
make detailed information available, so there is little to
disclose here beyond the fact that they are said to have
characteristics similar to those of triode tubes.

However, the Vertical MOSFETS by Siliconix are readily
available, at reasonable prices, and the manufacturer most
generous in providing data. The following information is
extracted from their application note AN76-3, Design Aid DA
76-1, plus device data sheets.

THE DEVICE
Notice in Fig. 11, that the substrate and body are opposite

type materials separated by an epi layer (similar to high
speed bi-polars). The purpose of this structure is to absorb
the depletion region from the drain -body junction thus
increasing the drain -source breakdown voltage. An

SOURCE GATE

DRAIN

Fig. 11. Vertical MOSFET construction (Siliconix).

alternative would have involved an unacceptable trade-off
between increasing the substrate -body depth to increase
breakdown voltage but increasing current path resistance
and lengthening the channel. In addition, feedback
capacitance is reduced by having the gate overlap n-epi
material instead of n+.

In manufacture, the substrate -drain and epi layer are
grown, then the p -body and n+ source diffused into the epi
layer, in a similar manner as the base and emitter of a
diffusion type transistor. A V groove is etched through the
device and into the epi layer, an oxide layer grown, then
etched away to provide for the source contact and an
aluminum gate deposited. It is apparent that this type of
device allows current flow in one direction only; this is not
always so with a similar type of horizontal FET, where source
and drain may be identical in structure and of the same
material. Therefore, no reverse current flows (we hope)
when used in switching applications, as was also the case
with vacuum tubes.

In -circuit operation is refreshingly simple: Supply voltage
is applied between source and drain, with the drain positive
with respect to the source, under which conditions no
current flows, and the device is off. This is an enhancement
type device, and its turned on by taking the gate positive with
respect to the source and body. The electric field induces an
n channel on both surfaces of the body facing the gate, and
allows electrons to flow from the negative source through
the induced channel and epi and through the substrate -
drain. The magnitude of current flow is controlled almost
entirely by the gate voltage, as seen in the family of curves
(Fig. 12) with no change resulting from supply voltage
changes above 10V.
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ADVANTAGES
The vertical structure results in several advantages over

horizontal MOSFETS.
1) Since diffusion depths are controllable to close

tolerances, channel length, which is determined by diffusion
depth, is precisely controlled. Thus, width/length ratio of the
channel, which determines current density, can be made
quite large. For example, the VMP1 channel length is about
1.5us, as against a minimum of 5us in horizontal MOSFETS,
due to the lower degree of control of the shadow masking
and etching techniques used in such devices.

2) In effect, two parallel devices are formed, with a channel
on either side of the V groove, thus doubling current density.

3) Drain metal runs are not required when the substrate
forms the drain contact, resulting in reduced chip area, and

thus reduced saturation resistance.
4) High current density results in low chip capacitance.

Also, unlike horizontal MOSFETS, there is no need to
provide extra drain gate overlap to allow for shadow mask
inaccuracies, so feedback capacitance is minimized.

In comparison with bi-polars, especially power devices,
the advantages are even more impressive.
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Fig. 12a. Output characteristics VMP1

1) Input impedance is very high, comparable to vacuum
tubes, since it is a voltage controlled device, with no base
circuit drawing current from the driver stage. A 7V swing at
the gate, at virtually OA, represents almost OW of power, but
can produce a swing of 1.8A in output current. This
represents considerable power gain and will interface
directly with high impedance voltage drivers.

2) No minority carrier storage time, no injection,
extraction, recombination of carriers, resulting in very fast
switching and no switching transient in class B and AB
amplifiers. Switching time for a VMP1 is 4nsec for 1A, easily
10-200 times faster than bi-polars, and even rivalling many
vacuum tubes.

3) No secondary breakdown, and no thermal runaway.
VMOS devices exhibit a negative temperature coefficient
with respect to current, since there is no carrier
recombination activity to be speeded up with temperature.
Thus, as current increases so does temperature, but the
temperature rise reduces current flow. It is still possible to

destroy the device by exceeding its maximum ratings, but a
brief near -overload does not result in an uncontrollable
runaway condition. Usually, simple fusing and/or thermistor
protection is sufficient for maximum safety, and even this
may be unnecessary with conservative design. Absence of
secondary breakdown means that full dissipation can be
realized even at higner st. pply voltages. In this respect they
resemble vacuum tubes.

AVAILABLE DEVICES
Seven devices representing three families are available.

Types VMP-1, VMP-11, and VMP-12 are 2A, 25W dissipation

10.

6

./GS GATE SOURCE vOt RAGE IV!

Fig. 12b. Other VMPI characteristics.

'2

devices intended for switching and amplifier use and differ
only in voltage rating (60V, 35V, 90V, respectively). Types
VMP2, VMP-21, VMP-22, are 1.5A, 4W devices rated at 60V,
35V, 90V respectively, and are intended mainly for high
speed switching, but would also be useful for low power
amplifiers and as linea- drivers for bi-polars, where the latter
offer advantages. And finally, type VMP-4, 1.6A, 35W,
specifically interded for VHF amplifier use. All except VMP-4

devices feature gate protection to withstand static
discharges and overvoltages, and all are currently available
except the VMP-4. All are n -channel. One hesitates to pass
premature judgement, but if the millenium hasn't arrived yet,
at least it might just be on the way. Or, as one automaker's
commercials are saying, ''Now, that's more like it".

Next month we'll examine the VMP-1, VMP-11, VMP-12
family, and figure out ways to put them to good use.
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electronics today
What to look for in the November issue:

LASERS AT
PLAY

Our cover subject next month is a look
at laser light shows etc. It gives a pretty
good idea of what's being done with lasers
in the entertainment field and how the
systems have evolved.

BUCKET BRIGADE
COMMONLY CALLED 'bucket bri-
gade' by those who are fond of such
things, charge coupled devices are
roaring onto the market, and seem
destined to take a firm hold in several
places!

They take the form of ANALOGUE
shift registers, and immediately make
such things as echo units, phasers and

even TV cameras smaller and better.
At the most basic they work by
shifting a 'packet' of charge along a
long, long line of electrodes under the
influence of an external clock signal.
Since the size of this 'packet' is
variable, you have an analogue device
- the variable clock means variable
delay, too.

microbicoraphTY
Next month our on -going feature gives details of the third generation in

the 8000 family. We will be looking at the 8085 and Z80 so those who are
finding information difficult should like this one.

MPU 4U?
Ever asked yourself 'Why not use
an MPU in my next project?'. If,
as we suspect, the answer is no then
John Miller-Kirkpatrick's article next
month is for you.

Watchdog!

Not a canine approximation. Instead
a simple 'robot' which will not allow
you to leave the hi-fi or television
running when you're not using it.
The circuit monitors the audio

signal coming from the appliance,
and will remove the supply
when none appears for a pre-set
(long) time period. Operation is
'fail-safe' so that potential fire risks
from energised wires are avoided.

No more wasted watts!

The articles described here are in an
advanced state of preparation, but
circumstances may necessitate changes in
the issue that appears.

DIGITAL
THERMOMETER

Using the new National temp. control chip (data sheet this issue)
with an A/D converter and 7 -segment display - our digital ther-
-mometer provides an accurate and attractive alternative to those
fragile columns of quicksilver,
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This month we begin a bus eye view of the original 8008. and a chip off the old block,

the popular 8080.

From the relatively recent, but
stunningly quick growth in the
popularity of microprocessors, the
computer hobbyist has been born.
But computer hobbyists and
interested persons alike have been
flooded with a deluge of information
on different processors, most of
which serves to confuse rather than
enlighten.

On this note we start this series, an
attempt to look at the entire field of
microprocessors and associated
products, who makes what, how they
work, how they are related, and
where they're used.

we attack the basics,
and start at the start with the daddy
of them all - the 8008, followed by
the second generation 8080. Next
month's part covers the third
generation in the 80 series, namely
8085 and Z80 types. Following the
8000 family, we look at the Motorola
6800 camp, with its close relative the
6500 series from MOS Techno-
logy/Commodore. From there we
plan to progress through the other
various processors offered. Stay
tuned!

THE BASICS
First, a brief rundown on the

essential features of an mp system -
those we will be looking at as we
consider each approach to the
problem.

Whenever one gets deeply involved
in a subject, as mp hobbyists are apt
to do, it is easy to lose sight of the
global point of view, what an mp
system actually is. One picture to
remember which quickly puts things
in perspective is illustrated by figure
1. It looks ridiculously simple, yet it
helps immensely to clarify thinking.
An mp system is nothing more than
a collection of components with the
capability of accepting inputs, acting

upon that information, and as a
result producing some outputs.

Let's attach a few more details on
a new diagram - figure 2. This is a
philosophical look at the basic ideas
behind most systems. The chief
concept is that the internal mp
system and its speed are all
important, while all external world
(slow) signals are carefully interfaced
so as to co-operate with the mp
timing. This is the principle of
grouping signals with like speed, just
as one would not attempt to ride a
bicycle or land a 747 on a six lane
highway. Both could be done, but
only with great sacrifice by the
regular users.

Of course there are some cases
where an outside device takes over
for a while, but generally only with
the permission of the processor.

The segment of the system we will
be looking at is that part between the
'I' and the '0', in other words the
processor and its support chips.

Inputs

INSIDE VIEW
Figure 3 provides a more

comprehensive look inside the 'box'.
This very general block diagram
emphasises the main features of an
mp system - data input, data
storage, data manipulation and data

output.
It is very important also to realize

that not only is the CPU capable of
data manipulation, it is also in
charge of the works. Thus it is a
memory and I/O controller by virtue
of basic hardware connections.

Armed with this picture we will
investigate the different approaches
to organizing the basic blocks of
figure 3, and the corresponding
differences in the internal
organization of the mp chip itself.
Naturally there will be many
smiilarities between systems. Most of
the popular processor sets share
such features as 8 bit orientation,
similar bus systems and especially
support chips which look similar to
the outside world, such as parallel
and serial I/O devices.

Outside World

Microprocessor
System

Fig. 1. Simplified basic view of
microprocessor system.

0,itputs
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Digital Signals to
input adapter which
coordinates timing
of outside signals
to those inside.

Interface

Microprocessor System

Digital Signals from
output adapter.

Input
High speed inside
world - does not
wish to interact
directly with slow

Output Interface

Possible Interrupt

Outside World Sig-
nals - from
analog and digital
sources, keyboards,
machine sensors,
external memory -
disk, tape, etc.

outside world.

Outside World type
signals - video,
indicators, relays,
motors, etc.

Fig. 2. Complicated simplified view of microprocessor system.
Microprocessor system based on the concept that the processor has the

highest priority, and will listen or speak to the outside world only under its own
decision, except in special circumstances, such as restart conditions. External
world may request to "interrupt" the proceedings inside the processor, which
then under its own command decides the action to take on this interruption.

Input

CPU -

Central
Processing
Unit

Memory Output

Fig. 3. Inside the system.

2,1
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SOFTWARE
In few fields is there such a close

tie-up between software and
hardware as there is in
microprocessors. Hence we cannot
possibly look at hardware without
seeing the influence on or from the
instruction sets and software side.

What is software? Probably the
most familiar type of software to
most people these days is that
written to look after such tasks as
accounting, payroll, engineering
problems and so forth. Micro-
processors can do these tasks too,
but it may be difficult to see how the
hardware does it. The mpu spends
some of its time as a data
manipulator, with such operations as
adding, subtracting, ANDing and
ORing 8 bit bytes, rotating and
shifting bytes, and other seemingly
low level activities. Suffice it to say
that sequences of these instructions
can be built up to multiply, handle
BCD numbers, do floating point
arithmetic, and so on until pretty
soon (if you don't have to write the
routines yourself!) you have built up
a useful high level language capable
of actually doing something.

That's fine for the person for whom
input and output are numbers and
letters, but let's face it, the part of
the system that needs the high level
language is the human operator!
However, mps are often used in a
variety of control applications, where
inputs are from knobs, switches and
sensors, while outputs control parts
of a machine, and perhaps
indicators. Examples are in elevators,
auto ignition systems etc. Here a
high level language is not needed,
and the programs are implemented
directly in machine language. In
these uses the mp is doing an
impersonation of a very complex
logic circuit, one where the hardware
AND and OR gates are replaced by
the mp's capability to AND and OR
data together, and flip-flops are
functionally replaced by memory.

We will be looking at the
instruction sets of each processor we
cover to give an idea of the merits of
each at the machine level. It should
be pointed out that almost any
processor could be made to use a
high level language such as BASIC
or FORTRAN with enough effort. The
question remains as to how fast it
can do it, and how lengthy the
programs become when converted to
machine code. How fast and how
long are related factors, and rest on
how versatile the instruction set is
that was provided by the mpu
designers.
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GENERATION 1: 8008
The Intel 8008 was the first 8 bit

mp and a fairly simple place for us to
start. It will be interesting to see how
other processors have developed
from this one.

First, take a look at the internal
block diagram of the 8008 (figure 4).
It is almost entirely filled with 8 and
14 bit registers, whose purpose may
be explained by describing what
happens during a typical instruction
execution.

The first action is an 'instruction
fetch'. The program counter (PC)
contains the address of the
instruction, and the 14 bit number is
sent out in two sections through the
8 bit data bus buffer, where external
logic 'reconstructs' the 14 bit number
and uses it to select the appropriate
byte in memory. This 8 bit byte (the
instruction) returns along the data
bus, through the buffer, into the
instruction register. Meanwhile the
PC has been incremented, ready for
the next instruction.

At this point, the instruction
decoder looks at the newly fetched
instruction and decides what to do
about it. Let us suppose this
instruction is to add the present
number in the accumulator to the
value in the byte following the
instructicn in memory. Here is an
example of 'immediate addressing',
because the 'address' of the operand
is immediately following the
instruction code (or 'op code') which
operates upon it.

Now the PC is already
incremented, it is again sent out
via buffer and external logic to
memory, which returns the value
desired, this byte being deposited in
one of the temporary registers on the
left. The value in the accumulator is
then transferred to the other
temporary register. The two values
are added in the arithmetic logic
unit, and the result stored back into
the accumulator. End of operation.

This points out a typical feature of
mpu arithmetic logic operations,
which is that an arithmetic logic unit
performs the operation, and there is
usually an accumulator register
which at first contains an/the
operand, and finishes up containing
the result.

8008 INSTRUCTION SET
The 8008 has 48 instructions, divided
into five basic groups.

Index Register Group: All the
registers under the accumulator in
figure 4 are known as index
registers, because each may be
incremented or decremented with
single instructions. Other instruc-
tions allow transfer of data from
register to register, and from memory
to register or back. In case of
transferring data from memory to
register, immediate addressing may
be used, or the address of the
desired data may be contained in the
two bytes following the instruction -
'extended addressing' mode. The
instruction decoder knows after
fetching the op code the appropriate
action to take.

Accumulator Group: Seven groups of
three instructions allow the
accumulator to be added, subtracted,
ANDed, or inclusive or exclusive
ORed with an index register,
immediate data or other memory
location. The result ends up in the
accumulator. When the ALU is used,
certain conditions may occur which
are: zero result, negative result, carry
bit generated by over or underflow,
and parity bit indicating even or odd
result. These four 'condition codes'
are stored in the four bit register
labelled 'flag flip flops'. They may be
used arithmetically, such as carry
and borrow for addition and
subtraction, contain results from
instructions which compare the
magnitude of two bytes, or for
'conditional' instructions - see
below.
The four remaining instructions allow
the accumulator contents to be
rotated left or right with or without
carry bit (figure 5).

444444411

Fig. 5. Pictorial view of rotate
operation
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Fig. 4. Internal Block Diagram - 8008
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Program Counter and Stack Control:
This section deals with 'Jumps' and
'Subroutines'. A jump is simply a
command not to execute the next
consecutive instruction, but to go
somewhere else in the program and
take up operation from there. This
corresponds to setting the PC to a
new number. Thus the instruction
takes three bytes; one for the op
code, and two for the new address
for the PC. There are nine jump
instructions, one unconditional, and
the others each dependent on one
condition code being '1' or '0'.

A subroutine may be considered as
a 'mini -program away from home',
perhaps a useful routine used in
several different spots in the main
program. It has the characteristic
that the main program wants to jump
to it, but when finished it is desired
to return to the next location after
the subroutine call. Thus the address
of the instruction to return to must
be 'remembered' somewhere, this of
course being the function of the
'address stack'.

In the event of one subroutine
calling another calling another, etc.,
seven levels in the stack are
provided, with the 'pointer' keeping

track of which level in the stack is
next in effect. Similarly to the jumps,
nine subroutine calls and nine 'return
from subroutines' are provided.
Interrupts: As previously mentioned,
most processors have a means of
'interruption' by external hardware.
The input line for. this purpose,
labelled 'INT', is shown in figure 4. If
this line is pulled low, an action
similar to a subroutine call takes
place, through an instruction known
as restart or 'RST'. The way this
occurs is quite tricky and bears some
explaining.
Suppose there are a number of
devices (I/O ports etc.) capable of
interrupting. These are each
connected into an IC or logic
collection which we shall call an
'interrupt controller'. When the
interrupt is signalled to the
processor, it responds through the
interrupt acknowledge line to the
interrupt controller. The mp now
enters the part of its cycle where it
would ordinarily fetch the next
instruction. However, external logic
causes the memory to ignore this
and instead the interrupt controller
puts a code onto the bus - the code
for RST. The RST op code is made

of five bits establishing it as the code
for RST, and 3 bits which the
interrupt controller determines
according to which device is
requesting the interrupt.

When the processor receives this
RST instruction, it initiates a call -like
action, to one of eight locations
determined by the 3 bit code. At
each of these locations the
programmer will have written a
routine to handle the particular
device whose interrupt signal caused
the routine to execute.

This type of interrupt handling
scheme is known as a 'vector
interrupt' because the reply to the
interrupt acknowledge (ie: the RST)
contains the information as to which
device interrupted, and where to go
(vector) for the appropriate routine.
This approach is typically fast, but at
the expense of hardware complexity.
We will see other methods used by
different mpu families.

Input/Output: Provision is made for 8
input and 31 output ports to be used
for I/O of data to/from the system.
Note that I/O ports are in this case
treated differently from normal
memory locations.
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Halt: One instruction causes the 8008
to stop dead until an 'interrupt' is
received.

8008 HARDWARE
A variety of details will already be

apparent about 8008 hardware. It
needs lots of support. First, there's the
complication of multiplexing the data
and two bytes of address on the one
data bus. Signals decoded externally
from lines So, S, , S2 and 'sync'
(figure 4) decide the use of the bus,
and generate other control signals
such as read or write signals for
memory, 'I' or '0' for I/O ports and
so forth. The 'ready' line is used to
slow the processor down if slow
memory is used, and is 'not ready'.
An external two phase clock,
typically crystal controlled, is needed
along with +5V and -9V supply. 20 or
more TTL chips are needed to
perform all these functions.

As an example of the speed of the
system, one machine cycle takes 20
microseconds (8008) or 12.5
microseconds (8008-1) and each
instruction can take two or three
cycles if it references memory more
than for just the op code fetch. Slow!
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GENERATION TWO - 8080
A speed improvement on the order of
ten times and more over the 8008
was obtained with the 8080, and its
enhanced versions. Part of this was
due to the use of n-MOS rather than
p-MOS processes, but a large
portion is attributable to the
extensively different design. (Figure
6)

Two changes are the most
significant - both relate to the use
of buses. Notice that the address
(expanded to 16 bits to allow up to
64k bytes of memory) now has its
own output lines, no longer having to
share the data bus, and is all
available at once. However, this has
been achieved only at the expense of
a 40 pin package, compared to the
8008's 18 pins.

The accumulator now feeds
directly to the arithmetic logic unit
(via a latch) greatly reducing the
amount of to-ing and fro-ing along
the internal data bus as happens in
the 8008.

In addition to these, a few other
changes were made. Another flag
flip-flop was added, and decimal
adjust circuitry facilitates BCD
arithmetic.

The registers were rearranged,
with two 16 bit registers, and three
pairs of 8 bit registers. These register
pairs may be operated upon as
independent 8 bit or combined 16 bit
registers.

The program counter functions as
before, but the stack has been
moved outside the processor into
memory, with a 'stack pointer'
register inside to keep track of the
next available location on the stack.
This allows virtually unlimited use of
the stack. (No you can't have 66
thousand subroutines!)

8080 INSTRUCTION SET

The same categories of
instructions used with the 8008 are
also available from the 8080 but with
many additions, bringing the total to
78.

Fig. 6. Internal Block Diagram 8080.
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Let's first cover the addressing
modes used in the 8080 to determine
the operand. The first byte of each
instruction is the op -code, followed
by zero, one or two further bytes.

Immediate Mode: The second, or
second and third bytes contain the 8
or 16 bits of data.

Direct: Bytes two and three contain
the exact address in memory where
the data is located.

Register: The instruction itself
specifies the internal register or
register pair containing the data.

Register Indirect: The instruction
itself specifies a register pair whose

contents are to be used as the
address for the data.

The number of instructions has
been expanded in part by the
number of combinations of
addressing modes, and the
abundance of instructions allowing
flexible use of registers. Of particular
note is the improved ability to
interchange data and address by
register transfer operations.

The stack manipulation features
have also been expanded. Now that
the stack is in memory, instructions
are provided to enable its use not
just for storing return addresses, but
also for accumulator, register, and

flag storage. In short, upon calling a
subroutine, the entire processor
contents may be retained if so
desired.

THE 8080 INSTRUCTION SET

r stands for register eg A register
rp stands for register pair, eg b and C registers
'data' means the contents of the second or second and third bytes
of the instruction

M stands for memory whose address is in the H and L registers

DATA TRANSFER GROUP

MOV r1, r2
MOV M, r
MOV r,M
MVI r, data
MVI M, data
LX I rp, data 16

STA addr
LDA addr
XCHG
STAX rp

LDAX rp

SHLD addr
LHLD addr

Move register to register
Move register to memory
Move memory to register
Move immediate (to register)
Move immediate (to memory)
Load immediate (to register pair or to stack
pointer)

Store direct (accumulator to memory)
Load direct (memory to accumulator)
Exchange H&L with D&E registers
Store accumulator indirect (with address
in registers B&C or D&E)

Load accerrnulator indirect (with address in
registers B&C or D&E)

Store H&L direct
Load H&L direct

ARITHMETIC GROUP

INR r
DCR r
INR M
DCR M
ADD r
ADC r
SUB r
SBB r
ADD M
ADC M
SUB M
SBB M
ADI data
ACI data
SUI data
SBI data
INX rp
DCX rp
DAA
DAD rp

Increment register
Decrement register
Increment memory
Decrement memory
Add register to A
Add register to A with carry
Subtract register from A
Subtract register from A with borrow
Add memory to A
Add memory to A with carry
Subtract memory from A
Subtract memory from A with borrow
Add immediate to A
Add immediate to A with carry
Subtract immediate from A
Subtract immediate from A with borrow
Increment register pair (or stack pointer)
Decrement register pair (or stack pointer)
Decimal adjust A (gives two BCD digits)
Add B&C, D&E or H&L to H&L

LOGIC GROUP

ANA r
XRA r
ORA r
CMP r
ANA M
XRA M
ORA M
CMP M
AN I data
XRI data
OR I data
CPI data
RLC
RRC
RAL
RAR
CMA
STC
CMC

BRANCH GROUP

JMP addr
Jcond addr

CALL addr
Ccond addr
RET
Rcond
RST
PCHL

AND register with A
EXCLUSIVE -OR register with A
OR register with A
Compare register with A
AND memory with A
EXCLUSIVE OR memory with A
OR memory with A
Compare memory with A
AND immediate with A
EXCLUSIVE -OR immediate with A
OR immediate with A
Compare immediate with A
Rotate A left
Rotate A right
Rotate A left through carry
Rotate A right through carry
Complement A
Set carry
Complement carry

Jump unconditional
Jump on condition specified (carry, no carry,
zero, no zero, positive, minus, even or odd
parity)

Call unconditional
Call on condition specified (see above)
Return
Return on condition specified (see above)
Restart
H&L to program counter

STACK, I/O AND MACHINE CONTROL GROUP

HLT
IN port
OUT port
PUSH rp
PUSH PSW
POP rp
POP PSW
X TH L
SPHL
El
DI
NOP

Halt
Input (from port to A)
Output (from A to port)
Push register pair on stack (in memory)
Push A and flags on stack
Pop register pair off stack
Pop A and flags off stack
Exchange top of stack with H&L
Move H&L to stack pointer
Enable interrupts
Disable interrupts
No op
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Further additions to the instruction
set include disable and enable of
interrupts, and a 'no operation'
instruction. ('NOP' is used for timing,
or to occupy space for later addition
of instructions etc.) Also the input
and output instructions now use
direct addressing to 256 input and
256 output ports.

It should be noted that the entire
8008 instruction set is contained in
that of the 8080, and that they are
compatible at the machine code
level. Thus 8008 programs should
run on an 8080, although the stack
operation is so different as to make
life difficult, and at least inefficient.

8080 HARDWARE
Although the number of support

chips required, and the bus
multiplexing were vastly reduced,
some basic support chips are still
needed. This is illustrated by figures
7 and 8.

The two phase clock signals
needed by the 8080 are not TTL
compatible, and have quite strict
timing requirements, hence the
special clock driver.

As may be noticed in figure 7,
some system control lines are
derived from the data bus. The use
of an outside chip to demultiplex this
data bus may seem a nuisance. In

fact it is not, because the same chip
also buffers the data lines, something

WAIT REO

ONO

+5 V

5V
+12 V

SYSTEM DMA REQ.
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Fig. 7. Typical "standard" 8080
interface.
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that is almost always necessary in
any case. The reason for this is that
drivers capable of more than say one
TTL load and a small amount of
capacitance are not possible on the
same chip as the mpu.

The fairly orderly set of control
lines includes the following.
Memory and I/O read and write lines
(4); interrupt enabled, request and

acknowledged (3); wait request (wait
for slow memory etc.); and a new
feature, 'hold' (and hold acknowledge)
used to instruct the processor to
relinquish control of the buses, to
allow direct access to the memory by
external devices for high speed data
transfer.

A typical complete system
configuration is depicted in figure 8.

STSTB CLOCK 8224

GENERATOR
AND DRIVER

SYNC

RDY

,p2 01 RESET

8080A CPU
INT

WR DO -D7 DBIN HLDA A0 -A15

4

-00
8228

SYSTEM
CONTROLLER

HOLD RED
Fig. 8. Typical 8080 system.
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8080 SUPPORT CHIPS

Intel offer a variety of support
chips to hang onto the 8080,
herewith a brief rundown of the more
interesting.

First of course, there are various
shapes and sizes of ROM and RAM,
and units for refreshing dynamic
RAMs. Other units are:

8214 Interrupt Priority Unit -
Accepts inputs from up to eight
devices and puts them in order of
priority. It then compares the priority
to a previously set figure. If priority
is high enough the unit sends
interrupt to mpu, and puts vector
onto data bus. (see description of
interrupts for 8008, this unit may be
used with either mpu)

8259 Programmable Interrupt
Controller - performs similar
function to the 8214, but somewhat
more sophisticated and flexible,
having the ability to queue interrupts,
and easier -to -use hardware.

8224 Clock Generator - generates
the special clock signals for the mpu.

8228/8238 System Controllers.
These chips buffer the data bus, as
they demultiplex various control
signals, see figure 7. The 8238 puts
out slightly different write signals for
use in larger systems.

8251 Universal Synchronous/Asyn-
chronous Receiver/Transmitter
Basically this chip is capable of
interfacing the internal parallel data
bus to almost any popular format of
synchronous or asynchronous data
transmission as used to
communicate outside the system.
Block diagram - figure 9.

8255 Programmable Peripheral
Interface - interfaces the data bus
to the outside world via two 8 bit and
two 4 bit data ports. Direction (in or
out) of each port can be set by
software as needed in the
application. All I/O pins are TTL
compatible and will directly drive
Darlington transistors. Typical
applications include input from
keyboard, output to printer or
display.

8253 Interval Timer - Variety of
applications. In the most common,
the software sets a specific delay,
and when time is up an interrupt is
sent to the processor. Time delay is
achieved by counting pulses of the
main clock.

A number of specialized devices
follow:

8257 Direct Memory Access
Controller

8271 Floppy Disk Interface
8273 Synchronous Data Link

Control Protocol Controller
8275 CRT Interface
8279 Keyboard and Numeric/Al-

phanumeric Display Interface

CONCLUSIONS
As may have been gathered from

this description and from the 8080's
popularity, this mpu is a very
versatile and general purpose device,
combining instructions and interface
chips for hardware applications, yet
powerful enough for complex
software uses. Next month we see
how the third generation 8000 types
improve on this.
The 8008 and 8080 are Intel
originated products.
National Semiconductor is the
second source for the 8080.

Intel Corp.,
70 Chamberlain Ave.,
Ottawa, Ontario K1S 1V9

National Semiconductor District
Office
1111 Finch Avenue West
Suite 154
Downsview, Ontario M3J 2E5

We wish to thank Boyd McKinnon of
Hamilton Avnet for his assistance in
the preparation of this article.

Pin Name Pin Function Pin Name Pin Function
Dr -Do Data Bus (8 bits) RxRDY Receiver Ready (has character for 8080)C/D Control or Data is to he Written or Read TxRDY Transmitter Ready (ready for char from 8080)
RD Read Data Command

DSR Data Set Ready
WR Write Data or Control Command DTR Data Terminal Ready
CS Chip Enable

SYNDET Sync DetectCLK Clock Pulse (TTL/
RTS Request to Send DataRESET Reset

Clear to Send DataTxC Transmitter Clock TxE Transmitter EmptyTxD Transmitter Data
VCC +5 Volt SupplyRxC Receiver Clock
GND GroundRxD Receiver Data
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Fig. 9. Block diagram of the 8251
Universal Synchronous/Asychron-
ous Receiver/Transmitter.
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11111,

ORIGINAL
EQUIPMENT [OE

ONE
YEAR

UNCONDITIONAL
GUARANTEE

This is a partial list. Write for full tube listing catalogue
TYPE EACH TYPE EACH TYPE EACH TYPE EACH

1B3GT
1K3
1S2A
1X28

2AV2
2GK5
3A3A
3AT2

3AW2

190
205
1 50
1 25

1 60
1 30
2 80
2 25

270

6BK4C 405
6BL8 1 55
66M8.........1.60
6BN6 2 80
6E305 1 25
61307A 1 85
6BU8A 2 40

68Z6 1 15
6C4 195

6HS8
6HZ6

6JC6A
6JD6
6JF6

6JS6C
6JT8
6JU6
6JU8A

255
1 35

1 50
2 00
4.70

4 10
4 50
4 75
175

10GF 7A
10GK6
1OGN8
10JY8 .
10KR8

11HM7
11MS8 .

12AT7
12AU7A

295
1 65
205

..... 5 10
2 80

.....3.85
.....2.60

..... 1.15

.....1.30
3BW2 2 70 6CA7 3 20 6JW8 1 60
3BZ6 1 40 6C86A 1 05 6JZ8 2 80 12AX4GTB 2 00
3CB6 1 20 6KA8 2 00 12AX7A .. ..... 1.20

6CG3 2 10 6KD6 4 85

3CU3A 2 90 6CG7 1 45 6KE8 2 10 12BA6 1 35

3DB3 2 70 6CG8A 1 40 12BE6 1 60

3DC3 2 95 6CLSA 1 85 6KG6 5 80 12BY7A 1 60

3DF3 2 95 6CM7 2 00 6KT8 2 55 12C5 1 75

3DJ3 315 6KZ8 145
6CS6 200 6L6GC 3 60 12D06B 2 95

3GK5 1 45 6CW4 705 6LB6 4 10 12DW4A 205
3HA5 1 65 6LD6 7 50 12GN7 2 30

3H05 2 10 6DJ8 2 25 6LE8 5 00
4AU6 2 25 600613 3 30 14GW8 2 00

6LF6 560 15DQ8 165
4BZ6 1 25 6DT5 2 45 6LF8 2 00
4DT6A 1 20 6DT6A 1 90 6LJ8 2 00 17AY3A 2 15
4EH7 210 6DW4B 1 70 6LN8 1 50 1713E3 1 90

4EJ7 2 00 6DX8 1 70 6L06 4 45 17BF11 3 10
6EA8 1 45 6LT8 2 70

4HA5 1 45 6EC4 3 40 6LU8 3 90 17D06B 4 25

5A05 1 45 6EH7 1 40 6LX8 1 '5 17JN6 3 35

6EJ7 1 40
5CG8 2 35 6SN7GTB 2 25 17JZ8 2 40

5GH8A 1 30 6EM7 . 2.75 17KW6 895
5GJ7 2 00 6ES8 ....... 2.45 6U8A 1 70 17KV6A 3 95

5GS7 1 80 6EW6 . 1.25 6U10 265
5GX7 2 25 6FM7 . 3.15 6V6GT 3 20 18GV8 2 15

6W6GT 2 75 19CG3 2 05

5LJ8 265 6GB5 ... ......3.10 6X9 345 21GY5 345
5U4GB 2 45 6GE5 3 85 21JZ6 3 25

5U8 295 6GF7A 240 6Z10 400
6GH8A 1 55 8AW8A 1 80 23Z9 .. ......3.45

6AF9 4 10 6GJ7 2 20 8B8 3 05 24L06 4 10

6AJ8 1 75 6GK5 1 80 8810 2 75
6AL3 1 60 6GK6 240 8BM11 635 27GB5 345
6AL5 1 50 6GM6 1 45

6AQ5A 1 40 8CG7 1 60 30AE3 1 65

6AQ8 1 40 6GU7 1 25 80X8 3 40 30KD6 7 15

6AU6A 125 6G V8 245 83J7 205 31JS6C 435
6AV6 1 50 6GW8 240 8JV8 205 33GY7A . 330

6GX7 220 8LT8 210
6AW8 1 70 6GY5 4 45 35W4 1 35

6AX3 230 6GY6 120 8U9 330 38HE7 480
6AX4GTB 1 95 6HA5 2 15 8X9 3 80 38HK7 4 70

6AY3B 2 25 9AQ8 1 60 40KD6 4 80

6BA6 1 20 6HE5 . 3.65 9GV8 4 20 40KG6 5 50

6BA 11 365 6H05 1.55 9JW8 1 45 42EC4 295
6BE6 1 70 6HS5 7.40 10DE7 1 75 5005A 1 80

Prices Subject to Change without notice
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C.O.D. All orders shipped same day. Minimum order

10 tubes.

306 Rexdale Boulevard, Rexdale, Ont. M9W 1R8 745-9555



they're
Ilere!

the new HEATHKIT low-cost
personal computing systems

The new VALUE -STANDARD in personal
computing systems! Heathkit computers
give you the power and performance to
go wherever your imagination and pro-
gramming prowess take you. They're de-
signed to get you up and running fast,
interface with I/O devices easily and
quickly, accept additional memory and
I/O devices, store and retrieve data with
speed and accuracy, respond to your re-
quests with lightning speed. They offer
complete mass storage capabilities, power
and reliability for any programming appli-
cation, and they're priced low enough to
give you real VALUE for your computer
dollar! We've told you they're the ones
you've been waiting for - here's why!

These Heathkit computer products are
"total system" designs with powerful sys-
tem software already included in the pur-
chase price. They're the ones you need
to get up and running fast. And they're
backed by superior documentation in-
cluding easy -to -follow step-by-step as-
sembly and operations manuals, and
service support from the Heath Com-
pany, the world's largest and most experi-
enced manufacturer of electronic kits.

NEW H8 8 -Bit Digital Computer. This 8 -

bit computer based on the famous 8080A
microprocessor features a Heathkit ex-
clusive "intelligent" front panel with octal
data entry and control, 9 -digit readout, a
built-in bootstrap for one -button program
loading, and a heavy-duty power supply
with power enough for plenty of memory
and interface expansion capability. It's
easier and faster to use than other per-
sonal computers and it's priced low
enough for any budget.

NEW H11 16 -bit Digital Computer. The
most sophisticated and versatile personal

computer available today - brought to
you by Heath Company and Digital Equip-
ment Corporation, the world leader in
minicomputer systems. Powerful features
include DEC's 16 -bit LSI-11 CPU, 4096 x
16 read/write MOS memory expandable
to 20K (32K potential), priority interrupt,
DMA operation and more. PDP-11 systems
software for fast and efficient operation
is included!

NEW H9 Video Terminal. A full ASCII ter-
minal featuring a bright 12" CRT, long and
short -form display, full 80 -character lines,
all standard serial interfacing, plus a fully
wired and tested control board. Has au-
toscrol ling, full -page or line -erase modes,
a transmit page function and a plot mode
for simple curves and graphs.

NEW H10 Paper Tape Reader/Punch.
Complete mass storage peripheral uses
low-cost paper tape. Features solid -Mate
reader with stepper motor drive, totally
independent punch and reader and a copy
mode for fast, easy tape duplication.
Reads up to 50 characters per second,
punches up to 10 characters per second.

Other Heathkit computer products in-
clude a cassette recorder/player and tape
for mass storage, LA36 DEC Writer II key-
board printer terminal, serial and parallel
interfaces, software, memory expansion
and I/O cards, and a complete library of
the latest computer books. The Heath
User's Group (HUG) provides a newslet-
ter, software library and lots more to help
you get the greatest potential from your
Heathkit computer products. We've got
everything you need to make Heath your
personal computing headquarters, send
for your FREE catalog today!
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HEATHKIT CATALOG
Read all about our exciting com-
puter systems and nearly 400 other
fun -to -build, money -saving elec-
tronic products in kit form.
Prices are mail-order FOB, Benton Harbor, Michigan.
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FOR SOME CONSIDERABLE time
now, there have been close links
between electronics and photo-
graphy. Glancing through past issues
of ETI, for example, we find a fair
number of projects of particular
interest to keen photographers, and a
look through past copies of "Popular
Photography" shows the apprecia-
tion of the role of electronics shown
by our photographic kindred. This
article sets out to describe how
electronics is involved in photo-
graphy today, as it affects the keen
amateur and the professional.

Electronics circuits, ranging from
the very elementary to the extremely
complex, become involved with
photography at almost every step in
the photographic process; at the
camera itself, in the darkroom, and in
slide and cine projection. Some of the
electronic circuits that are used will
be familiar, others less so, and we
assume that the readers of this
magazine are much more familiar
with the electronic circuits than with
the photographic processes.

Exposure Control
One of the earliest applications of

simple electronics to the camera was
exposure metering and, later, control.
The amount of darkening of a given
photographic film is decided both by
the intensity of the light that reaches
the film, and the duration for which
the film is exposed. The intensity of
light (luminous flux) reaching the film
is regulated by the iris of the camera,

a variable opening placed close to the
lens, or built into the lens by placing
it between the elements (separate
glass pieces making up the lens). The
timing is decided by the open time of
another aperture, the shutter, which
opens when the shutter rrlease is
pressed, and closes a preset time
later. From fairly early days, shutter
timings were obtained by using
clockwork mechanisms that were
reliable and robust. Today with

ANGLE OF ACCEPTANCE
(CAMERA)

ANGLE OF ACCEPTANCF

(METER) ^ CAMERA

METER

Fig. 1. Acceptance angles. The
amount of light passing through a
camera lens is not usually the same as
the amount passing through the
window of a separate exposure
meter. This problem is more apparent
when a telephoto lens is in use.

smaller cameras in use, and more
objects of interest moving, the range
of shutter speeds has had to be
increased to cope, and the regulation
of the light level by an iris is used to a
greater extent; the shutter speed is
set to a value capable of "freezing"
movement (of object or photo-
grapher) and the iris is used to set
the light level for the correct
exposure. This is why camera elec-
tronics are so devoted to controlling
the iris, leaving shutter control in a
lesser role.

The first efforts concerned meter-
ing rather than control; consisting of
exposure meters, using selenium
cells driving moving -coil meters. The
problem of these meters, which can
produce excellent results if used
properly, is that the light reaching the
meter may not be proportional to the
light reaching the lens (Fig. 1). The
problem becomes more apparent
when telephoto lenses are used,
since there will be little relationship
between the light entering the lens
and the light entering the meter. One
partial solution, still used, is the
"incident light" reading, in which
the meter, fitted with a diffusing
cone, is pointed at the light source
and the resulting reading used in
setting the camera aperture.

The combination of colour slide
film, which needs fairly exact expo-
sure, with interchangeable lenses,
and the single-lens reflex system,
called for some improvements in light
metering systems. Single lens reflex
cameras use a mirror at 45 to the
light path to divert the light path to
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PENTAPRISM
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LENS

EYE

FOCUSING SCREEN

Fig. 2. The light path in a single-lens reflex camera. These cameras
use a mirror at 45° to the light path to divert light to the viewfinder
which therefore shows an image identical to the one that will appear
on the film.

the viewfinder (Fig. 2), which there-
fore shows an image identical to the
one that will appear on the film.
Since the viewing is done through
the lens, there is no parallax problem
caused when close-ups are taken, as
there would be if a separate view-
finder were used and specialised
work such as photomicrography
becomes possible.

TTL Metering
The next logical step is to place the

exposure meter somewhere in this
reflex viewing system, so that the
light coming through the lens also
operates the exposure meter. Right
away we come up against a problem
that still divides good quality cameras
into two groups - shall this light
reading be taken at one point in the
image (a spot reading) or should the
photocell be affected by the total
amount of light entering the lens (an
average reading) If the reading is a
spot one, we must be certain that the
spot is located on a piece of the
picture we most need to be correctly
exposed, so that we can take this
reading. If the reading is an average
one, we must be sure that the
exposure will riot be faulty because of
a misleading average.

The use of TTL (Through The
Lens) metering, whether spot or
average, demands the use of cells
much more sensitive than the old
selenium type. Cadmium sulphide
cells have been used for some time;
since they are photoresistive, not
photovoltaic, they need a battery.
They are also much more sensitive to
red and infra -red than the eye or the
usual run of films so that some light
filtering must be used to correct the

balance of the light reaching them.

Indication
The first types of TTL cameras

used the cells to indicate correct
exposure, which had then to be set
by the user after taking the meter
reading. Very soon, this developed to
a system still used today in which the
setting can be done while the image
is viewed in the finder. The needle of
the exposure meter appears in the
viewfinder along with a marker
coupled to the iris control. Aligning
the marker and the needle by
opening
sets the
by the
grapher

or closing the iris control
iris to the opening called for
metering, but the photo -
can, from exper.ence of the

type of subject and lighting, modify
the setting as needed. A more
"electronic" modification of this
method, pioneered by Yashica, uses
two LED displays (Fig. 3 c,d,e), one
shaped as a U, the other as a fl. A U
displayed means that the iris is set for
underexposure, an fl indicates over-
exposure, and a complete oval
indicates correct exposure, for aver-
age light reading. Once again, the
experienced user can modify the
setting.

These systems, though simple,
still demand considerable design
expertise. The exposure indication is
controlled by four quantities: film
speed, shutter speed, iris setting and
subject illumination, so that variation
of any of these quantities will affect
the readings. Since the resistance of
the cell is determined by the amount
of light reaching it, the compensation
for film speed and shutter speed must
be made by altering other parts of the
system, either electrically by poten-
tiometers in the current path, or
optical, by neutral density filters in
the light path.

With film speed set according to
the type of film in use and the shutter
speed set for coping with the motion
of the subject or camera, the object is
viewed and the meter needle position
matched by the marker ganged to the
iris opening. This scheme has the
disadvantage that the image in the
viewfinder might be very difficult to
see if the iris is at a small aperture

(a)

(c) (d) (e)

METER NEEDLE

FOLLOIN-UP (b)
POINTER

Fig. 3. Metering indications.' (a) Viewfinder,
with meter needle and follow-up needle. The
follow-up needle is moved when the iris.
shutter speed or film speed controls are
changed. (b) Position of needles for taking
shot. (c) LED indicator for overexposure. (d)
LED indicator for underexposure. (e) LED
indicator for correct exposure.
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Timing Circuit

Aperture

Shutter Control
Resistor

Magnet

Trigger Switch

ASA Film Speed
Resistor

Fig. 4. Yashica aperture control system.

(stopped down) so that the next
design step was full -aperture finding.
This comes in two types, full aperture
viewing or full -aperture metering. In
each case, the iris can be fully open
until the shutter release is pressed;
the aperture is then changed to a
preset value just before the shutter
opens. In full aperture metering, the
iris control ring affects the meter
sensitivity and presets the iris control
without changing the setting of the
iris, which remains at full aperture,
hence the name, for a bright display
in the viewfinder. When the release is
pressed, the iris is set, and the
shutter operates. In simpler types of
camera, viewing for focusing is done
at full aperture (and cannot easily be
done at reduced aperture) but the iris
is stopped down when the metering
system is switched in. With this
system, the metering can be
switched in momentarily to set the
iris; if left in place, the system can
reset after the release has been
pressed.

Automatic Camera Systems
The final step in this progression is

to use the photocell(s) to control the
iris directly, with an over -ride to
enable the photographer to adjust the

exposure if he wants to. A block
diagram of the system used in the
Yashica FX1 is shown in Fig. 5. The
IC in this system has been developed
for Yashica, and comprises a set of
comparators into which information
on film speed, shutter speed, and iris
setting is fed, along with the input
from the cells. Since d.c. amplifica-
tion is easily carried out using ICs,
cadmium sulphide cells have now
given way to silicon cells which,
though less sensitive, can be made
much smaller and have a colour

response that matches the films
(whether colour or black and white)
much better.

Time Control
For many years, the Compur

shutter was the ultimate in timing.
Pressing the shutter release opened a
set of interlocking shutter blades
situated between the lens elements
and started a clockwork timer that
closed the blades again after the
preset time. With additional spring
assistance, times of 3 ms or less were
obtainable. The demand for inter-
changeable lenses and faster times
led to the development of the focal
plane shutter, the first types of which
resembled a miniature roller blind
with a slit of the same width as the
film. This roller blind is set parallel to
the film, and when the shutter release
is operated, the slit is drawn rapidly
across, exposing the film.

The modern focal plane shutter
consists of two blades operated
electromagnetically rather than by
clockwork. This makes the release
action smoother, and enables the
camera to be operated by remote
electrical contacts. The principle used
is that pressing the shutter release
button activates a solenoid that pulls
the blades of the shutter apart, and
also starts charging a capacitor
through a resistor. At a set level of
voltage on the capacitor, the current
through the solenoid is switched off,
and the blades are closed by a spring
or by another solenoid. The timing
here is achieved by capacitor
charging, a familiar electronic princi-
ple, rather than by mechanical
gearing, so that the speed is infinitely
variable as compared to the set
speeds obtainable with mechanical
action. To conserve battery charge.

Fig. 5. Complete Yashica FR systems block diagram.
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Fig. 6. Photograph of author's enlarger timer

however, the slower speeds are
usually of set values obtained by
mechanical operation, electrically
triggered; this also avoids the
problems of very long time constants,
which would call for large capaci-
tance and resistance values.

Darkroom Electronics - light
readings

The design and construction of
electronic devices for the darkroom is
simpler than the corresponding work
on cameras, because there are
practically no restrictions on size or
power supply. Whereas camera
electronics must be fitted into the
space available on a camera, and
operate at the low voltage and
current obtainable from small long -
life cells such as the manganese alkali
or silver oxide types, darkroom
electronics equipment can be of any
reasonable size and shape and can
also be mains operated. The dark-
room operations of interest to us are
measurements of enlarger light
values and the timing of enlarge-
ment, possibly along with electronic
control of the temperature of chemi-
cal baths, and voltage stabilisation of
enlarger lamps. The requirements for
colour printing are much more
stringent than those for black /white
printing,_ so that - electronic aids,
though very useful for B /W work, are
of more use when a large amount of
colour printing is done.

With the small format (36 mm x
24 mm) negatives used for so much
work nowadays, nearly every print
produced is an enlargement.

The enlarger is a high -quality
projector arranged vertically so that
the photographic enlarging pape
(bromide paper) can be laid flat on a
base -board and the negative, held in
a carrier, used to project an enlarged
image on to the paper. The amount of
enlargement may be fairly small,
such as to the "enprint- size, or very
large. In each case, however, the
amount of exposure time for the
combination of negative and paper
size must be determined.

The use of electronic exposure
meters simplifies problems of expo-
sure and colour correction considera-
bly. For B/W work, the use of an
enlarger exposure meter is most

Fig. 7 Interior of unit shown above.

valuable when technical phtography
(such as photographing circuits for
ETI!) is carried out, since the density
of negatives, the contrast range, and
the amount of enlargement may vary
much more than those of the family
snaps. The simplest types of B/W
enlarger exposure meters use
cadmium sulphide photoresistive
cells operating moving coil meters or
other indicators. The setting of the
speed of the paper, which must be
done using a test -strip, since manu-
facturers do not quote paper speeds
for most materials.

For colour adjustment, much more
elaborate meters are needed, prefer-
ably using silicon cells with amplifi-
cation. The problem now is not
simply that of exposure, but of
adjusting the colour of the light in
terms of three primary colours (red,
green, blue) or their complementary
colours, cyan, magenta, yellow. This
requires three light readings, one for
earn colour, and the outputs should
be in the form of colour correcting
factors that can be supplied in the
form of filters. In the simpler types of
enlarger, a "filter drawer" is used
between the condenser lens (used to
make the light from the lamp
converge into the projecting lens) and
the main lens, and the readings on
the colour meter are used to help
select the correct filters. On the more
expensive enlargers, the correcting
filters are built in the form of a
colour head,- controlled by three

dials on the lamphousing. These are
set to correspond with the meter
readings, so carrying out the colour
correction. Another reading taken
from all three sensing cells is then
used to determine the exposure time
needed.

For the occasional colour print
(and the cost in money and work will
ensure that the prints will be
occasional) the high cost of a colour
analyser is quite prohibitive, match-
ing the price of a good oscilloscope,
but for regular colour work, particu-
larly when very expensive materials
are used, such as in the Cibachrome
process, the cost is comparable with
the price of the type of enlarger that
will have to be used anyway, and can
be justified if really excellent results
must be attained.

Before leaving the darkroom, we
should note that for colour process-
ing, the temperatures of several of
the solutions, notably the first
developer and colour developer, are
critical, needing control to within
0.25 C. This can be done by keeping
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all the bottles, along with the
developing tank or drum, in a water
bath, and the maintenance of the
bath temperature is much easier if
thermostatic control can be used.
Conventional bimetalic thermostats
have much too great a difference
between switch -on and switch -off
temperatures (differential), but an
electronic type using a thermistor to
sense temperature and a triac to
control heating current can easily
provide the amount of control that is
needed.

Other Applications

Outside the darkroom, the appli-
cations of electronics mainly concern
projectors, flashguns, and cine
equipment. The capacitor -discharge
flash gun, using a transistor inverter
circuit to provide a few hundred volts
to charge the capacitor, is well
established. With the flash gun
connected to the camera shutter
contacts, the capacitor is discharged
through a thyristor when the shutter
is wide open, and the current flows
through a tube containing Argon and
Xenon gases at low pressure. The
time of the_ _flash is short, about
100 vs or less, which is very short
compared to the shutter speed, and
the usual arrangement is to have a
fixed delay built into the camera, so
that the shutter speed must be set to
1/60s, or to a part of the shutter
speed dial marked with the letter X
The timing of the exposure is then
entirely due to the flash, though
complications can arise if the long
exposure time allows some exposure
in conditions of partial darkness.

A recent development is the
triggered shut-off flash (or
"computer" flash, as the advertise-
ments dub it). In this system, a silicon
cell detects the light reflected back
from the subject in the first micro-
second or so of the flash, and this
cell then charges a second capacitor
feeding a comparator. At a fixed
value of voltage, the comparator fires
a second thyristor that short-circuits
the main capacitor, stopping the flash
very rapidly. In this way, the camera
can be left at a fixed setting and flash
photos taken without the usual need
to pace out distances and set the
aperture of the camera each time.
Other flash developments more
familiar to the electronics constructor
are light -triggered flash used to
synchronise one flash gun to the flash

of another, so filling in shadows, andl
sound -triggered flash, used for some
"frozen -action" shots where the
speed of sound can be used to
provide a variable delay.

Projection

Slide projectors of the semi -auto-
matic type, using a magazine of
slides advanced by a remote -control
that incorporates motor -driven focus,
have become popular within the last
few years now that reasonably -priced
models have become available. A
more recent development is the
fully -automatic projector, with the
automatic focus (also featured now
on some enlargers). This is based on
the principle that the light reflected
back from a projection screen is
greatest in intensity when the image

Fig. 8. A modern flash gun, with
automatic flash cut off. The small
silicon cell that detects the reflected
light can be seen in this view.

is correctly focused. A photocell
mounted at the front of the projector
picks up the reflected light, and the
output of the photocell is taken
through a d.c. amplifier to a servo -
system operating the focus screw of
the lens. Because the photocell is part
of a negative feedback loop, the
system will settle with the lens in the
position giving maximum reflected
light, therefore in focus. The system
is disabled during slide changing or
in the absence of a slide in the carrier,
to avoid having the servo -system
hunt about for an impossible focus.

Another application of electronics
to slide projectors of the automatic or
semi -automatic types is the synch-
ronised tape -slide show. To achieve
this, using an ordinary reel-to-reel
tape recorder, a synchroniser unit is
needed. The sound commentary is
recorded on one track of the tape, and
synchronising pulses on another track.
On playback, each sync pulse is picked
up and amplified to generate a pulse of
sufficient amplitude to operate the
slide -change switch. In this way, the
slide changing can be synchronised
exactly to the commentary providing
that the order of slides in the magazine
is unchanged. The pulses are placed
on the track by setting up the
equipment for recording, and chang-
ing the slides at the appropriate times.
The pulse 'at the projector socket is
now used to generate the sync signal,
and this is recorded on to the tape.

Finally, the closest marriage
between photography and electronics
occurs in modern cine sound. This is
such a specialised field that even to
start on cine sound systems would
take up much more space than can
be justified here, and we can only
note that the use of Dolby noise
reduction looks like making the
optical sound system, in which the
sound is recorded in the form of
light -and -dark bands on the film, a
very serious rival for the magnetic
tape stripe systems that have domin-
ated cine sound for years. The
important advantage of optical sound
is "lip -sync," meaning that the
synchronisation of sound and picture
is close enough to permit views of
people speaking, without the non-
sense mouthing words that are not
these being heard.

Looking to the future, it seems that
the applications of electronics to
photography will surely increase. At
the time of writing, new colour
printing systems are being
announced at almost monthly inter-
vals, new cameras appear with still
more advanced electronics systems,
and elegant applications of electron-
ics appear in instruments that
previously used only optical or
mechanical techniques. One out-
standing possibility for the future is a
more electronic image formation
process - we are still using the silver
halide process for images (along with
dye coupling for colours) that was
being used over 100 years ago. In
these days of electrostatic copiers,
could we be at last heading for a film
that will wean us away from silver?.
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Printed Circuit Board materials for
the Hobbyist and Technician.
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NOW AVAILABLE IN CANADA!
ETI TOP PROJECTS No.3

The third in our popular series of reprints of the most
popular projects in ETI. Includes projects for the audio-
phile, motorist, for the home, test gear and many more.
Full constructional details of each project are given - 27
in all, including a stereo tuner, 25W per channel amplifier
and a graphic equalizer; put those together and you have
a superb hi-fi system.

Top Projects 3 costs only $2.50 - please order from
ETI PUBLICATIONS

Electrarics Today International
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Make yourself heard
with our

LOUD
HAILER
-COME IN NUMBER SIX- is the call heard at boating
lakes, however you need large lungs and good health
to shout as loud as the professionals. A simpler way for
electronics enthusiasts is to build our Loud -Hailer,
guaranteed to make you heard above the general noise
at fetes, street parties, etc. Most commercial designs
are expensive and need to be held up like a
megaphone, ours is cheap and can be used in a variety
of ways. The electronics and batteries, complete with
speaker, are separate from the microphone - this
enables you to hold the heavy part in one hand at a
comfortable position, and talk through the microphone.
You can also hand the microphone to some other
person or even conduct an interview!

Using a diecast box makes the unit impervious to
inches of water if placed on the ground, and stick -on
rubber feet stop it scratching the paint, if placed
on a car hood or roof. When held in the hand the volume
control can be operated with a thumb (to prevent
acoustic feedback), also if the microphone used has no
on/off switch the unit's switch can be used. In fact
acoustic feedback with our system is not a great problem,
as the microphone can be up to 100 feet from the
loudspeaker.

Design
A low impedance microphone was used for a couple of

reasons, firstly you can use far longer cable without
noise and hum pickup. Second reason is that virtually
all cassette recorders are supplied with low impedance
microphones, so most of our readers will have one!

The first prototype used 1 2V as a supply, the final
version (shown here) uses 1 8V. Power output is about
3W at 1 8V, and if run off a car battery (1 2V) will give
out 2W - siill quite loud. A socket can be fitted for
external power source if needed with a changeover
switch. The output of 3W may not seem very much,
but P.A. horn speakers are very efficient and sound loud!

Internal view of the completed loud hailer Note foam to hold batteries in
place
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Fig 1 Complete circuit diagram
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Fig. 2 Compnent overlay and interwiring

Construction
The microphone we used and most

others, is fitted with 3.5 and 2.5 mm
jack plugs - these are changed for
a 180° 5 pin din plug, this is to stop
ground problems with minature jack
sockets. Pin connections (for plug
and socket) are as follows: Pins 1
and 4 live microphone connection.
Pin 2 screen of microphone and
equipment ground. Pins 3 and 5 used
for remote on/off on microphone
switch.

Toggle switch SW1 is connected
across pins 3 and 5, to act as
another on/off control if your
microphone has no switch (or you
want to use very long single
screened cable). Screening is

+Ve VIA SK1/SW1
PINS 5/3

RV1
REAR VIE11,'

- Ve

AKER

important, pin 2 on the din socket is
shorted to the earth tag on the
socket. The input screen is also
taken to the board input, the output
screen from the LM381 is looped,
via the ground end of RV1, to the
input screen of the LM380 ie: back
to itself. RV1 itself is not grounded
separately, just bolted tight to the
case. This might seem strange to
Hi-Fi boffins, but prevents
instability in the circuit - we know
because we did it!

The rest of the construction is
reasonably straightforward. A large
piece of foam is glued to the lid, to
prevent the batteries from rolling
around inside the box. Finishing
touch is a clip for the microphone

o
Ills

an gip

OIL% Alai.O ETI LOUDHAILER 0

HOW IT WORKS
The LM381 is a dual low noise preampli-

fier - only half is used in this application.
Most of the compensation network is inside
the chip, hence the low parts count outside!
Resistors R4 and R5 provide negative input
bias current, and establish the dc output
level at one-half the supply voltage.

Gain is set by the ratio of R4 to R2 which
in this design is 100. C2 establishes the low
frequency -3dB point, the value of 4701.IF
used stops the system sounding "boomy".
For more bass C2 can be reduced to 100p.F.

High frequency roll off is set by C3, with
our mike no capacitor was needed. With a
condenser electret microphone 100pF was
required to reduce the high frequency gain, so
if you use a different type C3 can be varied
between IOpF and 100pF for best response.

Cl reduces the effect of 1/f noise
currents at low frequencies.

The output of the LM381 passes through
C5 and RV1 to the LM380 general purpose
power amp. R5 and C7 act as a Zobel
network on the output to stop instability,
when driving reactive loads (like P.A. horn
speakers!).

PARTS LIST
RESISTORS All 11/4w 5% except where stated

R1
R2
R3

39k
56R
1k2

R4 5k6
R5 2R7 1/2w 5%

CAPACITORS
C1 1u0 25v
C2,9 470u 16V
C3 See text
C4. 5. 7. 8 100n polyester
C6 4u7 16V

POTENTIOMETER
RV1 10k log rotary

SEMICONDUCTORS
ICI LM381
IC2 LM380

SWITCH
SW1 Subminiature SPS I

LOUDSPEAKER
P.A. type horn -8 ohm, power rating at
least 3W.

MICROPHONE
Low impedance type - around 600 ohms

BATTERIES
Use 2 large 9V batteries (Eveready 276 for
example) or 12 C or D cells.

CASE & HANDLE
Diecast box 171 x 121 x 106mm
Handle 107 x 12 7 x 27 4mm

MISCELLANEOUS
5 pin din plug and chassis socket (180 ) PCB
to pattern, nuts, bolts. spacers. etc Screened
wire. knob. foam, microphone clip

Fig 3 PCB pattern (105mm x 30mm)
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short Circuit

CONTINUITY
TESTED
One of the commonest uses of a multimeter is to prove continuity
- it's not the best way of doing it however.

THE PROBLEM WAS IN A TV
receiver; a loom of wires
connecting one section to another
had duplicate colours within the
loom so that amid the usual
amount of dirt and dark corners it
was impossible to trace the course
of one particular wire. The answer
to the problem was a
straightforward continuity tester, a
multi -range ohmmeter may be
suitable but could cause some
trouble in differentiating between
zero and a few hundred ohms and
also in reading "through" a
semiconductor that was in circuit
and giving misleading readings.

In the course of servicing a
variety of apparatus this qpestion
of continuity occurs over and over
again; the absence of firm points
available for contact clips often
means that pointed probes must be
pressed into a small joint or onto
part of a printed circuit, and while
concentrating on the probes it is of
course difficult to keep an eye on
the meter pointer and in particular
to read the value of resistance - or
the lack of it

Design Considerations
Several simple circuits were

tried - a lamp, battery and probes
still demanded the attention of the
eyes; replacing the lamp by a
buzzer was more successful but
needed some three to four volts
and gave no indication of a series
semiconductor junction if the
polarity was correct while the
current flow was large enough to
damage the more delicate devices
within the circuit under test. An
extension of the principle to
operate an astable (multivibrator)
type of oscillator gave good
audiblity but would operate from
zero through to several thousands
of ohms and so was too general an
indication.

Designed by D. H. E. King
Built by ETI Project Team

A set of .specifications was
becoming apparent; (i) probe
current to be small) (ii) probe
voltage to be as low as possible,
preferably less than 0.3V to avoid
seeing germanium or silicon
junctions as a continuous circuit;
(iii) no on -off switch to be used.

The circuit was the result and
several dozen have been
constructed and are earning their
keep for both "heavy" electricians
and electronic technicians.

The output from the speaker is
not loud but is more than adequate
for the purpose. We used a surplus
telephone insert which are often
available from component retailers.
Small transistor radio loudspeakers
with impedances of 25-80 ohms
are also available. In both cases
the resistance should be brought
up to 300 ohms by adding series
resistor R8.

PARTS UST
RESISTORS (Y. W 5%)
R1 1 k
R2 2k2
R3,4 22k
R5 2k7
R6,7 56 k
R8 See Text

CAPACITORS
C1,2 22 n polyester or ceramic

SEMICONDUCTORS
Q1 2N3906 or similar
Q2,3,4,5 2N3904 or similar
ZD1 8V2 Zener Diode, 400mW
D1,2 1N4148 or similar silicon diode

LOUDSPEAKER
LS1 25-80 R, See Text

MISCELLANEOUS
Two 2mm sockets, plugs and probes to suit
connecting wire, 9V battery and clip,
Nuts, bolts, pcb spacers. PCB as pattern.

9V

RI
1k R2

2k2

ZD1
8W

0 A

01

TO PROBE
ISEE TEXTI

oB

lb

81

02

27

R5
2k7

R6 R7
566 56k

CI
22n

02

L'1
25 800 

22,

R8

01.02
19414,.

'SEE TEXT

Fig 1 Circuit of the continuity tester; note that an on -off switch is unnecessary D1 is
used when the battery is brand-new and giving over the nominal 9V 01. 02 and 03 act
as the switch for supplying power to the multoobrator
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HOW T WORKS
Starting with a 9 V supply, when the
probes are short-circuited there is
8V2 (8.2 V) dropped across the zener
diode ZD1 leaving a maximum of
OV8 (0.8 V) across RI. Application
of Ohms law shows that a maximum
current of 0.8/1 000 = 0.8 mA tlows
via the probes and this satisfies the
first design requirement of low probe
current.

Q1 is a silicon type and the base -

emitter voltage will need to be about
0V5 -0V6 (0.5-0.6 V) to forward -bias
the junction and initiate collector
current. With a maximum of OV8
available across RI it is seen that if
a semiconductor junction or resistor
is included in the outside circuit
under test and drops only OV3 then
there will be OV5 remaining across

RI , barely enough to bias 01 into
conduction.

Assuming that the probes are joined
by nearly zero resistance, the drop
across RI is OV7 - OV8 and Q I
turns on, its collector voltage rising
positively to give nearly 9 V across
R3. Q2 is an emitter follower and
its emitter thus rises to about 8V3
and this base voltage on Q3 ( a series
regulator circuit or another emitter -
follower if you prefer it) results in
some 7V7 being placed across the
Q4 - Q5 oscillator circuit. All the
transistors are silicon types and
unless the probes are joined, only
leakage current flows from the
battery thus avoiding the need for
an on -off switch. When not in use,
the battery in the tester has a life in
excess of a year.

1:117co,momda.0.00

416142
4."511/4:11) CONT. TESTER

Fig. 2. The pcb pattern shown full size (73mm x 33mm)

PROW -

4 Vo

A

B

r.

-Ve

-i/D11-

0 I

t-.(]

r) 300.
0

Fig 3 The component overlay on the pcb and
other wiring

An experiment worth doing is to
select the value of either Cl or C2
to produce a frequency of
oscillation that coincides with the
mechanical resonant frequency of
the particular earpiece transducer
in use. Having chosen the correct
value, which probably lies in the
range 10n -100n, the tone will be
louder and more piercing. A
"freewheel" diode D2 is connected
across the transducer since the fast
switching action of the oscillator
circuit can produce a surprisingly
high back e.m.f. across the coil
and these high voltages might

an "under -voltage" zener volt -drop
will Leave considerably more than
the forecast voltage available at the
probes. A silicon diode D1 is
therefore connected in series with
the zener to decrease the probe
voltage by a further 0.6V or so.
During final test and just before
boxing the completed circuit, the
most suitable connection, A or B, is
selected for the positive probe
wire. The aim is to have the circuit
oscillating with short-circuited
probes but to stop oscillation with
the least amount of resistance or
the inclusion of a diode (try both
ways) between the probes.

No sensitivity control is fitted
although it would be possible to

Inside view of our unit built into a small plastic box with metal top.

otherwise lead to transistor damage
or breakdown.

Zener diodes do not provide an
absolutely constant volt -drop
regardless of current; at the 0.8mA
design current an 8.2V diode will
quite possibly give only about 8.0V
drop since test current for zener
selection and marking is typically
5mA or more. A further possible
source of error is the battery; the
one suggested nominally provides
9V but a brand-new specimen may
perhaps provide some 9.5 to 9.8V
until slightly run-down and this
"surplus" voltage, combined with

take R2 from the slider of a control
replacing Rl. It was not thought
worthwhile, however, to spoil the
simplicity of the apparatus with
anything external other than just
the two probes.

There is no easy way to proof
the unit against connection to the
mains supply. Be careful if
checking mains wiring and switch
off first. In a similar way, if
checking electronic apparatus for
unwanted bridging between
Veroboard tracks, for instance or a
suspected crack in a printed circuit
track switch off first.
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Short Circuits

STEREO

simuLAToR
Make more of mono with this ETI project team design

IF YOU ARE a member of that
illustrious band - the hi-fi
enthusiast - read no further. The
suggestions contained below are not
for your eyes.

If, however, you are a normal
human being who wants to get as
much fun out of life as possible,
read on.

The stereo simulator is designed
to take a mono signal, from a mono
cassette recorder or, via an isolator
please, your TV set, and turn it into 
a pseudo stereo signal.

It does this by splitting the input
into two signal paths and then
filtering each signal. The high
frequencies are fed to the left input
of your stereo amplifier and the low
frequencies to the right hand
channel.

While this may not sound too
exciting, we here at ETI were
amazed at the extra something this
circuit added to many different types
of music.

Now they say that one picture is
worth a thousand words (hence all
the lovely pictures in ETI) and we
are sure that somewhere, someone,
sometime has said the same sort of
thing about sound (no not a picture,
silly), so if you want to appreciate
the effect of our stereo simulator,
please build it and try it. We think
you will be amazed too.

Picking Up The Pieces
The circuit should be assembled

according to our component overlay.

Make sure the quad op -amp is
correctly positioned before
soldering. The input lead from SK1
was earthed at both ends but the
leads to SK2 and SK3 should only
be earthed at the socket end (to
prevent earth loops). Current
consumption should be about
2.5mA per battery. The power
supply switch, SW1, was a double
pole switch to switch both supply
batteries, the common of the
batteries being OV.

ETI S'ISTMULAEREOTOR

--HOW IT WORKS
The circuit is based on two second order

filters built around ICI(b) and ICI(d).
ICI(b) is a low pass filter with component

values chosen to give a break point of about
2kHz ICI(d) is a high pass filter with, again, a
break point of 2kHz.

Thus the output at SK2 will consist of the
low frequency portion of the input (bass) and
SK3's output will consist of the high (treble)
portion of the input signal.

The mono input from SK1 is fed via unity
gain input buffers to each filter element. This
is to avoid loading the filters which might
degrade their performance.

Cl
SK1 10u

Ir.

RI

R9
100k

friC-"\AR6V-
R739k22k

SW14

IC 11.,'

IC1 LAI348

R4
10k

Fig. 1. Circuit diagram of the stereo simulator

95
10k

C2
10n

R11
39k

C3

IC103I

"4' R12
22k

O

SK2
RIGHT OUT

SK3
LEFT 00

SW11,

N1

TV
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0

,9V

OUT 0,

OUT,1

0 V

INS JE A 1 I LI

1".k

INNE Ii

SCREEN

INPUT

RESISTORS (all W 5%)

R1,2,3,8,9,10
04,5,13,14
R6,11
R7,12

SEMICONDUCTOR

IC1

CAPACITORS
C1
C2,3,5,6
C4,7

100k
10k
39k
22k

STEREO
SIMULATOR()
o Clum

Shown full sire (60x4Omm) above is the foil
pattern for the stereo simulator. To the left is
the component overlay.

PARTS LIST

LM348 quad 741 op
amp

10u 16V electrolytic
1 On polyester
4u7 2V electrolytic

SOCKETS

'SKI ,2,3 Panel mounting
phono sockets

SWITCH

SW1 Double pole on -of I
slide or toggle

MISCELLANEOUS
P.C. Board as pattern, nuts bolts,
spacers etc. single screened wire,
Two 9V batteries and clips

Playing The Part
Connect up the stereo simulator

to your stereo amp and to a mono
signal source. The effect of the

circuit can be modified by use of the
amplifiers tone controls (giving a
sort of width control) and the
balance control.
Have fun.

Fig 2. Interior view of
the stereo simulator
showing the compact
layout obtained when
using the LM348 quad
op -amp

commodore p ET
COMPUTER

PHONE -A -COMPUTER Co.
will have the PET avail able

aswent,...0,Atomws' to you soon. We also
carry the KIM line of

computers
"11.14441/90. Both are now

here in CANADA,
At prices YOU can afford.

Fcr more information about the PET and the KIM
family's computers. Call or write for free brochure.

PHONE -A -COMPUTER Co.

3090 Constitution Blvd., Mississauga, Ont. L4Y 2Z2

For faster service please enclose 505 for handling
and postage

CLASSIFIED
Classified Advertising

Box Numbers
Classified advertisers wishing to use
a Box Number in their advertise-
ments MUST supply their perma-
nent address and telephone number.
Advertising will not be accepted if
this information is not supplied.
Advance payment must accompany
al orders. Send cheque or money
order, not cash, to:
Advertising Services
ETI Magazine - Unit 6
25 Overlea Blvd., Toronto, Ontario

J & J ELECTRONICS LTD.,
P 0 Box 1437 E,
Winnipeg, Manitoba R3C 2Z4
Semiconductor Specialists
Do you get our bargain flyers? Send
$1.00 to receive the current literature
and specials and to be placed on the
mailing list for the future publications

AMPLIFIER KITS,
ELECTRONIC PARTS
best quality and cheapest

50W/50W RMS stereo kits.... $155.00
125W RMS pow. amp. module $95.00
40W RMS pow. amp. module $40.00
2N3055/MJ2955 2MHz 200W $3.50/pr.
M J 802/M J 4502 5MHz 200W $8.50/pr.
7400, 7402, 7404 $0.21
LM -741 $0.30, LM -1310 $1.50,
LM -555 $0.55, Resistor $0.50 each;
capacitut $0 10 each, Free catalog:

COMPUTRONICS
P.O. BOX 531. STA "H"
MONTREAL. P.O.

Hybrid circuits, Modules. Kits, etc. for electronic
music, high-fidelity, audio experimenters.

To receive our new catalogue and be put on
mailing list, send 25c or 9x 12 sase to:

MITCHELL ELECTRONICS SYSTEMS
P.O. Box 734. Burlington,

Ontario. L7R 3Y7
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DESIGNING t USING PART 3

ACTIVE FILTERS
Concluding our detailed examination of this particular building block Tim Orr takes a good look at
band pass and band reject circuits.

Band reject (notch) filters

SO FAR NOTCH FILTERS have been realised in this
article by two methods; by mixing a bandpass signal
with the original or by mixing the low and high pass
outputs. There are of course, many other methods of
obtaining a notch.

Firstly, the Twin T circuit, Fig. 1.

* REI

fc HI
2- RC

WHERE Ic lktit
C 15,,F
C2 = 30nF
R 10k66
R2 51,33

Fig 1 Twin -T band notch filter configuration.

This is interesting, in as much as by using only
resistors and capacitors, a notch response can be
obtained! However, as this filter is passive, only a low Q
is possible. This circuit is not used very much, because
it has six components that determine its notch
frequency. However, it is of interest to note that, when
the Twin T is placed in the feedback loop of a high gain
inverting amplifier, a bandpass response is obtained.
Also if R is made variable it is possible to move the
centre frequency, although in doing so, the Q varies.
This has been the basis of many Wah Wah effects
pedals, Fig. 2.

Vcc
V ow
O 4

o  II io
SET GAIN SO THAT NO
OSCILLATION OCCURS

H

I FOOT PEDAL
''CONTROL -11`

OF FREOUENCV
1

4
52

TWIN T
CIRCUI'

hig 2 Block Diagram of a typical Waa-Waa Pedal

Another method of obtaining a notch is to use the
'Allpass' filter, Fig. 3. The frequency response shows
that its output is fiat! Not much of a filter I hear you
saying. However, it suffers a phase shift which goes
from 180 , through 90 at fc, to 0 . By cascading two
of these filters, the phase shift is doubled.

V in

R'

C

20 LOG

0 dFt

1800

fc - -1 900

27 CR

o°

R*
JUST KEEP THE

TWO R" EQUAL

V out

V out
V in

1c

20 LOG V out

c = 1 kHz

OP, F Ill'

010. FREO

FREO

Ivy 3 All -pass filter At the top is the Circart tot such J tlt.,0t! /1',
frequency and phase responses are shown below it. with the
obtainable notch at the bottom
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If we then mix the phase delayed signal with the
original, a notch response is obtained. This is
because at fc the two signals have the same magnitude,
but the opposite phase and so they cancel each other
out.

If the notch is to be made tuneable, then the RC time
constants must be varied. For a small tuning range just
one R can be varied, for a large tuning range then the
R's must be realised with a 'stereo' pot.

All change

If lots of Allpass filters are cascaded then several
notches can be produced. This type of filter is known as
a comb filter. Note that it takes two Allpass filters to
produce a usable 180 phase shift, and therefore every
notch in the comb requires two Allpass sections. By
making the R's variable then the notches can be made
to move up and down in frequency. This filter forms the
well known 'phasing' effect unit, widely used in the
music industry to produce colouration!

Fig. 4 shows a small section of just such a unit. A
CMOS chip is used to provide a MATCHED set of six
MOS FETS. A common voltage is used to control the
MOS FETS channel resistance. Thus as the control
voltage varies then so do the six MOSFET resistors, and
the three notches move in unison along the frequency
axis.

0 
V in

100k

II
10nF

20 LOG V out

100k

100k

741

0O
V out

1/6 CMOS FET ARRAY
USE CD4049 OR CD4010

VOLTAGE
CONTROL
INPUT

FREQ.

Fig4: One section of a comb filter The response produced by the full
(six times above) circuit is shown below the circuit

USE A TDA1022 (MULLARD)

20 LOG V out

V in

3 1

T

ANALOGUE DELAY
LINE DELAY TIME r

TIME DELAY CONTROL

2 3

LIN FREQ.

4 5

T

Fig. 5: Alternative method of producing a comb filter using a Mullard
delay line

Another form of comb filter is shown in Fig. 5.
Instead of a phase delay line, a time delay line is

used. This produces a large number of notches which
are linearly spread along the frequency axis. Their
spacing being determined by the delay time.

A bucket brigade delay line can be used to
implement the time delay and this can be made
variable. This type of filter is known as a Flanger, which
is a superior type of phasing unit, and is used to
generate high quality phasing effects. An even more
impressive sound can be produced by adding some
feedback around the delay line. A multi peak, high Q
filter is formed which makes very interesting musical
sounds when swept.

Variable Tuning

Very often a variable centre or cut off frequency is
wanted. This causes problems in filters of order greater
than two, simply because getting ganged potentio-
meters with more than two sections is difficult. One well
known manufacturer uses four presets mounted on a
common spindle to produce a fourth order Rumble and
scratch filter. For manually controlled filters, the
resistors are made variable by using ganged
potentiometers or switched resistor networks.

The switches can be mechanically operated or
electronically controlled, Fig. 6. An alternative method
of switching control is to use mark/space 'modulation,
Fig. 7. This has the advantage of being a
continuously variable control with a useable sweep
range of 100 to 1. Also, lots of sections can be used,
and they will all track. Therefore, if two CD401 6 packs
were used. then an eighth order (4 transmission gates
per packs, vanabfe frequency filter could be construct-
ed There are of course, problems;
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ACTIVE FILTERS

7k5

30k

CONTROL VOLTAGES A,B,C,D
PROVIDE A RANGE OF 15
VALUES OF RESISTANCE.

CMOS CD4016 or CD4066

Fig. 6: Varying the tuning of an active filter by use of CD4016
transmission gates (TG) to switch in different resistor values.

1. The switching waveform must be several times
higher in frequency than the highest frequency to be
filtered.
2. More circuitry, to generate the switching waveform
is required.
3. Switching noise is generated.

0-1
V in

FREQUENCY
CONTROL

VARIABLE
MARK/SPACE
WAVE FORM

An7

10k

10k

+7V

SWEEP RANGE 100Hz - 10kHz

V out

Fig. 7: Another method of varying the notch frequency, mark/ space
ratio modulation, and has the advantage of possessing a wide range

Multiplying FETS

Voltage controlled resistors can be used. These take
the form of junction or MOS FETS, where the gate
voltage controls the channel resistance, Rds. The
problems with this method are that the characteristics
from FET to FET vary considerably and also the Rds
does not have a predictable relationship to the gate
voltage. Also, to avoid distortion, low signal levels must
be used. Nevertheless, FETS are used in many variable
filters such as phasing units.

A set of six MOS FETS having matched characteris-
tics can be obtained from a CD4049 or a CD4010
pack. Alternatively LED photo conductor arrays can be
used. The LED produces light which controls the photo
conductor's resistance, the two devices being housed in
a lightproof box. Large signals can be handled with very
low distortion and low noise generation.

Again there are drawbacks. The units are quite
expensive, the relationship between LED current and
photo conductor resistance is rather unpredictable and
the photo conducter's characteristics drift. Another
method of varying a filter frequency is to use electronic
multipliers. A two quadrant multiplier function can be'
used to vary the gain of a stage and so produce
frequency scaling.

Some Audio Circuits

Active filters have found great use in equalising
audio signals, from tone controls on a domestic Hi-Fi to
Parametric equalisers in recording studio. Fig. 8
shows a common tone control with just bass and
treble functions Again cut and lift ranges are 20cIBs. If

20 LOG V out

A Vin
+20

0 dB

-20
BASS 1kHz TREBLE

10. FREQ.

Fig. 8: Simple tone control circuit, with the lift and cut responses
shown beneath it.
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V in 10k

C1

100k

C2
1M 1M

"'At

2k4

CHANNEL
CENTRE
FREQ.
IN Hz C1 C 2

32 180n 18n

64 100n 10n

125 47n 4n7

250 22n 2n2

500 12n 1n2

1000 5n6 560p

2000 2n7 270p

4000 1n5 150p

8000 680p 68p

16000 360p 36p

USE A 100k LINEAR SLIDER

10k

SEE CHART FOR VALUES
OF C1 ANC) C2

THIS SECTION IS REPEATED
MAKING A TOTAL OF 10 SECTIONS.

V out

Fig 9 A design for a graphic equaliser, using active filters. The above
circuit is repeated however many times you wish Use the table on the
left to calculate values.

20 LOG V out

412

o dB

-12

V in

ONE CHANNEL WITH FULL LIFT
2 SAME CHANNEL WITH FULL CUT
3 ALL CHANNELS ON FULL LIFT

FREQ.

a more flexible control of the spectrum is needed then
a ten band graphic equaliser (Fig. 9) could come in
handy.

Testing Designs

Once the process of designing active filters has been

EPT SINEI.VAVE

SWEPT
SINE WAVE MOM CIRCIII1
OSCIL LA TOR'\.../ LINDE k

V to V owSWEEP TEST
" RAMP

VARIABLE
SINE EP
TIME

OSC ILL nSC 0

imk
x

F RE CUENCY
RESPONSE

Fig 10 resting active filters using a sweep
Oscillation

reduced to a simple procedure, testing them should
also be made as easy as possible. The most basic is to
use a swept sinewave oscillator (Fig. 10).

An XY oscilloscope is used to display frequency -log
against amplitude -linear. The ideal display would be
log amplitude, but this is not so easy to obtain. The
beauty of this method of testing is that the display is
real time and so any changes made to the filter, like
varying one of the capacitors, appear instantly on the
oscilloscope. If high Q's or rapid roll offs at low
frequencies are involved, then the sweep time will have
to be reduced, otherwise the effects of Ringing, will
'Time smear' the display. The harmonic distortion of
the sinewave can be quite large, 0.5 to 2.0°'. without
causTig too much of a display problem for most filter
designs.
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NRI home training in
Color TV and
Audio Servicing

is a proven way to increase
your income.

NOW YOU CAN
LEARN COLOR TV AND
AUDIO SERVICING with the
largest technical home -
training school.
Only NRI has the engineering expertise, the
facilities, and the trained instructors to
develop this thorough training program . . .

one based on proven professional tech-
niques and designed -for -learning equipment
you won't find anywhere else.

No one else matches NRI
equipment or training.
NRI gives you both a solid state, 25", diag-
onal Color TV and an SO" Quadraphonic
Receiver for training . . . together in one
course. These are not hobby kits or off -
the -shelf units. Each is designed around
state-of-the-art circuitry, for training right
from the chassis up. You learn the right
way, building complete units and perform-
ing more than 35 "in -set" experiments as
you build. -Trademark CBS Inc.

You pay less with NRI
because NRI pays less.
NRI doesn't buy from outside sources . . .

we engineer our own equipment. We pay
no salesman's commission. Our students
are enrolled only by mail. The money we
save is passed on to you in lower tuition
fees and extra equipment like the TV's con-
sole cabinet (an optional extra with some
other schools), the Quadraphonic System
with its 4 speakers; professional test instru-
ments like a 5" triggered sweep oscillo-
scope, a TV pattern generator, a CMOS

digital frequency counter, and transistorized
volt ohm -meter. All this, plus our unique
electronics Discovery Lab" and seven other
electronics kits. -Trademark McGraw Win CEC

You learn more with NRI
because we make it easier..
NRI has more than 62 years of experience
in home training. We know how to speed
learning and ease understanding with bite -
size lessons, fully illustrated texts, plentw of
kits and experiments for hands-on training,

and a full-time staff of engineer/instructors
to help if you need it. You progress at your
own speed at home while maintaining your
present job.

Free Catalog . . . no
salesman will call.
Read all about the many NRI courses in
TV/Audio Servicing, Digital Computer Elec-
tronics, CB Radio and Complete Communi-
cations, Aircraft or Marine Electronics,
Mobile Radio and more. See for yourself
why almost half of the professional
TV/Audio servicemen got their training
through home study, and why those who
took home study chose NRI training by bet-
ter than 2 to 1 over any other school.

If coupon has been removed, write: NRI
Schools; McGraw-Hill Continuing Education
Center; 330 Progress Avenue, Scarborough,
Ontario M1P 2Z5.

r- - - - RUSH for FREE CATALOG ENE SIM

I NR
NRI Schools
McGraw-Hill Continuing

. . r,, Education Center

I
;,, 330 Progress Avenue

1 Scarborough, Ontario M- P 2Z5

I Name

IAddress

City Prov. Code

IEmployed by

Type of Present Work ETI708Type

=II MI MIN MIN MI

Please check for one free
catalog only. No salesman
will call.

0 TV/Audio Servicing;
Choose from 5 Courses

0 Complete Communica-
tions Electronics with
CB  Aircraft, Mobile
Marine Electronics

El CB Specialist's Course
0 Small Engine Service and Repair
0 Digital Computer Electronics  Electronic

Technology  Basic Electronics
0 Electrical Appliance Servicing
0 Automotive Mechanics  Basic and

Master Courses
0 Auto Air -Conditioning
0 Air -Conditioning, Refrigeration, and

Heating

411%, Member
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rIROM
FROM THE PtM.ISHERS OF

ELECTRONICS TODAY INTERNATIONAL

ETI

CIRCUITS

Not

$5 00 C150 $2 50

from the publishers si electronics today internatual

ft71.2t)T,

siisrate,

Take the mystery
out of electronics with
this straightforward
logical course

virearearoar

CIRCUITS No. 1:
A brand new concept from the house of ETI
more than 100 pages packed with a wide
range of experimenters circuits. Based on
the 'Tech Tips' section carried in the over-
seas editions of ETI, Circuits 1 is the first of
a series of specials - produced for the enthu-
siasts who know what they want, but not
where to get it! Circuits 1 will also act as a
catalyst for further development of ideas,
ideal for the experimenter. The collection of
more than 200 circuits is complemented by
a comprehensive index, making searches for
a particular circuit quick qnd simple. Also,
similar circuits can be compared easily, due
to the logical layout and grouping used
throughout. Last and by no means least, Cir-
cuits 1 has no distracting advertisements in
the main section!

TOP PROJECTS No. 4:
A collection of 28 constructional projects
reprinted from ETI. This is the fourth in a
series published by the British edition (Nos.
1 and 2 are not available). Projects are
complete and include: Sweet Sixteen Stereo
Amp, Waa-Waa, Audio Level Meter, Expand-
er/Compressor, Car Anti -Theft Alarm, Head-
light Reminder, Dual -Tracking Power Sup-
ply, Audio Millivoltmeter, Thermocouple
Meter, Intruder Alarm, Touch Switch, Push -
Button Dimmer, Exposure Meter, Photo
Timer, Electronic Dice, High Power Beacon,
Temperature Controller, Electronic One -
Armed Bandit plus many more.

$5.00 FOR CIRCUITS No. 1
$2.50 FOR TOP PROJECTS No. 4

ELECTRONICS - IT'S EASY:
Volumes 1 and two of the best introductory
series to electronics ever published in a mag-
azine. Volume three, completing the series,
will be available in a few months.

Electronics - It's Easy! takes a fresh look
at electronics: it avoids the usual introduc-
tions to the subject which mostly seem des-
igned to frighten you away before you reach
page 10!

Volume one leads the raw beginner from
a gentle introduction, explaining circuits in
'black -box' form up to the use of operation-
al amplifiers.

Volume two deals with more advanced
techniques. and deals with digital and logic
circuits.

These books have sold extremely well in
Australia and in Britain. In Holland they
form the basis for a correspondence course.

$6.00 FOR BOTH,
$3.50 INDIVIDUALLY

WAS WA A. SIMPL S TES
Hi FI AMP 8W 4. SW. CAR A
DICE. AUDIO MIL
P SUMIN

OR
AO( NO P.S.U.

R ALA PHGTO
CAR AMP. EM NCY BEACON
OW ARM BANDIT IODIC PROBE
COUIRTEST LIGHT - XTENDER
I4EA')LIGHT REMINvig, Toucp,
SWITCH. FLASH TRIC7c....ER BASIC
POWER suppLv CAR FLASHEc
EXPOSURE METER. TEMPERATURL
CONTROLLERS. THERM' XOUPLC

CFRAMIC CARTRIDGE

electronics
Volume 2 -it's easy
Iran the publishers of electronics today international

_

£120

Power Stewilhe
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Mere
Digital Systems
Logic

10177-0#10

144aniagtir
THESE PUBLICATIONS ARE AT PRESENT ONLY AVAILABLE FROM ET!

Send your orders, with payment (not cash), to
ETI PUBLICATIONS

Electronics Today International
Unit Six

25 Overlea Boulevard
Toronto, Ontaric

M4H 1B1
Please specify which publications you require, and print your name and address clearly.
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ETI DATA SHEET
LM 3911 TEMPERATURE CONTROLLER NATIONAL

The LM3911 is a highly accurate
temperature measurement and/or control
system for use over a -25' C to +85' C
temperature range. Fabricated on a single
monolithic chip, it includes a temperature
sensor, a stable voltage reference and an
operational amplifier.

The output voltage of the LM3911 is
directly proportional to temperature in
degrees Kelvin at 10 mV/ 'K. Using the
internal op amp with external resistors any
temperature scale factor is easily obtained.
By connecting the op amp as a comparator,
the output will switch as the temperature
transverses the set -point making the device
useful as an on -off temperature controller.

An active shunt regulator is connected
across the power leads of the device to
provide a stable 6V8 voltage reference for the
sensing system. This allows the use of any
power supply voltage with suitable external
resistors.

The input bias current is low and relatively
constant with temperature, ensuring high
accuracy when high source impedance is
used. Further, the output collector can be
returned to a voltage higher than 6V8
allowing the circuit to drive lamps and relays
up to a 35V supply.

The LM3911 uses the difference in
emitter -base voltage of transistors operating
at different current densities as the basic
temperature sensitive Since this
output depends only on transistor matching
the same reliability and stability as present
op amps can be expected.

The device is available in three package
styles - a metal can 4 -lead TO -5, a metal
can TO -46 and an 8 -lead epoxy mini -DIP. In
the epoxy package all electrical connections
are made on one side of the device allowing
the other 4 leads to be used for attaching the
device to the temperature source. The
LM3911 is rated for operation over a -25' C
to +85 C temperature range.

Application Hints
As with any temperature sensor, internal

power dissipation will raise the sensor's
temperature above ambient. Nominal sug-
gested operating current for the shunt
regulator is 1 mA and causes 7 mW of

Applications
 Thermometer
 Over/Under temperature alarm
 Fish tank controller
 Photographic development systems
 Greenhouse controller
 Weather station transducer
 Fire alarms

Absolute Maximum Ratings
Supply Current (Externally Set) 10mA
Output Collector Voltage 36V
Feedback Input Voltage OV to + 7VC
Output Short Circuit Duration Indefinite

Features
 Uncalibrated-accuracy ± 10 C
 Internal op amp with compensation
 Linear output of 10mVP K (10mV/  C)
 Can be calibrated in degrees Kelvin,

Celsius or Fahrenheit
 Output can drive loads up to 35V
 Internal stable voltage reference
 Low cost

Dual -In -Line Package

TOP VIEW

Order Number LM3911N

Metal Can Package

TOP VIEW

Feu Pe.. suers. io use

Order Number LM3911H

Basic Thermometer for Negative Supply

OUTPUT
ID mV/ K

Note Load morale to CND a
supplied thumps Rs

Rs IV- -say) xis...A

Temperature Conversion

TCENTIGRADE = TC

TFAHRENHEIT = TF

TKELVIN TK

TK = Tc + 273

Tc=(40+TF) 5 - 40
9

9TF = 140 + Tc I -5 -40

Ba is Thermometer
fo Positive Supply

ISv

V.

slt

Rs  IV- -A SVI X 103,

OUTPUTS

10 iuv,

power dissipation. In free, still air this raises
the package temperature by about 1.2 K.
Although the regulator will operate at higher
reverse currents and the output will drive
loads up to 5 mA, these higher currents
will raise the sensor temperature to about

Over Temperature Detectors With Common Output

I5V

AI

RI

1.113911
Teo Pea. Va

Rt

s11/
0.001A 

RI  R2

19 K above ambient - degrading accuracy.
Therefore, the sensor should be operated at
the lowest possible power level.

Heat Sinks
With moving air, liquid or surface

temperature sensing, self -heating is not as
great a problem since the measured media
will conduct the heat from the sensor. Also,
there are many small heat sinks designed for
transistors which will improve heat transfer
to the sensor from the surrounding medium.
A small finned clip -on heat sink is quite
effective in free -air. It should be mentioned
that the LM3911 die is on the base of the
package and therefore coupling to the base is
preferable.

The internal reference regulator provides a
temperature stable voltage for offsetting the
output or setting a comparison point in
temperature controllers. However, since this
reference is at the same temperature as the
sensor temperature changes will also cause
reference drift. For application where
maximum accuracy is needed an external
reference should be used. Of course, for fixed
temperature controllers the internal reference
is adequate.
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The LM3911 is available from National stockists. Radio Shack
shops also stock it under the name RS3911 (part number 276-
1706).

CIRCUIT DIAGRAM OF DEVICE

MC 14433 3,/2 DIGIT A/D CONVERTOR MOTOROLA

A high performance, low power, 31/2 digit
A/D converter combining both linear CMOS
and digital CMOS circuits on a single
monolithic IC, the MC14433 is designed to
minimize use of external components. With
two external resistors and two external
capacitors, the system forms a dual slope A / D
converter with automatic zero correction and
automatic polarity.

The MC14433 is ratiometric and may be
used over a full-scale range from 1.999 volts
to 199.9 millivolts. Systems may operate
over a wide range of power supply voltages
for ease of use with batteries, or with standard
5 volt supplies. The output drive conforms
with standard 13 -Series CMOS specifications
and can drive a low -power Schottky TTL load

Absolute Maximum Ratings
Supply voltage 1 8V
Pin current 10mA
V u < (Vin or Vout) < V oo

Circuit Operation
During each conversion, the offset

voltages of the internal amplifiers and
comparators are compensated for by the
system's autozero operation. Also each
conversion "ratiometrically" measures the
unknown input voltage. In other words, the
output reading is the ratio of the unknown
voltage to the reference voltage with a ratio of

1 equal to the maximum count 1999. The
entire conversion cycle requires slightly more
than 16000 clock periods and may be divided
into six different segments. The waveforms
showing the conversion cycle with a positive
input and a negative input are shown in
Figure 2. The six segments of these
waveforms are described below.

Segment 1 - The offset capacitor (Co),
which compensates for the input offset
voltages of the buffer and integrator
amplifiers, is charged during this period.
Also, the integrator capacitor is shorted. This
segment requires 4000 clock periods.

Segment 2 - The integrator output
decreases to the comparator threshold
voltage. At this time a number of counts
equivalent to the input offset voltage of the
comparator is stored in the offset latches for
later use in the autozero process. The time for
this segment is variable, and less than 800
clock periods.

Po

10
CIk I

Clock

BLOCK DIAGRAM 20.23

> 00 03
BCD Data PIN

16 19
DS4

ASSIGNMENT

=24
Multiplexer

.710 ',op
>Osi

DIfilt Strobe = 01 =23
=
=

oa

01=21
=22

11 IIII III IIII
5 C, 00 =20

Latches Po llV 6 = 051=19el

t= C01 052 = IC

II 9 =
co, 053=17
00 Os] =16_LLL,

10 = 0E1 =15
105 `-Sar 100s 1000 Overflow 11 = 0120 EOC loIs

12 =

OR

VIE V55 =12

Overrange

FIGURE 1

Control
Logic

9 1 Display
Du Update

End of
EOC Conversion

Applications
 DVM /DPM
 Digital scales
 Digital thermometers
 Remote A/D and D/A systems
 MPU based interface
 Current and resistance meters

Segment 3 - This segment of the
conversion cycle is the same as Segment 1.

Segment 4 - Segment 4 is an up -going
ramp cycle with the unknown input voltage
(V ,J as the input to the integrator. Figure 3
shows the equivalent configuration of the
analog section of the MC14433. The actual
configuration of the analog section is
dependent upon the polarity of the input
voltage during the previous conversion cycle.

Segmert 5 - This segment is a

down -going ramp period with the reference
voltage as the input to the integrator.
Segment 5 of the conversion cycle has a time
equal to the number of counts stored in the

' offset storage latches during Segment 2. As a
result, the system zeros automatically.

Segment 6 - This is an extension of
Segment 5. The time period for this portion is
4000 clock periods. The results of the A/D
conversion cycle are determined in this
portion of the conversion cycle.

CMOS
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Subsystem

4 5 6
RIO RI C10 C10

Integrator

7 8
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Offset
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MC 14433 CONTINUED MOTOROLA

Pin Functions
ANALOG GROUND (VAG, Pin 1)

Analog ground at this pin is the input
reference level for the unknown input voltage
(V x) and reference voltage (V,et). This pin is a
high impedance input.

REFERENCE VOLTAGE Pin 2)
UNKNOWN INPUT VOLTAGE (V., Pin 3)

This A/D system performs a ratiometric
A/D conversion; that is, the unknown input
Voltage, V is measured as a ratio of the
reference voltage, V,01. The full-scale voltage
is equal to that voltage applied to V rei
Therefore, a full-scale voltage of 1.999 V
requires a reference voltage of 2.000 V while
full-scale voltage of 199.9 mV requires a
reference voltage of 200 mV. Both V x and V roi
are high impedance inputs. In addition to
being a reference input, pin 2 functions as a
reset for the A/D converter. When pin 2 is
switched to VEE, the system is reset to the
beginning of a conversion cycle.

EXTERNAL COMPONENTS
(RA R1/CT, CI; Pins 4, 5, 6)

These pins are for external components for
the integration used in the dual ramp A/D
conversion. A typical value for the capacitor is
0.1 a F (mylar) while the resistor should be
4701(2 for 2.0 V full scale operation and 27
k52 for 200 mV full scale operation. These
values are for a 66 kHz clock frequency which
will produce a conversion time of approxima-
tely 250 ms.

OFFSET CAPACITOR
(C01, CO2; Pins

These pins are used for connecting the
offset correction capacitor. The recommend-
ed value is 0.1

DISPLAY UPDATE INPUT (DU, Pin 9)
If a positive edge is received on this input

prior to the ramp -down cycle, new data will be
strobed into the output latches during that
conversion cycle. When this pin is wired

Features
 Accuracy: ± 0.05% of Reading ±1 Count
 Voltage Ranges: 1.999 V and 199.9 mV
 Up to 25 Conversions per second.
 Z,>1000 M ohm
 Auto -Polarity and Auto -Zero
 Single Positive Voltage Reference
 Standard B -Series CMOS Outputs
 Uses On -Chip Clock, or External Clock
 Low Power 8.0 mW typical @ ± 5.0 V.
 Supply Range: ' 4.5 V to ±8.0 V.
 Overrange and Underrange Signals

directly to the EOC output (pin 14), every
conversion will be displayed. When this pin is
driven from an external source, the voltage
should be referenced to V ss

CLOCK (CIk I, CIk 0, Pins 10, 11)
The MC14433 device contains its own

oscillator system clock, A single resistor
connected between pins 10 and 11 sets the
clock frequency. If increased stability is
desired, these pins will support a crystal or LC
circuit. The clock input, pin 10, may also be
driven from an external clock source which
need have only standard CMOS output drive.
For external clock inputs this pin is referenced
to VEE. A 300 k0 resistor results in clock
frequency of about 66 kHz.

NEGATIVE POWER SUPPLY
(Vie Pin 12)

This is the connection for the most
negative power supply voltage. The typical
current is 0.8 mA Note the current for the
output drive circuit is not returned through
this pin, but through pin 13.

NEGATIVE POWER SUPPLY FOR
OUTPUT CIRCUITRY (Vss, Pin 13)

This is the low voltage level for the output
pins of the MC14433 (BCD, Digit Selects,
EOC, OR). When this pin is connected to

3', DIGIT VOLTMETER WITH LOW COMPONENT COUNT

4J01, t ° 1 yF 0 1 0'

7TE1 I -1(
.1 R, CI C, C01 CO2

CIk

VAG

ECC

CIk 0
MC14433

DS2

CO

01

VI

100 k

4;1

- I .

FIGURE 4

analog ground, the output voltage is from
analog ground to VDD. When connected to
VEE the output swing is from VEE to VDD. The
allowable operating range for V ss is between
VDD -3.0 volts and VEE.

END OF CONVERSION (EOC, Pin 14)
The EOC output produces a pulse at the

end of each conversion cycle. This pulse
width is equivalent to one half the period of
the system clock (pin 11).

OVERRANGE (OR, Pin 15)
The OR pin is low when V, exceeds V,o.

Normally it is high.

DIGIT SELECT (DS4, DS3, DS2, DS1;
Pins 16, 17, 18, 19)

The digit select output is high when the
respective digit is selected. The most
significant digit (1/2 digit) turns on immediate-
ly after an EOC pulse followed by the
remaining digits, sequencing from MSD to
LSD. An inter -digit blanking time of two clock
periods is included to ensure that the BCD
data has settled. The multiplex rate is equal to
the clock frequency divided by 80. Thus, with
a system clock rate of 66 kHz, the multiplex
rate would be 0.8 kHz.

BCD DATA OUTPUTS (Q3, Q2, Q1, GO;
Pins 20, 21, 22, 23)

Multiplexed BCD outputs contain 3 full
digits of information during DS2, 3, 4, while
during DS1, the 1/2 digit, overrange,
underrange and polarity are available.

POSITIVE POWER SUPPLY (VGG, Pin 24)
The most positive supply voltage pin.

Simple DVM
The 31/2 digit voltmeter of Figure 4 is an

example of the use of the MC14433 in a
system with a minimum of components.

In this circuit the MC1451 1 B provides the
segment drive for the 31/2 digits. The
MC75492 or MC1413 provides sink for digit
current. (The MC75492 or MC1413 are
devices with 6 or 7 darlingtons respectively
with common emitters.) The worst case digit
current is 7 times the segment current at 1/4
duty cycle. The peak segment current is
limited by the value of R. The current for the
display flows from VDD (t 5 V) to ground and
does not flow through the VEE (negative)
supply. The minus sign is controlled by one
section of the MC 75491 or MC1413 and is
turned off by shunting the current through R m
to ground, bypassing the minus sign LED. The
minus sign is derived from the Q2 output. The
decimal point brightness is controlled by
resistor R DP. Since the brightness and the type
and size of LED display are the choice of the
designer, the values of resistors R, R m,
R DR, and RR that govern brightness are not
given.

During an overrange condition the 31/2
digit display is blanked at the BI pin on the
MC14511B. The decimal point and minus
sign will remain on during a negative
overrange condition. In addition, an alternate
overrange circuit with separate LED is shown.
There are leftover sections in either the
MC75492 or MC1413.
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MURPHY'2
LAW

IT HAS LONG BEEN the consideration of the author that
the contributions of Edsel Murphy, specifically his general
and special laws delineating the behaviour of inanimate

objects, have not been fully appreciated. It is deemed that
this is, in large part, due to the inherent simplicity of the
law itself.

It is the intent of the author to show, by references drawn
from the literature, that the law of Murphy has produced
numerous corollaries. It is hoped that by noting these
examples, the reader may obtain a greater appreciation of
Edsel Murphy, his law, and its ramifications in engineering
and science.
As is well known to those versed in the state-of-the-art,

Murphy's Law states that "If anything can go wrong, it
will". Or, to state it in more exact mathematical form:

1 + 1 4, 2
where ir is the mathematical symbol for hardly ever.

Some authorities have held that Murphy's Law was first
expounded by H. Cohen when he stated that "If anything
can go wrong, it will during the demonstration". However,
Cohen has made it clear that the broader scope of Murphy's
general law obviously takes precedence.

To show the all -pervasive nature of Murphy's work, the
author offers a small sample of the application of the law in
electronics engineering.

Engineering
1. 1 The more innocuous a design change appears, the
further its influence will extend.
1.2 Firmness of delivery dates is inversely proportional to
the tightness of the schedule.
1.3 Dimensions will always be expressed in the least
usable term. Velocity for example, will be expressed in
furlongs per fortnight.
1.4 An important Instruction Manual or Operating Manual
will have been discarded by the Receiving Department.

Mathematics
11.1 Any error that can creep in, will. It will be in the
direction that will do the most damage to the calculation.
11.2 All constants are variables.
11.3 In any given computation, the figure that is most
obviously correct will be the source of error.
11.4 A decimal will always be misplaced.

Prototyping
III. 1 Any wire cut to length will be too short.
111.2 Tolerances will accumulate unidirectionally toward
maximum difficulty of assembly.
111.3 Identical units tested under identical conditions will
not be identical in the field.
111.4 The availability of a component is inversely
proportional to the need for that component.
111.5 If a project requires n components, there wit'.' be n-1
units in stock.

111.6 If a particular resistance is needed, that value will not
be available. Further, it cannot be developed with any
available series of parallel combination.
111.7 A dropped tool will land where it can do the most
damage. (Also known as the law of selective gravitation.)
111.8 A device selected at random from a group having
99% reliability, will be a member of the 1 % group.
111.9 When one connects a 3 -phase line, the phase
sequence will be wrong.
111.10 A motor will rotate in the wrong direction.
III. 1 1 The probability of a dimension being omitted from a
plan or drawing is directly proportional to its importance.
III. 1 2 Interchangeable parts won't.
III. 1 3 Probability of failure of a component, assembly,
sub -system or system is inversely proportional to ease of
repair or replacement.
111.14 If a prototype functions perfectly, subsequent
production units will malfunction.
III. 1 5 Components that must not and cannot be
assembled improperly will be.
111.16 A dc meter will be used on an overly sensitive range
and will be wired in backwards.
General

IV.1 After the last of 16 mounting screws has been
removed from an access cover, it will be discovered that
the wrong access cover has been removed.
IV.2 After an access cover has been secured by 16
hold-down screws, it will be discovered that the gasket
has been omitted.
IV.3 After an instrument has been fully assembled, extra
components will be found on the bench.
IV.4 In an instrument or device characterized by a number
of plus -or -minus errors, the total error will be the sum of all
errors adding in the same direction.
IV.5 In any given price estimate, cost of equipment will
exceed estimate by a factor of 3.
IV.6 In specifications, Murphy's Law supercedes Ohm's.

Murphey Law had an effect on page 62 in last month's issue.'

The man who developed one of the most
profound concepts of the twentieth century
is practically unknown to most engineers.
He is a victim of his own law. Destined to a
secure place in the engineering hall of fame,
something went wrong.

His real contribution lay not merely in the
discovery of the law but more in its
universality and in its impact. The law itself,
though inherently simple, has formed a
foundation on which future generations will
build.

In fact, the law first came to him in all
its simplicity when his bride-tc-be informed
him that his .boss had beaten him to the altar

This heherto unpublished photograph of Edsel
just after he had heard his ex-riancee's news.

Murphy was taken

ETI CANADA - OCTOBER 1977 55



Digital Fuel Gauge

P. Walsh
This circuit will give a digital

readout of tank capacity in gallons,
up to the 4 gallon mark. As the
sender is of a log. nature, and
knowing you have at least 4 gallons
in the tank I did not find it necessary
to provide a greater figure display.

The switch is a means of
switching to fuel gauge. The voltage
across the sender unit must not
exceed five volts, thus, the resist-
ance of RX must be 2.5x resistance
of sender, when the tank is empty,
presuming that the resistance is high
on an empty tank. Disconnecting the
output of a sender unit on a car fuel
tank, and wiring it in series with a
resistor RX we create a positive
potential at point Y, relative to earth,
which varies in relationship to the
fuel level. Connecting point Y to the
inverting input of a 741 op. amp.,
and using a trimmer at the
non -inverting input, a condition is
created whereby the output of the
IC is either + or -, depending on
the fuel level. A corresponding
voltage, which represents X gallons,
can be set at pin 3, and a drop in
fuel will give an increase in
potential at pin 2, which will result in
a negative output, at pin 6. In the
circuit above, voltage drop may
cause one particular IC to go
negative, but still be at a level to give
another IC a positive output.

210

9 7 2

P01

tAL GAUGE

Al MM.! 0 v C1NCtri 1OVIIONAL

I

V101/NU.

I

1.1 At

In the case of IC4 (representing
4 gallons), the voltage at point Y
may be of a level to give IC4 a +
output, but also be lower at pin 3 on
ICs 3, 2 and .1. This would mean
that the non -inverting inputs would,
in each case, also be positively
biased, giving a positive output from
each IC. To overcome this positive
feedback from pin 6, of any IC

What's A Nice LED Doing In A
Place Like That?
Mary Volpe

Has ETI's staff finally gone off the
deep end? Was our artist asleep at the
pen?

Nope, but we too were a bit surprised
to see this tip. The contributor has
beer. doing some experimenting using
LED's as light sensors and reports that
they work quite well.

Not too much data is available on
this mode of operation so try this basic
amplifier circuit as a start. An output of
.25V to .5V is achievable. You will note
thit there is no input resistor as might
normally be expected in such a circuit.
This is apparently not needed,
probably because the LED internal
resistance is quite high.

What colour LED to use?
following factors may be of interest.
Any photons of energy (i.e. frequency)
greater than or equal to that which the
LED customarily emits will contribute
to the current output. Hence a red LED
(low frequency) will get excited by a

The

0

.1.: I..  

TRANSISTORS - 2N3904
DIODES - 1N914
ICS - 741

which has a positive output, is fed to
inverting inputs to preceding ICs
causing those particular ICs to 'turn
off'.

The outputs from pin 6 of each
IC may then be used to drive
individual indicators, or the discrete
decoder which drives a seven
segment display as shown in the
circuit.

larger range of light. Another factor is
the filtering action of the plastic case of
the LED. Here, a red LED with clear
(uncoloured) body will respond to a
wider light input range than a red LED,
with red body.
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Car A.V.C.
R. Johnson

As the noise from the engine
increases the lamp I P1 is lit by Q3
which causes the resistance of
LDR1 to decrease. This change in
resistance controls the volume of
the radio. A home-made opto-
coupler is used to reduce circuit
cost, and the LDR is connected as
shown. Adjustment of RV1 and
RV2 is necessary so that the
increase in engine noise corre-
sponds to an approximately equal
increase in radio volume.

0
.I2V VIA RADIO
ON OFF SWITCH

01

2N3904
CRYSTAL
INSERT

0
OV

Tech -Tips is an ideas Forum and is not aimed at the beginner.
ETI is prepa'ed to consider circuits or ideas submitted by

readers for thi; page. All items used will be paid for. Draw-
ings should be as clear as possible and the text should prefer-
ably be typed. Circuits must not be subject to copyright.
Items for consideration should be sent to ETI TECH -TIPS,
Electronics Today International, Unit 6, 25 Overlea Blvd.,
Toronto, Ontario, M4H 1B1.
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Time Delay Switch
T. Huffinley

ICla is provided with re-
sistive and capacitive feedback to
form an integrator with initial
conditions. IC1b is in an "open
loop" mode so that its output is
either high or low depending on its
inputs, and changes state when the
output of ICla goes more negative
than the voltage set at ZD2. When
the output of ICI b goes positive the
transistor Q1 biases hard on
switching the SCR on. Diodes
Dl -D4 are to make the SCR conduct
on both halves of the AC wave
form.

The delay period is set by the
components ZD1, ZD2, C, RV1, and

SW3

201'

R1
10k

0 ov

SW1

OV RV1'

0
-12V

R. If ZD1 is chosen to be OV5 and
ZD2 at 5V, then the maximum delay
period is given by T=10.C.R.

ZD2
RV1 = --X13-<'710 R

ZD1

The meter is a voltmeter with a
fsd equal to the value of ZD2 The
switch then operates when the meter
reaches fsd. The meter can therefore
be calibrated to show remaining
delay with OV equal to T and fsd
equal to zero.

SW2 changes round the inputs of
the op -amp so that the output either
swings from high to low, or, low to
high. SW3 is to reset the time delay
which it does by discharging the
capacitor. ZD3 should be chosen

METER

SW2

02
101.

R3
10k

OV

OV

05
5000

0 ---AA/
12V

OV

0

01

to be a value slightly higher than
ZD2, this is to stop the capacitor
charging beyond a set limit and
therefore overloading the meter.
SW1 is the run -hold switch. When
the switch is at +12 volts the
integrator charges the capacitor.
When the switch is  set to OV the
charging of the capacitor is stopped
until the switch is set back to 12
volts.

Q1 is a buffer to avoid loading on
the IC and to trigger the SCR. The
supply voltage should be 12-0-12
 and does not need to be well
smoothed as the zener diodes set the
timing function.

Warning
The circuitry is not isolated from

the line and should therefore be
isolated from the enclosure.

2N3904

SCR1

'SEE TEXT
DI -134 104004
ICI 747 OR SIMILAR

LOAD

NEON

0
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tech -tips
Headlight Delay Unit
D. Chivers

This circuit will operate a car's head-
lights for a predetermined time to
light up the driveway or path after
the driver has left the car, thus en-
abling him (or her) to open the front
door without knocking over the
milk bottles.
SW1 is pushed and Q2 is turned on

closing the relay and turning on the
car's headlights. C1 begins to charge
through VR1 until Q1 turns on,
turning Q2 off. The relay will then
open switching off both the lights
and the unit.
The delay is governed by the time

taken for the capacitor to charge,
which is about one minute.

Q1

2N2646

svvi
0

TO +Ve CAR
V BATTERY

TO HEADLIGHTS
RLA1 I (PARALLEL WITH
180R PRESENT SWITCH)

02
2N2904

Model Railway
E. A. Parr.

This simple circuit provides an interest-
ing little branch line service for a model
railway. A small country railbus starts
at a station , stops, then returns to the
first station again, the cycle repeating
indefinitely.

The track is arranged to have two iso-
lated station sections at each end. The
power is fed to the centre long section
via a changeover relay, RLA. Diodes D1
and D2 feed the staion sections and
ensure that a train in station A can only
move towards station B and vice versa.
The diode connections are correct for
conventionally wired trains.

RLA is under control of a 555 timer.
This is connected as an oscillator with
almost equal mark/space ratio. The
period is longer than the time taken for
the train to travel from one station to
the other. When the train reaches the
station, as the diode will be reverse
biased, it will stop. When, however the
relay changes over the diode will con-
duct, and the train can return to the
first station.

The half period of the oscillator
should be made equal to the journey
time plus the stop required at the
station. The values shown give about 12

STATION A EAT ON E.)

D1

FROM MODEL TRAIN
CONTROLLER

P.

D3
1N4001

seconds which should
most layouts.

The stop/start is unramped, but this is

O

A

be sufficient for

RLA

D2

D1 &D2 SHOWN CORRECT FOR TRAINS
WIRED THE CONVENTIONAL WAY
1E;

1RAIN DIRECTION

V -15V TO SUIT RLA)

1k

SUPPLY
NOT CONNECTED TO
TRAIN SUPPLY

0 V

not particularly noticeable at the speed
all self respecting branch line trains
travel.
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`Warmth' Indicator
C. J. Cooksey

A simple indicator was required
for a gas fridge in a trailer to show
when the pilot light had gone out.
The sensing element used was a
thermistor, attached to the outlet
which is 'warm' when the pilot light
is on. A rod -type thermistor was
used for cheapness, with a resist-
ance of about 3k at 20 C.

Two gates of the 7400 provide a
Schmitt trigger wish a low hysterysis
(determined by the 18k feedback
resistor) and the third gate inverts
that output. When the pilot light is
on, the input of ICI a is high, IC1 c
output is logic 0 and LED2 (green) is
on. If the pilot light fails, the

 12V
0

0

1K

+ 22u

cG32N1893

6V2

Th

1 N914

temperature falls, all gates change
state, LED2 goes off and LED1 (red)
comes on.

I8k

IC 7400

LED1

330K

+5V

339E

The temperature at which the
changeover takes place is set by the
1k preset.

CLJBEH ELEETRO OEUICES
Your Canadian Computer Company

Here is your own personal computer: CUBEX II (8080A)PERS:51AL
COMPUTERS

fiFiE HEBEI

We accept
MASTERCHARGE or VISA

Prices F.O.B. Toronto
Postage & handling charges

extra (Approx. 4%)
Allow 4 weeks for delivery
Ontario Residents Add 7%

Prov. Sales Tax
Prices subject to change

without notice

BASIC CONFIGURATION -
S-100 COMPATIBLE
Consisting of card case with
housing, 16 slot motherboard -
terminated, 25 amp. power
supply, 4 edge connectors,

Additional Boards Available Type
4K BYTE RAM BOARD (STATIC -250 ns)
2 SERIAL -PORT I/O BOARD
2 PARALLEL -PORT I/O BOARD
VIDEO BOARD (64 CHAR + 16 LINES)
VIDEO BOARD (80 CHAR + 24 LINES)
All the above boards come with soc<ets.

combination display plus CPU
board with keyboard type
buttons and octal 7 -segment
display.

Kit $809.00 Assembled $959.00

Kit Assembled
$225.00 $255.00
$190.00 $210.00
$180.00 $200.00
$210.00 $255.00
$310.00 $360.00

Write or Call CUBEX ELECTRO DEVICES Tel: (416) 677-8975
UNIT 2A 1585 Britannia Road East, Mississauga Ontario L4W 2M4

®AKTRON ALUMINUM VOICE COIL FORM,
SPEAKERS So what do I get out of it?

It's not only what you can get out of it all day glare of the sun. The aluminum
- long, reliable performance - it's what voice coil is form is built to staid the
you can put into it that counts.

Power, for one thing. Power that can
heat up and burn out composition
forms. Oaktron voice coil forms can
take the heat from any source - from
close -by electrical components to the

heat.

Oaktron speakers - they all have
aluminum voice coil forms.

Oaktron. Built to take the heat'4
Continuously.

le
r 0 mnit ronix ltd. 1:..Lass... swig Apsql :1>F:::,2;-:1:-:..... 1.
2056 SOUTH SERVICE RD. TRANS CANADA HWY. - DORVAL, QUE. H9P 2N4 - PHONE: (514) 683-6993
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INFORMATION

COMPONENT NOTATIONS AND UNITS
We normally specify components using the recently
agreed International Standard. Many readers will be un-
familiar with this but it's simple, less likely to lead to error
and will be used by everyone sooner or later. ETI has
opted for sooner!

Firstly decimal points are dropped and substituted with
the multiplier, thus 4.7uF is written 4u7. Capacitors also
use the multiplier nano (one nanofarad is 1000pF). Thus
0.1uF is 100n, 5600pF is 5n6. Other examples are 5.6pF
= 5p6, 0.5pF - Op5.

Resistors are treated similarly: 1.8M ohms is 1 M8,

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

BACK NUMBERS
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.

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.

NON-FUNCTIONING PROJECTS
We cannot solve the problems faced by individual readers
building our projects unless they are concerning inter-
pretation of our articles. When we know of any error we
shall print a correction as soon as possible at the end of
News Digest. Any useful addenda to a project will be
similarly deatt with. We cannot advise readers on modifi-
cations to our projects.

COMPONENT' STORES
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.

PRICES
All prices quoted in the editorial of ETI are in Canadian
dollars, except where stated. Advertisers in U.S. may give
U.S. dollar prices. Where we only know an overseas price,
e.g. in U.K. pounds, we convert approximately to Cana-
dian dollars, erring on the conservative side, where possi-
ble.

COMPONENT SUPPLY
We do not supply components for our projects and are
unable to supply advanced information on components
used in any projects. However to enable readers to obtain
printed circuit boards without undue delay we will be
supplying retailers and manufacturers with certain p.c.
board designs. Any company interested in receiving such
designs should write to us on their headed note paper
requesting details.

A CUT/BEND
TOOLS

LENLINE

I 
TP/2 cuts and
bends component
leads on PC boards
in one single-
handed
operation.

PR/1 accurately bends component
leads 90° for PCB insertion. Micrometer

adjustment of spacing.

Write for complete
Lenline Electronics catalogue

len finkler ltd
25 Toro Road, Downsview, Ontario M3J 2A6
telephone 630-9103 telex 065-24010

r311111Utiliall
L-111N111-i

OF TORONTO
YOUR

NUMBER ONE SOURCE for micro-
computers and peripherals. Expert
software and hardware guidance.

 PROCESSOR
TECHNOLOGY

 THE DIGITAL GROUP
 IMSAI

 POLYMORPHIC SYSTEMS
 CROMEMCO

 ICOM
 PERIPHERAL VISION

 NORTH STAR
 LEAR-SIEGLER
 TSC SOFTWARE
 AP PRODUCTS

 E & L INSTRUMENTS
 OK MACHINE & TOOL

AND MORE

Write or Call

COMPUTER MART

1543 Bayview Avenue
Toronto, Ontario

M4G 3B5 (416) 484-9708
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NOT SINCE THE Second World War
has a country been so stripped of an
industry so rapidly as Canada and its
electronics industry. By the end of this
year, our color TV manufacturing
industry will have all but disappeared.
Whose to blame?

When asking a university co-worker
in electronics in the late 60's - an
Egyptian - what was his country, he
replied: "I'm a citizen of the World!" It
didn't have significance then, but it
does, now. Not because he was
Egyptian, but because electronics
being universal, has brought Cana-
dians into competition with the whole
world.

An electronics plant I subsequently
worked in, doing specific lines of
electronic work, managed to hold its
own. The monitors produced were
finding acceptance, not only on the
North American continent, but in
Britain as well. Not bad for a relatively
obscure plant hidden amongst the
giants in S. Western Ontario. The plant
also made color TV's and they became
widely accepted for excellence. Then,
the crunch came! Not only had we to
compete with the U.S. and Britain, but
also with the Japanese.

This became a new dimension in the
competitive scheme of things. What
had brought it about?

IMPORTS
The growing use of air -freight, the

impact of which is yet to be fully felt on
our economy was I believe, a principal
cause. For example, we even ship cows
now by air, where the glimmer of a new
industry is just beginning. The
breeding and selling of prize cattle has
made the sky the limit (if you'll pardon
the pun), and if they can ship cattle by
air, think what they can do with
electronic chassis. It has spelled doom
for our electronics industry.

Even our own government makes no
apologies for this strange turn of
events. Two years ago, some elec-
tronic firms pleaded for protective
tariffs against the growing land -swell
of Japanese TV's entering our country.
Even when it was merely a trickle, and
we should have done something, we
hesitated. By then it was too late. Two

briefs later (the last was in 1975-76 -
and on a technicality), we lost, a point
that is going to be pondereo for years
to come.

COST
The irony of the situation is evident

when, on the one hand, the govern-
ment asks business to create jobs,
while on the other, they refuse to offer
even sympathetic support for the
industry's dilemma. In fact, they
encouraged companies to go into
contract electronics (more specialized
lines other than color TV). The
argument appears to be that Japan -
with huge assembly lines only now

"getting the bit between their teeth",
can amortize TV costs over a far
greater volume, hence bringing
individual TV costs down. Well, that's
arguable. We haven't seen any sudden
decrease in the cost of color TV's. Nor
has the demand slackened appreciably
for those who say the lush days of the
early 70's are gone. Replacement sets
are just beginning to be felt, although
black and white set demands long ago
tapered off. (According to Statistics
Canada for 1976, only 45,744 black and
white sets were produced in all
Canada, while 393,283 color TV's were
made.)

LAST HOPE
What is peculiar to all this is that the

last vestige of hope we might have had
appears to be gone, even in our own
manufacturing element. Mr. David
Armour, of the prestigious Electrical
and Electronics Manufacturers Asso-
ciation of Canada (EIA for short) said
earlier tnis year, "I am afraid I cannot
give you much comfort in regard to the
future of the TV industry in Canada",
he goes on to point out, "the industry is
not just threatened by off -shore
production, it is RAPIDLY DISAP-
PEARING"! And the government
apparently doesn't appear to be even
interested in our plight. With their TV
Duty Remission Program, they are
actually telling us to get out - and . . .

we'll help you convert to other forms of
production!"

GRAIN LOBBY
At this point, one wonders what the

powerful Grain Lobby in the West has
to do with this. It seems to go like this

. . . they, the grain lobby, sell grain
(not surprising!); Japan's voracious
appetite can never be satiated in wheat
and derived products; Japan needs
dollars to buy the wheat, which we help
them earn by buying their TV's - even
if it means Canadian jobs. (In S.W.
Ontario alone, over 1000 have gone by
the board because of electronic plant
shut -downs . . . and the end's not in
sight).
In contrast to our neighbours to the

south, we don't seem to care. After

seeing the writing on the wall, they're
pJtting quotas on off -shore TV
production (coming into their coun-
try), while here, all we have done is
restrict textile goods to protect the
only other vulnerable industry suf-
fering the same fate.

BLAME
Who is to blame for the loss of a once

viable industry in electronics in
Canada? Some blame labor, and while
the statistics are ominous, they are
probably not wholly to blame.
According to Statistics Canada,

income from all goods and services
rose steadily over the years . . . from
62.6 billions in 1973, to 99.76 billions in
'76, but productivity did not! Let's look
at those figures more closely. Our TV
industry, for example, dropped from a
high of 509,329 units (both black and
white and color) in '75 to 439.027 units
a year ago, in 1976. But at the same
t me, there was a corresponding
increase in imported TV's. In other
words, the productivity was still there,
only the Japanese were making them!
And as of now, their chassis are in our
cabinets! How can Canadian produc-
tion of color TV's be other than down!

In 1974, Motorola claimed it had lost
10 millions making TV's. It seems
paradoxical that a nation whose
technology can put a man on the
moon, can't make an inexpensive TV!
And the cry is the sam3 from other
manufacturers, Philips, Electrohome,
RCA - you name them - they all
claim losses from color TV.
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Are management to blame? Yes, at
least in part; the abdication of
management in failing to bring about
new approaches to utilization of labor
- not just labor's built-in escalating
cost -of -living "equity of income"
thinking - has been one main problem
in keeping costs realistic. But in the
"lush" days of color TV - the early
'70's - everything was fine and labor
seemed to have no difficulty producing
a workable, reliable color TV at a price
Canadians were willing to pay. But we
went to sleep.

VOLKSWAGON TV!
Long ago, we should have been

developing what Joe Blaskavitch
described as a "Volkswagon TV". A
"no -frills" approach to uniquely
Canadian production would have
assured us a design and usefulness
which might have kept us competitive.
First, look at engineering, the least
productive and the first to become
redundant in the mass -production
chain of manufacturing.

For some time, we've had a well -
though -out circuit which should have
satisfied our needs for years to come.
Only stream -lining our production
facilities would have done it. Instead,
we went on re -designing and re

designing, even though no actual new
changes in the mode of transmission
- outside of the introduction of color
itself - brought any significant
changes to our 525 -line system! In
short, instead of emphasizing "cos-
metics", we threw out the bath water
with the baby, when, each year promp-
ted new design changes.

The incontestable fact is that if
circuitry remained essentially the
same, there wouldn't be the high costs.
We pay dearly for engineering
"snobbery", adding unnecessary frills
"to meet the competition". Better the
cost was spent in installing production
techniques which would have guar-
anteed us pre-eminence in the field.

JOB LOSS
Taking the Canadian manufacturers

as a whole, the net loss in jobs from this
one industry alone becomes stag-
gering! It means Japan now has a net
gain of over 10,000 jobs, at our
expense. We could have used those
jobs.

TURN!
Surely, there's more to supporting

an industry than the short-term gain of
supposedly cheaper labor elsewhere,
in Japan? What will happen when

labor rates go up - as surely they will!
(Already, sociologists are alarmed at a
country which has now 60% of the
population (of 112 million), living on
only 2% of the land area. With the
suicide rate -a measure of a country's
stability - rising nearly a third over the
already high figure of '75, the present
happy labor force may change.

If besides labor rates, air freight goes
up the wheel could just turn again and
it may not be long before someone
realises that we could make the sets
cheaper here. But will we be ready
willing and able next time?

A 26 inch colour set made by C.G.E.
in Canada - one of the few still left.

SPEC FOR SPEC

LEADER DELIVERS THE BEST PRICES AVAILABLE

If you haven't already compared
LEADER'S wide range of functional

oscilloscopes, do so! The prices, specs
and warranty are better than what you
are probably looking for. Probes andt' accessories included.

LEADER TEST INSTRUMENTS omnitronix ltd. 1:74!:;7:31!..i:16:111:
2056 SOUTH SERVICE RD
TRANS

"PUT US TO THE TEST." WRITE FOR OUR DETAILED CATALOG. DORVAL, QUE
CANADA

H9PHWY2N4
PHONE: (514) 683-6993
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5 Major Types
That Handle Practically All
Your Capacitor Requirements

ORANGE DROP® TWIST-LOK®

DIPPED TUBULAR CAN -TYPE

FILM ELECTROLYTIC

CAPACITORS CAPACITORS

Gtr

Double -dipped in bright
orange epoxy resin to beat
heat and humidity.

Won't leak or drip.

Crimped radial leads for
correct spacing when
mounted on printed wiring
boards.

Marked with black
stripe to indicate outside
foil.

Capacitance values from
.001 to .5 µF.

Voltage ratings from
200 to 2,000 WVDC.

Lock in place with twist
of tabs.

Sealed aluminum cases
for long life.

Withstand high surge
voltages, high ripple cur-
rents, high temperatures.

Single, dual, triple, and
quadruple section units.

Capacitance values from
2 to 5000 µF.

Voltage ratings from 6
to 600 WVDC.

ATOM®

TUBULAR

ELECTROLYTIC

CAPACITORS

4s,

Dependable metal case
construction with plastic
Insulating sleeve.

Withstand high temper-
atures, high ripple currents,
high surge voltages.

Low leakage currents.

Long shelf life.

Designed for operation
at temperatures to 85° C.

Single, dual, triple,
quadruple and quintuple
units.

Capacitance values from
1 to 50,000 µF.

Voltage ratings from 1

to 600 WVDC.

VERTI-LYTIC®

SINGLE -ENDED

ELECTROLYTIC

CAPACITORS

For vertical installation
on high -density printed
wiring boards.

Used for coupling, de -
coupling, bypass, filtering.

Excelent capacitance
stability.

Low leakage current,
low ESR.

Metal -encased, with
plastic insulating sleeve.

Capacitance values from
.47 to 3300 µF.

Voltage ratings from 6.3
to 63 WVDC.

For complete listings of more than 5600 replacement components
get Catalog CC -621 from your Sprague distributor, or write to:

SMITH-PATTERSON & ASSOCIATES or JOHN R. TILTON, LTD.
1120 Hamilton St. 1900A Eglinton Ave. East
Vancouver, B.C. R3E 2T1 Scarborough, Ontario MIL 2M1

OINNOMMINMEMs..

CERA-MITE ®

DISC

CERAMIC

CAPACITORS

Fit easily into tight
spaces, even across sub-
miniature tube sockets.

Low self-inductance of
silvered flat -plate design
yields very high by-pass
efficiency.

Designed for 85° C op-
eration.

General application,
High -K, frequency -stable,
temperature -stable, tem-
perature -compensating
types available.

Capacitance values from
1.0 pF to .022 µF.

Voltage ratings from
250 to 7500 WVDC.

SPRAGUE
YOUR NUMBER 1 SOURCE FOR ELECTRONIC COMPONENTS THE MARK OF RELIABILITY
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