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WATFORD ELECTRONICS

33 CARDIFF ROAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Wattford 37774
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ETI PROJECT:
LEARN TO REDUCE TENSION WITH ETI's

GSR MONITOR

This galvanic skin response monitor provides a means of
measuring the minute variations in skin resistance which research
has linked to the emotional state of a person

1
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GSR MONITOR

9y o
BATTERY "
9
> RS
$7]
R13 4
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Fig. 1. Crrcuit disgram of the GSR momtor.

WARNI THE GSR MONITOR SHOULD NOT BE USED WITH

MAINS POWER SUPPL

—HOW [T WORKS—

Transistor Q1 acts ss 2 constant cursent
source - the actual valuc can be varied
over s latge range by RVI and over a
limitcd range by RV2. These act as the

fﬂnr level controls.  This
current is pavied via R2 to the probes.
The voltage develaped across the probes
is proportional to the skin resistance and
is fed to the input of IC1. This amplifies
the signal with rcference 10 0.6 V (drop
lkﬂm‘v’ D3) and the gan is variable by

The sccond IC 18 an NESSS oscillator
where 2 provides a constant current
{(about 60 uA) to the capacitor C3. When
the voltage on C3 reaches 6 V the IC
detects this and shorts pin 7 to ground,
discharging C3 via R11. This continues
until the voltage reaches 3 V at which
paint the short on pin 7 is rcleased,
allowing €3 10 recharge. The output of
the vscillator 1 connected to a speaker
v the volume potentiometer RV4 and
the meter via €6 and the diodes DS - &
The meter operates in reverse senmse
usual, a low resistance gives full scale
{or hugh tone) and high resistance gives
zero (or low tone)

We vary the frequency of the oscill-
ator and the meler reading by robbi
some of the current supptied by Q2 into
Q3. In this way the frequency can be
lowcred and actually stopped. Transistor
Q3 is controlied by IC1 completing the
connection between the probes and the
output

Getting hold of components
Nothing here to trouble the constructor

Cost of construction
The picture above shows the intemal layout of the GSR monitor The winng from the PCE to the Should be aboat £5.00 excluding boxing

Front panel, loudspeaker and meter 15 claarly shown and meter

1?2 ELECTRONICS TODAY INTERNATIONAL  JULY 1977




experiments with brain waves, found
that with feedback hus subjects develop-
ed the ability to produce 'Alpha waves’
atwill.

Dr. Kamiya's expeniments created
considerable interest and started invest-
igations into whether other bodily
functions could be brought under
conscious control, Since that ume 1t
has been dermonstrated that with feed-
back i1t is possible for people to control
heart beat, blood pressure and temper-
ature — all previousjy considered to be
automatic bodily functions mostly
beyand conscious control.

Of course it should be stated that
various mystics and yogis have previous-
1y demonstrated this type of ability but
the fascination of biofeedback is the
speed and ease with which this type of
control can be learned.

Biofeedback has exciting medical
possibilities, GSR machines are being
used by therapists for the treatment of
many disorders related to tension. The
average person will find a GSR machine
mainly useful for relaxation training.
With the GSR machine it is possible to
recognise tension and learn how to
decrease tension levels. This type of
training 1s so effective that the machine
quickly becomes unnecessary.

However not everyone suffers from
tension. The biofeedback machine can
be a fascinating toy to play with.
Discovering that you can bring an
internal badity function under
conscious control with the same ease
that you can twitch your nose 1s most
interesting. And of course you can then
perfect this ability just as you perfect
your ability at a game like tennis. For
many people this is reason enough to
buid this machine.

What you do with it once you
have built it
The ETI GSR monitor has an on/off
sw tch a sensitiwity contral and fine
and coarse level controls. The machine
also has a connection for headphanes.
To start relaxation training, you'll
need a comfortable chair, low lighting
and no distractions. Taking any type of
drug can interfere with your abibty to
relax This applies to alcohol and
c garettes Attach the electrodes to the
fleshy part of the first two fingers on
one hand — firm but not 100 tight {the
hand is
Set tne sensitiv ty control to minimum

and the f ne level control ta mid-range.

Turn the volume control to mwmum.
Now you have to set the level with the

ELECTRONICS TODAY INTERNATIONAL
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POWER
SWITCH

RESISTORS (sl % W 6%)
R1 &2

A2 10k
R3 100k
A4 4Tk
RS 242
10k
a1 w2
89 100k
R1012 10k
a1l 2R
POTENTIOMETERS
AVI 1Moy
AV2  47khn
AVI 1Moy

AV4  500R lin

CAPACITORS
(4] 1u 16 V electrolytic
c2 68 p ceramic

PAITS LIST

€3 10npolymter
C4 100y 16 V slectrolytic
€5 10u 18V slectrolytic
ce 68 n polyester

SEMICONDUCTORS

16 INGI4
Q1,2  8CS89or BCYTS
a 8C549 or 8C109
() 0
2 NESS6

Small ipesker
PP3 or 9 V battery + holder
Pickup probes

‘coarse’ level control {when the sen-
sittvity is set fow the ‘fine’ level control
need not be used}. Start with the
‘coarse’ control at full anticlockwise
and trn it up until the meter needle
starts to move Carefully set the needle
to mid range. Now the instrument is
ST UP 1N its MINEMUM sensitivity
position.

JULY 1977

Having mastered setting up withr
minimum sensitivity try to set the GSR
monitor with the sensitivity set half-
way. It will require delicate adjustment
of the ‘coarse’ level control. Now the
ettect of the ‘fine’ level control can be
seen, This control enables you ta set
the level on 3 high sensitivity setting.




GSR MONITOR

Although the GSR machine measures
mtnute changes tn skin resistance, the
level of skin resistance varies consider-
ably from person to person so a wide
range of settings 1s provided.

Now turn up the volume and observe
that the meter reading 1s accompanied
by a medium pitched tone. (A con-
vention has developed to link high-
pitched tone with tension increase and
low pitched tone with 3 decrease in
tension.) Now you relax and bring the
tone down and the needle back to zero

How? Basically you are supposed to
find this out for yourself. After watch-

ing the needle for some time you will
notice it move up or down, Something
has happened to cause a change in your
skin resistance. You would be barely
aware of what had caused the change
but aware enough to try to reproduce
the effect. Eventually your awareness
grows and so does your abiity to
control your tension Many people
find that relaxation of the stomach
muscles makes the difference. It varies
from person to person.

There are several relaxation tech-
niques which work very well. One
method is to tense all the muscles of
the body as hard as possible, hold them
tense for several seconds then very
deliberatety relax all muscles. There are
several books and cassettes available
which describe i

duce the sama level of -elaxation with-
out using the machine and the machine
can simply be used occasionally as a
reference.

Construction

Construction is not critical although we
recommend you use the pc board as

1t makes things easier. Before soldering
the components made sure they are
orientated correctly. External wiring
can be dane with the aid of the overlay-
wiring diagram,

Probes

Probe construction and electrical
contact is not nearly as crinical as with
maost other biofeedback machines.

The techniques work. The biofeedback
machine makes it possible to monitor
progress.

As you relax, the needie on the
meter and the audible tone will decrease
When the needle reaches zero, reset it
again towards the fsd end of the scale
and repeat the procedure.

Twenty minutes s the recommended
time for a training session. After about
one or two weeks of daily relaxation
training, it should be passible to pro-

[ GSR use a
pad of soft steel wool which is held
fumly anto the finger by a short length
of Velero strap (Band-Aws work finel).
However, any method ensuring a firm
contact between probe leads and the
fleshy part of the finger will do. One
method which works very well 1s to
bind tinned copper wire around a guitar
finger pick (or solder 10 a steel pick}
Two probe connections are of course
required — one for each of the first two

fingers.
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A CONSIDERATION OF THE METHODS USED TO APPLY DIGITAL CIRCUIT

THE WEALTH OF EXPERIENCE
possessed by engineers and techm-
oans involved with digital hardware
can be enormously valuable to them
In their transition 10 MICIOProcessor
based designs The thought of
programmung may distress the hard-
ware man howevever 1o wrte
efficient assembly language pro-
grams demands an intimate fami-
lianty with the hardware structure of
the particular P

useful for decision making because 1t
can distinguish between zero and
non-zero contents of index ragisters
A designated path can be followed in
each case

A program sector which s fre-
quently used dunng a process forms
a prime candidate for a2 SUBROUTINE

re-antry point in the program This
nformation is normally provided by a
section of memory store known as a
push-down stack As each further
level 1s entered in a nested subroutine
system the latest return address s
placed at the top of the stack thus
causing previously entered return
addresses to be pushed-down

use

The flowchart forms the basis of
program wnting by ensuring that the
logical sequence of events has been
crystallised Consider as an example
@ process control situation depicted
n Fg 1
system wntialisation can commence
by processing the input data to check
given interlock requirements Satis-
factory results allow the process to
begin otherwise the interlock fadure
i$ annunciated and a system stop
ordered

a designated goal
checks of the system are required so
that control action can be imple-
mented To ensure
operate correctly the response to an
action command 15 fed back for the
system to monitor
scheme typifies the use of flowcharts
Of course each
examined further resulung in a more
detalled diagram

Program Power

The real power of programs s thewr
ability 1o make decisions Examples

In Fig 1. the block performing
being
N MAIN PROGRAM
N N
o CALL
= ) SUBROUTINE 1
After 3 controlled start l —
<G> o
I =
L T =
== SUBROUTINE 1
As the process continues towards y /L N
periodic  status 4 caLL
Y SUBROUTINE 2
that actuators — -
/ RETURN
o)
This outhne -
Y
1§
block could be
= SUBROUTINE 2

Fig 1 A flow chart aepicting s process con
w0l siuation  requinng  saversl interlock

process status checks would clearly

of guag
INSITUCLiONs are

JUMP and

tNCREMENT SKIP IF ZERO

Jump instructions can either be
mandatory thus directing the pro-
gram to an address which 1s accessed
n all cases or jumps can be

conditional as llustrated by the
following examples
JZ could mean Jump i

accumulator =0
JC could mean Jump f accumulator
carry
JCN could mean Jump if a gven
CPU pin=1

The number and type of jump
nstructions provided deperds upon
the particular miCroprocessor in use
The Increment Skip if Zero (ISZ) 1s

D E—

used Two of the three
paths leading to this block are the
result of decisions made during the
on-going process The subroutine
would therefore be called into action
by an wnstruction such as JMS 70
1WJump 1o subroutine at address 70)

To perform process status checks,
data has t0 be input from trans.
ducers stored and then a number of
successive decisions made based
upon the data These requirements
can be met by using NESTED SUBROU
TINES A number of subroutines are
wnitten each one called by a pre-
ceeding member of the set Fig 2
shows subroutines nested 10 a depth
of three

After servicing 3 subroutine the
micro processor needs to know the

CALL
SUBROUTINE 3

RETURN

1
———

SUBROUTINE 3

RETURN

|

Fig 2 Anexample of nested subroutines
In ths case to a dapth of three

ELECTRONICS TODAY INTERANATIONAL - JULY 1977




Displaying Versatility

A man apphcation area of micro-
processor systems s in replacing
hard-wired logic by a stored program
A muluplexed seven-segment LED
system for numenc display 1s usually

by
integrated oircuits  The funcuon ol
some of the circuits can be dupl

SEY LOOP COUNTER

by a sequence of assembly lenguage
instructions

Flowing Charts

A flowchart for a subroutine which
controls the indications of four 8CO
digis by seven-segment displays 1s
shown in Fig 3 When this subrou-
une 1s called a four-bit index register
which acts as a loop counter 1s set to
1100 in binary {12 in decimal} By
using the ISZ nstruction the decision
can be programmed simply The loop
counter is incremented each time this
nstruction 15 executed After three

SEND DIGIT DRIVE DATA ]

DESIGN TECHNIQUES TO SOFTWARE ROUTINES BY R. WILSON MSc

special purpose hardware Software
simulators  are avadable through
vanous commercial tme share
networks whereas hardware simula-
tors can be obtaned direct from
microprocessor distnibutors

The source program wntten
memonics needs 10 be transiated into
numenc patterns The resulung data
called object code 1s generated from
the source code by using an
Again hardware and

READ RESULTS 1 BCD
DECADE FROM RAM
TO THE ACCUMULATOR

WRITE 8CO DIGITS TO DISPLAY
SELECT NEXT DIGIT DRIVE DATA

software assemblers are available
The object code version of the
program can then be presented to the
simulator for testing

Program testing 15 not a simple
task but the following suggestions
might be helpful If possible assem-
ble the whole program from the
outset, or at least assemble substan-
tial segments such as subroutines
This ensures that the actual program
1s examined rather than a simplified
version By mentally working through
the selected program segment using
chosen test data the expected
outcome can be predicted before

loops the index register would
contan binary 1111 (15 1 de )
When incremented this becomes

0000 ensurning that atter four loops
the alternative path is selected by the
‘skip f zero”" part of 1SZ

Routine Subs

The subroutine muitplexes the
four displays by successively sending
0001 0010 0100 and 1000 as
dignn drive data dunng the progres-
sion of the program from the first to
the fourth loop The BCD digis
represented as segment dnve data
are thus automatically routed to the
correct display from a common
highway

£ach BCD dignt was stored by
four bits of random access memory
RAM) The read/wrnite facihty was
essential as vanable data was being
processed When programming for
dynamically changing data the loca-
tons of the various data sets in RAM
must be constantly reviewed A RAM
map Fg 4 s a straghtforward
vsuatad which makes this task
easer A diagram is drawn showing
the empty memory locations then as
the instructions are written the space
n RAM can be thoughtfully allocat.
ed modified and updated as neces-
sary

SELECT RAM LOCATIONS
FOR NEXT BCD DECADE

FOUATH
L00P?

RETURN TO MAIN PROGRAM

Fig 3 This subroutine 15 ta run four seven
segment displays multiplered and with esch
dget stored in RAM

g a test-run The RAM map
5 ohan useiul dunng this procedure
It a teletype is used to communicate
with the simulator during a program
test-run a printed record of the test
process can be preserved for analysis
later As each section s tested
modified and eventually verified as
correct  further segments can be
processed The aim 1s to commut the
whole of the validated program to
M

The hardware man can be com-
forted 1n hus venture into software by
g that a
15 after all an engineer s compuler

Finding Bugs

Engineers know that the phrase
“nothing ever works fitst time’
usually applies to hardwired designs
It also applies to software designs
When a comprehensive program has
been written it will contan errors
therefore a means of examining the
program operation 1s required The
main sections of a microcomputer
hardware structure the CPU
memory 1’0 and clock can be
smulated either by software in the
form of a computer package or by

ELECTAONICS TOCAY INTERNATIONAL — JULY 1977
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BE A CATHODE RAY COWBOY WITH OUR

TV GAMES RIFLE

FROM CIRCUIT AND TEXT BY WATFORD ELECTRONICS

THE TV GAMES UNIT featured in
our May 77 issue has provision
for the addition of two nifle games
In both games a target appears on
the TV screen and the object s to
hit this with the TV nfle When
the trigger of the nfle i1s pulled a
shot counter 1s incremented by one
and if the rifle 1s on target the hit
counter 1s incremented a hit noise
produced and the target blanked
for a while

The ditference between the two
game options is that in one the
target moves randomly about the
screen and in the second the
target traverses the screen from
iett 10 cignt under the control of the
manual serve button

Unlike the other games the
score does not appear on the
screen during the game since this
nmght confuse the player instead
the score appears after 15 shots
The score s displayed with the
number of shots (1e 15) on the
left and the number of hits on the
nght

Seeing the light

The nfie uses a photodarlington
to detect the target on the TV
screen but relies on careful
construction of the optics involved
to ensure adequate sensitivity 1s
obtained from the umit We also
arranged for the nile 10 1gnore any
sources of light other than the
target on the TV screen

Though we called this project a
TV nfle game we finally settled on
what might more accurately be
described as a pistol The general
method of construction used in the
pistol 15 shown in Fig 1

Getting started

The butt 1s made from a fawly
hard wood and after being
fashioned to the shape shown in

the drawing the top was dished with
half round file to accommodate the
barrel The next step s to dnil a
hole vertically through the butt to
take the connecting cable between
the pistol and games unit The
tnigger switch I1s mounted by
dnilbing two holes one above the
other and chiselling out the
remaining woad to form an oblong
hole A small aluminium plate was
then dnlled to accept the switch
and two small wood screws used to
secure the plate 10 the butt

Roll out the barrel

The barrel 1s made from 28mm
dia metal tube BY2in in length To
fit 1t to the butt two holes were
drilled at one end. and two further
holes dnlled dametrically opposite
the hrst pair By passing a
screwdniver through the top holes
the barrel may be secured to the
butt

The lens used in the pistol had a
focal length of 2¥ain and came
from an old jeweller s eye glass

this was mounted in a BIA valve
screening can The photodarlington
should be carefully positioned at the
focal pont of the lens We
mounted the photodarlington on a
piece of veroboard which enabled
us 1o shde 1t back and forth until sts
position was cofrect

The assembly may then be
mounted 0 the barrel

End in sight

The frant sight was formed from
a 4BA bolt which was filed to
provide a sight tip The rear sight
+s formed from a 3in wide strip of
aturmuinium about 2%in tong One
end 1s bent up and a V slot filed
with a needle file

At this stage the p c b may be
assembled The only thing to note
about the components used 1s that
they must be as small as possible
we used tantalum beads for C3
C5 and sub minature
electrolytic types

When the board has been
assembied wire it to

S wintoge e mane e (4

Fig 1 Sy
5P ST momentary action type
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Full circurt dhagram of the TV games nifle

—PARTS LIST

RESISTORS {sll % W 5%)
R1 220k

R2 10k
RI 1M

R4
A5 47k

RE

A7 470k
AB 4k7
A9 470k
R10 470 k
R11 560 R
R1210k

CAPACITORS

C1  220p polystyrene

€2 iy 16 v electrolytic

€3 1p 35V tantalum

€4 1 o polystyrene

€5 1y 35V tantalum
10 16 V electrolytc

C7 10y 16 V electrolytc

CB  1u 16 V electrolync

SEMICONDUCTORS
A\LEDt T

Q1 2N5777

Q2 BC212L

€1 741

IC2 555

1C3 CO40t1

MISCELLANEOUS
PCB

Trigget switch - see text

Lens - 2% facal length, 1 diameter
Matal tube B4 tong
Woad tor butt

4 core screened cable

Misc hacdware for sights et

A complete kit is available from Watford
Etectronics, inctuding lens, tube snd butt

Q1 15 the photodarlington detector
Slguls nppe-nng at its colkcmx dur 10

the TV scree oupled
by (l and Rl from the h pau tter
required to reject spunous light sources
IC1 has 2 gain of about 200 at high fre-
ucncics, but 1< gain drops to unity at
c. due to m: c( fect of C2 included in
its reedho«
uynl level of the output is
wct by R2 and RS to about one volt
lower than the supply rail
When the target is detected. the out-
put of ICt falls and rrggers 1C2 which
18 arranged to operate a3 2 monostable.
Pin 3 of IC3 will go high Q2 1s inct
uded to make IC2 re-Inggerable, it« out-

HOW IT WORKS

put will remain high until one penod
atter the input signal returns hi
The output of lcz 15 fed 10 IC3c and
to the on-target
The lngfl !\a‘hch SW1 1s cou)
formed by 1C3a a lCJb
The output of IC3a 1 normally low and
5 high tor s tew milliseconds when
W1 s operated This outpul 1 the
Ihul pulw :md is fed to IC3c, where it
'NAN with the on-target pulse,
r:sulm:r in a hll pulse which is inverted
by I

The it pulse is fed to pin 27 of the
AY3 8500 and the shot pulsc is fed to
pin 26 of the games chip

€6 decouples the supply ral

GETTING HOLD OF
COMPONENTS
Watford Electronics will supply s complete
setof parts including lens. barrel and butt.

COST OF CONSTRUCTION

The cost of the Watford Electonics kit for
this project Is £18.58.

METAL TUBE EAATH COMECTION

4 conE scarnEo cam.
Py ¢

Dragram showing the connections betwsen the PCB and ET/s TV games vt Pin numbers
shown comespond ta those on the games umit PCB

Component _avertsy
for games rifle bosrd
shown full size

S
I
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L .I
o Kl the trigger switch and to the
connecting cable It may then be
mounted at the rear of the barre!
by gluing it 1o a foam pad which
may in turn be stuck to the barre!
The connecting wire we used
was four core screened cable and
should be connected 1o the games
umit as follows: (via DIN plug)

The sight may then be adjusted
so that the hit LED 1s on when
the pistol 1s aimed at the score

To play

Select the nifle option required
with SW2 and press the reset and
serve buttons The target should

ov topn 5 appear on the screen and bounce
v topin3 around the screen until hit [ )
Hit puise to pin 1
Shotpulse topin4

Testing

The games unit should now be
connected to your TV and the
brilliance control of the TV adjusted
until the target is brnght and the
background Just visible If the rifle
1s now aimed at the target, at close
range initially the On Target LED
should glow and a blip should be
heard from the speaker when the
trigger 15 pressed

To adjust the sights use the
score display which appears at the
end of the game Block off all the
screen except one digit of the score

The PCB layout is shown full size on the faft
Above 15 2 picture showing the games nfle

Wilmslow
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PART 1

ACTIVE FILTERS

A SHORT SERIES BY TIM ORR WHICH WILL ENABLE THE HOME CONSTRUCTOR TO UTILISE
CIRCUITS OF HIGH COMPLEXITY AS EASILY AS PLUGGING IN A RESISTOR!

THERE IS NO DOUBT that active filters are very useful
devices Also, there 1s no shortage of literature on the
subject This would seem to suggest that designing
active filters 1s a farrly straightforward business. Well, 1t
15 and itisn’t Its of you read thus article 1t isn’t f you
read the aforementioned hiterature Most of the books
on this subject have filled our heads with terms such as
poles and zeros, Laplace transforms, transfer functions
etc  which haven’t actually helped us to design
anything!

Some basic theory

It 15 advisable quickly to run through some basic terms
and expressions. Firstly, consider 8 simple low pass

fiter Fig 1a The frequency response (Fig 1b) 1s
R
Vin c Vour
Fg e Simple low pass hiter
vou
- | ntax eomt
LE 7 "'

YMERE I8 1S I e
€ )5 18 FARADS

15 oS,
- SLOPE APPROACHES

$08 OCTAVE
L

= 1406 5cat
23 "t Frequency response of sbove
. "NOTE 408 OCTAVE  —2048 DECADE
|
500 OCTAVE
asywerote
B - + rhea

nearly flat untl the break point denoted by fb After
this point the response rolls off at 6dB/octave that is
signals above this frequency are increasingly attenuat-
ed The break point 1s defined as being the frequency
where the resistance equals the capacitive reactance
When this occurs the output s attenuated to
0 707(—3dB) of the nput Although the resistance
equals the capacitive reactance the output is not half of
the input. (This 1s because 1t 1s the vector sum of the two
and hence squals 0 707 of the inputt)

As the frequency response 1s a rather complex curve
1115 very useful to use a straight line approximation 101t
These lines are called asymtotes (Fig 1c) Note that the
frequency response graph uses the convention of
loganthmic scales, octaves or decades along the
frequency axis and dBs along the verucal axis
representing output voltage divided by input voltage

Phase shiit with respect 1o frequency 1s also often
plotted as in Fig 1d These two (the phase and
frequency response plots) are known as Bode diagrams
and are generally considered the most useful way of
representing a filter s performance

You will note that for the lowpass hiter of Fig ta the
phase shift starts at O s 45 at tb and then
approaches 30 as the frequency approaches infimity
This 1s not an active filter 11 1s composed entirely of
passive components which means that ns output
cannot be effectively loaded without changing its
performance

P AMP
VOLTAGE
FOLLOWER
—O
V out

% < -0

Fig_Te Active fifter to parform the same task as the passive circuit
1s

of Fig

-ans -ERLAT ONAL

JULY 1977

Fig e shows the same filter but in its active torm
the op amp being used as a voltage follower serving
only to rsolate the filter s output This type of filter 1s
known as a First Order tiiter — a measure ot the roll off
slope

When a more rapid siope 1s required a higher order
filter structure (one with more reactive elements) must
be used This s dealt with later



ACTIVE FILTERS

Summary of low pass filter of Fig 1 Summary of the high pass filter of Fig. 2
Fulter type [Low pass | [Fiterype __ [High pass ]
Filter order First order Fiiter order [ First order
Roll off slope | —6dB/octave or —20dB/decade Roll off skoy | +6dB/octave or +20dB/decade
{the same) Break point fb  [fb=1/2aCR Hz
— !
Breakpoint Tb | To=1/2aCR Hz Phi ift a1 1o | 45
— LA — ase shift at
"Phase shift at 16| 45 . !
e TABLE 2
TABLE 1 Passing bands
The next type to be considered is 3 simple band pass
Passing highs ) filter shown i Fig 3a. Although it uses an inductor it is
_ Next, let us consider the simple high pass filter of only to ustrate the bandpass theory Later on in this
Fig 2a It 1s the complement of the low pass filter, the senes, inductors will be replaced by thew active
elements having been interchanged Therefore it is not equivalents
The {Fig. 3b) shows that this

orcut s symmemc;l, having roll off slopes of
6dB/octave on either side of its RESONANT peak This

CENTAE FAEQVENCY %

Vi V aut

OF AMP
VOLTAGE
FOLLOWER

TUNED CrRCUIT
Fig 28 Simple gh-pass acuve fiter Fig 32 Simpie band-pass hiter
Vou
20006 Yeut bty
Vi
BanoriT
BREAKPOINT |
AEsoNANT
£ax
0d8 - - — — - - ~ =
-8

asvieToTEs -

FREQ = ———» racQ
Fig 3b Band, frequenc on
Fig 2b Frequency resoonse of the high pass ilter & s AL=ED
mase
PHASE |
t L
'
'
® |
r o
[ 4
27CR
o
Rl I WHERE #t 1S IN Mz
€ ISIN FARADS
A 15 IN OHMS e —— 5 e :
900 . Fig 3c Band.pass phase response
®
Fig. 2c Phase v fraquency plot of the same filter Hiter 1s known as a second order filter because it has
two reactive sactions the L and the C The C s
responsible for the +6dB/octave portion of the slope.
difficult to accept the complementary phase and the L for the —6dB/octave portion But where these
frequency response curves of Fig 2b Note that the two slopes should meet the response of the hiter
break point 1s the same and 50 15 the roll off slope peaks and the slopes become much larger (Reson-
2 ELECTRONICS TODAY INTERNATIONAL — JULY 1977
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ancel The sharpness of this peak is described as the
Quality of the filter the Q factor Resonance occurs at a
frequency known as the Centre frequency denoted by
fc

The bandpass filter s so called becsuse it only
passes signals within a certain bandwidih, which 1s
defined as being the frequency range contaned
between the two points that are 3dB below the resonant
peak There 1s a fixed relationship between Centre
frequency (fc) bandwidth (fbw) and Q factor given by

=fc fbw

The centre frequency i1s given by fc=1 2my 1C Hz
This s only approximate, as 1t assumes that the value of
R 1s relatively low As R decreases the Q factor
increases  Thus R has the effect of damping the
resonances and so as 1t approaches zero ohms Q
approaches infinity

The phase shift 1s shown m Fig 3c As this filter 1s a
second order structure then the total phase movement
will be twice that for a first order structure 1e 180
Fig 3d shows the phase and frequency responses for
different values of Q Note that a high Q has a very
rapid rate of change of phase a low (‘?has only a slow
rate of change

AINGING AT e

snopass fourm
B g P
e ‘mu
oo
T \
ARLITUOR DECAYED

7037 OF ORIGINAL
Fig 30 Ruinging in a band pass filter

Filter type Band pass
Filter order §ocund order

Roll off slopes + and 6dB/octave gvealer

near to resonance

Tentre frequency Ic | fo~ 1727\ LC

Phase shiftatfc |0

Q factor fc/ fow where flow is the
| 3d8 bandwidih !
[3oBbanomdtbwllc 0 |
Lﬁmgmg ume Tr  [Q/2+fc _

TABLE 3 Summary of band pass fiiter

oiocie
Ve

«
Fig 30 Effect of varpng O on the frequancy and phase
chacactenstics

Failed band

Another common filter structure i1s the band reject or
notch filter There are many ways of reahsing this filter,
one of which 15 shown in Fig 4 The input signal is
subtracted from the bandpass output 8y adjusting Ra
with respect to R complete cancellation can be
Jbtaned at fc

>3 znacROER| ™
r(: > BANDPASS
FILTER

Aa
SET NOTCH DEPTH

INVERTER

Fig 4 Notch hiter using Op Amps.

Time please

Bandpass filters also have a ume response as opposed
to therr frequency response When an impulse 1s
apphed to 8 bandpass filter it nngs (Fig 3e) The filter

at the centre freq y fc the plitude of
the oscillations decaying exponentally in ume The
nnging ume Tr 15 the time taken for the oscillations to
decay to 37% of thew initiat value Ringing time 15
refated to the Q and fc by the following equation
Tr=Q 2~fc

When a high Q filter has been constructed 1t may prove
difficult to measure s @ factor accurately dus to the

narrowness of its bandwidth Howevev of the hiter s
made to nng a accu t of
the Q can be obtained by measunng T' and fc

ELEC 77

Thus the centre trequency of the bandpass filter 15
the centre frequency of the notch whose depth can be
varied by altening Ra

Very deep notches are possible S0dB 15 easily
obtained As the Q of the bandpass filter 1s increased
50 1s the Q of the notch filter However, Ra will have to
be reset for each value of G

Filter Order

Consider the 1deal low pass filter shown in Fig 5a
Its response 1s flat nght up unul the break frequency to
Frequencies above fb are attenuated to nothing' You
won t be surpnsed to learn that filters hke this don t
eust However 111s a3 common requirement 1o produce
filters with very steep roll off slopes and this i1s achieved
by designing filters with lots of sections to increase the

25
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ACTIVE FILTERS =

fiter order Each reactive element in the filter increases Which filter shape?

the filter order by one, therefore a low pass active filter

with three capacitors s known as a third order filter and The type of filter that is chosen to da a particular job will

will have an ultimate roll off of three tmes 6dB/octave depend on what parameters are thought to be

which is 18dB/octave important There are three basic charactenstics 10 be
Howaevar, designing a third order lowpass filter is not lowpass and filters only)

Just 8 simple case of sticking three first order RC circuits
1 a hine. What you get when you do this 1s a very soggy
curve indeed! The filter should be flat in the pass band,
then it should turn over and rapidly assums its ultimate
roll off slope Examples of this type of Maximally flat
filter are shown in Figs 5b and ¢ The effsct of order
number upon a bandpass filter 1s shown in Fig Sd

1 Good transient response
2 Maximum flatness of the filter within s passband
3 Maximum rolloff slope outside the passband

The type of filter used should be chosen to fit the job
that they are being designed for The filters have been
categonsed into three basic types for the purpose of

w00 Lo o

Filter number 1 15 known as a Bessel filter Its phase
changes almost inearly with frequency It s useful for
systems where 3 good transient response s reguired
such as joining the dots up on the output of a degetal to
» analogue converter 1 has a very poor inat roll off
slope
J Filter number 2 15 known as a Butterworth filter It has
1 s the flattest pass band possible Its other two parameters
20106 Yout are a compromise That 1s it has a reasonable overshoot
Vo and a fairly fast imtial roll off
nouL ot suore Fitter number 3 is known as a Chebyshev filter [t has
R T A some ripple in 1ts pass band although this 1s small and

oaociave a very fastinimal roll off and a poor transient response

:i00 Lew
Ve

a

nOLL OF ¢ $L0PE

8 o OCTAVE BesteL ricten-
n 2 2em0CTAVE
A3 nemOCTAVE
A 4 2smOCTAVE BUTTERWOATH -

e a0 2080w crenvaney b
m?g /\m.
- L ratq
[ noxs ore suome L)
eoctave 'n- 2

OCTAVE n s 4
o |reesocTave n- g ROL. OFF SLOPE
nv2 8 o8 OCTAVE
//n=1 T enctave
@ & _viom OCTAVE

ATTENUATION AT FIRST OCTAVE (2 f)

& raca *3dB CHEBYSHEV | 17 | 28] 39] 51] 62] 75
Fio 5 lovitowposs response, BUTTERWORTH |12 | 18| 24 30 36 42
) WFILTERORDER | 2 | 3| @ | 5] 6] 7

5.
0] Effect upon bend-pess filter of increasing order number

Later on in this senes the circuit diagrams and "NOTE THE IMPROVED ATTENUATION
design charts are given for various filter types and order
numbers. It would seem that to get a filter to approach
1ts ideal response. all that 1s needed 1s to increase the
order number This 1s in fact true but there are certain
tolerance problems (When 8th order filters are
desig of about 1% are Next Month: Full design charts and circuits for
required!) three types of Active Filter.

Fig 6 Responsa of ail three typas of hiter discussed, with tavie
showng vanation in sttenuation batwean them
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KEEP THIEVES AWAY — WITH OUR INVALUABLE

ALARM ALARM

ONE PROBLEM WITH BURGLAR
alarms Is that they don't ‘go off” until
the burglar has broken in, but here s a
project which can be tnstalled n a car to
vaarn thieves that a burglar alarm is
operating It should warn a thief to go
and find a car which is not owned by an
ETl reader! Even if there is actually no
burglar alarm, the “alarm atarm’ can subl
be used. It's what the car thief betieves
that counts - and he’s not going to
tnvestigate to see whether there really
15 an alarm,

The unit 15 simply a box contain ng
wo lamps which fiash slowty on and
off, together, and shine through a
Perspex pane! to iHuminate the words
ALARM ACTIVE It uses a 555 timer
IC which 15 used as an astable
muitivibrator

As the circuitry ss isolated from the
box this alarm can be used with any car
having a 12 volt battery - whether the
posttive or negative termnal 1s
connected to the chassts Take care to
see that the unit 1s correetiy connected.

Installation

The unit can be permanently
mounted in a car near one corner of the
windscreen and the wiring neatly run to
a switch below the dashboard Alter
natively it may simply be placed in
pasition when required, and plugged in
10 the cigarette lighter socket Yo work
effectively it should be prominent day
or mght.

Construction

We mounted the components on an
‘L’ shaped bracket which is ideal for
fitting 10 the dashboard. Lamps 1 and
2 are push fitted into two rubber
grommets mounted on an alumimum
bracket, and arranged to Muminate the
perspex parel as shown. We used
Letraset for the panel lettering.

The components are assembled
onto the small PCB accarding to the
component overlay, taking care that
the 555 and C1 are correctly orientated.

We fitted an On/Off switch but 1f
the car actually has a burglar alarm,

TUDAY INTERNATIONA

Fig 1 Circot dwgram
of the Alarm Alzrm

LAMP I

LAMP 2

c1 Ta,n ‘C‘)"

The 555 C v used as #n astable G ¢. not
stablcy multmibrator As soon as it i
connected to the supply it starts to
owctllate t<lowly in this casc) and the out-
put voltesc 3t pin 3 changes regularly
and suddenly from high to low and low
to Jugh ay the capacifor 1t charged and
drctury

The charge time (dunng which the
wutput 18 high and the lamps are on)
ven by the formula:
Te * 069 (R1 + R2) x C and is in sec-
onds when R1 and R2 are in meg-
ohms and C 1 in microfarads
V69 MN1+027247
12 weconds

Te

HOW [T WORKS

The discharge time (during hich the
output Is low and the lamps #re off) is
[ven by the formula
d* 069\ R2I\C
069x027147
“ 0.88 setands
Total time of one egctilation = Te + Td
208 scconds. . we have a flasher
which i3 on for sbout I &scondn 2 The
exact timing depends on the actual capa-
citance of the capacitor €, and this may
differ from 1ts rated valuc by as much as
=207 and +507
The rate of flashing may be changed
by changimg the vaiues of R1 and R2.
Higher valves cause slower flashing




Short Circuits

then this device should be connected
50 that it is activated as the burplar
alarm is anergised.

e parts list specifies two 6 volt
lamps of 60 mA rating which are
cannected in series. The current con-
sumptio 1 is so low that the unit could
be lett operating for many hours with-
out any danger of running down a car
battery.

The I€ is actually capable of
switching up ta 200 mA through pin 3,
0 there is no reason why two or even
three slave umits {with lamps only)
should not be run in parallel with the
lamps in the master unit. This could
provide warnings at all vulnerable
Points in a car.

This same device can be used in

Ve Component
overisy of Alarm
Because
TOLP1, 2 of the small size,
miniature com.
ponents  shauid

e used

+Ve

RESISTORS )t % W 5%)
At 100 &
R2 270k

CAPACITOR
< 4u7 1B V tentalum

windows of homes as a
10 house burglars. In this case it could
be operated from a simple power supply
running from the mains.

LT\
'—L

o

Wiviv O

Fou pattem shown full size

JCTOR
1c1 558 timer

LAMPS
w2

SWITCH
See text

MISCELLANEOUS

Nut, bohts,

Aluminium for front panel and bracket

fé:nm flex, roct translucent perzpex
s

6V .06 A MES type

——PARTS LIST—

GETTING HOLD OF
COMPONENTS
All the nents used In this
be available from
most component suppliers.

COST OF CONSTRUCTION

The total cost ol this project
should be about £2

Pictre showng method of mounting LP1. 2
on angled bracket

miccoAMP

THERE IS OFTEN A NEED for a
piece of equipment which can give a
relisble answer a3 to another unit's
state of being. In audio, for instance,
# repaired amplifier might need to be
tried without risking a pair of expensive
monitor loudspeakers, or even head-
phones (which are worth a few bob
themselves these days!).

Our micra-smp is designed to be a
portable stereo test amp, capable of
betraying any faults or distortions
inherent in the suspect unit. The trans.
ducers utilised are low-cost crystal
earpieces, for which the design has
been optimised. Although there are
only & handful of components in the
design, the amp gives exceptionally
good sound quality suitable, say, in
checking whether that cassette deck in
‘Rip-Oft Hi-Fi’ has 1% or 100% dis-
tortion.

Quality is uitimately limited by
the esrpieces, but they are capable of
doing better than the two-transistor
‘Super-Squark” portable radios to

View of completed Micro amp
Inand Qutandin...

In the prototype, sockets were
pravided for & ‘tape input’ type of
sign. . from a cassette recorder
at the DIN socket pims 3and 5. i 8
signal is to be input from a tuner or

or pins 1 and 4 so that you keep things
standard,

tnput tevel is ideally around 100 mV;
vastly different to this, R1 can be
juggled in value to compensate. Increase

which they are more usually mated. if the level is higher.

amplifier, ¢ither use the phono sockets
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Circurt diagram of Micro amp

—HOW T WORKS—

Q1 404 Q2 are base biased sigle stope

lnd TS are lhfn to provide high fre-
quency correction, and cxperimentation
with the value will change the resultant
sound qullc noticcably.

‘4 decouple the input from
vnwdlu circuits, and the resistors R
and R4 will set the level seen by the am,
lifler, and hence by the cal 3
volume oonnoh are pronded. as none
proved to be necessary with the proto-
type. C3 and C6 serve to decouple out-
put from de. Crystal carpieces only are
recommended

PARTS LIS

A28 2M2
R3B 39k
CAPACITORS

C1348 4u? wntatum
€28 22 p polystyrene

SEMICONDUCTO“S

B8C109 C - 1ee toxt
SWITCH
SWt  On-otf rocker, or shde typs
SOCKETS
SK1,3  Chassis phono sockets

Doram: 478 093 red, or:
477 848 black)

SK2  Chassis § pin DIN 180° socket
SKAS5 3.5 mm chasess jack socket

CASE
Normen typs ABT2 or similar (3x 217}

MISCELLANEOUS

PP3 battery, clip to surt,

Ministure screened vore flax

Nuts, boits, spacers atc.

PCBas n

2 off crystal earpreces with 3.5 mm Jack
plugs,

GETTING HOLD OF
COMPONENTS
Most components should be readily
available from a number of suppliers. We
have listed Doram part sumbers for the
sockets and Norman's reference for
the box we used in our microamp.

COST OF CONSTRUCTION

The total cost of this project should be
about £3.50 Inc VAT,

Ag seems to be usual for us now-
adays, space within the box is very res-
tricted, but it will go into the case if
you take some care over the layout.
Perhaps our photographs will help.

Power and Construction

A PP3 is all that wilt fit into our
box and is all that is needed. Current
drain is around 300 uA (hence the
name!) and so even this will have 2
Iife-span approaching that whi
would have enjoyed had you left it sat
sitting merrily on a shelf.

The PCB is smallar than most, so
take care when soldering it up: too
fong with the iron in one place, and
the track will becoms emotionally
attached to the bit, and not wish to
leave it!

BC109Cs must be used to give &
high enough output from the speci-
fied nput. Surplus transistors will
obviously work, but don't blame us if
the sound is bad!

5 ¢

[NIGHT oUT
TO SKS.

RIGHT IN
OM

D
PINS
K2 $K2

Component overlay of Micro amp

POWER PAC

rPl

k1)



CONVERT ANY 1mA METER MOVEMENT INTO AN ACCURATE

TACHO FOR YOUR CAR WITH OUR

TACHOMETER

This design uses a single integrated circuit to provide an easily calibrated unit
that will provide rpm indications of a wide range of engine speeds. Itis
suitable for 4 or 6 cylinder engines.

UNTIL TEN OR SO YEARS AGO,
car tacho's were cumbersome mechani-
cal devices usually driven via a flexible
cable fram gearing attached to the
shatt of the vehicle’s dynamo — or
sometimes via the distributor shaft,

The advent of transistor technology
changed all this and since then almost
all car tacho's are electromcally
operated

The basic principle is much the same
for all electronic tacha’s an electrical
signal taken from the low tension side
of the distributor is converted into a
voltage proportional to engine rpm and
this voltage i1s displayed on a meter cali-
brated accordingly.

Most car tacho’s are complex and ex-
pensive devices — but here’s one with a
differencel it s simple yet extremely
effective. Its simplicity is due to our
using one single integrated circuit rather
than the more conventional muluplicity
of individual transistors.

The unit will operate on both
positive and negative sarth vehicles and
will also operate successfully and with-
out modification with most types of
electronic ignition systems as well as the
more common electro-mechanical
systems.

Construction

As there are 5o few components, con
struction is very simple and straight-
farward. Do make sure though that the
685 IC 1s soldered in the right way
round — ditto the two diades. Compare
your work against our layout drawing as
8 final check.

Any type of meter that has one mil
amp full scale deflection can be used.
This is a very common type of instru-
ment and you should be able to obtain

one new or secondhand with no diffi
culty. Ideally you should choose one
that has 180° or 280° movement but
these tend to be rather expentsive. The
meter size shauld be chosen to suit your
proposed housi

When the meter has been assembied
connect it to the vehicla's battery and
connect the input to the contact
breaker side of the coil.

Calibration

We can think of three ways to cali-
brate this unit. The easiest method is
ta borrow an already calibrated tacho
which can be temporarily connected
10 your car. RV2 may then be ad-
justed until the two readings agree
over a range of engine speeds.

The unit may also be calibrated
by the use of a signal generator by
recognising that with a four cylinder
engine there are two sparks per engine

revolution, To calibrate the unit, take
the output from a signal generator to

the tacho {via an amplifier if necessary)
and adjust RV2 until the reading on

M1 satisfies the relationship: f = 2M

where f = frequency in Hz, and

M = meter reading in r.p.m.

Our finat method is 1o calculate the
vehicie speed per 1000 r.p.m. in top
gear and adjust RV2 accordingly.
Neediess to say, this is a two person
operation

If the adjustment of RV2 1s found
10 be too coarse 1ts value may be
reduced to 25k or lower If this s
done it will be necessary to increase
the value of R4 accordingly

Before making final calibration,
adjust RV to eliminate any false
triggering - check at alf engine speeds.
Thi may be used with either +Ve
rth vehicles simply connect
the battery leads as shown.

s ————, R
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—HOW IT WORKST

The 555 timer 1C u used 33 a mono-
stable which, in ecff

single the width of
which is det by the value of
R4 + RV and C2. 'I"M mathematical
formuls is T= 11 x R x C where R=
R4 + RV2 (the mglon ol RV2in use)
and C= 5.6 x mdl), and T=
puls lcnnn in 0o

esistors R2 and RJ et 3 vol
of -boul 4 voll: at pin 2 o( ICI
IC is 1, volt
mﬁ 1
voltage) and this occurs due to
the vomp swing wheh the breaker
points ope
on ajustment potentiometer RVL

cnables the input xmn to be set to
avoid false 1o
Zener diodt ZD\ and the 180 ohm

resistor suhilh: the unit sgainst volt-
age variations.

TOMITER Ve

Ve

TOMITER

GETTING HOLD OF
COMPONENTS

There should be nothing here to
trouble the coastructor — the 553 is
advertised by a number of fems in
this issue and the semb-con-
ductors and passive components
should be readily available.

TO GROUND
TO +12Vv

TO POINTS

—PARTS LIST—

RESISTORS (st % W 5%)
R 1Bk

CAPACITORS

1) 1n0 polyester

€2 SnS polyester

(=] 100 u 10 V slectrolytic

SEMICONOUCTORS
D1 INO14
201
it
POTENTIOMETERS
AV1 1k

RV2 80k

MISCELLANEQUS

PC bosrd EYI 081
Meter | mA FSD

B8V2 300 mW
NESS6

COST OF CONSTRUCTION

Cost of components for thia pro-
should be about £2.08. This

the PCB but is exclusive of
meter ML

()

The foil pattern of the panted circuit 13
shown full sie sbove and 1o the nght is the
component overtay for the PCE

[l BUILD THE

| TREASURE

TRACER
MK Il

METAL
LOCATOR

AS SEEN
ON BBC
& BBC2

1A

thnle
. rates unique varicap tuning
' for extra stability
Search head fitted with Faraday
screen to eliminate capacitive
effects
Loudspeaker or earphone opera
supgtied),
o bast elling meta! locator
4000 aircady s
Kit can be built 1n two hours using
onty soldering iron, screwdniver

l E‘I:rs and side cutters

ellent sensitivity and stability
Kit_absolutely complete mcludmg
dnlled. tinned fibreglass p.c. board
| with companents wling printed on
Complete after sale
Weighs oply 2207.. wandle knocks
down to 7 for transport
Send stumped. sell-addressed
poc

€1.00 P
Fhos £178 VAT %)

e £19.75

nteed  pyys £1.00 PRI
nmtlu\n(n)
MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford,
LONDON E18 2AN

i\l order only)




VALVE
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GEORGE CHKIANTZ
AND
RICHARD ELEN

TWO PROFESSIONAL SOUND ENGINEERS HAVE A NEW AND CONTROVERSIAL THEORY TO ADD
T0 THE CONTINUING DEBATE AROUND THE SUPPOSED SUPERIORITY OF VALVE AMPLIFIERS
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ETI READER OFFER

GBM

Calculators | z2=TRonix
Special |~

Spring Offer

5% |

SHOP L
PRICE L £ i
: Offer sxpwres July 3 J
ortars ONLY ooder otter
nnnnnnnnn
yw .‘-._' Lion Lene, Haslemers, Surrey
British made Commodore TIEE R
Plosss send ... . Zartroni
culators outsall seese Tty for whoch onciose | €A 8 {]
wach)
Name
Addross

(xcommadore =




daTia. 70N
What to look for in the August issve: On sale July 1st

SOIL MOISTURE
INDICATOR

10410 10 0 Lo (0 b 2 o1 bt ik bt s
hlipisee o rdafind i

SVREEP PICKUP

GEMERATOR pRINCIPLES I:EUT\IESR
» i&:’-

3-TRANSISTOR RADIO "~z PRICE

FREE INSIDE THE AUGUST ISSUE

MARSHALLS CATALOGUE
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HEXADECIMAL AND DECIMAL
IN'I'EGER CONVERSATION 'I'ABI.E

D«mw

nes | Decimai | ren 1 Decimai
—olo o
—,_
| wssaanase [ 6 w26 [ 1
| sw6erusiz | 2 33 554 432
ik AR
Bosms:sa

:omvaw Sasae] 3 us
vm;x T4t 824

ugum

=, sy (9

“Oecm Decimas | Hew Ovcimat | Hex [pecmai
P .
cmal|

+ 65 536]

B0

*-%4,,@.

JEE] 3
N i
nu;xwm 3 B
1610612736 | 6
1879048 192
2147483 648

B nsu
100 663 296
117440512
JEEERAE)

6 .’s

v 40 032
340032 ©

8388608 ] ¢

&

50954 544 |
167 772 160

2415919 104 9437 184

2,684 354560 10485 760 |

36 864

40 960

[2952.750 06
[3.221 22547

i

BECIETR
201 326,592

11534306

8
3
x
B
< [rzse2912] C

t > 4
R ‘i“—o—«

22089

45 056
. 186 417 =t

a9 v&z]

5
7
[
[
B
B
c
O

O |3.489660.978
€ 3758096384

4026511840 [ F

'I'O CONVERT HEXADECIMAL
TO DECIMAL

Locate column of o
digit o letter of hamad
TMber that curMephidh (v Jusre
Reprat step 1 fo' next tuecond from lotu pomtan

peat siep 1 for uruts (third from lefu position
Add numbers selected from tabie to form decimal number

278 103 808

€ | 234881024
251658 240

| EETIETT)
umaasa

i

#sponding 10 left most
1 femm this column aed recerd
f hwaadec.ma dgit or letter

651 968] ©
504

TO CONVERT DECIMAL
TO HEXADECIMAL

¢ e el

zw red hun
g be: mserted
i repen au of step 1 1o de
mal fand remainde
* 3l ot stap 1 10 develo
P .
4 Combine tarmh &

"2l Sumbse

COMPARISON OF STANDARD
LOGIC FAMILIES

Logic Noise Max. Toggle Power Diss.

Supply Voltage

Decoupling and other

Prop. delay | Fan Out
s

famity Immunity,

74 Series
74H Series
748 Seri
T4LS Series

uMOS

15
40
125

10

TTL BIPOLAR LOGIC

The 74 Series of tran, medium speed
fanuly of saturating integra wit logic designed for general
digrtal logic spplication requiring clock fraquencies to 30MMzx
and awitching spesds in the 7-11 nS range under moderata
canacitive loading.
d emiter input
or and an active “pull up 1he upper output network.
Clamp diodes ars provided at each input to imit the undershoot
that occurs bn 1ypi om applications such as driving long
interconnect wiring. The active pull-up output configuration
provides low output impedance in the high output stste. The
resutting low impedsnce: both output states ensures
excellent a.c. noise immunity and sflows & high-spesd operation
with capacitive laads.

Speed
MHZ

per package
mW {typ)

Nominal Min. Max. requirements

v v v

S
5.0
6.0
Is.0
1s.0

4.75 5.25
4.75 5.25
4.75 5.25
4.75 5.25

3.0 180

0.1 uF Ceramic
capacitor for every 8
packages to eliminate
switchingcurrentspike
No special precautions

40
60
40
8
0.01

COMPLEMENTARY MOS (CMOS)

Complementary MOS is the newest of the genaral purpose logic
tamili
The following &
COS$/MOS and McMOS range;
Double diode protection on all inputs.
Noise immunity typically 45% of VOD, 30% of VDD
mnimum.
Buttered output compatible with MHTL and Low Power TTL.
Low quisscent power disipation: 25nW typ. per package.
Wide power supply vohage: 3-18 Volt dependent on type
Singls supply operation
High tanout: greater than 50
High input impedance: 10 ohma typ.
Low input capacitance: 5pf typ.

ign features of the whole of the
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BASIC LOGIC SYMBOLS
AND TRUTH TABLES

mvEnTIa

ourrur

wocane
:D-_‘

Aano Gare
:D_=

excoumv

=pa

LAWS OF DOOLEAN ALGEBRA
At

Ay AsRe
Apo AR 0
Acaa Ala
AB+AC=ABC

A+DCH ABIAYC

ABC A-B-C

ABc -aBIC

% Flp Flop
CLR

INPUTS

MM LENEL PULEE DATA
18 TRANSAINRED ON FALL
ot o h

W e OF  mro
SDICAMD.
Dl e

ASH QUTPLT CuANTES TO
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FIERS AND DIODE CHARACTERISTICS
: = ——

v, PRI & e v, | e
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1
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i0DES -.: wlom | = T e

STANDARD COMPONENT CODES

RESISTOR VALUES WILL BE REPRESENTED THUS CAPACITOR VALUES WILL BE REPRESENTED THUS:
10pF willbashownas 10p
0.47 {2 will be shownas R 47 100 ©2  will be shown as 1000 pFwill be shown as  1n
192 willbeshownas 1R thEL  will be shown as 1vF  willbeshownss Tu
470 whlbeshownss 4R7 10 ki) wil be shown as 4.7uF will beshown as  4u7
4760 witlbeshownss 47R 10 MY) will be shown as 100 uF will be shown as 100 u

TTL TO CMOS FUNCTIONALLY EQUIVALENTY TYPES

L cMOS TTL cMos

ave, y a
a a

2
2

4
.
a
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a
r
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4
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4
a
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3
P
Pt
t
a
P
a
&
p
a
a

Sendaisanen

a4 Il




STANDARD OPERATIONAL
AMPLIFIER CIRCUITS

Non-dnveriing Buffer

Non Invarting AC Amplifier

DiHterence Amptifiar

—

wa
a7+ n Fon e orFUT e

tnverting Butfar

Inverting AC Amplitier

Inverting Summing Ampldfier

P nge e an T

STANDARD POWER SUPPL
CONFIGURATIONS

FULL.WAVE BRIOGE -
CAPACITIVE INPUT FILTER

FULL-WAVE BRIDGE
RESISTIVE LOAD

o

HALF.WAVE ~
CAPACITIVE INPUT FILTER

ve =

[,
<>

FULL-WAVE -
CAPACITIVE INPUT FILTER

FULL-WAVE
RESISTIVE LOAD

B

P

HALF-WAVE
RESISTIVE LOAD

G

Vde 045var
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IIIAMICROFILE I

Gary Evans, ETI's resident microprocessor man. powers up micrafile to report on a new

personal computing system and Europe’s first conferance for home computer bullders.

THE HOMEBREW COMPUTER mar
court:

Thers o oroduce pers
Sharen har o vt e seom o
PET's actiites, flopry duks ot nters

e a1 provent under

ET o even il you whe
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MICROFILE

Ooing It Your Way

O mars wrerest to the person who
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ICL 8038 WAVEFORM GENERATOR/V.C.O INTERSIL

The BO38 has been around for about 5 years

- which 1.8 long me n slscironcs oitacy
« has reached thy 00 of becominy
Industry Stondara ona par with tng 741, An
inherently versatde device it has s
rawbacks ke most chips — bul overall has
» Jot gowng for #_ Imersil even produced a
very honest apphcation bulleun  AG13)
called Everything you always wanted to
know about the 8038 which explained how
1o get the best oul of this device and
adnwtted its defects — an uncommon event
wath most manufacturers! Some of the dats
trom AD13 has been included n ths data
et but for fuller mformation stk Rapd
Recall for AO13 AQ12 and the latest
formation sheel  strangety referenceless
but brown 1n colour!)

Description

The 8038 Wavetarm Ge |
monoithic integrated circun  capeble of

producing sine square tnanguiar sawtooth
and pulse wavelorms of high accuracy The
frequency or repeiition rate) can be selected
externally over a range of less then 1 1000
M2 to more than ) MHz and 15 highly stable 3
over @ wide temperature and supply voltage

range Frequency modulaton 8nd sweeping
can be accomplished with an external voitsge .
and the frequency can be wogumn.\zd TRIANGULAR

digually through the use of either resistors or
capscitors The Waveform Gerwerator utilizes
advanced monolithic technology such a5
tin fm resistors and  Schottky barrer
diodes

Theory of operation ? MW D

A block diagram of the wavaform generator I T -t
1 shown 10 Figure 1 An external capacitor C |

_

1% charged and discharged by two current N !
urrent source =2 15 switched on 7=

and oft by a flip-fiop while current source

=1 15 on continuously Assuming that the

fp-Hop 13 10 8 state such that current source

=215 off then the capacitor is charged with . -
5 current | Thus the voltage across the
capacitor nses inearily wih tme When this +

vohiage resches the level of comparator =1
set at 2 3 of the tupply voltage) the
fhpfiop s trggered changes states and
telonses current source =2 This current .
source normalty carnies a current 21 thus the
capaciior 1 discharged with a net-current |

and the voltage acrass it drops hrearly with

wme When it has reached the level of - - - -

comparator =2 iset at 1 3 of the supply

voitage) the fhpfop 15 tnggered nto its

onginal state and the cycle stans anew nn s W ~o

our wevetorms are readily obtanable 1 i

from this besxc generator cicut With the fig 1. BLOCK DIAGRAM OF WAVEFORM GENERATOR
current sources set at | and 2) respectively

the charge snd discharge times sre equal
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M 7205 LED STOPWATCH CHIP

The Intersil ICM 720! relatively new device, main points
of imerest are: on chip disptay drivers, fully protected against
static - no special handling precautions required, average
current of only 10 mA when in operation {including display!)

The ICM 7206 15 a fully integrated CMOS six digit stop
watch circuit. The circuit interfaces directly with a six digit/
seven segement common cathode LED display. The low battery
indicator can be connected to the decimal point anode or to a
separate LED lamp. The only components required for a com-
plete stapwatch besides the display are three SPST switches,
a 3.2768 MHz crystal, a trimming capacitor, three AA batt-
eries, and an on-off switch. For a two function stopwatch one
additional switch would be required.

The circuit divides the oscillator frequency by 2'5 to
obtain 100 Mz which s fed to the fractional seconds, seconds
and minutes counters. An intermediate frequency is used to
abtain the 1/6 duty cycle 1.07 kHz multiplex waveforms. The
blanking logic provides leading zero blanking for seconds and
minutes independently of the clock. The ICM7205 is packaged
in 2 24 tead plastic OtP.

Stopwatch Circuit

HBBHHEBB

Switch Characteristics

The ICM7205 1s designed for use with SPST switches
throughout. On the disptay unlock and reset inputs the charac-
teristics of the switches are unimportant, since the circuit res-
ponds to a logic level held for any fength of time, however
short. Switch bouce on these inputs does not need to be
specified The Start Stop input however responds to an edge
and 1t requires a switch with less than 15 ms of switch bounce
The bounce protection circuitry has been specifically designed to
let the circuit raspond to the first edge of the signal so as to
preserve the full accuracy of the system

Low Battery indicatar

The on-chip low battery indicator is intended for use with
a small LED lamp or with the decymal points on a standard
LED display. The output is the drain of a P channe! transistor
of approximately half the size of one of the segment drivers.
The LBI circuitry is designed always to provide a voltage dif{-
erance between the LBl trigger voltage and the minimum
operating voltage, i.e. the lower the LB trigger voltage the
lower the the minimum operating voltage. n this way a stop-
watch using three AA batteries will provide at least 15 minutes
of accurate timekeeping after the LBI comes on.

Functional Operation

Turning on the stopwatch will bring up the reset state
where the fractional seconds are on displaying 00 and the
other digits are blanked. This display always indicates that the
stopwatch is ready to go.

52

INTERSIL

Start/Stop

o) u

The Start Stop modes can be used for a single event tming
with the Sphit Taylor input n either state The dlustration
indicates the operations and the results. To time another event
the reset switch must be used prior to the start of the event.
Seconds will be diplayed after one second, minutes after one
minute. The range of the stopwatch is 59 minutes 59.99 sec-
onds. 1f an event exceeds one hour, the number of hours must
be remembered by the user. Leading zeros are not blanked
after one hour.

Taylor

When the Spht Taylor input s teft open circust of s con-
nected to Vss the stopwatch can be used in the Taylor or
sequential mode. As depicted graphically above, each split
time 1s measured from zero in the Taylor mode e after
stopping the watch, the counters reset to zero momentarily
and start counting the next interval. The time displayed is the
time elapsed since tha last acuvation of Start Stop The display
1s stationary after the first interval unless the display unlock is
used to show the running clock Reset can be used at any time.

Split

When the Spht Taylor mput 1s connected to VOD the stop-
watch 18 in the Split mode The Spht mode differs from the
Taylor in that the lap times are cumulative 1n the Spht mode
The counters do not reset or stop after the first start until
reset 15 activated. Any time displayed 1s the cumulative time
elapsed since the first start after reset. Display unlock can be
used to let the display ‘eatch up’ with the clock. Reset can be
used at any time.

Points to Note!

Absolute maximum supply voltage is 5V5. Never short out-
puts to earth or low impedence power supply as this will des-
troy the device.

The ICM 7205 is avadable from: Rapid Recall Ltd.,
9, Betterton Street, Orury Lane, London WC2H 985.
Price for one off is £12.60 inclusive.
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VOU board 8 component s:0e foul pattern shown full size

the data for B’ s avalable at the

) the g

has data for an A and thus the
display now shows 'AA At some
time nesr the end of the second
character time the data for 8' will
become available at the character
generator but as the RAMs can
react at different imes different bits
become true at different times thus
making the second half of the
second character change to 8 B
Similarly the third character will
become 8 B C the fourth a3 C/D
and so on up to the end of a
character row At the end of the line
the display enable turns off the
character display, but the characters
keep going unul the count enable
halts the count The data for the last
character 1s not available unul just
before the display 1s disabled but it
15 avalable for nearly 650nS after
the display has been disabled

Problems

There are thus two problems the
fist to latch the data bis at a
specific tme during each character
to stop the ragged change from one
displayed character to another the
second problem is then to lose the
double first character and retrieve
the last

The DMB678 has an internal
latch and can thus handle the
Iatching for six data bits of an 8679

is used in tandem then seven bits
will be latched) leaving the extra
data buts if used) to be latched with
the 7475 This latching was not
shown in the circunt for PCB A but
no additional ICs are required Pin 4
of the DMBE78 1s connected to the
nverse of the load signal on pin 10
1deally the store signal should occur
one bit ime before the load but 1n
pracuse 1t was found that the
inverse of the load could be used
This 1s available at the output of
IC11¢

To solve the second problem it
would be useful if the whole display

enable area could be moved one
position 10 the nght A simple way
10 do this 1s 10 break the signal from
IC7 10 1C12 and process this via the
7475 latch As this latch 1s operated
at the same time as the DM8678
Load and Store 1t means that the
display enable signal i1s delayed
by about one character tme This
means that the enable 15 now turned
on at the start of the second

character and off at the start of
character time after the last char-
acter in the row

If at this tme the display 1s not
nearly perfect then it is best to

ELECTRONICS TODAY INTERNATIONAL — JULY 1977
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——VIDEO DISPLAY UNIT
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Fult curcurt chagram of the 8 board, in conyunction
boand forms complete VOU module

assume race conditians in the ICs 1o
be a problem CMOS will not work
muchabove 1 MHz at 5v socheck that
there are no 74C senes where there
should be 74 sernies and vice-versa

with last month s A

the keyboard into the PCB using a
standard 16-pin socket and pin
header/plug With the System 68
case we use a 2 i front panel
module to carry the Video output

it 1s also advisable to check for socket widec nvert switch and
solder runs as we found a couple keyboard connector We have used
causing p n the p yp [+ 25-way plugs and
Problems with this type of sockets wherever required as these

equipment can be very ditficult to
cure without a very fast scope or a
lot of thinking thinking 1s usually
cheaper than scopes so use the
crcuit to narrow down faults and
they soon become apparent

Keyhoard interface

In addition 1o the VDU interface this
PCB also allows an ASCIl keyboard
10 be connected into the system as
VDUs and keyboards go together in
most applications 1t makes sense 10
have them on one interface board If
you are not using the System 68
case you may prefer to connect

tend 1o be an industry standard on
this type of equipment As the
keyboard can be disconnected at
the front panel the front pane!
connector can be wired into the
16-pin socket holes

Whichever way you do it this
connector carnes 16 signals to -
from the keyboard We have
allowed eight bit ASCIl whereas a
lot of keyboards have only six or
seven bit output the unusued
Inputs can be connected to ground
or to the keyboard strobe signal
Most keyboards feed on a det of
+5v GND and -12v and so we

ELECTRONICS TODAY INTERNATIONAL — JULY 1977

have provided for these lines to be
keyboard The other Iine we have to
have 15 a strobe signal which should
be negative going e 1t 1s narmally
logic 1 unless a key 1s pressed in
which case 1t goes to logic O untl
the key s released We have four of
our 16 leads unconnected these
are reserved for additrional 1| O
signals to/ from the keyboard Such
signals could be switches to the
interupt and or reset pins of the
MPU or could be status LEDs
mounted on the keyboard

Checking out

Checking out s very tedious with-
out an MPU because you have to
simulate the control signals and that
nvolves a lot of logic state changing
and testing {t s worth doing at this
stage because you then know that
the VDU element works A check
sequence I1s given

57
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—VIDEO DISPLAY UNIT

Atterative positioning of sockets on front

Foiding up
Now 1s the ume to fold up the two
boards and check that they will fit in
1 the case Note that only PCB B 15
screwed to the front panel As held
13 parallel 1o B by the card guides in
the case they should fit 1 2 in
apart and thus fit into adjacent card
guwdes If you have fitted your
keyboard connector shghtly off
centre then you may find that the
boards fit better 1 1n part either 1s
acceptable Shde the unit into the
case in the correct location and mark
the position of the 31 way connec-
tor shde the unit out fit the 31-way
48 socket slide the unit home and feel
that sausfying click as 1t locks into
place

Next month

— = How to use the VDU with an
MPU data and address buffers and
28 25 things
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® DRMLL 1 HOLE 48BA
© ORILL 4 HOLES EBA
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222, Hooooe 0wOm inclined. Sorry, it’s got nothing to do with kinkiness if
52- £ g that's what you thought, but if you want your old
g5t < copies of ETI under bondage, we've got the perfect
g:3%3 $7°T"° T°°75 binder for you
>3 z £
5 ST ] 2 T Beautiful quality as well, this binder. No messing with
o -§°"§ >~00-0 o000 F string, either: it has concealed rivats and gold lettering
s ES . z E and made specially for us in black simulated leather
2 'igoi ; & 10 take twelve issues of ET)
[~ C= §
2 §§§3 ¥rtogt T PS. Just in case, binders are sent under plain cover
2zas Ba
= 35i- 33z, - Send £2.50 (which includes VAT and postage) to
8 23y s2E% & ET1 Binders,
E Erd. chtilzerds Eondon WA RE
% ,§.§~ 5'—'<<4§<'—'<u— ondon .
& EB-EY GEEERSEEES

8



SIS0 G PART 11

THE VALUE AND TOLERANCE,
and other pertinent characteristics, of
resistors may be marked on the body of
the component in one of three ways.
Viz:

{1) By marking directly on the body.

{2) By using a standard colour code
— coloured bands or dots, etc, read in
sequence.

(3) By using an appropriate typo
graphic code, consisting of letters and
numerals arranged according 10 3
convention.

Which method is used depends on
the type and physical size of the com-
ponent to a large extent and also
according to the manufacturer’s pre
ference. The larger components, such
as power resistors (particularly wire-
wound types), ususlly have the value,
tolerance and wattage rating marked
directly on the body. Most common
low power resistors, from 0.05W to
2W, use the standard resistor colour
code. Some manufacturers use a typo-
graphic code on their resistors, physical
si1ze allowing (usually radial-lead types
having wattage ratings between 0.25 W
and 10 WS The special resistors (PTC,
NTC thermustors and Varstors) also
may be marked with a colour code or
typographic code to indicate ther
value and characteristics.

The Standard Colour Code and
Markings

The common axwal-lead, composition
and film-type resistors are marked with
a series of coloured bands, as shown in
Figure 1, which are read according to
the standard colour code table in
Table 1. The standard €24 {5%), E12
{10%) and EB (20%) series components
are marked with either three or four
bands. Components below 10 ohms n
the EG series may have only two bands
indicating the value. Resistor values in
the E48 (2%) and €96 {1%) series are
marked with five bands.

The bands are located on the com-
ponent towards one end. If the resistor
is oriented with that end towards the
left, the bands are read from ieft to
fight as shown. The extreme left (or
first) band colour indicates the value of
the first digit of the component value;
the next, or second, band indicates the

An explanation of the colour codings on all types of resistors

second digit of the value and so on. If
the bands are not clearly oriented
towards one end of the resistor it is best
sorted out by trying to locate the
tolerance band first. As the most
commonly used resistors these days are
either E12 or E24 series, the tolerance
band s either silver or gold respectively.
If stll n doubt - resort to an
ohmmeter.

The body colour of modern resistors
1 also used to indicate the resistor type.
Carbon film resistors have a very hght
tan body, and carbon composition
resistors have a medium tan body —
somewhat darker than the carbon film
body colour. Metal fiim resistors have a
brown body colour — quite distinguish-
able from composition resistors and
metal glazed film resistors have a light
blue body colour.

High stability resistors (€48, E96,
E192 senes) are distinguished by
satmon-pink 5th band or body colour.
For those who have difficulty remem-
bering the resistor cotour code, Table 2
lists the most commonly used values in
the E12 series, between 4R7 and 2M2.

Old-Style Resistors

Prior to the standardisation of the
banded system of resistor marking,
resistors were colour coded with their
value and tolerance by either one of twa
systems. These were the “Body-End-
Oot” and the “Body-End-Band” sys-
tems, which are illustrated in Figure 2
(a} and (b} respectively. The body
colour represents the first digit of the
resistor value, the end colour the second
digit, the dot or band colour, the
multiplier. The tolerance was indicated

= =

st Band - 15t Digut

2nd Band  2nd Dt

W

5%, £10%, :20%
Tol. Units Tat Band Vot Digit
2nd Bard  2nd Ouget -
3d Band 3rdDignt
— —

STANDARD RESISTOR COLOUR CODE

coLOUR DIGIT MULTIPLIER TOLERANCE
VALUE  (No. of zerous) %
BLACK 0 1
BROWN 1 10, 1
ED 2 102 or 100 2
ORANGE 3 103 or 1k
YELLOW 4 10% or 10k
GREEN s 105 or 100k
UE [} 108 or 1M
VIOLET 7 107 or 10M
GREY 8 108 or 100M
WHITE 9 109 or 1.
GOLO - 010r10- 5
SILVER 0010r10-2 10
e - 20

* High Stabiity (grade 1) resistors are distinguished by &
saimon-pink fth ring or body colour.

Fig 1. The Standard Resistor colour code marking.

{ | | = 5ihBend Towrance

! L 4th Band  Number of Zeroes or
Oecrmal VMultipher

3
W

J L. 4thBand Tolerance

f——=

e _3r08end Number of Zerows or
Decimal Muttipler

ELECTRONICS TODAY INTERNATIONAL — JULY 1977




RESISTORYCODES

by a coloured spat which partially
covered the end af the resistor opposite
the ‘end’ colour or a band much
narrowsr than the ‘end’ cotour. In the
boay end-dot system, the dot was
generally located midway along the
body. In the body-end-band system the
band was generally located closer to the
‘end’ colour. Omission of the tolerance
colour indicated a tolerance of + 20%.

Some other manufacturers indicate
the component value and tolerance by a
series of dots or small bands which do
not completely encircle the resistor
body. This system of marking 1s com-
monly used on radial-lead and upright
mounting styles of resistor from some
manutacturers (particularty Erie Co., snd
some Japanese firms); these are illustrat-
ad in Fig. 2c. With the upright mounting
style of resistar, the colour code 1s
located towards the upper end of the
body. The colour closest to the upper
end indicates the first digit of the
value, the next colour down, the second
digit and so on.

Typographic Codes and Markings
Resistors may be marked with a com
bination of letters and figures to in-
dicate  the value, and tolerance,
Alternatively a combination of direct
marking and typographic code may be
employed

The typographic codes used are
illustrated in Figure 4. A series of three

Tol
olerance Manufscturer’s

— \ // pd

' IJK2
= ok,

Resistance

letters, RkM, are used to indicate |59 4 Typographic codes used on reustors.
multiplisrs of x1. x1000 and LD
1000 000. The significant figures of
(he value are indicated directly with
figures, the position of the Snex
indicating the decimsl point. For
' Tolerance
4R7? = 4.7 ohms Valus
330R = 330chms MULTIPLIER TOLERANCE|
5k6 = 5 6k (5600 ahms) . I
68K = 68k (68,000 ohms) - o 5
IM8 = 18M (1.8 megohms} R Yo 53 &
22M = 22M (22 megohms) K = Z10%
Mo 220%

The tolerance 1s indicated by one of
five letters (see Figure 4) which immed
1ately follow the value code on com-

“Position of the muitipher indicates the
positian of the decimal paint in the valus.

Fig 2 Other styles of reustor colour code
markings

15t Dgnt
8 2nd Dign
€ Muitpiier

Toterance

o
luse Tab/l L

{al The "Body End Dol’ system of resistor
marking comman on many older resistors.
c

e —

b} The “Body End-Band™ system also used
on many oider resistors

—p-—

ABCD ABCD
ANV \\//

ABCD

{c! Mackings on radial tesd snd upright
mounting resistor styles

Direct Marking

This style of marking a resistor is
commonly used on power resistors
{usually from 2 W), wirewound and
precision resistors (1 usually includes a
manufacturer’s code indicating the type
of resistor perhaps including a date
code indicating when the component
was manufactured. Figure 3 illustrates
21k, 5% 2W resistor

60

Mmhnuuv s Tolerance

-

Wattage

\KAZI
2W5%
1.0K.

\

Resstance
Fig. 3. Resistor with charscteristics and
value marked directly on the body.

€LECTRONICS TODAY INTEANATIONAL

ponents which are marked completely
with a typographic code Some ex
amples af the complete code are as
follows:
2k2F =
120G =
2M2J =
150RK =
6R8M=

2.2k, 2 1%
120k, £ 2%
2.2M, 2 5%
150 ohm, = 10%
68 ohm. *20%

THERMISTOR MARKING
CODES

Thermustors may be marked with a
colour code or a typographic code, or
may have no markings at all' The
manner in which they are marked
depends largely on thew construction
and the preference of the manufacturer
NTC thermistors may be marked with
either a cotour code or typographic
cade {or not at all) but PTC thermistors
are marked with a typographic code
only — when they are marked!
Whatever marking is emplayed, the
resistance value at 259C (Rg), and 1ts
tolerance at that temperature (if
included) are generally the basic
characteristics ndicated. Other para
meters (such as the B value] may be
indicated when a typographic code is
employed. The manufacturer's data
should be consulted for the complete
thermistor characteristics.
Colour Coded NTC Thermistors
Two basic methods of colour coding
NTC thermistors are used, (tlustrated in
Figure 5. The value of R, 15 found by
reference to the standard resistor colour

JuLy 1977




2nd Digt Muttiphier
10 Dwit
Tolarance
NTC
2nd Dt
15t Digit I Muttipliar

@

F1g. 5 Colour code systems used on NTC
thermistors. The resitance vaive at 259C
(R28) 11 found by reference to the stendard
usistor colour code table.

PTC Thermistor Marking Codes

The typographic code that may be used
on PTC thermistors is from the EJA
system code, illustrated in Figure 7.
The prefix ERP indicates that the
component is a PTC thermistor. The
suffix 1s dwided into three portions.
The first consists of a letter and a
numeral indicating the prime char

)

Common Code
{indicstes PTC)

acteristic of the t it is
an A-type PTC thermistor the temper-
ature coefficient is indicated, as shown
n the accompanying table. If it 15 a
B type, which changes resistance abrupt-
ly at a specified temperature (the
‘switching’  temperature), then the
switching temperature is indicated as
shown in the Table.

The tolerance and the resistance at
259C (R,5) follow, and are read off in
the same way as for NTC thermistors —
see Figure 6

PTC thermistors are often not
marked, but their packaging may con
1ain the above lvpograp ic code along

code table The tolerance is
omitted. The marking method
illustrated on the left in Figure 5
distinguishes NTC thermistors from
varistors {see Figure 8)

Typographic Coded NTC
Thermistors

The typographic code occasipnally
employed on NTC thermistors is il-
justrated in Figure 6. This code is from
the American EJA system of com-
ponent designation. The tolerance range
of NTC thermistors extends from
5% to £40% and two extra letters are
added to the standard typographic
tolerance code. The temperature con
stant B, is also indicated with the
typographic code and reference to the
manufacturer’s data for the basic
paramaters is not necessary. However,
+ the dissipation, wattage rating, etc,
are needed then the manufacturer’s
dats will need 10 be consulted.

The typographic code consists of a
prefix which may be "ERT’ to indicate
and NTC thermistor or simply NTC
The value and characteristics may
follow immediately or a manufacturer’s
code may precede 1t {usually indicating
component type). However, the char
acteristics are always the last group.

with a code

Varistor Marking Codes

Both colour and typographic codes are
used to mark varistors. As they are
valtage dependent devices, the voltage
value and sts tolerance are given. The
colour code that is used on ZNR and
SiIC vanistors is iHustrated in Figure 8.
The value and tolerance is found from
the standard colour code table (see
section on Component Marking Codes).
The tolerance is the first band on these
components when held with the colour
bands at the left as lustrated. Just to
confuse matters, some manufacturers
use the 1st, 2nd and 3rd digit bands to
indicate the last three digits of their
type number!

Value

A28 = 2501) +20%
a = 4S%°C
CHARACTERISTICS

A-TYPE a-TYPE

A2 = 2:5%/°C 80 = 509C

A3 - 3B%OC 81 = 750C

A4 = 45X/PC 82 = 90°C

Temp. Cosft fa} 83 =» 1209C
Switching Temp,
83 = 120°C

Fig 7 Typographx code used on PTC therm-

iatos (teom E1A system stondard). The value
d tolarance are raad aff a5 for the typo-

Graphic code used on NTC thermmtors.

3rd Digit
20d Digit
15t Digit

Tolerance

Wosed) *

TOLERANCE CONSTANT(S), OK
{at 289C)
4 = 5% A = upto 1000
K « $10% B = 1000-1800
L= 218% C = 1600
Mo 29% € - 2601-3
R = %40% F = 3001-3500
G = 35%01-400¢
H o= 4001 4
e Rasoy
3 = 5001-8
X - 5501
L = over 6001

[Common Code
(indicates NTC}
Constant{B} Resistance tolarance

EAT — FX142

R = 14002
8" = 3001
sa0%

Tol.

Fig. 6 Typograohic code used on
NTC thermistars (trom E1A system
standard) The furst two figures of
the value sre the two significant
figures of resistance at 259C (A 5),
the third figure indvcates the
number of follawing terces fr e

the multiptier). Hf value below ten
ohms, the decimal paint is indicated
byllu 15~ IRS).

The tolerance refers 1o the voltage tolarance,
and 15 faund from the standard colour code
table. The 15t and 2nd digsts ndicate the

1wo signiticant figures of the voltage, the
third diget indicating the numbee of following
zerces (1 8 the multipher), the valves

beng read from the standerd colour code
table Some menufacturers indicate the last
three digits of their type number Very
confusing!

I Fig 8 Colour code used on same varisiors.

Ceramic Diode (Variatite)
Varistors

These devices have an asymmetric
voltage characteristic and st is the
value of the forward voltage that is of
nterest. They are generalty made to a
specified forward voltage and a colour
code 15 used to indicate the value as
illustrated in Figure 9. A single colour
spot is used, and it is applied to the
cathode side of the device
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RESISHOR

ZNR Varistor Typographic Code
The typographic code used on ZNR
varistors is usually arranged in one of
two ways, as indicated in Figure 10. The
disc:shaped  vanstors  are  generally
marked 1n the manner illustrated, the
2ZNR marking directly indicating the
type ot component. This 15 followed by
3 single letter indicating the valtage
tolerance followed by the voltage value.
A 220 v, £ 15% vanistor 1s illustrated.

The cylindrical body style of varistor
15 generally marked according to the
EIA system standard, as dlustrated on
the nght in Figure 10. This code gives a
more complete specification of the
component’s characteristics The wat-
tage rating and shape may sometimes be
omitted Reading this sort of code on
any camponent can be confusing - 1t
best to tirst identify the component by
the prefix and then read the code
groups commencing from the right. The
voltage value s always mdicated last —
but watch it again . . the manufacturer
may attach a suffix for his own
purpose! It is usually a single letter and
thus the voltage value group is easily
recogrised

Silicon Carbide (SiC) Varistor
Marking

These vanstors are also  generally
marked using the EIA system code, in
a similar manner to ZNR varistors. The
two basic marking styles are ilfustrated
in Figure 11. The common code signify-
ing a SIC vanistor, ERV, prefix 15 in
vanably marked on both disc and
cylindrical shaped components, the disc-
shaped varistors generally having an
abbreviated code indicating only the
voltage value and measuring current.
The cyhindrical-shaped varistors have the
more complete code marked on the
component body, as illustrated on the
right in Figure 10 The wattage rating,
measuring current, voltage value and
voltage tolerance are the characteristics
indicated. Note that the wattage rating
code differs from that for ZNR varistors
mn that only a single figure is used to
indicate components having a wattage
rating of 1 W and 2W respectively. [

62

Colour Code

) COLOUR  RATED
FORWARD
E VOLTAGE

BLACK 10

BROWN 1%

R 1.2

ORANGE 1.3

A YELLOW 14

GREEN 15

WHITE 2.2

SILVER 30

F£ig 9. Colour code used on Ceramic Diode (vartite) varistors. These have an asymmaetric voitage
charecteristic and the colour code, indicating the rated forward voitage, is marked on me cathode.

“ZNR" Varistar merking

Common Code
{ERZ = 2NR vanistor)

— Tolerance
e o Vottage value
-
Toterance My
Current
Wattage value
220 v, 2 15% 2w, 10ma,
Varistor 680 v, £ 10%
Varistor
TOLERANCE WATTAGE CURRENT VALUE VOLTAGE SUPPLY
J o= 5% 03 -03werts 2 ~ 10mMA  Fursttwo digis e the two
K - *10% 08 -0Bwatts 3 + 1mA  sigmficent figures, the th 1d 2ig 1
L = “15% 15 s15watn 4 = D1mA  being the number of fol ow ng
M- $20% 20 -20watts 9 - 0SmA  reroes Decimal pownt s indrcated
S - 3% 60 -6Owatts by R.
8 +B.0waus

1A+ 10 watts
18 - 15 wans
1C = 20 waus
Fig 10 Typographic code combnations used on common (ZNRY veristors The more complete
form 15 shown on the right It may be abbreviated however as indiceted on the ieft Tha current
value 15 somatimes included as well, the wattage rating « usuatly only included where the more
complete form of the EIA code 15 used.
Commen
Code Messuning current

Common Code
{ERY © SiC varistor)

[ e,
ERV 2130

Voitage value

( 100V @1 mA, 10%,
] 08 W SiC vanstor
WATTAGE MEASURING CURRENT  VOLTAGE VALUE TOLERANCE
01~ 01 wans 1 = 100mADC First two digits are the two 4= 15%
02 = 0.2waus 2 + 10mADC sigmficant frgures, the third K v 210%
03 = 03 waus 3 - 1mADC digit being the number of L= 15%
08 - 08watts tollowing zeroes Dacimal M= £20%
10 = 10 wans uindicated by R.
15 18 was
20 = 2.0 wants

Fig 11 Typographic code combinations used on Silicon Carbide (SiC) varistors. The compiete
form of the code 1s illustrated on the right 1t 15 also used m an abbreviated form, #s iustrated
on the left, only the voltage valus end current being indicated. sithough the tolerance is some-
times also included
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ELECTRONICS —it’s easy!
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with a non-conducting, highly-resistve  To make the trace wisible, low

material such as magnesium fluonde,
and a collector mesh which is held at a
positive potential.

To store a trace the writing gun is
scanned over the storage surface.
Where the beam strikes the storage
mesh electrons are knocked foose
leaving a positivecharge pattern. The
high-resistivity of the surface prevents
the charges moving toward a neutral
state: the scan is thus stored — and can
be held for at least an hour {one maker
offers four hours) w3 reduced
intensity mode.

velocity electrons are sprayed by the
flood guns onto the entre mesh
surface. These electrons are allowed to
pass through to the phosphor in
proportion to the amount of positive
charge at each aperture of the storage
mesh The positive feld pulls many
electrons through causing them to pass
on to hit the phosphor.

The collector mesh s provided to
help accelerate the flood electrons, to
repel the positive tons generated by
the flood guns; (which would other-
wise write the whole screen bright)
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Fig. 3 Hewlett
Packard Mode/
184A vatusbie per-
nstence and storage
osciltascape. Con
trofs for storage are
_ on the left-hand

-— side of the screen.

and to absorb the emitted secondary
emission  electrans produced whilst
wnting is i operation. It is not
possible 1o store the trace in the view
mode for as long as in the store mode.
one to ten minutes of viewing time are
typical for vanious makers® designs.

Erasure is done by applying a large
positive voltage 10 the storage mesh
which charges capacitively to the same
value. The mesh voltage is then
brought back to a small positive value
whereupon the flood guns reduce the
voltage to zero. A small sudden
negative excursion 1s finally apphed to
the mesh making 1t ready to write.
{This  procedure is automatically
imtiated at the single action of a
switch.)

Variable persistence is incorporateg
by changing the time taken to erase
the picture. In the Hewlett Packard
umit, shown in Fig.3, this 1 achieved
by using a variable-width pulse
generator that applies erase voltage
pulses to the storage mesh. The
positive-ions created by the fload guns
limut this mode to 8 maximum of 10
minutes persistence.

Storage oscilloscopes can be used as
conventional units by applying about
30 volts to the storage and collector
meshes tong persistence has many
virtues — 1t enables successive traces
resulting from adjustments to a system
response to be overlaid together for
comparison purposes. It also allows us
to see very low-frequency scans, and
to plot scans of spectrum analysers.
Long persistence also finds use in time-
domamn reftectometry where the time
between send and recewve puise needs
measuring

By stacking sweeps on top of each
other a long persistence time can be
used to integrate or average a set of
traces. Variable-persistence  storage
oscilloscopes are extremaly versatile
but the high price restricts their use to
large laboratory groups.

STORAGE USING DIGITAL
MEMORY

Figure 4 shows a umt marketed
around 1972. The transient recorder
umit accepts the analogue signal, con-
verts 1t 1o a digital equivalent with res-
pect to ume and stares the values in
digital registers. Readout can be ob-
1aimed by using digital to-anatogue con
version of the stored increments which
are scanned sequentially, the resultant
analogue voltage being fed to an
oscilloscope or chart recorder Digital
print-out 15 taken direct from the
scanned store locations.

This method 15 less common than
the storage oscilloscope aiternative but
the ever-reducing cost of digital
methods may put this technique into 8
price region.
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Another method of capturing
difficult to see, once-only transient
signals, and very slowly changing wave- O e O O -
forms 15 to record the jevel of the
signal, increment by increment, as the " R
signal oceurs, using a digital memory. oGy ,f:;,j"n‘g" b b 9]
The concept 1s simple and the method plugn. (Hewiett h y
offers certain  advantages. These Packard Mode! .= - -
melude ability to speed up or slow 1810A). The con-
down the umescale of the original ol o e to] } &
event, ease of providing a permanent Tor those on normal d a o g
numberical printout and the facihty real-time osciiio d
h | befor 3 scopes With sucn »
to process the signal before display it 18 15 possble o
viw nanosecond
rise tima signals of
repetitive nature.
— —

—
I
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Fig 7 inherant trigger delay, if not compensated for, will iose the leading edge of 3 saveform.

Fig 4 Storage can also be obtained using s
dhgetal memory (o capture the event which
can be displayed at will on an osciioscope
ar recorder {Datsisb DL 905].

SAMPLING OSCILLOSCOPES

How to capture a very fast repet
itive event, say near to the GH2 region
where scan times of 0.1 ns/divisian are
needed, s a problem because the
electron beam cannot transfer enough
energy into the phosphor to obtam a
useable trace brilliance. Further 1t

be repetitive {as shown in Fig.5). The
beam s set to illuminate the screen at
pont 1 n the diagram, warting there
until the next cycle where it moves to
pont 2 — and so on. The trace there-
fore gradually works 1ts way through
the complete cychc waveform and
because the scan speed s slower than
with a conventional sweep system the
cathode-ray tube system can operate
with a lower bandwidth than the
signal. The waveform produced 15 an
average of many so the display is not
only sharper but more uniform. {This
may be a disadvantage in some
applications for the samplmg unit s
effectively th

DELAY FACILITIES

Often one needs to study 2 certain
part of a repetitive -waveform the
very beginning, for instance An
example s the ringing of a "on- deat
square wave shown in Fg7a The
trace 15 triggered, 1o begin the sweep,
by a fastgoing edge. Due to creunt
response timas, the trace does not
begin to sweep at exactly that tme
but begins a httle later. The result 5
loss of the lesding edge reg on af the
wave as shown in Fig.7b. The follow-
ing waveform may provide the infor
mation sought but attempts to widen
the waveform in the horizontal
d

true original signat) Samplz and hold

Fig. 5. The
valuas taken from the original.

sitan maL shenE

(sEaTa” 3% Cu car
e sampiing oscillascope burds up the waveform on the screen from sampled

becomes increasingly  difficult to
deflect the beam at such speeds. The
sampling oscilloscape offers a solution
1o these problems

The sampling oscilloscope makes
use of the stroboscope concept to look
at a waveform, which must therefore

66

methods were discussed in  the
previous part discussing D-A and A-D
conversion.

1n practice a sampling oscilloscope
is a normal high auahty scope which
can accept a samphng plug-in Fig 6
s the panel of a dual sampling umt.

lead to the second front
disappeaning. The simplest solution to
this problem is to incorporate an
appropriate  fixed delay intwo  the
triggering circuits and this 1s often
provided within the circuits A shightly
better method 15 to provide an ad-
justable detay control on the trigger
panel,

A more difficult problem is cap-
tuning a point on the signal train that
is remaote from the triggering transient.
Consider the signal shown in Fig.8(a),
where the problem is to investigate the
spike transient on the pedestals of the
square wave. Triggering 15 best
achieved by using the edge fa). But
this means that scale expansion puts
the spike off scate when the honizontal
expansion scale is great enough to
provide information about the spike
structure,
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ELECTRONICS—it’s easy!

e of
INTEAEST

)| 0- =c
!
| Fig 9 Trace brightrning is used to show
280 T DATUM which part of the wavefarm is to be
FORTRACE expanded. In this display the expanded
portion 1s siso displayed an the second
N trace of the CRO
®) L _
T LOBCOM
ml:nun

ib)

F1g. 8 Use of ntroduced delay i triggerng

10 enable an event sway from trigger

transient to be wvestigated.

(a) Original spike on pedestal of squars wave

{b) Detay introduced to bring spike back to
time origin

{c) Scate expanded 1o reves! true pature of
spike.

Vanable delayed sweep is the
answer. The trigger circuit is set by the
{a) edge but trace scan does not begin
until after 3 period, as in 8(b). Thus
the trace captures the spike at the left
hand side of the screen and scale
expansion will now be possible as in
8(c)

To make this workable n practice
the operator must know just where
triggering occurs for there may be

10 Use of dus! delayed triggering pomnt
{a) origunat (b} expanded

several somewhat similar events along
the trace It is vital to know which one
5 beng wviewed A refinement pro
vided wn vanable delay circuits s to
brighten the original display from the
point where triggening will begin.
Taking the idea one step further leads
to a second delay that effectively
decides where the trace stops
Fig 9 shows the waveform brght-
ened 10 show the portion that will be
expanded and the second trace of the
dual-beam umit s used to show the
expanded part. Another useful feature
1§ to be able to use a trigger point nat
on the origin of the first trace set up —
as in Fig10. Here a marker dot is
provided to help the operator
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PROBES
Passive probes for voltage mea-
surement In Nos from May 77 the
wnportance of prowiding the nght
matching conditions between two
electronic  systems was stressed
This 1s also important when con-
necting an oscilloscope to a circut
tor each putput and input has
certain resistive and reactive condi-
tons which must be properly
combined to get realisuc signal
transfer

The oscilloscope can be represented
as an «deal termination shunted by a
large R and an adequately small C
value - or at least they appear this
way at fust sight Fig 11 15 the
Most common approximate equiva-
lent circuit  others used include 50
ohms with negligible reactance n
certain applications) Refernng to
the chart i Fig 12 1t can be seen
that with 20pF at 10 mHz the
crcut being measured must have
the equivalent output resistance of
no more than 8 ohms!

O

<+

Fig.11. Most osciltoscopes have this input
equivalent circut Although the values
seem insignificant, at hugh frequencies they
become dominant requirning the use of
special probes

Fig
capaciors
operation

12 Chavt for obtanng reactance of
Fegienc elof
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For fugh frequencies, those above
100 kHz say, we therefore need a
better connection methad. To further
compound the problem the oscillo-
scope input leads can easily increasa
the equivalent C value 1o 100 pF —
teads for 1 1 connection must thare-
fore be carefully designed to ensure
known loading conditions which can
be allowed for in signal measurement
corrections. It is very bad practice 10
use any piece of coaxial cable and
connector for frequencies beyond
100 kHz.

The first improvement s to use a
probe which has 10:1 attenuation
built in, for these are designed to have
a lower effective cable capacitance —
see Fig 13 3} Sull better 1s a special
correction arrangement that balances
the shunt against series capacitance 1o
provide a wider bandwidth — see
Fig 13 b) By the use of wnductuve
turing a further improvement in band-
width can be obtained -~ Fig 13 ¢)
Probes with diviston ravo ot 100 1
also are manufactured — these can
provide equivalent termination con-
ditions of 5K/07 pF, 10M/18 pF,
1M/t pF. The reason for different
par combinations anses from the
need to alter the trade offs between
rise tme and signal loss 1n high
frequency and very fast transient
measurements.

There 1s no easy answer to the
question of which attenuator probe to
use. These guides are the start. For
amphtude measurements select a
minimum-impedance source point to
measure fram. The best prabe to use
here 15 one with the highest impedance
at the frequency of interest. Capac-
itance 15 less important here than
resistance for it alters edge shapes, not
amplitude.

For fast risetime measurements
again select a low impedance source
point and use a probe with lowest
effective capacitance — signal atten
uation 1s less important than transient
edge shape changes.

ACTIVE PROBES FOR VOLTAGE
MEASUREMENT

The above probes make use of
i 8

BNC
CONNECTOR =

CABLE

D

Fig.13. Schematc of stren-
ustor probes (s} simplest
concept (b) capecitive losd-
ng 10 extend bandwidth

fe) mguctive.

OTHER PROBES

Voltage measurements are by far
the most frequent measurements made
but in some instances it may not be
possible to determine voltages, and
current measurement is used instead.
An example is the current flowingin a
direct-coupled Darlington pair con-
figuration where no significant resist-
ance exists over which a voltage can be

e F 1

CORRECTION
80ox

developed. OC current probes (see
fig 14)clipoverite w re " guestion
coupling the dc magnet ¢ field created
by the current flowing » the wire into
8 Hall effect twansducer which
generates 3 voltage equivalent to the
current  flowing  These  will  also
measure ac currents  The maker
specifies the conmersion constant -
typically 1 mV mA AC only, current

passive ¢ ut
for the extremes of frequency and/or
risetime measurements the values of
components required in passive probes
become 1mpractical. However active
amphfiers nterposed between the
crcuit and the oscilloscope can be
used to improve performance by
increasing 1NpUt resistance and lower-
ng capacitance ({short loads). FET
probes are marketed to meet this.

68

Fig.14 D C cyrrent probe
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techtips

Toch-Tips is an idess forum and is not simed ot the beginner. We
o N

<copynigh:
TECH.T
Lomdon WIR 1RF

TTL KEYER

This device can be used to send per-
factly spaced Morse at very high
spaeds - up 1o twice as fast as with an
ordinary Morse key. It uses six inte-
grated circuits, and also requires two
spacial switches, SW1 and SW2, which
are described later.

To describe the operation of the
circuit fully would take up over s page
of ETI, and so a simplitied e: d
is given here. IC1 is 3 565

as an astable multivibretor,
whose frequency is varied by RV1.
The output is fed to IC2a, a D flip-
flop. which divides the input fre-
quency by 2, producing a square-wave
with 8 1:1 mark-space ratio {dots).

1 SW1 and SW2 are both open, the
D inputs of IC2b and ICBa are both at
logic 0, so that the dots from 1C2a are
inverted by |C3a, but blocked by 1C5s.
ICSb output is a 0, and so the audio
osillator made up of Q1 and Q2 and
the associated components is dissbled
and no tone 1s fed 10 the speaker

H SW2 is closed, ICBa’s D input
becomes logic 1. However ICBa’s out-
put can only change state on the rising
edge of a clock pulse (i.e. thebeginning
of a dot). Hence if a3 dot has already
started when SW2 is closed, it will not
get through to the speskes, but the
next dot will, because it will make
1C6a's Q output 10 go to 1. Hence the
dots now get through to the oscillator
2nd successively enable and disable it,
causing dots to be heard coming from
the speaker. When SW2 is opened, if
a dot is in progress it will continue
until it has finished, and then at the
beginning of the next dot, ICSa out-
put will go low and no more dots will
be heard. There is a short delay bet-
ween the beginning of the dot and the
Q output going low, which does cause
a short blip’ at IC8b output, but the
blip is too fast to be heard.

H SW2 is closed, but SW1 open,
IC4c output goes to 1 and ICZb’;ﬁ
output is effectively shorted to its D
input. This causes IC2b to divide the
string of dots from 1C2s by two. The
outputs of 1C2a and 1C2b are combined
by IC3s to produce a wavetorm with a
3:1 mark-space ratio {dashes). These
are passed on to the sudio oscillator
just as before. The dashes, like the
dots, are self-completing. Notice that
IC4¢ output determines whether dots
or dashes are produced.
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While SW1 or SW2 is closed, IC6b's
D input is fed from 1C4c output and
clock pulses come from ICBb. 1f SW1
and SW2 are both operated together,
IC4a allows the output of IC8b to
pass to ICAc, and 1C4d inverts ICAc
output again, so that IC8b T output
is shorted to its D input. Thus IC6b
changes state every time 2 dot or dash
begins at the output, and causes alter-
nate dots and dashes to be produced.
This is useful when sending a letter
tike C (dashdotdashdot), as the
switches SW1 and SW2 each need to
be closed and opened just once.

It was found after the unit had
been built, that it was difficult 10 send
» letter like A {dot-dlash) at high speed
because SW1 had to be closed a frac-
tion of a second after SW2, which was
difficult to achieve at the first attempt.
Hence IC5d and IC4d were added.
When both switches are released, ICBb
input becomes 0. A clock pulse is then
spplied to ICBb by the ‘blip’ described
sarlier. This makes the output go high,
if now SW1 and SW2 are closed
simultaneously, the first thing to be
heard in the speaker will be a dot.

SW1 and SW2 are push-button
microswitches, and these are operated
by means of a lever arrangement as
shown in the diagram. Plastic rulers
waere used on the unit budt because
they are flexible

e S )
| 2
S D F%
Y
e

— -—
por DASH
The component values shown

around IC1 give a speed range of 11-30
words per minute. The upper limit can
be raised by decreasing R2. | have so
far reached a speed of 20 wpm on the
unit, after anly a week or so of using it.
As it stands i1t is a Morse practise unit,
but if ICEb output is taken to a trans-
istor driving a relay, the relay contacts
could be used in place of an ordinary
Morse key in a C.W. transmitter.
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SIMPLE STEREOD SWITCH

A device to switch the audio from a
stereo tuner anly when a stereo sig-
nal is being received.

Two CMOS NAND gates and two
transistors are employed. One of the
inputs from esch gste 15 connected
together and to the indicstor output
of the decoder IC.

The other gate inputs are connected
10 the emitter's of Q1 and O2 respect-
ively, by means of the feedback resis-
tors R2 and R4 On reception of a
stereo signal the indicator output of
the decoder goes high and the
feedback resistors bias the gates
nto the hnear region passing the
signal. On reception of a mono
signal or nterstation noise o
signals pass through the gates the
circunt providing 3 mute function

N.B. Some CMQS will not function
in the linear mode. CMOS that wiff not
work include R.S.. Doram, Signetics.
CMOS that will work include N.S.,
R.C.A., Motorola. All unused inputs
should be connected to ground.

cz R
R T ™

DECODER
OUTPUT

DECODER
INDICATOR
PIN

O

<
A w7
—AVW
DECODER
OUTPUT O
N1. 2 ARE ¥ 4011AE ‘:k

VODLTAGE AND FRENUENCY
CALIBRATOR

This circuit provides simultaneous
voltege and frequency calibrations by
ganeration of a precision squarewav

The 555 timer IC is used ir a
slightly unusual configuration, having
the advantage that an exact 50:50
mark/space ratio may be attained by
trimming R1. The frequncy of oscill-
ation may be set between 10 kHz and
1 kHz by switching timing capacitors
C14. C5 decouples the internal ref-
srence potential-divider of the 555
from supply-transients.

The squarewave output from pin 3
of the IC, while stable in frequency, is
not stable in peak-to-peak voltage as
this depends on the supply voltage.
This is used to switch on and off a

current source Q1. R2 ensures that the
turns off
when pin 3 goes high. The current-
source output, trimmed by R3 10 be
exactly 3 mA, drives a resistor ladder
network so that a series of precise
squarewave voltages are generated.
The advantage of current drive rather

-
- 2z
-
TILz09 o
% = BC184
10k
— § éhz | g
T, ¥
il 100R
A
i —am
2
y 3¢ 100R
5|

/&
w1\
‘WWI T T T

§hos Sy
SkHz  2kHi

than voltage drive for this sort of net-
work is that calibration is much easier.
A simple ladder network is shown by
way of example and more complex
ones may simply be constructed 1o
give a wider variety of output voitages.

ELECTRONICS TODAY INTERNATIONAL - JULY 1977

PK
des PR
‘ é 100R
L T .
The nonstandard  component

values used were obtained by parallel
ing standard values. For the timing
capacitors several in parallel had to be
used, and only the resuitant value is
shown on the diagram.
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BEAM SPLITTER FOR
OSCILLOSCOPE
The basis of the beam splitter is a 565
timer connected as an astable multi-
vibrator, components R1, R2 and C1
being selected to give spproximately
equal high/low pulses of about 3 kHz.
Resistor R3 couples the output of
the oscillator to the npn/pnp pair Q1
and Q2. Whan the output of the ascill
ator is low, resistors R0 and R11
sllow Q2 to ba on so that any signal
applied 1o input 2 is effectively short-
circuited via resistor R8 to the common
tine of the power supply. At the same
time, the npn transistor Q1 is off, so
that any signat at input 1, plus a posi-
tive voltage provided by RV 1a and R4,
appears at the output vis R7.
Conversely, when the output of the
oscillator is high, Q1 is biased on whilst
Q2 is off. A signal at input 2 plus a
negative voltage vis RV1b and RS
appears at the output via R9. Thus
signals st the twa inputs are alternately
displayed on the oscilloscope with a
clear separation between them. The
on is controlted by the tandem
potentiometer RV1a/b which also
varies the amplitude of the traces.

A SIMPLE V.C.0.

This circuit generates sawtooth and
triangle waveforms at a frequency set
by an external cantrol voltage.

Current source Q1 draws a current |
from timing capacitor C. Simultan
eously current source (02 draws the
same current from current mirror Q3,
Q4; this is set up (by Rt and R2) to
deliver (from the colector of Q4)
twice the current leaving Q2.

Hence C receives a current 2 | from
the top rait, at the same time deliver-
ing | to the bottom rail, the net effect
being that the capacitor is charged by
a constant current |, its voltage rising
linearly until the 555's upper trigger
point {at 2/3Vcec) is reached.

The output (pin 3) then goes low,
as does the open-<collector discharge
output at pin 7. The latter shunts the
output of the current mirror to earth,
D? becoming reverse-biased and isolat-
ingC.

Now only current source Q1 is
connected to the timing capacitor
which is now linearly discharged by

SAWTOOTH O/P
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current |. In this way C is
charged and discharged. When lhe
voltage on C fals to the 555°s lower
trigger point at 1/3Vcc, the output
and discharge pins go high, and the

o—8 —
cycle recommences; the repetition
by the mag-

is
nitude of 1, which 1s set by the voltage
applied at the input point A

With the component values shown,
the frequency range is from approx.
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2.5 kH2 to less than 10 Hz, as the con-
trol voltage varies from +10 V to zero;
the frequency is directly proportionat
to the control voltage. Other ranges
may be obtained by altering the value
of C
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