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SEMICONDUCTORS ■ COMPONENTS 



nanjk KJ Hiqh quality modules tor stereo mono and 
other audio equipment. 

W FM TUNER 30
£20.45 Fitted with Phase Lock-loop Decoder .. .. 

VAT , 
ADD ‘ 

mii2'/2%? 
£13.75 

NEW 
AL30A 

STEREO 
CONFIETE 

ONLY £3.60 .2- TL 

B AL 60 25 Watts (RMS) 

Stabilised Power Supply Type SPM80 
£4.35 PS12 OUR PRICK 

£1.30 

£3.75 B/MKE SHOP ’8 BALDOCK ST WARE HERTS 
OPEN 9 to S 30 Mon Sat 







MetaC SPRING BARGAINS 

SAME DAY DISPATCH 

Metac-Electronics and Time Centre 



UPDATE 1: 
3,4000 more 
Transistor 
Substitutes 

The most 
comprehensive, 
low-cost, 
single volume 
coverage 
of transistors 
you can buy. 

We’ve got the new one! 
COMPLETELY REVISED. 30% MORE COVERAGE. ONLY £5.00 INC. PAR 

When the first edition of this encollent 
book was published in 1975 ETI was the 
first to offer it 

We are doing it again1
UPDATE 1 increases the coverage of 

transistors by about 30% on the first 
edition 

European Proelectron Standard 
devices increase by 1500 and now ensure 
a very comprehensive coverage of Philips 
Siemens. Telefunkon and Tenas Instruments 
in Europe 

The Japanese 2S Standard Devices 
coverage has been increased from 1,850 
10 3.000 and a further 800 American 2N 
devices have been selected 

The original 10.000 entries have been 
fully eckted ,vxi this new pi oduction has 
been clearly printed from new computer 

Your order will be processed on the 
day of receipt 

To: ETI BOOK SERVICE 
PO BOX 79. MAIDENHEAD. BERKS SL6 2EG 





ETI PROJECT 

LEARN TO REDUCE TENSION WITH ETTs 

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 



GSR MONITOR 

WARNING: THE GSR MONITOR SHOULD NOT BE USED WITH A 
MAINS POWER SUPPLY. 

r-HOW IT WORKS—i 
Transistor QI acts as a constant current 
source - the actual value can be varied 
over a large range by RVI and over a 
limited range by RV2. These act as the 
coarse and fine level controls. This 
current is passed via R2 to the probes. 
The voltage developed across the probes 
is proportional to the skin resistance and 
is fed to the input of ICI. This amplifies 
the signal with reference to 0.6 V (drop 
across D3) and the gain is variable by 
RV3. 

The second IC Ls an NE555 oscillator 
where Q2 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 Rtl. This continues 
until the voltage reaches 3 V at which 
point the short on pin 7 is released, 
allowing C3 Io recharge. The output of 
the oscillator is connected to a speaker 
via the volume potentiometer RV4 and 
the meter via C6 and the diodes US - 6. 
The meter operates in reverse sense u-
usual, a low resistance gives full scale 
(or high tone) and high resistance gives 
zero (or low tone). 

We vary the frequency of the oscill¬ 
ator and the meter reading by robbing 
some of the current supplied by Q2 into 
Q3. In this way the frequency can be 
lowered and actually stopped. Transistor 
Q3 is controlled by ICI completing the 
connection between the probes and the 
output. 

Tht picture above shows the internal layout of the GSR monitor The wmng from the PCS to the 
front panel, loudspeaker and meter is clearly shown 

Getting hold of components 
Nothing here to trouble the constructor 

Cost of construction 
Should be about C5.M excluding boxing 

• and meter. 
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experiments with brain waves, found 
that with feedback his subjects develop¬ 
ed the ability to produce ‘Alpha waves' 
at will. 

Dr. Kamiya's experiments created 
considerable interest and started invest¬ 
igations into whether other bodily 
functions could be brought under 
conscious control. Since that time it 
has been demonstrated that with feed¬ 
back it is possible for people to control 
heart beat, blood pressure and temper¬ 
ature - all previously considered to be 
automatic bodily functions mostly 
beyond conscious control. 

Of course it should be stated that 
various mystics and yogis have previous¬ 
ly 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 is 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 bodily function under 
conscious control with the same ease 
that you can twitch your nose is 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 
build this machine. 

What you do with it once you 
have built it 
The ETI GSR monitor has an on/off 
switch, a sensitivity control and fine 
and coarse level controls. The machine 
also has a connection for headphones. 

To start relaxation training, you'll 
need a comfortable chair, low lighting 
and no distractions. Taking any type of 
drug can interfere with your ability to 
relax. This applies to alcohol and 
cigarettes. Attach the electrodes to the 
fleshy part of the first two fingers on 
one hand - firm but not too tight (the 
non-dominant hand is recommended). 
Set the sensitivity control to minimum 
and the fine' level control to mid-range. 
Turn the volume control to minimum. 
Now you have to set the level with the 

Ri 2k2 
R2 10 k 
R3 100 k 
R4 47 k 
R5 2k2 
R6 10 k 
R7 2k2 
R8.9 100 k 
R10-12 10 k 
R13 22 R 

POTENTIOMETERS 
RV1 1 M log 
RV2 47 k lin 
RV3 1 M log 
RV4 500 R lin 

CAPACITORS 
C1 1 u 16 V electrolytic 
C2 68 o ceramic 

C3 10 n polyester 
C4 100 u 16 V electrolytic 
C5 10 u 16 V electrolytic 
C6 68 n polyester 

SEMICONDUCTORS 
016 1N914 
01,2 BC559orBC179 
03 BC549orBC109 
IC1 CA3130 
IC2 NE555 

MISCELLANEOUS 
PC board ETI 546 
Meter 1 mA FSD 
Bo« 196 X 113 X 60 mm 
Two phone jacks 
Four knobs 
Small speaker 
PP3 or 9 V battery ♦ holder 
Pickup probes 

'coarse' level control (when the sen¬ 
sitivity is set low the 'fine' level control 
need not be used). Start with the 
coarse' control at full anticlockwise 
and turn it up until the meter needle 
starts to move. Carefully set the needle 
to mid range. Now the instrument is 
set up in its minimum sensitivity 
position. 

Having mastered setting up with-
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 
effect of the 'fine' level control can be 
seen. This control enables you to set 
the level on a high sensitivity setting. 
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GSR MONITOR 
Although the GSR machine measures 

minute changes in skin resistance, the 
level of skin resistance varies consider¬ 
ably from person to person so a wide 
range of settings is provided. 

Now turn up the volume and observe 
that the meter reading is accompanied 
by a medium pitched tone. (A con¬ 
vention has developed to link high-
pitched tone with tension increase and 
low pitched tone with a 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 ability 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 
deliberately relax all muscles. There are 
several books and cassettes available 
which describe relaxation techniques. 
The techniques work. The biofeedback 
machine makes it possible to monitor 
progress. 

As you relax, the needle 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 is the recommended 
time for a training session. After about 
one or two weeks of daily relaxation 
training, it should be possible to pro¬ 

duce the same 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 
it makes things easier. Before soldering 
the components made sure they are 
orientated correctly. External wiring 
can be done with the aid of the overlay¬ 
wiring diagram. 

Probes 
Probe construction and electrical 
contact is not nearly as critical as with 
most other biofeedback machines. 

Commercial GSR machines use a 
pad of soft steel wool which is held 
firmly onto the finger by a short length 
of Velcro strap (Band-Aids work fine!). 
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 is to 
bind tinned copper wire around a guitar 
finger pick (or solder to a steel pick). 
Two probe connections are of course 
required - one for each of the first two 
fingers. £ 

NEW FROM FAIRCHILD AUDIBLY SUPERIOR 
AMPLIFICATION 

£19.95 

£11.95 

TEMPUS^ 

HIGH DEFINITION - MUSICAL’ - POWER AMP 
MODULES 

* T.H.O TYPICALLY .007°. 
a I0W. 500Hz 
• ZERO T. 1.0. (SLEW-RATE 
LIMIT 16V/S 

>•1 KM' 'tUll 

CRIMSON 
ELEKTRIK 

um 

III ItUllMUII 
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A CONSIDERATION OF THE METHODS USED TO APPLY DIGITAL CIRCUIT 

THE WEALTH OF EXPERIENCE 
possessed by engineers and techni¬ 
cians involved with digital hardware 
can be enormously valuable to them 
in their transition to microprocessor 
based designs The thought of 
programming may distress the hard¬ 
ware man howevever to write 
efficient assembly language pro¬ 
grams demands an intimate fami¬ 
liarity with the hardware structure of 
the particular microcomputer being 
used 

The flowchart forms the basis of 
program writing by ensuring that the 
logical sequence of events has been 
crystallised Consider as an example 
a process control situation depicted 
in Fig 1 After a controlled start 
system initialisation can commence 
by processing the input data to check 
given interlock requirements Satis¬ 
factory results allow the process to 
begin otherwise the interlock failure 
is annunciated and a system stop 
ordered 

As the process continues towards 
a designated goal periodic status 
checks of the system are required so 
that control action can be imple¬ 
mented To ensure that actuators 
operate correctly the response to an 
action command is fed back for the 
system to monitor This outline 
scheme typifies the use of flowcharts 
Of course each block could be 
examined further resulting in a more 
detailed diagram 

Program Power 
The real power of programs is their 

ability to make decisions Examples 
of assembly language conditional 
instructions are 
JUMP and 
INCREMENT SKIP IF ZERO 
Jump instructions can either be 

mandatory thus directing the pro¬ 
gram to an address which is accessed 
in all cases, or jumps can be 
conditional as illustrated by the 
following examples 
JZ could mean Jump if 
accumulator = 0 
JC could mean Jump if accumulator 
carry = 1 
JCN could mean Jump if a given 
CPU pin - 1 

The number and type of jump 
instructions provided depends upon 
the particular microprocessor in use 
The Increment Skip if Zero (ISZ) is 

useful for decision making because it 
can distinguish between zero and 
non-zero contents of index registers. 
A designated path can be followed in 
each case 

Interesting Routine 

A program sector which is fre¬ 
quently used during a process forms 
a prime candidate for a SUBROUTINE 
In Fig 1. the block performing 

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

process status checks would clearly 
be used repeatedly 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 instruction such as J MS 70 
Jump to subroutine at address 70) 

To perform process status checks, 
data has to 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 
written each one called by a pre-
ceeding member of the set Fig 2 
shows subroutines nested to a depth 
of three 

After servicing a subroutine the 
micro processor needs to know the 
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DESIGN TECHNIQUES TO SOFTWARE ROUTINES BY R. WILSON MSc 

Displaying Versatility 

A main application area of micro¬ 
processor systems is in replacing 
hard wired logic by a stored program 
A multiplexed seven-segment LED 
system for numeric display is usually 
implemented by interconnecting 
integrated circuits The function of 
some of the circuits can be duplicated 
by a sequence of assembly language 
instructions 

Flowing Charts 

A flowchart for a subroutine which 
controls the indications of four BCD 
digits by seven-segment displays is 
shown in Fig 3 When this subrou¬ 
tine is called a four-bit index register 
which acts as a loop counter is set to 
1100 in binary (12 in decimal) By 
using the ISZ instruction the decision 
can be programmed simply The loop 
counter is incremented each time this 
instruction is executed After three 
loops the index register would 
contain binary 1111 (1 5 in decimal) 
When incremented this becomes 
0000 ensuring that after four loops 
the alternative path is selected by the 
skip if zero " part of ISZ. 

Routine Subs 

The subroutine multiplexes the 
four displays by successively sending 
0001 0010 0100 and 1000 as 
digit drive data during the progres¬ 
sion of the program from the first to 
the fourth loop The BCD digits 
represented as segment drive data 
are thus automatically routed to the 
correct display from a common 
highway 

Each BCD digit was stored by 
four-bits of random access memory 
RAM) The read write facility was 
essential as variable data was being 
processed When programming for 
dynamically changing data the loca-
t ons of the various data sets in RAM 
must be constantly reviewed A RAM 
map Fig 4 is a straightforward 
visual-aid which makes this task 
easier A diagram is drawn showing 
the empty memory locations then as 
the instructions are written the space 
m RAM can be thoughtfully allocat¬ 
ed modified and updated as neces¬ 
sary 

special purpose hardware Software 
simulators are available through 
various commercial time-share 
networks whereas hardware simula¬ 
tors can be obtained direct from 
microprocessor distributors 

The source program written in 
memonics needs to be translated into 
numeric patterns The resulting data 
called ob|ect code is generated from 
the source code by using an 
assembler Again hardware and 
software assemblers are available 
The object code version of the 
program can then be presented to the 
simulator for testing. 

Program testing is 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 
is 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 
beginning a test-run The RAM map 
is often useful during this procedure 
If 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 is tested 
modified and eventually verified as 
correct, further segments can be 
processed The aim is to commit the 
whole of the validated program to 
PROM 

The hardware man can be com¬ 
forted in his venture into software by 
remembering that a microcomputer 
is, after all. an engineer s computer 

Finding Bugs 

Engineers know that the phrase 
"nothing ever works first time" 
usually applies to hardwired designs 
It also applies to software designs 
When a comprehensive program has 
been written it will contain errors 
therefore a means of examining the 
program operation is required The 
mam sections of a microcomputer 
hardware structure the CPU. 
memory I/O and dock can be 
simulated either by software in the 
form of a computer package or by 
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BE A CATHODE RAY COWBOY WITH OUR 

TV GAMES QIHE 
FROM CIRCUIT AND TEXT BY WATFORD ELECTRONICS 

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

The difference 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 
left to ngnt under the control of tne 
manual serve button 

Unlike the other games the 
score does not appear on the 
screen during the game since this 
might confuse the player instead 
the score appears after 1 5 shots 
The score is displayed with the 
number of shots (i e 15) on the 
left and the number of hits on the 
right. 

the drawing, the top was dished with 
half round file to accommodate the 
barrel The next step is to drill a 
hole vertically through the butt to 
take the connecting cable between 
the pistol and games unit The 
trigger switch is mounted by 
drilling two holes one above the 
other and chiselling out the 
remaining wood to form an oblong 
hole A small aluminium plate was 
then drilled to accept the switch 
and two small wood screws used to 
secure the plate to the butt 

Roll out the barrel 
The barrel is made from 28mm 

dia metal tube 8'/jin in length To 
fit it to the butt two holes were 
drilled at one end. and two further 
holes drilled diametrically opposite 
the first pair By passing a 
screwdriver through the top holes 
the barrel may be secured to the 
butt 

The lens used in the pistol had a 
focal length of 2V4in and came 
from an old jeweller s eye glass 

this was mounted in a B9A valve 
screening can The photodarlington 
should be carefully positioned at the 
focal point of the lens We 
mounted the photodarlington on a 
piece of veroboard which enabled 
us to slide it back and forth until its 
position was correct 

The assembly may then be 
mounted in the barrel 

End in sight 
The front sight was formed from 

a 4BA bolt which was filed to 
provide a sight tip The rear sight 
is formed from a Vain wide strip of 
aluminium about 2'/jin long One 
end is 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 is that 
they must be as small as possible 
we used tantalum beads for C3. 
C5 and sub miniature 
electrolytic types 
When the board has been 

assembled wire it to 

Seeing the light 
The rifle uses a photodarlington 

to detect the target on the TV 
screen but relies on careful 
construction of the optics involved 
to ensure adequate sensitivity is 
obtained from the unit We also 
arranged for the rifle to ignore any 
sources of light other than the 
target on the TV screen 

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

Getting started 
The butt is made from a fairly 

hard wood and after being 
fashioned to the shaoe shown in 
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RESISTORS (all % W 5%) 
RI 220 k 
R2 10 k 
R3 1 M 
R4 5k6 
R5 47 k 
R6 1 M 
R7 470 k 
R8 4k7 
R9 470 k 
R10 470 k 
R11 560 R 
R12 10k 

CAPACITORS 
C1 220p polystyrene 
C2 1 g 16 V electrolytic 
C3 1,1 35 V tantalum 
C4 1 n polystyrene 
C5 1p 35 V tantalum 
C6 10p 16 V electrolytic 
C7 10p 16 V electrolytic 
C8 1p 16 V electrolytic 

SEMICONDUCTORS 
MEDI TIL209 
Q1 2N5777 
Q2 BC212L 
IC1 741 
IC2 555 
IC3 CD4011 

MISCELLANEOUS 
PCB 
Trigger switch - see text 
Lens • 2W focal length, 1" diameter 
Metal tube 8'4" long 
Wood for butt 
4 core screened cable 
Mise, hardware for sights etc. 
A complete kit is available from Watford 
Electronics, including lens, tube and butt. 

QI is the photodarlington detector 
Signals appearing at its collector, due to 
the target on the TV screen, are coupled 
by C1 and RI from the high pass filter 
required to reject spurious light sources. 
ICI has a gain of about 200 at high fre-
Sucncics. but its gain drops to unity at 
c. due to the effect of C2 included in 

its feedback loop. 
The no signal level of the output is 

set by R2 and R5 to about one volt 
lower than the supply rail. 

When the target is detected, the out¬ 
put of ICI falls and triggers IC2 which 
is arranged to operate as a monostable. 
Pin 3 of 1C3 will go high. Q2 is incl¬ 
uded to make IC2 re-lriggerable ; its out¬ 

put will remain high until one period 
after the input signal returns high. 

The output of IC2 is fed to lC3c and 
to the on-target LED. 

The trigger switch SW1 is coupled to 
a monostable formed by IC3a and IC3b. 
The output of lC3a is normally low and 
goes high for a few milliseconds when 
SWI is operated. This output is the 
'shot pulse' and is fed to !C3c. where it 
is 'NANDed' with the on-target pulse, 
resulting in a hit pulse which is inverted 
by IC3d. 

The hit pulse is fed to pin 27 of the 
AY3 - 8500 and the shot pulse is fed to 
pin 26 of the games chip. 

C6 decouples the supply rail. 

Component overlay 
for games rifle board 
shown fuH-sne 

GETTING HOLD OF 
COMPONENTS 

Watford Electronics will supply a complete 
set of parts including lens, barrel and butt. 

COST OF CONSTRUCTION 

The cost of the Watford Electonics kit for 
this project is £10.50. 

ELECTRONICS TODAY INTERNATIONAL - JULY 1977 21 



TV GAMES RIFLE 

the trigger switch and to the 
connecting cable It may then be 
mounted at the rear of the barrel 
by gluing it to a foam pad which 
may in turn be stuck to the barrel 

The connecting wire we used 
was four core screened cable and 
should be connected to the games 
unit as follows (via DIN plug) 

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

OV 
6V 
Hit pulse 

to pm 5 
to pin 3 

Shot pulse to pin 4 

Testing 
The games unit should now be 

connected to your TV and the 
brilliance control of the TV adjusted 
until the target is bright and the 
background just visible If the rifle 
is 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 is 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 

Big saving, good looking, fast checking NEW Doram 

DIGITAL MULTIMETER-
BGILD IT YOURSELFANDSAVE 
UP TO £40! A clear, functional multimeter 

featuring extremely accurate digital 
display, m superbly styled 
shatterproof carry ■ case it could cost 
£100' But the complete Doram kit 
with case, printed circuit board, leads 
and all components is yours for just 
£54.50 plus £4 36VAT 

Based on Ferranti technology 
with accuracy i 0 6% the new 
Doram Multimeter is an indispensable 
tool at a ternfic saving Measurement 
is indicated by a 37» digit display 
updated twice per second -
display flashes to indicate overload 

And it saves you money before it s 
even built1

DEPEND ON DOMTn 

Yes, 1 want to save up to £40 

22 

To play 
Select the rifle option required 

with SW2 and press the reset and 
serve buttons The target should 
appear on the screen and bounce 
around the screen until hit ( 

The PCB layout is shown full sm on the left 
Above is a picture showing the games rifle 
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DESIGNING G USING 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 is no shortage of literature on the 
subject This would seem to suggest that designing 
active filters is a fairly straightforward business. Well it 
is and it isn t It is if you read this article It isn't if you 
read the aforementioned literature 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 is advisable quickly to run through some basic terms 
and expressions. Firstly, consider a simple low pass 
filter, Fig. 1a The frequency response (Fig 1b) is 

nearly flat until 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 is defined as being the frequency 
where the resistance equals the capacitive reactance 
When this occurs, the output is attenuated to 
0 7O7( — 3dB) of the input Although the resistance 
equals the capacitive reactance the output is not half of 
the input. (This is because it is the vector sum of the two 
and hence equals 0 707 of the input!) 

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

Phase shift with respect to frequency is 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 filter of Fig 1a the 
phase shift starts at 0 is 45 at fb and then 
approaches 90 as the frequency approaches infinity 
This is not an active filter it is composed entirely of 
passive components which means that its output 
cannot be effectively loaded without changing its 
performance 

Fig 1e shows the same filter but in its active form, 
the op amp being used as a voltage follower serving 
only to isolate the filter s output This type of filter is 
known as a First Order filter — a measure of the roll off 
slope 
When a more rapid slope is required a higher order 

filter structure (one with more reactive elements) must 
be used. This is dealt with later 
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ACTIVE FILTERS 
Summary of low pass filter of Fig 1 Summary of the high pass filter of Fig. 2 

TABLE i Passing bands 

Passing highs 
Next let us consider the simple high pass filter of 

Fig 2a It is the complement of the low pass filter, the 
elements having been interchanged Therefore it is not 

The next type to be considered is a simple band pass 
filter shown in Fig 3a. Although it uses an inductor it is 
only to illustrate the bandpass theory Later on in this 
series, inductors will be replaced by their active 
equivalents 

The frequency response (Fig. 3b) shows that this 

difficult to accept the complementary phase and 
frequency response curves of Fig 2b Note that the 
break point is the same and so is the roll off slope 

filter is known as a second order filter because it has 
two reactive sections the L and the C The C is 
responsible for the + 6dB/ octave portion of the slope, 
the L for the —6dB/ octave portion But where these 
two slopes should meet the response of the biter 
peaks and the slopes become much larger (Reson-
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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 is so called because it only 
passes signals within a certain bandwidth whicn is 
defined as being the frequency range contained 
between the two points that are 3dB below the resonant 
peak There is a fixed relationship between Centre 
frequency (fc) bandwidth (fbw) and Q factor given by 
Q ” fc / fbw 

The centre frequency is given by fcs.1 / 2ir \ LC Hz 
This is only approximate as it assumes that the value of 
R is relatively low As R decreases the Q factor 
increases. Thus R has the effect of damping the 
resonances and so as it approaches zero ohms Q 
approaches infinity 

The phase shift is shown in Fig 3c As this filter is a 
second order structure then the total phase movement 
will be twice that for a first order structure i e 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 Q has only a slow 
rate of change 

Fig 3» Ringing in a band-pass filter 

TABLE 3 Summary of band pass filter 

Failed band 
Another common filter structure is the band reject or 

notch filter There are many ways of realising this filter 
one of which is shown in Fig 4 The input signal is 
subtracted from the bandpass output By adjusting Ra 
with respect to R complete cancellation can be 
obtained at fc. 

Time please 
Bandpass filters also have a time response as opposed 

to their frequency response When an impulse is 
applied to a bandpass filter it rings (Fig 3e). The filter 
oscillates at the centre frequency fc the amplitude of 
the oscillations decaying exponentially in time The 
ringing time Tr is the time taken for the oscillations to 
decay to 37% of their initial value Ringing time is 
related to the Q and fc by the following equation 

Tr^Q 2^c 
When a high Q filter has been constructed it may prove 
difficult to measure its Q factor accurately due to the 
narrowness of its bandwidth However if the filter is 
made to ring a reasonably accurate measurement of 
the Q can be obtained by measuring Tr and fc 

Thus the centre frequency of the bandpass filter is 
the centre frequency of the notch whose depth can be 
varied by altering Ra 

Very deep notches are possible 50dB is easily 
obtained As the Q of the bandpass filter is increased 
so is the Q of the notch filter However Ra will have to 
be reset for each value of Q 

Filter Order 
Consider the ideal low pass filter shown in Fig 5a 

Its response is flat right up until the break frequency to 
Frequencies above fb are attenuated to nothing* You 
won t be surprised to learn that filters like this don t 
exist However, it is a common requirement to produce 
filters with very steep roll off slopes and this is achieved 
by designing filters with lots of sections, to increase the 
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ACTIVE FILTERS 
filter order Each reactive element in the filter increases 
the filter order by one. therefore a low pass active filter 
with three capacitors is known as a third order filter and 
will have an ultimate roll off of three times 6dB octave 
which is 18dB/ octave 

However, designing a third order lowpass filter is not 
just a simple case of sticking three first order RC circuits 
in a line What you get when you do this is a very soggy 
curve indeed! The filter should be flat in the pass band, 
then it should turn over and rapidly assume its ultimate 
roll off slope Examples of this type of Maximally flat 
filter are shown in Figs 5b and c The effect of order 

Which filter shape? 

The type of filter that is chosen to do a particular job will 
depend on what parameters are thought to be 
important There are three basic characteristics to be 
considered lowpass and highpass filters only) 
1 Good transient response 
2 Maximum flatness of the filter within its 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 
categorised into three basic types for the purpose of 
simplicity 

Filter number 1 is known as a Bessel filter Its phase 
changes almost linearly with frequency It is useful for 
systems where a good transient response is required 
such as joining the dots up on the output of a digital to 
analogue converter It has a very poor initial roll off 
slope 
Filter number 2 is known as a Butterworth filter It has 
the flattest pass band possible Its other two parameters 
are a compromise That is it has a reasonable overshoot 
and a fairly fast initial roll off 
Filter number 3 is known as a Chebyshev filter It has 
some ripple in its pass band although this is small and 
a very fast initial roll off. and a poor transient response 

ATTENUATION AT FIRST OCTAVE (2 fb) 

•3 dB CHEBYSHEV 17 28 39 51 62 75 

BUTTERWORTH 12 18 24 30 36 42 

r?/FILTER ORDER 2 3 4 5 6 7 

Later on in this series the circuit diagrams and 
design charts are given for various filter types and order 
numbers It would seem that to get a filter to approach 
its ideal response, all that is needed is to increase the 
order number This is in fact true but there are certain 
tolerance problems. (When 8th order filters are 
designed, component tolerances of about 1% are 
required1) 

•NOTE THE IMPROVED ATTENUATION 

^9 6 Response of all three types of filter discussed, with table 
showing variation in attenuation between them 

Next Month: Full design charts and circuits for 
three types of Active Filter. 
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PICK A-PACK - 50 PENCE A POUND 
FROM OUR PICKAPACK AREA WEIGH UP VOUR OWN INDIVIDUAL COMPONENTS 

Appro« 2 000 fl 
NOW 25p each P&P £1 

P1CK-A-PIECE — 50 PENCE EACH 
FROM OUR PICK A PIECE AREA 

DATA LOGGERS BY QYNAMCQ 

PICK-A-METER - £1 EACH 
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■SHORT CIRCUITS-
KEEP THIEVES AWAY - WITH OUR INVALUABLE 

ALARM AlADM 
ONE PROBLEM WITH BURGLAR 
alarms is that they don't 'go off' until 
the burglar has broken in, but here is a 
project which can be installed in a car to 
warn thieves that a burglar alarm is 
operating. It should warn a thief to go 
and find a car which is not owned by an 
ETI reader! Even if there is actually no 
burglar alarm, the 'alarm alarm* can still 
be used. It's what the car thief believes 
that counts - and he's not going to 
investigate to see whether there really 
is an alarm. 

The unit is simply a box containing 
two lamps which flash slowly on and 
off, together, and shine through a 
Perspex panel to illuminate the words 
ALARM ACTIVE It uses a 555 timer 
IC. which is used as an astable 
multivibrator 

As the circuitry is isolated from the 
box this alarm can be used with any car 
having a 12 volt battery - whether the 
positive or negative terminal is 
connected to the chassis. Take care to 
see that the unit is correctly 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 
position when required, and plugged in 
to the cigarette lighter socket. To work 
effectively it should be prominent day 
or night. 

Fig 1 Circuit diagram 

LAMP 1 

LAMP 2 

2 
Construction 
We mounted the components on an 

'L' shaped bracket which is ideal for 
fitting to the dashboard. Lamps 1 and 
2 are push fitted into two rubber 
grommets mounted on an aluminium 
bracket, and arranged to illuminate the 
perspex panel as shown. We used 
Letraset for the panel lettering. 

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

We fitted an On/Off switch but if 
the car actually has a burglar alarm. 

The 555 IC is used as an astable (i.e. not 
stable) multivibrator. As soon as it is 
connected to the supply it starts to 
oscillate (slowly in this case) and the out¬ 
put voltage at pin Î changes regularly 
and suddenly from high to low and low 
to high as the capacitor is charged and 
discharged. 

The charge time (during which the 
output is high and the lamps are on) is 
Ï ven by the formula: 
c ■ 0.69 (RI + R2) X C and is in sec¬ 

onds when Ri and R2 are in meg¬ 
ohms and C is in microfarads. So 

HOW IT WORKS 
The discharge rime (during which the 

output is low and the lamps are off) is 
given by the formula: 
Td = 0.69 X R2 X C 

1.2 second*. 

■ 0.88 seconds. 
Total time of one oscillation ■ Tc + Td = 
2.08 seconds. So. we have a flasher 
which is on for about 1 second in 2. The 
exact timing depends on the actual capa¬ 
citance of the capacitor C, and this may 
differ from its rated value by as much as 
-20% and +50%. 

The rate of flashing may be changed 
by changing the values of RI and R2. 
Higher values cause slower flashing. 
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Short Circuits’ 
then this device should be connected 
so that it is activated as the burglar 
alarm is energised. 

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

The IC is actually capable of 
switching up to 200 mA through pin 3, 
so there is no reason why two or even 
three slave units (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 
windows of homes as a discouragement 
to house burglars. In this case it could 
be operated from a simple power supply 
running from the mains. 

Component 
overlay of Alarm 
Alarm Because 
of the small sue, 
miniature com¬ 
ponents should 

- PARTS LIST-
RESISTORS (all !4 W 5%) 
R1 100 k 
R2 270 k 

CAPACITOR 
C1 Auf 16 V tantalum 

SEMICONDUCTOR 
IC1 555 timer 

LAMPS 
LP1.2 6 V .06 A MES type 

SWITCH 
See text 

MISCELLANEOUS 
Nuts, bolts, spacers, etc. 
Aluminium lor front panel and bracket 
Grommets, flex, red translucent perspex 
PC 8 as pattern. 

GETTING HOLD OF 
COMPONENTS 

All the components used in this 
project should be available from 
most component suppliers. 

COST OF CONSTRUCTION 

The total cost of this project 
should be about £2.00. 

Foil pattern shown full sue 

microAMP 
THERE IS OFTEN A NEED for a 
piece of equipment which can give a 
reliable answer as to another unit's 
state of being. In audio, for instance, 
a 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 micro-amp 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 a handful of components in the 
design, the amp gives exceptionally 
good sound quality suitable, say. in 
checking whether that cassette deck in 
'Rip-Off Hi-Fi' has 1% or 100% dis¬ 
tortion. 

Quality is ultimately limited by 
the earpieces, but they are capable of 
doing better than the two-transistor 
‘Super-Squark’ portable radios to 
which they are more usually mated. 

View of completed Micro amp 
In and Out and In ... 

In the prototype, sockets were 
provided for a 'tape input' type of 
signal, i.e. from a cassette recorder 
at the DIN socket pins 3 and 5. If a 
signal is to be input from a tuner or 
amplifier, either use the phono sockets 

or pins 1 and 4 so that you keep th 
standard. 

Input level is ideally around 100 । 
if vastly different to this, R1 can 
juggled in value to compensate. Incr 
if the level is higher. 
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i—HOW IT WORKS—i 
QI and Q2 are base biased single stage 
amplifiers. The feedback capacitors C2 
and C5 are there to provide high fre¬ 
quency correction, and experimentation 
with the value will change the resultant 
sound quite noticeably . 

Cl and C4 decouple the input from 
preceding circuits, and the resistors RI 
and R4 will set the level seen by the amp¬ 
lifier. and hence by the earpieces. No 
volume controls are provided, as none 
proved to be necessary with the proto¬ 
type. C3 and C6 serve to decouple out¬ 
put from de. Crystal earpieces only are 
recommended . 

GETTING HOLD OF 
COMPONENTS 

Most components should be readily 
available from a number of suppliers. We 
have listed Doram part numbers for the 
phono 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. 

As 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 will 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 a 
life-span approaching that which it 
would have enjoyed had you left it sat 
sitting merrily on a shelf. 

The PCB is smaller than most, so 
take care when soldering it up: too 
long with the iron in one place, and 
the track will become emotionally 
attached to the bit. and not wish to 
leave it' 

BC109CS must be used to give a 
high enough output from the speci¬ 
fied nput. Surplus transistors will 
obviously work, but don’t blame us if 
the sound is bad! Component overlay of Micro amp 
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- PARTS LIST-
RESISTORS (all % W 5%) 
R1,4 680 k 
R2.5 2M2 
R3.6 39 k 

CAPACITORS 
Cl .3,4 ,6 4u7 tantalum 
C2.5 22 p polystyrene 

SEMICONDUCTORS 
Q1.2 BC109 C • see text 

SWITCH 
SW1 On-off rocker, or slide type 

SOCKETS 
SK1,3 Chassis phono sockets 

(Doram: 478 093 red. or: 
477 848 black) 

SK2 Chassis 5 pin DIN 180° socket 
SK4.5 3.5 mm chassis jack socket 

CASE 
Norman type AB1 2 or similar (3 x 2 x 1") 

MISCELLANEOUS 
PP3 battery, clip to suit. 
Miniature screened wire flex 
Nuts, bolts, spacers etc. 
PCB as pattern 
2 off crystal earpieces with 3.5 mm jack 
plugs, 

Q p AMP 
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—SHORT CIRCUITS 
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. It is 
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 from gearing attached to the 
shaft 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 electronically 
operated. 

The basic principle is much the same 
for all electronic tacho'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 is displayed on a meter cali¬ 
brated accordingly. 

Most car tacho's are complex and ex¬ 
pensive devices - but here's one with a 
difference! It is simple yet extremely 
effective. Its simplicity is due to our 
using one single integrated circuit rather 
than the more conventional multiplicity 
of individual transistors. 

The unit will operate on both 
positive and negative earth 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 so few components, con¬ 

struction is very simple and straight¬ 
forward. Do make sure though that the 
555 IC is soldered in the right way 
round - ditto the two diodes. Compare 
your work against our layout drawing as 
a final check. 

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

Photograph showing a view of the completeri pcb connected to a 1mA mete' with 120 
movement The compact layout of our single integrated circuit design is apparent from this 

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 expensive. The 
meter size should be chosen to suit your 
proposed housing. 

When the meter has been assembled 
connect it to the vehicle'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 
to borrow an already calibrated tacho 
which can be temporarily connected 
to 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 final method is to calculate the 
vehicle speed per 1000 r.p.m. in top 
gear and adjust RV2 accordingly. 
Needless to say, this is a two person 
operation. 

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

Before making final calibration, 
adjust RV1 to eliminate any false 
triggering • check at all engine speeds. 
This unit may be used with either +Ve 
or —Ve earth vehicles simply connect 
the battery leads as shown. 
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Circuit diagram 
of the techo 

BUILD THE 

TREASURE 
TRACER 

MK III 

pHOW IT WORKS-
The 555 timer 1C is used as a mono¬ 
stable which, in effect, converts the 
signal pulse from the breaker points 
to a single positive pulse the width of 
which is determined by the value of 
R4 ♦ RV2 and C2. The mathematical 
formula is T“ 1.1 x R x C where R= 
R4 + RV2 (the section of RV2 in use) 
and C= 5.6 x 10"* (Farads), and T* 
pulse length in seconds. 

Resistors R2 and R3 set a voltage 
of about 4 volts at pin 2 of ICI. The 
1C is triggered if this voltage is reduced 
to less than approx. 2.7 volts (1/3 of 
supply voltage) and this occurs due to 
the voltage swing wheh the breaker 
points open. 

An adjustment potentiometer RV1 
enables the input level to be set to 
avoid false triggering. 

Zener diode ZD1 and the 180 ohm 
resistor stabilise the unit against volt¬ 
age variations. 

RESISTORS (all H W 5%) 
RI 15 k 
R2-4 10 k 
R5 5k6 
R6 180 R 

CAPACITORS 
C1 1n0 polyester 
C2 5n6 polyester 
C3 100 u 10 V electrolytic 

SEMICONDUCTORS 
□1 1N914 
ZD1 8V2 300 mW 
IC1 NE555 

POTENTIOMETERS 
RV1 1 k 
RV2 50 k 

MISCELLANEOUS 
PC board ETI 081 
Meter 1 mA FSD 

METAL 
LOCATOR 

• Genuine 5 silicon transistor ein uit 
does not need a transistor radio to 

• Incorporates unique Vancap tuning 
for extra stability 

• Search head fitted with i aradas 

GETTING HOLD OF 
COMPONENTS 

There should be nothing here to 
trouble the constructor — the 555 is 
advertised by a number of firms in 
this issue and the other semi-con¬ 
ductors and passive components 
should be readily available. 

COST OF CONSTRUCTION 

Cost of components for this pro¬ 
ject should be about £2.00. This 
includes the PCB but is exclusive of 
meter MI. 

T
O
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V
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Loudspeaker or earphone opera¬ 
tion (lx>th supplied). 
Britain's best selling metal locator 
kit. 4.000 already sold 
Kit can be built in two hours using 
only soldering iron, screwdriver 
pliers and side-cutters 
Excellent sensitivity and stability 
Kit absolutely complete including 
drilled, tinned, fibreglass p.c. board 
with components siting printed on. 
Complete after sales service. 
Weighs only 22oz.. handle knocks 
down to 17" for transport 
Send stamped, self-addressed 

envelope for literature. 

Iæ-H 4.75 I Plus £1.00 PAP IM 
Plus £1.18 VAT (8%)^| 

Guaranteed p|u% £l oo PAP RS? 
Plus £1.58 VAI 

The foil pattern of the printed circuit is 
shown full sue above and to the right is the 
component overlay for the PCB 

MINIKITS ELECTRONICS. 
6d Cleveland Road. South Woodford. 

LONDON E18 2AN 
(Mail order only) 
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VALVE SOUÑD -
on the 

GEORGE CHKIANTZ 
AND 
RICHARD ELEN 

TWO PROFESSIONAL SOUND ENGINEERS HAVE A NEW ANO 
TO THE CONTINUING DEBATE AROUND THE SUPPOSED SUPERIORITT OF VALVE 

TOADO 

IMAGINE YOU ARE SITTING in front 
of a pair of monitor speakers 
listening to some master tapes The 
first track you hear is a very good 
high quality mix such as one could 
find on a fair proportion of modern 
albums But the second one is 
something else 

It too is of very high quality but in 
addition, it seems to possess an 
undefinable something Could one 
call it clarity ? Rightness ? It s 
hard to put into words but there is 
something about that mix which 
makes it stand out from the rest — an 
unknown factor which is nonetheless 
sufficiently noticeable for you to be 
able to tell the difference every time 
Yet you know that the two recordings 
were made in the same studio on the 
same desk the same tape machines 
— every link in the chain from 
microphone to master tape was 
duplicated But with one subtle 
change The first mix was monitored 
on a pair of loudspeakers driven by a 
modern, high-power transistor 
amplifer with a rated output of 300 
W 

The second, on the other hand, 
was reproduced using a pair of old 
glowing valve amps running a mere 
50 W — and unaccountably sound¬ 
ing just as loud 
Why the difference? 

Valves versus Transistors 
It is important to state at the outset 

that this is intended to be a 
qualitative analysis of points that we 
have found to be significant over the 
past few years during our work as 

sound recording engineers Some of 
the points we are raising are 
nowadays being discussed but not 
all One reason for this is that several 
of them are not easily measured -
rather they are experienced 

Until a couple of years ago the 
standard answer you would get from 
any audio engineer worth his salt 
when asked the question ’Why do 
valve amps sound better than 
transistors?" would have been 
Well, valves produce more even-

harmonic distortion, and you like the 
distortion, which is more 'musical' 
than the distortion produced by a 
transistor amp And after all. tran¬ 
sistors are more distortion-free than 
valves ever were " He would not give 
the same answer today unless he 
spent all his time listening to test 
instruments instead of real signals 

A big question that needs to be 
discussed is. "Is distortion /ust a 
variable you can measure with test 
equipment or is high fidelity, in the 
words of a well-respected manu 
facturer, the closest approach to the 
original sound ? What does it mean 
to have 0 0001% distortion when it 
still doesn't sound like the original 
(and when the speakers are adding a 
further 2%)? 

Distorted assumption 
The tacit assumption in the design 

of so-called valve sound musical 
instrument amplifiers is Musicians 
like the sound of a valve amp Valve 
amps may have more distortion 
Therefore musicians like the distor¬ 
tion 

Manufacturers thus have pro¬ 
duced special boxes which may 
introduce up to 25% second harmo¬ 
nic distortion and come up with a 
valve-sound which some musicians 
like, but many describe as sounding 
more like a fuzz-box than an AC30 

This seems to suggest that maybe 
we aren t just talking about distor¬ 
tion And when we come on to studio 
monitoring amplifiers, we find that 
there is little significant difference in 
distortion figures between solid state 
and thermionic equipment It must 
be remembered however that we 
are not suggesting that all valve 
amps are nice or that all transistor 
amps are nasty The major prob¬ 
lems inherent in transistor amplifier 
design are the direct result of 
developments made on valve circuits 
Also these problems as will be seen 
do not necessarily apply to low-power 
transistor amplifiers as usually 
encountered in Hi-Fi systems for 
example The problems seem to arise 
in the method and amount of 
negative feedback application 

Feedback and its Misuse 
There are two major ways of 

applying negative feedback to an 
amplifier in the form of an overall 
feedback loop from one end of the 
amp to the other or by the 
application of an individual feedback 
path per stage. Valve amphfers like 
the Leak triple-loop feedback senes 
primarily used the latter method with 
little additional overall feedback 
(typically about 10dB> Certain other 
valve amps relied mainly on a high 
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ID FET CHARACTERISTICS 
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STANDARD COMPONENT CODES 

RESISTOR VALUES WILL BE REPRESENTED THUS: CAPACITOR VALUES WILL BE REPRESENTED THUS: 

0.47 12 will be shown as R 47 
1 Í2 will be shown as 1R 
4.7 £2 will be shown as 4R7 
47 £2 will be shown as 47 R 

100 12 will be shown as 100 R 
1 kQ will be shown as 1k 
10 kO will be shown as 10 k 
10 MQ will be shown as 10 M 

10 p 

4u7 
100 u 

44 

TTL TO CMOS FUNCTIONALLY EQUIVALENT TYPES 
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STANDARD OPERATIONAL 
AMPLIFIER CIRCUITS 

4.", • Mm» 

THE SUPPLY CONNECTIONS HAVE BEEN OMITTED IN THE ABOVE CONFIGURATIONS FOR THE SAKE OF CLARITY. 

STANDARD POWER SUPPLY 
CONFIGURATIONS 

ELECTRONICS TODAY INTERNATIONAL - JULY 1977 45 



MICROPROCESSOR GLOSSARY 



■■■IM 

TECHNICAL BOOKS FROM ETI TECHNICAL BOOKS 

F
R
O
M
 
ETI 



Ill IlMKROFILEllll Illi III 
Gary Evans. ETIs resident microprocessor man. powers up microfile to report on a new 
personal computing system and Europe s first conference for home computer builders. 

THE HOMEBREW COMPUTER nut 



MKROFILE 

This Time Next Year 



ICL 8038 WAVEFORM GENERATOR /V.C.O. INTERSIL 

The 8038 has been around for about 5 years 
— which is a long time in electronics In fact 
it has reached the position of becoming an 
Industry Standard on a par with the 741 An 
inherently versatile device it has us 
drawbacks like most chips - but overall has 
a lot going for it Intersil even produced a 
very honest application bulletin A0 13) 
called Everything you always wanted to 
know about the 8038 which explained how 
to get the best out of this device and 
admitted its defects — an uncommon event 
with most manufacturers1 Some of the data 
from A0 13 has been included in this data 
sheet but for fuller information ask Rapid 
Recall for A0 13 A0 12 and the latest 
information sheet strangely referenceless 
but brown in colour') 

Description 

The 8038 Waveform Generator is a 
monolithic integrated circuit capable of 
producing sine square triangular sawtooth 
and pulse waveforms of high accuracy The 
frequency or repetition rate) can be selected 
externally over a range of less than 1 1000 
Hi to more than 1 MHz and is highly stable 
over a wide temperatuie and supply voltage 
range Frequency modulation and sweeping 
can be accomplished with an external voltage 
ana the frequency can be programmed 
digitally through the use of either resistors or 
capacitors The Waveform Generator utilizes 
advanced monolithic technology such as 
thin film resistors and Schottky-barner 

Theory of operation 

A block-diagram of the waveform generator 
is shown in Figure 1 An external capacitor C 
is charged and discharged by two current 
sources Current source = 2 is switched on 
and off by a flip-flop while current source 
= 1 is on continuously Assuming that the 
flip-flop is in a state such that current source 
«2 is off then the capacitor is charged with 
a current I. Thus the voltage across the 
capacitor rises Imeanly with time When this 
voltage reaches the level of comparator a 1 
set at 2/3 of the Supply voltage) the 
flip-flop is triggered changes states and 
releases current source = 2 This current 
source normally carries a current 21 thus the 
capacitor is discharged with a net-current I 
and the voltage across it drops linearly with 
time When it has reached the level of 
comparator — 2 set at 1/3 of the supply 
voltage) the flip-flop is triggered into its 
original state and the cycle starts anew 

Four waveforms are readily obtainable 
from this basic generator circuit With the 
current sources set at I and 21 respectively 
the charge and discharge times are equal 
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Strobe current is no longer a function of the supply 
voltage yet the trigger thresholds still are* 
and thus the frequency becomes dependent 
on the supply voltage The potential on pm 8 
may be swept from Vcc to about 2 3 Vcc

Buttering 

Power Supply 

With a dual supply voltage e g ± 15V) the 
external capacitor pm 10) can be shorted to 
ground so that the sine wave and triangle 
wave always begin at a zero crossing point 
Fandom switching has a 50 50 chance of 
starting on a positive or negative slope A 
S'mple ANO gate using pm 9 will allow the 
strobe to act only on one slope or the other 

Using only a single supply the capacitor 
pm 10) can be switched either to V + or 
ground to force the comparator to set in 
ether the charge or discharge mode The 
disadvantage of this technique is that the 
beginning cycle of the next burst will be 30% 
longer than the normal cycle 

The sine wave output has a relatively high 
output impedance 1K Typ) The Circuit 
provides buffering gam and amplitude 
adjustment A simple op amp follower could 
also be used 

If the available outputs are all fed through 
a buffer extra resistors can be inserted in 
senes with the signal before a switch Values 
of 47k square wave) 15k triangular) and 
10k sine wave) will ensure equal amplitude 

F.M. and Sweeping 

? 
The frequency of the waveform generator 
is a direct function of the DC voltage at 
terminal 8 measured from *VCC> Thus by 
altering this voltage frequency modulation is 
achieved 

For small deviations ie ±10%) the 
modulating signal can be applied directly to 
pin 8 merely 'providing de decoupling with a 
capacitor An external resistor between pins 
7 and 8 is not necessary but it can be used 
to increase input impedance Without it । e 
terminals 7 and 8 connected together, the 
input impedance is 8k with it. this 
impedance increases to R*8k| 

The symmetry of all waveforms can be 
adjusted with the external timing resistors 
To minimize sme-wave distortion the 
resistors between pins 1 1 and 12 are best 
made variable ones With this arrangement 
distortion of less than 1 \ is achievable To 

To obtain a 1000 1 Sweep Range on the 
8038 the voltage across external resistors RA 
and RB must decrease to nearly zero This 
requires that the highest voltage on control 
Pm 8 exceed the voltage at the top of RA and 
RB by a few hundred millivolts 

The Circuit achieves this by using a diode 
to lower the effective supply voltage on the 
8038 The large resistor on pm 5 helps 
reduce duty cycle variations with sweep The 
range of this circuit is 20Hz to 20 kHz 
output buffer can be added to make a general 
purpose bench unit 

Points to Note! 

The 8038 runs hot to touch this is 
normal and is due to the resistive nature of 
the smewave shaping network 

The optimum supply voltage for mini¬ 
mum temperature drift is 20V this can be 
seen in the stability graph 

can be connected as shown This configura¬ 
tion allows a reduction of smewave distortion 
dose to 0 5% 

Both the sine-wave and triangular 
outputs are only useful up to about 20kHz if 
a reasonably pure signal is required A 
perusal of the graphs will show why 

sweeping the modulating signal is applied 
between the positive supply voltage and pm 
8 In this way the entire bias for the current 
sources is created by the modulating signal 
ano a very large e g 1000 1 > sweep range 
is created f - 0 at V.,„, « 0) Care must be 
faxen however to regulate the supply 
voltage in this configuration the charge 

The 8038 is available from Rapid Recall 
Ltd.. 9 Betterton Street. Drury Lane. 
London WC2H 9BS. Price for 1 off is 
£4.08 inclusive 
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ICM 7205 LED STOPWATCH CHIP 

The Intersil ICM 7205 is a relatively new device, main points 
of interest are: on chip display drivers, fully protected against 
static - no special handling precautions required, average 
current of only 10 mA when in operation (including display!) 

The ICM 7205 is 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 stopwatch 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,b to 
obtain 100 Hz which is fed to the fractional seconds, seconds 
and minutes counters. An intermediate frequency is used to 
obtain 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 a 24 lead plastic DIP. 

Stopwatch Circuit 

a. a. a. a. a. a. 

The Start Stop modes can be used for a single event timing 
with the Spht/Taylor input in either state The illustration 
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. If an event exceeds one hour, the number of hours must 
be remembered by the user. Leading zeros are not blanked 
after one hour. 

When the Split /Taylor input is left open circuit or is con¬ 
nected to Vss the stopwatch can be used in the Taylor or 
sequential mode. As depicted graphically above, each split 
time is 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 the last activation of Start 'Stop The display 
is stationary after the first interval unless the display unlock is 
used to show the running clock. Reset can be used at any time. 

Switch Characteristics 

The ICM7205 is designed for use with SPST switches 
throughout. On the display unlock and reset inputs the charac¬ 
teristics of the switches are unimportant, since the circuit res 
ponds to a logic level held for any length 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 it requires a switch with less than 1 5 ms of switch bounce 
The bounce protection circuitry has been specifically designed to 
let the circuit respond to the first edge of the signal, so as to 
preserve the full accuracy of the system 

Low Battery Indicator 

The on-chip low battery indicator is intended for use with 
a small LED lamp or with the decimal points on a standard 
LED display. The output is the drain of a P channel transistor 
of approximately half the size of one of the segment drivers. 
The LBI circuitry is designed always to provide a voltage diff¬ 
erence between the LBI trigger voltage and the minimum 
operating voltage, i.e. the lower the LBI trigger voltage the 
lower the the minimum operating voltage. In 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. 

When the Split /Taylor input is connected to VDD the stop¬ 
watch is in the Split mode The Split mode differs from the 
Taylor in that the lap times are cumulative in the Split mode 
The counters do not reset or stop after the first start until 
reset is activated. Any time displayed is the cumulative time 
elapsed since the first start after reset. Display unlock can be 
used to let the display 'catch 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 available from: Rapid Recall Ltd.. 
9. Betterton Street, Drury Lane, London WC2H 9B5. 
Price for one off is £12.60 inclusive. 
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SPECIALS FROM ETI 

HOW 

TO 

ORDER 

HOW TO ORDER 



PART 2 

W UPBW i 
DISPLAY unit 

Described by John Miller-Kirkpatrick 

Assembly Board B 

How It works and why It 
doesn I 



the data for B is available at the 
character generator the generator 
has data for an A and thus the 
display now shows AA At some 
time near the end of the second 
character time the data for B will 
become available at the character 
generator but as the RAMs can 
react at different times different bits 
become true at different times thus 
making the second half of the 
second character change to a B 
Similarly the third character will 
become a B C the fourth a 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 until the count enable 
halts the count The data for the last 
character is not available until just 
before the display is disabled but it 
is available for nearly 650nS after 
the display has been disabled 

Problems 

There are thus two problems, the 
first to latch the data bits at a 
specific time 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 DM8678 has an internal 
latch and can thus handle the 
latching for six data bits if an 8679 

is used in tandem then seven bits 
will be latched) leaving the extra 
data bits if used) to be latched with 
the 7475 This latching was not 
shown in the circuit for PCB A but 
no additional ICs are required Pin 4 
of the DM8678 is connected to the 
inverse of the load signal on pin 10, 
ideally the store signal should occur 
one bit time before the load, but in 
practise it was found that the 
inverse of the load could be used 
This is available at the output of 
ICI 1c 

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

enable area could be moved one 
position to the right A simple way 
to do this is to break the signal from 
IC7 to ICI 2 and process this via the 
7475 latch As this latch is operated 
at the same time as the DM8678 
Load and Store it means that the 
display enable signal is delayed 
by about one character time This 
means that the enable is 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 time the display is not 
nearly perfect then it is best to 

Trie turo boards opened out to gire general idea of cable layout 
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Full circuit diagram of the B board, in con/unction *ith last month s A 
board forms complete VDU module 

assume race conditions in the ICs to 
be a problem CMOS will not work 
much above 1 MHz at 5v so check that 
there are no 74C series where there 
should be 74 series and vice-versa 
It is also advisable to check for 
solder runs as we found a couple 
causing problems in the prototype 
Problems with this type of 
equipment can be very difficult to 
cure without a very fast scope or a 
lot of thinking, thinking is usually 
cheaper than scopes so use the 
circuit to narrow down faults and 
they soon become apparent 

Keyboard interlace 
In addition to the VDU interface this 
PCS also allows an ASCII keyboard 
to be connected into the system as 
VDUs and keyboards go together in 
most applications it makes sense to 
have them on one interface board If 
you are not using the System 68 
case you may prefer to connect 

the keyboard into the PCB using a 
standard 16-pin socket and pin 
header /plug With the System 68 
case we use a 2 in front panel 
module to carry the Video output 
socket video invert switch and 
keyboard connector We have used 
professional 25-way plugs and 
sockets wherever required as these 
tend to be an industry standard on 
this type of equipment As the 
keyboard can be disconnected at 
the front panel the front panel 
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 ASCH 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 diet of 
+ 5v GND and -12v and so we 

have provided for these lines to be 
keyboard The other line we have to 
have is a strobe signal which should 
be negative going ie, it is normally 
logic 1 unless a key is pressed in 
which case it goes to logic 0 until 
the key is released We have four of 
our 16 leads unconnected these 
are reserved for additional 1. 0 
signals to /from the keyboard Such 
signals could be switches to the 
mterupt and or reset pins of the 
MPU or could be status LEDs 
mounted on the keyboard 

Checking out 

Checking out is very tedious with¬ 
out an MPU because you have to 
simulate the control signals and that 
involves a lot of logic state changing 
and testing It s worth doing at this 
stage because you then know that 
the VDU element works A check 
sequence is given 
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VIDEO display unit 
Alternative positioning of sockets on front 
panel 

Folding up 
Now is the time to fold up the two 

boards and check that they will fit in 
the case Note that only PCB B is 
screwed to the front panel A is held 
parallel to B by the card guides m 
the case they should fit 1/2 in 
apart and thus fit into adjacent card 
guides If you have fitted your 
keyboard connector slightly off 
centre then you may find that the 
boards fit better 1 in part either is 
acceptable Slide the unit into the 
case in the correct location and mark 
the position of the 31 -way connec¬ 
tor slide the unit out fit the 31 -way 
socket slide the unit home and feel 
that satisfying click as it locks into 
place 

Next month 
How to use the VDU with an 

MPU data and address buffers and 
things. 

« DRILL 1 HOLE 2BA 
3 DRILL 1 HOLE 4BA 
C DRILL 4 HOLES EBA 

INTERESTED 
IN 

BONDAGE? 
We’ve got something to interest you if you're that way 
inclined Sorry, it's got nothing to do with kinkiness if 
that's what you thought but if you want your old 
copies of ETI under bondage, we've got the perfect 
binder for you. 

Beautiful quality as well, this binder. No messing with 
string, either: it has concealed rivets and gold lettering, 
and made specially for us in black simulated leather 
to take twelve issues of ETI. 

P.S. Just in case, binden are sent under plain cover. 

Send £2.50 (which includes VAT and postage) to: 
ETI Binders, 

• 25-27 Oxford Street, 
London W1R 1RF. 
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ihm im® part 11 
An explanation of the colour codings on all types of resistors 

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 to a 
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), usually have the value, 
tolerance and wattage rating marked 
directly on the body. Most common 
low power resistors, from 0.05 W to 
2 W. use the standard resistor colour 
code. Some manufacturers use a typo¬ 
graphic code on their resistors, physical 
size allowing (usually radial-lead types 
having wattage ratings between 0.25 W 
and 10WSThe special resistors (PTC, 
NTC thermistors and Varistors) also 
may be marked with a colour code or 
typographic code to indicate their 
value and characteristics. 

The Standard Colour Code and 
Markings 
The common axial-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 E24 (5%). El 2 
(10%) and E6 (20%) series components 
are marked with either three or four 
bands. Components below 10 ohms in 
the E6 series may have only two bands 
indicating the value. Resistor values in 
the E48 (2%) and E96 (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 left to 
right 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 

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 is either silver or gold respectively. 
If still in doubt - resort to an 
ohmmeter. 

The body colour of modern resistors 
is also used to indicate the resistor type. 
Carbon film resistors have a very light 
tan body, and carbon composition 
resistors have a medium tan body -
somewhat darker than the carbon film 
body colour. Metal film 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 (E48. E96. 
E192 series) are distinguished by 
salmon pink 5th band or body colour. 
For those who have difficulty remem¬ 
bering the resistor colour 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 two 
systems. These were the "Body-End-
Dot" 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 
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by a coloured spot which partially 
covered the end of the resistor opposite 
the 'end' colour or a band much 
narrower than the 'end' colour. In the 
booy 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 is com¬ 
monly used on radial-lead and upright 
mounting styles of resistor from some 
manufacturers (particularly Erie Co., and 
some Japanese firms); these are illustrât 
ed in Fig. 2c. With the upright mounting 
style of resistor, the colour code is 
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 
letters. R.k.M. are used to indicate 
multipliers of x1, x1000 and 
X 1000 000. The significant figures of 
the value are indicated directly with 
figures, the position of the multiplier 
indicating the decimal point. For 
example 

4R7 = 4.7 ohms 
330R • 330 ohms 

5k6 = 5 6k (5600 ohms) 
68K - 68k (68,000 ohms) 
1M8 ■ 1 8M (1.8 megohms) 

22M - 22M (22 megohms) 

The tolerance is indicated by one of 
five letters (see Figure 4) which immed¬ 
iately follow the value code on com-

ponents which are marked completely 
with a typographic code Some ex 
amples of the complete code are as 
follows: 

2k2F - 2.2k. i 1% 
120kG - 120k, ±2% 
2M2J = 22M. 15% 

150RK » 150 ohm. 110% 
6R8M ’ 6 8 ohm. 1 20% 

Direct Marking 
This style of marking a resistor is 
commonly used on power resistors 
(usually from 2 W), wirewound and 
precision resistors. It 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 
a 1 k, i 5%, 2 W resistor. 

THERMISTOR MARKING 
CODES 
Thermistors 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 their construction 
and the preference of the manufacturer 
NTC thermistors may be marked with 
either a colour code or typographic 
code (or not at all) but PTC thermistors 
are marked with a typographic code 
only - when they are marked’ 

Whatever marking is employed, the 
resistance value at 25°C (R 25 ). and it* 
tolerance at that temperature (if 
included) are generally the basic 
characteristics indicated. 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, illustrated in 
Figure 5. The value of R25 is found by 
reference to the standard resistor colour 
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PTC Thermistor Marking Codes 
The typographic code that may be used 
on PTC thermistors is from the EIA 
system code, illustrated in Figure 7. 
The prefix ERP indicates that the 
component is a PTC thermistor. The 
suffix is divided into three portions. 
The first consists of a letter and a 
numeral indicating the prime char 
acteristic of the component. If it is 
an A type PTC thermistor the temper¬ 
ature coefficient is indicated, as shown 
in the accompanying table. If it is 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 
25°C (R25 ) 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¬ 
tain the above typographic code along 
with a manufacturer's component code. 

Value 

code table The tolerance is sometimes 
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¬ 
lustrated in Figure 6. This code is from 
the American El A 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 
parameters is not necessary. However, 
if the dissipation, wattage rating, etc, 
are needed then the manufacturer's 
data will need to 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 it (usually indicating 
component type). However, the char 
acteristics are always the last group. 

Varistor Marking Codes 
Both colour and typographic codes are 
used to mark varistors. As they are 
voltage dependent devices, the voltage 
value and its tolerance are given. The 
colour code that is used on ZNR and 
SiC varistors is illustrated 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 illustrated. Just to 
confuse matters, some manufacturers 
use the 1st. 2nd and 3rd digit bands to 
indicate the last three digits of their 
type number) 

A-TYPE B-TYPE 
A2 • 2;5%/®C BO - 50°C 
A3 - 3.5%/°C B1 ■ 75OC 
A4 - 4.5%/°C B2 • 90°C 
Temp. Coeff (a> B3 = 120°C 

Switching Temp. 

B3 - 12O°C 

Fig 7. Typographic code uted on PTC therm¬ 
itton (from E/A lyitem ttandard). The relue 
end tolerance are read off at for the typo¬ 
graphic code uted on NTC thermitton. 

TOLERANCE CONSTANT(B). °K 
(at 25<>C> 

A - up to 1000 
0 - 1000 1500 
C - 1501-2000 
E - 2501-3000 
F - 3001-3500 
G - 3501-4000 
H - 4001-4500 
I - 4501 5000 
J - 5001 -5500 
K ■ 5501-6000 
L - over 6001 

Fig. 6 Typographic code uted on 
NTC thermittort ffrom EIA tyttem 

figurei of retittance at 2S°C <R25^ 
the third figure mdicatet the 
number of following reroet tie. 
the multiplier). If value below ten 

Ceramic Diode (Variatite) 
Varistors 
These devices have an asymmetric 
voltage characteristic and it is the 
value of the forward voltage that is of 
interest. They are generally made to a 
specified forward voltage and a colour 
code is 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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ZN R Varistor Typographie Code 
The typographic code used on ZNR 
varistors is usually arranged in one of 
two ways, as indicated in Figure 10. The 
disc-shaped varistors are generally 
marked in the manner illustrated, the 
ZNR marking directly indicating the 
type of component. This is followed by 
a single letter indicating the voltage 
tolerance followed by the voltage value. 
A 220 V. ï 15% varistor is illustrated. 

The cylindrical body style of varistor 
is generally marked according to the 
EIA system standard, as illustrated on 
the right 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 component can be confusing - it is 
best to first identify the component by 
the prefix and then read the code 
groups commencing from the right. The 
voltage value is always indicated 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 
recognised. 

COLOUR 

BLACK 
BROWN 
RED 
ORANGE 
YELLOW 
GREEN 
WHITE 
SILVER 

RATED 
FORWARD 
VOLTAGE 

characteristic and th» colour cod», indicating th» rat»d forward voltage. is marreo on tne catnod». 

CURRENT VALUE VOLTAGE SUPPLY 

Fig. 10. Typographic cod» combinations used on common (ZNR> varistors. Th» more complet» 
form is shown on the right It may be abbreviated however as indicated on the left The current 

Silicon Carbide (SiC) Varistor 
Marking 

These varistors are also generally 
marked using the EIA system code, in 
a similar manner to ZNR varistors. The 
two basic marking styles are illustrated 
in Figure 11. The common code signify¬ 
ing a SiC varistor, ERV, prefix is in¬ 
variably 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 cylindrical-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 
in that only a single figure is used to 
indicate components having a wattage 
rating of 1 W and 2W respectively • 

WATTAGE MEASURING CURRENT VOLTAGE VALUE 

01 - 0.1 watts 
02 • 0.2 watts 
03 • 0 3 watts 
08 - 0 8 watts 
10 - 1.0 watts 
15* 15 watts 
20 - 2.0 watts 

1 ■ 100 mA DC 
2 • 10mAOC 
3 - 1 mA DC 

First two digits are the two 
significant figures, the third 
digit being the number of 
following zeroes Decimal 
is indicated by R. 

TOLERANCE 

Fig 11 Typographic code combinations used on Silicon Carbide ISiC) varistors. The complete 
form of the coda is illustrated on the right It is also used in an abbreviated form, as illustrated 
on the left, only the voltage value and current being indicated, although the tolerance is some¬ 
times also included. 
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ELECTRONICS-it’s easy! 

with a non-conducting, highly-resistive 
material such as magnesium fluoride, 
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 loose 
leaving a positive-charge 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) in a reduced 
intensity mode. 

Io make the trace visible, low 
velocity electrons are sprayed by the 
flood guns onto the entire 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 field pulls many 
electrons through causing them to pass 
on to hit the phosphor. 

The collector mesh is provided to 
help accelerate the flood electrons, to 
repel the positive ions generated by 
the flood guns; (which would other¬ 
wise write the whole screen bright) 

and to absorb the emitted secondary 
emission electrons produced whilst 
writing is in operation. It is not 
possible to store the trace in the view 
mode for as longas in the store mode: 
one to ten minutes of viewing time are 
typical for various makers’ designs. 

Erasure is done by applying a large 
positive voltage to 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 is finally applied to 
the mesh making it ready to write. 
(This procedure is automatically 
initiated at the single action of a 
switch.) 

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

Storage oscilloscopes can be used as 
conventional units by applying about 
30 volts to the storage and collector 
meshes. Long persistence has many 
virtues - it 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¬ 
domain reflectometry where the time 
between send and receive pulse 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 extremely versatile 
but the high price restricts their use to 
large laboratory groups. 

STORAGE USING DIGITAL 
MEMORY 
Figure 4 shows a unit marketed 

around 1972. The transient recorder 
unit accepts the analogue signal, con¬ 
verts it to a digital equivalent with res¬ 
pect to time and stores the values in 
digital registers. Readout can be ob¬ 
tained by using digital to-analogue 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 is taken direct from the 
scanned store locations. 

This method is less common than 
the storage oscilloscope alternative but 
the ever-reducing cost of digital 
methods may put this technique into a 
competitive price region. 
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Another method of capturing 
difficult to see. once-only transient 
signals, and very slowly changing wave¬ 
forms is to record the level of the 
signal, increment by increment, as the 
signal occurs, using a digital memory. 
The concept is simple and the method 
offers certain advantages. These 
include ability to speed up or slow 
down the timescale of the original 
event, ease of providing a permanent 
numberical printout and the facility 
to process the signal before display. 

SAMPLING OSCILLOSCOPES 
How to capture a very fast repet 

itive event, say near to the GHz region 
where scan times of 0.1 ns/division are 
needed, is a problem because the 
electron beam cannot transfer enough 
energy into the phosphor to obtain a 
useable trace brilliance. Further it 

be repetitive (as shown in Fig.5). The 
beam is set to illuminate the screen at 
point 1 in the diagram, waiting there 
until the next cycle where it moves to 
point 2 - and so on. The trace there¬ 
fore gradually works its way through 
the complete cyclic waveform and 
because the scan speed is slower than 
with a conventional sweep system the 
cathode-ray tube system can operate 
with a lower bandwidth than the 
signal. The waveform produced is an 
average of many so the display is not 
only sharper but more uniform. (This 
may be a disadvantage in some 
applications for the sampling unit is 
effectively smoothing the unknown 
true original signal). Sample and hold 

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

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

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

In practice a sampling oscilloscope 
is a normal high duality scope which 
can accepta sampling plug-in Fig 6 
is the panel of a dual sampling unit. 

DELAY FACILITIES 
Often one needs to study a certain 

part of a repetitive waveform - the 
very beginning, for instance. An 
example is the ringing of a non-ideal 
square wave shown in Fig. 7a. The 
trace is triggered, to begin the sweep, 
by a fast-going edge. Due to circuit 
response times, the trace does not 
begin to sweep at exactly that time 
but begins a little later. The result is 
loss of the leading edge region of 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 
direction lead to the second front 
disappearing. The simplest solution to 
this problem is to incorporate an 
appropriate fixed delay into the 
triggering circuits and this is often 
provided within the circuits. A slightly 
better method is to provide an ad 
justable delay control on the trigger 
panel. 

A more difficult problem is cap¬ 
turing a point on the signal train that 
is remote 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 is best 
achieved by using the edge (a). But 
this means that scale expansion puts 
the spike off scale when the horizontal 
expansion scale is great enough to 
provide information about the spike 
structure. 
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PROBES 
Passive probes for voltage mea¬ 
surement In Nos from May 77 the 
importance of providing the right 
matching conditions between two 
electronic systems was stressed 
This is also important when con¬ 
necting an oscilloscope to a circuit, 
for each putput and input has 
certain resistive and reactive condi¬ 
tions which must be properly 
combined to get realistic signal 
transfer 

The oscilloscope can be represented 
as an ideal termination shunted by a 
large R and an adequately small C 
value - or at least they appear this 
way at first sight Fig 11 is the 
most common approximate equiva¬ 
lent circuit others used include 50 
ohms with negligible reactance in 
certain applications) Referring to 
the chart in Fig 12. it can be seen 
that with 20pF at 10 mHz the 
circuit being measured must have 
the equivalent output resistance of 
no more than 8 ohms1

Fig. 8 Utt of introduced delay m triggering 
to enable an event away from trigger 
transient to be investigated. 
lai Original spike on pcdettal of square wave 
(b> Delay introduced to bring spike back to 

time origin. 
Ici Scale expanded to reveal true nature of 

spike. 

Variable delayed sweep is the 
answer. The trigger circuit is set by the 
(a) edge but trace scan does not begin 
until after a 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 in practice 
the operator must know just where 
triggering occurs for there may be 

several somewhat similar events along 
the trace. It is vital to know which one 
is being viewed. A refinement pro¬ 
vided m variable delay circuits is to 
brighten the original display from the 
point where triggering 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 bright¬ 
ened to show the portion that will be 
expanded and the second trace of the 
dual beam unit is used to show the 
expanded part. Another useful feature 
is to be able to use a trigger point not 
on the origin of the first trace set up -
as in Fig. 10. Here a marker dot is 
provided to help the operator 
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For high frequencies, those above 
100 kHz say, we therefore need a 
better connection method. To further 
compound the problem the oscillo¬ 
scope input leads can easily increase 
the equivalent C value to 100 pF -
leads for 11 connection must there¬ 
fore be carefully designed to ensure 
known loading conditions which can 
be allowed for in signal measurement 
corrections. It is very bad practice to 
use any piece of coaxial cable and 
connector for frequencies beyond 
100 kHz. 

The first improvement is 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 al Still better is a special 
correction arrangement that balances 
the shunt against series capacitance to 
provide a wider bandwidth - see 
Fig 13 b) By the use of inductive 
tuning a further improvement in band¬ 
width can be obtained — Fig 13 c) 
Probes with division ratio of 100:1 
also are manufactured — these can 
provide equivalent termination con-
ditions of 5K/0.7 pF. 10M/1.8 pF, 
1 M/1 pF. The reason for different 
pair combinations arises from the 
need to alter the trade offs between 
rise time and signal loss in high-
frequency and very fast transient 
measurements. 

There is no easy answer to the 
question of which attenuator probe to 
use. These guides are the start. For 
amplitude measurements select a 
minimum-impedance source point to 
measure from. The best probe to use 
here is one with the highest impedance 
at the frequency of interest. Capac¬ 
itance is 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 is less important than transient 
edge shape changes. 

ACTIVE PROBES FOR VOLTAGE 
MEASUREMENT 

The above probes make use of 
passive matching arrangements But 
for the extremes of frequency and/or 
risetime measurements the values of 
components required in passive probes 
become impractical. However active 
amplifiers interposed between the 
circuit and the oscilloscope can be 
used to improve performance by 
increasing input resistance and lower¬ 
ing capacitance (short loads). FET 
probes are marketed to meet this. 

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 flowing in a 
direct-coupled Darlington pair con¬ 
figuration where no significant resist¬ 
ance exists over which a voltage can be 

developed. DC current probes (see 
Fig 14 1 clip ove' :new -e - question 
coupling the de magnetic field created 
by the current flowing n the wire into 
a Hall effect transducer which 
generates a voltage equivalent to the 
current flowing These will also 
measure ac currents The maker 
specifies the conversion constant — 
typically 1 mV mA AC only, current 

68 ELECTRONICS TODAY INTERNATIONAL - JULY 1977 



ELECTRONICS -it’s easy! 



Join the Digital 
Revolution 

Sparhrite 
Capacitive discharge 

electronic ignition kits 

development* in calculator*, 

£6.20 

£4.20 

Enthusiast 

Instant all-weather 
Continual peak performance 
longer coil/battery /plug lite 
Improved acceleration/lop speeds 
Optimum fuel consumption 

Qtitcit ins fallt titi 



Standardisation et al. 

6800 8080 progiams no 



tech-tips 
TTL KEYER 
This device can be used to send per 
fectly spaced Morse at very high 
speeds up to twice as fast as with an 
ordinary Morse key. It uses six inte¬ 
grated circuits, and also requires two 
special switches, SW1 and SW2, which 
are described later. 

To describe the operation of the 
circuit fully would take up over a page 
of ETI, and so a simplified explanation 
is given here. IC1 is a 555 timer con¬ 
nected as an astable multivibrator, 
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 a 1:1 mark-space ratio (dots). 

If SW1 and SW2 are both open, the 
D inputs of IC2b and IC6a are both at 
logic 0, so that the dots from IC2a are 
inverted by IC3a, but blocked by IC5a. 
IC5b output is a 0, and so the audio 
oscillator made up of Q1 and Q2 and 
the associated components is disabled 
and no tone is fed to the speaker 

If SW2 is closed, IC6a's D input 
becomes logic 1. However IC6a's out¬ 
put can only change state on the rising 
edge of a clock pulse (i.e. the beginning 
of a dot). Hence if a dot has already 
started when SW2 is closed, it will not 
get through to the speaker, but the 
next dot will, because it will make 
IC6a’s Q output to go to 1. Hence the 
dots now get through to the oscillator 
pnd 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, IC5a 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 IC5b output, but the 
blip is too fast to be heard. 

If SW2 is closed, but SW1 open, 
IC4c output goes to 1 and IC2b's Q 
output is effectively shorted to its D 
input. This causes IC2b to divide the 
string of dots from IC2a by two. The 
outputs of IC2a and IC2b are combined 
by IC3a to produce a waveform with a 
3:1 mark-space ratio (dashes). These 
are passed on to the audio oscillator 
just as before. The dashes, like the 
dots, are self-completing. Notice that 
IC4c output determines whether dots 
or dashes are produced. 

While SW1 or SW2 is closed, IC6b's 
D input is fed from IC4c output and 
clock pulses come from IC5b. If SW1 
and SW2 are both operated together, 
IC4a allows the output of IC6b to 
pass to IC4c, and IC4d inverts IC4c 
output again, so that IC6b U output 
is shorted to its D input. Thus IC6b 
changes state every time a dot or dash 
begins at the output, and causes alter¬ 
nate dots and dashes to be produced. 
This is useful when sending a letter 
like C (dash -dot-dash -dot), 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 to send 
a letter like A (dot-dash) 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, IC6b 
input becomes 0. A clock pulse is then 
applied to IC6b by the 'blip' described 
earlier. This makes the output go high, 
and 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 
were used on the unit built because 
they are flexible 

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. I have so 
far reached a speed of 20 wpm on the 
unit, after only a week or so of using it. 
As it stands it is a Morse practise unit, 
but if IC5b 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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tech-tips 
SIMPLE STEREO SWITCH 
A device to switch the audio from a 
stereo tuner only when a stereo sig¬ 
nal is being received. 

Two CMOS NAND gates and two 
transistors are employed. One of the 
inputs from each gate is connected 
together and to the indicator output 
of the decoder IC. 

The other gate inputs are connected 
to the emitter's of QI and 02 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 
into the linear region passing the 
signal. On reception of a mono 
signal or interstation noise, no 
signals pass through the gates the 
circuit providing a mute function 

N.B. Some CMOS will not function 
in the linear mode. CMOS that will 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. 

VOLTAGE AND FREQUENCY 
CALIBRATOR 

This circuit provides simultaneous 
voltage and frequency calibrations by 
generation of a precision squarewave. 

The 555 timer IC is used in a 
slightly unusual configuration, having 
the advantage that an exact 50:50 
mark/space ratio may be attained by 
trimming RI. The frequncy of oscill¬ 
ation may be set between 10 kHz and 
1 kHz by switching timing capacitors 
Cl -4. C5 decouples the internal ref¬ 
erence 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 
temperature-compensated constant¬ 
current source Q1. R2 ensures that the 
current-source turns off completely 
when pin 3 goes high. The current¬ 
source output, trimmed by R3 to be 
exactly 1 mA, drives a resistor ladder 
network so that a series of precise 
squarewave voltages are generated. 
The advantage of current drive rather 

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 to 
give a wider variety of output voltages. 

The non-standard component 
values used were obtained by parallel¬ 
ing standard values. For the timing 
capacitors several in parallel had to be 
used, and only the resultant value is 
shown on the diagram. 
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tech-tips 
BEAM SPLITTER FOR 
OSCILLOSCOPE 
The basis of the beam splitter is a 555 
timer connected as an astable multi¬ 
vibrator, components R1, R2 and Cl 
being selected to give approximately 
equal high/low pulses of about 3 kHz. 

Resistor R3 couples the output of 
the oscillator to the npn/pnp pair Q1 
and Q2. When the output of the oscill 
ator is low, resistors R10 and R11 
allow Q2 to be on so that any signal 
applied to input 2 is effectively short-
circuited via resistor R8 to the common 
line of the power supply. At the same 
time, the npn transistor Q1 is off, so 
that any signal at input 1, plus a posi¬ 
tive voltage provided by RV1a and R4, 
appears at the output via R7. 

Conversely, when the output of the 
oscillator is high, QI is biased on whilst 
Q2 is off. A signal at input 2 plus a 
negative voltage via RV1b and R5 
appears at the output via R9. Thus 
signals at the two inputs are alternately 
displayed on the oscilloscope with a 
clear separation between them. The 
separation is controlled by the tandem 
potentiometer RVIa/b which also 
varies the amplitude of the traces. 

ASIMPLE V.C.O. 
This circuit generates sawtooth and 
triangle waveforms at a frequency set 
by an external control voltage. 

Current source Q1 draws a current I 
from timing capacitor C. Simultan¬ 
eously current source Q2 draws the 
same current from current mirror Q3, 
Q4; this is set up (by R1 and R2) to 
deliver (from the collector of Q4) 
twice the current leaving Q2. 

Hence C receives a current 2 I from 
the top rail, at the same time deliver 
ing I to the bottom rail, the net effect 
being that the capacitor is charged by 
a constant current I, its voltage rising 
linearly until the 555's upper trigger 
point (at 2/3Vcc) 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, 
D1 becoming reverse-biased and isolat¬ 
ing C. 

Now only current source Q1 is 
connected to the timing capacitor 
which is now linearly discharged by 
current I. In this way C is alternately 
charged and discharged. When the 
voltage on C falls to the 555's lower 
trigger point at 1/3Vcc, the output 
and discharge pins go high, and the 

cycle recommences; the repetition 
frequency is determined by the mag¬ 
nitude of I, which is set by the voltage 
applied at the input point A. 

With the component values shown, 
the frequency range is from approx. 

2.5 kHz to less than 10 Hz. as the con¬ 
trol voltage varies from +10 V to zero; 
the frequency is directly proportional 
to the control voltage. Other ranges 
may be obtained by altering the value 
of C. 
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IT'S A FANTASTIC BESTSELLER! 
216 big (H" X 8") pages! Over a thousand .(lustrations! 
Over 30 pages of complete projects to bu.id1
Thousands and thousands of useful components described 
and illustrated! No wonder it's a bestse ie-' 
DON'T MISS OUT! SENO 60p NOW! 
- - 1 
I POST THIS COUPON NOW FOP YOUP COPY OF OUR CATALOGUE . 

PRICE 60p I 
I I 

MAPLIN ELECTRONIC SUPPLIES 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone Southend (0702J 715155 
Shop 284. London Road. Westctff-on-Sea. Esse» 

iCmaa y Moro»,: T«ww« Saxhra IC 70« 


