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| EDITORIAL

BHello! And welcome toanother
edition of ‘Etectranics— The Maplin
Magazine'. Presented in this isstgis
part two of ihe fruly superb NICAM
Stereo TV Tuner Unit with details of an
astonishing special price deal forthe
complete kit! There's the start ofa -
much requested series on Audio
Frequency Induction Loop Sysiems.
By popular demand Bab Pentald
retums with more of his ingenious
Mini Circuits. Alan Simpson reporis
from the sludios of Sky TV; you may
evenwina Sky TV Satellite Systemiin
this issue's competition! The next part
in he series on radioteletyps isan
Audio Frequency Shiit Keying
Generalor. Graham Dixey takes us back
{0 Square One with the next instalment
of his beginners series. The SSM2015
microphone pre-amplifier will appeal
to anyone who uses low-impedance
microphiones. |f you have ever
wondered how computer data is stored
on disk, then read Compulersin the
Real World. In the near future projects
will be appearing which make use of
the TMS77C82 micro-contralier. Tony
Bricknell delves inside this extremely
llexible ‘self contained computer’ chip
and reveals ifs secrels. The concluding
pari of Switched Mode Power
Canversion deals with the remaining
converter topologies and locks at the
operation of a complete power supply.
And of course these's all he usual
regulars. So why not read on and
enjoy!

PROJECTS

BOB’S MINI
CIRCUITS

B Another collection of novel
experimenters circuits from
Robert Peniold.

7/NICAM STEREOD
TVTUNER UNIT

B Paritwo of 2 preject on
how {o build a fuli-funclion
siand-alone NICAM Stereo
TV Tuner Unit.

4 sstints

1 Dala File this issug
presents a high-quality very

|

SQUAREONE -

0 Pari three in this beginners
series loaks al resistance,
reactance and impedancs;
phase; ampliiier input and
outputimpedances; FET's,
test equipmentand aiso
piesentsa design for a bench
power supply unit.

-5k

25 COMPUTERS IN
THE REAL
WORLD

B Parl saven deals with
magnelic recording
principles; covering both
hard and floppy disk systems.

low nioise microphone pre- o Sl

amplifies.

AFSK
GENERATOR

1 Part four in the series on
receiving and transmitting
RTTY (radioteletypa).

4

TMS77C82
MICRO-
CONTROLLER

il Pari one infroducing the
Texas Instruments:
TMS7TC82 micre-
conroller.

.

SKY FLIES HIGH

B 0ut roving reporier takes a
{rip to the Sky TV Studios in
London and gives you the
opportunily fo win a

Sky TV satellite system!

J
J

AUDIO
FREQUENCY
INDUCTION
LOOP SYSTEMS

W Pari one in an authoritative
series aboul Audio
Frequency Induction Loop
Syslems, which deals with
boti the theory and praciice,
and also dispels same
commion myins.

4 SWITCHED
7 MODEPOWER
CONVERSION

BThe concluding part deals
with the push pull converter,
the half and full bridge
convererand looksata
mains operaled switch mode
power supply.
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Model Traffic Light

There have been numerous control
circuits for model traffic lights published
over the years, and virtually all of them are
based on logic circuits which comprise a
clock oscillator, a decoder circuit, and
LED drivers. This design is slightly
different, and is based on the ubiquitous
555 timer device (or four of them to be
more accurate). They are all operated in
the monostable mode, but together act as
a useful but little used form of oscillator.
This type of oscillator is known as the
“ring” type, because the monostables are
connected in a ring, with the output of one
driving the trigger input of the nexi. The
output from the final monostable is
connected back to the input of the first one
so as to complete the ring.

Probably the main reason that ring
oscillators are not used a great deal is that
they have a reputation for being unreli-
able. To produce oscillation, initially one
of the monostables must be triggered.
When its output pulse ceases it triggers
the next monostable, which in tum
triggers the next one when its output pulse
ends, and so on. Due to the feedback from
the last monostable to the first, continuous

From Robert Penfold

oscillation results, with one monostable at
a time producing an output pulse. The
reason for the lack of reliability in many
ring oscillator designs is that there is no
circuitry to ensure that one section, and
only one section, is triggered at switch-on.

This circuit uses all four 555's in the
standard monostable mode. The trigger
inputs are normally held high by 100k
resistors, and triggering occurs on the
falling edge of the pulse from the previous
stage due to the coupling via the 10nF
capacitors. At switch-on all the outputs are
low, which gives trigger pulses to all the

stages.- The problem with this parnicular
ring oscillator is therefore one of prevent-
ing three stages from triggering rather
than having to spur one stage into life. IC1
is allowed to trigger at switch-on, but R1
and C1 provide a negative reset pulse to
the other three stages which are therefore
held in an inactive state for a short while
after switch-on. This gives the d.c. levels
in the circuit time to stabilise before these
stages become active, and prevents
unwanted triggering.

An advantage of this circuit over the
more normal digital systems is that the

Traffic Lights.
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Circuit for Traffic Lights.
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duration of each phase of the simulation is
controlled by a separate C — R timing
network. The duration of each phase is
therefore individually controllable, and
can be set at any desired time (within
reason). The pulse duration of each
monostable is nominally 1.1 C R seconds
(with Cinmicrofarads and R in megohms).

A simple diode decoder circuit is
used to ensure that each output drives the

correct LED or LED's. IC1 controls the
“stop” phase, and drives red LED (D2). IC2
provides the next phase, and must
therefore drive the yellow LED (D5) as
well as the red LED, The next phase is the
“green” one, which is conirolled by IC3.
As this is the only stage that drives the
green LED (D8) there is no need for a gate
diode to be included here. The final phase
isthe “yellow” (or “amber”) one, and this is

governed by IC4. This stage drives the
yellow LED via gate diode (D7).

The current consumption of the unit is
quite high at about 35mA, and the use of a
fairly high capacity battery is recom-
mended. Alternatively, using low power
858's should enable the current consump-
tion to be brought down to only about
10mA (but will significantly increase the
cost of the umnit).

TRAFFIC LIGHT PARTS LIST

RESISTORS: All 0.6W 1% Metal Film SEMICONDUCTORS

Rl 4k7 1 (MIK) IC1,234 NE555 4 (QHBEW)
R238 1M8 2 (MIMEB) D1347 1N4148 4 (QL80B)
R3,6,9,12 100k 4 (MIOOK) Dz Smm Red LED 1 (WL2TE)
R4,7,10 5600 3 (MB80R) D5 5mm Yellow LED ~ N 1 (WL30H)
R5,11 M 2 (MIM) Ds 5mm Green LED 1 (WL28F)
CAPACITORS _ MISCELLANEOUS *

c1 100uF 10V Axial Elect 1 (FB48C)  S1 SPST Ultra-min Togglé 1 (FHI7F)
Cc28 10uF 50V Radial Elect 2 (LIOL) Bl 8 Volt (PPd size) 1 (FMOSF)
C3578 10nF Polyester 4 (BX70M) Battery Clip 1 (HF2TE)
c48 4. 7F 63V Radial Elect 2 (FF03D) DILIC Socket 8-pin 4 (BL17T)

EEoeTee———— T e e e

Electronic Joystick

Many popular home computers, in-
cluding virtually all Atari and Commodore
models, use a joystick of the standard
switch type having a 9 pin female D
connector. This type of joystick is
basically just four micro-switches and one
push-button type. Moving the stick up,
down, left, or right closes a difierent
micro-switch, with intermediate positions
closing the appropriate two switches, The
push-button switch is, of course, the
“firebutton”. This arrangement is well
suited to many computer games, butit can
be a bit awkward with others. For
example, racing car simulations often
have left and right stick movement for

steering, with backwards and forwards
movement giving acceleration and brak-
ing. With practice you can get used to an
arrangement of this type, but it always
tends to be something less than com-
pletely intuitive.

There have been many attempts at
improved joystick designs, and it is not too
difficult to devise your own arrangements.
It is by no means essential to use any form
of stick controller at all. Designs based on
five push-button switches, touch switches,
and even mercury switches have all been
used successfully. This joystick design is
intended mainly for use with racing car
simulations and similar software which
would benefit from have the side to side
and up/down controls separated. Control

is via two potentiometers, with a rotary
type being used for side to side (steering)
control, and a slider type providing
up/down (acceleration/braking) control.
The circuit consists of what are really
two identical stages, one for horizontal
conirol and the other for vertical conirol, If
we consider the stage based on ICI, this
consists of two operational amplifiers
connected as a form of window discrimi-
nator. VRI is the control potentiometer,
and it provides the input voltage to the
window discriminator. R1 to R3 form a
potential divider that sets the upper and
lower voltage limits of the window. With
VRI at a central setting, both outputs of
IC1 are low. Adjusting VRl for a
substantially higher wiper voltage so that
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Circuit for Electronic Joystick.
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the upper window voltage is exceeded,
results in the output of ICla going high.
TR2 is then switched on, pulling the “up”
input (pin 1) of the joystick port low.
Adjusting VR1 for a wiper voltage that is
below the lower window voltage sends
the output of IC1b high, switches on TR2,
and activates the “"down” input (pin 2) of
the joystick port. IC2 operates in an
identical circuit that drives the “left" and
“right” inputs, while S1 is the push-button
switch which drives the “firebutton” input.
Power for the unit is obtained from the
joystick port, and the current consumption
is only a few milliamps.

For any games controller to be a
success it is necessary to give careful
thought about the placement of the
controls. My experiments suggested that
results would be best using the two
potentiometers on a fairly large panel so
that they can be mounted several inches
apart. Mount the push-button switch
anywhere that puts it within easy reach
with one hand or the other. The two
potentiometers have a range of central
“off” settings, and the width of thisrange is
controlled by the value of R2 and R7. A
high value makes the unit difficuit touse as
the controls then have to be moved
through a large rotation range, making it

Electronic Joystick.

difficult to operate them rapidly. A low
value makes it easy to operate the controls
rapidly, but they can become excessively
fiddly, with it being difficult to locate and

leave the controls at the central “off” state.
A value of 1.5k is the one I found to be the
best compromise, but this value can be
altered to suit personal preferences.

RESISTORS: All0,6W 1% Metal Film
R1368 4k7

R2,7 1k5

R459,10 3k8

VR1 10k Lin Slider

VRZ 10k Lin Rotary
CAPACITORS

c1 10F 25V Axial Elect

bt e b DD e

ELECTRONIC JOYSTICK PARTS LIST

SEMICONDUCTORS
(M4ET) IC12 LM358N 1 (UJ34M)
(MIKS) TR1234  BC547 4 (0Q14Q)
(M3K9)
(FX33L) MISCELLANEQUS
(FW02C) si PushtoMake—ReleasetoBreak 1 (FHS1Y)
SK1 9.pin D Socket 1 (RKSIR)
DILIC Socket 8-pin 2 (BLITT)
(FB22Y)

Signal Tracer

What probably represents the most
useful low cost piece of test equipment for
checking linear circuits, apart from a
multimeter of course, is some form of
signal tracer. This is just a sensitive
amplifier driving a loudspeaker or head-
phones. It can be used to detect the signal
at various points in the equipment under
test, or perhaps more succinctly, it can be
used to detect its absence. The standard
method of fault finding using a signal
tracer is first to apply an input signal to the
faulty equipment (the normal signal
source is suitable, or the output from a
signal generator can be used). A check is
then made about half way along the signal
path to determine whether or not a
suitable signal is present there. If a signal
is detected, then further tests are made at
points in the main signal path working
towards the output. When a point that does
not provide a suitable signal is detected,
the fault is somewhere close to that point
in the circuit. If no signal is found at the
initial test point, then the fault must be at
some earlier stage in the circuit. Tests are
then made at various points along the the
A

main signal path, working towards the
input. Again, when an inappropriate
signal is detected, the fault is in a
component close to that point in the
circuit.

A signal tracer will often fail to
pinpoint the exact nature of the fault, and
voltage tests etc., using a multimeter, then

"

have to be used to find the exact problem.
A signal tracer will at least lead you quite
rapidly to the part of the circuit where the
fault is located. In some cases it willgive a
fairly clear indication of which component
is faulty. If a signal is present on one side
of a coupling capacitor but isabsent on the
other, then it is reasonably certain that the

IC1 = TLOBiCP IC2 = uAT41C .
o
C1 s2
22n 2 ca R7 On/0ff
= 2
ot g 100u 2u2 10k = _L &h
M 7| 220k L1 =™ 150p
— o —|—+
- av
100k Range | 407 /4 47u |
R3 SK1
10k Phenes
Earth
O
Circuit for Signal Tracer.
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coupling capacitor is faulty. Sometimes
the presence of a signal where there
should be none gives a clear indication of
the problem. For example, if a signal is
found across a decoupling capacitor, it is

highly likely that the capacitor is faulty or
not connected properly.

This signal tracer circuit has a threse
step attenuator at the input, providing
attenuations of about 0dB, 20dB, and 404dB.

T

- —

A normal volume control could be used
here if preferred, but the unit is designed
to be built as a probe type tool. Attenuator
switch S1 should be a miniature type, such
as a three position slider switch, so that it
can be easily fitted into a probe style case,
and will be gasy to operate. ICl acts as a
buffer stage at the input, and it provides
the unit with a suitably high input
impedance of about 1 megaohm. IC2
provides the voltage amplification, and
this is a standard inverting mode circuit
having about 40dB of voltage gain. C8
provides a small amount of high frequency
roll-off to aid good stability. The output is
intended for use with medium impedance
headphones of the type sold as replace-
ments for personal stereos, etc. These
should have the 'phones wired in series
(i.e. ignore the common earth lead and
make the connections to the other two
leads).

Power is obtained from a PP3 size 9
volt battery. This has an extremely long
operating life since the current consump-
tion of the circuit is only about 3mA. Inuse
the unit provides good sensitivity, and will
readily detect low level signals sueh as
those from a low impedance microphone,
At the other end of the dynamic range it

Signal Tracer. takes signals of seéveral volts peak to peak
to overload the unit,
C4 2u2F 100V PCElect 1 (FF02C)
SIGNALTRACER PARTS LIST o s 1 i
RESISTORS: All0.6W 1% Metal Oxide (e 150pF Ceramic Plate (WXS58N)
Rl M 1 (M1M) v
R2 100k 1 (MICOK) SEMICONDUCTORS
R37 10k 2 (MIOK) IC1 TLOBICP 1 (RATOM)
R43 10M 1 (M10M) IC2 pATRIC 1 (QL22Y)
R6 2k2 1 (M2K2)
R8 12k 1 (MI12K) MISCELLANEOUS
R9 220k 1 (M220K) 51 3-way Slider | (FvozC
s2 SPST Ultra-min Togg. : 1 (FHYTF)

CAPACITORS Bl 9 Volt (PP3 size) 1 (FK62S)
Cl 22nF Polyester 1 (BX72P) SK1 Stereo 3.5mm Jack Socket 1 (FE20W)
c2 100uF 10V Axial Elect 1 {FB48C) Battery Connector i * (HF28F)
C3 4nTF Polyester 1 (WW25D) DILIC Socket 8-pin 1 (BL1TT)
- o a &

Discrimineating

[ ] [ ]
Continvity Tester

With printed circuits tending to
become ever more complex and intricate,
the problem of short circuits between
adjacent tracks due to solder blobs and
splashes become increasingly acute.
Faults due to damaged or missing pieces
of track are more rare, but not unknown.
The odd break in the tracks is something
that can be difficult to aveid if you etch
your own printed circuits, with so many
contemporary designs calling for very
thin tracks. A continuity checker for
tracking down short circuits and track
breaks is an essential item for any
electronic project builder, and a multi-
meter switched to a medium resistance
range will work cuite well in this role. It is
less than perfect for this type of thing
though, and the main criticism is usually
that it is rather awkward to keasp looking
backwards and forwards between the test

August 1990  Maplin Magazing
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prods and the meter.

Many “improved” continuity tester
circuits have been published, and these
usually overcome this problem by using a
“beeper” to indicate continuity, rather
than some form of visual indicator. Some
designs, including this one, have one or
two other refinements. Although a multi-
meter can be a bit awkward to use as a
continuity tester, it has the advantage of
clearly showing the difference betweena
true short circuit, a somewhat higher
resistance such as a low value resistorora
forward biased semiconductor junction, a
higher resistance, and a total lack of
electrical conduction. Many continuity
tester circuits give little idea of the
resistance between the test points, and
often indicate continuity when there is a
low but significant resistance across the
test prods. Some are even activated if they
are connected across a forward biased
semiconductor junction.

This continuity tester circuit was
designed to be built as a probe type tool,
but could be built as a conventional unit if
preferred. It has the ability to differentiate
between a very low resistance, a higher
but still quite low resistance or a forward
biased junction, a higher resistance of
several kilohms, and a very high resist-
ance. These are indicated by a high
pitched "beep”, a medium pitched “beep”,
a low pitched “buzz”, and no output
(respectively). This gives more inform-
ation than the simple dual state indication
of most continuity testers, but does not
require the user to look away from the test
points.

The circuit is based on three
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10k 10k
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W 270k " [+ a] B1 |
IC1b - — W |
%2 51 8 R9 [] 2 |3 T=

51
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15 Ll2k2 D123 = 1N4148 T 10n
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Circuit for Continuity Tester.

operational amplifiers (IC1) which are
used here as voltage comparators. Note
that the LM324N used for IC1 is actually a
quad device, but in this circuit one
amplifier is left unused. The non-inveriing
inputs are fed with different voltages from
a potential divider circuit, while the
inverting inputs are all fed with the same
voltage which comes from a second
divider circuit. This last voltage is the
highest one, and it results in all three
outputs going low. This mutes the audio
oscillator based on IC2 (which is a low
power 555 timer in the standard asiable
mode). Placing a decreasing resistance
across the input of the unit results in the
voltage to the inverting inputs decreasing.
As it goes below the reference voltages at
the non-inverting inputs, first IC1a"s output
goes high, then that of IC1b, and finally the

output of IClc goes high. As each output
goes high, it places a lower timing
resistance in circuit, and boosts the output
frequency of IC2. This gives the three
tones to indicate the three levels of
continuity. The three pitches are well
separated so that they are easily disting-
uished from one another even if you do not
have a very good sense of pitch.

The current consumption of the unit is
quite low at about 2.5mA to 3.5mA. An
ordinary PP3 size battery is perfectly
adequate as the power source. Note that
LS1 is not a moving coil loudspeaker, but
is a ceramic resonator. An uncased type
mounted behind a cutout or grille in the
case should be suitable. It will only give a
low volume output, but for an application
of this type a higher volume is undesir-
able.

DISCRIMINATING
CONTINUITY TESTER
PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

R1,489 10k
R2 1k
R3 1512
R3 2k2
R6 IMB
RT 270k
RB 22k

CAPACITORS
Cl 4uTF 100V Axial 1 (FB18U)
c2 10nF Polyester 1 (BX70M)
SEMICONDUCTORS .
IC1 LM324N 1 {UF2sD)
IC2 TLC555CP 1 (RATEH)
3 (MIOK) D1,23 IN4148 3 (QLE0B)
1 (MIK)
1 (MI1SR) MISCELLANEOUS
1 (M2K2) S1 SPST Ultra-min Tegagle 1 (FHSTF)
1 (MIMB) Ls1 2Tmm Piezo Transducer 1 (QY13P)
1 (M270K) Bl 8Volt (PP3 size) 1 (FEB2S)
1 (M2ZK) Battery Connector 1 (HF28F)
DILIC Socket B-pin 1 (BL1TT)
DILIC Socket 14-pin 1 (BL18U)

Transistor Checker

The traditional transistor checker
design has a resistor to provide a
reference current to the base of the test
device, and a meter to monitor the
collector current. The current gain of a
transistor is equal to the collector current
divided by the base current, and therefore
the meter can easily be calibrated in terms
of d.c. current gain. As highly accurate
measurements are not usually required
with this type of equipment (most devices
are either fully serviceable or “dud” and
very low in gain), a low cost “tuning” or
“level” meter is often used as the basis of

L]

these units. This transistor checker uses
the alternative approach of a bargraph
display. This may seem a bit gimmicky,
but it is a practical approach in that this
type of display is physically much tougher
than any moving coil panel meter. There is
noreal risk of damage to the meter section
due to physical shock or electrical
overloads.

Two ranges are provided, with one
having a full scale value of 100 and a
resolution of 10, and the other havinga full
scale value of 1000 and a resolution of 100.
This enables both high and low gain
devices to be checked with reasonable
accuracy. The circuit is based on the

ever popular LM3914N bargraph display
driver. This can be used in the “bar” or
“dot” mode, and in this case it operates in -
the true bargraph mode. This gives a
clearer display than the “dot” mode, but at
the expense of a significantly higher
current consumption. The internal voltage
reference is used, and this sets the full
scale sensitivity at 1.2 volts, Inthiscaseitis
a current meter that is required rather than
a voltmeter. R7 is connected across the
input, and effectively converts the display
circuit to a current meter having a full
scale value of 10mA. R6 helps to keep the
current flow down to an acceptable level if
the test device is closed circuit. D11o D10

Maplin Magazine August 1990



are the bargraph LED's, and on the
prototype these are a proper bargraph
component. However, ten ordinary panel
LED's could be used here if preferred. R8
controls the LED current, and sets it at
about 6mA. The use of a reasonably
efficient display of LED's is recom-
mended.

Reference currents of about 10pA
and 100u A are provided at the base of the
test device by R3 or R4, with the desired
resistor being selected using range switch
S1. By taking this bias current from a
mid-supply tapping, the need for NPN/
PNP switching in the base circuit is
avoided. Initially, test the device with the
base unconnected so as to ensure that it
has insignificant leakage (i.e. no LED's
should switch on). Alternatively, add a
switch in the base lead so that base
current can be switched off to check the
leakage level, and turned on for current
gain measurement.

S52a provides NPN/PNP switching in
the emitter circuit, while S2b performs the
same function in the collector circuit.
There is a slight problem in that an NPN
test component will sink its collector
current, whereas the meter circuit re-
quires a current source. To overcome this
problem a current mirror comprised of
TR1 and TRZ is used to effectively convert
NPN test devices to current sources. R5
protects the current mirror against exces-
sive input currents.

The finished transistor checker re-

Transistor Check;‘/

quires no calibration, and is ready for
immediate use. The current consumption
is largely dependent on the number of
LED's that are switched on. The quiescent
consumption is about 7mA, but the supply
current can be close to 100mA with all ten
LED's activated. Four HP7 size cells in a
plastic holder make a good power source
for the unit, and will give many hours of
use despite the relatively high current
drain.

When using any simple transistor
tester you need to bear in mind that
current gain ranges in data sheets are
quoted at specific collector currents and
voltages. With this tester the collector
voltage is anything from little more than
zero to about 6 volts, and the collector
current is anything from zero to approx-

imately ten milliamps. What this means in
practice is that a test device which
measures as being just outside the
acceptable gain range is probably per-
fectly serviceable. The discrepancy is
probably due to the wrong collector
current/voltage being used, or a slight
lack of accuracy due to the component
tolerances of the tester itself. In the case of
power transistors, the indicated gain will
often be somewhat lower than the data
sheet would suggest. This is simply
because power devices normally have
their gain figures quoted at quite high
currents, but a simple tester of this type
can only use a moderate test current.
Fortunately, most “duds” are quite easy to
spot — they are usually either open circuit
or closed circuit.

D1 — D10 = Bargraph Display o/
0
9|8 |7 5|4 (3211 s3
R1 on/
2k2 7 \VA :/ off
12 |13 |14 16 |17 [18 |19 |20
~ 18 |17 |16 14|13 [12 | 11|10 - 5
220k B1
Ic1 .y
R4 LM3914N —_
22k PNP
S o RE 112
Ronge gg3 Oy NPN 100 1k ﬂ LR
Emitter —{ 1 _
R2 R7 R8 . 61
2k2 120 2'&2 T 10u
Circuit for Transistor Checker.
TRANSISTOR CHECKER SEMICONDUCTORS '
IC1 LM3914N 1 (WQ41U)
PARTS LIST TR1,2 BC359 2 (QQ18U)
D1-DI0 Red 10 Seg. Bargraph Display 1 (BY85V)
R.ESISTORSIMO.GW 1% Metal Film MISCELLANEOUS
g;*a %k ? (M2K2) o) SPDT Ultra-min Toggle 1 (FHS8G)
- o : (M220K) g DPDT Slider 1 (FH36P)
RS56 1000 2 Ma lmK)ODR 53 SPST Ultra-min Togale 1 (FHSTF)
o o 2 ( 1zch Bl 6 Volt (4 x HP7 size) 4 (FK53K)
(MIZOR)  sgy23 Transistor Socket 1 (WR25G)
Battery Holder (4 x AA) 1 (HF23G)
CAPACITORS Battery Connector 1 (HF28F)
Cl1 IU,ILF 50V PCElect 1 (FFO4E) DILIC Socket 18-pin 1 (HQT6H)
DILIC Socket 20-pin 1 (HQ7T))
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Resistance, Reactance
and Impedance

Figure 1 shows three passive
components, a resistor, a capacitor and
an inductor (coil). Each of these is able to
oppose the flow of current through them,
but it depends upon whether the current
is direct or alternating and, if the latter
two, what the frequency is.

Taking the resistor first of all, we say
that this component has the property of
‘resistance’, denoted by R and measured
in ohms (). Except for special cases,
resistance is generally assumed to be the
same whether the current is d.c. or a.c.

That is, if R = 1000 ohmsand V =
10V, thenI=V/R

: 5%1;000 Photo 1. Suggested front panel layout for the power supply unit.

whether Visd.c.orac, Notice that Xc is ‘inversely’ Finally, consider the case of a coil
(I=V/Ris Ohm's Law). proportional to frequency, so that the: (inductor). This is somewhat more

because this consists of two metal plates: ’being wound from many turns of copper

Now taking the case of a capacitor, h:gher :he frequency, me lowar the ‘complicated because practical coils,
separated by an insulator (the dielectric), ' T ‘wire, will have a d.c. resistance as well as

no direct current flows through it at all; xample .ﬁmpaun"' ”Ivah:a}mn!’ offering an opposition to a.c. However,
we say that the capacitor has a ‘blocking’ aa&mncyotmﬁz,wmhavaa | sometimes, the coil resistance is quite

action for d.c. There is an initial flow of ‘reactance of: small and can be neglected. For the
current, a short surge, when the direct (Note: 100nF = 100 10-°F) |z nt we will assume that that is the

voltage is first applied, but this merely Koo lltaxrrxmxlopxlﬂ'g) » . Note though that whatever the value
stores static energy within the capacitor ' & e, this'is the only opposition
o = 3978 ohms that the coil "f_remmd.c.msmummnﬂ
The same capacitor would havea | now to consider tion the
_mctanweqmltoonw%lwﬁhlﬂahwat gﬂ‘mtom
'4000Hz (397:9 ohms), but 10 times this
-va:noarm(aa-mohm). -

cunemlluweinom;direcﬁmuhalmm =

other as the a.c. reverses. lt_appaamttm L ‘
|.
v U U '
v v v
== . kA
R XL XC
- ¥ -y
27TfL 1
21T fC
= V.21 fC

| Figure 1. A resistor, capacitor and inductor all oppose the flow of current but in different ways.
mnﬂ mgzﬂm Angumunu
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may sometimes have particular
importance. Among these are:

1) Input impedance: more often
considered as just resistance, this is
measured between the input terminals of
the amplifier for a.c. signals only. In
general, the higher its value, the better.

2) Output impedance: also
considered as a resistance, this appears
between the output terminals for a.c.
signals only. It is usually desirable for this
1o be as small as possible,

Figure 4 illusirates the above ideas,
and can also be used to explain their
practical significance,

A source of voltage Vs (of amplitude
100mV RMS) has its own internal
resistance (as all practical sources do), in
this case, Rs = 600 ohms. The input
impedance, Ry, of the amplifier appears
to the signal as a 2000 ohm resistance.
The output of the amplifier is a voltags, i
Vo, (the signal voltage produced by
amplification of the input) in series with
the output impedance of the amplifier,
which is a resistance, Ro, of value 500
ohms. A resistive load of 2500 ohms is
connected across the output. The gain of
the amplifier is 80. The question is, ‘what
is the output voltage'?

It might be thought that, since output
= gain x input, that the answer would
simply be equaltc 40 x 0-1V = 4V.
(100mV = 0-1V). This is certainly not the
case, as can be shown.

For a start, the actual input to the
amplifier isn't 100mV at all. This is merely
what the signal source (playback head,
microphone, radio tuner, etc.) develops.
This voltage is divided between Rz and
Ry in direct proportion to their values.

! i ] 13 Y
j "i..-gH L
: : -_p
[ ; " 1
; L_» 3_20!
. r Qv
: ¥ |
- = -

Ei f:i 15v

o |
15v |

Photo 2. Component side view of circuit board. The heatsink used for IC3 need only be a plain
aluminium tab; the elaborate one shown here was just conveniently to hand.

This implies that some of the available
signal is ‘lost” across Rs. This immediately
makes it clear why Ry should be as large
as possible, since the larger it is, the

gareater will be the proportion of the

signal appearing across it. The actual
value for the circuit shown is calculated
as follows:

Voltage appearing across Ry;; = Vg x
Ry /(Rs + Rpy)
= 0-1x 2000/ (600 % 2000)
=01x077
= 0077V (77mV)

VIN = 77mV

VouT = 2.57v

Rs = goon

S

\l

I

RN —» L

Signal ™ <—Rout Load
source ™ ©s  _ 5000n| LI L RL = 25000
100mV i
my
! €g
- T = 3.08V
=40
€s is shared between Ey €0 is shared between
Rs and RIN Amplifier RoUT and RL

Figure 4. The meaning of input and output impedance of an amplifier.

Gain

1007 -

—3dB point
(70.7% of maximum response)

Lo [
/
/
!

70.7% ———;’ __________
/

Low frequency
response of
capacitively

coupled amplifier

bandwidth

le— Practical —

Frequency

Figure 5. The meaning of input and output impedance of an amplifier.
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It is this value of volitage that is
amplified 40 times to give an output of 40
x 0077, = 3:08V.

Even this is not the output that
appears across the 2500 ohms load, R;,
because part of it is dropped across the
output impedance, Ry. The actual voltage
across R; is obtained by the same method
as was used to calculate the true input
voltage. Obviously, the smaller the value
of Ry, the larger will be the proportion of
available voltage obtained.

That is, output voltage across R;,
= 308 x 2500/(500 + 2500)
= 3:08 % 2500/3000
= 257V

This is well short of the 4V output
that might have been otherwise assumed,

3) Bandwidth: the gain of an amplifier
is never absolutely constant with
frequency, though it is possible to design
it so that it is reasonably so over a
particular range of frequencies, for any
given application. For example, the
normally accepted range of audio
frequencies for good quality
reproduction of music is usually
considered to lie between 20Hz and -
20kHz. Bandwidth is a msthod for stating
in specific terms the range of frequencies
for which the gain is more or less
constant within certain limits, These limits
are termed the —3dB points of response,
which are illustrated in Figure 5.

Just to jog the memory, a reduction of
—3dB corresponds to a fall from some
maximum value to 70:7% of this
maximum. For example, if the maximum
gain of an amplifier is 100 then, at the
—3dB points the gain is 70-7. There ‘may’
be two —3dB points on the response
characteristic of an amplifier, one at low
frequencies, one at high frequencies. The
word ‘may’ is emphasised because in the
case of many IC amplifiers, there isonly a
—3dB point at high frequencies. The
curves for both of these two cases are
included in Figure 5.
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Field Effect Transistors
(FETs)

These devices fall into two main
classes — IGFETs (Insulated Gate FETSs)
and JUGFETSs (JUnction Gate FETs). It is
the latter type that we shall consider
here. Known generally simply as FETSs,
these transistors are significantly
different in principle and application
from Bipolar Junction Transistors (BJTs).
They ars, of course, active devices and
are, therefore, capable of amplifying
signals. A simple form of FET amplifier is
shown in Figure 6.

This figure also shows the circuit
symbols for the two types, known as
N-channel and P-channel. As with NPN
and PNP bipolar transistors, the main
difference is in the polarity of the supply.
The latter, known as Vpp, is positive for
N-channel devices and negative in the
case of P-channel types. The three
electrodes are termed the DRAIN (D),
GATE (G) and SOURCE (8),
corresponding more or less with the
collector, base and emitter, respectively,
of the bipolar transistor.

The voltages and currents of
imporiance are shown in Figure 6 (b) and
the situation will be seen to be somewhat
simpler than for the BJT. There are just
two voltages and two currents. This
simplifies even further when it is realised
that the two currents are really one and

Photo 4. Oblique view of assembled board.

the same; it is just given a different name,
Ip or I5, according to which terminal it
enters or leaves, This is because there is
no gate current. Therefore, whatever
current enters the source terminal will
flow through the FET and leave at the
drain terminal. The two voltages shown
are Vpg, the drain-source voltage and
Vs, the gate-source voltage, whichhasa
particular imporiance. A voltage, Vpg,
does, of course, exist between drain and
gate, but is rarely of interest in
considering circuit operation.

For any type of transistor {o operate

+VoD

-
&

Rg

ov
FET Amplifier

—Ves

+ _

Vps —Vps

D —lip

+————= Qutput
- $ i

Isi Vgs

—ls I T
Y
N—Channel P—Channel
'Symbols"

Figure 6. A simple amplifier using a junction-gate FET.

satisfactorily as an amplifier, it must be
‘biased", This means that the correct value
of current is set up in the transistor. In the
case of a BT, it is done by makinga
particular value of current flow in the
base lead. In the case of a FET, it is
carried out by setting up a ‘bias voltage'
beiween the gate and source terminals.
For any given value of this voltage, Vs,
there is a corresponding value of drain
current, In. This relationship can be seen
in the ‘transfer characteristics' of Figure 7.

The transfer characteristic is a graph
of current I; against voltage —Vgs. Note
the minus sign. If a particular drain
current is required, all that it is necessary
to do is to project this value across to the
curve and down to the horizontal axis to
read ofi the corresponding value of
—Ves. An example is shown in Figure 7. Tt
might seem from this that there isa
negative voltage in the circuit. Well, there
isn't as such. What — Vs means is that the
gate is negative ‘relative to the source'.
Put another way, the source is ‘positive
with respect to the gate'. This is easy to
achieve in practice. Back to the circuit of
Figure 6.

The gate is connected to the 0V line
through the resistor Rg; we say itis
‘referred to OV', meaning that, as far as

‘l Ip (mA)

_VG; v

This value of /

—Vgs (BIAS) gives
This value of Ip

Figure 7. The transfer characteristic of a FET; this shows the relation

between gate bias voltage and drain current.
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Photo 3. Copper side view of circuit board. Note carefully the track

breaks required: there are just eight of them.
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The minus sign in the above
expression means that there is a phase
shift of 180° between the input and output
of the amplifier. It is a commonly used
mathematical convenience that shouldn't
be allowed to confuse anyone.

At this point it is worth returning to
the matter of input impedance. One of the
advantages of'the FET is its very high
value of this quantity. Whereas a similar
amplifier using a BJT might well have an
input impedance of only 2 — 3 kilohms,
the figure for a FET would be as many
Megohms. A FET amplifier can make a
useful first stage in many applications,
since its high input impedance will not
‘load’ the signal source. Two application
circuits are shown in Figure 8, Circuit (a)

- shows a simple electronic voltmeter with
Photo 5. Close-up of the bridge rectifier and +5V section. very high input impedance; circuit (b)
shows the first stage of an amplifier used

dc. is._co_ncemgd. the gate IS at zero volis. which is variously called the. ‘forwa;d for disk reproduction, This amplifier has
Now look at the source. This goes to 0V transconductance’ (symbol g..) or ‘mutual a particular frequency response known
through a resistor Rs and, because the conductance’ (symbol g,,). We shall use as a RIAA ‘equalising characteristic’
source current Is flows through this the latter. If we divide current by voltage, (RIAA = Radio Industry Association of
resistor, the source is ‘positive with which is what we have done here, we get America), The gain of the ampliﬁar Ba
-respect to 0V (and hence also positive ‘conductance’ (clearly the reciprocal of maximum at low frequencies and then
with respect to the gate) by a voltage resistance). The unit for conductance was falls with increasing frequenéy atype of
equal to Is x Rs. For the latier current we once the ‘mho’ (ohm written backwards!); response which is required wit.h
could justifiably substitute I5 instead, nowadays it is the Siemen (symbol S). If magnetié pick-ups.
since Is and I, are numerically equal. For we divide milliamps by volis (as we Inst ts fi
practical purposes, therefore, the volt usually do in a practical situation), we get m_en_ or
drop across R equals I; x Rs. Whichever milli-Siemens (mS). Note that ‘capital §' Measuring Amplifier
way we look at it, the object of making and avoid confusion with ms, which Perf -
the gate effectively negative with respect means milli-seconds, quite a different unit €riormance
to source, by the required amount, has altogether. There are three instruments of
been achieved. This quantity is called ‘mutual’ particular value in measuring the
It is easy to calculate the value of Rs because it is a ratio of an ‘output’ quantity performance of amplifiers (and other
once the value of I; and — Vs have been over an ‘input’ quantity. That gives usa circuits, of course). These are, the signal
obtained from the transfer characteristic. clue as to its usefulness, when we generator (SG), the electronic voltmeter
Suppose that for a drain current of 2mA remember that the gain of an amplifier is (EVM) and the cathode ray oscilloscope
the value of —3:6V isread off the — Vs output/input. In fact, g, is used to give the (CRO). A brief resumé of their main
scale. By Ohm's law, the value of Rs — voltage gain of a FET amplifier by the features is as follows:
VeI, which equals 3-6V/2mA or 1-8K. simple relation: Signal Generator
The transfer characteristic has Voltage gain Ay = —g,, xRy Instruments of this type are available
another useful function. The slope of this (where Ry is the value of the load resistor for generating test signals anywhere in
curve is ‘change of I;/change of V<, in the drain circuit), the audio and radio frequency spectra.
D.C.
_ Input T
T +15v
1 100k 15.6M |
r‘:’* 22k
2N3B19 g
a7 sgor| | BOOpPF | 2500pF ' Output
. i i
180k —
100uA = j
0.5V ' i o1 ‘ ) 2N3819 .
470k | 22 1 12v 100nF 100k
5v 2k2 ! f
— Input 1‘.‘
S0V Set F.S.D. T M D 22k D T 22uF
] |
Sk [] Bk8  Set.” o— . e
ZEro :
l Gain
= 30k in series
with 22k "‘2[‘]
Frequency
(a) (b)

Figure 8. Two applications for FETs: (a) a FET voltmeter (b} an RIAR equalised disk pre-amplifier,
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For the moment we shall just discuss the
audio-irequency type. The purpose of
such an instrument is to generate
sinewaves, of very low distortion levels,
over a wide range of frequencies.
Although referred to as an ‘audio’
generalor, the range covered isalways
well in excess of the range of normal
hearing. In the case of one particular
type, the coverage extends from 1Hz to
1MHz. The output level must also be
capable of wide variation, so as to be
able to provide signals of only a few
millivolts (for testing high gain amplifiers)
or several volts for testing power
amplifiers or even loudspeakers.

It is usual to make the selection of
either frequency or amplitude the
function of two controls. One is a coarse
control that selects the range; the other is
continuously variable within the range
selected. Following telecommunications
practice, the output impedance is usually
a constant value of 800 ohms. An essential
feature, common to all well designed
signal generators, is constancy of
amplitude when the frequency is varied.
This is achieved by an automatic
amplitude stabilisation circuit within the
oscillator itself.

A further facility that is often
included is the option of a square wave
output.

Electronic Voltmeter

The average multimeter is limited to
the range of voltages that it can
accurately measure. It is limited by
inadequate sensitivity when it is
necessary to measure very small signals,
those of the order of a few millivolis or
less, It is also limited by its restricted
bandwidth. In this respect, digital
multimeters tend to be rather better than
analogue meters. They are, after all,
elecironic by nature and some of them
can perform well over a fairly wide range
of amplitude and frequency. The
specification for the instrument should be
consulted to find out just what its
limitations are. The analogue multimeter,

signal 1
generator © 0 o

Alternative connection to
measure Input voltage

|
I :
J = F :
Audio o = : o) O !

Amplifier under test -

EV.M

o] C.R.O.

Y Input

Figure 9. Test bench set-up for measuring amplifier gain.

on the other hand, tends to draw far too
much current from the circuit under test
when the measurements are of a.c.
quantities. The a.c. ranges of such
instruments are really suitable for
measurements at power frequencies, e.g,
the mains supply, but also for reading the
secondary voltage of a mains
ransiormer.

For general use in conjunction with
the type of signal generator just
discussed, the electronic voltmeter with
analogue read-out tends to be the best
choice. Its input impedance of several
Megohms means that it doesn't draw any
significant current from the test point. lis
sensitivity means that it is, usually,
capable of measuring voltages downtoa
few microvolis, while its bandwidth up to
say 6MHz or more, frees it from the
frequency restrictions of the multimeter.
If there is a snag, it is that it tends to be
fairly expensive. However, it is possible
to construct one of a limited specification
oneself, that is still capable of doing much
useful work.

Cathode Ray Oscilloscope

After the acquisition of the basic
tools and a multimeter, this is the
instrument that the serious experimenter
should put high on their shopping list. It is
the most versatile instrument that one can
own and is capable of a very wide range
of applications indeed. Not only canitdo
the obvious, actually ‘observe’ the
waveform; it can measure its amplitude
and frequency as well. It can also
measure phase angles between two

Photo 6, Plan view of fully assembled and wired power supply. Note the use ofa P-clipasa

cable clamp and the wiring of the mains switch.
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waves, say two voltages or a voltage and
a current. It is the most expensive
purchase that one is likely to have to
make, but it isn't that expensive when its
usefulness is considered.

Virtually all oscilloscopes have at
least two traces; some nowadays have
three. Two trace 'scopes’ allow direct
comparison between two waves, a really
useful feature, The vertical direction of
the display is termed the ‘Y’ direction
while the horizontal direction is termed
X'. The direction mutually perpendicular
to these two directions is termed ‘Z. This
axis is straight down the centre of the
tube; on a ‘two dimensional’ oscilloscope,
the ‘Z' axis is displayed by modulating
beam intensity and, yes, it does have a
use too, sometimes!

Each of the Y" inputs has its own
amplifier, with variable gain, calibrated in
mV/cm or V/cm. The X' direction is also
known as the ‘timebase’. The spot of light,
generated by the electron beam hitting
the phosphor screen at the front of the
tube, is swept from left to right, then
rapidly returned to the left to start a new
sweep, and so on. The variable timebase
control is calibrated in ps/cm, ms/cm or
s/cm.

Associated with each 'Y’ amplifier is
a shift control: there is also one for the X'
direction. These allow the display to be
shifted around and positioned as
required. Other facilities, often less well
understood for some reason, are the
triggering (synchronising) conirols. The
purpose of these is simply to synchronise
the frequency of the waveform being
observed with the timebase frequency.
This ensures a steady display. The
problem that newcomers find confusing
arises because of the various options
(quite essential) that the instrument
maker has provided to ensure a rock
steady display under a variety of
conditions. This means it is necessary to
understand how to set several switches in
combination, perhaps a potentiometer as
well, in order to get a stationary frace on
the tube.

Figure 8 shows how to set up a test
bench for measuring the gainof an
amplifier. The signal generator supplies
the input to the circuit; its value would be
set up by using the EVM initially. The
latter instrument is then connected across
the output, as is one Y input of the CRO.
Measurements of the output voltage at
different frequencies can then be made
and the gain calculated knowing the
amplitude of the input voltage. This can
be repeated at various frequencies to see
how the amplifier gain varies overa
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particular frequency range. The purpose
of the CRO in this case is simply to ensure
that there is no significant distortion in the
output waveform.

Measurementis on audio amplifiers
could occupy a sizeable article in its own
right. This is nothing more than a brief
introduction to the subject.

The Project — a versatile
Power Supply

We can't do very much
experimenting in electronics without
suitable sources of d.c. voltage. While
most TTL digital circuits require only a
+8V supply at modest current and many
operational amplifiers will be happy with
a balanced +15V supply, a variety of
other circuits need anything from about
3V to 20V or more. This power supply
design caters for all of the above cases
and details are given for its construction.
IC regulators are used throughout, thus
minimising the component count and
cost. The complete circuit diagram for
this power supply is shown in Figure 10.

The circuit uses a miniature mains
transformer with a dual secondary
arrangement. These latter windings are
connectied to a bridae rectifier BR1 so as
to produce a pair of unregulated d.c.
ouiputs of equal value but opposite
polarity. These voltages appear across

AEA) AT S T E A AT

¥

SE N AT URE O P N AT T

suggested layout for the front panel. The
case specified will accommodate the
circuit components adequately. Some
flexibility has been left in the actual
physical arrangemenis of the unit. It is
siressed, however, that this project
should only be undertaken when the right
level of competence in soldering, etc.,
has been attained and/or supervisory
help from a more qualified personis
available. Particular care should be taken
with the mains wiring of the unit; the
mains cable should be securely anchored
to relieve stress on the transformer
connections.

Testing the
Completed Unit

When wiring is complete, a visual
check should be carried out to detect any
errors, bad joints, etc. Make sure that the
electrolytic capacitors are the right way
round and that the rectifier and
transformer are correctly connected.
Particular care always has to be taken in
the case of mains-operated equipment.
When satisfied that all ought to be well,
the time has come to switch on. If this act
produces nothing other than a comforting
silence, a voltmeter should be used to
check the outputs of the +5V and =15V
sections, Then the variable output should
be checked, giving an approximate

TN ATER S 2 R AR,

such items. Apart fromsaving
substantially on the cost of factory made
equipment, there is the satisfaction
aspect, as well as the increasing seli-
confidence.

Appendix

1, Energy Stored In A Capacitor:

The capacitor is able to store energy
in the form of'an electrostatic field
between its plates. While it is storing
energy, a voltage exists between its
terminals. The amount of stored energy is
calculated from:

The energy W (Joules) stored’in a
capacitor of C (Farads) with a terminal
voltage V (Volts) is given by:

W=(1/2)xCxV?

Exzample: a 10uF capacitor with a
terminal voltage of 20V is storing;
0-5x 10x 10 °x 20°
=0-5x 10~ x 400
= 2 m] (milli-Joules)

2. Energy Stored In An Inductor:

The inductor (coil) is able to store
energy in the form of an electromagnetic
field within its turns, While it is storing
energy, a current is flowing through it.
The amount of stored energy is
calculated from:

The energy W (Joules) stored in an
inductor of L (Henries) with a current of I

the large value electrolytic capacitors C1 range from 3 — 20V. The variable control (Amperes) flowing is given by:
and C2 respectively. The nominal values should, logically, produce an increasing W =052 Lx L2
of these voltages appear on the circuit for voltage as it is rotated clockwise. If all is =
reference. The positive d.c. output feeds well, the unit can be boxzed up, the Exzample: a 20H coil carrying a
all three regulators, while the negative terminals marked with Letraset to current of A is storing:
supply is used only for the 4195 regulator indicate the outputs and you now have 05220x%5°
in order to develop the — 15V output. your own ‘hand-built’ power supply ready =05x20x25
A stripboard design is given, asisa for use. Perhaps just the first of many = 250] (Joules)
4185
L L L200
~cour [ 1] 5] -vir sE——Joutrur 78105
awo[2] BT O T T
2 E——JLIMITiNG 1 2 (Red) _
~cous [ 3| s e f} —TY 1) g 1 l 0 +5V
v [5] BEY 100mA
L] =1 78L05 e = | 155 roey
! |3 I (Black)
ouT (2} Ni1)
commia) 4195 (Red)
O +15V 100mA
4 Ic2 5
| . 0 —15V 100mA
< e l ST ol 5 .L (Blue)
+ c4 caC6 mmC7
SRR Clig =8 100nF C5  mmqouF =3 10uF
l | 1A A/S 1000uF | | _ 100nF
240v | N l ooV
50Hz | i_il- R2 (Black)
E l . ?gao F 1200 [2
N D—-O-/O-—A—I J u 1R5
$1 11 [Gov —21V - s
L Ic3 0 (Red)
—— +3V to +20V
=m CB
== 270nF 3 4 S00maA
R3 RV1 ov
EO {1 - —0(Black)
820R 10k

Figure 10. Circuit diagram for the power supply project.
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POWER SUPPLY PARTS LIST

Resistors .

Rl 47 |(M4KT)
Ra 15R (MIRS)
R3 820R (MB20R)
RVI 10k lin. pot. (FW02C)
Ci2 1000,F 35V Axial Electrolytic  20ff  (FBS3E)
c3 10nF Disc Ceramic (BXUOR).
C45 100nF Disc Ceramic 2off  (BX03D)
Cs.7 10uF 25V Axial Electrolytic 2off  (FB22Y)
cs 220nF Disc Ceramic (JLO1B)
IC1 78105 (QL26D)
ic2 4185 (XX02C)
1c3 1200 (YY74R)
‘Transformer T1 0-15V; 0-15V 10VA (LY03D)
Bridge rectifier BR1 type W01 (QL38R)
Fuse IAAS (WRISV)
Knob : _ tosuit
4mm Socket, red 3off  (HFI3Q)
“4mm Socket, black 3off  (HFG9A)
4mm Socket, blue loff  (HFI0M)

In the December 89— January "90
lssue of *Electronics — The Maplin
Magazine we set the “Take Your Pick
Competition”. Entrants had to correctly
identify three evervday electronic
components and suggesta subject foran
article or feature that they would like'to be
included in the magazine. A choice offive
superb prizes were available for the winner
to “take their pick’ from. The prizes were.

a Triple Trace 20MHz Oscilloscope: a
6-Channel Mixing Desk: a Laser Tube, PSU
& Controller; a Remote Control Computer
Graphic Equaliser or a VHE FM 2m 45W
Transceiver.

August 1990 Maplin Magazine

The correct answers were as follows:

1) 500 N Series Male Coaxial Connector.

2} 0.25\W Horizontal Mounting Garbon
Preset.

3) 2200uF 63V Snap-in Electrolytic
Capacitor.

The winner was 25 year old Lorne
Mason from ford, Essex, who correctly
identified the three components and gave the
following answer to the supplementary
question, [ would like to see an article on. ..
“The electronics behind electronic fuel
injection and management systems in cars.’
"This answer, was in the judges opinion, the
best suggestion. The editorial team are now

Presentation of the Oscilloscope to Lorne
Mason (left) by Maplin's Technical Author
Robert Ball.

searching the length and breadth of the
country to collate information for an article
on car electronic management systems,
watch this space!

Laorne has been-a Maplin customer
since 1980, he first became interested in
electronics some 8 years earlier at the age of
7. Apart from being a keen habbyist, he also
excelled at school and university; with
qualifications to the tune of 10 GCE 107
Levels, 2 GOCE ‘A’ Levels and a Bachelor of
Science Honours Degree. He currently
works as a Broadcast Engineer for the BBC
Waorld Service at Bush House in London,
where he maintains all manner of studio
electronics and transmission equipments
encompassing analogue, digital and radio’
frequency circuitry. Not surprisingly, Lorne
also holds a radio amateur's broadcasting
license. With his interest in radio, we
thought he would choose the VHF FM 2m
43W transceiver, but instead he chose the
Triple Trace 20MHz Oscilloscope; which he
said would be of great worth when designing
and building electronic devices.

Lorne has built quite a number of
Maplin kits, and when he got engaged to his
fiancée, Sarah, he threw a party with the
sound system built almost exclusively from
Maplin parts! The conerete lined
loudspeaker cabinets (which take two people
10 lift) are fitted with 12in 150W Big Cat
loudspeakers. 50WW bullet tweeters and
HPX2 high power erossovers. Perhapsa
future design for the magazine?
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Resumeé

In Part One of this article, a detailed
description of circuit operation was given.
In Part Two of this arficle we present full
constructional details for