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318
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1458
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324

3403
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RC4739

uA739

LM381

CA3130

CA3140
CA3160

NES31
RC4531

CA3080

CA3094

Input
offset
voltage
mv

2
2

2

1
0.5

Current
inputs

2

Not
applicable

8

8

OP AMP ABRIDGED PERFORMANCE SPECIFICATION

S = Single D = Dual Q = Quad

Input Type of Band-  Slew Voltage  Maximum CMRR

bias input width rate gamn supply dB
current  structure  MHz V/NS gandB volage
nA \

300 NPN 025 90 +18

Qty

70 NPN ‘0.25 100 +18

70 NPN 0.5 100 *+18

80 NPN 0.5 106 +18

NPN 0.5 103

NPN 0.5 110

NPN 50 106

106

103
110
70

NPN

NPN
PNP

Current
sinks

PNP

0.5

0.8
1.0

0.5
20

0.5

PNP

30 NPN

40 PNP

300 NPN

Not NPN 15

applicable

0.005 MOSFET 15

0.010 MOSFET 4.5

0.005
400

MOSFET 4
NPN 10

laBC NPN 2

100

faC NPN

300

0.4
04

0.4

0.4
0.4

Comments

Needs frequency compensation

Internal frequency compensation

Needs frequency compensation
Internal frequency compensation

A decompensated 741

Low supply current drain 0.3mA
Needs frequency compensation

Very low differential input voltage
range

Very low differential input voltage
range. Sometimes needs frequency
compensation

Internal frequency compensation
Internal frequency compensation
Low noise

Current balancing amplifier

Ground sensing inputs
Output voltage can go to ground
Low power. 0.8mA drain per IC

Ground sensing inputs

Class AB output

Output voltage can go to ground
Low power 3mA drain per IC

Low power 2.4mA drain per IC
Class AB output

Raytheon device only
Low noise audio amplifier

Fairchild device only
Low noise audio amplifier
Needs frequency compensation

Low noise amplifier
Internally compensated

Ground sensing inputs

Very high input impedance
Needs frequency compensation
Ground sensing inputs

Very high input impedence
Ground sensing inputs

Very high /input impedence
Very fast op amp

Needs frequency compensation

OTA device
Programmable gain
Current output

OTA device .
Programmable power switch/
amplifier
Pin for pin
replacement for

JFET input 248

op amps, with
fast slew rate
and wide
bandwidth
[TEXAS]

741
1458

747
324




®
i
“:- uie 2;
PATIER X1
ca
£
i
!
!
Lo
N VO| 2 1\%“3 ______
[ it N Sl T
e oA 2T pro e . WINTER 1981
s S = . ‘
Ly 1 i
& , N : - -

'

HOUSE

"POWE

-
h
p— p
G
HES

................. _MUSIC and DISCO...........
" INDICATORS andé
SWITCHES............ b o
SEQUENC and TIMIMG

>
c
2 9
.°

(=] - gg g

-~ TEST GEAR

MISCELLANEO

. GAMES............ oo
CLOCKS and OSCILLAT
PHOTOGRAPHY ...

EXE X
FUBE

——
[HERHEY

s

-

B3P N - e
) Editor . Ron Keeley :
oo Gronp Art Edltar Paul Wilson- Patterspn
By s Advertlsement
a Alan Griffiths
- e - Editoriat Asﬁstants"':ludhh Jacobs
- S - ~Finma Boylan -
Drawing Office i Paul Edwards
Managing Editor | RonHarris .. . .
Creative Director | Diego Rincon : 7
Managing Dlrector T.J Conmll |
‘

LT ; EDITORIAL AND ADVERTISEMENT OFFICE
P g L 145 Charing Cross Road, London WCZH OEE.
L Telephone 01-437 1002
* R . eaee -
o_s~, - Published by Modmags Ltd, 145 Charing Cross
a . : Road, London WC2H OEE
. ! ;3 Distributed by Argus Press Sales & Distribution Ltd
g 3 N Printed by QB'Limited, Colchester
P s T : . PO S
i, © Modmags Ltd 1981; All material is Subject (6 worldwuje copyright protecuon All reasonable care |staken inthe éreparano hof
g i “thé iagazine, but the ‘publishers cannot be heid Iegally responsible for-errors. Where mistakes dg occur, 2 cnrrecuon wilt
norm@lly be published as soon as posslble thereahet normally in the next edmon of Electronics D!'gf.\st ;
- DRI E . v .

g




Index
Audio

Active Tone Controls
Audio Oscillators

Audio Power Amplifiers
Audio Preamplifiers
Cassette Preamplifier
Cassette Radio Booster
Class A Amplifier

CI|pp|n? Monitor

General Purpose Amplifier
Headphone Amplifier
Hum Notch Filter

LED VU Meter

Peak Level Indicator

Peak Limiter

Peak Reading VU Meter
Power Amplifier

Preamp with dB-Stepped Gain Control
Remote and Touch Volume Controls
RIAA Stereo Preamplifier
Scratch and Rumble Filter
Simple Amplifier

Simple Preamplifier

Six Watt Siren

Stereo Synthesizer
Telephone Amplifier
Treble Booster

VMOS 10 Watt Amplifier

Clocks and
Oscillators

8038 Signal Generator
HF TTL Clock

Low Frequency Oscillator
Op-Amp Oscillator (1)
Op-Amp Oscillator (2)
Phase Shift Oscillator

10
96-98
93-95
87-92

Experimenter's

Design Notes

Twelve pages of circuits and technical tips

for the dedicated experimenter

4

87

Games

Heads or Tails
Magic Candle

One Armed Bandit
Quiz Monitor
Reaction Game

75
76
76
77
75

House and Home

Christmas Tree Lights Flasher
Doorbuzzer (1)

Doorbuzzer (2)

Egg Timer

Home Intercom

Table Lamp

Indicators and
Alarms

Car Battery Alarm

Infra-Red Intruder Alarm

Low Battery Voltage Indicator
Light Change Detector

LED Flasher

Low-Power LED Flasher
Opto-Thermo Alarm

Two Tone Alarm

Water Alarm

Miscellaneous

Electronic Thermometer
Insect Repellent '
Precision Half-Wave Rectifier

45
46
44
46
45

34
30
31
32

35
33
31
34

85
86
85

Music and Disco

Audio Limiter

Auto Waa

Automatic Fader
CA3080 VCA

Clipping Amplifier
Guitar Practice Amplifier
Metronome (1)
Metronome (2)

Noise Gate

Noise Source

20
25
26
21
22
20
24
29
24
19

Electronics Digest, Winter 1981



Opto-Tone

Reverberation Unit

Single IC Organ

Speech Processor

Sustain Unit

Tremolo Unit

Two Microphone Preamplifiers
Voice Operated Fader
Voltage Controlled Filter
Voltage Controlled Oscillators
Waa Waa

Photography

Flash Slave Unit (1)

Flash Slave Unit (2)
Simple Photo Timer
Slide/Tape Synchroniser
Sound Triggered Flash (1)
Sound Triggered Flash (2)

Power Control

12V DC Motor Speed Controller
Fast Fuse

Mains Interference Suppression

Nicad Charger

Nicad Current Generator
Overload Current Trip
Thermostat

Thyristor Switching
Two-Down-One

Power Supplies

5-13V Power Supply
Car Cassette Power Supply

Power Supply With IC Regulator

Regulator Booster
Regulated Power Supply
Simple Voltage Regulator
Single IC Power Supply
Supply Splitter
Unregulated Power Supply

Radio

10-30MHz Preselector

27MHz Radio Control Monitor
144MHz Converter

Bedside Radio

Electronics Digest, Winter 1981

59
61
62
64

Crystal Calibrator

Crystal Set

FET TRF Receiver

I.LF. Alignment Oscillator
Medium Frequency Amplifier
Morse Practice Oscillator
Radio 4 Tuner

Short Wave Converter
Simple MW Radio
Simple SW Radio

Two Transistor Radio

Sequence and

Timing

555 IC Timer

CMOS Monostable

D.M.M. To Stopclock Converter
LED Chaser

Simple Timer

Timer

ZN1034E Timer

Switches

Combination Lock

Differential Temperature Switch

Light Sensitive Switch
Opto-Thermo Switch
Touch Switch

Test Gear

AC Meter Booster

Active ‘Scope Probe

AF Millivolt Meter

AF Signal Generator

CMOS Logic Probe
Continuity Tester
Diode-Transistor Tester
Direct Reading Ohmmeter
FET Voltmeter

Field Strength Meter
Linear Scale Resistance Meter
Measuring Capacitance
Nanoamp Meter

Signal Injector-Tracer
Suppressor Tester
Transistor Checker
Transistor Tester (1)
Transistor Tester (2)
Zener Diode Tester

—_—— e _Index

59
57
58
57
60
58
63
64
62
61.
60

40

40
43
42
41
41



Audio

LED VU Meter

This simple peak reading VU
meter circuit uses six LEDs to indi-
cate six signal levels at — 14, — 8,
- 3,0, +3, and +6dB, or any other
levels having the same spacing
(eeg. —17, - 11, — 6, — 3, 0, and
+3dB, if preferred). About 24mV
peak to peak is needed in order to
activate the highest LED indicator,
so .the circuit is sufficiently sensi-
tive to be used with any normal
item of audio equipment.

- The circuit is based on an
LM3914N bargraph display driver
device (IC1), which can be used to
drive up to ten LEDs. This is con-
nected so that with 0V12 at the
input only the first LED indicator

switches on. With the input raised
to 0V24 the second LED switches
on as well; 0V36 causes three
LEDs to switch on and so on up to
an input of 1V2 or more whereu-
pon all ten LEDs are activated. In
this circuit only LEDs 1, 2, 3, 5, 7
and 10 are included in the display,
and these are D1 to D6 respecti-
vely.

The input signal is taken to a
variable attenuator which enables
the sensitivity of the circuit to be
set at the correct level. The signal
is then passed to a low gain com-
mon emitter amplifier based on
Q1 which gives a tenfold boost in
the sensitivity of the circuit. C2
couples the output from Q1 to the
input of IC1. R5 is the input bias

LED 1 TO LED 6 ARE ALL TiL209

resistor for IC1, and D7 protects
IC1 against an excess negative in-
put voltage. R6 sets the current to
each LED at about 12mA, but as
IC1 responds only to positive half
cycles the LEDs can switch on for a
maximum of 50% of time. This
gives an effective LED current of
6mA. The quiescent current con-
sumption of the unit is about 8maA,
rising to an absolute maximum of
44mA with all six LEDs activated.
To calibrate the unit, a 0dB test
signal should be fed into the
equipment and R1 adjusted for the
lowest sensitivity that does not
cause the 0dB LED to extinguish.
The input impedance of the unit is
about 80k and it will only lightly
load the monitored equipment.

O

R2
4k7

R1
1M0

Q1
BC109C

RV1 +
100k -
IN 140

A
1

LED 4 LEDS

+5-15V

-14

- i1
LERL LM3914N

A\ 4

A\ 4
'Y \ 7o

R4
470R

! RE
1«0
10k D7
1N4148

L

25V

-Ve

General Purpose Amplifier

This useful amplifier will provide
an output power of up to about 8
watts rms at low distortion (less
than 0.1% THD) into an 8 ohm
loudspeaker when using a 28 volt
supply. If used with a 4 ohm loud-
speaker the output power is in-
creased to about 12 watts rms or
so, with the distortion being
roughly doubled (although ob-
viously still quite low). The circuit
will operate with lower supply
voltages, down to less than 9

volts, with a reduction in the maxi-

mum output power.

The circuit utilises a TDA2030
integrated circuit, a modern divice
superior in performance and ea-
sier to use than most previous de-
vices.

It is used in much the same way

TDA2030 TOP VIEW

f——— 1
f— 2
O =——— 3

——¥]
b—m¢

fl
Qll.‘_',

RV1
22k
log

—0
+28V (26V max)

1l
1

-Ve

O

as an operational amplifier, and
like an operational amplifier it has
both inverting (~) and non-invert-
ing {+) inputs. In this circuit it is

used in the inverting amplifier
mode.

The non-inverting input is
biased to half the supply potential
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by R2 and R3; C2 decouples any
hum or other noise from the
supply lines. R4 biases the invert-
ing input of IC1, with a negative
feedback action stabilising the
output at half the supply voltage
under quiescent conditions. This
ensures that the circuit can pro-
vide the highest possible un-
clipped peak to peak output
voltage swing (and output power).

R4 also forms part of the network

which sets the gain and input im--

pedance of the circuit, with R1
forming the other half. The
voltage %ain is approximately
equal to R4 divided by R1, about
30 with the specified values. This
gives the circuit an input sensitiv-
ity of about 260mV rms for 8 watts
into 8 ohms. The value of R1 sets
the input impedance of the ampli-

—_— e Audio

fier at 22k, but volume control VRT
shunts the input to give a
minimum input impedance of
11kR.

Input and output DC blocking
are given by C1 and C4 respecti-
vely. C3 and R5 are a Zobel net-
work and aid the stability of the
circuit. C5 provides supply decou-
pling and should be mounted
close to IC1.

Clipping Monitor

WHEN using an amplifier at vir-
tually its full output power there is
a risk of “clipping’* occurring. The
amplifier is overdriven to the point
where output peaks are flattened
because the amplifier simply can-
not provide a high enough output
voltage. The distortion caused by
clipping is often quite severe and
readily apparent, but this is not
always the case. It is not uncom-
mon for the tweeters in loud-
speakers to burn out due to
overloading caused by clipping

Power Amplifier

Most Hi Fi amplifiers are similar to
this design. The circuit uses a
complementary output stage with
one NPN and one PNP power tran-
sistor; this eliminates the need for
an output transformer. Output
power is close to 1W with
reasonably low distortion.

The input signal is passed
through the volume control RV1
and then via C1 to the base of Q1.
The collector load for Q1 is com-
posed of R1, R6 and the loud-
speaker and the voltage at the col-
lector will be about half the supply
voltage, i.e. 4V5. The bases of Q2
and Q3 are also at the same
voltage (very nearly) as the col-
lector of Q1 because the value of
R1is so low.

At the junction of the emitters of
Q2 and Q3 the voltage will also be
very nearly 4v5. R3 and R4 limit
the current through Q2 and Q3.
When the amplified input signal is
less than 4V5, Q2 is turned off but
Q3 will conduct. When Q1 ampli-
fies the signal to above 4V5 the
reverse happens; Q2 conducts
and Q3 is turned off.

The signals are combined at the
common emitter junction of Q2
and Q3 and passed to the loud-
speaker through the large electro-
lytic capacitor C2. Small values of
C2 result in a poor low frequency
response. Negative feedback is
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R2

INPUT 220R
R1
470R
0.25W LED1
TiL200 Y
o—

producing strong high frequency
signals!

he circuit relies an the fact that
with less than about 2V applied to
a LED it will not pass any signifi-
cant current and will fail to light
up. If the voltage applied to the
LED is only marginally increased
above 2V, the LED avalanches, a

heavy current flows and it glows
brightly. R1 is adjusted so that the
voltage applied to LED1 via cur-
rent limiting resistor R2 is just suf-
ficient to cause D1 to glow quite
brightly when the amplifier is dri-
ven into clipping. With the ampli-
fier driven just below the clippin
threshold there is just enoug
voltage applied to the circuit to
cause LED1 to visibly glow, al-
though it does so at less than full
brightness. If the amplifier is dri-
ven significantly below the clip-
ping level there will be insufficient
voltage fed to D1 to cause it to
conduct and it will not light up.

SW1

BC109

AC176
AC128

SPO

INPUT

+
RV1 [}ﬂ b
5k0
c1

4u7
12v

) B1
- =+ av

NOTE:

Q1 iS BC109
Q2 IS AC176
Q3 1S AC128

provided by R5 and R2; these en-
sure stability by reducing the gain
slightly. R1 is included to provide
a small amount of base bias for Q2
and Q3; more sophisticated de-
signs use thermistors or diodes to

prevent thermal runaway.

. A disadvantage is the DC coupl-
ing of the transistors; the output
pair should be ‘matched pair’,
other types can be tried as long as
they are also ‘matched pairs’.
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Cassette Radio Booster

This amplifier was designed as a
booster to enable output powers
of around 4 to 5 watts rms to be
obtained. from a radio/cassette
unit. Of course, the ampilifier is
also suitable for other applica-
tions; it has an output sensitivity
of approximately 350mV rms into
10k for maximum output, and is
intended to feed an 8 ohm load.

The circuit uses a well known

configuration which has common
emiter input stage (Q1) direct
coupled to common emitter driver
stage (Q2), which is in turn direct
coupled to the complementary
emmitter follower output stage
(Q3 — Q4). R7 provides virtually
100% negative feedback at DC,
giving the circuit approximately
unity voltage gain at DC. R1 R2

and R4 form a potential divider
which bias the input of the ampli-
fier to about half the supply poten-
tial and the output is also biased to
about this level due to the DC
unity gain. This bias level gives
the optimum unclipped output
voltage swing. R1, C1 and C2 filter
out any hum or noise which might
otherwide be coupled from the
supply lines to the input via the
bias circuit. R6 and C5 are used to
decouple some of the feedback at
audio frequencies, and thus give
the unit a useful voltage gain at
these frequencies.

D1 is used to give a small
standing bias to the output tran-
sistors and, together with the
fairly substantial amount of nega-
tive feedback, reduces cross-over
distortion to an unnoticeable level.
The emitter follower output stage
gives the circuit a low output im-

pedance so that the load can be
efficiently driven with high output
currents. Q3 drives the speaker
during positive going output ex-
cursions while Q4 drives the
speaker during negative output
excursions. C6 provides DC
blocking at the output, and C3 pro-
vides the same function at the in-
put and C4 aids the stability of the
circuit. RV1 is a volume control,
and results will probably be best if
the volume control on the cassette
radio is set for a fairly high output
{but not so high as to cause clip-
ping), and the volume is adjusted
using RV1.

The circuit requires a stabilised
supply of 18 to 22 volts, and cap-
able of providing up to 400mA. Q2
should be fitted with a clip-on TO-
5 size heatsink. Q3 and Q4 are
both fitted with commercially
made, finned, bolt-on heatsinks.

1E =
1
220u +20V
25V -
4k7 220R
+ w
10 Q3
TIPA1A
i
I gur
ce
22000
Q4
TIP42A
—Ve
—)

Class A Amplifier

This design gives an output power
of about 4.1 watts rms into an 8
ohm load, but requires a supply of
22 to 24 volts at 1 amp. This gives
an efficiency of about 19% at best,
less than a third of the efficiency of
many Class B designs.

Q1 is used in the common emit-
ter input stage, and is direct
coupled to the output stage via
aryitter follower buffer transistor,
The latter is needed because of the
fairly high drive current required
by the output stage. Q5 is the out-
put transistor, employed in the
common emitter mode. It has a
constant current source as its col-
lector load, formed by Q3, Q4, and
R7. The latter sets the output cur-
rent of the circuit at just under 1
amp. The constant current genera-
tor load gives better efficiency
than a load resistor and also gives
good linearity.

INPUT

+
Hm

4 ~°
+22-24v
R7
Q3
B8C327 M
Q4
TIPAZA
a2 |} +
BC337 =
( P -fce
lr 470u
\ b v
2u2 33p R6 ca O‘k_JTPUT 8RO 40
%0 220p ———-{][—-o)
c5
R2 R4 + 0 2200u
18k 1K0 25V
c3 y
330u
25V o~
TIP41A e
. -0

R3 gives virtually 100% negative
feedback over the amplifier at DC,
giving unity voltage gain. By bias-
ing the input to half the supply
voltage using R1 and R2, the out-
put is also biased to the required
level of half the supply voitage. R5
and C3 decouple some of the feed-

back at audio frequencies, giving
the circuit a sensitivity of about
380 mV rms for maximum output.
C2 and C4 aid stability, while C1
and C5 provide DC blocking at the
input and output respectively.

Q4 and Q5 must be mounted on
a substantial heatsink.
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Peak Reading VU Meter

The type of VU meter normally
employed in tape decks and other
items of audio equipment is the
average reading type. These can
give misleading results on signals
that have a pulse-like waveform of
relatively low average amplitude
for the peak amplitudes involved.
This can lead to overloading and
consequent distortion on signals
of this type, eg piano and percus-
sion. One way around this prob-
lem is to use a peak reading VU
meter. This has a fast attack and
slow decay time so that it res-
ponds properly to brief and in-
termittent signals. The normal res-
ponse times for a unit of this type
are 2.5ms attack and 1s decay.
This unit roughly adheres to these
figures.

IC1 is an operational amplifier
which is used in the non-inverting
mode. R1,2 form a negative feed-
back network which sets the
closed loop voltage gain of the cir-
cuit at a little under ten. D1 is in-
cluded at the output so that IC1

Audio

3

Ic1
CA3130 2

PR1
220k

IN c1

o_l 100n

+9T0 15v

M1
130uA

~Ve

can supply an output current, but
a current cannot flow into the out-
put of IC1. The feedback is taken
from the junction of D1, R2 etc., so
that the input voltage appears
here amplified by about ten times
and the feedback overcomes the
non-linearity of D1. C3 is rapidly
charged to the peak output
voltage as it is fed from the fairly
low impedance of IC1 and D1. Its
only discharge paths are through
the much higher impedances of
R1-R2 and R3-M1. This gives the
circuit the required fast attack and
slow decay times. M1 responds to
the voltage across C3, which is, of

course, proportional to the peak
positive input level {the circuit is a
halfwave type and does not res-
pond to negative going inputs).
The VU meter movement used in
the prototype had a FSD value of
130uA, but the circuit should work
with any type having a sensitivity
of between about 50 and 200uA.

R1 biases the non-inverting in-
put of IC1 to the negative rail and
also enables the sensitivity of the
circuit to be djusted to the correct
level. At maximum sensitivity, less
than 1V peak to peak is needed for
FSD of M1. Current consumption
is only 400uA.

Peak Level Indicator

Peak audio level indicators can be
used in tape recorders, amplifiers,
mixers, and other radio equip-
ment to provide a visual overload
warning, and unlike slower res-
ponding VU meters, they produce
a proper response to fast tran-
sients. The circuit is based on the
inexpensive 723C device which,
although primarily intended for
use as a voltage regulator, can be
adapted to work well in many
other applications.

The 723C has a highly stable 7V
{nominal) reference voltage avail-
able at pin 6. This is coupled to the
inverting input of an operational
amplifier {(which is also part of the
723C device) via an attenuator,
R4,5. This gives a stable reference
potential of a little over 2V at the
inverting input. The input signal is
coupled by way of sensitivity
control RV1 to a common emitter
amplifier based on Q1 and fed to
the non-inverting input of the
operational amplifier by C2 and
R6. Under quiescent condition or
with a negative going signal at Q1
collector, the non-inverting input
will be at a lower potential than
the inverting one, and the output
of the amplifier will be low. If a
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positive going signal reaches a
high enough amplitude, though,
the non-inverting input will reach
a higher potential than the invert-
ing one causing the output to go
high. D1 is then switched on with a
current that is determined by the
output of the ampilifier and which
is largely independent of the
supply voltage. Discrete resistor
R8 actually sets the output current.
The specified value gives a
nominal 20mA LED current. R7
provides positive feedback which
ensures that D1 is either fully on or

off. It also tends to hold D1 in the
on state for slightly longer than
would otherwise be the case, thus
giving a clearer indication of a
brief overload.

The unit can be adjusted to res-
pond to input levels down to
about 100mV rms, which should
be more than adequate for all nor-
mal requirements. RV1 is adjusted
for the Ilowest sensitivity that
causes D1 to come on with an in-
put signal level equal to the lowest
overload level. Quiescent current
consumption is about 4mA.
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Active Tone Controls

This tone control circuit is easy to
incorporate in a stereo amplifier,
disco unit or whatever, as it has a
high input impedance (over
100kR), a nominal voltage gain of
unity and a low output impedence.
The usual bass and treble controls
are included in the unit, with about
12 dB of boost and cut being avail-
able at 100Hz and 10kHz. The
noise and distortion produced by
the circuit are both extremely low
due to the large amount of nega-
tive feedback used and the unit

can handle output signal levels of
several volts rms without clipping.

Q1 is used in a straightforward
emitter follower buffer stage that
gives the unit a high input im-
pedance. C2 couples the output of
Q1 into the tone control circuitry.
This is an active circuit which pro-
vides frequency-selective negative
feedback over an amplifier. The
amplifier uses Q2 as a conven-
tional common emitter stage
direct-coupled to emitter follower
output transistor Q3. The latter
gives the unit a low output im-
pedance.

The tone control networks are

slightly simpler than the usual
Baxandall configuration, but give
a perfectly acceptable level of per-
formance. RV1 controls the bass
while RV2 is the treble control.
Feedback is at a maximum with
the sliders of the potentiometers
to the right and at a minimum with
the sliders set fully to the left. Of
course the gain of the circuit is
inversely proportional to the level
of feedback. Maximum feedback
therefore corresponds to maxi-
mum cut and not to full boost. The
current consumption of the circuit
is Ia little under TmA per supply.
volt.
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Peak Limiter

The circuit is designed to take
almost any audio input but the
output will have all peaks above a
certain level, which can be ad-
justed, eliminated.

The circuit can either be wired
into a receiver circuit or directly
from a headphone socket. If wired
into circuit permanently, RV1
should take the place of the nor-
mal volume control and the output
should be wired to the point which
was previously connected to the
volume control slider. An extra
control plus a switch will also have
to be mounted on the receiver
front panel. The circuit can either
be left in permanently,as at most
settings it will not affect the signal,
or it can be switched.

The output of the receiver is
taken to the input and amplified by
Q1 which is connected in the com-
mon emitter mode. This transistor
will considerably increase the au-
dio level and this is applied via a
DC blocking capacitor, C2 to the
two silicon diodes D1 and D2. In
the normal way these diodes will
not have any bias voltage applied
across them and so they will pre-
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sent a high resistance, and will not
affect the output in any way.
However, as soon as the output
from the amplifier exceeds about
0V6, the diodes will conduct and
short the output to the negative
line. Two diodes are needed, one
connected each way around so
that both positive and negative
going peaks are shorted out. The
idea is to make sure that whatever
the input level across RV1, it can

be amplified so that at least OV6

can be applied across the diodes.
Since RV1 is adjusted so that the
level is always the same a volume
control has been included in the
circuit so that the output level can

[
e

be controlled in the usual way;
this is accomplished by RV2.

To limit the noise, the input level
is increased until the signal is just
distorting, then backed off slightly
so that no distortion is heard on
the peaks. RV2 is then adjusted as
a normal volume control. If RV1 is
adjusted well below the limiting
level and RV2 is adjusted for nor-
mal listening levels, the circuit has
no effect. However, it is a simple
matter to include SW1 which will
bypass the circuit. The supply
voltage can be taken from a bat-
tery as shown in the circuit, the
current drain being very small, or
from the receiver’s supply.
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RIAA Stereo
Preamplifier

Records are cut with a frequency
response such that when they are
replayed with a magnetic pickup
and a preamplifier with RIAA
equalisation (Recording Industry
Association of America) the repro-
duced sound will be as similar to
the original as possible.

The disc is cut at constant ampli-
tude, except from 500Hz to 2120Hz
where it is cut at constant velocity.
When this disc is replayed with a
magnetic pickup, the relative out-
put voltage rises with frequency,
due to the fact that the magne-
tically generated voltage is

TO MAGNETIC PICKUP

proportional to the velocity of the
stylus as it moves sideways in the
groove. To restore the original
sound quality, a preamplifier with
a frequency response that . gives
decreasing output with increasing
frequency is required. This res-
ponse curve is known as the RIAA
equalisation and it is tailored accu-
rately to fit the cutting and replay
processes. The signal level from a
magnetic pickup is low, generally
20mVpp and so a low noise pre-
amplifier is needed.

The circuit shows a realisation
of this requirement. The low noise
amplifier is the LM381 made by
National Semiconductors. A DC
bias control is included (RV1,

TO MAGNETIC PICKUP

,f —Audio

RV2), and the feedback compo-
nents generate the RIAA curve.
Use screened cable for the wiring
to the pickup, keep the circuit
away from transformers (and the
pickup and its wiring) and connect
Ia(I:I the earths together, near to the
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Treble Booster

A treble booster circuit can be
used with an electric guitar (and
also " electronic instruments) to
boost the higher order harmonics
and give a more brilliant sound. A
circuit of this type gives a fairly flat
response at bass and most middle
audio frequencies, with the upper-
middle and lower treble frequen-
cies being given a substantial
amount of boost. It is normal to
use only a modest amount of em-

phasis to the upper-treble in ‘order
to give good stability and a low
noise level, and this also prevents
the output from sounding too
harsh. The frequency response is
shown in the accompanying
graph.

The circuit is basically an op
amp used in the non-inverting am-
plifier mode. The non-inverting in-
put is biased by R4 and R5 via a
decoupling network which is com-
prised of R3 and C3. C4 and C5
give DC blocking at the input and
output respectively. With SW1

open there is virtually 100% nega-
tive feedback through R1, R2 and
C1, giving the circuit unit gain and
a flat response. Closing SW1
brings C2 into circuit, and this de--
couples some of the feedback
through R1 and R2 at frequencies
of more than a few hundred Hz,
giving the required rising res-
ponse. Feedback through C1 at
high treble frequencies causes the
response to fall away above about
5k5Hz, and prevents the very high
frequency harmonics from being
excessively emphasised.
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Simple Amplifier

The term “amplifier’” covers a very
wide range, from a one transistor
preamp to an ultra sophisticated
high power hi-fi system. There is
little doubt that the circuit shown
here is very simple. The output is
in the order 250mW — quite suffi-
cient for most purposes and com-
parable to that of the average tran-
sistor radio. The distortion level is
rather high, being about 5%.

The amplifier is also reasonably
sensitive and will give full output
with an input of about 50mV. Input
impedance is about 50kR..

The slider from the volume
control is connected to the base of
Q1 via a DC blocking capacitor. Q1
is connected as a conventional
common emitter amplifier with R2
providing the base bias and R3
acting as the collector load. This
stage is directly connected to the
second transistor which is a PNP
type. In this way the current pass-
ing through Q1 provides the bias
for the second transistor. The out-
put of the second transistor is con-
nected directly to the speech coil
of the loudspeaker. This is not nor-
mally good practice since the
standing current in the output
transistor continually biases the
coil either slightly in or out from
its usual operating point. However

“sw1
+
e ar——d
> B1
< JF oV
T

Ls1
150hm

if a large speaker is used, as it
should be, this has very little effect
and, since we are not aiming at hi-
fi, it does not matter.

The tone control comprises C2
and RV2 which are connected be-
tween the collector and base of
Q1. At high resistance settings
RV2 has little effect but on
minimum settings the 100nF feeds
back the high frequencies out of
phase, thus cancelling them.

For this circuit to work properly,
R3 must be selected with great
care. The value shown here of 39
ohms is a typical one and, al-
though it may be used for initial
setting up to ensure the circuit is

operating, the value should be
found by experiment. If it is too
low there will be severe distortion
at higher volume settings. If it is
too high the current drain will be
excessive even though the quality
of reproduction will be good.

It is very important that Q2 is
fitted with a heatsink as it will get
very hot.

The speaker impedance is not
all that critical and in the prototype
speakers with an impedance as
low as 8 ohms and as high as 80
ohms all worked well, although
changing the speaker impedance
will also necessitate a change in
the value of R3.

Scratch And Rumble
Filter

This is a 12 dB per octave add-on
scratch and rumble filter which
can be connected into the ‘tape
Monitor’ or some similar facility of
the amplifier.

Itis a conventional second order
filter circuit having passive high
pass filter formed by the series
capacitance C3 and C4, plus the
parallel resistance of R2 and R3
{the latter also being used to bias
emitter follower transistor Q1). A
passive filter of this type gives
only a very slow initial roll off, and
an ultimate attenuation rate of
only 6 dB per octave. A bootstrap-
ping resistor is therefore used to
improve performance. Above the
cut-off frequency, where the gain
of the circuit would otherwise fall
off somewhat, R1 has the effect of
reinforcing the input signal. Well
below the cut off frequency, losses
through C4 result in the signal
level at Q1 emitter being well be-
low that at the junction of C3 and
C4. This results in some of the sig-
nal at the junction of C3 and C4
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being tapped off through R1, with
C3 and R1 effectively forming a
second high pass filter network.
This eliminates the slow initial roll
off rate {in fact there is a small and
insignificant peak of about 0.5dB
above the cut off frequency) and
speeds up the attenuation rate to a
nominal 12dB per octave.

The low pass filter works in
much the same way as the high
pass one, except of course, the R
and C filter elements have been

transposed so as to give the cor-
rect filter action.

With the specified component
values the rumble filter response
falls below unity at approximately
45Hz, reaches the -6 dB point just
above 30Hz, and then falls away at
a nominal 12dB per octave. The
scratch filter response crosses the
unity gain point at about 6k5Hz,
reaches the -6dB point at approxi-
mately 10kHz, and then falls away
at a nominal 12dB per octave.
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Cassette Preamplifier

Used in conjunction with one of
the cassette mechanisms cur-
rently available on the surplus
market (or a mechanism removed
from an old recorder or player)
this preamplifier circuit makes an
inexpensive but useful cassette
player for use with a hi-fi system.
The output signal level from a
cassette tape head is typically
about 500uV or so at middle audio
frequencies for a mono head and
about half this level for a stereo
type. The preamplifier must,
therefore, provide a considerable
amount of voltage gain in order to
match this to a hi-fi amplifier,
since these require a signal level
about 1,000 times higher. It is also
necessary for the preamplifier to
provide equalisation, because the
output from a tape head rises at a
rate of 6dB per octave. However at
higher audio frequencies, tape
heads are not very efficient and

require a much less rolloff.
1 and Q2 are used in a conven-
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4k7? R11
R7 2k7
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]+
— = C7

10u
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tional two stage, direct coupled,
common emitter amplifier and the
frequency-selective negative feed-
back through C3 and R4 provides
the appropriate equalisation.
These also set the midband
voltage gain of the input stage at
about 46dB. With such a low input
level it is obviously necessary to
use low noise transistors (Such as

the BC109C) in order to obtain
good results. Running Q1 at a low
collector current, about 200uA,
also helps.

Q3 is used as a low gain com-

R9 I ouT
820R
ov
¢ -O

mon emitter stage, which pro-
vides the additional amplification.
R9 introduces negative feedback,
which controls the voltage gain of
Q3 and the specified value gives a
gain of about 14dB. For a stereo
unit R9 should be reduced to 330R
in order to give increased gain, to
compensate for the lower output
of a stereo tape head.

When playing a Dolby B en-
coded cassette SW1 can be
closed; this gives a small degree
of treble cut which provides a
reasonably flat overall response.

VMOS 10 Watt Amplifier

At first sight this circuit may seem
to be a straightforward Class B de-
sign having an emitter follower,
complementary output pair and
Darlington Pair common emitter
drive stage. However, the output
devides are, in fact, complemen-
tary VMOS transistors used in the
source follower mode (the FET
equivalent of the emitter follower).

R1 and R2 are used to bias the
unit to give the optimum quies-
cent output potential and they pro-
vide overall negative feedback,
which improves the quality of re-
production. D1 and C4 are boot-
strapping components, enabling
the gate drive voltage to Q3 to go
above the positive supply poten-
tial, giving improved efficiency to
the circuit. R3 is the main collector
load for Q2 and PR1 is used to give
a standing bias on the output tran-
sistors that gives a quiescent cur-
rent consumption of about 256mA.
The thermal compensation cir-
cuitry normally used is totally un-
necessary in this circuit, since
VMOS devices do not suffer from
thermal runaway. In fact the quies-
cent bias current will drop slightly
as the output devices heat up, but
not sufficiently to give rise to sig-
nificant crossover distortion.

-C2 and C5 provide DC blocking
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at the input and output respecti-
vely, while C1 is a supply decou-
pling component. C3 gives a de-

gree of high frequency attenuation

and aids the stability of the circuit.

Although the current in the
driver stage, only about TmA, may
seem to be totally inadequate, it is
in fact more than sufficient since
the VMOS devices have extremely
high input impedances and con-
sume no significant input current.
This is one of their main advan-
tages over bipolar devices. One
disadvantage in this particular ap-

—0

plication is lower efficiency due to
the higher threshold voltages and .
on resistance of VMOS transistors
in comparison to bipolar devices.
However, the circuit will give an
output of 10W rms using a supply
voltrage of about 33V or so (with a
current drain of up to about
600mA). An input of about 500mV
rms is needed for maximum out-
put.

Note: The output devices do not
have internal zener protection
diodes and the appropriate hand-
ling precautions should be taken.
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Telephone Amplifier

A telephone amplifier enables
more than one person to follow a
telephone conversation. The unit
described here, in common with
all normal units of this type, re-
quires no direct connection to the
telephone. Instead, the special
pick-up coil has a built-in rubber
suction cap that enables it to be
easily attached to the telephone
base. This produces a very weak
signal from the magnetic field
radiated by an inductive compo-
nent inside the telephone, but
satisfactory results can be ob-
tained if it is fed to low noise, high
gain amplifier. It would of course
be possible to use a much simpler
circuit if a direct connection to the

telephone were to be made, but
this would make installation more
difficult and it is ILLEGAL to make
a direct connection to a Post Office
telephone anyway.

The preamplifier stage of the
unit is based on IC1 which is a low
noise op amp having a FET input
stage. This is used in the conven-
tional inverting audio amplifier
mode and the negative feedback
network, R1, 4, sets the voltage
gain at about 40dB. (100 times).
C11 reduces the gain slightly at
high frequencies in order to obtain
an improved signal to noise ratio.

C4 couples the output from the
preamplifier to volume control,
RV1, and from here the signal is
coupled to the power amplifier by
C5. The output stage uses the

TBA8B20M, a class B amplifier
which will give an output power of
a few hundred milliwatts rms. The
closed loop voltage gain of the de-
vice is determined by the value of
R6, about 25dB. (180 times) with
the specified value. This gives the
required very high overall gain in
conjunction with the preampli-
fier's gain. C7, R7 and C8 are
needed in order to maintain stabi-
lity.

The quiescent current consump-
tion of the unit is only about 5maA,
but this rises to as much as 50mA
or so at high volume levels. The
best position for the pick-up coil
on the telephone base (not the
handset) can be located with a
little experimentation.
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Stereo Synthesiser

There are two common methods
of producing a pseudo stereo
effect from a mono signal; playing
the mono signal from the two
speakers in antiphase, and the use
of frequency selective techniques
which normally consists of
directing lower frequency signals
into one channel and higher fre-
quency signals into the other. This
circuit uses the second technique,
but can additionally give
antiphase signals which can give a
better effect, especially when
using headphones. -

Q1 is used as an emitter fol-
lower buffer stage which ensures
that the two filter networks fed
from its output are driven from a
low impedance source. If these
were driven direct from the input,
it is quite possible that they would
be fed from a source impedance of
a few kilohms or more, which
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would be quite sufficient to alter
their effective characteristics.

The two filters are formed by R4
and C3 (low pass), and C6 plus
R8 (high pass). A high roll off rate
is by no means essential in this
application and the 6dB per octave
attentuation rate of simple RC filt-
ers such as these is perfectly ade-
quate. The -3dB point of each filter
is at approximately 800Hz and the
combined output of the filters,
therefore, gives a virtually flat res-
ponse with no significant peaks or
troughs.

Q2 is connected as an emitter
follower buffer stage and this en-
sures that there is minimal loading
on the low pass filter. Q3 simitarly
ensures that there is minimal load-
ing on the high pass filter, but this
device is also used as a phase
splitter. With SW2 switched to
take the output from Q3’s emitter,
Q3 effectively operates as an emit-
ter follower and gives no phase

inversion. With SW2 switched to
take the output from Q3's col-
lector, Q3 then effectively acts as a
common emitter stage with 100%
negative feedvack (and unity
voltage gain) due to R11. It also
provides a 180° phase shift so that
the two output signals are in anti-
phase. An in-phase relationship is
needed to give a good central ste-
reo image and the use of anti-
phase signals tends to give an im-
pression of increased channel
separation.

In a stereo orchestral recording,
it is normal for the violins to come
from the left hand channel, with
the cellos and basses from the
right hand channel.Therefore, the
high frequency signals are fed to
the left channel and the low fre-
guency signals are fed to the right
channel so that the unit provides a
similar effect (although it will ob-
viously function properly with the

‘outputs connected either way).
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Stereo Synthesiser L
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'Preamp With dB-Stepped Gain Control

A handy little piece of test equip-
ment is a preamplifier with
stepped gain control selected by a
rotary switch. The circuit here
uses a single IC, 14 resistors and a
single-pole, 12-way rotary switch.

The voltage gain of an op-amp
is determined by the ratio of
R#/Ri,; thus by having Rg
switched, the voltage gain can be
varied. The input impedance of
thelz( preamplifier is set by R;, to
10k.

Headphone Amplifier

This simple stereo amplifier will
drive a pair of stereo headphones,
and can take its input from either a
tuner or cassette deck.

The circuit shown here is forone
channel, all the components being
duplicated in the other channel ex-
cept for S1, BY1, and VR4, which
are obviously common to both
channels. The two VR1s are a dual

OUTER RING — VOLTAGE GAIN AS A MULTIPLIER
INNER RING — VOLTAGE GAIN IN dB

VOLTAGE GAIN = Rfb/Rin
NOTE: AMPLIFIER INVERTS SIGNAL

gang component, as are the two
VR2s and the two VR3s.

The input signal is applied to
volume control VR1, and from
here it is coupled to a buffer stage
based on Q1. This gives the unit a
reasonably high input impedance
of at least 100k. Its output feeds a
conventional passive tone control
circuit that can give bass lift or cut
using VR2, and treble lift or cut
using VR3. VR4 is used in the stan-
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dard balance control arrange-
ment. The output from the tone
controls is coupled by C6 to a two
stage direct coupled amoplifier.
This uses Q2 in the common emit-
ter mode to give sufficient voltage
gain for an output level of up to
about 2Vrms from most sources.
Q3 is an emitter follower buffer
stage which matches the output
from Q2 to the relatively low im-
pedance of the headphones.
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Simple Preamplifier

This preamplifier has two inputs;
one for a magnetic cartridge and
the other is an “Aux’ input for a
tuner, tape deck, etc. Although the
_ circuit is very simple, it uses an IC
which is specifically designed for
this application and provides low
leveis of noise and distortion. The
unit is suitable for stereo opera-
tion and both the required ampli-
fiers are contained within a single
LM382iC.

The circuit diagram is for one
channel only, but apart from the IC
pin connections the other channel
is identical. The numbers in
brackets show the pin connections
for the other channel. The supply
connections of IC1 are common to
both channels. .

The LM382 has an internal bias-
ing circuit which sets the quies-
cent output voltage at approxi-
mately 6V and no discrete biasing
components are required. C6 pro-
vides DC blocking at the output.
When switched to the ‘“Mag”
mode, external feedback compo-
nents are required to shape the
frequency response characteristic
of the amplifier in the required
way. Bass cut and treble boost are
applied to the signals transferred

Hum Notch Filter
Magnetically induced hum is gen-
erally at a frequency of 50Hz, while
ripple hum is mainly at 100Hz.
This circuit can deal with either
‘type with switch selection of 50Hz
or 100Hz operation.

The filter consists of two tran-

-0
+10 TO a0V

—Ve
-0

onto records so as to prevent ex-
cessive low frequency groove
modulations and give an im-
proved signal to noise ratio. The
pre-amplifier must give corre-
sponding bass boost and treble
cut in order to give a flat overall
frequency response. C2, C3 and R1
are the discrete feedback compo-
nents and the LM382 itself con-
tains some feedback resistors. C4
and C5 provide DC biocking for
two shunt resistors in the ?eed- '
back network.

When switched to the "Aux”
mode, most of the feedback com-
ponents are not required and are
switched out of circuit by SW1a

sistor stages which each delay the
signal by 90°. The total delay
through Q2 and Q3 is therefore
180° at point X. The delay only
affects the hum part of the signal
and this delayed (or rather, phase
shifted) hum is mixed back into
the main signal via RV2. The hum

+9V (HUMFREE )

and SWic. C2 is left in circuit, but
is superfiuous. In this mode the
circuit has a voltage gain of only
about four and is really just
operating as a buffer stage. SW1a
connects the input of the amplifier
to the appropriate input socket
and C1 provides DC blocking at
the input. Of course the input wir-
ing must all be screened to
prevent stray pick-up of mains
hum, etc.

The current consumption of the
circuit is about 12.5mA. Due to the
high supply ripple rejection of the
LM382, it is not necessary to have
a highly smoothed and decoupled

supply.

in the main signal is cancelled by
the 180° shifted hum, and the
other (wanted) signal is virtually
unaffected. RV1a, g is used to vary
the centre of the notch frequency
by plus or minus 40%. With the
switch open circuit the frequency
of operation is 100Hz.
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6 Watt Siren

This nifty little design uses the
very latest advances in semicon-

ductor technology to implement a
very compact, inexpensive, yet ex-
ceptionally powerful alarm-sound
generator unit that can easily be
incorporated into an existing bur-
glar alarm system or similar
"security’”’ device.

The alarm circuit incorporates a
basic alarm-signal generator, fol-
lowed by a power amplifier stage.
The alarm-signal section of the
unit is designed around an inex-

pensive CMOS integrated circuit
that consumes virtually zero
"standby’’ power. The power am-
plifier stage is a real state-of-the-
art device, a low-cost VMOS
power FET which also consumes
virtually zero current when in
“standby’”” mode. Consequently,
the unit does not need a separate
on/off switch and can be left
permanently connected to a 12-
volt battery supply.

ICla and IC1b are wired as a
slow astable multivibrator and
IC1¢c-IC1d are wired as a fast asta-
ble. Both these astables are
"“gated’’ types, which can be
turned on and off via PB1. The out-

Audio

put of the ICa-IC1b slow astable is
used to modulate the frequency of
the IC1c-IC1d fast astable, and the
output of the fast astable is fed to
the external speaker via the Q1
VMOS power amplifier stage.

Normally, with PB1 open, both
astables and Q1 are inoperative
and the circuit consumes virtually
zero standby current. D1 and C1
are used to ensure that the astable
actions are not adversely in-
fluenced by voltage transients in-
duced into the battery supply
leads via the speaker. Note that
the speaker used in the system
must be an 8RO type with a power
-rating greater than 6 watts.
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Remote and Touch the basis of a novel touch  two contacts, can charge C1 via R1
Volume Controls operated volume control, as andhisorher skin resistance. This

The MC3340P IC can be used as
the basis of a remote volume
control, as shown in the first cir-
cuit. RV1 controls the voltage gain
of the MC3340P, which varies
from typically 13dB at minimum
‘resistance to about —80dB at
‘maximum resistance. Since only a
DC level is controlled by RV1, any
AC pick-up in the connecting cable
can be filtered out, which is the
purpose of C2. C1 and C4 are input
and output DC blocking capacitors
respectively. C3 rolls off the RF
response of the circuit to aid stabi-
lity and prevent RF breakthrough.

The MC3340P can be used as

shown in the second circuit. The
device is controlled by a voltage
rather than a resistance and gives
the same attenuation range as the
previous circuit.

The control voltage is obtained
from a charged capacitor (C1) via
an op-amp unity gain buffer stage
utilising IC1. IC1 has a CMOS input
stage which produces a typical in-
put resistance of 1.5 million Meg
ohms. This ensures the charge on
C1 is not significantly affected by
the circuit; once set, it remains vir-
tually unaltered for a long time.

The charge on C1 is set by the
operator who, touching the lower

decreases the control voltage fed
to IC2, and increases the volume.
Touching the upper two contacts
causes C1 to gradually discharge;
increasing the control voltage and
decreasing the volume. When the
unit is switched off, C1 gradually
discharges. At switch-on it is
necessary to bring the volume up
to the required level, rather like
using an ordinary combined on/off
switch and volume control.

Both circuits will handle input
levels of up to 500mVrms, with a
THD figure of about 0.6% at high
volume settings, rising to about
2% or so at low settings.
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Computing

BOOK SERVICE

How to order. Make cheques payabie to Computing Today Book Service. Payment in sterling only please. Orders should
he sent to Computing Today Book Service, Argus Specialist Publications Limited, 145 Charing Cross Road, London WC2H OEE.

All prices include P&P Prices may be subject to change without notice.

Klingman.

‘BEGINNERS GUIDE TO COMPUTERS AND
. § MICROPROCESSORS WITH PROJECTS
‘1 Adams.

£6.06

MORE BASIC COMPUTER GAMES
Ahl.

£6.60

BASIC FOR HOME COMPUTERS. A SELF
TEACHING GUIDE £6.60
Albrecht.

BASIC. A SELF TEACHING GUIDE. (2nd

Edition) £7.18
Albrecht.
ILLUSTRATING BASIC £4.26

Alcock.

Z2-80 MICROCOMPUTER HANDBOOK £7.75
Barden.

HOW TO BUY AND USE MINICOMPUTERS
AND MICROCOMPUTERS £7.90
Barden.

HOW TO PROGRAM MICROCOMPUTERS

Barden. £7.26
BASIC BASIC £7.25
Coan.J.

ADVANCED BASIC. £7.35

(_:oan.J.

MICROPROCESSORS FOR HOBBYISTS
Coles. £3.78

MUSICAL APPLICATIONS OF MICROPRO-
CESSORS £18.30
Chamberlain.

PROGRAMMING AND INTERFACING THE
6502, WITH EXPERIMENTS £11.90
De Jong.

CRASH COURSE — MICROPROCESSORS
£13.10
Frienzel.

HOW TO DESIGN, BUILD AND PROGRAM
YOUR OWN WORKING COMPUTER
SYSTEM

Haviland.

£7.10

MICROCOMPUTERS,
MICROPROCESSORS, HARDWARE,
SOFTWARE AND APPLICATIONS £17.40
Hilburn.

MICROPROCESSOR SYSTEMS DESIGN
£18.80

CHEAP VIDEO COOKBOOK 6.50

Lancaster.

SON OF CHEAP VIDEO COOKBOOK £6.65
Lancaster.

50 BASIC EXERCISES
Lamoitier.

£10.06

MICROPROCESSOR INTERFACING TECH-
NIQUES £11.20
Lesea.

INTRODUCTION TO MICROPROCESSORS
Leventhal. £11.26

BASIC WITH STYLE £4.50

Nagin.P.
LEARNING BASIC WITH THE SINCLAIR

ZX80 £4.55
Norman.

HANDS ON BASIC WITH A PET £11.95
Peckham.

THE 8080A BUGBOOK £8.36
Rony P.H.

6800 SOFTWARE GOURMET GUIDE AND
COOKBOOK £9.20
Scelbi.

8080 SOFTWARE GOURMET GUIDE AND
COOKBOOK £9.20
Scelbi.

6502 SOFTWARE DESIGN £7.50
Scanlan.

1001 THINGS TO DO WITH YOUR
PERSONAL COMPUTER £6.00
Sawusch.

6801/68701/6803 MICROCOMPUTER PRO-

GRAMMING AND INTERFACING £10.40
Stangaard.
CP/M PRIMER £8.90

MOSTLY BASIC. Applications for your
TRS 80 £8.20

MOSTLY BASIC. Applications for your
APPLE £8.20

MOSTLY BASIC. Applications for your PET
£8.20

CIRCUIT DESIGN PROGRAMS FOR THE
TRS 80 £9.60

INTRO TO PASCAL £10.50

USING CP/M SELF TEACHING GUIDE £6.86
Z-8000 PROGRAMMING £12.15

GIANT HANDBOOK OF COMPUTER PRO-
JECTS £6.10

57 PRACTICAL PROGRAMS AND GAMES

IN BASIC £6.656
Tracton.

PASCAL HANDBOOK £11.58
Tiberghier.

8080/8085 SOFTWARE DESIGN £7.60
Titus.

8085A COOKBOOK £10.50
Titus.

TRS 80 INTERFACING BOOK 1 £6.75
Titus.

TRS 80 INTERFACING BOOK 2 £8.156
Titus.

YOUR OWN COMPUTER £2.26

Waite.

MICROPROCESSORS. FROM CHIPS TO

SYSTEMS £8.50
Zaks.
PROGRAMMING THE 6502 £10.50
Zaks.
6502 APPLICATIONS BOOK £10.50
Zaks.
PROGRAMMING THE 280 £11;55
Zaks.
CP/M HANDBOOK £10.90

Zaks.

INTRODUCTION TO MICROCOMPUTER

PROGRAMMES £4.90
6502 GAMES £10.50
INTRO TO MICROCOMPUTERS. Vol 0
£8.00
INTRO TO MICROCOMPUTERS. Vol 1
£12.06
PET AND THE |EEE 488 BUS £14.35
8086 BOOK '£16.50
WHAT IS A MICROPROCESSOR £10.00
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Voice Operated Fader

The purpose of a voice operated
fader is to mix two signals and to
automatically fade out one of
these to some predetermined
level when a signal is present in
the other channel. Normally the
control signal is a commentary of
some kind and the controlled sig-
nal is music. With no control input
signal, the controlled signal is fed
via C5 and R8 to one input of a
conventional two input mixer
which is based on IC1.

Some of the control signal is ap-
plied to the other input of the

mixer, and the rest is fed to a com-
mon emitter amplifier based on
Q1. The output of this is fed to a
rectifier and smoothing circuit
comprised of C3, R4, D1, D2, R5
and C4. Normally Q2 is cut off, and
R6 strongly reverse biases JFET
Q3. Q3 therefore has a very high
drain to source resistance
{typically about 1,000 me%ohms),
and has no significant effect on
the circuit. However, in the pres-
ence of a suitable control input
signal, the negative bias produced
by the smoothing and rectifier cir-
cuit switches Q2 hard on, and eli-
minates the reverse bias on Q3.

Music and Disco

The drain to source resistance of
Q3 then falls to about one hundred
ohms or so and causes greatly in-
creased losses through R8. Thus
the required automatic fade out
action is obtained. R7 can be ad-
justed to give any level of fade out
from about -6dB. to about -60dB.

R3 controls the voltage gain pro-
vided by Q1, and in practice is ad-
justed for the lowest gain (highest
resistance) that gives reliable
operation of the unit. Note that
this input is not intended to
operate direct from a microphone,
and a suitable pre-amplifier must
be added here.
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Noise Source

The sort of noise we mean is not
the type neighbours complain
about. This circuit produces an
electrical signal which, when
suitably amplified, sounds like a
hiss of escaping gas. This can be
used for sound effect production
— it can form the basis of sound
effects ranging from surf hittinc?; a
beach to a steam train — or for
testing loudspeakers.

The operation of the circuit de-
pends on the reverse-bias break-
down of Q1. This occurs when the
voltage across the emitter and
base of the transistor reaches 7 to
8 volts. At this voltage the tran-
sistor produces noise. The rest of
the circuit is dedicated to keeping
the current through Q1 to just the
right level (too little — no noise;
too much — dead transistor!) and
to amplifying the result.

The bias for Q2 comes through
Q1; if Q1 passes a lot of current,

Electronics Digest, Winter 1981
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Q2 will turn on more and the
voltage at the bottom of R1 will
drop. This will cause the voltage
across Q1 to drop and the current
through it will decrease. In this
way the current is kept to a
reasonable level. C1 provides a

R1
4k7

path to earth for the high fre-
quency noise which appears on
the collector of Q2. This ensures
that the fast changes in the current
through Q1 (and this is, after all,
what we are after) are not ‘ad-
justed’ in the same way and lost.
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Audio Limiter

When making tape recordings, es-
pecially of “live” performances, it
can be very difficult to set the cor-
rect recording level. This can eas-
ily lead to an excessive recording
level and consequent distortion
occurring unless the recording
level control is kept well backed
off. The price one then has to pay
is a low recording level and subse-
quent low signal to noise ratio.
The normal way of overcoming
this problem is to use an audio
limiter circuit ahead of the tape
deck. This device normally passes
the signal straight through to the
recorder, but if the input exceeds a
preset threshold level it attenuates
the signal so that the output level
is not sufficient to overload the
recorder.

In this circuit the input signal is
applied to an attenuator which is
formed by R1 and PCC1. Normally
PCC1 is in total darkness and ex-
hibits a very high resistance
(typically a few megohms) caus-
ing minimal losses through the at-
tenuator. This stage feeds into the
high input impedance of the emit-
ter follower buffer stage formed
by Q1 and its associated compo-
nents. and this ensures little loss
of signal level.
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Some of the output signal is fed

from the slider of VR4 to a rectifier
and smoothing circuit which is
composed of D2, D3, and C4. If the
input signal is sufficiently strong,
the positive bias produced by the
circuit will be adequate to switch

on Q2 and light emitting diode D1’

which is connected in its collector
circuit. The light output from D1 is
aimed at the sensitive surface of
PCC1 (the surface to which the
leadout wires do not connect) and
this causes a large reduction in the
resistance of PCC1. The larger the
input signal is made, the more
strongly D1 glows, and the greater
the recuction in gain. This has the
effect of preventing the output
level from rising far above the

—3

level at which D1 begins to initially
switch on. On the prototype this
threshold level is at about 230mV
and increasing the input level to 4
volts rms causes the output to rise
to only about 320mV. Higher
threshold levels can be obtained
with VR4's slider adjusted to the
appropriate point. The attack and
decay times of the circuit are both
quite short so that the unit quickly
responds to changes in signal
level and is not normally conspic-
uous in operation.

Construction of the unit should
be quite straight forward, but the
unit must of course be housed in a
light proof box so that PCC1 is
shielded from the ambient
lighting.

“

Guitar Practice

Amplifier

The circuit is based on an
LM389N audio amplifier IC which
contains a small class B power
amplifier. The output of the ampli-
fier is coupled to the speaker via
DC blocking capacitor C6 and the
break contact of headphone
socket JK1. Automatic loud-
speaker muting is provided by the

latter when the headphones are
connected. The output voltage
swing is considerably in excess of
that required by most phones, and
so a degree of attenuation is pro-
vided by series resistor R7. R6 and
C5 are a Zobel network which aid
the stability of the circuit.

As the voltage gain of the ampli-
fier is preset at about 26dB by an
internal feedback network, an in-

+
R5 v
680R 5

ca
100u
v

put level of over 100mVrms is re-
quired to produce full output.
Some form of preamplifier is
therefore required. The LM389N
has the unusual feature of con-
taining three NPN transistors in
addition to the power amplifier cir-
cuit. The terminals of these tran-
sistors are connected to individual
pinouts of the device, and it is two
of these devices that are used to
form a suitable preamplifier. Q1 is
used in the common emitter
mode, and unbypassed emitter re-
sistor R3 is used to introduce
negative feedback which both
boosts the imput impedance of
this stage to the required level
(about 50k) and reduces its
voltage gain to the appropriate
figure (about 19dB).

c6
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Reverberation Unit

This unit simulates the long re-
verbation time of a large hall
{usually around 2s or so) and can
be employed as a musical effects
unit or to improve certain types of
home-recording. Reverberation is
caused by sounds being reflected
around the interior of a room and
in the case of a large hall the
sounds are usually reflected many
times before losing sufficient
energy to render them inaudible.
This, coupled with the fairly long
distances covered by the sound
waves between reflections, gives
the long reverbation time and re-
verberant sound of a large hall.
There are several ways of simu-
lating reverberation, but the sim-
plest and most commonly used is
probably the springline system. A
springline consists of two
transducers linked by one or two

long springs. If a signal is fed into
one transducer it produces a cor-
responding audio signal which is

transmitted down the spring to the

second transducer. Here it is re-
converted into an electrical signal
again. However, the sound signal
travels down the spring relatively
slowly, and the signal is reflected
backwards and forwards along the
spring many times before it de-
cays to an insignificant level.
Thus, the output from the second
transducer is a good simulation of
natural reverbation.

In this circuit the input signal is
fed to the low impedance input
transducer of a short springline
via an emitter follower which
gives a reasonably high input im-
pedance of about 10kR or so. This
uses Q1 in a conventional config-
uration. The output of the spring-
line unit is fed to one input of a
mixer circuit. This is based on IC1

Music and Disco

and again uses a conventional and
well known arrangement. There
are substantial losses through the
springline and so the mixer is de-
signed to boost the output of the
springline by over 46dB (200
times). The other input of the
mixer is fed with the input signal,
but the high value of R5 gives only
about unity voltage gain at this
input, so that the main signal does
not overwhelm the reverberation
signal.

RV1 enables the amount of re-
verberation signal mixed into the
main signal to be controlled. It.can
be reduced right down to zero by
fully backing off RV1. SW2 can be
used to cut out the main signal so
that only the reverberation signal
appears at the output, if desired.
The only other control is on/off
switch SW1. The current con-
sumption of the unit is approxi-
mately 10mA.
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CA3080 VCA

A simple voltage controlled ampli-
fier can be made using a CA3080,
an operational transconductance
amplifier made by RCA. This is ba-
sically an op-amp with an extra
input at pin 5. A current | is in-
jected into this input and controls
the gain of the device linearly.
Thus by inserting an audio signal
{£10mV) between pin 2 and 3 and
by controlling the current on pin 5,
the level of the signal output (pin
6) is controlled.

In effect, the audio signal is
multiplied by the current |. The
output of the CA3080 is a current
output and so a resistive load (R5)
is needed; Rb5 in fact becomes the
output impedance of the circuit.

The current controlling the
CA3080 is generated with a
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NOTE: NO OUTPUT WHEN Vin C IS NEGATIVE
voltage to current converter IC1,
Q1, R1. This circuit linearly
converts VinC into a current {l)
where:

_VinC
T R1

When VIinC=0V, | is O so the
CA3080 is turned off. When VinC is
positive, | is generated and so the
VCA is turned on. When VinC goes
negative, | is off, so no output is
produced from the VCA.

The VCA finds many uses in the
automatic control of signal levels
and in generating envelope
contours in electronic musical
equipment.
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Two Microphone
Preamplifiers

The first preamplifier circuit
shown here is for use with low
impedance (200 or 600 ohms) dy-
namic microphones. Most electret
type microphones have an inte-
gral source follower JFET buffer
stage which gives a low output
impedance, and should also work
well with this circuit. Low im-
pedance microphones have an ex-
tremely small output voltage
which.in normal use is unlikely to
ever exceed TmVrms. This means
that the preamplifier must have a
high voltage gain and a very low
noise input stage if a high signal
to noise ratio is to be achieved.
This circuit requires only about
200uV rms at the input for an out-
put level of 1V rms, and the un-
weighted signal to noise ratio (in-
put open circuit) is a little under
—66 dB.

A common base input stage is
used, based on Q1 which is an
ultra low noise, high gain device.
Although the common base con-
figuration is not often encoun-
tered in audio circuits it is ideal for
this application as it gives the re-
quired low imput impedance and
high voltage gain. In order to ob-
tain a really low noise level Q1 is
operated at a collector current of
about 180uA. C4 is an RF filter ca-
pacitor, and reduces the risk of
radio signals picked up by the in-
put wiring breaking through to the
output. With high gain circuits
such as this RF breakthrough is
not an uncommon problem, and
ideally the unit should be built into
a metal case so that the circuit is
screened from RF signal sources.

The output from Q1 is fed by
way of gain control RV1 and
coupling capacitors C5 and C6 to a
two stage amplifier circuit. Q2 is a’
common emitter amplifier and
provides additional voltage gain.
Q3 is used as an emitter follower
output stage and gives the circuit

SK1
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VR1
oy %—m;—-

-3

§1
ON/OFF

ls

c7 B1
10u v

a low output impedance. Power is
obtained from a 9 volt battery
supply and the current consump-
tion is about 3 mA.

Many dynamic and electret
microphones have an integral step
up transformer which gives in-
creased output voltage, but the
available output current is of
course decreased and so a pre-
amplifier having a higher input im-
pedance (usually 50k) is required.

The high impedance
microphone preamplifier shown
here requires an input level of ap-
proximately 5mVrms for an output
of 1Vrms, and the unweighted sig-
nal to noise ratio (input short cir-
cuited) is well over —70 dB, re-
ference this output level. Apart
from the input stage the circuit is
virtually identical to the previous
design, the only difference being
that the emitter resistor for Q2 has
been increased in value. This has

been done because the circuit only
needs to have a moderate amount
of voltage gain, and the increased
negative feedback produced by
raising the value of the resistor.
gives the necessary reduction in
gain.

The input stage is again run at a
fairly low collector current (about
250uA.) in order to give a low
noise level. Only a moderate
voltage gain and medium input
impedance are required from this
stage, and so Q1 is employed in
the common emitter mode with
non-bypassed emitter resistor R4

‘being used to introduce negative

feedback, to give increased input
impedance and reduced voltage
gain. The input impedance to Q1
is actually somewhat higher than
is required, and so R1 is used to
shunt the input and reduce the im-
pedance to approximately the re-
quired figure of 50k.

-
1

Clipping Amplifier

Probably the main use for clipping
amplifiers these days is in musical
“fuzz’’ effect. This circuit uses two
common emitter amplifiers based
on Q1 and Q2 to drive a simple
clipping circuit using D1 and D2.
RV1 is the input attenuator and if
this is adjusted for an output level
of less than about 1 volt peak to
peak at Q2 collector, neither D1 or

22

D2 will be sufficiently forward
biased to conduct significantly.
These components then have no
real effect on the circuit, which in
consequence operates as an ordi-
nary amplifier. Assuming SW1 is
closed, and if RV1 is adjusted for a
signal level of more than 1 volt
peak to peak at Q2 collector, dur-
ing positive output excursions
when the signal amplitude is
greater than 0V5, D1 will conduct

and act like a low voltage zener,
preventing the signal from ex-
ceeding OV5 in amplitude.
Similarly, on negative output ex-
cursions D2 will limit the signal
level to no more than —0V5. This
causes the sighal to be severely
distorted by the clipping action as
shown in Ya), the distortion pro-
ducts giving the desired “‘fuzz”
effect.

A circuit of this type can be used
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to produce a form of sustain effect
when employed with a guitar.
Here RV1 is adjusted so that clip-
ping occurs even when the signal
from the guitar has decayed con-
siderably. This results in the out-
put signal remaining at a virtually
constant 1 volt peak to peak level
for the duration of each note,
whereas a guitar signal normally
hits a high initial peak and then
rapidly decays. In this application
the hard clipping produced by the
unit will produce the fuzz distor-
tion products whether they are re-
quired or not. This problem can be.
alleviated to some degree by
switching SW1 to the “soft”’ posi-
tion. R6 is then connected in series
with D1 and D2, and this gives the
smoother clipping action shown in
{b) due to the voltage developed
across R6 when D1 and D2 pass a
current. This greatly reduces the
high frequency distortion pro-
ducts, the most noticeable and ob-
jectionable ones.

Music and Disco
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The circuit has an input im-
pedance of about 47kR and needs
an input of less than TmV rms to
produce clipping. If the full 1 volt

peak to peak output is not re-
quired, R7 can be used to atten-
uate the signal to the required
level.

Speech Processor

Speech processors can be used in-

public address systems, disco
equipment, etc. Bass frequencies
do not aid the intelligibility of
speech, and treble frequencies are
of little help either. The signal can
therefore be made more effective
by attenuating the higher frequen-
cies (above about 3kHz) and the
lower frequencies (below about
250Hz), and then boosting the sig-
nal to compensate for the reduc-
tion in its amplitude. .

A speech signal has a rather spi-
key waveform, and the average
signal amplitude is rather low in

comparison to the peak level; the
signal is given considerably more
“punch” if the peak -levels are
compressed.

In this circuit the signal from the
{50k impedance) microphone is
amplified by a two stage pre-am-
plifier using Q1 and Q2 in the com-
mon emitter mode. RV1 is
microphone gain control. The out-
put from the preamplifier is
coupled by C6 to a simple clipping
circuit which uses D1 and D2 to
clip the signal at about £ 0V5. In
use the output from the preampli-
fier will be somewhat higher than
this, and so signal peaks will be

I+

severely reduced by the clipping
circuit, but signals below = 0Vb
will not be affected. o

This gives the required com-
pression but also generates high
frequency distortion components.
These are attenuated by an active
low pass filter based on Q3 and
having a nominal 18dB per octave
roll off. The low frequency atte-
nuation is obtained by using low
value coupling capacitors. ,

RV1 is adjusted to give the de-
sired amount of compression, and
should not be advanced too far as
this would cause the output to be
severely distorted.
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Noise Gate

The purpose of a noise gate is sim-
ply to reduce the gain of the equip-
ment when there is only a low sig-
nal level. Thus, during brief
pauses that occur during normal
speech the background noise is
attenuated but, while the speech
signal is present, the gain of the
equipment is returned to its nor-
mal level. The true signal to noise
ratio is not actually improved at
all, but the monotony of the con-
tinuous high noise level is re-
moved, making the signal easier
to listen to and aiding intelligibil-
ity.

Q1 is an N channel JFET which
is used here as a voltage
controlled resistance. Under qui-
escent conditions Q1 gate is
biased to the negative supply rail
by R3, and this switches the device
hard on so that it exhibits a low
resistance of about 100 ohms. The
input signal is applied to an atte-
nuator which has R1 as the series
element, and R2 plus the drain to
source resistance of Q1 as its
shunt element. With Q1 switched
on there is a loss of about 11dB
through the attenuator.

2N3820
BASE

VIEW
a4

c5

A3
180k I 22n

Some of the input signal is am-
plified by a common emitter am-
plifier based on Q2, and then fed
to a rectifying and smoothing cir-
cuit which is comprised of D1, D2,
and C5. If the input signal is of
sufficient strength this produces a
strong positive bias to switch off
Q1, causing its drain to source re-
sistance 1o increase to many me-
gohms. There is then very little
attenuation of the signal. Thus,
low signal levels (noise only) are
reduced while high signal levels
(noise and wanted signal) are
allowed to pass virtually unaf-

fected. The attenuator must feed
into a fairly high impedance or the
action of the circuit will be im-
peded. An emitter follower buffer
stage based on Q3 is therefore in-
terposed between the attenuator
and the output. The time constant
of the circuit has been made quite
short so that there is a quick res-
ponse to changes in signal level.

The circuit will operate with an
input level of between about
50mV and 2Vrms. R6 is adjusted
for the lowest resistance that does
not cause the background noise to
activate the unit.

Metronome (1)

There have been a great number
of electronic metronome designs
published over the last few years,
the majority designed to simulate
the sound of a mechanical metro-
nome (Maelzel's metronome). The
usual method of achieving this
consists of feeding brief pulses to
a loudspeaker at the appropriate
beat rate, giving the required
“clicking”’ sounds. One drawback
of this system is that a normal
miniature loudspeaker can only
give limited volume from such a
signal. :
One way of producing a more
effective metronome that is not

easily masked by the sound of
music, is to feed the speaker with
a pulsed tone, giving a much more
noticable and penetrating sound.
The sound produced is somewhat
different to that of a conventional
metronome, but is nevertheless
perfectly acceptable in practice.
The circuit shown here is for a
metronome of this type. The audio
tone is produced using a 555 asta-
ble circuit based on IC2 and its
associated components. The
timing components (R4, R5, and
C3) give a roughly squarewave
output at a frequency of about
1k24Hz. This signal is fed to the
loudspeaker via DC blocking capa-

IC1 is used in another astable
circuit which is used to pulse the
tone generator at the required
beat rate. The operating frequency
of this oscillator can be varied
from about 290 pulses per minute
with RV1 at minimum, down to
about 48 per minute when it is set
at maximum. The timing compo-
nent values have been chosen to
give very brief negative output
pulses; during these, Q1 becomes
cut off. Normally Q1 holds pin 4 of
IC2 at a fraction of a volt and
prevents the tone generator from
oscillating, but this muting is re-
moved when Q1 becomes cut off,
and a brief tone burst is fed to the
speaker.
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Tremolo Unit

This is one of the most popular
types of special effect unit for use
with guitars. The operation is to
amplitude modulate the input sig-
nal with a low frequency signal.
Thus a constant input as in (a)
would emerge from the tremolo
unit varying in amplitude at a low
frequency asin (b).

In this circuit the input signal is
taken to the input of an electronic
attenuator (based on IC2) via com-
mon emitter amplifier Q1. R6 sets
the gain of the attenuator (with
zero modulating voltage) at about
unity, but the amplification pro-
vided by Q1 gives an output level
of a few hundred millivolts. This
can either feed a high level ampli-
fier input or R7 can be adjusted to
attenuate the output to a level
which is suitable to drive the ordi-
nary guitar input. It is necessary to
have the amplification stage
ahead of IC2 so that this part of the
circuit is handling a fairly high sig-
nal level and gives a good signal
to noise ratio.

The gain of IC2 can be varied by
applying a control voltage to pin 2.
This control signal is generated by

400184011
1 14
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7912813

!
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a conventional CMOS astable cir-
cuit which uses two of the gates
contained in IC1. The operating
frequency of the astable can be
varied from about 1 to 10 Hz by
means of frequency control RV1. A
squarewave signal is produced by
the astable, and this must be fil-
tered to remove the high fre-
quency components in order to
give a smooth and pleasant tre-
molo effect. This filtering is given
by R2 and C4. RV2 controls the
amplitude of the modulating sig-
nal and acts as the tremolo depth

N
Ml

SW1 can be used to

control.
disconnect the modulation when
the tremolo effect is not required.

Auto Waa

An unusual feature of this circuit is
that the Waa-Waa effect is ob-
tained by operating a foot-switch,
rather than the more usual
method of operating a potentiom-
eter via a pedal mechanism.

The circuit uses a quite conven-
tional arrangement based on com-
mon emitter amplifier, Q1. Fre-
quency selective negative
feedback is provided by C3, 4.
These provide little feedback at a
certain frequency. A peak in the
response of the amplifier is pro-
duced at this frequency, as the
lack of feedback enables virtually
the full voltage gain of Q1 to be
‘realised. The actual frequency at
which the peak is produced can be
controlled by means of a resis-
tance between the juction of C3, 4
and the negative supply rail. With
a high resistance here the peak is
produced at a high frequency. By
varying the control resistance the
peak can be swept up and down
the audio frequency spectrum,
producing the familiar Waa-Waa
effect.

The control resistance is formed
by the collector to emitter im-
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pedance of Q2. Under quiescent
conditions Q2 is switched off and
the peak is at such a low frequency
that it is effectively non-existent. If
PB1 is operated, C5 charges up via
R5 and, as the voltage across C5
increases, Q2 is biased harder into
conduction by the base current it
receives through R4. This causes
the peak to be swept up through
the audio band until C5 becomes
fully charged. If PB1 is then re-
leased, Cb gradually discharges
through R4, Q2 and R6, causing
the bias on Q2 to decrease and the
peak to be swept down the audio
spectrum. Thus the required effect

is produced by closing and
opening PB1. The Waa-Waa fre-
quency is partially controlled by
the frequency at which PB1 is
operated, but C5 restricts the
range of frequencies that can be
obtained in practice. However, the
value of C5 can be altered to suit
individual requirements, or sev-
eral switched components of dif-
ferent values could be used.

SW1 enables the Waa-Waa cir-
cuit to be quickly and easily by-
passed. R1is needed to reduce the
gain of the unit which would
otherwise be excessive. Current

consumption is about 2maA.

25



Music and Dlsco

Automatic Fader

This unit can be used for discos,

slide shows, film shows, etc. At

the flick of a switch it can be used

to automatically fade a signal in or

out, without introducing any clicks
- or other background sounds.

In this circuit P channel JFET
transistor Q1 is used as a voltage
controlled resistance. Its drain to
source resistance forms a voltage
controlled attenuator in conjunc-
tion with R1. The input signal is
applied to this by way of DC
blocking capacitor C2. When
power is initially applied to the cir-
cuit, C4 will be uncharged and the
gate to source voltage of Q1 is
therefore zero. This gives Q1 a low
drain to source resistance of only
100 ohms, causing high losses
through the relatively high resis-
tance of R1. The output from the
attenuator is only one 10,000th of
the input level (- 80dB) and the
signal is thus effectively cut off. As
C4 begins to charge via R2, Q1
becomes increasingly reverse
biased, causing its drain to source
resistance to increase. As this re-
sistance increases, the losses
through R1 decrease, causing the
signal to “fade” in. Eventually the
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drain to source resistance of Q1
reaches its maximum value of
about 1,000 megohms, which
gives no significant losses
through R1.

Switching SW1 to the “down”
position gradually discharges C4
through R3, returning the bias on
Q1 to its original state and fading
out the signal.

IC1 is used as a high impedance
buffer stage that ensures little
loading is placed on the attenua-
tor.

The fade up and fade down
times are controlled by the set-
tings of R2 and R3 respectively,
and can be adjusted from a frac-
tion of a second to about 8
seconds or so. If the full fade out
level of about - 80dB is not re-
quired, a 1M preset can be in-
serted between Q1 drain and the
junction of R1-C3; the fade out
level can then be adjusted from
about 6dB to the full 80dB. The
current consumption of the unit is
only 2mA.

Voltage Controlled
Filter
The CA3080 is an operational

transconductance amplifier; what
this means is that it is an amplifier
whose gain can be controlled.
Thus the CA3080 finds lots of uses
in circuits where something has to
be varied electronically, one such
example being a voltage
controlled filter. .

A bandpass filter is constructed
using IC2, R4, C1, C2. This is a
multiple feedback bandpass filter
and normally there is another re-
sistor which is connected from
ground to the junction of the two

I O ' INPUT
R2

capacitors. By varying this ‘other’
resistor, the resonant frequency of
the filter can be changed. The
CA3080 and R1, R2 is this ‘other’
resistor. By varying the current
into pin 5 of IC1 it is possible to
control the gain of the device. R1,
R2 provide negative feedback
around the IC and this turns the
network into a current controlled
resistor. By increasing the current,
the effective resistance is reduced,
which in turn alters the resonant
frequency of the filter.

It is possible to provide a vary-
ing control current using the cir-
cuit involving IC3. This is a low
frequency squarewave oscillator.
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The oscillation frequency is dete-
mined by R11,C5. The squarewave
is heavily filtered by R6,R7,R8 and
C3,C4, to produce a smoothly
modulating current drive to IC1.
This causes the centre frequency
of the filter to be swept up and
down. The autosweep can be used
as an effect for electric guitar or
for electronic music processing.
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Opto-Tone

This circuit is a variable-frequency
high-power oscillator that alters
it's tone in response to the light
intensity falling on the face of an
LDR. The output tone is fed
directly to a loudspeaker, and is
light-variable over a three decade
range. The tone is high at high
levels of illumination, and low at
low levels of illumination.

The circuit can be used as a
simple musical instrument that
can be ’‘played’ with a torch or
with shadows. It makes an excel-
lent toy, and can provide lots of
amusement at children’s parties.

IC1is a type 555 ‘timer’ IC, and is
connected as a free-running or as-
table multivibrator that produces a
square-wave output signal in the
speaker. The oscillation frequency
is determined by C2 and by the
total value of resistance appearing
between pins 6 and 7 of the IC. The

Music and Disco
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minimum value of this reistance is
determined by R3 when the LDR is
short-circuited, and the maximum
value is determined by R4 when
the LDR is open-circuited: the in-
termediate values are determined
by the resistance of the LDR itself,

- —0
and this is determined by the level
of illumination falling on the face
of the LDR.

The speaker used in the circuit
can have any impedance in the
range 3RO to 25R, the latter giving
the highest output sound level.

Sustain Unit

The most simple form of sustain
unit is a clipping amplifier, but
these inevitably introduce quite
large amounts of distortion. A bet-
ter method, and the one used in
this unit, is to use a compression
circuit having fast attack and de-
cay times.

This type of circuit is basically a
voltage controlled amplifier, the
gain of the circuit being controlled
by an output level sensing circuit
which varies the gain to produce a
fairly consistent output level. Little
distortion is produced using this
method. .

Q1 is used as a low noise pre-
amplifier having a voltage gain of

about 20dB. Its output is fed by C3
to the input of IC1, the voltage
controlled amplifier device. It has
a quiescent voltage gain of about
13dB, but this can be reduced to
an attenuation of over 70 dB by
taking pin 2 of the device several
volts positive. C6 couples the out-
put from IC1 to the output socket,
and C5 couples the output to a
common emitter amplifier based
on Q2. The amplified signal at Q2
collector couples via C9 and R7 to
a conventional smoothing and
rectifier network. The positive bias
produced by this network is fed to
the control input of IC1 via a low
gain amplifier and buffer stage
based on IC2.

With low input levels (below
about 1mV) the control signal is

too small to affect the gain of IC1.
Higher level signals produce a
proportionately larger control
voltage and lower gain through
IC1, preventing the output level

‘from rising much above about

30mV rms giving the required vir-
tually constant output level. The
attack and decay times of the cir-
cuit are both quite short so that
the unit responds suitably rapidly
to changes in input level, but
neither of these time constants are
so short as to cause serious disto-
riton.

The unit will be most effective
with the volume control on the
guitar set at maximum, unless the
output should then be so high as
to overload the unit and cause
distortion. ‘
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Music and Disco

Waa-Waa

The popular Waa-Waa effect is
produced using a filter which
boosts a narrow band of frequen-
cies. The position of the boosted
band within the audio frequency
spectrum is varied up and down,
sometimes automatically but
usually manually, as in the case of
the design featured here. Nor-
mally a manual Waa-Waa is
controlled using a pedal, but the
mechanics of the unit are left to
the ingenuity of individual con-
structors.

The circuit is based on a twin T
filter; one of the T shaped net-
works being comprised of R5, R6,
C7, and the other one consisting of
C4, C5, RV1. This type of filter
gives a narrow rejection notch of
extremely high attenuation. This
is, of course, the exact opposite of
what is required! The twin T filter
is made to give the required effect
by connecting it between the input
and output of a conventional com-
mon emitter stage based on Q1.
Negative feedback is applied
through the twin T filter, thus re-
ducing the gain of the amplifier to
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a low level; however, there is little
or no feedback at or close to the
operating frequency of the net-
work, and at these frequencies the
amplifier exhibits its full gain, or
very nearly so. Thus the required
boost to a narrow range of fre-
quencies is obtained.

By varying the value of RV1itis
possible to sweep the boosted
band of frequencies backwards
and forwards over a large part of
the audio spectrum. ldeally all

three resistances in the twin T net-
work should be varied together,
but this is not really practical. The
circuit seems to work quite well in
this simplified form.

RV4 controls the gain of the am-
plifier, and if this is set too low the
circuit will break into oscillation at
some settings of RV1. It should be
set just high enough to prevent
this from happening. If this gives
an effect which is too sharp, R4
can be backed off a little further.

Single IC Organ

This single monophonic organ (ie
it can produce only one note at a
time) is intended to be used with a
stylus operated keyboard. This
can be made using printed circuit
techniques, or it can be made from
stripboard etc. if preferred. In fact
anything that will provide the
necessary 25 connection points
will do. The organ covers two oc-
taves including semitones; one
either side of Middle C. It utilises a
556 dual timer IC which contains
two 555 type timer circuits, both of
which are used in the astable (os-
cillator) mode in this circuit.

The right hand section of the
circuit is the actual tone generator,
and its output feeds a miniature
speaker via DC blocking capacitor
C5. The frequency of operation is
determined by C3, R3 and
whichever of the 25 presets (RV5
to RV29) is selected using the sty-
lus and keyboard.

Each preset is tuned to a dif-
ferent note ranging from C below
Middle C (130.81Hz) at RV5 to the
C above Middle C (523.25Hz) at
RV29. The presets are adjusted to
the correct pitch by aural means,
using pitch pipes or a tuned musi-
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cal instrument to provide the re-
ference notes. When the stylus is
not connected to the keyboard the
oscillator circuit is not complete
and no output is produced.

The tone generator produces a
straighforward rectangular wave-
form which is not particularly mu-
sical. Resuits can be considerably
enhanced by frequency modulat-
ing the tone generator to produce
a tremolo effect and a richer
sounding output. It is an easy mat-
ter to do this and it is merely

necessary to couple a control sig-
nal to IC1 pin 11. The low fre-
quency modulating signal (about
4Hz or so) is generated by the
other section of the 556. This has
its output coupled to the tone gen-
erator via R4 and tremolo on/off
switch SW1. The squarewave out-
put of IC1a would give a rather
abrupt tremelo effect and so C4 is
used to filter out the high fre-
quency harmonics so as to give a
much smoother and pleasant tre-
molo effect.
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Metronome (2)

This simple circuit produces a tick-
tock sound, through the speaker,
the speed of which can be varied
by adjustment of RV1.

Transistors Q1 and Q2 are con-
nected in a standard astable
multivibrator circuit. Potentiome-
ter RV1 controls the charge rates
of capacitors C1 and C2 and thus
the operating frequency. Tran-
sistor Q3 amplifies the pulse pro-
duced by the astable and drives
the loudspeaker.

Most speaker impedances will
suit the circuit although higher im-
pedance types may not give much
volume. In this case reduce the
value of resistor R6 to about 27 R.

Music and Disco
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Indicators and Alarms

Infra-Red Intruder Alarm

This alarm sounds when an invisi-
ble beam of infra-red light is bro-
ken by the intruder. The circuit is
intended to feed an existing bur-
glar alarm system. The system is
very simple, and requires no
special lenses or filters for opera-
tion over distances of about 2
metres or less. A short range is
usually sufficient to cover en-
trances to rooms, span corridors,
etc.

The unit consists of two
separate circuits, one to produce
an infra-red beam, and the other
to detect it and sound the atarm if
there is a break in the signal. In
common with most systems of
this type, a pulsed infra-red beam
is used. A modulated beam can
easily be differentiated from the
ambient infra-red radiation, ena-
bling a low power beam to be em-

ployed. .
T¥1e transmitter is based on the
popular 555 timer IC and it is used
in the standard astable mode. R1,
R2, and C2 are the timing compo-
nents and these give an operating
frequency of roughly 5k25Hz. A
standard 555 oscillator does not
produce a true squarewave out-
put, as the output is in the high
state for a longer period than it is
in the low state due to the fact that
the output goes high during the
time that C2 charges up through
the relatively high resistance of R1
plus R2 and low while C2
discharges through the low resis-
tance of R2 and an internal tran-
sistor of IC1. The values used in
this case give an output which isin
the low state for only about 10% of
the time.

During these brief negative out-
put excursions Q1 is pulsed on by
the base current it receives via R3.

D
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It then passes a current of about
500maA, to infra-red LED1 by way
of current limiting resistor R4. Of
course, the average current
through LED1 is only about 50 mA
and this system therefore gives
fairly strong pulses of infra-red to-
gether with a reasonably low aver-
age current drain. There is no out-
put from LED1 in the visible light
spectrum.

At the receiver the pulses of
infra-red are detected by photo-
diode LED1. This is fed from the
supply rails via load resistor R1.
The pulses of infra-red cause the
leakage current through LED1 to
increase momentarily, giving a
series of small vcltage pulses at
the junction of R1and LED1. These
are fed by C2 to the input of a
straight forward high gain ampli-
fier which uses Q1 and Q2 in a
conventional two stage direct
coupled arrangement. C2 and C4
are purposely given low values so
that the circuit has a poor res-
ponse at low frequencies. This
gives good rejection of 50 Hertz
signals produced by LED1 picking

up the infra red radiation from
mains powered lighting. The cir-
cuit has high gain at the much
higher operating frequency of the
transmitter circuit, though.

The output from the amplifier is
coupled by C5 to a rectifier and
smoothing circuit which utilises
D1, D2, C6, and R6. The positive
bias produced by this circuit is fed
to one input of operational ampli-
fier IC1. The other input is fed with
a bias voltage by R7 and R8. Nor-
mally the fixed bias to the invert-
ing input will be higher than the
bias fed to the non-inverting input.
IC1 is used as a comparator, and
under these conditions its output
goes high, energising the relay
coil with discrete buffer stage Q3
being used to provide the fairly
high drive current required. If an
intruder breaks the beam momen-
tarily, the charge on C6 rapidly de-
cays, taking the non-inverting in-
put of IC1 below the inverting
input. IC1’s output then goes low,
the relay is switched off, contacts
RLA1 open and the main alarm
system is triggered.
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Low Battery Voltage
Indicator

This circuit can be used to monitor
a supply voltage of between about
5 and 25 volts (30V absolute maxi-
mum) and will switch on a
warning light if the supply falls
below some predetermined thres-
hold level.

The circuit is actually quite
sophisticated, giving good reliabil-
ity and precision. This is due to the
use of an 8112 voltage detector IC.
A comparator forms the heart of
the device, and a highly stable in-
ternally generated reference
voltage is fed to the inverting in-
put of the comparator. Its non-
inverting input is available at pin
3, and in this circuit it is fed from
the supply lines via the potential
divider circuit which consists of R1
and VR1. The output of the com-
parator is available at pin 4, by
way of a constant current genera-
tor which limits the output current
to a nominal figure of 7 mA.

If the voltage at the non-invert-
ing input exceeds the reference
voltage, the output assumes the

Indicators and Alarms
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high state and LED indicator D1 is
not switched on. if the non-invert-
ing input voltage falls below the
reference level, the output then
%oes low and power is applied to

1. The constant current source
limits the LED current to a suitable
level. In practice VR1 is adjusted so
that with the supply voltage at its
minimum acceptable level the
non-inverting input is at a poten-

tial just marginally higher than the
reference voltage. A fall in supply
voltage below the threshold level
then takes the non-inverting input
below the reference voltage and
switches on the warning light. C1
decouples any stray pick-up wich
could otherwise cause spurious
triggering of the circuit. The quies-
cent current consumption is
typically about 50 uA.

Two Tone Alarm

This circuit generates a penetrat-
ing two tone alarm signal having
an output power of between about
250mW and 4W rms depending on
the speaker impedance and
supply voltage used.

The circuit is based on two of
the four Norton amplifiers con-
tained in the LM3900N IC. A Nor-
ton amplifier is in many ways
similar to an ordinary operational
amplifier, but it is the comparative
input currents rather than the in-
put voltages that determine the
output voltage. IC1b is used in a
type of relaxation oscillator which
generates the audio tone. Initially
the bias current flowing into the
non-inverting input takes the out-
put high, and C2 begins to charge
via R9. This causes the current
flowing into the inverting input
through R6 to gradually increase
as the voltage on C2 builds up,
until it exceeds the non-inverting
input bias current. The output of
IC1b then goes low, causing C2 to
discharge through R9 until the
inverting input current becomes
less than that flowing into the non-
inverting input, IC1b output then
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goes high, and the procedure
starts again from the beginning.
Note that when IC1b output went
from the high to the low state, this
resulted in R8 draining off some of
the non-inverting input bias cur-
rent where it had previously
added to it. This makes it neces-
sary for C2 to discharge consider-
ably before the current into the
inverting input drops below that
applied to the non-inverting input.
This effect is a form of ""hystere-
sis’’, and is essential to the opera-
tion of the circuit. R8 also provides
positive feedback which ensures
that once IC1b output starts to
change polarity, it rapidly and re-

liably switches from one state to
the other.

The squarewave output of IC1b
is at quite a high impedance, and
so the loudspeaker is driven by
way of a common source amplifier
using VMOS transistor Q1. ICla is
used in a second oscillator circuit,
but this has component values
which give oscillation at a fre-
quency of only a few Hertz, Its out-
put is loosely coupled to C2 by R5,
and it frequency -modulates the
tone generator to produce a sort
of warbling effect. This gives a
much more noticeable and less
easily masked signal than a
straight forward audio tone.
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Indicators and Alarms

LED Flasher

This circuit can be used to either
pulse a single LED on and off repe-
titively or to similarly drive a pair
of LEDs in anti-phase, so that one
LED turns off when the other turns
on, and vice versa. In either case,

“the flashing rate of each LED is
variable from about 15 flashes per
minute to 2,000 flashes per minute
via a small pre-set pot.

The circuit can be used to add
visual interest to a variety of toys,
gadgets, and istruments. Model
railway enthusiasts can use the
unit to simulate flashing lights on
miniature police cars and ambu-
lances, etc, or to simulate warning
beacons on Zebra crossings.

IC1is a type 555 ‘timer’ IC, and is
connected as a free-running or as-
table multivibrator that produces a
square-wave output signal at pin
3. When this output signal is high
it cuts LED 1 off and drives LED 2
on, and when it is low it pulls LED
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1 on and cuts LED 2 off; the two
LEDs thus turn on and off in anti-

~ phase.

The operating frequency of IC1,
and thus the flashing rate of the
LEDs, is determined by the values
of C1 and R4-RV1: the flashing
rate is variable between roughly
15 and 2,000 flashes or cycles per
minute via RV1. The ON currents

c1
| 10u ov
O

of the LEDs are limited to safe
values by the R1 and R2 470R
limiting resistors.

The flashing rate can be carried
via RV1. If you want the circuit to
operate with only one flashing
LED, you can either short out the
unwanted LED or remove it and
it's associated 470R resistor from
the circuit.

o e

Light Change Detector

This simple light activated switch
can be employed in intruder alarm
systems or in certain other appli-
cations where a proximity detec-
tor is required. It is not a light
operated switch of the type which
responds to some particular am-
bient light level but instead it res-
ponds to rapid changes in light
level. It will for example, trigger if
a torch is shone on or near the
photocell or if someone passing in
front of the unit casts a shadow
onto the photocell. The unit is
unaffected by natural, slow
changesin light level. ]

The photocell used in the unit is
cadmium sulphide photoresistor,
PCC1, and together with R1 this

forms a potential divider connec-
ted across the supply lines. The
voltage at the junction of R1 and
PCC1 depends upon the resistance
of PCC1, which in turn depends
upon the light level.

IC1 is an operational amplifier
used in the inverting mode. R2
and R5 form a negative feedback
network which set the voltage
gain of the circuit; high gain is
required in order to give the unit
good sensitivity.

The output from PCC1 and R1 is
coupled to the input of the ampli-
fier, but C2 provides DC blocking

so that the DC output from these’

components is of no conse-
quence. However, rapid changes
in the output voltage from the
photocell circuit will be passed to

the input of the amplifier and will
appear at the output.

The output from IC1 is coupled
by C5 to a smoothing and rectifier
circuit consisting of D1, D2, and
C6. When the unit is activated, the
positive bias produced across C6
is sufficient to bias Q1 into
conduction so that it energises the
relay coil which forms its collector
load. RLA2 then closes and main-
tains the supply to the relay coil,
so that the circuit latches on. The
alarm or other controlled equip-
ment is operated by RLA1.

SW2 can be used to break the
supply to the relay and thus reset
the circuit. SW1 is the on/off
switch; C4 is the compensation ca-
pacitor for IC1 and D3 is the nor-
mal protective diode.
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Opto-Thermo Alarm

This useful project can be
powered from a 9V to 12V supply,
and produces a pulsed-tone alarm
signal in a small speaker when
light or temperature levels go be-
yond pre-set limits. The unit can
be made to activate either when
these levels go above or fall below
pre-set values, depending on the
manner in which the input sensors
{an LDR or light-dependent resis-
tor for ‘light’ operation, or a ther-
mistor for ‘temperature’ opera-
tion) are connected to the unit.

The unit has a variety of uses in
the house and in the car. In the car,
it can be used to give a warning of
road ice or of engine or gearbox
overheating. In the home, it can be
used to give a warning of a burnt-
out night-light or a failed heating
system in a child’s room, or it can
be used as a ‘dawn’ alarm.

IC1 is a type 741 operational am-

plifier wired as a volatage compar-
ator with a small amount of rege-
nerative feedback. A fixed ‘half
supply’ reference voltage is fed to
input pin 3 of the op-amp via R1
and R2, and a variable voltage is
fed to pin 2 via RV1 and the LDR or
thermistor. The output of IC1 is
used to activate {turn on or off) a
‘slow’ gated astable multivibrator
formed by IC2a and IC2b, and the
output of IC2b is used to activate a
'fast’ gated astable formed by IC2c
and 1C2d which has its output fed
to the speaker via Q1.

When the pin 2 voltage of IC1 is
below that of pin 3, the output of
IC1 is high, and the two astables
are gated off and no output is pro-
duced from the unit. When the pin
2 voltage of IC1 is above that of
pin 3, the output of IC1 is low, so
slow astable IC2a-IC2b is gated on
and its output alternately switches
the fast 1C2c-IC2d astable on and
off to produce a pulsed-tone in the
speaker.

Indicators and Alarms

Connect the input sensor (either
an LDR or a thermistor) and RV1to
the inputs of the unit to obtain the
desired types of operation. For
light operation, the LDR must pre-
sent a resistance in the range 900R
to 9kR at the desired trigger level:
an ORP12 is suitable for use in
most cases. For temperature
operation, the thermistor must be
a negative-temperature-coeffi-
cient (NTC) type that presents a
resistance in the range 900R to 9kR
at the desired trigger level: a
VA1066S is suitable for use in
most cases. The speaker can have
any impedance in the range 3R
to 25R, the latter value being pre-
ferred.

The unit can be powered from
any DC supply in the 9V to 12V
range. In use RV1 is simply ad-
justed so that the alarm just activ-
ates at the desired light or tem-
perature level. The unit produces
an attractive pulsed-tone signal
when it is activated.
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Car Battery Alarm

This circuit is intended for use
with a 12V car or boat battery and
sounds an alarm if the battery
voltage drops below about 10V.
An audible alarm is used in prefer-
ence to the more usual indicator
light because an audible signal is
far less likely to be missed.

IC1 and its associated circuitry
form a voltage detector circuit; IC1
is used here as a voltage compara-
tor rather than an operational am-
plifier. R1 and D1 provide a stabi-
lised potential of about 0V7 to the
inverting input of IC1. The voltage
supplied to the non-inverting in-
put is equal to the supply voltage
minus the nominal 10V dropped
through zener diode ZD1. Thus the
potential at the non-inverting in-
put will normally be about 2V or
more and since this is higher than
the voltage fed to the other input
the output assumes the high state.
Therefore Q1, an emitter follower
buffer stage, becomes cut off and
no power is fed to the audio alarm
circuit at its output.

If the supply voltage falls below
about 10V7, then the 'voltage fed
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to the non-inverting input falls be-

low the reference level at the other

input and IC1’s output goes low.
Q1 is then switched on and power
is connected to the alarm circuit
fed from its output. Due to imper-
fections in the performance of
practical zener diodes, the actual
voltage at which the alarm is trig-
gered is a little lower than the
theoretical one and is typically a
fraction over 10V (or 11V if pre-
ferred, by using an 11V compo-
nent in the ZD1 position). R3 is

used to introduce a small amount
of positive feedback which en-
sures that the unit switches
cleanly from one state to the other
and prevents erratic operation.

The alarm generator circuit uses
Q2 and Q3 as an astable multivi-
brator and these drive ceramic re-
sonator X1 with the anti-phase
signals at their collectors. This
gives the necessary large voltage
swing to X1 and produces a
reasonably loud output at about
2kHz or so.

Water Alarm

This simple water detector circuit
can be used in such applications
as a rain alarm, cistern overflow
alarm, or just to indicate when the
water in a bath has reached the
required depth.

The circuit consists of two sec-
tions; an electronic switch and an
audio alarm generator: Q1 is used
as the switch and under normal
conditions it is cut off, supplying
no significant current to the alarm
generator circuit which forms its
collector load. The sensor'in Q1's
base circuit merely consists of two
pieces of metal insulated from one
another, arranged so that when
the rain, bath water, or whatever
touches the sensor, it bridges the
two pieces of metal. Although
pure water is a very poor conduc-
tor of electricity, tap water is likely
to contain amounts of impurities
which will be sufficient to make
the water conduct reasonably
well. Thus when water is detected
by the sensor, its resistance falls
to a relatively low level (typically a
few kilohms), biasing Q1 hard into
conduction. Virtually the full
supply voltage is then supplied to
the alarm circuit, and the alarm
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sounds. R1 is a current limiting
resistor which prevents Q1 from
passing an excessive base current
if a short circuit or very low im-
pedance should appear across the
sensor terminals.

An LM380N audio power ampli-
fier device (IC1) is used to gener-
ate the audio alarm signal. It is
made to oscillate by using C3, R3,
and R2 to give frequency selective
positive feedback between the
output and non-inverting input.
The circuit oscillates at approxi-
mately 600 Hz, and provides an
output of a few hundred milliwatts
to a miniature loudspeaker. This

gives a reasonably loud and pene-
trating sound.

Under quiescent conditions the
circuit consumes less than one
microamp, and so even with con-
tinuous use the battery will have
virtually its shelf life. With the
alarm sounding, the current con-
sumption increases to about 30 to
100mA, (depending on the
speaker impedance). Note that C2
should be mounted physically
close to IC1.

A little ingenuity must be used
when making the sensor. In most
applications a small piece of strip-
board will be all that is needed.
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Low-Power LED Flasher

National Semiconductor have pro-
duced an integrated circuit to be
used specifically for flashing an
LED, even at voltages as low as
1V1, with an average current con-
sumption orders of magnitude be-
low that of an LED on its own.

The circuit achieves it's very low
current consumption because the
LED is only illuminated 1% of the
time, and only Q4 is turned on for
the rest of the time — drawing a
current of only 50uA while on. The
300u capacitor determines the
flash rate by charging up via the
two internal 400R resistors and the
3k resistor. Q1 and Q2 are turned
off until the voltage at the positive
end of C1 reaches about 1V; the
exact voltage is determined by the
junction voltage drop of Q1 and
Q4 plus the voltage divider across
Q4's base and emitter.

When the voltage at pin 1 is 1V
more negative than the positive
supply (pin 5), Q1 starts to turn on.
This in turn switches on Q2 and
Q3. Q3 is a medium-power tran-
sistor that can hadle 100mA and
rapidly brings pin 2 close to zero

Indicators and Alarms

LM3909 IC

WITHIN DOTTED LINE

400R

"

T
1Vv56

400R

volts. As the capacitor has a
charge it makes terminal 1 (the
negative end of the capacitor) go
below supply zero. C1 then

supplies a high current pulse to
the LED, limited by the 12R resis-
tor between pins 5 and 6. The cy-
cle then repeats itself.

W LIVES AGAIN!
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the country in its quest to infiltrate every town, every home, every mind.
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tronics — It's Easy. Originally a long-running series in Electronics Today International, Electronics — It’s Easy was printed
as a set of three books. They sold out. It was reprinted as a single volume. It sold out. Now this phenominally successful
publication is available again, in its third reprint. Electronics — It's Easy is a comprehensive and simply-written guide which
explains the theory {and the practice) of electronics step by step. Every aspect of the subject is covered, starting with the
basic principles and working through to the how and why of today’s technology-

You can obtain your copy of Electronics — It's Easy by mail order using the coupon below. Make cheques or postal orders
payable to ASP Ltd; alternatively you may pay by Access or Barclaycard.
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Switches

Opto-Thermo Switch

This simple but highly versatile
unit has a relay output that can be
activated by either optical {light)
or thermal (temperature) levels.
The unit can be made to activate
either when these levels go above
or fall below pre-set vaiues, de-
pending on the manner in which
the input sensors (an LDR or light-
dependent resistor for photo
operation, or a thermistor for ther-
mal operation} are connected to
the unit. The unit can thus function
as either a 'brightness’ switch, a
‘darkness’ switch, an over-tem-
perature switch, or an under-tem-
perature switch. ,

The unit has a multitude or
practical uses. In the opto mode it
can be used to automatically turn
on lights when darkness falls, or to
activate an alarm if a light is shone
into a normally-dark area such as
a cupboard or safe. In the thermo
mode it can be used to turn on
heating when the temperature
falls below a pre-set value, or to

activate a cooling system or sound

an alarm when the temperature
rises above a pre-set value. ‘

IC1 is a type 741 operational am-
plifier that is wired as a voltage
comparator. A fixed 'half supply’
reference voltage is fed to input
pin 3 of the op-amp via R1 and R2,
and a variable voltage is fed to
input pin 2 via RV1 and the LDR or
thermistor. The circuit action is

RrR2
12k

1|

O
+12v
v—o0
—0 ouTt
Ao
= RLA
1

NOTES:
IC1 1S 741 OP-AMP
Q1 1S BC184L
D1 1S 1N4001

ov

)

such that the op-amp output is
normally low and Q1 and the relay
are off, but the output abruptly

'switches high and drives Q1 and

the relay on when the pin 2
voltage falls below the pin 3
voltage. R3 introduces a small
amount of hysteresis so that the
circuit switches sharply and
switches at slightly different ON
and OFF levels, thus eliminating
relay ‘chatter’ problems. D1
suppresses back-emfs from the re-
lay coil, and this protects Q1
against damage from this source.
Connect the input sensor, either
an LDR or a thermistor {(and RV1)
to the inputs of the unit to obtain
the desired type of operation. For
opto operation, the LDR must pre-
sent a resistance in the range 900R

LDR
RP 12
v RV1 TH?
10k SEE TEX|
SET LEVEL .
Y Y Y
X X
> A
10k RV1
SET LEVEL 10k
SET LEVEL

X

Dark-operated

Light-operated

X

Under-temperature

to 9k at the desired trigger level
an ORP12 is suitable for use in
most cases. For thermo operation,
the thermistor must be a negative-
temperature coefficient (NTC) type
that presents a resistance on the
range 900R to 9k at the desired
trigger level: a VA1066S is suit-
able for use in most cases. The
relay can be any 12 volt type with
a coil resistance greater than
120R.

The unit must be powered from
a 12 volt supply. In use RV1 is sim-
ply adjusted so that the relay just
activates at the desired light or
temperature level. External cir-
cuits can be controlled via the re-
lay contacts. Take care to connect
D1, Q1, and IC1 in the polarity
shown.

RV1
10k
SET LEVEL

TH1
SEE TEXT

X
Over-temperature

Differential
Temperature Switch

This inexpensive unit can form the
basis of a number of sophisticated
household-control systems. The
circuit uses a couple of ordinary
silicon diodes as temperature-
sensing elements, and uses a re-

36

lay as an output ‘switch.” The cir-
cuit action is such that the relay
turns on only when temperature
‘A’ {(sensed by D1) is higher than
temperature ‘B’ (sensed by D2),
and this action occurs irrespective
of the absolute value of either
temperature. The circuit action
can be effectively reversed, so that
the relay turns on only when tem-

perature ‘A’ is below that of tem-
perature ‘B’, by simply transpost-
ing the measurement
designations of D1 and D2.
Ordinary silicon diodes can de-
velop forward voltages of several
hundred millivolts at current
levels of the order of 1 mA, the
precise voltage value depending
on the value of current and the
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characteristics of the individual
diode that is used. All silicon
diodes, however, have a virtually
identical temperature coefficient
of about —2mV/°C, and can thus
be used as accurate temperature-
indicating devices.

In the circuit the two tempera-
ture-sensing diodes (D1 and D2)
have currents passed through
them via the RV1-R1-R2-R3 net-
work; RV1 allows the relative
values of the two currents to be
adjusted over a limited range so
that the diodes produce almost
identical forward voltages when
they are both at the same tem-
perature. Consequently, the dif-
ferential or ‘difference’ voltage be-
tween the two diodes is directly
proportional to the difference in
their temperatures.

This difference voltage is fed to
the input terminals of the IC1
operational amplifier, which is
connected as a voltage compara-
tor or differential voltage switch,
and the output of the op-amp is
fed to the relay via Q1. The action
is such that the relay turns on
when the temperature of D1 rises
above that of D2,

The unit must be powered from

witches

O t12V

R1
4k7

RV1
1%0
BALANCE 4k7

R2

D1 D2

R3
2k?

4k7

R4
1k0

o NOTES:
1C1 1S 741 OP-AMP
Q118 BC214L
> D1-D2 ARE 1N4148
D3 1S 1N4001

R5

D3

a 12 volt supply. In use, RV1 is
simply adjusted so that the relay is
just off when both sensing diodes
(D1 and D2) are at the same tem-
perature. The relay should then
turn on if the temperature of D1 is
raised a small amount above that
of D2: note that at normal room
temperature this action can be
checked by simply touching D1, so
that body heat produces the re-
quired differential. External cir-
cuits can be controlled via the re-
lay contacts. The relay can be any

——-0 oV

12 volt type with a coil resistance
greater than 120R.

This switch can, for example, be
used to activate a blower motor to
ensure that a cellar or basement is
automatically warmed by the
outside air if the external air tem-
perature is above that of the cellar
or basement. Alternatively, it can
be used to activate a solenoid
valve to ensure that a storage tank
is automatically filled only from
the hotter of two alternative water
sources, etc.

T s i s S o)

Combination Lock

Most combination locks are based
on the simple arrangement shown
in (a). This merely consists of
three ten way rotary switches
wired in such a way that they will
connect power to the relay or sole-
noid if the correct combination is
set (6-4-5 in this case). This basic
circuit is not often used in practice
since it does not take very long to
quickly adjust the switches through
all the 1,000 possible combina-
tions (0-0-0 to 9-9-9 inclusive) if it
is done ina logical manner.

One of the simplest and best

!s
0©° oy &
o 016 +
00
swr POWER
[}
4
0C0o
o
o o
0o 010

RELAY OR
010 SOLENOID
o
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methods of overcoming this prob-
lem is simply to build a delay cir-
cuit into the unit so that power is
not supplied to the solenoid or re-
lay until the correct combination
has been present for a few
seconds. Quickly running through
all the possible combinations is
then ineffeceive at “cracking’’ the
unit, as the delay circuit will
prevent the unit from responding
when the correct combination is
briefly present. Anyone trying to
“crack” the unit is very unlikely to
succeed unless they know of the
delay circuit and are prepared to
devote a good deal of time to
finding the correct combination.

Circuit (b) has an additional time
delay circuit which is based on
VMOS device Q1. When the cor-
rect combination is set on SW1 to
SW3 and power is supplied to the
circuit, C1 will be uncharged, giv-
ing zero gate bias to Q1. Q1 is,
therefore, switched off and no sig-
nificant current is supplied to the
relay or solenoid which forms its
drain ioad. C1 slowly charges via
R1 and after about 4 s the voltage
on C1 will be large enough to bias
Q1 into conduction and switch on
the relay or solenoid.

R2 discharges C1 when the unit
is reset, so that it is quickly ready
to operate properly once again. R2
limits the maximum gate voltage
of Q1 to about half the supply
voltage, but this is more than ade-
quate to bias the device hard into
conduction and is of no practical
consequence. D1 suppresses the
high back emf produced across
the relay or solenoid when it
switches off and prevents possible
damage to Q1.

OOOJG

o

O

o°
00
010
sw2
D1
A1 RELAY OR 1Na148
SW3 519 1oM < SOLENOID
0 oo [
%o ooo o
I VNBBAF
4912V
R2 e
~Ve
10M 3
1u0
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Touch Switch

This touch switch is designed to
provide on/off switching for 9 volt
battery operated equipment hav-
ing a current consumption of up to
100mA. It has a single contact
which is briefly touched in order to
.change from on to off or vice
versa. The circuit is operated by
stray pick-up of mains hum which
is coupled to the input of gate 1
(which, like the other three gates
employed in the unit, is connected
to act as an inverter) via R1 when
the input contact is touched. As
IC1 is a CMOS device it has a very
high input impedance, and the in-
put signal ‘will be capable of
switching gate 1 input from one
logic state to the other. The input
impedance of the circuit is so high
that the reverse resistance of D1 is
used to tie the input to earth under
quiescent conditions, so as to
prevent spurious operation. R1

i

acts as a low pass filter in conjunc-
tion with the input capacitance of
the circuit, and this attenuates
high frequency noise which may
belpresent on the 50Hz mains sig-
nal.

The output from gate 1 still con-
tains significant noise products,
and also has a rise time which is
inadequate to drive the final stage
of the circuit. This is overcome by
using the trigger circuit based on
gates 2 and 3. R3 tends to hold
gate 2 input in the same state as
gate 3 output, resisting any
change in logic state caused by
gate 1 output due to the coupling
through R2. R2 has a lower value
than R3, and so gate 1 can operate
the trigger circuit if its output sig-
nal is of adequate amplitude. The
main 50Hz signal will be strong
enough, but the noise spikes will
not, and are thus eliminated from
the output of the trigger. Once the
output of the trigger starts to

change state, the coupling
through R3 ensures a rapid
change.

IC2 is a 14 stage binary (divide
by 2) counter, and Q1 is driven
from the output of the seventh
stage via current limit resistor R5.
C2 and R4 provide a positive reset
pulse to the counter at switch on
so that the outputs are low, and
Q1 is switched off. The controlled
equipment forms the load for Q1,
and obviously receives no signifi-
cant power. If the touch contact is
operated, a 50Hz signal is fed to
IC2 and the 7th stage output
changes state every 64 pulses. As
this output goes high and low the
load is switched on and off. In
practice the contact is touched just
until the unit switches to the de-
sired state (which one tends to do
automatically).

The unit consumes about TuA.
in the “off” mode and approxi-
mately 3mA in the “on’’ state.

1C1,12,13 14 |
c1

' O +9V
100n J. c2
- 100n
AN +
R3
33k LOAD
16
1 5 8
TOUCH W & 4 3 Nod—4 10 6
PAD > r
R1 R2 6 9
Ic2
10M 12k 00
(+128) R5
1 2k7
D1 K 8
IN4148 Qi
BC109C
< O —Ve

ICl,7 &

Light Sensitive Switch

Light dependent resistor LDRI,
type ORP12, has the property of
having a very high resistance in
complete darkness {(over TMR), but
in the brightest light this falls to
nearly 300R (although individual
devices vary greatly).

For simplicity the circuit will be
described for ‘dark on’.

When daylight is falling on the
ORP12 the resistance is fairly low
— the actual value is not impor-
tant but it will be in the range of
300R to 3kR. With R1, the two
components form a potential di-
vider with the base of Q1 connec-
ted to the junction; Q1 is biased
on, Q2 is held off and, following
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the chain of R5 and R®6, it will be
seen that the base of Q3 is connec-
ted to the positive supply, and is
therefore non-conducting.

As the light on ORP12 de-
creases, the voltage at Q1 base
falls; the current through Q1 fails,
the voltage across it increases,
and this starts to bias Q2 into
conduction.

As Q1 and Q2 share the same
emitter resistor there is a regene-
rative action. Q2, by becoming
conductive, raises the voltage on
the emitter side of R4 and, since
the base voltage on Q1 is still at
the same level, this biases Q1
even more into non-conduction.

The switching action is ex-
tremely rapid once it has started

and the effect is that, although the
voltage at the base of Q1 is chang-
ing gradually, Q2 is switched com-
pletely on at a certain point, and
Q1 is switched off.

When Q2 is switched on, the
voltage at the collector falls and
Q3 is biased into full conduction
through R6. With Q3 on, current is
passed through the buzzer.

A relay can be used in place of
the buzzer — its coil resistance
hardly matters — however, relay
coils should always be by-passed
with a diode.

A ‘dark off’ (or ‘light on’) circuit
can be made by reversing ORP12
and R1 — which now becomes
33k. In this condition Q1 is on but
as the light level increases the
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Switches

voltage at the base of Q1 falls and : N
the same action applies as before. + - * +—°

In both versions of the circuit R1
can be replaced by a variable re-
sistor and this enables the light
level at which the circuit triggers
to be varied.

Q3
AC128

2k2

Note that Q1 and Q2 are silicon +
N-P-N types whereas Q3 is a ger- 2N2926 -
manium P-N-P type. Q3 passes p Q2 ! 9v

[ U

quite a large amount of current
and can be destroyed unless a

heat sink is used — one of the fin

types which clip over the body 270R BUZZER o)

should be adequate. = AR
When Q3 is off the current con- 21R

sumption is very low — about

4mA. ~

l
l
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However, if you're addicted to the merry thump of post through
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of £11.95 (which isn't even enough to keep the editor in coffee)
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mistake. This offer is available for UK residents only. Overseas
rates on application.

FACTS-FIGURES-NEWS-REVIEWS

Electronics Digest, Winter 1981 39



Sequence and Timing

555 IC Timer

In the monostable multivibrator
mode the 555 IC requires a trigger
pulse which takes the trigger input
below 1/3 of the supply voltage.
The normally low output then
goes high for a period determined
by a C-R network, the pulse length
being approximately 1.1 CR
seconds. However the output will
stay high as long as the trigger
(pin 2) is held below 13V*

This circuit is for a timer having
a 1 to 100 second range, suitable
for use as an enlarger timer, for
example. It is triggered by depres-
sing SW1, generating a brief nega-
tive pulse before C3 charges via
R2. This makes it impossible to
prolong the input pulse and
produce a false output period by
keeping SW1 depressed. C3 is
quickly discharged by R3 when
SW1 is released, rendering the
trigger circuit ready for the next

operation.

The tolerance of timing compo-
nents RV1, R1, and C2 make it im-
possible to obtain a highly predic-
table time range, and this is
overcome by the inclusion of R4.
Normally the output pulse ends
when the charge on the timing ca-
pacitor reaches 2/3 V+. R4 can be
used to raise or lower the thres-
hold voltage, to extend or shorten
the output pulse, to obtain the ap-
propriate timing range.

O

RV1
1MO0
tin
TIME

10k

10V

1c1 3

O
7 sw2
ON/OFF

BY1
WV

655

RLA
185R
6V

7Y

D1
1N4148

D.M.M. To Stopclock
Converter

This simple add-on circuit can be
used with a DMM switched to the
1mA range to give a stopclock
having a range of 0-99s (or 0-199s
for a 32 digit instrument). It can
also be used with an ordinary
analogue or multimeter or panel
meter, giving a range of 1-100s,
but the resolution will be lower
than with a digital instrument.

The unit relies on the fact that a
linear rise in voltage is produced
across a capacitor if it is fed with a
constant charge current. The capa-
citor (C2) must be a high quality
type. The use of a tantalum bead
component is, therefore, recom-
mended. C2 cannot simply be
charged from the supply lines via
a resistor, since the voltage across
the resistor would drop as the
voltage across C2 increases. This
would give a decreasing charge
current as C2 charges exponen-
tially and the required linear
voltage slope would not be pro-
duced. C2 is, therefore, charged
from a conventional constant cur-
rent source which is based on Q1.
D1, D2 and R1 form a simple shunt
regulator circuit which bias the
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base of Q1 approximately 1V3 be-
low the positive supply potential.
There is a voltage drop of about
0V65 across the base emitter ter-
minals of Q1, giving about 0V65
across emitter resistor R3. This
gives an emitter current of roughly
3uA and, as the collector and emit-
ter currents of a high gain device
(such as the BC179 used in the Q1
position) are virtually identical, a
constant charge current of about

“3uA is fed to C2 when SW1 is

operated. This low charge current
together with the fairly high value
of C2 produces a suitably long
time constant.

It is essential that the voltmeter
circuit takes no significant current

from C2 as this would affect accur-
acy and would result in a decaying
reading at the end of a timing run.
Operational amplifier IC1 is,
therefore, used as a unity gain buf-
fer stage which gives an input im-
pedance of about 1.5 million me-
gohms and ensures that there is
no significant loading on C2. PR1
enables the sensitivity of the
voltmeter circuit to be adjusted to
the correct level. In practice, SW1
is depressed for (say) 90s and then
PR1 is adjusted for the appropriate
reading on the DMM.

. SW2 is a reset switch and this
discharges C2 (via current limiting
resistor R4) if it is briefly operated.
SWa3 is an ordinary on/off switch.
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ZN1034E Timer

Long timing periods are difficuit or
even empossible to obtain using
most simple timing circuits, such
as those using the well-known 555
timerIC.

The probiem is that such circuits
usually provide a timing period of
about RC seconds, and times of
more than a few minutes require
unrealistically high values for the
timing resistor and capacitor.

The ZN1034E device is specifi-
cally intended for applications
where long times are required,
and by using an oscillator, a 14
stage binary divider (divide by
4,096 circuit), and a logic control
section, an output time of between
about 2,700 and 7,500RC seconds
can be attained! Times of a few
minutes to a few hours can be ob-
tained without having to use an
electrolytic timing capacitor, giv-
ing excellent reliability and accur-
acy.

This simple timer circuit pro-
vides an audible alarm at the end
of the timing period which can be
varied from 10 to 60 minutes in 10
minute increments. C1 is the
timing capacitor, and the timing
resistance is formed by which ever
of the series of resistors (R1 to R6)

R1TOR6 ALL 820k 1%

R7

8
iC1
ZN1034E

!

—_—  Sequence and Timing
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is switched into circuit using SW1.
The timing resistors all have the
same vaiue, and so if one resistor
gives a time of 10 minutes, two
produce a time of 20 minutes,
three give 30 minutes, and so on.
The timing period can be varied
from about 2,700RC - to 4,100RC
seconds using R7, and in practice
this is adjusted by trial and error to
give a suitably high level of time
accuracy.

The ZN1034E has an internal 5V
shunt regulator, and RS is the load
resistor for this. The trigger input
(pin 1) is connected to the nega-
tive supply so that circuit is trig-
gered at switch on. The output at

pin 2 goes low during the timing
period, cutting off both Q1 and Q2.
These two devices, which form the
basis of an audio oscillator driving
LS1, are biased into operation at
the end of the timing period when
pin 2 goes high, causing the alarm
to sound.

The circuit consumes about
8mA under quiescent conditions,
rising to about 16mA when the
alarm is operating. The times pro-
vided by the unit can be varied to
suit individual requirements but
the timing resistance should be no

~more than about 10 megohms,
and the timing capacitance should

not be less than 3n3.

Timer

An adjustable timer, giving a delay
of about 10 seconds to 1 minute,
can be used for photographic and
other purposes, or with various
games where each competitor
must make his move within the
agreed period.

When the switch is moved to the
“On” position, timing begins and
C1 commences to charge through
R1 and RV1. The two resistors R4
and R5 hold the source of Q1 at a
fixed potential. When the voltage
across C1 has reached a high
enough level, Q1 gate is positive
so that drain current flows
through R3. This causes a voltage
drop in R3, so that the base of Q2
moves negative. Q2 conducts and
collector current flows in the relay
coil, closing the relay contacts.
When the switch is returned to the
“Off” position, C1 is discharged
through R2, so that the interval
can be repeated.

A 2N3819 is suggested for Q1,
and AC128 for Q2. With C1 as
shown (470uF) the interval was
found to lie between 10 seconds
with a total of 250k in the R1/RV1
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position, up to 1 minute with 2
megohm. Increasing C1, R1 or RV1
will lengthen the interval. Smaller
values here will reduce it. This was
with current rising to 40mA, with a
100 ohm relay.

It is not of course essential that
these values or transistor types be
followed exactly, and other relays
would also be practicable, pro-
vided Q2 allows a satisfactory cur-
rent and voltage to suit the relay.
Generally, a relay with a coil resis-
tance of about 100 to 250 ohms

will be most satisfactory.

The relay contacts can be wired
so that when the relay coil is ener-
gised, the circuit is completed, or
interrupted. For games and similar
purposes, a 12 volt 3 watt indica-
tor lamp can be operated from the
same 12V supply. Should any
kind of mains-voltage circuit be
controlled, the relay must be a
type intended for this purpose,
and care must be taken to arrange
mains circuit so that no danger
can arise for the user.
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Sequence and Timing

CMOS Monostable

A monostable is an electronic cir-
cuit that generates an output pulse
of defined duration when trig-
gered by an input signal transi-
tion. The monostable action can
be used for many different func-
tions. For example, when a cheap
push button is used to trigger digi-
tal devices, spurious pulses often
find their way into the circuitry.
This is due to the contracts inside
the button bouncing when it is
pressed and released. Digital cir-
cuitry will regard all of the bo-
unces as valid input signals and
act accordingly — this can be
disastrous in counting applica-
tions. A monostable can be used
to de-bounce the push button; by
setting the output pulse duration
for a period longer than the long-
est expected bounce time, the bo-
unces will have no effect on the
main circuitry. So, with a simple
monostable between each push
button and the input circuitry, the
digital devices are protected from
the horrors of untamed push but-
tons.

Only two inverters are needed
for a monostable circuit. Here we
have used a 4011B quad NAND
package, as they are even cheaper
than a CMOS inverter package and
‘work just as well.

The monostable period is ini-
tiated by the transition of point A

e ol Y
=0, +
IF R1 < R2 AND C1 = C2 LS ®
THEN T = 1.38(R1 x C1)
FR=47k,C=10 i c1 %4011 %4011
THEN T2 07ms " 10n ?gn
A " —
R2
47k
® ©
) ) MONOSTABLE WAVEFORMS
from positive to zero volts. This is ® -
called a negative-going edge. 1
Transition of point ‘A’ in the oppo- '
site direction (a positive-going
: " THRESAOS
edge) will have no effect. l Z Uizl Ly
A negative edge at ‘A’ causes
point ‘B’ to_go to zero volts mo- OO AE e _j_ I: ygnh:gns)TABLE
mentarily. This will then drive ©
point ‘E’ to zero and this will hold “L—THRESHOLD
point ‘B’ at zero volts, even when ®© \y—
the pulse at ‘A’ is finished. The ® '
circuit will stay in this state while I
C2 charges. When C2 is fully

charged there will no longer be a
current through R2 and point ‘D’
will fall to zero again. 'E’ will go
positive and so will ‘B’, after atime
determined by the values of C1
and R1. Point 'C’ will fall to zero
and C2 will be discharged, ready
for the next pulse from ‘A’

The length of time for which ‘C’
remains positive is determined by
the values of C1, R1, C2 and R2. If
either the resistance or the capaci-

tance is increased, the time for
which the monostable is triggered
will increase.

The equations for calculating
the monostable period are given
on the circuit diagram Polarised
capacitors should not be used,
and the resistance value of R
should be kept within the range of
10kR to 10MR.

Simple Timer

This general purpose timer gives
an audible alarm some predeter-
mined time after the unit is
switched on. With the specified
values the time is variable from
about 30 seconds to 5 minutes,
but this can be altered to suit indi-
vidual requirements.

When the unit is switched on, C1
begins to charge via R1 and RV1.
Initially the voltage at the inverting
input of IC1 will be higher than
_ that appearing at the non-invert-
ing input, and so IC1 output will
assume a very low voltage. As C1
charges up, the voltage fed to the
~inverting input gradually falls until
it starts to go below the voltage at
the non-inverting input. IC1 output
then begins to rise and due to
coupling through R4 this increases
the voltage at the non-inverting
input. This causes a further in-
crease in output voitage, and a re-
generative action takes place
which causes IC1 output to rapidly
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swing to almost a full positive
supply potential.

The 555 is used to generate the
alarm signal. The charge rate of C1
and thus the length of the timing
interval can be altered by chang-
ing the resistance of RV1, The time
delay is approx. 1.4RC (with C in
uF, R in Meg., and the time in
seconds), but due to the high
tolerances of the timing compo-

nents it is impossible to obtain
highly predictable results. R3 has
therefore been included so that
the trigger voltage of the circuit
can be varied, and by the trial and
error R3 can be adjusted to give
the appropriate timing range.

SW1 discharges C1 through cur-
rent limiting resistor R7 so that the
unit is ready to start a new timing
run almost immediately.
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LED Chaser

This unit produces a very attrac-
tive visual display in the form of a
moving ‘dot’ on a column of ten
LEDs. If the unit is wired up exactly
as described in following
paragraphs, the display will be
such that an illuminated dot will
appear to move sequentially and
smoothly along the line of LEDs,
from the bottom of the column to
the top, until the top-most LED is
reached, at which point the sequ-
ence will repeat. Only one LED out
of the ten will be illuminated at

any given moment of time.

The display can, if preferred, be
wired up in a random fashion, so
that the dot appears to jump about
on a column of ten LEDs, but does
s0 on a continuously repeating
pattern. In either case, an attrac-
tive display will be produced. The
unit can be used to simulate
miniature shop display signs on
model railway layouts, etc.

IC1 is a CD4017B decade counter
with ten decoded outputs, and is
‘clocked’ by an astable muitivibra-

Sequence and Timing

tor formed by IC2 and it's asso-
ciated components. The action of
the circuit is such that nine out of
the ten decoded outputs of IC1 are
low at any given moment of time,
the remaining output being high.
Each time that a clock pulse ar-
rives a different output switches
high, but all outputs go high in a
fixed sequence. Each output is fed
directly to it's own LED, so that the
LEDs also switch in a fixed sequ-
ence. The clock rate is variable
over a wide range via RV1.
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House and Home

Christmas Tree
Lights Flasher

The usual method of getting the
lights on a Christmas tree to flash
on and off is to use a bimetal-strip
type flashing bulb in the series
chain of bulbs. As this switches on
and off it breaks the circuit to all
the bulbs so that they switch in
unison. One drawback of this
system is that most flashing bulbs
provide a rather irregular flash
rate; another is that it cannot be
used to operate two sets of lamps.

Both these problems can be
overcome by using the simple cir-
cuit shown here. It is a low fre-
quency oscillator (about 0.5 Hz)
which controls the lights via a re-
lay. Thus the lights are switched
on for periods of about one
second in duration at intervals of
roughly one second. By using a
changeover relay contact it is pos-
sible to use two sets of lights with
the relay switching the power al-
ternately from one set of lights to
the other. If this alternate mode of
operation is not required, then one
set of lights is simply omitted.

The unit is powered from a
simple stablised mains power
supply having on/off switch SW1,
stepdown and isolation transfor-
mer T1, push-pull rectifier D1 and
D2, smoothing capacitor C1, and

2ND SET
OF LIGHTS

1ST SET
OF LIGHTS

D3
1N4148

185
RLA
6/12v

12V monolithic regulator chip IC1.
C2 and C3 aid the stability and
transient response of IC1, and
should be mounted physically
close to this component.

A well known oscillator configu-
ration is used here, but it is a little
unusual in that it employs an au-
dio power amplifier IC, rather than
the more normal operational am-
plifier device. However, the
LM380N audio IC can be used in
operational amplifier type circuits.
In this application it has the advan-

tage of having a power output
stage that can directly drive the
relay with the high current it re-
quires. D3 is used to suppress the
high back EMF which is generated
across the relay coil as it de-ener-
gises, and which could otherwise
destroy IC2.

The switch on and switch off
times of the circuit are proportio-
nal to the value of C4, and if de-
sired they can be altered by
changing the value of this compo-
nent.

Egg Timer

The 555 (IC) is one ot the most
useful timer devices available. In
this circuit it is wired up as a 'trig-
gered monostable.’

Capacitor C1 is normally
charged via R2 when the unit is in
standby mode; when power is ap-
plied (switch SW1 to time), the
trigger pin receives a pulse from
C1, and the output goes high for a
period determined by C2, RV1 and
R1. When the time period is over
the output pin returns to a low
voltage and the buzzer turns on,
indicating — your egg is ready! D1
is to prevent reverse induced
voltage caused by the buzzer
damaging the 555. When switched
back to standby the buzzer supply
is removed and C1 is recharged.
The time period can be varied be-
tween 2 and 3 minutes with the
component values shown. For
shorter periods reduce C2 or R1;
longer periods are given by in-
creasing C2. Values of R1 and RV1
in total should not be more than
1MR, and C2 should not be more

4
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than about 500u — larger values
will probably result in erratic time
periods. C2 should have low
leakage current characteristics if
long time periods are required. If
erratic time periods are produced
a pushbutton (normally open-cir-
cuit) reset switch can be connec-
ted across C2. This will ensure

complete discharge of C2 between
cycles, if operated prior to each
timing period.

The buzzer can be any 12V type,
as long as it consumes less than
200mA, as this is the maximum
the 555 can provide. Alternatively,
a relay can be used to operate a
remote buzzer or light.
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Table Lamp

This circuit is for a decorative table
lamp that produces a slowly
changing background colour. The
unit can have a number of
lightbulbs of different colour, each
modulated at a different rate, giv-
ing constantly changing blends of
colour.

The circuit is powered from the
mains via a stabilised power
supply. T1 provides safety isola-
tion and a voltage step down; its

ing and rectifier network. The re-
sultant DC supply is fed to regula-
tor device IC1, which gives a
stabilised 15 volt output. C2 and
C3 are de-coupling components
and should be mounted physically
close to IC1.

The remaining circuitry is used
to control one lamp. This must be
duplicated for each additional
lamp, and for best results at least
three lamps should be used. There
is no need to duplicate the power
supply which can power up to five

House and Home

astable mode. In this case R1 and
R2 have been used to raise the two
threshold voltages from their nor-
mal levels in order to make the
unit more efficient. The roughly
sawtooth waveform produced
across C4 is used to control the
lamp by way of a triple Darlington
buffer stage.

The value for C4 gives a cycle
time of about 4 seconds per ufF. A
three lamp version could therefore
have values of (say) 10uF 33uF,
and 100uF. These must be good

centre tapped secondary feeds a lamp circuits. ) ) quality components, preferably
straightforward push-pull smooth- IC2 is a 555 device used in the  tantalum bead types.
IN 1IC1 ouT
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com
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Doorbuzzer (1) —
This design provides a novel A1 Lm PB1
doorbuzzer signal which starts as 1k 100,
a low pitch and gradually rises in 4
frequency. _ G ? - +]
The normal method of oscilla- 10V . ca
tion for the 555 is for the timing U+ 16k ol v 1000 o
i - 10V oV
capacitor (C2) to charge up two . 6

thirds of V+ via two timing resis-
tors (R1 and R2). The IC is then
triggered and C2 is discharged
through R2 and an internal tran-
sistor. The IC resets when the
charge voltage drops to one third
of V+, with the discharge tran-
sistor switching off and C2 com-
mencing to charge up to the trig-
ger potential once again.

This particular circuit does not
oscillate in precisely this way,
since the network comprised of R3
and C3 is used to shunt the poten-
tial divider (within the IC) which
sets the tricger voltage. When
SW1 is initially closed, C3 will be
discharged and the trigger voltage
will be raised. This increases the
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charge and discharge times of C2,
and reduces the frequency of
operation. C3 is quickly charged
through R3 though, and after
about one or two seconds the trig-
ger voltage will have fallen to a
level set by R3 and the internal
potential divider. R3 puils the trig-
ger voltage below its normal level,
reducing the charge and discharge
times of C2 and causing an in-
crease in the operating frequency.

Thus, as C3 charges up, the output
frequency is swept upwards,
producing a novel and effective
signal.

The main output at pin 3 of the
955 goes high during the charge
period, and low during the
discharge period, producing a rec-
tangular waveform of low enough
impedance to drive a speaker with
up to a few hundred milliwatts of
signal.
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Home Intercom

This intercom uses a straightfor-
ward three transistor amplifier
which gives quite a good quality
output (by intercom standards)
and an adequate output power of
a few tens of milliwatts.

As is normal practice with in-
tercom designs, the loudspeaker
in each station also doubles as a
moving coil microphone. The
position of SW2 determines
whether the slave unit is ‘sending’
and the master station is re-
ceiving, or vice versa. Ideally this
should be a biased switch which
automatically returns to the ’‘re-
ceive’ position when released. If
it is not a biased switch, it
could be left in the ‘'send’ mode,
preventing the remote station
from calling the main one. SW3 is
the ordinary on/off switch at the
master station.

The amplifier is a three stage
unit with capacitive coupling be-
tween stages. A common base in-
put stage (Q1) is used as this gives
a low input impedance. This is de-
sirable as it minimises stray pick-
up of mains hum and radio in-

R1
c3
ak7 220n

a1 it

100u
v ]

o
BC108

_ Recewe Send

ca
220p

- LSt
Bl 35 - 80 ohm
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t :REMOTE

e e e JUNIT
terference in the connecting cable,
and it also gives a good match to
the microphones. The following
two stages are both straightfor-
ward common emitter amplifiers.
C4 rolls off the high frequency res-
ponse of the circuit and this aids
stability. It can also help to prevent
RF breakthrough.

MASTER UNIT

BC108

The prototype was tried with
connecting cables up to about 10
metres or so long, and gave
perfectly good results. It should
work with considerably longer
connecting cables if necessary. A
three core connecting cable is re-
quired and this can conveniently
be thin, three cored mains lead.

Doorbuzzer (2)

This is a two-tone doorbuzzer of
the type that produces an initial
tone for about one second, fol-
lowed by a tone of lower pitch.

The audio tone is generated by
IC2 which is an LM380ON audio
power amplifier. The frequency of
oscillation is governed by the
values of R6, R8, and C3. The
specified values give an operating
frequency of about 500Hz. The
output from IC2 is fed to a loud-
speaker via DC blocking capacitor
C4, and an output power of nearly
1 watt rms is obtained using an 8
ohm speaker.

The two-tone effect is obtained
by the inclusion of IC1 and its as-
sociated components. This is a
555 IC connected in the monosta-
ble mode; it produces a positive
output pulse of just under one
second in duration (set by R3 and
C1) when a negative trigger pulse
is applied to its pin 2. Such a pulse
is produced at switch on, since C2
will initially be uncharged and will
take pin 2 of IC1 to the negative
supply potential. C2 rapidly
charges by way of R1 though, so
that the trigger input is quickly
taken positive, and does not re-
main negative at the end of the

output pulse (this would have the
effect of lengthening the output
pulse). When power is removed
from the circuit, R2 rapidly
discharges C2.

Q1 is biased hard into conduc-
tion by the output pulse from IC1,
and it therefore effectively
connects the series resistance of
R5 and R7 in parallel with R8. This
increases the operating frequency
of the oscillator by an amount that
is controlled by R7. At the end of
the pulse from IC1, the oscillator
operates at its nomal, lower fre-
quency, giving the required two-
tone effect.
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Power Supplies

i oltage
Fstlmlrj)llgt\c(r g has to be charged up first. As C1 o @ ——O ouT
eg charges, however, TH1 will switch e
This is a voltage adjuster which on, so that current flows, charging R1
enables you to obtain several C2 to the full peak voltage. NV
switched values of DC voltage Now if there is no load resistor infrom { +
from a transformer without using ~ connected across C2, the thyristor  BR3%Eeq :
‘tappings. It's particularly useful  will not conduct again even if it is i
for lead-acid (car or motorbike) triggered, because the anode = K
battery charging, as the voltage is voltage will not be any higher than T z01
so easy to change. The principleis  the cathode voltage. Any normal o ! =

that the zener diode, which may power supply is used with a load,
be one of several selected by a  however, so that we can assume /\/\/\/\/\
switch, applies a steady voltage, that the voltage across C2 will N

equal to the zener diode voltage, drop quite a bit between the time NN N NN

to the gate of the thyristor. At the  of the first voltage peak and the out
anode of the thyristor, the wave- next one. If the voltage across C2

form is a full-wave rectified volt- is higher than the zener diode TRIGGER

age from the bridge rectifier. The  voltage though, the thyristor will

cathode of the thyristor is connec-  not trigger, and the next voltage

ted to the reservoir capacitor C2,a  pulse does not cause the thyristor m\[\ out.
large value electrolytic rated atthe  to conduct.

full peak voltage of the transfor- This continues until the output  fairly steady at around the zener
mer secondary. voltage drops to less than the diode voltage.

To see what happens, imagine voltage of the zener diode. When If this circuit is used as a battery
that the peak voltage of the recti-  this happens, the thyristor will  charger (lead-acid only) then C2
- fied wave is 25V and that we have start to conduct whenever the  can be ommitted.
a 15V zener diode. When the cir- anode voltage is higher than the To change output voltage, just
cuit is first switched on, capacitor = cathode voltage, and the reservoir  switch in another zener diode! The
C2 is uncharged, so that the ca- capacitor C2 will once again be output is not easy to smooth to an

thode voltage of TH1 is zero. charged to the full peak voltage. acceptable standard for most
When the voltage at the anode The thyristor will conduct every electronics equipment, but is ideal
starts to rise the thristor will not now and again; enough to keep for battery charging or running

conduct right away, because C1 the average voltage at the output lights or motors.
- CONT
Single IC Power Supply S o) O =y
The unit described here has an e . LATBGUIC ¢
output voltage variable from 5 to ON/OFF 2a0v out
15 volts, and a maximum output  o——T Swoue 3

current of 500mA. The output is L )
extremely well stabilised and ;
noise is well below TmV. l
The mains supply is connected '
to the primary winding of isolation |
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and step-down transformer T1 '
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through on/off switch SW1. The ey Tes ;m
centre tapped secondary of T1 nooSwibL oy 25v
feeds a standing fullwave rectifier e 15w AT B00mA O MORE =
and smoothing circuit which uses o T v
D1, D2 and C1. o

IC1 is the voltage regulator chip,  directly connected to the output) currents, there will be insufficient
and has four terminals. The unre- above 5 volts, causing the error to input voltage from the rectifier

E

gulated input voltage is appliedto be sensed and corrected. and smoothing circuit to properly
the ”IN” and “COM” terminals, Similarly, a lower voltage would maintain the output voltage.

while the stabilised output is taken  take the “CONT terminal below 5 The regulator device has built-in
from the “OUT" and “COM" ter-  volts, causing the output to swing foldback current limiting which
minals. The fourth terminal is more positive. prevents the output from much
“CONT” (Control) and if this is fed If RV1 slider is moved down its  exceeding 500 mA in the event of
from the output, via a potential track, the voltage fed to the a minor overload. Stronger
divider, negative feedback action ““CONT” terminal will decrease, overloads result in decreased out-

will stabilise the voltage at thister-  sending the output higher in order  put current, the short circuit cur-
minal at a nominal level of 5 volts.  to return this potential to 5 volts.  rent being about 200mA!

In this case the potential divider is  Thus RV1 can be used to vary the Decoupling capacitors C2 and
formed by RV1 and R1. If RV1  output voltage, with a maximum  C3 should be mounted physically
slider is at the top of its track the  potential of about 16 volts or so  close to IC1, which must be
output will be stabilised at 5 volts.  appearing at the output when RV1  mounted on a substantial
A higher voltage would take the slider is at the bottom of its track.  heatsink.

“CONT” terminal (which is now  Above this level, at high output
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Supply Splitter

Many operational amplifier based
circuits require dual balanced
power supplies, and cannot be
powered direct from workshop
units which have only a single out-
put. An add-on unit, such as the
circuit shown here, can be used to
produce a low impedance centre
tap on the output of a workshop
power supply. If this centre tap is
connected to the earth socket of
the power supply, and made the
OV rail, the positive and negative
rails will be at equal potentials re-
lative to the OV rail, but of opposite
polarity. Thus the dual balanced
positive and negative rails are pro-
vided, but each output rail is, of
course, at a potential of only half
the input voltage. In other words,
for an output of (say) = 15 volts it
is necessary to feed 30 volts into
the input.

This circuit will operate with in-
put voltages of between 9 volts
and an absolute maximum of 36
volts, and can handle output cur-
rents of up to about 500mA or so.
The quiescent current consump-
tion is 8 to 26mA depending on

Power Supplies
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the input potential.

Basically the circuit consists of a
potential divider circuit (R1 and
R2) to produce an accurate poten-
tial of half the input voltage, and a
buffer amplifier which is fed with
this voltage and produces a low
impedance output at the same po-
tential. The buffer amplifier uses
operational amplifier IC1 driving
emitter follower stage Q1, which
in turn drives complementary
emitter follower stage Q2, Q3.
There is 100% negative feedback
from the output at Q2 and Q3

emitters to the inverting input of
IC1 giving the amplifier unity
voltage gain. The high gain of the
circuit plus the negative feedback
gives a low output impedance so
that loading of the output does not
pull the OV rail significantly off-
centre. A complementary output
stage is used as this gives low qui-
escent current consumption.

If the unit is used at currents of
more than about 100mA, Q2 and
Q3 will probably need to be fitted
with heatsinks to prevent them
from overheating.

Regulated Power
Supply

Two transistors and a voltage re-
ference can be used to make a re-
gulated power supply. Transistor
Q1 is used as the power control
element and so must be mounted
on a heat sink. Q2 provides nega-
tive feedback and so helps iron out
any changes at the output due to

fluctuating load conditions or
variations in the unregulated rail.
The circuit operation is as follows:
the current through Q2 and D5
sets up a voltage of 5V1 across D5.
The base of Q2 is connected to the
output by resistors R2, 3, 4 and
RV1. If the output voltage rises,
then more current will flow
through Q2. This causes the
voltage at the base of Q1 to fall,

which in turn reduces the output.

RV1 is used to set up the output
voltage to +9V. If the wiper of RV1
should accidentally lift off, the out-
put voltage would instantly rise to
that of the unregulated rail. To
prevent this, R3 provides a perma-
nent DC path to the base of Q2. C2
helps to improve the regulation
when the load conditions change
rapidly.
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5-13V Power Supply

Although three terminal voltage
regulators are often referred to as
"fixed” voltage regulators, they
can actually be used to provide
output voltages other than their
nominal ones, and can even be
employed in variable voltage
power supplies, as in the circuit
shown here.

The three terminals of these
voltage regulators are the input
(pin 1), output (pin 2), and com-
mon (pin 3). The input voltage is
applied to pins 1 and 3 with the
correct polarity, and the stabilised
output is extracted from pins 2
and 3. In effect, the device is actu-
ally stabilising the voltage on pin 2
at some fixed level above the po-
tential at pin 3. Normally pin 3 is at
0V, and so the output voltage is
determined by the nominal output
voltage rating of the regulator.

Voltages greater than that for
which the device is intended can
be obtained simply by raising the
pin 3 voltage by the appropriate
amount. For example, a 5V regula-
tor can be made to give a 9V out-
put if its common terminal is taken
to a potential of 4V. In this case a
BV regulator is used, and its com-

SWia

T101A)
L o—" 15V + 1 er 12
: 1 ™ 7805 ! , Ry
] D1 /2
1N4001
, 7L-%]3 12k
240V ! 6 Ic2
Mains ! ov —— CA3140
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1 4 = RvV1
! P o 220n 2 ] 17
' 1N4001 +' lin
R1 :
; k2 = OUTPUT
N o—-—/ 0 c3 Ca
SW1b c1 —t— 220n 4.7
ON/OFF 47000 |4
25V
E O y . g . ’ 0 -

mon terminal is taken to a variable
voltage of about 0 to 8V or so. This
gives an output which is variable
from about 5to 13V. The voltage is
supplied by R2 and RV1 which are
connected across the stabilised
output so that regulation effi-
ciency is not significantly im-
paired. This voltage is at too high
an impedance to directly drive pin
3 of IC1, and so a simple buffer
amplifier based on IC2 is in-
terposed between the two. R1 is a
ballast resistor. A CA3140 device
has been chosen for the IC2 posi-
tion since the putput of this device
can swing to within a few milli-
volts of the nagative supply
voltage. Many alternatives such as
the 741C device have a minimum
output voltage of about 2V, which
would give the power supply a
minimum output voltage of ap-

proximately 7V, thus rendering
the unit unsuitable for use with
TTL and many other types of cir-
cuit.

The input voltage for the regula-
tor circuit is derived from a con-
ventional push-pull type step-
down, rectifier, and smoothing cir-
cuit. C2 and C3 aid the stability of
the circuit and should be mounted
physically as close to the regulator
IC as possible. C4 provides'
smoothing of the voltage at RV1
slider, and helps to give the circuit
a low output noise level of about a
millivolt or so. Regulation is also
very good, the output falling by
only 70mV between zero load and
full output. The 7805 IC has cur-
rent limiting circuitry which
prevents an output current much
in excess of 1A from flowing.

Car Cassette Power
Supply

When using a portable cassette
recorder in a car or boat it is far
cheaper to run the unit from the
vehicle’s battery than from in-
ternal batteries. This circuit will
give an output of 6, 7.5, or 9V from
a nominal 12V input with a maxi-
mum output current of 1A.

It uses a four terminal monoli-
thic voltage regulator to give the
voltage stepdown and provide a
well stabilised output. The input to
the regulator is obtained via D1
which blocks the supply if it is con-
nected with the wrong polarity,
and fuse FS1. The input will prob-
ably contain a certain amount of
noise which is smoothed by C1. C2
and C3 are decoupling capacitors
which aid the stability of the cir-
cuit, and should be connected as
close to IC1 as possible.

The output voltage of IC1 is set
by a potential divider connected
across the output and feeding into
IC1’s CONT (control) terminal. A
negative feedback action stabi-
lises the voltage on the CONT ter-
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minal at 5V, and the output at a
level equal to 5V plus the potential
dropped by the potential divider.
The value of R1 sets the potential
divider current at just over TmA,
giving a drop of about 1V across
R2, 2V5 across R3, and 4V across
R4. SW1 can thus be used to select
output voltages of 6V, 7V5, and 9V
by switching the appropriate resis-
tor into circuit. If only a single out-
put voltage is required, SW1 is
omitted and the appropriate resis-
tor is connected between IC1’s

CONT terminal and the output.

IC1 must be mounted on a
heatsink, and this can be the case,
if a metal type is used. The heat-
tap of the device connects in-
ternally to the COM terminal, so
the tab must be insulated from the.
case in the usual manner if the
latter is earthed and the unit is
installed in a positive earth
vehicle. The uA78GU1C has ther-
mal overioad protection circuitry
and foldback output current
limiting incorporated in its design.
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Power Supply With IC
Regulator

A regulated power supply used to
require a fairly complex circuit but
the introduction of special ICs has
made matters much simpler.

The chart shows the various
voltage requirements for four
types of voltage regulator. Care
must be taken that the voltage rat-
ings of the regulator are not ex-
ceeded, as this can blow up the IC.

The secondary voltage from the
transformer (it must be an isolat-
ing transformer but most are) is
full-wave rectified by the diodes
and then smoothed by capacitor
C1. The voltage here is unregu-
lated and has AC ripple superim-
posed upon it. The IC removes this
and gives an almost ripple free,
stable DC voltage. C2 and C3 must
be sited close to the regulator to
prevent any loss of performance
due to high frequency instability.
Note that the capacitor and com-
mon lead from the IC should be
wired to the same point, this helps
to reduce instability and hum
problems that can occur due to
poor layout.

The 78XX series of regulators
which come in a TO220 package

%

4 X 1N4003
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generally can supply 500mA.
Therefore the maximum power
dissipated in them is probably
going to be 500mA times the
voltage difference between the in-
put and output terminals. This
might mean that the regulator has
to dissipate 5W of heat, therefore

{78XX REGULATORS ONLY}

an adequate heatsink must be
used. The 78XX series is current
limited which means that if the
maximum current is exceeded, the
output voltage drops towards 0V.
The regulator is thus short-circuit
protected as long as proper heat
sinking is provided.

Regulator Booster

If you’ve ever been in the unfortu-
nate position of having a regulator
in a piece of equipment which will
supply, say, 0.5 A and you find
that, for one reason or another,
the equipment needs to draw 2A
'&hen this little circuit may save the
ay.

Essentially, it consists of a tran-
sistor (Q2) which will switch on at
a certain current into the regulator
and bypass it to an extent. It is
similar to a'current dumping’ am-
plifier; the transistor will pass a
large amount of current without
regulating it and the regulator will
do all the fine tuning to make sure
the output is stable. The circuit
also includes a second transistor,
Q1, which will limit the current
through the Q2 during a short cir-
cuit of the output; the regulator
will presumably look after itself.

The operation of the circuit is
fairly simple. As soon as the
voltage drop across R1 is greater
than the minimum bias voltage for
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Q2 (0v6), Q2 will turn on. As R1is
1 ohm, this will occur when 0.6A is
passing into the regulator. Having
switched on, Q2 will supply cur-
rent directly to the load. The regu-
lator will sense the output voltage
and if (as is likely, since the current
through Q2 will be un-regulated)
the output voltage is not now what
it should be it will pass or hold
back current as required to main-
tain the output voltage. The two
capacitors are necessary to

prevent the whole thing from
going into a frantic oscillation as
the regulator and Q2 try to decide
who is doing what.

If the current through R2 rises
above that needed to provide an
0V6 drop across it, Q1 will switch
on and short out R1, thus remov-
ing the bias from Q2. This will
prevent Q2 from passing more
current than is good for it. Q2
should be mounted on a heat sink
to prevent it from glowing.
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Unregulated Power
Supply

A single rail power supply is
shown in the diagram above. For
safety, the fuse is put in the live
wire path to the transformer. Also,
the live wire is connected to the
240V terminal of the transformer;
this part of the primary winding is
furthest away from the secondary
and so increases the safety of the
unit. The earth should be connec-
ted to any exposed metalwork and
to the transformer screen, if it has
one. The voltages quoted are AC
voltages measured in Volts rms.

The output of the transformer is
6V rms on load. When the trans-
former is not loaded this voltage
may increase by about 25%.
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Active Crosssver.... Bear and Teil Unit
Pink Neise Generater ... £SR Movitar
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ELECTRONICS TODAY
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A series of special issues containing
reprints of popular projects from the
pages of ETI.

No. 4... LED Level Meter, Logic
Pulser, Waa Waa, CMOS
Tester, Car Alarm, Emer-
gency Beacon, and many
others.

No. 5... Metal Locater, Stage Mixer,
STD Timer, Train Controller,
Power Meter, Heart Rate
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No. 6... Graphic Equaliser, Marker
Generator, CCTV Camera,
Lightshow, Active Cross-
over, Sweep Oscillator ...

No. 7... Wide Range Oscillator, Di-
gial Frequency Meter,
Electronic Bongos, ERII
Loudspeakers, and much
more.

Order now while stocks last!
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12V DC Motor Speed
Controller

This motor speed controller is of
the type where the motor is fed
with a series of pulses of fixed du-
ration and the power fed to the
motor is varied by altering the fre-
quency of the pulses. The higher
the frequency, the greater the
power fed to the motor, up to the
point where there is virtually no
gap between the pulses and the
motor is operating at full speed. A
useful characteristic of this type of
controller is that it gives relatively
good results at low speeds and
wastes little power with conse-
quent low dissipation in the cir-
cuit. This circuit is for 12V DC
motors having a maximum cur-
rent consumption of up to 1A (or
2A if the secondary current rating

O :/ o=
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|
i
[}
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'
240V,
MAINS |
1
1
1
1
|
1)
N :
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&

NOTE:
IC11S 4011B

of T1is raised accordingly.

T1, D1, D2 and C1 form a simple
DC supply which gives a loaded
voltage of just over 12V (just over
17V unloaded). This is used to
drive a CMOS astable multivibra-
tor which is based on two of the
gates in a 4011B device. The two
gates that are used each have their
inputs connected together so that
they act as inverters and are con-
nected in what is basically the
standard CMOS astable circuit.

The circuit differs from the stan-
dard configuration in that there
are two timing resistances; one
formed by R2 and the other by the
series resistance of R1 plus RV1.
D3 and D4 are steering diodes. In
effect, R2 forms the timing resis-
tance when the output of the asta-
ble is high and gives an output
pulse of fixed duration. RV1 and

Power Control

R1 act as the timing resistance
when the astable’s output is low
and the duration between output
pulses can, therefore, be varied
using RV1.

With RV1 at minimum there is a
negligible gap between the output
pulses, giving maximum speed
from the motor. Increasing the re-

- sistance of RV1 increases the du-

ration between the pulses, giving
decreased average output power
or no significant output power at
all with RV1 at maximum resis-
tance.

Since the astable has only a low
output current capability, the
motor must be driven via a buffer
amplifier. This uses Q1 and Q2 in
the common emitter mode, with
100% overall negative feedback so
that unity voltage gain (but a high
current gain) is obtained.
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Thyristor Switching

In this circuit, the thyristor is trig-
gered by the action of the push
button switch — note the 1k resis-
tor (R2) which prevents the gate
from being triggered by stray
radiated pulses. Once the thyristor
has been triggered on there is a
low-resistance conducting path
between anode and cathode, so
that the voltage across the thyris-
tor is low, not much above the
ninimum holding voltage at which
the thyristor switches off.

The switch-off method uses a
large-value capacitor C1 which
charges up when the thyristor
conducts. During the time that the
thyristor conducts, the capacitor
has one plate at supply voltage
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and the other at the low voltage of
the thyristor anode. When the OFF
switch is momentarily depressed,
the plate of the capacitor which
was at supply voltage is suddenly

EXTINGUISH

connected to zero volts. The other
plate will follow it, dropping from
about O0V2 to a negative voltage
for a few milliseconds. This is time
enough to allow the thyristor to
become non-conducting. By the
time the capacitor has re-charged,
the thyristor is off.

This method works well when
the load has a fairly high resis-
tance (such as a low voltage lamp)
and when a large value capaci-
tance can be used. The capacitor,
shoud be a paper or plastic type,
because electrolytics do not take
kindly to having their plates at re-
verse polarity, which will happen
if the OFF switch is kept closed
while the capacitor re-charges
through the load.
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Nicad Current
Generator

This simple add-on circuit enables
a DC bench power supply to be
used as a Ni-Cad charger. These
cells have a low internal resistance
and can be damaged if the charge
current is significantly higher than
the figure recommended by the
manufacturer. Furthermore, the
cell voltage increases as charging
progresses, making it necessary to
steadily increase the charge
voltage if the charge current is to
be maintained.

This unit is a constant current
generator circuit which limits the
current fed to the Ni-Cad cell(s) to
an acceptable level. In effect, the
unit automatically adjusts the
charge voltage to just the right
level to give the desired charge
current. The circuit is a standard
constant current generator config-
uration with R1 and D1-4 being
used as a sort of low voitage zener
stabiliser. About 0V7 is developed
across each of the four forward
biased silicon diodes, giving a

total zener voltage of about 2V8.
Q1,2 are used as a Darlington pair
and, therefore, have a very high
combined gain so that quite high
output currents can be produced
by the fairly low drive current
available. About 0V65 is dropped
across the base-emitter terminals
of both Q1 and Q2, giving about
1V5 across emitter resistor RC.
The emitter current can be
controlled by RC. The collector
current of Q1,2 is virtually iden-
tical to the emitter current and is
actually just fractionally lower as
the emitter current is equal to the
sum of the base and collector cur-
rents. Thus, provided a low im-
pedance load (such as Ni-Cad
cells) is present at the output, the
current fed to the load can be set
by giving RC the appropriate
value.

The value of RC is equal to 1,500

divided by the required output
current in milliamps and would,
for example, be 10R for rapid
charge Ni-Cads requiring a charge
current of 150mA (1,500 divided
by 150 = 10R).

+0—
D1
iN 1N4148
D2
1N4148
D3
1N4148
P4
1N4 148
-0

The input voltage should be 3-
6V more than the total voltage of
the cells being charged. The cells
should be connected in series
across the output. Of course, the
power supply must be capable of
supplying the charge current
drawn by the cells plus the addi-
tional few milliamps drawn by the
current generator circuit itself. For
charge currents of more than
about 100mA it will probably be
necessary to fit Q2 with a small
finned heatsink to prevent it from
overheating.

e e

Thermostat

This simple thermostat will stabi-
lise temperatures to within a frac-
tion of one degree Centigrade. It
covers a range which extends
from a few degrees C to over 35
degrees C and is therefore suitable
for use as a room thermostat, a
thermostat for photographic solu-
tions, etc.

The circuit uses operational
amplifier IC1 as a voltage compar-
ator. If the voltage at its non-
inverting input is higher than that
at the inverting input, the output

OuTPUT

goes to almost the full positive
supply voltage. If the comparative
input states are reversed, the out-
put assumes a very low voltage.

The inverting input is fed with a
reference voltage which is taken
from the slider of RV1, acting as
the temperature control. The non-
inverting input is fed from a poten-
tial divider which consists of R1
and Th1.

Th1 is a negative temperature
coefficient thermistor; its resis-
tance varies according to tempera-
ture with increased temperature
causing decreased resistance. If

the voltage produced by Th1 and
R1 is less than that set by RV1
slider, IC1’s output will go high,
switching on the relay via an emit-
ter follower buffer stage, Q1.
Power is then connected to the
heater and the room temperature
(or whatever) starts to rise. This
causes a reduction in the resis-
tance of Th1, and the voitage fed
to IC1’s non-inverting input. This
voltage soon falls below that fed
to the inverting input, causing
IC1's output to go low, the relay to
de-energise, and the heater to be
switched off.
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Mains Interference

Suppression

If you were to take a look at the
mains voltage on an oscilloscope
you might expect to find a 250
Vrms sinewave. If you do see a
pure sine wave then you are quite
lucky and need not read any
further! However, most mains
supplies are composed of the si-
nusoidal generated by the electric-
ity company plus various forms of
interference generated by local
users. When light bulbs, electric
ovens and various electric motors
are turned on they usually cause
clicks and spikes to be generated.
The worst offenders are large
brush electric motors, thyristor
dimmers and motor controls, spot
welding units, in fact anything that
grabs large chunks of current
abruptly from the mains supply.
The clicks and spikes often make
their way into electronic equip-
ment, producing audible clicks on
loudspeakers and generating er-

rors in digital equipment. Faced
with this problem there are two
things that can be done: filter out
the mains borne interference or
try to prevent it being generated.

The top circuit shows a typical
mains filter. The mains has to pass
through a passive lowpass filter
made up of an inductor and a ca-
pacitor, causing the high fre-
quency parts of the interference to
be attenuated. The inductor must
have a high current rating (1 amp
in this case), and the capacitors a
high voltage rating (250Vac at
least). This type of mains filter can
be brought as a module for a few
pounds, but it can also be made
out of discrete components. In the
latter case, use rubber sleeves on
the connections.

The bottom circuit shows how
to suppress motor generated in-
terference and also reduce electro-
magnetic radiation. Again, the ca-
pacitors need to have a sufficiently

large voltage rating, and take care
to insulate all connections.

Power Control

St 11 e m »
L2
5uTH AMP
1
A c2

R
100R | L)
- > E

E —

C1

10m -

L ls
L1

N->—TU0 > N
2 FOR 100—150 WATT
AT 1 AMP LOADS
©1.2,3 MUST BE 250 VAC OR GREATER
MOUNTEO CLOSE TO MOTOR
) MAINS
———t——— = iifcmc
r MOTOR
L $ $
| ol |
l 5n c3 I
l 100n I
cz |
LT
- | ] |
L_ _} conect
— — — — t— —— TO CASE
OF MOTOR

Fast Fuse

ristor to blow a fuse, but it has two
important advantages. The most
obvious one is fuses don’t blow
just because the voltage rises, so
that a fuse doesn’t protect the cir-
cuit against excessive voltage, it
only protects the power supply
against excessive current. The
other point is that a fuse takes
some time to blow, several mil-
liseconds. That may not sound like
a long time, but several hundred
pounds worth of IC’s can be des-
troyed in only a thousandth of that
time. The thyristor operates faster,
getting the voltage down as soon

FROM
It may look a bit daft using a thy- IR

c_I_—l ”
FUSE.

Ll TH

R1

o g O

as it reaches danger level, and
blowing the fuse so that some at-
tention is called for. The name
“crowbar”’ circuit is a good one —
the action is pretty much the same
as that of putting a crowbar across
the supply voltage!

—0
TO CIRCUITS

In this circuit, Zener diode ZD1
has been selected so that it breaks
down at 5V6. Now the normal
voltage output of this circuit is
5V, and it's intended to supply a
lot of IC’'s whose supply voltage
must not rise much above 5V6.
What happens if the voltage does
get too high? Simple — 2ZD1
conducts and triggers the thyris-
tor. The thyristor can then
conduct, shorting out the power
supply and causing the fuse to
blow. Once the fuse has blown,
there’s no voltage in the circuit,
and the thyristor instantly resets,
ready to resume protection duty
when the fault that caused the
trouble is sorted out.

Two-Down-One

This circuit was designed so that
people who have an illuminated
door-bell can run a separate bulb
over the door number without the
need for a second set of wires
from the transformer. If you try to
use the same pair of wires to run a
second bulb the increase in cur-
rent wifl probably make the
hammer of the bell ‘tremble’. By
using only one half of the AC cycle
from the transformer to illuminate
the bulbs whilst the other half of
the cycle rings the bell, the prob-
lem is overcome.
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Power Control

Nicad Charger

A special charger is needed for
NiCad calls because they have a
very low internal resistance,
leading to an excessive charging
current even if the applied voltage
is only marginally too high.

in this circuit, T1, D1, D2, and C1
form a conventional stepdown,
isolation, fuliwave rectifier, and
smoothing circuit. The other com-
ponents provide the current regu-
lation. IC1 is used as a comparator
with discrete buffer stage Q1 giv-
ing a suitably high output current
capability for this application.
IC1’s non-inverting input is fed
with a 0V65 reference potential
provided by R1 and D3. The invert-
ing input is taken to earth by R2
under quiescent conditions, caus-
ing the output to go fully positive.
With a NiCad cell connected
across the output a high current
will attempt to flow, causing the
voltage across R2 to increase. It
can rise to only 0V65. However,
as a higher voltage reverses the
comparative input levels to IC1,

T1(9-0-9V @ 100mA)

E

Q1
BD131
+
OUTPUT

D3 =
1N4148
N

R2
10R

resulting in the output going lower
and reducing the voltage across
R2 towards 0V65. The maximum
output current (the charge current)
is therefore the current produced
with 0V65 across 10 ohms, or 65
mA, in other words.

Some AA NiCad cells have a
maximum recommended charge
current of about 45 or 50 mA, and
for these types R2 should be in-
creased to 13 ohms in order to
obtain the appropriate charge cur-

rent. Some rapid charge types will
take 150mA, and this requires re-
ducing R2 to 4.3 ohms (3.3 ohms
plus 1 ohm in series if a suitable
component cannot be obtained).
T1 should be changed to a type
having a current rating of 250 mA,
and Q1 should be fitted with a
small bolt-on finned heatsink. The
unit can charge up to four cells
(six, if T1 is made a 12V type), and
these must be connected in series
across the output, notin parallel.

Overload Current Trip

This overload current trip can be
used between the powered equip-
ment and the power supply and
will cut off the supply almost in-
stantly if a preset threshold cur-
rent is exceeded. The trip current
can be varied from just a few
hundred milliamps. The unit will
work with supply voltages of
5-40V.

When power is first applied to
the circuit, power FET Q1 will be
biased hard into conduction by
bias resistor R1. Power is,
therefore, supplied to the load via
Q1, D1 and R2. There will be a
voltage drop across these compo-
nents, and to some extent this
varies with changes in the supply
current. At low output currents
there is likely to be a voitage drop
of something in the region of 0V7,
but this increases to a volt or so at
high currents,

RV1 is adjusted so that at output
currents below the required thres-
hold level the proportion of the
voltage dropped across Q1, D1
and R2 (and fed to Q2's base ter-
minal) is not sufficient to switch
on Q2. If the threshold current is
exceeded, the voltage fed to Q2's
base is then adequate to switch
the device on and it diverts the
bias current that formerly went to
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Q1's gate terminal. Q1 then
switches off and cuts the supply to
the load. Q2 remains switched on
as it receives a strong base bias
from the postive supply through
the load, .current limiting resistor
R3 and RV1. Once tripped, the cir-
cuit thus latches in the “off’ state.
It can be returned to the ““on’’ state
by clearing the overload and then
briefly operating SW1 so that the
supply is momentarily discon-
nected from the unit. When the
supply to restored it then starts at
the ““on”’ state once again. C1 en-
sures that the circuit always initi-

ally assumes the correct state and
also helps to prevent spurious
triggering of the unit.

When using the unit it shouid be
kept in mind that about 1V is lost

_ through the device and the output

voltage from the supply must be
adjusted to compensate. The cur-
rent trip inevitably causes some
loss of regulation efficiency, but
this is only marginal. If the unit is
to have a trip current of 100mA or
more, R2 can be reduced to about
1R8 in order to maintain the low
voltage drop and marginal degra-
dation of regulation efficiency.
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I.F. Alignment Oscillator

This simple piece of test equip-
ment can be very helpful when
aligning or realigning an AM
superhet receiver. It provides an
output at 455kHz, which can be
modulated by an audio tone if the
set is being adjusted for maximum
AF output.

The circuit consists of two oscil-
lator, Q1 and Q2 being used in the
one which generates the 455kHz
signal and Q3 in the one which
provides the modulation signal.
Q1,2 are connected in a

straightforward two stage, direct
coupled, common emitter config-
uration. However, neither of the
emitter resistors are bypassed in
this case as only a low voltage
gain is required. The input and
output are in phase and positive
feedback between the two is pro-
vided by ceramic filter CF1 (avail-
able from Ambit International). A
significant amount of feedback is
only provided at the 455kHz
operating frequency of the filter
and so the circuit oscillates at this
frequency.

A ceramic filter gives good fre-
quency stability, requires no ad-
justment in order to produce the

—_— e Radio

correct frequency and is cheaper
than using a crystal. C2 provides
DC blocking at the output, al-
though it should normally only be
necessary to connect the "hot”
output to the receiver, no chassis
connection being necessary.

A straightforward phase shift
oscillator is used to provide the
modulation signal and the
specificed C-R values give an
operating frequency of about
500Hz. C3 and R6 couple this sig-
nal to the base of Q2 where it am-
plitude modulates the 455kHz
signal. SW7 can be used to cut the
supply to Q3 and thus remove the
modulation.
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Crystal Set

The most simple form of radio for
receiving broadcast stations is the
crystal set, or more precisely, a
modern equivalent using a
semiconductor diode to provide
detection. This simple set covers
the normal medium wave broad-
cast band, has an output for a
crystal earpiece and, in most
areas, should give reception of
Radios 1, 2 and 3 at reasonable
volume {plus any local radio sta-
tions where these are in operation
on the medium waveband). It re-
quires no battery or other form of
power source since energy de-
rived from the received transmis-
sion is used to drive the earpiece.
However, this does bring the
disadvantage of needing an exter-
nal longwire aerial to operate the
set, as an ordinary ferrite aerial
does not give sufficient pick up.
The tuned circuit is formed by
L1 and CV1. This selects the de-
sired transmission and rejects
other stations. CV1 permits full co-
verage of the normal medium
wave broadcast band to be
achieved. In order to obtain good
volume from the unit it is neces-
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sary to directly couple the aerial to
the tuned circuit. For the same
reason it is necessary to take the
output to the detector direct from
the tuned circuit. This inevitably
gives the set rather poor selectiv-
ity, but it should still be adequate
in this respect.

The form of modulation used on
the medium wave band is AM
(amplitude modulation). D1 half
wave rectifies the RF signal to
leave only the positive half cycles.
R1 and C1 are used to smooth the
RF half cycles, but their time con-
stant is too short to produce a
steady DC output. Instead the out-
put rises and falls in sympathy
with the mean RF signal level, so
that the original audio signal is
recovered at the output anc?fed to
the earpiece.

The only adjustment the fin-
ished unit requires is to slide the
aerial coil (L1) along the ferrite rod
to find a position that permits full
coverage of the medium wave
band. The coil is then taped or
glued in this position. The smaller
winding of the ferrite aerial is not
required and is either removed or
just ignored. The aerial should
preferably be an outdoor type

et —3)
" D1 PHONE
' 0A81
1
1"
" L1 ! R1
" - 220k
n =
' 7 (o4 ]
1" cv1 1n0
o ABOUT 200
! 300p MAX
vl

NOTE:
L11S DENCO MW5FR FERRITE
AERIAL OR SIMILAR.

(a) received signal

Y.V SEVAVAVAY

(b)actionof D1 (c)recovered

audio signal

about 10m or so long, but a few
metres of hook-up wire fixed
around the walls of a room orin a
loft should give reasonable re-
sults.
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FET TRF Receiver

This circuit gives good headphone
reception and can be constructed
as a miniature receiver with a
short throw-out aerial or it can be
used with reduced range by rely-
ing on the ferrite rod alone.

1 is the detector and regenera-
tion is obtained by a tap from the
tuning coil to the source. The use
of regeneration greatly improves
selectivity and sensitivity to weak
signals. Potentiometer RV1 allows
manual adjustment of the drain
potential of Q1 and so acts as a
regeneration control.

Audio output from Q1 is
coupled to Q2 by C5. This FET is
an audio amplifier, operating the
headphones. A complete headset
is preferable for general listening
and phones of about 500 ohms DC
resistance, or about 2k im-
pedance, will give good results
here. If a miniature earpiece is
used, it should be a medium or
high impedance magnetic unit. A
crystal earpiece will require RC
coupling.

The tuning inductor is fifty turns
of 26swg wire, on a ferrite rod
about 5in x 3/8in. If the turns are
wound on a thin card sleeve which
can be moved on the rod, this will
allow adjustment of band cove-
rage. The winding begins at A;
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2k2 10n
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aerial tapping B is at about twenty-
five turns and D is the grounded
end of the coil. The best position
of the tapping C depends some-
what on the actual FET, on the bat-
tery voltage, and on whether or
not the receiver is to be used with
an external aerial wire. Should the
tapping C be too near to end D no
regeneration will be obtained or
regeneration will be weak, even
with RV1 rotated for maximum
voltage. On the other hand, with
too many turns between C and D,
oscillation will begin with RV1
only slightly advanced. Best re-
sults are expected when regenera-
tion begins smoothly with RV1
about halfway through its rota-
tion. It was found that only one to
two turns were required between
C and D. The best method is to

make C two turns from D then, if
necessary, unwind half a turn or
more atD.

When regeneration is obtained,
a heterodyne will be heard if the
receiver is tuned through a trans-
mission. RV1 should then be
turned back very slightly. Maxi-
mum sensitivity is achieved when
Q1 is almost in oscillating condi-
tion. RV1 has to be set to suit the
frequency tuned by VC1, so that
final critical adjustment can be
made. It is useless to regard RV1
as a gain control, and set it at
maximum.

A metal case is suitable where
an external aerial wire will be
used. Where the ferrite rod only
will be employed the box or case
must be of plastic or other insulat-
ing material.

Morse Practice
Oscillator

A Morse practice oscillator can be
of considerable help when learn-
ing the Morse code. The simple
unit descibed here has provision
for an internal loudspeaker, and
also has an output for a crystal
earpiece, high impedance
headphones, or a recorder.

The circuit is based on an audio
power amplifier device (IC1) which
is used in a phase shift oscillator
circuit. Feedback is applied be-
tween the output and inverting
(—) input of IC1 by way of a three
section phase shift network. The
three sections are formed by R2 —
C1,R3 — C2, and R4 — C3, each of
these sections providing 60 de-

rees of phase shift at a certain
requency. Thus, at this frequency
there is a total phase shift of 180
degrees through the three sec-
tions. The circuit oscillates at ap-
proximately 1kbHz with the
specified values.

Ideally a circuit of this type
should provide a sinewave output,
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as a pure tone is easy to listen to
for long periods and is the wave-
form produced by an actual CW
{Morse) transmission when it is
resolved by a receiver. This circuit
will provide a reasonably pure si-
newave if the gain of the amplifier
just slightly more than compen-
sates for losses through the feed-
back circuit. This is achieved by
adjusting R1 to give the appro-
priate loss level through the feed--
back path. in practice it is backed

off close to the point where oscil-
lation ceases, due to a lack of feed-
back.

The output signal is fed to the
loudspeaker via C4 and a break
contact on the output socket. The
latter automatically cuts of the
speaker when a plug is inserted
into the socket. The unit provides
an output power of about 100 mW
rms, and has a current consump-
tion of approximately 20mA with
the key down.
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Crystal Calibrator

A problem with home-constructed
short wave receivers is that of
providing an accurately calibrated
tuning dial. A crystal calibrator
solves this problem.

The calibrator circuit shown
here has fundamental outputs at
100kHz and 1MHz. However, it
does not merely provide -cali-
bration signals at these frequen-
cies, but also at harmonics of
these frequencies. The 1MHz out-
put therefore provides calibration
signals at 2MHz, 3MHz, 4MHz, etc.,
while the 100kHz output provides
signals at 200kHz, 300kHz, 400kHz,
etc. These additional frequencies
are produced because the circuit is
designed to give an output signal
that is virtually a squarewave. This
gives a signal rich in harmonics at
frequencies that are readily detec-
table up to 30MHz (the upper limit
of the short wave spectrum) on
any reasonably sensitive receiver.

Q1 is used in a simple 1MHz
crystal oscillator, and it operates
in the emitter follower mode. VC1
and C2 effectively form a tap on

R1
M2
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the crystal which acts as a parallel
tuned circuit. The output of Q1 is
coupled into this tapping, and this
gives the positive feedback path
needed to produce oscillation. The
circuit oscillates at the resonant
frequency of the crystal since
there is only an efficient feedback
path at this frequency, sufficient to
produce strong oscillation and an
output rich in harmonics. A crystal
is used rather than an ordinary L-C
tuned circuit as a crystal gives bet-
ter accuracy and stability. The

100kHz output is obtained by feed-

ing the 1MHz signal to a CMOS
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4017 divide by ten circuit.

VC1 must be adjusted to give
optimum accuracy and this is eas-
ily achieved by connecting a short
lead to the 100kHz output and
placing it near a radio tuned to the

‘BBC LW 200kHz transmission. This

will produce a low frequency beat
note (heard as a cyclic rise and fall
in the volume of the station), and
VC1 is simply adjusted for the
lowest attainable beat rate. A beat
rate of under one per second
should be easily obtained.

—

10 To 30MHz
Preselector

Many older or less expensive SW
receivers give a relatively poor
level of performance on the high
frequency bands. One way of im-
proving the performance is to add
a preselector at the input.

A preselector is a tuned RF am-
plifier which boosts the aerial sig-
nal before it is fed to the receiver.
Apart from giving improved sensi-
tivity,the decreased RF bandwidth
helps to attenuate any spurious
responses by the receiver.

The aerial signal is taken to the
low impedance primary winding
of T1. VC1 can be used to resonate
the tuned circuit at any frequency
between about 10 and 30MHz; in
practice, VC1 is simply adjusted to
peak received signals, and is the
tuning control of the unit.

Q1is a JFET which is used in the

T1=DENCO TRANSISTOR USEAGE

BLUE AERIAL COIL, RANGE 5T

6
50 ™

70
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common source mode, and has R1
and C1 as its source bias resistor
and bypass capacitor respectively.
It directly drives the input of Q2,
which is an ordinary bipolar de-
vice used in the common base
mode. This has R2 as its collector
load, R3 and R4 to provide base
biasing, and C2 as the base decou-
pling capacitor. This two stage
amplifier is a form of “cascode”
circuit, and gives good perform-
ance at the fairly high frequencies
involved here. The voltage gain of
the circuit is well over 20dB. C3
provides DC blocking at the output
of the unit.

Construction of the unit is not
critical, but try to keep all the wir-
ing reasonably short. As supplied,
the core of T1 is fully screwed into
the former, and in order to obtain
the correct frequency coverage
the core must be unscrewed
so that approximately 10mm of
metal screwthread protrudes from
the top of the coil. T1 can be
mounted in a B9A valveholder, in-
cidentally. The twin lead connect-
ing the output of the preselector to
the aerial and earth sockets of
the receiver should be reasonably
short to minimise losses.
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Medium Frequency
Amplifier

This circuit is primarily intended
for use over the 1.7MHz to 30MHz
range and will be found to provide
considerable gain. RF amplifiers of
this kind are generally used to im-
prove long distance short wave
reception, to increase volume, and
to reduce second channef interfer-
ence on the higher frequencies.

To avoid winding coils and
permit easy band changing,
Denco (Clacton) miniature plug-in
. coils may be used; these are the
“Blue’ (Aerial) ranges. The most
useful coils will be Range 3, 1.67-
5.3MHz, or 580 to 194 metres;
Range 4, 5-15MHz, or 60 to 20
metres; and Range 5, 10.5-31,
5MHz, or 28 to 9.5 metres. Exact
coverage depends on the setting
of the adjustable cores, and will
also be modified if VC1 is of dif-
ferent value. The coils are inserted
in a B9A type holder. If only a
single range is wanted, the coil
can be mounted by its threaded
end, and leads are then soldered
directly to the pins.

RV1is an aJ;?ustabIe aerial input
control, as overloading may easily
arise with strong signals. R1 and
R2 sgvide the voltage for gate 2,
and BB is for source bias.

The drain circuit is arranged for
capacitive coupling by C4 to the
aerial socket of the receiver. This
lead should not be unnecessarily
long, as this may cause losses, as
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well as picking up signals which
cause second channel interfer-
ence. If the lead is screened, it
must be no longer than necessary.
A 2.6mH short wave sectionalised
radio frequency choke will be
satisfactory for the frequencies
mentioned.

Construction is best in a metal
case, which can have a hinged lid
if plug-in coils are to be fitted. No
ganging difficulties can arise with
VC1, which is adjusted for best
volume.

Second channel interference is
caused by signals which are 2xIF
frequency from the wanted sig-
nals. With a 470kHz intermediate

1

o -

frequency, these offending signals -
will be 940kHz from the wanted
transmission. As a result, interfer-
ence from this cause is unlikely at
low frequencies, but very prob-
able at high frequencies. Such
second channel interference is
considerably reduced, or com-
pletely avoided, by using a tuned
RF stage of this kind; actual results
depend on the receiver IF, and fre-
quencies tuned.

A 9V supply is adequate and
may be drawn from the receiver if
convenient; only 2mA to 3mA or
will be wanted. The MEM618,
40602, and 40673 will be found
satisfactory here.

Two Transistor Radio

Although transistors are cheap,
this was certainly not true some
years ago, and transistors were
made to work at maximum effi-
ciency. A common technique in
simple radio circuits was to use a
reflex circuit; that is, one tran-
sistor amplified both at RF and AF.

The circuit shown uses very few
components yet the operation is
surprisngly complex. The coil L1 is
made from 88 turns of enamelled
copper wire, 32 swg for example,
on a 5/16in ferrite rod about 4in
long with a tap at 8 turns. The
tuned circuit is made up from VC1,
the 80 turns of L1 and C1. The lat-
ter has practically no effect upon
the circuit as it is a very high value
for RF purposes.

The RF signals picked up in cir-
cuit appear at a very high im-
pedance which does not connect

60

well to a regular transistor ampli-
fier, but the 8 turns act as an auto-
transformer giving a good match
to the base of Q1. This transistor

-amplifies the RF which is fed to

Q2, acting as an emitter follower.
The RF appears at the emitter of
Q2 but the high impedance mag-
netic earpiece acts as an RF choke
so the signal is passed through D1

.and is detected by it and

smoothed by C1. The signal is
now at audio and it is connected to
the base of Q1 via the 8 turns and
is again amplified but this time it
drives the earpiece; some audiois
fed back but this acts as negative
feedback. The base bias for Q1 is
also supplied via the diode.

Most general purpose small sig-
nal transistors such as a BC 108
will work well in this circuit. R1 is
worth experimenting with to ob-
tain the best possible perform-
ance.

Note that most earpieces are 8
ohm types and will barely work in
this circuit, high impedance types
are less common than they used
to be but are available — the im-
pedance should not be less than
250 ohms. The value of VC1 is not .
very critical — almost all of the
transistor type tuning capacitors
will work.
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Simple SW Radio

This simple SW set tunes from
about 5 to 177MHz, covering the 19,
25, 31, 39 and 49 metre broadcast
bands. It can be used with an
external .aerial and earth (which
connect to SK1 and SK2 respecti-
vely), but it provides reception of a
large number of stations using a
short telescopic aerial.

VC1 is the tuning control, and
forms the tuned circuit together
with the main winding of T1. Sig-
nals from a long wire aerial are
coupled to the tuned circuit via a
small coupling winding on T1, but
if a telescopic aerial is used it is
necessary to directly couple it to
the tuned circuit. Signals at the
frequency selected by the tuned
circuit are fed into the gate of Q1
which is used as a common
source RF amplifier/regenerative
detector. The process of regenera-
tion merely entails sending some
of the output from Q1 drain back
to the input of the circuit so that it
is amplified for a second time.
This achieved by using a third
winding on T1, with C1 providing
DC blocking and RV1 controlling
the amount of regeneration.

There are several reasons for
using regeneration; the obvious
advantage is that it gives in-
creased gain and sensitivity. A
less obvious one is that it in-
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creases the detection efficiency of
the circuit. This type of detector
relies upon the fact that it will am-
plify one set of half cycles more
than the other set, giving a crude
form of rectification. Thus, by add-
ing an RF filter (R3 and C3) at the
output of the amplifier, the RF sig-
nal is removed to leave the de-
tected AF signal. Regeneration in-
creases the ineguality between the
levels of amplification received by
the two sets of half cycles, giving
improved detection efficiency. Re-
generation also produces im-
proved selectivity, enabling the

set to pick out just one station at a
time from the crowded SW broad-
cast bands.

The audio output from the de-
tector is considerably amplified by
a common emitter stage based on
Q2 before being fed to a crystal
earphone or a pair of high im-
pedance headphones. Current
consumption of the set is about
2mA. Construction would not be
difficuft, but all the RF wiring
should be kept reasonable short
and direct. T1 can be mounted in a
BYA valveholder by the built-in
screwthread and nut.

27 MHz Radio
Control Monitor

A radio control monitor such as
that described here is invaluable
when setting up a radio control
transmitter. This circuit has good
sensitivity and it is unnecessary to
have the monitor in close proxim-
ity to the transmitter in order to
obtain a signal of adequate
strengths even when it is used
with a low power transmitter.

The signal picked up by the
telecopic aerial is coupled directly
into the tuned circuit. The core of
L1 is adjusted so that CV1 is able
to tune the monitor to any fre-
quency within the 27MHz band.
The setting of this core is not too
critical, since the unit covers
somewhat more than the entire
band. _

Q1 is used as a common emitter
amplifier with L2 as its collector
load and R1 to provide base bias-
ing. C1 couples the signal in the
tuned circuit to the input of the
amplifier. The value of C1 is cho-
sen to give optimum signal trans-
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fer. The high impedance signal in
the tuned circuit is matched to the
low input impedance of Q1 by a
sort of capacitive divider action
(the input capacitance of Q1 form-
ing the other section of the capaci-
tive divider).

C2 couples the output of Q1 to a
straightforward rectifier and
smoothing circuit. This produces a
positive voltage which is roughly
proportional to the strength of the

received signal. This voltage is
used to drive M1, which gives a
comparative indication of received
signal strengths. An inexpensive
meter is perfectly suitable for use
in the unit due to the arbitrary
scaling. RV1 can be used to reduce
the sensitivity of the unit, if neces-
sary. The modulation signal of the
transmitter (if it is an AM type) can
be monitored using a crystal ear-
phone connected to SK1.
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Simple M.W. Radio

This simple radio gives many
hours of use from a PP3 battery,
and will give good volume from a
crystal earphone when tuned to all
but the weakest of MW transmis-
sions.

L1 is the tuned winding of the
ferrite aerial, and VC1 is the tuning
capacitor. The signal picked-up
and selected by the aerial is
coupled via low impedance
winding L2 to a conventional com-
mon emitter amplifier stage
based on Q1. Some of the output
from Q1’s collector is coupled
back to the ferrite aerial by R1 and
C1. R1 controls the amount of
feedback, or regeneration as it is
normally known in this applica-
ABS

LF351 TOP VIEW

JE R1
1> MO
R3 RE
2k2 8k2
L1/L2 = DENCO MW/SFR

tion. One purpose of the regenera-
tion is to produce increased ampli-
fication, and thus give improved
sensitivity. It also improves the
ability of the set to select just one
of several closely spaced trans-
missions. This is very important,
since the selectivity of the set is
provided by a single tuned circuit,
and performance would be very
poor in this respect without the
use of regeneration.

Most of the output from Q1 is
fed to a simple diode detector cir-
cuit which uses D1, D2, C4 and R4.
This halfwave rectifies the RF sig-
nal and smoothes the remaining
RF half cycles to leave the audio
signal. This is then fed to a low
noise audio stage which uses IC1
in the inverting mode. IC1 is a low

noise BIFET operational amplifier;
its closed loop voltage gain is set
by the ratio of R5 to R8 at about
550. The current consumption of
the set is only about 2mA.

The aerial coil must be posi-
tioned on the rod so that the full
MW band can be received. This is
a matter of trial and error. The coil
is then glued or taped in place. R1
is adjusted for the lowest value
that does not cause the circuit to
oscillate at any setting of VC1 (os-
cillation causes a tone to accom-
pany the received station). If rege-
neration cannot be obtained, re-
verse the connections to L2. Keep
the wiring to the “hot” ends of
VC1 and L1 well away from the
wiring to Q1 collector or un-
controllable regeneration may
result.
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144MHz Converter

The reception of 2 metre signals is
generally possible using a
converter and standard short
wave receiver. With such an ar-
rangement the 144MHz or other
VHF signal is changed in fre-
quency so that the converter out-
put falls within the tuning range of
the receiver.

A converter of this type often
uses an RF amplifier and a low
frequency crystal controlled oscil-
lator followed by frequency
multipliers. This allows high sensi-
tivity and excellent frequency
stability but is relatively compli-
cated and expensive item. It is
possible to use a much simpler
circuit.

L1 is broadly tuned to the
wanted frequency band by T1 and
signal input is to gate 1 of Q1. Q2
is the local oscillator with the
operating frequency determined
by L2 and T2. Oscillator injection is
via C3 to gate 2 of Q1. The fre-

62

—0+
RECEIVER
La
73
10p
cs
12p
sl
&3 S D
R3 5p0
G2 /TN D 100K Q2
Q1 Y
1
G 3 c
§ R4 N g
2k2 2 - L2
R1 20"7
100k
c4
R2 s Oul
2k2 'lcz
10n |
e J,\_o -t

quency of the output from the
drain of Q1 is the difference be-
tween G1 and G2 frequencies.
Thus if the signal at G1 is 144MHz,
and Q2 is tuned to oscillate at
116MHz, output will be at 28MHz.
Therefore 144-146MHz can be cov-

ered by tuning the receiver from
28MHz to 30MHz. L3 is broadly
tuned to this band, and L4 couples
the signal to the receiver.

The oscillator can actually be
tuned above or below the aerial
circuit frequency of the converter,
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as it is the difference between
converter signal input and oscilla-
tor frequencies which determines
the converter output frequency. It
is also possible to choose other
reception and output frequencies,
provided L1, L2 and L3 are chosen
to suit.

L1 and L2 are wound in the
same way, except that L1 is
tapped one turn from its grounded
end. Each coil has five turns of 18
swg wire, self supporting, formed
by winding the turns on an object
7mm in diameter. Space turns so
that each coil is %2in or about
12mm long.

L3 is fifteen turns of 26swg ena-
melled wire, side by side on a
7mm former with adjustable core.
L4 is four turns, overwound on the
earthed (positive line) end of L3.
Layout should allow very short
connections in the VHF circuits. A
co-axial aerial socket is fitted near
L1. A screened co-axial lead is pre-

ferred from L4 to the receiver to
avoid unnecessary pick-up of sig-
nals in the 28-30MHz range. The
converter will operate from 9-12V.

L3 should first be peaked at
about 29MHz. If a signal generator
is available, couple this to Q1
drain by placing the output lead
near the drain circuit. Tune gener-
ator and receiver to 29MHz, and
adjust the core of L3 for best re-
sults. Otherwise, couple an aerial
by means of a small capacitor to
the drain circuit, and tune in some
signal in the 28-30MHz range.

It is now necessary to tune L1 to
about 145MHz, and L2 to 116MHz,
or 174MHz. If an absorption fre-
quency indicator is available, this
will permit an approximate setting
of T2. A dip oscillator will also
allow T1 to be adjusted. Subse-
quently adjust T2 to bring the
wanted signals in at the required
frequencies and peak these for
best volume with T1, then check

—_— Radio

the setting of L3 core.

The converter is best assembled
in a small aluminium box, com-
pletely closed, which can be
placed behind the receiver. Note
that if Q2 is not oscillating, no re-
ception is possible through the
converter. Q2 should be a VHF
FET, such as the BF244, MPF102 or
similar and if necessary T3 may be
adjusted to secure oscillation. The
40602, 40673, or similar VHF types
will be satisfactory for Q1. If
needed, frequencies can be
brought within the swing of T1
and T2 by stretching or compres-
sing L1orL2.

The aerial may be about 38%2in
long, constructed as a simple self-
supporting or wire dipole, with a
feeder descending to the
converter. Amateur activity is
most likely to be greater at week-
ends, and in many areas a whip or
very short wire aerial will provide
local reception.

Radio 4 Tuner

This tuner is designed for use with
a tuner/amplifier which does not
have long wave coverage and is
therefore unable to receive BBC
Radio 4.

However, it can also be used as
a personal receiver for reception
of Radio 4 if the output is fed to a
crystal earphone or a pair of high
impedance magnetic headphones.

Q1 is used as a JFET common
source amplifier and its gate ter-
minal is fed direct from the ferrite
aerial (L1). This is quite acceptable
since a JFET has an extremely
high input impedance and will not
place a significant degree of load-
ing on the aerial. L1 is used to bias

the gate of Q1 to the negative
supply rail. C2 brings the ferrite
aerial to resonance at approxi-
mately the Radio 4 frequency of
200kHz, and L1 is simply slid along
the ferite rod to tune the unit to the
correct frequency. L2 forms the
main source load for Q1, but it was
found to be necessary to damp
this using R1 in order to prevent
instability.

The amplified RF output from
Q1 is fed by C4 to a straight for-
ward AM detector circuit, D1, D2,
R3 and C5. The demodulated AF
signal is then coupled by C6 to a
high gain, low noise, common
emitter amplifier based on Q2.
This considerably boosts the sig-
nal, but it is still at an inadequate

level to drive many amplifiers. A
second common emitter stage
using Q3 is therefore used to
further boost the signal, and this
gives an output amplitude of sev-
eral hundred millivolts RMS. The
full gain of Q3 is not required, and
R6 is used to provide local nega-
tive feedback which produces the
required reduction in gain. C8 rolls
off the high frequency response;
this aids stability and improves
the signal to noise ratio of the unit.

The tuner only has one control,
on/off switch SW1. The current
consumption of the unit is about
2.5mA. When the correct position
on the ferrite rod has been loca-
ted, it should be firmly taped or
glued in position.
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Bedside Radio

This very simple MW radio pro-
vides low but adequate loud-
speaker volume for use as a bed-
side set, and also has provision for
a low impedance magnetic ear-
phone. The radio frequency cir-
cuitry is based on a ZN414 |IC
which provides considerable am-
plification for the signals picked
up in ferrite aerial L1. VC1 is the
tuning capacitor and R1 is a bias
resistor for the ZN414. C1 provides
an RF path to earth for the "cold”’
end of L1. The ZN414 has a tran-
sistor detector stage at the output,
but this requires discrete load re-
sistor R2 and RF filter capacitor C2
in order to give an audio output.

When strong signals are re-
ceived there is a slight drop in the
voltage at the output of IC1,
effectively reducing the supply
voltage fed to the device and giv-
ing a fall in gain. This produces a
crude but reasonably effective
form of automatic gain control
(AGC) which reduces the possibil-
ity of overloading and gives a
more consistent audio output
level when tuning to stations of
differing signal strengths.
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The output stage is a simple
common emitter class A type
based on Q1. Interstage coupling
is provided by C3, and R3 is the
base bias resistor. The speaker or
earphone form the collector load
for Q1; JK1 is a normal 3.5mm
jack having a single break contact
which is used to automatically
mute the speaker when the ear-
phone is plugged in. Ideally the
speaker should have an im-
pedance of about 15 to 26 ohms,
but any unit having an impedance
in the range 8 to 40 ohms can be
used. C4 filters out any RF signal

that breaks through to the output
and which might cause instability.

The layout of the unit is not too
critical, but C2 should be mounted
physically close to IC1. As with
any set having a ferrite aerial and
internal speaker, the two should
not be positioned very close to
one another as this could cause
instability. A metallic case cannot
be used as it would shield the
aerial and prevent any significant
signal pick up. Large metallic com-
ponents positioned right along
side the aerial can have a similar
effect.

‘Short Wave Converter

This SW converter tunes over 5 to
15MHz approximately and also en-
ables an ordinary MW broadcast
receiver to pick up stations operat-
ing on the 19, 25, 31, 41 and 49m
broadcast bands.

Signals picked up by the teles-
copic aerial are directly coupled
into the aerial tuned circuit as
these signals will be quite weak,
necessitating a tight coupling.
CV2 is the main tuning capacitor
and CV1 is the aerial trimmer
control. The signals selected by
the tuned circuit are coupled
directly into the gate of mixer tran-
sistor Q1, no coupling winding be-
ing needed here due to the use of
a JFET transistor with a very high
input impedance. The drain load
for Q1 is a MW ferrite aerial, but it
is used in reverse in this applica-
tion, to radiate the 1.6MHz output
of the converter. This is picked up
by the MW radio, which is placed
near the converter and tuned to a
quiet spot on the band in the vicin-
ity of 1.6MHz. The position of the
coil on the ferrite aerial is adjusted
to resonate L2 at the appropriate
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frequency and effect optimum sig-
nal transfer.

The oscillator uses JFET device
Q2 in the source follower mode,
with positive feedback provided
by L3. At the resonant frequency
of L3 there is sufficient feedback to
cause oscillation and CV3 tunes
the oscillator over a frequency
range which is 1.6MHz higher than
the range of the aerial tuned cir-
cuit, so that the required dif-
ference frequency of 1.6MHz is

NOTE

018& 2 ARE BF2448

T11S DENCODP BLUE AERIAL COIL, RANGE4
T2 tS DENCO MWSFR FERRITE AERIAL

T3S DENCO WHITE OSC COIL RANGFE 4

produced at the output. C6 is a
padder capacitor which gives
reasonably good tracking between
the aerial and oscillator circuits.
Perfect tracking is not required
since CV1 can be used to keep the
unit peaked for optimum results.
C3 is used to couple the output
from the oscillator to the input of
the mixer stage. The circuit has a
current consumption of only 4mA.
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Linear Scale
Resistance Meter

Although even the most simple of
multimeters have resistance
ranges, many instruments only
have a few ranges, and these have
a reverse reading, non-linear
scale. This often results in poor
accuracy and inconvenience in
use. This simple circuit has five
measuring ranges from 1kR to 10
Megohms FSD (full scale deflec-
tion) with a forward reading linear
scale on all ranges.

The unit consists basically of an
operational amplifier used in the
inverting amplifier mode. Tran-
sistor Q1 is used as an emitter fol-
lower output buffer stage, and on
the 1kR range the output sink cur-
rent capability of the amplifier
would be inadequate without the
inclusion of this stage. R1 and D1
‘provide a stable reference voltage
of 6V8 (nominal) which is fed to
the input of the amplifier. The gain
of the amplifier is determined by
two resistors, one of which
connects the input signal and the
inverting input of the op amp. This
resistor is one of R2 to R6, de-
pending upon the setting of SW1.
The other resistor connects be-
tween the amplifier output and the
inverting input and, in this case is
the resistor under test.

Test Gear
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The voltage gain of the circuit is
equal to the value of the input re-
sistor divided by the value of the
test resistor. Thus, with SW1
switched to the 10kR range for
example, a 10kR test resistor
would give a voltage gain on one,
and the output would swing 6V8
negative. This would give FSD of
the simple voltmeter circuit com-

prised of R7, R8 and M1, which is

connected across the output and
has a FSD sensitivity equal to the
reference voltage. If the test resis-
tor had a value of 5kR, then the
circuit would have a voltage gain
of only 0.5, and only half FSD of
M1 would result. A resistor of 1kR
value would give a gain of 0.1 and
a deflection of only 10% of FSD. As
will be apparent from this, there is
a linear relationship between the
test resistor value and the meter

reading, and the FSD value is
equal to that of the resistor selec-
ted by SW1. :

SW2 is the on/off switch and
should be a non-locking push-but-
ton switch, or some other type
biased to the off position. This is
only operated when the resistor
has been connected to the test
clips as the meter will be deflected
beyond FSD if power is applied to
the circuit with no test resistor
connected (or one of greater value
then the FSD value of the range).
The meter will not be damaged if
this is accidentally done since a
maximum meter overload of only
about 30% or so can occur.

In order to calibrate the unit,
connect a close tolerance resistor,
of the same value as that selected
by SW1, across the test clips’ and
adjust R8 for FSD of M1.

Transistor Tester (1)

The cheapest way of building up a
stock of transistors is to purchase
“bargain bags” from component
stores. The main drawback is that
you have no idea what character-
istics the devices will have, if in-
deed they have any characteristics
at all! Usually between 10% and
30% of the devices will be useless,
the remainder will be out of
tolerance and not suitable for
commercial use — but perfect for
use by the experimenter.

With the aid of this transistor
tester you will be able to test tran-
sistors for gain and leakage char-
acteristics.

To avoid complex switching
only one socket is used for the
testing of devices ~ NPN and PNP
types are inserted in opposite
ways. By comparing the meter
deflections caused by good qual-
ity transistors, an evaluation of the
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characteristics of any particular
device can be made — high gain,
low gain, high leakage, low
leakage, etc. Germanium tran-
sistors (such as OC71s) will regis-
ter much higher leakage than
more modern silicon types

PNP NPN R2
c e 4k7
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e ¢ RV1
5k0
I 9v
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-

(BC108s, etc.). If no reading is
given for either gain or leakage the
transistor is open circuit and use-
less. R2 and RV1 are included to
protect the meter movement if the
device under test is short circuited
internally.
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FET Voltmeter

Although an ordinary multimeter
is suitable for most DC voltage
measurements, it can occasionally
prove to be inadequate when mak-
ing measurements on high im-
pedance circuits which cannot
supply the current required to
operate a sensitive moving coil
meter. The loading effect of the
meter then causes the voltage at
the test point to fall substantially,
giving a misleading reading.

The problem is overcome by
this FET voltmeter circuit which
has six ranges from 0V5 to 100V

FSD, with an input impedance of a
little over 11MR on all ranges. This
gives a sensitivity of over 22
meg/V on the 0V5 range dropping
to a little over 110k/V on the 100V
range {most multimeters have a
sensitivity of 20k/V).

A FET unity voltage gain buffer
amplifier based on Q1 is used to
give the necessary high input im-
pedance. A simple voltmeter cir-
cuit is fed from its output, and this
has a FSD value of OV5 in the ‘X1’
position of SW2, or 1V in its ‘X2’
position. RV1 and RV2 respecti-
vely are adjusted to give the circuit
the correct FSD values. There is a
small quiescent output voltage

R1 TO R3 ARE CLOSE TOLERANCE TYPES

from the buffer stage and so a
bridge circuit is used to give zero
quiescent voltage across the
meter circuitry. To give good
stability another source follower is
used to form the other section of
the bridge and this results in no
noticeable meter drift. RV3 is used
to electrically zero the meter. D1
and D2 simply protect against
serious over-loading.

An input attenuator can be used
to reduce the basic sensitivity by a
factor of 10 or 100, giving FSD
values of 0V5, 5V, and 50V with
SW2 in the ‘X1’ position, or 1V,
10V and 100V if it is set to the ‘X2’
position.
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Active ‘Scope Probe

Most oscilloscope probes that pro-
vide a tenfold boost in input im-
pedance (usually from 1MR to
10MR) are passive devices and
consequently give a correspond-
ing tenfold reduction in voltage
gain. This active probe circuit
gives an input impedance of ap-
proximately 10MR shunted by
about 5 to 10pF and has a voltage
gain of almost exactly unity. it will
not have any significant effect on
the bandwidth when used with an
oscilloscope whose bandwidth is
10MHz or less and which is AC
coupled (the probe is mainly in-
tended for use when investigating
high impedance audio or RG sig-
nals). Signal levels of up to about
3Vrms can be handled without
clipping or about 6Vrms if the
supply voltage is raised to 18V.

The obvious choice for a circuit
of this type would at first seem to
be a FET used in the source fol-
lower mode as this can provide a
high input impedance, low input

10n

R2
12k

A%

EARTHCLIP

PROBE

/ +9V

Swi1
ON/OFF

O

capacitance, low output im-
pedance and nominally unity
voltage gain. The problem with
such a circuit is that the true
voltage gain is only about 0.9 to
0.95, which would obviously have
an adverse effect on the accuracy

of any form of calibration fitted to’

the ‘scope. Therefore, the circuit
finally devised uses Q1 as a com-
mon source amplifier, which
directly drives common emitter
amplifier Q2. There is a 100%

negative feedback loop from the
collector of Q2 to the source of Q1
and this gives the circuit almost
precisely unity voltage gain. This
arrangement retains the attributes
of a source follower stage and
gives good results in other res-
pects as well. Gate biasing for Q1
is provided by R1-3 'while DC
blocking at the input and output is
provided by C1 and C2 respecti-
vely. Current consumption of the
unit is about 5mA.
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Transistor Tester (2)

This very simple transistor tester
measures DC current gain in three

ranges, with full scale values of 10,

100 and 1,000. It will also show
‘whether or not the device under
test has a high leakage current.

The basic tests for a transistor
are very simple and in order to test
for high leakage, it is merely
necessary to connect a voltage
across the emitter and collector
terminals of the test device, and
then measure the current flow.

In this circuit BY1 is the voltage
source, and ME1 registers the cur-
rent flow. R4 is a current limiting
resistor which protects ME1 and
the test device from passing an
excessive current.

Silicon devices have extremely
low leakage currents, and if there
is any deflection of ME1 when
testing a silicon transistor it cer-
tainly means that device is not
functional (or is connected incor-
rectly). Germanium devices have
somewhat higher leakage cur-
rents, and a very small deflection
of ME1 is acceptable.

The test for DC current gain
(Hfe) is basically the same as for
leakage testing, except that a cur-
rent is fed into the base terminal of

_the test device. This causes a

Test Gear
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larger current to flow in the col-
lector circuit of the transistor, and
the current gain is equal to the
collector current divided by the
base current. If SW2 is depressed,
a base current will be provided to
the test device by which ever re-
sistor (R1 to R3) is selected by
SW1. With SW1 in the ‘10’ posi-
tion, a nominal base current of
1mA is fed to the test device, and it
must have a current gain of 10 in
order to produce a collector cur-
rent of 10mA and give full scale
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deflection of ME1. Lower levels of
current gain give a proportiona-
tely lower meter reading. With
SW1 in the ‘100’ and ‘1,000’ posi-
tions, the base current is reduced
to 100uA and 10uA respectively,
iving the correspondingly higher
ull scale gain values.

PNP and NPN transistors re-
quire opposite supply polarities,
and SW3 is used to switch the
supply polarity to suit the type be-
ing tested and to connect ME1
with the correct polarity.

Measuring Capacitance

This simple circuit will enable you
to find out the value of an un-
known capacitor. It makes use of
the Bridge principle.

The interesting part of the circuit
is to the right of T1; the rest, in-
cluding Q1 is simply an audio os-
cillator. T1 is a small output trans-
former, as found in nearly all
transistor radios. A commercial
version is widely available from
component shops (LT700). Con-
nected as shown, the circuit forms
a Hartley oscillator. C2 converts
the primary of the transporter into
a tuned circuit operating in the au-
dio range whilst C1 feeds back
part of the signal.

Let us take a case where the two
capacitors are the same value and
the resistance in RV1 between x-y
and y-z is the same; in that case
the voltage aty and at the junction
of the two capacitors will be the
same and nothing will be heard in
the earpiece.

Assume now that our unknown
capacitor is half that of our known
component. A larger amount of
the signal will pass through the
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known capacitor, and a signal will
be heard in our earpiece. However
if x-y is twice y-z, balance will once
again be achieved and nothing
will be heard. It follows that if the
knob of RV1 is marked in ratios,
we will be able to calculate the
value of almost any capacitor as
long as we use a reference compo-

nent that is between ten times and
one-tenth of the unknown this is
because it is only practical to mark
out ratios of 10:1. This is not as
much of a problem as may first be
imagined, as values between 1p
and 100uf can be checked using
four standards — these are 10p, 1n
{1000pF), 100n (Ou1f) and 10uF.
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Test Gear

Direct Reading

Ohmmeter

This is a useful piece of epuipment
for checking unknown resistors,
continuity of coils, transformer
windings etc. Designed around a
‘741 operational amplifier it has the
advantage that once the meter dial
is calibrated, resistance can be
read directly from the scale with-
‘out the usual cramping at the iow-
resistance end. .

The meter can have any internal
resistance, but it must be made up
to 3k by an external resistor R7.
The prototype used a meter with
an internal resistance of 100R. It is
a good idea to make up the meter
resistance to a round value of say,
300R, by a small resistance so that
you aren’t left with an awkward
value for R7.

The complete unit is self-zeroing
and is protected against open-cir-
cuit or unknown resistance at Rx
by diode D1.

R6
2k7

+30V

NOTE:

-1C1 18741
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Signal Injector-Tracer

There are two extremely useful
pieces of test gear for both the
serviceman and the amateur con-
structor: these are a signal source
and a signal tracer.

Faced with a transistor radio
that doesn’t work, what do you
do? It is important that a logical
approach is taken and although
this may sound obvious, it is very,
very easy to become diverted.

First check that the battery is not
flat (this accounts for about 50% of
'so called faults) and then check
that a good contact is being made
on the cut-out switch of the ear-
piece socket if one is fitted. Always
chech these first but assuming
there is still no joy, what do you
do?

The volume control is easily
located, contacts can generally be
made to it quickly and it is an ex-
cellent place to start.

If you inject a signal into the
slider of the volume control and it
is heard at a decent ievel you can
be fairly sure that nothing is
wrong with the amplifier. If noth-
ing is heard there is obviously
something wrong and the field is
immediately narrowed.

Assuming that the audio stage
is working you can then inject an
IF signal at the collector of the
mixer stage — the same rules ap-
ply as before.
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Alternatively you can take the No. 1 Off position
‘signal detect’ approach. Instead No. 2 Tace Position
of injecting a signal at the volume No. 3 inject Position

control you can listen at the same
point to establish that the radio is
working satisfactorily.

The above is a super-concise
lesson in fault finding but it does
illustrate the tremendous use that
a signal injector and a signal tracer
can be put to.

The project described here is for
a combined device — it can inject
signals at RF, IF and AF and can
detect signals at the same fre-
quencies, assuming that they are
high enough in level. The simplic-
ity of circuit may lead you to doubt
this claim but it does do all this.
The function switch, SW1, has

Position 1 merely disconnects the
supply and the device is of course
inoperative. As shown the func-
tion switch is in position 2, the
trace mode.

One of the contacts is the com-
mon line and should be wired
using a crocodile clip to the chas-
sis of the equipment being investi-
gated. The other connection is the
probe.

This goes via DC blocking capa-
citor C1 whose working voltage
should be high; if a 500V compo-
nent is used the circuit can be
used on valve equipment.
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The signal is fed to Q1 which is
arranged as a common emitter
amplifier but is biased nearly to
cut-off, which creates deliberate
distortion at the same time as am-
plifying the signal. Distortion in
such a manner leads to the detec-
tion of RF signals and so whatever
the frequency fed in, assuming it
is modulated an audio output will
be heard. The collector load of Q1
is R2 and the output of this stage is
fed to another of similar design,
but the load is a high impedance
magnetic ear-piece.

On inject, SW1 is in position 3
and the output of Q2 is coupled to
R4, acting as the collector load,
and also to C3 which feeds back to
the base of Q1. The circuit, which

was previously an amplifier, now
becomes a multivibrator produc-
ing a square wave signal at ap-
proximately 1kHz and this is fed,
via C1, to the probe.

A square wave can be described
as a fundamental frequency plus
all its harmonics and so in addi-
tion to 1kHz there is an output at

'2kHz, 3kHz etc., going right up into

the RF range. In fact, there is still a
useable output at 30MHz.

Holding the probe near the
aerial will produce an output from
a working radio, as the injector is
working as a very low power
transmitter and a 1kHz tone will be
heard from the loudspeaker.

High gain transistors are needed
in order to hear really low signal

Test Gear

sources and high frequencey
types are needed to handle the
upper harmonics. A transistor in-
corporating both these qualities is
the BC109.

The current drain, both in the
trace and inject mode is quite
small. SW1, the function switch,
needs to be a 2-pole, 3-way rotary
switch.

Note that only high impedance
magnetic earpieces are suitable,
though 2000 ohms headphones
can be used instead.

Once completed the signal in-
jector/tracer will be found to be
almost indispensable and for this
reason it is worthwhile building
the circuit carefully and neatly into
a small chassis.

Suppressor Tester

Few motorists think of checking
ignition leads or caps, yet these
resistive components can be noto-
riously unreliable.

For adequate interference
suppression (required by law) the
resistance between distributor cap
and spark plug must be at least
10k. However, for most efficient
operation the resistance should
not exceed 20k. Also, any open
circuit will allow arcing, causing
high levels of interference and ra-
pid deterioration of the suppres-
sion components.

The circuit is based upon a
programmable unijunction tran-
sistor (PUJT) oscillator which
flashes a red LED when the
suppressor resistance is correct.
The oscillator will function only
when the voltage on the cathode-
gate of Q1 is within its operating
range. This voltage is determined
by the current flowing through Q2,
which is controlled by the
suppressor resistance connected
across the input wires of the

R6 g
2k2

CLP

tester. Since the position of the
working range is determined by
component tolerances and by the
gain of Q2 it is necessary to select
a \'/(e)llue for R7 (between 100R and
10k).

With an 8k2 resistor across the
input wires, D1 should give a
steady light. With 22k it should not
light. Alter the value of R7 until the
range of suppressor values which

-0 PROBE

allows D1 to flash is centred about
15k. The probe can be made from
a brass screw and an old spark
plug top. A crocodile clip is used
to make the connection inside the
distributor cap. No on/off switch is
required as current drain is neglig-
ible with D1 ‘off’,

WARNING: the engine must not
be running while the supressor
components are being tested. .

Diode-Transistor Tester

There is nothing particularly new
about this circuit but it is very use-
ful when checking diodes and
transistors and can save a great
deal of time.

Potentiometer RV1 is kept at
maximum resistance when a tran-
sistor is plugged into the socket,
then slowly decreased until one of
the LEDS glows brightly, de-
pending on the type of transistor
(NPN or PNP). If both LEDs light
up, the transistor has a short-cir-
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cuit: if neither LED lights the de-
vice has an open-circuit.

The same method applies to
diodes. If the two leads of the
diode are plugged into E and C
(anode to E)} the PNP LED will light
up. If reversed the other LED will
glow. As with transistors, if both
LEDs light the diode is open-cir-
cuit.

By plugging in a new transistor
with a known gain an observing
the brightness of the LED and the
position of RV1, you will get a
rough idea of the gain of unknown
devices.

NOTE:

T1 HAS A 4V AC SECONDARY WINDING
LED1 & 2 CAN BE ANY RED LEDS

LO ,

- 3

NO-
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Test Gear

AF Millivolt Meter

This simple and inexpensive milli-
volt meter has three measuring
ranges of 10mV, 100mV, and 1
Vrms full scale sensitivity. The fre-
quency response has —-1dB.
points at about 20Hz and 75kHz.
The instrument is suitable for
making audio noise, frequency
response, and gain mea-
surements, and would be useful to
any beginner interested in audio.
The unit uses a conventional ar-
rangement with a non-inverting
op-amp circuit feedin?| a meter via
a bridge rectifier. The negative
feedback loop is taken to the
inverting input by way of the recti-
fier and meter circuit rather than
direct from IC1 output. With low
voltages applied to the rectifiers
they have a high forward resis-
tance, but this results in little feed-
back and the amplifier having a
high gain. Thus small input signal
amplitudes which would
otherwise produce no meter def-
lection due to the high rectifier re-
sistance are boosted to the point
where they give the appropriate
meter reading. Therefore, al-
though the rectifier is inherently
non-linear, it produces opposing
non-linear feedback which com-

CMOS Logic Probe

A logic probe is a device used
when testing digital circuits, and it
shows the logic state at the selec-
ted test point. This one can indi-
cate four states, as follows:

1. Input high (logic 1).
2. Input low (logic 0).
3. Input pulsing.
4. Input floating.

ﬂ\Cs

W2
ON/OFF

ic1
CA3140E

RV1

el 2200
NOTE: 1ov |+
DI1-D4 ARE 0A91 -
D5 IS 1N4001 T

pensates for this and gives the
unit linear scaling. RV1 is used to
adjust the circuit to the correct
sensitivity and D5 protects the
meter against severe overloads.
Q1 is used as a low noise,
source follower buffer amplifier
which gives the circuit a high input
impedance, about 1Meg. This en-
sures that the instrument imposes
little loading on the equipment un-
der test. An attenuator is incorpo-
rated at the output of the buffer
stage, and this can be used to re-
duce the basic 10mV sensitivity to
100mV or 1V FSD. The attenuator
does not need any frequency com-

The circuit uses the four 2 input
NOR gates contained within the
4001 CMOS device, and is primar-
ily intended for testing CMOS cir-
cuits. The probe derives its power
from the supply of the circuit be-
ing tested. The first gate has its
inputs tied together so that it
operates as an inverter, and it is
biased by R1 so that roughly half
the supply potential appears at its
output. A similar voltage appears
at the junction of R4 and R5, and

d 1 8

) ik
e Tor View
pensation as it is in a low im-
pedance part of the circuit.

To calibrate the unit it is
switched to the 1V range, RV1 is
set at maximum and with a 1V rms
audio source connected to the in-
put, RV1 is adjusted for full scale
deflection of the meter. The 1V au-
dio source can be provided by an
AF signal generator set to the cor-
rect output level with the aid of a
multimeter switched to a low AC
volts range.

so no significant voltage will be
developed across D1 and D2. Thus
under quiescent conditions, or if
the probe is connected to a float-
ing test point, neither D1 nor D2
will light up. If the input is taken to
a high logic point, gate 1 output
will go low and switch on D1. If the
output is taken to a low test point,
gate 1 output will go high and D2
will be switched on.

A pulsed input will contain both

logic states, causing both D1 and

~ P +Ve
1C1=4001 D3 e
PIN 14 IS +Ve TiL209
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D2 to switch on alternately.
However, if the mark space ratio of
the input signal is very high this
may result in one indicator
lighting up very brightly while the
other does not visibly glow at all.
In order to give a more reliable
indication of a pulsed input, gates

2 to 4 are connected as a buffered
output monostable multivibrator.
The purpose of this circuit is to
produce an output pulse of prede-
termined length (about half a
second) whenever it receives a po-
sitive going input pulse; the
length of the input pulse has no

| — Test Gear

significant effect. D3 is connected
at the output of the monostable,
and is switched on for about half a
second whenever the monostable
is triggered, regardless of how
brief the triggering input pulse
happens to be. Therefore a puls-
ing input will be clearly indicated.

A.F. Signal Generator

The circuit shown here provides a
good quality sinewave output
over three continuously variable
ranges (Range 1, below 20Hz to
above 200Hz; Range 2, below
200Hz to over 2kHz; and Range 3,
below 2kHz to over 20kHz) cover-
ing more than the entire audio fre-
quency spectrum.

The circuit uses the usual Wien
Bridge type circuit, which consists
of an amplifier having frequency
selective positive feedback pro-
vided via a C-R network. The capa-
citive elements of this network are
whichever two capacitors are
selected by SW1. The resistive ele-
ments are R6, R7 and RV1, the lat-

ter permitting the unit to be tuned
over the ranges quoted above.
This network provides positive
feedback over operational ampli-
fier IC1, which is a FET type giving
low noise and distortion levels.

RV1a and R6 also bias the non-

inverting input of IC1 to a central
tapping on the supply produced
by R1, R2 and C2.

The closed loop gain of IC1 must
be maintained at precisely the cor-
rect level if good results are to be
attained. An automatic gain
control (AGC) circuit is used to
maintain stable operating condi-
tions and a constant output level.
RS, R4 and the drain to source re-
sistance of Q1 form a negative
feedback network which controls

the closed loop gain of IC1. Initi-
ally Q1 is forward biased by R3 so
that there is enough gain to give
strong oscillation. Some of the
output from IC1 is coupled by R8
and C10 to a rectifier and smooth-
ing network composed of D1, D2
and C3. These produce a positive
bias which tends to cut off Q1,
producing reduced circuit gain.
The stronger the circuit oscillates,
the larger the bias, and the lower
the gain. Lack of oscillation pro-
duces reduced bias, more gain,
and stronger oscillation.

Variable attenuator RV2 enables
the output to be adjusted from
zero up to about 1V5 rms. The cur-
rent consumption of the circuit is
about 7 mA.
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Test Gear

Nanoamp Meter

It is not possible to accurately
measure currents of a few
microamps or less using an ordi-
nary panel meter or multimeter. In
order to make such mea-
surements it is necessary to use
an active circuit such as the one
shown here. It can be built as a
self-contained unit or used as part
of an instrument requiring a
highly sensitive current meter.
The sensitivity-is from 100nA to
10mA in six ranges, the higher
ranges being included to permit
calibration, and because many
multimeters have very few low
current ranges.

M1 is connected in a 1V FSD
voltmeter circuit which also uses
R10 and R11. The latter is adjusted
to give the unit the correct sensi-
tivity. IC1 is an op amp connected
in the non-inverting mode and
having a DC voltage gain of about
100 times (set by feedback net-
work R8-R1). C2 reduces the AC
gain to about unity so as to im-
prove stability and imunity to
stray pick-up. The non-inverting
input of IC1 is biased to the OV rail
by whichever of the range resis-
tors (R2-R7) is selected by SW1. In
theory this gives zero output
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voltage and no ms=ter deflection,
but in practice it is necessary to
compensate for small offset
\é(\)/ltages using offset null control,

1.

If an input current is connected
to the unit, a voltage will be de-
veloped across the selected range
resistor, this voltage being ampli-
fied to produce a positive meter
deflection. With R2 switched into
circuit. 10mA is needed to give full
scale deflection since 10mA will
cause 10mV to be developed
across R2. This will be amplified
one hundred fold by IC1 to give
one volt at the output. On succes-
sive ranges, the range resistor is
raised by a factor of ten, reducing
the current required at the input to

R1TO R7 ARE CLOSE
TOLELRENCE TYPES

QO Ve

develop 10mV and give full scale
deflection of M1.

This arangement relies on the
amplifier having a very high input
impedance so that it does notdrop
a significant amount of input cur-
rent, and this is achieved by using
a FET input op amp having a
typical input resistance of 1.5 mil-
lion meg ohms. D1 and D2 prevent
the output voltage of IC1 from ex-
ceeding more than about 1.3 volts,
and they thus protect M1 against
overloads.

When adjusting RV1 start with
its slider at the pin 5 end of the
track (there should be a strong
deflection of M1), and then back it
off just far enough to zero the
meter, and no further.

Zener Diode Tester

This circuit is an add-on unit for a
multimeter having a sensitivity of
20k/V or better, and it enables a
rough check to be made on zener
diodes having operating voltages
of up to about 33 volts. The unit
operates from a standard 9 volt
battery (PP6, PP7, or PP9 size).

In order to obtain a suitably high
voltage for this application from
an ordinary 9 volt dc¢ supply it is
necessary to have a voltage step-
up circuit of some kind. An audio

oscillator using IC1 is used to drive
the primary winding of step-up
transformer T1, giving about
50Vac from the secondary
winding. The output from T1 is
halfwave rectified and smoothed
by D1 and C3 to give to give an
unioaded DC supply of about 75 to
80 volts (about 40 to 50V when
loaded).

With SW1 at the ‘low’ position, a
current of about 1 to 2mA. (de-
pending upon the voltage of the
zener under test) is fed to the test
device through current limiting re-

sistor R4. When SW2 is operated
the multimeter, which is switched
to an appropriate DC voltage
range, is connected in parallel
with the test device and registers
its zener voltage. Switching SW1
to the ‘high’ position doubles the
current to the zener under test, as
a lower value current limiting re-
sistor (R3) is then switched into
circuit. If the test divice is fully
functional this should cause only a
very small increase in the meter
reading, and there may well be no
noticeable change.
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Test Gear

Field Strength Meter

The device will operate at any fre-

quency up to 250MHz or even.

higher if necessary. A short whip,
rod, telescopic or other aerial
picks up radio frequency energy
and rectification by diode D1 pro-
vides a positive voltage for the
FET gate, across R1. This FET is
only operating as a DC amplifier
and the 2N3819 or other general
purpose transistor will be satis-
factory.

The "Set Zero”’ potentiometer
may be 1k to 10k. With no RF sig-
nal present, it allows gate/sdurce
potential to be adjusted, so that
the meter shows only a small cur-
rent, which rises in accordance
with the strength of the RF pre-
sent. For high sensitivity, a 100uA
meter can be fitted. Alternatively,
a meter of lower sensitivity, such
as 250uA, 500uA or TmA can be
used and will provide enough indi-
cation in most circumstances.

Should ‘the field strength meter

Q

/-\D
Gw Q1

Ag SET ZERO

R2 —L

M2 "Teq

RFC 100p

el

. Ja—o—

be wanted for VHF only, a VHF
choke can be used, but for general
usage over lower frequencies, a
short wave choke is necessary. An
inductance of about 2.5mH s
satisfactory for 1.8MHz and higher
frequencies.

The device can be constructed
in a small insulated or metal box,

with the aerial projecting verti-
cally. In use, it allows tuning up a
transmitter final amplifier and
aerial circuits, or the adjustment of
bias, drive and other factors, to
secure maximum radiated output.
The effect of adjustments will be
shown by the rise or fall of the
reading of the meter.

AC Meter Booster

Measuring small audio frequency
signals is often impossible, using
an ordinary multimeter, because
most of these have a low AC range
of about 1to 5V FSD. A simple and
inexpensive solution to the prob-
lem is to add an amplifier ahead of
the multimeter. This amplifier has
a switched voltage gain of 10 or
100, and would therefore boost
the sensitivity of (say) a multime-
ter switched to the 2V5 AC range
to 250mV and 25mV FSD respecti-
vely. measurements down to just
a few mV rms can then be made
with reasonable accuracy.

The circuit uses a CA3130T
operational amplifier in the non-
inverting mode. The non-inverting
input is biased to about half the
supply voltage by R1 and R2, and

the input signal is coupled to this
point by C1. The input impedance
of the circuit is set at over 1M by
R1 and R2, so that the unit places
little loading on the circuit under
test. R7 biases the inverting input
and gives a quiescent output
voltage of about half the supply
potential. The voltage gain of the
amplifier is set by the ratio of two
resistances; with SW1 in the ‘X 10’
position the two resistances are
R7 and R3 + R4. The voltage gain
is equal to the sum of the resis-
tances divided by the shunt resis-
tance (R3 + R4); that is,

G =R7+R3+R4 .
R3zR4

This gives almost exactly the re-
quired figure of 10, with the
specified values. With SW1 in the

‘X 100’ position the lower resis-
tance of R5 and R6 is switched into
circuit, boosting the voltage gain
to almost exactly 100.

DC blocking at the output is pro-
vided by C4. C5 is a supply decou-
pling capacitor and should be
mounted physically close to IC1.
C3 is the compensation capacitor
for IC1, and prevents the device
from becoming unstable. Note
that a carefully designed layout
having the input and output well
isolated from one another is re-
quired, or the circuit as a whole
may become unstable; screened
input and output cables should be
used. It should be used with the
multimeter set to a range of 3V or
less. The amplifier has a flat res-
ponse up to about 30kHz in the ‘X
100' mode, and up to about
300kHz in the ‘X 10" mode.
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Reaction Game

This is a simple reaction testing
game for one player. The idea of
the game is to end up with both
LED indicators switched on; initi-
ally only one lamp will come on,
followed by the second one
shortly afterwards. When this hap-
pens a switch must be operated as
quickly as possible, and the first
LED will switch off if the attempt is
too slow.

The circuit uses the four 2 input
NOR gates of 4001 CMOS device,
the gates being connected as
simple inverters. Gates 1 and 2 are

12wl

connected to form a Schmitt trig-
ger circuit and at switch-on C1 will
be discharged causing gate 1 in-
put and gate 2 output to be low.
After about seven seconds C1 will
have charged through R1 to the
transition voltage of gate 1, with
the result that gate 2 output
swings positive. Coupling through
R4 causes gate 1 input to be taken
further positive, and the regenera-
tive action results in gate 2 output
jumping to the high state and
switching on D1. This indicates
that the player should operate the
push button switch SW2,

D2 is normally on but will be
switched off at the end of the

Games

second timing period, unless SW2
is used to halt the charging of C2
in time. The second delay can be
adjusted, using RV1, from more
than 500ms at maximum resis-
tance to about 50ms at minimum
resiatance. This gives a difficulty
factor varying from “easy’’ to "im-
possible” for anyone with normal
reactions. .

The circuit is reset using SW1
which disconnects power from the
circuit, discharges C2 through cur-
rent limit resistor R8 and similarly
discharges C1 through R3. The
unit is then ready for operation
again when SW1 is set back to the
“start” position.
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Heads or Tails

This simple novelty circuit is de-
signed to electronically simulate
the tossing of a coin. The unit has
a push button switch which is
briefly depressed in order to "“toss
the coin’’; only one of the LEDs
will be switched on when this
switch is released.

The circuit uses Q1 and Q2 in a
standard astable multivobrator
circuit. As the circuit stands there
is no bias to Q1 and the circuit
therefore fails to oscillate.
However, if SW1 is operated the
circuit can function normally. A
roughly squarewave output Is
then produced at the collector of
Q2, with the specified values give
an operating frequency of many
kilohertz. .

This squarewave output is fed to
a 4017 divide by ten circuit; after
each five input cycles, the output
{(pin 12) changes state, and while
the clock oscillator is functioning
this output changes state a few
thousand times per second. D1

Electronics Digest, Winter 1981

£
R2 R3

o O
sw2 +9v
LEDY
TiL209
~‘HEADS

~ 4 }ET-
10

~

<1

100u | PB1
wov Q

I
U

E BC109
R6 BASE VIEW
2k7

a1 Q2
BC109 BC109

LEDZ
TiL209

AN
TAILS"

Ve

]

and D2, the two LED indicators,
are driven from the output via cur-
rent limiting resistors R5 and R6.
When IC1’s output is low, R6 and
D2 are effectively short _circuited
by the output stage, but D1 will be
switched on. Conversely, when
the output is high, D1 and R5 are
short circuited, and it is D2 that is

switched on. While the oscillator is
running both LEDs appear to be
switched on. There is of course, no
way of predicting which of the
LEDs will be switched on. It is pu-
rely a matter of chance.

SW2 is the on/off switch. The
current consumption of the circuit
is BmA.

7%
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Games

Magic Candle

Electronic party tricks are always
popular. The majority of people
have very little understanding of
electronics and even simple tricks
can mystify them. This circuit uses
only a handful of common compo-
nents and can be built very
quickly. However, as with many
projects of this type, the ingenuity
in building is probably more im-
portant than the circuitry; this is
left to the reader, though some
general tips are given later.

The idea of the ““Magic Candle”
is to demonstrate that lightbulbs
can be lit by a match or cigarette
lighter and can be snuffed in a
similar way. The bulb should be
the only item that is actually show-
ing but it is important that the LDR
— light dependent resistor — is
very close by with the active face
pointing at the bulb. When a
match is struck and brought up to
the bulb this causes light to fall on
the LDR. The resistance of the LDR
falls considerably and since this
forms a potential divider with RV1,
which is coupled to the base of the
transistor, the voltage on the base
rises and causes Q1 to conduct.

When the match is withdrawn
the light from the bulb takes over
as the source that keeps the resis-
tance of the LDR low and so the
transistor will remain on and the
bulb will stay alight. If now the
bulb is “’snuffed”, by breaking the

path of light between the bulb and
the LDR, the bulb will go out and
remain so until the light level once
again reaches sufficient bright-
ness to turn the transistor on.

The use of a 6V bulb is simply
because these types are widely
available and cheap. In order to
prevent too high a voltage being
applied, resistor R1 is connected
in the emitter circuit. In the
conducting state there is only a
tiny voltage drop across Q1 but
about 3V will be dropped across
the resistor, thus ensuring that the
bulb is not overdriven.

Since the circuit will have to
operate in widely differing light
levels, it is necessary to control
the sensitivity of the circuit and
this is accomplished by RV1. In
high ambient light levels the value
of RV1 should be low, this means
that the transistor will remain
switched off until the light level
created by the match goes above
this level. In low light levels the
value of RV1 will be high.

RV1 can take the form of a
miniature preset control which for
normal uses can probably be left
at some level found experimen-
tally for general purpose use. It is
not possible to give even an indi-
cation of this value as the resis-
tance of light dependent resistors
varies considerably with indi-
vidual specimens.

The current drain is 40mA which
is rather heavy for a PP3 battery,

though one in good condition will
work for a short period. The heavy
current drain may be acceptable
as the circuit is unlikely to be on
for long periods and this battery
has the advantage of being small
in size and cheap. SW1, the on-off
switch, can take any convenient
form or it may be omitted, the cir-
cuit being switched off by remov-
ing the battery clips.

As we mentioned before, the
bulb should be the only thing that
observers can see, all the other
components being hidden in a
small box on which the bulb is
mounted. An LDR is about %sin.
diameter though even this can be
well disguised since the active sur-
face is rather smaller and in any
case not all of it has to be ex-
posed; a Vain. diameter hole
should be sufficient; this hole
should be close to the bulb and
pointing at it. It must, of course, be
possible to easily interrupt the
light path between the bulb and
the LDR in order to “snuff” it.

V+
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One Armed Bandit

This circuit is designed to give an
approximate simulation of a one
armed bandit fruit machine, and is
intended for home-entertainment
purposes only. The unit has three
seven segment LED displays, and
when a pushbutton is depressed,
all display segments light up.
When the button is released, a
random number is displayed.

The idea of the game is to obtain
a row of three identical numbers
in the display, with (say) 1 point
being scored for ‘000’, two points
for ‘111', etc., up to 10 points for
‘999'. The object of the game is to
score as many points as possible
in an agreed number of attempts,
say 25 or 30.

The circuit consists basically of
a clock oscillator using IC1 and a
three stage counter which uses
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IC2 to IC4. The 4047 CMOS device
is a monostable/astable device
which is used here in the true gat-
ing astable mode. Under quies-
cent conditions R2 takes the gat-
ing input (pin 5) low, and prevents
the circuit from oscillating. De-
pressing SW1 takes the gating in-
put high, and starts the circuit os-
cillating at a frequency which is
controlled by R1 and C1. The
specified values give an operating
frequency of about 10kHz; al-
though the exact frequency is
unimportant, it does need to be
reasonably high.

The display section uses three
CMOS 4026 decade counter/seven
segment decoders, which can be
used to directly drive high effi-
ciency common cathode displays
such as the FND500, DL704, etc.
The three display circuits are con-
nected in series so that one thou-
sand clock puises take the display

through every number from ‘000’
to ‘999’, and then back to ‘000’
again.

Thus, when SW1 is operated the
display cycles through about ten
times per second. All the display
segments appearing to switch on
continuously. When SW1 is re-
leased, the display is ““frozen” at
whatever number it happened to
be displaying when IC1 ceased os-
cillation. There is, of course, no
way of operating SW1 to definitely
obtain one of the winning
numbers, and it is purely a matter
of chance whether or not one of
these is displayed.

IC1 to IC4 are all CMOS devices,
and normal CMOS handling
precautions should be observed.
The current consumption of the
unit can be over 50mA when cer-
tain numbers are displayed, and a
large battery such as a PP9 shouid
be used.
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Quiz Monitor

This circuit is useful when playing
“snap’’ or TV quizzes where the
first person to have an opportunity
of answering the question is the
first to operate their push button
switch. Operating it causes an in-
dicator light to switch on and

_ prevents the opponent’'s switch
and indicator light from working.
Thus, there is no doubt as to
which push button switch was
operated first.

The circuit is based on a CMOS
4001 quad two input NOR gate,
but all of the gates have their two
inputs connected together so that
they, in fact, operate as simple
inverters. The circuit has two iden-
tical sections, one for each player,
each using two of the gates.

If we consider gates 1 and 2, at
switch on C2 is in a discharged
state and, therefore, takes the in-

put of gate 1 low. This causes the
output of gate 1 to go high, taking
the input of gate 2 to the same
state due to the coupling through
R1. The output of gate 2 then goes
low and feedback through R2
holds the input of gate 1 in its
original low state, thus latching
the circuit in this condition. LED 1
is driven from the output of gate 2
via current limiting resistor R3. At
first it will obviously be switched
off. So will LED 2 which is the indi-
cator light for the other player. It is
driven from an identical arrange-
ment.

If PB1 is activated, the input of
gate 2 is taken low, since it will be
taken to the low output of gate 4.
This sends the output of gate 2
high, the input of gate 1 high (due
to the feedback through R2) and
the output of gate 1 low. The cir-
cuit will hold itself in this state
even if PB1 is released. Operating

PB2 will have no effect now, since
this will merely connect the high
output of gate 2 to the high input
of gate 4, producing no changes in
logic state. Thus the required
blocking is obtained. Of course, if
PB2 was operated first, LED2
would switch on and PB1/LED1
would be disabled, with the basic
circuit action being the same as
described above. The operating
speed of the circuit is extremely
fast and even with a very small
gap between the two switches be-
ing operated, the unit is capable of
determining which was operated
first and there is no danger of both
LEDs switching on.

The circuit is reset by briefly
operating PB3 so that power is re-
moved from the circuit and it
starts once again from the begin-
ning when PB3 is released. No on-
/off switch is required as the unit
has negligible quiescent current.
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Clocks and Oscillators
a

Op-Amp Oscillator (1)

This circu.. produces a low fre-
guency square wave, using a 741
operational amplifier as a compar-
ator. Indication of the frequency is
provided by a light emitting diode
(LED), illuminating when the out-
put voltage is high.

By changing the values of C1
(10u) and R4 (10k) the frequency
can be altered. Reduction of C1 or
R4 increases the frequency; an in-
crease in value reduces the fre-
quency. If the frequency is above
approximately 30Hz the LED wiill
appear to be on continuously and
the section after the dotted line
can be omitted. Then the op-amp
output (pin 6) can be fed directly
into an audio circuit (via a 10k re-
sistor), and act as a straight-for-
ward signal injector.

Using the component values
shown, the circuit will flash the
LED at a rate of approximately 5Hz
and if a socket is used, the circuit
makes a useful op-amp tester.

To explain how the circuit
operates, assume that the output
of the 741 is low. The inverting
input will be at a point below half
supply. Also assume that C1 is not
charged. The lower end of C1 will
start to fall in voltage (due to the
current through R4) until it

reaches the voltage at pin 3. At
this point the output of the 741
(which is comparing voitages at
pins 2 and 3) will go positive. The
voltage at pin 3 will rise to the
other side of half supply and C1
will repeat, causing the 741
outpout to follow a squarewave.

Low Frequency Oscillator

IC1 is a MOSFET op-amp. Thus its
input bias current is very .low in-
deed, typically 10pA as compared
with 100nA for a 741. This allows
very low current designs to be
produced. The circuit shows an in-
tegrator (IC1) and a Schmitt trig-
ger (IC2). Imagine that the output
of the Schmitt is high (+10V). The
voltage at the junction of R4, R5 is
approximately +1V. This pushes a
current of 1TuA through R1 which
then charges C1. Thus C1 (the out-
put of IC1) ramps down at a rate of
I/C which is in this case 1V/sec.
When this voltage reaches —5V,
the Schmitt trigger flips over into
its low state (—10V). Now the cur-
rent through R1 flows the other
way, and the output of IC1 ramps

c1
1u0 NON—POLARISED

.__"__

+12v

CA3140

R1
M0

up at 1V/sec. This continues until it
reaches +5V (the upper hysterysis
level of the Schmitt). The Schmitt
trigger then jumps to its high out-
put and so the period process re-
peats itself. The circuit produces a
square wave (+10V) and a triangle

(£5V) output. Using the compo-
nents shown the period is 20. To
get 200 seconds make R1=10MR;
to get 2000 seconds make
R1+10MR, R5=1R.

Phase Shift Oscillator

A single transistor can be used to
make a simple phase shift oscilla-
tor. The output is a sinewave with
a ‘lump’ in it, which means that
the distortion content is rather
high, about 10%. This is not al-
ways a problem; quite often when
generating audio tones a high har-
monic content will make a more
interesting sound. The sine wave
purity can be increased by putting
a variable resistor (25 ohms) in the
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emitter lead of Q1. The resistor is
adjusted so that the circuit is only
just oscillating, then the sinewave
is relatively pure. However, if the
power supply level varies, the os-
cillation may cease altogether.
The operating frequency may be
varied by putting a 10kR variable
resistor in series with R3, or by
changing C1, 2, 3. Making C1, 2, 3
equal to 100nF will halve the
operating frequency.

+9v

R1
3k3 OuUTPUT

—o

I

c3
47n

R4,
4k7
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Op-Amp Oscillator (2)

An op amp can be made to oscil-
late, generating a square-wave
output. The circuit is a Schmitt
trigger and an integrator rolled
into one.

To understand the operation,
imagine the output is high; C1 is
charged up via R3. The voltage at
point ‘A’ is +0.9 V due to the resis-
tor divider network R1, R2. When
the voltage at B exceeds this, the

SCMITT
TRIGGER/ +12v
)

c1

/% ﬂTEGRATOR
DUAL POWER SUPPLY OPERATION

+10v =
0~
O e
rd

output of the op amp flips into its
negative (low) state. C1 is
therefore discharged by R3. When
the voltage on C1 reaches —0.9 V,
the reverse process occurs and the
op amp output flips back to its
high state. Thus the circuit oscil-
lates producing a square wave
going from +10V to —10V.

The frequency of operation can
be obtained from the voltage
changes on C1. This is the trun-
cated section of an exponential

EXPONENTIAL CHARGE

\
\
— +10V

+0V9
—-0ve

L + -0V
VOLTAGE AT POINT 8

Clocks and Oscillators

charge/discharge curve, but we
shall ignore this and assume that
;h)e curve is linear (which it almost
is).

The frequency can be obtained
from the formula

F=1/AVxC Hz

where | is the charging current
(approximately 100uA), AV is the
charge across C1 (3.6 V) and C is
the capacitance in Farads.

Q +Vce

A «
O
- «

c1

SINGLE SUPPLY OPERATION

HF TTL Clock

A squarewave oscillator with com-
plementary outputs and a fre-
quency range of 20Hz to 10MHz
can be made from one IC, a 7413
which is a TTL dual Schmitt trig-
ger. The oscillator is self starting
and runs from a 5V supply, current
drain 20 to 30mA. The 7413 is a
Schmitt trigger with hysterysis
levels (at its input) of +0.9V and
+1.7V. That is when the input level
exceeds +1.7V the output jumps
to a low condition (+0.2V). When
the input voltage is lowered it
needs to fall below +0.9V before
the output jumps back to a high
condition (+3.4V).

When the Schmitt trigger is con-
nected as shown the device will
oscillate. Imagine the output is
high. C1 is charged up via R1.
When the voltage on C1 reaches
+1.7V, the output falls to +0.2V.
C1 is now discharged via R1 in
parallel with R2 (D1 is now for-
ward biased) until the voltage on
C1 reaches +0.9V. Then the output
jumps to a high state and the
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process repeats itself. The second
Schmitt trigger merely inverts the
squarewave output. The fre-
quency of operation is given by

— TIME

the formula:

F=2x10"3
C1

where F is in Hz and C1 is in Fa-
rads.
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Clocks and Oscillators

8038 Signal Generator

Although the 8038CC is not cap-
able o? generating an extremely
pure sinewave, it is capable of
producing an output of high
enough quality for general audio
testing. The simple circuit shown
here covers the audio frequency
spectrum in three ranges — less
than 20Hz to more than 200Hz;
less than 200Hz to more than 2kHz,
less than 2kHz to more than 20kHz.
The output amplitude is contin-
uously variable up to a maximum
of about 550mV rms and is from a
low impedance source.

The 8038CC oscillates by first
charging a capacitor via a constant
current source and then discharg-
ing it through another constant
current generator, It thus gener-
ates a triangular waveform. This is
then fed to a trigger circuit to gen-
erate a squarewave signal andto a
non-linear amplifier which
"rounds off”’ the signal to give a
sinewave output of reasonable pu-
rity. C2 to C4 give the three
ranges. R1, RV1 and R2 form a
potential divider circuit, which is
used to control the charge and
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discharge currents of the timing
capacitor. RV1 thus acts as the fine
frequency control. PR1, R3, R4 bal-
ance the charge and discharge
currents, so that a symmetrical
output is obtained. PR2 is part of
the sinewave shaping circuitry
and is adjusted for maximum pu-
rity.

The sinewave output at pin 2 of
IC1 is at a high impedance and is,
therefore, coupled to the output
via an emitter follower buffer

stage using Q1. RV2 is the output
level control, and C2 provides DC
blocking at the output.

With the unit adjusted for a
fairly low frequency output {(about
50-200Hz), it should be possible to
hear the main fundamental fre-
quency plus the higher frequency
harmonic signals. The output can
be monitored using a crystal ear-
phone or amplifier/loudspeaker.
PR1, 2 are adjusted to minimise
the harmonics.
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GAMES

PROGRAMS

Home Computing: Games Programs offers you the best of
games software for your micro. All the popular machines
are featured — PET, NASCOM, TRS-80, Triton, Microtan,
MZ-80K........to name but a few.

You can play football, race around Brands Hatch, blast alien spacecraft to
bits, swivel your hips round a slalom ski-run, manage a kingdom or take your
chances on the stockmarket all in the comfort of your own living room. Full
listings are given for all games.

FROM THE PUBLISHERS OF COMPUTING TODAY
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Photography

Slide/Tape Synchroniser

With the aid of a tape recorder and
a slide tape synchroniser it is pos-
sible to obtain programmed slide
changing with an automatic pro-
jector. By using a synchroniser
and a stereo tape deck or recorder
it is possible to have music and a
commentary recorded on one
channel and signals to give auto-
matic slide changes at the appro-
priate points on the other channel.

A slide/tape synchroniser has
two sections: a tone generator
and an electronic switch. The tone
generator is used to record short
bursts of tone onto the tape at the
points where slide changes are re-
quired. The electronic switch is fed
with the tone burst output of the
tape recorder and closes a pair of
relay contacts for the duration of
each burst. The relay contacts are,
of course, used to control the
automatic slide change mechan-
ism of the projector. Usually the
output of the tone generator is
coupled to the input of the
electronic switch, so that operat-
ing the tone generator causes the
relay contacts to close. This is use-
ful when recording a tape. With
the projector loaded with slides,
the synchroniser connected to the
projector, the output of the tone
generator fed to one input of the
recorder and the music/commen-
tary signal ready to be fed to the
other input, the tape is inserted.

Then the music and commentary
are recorded and the tone genera-
tor is operated at the appropriate
times so that the slides are
changed and the tone bursts are
recorded. If the tape is then
rewound, the slide magazine is
brought back to its starting point
and the tone burst output of the
tape recorder is fed to the input of
the electronic switch, replaying
the tape should give the slide
show with accompanying sournd
track and automatic slide chang-
ing. The operator only has to start
the tape at the beginning of the
show and stop it at the end.

A similar technique is used
when using the unit as a pro-
grammed slide timer, the only dif-
ference being that there is no
soundtrack to bother with.

The tone generator uses Q1 in a
straightforward phase shift oscil-
lator operating at about 500Hz, al-
though the exact operating fre-
guency is not of great importance.
The output from the collector of
Q1 is coupled to the tape recorder
by DC blocking capacitor C5 and
resistor R6. The latter attenuates
the output. R6 also ensures that
the oscillator cannot be so heavily
loaded that it ceases functioning.
SW1 is a non-locking, push-to-
make switch. It is pressed briefly
to connect the supply to the tone
generator and produce the tone
bursts.

The electronic switch is based
on operational amplifier IC1,
which is used in the non-inverting
mode. Its voltage gain is set at
about 28 by R9, 10, and R8 biases
the non-inverting input to the
negative supply rail. R5, 7 form a
simple passive mixer at the input
of ICV, so that it can be fed from
either the tone generator or from
the output of the tape recorder
without the need for any change-
over switching. The output of IC1
is used to drive common emitter
amplifier Q2, which has the relay
coil and protective diode D1 as its
collector load. Normally IC1’s out-
put is low and Q2 is cut off, but in
the presence of an input tone the
output of IC1 goes strongly posi-
tive on positive going half cycles.
C10 integrates these pulses so that
Q2 is continuously switched on in
the presence of an input tone and
the relay is energised, the relay
contacts close and operate the
slide change mechanism of the
projector.

The current consumption of
the unit is only about 500uA, but
rises to around 40mA during the
brief periods when the relay is ac-
tivated. The relay can be any type
having a 6/12V coil with a resis-
tance of about 185R or more, pro-
vided it has at least one set of nor-
mally open contacts of adequate
rating.
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Photography

Flash Slave Unit (1)

The photocell used in this circuit is
a photo-Darlington transistor. This
gives a fairly fast operating speed
and high sensitivity. In fact the
sensitivity is rather too high, mak-
ing it likely that the cell would sa-
turate in only moderate light. Its
base terminal is, therefore, con-
nected to the negative supply rail
to give a suitable reduction in sen-
sitivity. R1 and RV1 form the col-
lector load for photocell Q1 and
RV1 acts as a sensitivity control.
With RV1 at a low resistance, the
increase in the current passed by
Q1 when it picks up the pulse of
light from the primary flashgun
will produce a fairly small voltage
spike across the load resistance.
With RV1 set at a high resistance,
a similar current pulse would
produce a much larger voltage
spike across the load and high
sensitivity is obtained.

One problem with equipment of
this type is that under bright con-
ditions the photocell can saturate,
preventing the circuit from func-
tioning. When used indoors, satu-
ration is unlikely to occur even

———
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W1 oV
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with RV1 set for maximum sensi-
tivity. The sensitivity of the unit
should be so high that it will trig-
?er reliably even if the primary
lashgun and Q1 are aimed in op-
posite directions. When used
outside in bright conditions it
would be advisable to back off
RV1 and the aim of Q1 and the
flashgun will inevitably be more
critical (there will probably be less
reflected light to trigger the unit in
addition to the reduction in sensi-
tivity).

C2 couples the output from Q1's
collector to the input of a common
emitter amplifier, Q2. This is
biased by R2 so that there is a
quiescent collector voltage of only

—0

about 1V. Q3 is an emitter follower
buffer stage which is used to drive
the gate of SCR1 from Q2's col-
lector. The quiescent voltage at
Q3's emitter is insuffient to activ-
ate the thyristor, but when Q2 re-
ceives the negative voltage spike
from Q1 it switches off and the
emitter potential of Q3 rises to a
high enough level to trigger SCR1
and fire the second flashgun. R4 is
a current limiting resistor which
prevents Q3 from passing an ex-
cessive current.

The current consumption of the
circuit is about 2mA. Note that the
flash iead must be connected to
SCR1 with the correct polarity or
the unit will not operate.

“

Flash Slave Unit (2)

The problem of harsh and un-
natural shadows that occurs when
taking photographs using a single
flash can be overcome by the use
of a second flashgun. A flash slave
unit is then very useful as it en-
ables the additional flashgun to be
triggered by the light from the
main gun, reducing the amount of
interconnecting leads required.

The flash slave circuit shown
here is extremely sensitive and
when used indoors it always trig-
gers reliably regardiess of where
the main flashgun and the slave
unit are positioned. If used out of
doors there is likely to be little ref-
lected light to trigger the slave unit
and it may be necessary to have
the photocell aimed towards the
main flashgun in order to obtain
reliable operation. The circuit has
excellent immunity to saturation
by strong ambient lighting.

The photocell is a BPX 25 or

similar silicon photo-transistor.
The collector to emitter resistance
of this component varies over a
wide range from darkness to high
lighting fevels, with the latter giv-
ing .the lowest resistance. The
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photocell is connected as part of a
potential divider across the supply
rails and when the light from the

flash unit is received, a negative

output pulse is produced. This
pulse is coupled by way of C1 to’
the input of a common emitter
amplifier based on Q2. C1 has
been given a low value so that it
only efficiently couples the fast
pulse caused by the flashgun, and
slow signals such as those caused
by shadows crossing the photocell
are blocked.

R2 and R3 forward bias Q2, but
by an amount which is too small
to produce a significant coliector

current. However, the negative in-
put from the photocell causes Q2
to conduct heavily and trigger
SCR1 gate via current limit resistor
R4. SCR1 then briefly switches on
and fires the flash unit. The circuit
operates extremely rapidly and
there is no significant delay be-
tween the firing of the two flash-
guns. The unit has a current con-
sumption of about 20 to 50uA in
normal ambient lighting condi-
tions, fallin? to less than a
microamp if it is stored in
darkness and it is therefore quite
feasible to omit the on/off switch
SWi1.
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(Sc;und Triggered Flash
1

By triggering an electronic flash-
gun using a sound operated
switch, photographs of such
things as a balloon bursting, the
cork leaving a champagne bottle
and objects splashing into water
can be taken. Since electronic
flashguns normally give an
effective shutter speed of around a
1000th of a second, a “frozen” ac-
tion photograph is obtained.

The photograph must be taken
under fairly dark conditions so
that the ambient light does not
give an exposure if the camera’s
shutter is set to ’B" and opened.

The circuit is based on opera-
tional ampilifier IC1 which is used
in the non-inverting amplifier
mode. R1, 2 are a negative feed-
back network which set the gain of
the unit at about 500. RV1 (sensi-
tivity) biases the non-inverting in-
put to the negative supply rail.
Ideally the input should be fed
from a crystal or high impedance
dynamic microphone, but the unit
will work quite well using a low
impedance dynamic microphone
or even a high impedance speaker
-as the signal source.

Q1 is used as a discrete emitter

Simple Photo Timer

Aithough this timing device may
seem to be rather unsophisticated,
itis a handy little gadget for timing
darkroom exposures, or time ex-
posures, or time exposures made
on a camera with the shutter set to
the ““B” position. The unit simply
flashes a LED indicator briefly at 1
second intervals. Adequate accur-
acy for normal requirements can
be obtained in this way.

The circuit is based on the
CMOS version of the well known
555 timer device. The average cur-
rent consumption of the unit is
less than 1mA, giving an ex-
tremely long battery life.

The CMOS version of the 555
operates in the same manner as
the ordinary version, with timing
capacitor C2 first charging up to 23
V+ by way of the timing resistors
R1, R2, R3. The device is then trig-
gered into the discharge mode, re-
sulting in C2 being discharged
through R4 to a potential of /3 V+
whereupon the circuit reverts to
its original state with C2 charging
up once again. Continuous oscilla-
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Photography

RV1
47k
log

R1
470R

Jo——-o +av
w1
ON/OFF

follower output stage which pro-
vides the relatively high trigger
current required by the triac. R3 is
a curent limiting resistor. Under
quiescent conditions the output of
IC1 will be at virtually negative
supply potential, and the triac,
therefore, receives no gate cur-
rent. When a signal is received by
the microphone, positive going
signals are amplified by IC1 to
give an output that is a few volts
positive. The triac then rceives a
strong gate bias, causing it to trig-
ger and give a low resistance
across its A1 and A2 terminals.
These terminals connect to the
flashlead via a suitable socket (or
flash extension lead with the un-
wanted plug removed) and the

_ ¢ —-— Ve
flashgun is, therefore, fired. The
circuit operates almost instantly,
giving very little delay between
the commencement of the sound
and the flashgun being triggered.
Sometimes more interesting
photographs can be obtained by
introducing a small delay.

This can be achieved by moving
the microphone a metre or two
away from the object(s) being
photographed.

The current consumption of the
unit is approximately 4maA. It is
advisable not to advance RV1
much more than is absolutely
necessary in order to give reliable
triggering, as frequent spurious
operations of the unit could
otherwise result.

ﬂ\cr
SW1
ON/OFF
N —\V\V\A—
100k M
LED1
3k9 ~Y TiL209
: +
=1 1k0 B1 !
- A e 3 9V
1 6k8 ICM7555 PP3 !
100u 6 —1__
10V 2 1 T
c2
—— 10u
I 10V
tion thus resuits. The frequency of and the low state while it is

operation is adjusted to 1 HZ by
adjusting R1, and in practice this is
adjusted by trial and error to ob-
tain (say) 60 flashes in a one min-
ute period. Longer calibration
periods can be used if better ac-
curacy is required.

The output of IC1 assumes the
high state while C2 is charging,

discharging. As C2 charges via R1,
R2 and R3, but only discharges
through R4, the discharge time is
therefore much shorter than the
charge time. By connecting LED
indicator D1 and its current
limiting resistor R4 between the
output of the IC1 and the positive
supply, brief flashes are obtained.
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(Szc;und Triggered Flash

The circuit shown is completely
solid state and instead of a relay, a
SCR is employed. This is cheaper
and, for this function, just as good.

The first stage of the circuit is an
impedance convertor. A crystal
make is used. Normally these
have rather poor quality but in this
circuit we are not too interested in
quality; we are only using it as a
device for converting sound into
an electrical pulse. Q1 is connec-
ted as a common collector stage;
this has very high input im-
pedance to correctly match the
high impedance of the crystal
microphone. The potentiometer
RV1 is the emitter resistor and the
sounds produced appear across
this at a workable impedance. The
output is fed to the conventional
common emitter amplifier, Q2
with RV2, a preset pot, as the col-
lector load. The collector of this
transistor is connected to the gate
of the SCR via resistor R3. For set-
gnl up, the SCR is connected to a

ulb.

When a sound is produced it is
amplified by Q1 and Q2 and
causes Q2 to draw rather more
current at the peak of the sound.
This reduces the voltage at the col-
lector of the transistor, and this is

Ly
sw1 81
™o a i
2N3702
c1 I
c3
100n E"“
-l
=
+
CRYSTAL
K miC.
RV1 }._+ CRS
0K 2N3702 w2
cz e TO
5u0 FLASH
GUN
O +9v

fed to the gate of the SCR. At the
correct setting of RV1 this will
cause the SCR to switch on and
light will pass through the bulb.
The bulb can be a 9V type but as
these are hard to come by it can
just as well be a 6V type with a 33
ohm resistor in series.

The bulb is used only for setting
up. To continually trigger the flash
gun in order to find the correct
settings will be wasteful, espe-
cially as the flash tube has a
limited life. Once the correct set-
tings have been found, SW2 can
be made and the SCR applied
across the flash gun terminals.
There are two variables in the cir-
cuit, RV1 and RV2. RV2 will nor-
mally require setting once only.

With the slider of RV1 about a

quarter the way up the track from
the positive line, RV2 should be
set so that the SCR just triggers on
the loudest sound that can be
made near the microphone. When
this is done RV1 should give
control over a wide range of
sounds and acts as the sensitivity
control.

The circuit should be tested, to
obtain the correct level setting of
RV1, before every shot is taken
with the test bulb in circuit. Once
the correct settings are obtained
the switch can be made to the
flash gun, having first made sure
that the SCR is not on at that point.
The SCR will stay switched on un-
til the supply voltage is removed
and it is necessary to switch off
using SW1 before switching over.
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Precision Half-Wave
Rectifier

By putting a diode in the feedback
loop of an op amp, a precision
rectifier can be constructed. Nor-
mally a diode will need to be for-
ward biased by 0V6 before it will
start conducting, so if you want to
half wave recify a low sine-wave
{say OV1 peak-to-peak) it is almost
impossible to do it with just a
diode.

However, by using an op amp it
is possible to get this diode to
drop to below TmV in most appli-
cations. Referring to the circuit,
imagine Vin goes positive; then
the .output of the op amp will
swing negative to such an extent
that D2 will be properly biased and
will draw current through the
feedback resistor Rfb. In fact the
op amp adjusts its output so that
the voltage at pin 2 is virtually at
0V (virtual earth). Thus the output
voltage:

Vout=Vin x Rfb/Rin
which is just like a normal op amp.

The diode D2 doesn’t seem to
have affected things and this is

true for positive inputs even as
low as a few millivolts. When Vin
goes negative, the output of the
op amp swings positive, D1
conducts and maintains a virtual
earth condition and D2 is reverse
biased. So, now the output is just
Rfb connected to effectively OV.
What this means is that there is
only an output voltage (negative)
for positive going inputs; when
the input goes negative, the out-
putis zero. That is, the input signal
Faz been precisely half wave recti-
ied.

Now, if the Ra, C network is con-
nected to Vout, the half-wave rec-
tifier can be turned into a negative
envelope follower. When Vout
goes negative, C is charged via Ra,
Vout is unaffected wilst C is being
charged. When Vout returns to-
wards 0V, C discharges through
Ra and Rfb. If C and Ra are cor-
rectly selected then a contour of
the envelope of the signal will be
produced at Vout. For an envelope
attack time of 1 millisecond
(1kMz), with an envelope release
time of 100 milliseconds, make Rin
and Rfb 100k, Ra 1k and C 1uf.

Miscellaneous

FOR POSITIVE INPUTS,

VOLTAGE GAIN = — Vout/Vin = Rfb/Rin

BAWAWANS
VAV

T UUVU L

Electric Thermometer

This thermometer covers the
range 0 to 50 degrees Centigrade
with a linear scale so that the tem-
perature can be read directly from
a 50uA meter. A range of 0-100
degrees Centigrade can be ob-
tained by substituting a 100uA
meter. .

The unit uses silicon diodes D1
and D2 as the temperature sen-
sors and these would normally be
mounted in some form of probe
which can be positioned many
metres away from the other cir-
cuitry, if necessary. C1 filters out
any noise picked up in the
connecting cable. D1 and D2 are
given a small forward bias by R1,
so small that there is no significant
self heating of the diodes. The
voltage produced across the
diodes is nominally 1V2 but it ac-
tually varies by about 2mV per de-
gree C per diode, or about 4mV
across both diodes. This voltage is
fed to the input of an op amp
inverting amplifier, 1C1. With the

probe at 0 degrees C (which can -

be achieved by immersing the
probe in ice) RV1 is adjusted for
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D
1N4148

D2
1N4148

ct
140
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the highest voltage at IC1’s non-
inverting input that gives zero out-
put voltage. This compensates for
the quiescent voltage across the
diodes, and gives zero reading on
the 1V FSD voltmeter circuit con-
nected across the output of the
amplifier.

If the diodes are heated to 50
degrees C the voltage across them
will fall by approximately 200mV,
this is amplified by a factor of 5 by
the amplifier to give about 1V at its
output, roughly full scale deflec-
tion of the meter. In practice RV2 is
used to adjust the gain of the am-

plifier so that precisely full scale

deflection is produced.

CA3130
TOP VIEW

1 7 7805
2 6 3
O p—— 2 _
(3 1

Of course RV2 can be given the
correct setting with the probe at
any known temperature which
corresponds to a reasonably
substantial meter deflection.

The circuit requires a very stable
supply of about 5V, obtained from
a 9V battery using a 5V monolithic
regulator (IC2). C3 and C4 should
be mounted close to IC2 in order
to prevent instability.




Miscellaneous

Insect Repellant

It seems that mosquitoes and
other nasty insects only mate at
certain times and except for these
times the two sexes are most unf-
riendly, in fact they stay well away
from each other. It has also been
reliably established that it is only
the female of the species that actu-
ally bites. The third fact that we
need to know is that the male
mosquito (and this applies to
other bugs as well) beats its wings
at a slightly different rate than the
female — this is one way that they
identify each other. From these
gems of information it will be seen
that if one electronically simulates
the sound of a male mosquito, the
females will steer well clear.

The circuit shown is a simple
audio oscillator whose frequency
of operation can be varied over a
wide range, in fact from about
500Hz to 10kHz and this will take in
the range of all the common bugs.
The circuit is a straightforward
multivibrator with RV1 altering the
audio frequency. This produces a
square wave which is applied
across the small crystal earpiece

%

- +9V
sSwi1 81
PP3
R2 R4
2k2 2k2
R1
120k
I c2
¢ 3n0 e
J Q1 Q2
2N2926G 2N2926G
-t 1 e [ CRYSTAL
T 3n0 EARPIECE
[ [ o o

connected between the collector
of Q2 and the negative line,
Crystal earpieces have a very high
impedance and it will not affect
the operation of the circuit. Almost
any transistors can be used in this
simple circuit but if PNP types are
used the battery supply should be
reversed. The values of the capaci-
tors are not too critical either and

iif others are used and it is found

that the frequency range is not
adequate, R1 can be altered to
bring it back to the right sort of

range. The current consumption is
low, 2-2mA and. varies slightly
with the frequency, but a PP3 bat-
tery will last for a while; after all,
the unit will have to be left on for
long periods. None of the compo-
nents need be large and the unit
can be built in a small box to fit
into a jacket pocket with the com-
ponents arranged so that the ear-
piece is external.

Adjusting for the right fre-
quency is a matter of trial and er-
ror. -

B

| CITIZENS BAND
| SUBSCRIPTION
| SERVICE

|  Subscription Dept.,

| 513 London Rd.,

|

|

|

|

Thornton heath,
Surrey, England.

CBs sent by post
for £11.25

It's true, in fact the Post Office are helping us by delivering them to your door.

By sending us just £11.25 plus your name and address we’ll send you the latest
copy of CITIZENS BAND each month for one year. Now there won’t be any excuse for
missing a single issue just because your |

Fill out the form below and send it, toget

ocal newsagent has sold out.
her with your cheque or postal order, to:

..................................... issue. | enclose a cheque/Postal Orderforf...........cconiniinnccnnieennnns |
I BITIE. . eeeneeeeeeeenaransiesossassansbessesssnassssstsesamsaEsansassanebanran S od e as RS AR AR B AR RS SRR O R Rb AL AR AR BaR R LR R s I
AAIOSS .ooeeveevreseeeraessseasessasersersesensressassansansss sssbaREobEa bR b LR bR aeR e e e e SE O RS AL S LA R AR SR SRRSO b SR S :
R o o UK. e airma'i'i ratesonapplicatlon ................................................ I

Electronics Digest, Winter 1981



Experimenter’s Design Notes

1. SMALL SIGNAL AND PRE-AMPLIFIERS

higher level signals with low output impedances. The

primary design considerations for preamplifiers are input
impedance, signal gain, equalisation, noise performance and
distortion. It is now possible to buy integrated circuits that
will perform virtually all common preamplifier functions. Only
rarely, (and with a lot of skill), will one be able to improve
upon a monolithic ‘best’ sofution with a discreet component
design. However, it is necessary to fully understand the oper-
ation of the IC if optimum results are to be obtained.

Preamplifiers are used to convert low level signals into

The Op Amp Building Block

Most IC preamplifiers operate as op amps. They have a
single or differential input, a low lmpedance output and a
large frequency dependent voltage gain, (Fig.1). Note that the

SURPLUS LOOP GAIN (L)

OPEN LOOP GAIN

CLOSED LOOP GAIN OF X100 (Av)
VOLTAGE
GAIN

GAIN BANDWIDTH (GBW)

10k 100k 1MO

i i
1 10 100 1k
FREQUENCY Hz

Fig.1. Typical frequency response for the 741 op amp.

open loop voltage gain rolls off at —6 dB per octave. By
applymg feedback around the op amp (closed loop), the gain
is stabilised and is held constant by the resistor ratio until
the device runs out of bandwidth. The difference between the
open and closed loop gain is known as the surplus loop gain.
This surplus loop gain is the negative feedback that is used to
iron out non-linearities in the op amp. As the size of the
surplus loop gain decreases with increasing frequency, the
distortion and output impedance increase. Fig.2 compares the
performance of inverting versus non-inverting configurations.

RA

RA
R8

INVERTING MODE NON INVERTING MODE

(CLOSED LOOP Av - RA
VOLTAGE GAIN) k8
Av = RA + RB
v - FALRS
ZIN = RC *SOLONG AS RC IS SMALL
MPARED TO THE INTERNAL
INPUT RESISTANCE OF THE OP AMP

{INPUT IMPEDANCE} ZIN = RB
fOUTPUT IMPEDANCE) Zo = Ro,
4L

CLOSED LOOP _
OUTPUT THO = THD. 20-Ro_
L L

CLOSED LOOP _
BANDWIDTH - GBW GLOSED LOOP _ THD

Av+i Ity

CLOSED LOOP _ GSW
BANDWIDTH v

L = SURPLUS LOOP GAIN

Ro = OPEN LOOP OUTPUT IMPEDANCE

THD = QPEN LOOP TH

GBW = GAIN BANDWIOTH FREQUENCY AT WHICH
OPEN LOOP GAIN IS UNITY

Fig.2. A comparison of the performance of inverting versus non-

inverting configurations.
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Note that for unity gain the non-inverting mode has twice the
closed loop bandwidth of the inverting mode. Also note that
the output impedance rises as the surplus loop gain decreases.
This can cause a sharp increase in distortion when the op amp
is driving a low impedance load at high frequency.

Design Example

Q. Design an amplifier with a gain of 60 dB, a closed loop
bandwidth of at least 20 kHz and input impedance of 10 k.

A. First, try the inverting mode as shown in Fig.2.
Zin = 10k = RB.

= 60dB = X1000 = RA
RB

Therefore, RA = 10 k x 1000 = 10 M
If we use a 741 then the input offset voltage will be multiplied
by the closed loop gain. The offset is typically £ 1 to 5 mV.
Therefore, the output offset will be £ 1 to 5 VI It is possible
to null out the input offset (Fig.3a) with a preset This circuit
will not be very satisfactory.

SHORT TO
GROUND
WHEN
ADJUSTING
THE PRESET

o OUTPUT

10k
INPUT
OFFSET
NULL

Q
-veC

Fig.3a. The input offset can be nulled with a preset.

Iits DC output offset will probably drift with temperature
and time. If stable high DC gains are required then a 741
should not be used. A high performance instrument op amp
should be selected in its place. Another problem in using the
741 is its 1 MHz gain bandwidth product. A closed loop gain
of 60 dB will result in a closed loop bandwidth of 1 kHz,
and not the 20 kHz needed. An op amp capable of giving
60 dB of gain at 20 kHz would need a gain bandwidth product
of 20 MHz.

Although there are some op amps with this performance,
they are generally difficult to stabilise and are relatively expen-
sive. A cheap solution is to use two 741s, both with gains of
30 dB (x 33), (Fig.3b). The 741 has a bandwidth of 30 kHz at

330k 330k
— AAAA——
INPUT k3 —0
+ OUTPUT
’77;; 7777

Fig.3b. A cheaper way to achieve higher gain at, say, 20 kHz without
incurring a huge bandwidth is to use two 741s.
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a closed loop gain of 30 dB. The DC offset still remains a
problem, but it could be removed with a nulling preset on the
first op amp. However, if the amplifier is to be used for audio
then a DC response is not needed and so AC coupling can be
used to reduce the final DC offset, Fig.3c. Yet another prob-
lem still exists. With the input short circuited the circuit
would probably produce about 10 mV of noise at its output.
The subject of noise will be dealt with later; suffice it to say
that the 741 is not a low noise device. Low noise operation
can be obtained by using one of the low noise op amps that
are now available.

FOR 20Hz OPERATION

V. = 20Hz
27 Cx10k
THEREFOREC= 1 ... = 0.8u
2nx10kx 20
330k 330k
10k C 10k
INPUT 741 741 —0
+ + OuTPUT

Fig.3c. AC coupling can be used to produce the final offset in audio
applications.

Input Offset Voltage And Bias Current

When using op amps as DC amplifiers there are several
sources of errors, Fig.4. The input to an op amp is usually an
NPN differential pair. To make the device operate, a base
current must be supplied (input bias current). Also, to balance
the op amp the current through both transistors must be

INPUT OFFSET VOLTAGE = Vg
INPUT OFFSET CURRENT = {igq — ig2)
INPUT BIAS CURRENT = Ipqori
INPUT BIAS CURRENT = 1g1 OR 1g3

] Jn

B1=L __
2HFE1
2=t _
2HFE2

NON-INVERTING
iNPUT

INVERTING
INPUT

Vio

< BIAS VOLTAGE

NEEDED TO MAKE
THE TWO COLLECTO!
CURRENTS EQUAL

Fig.4. Typical differential op amp input.

equal. The transistor pair is ‘matched’ for parameters such as

Hfe and Vbe versus ICg. However, small differences are caused

by the manufacturing process, resulting in the base currents

being different (input offset current) and also the base-emitter

voltage parameter (input offset voltage). The input offset
RA

R8

—o0

ouTPUT = (REIRB |, xviq

INPUT
SHORTED
TO GROUND

Viicd OP AMP WITH NO
INPUT BIAS CURRENT,

BUT WITH AN INPUT

OFFSET VOLTAGE V,q

Fig.5. The effect of vIO'

voltage is multiplied by the closed loop DC gain of the op amp
(Fig.5) and the input bias current sets up a DC offset across
any resistors it flows through (Fig.6). Typical parameters for
the 741 op amp are; 2 mV (V|0), 80 nA (IB) and 20 nA
(IB1—IB2). These parameters vary from device to device and
from manufacturer to manufacturer. The purpose of success-
ful design is to produce circuits that are insensitive to these

RA
AMN——
182
\
c  RB
neut O VWA - N
ol it OUTPUT
PATH L = +(1B2 x RA}
OP AMP WITH NO INPUT
OFFSET VOLTAGE, BUT
i WITH INPUT BIAS CURRENTS

181, 1B2,
Fig.6. The effect of IB.

variations. Generally, for audio designs, the DC offsets may be
eliminated by AC coupling and other methods (Fig.7). Note
that the DC output offset may be reduced by inserting a
resistor from the non-inverting input to ground. Without that
resistor the DC offset may well have been + 26 mV (IB2 x RA)
as opposed to = 6.6 mV ((IB1—IB2)xRA). A DC voltage on
the output would generate a disturbing crackle when the level
pot is adjusted.

RA
330k
AN
RB
wo e \ AL:¥]
INPUT o-l -
1‘, 741
c 10 +
1B1
RA
330k ~——0 OyTPUT

10k POT

av=PA_ a3
RB

FREQUENCY RESPONSE
1 GBW

- BW
27CAB a8

16Hz  TO 30kHz, . -
DC GAIN = ZERO FOR EXTERNAL
S{GNALS AND UNITY FOR V10.
DC OFFSET AT OP AMP QUTPUT =
330k x (IBY - 182)
= 330k x 20nA = *6.6mV:V10

Fig.7. An amplifier with a gain of 30 dB.

Voltage Swing, Power, & Bandwidth

The voltage swing at the output of an op amp is limited in
many ways, Fig.8. Most op amps can only swing within a few
volts of either supply rail. Also, the speed at which the output
voltage can move is limited by the slew rate of the device,
which is typically OV5 per microsecond for a 741. This is the
limiting factor in designing amplifiers for high level large signal

voltages.
ONSET OF SLEW LIMITING

3 :

= S

1 i

i

0 . 20 —

Fig. 8. Typical GUTPUT )  POWER SUPPLY - 15V
power bandwidth e oo LOADRESISTOR 10k

for a 741 op amp. Vep .

10 1

5 t —

[ ]

100Hz 1k 10k 100k ™M

FREQUENCY
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Design Example

Q. Design an amplifier with a gain of 4 to amplify a 50
kHz 5 V squarewave.

A. First try a 741, Fig.9. The required output swing is
* 10 V. The 741 can only move at OV5/uS and so in the half
period of the square wave, it can only move 5 V. If the 741 is
replaced with a faster device, the TLO81 (13 V/uS) then a
‘square’ wave is produced. The TLO81 would take approxi-
mately 1.5 uS to travel the 20 V distance, thus generating a

40

A'A"A %
12V5 L
o ouTPUT
at 50kHz + O
SLEW RATE = 0.5 V/u$

ain
Fig.9. The difference in slew rate between a 741 and a TLO81.

rise and fall time of 1.5 uS. Note, that if the resistors were
increased in value to say 250 k and 1MO, then the squarewave
output would ring. This is because the feedback would have to
chargesup the stray capacitance at the inverting input, thus
generating a lag between the output and the feedback, which
in turn would generate an overshoot.

Noise

Noise is always a problem in electronics. The presence of
noise degrades the quality of the signal we are interested in.
Everytime we amplify, process, transmit, record or replay a
signal, noise is introduced thus worsening the signal to noise
ratio. Some common signal to noise ratios are shown below.
Telephone 20 to 40 dB
Cheap cassette player 30 dB
Good tape recorder 60 dB
Professional studio equipment 80 dB

The calculations of noise produced by electronics is
complex, but with a few short cuts it is possible to get some
useable calculations.

NOISE
VOLTAGE
uVRMS ~
FOR A

20kHz
BANDWIDTH

RESISTOR/NOISE
VA,

0.01 --- - ——————0.1

RESISTANCE

1 10 100 k0 10k 100k

Fig.10. Thermal noise generated by a resistor.

All resistors generate noise due to thermal agitation
(Fig.10). Noise is also generated when a voltage is applied to
them. Manufacturers generally express this latter noise in
uV/V typically 0.1uV/V for metal film devices. For most
purposes resistor noise is not a dominating noise source
although low level amplifiers perform slightly better with
metal film devices. Keeping the resistor values low, helps to
obtain low noise operation.
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An op amp has several sources of noise generation, Fig.11.
there are two noise current generators which both generate
noise by flowing through the resistors in the circuit. The
resistors themselves generate noise and there is an input vol-
tage noise generator. The total output voltage Eo is given by

(RA*RB) /—
Eo =( ) x\/(noise voltage source)® +{noise from n+Source) 2+

{noise from tn-source}+{noise from RC)+(noise from RA//RB

nVA/ Hz

Eo

In+ ¢

FOR LOW NOISE OPERATION, RC

1S A SHORT TO GROUND.

tF RC EQUALLED RA//RB, THEN A 3d8
{NOISE CURRENT NOISE) IMPROVEMENT
CAN BE OBTAINED BY MAKING RC A SHORT.

Fig.11. Model of op amp noise generation.

The noise performance curves for a low noise op amp, the
SE5534, are shown in Fig.12a,b,c. Graph a shows the input
noise voltage density, En (ie total RMS noise in a 1 Hz band-
width at that particular frequency), as a function of fre-
quency. To convert this input noise voltage, (4nV/\/Hz )
into an equivalent input noise generator, we must define the
bandwidth of interest. As the noise spectrum is relatively flat
above 100 Hz then we can say,

Fig.12a.The SE5534 i
low noise op amp
input noise voltage
density. 10
\ TP
—
v VA
10"
10/
10 107 103 104
1 (H2)
Fig.12b. The varia- 100
tion in total input TYPICAL VALUES
noise density with 104
source resistance for
two frequencies. 104
10Hz
i 4 T
Vn{rms) 102 /
(nv/ v Hz) L~

THERMAL NOISE OF
SOURCE RESISTANCE

Rs ((1)
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Fig.12c. The equi- Ly
valent input noise VP A A TLES
voltage for two
bandwidths as a 7
function of fre- I T /
quency. 10Hz TO 20kHz
Vn(rml)‘
wv) 4
— /f
_/ 200Hz TO 4kHz
100
102
102 10° 10¢ 108 100
Ag (1)

The equivalent input noise voltage Ein = vV (En? xbandwidth?)
For 20 kHz bandwidth

Ein =\/E1W0002)

Ein=(Enx 141) nV RMS

But En = 4nV\/H7

Therefore Ein = 4x141 = 0.564 uVRMS (20 kHz)

Design Example

Q. Calculate the output noise in a 20 kHz bandwidth for
the circuit in Fig.13. Assume the voltage and current densities
have a flat spectrum (which is not too far from the truth!).

INPUT

AAAA—

SOURCE

RESISTANCE RA

RC 100k
100R
OouUTPUT
- &
7

Fig.13. A low noise amplifier.

A. Calculate the individual noise sources.

Resistor Noise

Effective resistor is RA//(RB+RC)  1k0

Therefore thermal noise (from Fig.13b) =3 nV/\/Hy
Noise Voltage

a=4nVNHT
Noise Curren_t_ 7
¢=0.5pA/N Az

which sets up a noise voltage through (RB + RC). This noise
voltage is 0.5pA x 1k0 = 0.5 nV/A/Hz
Therefore the total noise voltage

——————— ) xV/ (4)* +(0.5)% + (3)2

Eo = {(

101 x/16+0.25+9

101 x+/ 25.25

500 nV/\/ Hz

For 20 kHz bandwidth, the output noise = 500 x 141
70,500 nVRMS
70.5 uVRMS
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A 7 mVRMS input signal from, say, a low impedance micro-
phone would resuit in a707(())0 mVRMS output signal and give a
S/N ratio of 20 LOg (-6_076—5—) =80dB

Note that most dominant source in this circuit is the noise
generator En. As long as the input impedance levels are kept
low, then it is the noise generator En on its own that can be
used as a rule of thumb for calculating absolute and compara-
tive noise performance. For high input impedance applications
a FET op amp (with virtually no input noise current) should
be used.

Noise Measurements

The noise current voltage psectrums of Fig.12 were
measured using a mobile analysing filter (1 Hz bandwidth)
plus an RMS meter. A simpler measurement can be performed
using the system shown in Fig.14. This will measure the

PREAMPLIFIER
UNDER TEST

RMS
+ HUM NOTCH VOLTMETER

Fig.14. Noise measurement.

equivalent input noise in a specified bandwidth. The low pass
filter should be high order device with a steep roll off slope. If
a single pole low pass filter is used, then the RMS reading
should be corrected by the following equation,

measured RMS noise
1.57

‘True’ RMS noise =
(for a one pole lowpass filter)

(An RC 20 kHz low pass filter would be made from an 820
ohms resistor with a 10 n capacitor to ground).

Sometimes the signal to noise ratio is quoted in dBA.
This means that the noise measurement has been modified
by an A weighted curved.

A short chart of op amp performance has been drawn up
in Fig.17. It is difficult to compare device performance merely
from the noise voltage at one frequency in the spectrum, as
the noise spectrum shapes are different from device to device.
It is best to refer to the manufacturing data sheet and then to
actually breadboard the devices.

DEVICE NOISE VOLTAGE UNITY GAIN SLEW
AT 1kHz BANDWIDTH RATE

VA Hz MHz Vs

NATIONAL
SEMICONDUCTORS

5.0
LM381A NOT OPTIMISED

SIGNETICS
SE5534 40 10 13

SIGNETICS
SES534A 3.5 10 13

741 20 to 50 Tto15 05
NOT USUALLY
SPECIFIED

RAYTHEON
RC4136 10 .3 05

RAYTHEON
RAC4558 10 3 05

TEXAS
TLO 18 3 13
*FET INPUT VERY
LOW INPUT NOISE
CURRENT

001PA /| w,

FERRANT{

ZN45GT 4.5 {Rs = 510R} 15

Fig.15. Op amp performance.
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Biasing
+Vcee
INPUT o_.l |,_
1]+ < o
LM381 —o
2 l- ouTPUT
+1V3 .
Yi
RA KEEP i GREATER

) A THAN 5uA

RB

IF +Vec= +24V
THEN QUTFUT (DC) SMDULD B +12v
THERE
d (BAYRE, 432y
1.3 RA=10.7RB
RA = 10.7RB
1.3 (FOR Vec = 24 erT

ALSO, THE CLOSED LOOP VOLTAGE GaIN = 84488

Fig.16. Biasing the LM381 (differential mode).

The base of Q1 is held at +1V3 by a pair of diodes. This
preamplifier is often run from a single supply rail and a simple
resistor network can be used to bias the output voltage to
Y2 Vcc (Fig.16). Also a single ended amplifier can be con-
structed (Fig.17). The resistor pair RA,RB determines the DC
output level and gain. To increase the AC gain resistor RB can
be shorted to ground with a series R,C network.

TO HELP STABILISE THE DC BIAS
VOLTAGE, RA//RB > 2k
PIN 3 1S AT OVE5
IF +Vce = 24V
T e
8
.~ 2] 0.65 = 12V
RB
0.65 RA = 11.35R8
RA = (1135, pp
0.65

+
L
INPUT o—{, 7

QUTPUT
{%+Vec)

/ 4
RB8
Vi
Fig.17. Single-ended biasing.

Design Example

Q. Design a preamplifier using the LM381 with a gain of
30 dB and a low frequency roll off of 20 Hz running from a
+24 V power supply.

A. The design calculations are shown in Fig.18.

Record Preamplifier

When replaying a record from a magnetic cartridge it is
necessary to have a preamplifier with an RIAA playback
equalisation (Fig.19). A magnetic pick up generates a voltage
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c2 +24V
100n

iy B

¢
INPUT o_l 10009
FIRSY CALCULATE THE DC 8IAS CONDITIONS T |+ 5
RB

RA+ & ca
(PR3 13 02v Sao

RB 7 +

Lm381 _N_ —0

RA = 823 AB ouTPUT
LET RB = 10k 2 |-
THEN RA = 82 a
THE AC VOLTAGE GAIN = X33
AR A

ac 7
THEREFORE RC = '™ = 256k RA

2 AAAA 10

LET RC = 2k7 {THE NEAREST PREFERAED VALUE) | +c3
THE LOW FREQUENCY ROLL OFF RB
FL =1 ___ =20H:

21C3IRC RC
THEREFOREC3= Y oe - 30

20x2K7

OUTPUY NOISE = 15uVAMS (APPROXIMATELY}

Fig.18. A 30 dB amplifier.

that is proportional to the velocity of the sideways movement
of the stylus. So high frequencies produce large outputs and
vice versa. Also, to assist replay electronics, the recording
is given a 12 dB de-emphasis from 500 Hz to 2120 Hz. Thus,
to restore a flat output it is necessary to equalise the signal
from the pick up with an RIAA curve. As a rule of thumb

’

50Hz
20 l
10 _500Hz
GAIN 2120Hz
< ___ LINEAR
0
|  BREAKPOINTS
'\
10 N ~~ RIAA CURVE
\
10Hz 100Hz 1k0 10k 100k
FREQUENCY

Fig.19. RIAA equalisation.

a typical magnetic pick up will generate 5 mVRMs at 1 kHz,
although the recording level and make of pick up will effect
this figure.

~100mV DC OFFSET
CAUSED BY BIAS

CURRENT
;Alé%g"c FLOWING THROUGH
o- 1 R2
INPUT T /
R1 * r—l '—-O
a7 - (Z:gOn UTPUT
R2
1Mo
NN —
c1 c2
I 2n7 |750p
[ )
R3
R4 100k
1k0
+ *RC4136
=. (3 RC4558
SE5334

/J; 10u
TANT
Fig.20. An R1AA-equalised preamplifier.
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Low frequency gain = R2

R4 = 60 dB
Low frequency rolloff = I 15Hz
2mR4C3

50 Hz breakpoint 1—
2n1R2C1

The gain drops at --6 dqloctave beyond this point
500 Hz breakpoint ——
21R3C1

Now the gain remains constant until the next breakpoint
ACgainat 1 kHz = R3 = 40dB

) R4
2120 Hz breakpoint 2iR3CH

The gain now falls at —6 dB/octave beyond this frequency.

A 5 mVRMS signal at 1 kHz will result in a 500 mVRMS
(1V4 pp) at the preamplifier output. If the amplifier is pow-
ered from +12 V, then there is an overhead margin of

(maximum output swing =20V ) = 14,
typical swing = 1V4

which is 23 dB. The noise spectrum of the op amp will be
multiplied by the RIAA curve which would complicate any
noise performance calculations. However, an op amp with an
equivalent input noise of 0.5 uV should give a signal to noise
performance of better than 76 dB which is superior than that
of the disc itself. Because of the large low frequency gain care
must be taken to avoid mains hum pick up. Keep the input
wiring away from the mains cables and transformers, use low
noise screened cable and wire this cable as close as possible to
the preamplifiers.

Problems

Often a preamplifier will pick up radio signals. Usually,
the radio signal is picked up by the input wiring to the pre-
amplifier and is rectified by the transistor input stage. Then
it is amplified by the rest of the audio amplifier and you end
up with permanent broad band radio reception. There are
several solutions that can be tried, Fig.21. A low pass filter
made from an LLC or an RC section will attenuate the ‘pick
up’ interference. These devices must be physically close to
the op amp. If possible use a PCB ground plane. Also, a con-
ductive metal screen (metal foil is often used) surrounding the
preamplifier will help.

MOUNT CLOSE
TO OP AMP

y L

1 S >+

+

mn

L INDUCTOR 10mH

C CERAMIC CAPACITOR 220p

THEY FORM A LOW PASS FILTER
WITH A 100kHz CUT OFF FREQUENCY

Fig.21. Removing RF interference.

Hum can also be a problem. If the hum is at 50 Hz then
the source of it is probably magnetic. Check the wiring to see
if any signals pass near to the mains section. Magnetic screen-
ing is difficult to implement. The best design solution is to put
as much distance between the sensitive input and the mains
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section as possible. If it is possible try rotating the mains
transformer (using a gloved hand, the other hand in your
pocket). Often the size of the hum can be reduced by re-
orientating the transformer. If the hum is 100 Hz, then the
source is either the supply rails or the power supply layout. A
larger smoothing capacitor will reduce the power supply
ripple. If the hum has a sharp buzz then the problem is prob-
ably the charging current pulses in the power supply. If the
layout is bad, these current pulses generate voltage pulses that
get added into the ground reference voltage, thus causing the
hum.

Gain

When designing an audio system it is necessary to know
what the normal signal level at any point will be and also the
signal gains and attenuaticns of various units. It has been
found that the most useful way to describe levels and gains
is with the logarithm decibel, Fig.22. Signal gains in dB are
additive. That is, a signal passing through a series of gains of
+10, +20, —30, +6 dB will end up with an overall gain of
+6 dB.

dB IS THE UNIT OF VOLTAGE GAIN JaB I APPROXIMATE RATIO
Va Vom o
; +20 — - — 1g
XdB = 20 log (24} +10 -— ———
% Vin +6— —— 2
+3 —— — 14
+0—— 1
-3 — — 0.7
-6 - 0.5
-0 ----— 033
20 ——— 0.1
-40 - 0.01
-60 0.001
d8m | Vpp | VRMS
| $20 ¢ 219V |
: g Vv vV
_-520—: .z1vv 0.07;3
—40 1 219mV] 7.75mV
60 | 2.19mV ] 0.77mV

d8m IS THE UNIT OF VOLTAGE LEVEL
0dBm IS ImW OF POWER INTO A 600R
LOAD

Fig.22. The dB and dBm story.

A typical audio system is shown in Fig.23. A low impe-
dance microphone might typically give a —50 dBm output
signal which will have to be given a 56 dB {x 600) gain to
bring it up to line level (about +6 dBm). The line driver should

MICROPHONE TONE CONTROLS

PREAMPLIFIER FIXED GAIN 0dBm

' ' LINE DRIVER

AND OUTPUT
+30d8 - +20d8 2 FADER MIXER
MICROPHONE s
INPUT
LINE OUTPUT
SIGNAL LEVEL 20d8m
504

Bm
(2mVRMS)

+6dBm
U (1VSRMS)

Fig.23. One channel of a mixing desk.

be capable of driving +20 dBm into 600 ohms at 20 kHz
without generating significant distortion. Some line drivers
are, in fact, capable of driving 30 ohm loads, but these units
are small high quality power amplifiers.
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2. LARGE SIGNAL, OR POWER, AMPLIFIERS

generating significant distortion or bursting into oscil-

lation or burning itself out. Power amplifiers are,
however, prone to all these effects and great care is needed
during their design.

a power amplifier must deliver power into a load without

Power

Power is measured in watts and is defined as the product
of VRMS x IRMs (Fig.1c), where RMS is the equivalent DC
value. That is, a 2 Vpp sinewave has the DC value of OV7. The
2 Vpp sinewave will generate as much heat in a load as a OV7

1000
o Pl RL=4R
Y/ RL =8R
1% // RL = 15R
v
///,/
30 //,
10 2 /
V, VOLTAGE/
// POWER
&) 4 GRAPH
e
o 1y
POWER AN
INLOAD . AV
(WATTS) “- 7/;
0.1 p.
A
003 ///
0.01 B
0.003
0.001
- o~ m oW o~ 4 8 2 88288§

Fig.1a. (above) Graph of voltage Vpp ACROSS LOAD »

against power.

4R 8R 1SR RL
w 0.03t |0.015 0.008
3v 0.28 0.140 0.075
10V 3125 [1.562 0.833
30v 28.15 [14.062 | 7.50
100v] 125 |16z [ 8355 Fig.1b. (left) The power dissi-
E"E%oss OWER IN L pated in a load against drive
voltage.

@ AL

Fig.1c. (left) The measurement
of power.

w [0, JMTLore,
P
Vp = Vpp x %
Vams = Vop x % x - :Y;Z‘l
2828
POWER = Vs x lgms = Vams

RL

= 035 Vvpp

POWER = Ver
8xRL
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DC voltage. The chart in figure 1b shows the power dissipated
in a load against drive voltage. If you have an amplifier that
has a maximum output voltage swing of £10 V, then the
maximum power output will be 12.5 watts into a 4 ohm load
(from Fig.1a). Note that the amplifier must be able to deliver
a peak current of 2.5 Amps. Whilst dumping power into the
load, the amplifier will be dissipating heat itself. Most mono-
lithic devices are documented with design graphs of output
power versus amplifier dissipation of power efficiency. These
will enable you to determine the amplifier’s maximum power
dissipation. As a rule of thumb, this equals the maximum
sinewave power that can be dumped into the load. A 10 watt
amplifier may have to dissipate a maximum of 10 watts of
heat, although this level of dissipation would not be normal
in general use. Manufacturers information usually gives the
thermal resistance of the junction to case. If this was say
3°C/watt then a 10 watt dissipation would raise the junction
temperature by 30° above ambient (25° raising to 55°C).
This is only true if the case temperature remains at ambient
temperature, that is if the case is contact with an infinite heat
sink. The heatsink may be anything from nothing (free air
dissipation) to near infinite. It is important that the amplifier
chip junction does not get very hot (above 100°C). The power
chips of the amplifier age very quickly at elevated tempera-
tures suffering from deteriorating characteristics and a short
life time. This is why power amplifiers and power supplies are
common failures in equipment. When the chip is heated up it
expands. The chip is glued to its case and so by expanding it
stresses the glue and eventually causes it to fracture. This
thermal cycling increases the thermal resistance of the chip
to the case and so the chip ends up operating at an even higher
temperature.

Other heatsinking materials are used in the construction
of power devices such as heat conducting plastics and pastes
(Beryllium oxide). Manufacturers often provide design graphs
of maximum dissipation versus temperature for various heat-
sink thermal resistances. These help to select an acceptable
heatsink. Often if you are using the chassis as a heatsink it is
impossible to calculate the temperature rise and it has to be
done by trial and error. (As a rule of thumb | am satisfied if |
can place my finger on the device for 5 seconds indicating
that case temperature is no more than 80°C).

Distortion

A simple power amplifier is shown in figure 2. An op amp
provides the voltage gain and a NPN, PNP transistor pair forms
a current amplifier. Any distortions or nonlinearities are
ironed out by the surplus loop gain of the op amp. The trans-
fer characteristic of Q1,Q2 shows that there is a dead zone of

T+Vcc
ANN—
INPUT o
O—AAAN OUTPUT
vB
Q2

-Vee
Fig.2. A simple power amplifier.
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+0V6 where neither transistor is ON. If a low frequency sine-
wave is connected to the input (the op amp having a surplus
loop gain of 1000 at this frequency) then the output will be
a sinewave with a small amount of crossover distortion. The
distortion level will be
+0Vé6 =
1000
However, as the frequency is increased, the surplus loop
gain will decrease causing the distortion to rise. At higher
frequencies the slew rate of the op amp becomes noticeable
(Fig.3). When the input signal crosses 0 V the output of the
op amp has to change from +0V6 to —0V6. If the slew rate is
0VS5/uS then the time taken to travel the 1V2 distance is
2.6 uS. Thus a 2.6 uS chunk of the signal is missing out of
each half cycle. The problem may be overcome by biasing the

AW
v

| |

+0.6 mV.

CROSS OVER DISTORTION FOR CIRCUIT IN FIG 2
OpAmp SLEW RATE = AV
aT

THEREFORE AT = AV = (2 DIODE VOLTAGES)
SLEW SLEWRATE
RATE

IF SLEWRATE = 0V5 /u$

THEN AT=1.3 = 2.6uS
0.5x10°

Fig.3. The effect of slew rate at higher frequencies.

two transistors so that they are both conducting. Then the
crossover distortion becomes reduced to a reasonable level.
The slew rate still needs to be considered. An amplifier deliver-
ing a 40 Vpp sinewave at 20 kHz has a fastest slew rate of
2V5/uS (this represents a power of 25 watts into 8 ohms).
If the amplifier has not enough slew rate the output will
become distorted. Manufacturers generally provide graphs
of distortion (THD) versus power output and frequency (Fig. |
4). For the power curve, the onset of distortion is caused by }
the amplifier clipping at its power rails, whereas for the fre- |
quency curve the distortion rises as the surplus loop gain falls. |

|

|

.l |

. 5 ‘
THD CONSTANT THD 4 \
% 3L  FREQUENCY % CONSTANT !
3 POWER !

2 ) |

1 . |

) ‘

07 01 1 10 100 10 100 1k 10k 700k
POWER FREQUENCY |

Fig.4. THD versus power and frequency.

Distortion is measured at various power levels and frequencies
using the equipment shown in figure 5. A deep notch removes

LOW DISTORTION
SINEWAVE |

the test sinewave leaving behind the distortion products.
Generally 0.1% THD is common for monolithic amplifiers.

Stability

Power amplifier performance is very similar to that of op
amps. They have a large open loop gain that is stabilised by
resistive feedback (Fig.6). Note that the amplifier described
in this graph is normally inverting (180° DC phase shift) but
that it suffers a phase shift as the frequency increases. The
phase shift at the unity gain frequency is shown as the phase
margin. If the phase margin falls to zero anywhere before the
unity gain frequency then the amplifier will oscillate. This is
simply because the loop phase shift will be zero at a loop gain
of greater than unity, which are the conditions for an oscil-
lation. A large phase margin is desireable.

UNITY GAIN
rd PHASE SHIFT
OPEN LOOP GAIN 0
70§ * ! }eo y
A s PHASE SHIFT | By
OPEN ' 50 ¢ ]
LooP g <~ 120
N 1100
% 3 AN \‘\ 80
20
10 LOOP GAINN 44
UNITY PHASE MAR
GAIN - 0 1 20 ARGIN
=10 +o

100k ™ oM

FREQUENCY —»
Fig.6. Gain and phase response.

Various techniques are available for preventing instability.
Often a series RC network is connected from the amplifiers
output to ground. This reduces the high frequency gain and
thus reduces the unity gain frequency. Local power supply
decoupling should be used. Current loops, whereby the output
current generates a voltage in the signal ground wire which gets
fed back to the input can cause bursts of high frequency
oscillation. Also high input impedances can capacitively pick
up the output signal and burst into oscillation. Increasing the
closed loop gain may prevent some forms of instability, swear-
ing will not! Figure 7 shows some typical instability problems.

wa ya VA

- DENOTES VERY HIGH FREQUENCY OSCILLATION (INSTABILITY)

Fig.7. Instability; A, on one half cycle; B, at crossover; C, at all points.

(a) The sinewave oscillates on one half cycle. Really a power
amplifier is two amplifiers, one half handling positive sig-
nals, the other, negative signals. Thus it is quite possible
that the amplifier can be stable for negative signals but
not positive ones.

GENERATOR

RL

Fig.5. THD measurement.
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(b) The sinewave is unstable at crossover. This may be caused
by .the loss of feedback at crossover. Increasing the bias
current may eliminate it. Alternatively it might be caused
by slew limiting manifesting itself as an extra phase shift.

(c) The amplifier is never stable. Check the layout for current
loops, increase the gain, increase the output CR loading,
even try removing it, reduce the impedance levels.

You may not hear the effects of high frequency oscillation but

it does cause RF interference and generates waste power. It

-— 4-12V — =

¥

.4 'NCREASES GAIN
s Ve FROM 20 UP TO 200
O

Cc3
250u
c1 16V
470n
o 8R
INPUT
+Vee (+18V)
100n
Y gias
INPUT 2
I 470u
©§ 25V

"W 40Hz ROLL OFF

8R
LOUDSPEAKER

mn

Fig.9. Medium power audio amplifier. The LM380 will work with a
supply voltage range of 8 to 22 V. It can deliver 4 watts of power into
8 ohms at 20 V, although a good heatsink is needed for this level. The
inputs are ground referenced and the output is automatically biased to
Y2 Vcc. The voltage gain is fixed at 34 dB. It also has a short circuit
proof output and internal thermal limiting.

O+Vcc
! l 100n 1N4001
INPUT 1000 4 5
+
TDN
100k 2 [2030

-Lu

100n 1RO f e
4R (MIN)

AMPLIFIER —

DISSIPATION
(WATTS) 0.6
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can burn out output stages and even loudspeaker crossovers.

The following five design examples demonstrate how to
produce a solution to an amplifier problem. It is now possible
to buy an amplifier for most general purpose uses. A wide
selection of monolithic devices and modules cover the 0.25 to
100 watt power range. It is rare to have the time or the ability
to improve upon this range. The art of designing is to select
the most suitable sofution on the basis of size, cost and per-
formance.

A

0.8 Vee = 12v

o ,'
/ 7]
// |

~
<
aQ
a
n
-]
<

04 /

0.2

Vee = 6V

0.0
00 01 02 03 04 05 06 0.7

OUTPUT POWER (WATTS} -
LM386 DEVICE DISSIPATION VERUS OUTPUT POWER INTO AN 8R LOAD

Fig.8. Low voltage, low power battery operated amplifier. The LM386N
operates over a supply range of 4 to 12 V. It can deliver 0.7 watts into
8 ohms at 12 V, although, at this level, some heatsinking would be
advisable. The typical battery drain is 4 mA. The voitage can be varied
from 20 to 200, as shown it is 20. An AC short across pins 1 and 8 will
increase the gain to 200. With a resistor in series the gain can be set to
anything from 20 to 200. For gains greater than 20, a bypass capacitor
(100n to ground from pin 7) should be used. Even with a supply volt-
age of only 4 V, there is an output voltage swing of greater than 2 V.

30
—
L~ ol ™~ 20v
20 A —— o 3% THD
DISSIPATION /// ~ ey
DISSIPA
(WATTS) .~ >
/-—\ -~
1.0 T S‘mv
>2v
0 1.0 2.0 30 4.0
OUTPUT POWER (WATTS] INTO 8R
FEATURES

TO 220 PACKAGE — EASY TO HEATSINK
POWER SUPPLY RANGE 6 TO +18V
QUIESCENT CURRENT 40mA
POWER OUTPUT 14 WATT (4R)

9 WATT (8R)
CLOSED LOOP GAIN 30d8

TO 220 PACKAGE

1N4001 l"’o“
6 ~Vee
b AAAN—
100k
3k3
+

x5
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Fig.10. 9 to 14 watt amplifier. The TDA2030 is a Hi-Fi audio amplifier
which has short circuit protection and thermal shutdown. It can oper-
ate from supply rails of 6 to 18 V. Ata*14 V supply the guaran-
teed output power is 12 watts into 4 ohms and 8 watts into 8 ohms.
Harmonic and crossover distortion is low being typically 0.05% at
1 kHz for 7 watts of power output. The recommended closed loop
gain is 30 dB. The two diodes protect the amplifier from back EMF
voltages from the speaker.
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3. OSCILLATORS

t seems to be a fact of life that amplifiers oscillate and
Ioscillators won’t! Generally there is little difference be-
tween the two. Both devices are amplifiers with feedback.
The conditions for stable sinusoidal oscillation are shown in
Fig.1. The higher the Q of the resonator the more stable is the
resonant frequency, and the purer the sine wave. To stabilise

RESONATOR
Fo

GAIN
CONTROL

L o /\/\
OUTPUT

LEVEL
SENSOR -

CONDITIONS FOR OSCILLATION

* PHASE SHIFT AROUND LOOP = 0°

* LOOP GAIN = UNITY

* IF SINEWAVE FALLS BELOW SET
AMPLITUDE, GAIN INCREASES

* IF SINEWAVE INCREASES ABOVE
SET AMPLITUDE, GAIN DECREASES

Fig.1. Conditions for a stable sine wave oscillator.

the signal level an automatic gain control circuit is used. This
can be anything from simple diodes or thermistors to elaborate
AGC systems. The smoothness with which the AGC works will
determine the sine wave purity. A thermistor circuit might
well introduce distortion at low frequencies by changing its
resistance during one half cycle of oscillation. Very pure sine-
wave oscillators (better than 0.001% distortion) employ slow
acting AGC systems to control the loop gain.

Wien Bridge

The well known Wien Bridge oscillator is shown in Fig.2a.

A frequency sensitive feedback network is constructed from
R1, C1 and R2, C2. This network has a peak in its amplitude
response which also corresponds to zero phase shift. At this
frequency the attenuation is x1/3 and so to ensure oscillation

AVA

OuUTPUT

\4

R3
out
- AAAA
L‘I
1 +

R4

3,

!

L

Vin
" FEEDBACK

R2

’ Fig.2a. A Wien Bridge oscillator.
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the amplifier must have a voltage gain of at least x3. To
stabilise the amplitude a thermistor is used in the feedback

RA53 THERMISTOR (NEGATIVE Te)

1kHz
4 270R 7—7'77
10k

7

10k

Fig.2b. To stabilise the amplifier a thermistor is used in the op amp
feedback loop.

loop of the op amp. As the oscillation amplitude increases,
the thermistor heats up, drops in resistance and so reduces
the gain. The circuit suffers from amplitude bounce when
the frequency is altered. Also, the op amp phase shift, which
increases with increasing frequency, must be taken into con-
sideration when designing this oscillator. Another sine wave
oscillator is shown in Fig.3. This generates both sine and
cosine outputs. The circuit is a state variable filter with posi-

AAA—
R3
s 10k

-

?Jk —VWW- POSITIVE FEEDBACK

b RA

gc
i

2>

- O
. SINE AND
COSINE
OUTPUTS
»—0

5V1

NEGATIVE FEEDBACK i 4 x 1IN4148

Op Amp POWERED FROM «12v

ICs POWERED FROM - 12V

R4
10k
/i

Fig.3. A state variable sine/cosine oscillator.

Fo * FOR 1kHz RA =10k C = 16n

= 1.
2rRAC

tive feedback (R2) to ensure oscillation and amplitude limiting
(the diode bridge) to stabilise the sinc wave level. The dis.
tortion may be trimmed by adjusting the amount of positive
feedback. The oscillation frequency is set by RAand C.

A triangle/square wave oscillator may be constructed from
a pair of op amps (Fig.4). IC1 is an integrator, the output of
which ramps up and down between the hysteresis levels set
by the Schmitt trigger, 1C2. If the output of IC2 can swing to
£ 10V then the hysteresis level will be + 10 x RA

RE volts
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The oscillation frequency and triangle symmetry is linearly
proportional to the output swing of IC2. If a variable fre-
quency oscillator is wanted, then resistor R can be connected
to the wiper of a potentiometer fed from IC2 output.

Design Example

Q. Design a triangle oscillator with a 2 Vpp triangle out-
put, oscillation frequency of 1 kHz, operating from + 12 V
power supplies, using circuit in Fig.4.

—iFE— 100k

~——AAAN——
RA e
- 50k
Ic1 — VAN E
+
R
——t AN—

+10V - -
1IC2 OUTPUT [ |
10V = =

+5 -

IC1 OUTPUT
sV .

INVERTING INPUT OF IC11S A VIRTUAL EARTH
THEREFORE = 10y
R

CURRENT CHARGES AND DISCHARGES CAPACITOR C IN
THE INTEGRATOR GOVERNED BY THE RELATIONSHIP

cdv .,

ot

THEREFORE 4V = 1 = 10
dr € Rc

v oAV

dar T

SO, 1 _dv, 1. . 10

AT 7 dT ¥ N T RCIv
WHERE AV = 20V AND 1_ = FREQUENCY OF OSCILLATION Fo
‘T

1 10 1
FORE Fo=1_ = 1 = 1. W
THEREFORE Fo= .1 = acx20” 2RC

Fig.4. A triangle/square wave oscillator.

A. Assume an output voltage swing at IC2 of £ 10 V.

For 2 1 V Hysteresis,

RA=R8
10
Let RB = 100k, then RA = 10k
Foz] ksz j,_ = __l____ = JQ,___
AT iAv CxRx4
_ 10 _ _3
Therefore CR= ————— = 25x 10
4x1000
Let C = 100n
_3
Then R = 2-3.X107° _ 5y
10-7
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Experimenter's Design Notes

AV
Note that AT is 4000 V/sec. When designing this type of
oscillator the slew rate of the integrator and Schmitt trigger
need to be considered, although tin this case virtually any op
amp will be OK.

Linear VCO

A linear voltage controlled oscillator (VCO) is shown in
Fig.5. This again is a triangle square wave oscillator although
the squarewave is the only buffered output. The CA3080 is
used as a current source for charging and discharging C. The
charging current is equal to 1ABC, which is true for several

—0
+15V
a7
(MAX TmA)
RA 2
k0
+ a7 3 OUTPUT
10u

100kHz
MAXIMUM

CURRENT « THAT CHARGES C’= ¢ 1ABC

VOLTAGE AT PIN 3IC2 IS A 6.5Vpp SQUAREWAVE
THEREFORE, THE TRIANGLE WAVEFORM IS ALSO 6.5Vpp
EQUATION FOR CHARGING C,

AT %
AT 4 [
Fo= L -1ABC _ 1aBC __

T Tcav T cxesx2
* IF C = 680p, 1ABC = 250uA,

THEN Fo= 250X 10" "
680x10' 2x6.5x2

Fig.5. A linear VCO. _

decades of current. The Schmitt trigger uses a TLO81 which
has a slew rate of 13 V/uS. As the squarewave output voltage
is 13 V then the rise and fall times are 1 uS each. This enables
the VCO to run at frequencies up to 100 kHz. As this fre-
quency is approached the VCO loses its linearity, due to time
delays in the circuits.

Another VCO is shown in Fig.6. This has two buffered
outputs, a triangle and a square wave. Again, the oscillation
frequency is dependent on the output voltage swing of the
Schmitt trigger, IC2. However, if a stabilised power supply
is used this circuit behaves very well. Superior performance
can be obtained by replacing Q1 with a switching FET. The
abberations caused by saturation voltage and storage time
are then removed. Also fast FET op amps will improve high
frequency performance.

= 28.28 kHz

*ASSUME QUTPUT SWING OF IC2 1S -10V
THEREFORE, IC2 SWING WILL BE '5v

DURING HALF CYCLE A,
1A = (Vin 1/3Vin
1A = (Vin - 1/3Via)
R1+R2
A = Vin_
300k
DURING HALFCYCLE B,

Q118 ON AND SO THE JUNCTION
OF R1,R2 IS SHORTED TO GROUND
B = 1/3Vin =_ Vin

R2 300k
THEREFORE, THE CURRENT THAT CHARGES AND
DISCHARGES C IS THE SAME MAGNITUDE IN BOTH
HALVES OF THE CYCLE
THEREFORE 'V _ 1 . Vin__

T € 300kxC

OSCILLATION FREQUENCY Fo = Vin . =M

1
d @ Vin__ I
T 300kxCx V' 300k x Cx 20

Fo:(l’g’ﬂo.weno ") Hz

97



Experimenter's Design Notes

w

3
R1 R2 N
100k K
o > 5V VV 10V
Vin o iA BN IC1 4 - il
{+Ve) 100k 741 ic2
ONLY L AMAAASS, + Q10N Q10FF Q10N QUTPUT
Vin R4 -10
3 50k
+5
7 ST N
%AV 1c1
OUTPUT
|
-5
a1 -
8C182L R7 - AT
<3 e POWERED BY 12V
AAAA

Fig.6. A linear triangle/square wave VCO.

The 555

The 555 timer chip (Fig.7) can be used as an oscillator
(Fig.8). Capacitor C is charged up via RA and RB. When the
voltage at pin 6,2 reaches 2/3 Vcc the discharge transistor is
turned ON. When the voltage falls to 1/3 Vcc the discharge

+Vee

et RESE
r SET

CONTROL
VOLTAGE

THRESHOLD

COMPARATORS FLIP

FLOP
14
3

0 OUTPUT
3

TRIGGER

DISCHARGE

GROUND

Fig.7. The timer chip.

transistor is turned OFF and the charging process repeats
itself. As power supply voltage terms appear in both the
numerator and demoninator of the charging equation, it
drops out and so the oscillation frequency is hardly effected

—O +Vce
RA
DISCHARGE
8 4
RB )
555 5 fw——O OUTPUT

THRESHOLD

-
ol

Fig.8. A simple oscillator based on the 555.

98

by supply voltage changes (typically O.S‘ZoV). Also the temper-
ature stability is good, typically 50 ppm/"C.

PIN 3 -°| l I l
GND )

T1=0.693 (RA+RB} C
T2=0.693(RBIC
TOTAL PERIOD = T1+T2 = 0.693 {(RA+2R8) C

FREQUENCY Fo= 1- .- - 1443 __
T1+T2 (RA+2RBIC

- Tl —eleT2

A low power 555 oscillator is shown in Fig.9. This
employs a CMOS version of the chip which consumes a mere
120 uA. Capacitor C is slowly charged by current i and rapidly
discharged by Q1.

Q +5v

|=
AAAA
=

a4
6
O—q TLOB1 ICM 0
o 75551PA 3 i )
OUTPUT
+3v3 L;\N N\ v 2 Bc182L\'>
1 5

+1v7

470R sV

) AT Cav

TO
CURRENT SINK

Fig.9. A linear VCO built around the ICM7555, the CMOS 555.
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F

COMMON ABBREVIATIONS

A Ampere or Anode

AC Alternating Current

ACC Automatic Chroma Control

Ae Aerial

AF Audio Frequency

AFC Automatic Frequency Control

ALC Automatic Level Control

AM Amplitude Modulation

ANL Automatic Noise Limiter

ATU Aerial Tuning Unit

AVC Automatic Volume Control

b Base of transistor

B&S Wire Gauge (US)

BCD Binary Coded Decimal

(o Capacitor

[ Collector

CCD Charge Coupled Device

CCTV Closed Circuit Television

cgs Centimetre-Gramme-Second

Ck Clock

CMOS Complementary Metal Oxide
Semiconductor

CPU Central Processing Unit

CwW Continuous Wave

D Diode

d Drain of FET

dB Decibel

DC Direct Current

DF Direction Finding

DIL Dual In Line

DIN German Standards Institute

DNL Dynamic Noise Limiter

DPDT Double Pole Double Throw

DPST Double Pole Single Throw
DTL Diode Transistor Logic
DX Long Distance

E Voltage

ECL Emitter Coupled Logic
EHT Extra High Tension

EMF Electro-Motive Force
ERP Effective Radiated Power
F Farad or Farenheit

f Frequency

FET Field Effect Transistor
FM Frequencsy Modulation

G Giga (10%)

g Grid or Gate

Gnd Ground

H Henry

HF High Frequency

hfe Transistor gain

HT High Tension

Hz Hertz

I Current

Ib Base Current (Transistor)

Ic Collector current

IC Integrated Circuit

IF Intermediate Frequency

°L Integrated Injection Logic

ilp Input

ips Inches per Second
Kilo (10%) or Cathode

L Inductance

LCD Liquid Crystal Display

LDR Light Dependent Resistor

LED Light Emitting Diode

LF Low Frequency

Lin Linear

Log Logarithmic

mA Milliamp

mH Millihenry

MHz Megahertz

MOSFET Metal Oxide Semiconductor FET

MPU Microprocessing Unit

MsSI Medium Scale Integration

MOST Metai Oxide Semiconductor Tran-
sistor I

LS Loudspeaker

LSl Large Scale Integration

M Mega (10%)

m Milli (1073)

MPX Multiplex

mV Millivolt

mwW Milliwatt

n Nano (1079

Ni-Cad Nickel Cadmium

NR Noise Reduction

NTSC National Television Standards
Committee

o/c Open Circuit

o/p Output

Op-Amp Operational Amplifier

p Pico (10-"

PA Power Amplifier or Public Address

PAL Phase Alternate Line

PCB Printed Circuit Board

pd Potential Difference

PIL Precision In Line

PIV Peak Inverse Voltage

PLL Phase Locked Loop

PROM Programmable Read Only
Memory

Ptot Total Power Dissipation

PU Pick Up

PUJT Programmable Unijunction Tran-
sistor

Q Factor of Tuned Circuit

R Resistance

RAM Random Access Memory

ROM Read Only Memory

RF Radio Frequency

RFC Radio Frequency Choke

RMS Root Mean Square

RTL Resistor Transistor Logic

RX Receiver

s Source (FET)

s/c Short Circuit

SCR Silicon Controlled Rectifier

SHF Super High Frequency

SPDT Single Pole Double Throw

SPST Single Pole Single Throw

SSB Single Side Band

SSi Small Scale Integration

SWG Standard Wire Gauge

SWL Short Wave Listener

SWR Standing Wave Ratio

TRF Tuned Radio Frequency

TTL Transistor Transistor Logic

TVI Television Interference

Tx Transmitter

uF Micro Farad

UHF Ultra High Frequency

uJT Unijunction Transistor

\' Volt

VA Volt Amperes

Vee Supply Voltage {TTL)

vCO Voltage Controlied Oscitlator

vdd Supply Voltage {CMOS)

VDR Voltage Dependent Resistor

vDU Video Display Unit

VHF Very High Frequency

VLF Very Low Frequency

vMOS Vertical Metal Oxide Semiconduc-
tor

w Watts

X Reactance

Xtal Crystal

V4 Impedance

PROBLEMS?

SUFFIXES ‘k’, ‘'m’, ‘M’ etc after
component values indicate a
numerical multiplier or divider — thus
Multipliers

k = X 1000

M = X 1000 000

G = X 1000000000

T = X 1000 000 000 000

Dividers

m = + 1000

u = -+ 1000000

n = -+ 1000000 000

p = = 1000000 000 000

Where the numerical value includes
a decimal point the traditional way of
showing it was, for example, 4.7k.
Experience showed that printing
errors occurred due to accidental
marks being mistaken for decimal
points. The Standard now calls for the
ex-suffix to be used in place of the

-

decimal point. Thus a 4.7 k resistor is
now shown as 4k7. A 2.2 uF capacitor
is now shown as 2u2 etc.

Some confusion still exists with
capacitor markings. Capacitors used
to be marked with muitiples or sub-
multiples of microfarads — thus 0.001
uF, 470 uF etc. Markings are now
generally in sub-multiples of a Farad.
Thus -

1 microfad (1u) =1x10°F
1 nanofarad {1n) = 1x10°'%F
1 picofarad (1p) = 1x10'%F

OV on our circuits means the same
as —ve (an abbreviation for
‘negative’).

Unless otherwise specified all
components in our drawings are
shown as seen from above — note
however that component
manufacturers often show them as
seen looking into the pins.

Pin numbering of ICs — with the IC
held so that the pins are facing away
from you and with the small cut-out
downwards pins are numbered anti-
clockwise starting with pin number 1
at bottom right.

The thin line on a battery schematic
drawing is positive — (+ve or just +).
If a circuit won't work the most
probable causes of trouble in the most
probable order of occurrence are:—

(a) Components inserted the wrong
way round or in the wrong places.

(b} Faulty soldering.

(c) Bridges of solder between tracks"
(particularly with Veroboard) —
breaks in Veroboard omitted —
and/or whiskers of material
bridging across Veroboard
breaks.

(d) Faulty components.




Continuity Tester.

A common failing of simple con-
tinuity tester circuits is that they
will give an indication of continu-
ity between the test prods when
there may actually be a resistance
of a few hundred ohms or more.
This is often of no importance, but
it can sometimes give misleading
results. This simple design can be
adjusted so that it will not respond
to resistances of more than a few
ohms.

The circuit is basically a stan-
dard 555 astable operating at a
frequency of about 800Hz and
feeding a high impedance
speaker. However, reset terminal
pin 4 is tied to the negative supply
rail by R3, and this blocks the asta-
ble action. Pin 4 must be taken
positive by about 0V5 or more in
order to produce an audio output.

RV1 is adjusted so that with the
test prods shorted together there
is only just sufficient voltage at pin
4 to enable oscillation to take
place. Therefore, with genuine
continuity between the test prods

B1

Test Gear

9V

R1
1k

A

R4
390R

JIL
W+

R2
c1 15k
100u

10v

A

IC1
NES55V

13

b C2

T 47n

ova

Z ZD1
R3
% 120R 6.8V
Ls1
40—80 ohm

the unit will produce an audio out-
put, but with a resistance of more
than about 7 or 8 ohms in circuit,
the voltage at pin 4 will be inade-
quate due to the voltage drop
across this resistance. RV1 is fed
from a stabilised supply provided
by R4 and D1 so that minor varia-
tions in the supply voltage do not

necessitate readjustment of RV1.
Occasional readjustment of RV1
may still be needed if it is critically
adjusted for optimum discrimina-
tion.

Note that the circuit will con-
sume power when the test produs
are not connected (about 6 mA.)
so on/off switch SW1 is required.

Transistor Checker

This device enables transistors to
be quickly tested and shows
whether or not they are servicea-
ble. )

If we consider the circuit in the
NPN mode first, it is basically a
standard astable multivibrator
with the test transistor as one of
the transistors in the circuit. The
test device is biased by R1 and has
R3 as its collector load resistance.
R2 shunts the base emitter termi-
nals of the test device, but is too
high in value to have any signifi-
cant effect on the circuit. Q1 is
~used in the other section of the

multivibrator, and it is biased by
R4. LED indicator D1 and current
limiting resistor R5 act as its col-
lector load. C2 and C3 provide the
cross coupling between the two
stages.

If the test device is functional,
the circuit will of course oscillate
and the specified values give an
operating frequency of about 2 to
3 Hertz. As Q1 switches on and off,
D1 will be seen to flash on and off.
If the test device is faulty, R4 will
simply bias Q1 into conduction,
resulting in D1 remaining
switched on while SW2 is
depressed and power is supplied
to the circuit.

With SW1 switched to the

“PNP” mode, the supply to the
test device is altered to the correct
polarity. R2 now biases the test
device; R1 has no significant effect
on the circuit. Although a multivi-
brator would not normally use one
PNP and one NPN device, the cir-
cuit operates very much as before.
The current consumption of the
unit is about 6 mA. Three small
wander sockets mounted in a
triangular arrangement can be
used as the test sockets and pro-
vided they are mounted very close
together, most small transistors
will plug in without difficulty. A set
of three test leads terminated in
crocodile clips can be used to
connect to those that will not.

sw2
PUSH TO TEST

R1
33k

BASE

1oV

R2
33k

PNP O
¥ SW1a o . o
Tz, PN EM'TTERP . PRRLAL COLLECTOR
N
100u

NPN

—( On -0

B BC108
BASE VIEW

3

LEO1
TIL209

—Ve
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