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Fig 1. VCT symbol and
external connections.

THE CIRCUIT SYMBOL for the VCT is shown in Fig. 1
along with the necessary bias supply and an external
resistor R which determines terminal gain. The name
"voltage-current transactor’ is derived from the translation
of differential input voltage into a proportional output
current. .

As with the conventional op-amp, the input impedance
is made as high as possible to minimise loading of any
practical source of input voltage, but the main difference
between the VCT and an op-amp lies in the output port. As
a current source rather than one of voltage, the port imped-
ance is high rather than low. Furthermore, whereas the
op-amp output signal is usually single-ended and referenced
to ground, the VCT output is completely floating. The VCT
is thus a true four terminal device and either terminal of
either port may be used as a common point. It will also be
apparent from Fig. 1 that there is no external feedback
element involved in a simple amplification application.

The internal circuit is shown in Fig. 3 and as explained
in this article there is no overall feedback concealed within

IN ouT

Fig 2. Basic constant current source. 1, is
fixed by injected 1 ,.
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NSIDE VCT

In the January 1977 issue of ETI Ron Harris reviewed the
recent development of the Voltage-Current Transactor

- {VCT), perhaps the most |mportant device innovation of
recent years for not only is the VCT expected to perform
all the functions we now expect of the op-amp but to

perform them either better or with fewer additional
components.

The earlier article briefly covered the VCTs

development and its terminal properties, together with

basic circuit applications. This article describes the V VCTs
internal functioning. It has been written for ETI by Dr. J.

E. Morris of the Department of Physics, Victoria
University of Wellington, New Zealand.

the unit. With no feedback, there ‘can be no feedback
stability problems and thus a major headache of op-amp
design vanishes.

VCT Circuit

Modern ICs are generally very complex and involve many
functional- blocks. At first glance a circuit diagram often
‘appears to have more relevance as a design for a maze than
as a sensible means of serving these required electronic
functions. The trick is to identify the functional blocks.
Once their patterns are recognized, circuit operation may
be deduced. For example it is obvious that the VCT is
essentially symmetrical about the centre, so only one side
need be considered in detail. And the input transistors
{Qq Qs on side 1) clearly form a Darlm{gton pair and may
be regarded as a single composite transistor (Qp say) in
any simplified analysis.

Most of the functional blocks in the circuit are derived
constant current sources and these will be briefly reviewed
before seeing how they fit together to form the VCT.

>

The obvious solution to the imped-
ance matching problem might appear to
be the use of a common-base transistor
stage which has low input impedance
into the emitter and the same high out-
put impedance from the collector as
above. In an equivalent situation to Fig.
3 however, a PNP transistor is required
and the sign of I is reversed. A mini-
mum of three supply voltages would
then be required instead of the two
implied by Fig. 3.

19
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NOTE:

HEAVY EMITTER LINES

INDICATE MULTIPLE

EMITTER TRANSISTORS

\(/sVKHSH PROVIDE CURRENT
IN.

Fig 3. Internal circuit of
the prototype VCT.

IC Current Sources
A) Mark |

The derived current source performs a similar impedance
mat‘ching function with respect to current to that which an
emitter follower provides in voltage circuits. A circuit
commonly employed in {Cs is shown in Fig. 2 where the
essential requirement for operation is that the diode is
matched to the B-E junction of the transistor. For a given
diode voltage equal to the B-E voltage, identical currents
must flow through the diode and emitter junction. By
inspection lo = I, — 2lg4 in this case and I, = |, pro-
vided transistor gain § is high. The input inpedance is low
and the output impedance is high to provide the current
in/current out impedance matching required. In addition
the input DC level (Vgg) is low and the output DC voltage
(Vcg) will depend upon the nature of the load.

B) Diodes

The crux of the design in Fig. 2 is the matching of the
diode to the B-E junction. One major feature of the modern
IC is the close matching which may be achieved between
adjacent transistors on a chip. Whereas the absolute values
may vary quite considerably, and such variation occurs
almost identically in nearby transistors. Tight thermal
coupling also ensures that the characteristics remain
matched independent of external temperature fluctuations
and local Joule heating. The diode employed in the VCT
is actually a normal transistor with the base shorted to the
collector (see Fig. 4). If this transistor is adjacent to the
current source transistor and physically identical to it,
then the fact that Vgg is common to both ensures an
identical emitter current in each (Fig. 2). To a first approx-
imation only, the particular configuration also provides

20

e —> e
|
VBE L
VBE
Fig 4. iC diode format.

IN ouT

——
| )

Qi li+ (g1 — gy}

O S
—y
i1

I+ ('81 — |Bz)l

Fig 5. Constant current sourée employed in the-VCT.
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for a similar distribution of |g between lg and Ig. Truly
identical transistors will not, however, possess identical
current gains in the circuit due to the differences in Vg
(zero for the diode transistor).

C) Mark 1l

The problem. with the single eireuit of.Fis.-3 is the require:
ment of high transistor gain. A partial solution is provided
by the circuit of Fig. b which is the basis of all the funct-
ional blocks of the VCT. Here |, = I; + 2 (Ig;—Ig2) and is
made to closely approximately |; by ensuring that
Ig; = lga rather than relying only on a large 5. Note
that the improvement is at the cost of an increased input
impedance and DC input level (Vgg; +VBEo). If Ig) =1g2
exactly, B must be slightly greater for Q, than for Q;
(which is reasonable since Vcgo will be greater than
Veei = VBEo)- »
Each of the functional blocks involves further modificat-
ion of this circuit. These will each be described in turn.

D) Multiple Emitters

The multiple emitter structure has been mentioned before.
All it means is -that the transistor emitter current is in-
creased for a given Vgg by increasing the emitter area. In
this way the multiple emitter, when used in the output side
of a derived current source, can provide current gain. A
current gain of two for each of the muitiple emitter stages
in the VCT leads to the prototype device specifications
quoted by Harris and is assumed below.

Bias Circuit

The bias circuit has been redrawn in Fig. 6 where the
multiple emitter transistor Q3 has been split and is shown
as two separate diodes. Current amplification leads to the
defined bias current Ig = (Vg --2Vgg)/Rp being drawn
equally from each of the two sides of the VCT.

Note that while the total symmetry shown in the dja-
gram implies that the introduction of a multiple emitter
structure requires f5, g to be twice B4, this conclusion
is misleading. In fact one would be more likely to vary the
the multiple emitter area slightly off two, such that (i) all
B’s were approximately equal as before (ii) diode currents

become Ig + %I°, and (iii) the base current of Q4 reverts to
(%1 +(%1).

Differential Input

It should be clear by now that the VCT relies upon defined
current sourcing and multiple emitter current amplification
to function. The input signal however is defined as &
differential voltage (V1 — V2) and must be converted to a
proportional current. This is the purpose of the external
resistor R as shown by the simplified view of Fig. 7 where
Ig is clearly (V7 — V2)/R provided symmetry is main-
tained. (Qp is the Darlington combination Qq and Qj,;
Q11 functions as a diode).

It will be seen shortly that the existance of a finite I
upsets the symmetry — in fact this is how the circuit
functions. So once again, our ideal is not quite possible
since the diodes carry different currents at slightly different
voltages. In fact Ig = (V1 - V2)/R.

The next step is to see how IR is converted to an output
current.

ELECTRONICS TODAY INTERNATIONAL — MARCH 1978
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TO SIDE 1 Rp

BIAS
l I3 N

(Q Il lIB_"-

TO SIDE 2

1 ‘IB
Q6

0 i

Fig 6. Bias circuit as an example of the multiple-
emitter diode.

Va

2V, i )
BE i VBe Vge ! 2vge

Fig 7. Simplified view of the differential input
circuit.

Input Circuit

The input section of one side of the VCT is redrawn in
Fig. 8. Qg services both sides of the circuit and has been
split in the diagram. Assume for the moment that some
current |, flows down through Q; and then the Darlington
Qp. The Q7, Qg, Qg current sourcing circuit requires |, to

also flow through Qg and Qqg. Similarly Q¢ should draw

21y due to the double emitter. The total 41, must equal
the bias current Ig and hence the currents are as shown
with Qg5 also carrying Ig. The principle of this input
circuit is summarised for reinforcement in Fig. 9 which
should be compared with Figs. 7 and 8.

It has already been stated that Vg of the source output
transistors will vary under operating conditions and cause
deviations from ideal behaviour due to resultant in 8. In
Q2 the base current lgq> (assuming constant 3 to first
order) can no longer equal Igqq. Current source operation
must therefore deteriorate under operational conditions.

>
21
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Output Circuit

The next step is to determine how the input signal current
IR Is translated into a proportional floating output. Fig. 10
shows the remainder of side 1 of the VCT, designated as
the output circuit. Clearly transistors Qg to Q¢ form a
derived current source.with gain equal to two. But it may
be more difficult to see that Qq3 forms part of two similar
sources: with Qq4/Qq5 to give a gain of two, and with
Q16/Q17 for unity gain.

So the current drawn by Q15 (Fig. 8) is converted into
two proportional currents. The first (Ig + 215) flows into
the node “OUT 1” while the second (g + 1g/2) is de-
livered to side 2. A corresponding curfent from side 2
(—lg + Ig/2) flows into Qqg and the amplified signal
(Ig — 21R) is drawn from the “OUT 1” terminal. The net
current delivered to the load (I ) is therefore 41

In the paragraph before last, the detailed operation
of Qqq to Q7 was hurriedly glossed over in order to
first cover the principle of the output circuit. The diode
function of Q14 should be familiar by now, but the reason
Qy5 has also been made with a double emitter is to keep
Vee15 with (lg + 2Ig) equal to Vgg17 with half that
current. In this way, the collector and base terminals of
Qj6 are linked by a virtual short circuit and Qqg is con-
strained to also function as a diode.

Overall Principle

When side 1 and side 2 are considered together, as in the
simplified equivalent of Fig. 11, one can appreciate the
overall concept of the VCT. The input signal (V; — Vo)
Causes a current imbalance (V7 — V3)/R to be super-
imposed on the null input bias levels (Fig. 9). With current
gain mixed into the process, the bias currents are then
balanced out . leaving a net differential load current
4{V1—V3)/R in the load (Fig. 11).

Device Properties

Each multiple emitter in the prototype VCT has beén
assumed to give a gain of two. Clearly, it would be simple
to vary this; indeed it would appear feasible to provide
gain in other parts of the circuit as well as or instead of
those shown. Nevertheless, for the prototype as shown,
IL = 4(V1—V2)/R. For voltage gain, one might merely
insert a load resistor Ry for a totally floating output
gain 4R /R. Other elementary circuit configurations
have been described by Harris.

The absolute linear range of the VCT is restricted in
both current and voltage. Transistor cutoff when 2lg=Ig
(See Fig. 10} limits output current 1| =41g to a maximum
of + 21g: Ig being set by the circuit designer. Either output
current or load is also limited by load voltage and the onset
of saturation in the output transistors, i.e the load voltage
'L RL may not exceed the total power supply range minus
4VgEg. For + 15 V supplies and 10 mA bias current the load
impedence limit is 1k4 if the full output current range is to
be availabie. Note also that wide signal excursions from the
symmetrical design bias point lead to loss of linearity, since
Vegs__of the current source output transistors are moved
off bias values causing § to shift. The need to maintain Ver
and  close to design values also limits the acceptable power
supply variation — about 10 to 15% according to Harris.
These figures would suggest that linearity may be seriously
degraded by voltage swing well before the saturation limit is
reached.

22

HHT o=

Fig 8. Input circuit — side 1.

Fig 9. Equivalent input circuit.

High input impedence Rj, is a fundamental requirement
of the VCT concept and is the reason for the use of
Darlington inputs. To the grossest of approximations, small
signal Rin (=81 B2R/B10) is critically dependent upon the
INput stage current gain and maximising it leads to a whole
series of tradeoffs, (e.g R. should be low for high transcon-
ductance, 1 ¢ high for current source operation).

Common mode rejection ratio and required offset will
both depend upon the degree of symmetry attainable in
mass production but there is no reason to be pessimistic
about them. High slew rates have been reported and are
undoubtedly due to the fact that currents vary in only half
of the circuit transistors and that the signal only proceeds
sequentially through about half of these.
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= . 3
|
Q14 %
e
-

a1s
—
Ig * 2l TOSIDE2
OuUT 1
IL  TO LOAD
_ } FROM SIDE 2
ls -~ 2 IRL Q20 ———— e
—
o,
>~ R
—HT

Fig 10. Output circuit — side 1.

SIDE 1

SIDE 2

g * 21 o = 2l
ouT 1 ouT 2
FROM SIDE 2 FROM SIDE 7
—-»—J e e
== F ——
-'B y IB
o= ]| =
2 2 TR

Fig 11. Equivalent circuit of the differential current output.

Conclusion

The main objective of this article has been the explanation
of the principles of circuit operation. A secondary aim was
to point out some unwanted second order effects and
practical limitations. Such limitations occur in all devices
and must not be ignored by either the designer or the user.

The immediate question is whether the VCT will survive
through to production or remain just another bright idea.
Simplicity is a major advantage to any technological inn-
ovation and despite the plethora of transistors, the VCT is
very simple in principle. Furthermore its implementation
will rely totally on existing technology — its future looks
bright. .

1 should like to thank my students whose curiosity and
questions led directly to this article. =1

ETl
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4 WAVE BAND

STEREO RADIO & |
STEREO CASSETTE
TAPE REGORDER

WITH CRO:

ONLY £117.50

inc. VAT

THIS SUPERB PIECE OF EQUIPMENT HAS EVERY-
THING! YOU WOULD WANT AT A FRACTION OF
THE NORMAL PRICE AND HAS MORE FEATURES
THAN THE MOST SOPHISTICATED AND MORE

EXPENSIVE EQUIPMENT.

AN OUTSTANDING SET!

the ORBIT will give you wonderful
sound in pure stereo 2.3 watt per chan-
nel with stereo volume & tone controls.

STEREO RADIO!

Not only is this a stereo cassette but
stereo radio on VHF which you can tape
direct!

4 WAVE BAND!

soon to receive all British broadcasts
you must have Mw, Lw & VHF NOW! is
a golden opportunity to have a 4 wave
radio it has short wave as well 6-16MHz
with extra fine tuning!

CRO2

Not only can you use any cassette for
recording but for the best reproduction
you have CRO2 head for using CRO2
tapes.

FEATURES!

Radio mw  535-1605 khz

Iw 150-350 khz

sw  6-16 MHZ
Tape ~
4 track stereo. Wow & flutter 0.2%
wrms. Fast forward. Fast rewind. Eject
button. PA button. AFC button. Stereo
indicator.
Headphone jack. Ext. mic. & aux. In
selector. This set runs off batt./mains,
car and has facilities for recording input,
output for external sources. Output 2.3
watt at 4 ohms. Total harmonic distor-
tion 3%. Input sensitivity 100nV. Aux./
impedance 400k ohm. 405mm(W).
150(7) 255(D).

FANTASTIC EXTRA FEATURES!

These features should be costing you a
lot more.

Mixing facilities for having your voice
to background music, etc. VU tuning
and battery meters to get the exact level
of reproduction.

SLEEP!
Just gotosieep with radio or cassette on
and it will turn itself off.

MEMORY COUNTER!

To tell you where you are up to. But set
the memory button and it will find its
way back to where you started.

PAUSE BUTTON!

For catching your breath without the
clunk!

_Two built-in condenser mics for stereo
recording, with facilities for external
remote control mics.

STEREO SPEAKERS!

Press a button and the speakers come
apart to give you that extra sound.

IT'S GUARANTEED

Your ORBIT is fully guaranteed for one
year. It is made by a well known
Japanese manufacturer with full back-
up service here in England.

YES. Send me

I Name

ALL PRICES INCLUDE VAT

Add £1.90 for P&P (Mail Order anly)

TRITRON

57 BRIDGE LANE, LONDDON NW11
Tel: 458 4757
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- LCD PANEL
METER

This simple, economical yet highly
accurate voltmeter uses a large liquid
crystal display for easy reading and low

power consumption. It will be the basis
of future projects as well as being a

useful meter in its own right.

"WE INITIALLY purchased a number of
Intersil evaluation kits for our own use
‘but soon realised that while they were
very good electronically, the physical
layout wasn’t too hot. We therefore
_redesigned the PCB, reducing the
size dramatically, adding the decimal
foint drive circuitry and some dropping
Yesistors and zener diodes to allow the
board to run from a dual power supply
of +/— 5V or more (e.g. with op-amps).
This resulted in a very useful device
which we decided to run as a project.
While it is basically a panel meter
suitable for DC voltages and current
(with a shunt) it will be the display
‘module for several future projects.

Construction

To save on real estate, the main IC is
mounted under the display. We used the
Soldercon pins supplied with the
evaluation kit for the display and
soldered the IC directly into the board.
If you want to mount the IC in a socket
a low profile type should be used, with
a high one for the display. As a socket is
not available for the display a standard
40 pin one can be cut up to fit.

However before fitting either the
display sockets or the IC, fitall the other
components first. The overlay in Fig. 2
shows the positioning of the com-
ponents. Most of the components come
with the evaluation kit. The large
capacitors are laid on their side to
minimise height.
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panel meter. § ?,(7
I

R3
100k

" c4

i

38

NOTES:
* NOT USED FOR 200mV

100k FOR 20V
10k FOR 200V

A

** THESE POINTS CANNOT BE
MEASURED WITHOUT AFFECTING
OPERATION EXCEPT BY A VERY
HIGH IMPEDANCE { > 1G22}

VOLTMETER
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SPECIFICATION Ci comharan
| - : play in place. Points

Full scale reaéing 200mV Efkﬁﬁtﬁe?'.}?sﬁfx
‘Resolution 100V | _ 2:?:1;:?1‘12‘: ‘;?gr:
Accuracy < 1 digi¢ : ;zzi:;;:rxe::e‘::tit\:‘:
Display 3% digit LCD i
Input impedanee . >10'2 ohms
Input bias current ~2 pA
Polarity automatic

* Conversion method  dual sfope

Reference internal
Power supply 15V 10+ 15VDC °
TmA@L5V

BUYLINES

The Intersil Evaluation kit is
_available from Rapid Recall, 8

PARTS LIST

" RESISTORS all % W 5% CAPACITORS

Betterton Street, Drury Lane,
’ x ct* 100n Polycarbonate
London WC2H 9B5 at a cost of - RE* 25k c2* 470n Pol;carbonatz'
£23.29 all inc. if you want to just -R2* 47k c3* ' 2383 goivcafbonate
build the ET| version, Doram and R3*, 9~ 100k ca> 1 eramic
“Marshalls stock the chips and gg, §§: cireuit diagram ~ €5%, 8 10n  Ceramic
display, Watford stock everything 76,7 1k SEMILRPPUETORS .
as a kit. The PCB is available from R8,10 AM7 2‘%1 ‘B%’&E‘fr similar [l
all the ‘usual’ suppliers e.g. Ra- ZD1,2 V1400 mW
- v § 4 w
mar, Tamtronik etc. 4 FOTRPIIIPMEFER ' . 1
. Al 3 MISCELLANEOUS i
RV1 1k 10 turn type PCB; LCD 3% digit display®, soldercon pins®. |’ !
H OW IT WORKS * These compohents are supplied with the Intersil evaluation kit.
o " . * 2 b B G OPECT it T S 3-“'";‘:&

* ‘Not much can be said on how this project
works as everything is done by ong IC -

- and if anything goes wrong it is usually
the IC. We have included some waveform = -
diagrams and voltages for reference

Fig 3. The component

purposes. The conversion works on the overlay without the
dual-slope integration technique, which - display showing the
is the most reliable of the simple methods positioning of the in-
available. A capacitor is charged up at a tegrated circuit.

tate proportional to the input voltage for
a predetermined time (in this case 1000
clock pulses), then it is discharged at a-
. constant rate until it reaches the starting
point again. The time taken to do this
_{ie. the number of clock pulses} is
proportional to the input voltage.
1t is a true dual polarity system where:
the integration direction depends on the .
polarity of the input voftage. Provided e
AC ripple on the input averages to zero .
over 1000 clock pulses it will be rejected,
hence where S0Hz mains is to be rejected
a 50 kHz clock should be used, giving
80 ms sample time (4-cycles of S0 Hz).
The clock can be adjusted by vatrying
R3 if desired,
For further details of the IC see the
- data sheet in this issue. X

st RO TSP

HIGHI lLOW ' ;
(COMMON) - 8
INPUTS ]
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Foil pattern for LCD panel meter,
shown full size. (65 x 70 mm).

Fig 5. The waveform at p?n 27 with a Fig 7. The input of the oscillator-;in 40.
positive input of 170mV.

When fitting the IC solder pins 1 and  to prevent bridging tracks. The IC display it is necessary to hold it at an
26 first (the power supply pins) so that sockets can now be fitted in two strips angle to the light and look for the outline
the protection diodes on the inputscan  of 20 with the top connecting pieces of the digits. The full format of the

operate, thus preventing damage by being broken off using long nosed pliers,  display is shown in Fig. 3. In this unit
static electricity. It is necessary that a after they are soldered .in. the arrow, semicolon and the vertical

small tipped iron and fine solder be used As there are no polarity marks on the part of the + sign are not used, ET1

[} HomEe microcomPuTER
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_ FEATURE

Just how will the role of the driver be changed by the rapid advances and increasing implementation
of electronics in the motor car? Dr Peter Sydenham examines the most recent equipment to give us
a glimpse of the standard accessories of the future.

AUTO

IT WAS IN THE LAST DECADE of the nineteenth century
that the motor car was born. Most designs of what we
now call veteran cars used internal combustion engines,
for which the main use of electrics was to ignite the fuel
in the combustion chamber. Storage batteries were used
in some designs of the 1890s to drive the high-tension
ignition device and to power an electric warning bell.

Sparkplugs, magnetos, ignition distributors, starter
motors, and-headlights followed in the 1900 to 1910
era, then a DC generator was added to the engine to
keep the battery charged.

Electrical direction signals were in common use by
the 1930s, along with stop lights, reversing lights, and
courtesy lights. At that time instrumentation of vehicle
speed, engine revs, engine temperature and oil pressure
almost always used non-electrical methods. Usually the
only panel instrument using electrical indication was the
ammeter for battery charge or discharge. Regulation of

TIMING
DISC

ADAPTOR

TRIGGERHEAD ™ ]
fits into your existing distributor

Fig 1. Contactless electronic ignition is available for just about
any car. This changeover system is used in the Mobelec system.
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; > MOBELEC i30 system
- o AL i L
= g SIS
$ 15 7 7-’7./7777’ % AL,

E N0 G,
= % / v
3 Y 7/ 7,
c 10 “% /7 CONVENTIONAL IGNITION -
T //// 7 ‘ Correctly adjusted
5- 747

CONVENTIONAL IGNITION 3
| After 5000- 10000 miles, _J__SI
Sparks/second 100 200 300 400 500
gla] 3000 T 6000 9000 | 12000
26| 2000: 4000 6000 8000 10000 |
Z[81 1500 3000 4500 6000 7500 | B

Engine RPM

Fig 2. Comparative chart of electronic ignition with the conven-
tional rapidly-dating contact-points method.

battery charge was controlled by moving the "“third"
brush of the generator and a summer-winter switch
position was available to adjust the system for seasonal
temperature change. ‘

Cars of the '40s and '50s were little improved. In the
1960s, however, things rapigly began to change. The
DC generator was replaced with a much smaller and
more efficient AC alternator, which required solid-state
diodes for rectification. The day had come when the
average do-it-yourself owner could no longer confidently
tackle the auto-electrics of the car. Regulators changed
from electro-mechanical relays to solid-state circuitry;
some cars introduced electronically-controlled fuel-
injection, others introduced electronic ignition.

What we saw in the progressive designs of the ‘60s
and early '70s are fast becoming standard equipment
today. This study of the 1377 new models and
accessory market reveals that there is still a long way yet
to go.
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Engine And Mechanics

Electronic ignition is becoming standard in an increasing
number of cars — Ferrari, Renault, Chrysler and Mer-
cedes use it, while US cars have had it since 1975.

A do-it-yourself kit is available which enables the
standard distributor to be used with a change-over
"'points’” component that replaces the contacting points
with a non-contact sensor (Fig. 1).

Advantages provided by electronic ignition are lower
fuel consumption, easier starting, better idling,
improved timing accuracy, and constancy of timing with
period of operation, plus no points to need replacing.
One maker, Mobelec Ltd, issues a chart showing high-
tension voltage output produced by conventional
methods compared with their electronic system, shown
in Fig. 2. It is seen that the electronic alternative gives
the best high-tension performance and holds it over
time, unlike the points method that wears.

The next stage of ignition improvement is to replace
the rather cumbersome, and not really adequate,
automatic vacuum and centrifugal ignition timing con-
trol. The latest US Cadillac Seville and Fleetwood
Brougham cars have an "“electronic spark selection
system’’, which uses electronic logic circuits to monitor
engine speed and inlet manifold vacuum, and signal the
appropriate spark advance or retard. Thinking it
through, itis not hard to see that once electronic ignition
is used, with engine speed being measured electroni-
cally, it is relatively simple to add a vacuum measuring
transducer and use a phase-shift spark time control
circuit arrangement. Overall this should be cheaper than
the conventional vacuum advance mechanics — and
much more reliable and predictable.

Pollution And Economy

Economy is now a strong sales point, so manufacturers
are seeking ways to reduce fuel consumption, and the
level of pollutants produced by an engine. Fuel injection
has been used by a few makers for many years now, and
some have reached sophisticated levels of electronic
""computer-brain’’ injector control.

Electronic analysers are used to tune the carburettor
for minimum CO emission, but Volvo cars of 1977 now
go one step further in the interest of economy and
emission control. Their Lambda-Sond electronic air/ fuel
ratio sensor system uses a '‘ruggedised’’ zirconium
dioxide oxygen gas content probe in the exhaust
manifold. The level of O, in the exhaust is measured as
an electric signal equivalent that is fed back automati-
cally to control the fuel-injector equipment made by
Bosch. This has, itis claimed, enabled the Volvo engines
to meet stringent low-emission requirements at less cost
than other methods. A snag is that the sensor at present
needs replacement at 30 000Okm periods. They next
hope to apply this principle to conventional carburettor
control.

A Datsun answer to economy is to provide the driver
with a simple "'go’’-"'no-go’’ indicator of the lead-
footedness of the driver. "'Drive it on the green’’ is their
slogan for.the new 1977 Laurel Six saloon. Above the
steering column block are two lights — the left green,
the right orange. Economy is very much a matter of
keeping the inlet manifold vacuum within limits and this
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Fig 3. "'Drive-it-on-the-green’’ is
the Datsun Laurel slogan. Two
lights, seen here above the
steering wheel centre, indicate
when the driver is operating the
engine within good economy
limits.

Fig 4. Retrofit cruise control is
possible with this kit. The right
chain-coupled unit stores the
throttle position required. It is
operated by the left-hand push
button unit. The brake pedal
electric connection is used to
cancel the position during
deceleration.
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Fig 5. Thermostatically control-
led engine cooling fan by Ken-
lowe.

Maximum
Economy

/

/ fuel FL
consumption

| light blue
weak

blue orange/ yellow

rich =
AIR/PETROL RATIO

Fig 6. Different air/fuel ratios burn with different colours.
' Maximum economy is obtained when the colour is in the blue
] region.

Fig 7. Needle indicators will
soon disappear from the dash
panel. They will be replaced by
solid-state light-emitting diode
“*scales’’ that preserve the ad-
vantages of the moving-scale
method of indication.

is largely decided by the throttle setting for the speed
existing.

The 1978 Cadillac Sevilles released in Britain will
incorporate the “‘Tripmaster’” facility. This is a central
electronic data processing unit. Amongst many other
things their display will give digital readout of instant-
aneous fuel consumption (they call it fuel economy
now!) and average trip economy, a calculation which
requires the addition of a petrol flow-rate sensor.

Steady driving greatly increases economy, and
automatic electronic car speed maintenance — called
“cruise control’” — is now available on some models.
The 1978 US Chevrolet Caprice and some US Ford
models have it fitted as a standard addition. The latter
have finger-tip touch. pads mounted in the crossbar of
the steering wheel — to hold the speed reached just
touch the button. A retro-fit package produced by
Holdspeed Productions Ltd is shown in Fig. 4. The small
push-button unit is mounted on the facia and an
electro-magnetic throttle "memory’’ unit is connected in
series with the throttie cable to clamp the cable upon
electronic demand. Slight movement of the brake pedal
releases the unit when the stop light is energised, but it
returns to the preset throttle position after acceleration
conditions.

The next logical step might be to maintain the car’s
speed by closed-loops control, using vehicle speed to
vary the throttle setting to suit the load. This is, however,
yet to be proven as a useful and safe function to provide.

Another way to reduce consumption a little is to
replace the engine-driven fan with an electric thermo-
statically controlled unit. This is not a new idea, but itis at’
last being adopted to reduce loss and engine noise. The
fan still consumes energy, of course, but comes on only
when the engine really needs it. It can, it is claimed by
Kenlowe Accessories, whose fan is shown in Fig.5,
release up to 9% more engine power. It makes sense to
cool the engine this way, and has the added advantage
of faster warm-up, and quieter peak engine speed noise.

These systems are thermostatically controlled and,
‘therefore, require a temperature sensor to be added to
the water jacket. This can be fitted easily by the use of a
special rubber fitting placed under the hose connection,
and the temperature control point is set by a dial on the
control unit. ' . .

Gunson’s ‘'Colortune 500" engine tuning system
has been on sale for several years now. It is not a com-
plex electronic device but simply a special spark-piug
through which the observer can see the colour of the
ignition process happening inside the combustion
chamber. Itis remarkably simple to use, and AA certified
tests on five cars made in 1974 showed conclusively
that this method could be used to set the carburettor for
a better economy. They commented that whilst the
drivers could detect no performance difference after
tuning, the petrol consumption tests showed. fuel con-
sumption was reduced in each case by amounts of
‘4 45% to 17.39%. Fig. 6 illustrates the colours seen for
various mixtures. This device demonstrates the
possibility of a closed-loop method that monitors com-
bustion colour using a sensor of this type to control the
mixture.

Electronic tuning meters are now marketed in many
shapes and forms. Depending on make and model,
these enable the setting of breaker points to obtain cor-
rect ignition timing, measurement of points contact res

>
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Fig 8. Stereo speaker equipped headrests can provide better Iisiening.

to the driver (or co-pilot!)

istance, and general electrical fault chasing. These are
best used in the driver’s cabin so that measurements can
be checked during actual driving conditions. Once the
correct timing is available as an electronic signal, the
next stage will be to check this automatically and con-
tinuously as one function of a microprocessor diagnostic
centre.

Instrumentation

It is clear that the engine will be one significant area of
future motor cars in which electronic measurement and
control will become a vital part of improving economy,
reducing emission, and sensing the need for mainte-
hance.

Electronics will also blossom in the instrumentation of
the car. Electric indication of battery charging state, oil
pressure, and temperature is now commonplace, the
direct hydraulic lines and vapour expansion tubes
having been replaced with electrical '‘senders’’ many
years back. Now also standard are indicators of oil level,
seat belts not fastened, brakes not functional, and par-
king brake on.

Recent additions to the range have been the disc-

brake pad-wear warning lights (found in the Renault

20TL), battery condition indication, and a warning light

34

_‘,

These will also be used for road information services that go only

to tell the driver if all doors are not properly shut.

The Cadillac Seville ““Tripmaster’* also offers digital
readout of estimated arrival time, miles still to go to
destination, air temperature, fuel remaining and, of
course, speed, the function being chosen via a keyboard
mounted on the dash. Many of these functions are pro-
vided in the futuristic six-wheel Panther 6 vehicle, which
also features a miniature television for the passengers’
pleasure, and a panel light-bulb check routine incorpo-
rated in the panel. _

The days of the :lectromagnetic instrument move-
mentare numbered. jolid-state analogue-style displays,
in which position on a graduated dial is indicated by a
lengthening line formed by successively energised
light-emitting diodes, are now available. An Austrian
tachometer by Intron is shown in Fig. 7. T

Utility Without

The motorist’s involvement with electrics and elec-
tronics does not stop inside the car’'s compartment.
Electronic rear-end levelling is standard in Cadillacs.
Height is sensed by an electronic sensor, using photo-
electric methods, and this operates an electrically-driven
air compressor that alters the height actuators.
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Fig 9. This small hand-set is the control for radio-controlled

When you arrive at the petrol station the fuel is now
monitored with advanced metering electronic systems
that compute cost and quantity, and which can provide
fixed-sum or cash batching. Many countries — Sweden
and USA are examples — have banknote recognising,
self-service outlets. Credit-card recognisers  will
ultimately displace these.

When you arrive home there is no need to get out to
open the garage door. When you are within 10 m just
press the button on your radio transmitter, shown in Fig.
9, and the door will open by remote control. {A licence
is required to operate such transmitters.)

Electronics will even help you sell or buy your car.
Private car owners in the London area can now market
their cars by a computer service. Computacar’s sales
service, by Unilever Ltd, begins with the owner regis-
tering the car for sale. The data are filed in a computer
data bank that updates daily until the vehicle is cleared.
Buyers have access to a sorted list of the desired car
characteristics, thus saving all that hunting through the
massive lists of cars offered in published weeklies.

Future Drive

Without a doubt the car of the very near future will be
bristling with more and more electronic devices, but, to
date, no one car has all the features mentioned in this
review.

As many additions are marketed independently of the
car maker, it is likely that the overall reliability may fall
along with the standard of low-priced expert servicing.
Somewhere there will be a trade-off point between
complexity of operation, servicing, cost and the benefits
gained. Just where this will be will only be found as a

garage doors.

result of practical use.
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FREQUENCY

SHIFTER

A useful device for squeezin

by our shifty project team.

- (5

g a few extra dB out of most PA systems. Designed

ANYONE WHO HAS USED a micro-
phone in public address work has come
across problems with feedback. These
are caused by the level of sound reaching
the microphone from the speaker
approaching or exceeding that from the
person originating the sound. As the
reflected sound approaches the level of
the original signal, the sound becomes
distorted or ‘coloured’, then audible
ringing occurs and finally complete
oscillation or howl-round occurs as the
reflected sound exceads the level of the
original signal.

The most effective method of elimi-
nating this problem in most cases is to
use the correct location for the speakers
and the correct choice of microphone.
* However in certain environments the

‘most effective use and selection of
microphone/speakers does not help the
problem of feedback. These are the halls
and rooms which have little sound-
absorbing material on the walls and are
very ‘live’. If a frequency response curve
is drawn for such a room it will be found
that there are many peaks and troughs,
normally only 4 or 5 Hz apart, along
with perhaps major resonances.

Solutions

There are various electronic devices
which have been developed to deal with
this problem, the main ones being the
graphic equalizer, the variable notch
filter and the frequency shifter. The
first two (especially the notch filter) are
ideal for eliminating major resonances,
These however also alter the frequency
response of the original sound. They can

40

also help if the offending ‘echo’ is
actually adirect path and not dependent
on the room (i.e. if the speakers are
behind the microphone). The other
method, frequency shifting, is described
here,

With a frequency shifter the echo
signal is of slightly different frequency
on each path round the loop and cannot
directly reinforce itself so that while on
the first echo it may strike a room
resonance the second time it will
probably be in a null. This tends to even
out the frequency response of the room
and allows 5 to 8 dB higher levels to be
used in the average room. Also the onset
of howl-round is not as dramatic as with

the conventional system and the
distortion which normally occurs below
the howl-round level is not as noticeable.
The system does not however do a great
deal for howl-round not associated with
room resonances.

Only a small shift is normally required
and it does not matter if it is an increase
or a decrease. We chose to increase the
frequency by about 5 Hz as it is easier
to tell if a vocalist is flat rather than
sharp. As the frequency response of the
unit is good it is suitable for vocal work
as well as general public address use.
The frequency shift and the slight
amplitude modulation cannot be
detected by most people.

SHECIEIC ATON

recuency shift
. Maximium input voltage

 Frequency response
T +%dB, ~-3dB

s Distortion
S @ kHy, 2

g
V ouz

_Amplinude modulation

Phase shift natwork

3V #

SHz upwards

30Hz — 20kMz L

"

76dB

0.28%

2

i

100Hz ~ 10kHz < 1dB
poLse T 1]

ELECTRONICS TODAY INTERNATIONAL — MARCH 1978



PROJECT

Figure 1, component positioning for the
frequency shifter board-

Alignment

Equipment needed — a sensitive AC
voltmeter (100 mV or less) or preferably
an oscilloscope and an audio oscillator.

1. Check the output of the 5 Hz oscill-

e

¢ E&"““E “*;3“ .
polyes e
2 1000 polpester
€10 = dBpceramic . o
o1 22n polyteter
*r2 4n7polyester
¢13 __ 10Du golygster
cY4 i I3p cevarsic
_Es Ci0u 26V plertg
“CYE 8n6 po!vesw
ciz7,18 s;&Mn-pmw o
A m
£20-022 gﬂvw
= ,15; i =
I s " e
lm‘_{ éih . e
Q1-03 - i
. 2002
e .
Pmraum!v au savm e

OUTPUT

* For pest reswls the: mpgm:a shauid
e a8 acourste ey poasible; preferobly 1%
: ipldrande of HHM’ZGWHM 1%, -

e

ator and adjust RV 1 until it stops. if e I
it cannot be completely stopped, try e =
a link across C9.
2. Apply a signal of about 1 — 2V
amplitude at about 1kHz to the input o
and measure the output of 1C3 at Sl
pin 2. (If your meter does not reject
DC, measure at the junction of C17 i
and R36). Adjust RV3 to give the o
minimum output.
3. Measure the output of I1C4, pin 2 4K
(or the junction of C18 and R37) gl
and adjust RV5 for minimum output. %9
15k
4. Measure the output of the 5 Hz g::
oscillator on pin 6 of IC1 and adjust 230k
RV 1 until itstarts, then adjust to give 2k7
about 1.25 V RMS. 230k
kS
| . ! ke
5. With no input signal, measure the 330k
output of iIC3 (or the junction...) and 18k°"
adjust RV2 for minimum output. g’g e
6. Measure the output of IC4 (or...) and .;25 -
adjust RV4 for minimum output. :2“
7. Ifan oscilloscope is available, monitor ':gl:
the output with a 1 — 2V input At @
signal and adjust RV6 to give the Poteiitiomatass = i
minimum amplitude modulation. gg; RV&SI gg‘rek t&m
Alternatively, by using an amplifier M r
and speaker, RV5 can be adjusted by .M"w wﬁ._:t;rl'n_
ear. The unitis now setup. ETIPp> %,
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‘newsdigest........

RED TAPE GAGS THE QUEEN!

In the wee small hours of January
19th 1903, Marconi established the
first two-way communication across
the Atlantic. Messages were ex-
changed between the American presi-
dent Theodore Roosevelt and the
British King Edward VII. To mark
the 75th anniversary of this event,
the Cornish Radio Amateur Club
have organised a team of sixty local
amateurs to run GB3 MSA (Marconi’s
Seventy-fifth Anniversary). The stat-
ion was run 24 hours a day, from the

14th to the 22nd January, from the
lounge of the Poldhu Hotel in sunny
Cornwall — only metres away from
the spot Marconi used.

Transmitting on 80m, 20m and
2m the team had already made 1 100
contacts in 51 countries when ETI
contacted them on the 16th! Al] the
equipment was owned by the club
and its members and set up for the
week specially. On the American side
was another station, KM1 CC, based
in Cape Cod. KM1 CC was run by

the local Barnstaple, Mass. radio club
with the help of the Radio Club of
America.

Now for the red tape . . President
Carter sent a message via KM1 CC
and the Queen wanted to send a
reply via GB3 MSA, just like Edward
VII did back in 1903. The Home
Office said that if she did, it would
break a condition in all British
amateurs licences — namely the one
about not passing on messages from
3rd parties! So after 2 years preparat-
ion the Cornish Amateurs and the
Queen were denied permission to
reply to President Carter.

Bureaucracy reigns?!

1[the new 36 24 36

% ,(-H"'!;s_u

now you seeit

Following the tremendous
success of the ‘Light Fan-
tastic’ Exhibition in 1977,
the Royal Academy of Arts
is staging ‘Light Fantastic 2’
— this time sponsored by
Guiness.

Since the first exhibition
there have been -several inn-
ovations in Holographic tech-
nique, at long last the public
can see 3-dimensional semi-
nude dancing ladies — frozen

in mid-air. Other new tech-
niques include experimental
‘Head Up Displays’ for super-
sonic aircraft, and multiple
exposure Holograms.

Running from 12th
January for three months
Light Fantastic 2 gives you
another chance to see Holo-
grams in real life.

Royal Academy of Arts,
Piccadilly, London. W1V ODS.

the little cb that
santa, forgot

Citizen Band radio manufacturers
around the world are crying into their
transceivers after Xmas. They expected
a boost to sales to revive their drooping
business, and it didn’t materalise.
Seems no-one wanted to contact anyone
else — not even the reindeer.

chrysler
litup

HP have signed a S400,000
contract to supply Chrysler with
LED lamps and displays for this
years car ranges. They are to go
into digital radios (?) fitted to
some prestige models. Twinkle
Twinkle little car . . .?

This gentlemen is the replacement for all those nubile ‘Miss Jones’s’
cavorting in slinky fashion around the offices in Britain. A right
gang of spoilsports called Optimisation intend to replace all of that-
with all of this. Called the Mind Reader (it’s a good job Miss Jones’s
weren’t mind readers) the box is basically a memory system com-
bined with stop watch, calendar and clock. Information and ‘things
to do’ can be filed away under cach day with the machine dutifully
displaying the required information on the required day.

The keyboaxd is touch operated it is 10% by 7% by 4% — not
a3patch on 36—-24—-36— it weighs nine pounds and sells for around
£300.

Optimisation, 45 South Street, Bishops Stortford, Hertfordshirze.
P.S. I bet it makes lousy tea and looks terrible in a bikini . . . . .

sounds boxy

The biggest problem with building
things is still finding something to
build things in. Whenever we hear of a
new box (and there aren’t all that many
are there?) we endevour to let you
know.

This offering caught our attention
whilest mecandering around Metac in
Edgeware Road. Constructed in one
piece of 3mm thick aluminium, with
wooden (REAL!) end-pieces the box
has a 75mm by 25mm cut out in the
front pancl for displays ctc, and three
pre-punched holes in the box for
switches and onc for a mains lead.
Overall measurecments are approx.
120mm x 50mm x 80mm (or four
and three quarters by two by three and a
quarter if you haven’t yet let go of the
Empire!) Pricc is £2.80 all inc. from
Metac, 327 Edgeware Road, London W2.
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PROJECT: Freq, Shifter

*

-‘ y._..._,,__ —~15V ¥
; +.M-_ )

“TO LED
: INDICATOR

£

:

R _—

Component positioning .and foil pattern
for a suitable power supply {60 x 90 mm).

OP-AMP SUPPLY

Circuit diagram for suitable power supply,
in the prototype the option of LED1 was
not used. Note that this power supply can
be used by itself and in fact is a useful
project in its own right.

i"’!
ol
AAA . TO LED
b - O INpicaTor
2k2
INPUT OUTPUT
T 11 —=<) +15V
D1 COMMON
a +# C1 ] 4 c3
D3 ==470. = 10y
' ¥ 1 2 il 15
R
; IPUT L L _
LIST ' E 1 1 ~—0 ov
ELS L > £c2 + ca
AT00 88y T1 4704 = 104
Tide 28 v 240V / 15V+15V L 7 25y
COMMON

" INPUT

IC2

OUTPUT
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in the first part of this series Tim Orr dtscussed the theory and operatton of op-amps. -
This month he moves on to give some circuit applications for this ubiquitcus device,
an‘ explains how and why it can do what it does!

Single Op Amp Oscillator 10k 10k
This circuit has a Schmitt trigger and a ‘sort of inte- EI

grater’ all built around one op-amp. The postive

feedback is via the 10k resistors. The 'integration’, or - +
rather, the timing, is controlled by the RC network. 741 -
The voltage at the inverting input follows that of the RC :
charging exponential, except that it is confined to be , -

within the upper and lower hysterysis levels. Thus the R
hysterysis levels and the RC time constant determine the’ 100k

frequency of the operation. It is possible to make the A‘L-—“'l
output square wave have a large mark to space ratio. c

By closing the switch SW1, the dischafge time of the % 100n

capacitor becomes eleven times faster than the rise time. /;,-7
Thus a square wave with an 11:1 mark space ratio is
generated.

10k 1N914 4 SWI

Precision Half Wave Rectifier

i iRectifying small signals with-any accuracy can be very
difficult with just diodes due to their forward voitage
drop of about 0.6 V. However, an op-amp can be used to
reduce this voltage drop to apparently nothing: Con-
sider the circuit. shown. There is negative feedback
so that ‘virtual earth’ circumstances exist. When Vin is

- positive, D1 conducts to maintain‘the virtual earth, D2 is

- reverse biased and s0 the output is just a 100k resistor

. connected to O V. When Vin goes negative, the output

© rises positively, D2 is turned.on and D1 turned off. As
-the virtual earth is being maintained, the output voltage

is the exact inverse of the input voltage. This is true for ali
negative inputs. Therefore, the output is composed of
positive going half sinewaves. A precision half wave

. rectification has occurred. In fact the diode error is very

smatl being equal to

A\ _ 600 mv

Vour

(surplus voltage éain) }
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Therefore as the input frequency increases, and the
surplus voltage gain decreases, the amount of precision
also falls.

By adding the original and the half wave recitifed

signals together in the right ratio, it is possible to fill in.

the half cycle gaps and thus to generate a precise full
wave rectification. The addition of one summing op-amp
and three resistors is all that is needed as shown
opposite.

100%

Vin 'a ».,'/\ \,/‘5\/\

L~ :
Vour LY Y Y Y VIV i

VIN 10k CA3140
O—AA

MAX V IN * 2.5V

V OuUT
AN B
(LIS

1u

D1= 1N914

i

VIN -~

Precision Peak Voltage Detector with a Long
Memory Time

The circuit shown has negative feedback only for
positive signals. That is, the inverting input can onlv qet
some feedback when diode D1 is forward biased and
this can only occur when the input is positive. When a
positive input signal is applied the output of the op-amp
rises until the inverting input reaches the same potential.
In so doing, the capacitor C is also charged to this
potential. When the input goes negative, the diode D1
becomes reverse biased and so the voltage on the
capacitor remains there, being slowly discharged by the
op-amp input bias current and the resistor R (10M). The
op-amp used has a MOS FET input, having an excep-
tionally low input bias current of 10 pico amps. Thus the
discharge of the capacitor is dominantly controtied by
the resistor R, giving a time constant of ten seconds.
Thus the circuit detects the most positive peak voltage
and remembers it.

Led Bar PPM Display for Audio

The peak voltage detector can be used to control an
iluminated audio level monitor dispiaying the same
characteristics as a PPM (Peak Programme Meter). A bar
column of LEDs is arranged so that as the audio signal
level increases, more LEDs in the column light up. The
LEDs are arranged vertically in 6 dB steps. A fast
response time and a one second decay time has
been chosen so as to give an accurate response to
transients and a low ‘flicker’ decay gharacteristic. The

~ Op-amps that drive the LEDs are being used as compa-

rators. On each of their inverting inputs they have a DC
reference voltage, which increases in 6 dB steps up the
chain. All of their non-inverting inputs are tied together
and connected to the positive peak envelope of the audio
signal. Thus as this envelope exceeds a particular
voltage reference, that op-amp output goes high and the
LED lights up. Also. all the LEDs below this are
illuminated. :

50

—{ +Ve REFERENCE

+12dB

+6dB .
E

M—”—- 0uB
ALL - 1
1

D1- 1N914 .
h/,\"\i

+Ve PEAK !

ENVELOPE

Wiefhiy

AUDIO INPUT
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Basic Summing Circuit (Mixer]

- A virtual earth amplifier can be used to mix several

signals together. The output voltage is a mixture of all
the inputs. The amount of an input that appears at the
output in inversly proportional to the input resistor. If the
input voltages are fed into potentiometers before being
fed to the mixer, then their individual levels can be
manually adjusted. This is the basis of most audio
mixers, although only the cheaper units use op-amps.
Most op-amp mixers will degrade the signal to noise
ratio of the signals -by more than a good discrete
component amplifier, .

FEATURE:Op-Amps Pt.2

i
3

Vref (UPPER)
O~ - D1
"“l“'_ Vv OUT
-
V IN D=+= ——— N ,.:‘_.,
P ||
. } L 5 e ) VN
O- L $ vour - ] x;:‘ .,.5
Vref { LOWER) i
§10k
D1, D2 = 1N914 4 Vref Vref
LOWER —  UPPER
e

s P B

R1
V. O=—ANA =rmy A
R2 ; LT‘—/V\/\A"“T
V2 O—ANNV—9¢ ]
i INPUT R3 — -
V3 O—— "\ AA—4 —O
vV OUT
R4
Vi O— AN
!71‘ 7
- — Vi,.V2 V3 V4
Viogas= 5o <R1 *R2"R3 " R4>
Window Comparator

A window comparator gives an output which in this
case is O V, when an input voltage lies in between two
specified voltages. When it is outside this “"window’, the
output is positive. The two op-amps are used as voltage

PR

S TR S R

sy

comparators. When Vin is more positive than Vref.
{upper) the output of IC1 is positive and D1 is forward -

biased. Otherwise the output is negative, D1 reverse
biased and hence Vout is O V. Similarly, when Vin is
more negative than Vref {lower), the output of IC2 is
positive; D2 is forward biased and thus Vout is positive.

- Otherwise Voutis O V. Thus only when Vin lies within the
~ window set by the reference voltages is Vout O V

High Performance Sample and Hold

it is often necessary to have a circuit that will sample an
analogue voltage and then remember it for a long time
without any significant corruption of that voltage. This is
known as a sample and hold circuit and one use of it is to
store the voltage from the keyboard connected to an’

_electronic music synthesiser. The voltage is then used to.

control the pitch of a voltage controlled oscillator and so
it is very important to have a high performance sample
and hold. A drift of less than one semitone, (80 mV), in
ten minutes is required. A sample and hold is simply an
electronic switch, a storage capacitor and a high input’

impedance voltage follower. In the circuit shown when

switch SW1 is positive the FET is turned on, and has a
resistance of about 400R. Thus the input voitage

-charges up the capacitor through the FET. When SW1 is-

negative, the FET is turned off, (pinched off}, and can

have a resistance of thousands of Megohms. To get a
long storage time the op-amp must have a very low input.

bias current. For the CA3140, this current is about 10«

-pico amps, i.e., 10-1* amps. Therefore the rate at which

the capacitor will be discharged by this current can be

.worked out from the equation, C(dv/dt) = i
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400V
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—_—FEATURE:Op-Amps Pt.2

where dv/dt is the rate of change of voltégé on the
capacitor. : ;
Therefore:

OVIERtI= o 10 "

— =t 22uV/s

dt - C 047 x 10

This is a very low drift rate, much better than we neéd.
However, the actual drift rate will probably be in excess
of this, due to surface leakage on the printed circuit

board, leakage through the FET, and internal leakage in.

the capacitor. It is advisable to use a high voltage,
non-polarised capacitor in this circuit to keep the leakage
currents to a minimum. Also, to stop surface leakage a
simple PCB trick can be used, that of making a guard
ring around the sensitive components.

Normally any potential stored on the capacitof may leak
to ground across the surface of the PCB, but if we make
the surrounding surface a conducting track held at the
same potential as that of the capacitor then the pofential
difference is virtually always zero, and hence the surface
leakage is greatly reduced.

It
ﬁ!‘“‘ﬂ PSU 15V

100n 47k

ic1

y_wvjﬁ
5 WAL @ s

Linear Voltage Controlled Oscillator

- This oscillator is very similar to the triangle square wave

ostitlator shown in Part 1, except that this one is voltage
controfied. The integrator and Schmitt trigger action are
the same as before, but the feedback has been altered.
The input voltage Vin, is applied differentially to the

~ integrator via the resistor network. The larger the value

of Vin, the faster the integrator ramps up and dewn.
Thus the frequency of the operation is determined by an
external positive gontrol voltage. The frequency is lin-
early proportional to this control voltage.

When the output of the Schmitt is low, Q1 is off and

" soall the input voltage is applied to the inverting input.

Half of the input voltage is always applied to the
non-inverting input. Therefore the integrator’s gutput
ramps downward until the Schmitt flips into its positive

- state. Now, Q1 is switched on and the voitage at the

inverting input is negative with respect to the non-
inverting input, Hence the integrator now ramps
upwards.

Silent Audio Switching

Sometimes electronic switches for audio signals are
required. FETs can be used to perform the switching, but
they can cause distortion, the resultant output imped-
ance is not very low and clicks generated by the switch-
ing signal can break through.. The circuit shown
virtually eliminates all of these problems. By

using an op-amp a very low output impedance is -

obtained as well as the possibility of selecting or mixing
one or more of many input channels. Because of the
virtuat earth mixing, the voltage across any FET that is
switched on is very small. If the input voltage is 1V and
the FETs ON resistance is 470R, then the voltage
across the FET is about 10 mV. When large voltages are
applied to a turned on FET, the distortion is large, but if
the voltage is small, (10 mV say}, the distortion could be
less than 0.1%. Thus the virtual earth mixing enables
low distortion operation. Lastly, to stop the generation of
switching clicks, a time constant of 47 msec has been
enforced at the gate of the FETs, ’

OFF = —15V

|47n

47k Q2

Q1,2 = 2N3819

™

O ANV VWA=

ON = 0V
! 47n

SWITCH TIME CONSTANT 47mS

OFF = —15v

To be continued. Next month sees circuits for exponential voltage to current
convertors, musical chime generators, triangle to square wave convertors,

Squarewave generators with auto level ad

amongst other things.
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NEWS

THE ICL7106 and 7107 are high
performance, low power, CMOS 3% digit
A/D converters that contain all the
necessary active devices on a ‘single
monolithic IC. Each has parallel seven-
segment outputs which are ideal for use
in a digital panel meter. The ICL7106
will directly drive a liquid crystal display
including the . backplane drive. The
ICL7107 will directly drive instrument
size LEDs without buffering. With seven
passive components, display and power
supply, the system forms a complete
digital voltmeter. with automatic zero
connection and polarity. (see figs. 1 and
3)

Both ICs use the time-proven dual
slope integration technique with all its
advantages, i.e. non-critical components,

high noise rejection, non-critical clock

frequency and almost perfect differential
linearity. Both the ICL7106 and 7107
can be used not only with its internal
reference, but true ratiometric reading
applications may also be accomplished
over a full scale input range of 199.9 mV
to 1.999 V.

The accuracy of conversion s
guaranteed to plus or minus 1 count
over the entire plusor minus 2000 counts
and the auto-zero facility provides a
guaranteed zero reading for O volts
input. However, the chip dces provide
a true polarity output at low voltages
for null detection. Both chips have an
on-board clock and reference circuitry,
as well as overrange detection.

The Clock

The chip carries the active parts of an
RC oscillator which runs at about 48 kHz
and is divided by 4 for use as the system
clock. The integration period (1000
clock pulses) is therefore 83.3 ms. Each
conversion requires 4,000 clock pulses,
i.e. 3 readings per second. For optimum
50 Hz line frequency rejection, the clock
should be set to a multiple of 50 Hz,
e.g. 50 kHz.

Fig. 4. Pinouts

|% OSC. 1
h 0sC. 2

(+) SUPPLY (1]
D (UNITS) [2]
C (uNITS) (3]
8 (UNITS) (4]
A (UNITS) [B]

F (UNITS) (8) REF.
G (UNITS) [T} 1S Tt 34 + REF. CAP.
E (UNITS) (T 7107 LED [33] - REF. CAP.

ITALP

IN
5V = -5V Re TO
9 °o o ° AN\ DECIMAL
F-H_ o +‘ 1504} POINT
I R1 Rs 1 L l_
24Ki1  1MiL ' =
T TP1TP2 Cs i
? o © ®) a
! .01
R2
i ¢y <cy

47K

0.47uF

R
AZ
BUFF
INT

[ 1N 7]
0 [iNLo

@

) INTERSIL 7107

Hy INT DE (-) A DE (-)

OUTPUT
OF

i COMPARATOR
oE () oE () o 5 , [ Fig. 2
ANALOG | 3 A
COMMON ’ Block diagram
%N! ; of the analogue

INPUT - . . ] e ion.
- - .%__ - T F i section
.-V
——————————————% — ih] =
& R5% 9V

R
24K{} 1M1
Cs
TP3
01
R
| C2

30{INLO
%3
BUFF
NT
v}

INTERSIL 7106

O (TENS) 132] COMMON
C (TENS) {10 [37 INPUT Ht
B (TENS) {3] INPUT LO -
A (TENS) [3%] AUTO-ZERO i
F (TENS) [@) BUFFER >
E (TENS) | [27) INTEGRATOR
D (100} () (-) suPPLY
8 (100%s) [35] G (TENS)
F (100's) [ c ( 100's)
: ((ll:";) 133} A (100'3) Fig. QR .
A 1 100's . -
9ounn’v) g g‘:cxm.)me DIGITAL GND LCD Digital Panel Meter using
(MINUS) gt (7108) (7107) ICL7106 . >
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NEWS:Data Sheet

Displays and DPs

T —

i The additional components required to Electrical Specifications @ +25  C uniess otherwise specified
build a DPM are a display (either LCD ,
l' or LED), 4 resistors, 4 capacitors, and Full Scale Voltage Range ﬁ%900\/"}3(3\'/0%?'\75331)—)‘
an _input filter if required. Liquid crystal Full Scale Digital Range +2000 Counts
b displays become polarised and damaged Common Mode Voltage Range V+ minus 0.5V to V—, plus 1V
! if a DC voltage is continuously applied A(;curacy 10 C to 50° C with external <1/2 Count
¢ . - reterence
to thgm, so they must be driven with an Noise referred to Input 15,V typical
l AC signal. To turn on a segment, a Zero width 0—1 transition at .7 to .9'counts
waveform 180 degrees out of phase with Turnover < 1 Count
the backplane drive (but of equal :”P“‘ CBi_fCU“ Differential
j amplitude)} is applied to that segment. |np“t b ey 2R
N nput Impedance > 10 "“ohm
| The 7106 generate§ ffhe _segment drive Polarity Automatic with neg sign displayed
{ waveform for all digits internally, but Reference (Internal) Internal 2.8V, referenced to V+
does not generate segment drive for the , Jembetatire, CoefficiOipl SR FRIIANS
=R R c o ypical.
| dec:_mal point. This mE"St be dong VRl Reference (External) External reference must be in the range
| an inverter or exclusive-OR logic (see V+ to V—
fig. 5 below). For use with LED displays: Recommended External Components
the 7107 pull-down FETs will sink about  § 200mV Full Scale © 2V Full Scale
_ 8 mA per segment, which produces a gJ:K’Zt g:g ‘21‘;8: Eai'A"zt g:giggn
i bright display suitable for almost any C =Ref Cap 100n C = Ref Cap 100n
: indoor application. A fixed decimal ~ C,=Clock Cap 100p C,=Clock Cap 100p
3 point can be turned on by tying the Re=Int Res 47k Rg=Int Res 470k
i appropriate cathode to ground through gfg'hogr': FEEREE Sf gLogr': R YOI
i - Vi 2_.
i a 150 ohm resistor. Clock Frequency 48kHz divided by 4

An internal divide by 4 counter is provided

Fig. 5. LCD invertor . | to count external oscillators down to
v+ 12kHz, the internal dual slope clock.
| i | Display Outputs (LED ICL7107) 22 Current limited segment drives plus
| one current limited neg sign drive plus
] . LK LED common
| \ . Note: The 2 die in the 1k bit are in parallel
S | 1 D Display Outputs (LCD ICL7 106) 22 segment drives plus one neg sign drive
DECIMAL POINT plus LCD back plane drive
R mﬁ?ﬂ; LED (7107) current @ +5.0V 5.5 to 8.0ma
N 1 Power Requirements LCD:Ima@ 4.5 — 6V
1 BP 157 } ] LED: Tma@ 4.5 — 6V, plus LED current
"‘,: ] Power supply configuration Dual
‘il TEST =5 ® D (7107) +4.5to +6Vand —3to —6V@ 1ma
‘ — ~© BACK PLANE Note: for inputs that remain within the CM
voltqged range oniy a single supply is
. require
Digital input Signals Test
1 The Reference (7106) Single 5 to 12V
% For 200.0 mV full scale, the voltage A high on the test input turns on all
H EF Hi and REF L segments and the minus sign.
i aﬁpllﬁjd bbetween1 80 omV aF 2.000 \c/) Read Rate 3 Readings per second with 12kHz inter-
3 Sinkel] e set_ at SN (P - nal clock (48kHz external clock).
§ | full scale, this should be 1.000 V. The Accurate from .1 to 15 reading per
£ reference inputs are floating, and the 7 second.
B only restriction on the applied voltage s
1 is that it should lie in the range V— Fig. 7. Deriving a - B g T ! i
i 1 to V+. negative supply ’ ! CD4009 ! =
: . : B
i Fig. 6. External reference v- 0sC 2 : v : IN914
150 T : '
f V- : 1 0SC 3 "L h N
| e ‘ 7107 ! ! = 104F
i | : T e
L) t 1
| REF LO}—» ' I
I
7106/7107 ll '
| 2 1 |
i ) L

Power Supplies )

The 7106 will run from a single 5 to

12 V supply. If INPUT Lo is shorted t0  gyaluation kits for the 7016 and 7107 are

COMMON, this will cause V+ to sit available from Rapid Recall, 9 Betterton

2.8 V positive with respect to INPUT %“'eﬁﬁ- Drury '-a’l‘_e-d'-°!‘:°f" I:"écz” 9BS.

3 For many applications, the internal Lo, and V— at 6.2 V' negative with 7951 2o SuRPec it Tl Hata sheets
reference of‘ 2.8 V between V+ and respectto INPUT Lo. — application notes are also available on
COMMON is adequate, but power The 7107 requires dual supplies, request: )

il dissipation in ‘the 7107 LED versioncan +4.5 to +6 V and —3 to —6 V at 1 mA. -I".e i"di_‘lli‘l‘)llla' devices ;"’e becomi"ﬁ

) - . widely available, sources known to E
;/\:]reck thk;s.' Zg“&ever' an ex_te'r:r)al refer- A negative SUpp!y may be d_erl\_/ed from inciude, Audio Electronics, Doram, Mar-
ce can be added as shown in Fig.6. +5 V using the circuit given in Fig 7. shalls and Watford Electronics. Wi
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PROJECT

LIGHT

DIMMER

A versatile design that provides a
high quality light dimmer and, with
the addition of a simple interface, a
building block that forms the basis of

many other light effect circuits.

THE DIGITAL LIGHT bulb has been
with us for a few years now. What's a
digital light bulb you ask — weill in
case you don't recognise the termit's
just a clever, well if not clever, at
least obscure, way of describing the
common domestic light bulb we all
know and love. These bulbs may just
about be described as digital as,
essentially, they are either on or off
— we said we were being obscure
and we were not joking.

Light Fantastic

Now this two state nature of le

bulb ordinaire can be rather dull,
however, the application of
electronics makes a number of more
interesting things possible. We can,
for instance, vary a bulb's brightness
smoothly from almost nothing to full
output, sequence a number of lights
according to a prearranged pattern,
turn bulbs on and off in time with
music and you can probably think of
many other things in this vein. The
circuit described here, although
presented primarily as a light
dimmer, can form the basis of many
of these other systems.

Bright Idea

While it would be possible to

control the brightness of a lamp by
placing a variable resistor of a large
power rating in series with same, this
type of control would have a number
of serious disadvantages, not the

least of which is the large amount of
heat that would be generated. The
use of phase control provides a
means of accomplishing the desired
effect that is both simple and
efficient.

A Passing Phase

Phase control means S|mply that
power is supplied to the load, in this
case a lamp, for only part of each AC
cycle. Usually phase control circuits
are referred to the “"zero crossing’’ of
the AC supply and power is supplied
to the load at some time after this
point continuing then until the next
zero crossing. In this way the energy
supplied (light output) can be
controlled. .

Many domestic controllers use a
circuit similar to that shown in Fig. 1.
This consists of a simple phase
control network with a diac to “‘fire”’
the triac that controls the load. We
have chosen to use a different type of
circuit (Fig. 2) that we feel gives a
better and more reliable control. The
triac is retained but the triggering
circuitry is quite different, consisting
as it does of a PUT (Programmable
Unijunction Transistor) in a phase
control network with triggering of the
triac being accomplished by a pulse
transformer.

As this unit is intended to form the
basic building block of a number of
different systems we have chosen not
to mount the potentiometer RV 1
directly onto the PCB as would have

ELECTRONICS TODAY INTERNATIONAL — MARCH 1978

been the case if this were simply a
light dimmer. Instead the pot is
connected via flying leads to the PCB
as shown in our photos. This leads
(please pardon the pun — we cannot
resist puns or aliterations) to a more
versatile board. The basic dimmer
can, for instance, depending on the
configuration of these leads, either
be at full brilliance upon switch on,
dimming as RV1 is rotated or
alternatively, be at minimum output
at switch on bringing the light to full
brilliance as RV1 is rotated.

Light Construction

Construction of the light dimmer
should pose no problems if the
specified components are carefully
mounted onto the PCB according to
the overlay shown in Fig. 3.

We spemfy a ready made pulse
transformer although those
masochists amongst you might like
to make this component yourself by
evenly winding thirty turns of 32
SWG wire on a half inch long quarter
inch diameter ferrite rod to form the
primary. After a layer of insulation a
further thirty turns of the same wire
forms the secondary.

The coil L1 is formed by winding
fifty turns of 22 SWG wire on a
territe rod that is one inch long by
quarter inch diameter.

It can then be fixed on to the PCB
using quick-set epoxy, after soldering
the leads. >
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Fig. 2. Full circuit diagram of the light dimmer.
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Loaded Question

So far we have described the basic
light dimmer but by connection of
the interface (trendy word) circuit
shown in Fig. b the versatility of the
unit can be greatly extended. With
this interface circuit installed a DC
voltage of bétween 5 and 7 V applied
to the LED that forms the mains and
as such should be treated with
respect at all times.

Just a couple of final points. The
first being that the maximum load we
recommend for this circuit is
500W, which should be adequate
for most domestic applications. The
second point to note is that this
circuit is not isolated from one half of
the opto-isolator, provides for full
control of the load connected to the
dimmer.

The unit can now provide remote
control of loads by simply running a
length of wire between the control
pot and the dimmer (this is not
recommended with the basic unit as
the control leads are not isolated
from the mains). The circuit can now
provide a sound to light unit by
simply connecting it to an amplifier
or a sequencer by driving it from, for
example, a clocked CMOS counter.

We are working on a few of these
ideas and would hope to present
some of them in a couple of months
time.

'PARTS LIST

56 ELECTRONICS TODAY INTERNATIONAL — MARCH 1978



E

A

T: Light Dimmer

ETI

Liaht dimmer

Fig. 4. Foil pattern shown full size.

A ®7 - O

BF 57V
LINEAR -
c CONTROL

OPTO —ISOLATOR

l s e S

“" Fig. 5. Interface circuitry that extends the applications
of the basic circuit as described in the text.

%= ELECTRONIC
DIGITAL AURM
' 4 EXCITING MOTORBIKE TV GAMES CLOCK gﬁé‘g‘éﬁtix SR

Normal and Super Rider Modes at the flick of a switch. [J Stylish Design

oy Large Bright LED displ
Realistic Throttle and Crash sound effects from the Ch:;;ice ofgb|ack . v'vf?ite:eycase
TV Loudspeaker.

_I»_AILL with red display on black background
i ck ¢
A GAME YOU’LL NEVER BE TIRED OF PLAYING e nmhpaeL loregRyaaging

-Silent operation, all electronic

Space age technology L.S.I. circuitry
Alarm and 9 minute snooze repeater

P.M. indicator

Seconds Display

Size 105mm x 115mm x 50mm high
Fully guaranteed

244

Ur onik Tive

P R

Super Stunt Cycle Drag Race Stunt Cycleﬂ !;/Iotocross
HOW MANY BUSES CAN YOU JUMP?

This simple to assemble (1 hour) TV Game Kit comes complete
(No extras needed)} — just simple soldering. Expected retail
price (when available in shops) — over
£55.00. SAVE 50% by building it
yourself. Be one of the first in
J Europe with this new stunt cycle craze
at £28.50 (inc. VAT) +26p P & P.

Make ail cheques or postal orders payable to Teleplay.
Mail Orders: 53 Warwick Road, New Barnet, Herts. EN5 5EQ.
Retail Shop and Demonstrations —
14 Station Road, New Barnet, Herts.
For further Details and Technical Help — phone 01-441 2922,

For extra speed phone your order on-Barclay-or-Access Cards.
(French and

German spoken) ” All mail to: Henry’s Radio
\ ENRy 404 Edgware Rd. London W2

) OO0
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Complete digital clock kits, - |
TEAK nr D PRACE. f PRICES
TEAK or PERSPEX CASE INCLUDE ® o o o
: i N -\ POST, PACK
i Features: AND
i @ 4LEDdigits %' high, red 3 L ! -
! [T ) 1_2-hour'displa): with AM/PM indica-
i1 tion .
" e @ Mains frequency accuracy - . On the OOloquull
{ @ Easy-to-build : all components |
{ . ¢ included B
) . ; @ Beautiful real wood case or Perspex: Poad Sounds PA_L
: P White, Black, Red, Blue, Green
Non alarm £|2.50 ® Flashes to indicate power cuts Ed Th Vid M A e
. n . AARM = T Not so very long ago Edgware e ideograph is a W
Alarm £15-50_ Pulsed Alarm tone. Automatic Brightness Road was the place to go for prOdUCt that pl’OVldeS la“rneans
NON-ALARM control. 9 minute Snooze. Simple setting i 1 © urful “music
Complete Kitincluding case .. £12.50  Complete Kitincluding case .. £15.50 components. The pavements of d.lsgéz’lymg (t)%grxis ot
Ready built . ... .. ... £14.50 - Ready Built . ...... ... £17.00 were lined with resisors — any inspired pa y
Module Kit excludingcase ... £9.50  Module Kit excluding case . . £13.00 value, any range — and most domestic colour TV set. The
. _Ready Built .. ... . £10.00 ReadyBuilt .. ... . ... . £1350 anything thing the constructor basic Videograph circuitry
TIMER FACILITY: Stopwatch use up to 9 min. 59 secs. . . ... .. ... . extra 50p desired was there somewhere. generateﬁ' ah gﬁen ba((:ikground
VALL ; Even less long ago theroad § upon whic ue and orange
EXCELLENT VALUE GUARANTEED died. Shops clogseg up, and stripes are superimposed. Each
.@ National Semi. 5 Function LCD Watch. Backlight £15.95 retailers, with a few notable of these stripes can be mod-
i . @ NOVS 850 Calculator £3.78. Adaptor £2.70. excepti(;ns, became surly and ulated‘, rath?r like thp display
DISPLAYS: FND 500 %' LED £1.19 each, 6 for £6.48, distinctly unhelpful. Edgeware on a ‘scope’, by audio signals
NSB 5430 . V2" red LED stick of 4 . £4.32 5LTO2 . Y2"" green phosphor stick Sofaz:).- Road was not the place to go fed to the Videograph's t&vo
£5. A o i
: : = audio inputs. The two audio
CLOCK CHIPS: 50253N Alarm . 12/24 hr. 4/6 digit . . ... .. £5.67 to buy anything, except may e wli)ll Lsually beldenren
50362N Calendar clock .£7.75 _MM5385N 12 hr. 4 digit. Alarm . £4.32 be a dead duck or two. signals y be
6 Decade Up/Down Counters: 50395/6/7 . . . ... .. £9.45 However things seem to from the Left and Right out-
MICROPROCESSOR:Z80CPU .. ... . .. SR £22.68 have changed yet again. Re- puts of a steréo amplifier thus
Z80CTC .. ... ... .. . £15.70 1702A'UV Erazable PROM . . .. . £11.35 t turning the TV into a sophisti-
| zsoP0 .. £15.70 _ 2102NAIKSwmticRAM___ . ..... £2.70 cently three new componen d d to \ighr e
-UV PROM Erazer . £103.00 + £5.00 p&p 4KX1 16 pin Dyn. RAM . £7.05 stores have opened, Metac, cated sound to lig o
= = - S e Audio Electronics = and The circuitry is mounted
RECHARGEABLE BATTERY SET. SuperValue .. ... ... . .. £8.10 hall E 1 £ on two boards, the larger
Includes: 4 AA (1.2v) Nickel Cadmium batteries {separately £1.08 each) Mars alls. bven a couple o taking care of sync generation
3/6/9v switched Universal Mains Adaptor with 4 plug connector hi-fi emporiums have re- a 5 g 5 yne g . d’
for most calculators (separately £3-78) plus bartery holder - materialised from the ether ?Ud}O signal .hapdllﬂg ar}:
ALPHA CLOCK KITS %" Green Display, Perspex Case [ and things are looking up. stripe  generation hw 11e1t ©
Alarm £15.50 Non-Alarm “. .. ... ... ... .. £12.50 o Certainly going into Edgeware othgrl provides the colour
was a shift of more than just modulator. | -
the kitchen sink for Metac. This latter bl?ard I 1.’]?'
Their shops are best known teresting ]m itse dalstunl .‘:
for their range of watches, (Siome cotour modulators lelx
clocks and TV games. Now oes  1not require comé) v
however the Edgeware Road drive signals, ie U anth
= branch is to major in com- L diyis b‘l‘{t (g)e'ragasBon. rf,e
i T e R e S > onents, although it will still separate R, G and B signals.
TRAN S FO RMER S garry an_excellent array of This = modulator, with the
2 . g 2 2 addition of a small inter-
Panel Meters, Bridge Rectifiers, Power Supply Units time keeping maChmerY- £ o - id
. ! 3 o > ace circuit, can provide a
Multimeters - Semi Conductors - Timers - Safebloc } | In addition to this the shop colour facility for games based
: s
"Miniature & Sub Miniature 50 VOLT Pri 220-240V) acts as an inlet for Metac’s TV on the ubiquous AY-3-8500
" T Mili- | Ret. Price Sec. 0-19.25-33-40-50V game service facilities, and will B s feans “most deld- oS
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System 68

ETIBUG 2 is the second software PROM for the System 68 CPU card.
The IC fits into socket marked ICS ready for use. The ETIBUG monitor
does an automatic test for the presence of ETIBUG2 (test for an ‘'E’ at

location ECOO) during its command, and if it is inserted ETIBUG will -

automatically branch to it, so there is no need to alter any other part of
the card.

New Commands

The new commands included in ETIBUG2 are intended to make
machine code programming easier. The first command will dump 128
bytes of memory to the VDU. This command is entered by typing 'H’
followed by the hex address from which the dump is to begin. The
dump always begins at the top of the VDU 'page’ and fills half the
screen. If the command is not '"H' then controf passes to ‘X TEST'.

‘X’ecuting your programs

The second new command allows a program to be run without the
long-winded procedure of modifying the Stack dump area to change
the program counter (PC), to the address where you want execution to

begin. The command if operated by entering X and then the.

hexadecimal address of the start of your program. (This command will
not operate if the stack pointer is not pointing to A042 when
executed).

More Interruptions

One of the most useful features of the 6800 during Machine Code
programming is the Software Interupt (3F instruction). When this
instruction is found it causes a Stack dump of the registers, a display of
this data on the VDU and a branch back to the CONTRL loop. Thus you
can code several bytes of program followed by a 3F followed by some
more coding and another 3F, etc. When the 3F instruction dumps the
registers it dumps the address of the 3F instruction as the PC address,
thus a subsequent G command from the keyboard causes control to be
passed back to that 3F instruction and thus it is re-executed. To
continue by using EFTIBUG or MIKBUG it is necessary to update the
stored PC by 1 and then use the G command. With ETIBUG?2 in your
system you need only enter the command letter C to Continue
executing after the 3F instruction. Like the Xecute command the
Continue command updates the stored PC and then branches into the
G command.

424F52494E4720535452494E4753 . . . .

From the heading of this paragraph you can see how boring and
complex it can be to enter a string of ASCI| characters into memory
using the Memory Examine/ Modify command as each character has
to be entered by using its ASCI| code rather than its keyboard code.

The ETIBUG2 'K’ followed by a hex address command allows you
to specify a starting address and enter a string of characters from the
keyboard into memory until an EOT (Hex 04) character is entered,
upon which control jumps back to the Hex. Dump Subroutine.

Shifting Memories

The ETIBUG2 S command allows areas of memory to be copied
from one focation to another. The ‘from’ address can be any valid hex
address covering RAM, PROM, 1/0 device addresses, etc; the ‘to’
address can also be any valid hex address but will usuaily be RAM. A
‘Not RAM" check has not been included as it may be possible to use
this command to Shift data from memory to a device port (or
vice-versa) and thus use the command as for I/ O operations.

The Shift command is started by entering the command letter S
ETIBUG2 will then ask fora START ADDR, a TO ADDR and a LENGTH
all of which require a valid four digit hexadecimal input. At the end of
the copy. control returns to the CONTRL loop. As well as the above
commands.

Tape Out

This subroutine outputs a block of data to a cassette unit via the T
TYOUT subroutine. The parameters for the output must be stored by
the user in address locations AO18-A021 before using the subroutine.
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The routine starts the tape by pulsing the TAPSTRT flip-flop and then
waits about 5 seconds before starting the output. )
Output first is the Start address, length and six byte label from the’
parameter area. Data is then output from the Start Addr until the
number of bytes specified by the Length parameter have been output.,
As each data byte is output it is added to the checkdigit byte (which
starts at zero), this checkdigit byte is output as the last character of
each block. The routine allows a 5 second delay before stopping the

tape and returning to the user program which called this subroutine.
The TAPOUT routine can be called from a user program as a
sub-routine or can be called by jumping to XED8F.

Tape in

The TAPIN routine does the reverse of the TAPOUT routine. When
the routine is executed and the tape started, the first bytes input are
read into the parameter area and then the data is read into the area
defined by the Start ADDR and Length now defined by the parameter
area. As each byte of data is read in a checkdigit is generated in the
same way as that generated by the TAPOUT routine. When the Length
parameter indicates that all data has been read in the routine reads one
more byte which it assumes to be the output checkdigit. Both the
output checkdigit {A022) and the generated checkdigit (A023) are
stored in the parameter area for user checking.

TAPIN can also be used by previously setting up the Start Addr and
Length in the parameter area and executing TAPOUT3 (EDA7). If used
in this way note that the length specified should be one less than the
length expected and that the last data byte will appear at AO22 instead
of the location expected. This is because TAPOUT expects the
checkdigit to follow the last data byte, if your tape was not generated
on a System 68 it may not have a checkdigit following the data
(although most tape systems do have one).

Tape In or Out

The cassette 1/ 0 routines act on a block of data at each execution,
the parameters for the address, length, label, etc for this block have to
be set up before output and are also available to the user after input of
a block. To save you checking the parameters by dumping the
appropriate area of RAM we have included a TAPE CHECK command
which is called by entering the command letter T. The data for a tape
170 are stored as foliows.

A018.9 Address of start of block of data.

AO1A.B Length of block of data excluding this paramigter data.
A01C-21 Six character ASCI| label area.

AD22 Checkdigit byte for output {Auto-generated).

A023 Checkdigit byte from input (Auto-generated).

For a valid read the checkdigit which was on the tape (A022) should
be the same as that generated during the read (A023), the label area is
not used by ETIBUG2 but can be used to identify a record by the user.

The T command performs a formatted print of these parameters for
use before output or after input.

TTYIN

This subroutine accepts data from a UART whenever the DAV bit
indicates that a byte has been received by the UART. After input the
DAV flip-flop is reset. Data is input to ACCA and status to ACCB.

TTYOUT :

This subroutine outputs data to a UART if the UART is not already
BUSY. There are two entry points —

TTYQUT assumes that the index register points to the address of the
next byte for output.

TTYOUT2 assumes that the output data is already in ACCA.

Data is output from or via ACCA with the UART status being saved
in ACCB.

ETIBUG2 completes the basic PROM software for'System 68 for
the time-being, next we hope to bring you a Tiny BASIC or ASSEMB-
LER.

ETIBUG2 can be obtained in an MM5204 PROM from Bywood
Electronics for £25.95 plus VAT.
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' audiophile......

This month Ron Harris lends both ears to the new Koss E-10 electrostatic
headphones. Placed at the top of Koss’s range, and costing £130 a pair they promise
much. Do they deliver?Readon .............. ..o iiiiiiniiiiiinnnna

HEADPHONE LISTENING has much to commend it —
isolation from the wallpapered box which produces so
much colouration in any loudspeaker system for one
thing. Neighbours the world over would be a happier
race if we all took to hanging our transducers around our
heads instead of knocking down their living-room walis
with them.

In terms of absoiute quality too, electrostatic (and the
better moving coif) units have few if any equals amongst
loudspeakers, and their cost will always be lower. So for
someone starting down the slippery slope to hi-fi bliss,
and who either lives in a flator yearnsforgreateraccuracy
than his budget allows, headphones must provide a
serious alternative to those ubiquitous wooden boxes.

Energise . . .

This brings us neatly onto the energiser itself. Super-
bly finished in black metal with a wood grain panel, the
box gives new life to the theory of collapsed matter. For
its size it is impossible heavy,due of course to the two
huge transformers present within. The meter and over-
load circuitry is contained on a single large PCB, with all
connections being made via removable plugs. Aithough
untidy to look at, the internal construction is to a very
high standard, and we can envisage no problems being
caused here.

OVERLOAD

Close-up of the clever bits — VU meters and overload indicator
LED :

Two VU meters are provided to monitor signal level,
and these operate in conjunction with the overload LED
positioned beneath them. Sockets exist for two sets of
phones, and the single on/ off switch switches the audio
back to the speakers once the headphones are switched
off. Back panel connections are by spring terminal, and
Koss provide four suitable leads to accomplish this.

In practise the overload facility worked well, cutting
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off the audio {(and lighting the LED) for about ten seconds
once the trigger level is exceeded. This level is
represented by full scale deflection on the meters,
which appear toleapinto the redalltoo readily! We found
the cut-off point to be too low for our liking sometimes,
but accept that it is a perfectly good compromise.

On heavy rock signals, with any bass boost all (not
needed really — see later!) the overload operated at a
level which would not always satisfy the devilish tastes
for loudness exhibited in this field. In fairness though

this is a minor point, and personally | tend to agree with

Koss's choice, as sustained listening at even near
maximum allowed level amounts to audio suicide of the
eardrums.

Down to sound

Now to the sixty-four thousand watt question — how
do they sound? In a word they don‘t! Without qualifica-
tion the E10s provided the most neutral and uncoloured
sound yet to assail our ears. It was very very easy to
forget the phones totally, and listen through to the
earlier links of the chain and thus to the music itself,.
assuming high quality source equipment of course.

Expect no mercy — the E10s will ruthlessly expose
shortcomings in anything of lesser stature, be it elec-
tronics or records, but their even response means that
surface noise is not emphasised unduly as is the case
with a rising treble characteristic, and no tonal correction
was found necessary at any stage in the listening tests.

Here is a transducer to make you question your ideas
of fidelity. All speakers possess a character of-their own,
and probably the E10s do as well. But this is so
inobtrusive as to be negligible — and we’'ve waited a
long time to be able to say that about any piece of hi-fi!

Pecurniary conclusions

The only possible drawback to the E10 Auditors is
their price — £180 all in for phones, energiser, PSU and
leads. Quality never comes cheap of course, but we did
wonder how much the meters and associated circuitry
added to the price.

Still, as we said earlier £180 wouldn’t buy a pair of
loudspeakers in this class, and so maybe we shouldn‘t
quibble — but seeing as how we're at it — how about
some more headroom on the overioad?

Overall then, the E10s are probably the nearest thing
to transparent transducers on the market, but cost is
high and heavy rock fanatics who have a thing for
un-natural boom in the bass may not be impressed by
their lack of colouration in that area. Definitely a con-
noisseur’s item and one that all hi-fi followers should
hear at least once!
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‘Like other electrostatic headphones, the E10 employ the electro- HOW IT WORKS

static push-pull principle. Referring to fig. 1a, the audio is applied
across the plates superimposed upon the polarising voltage Vp. Since
one plate is fixed and one can move freely, the latter will be vibrat-
ed by electrostatic forces much the same as those that hold dust to
LPs and LPs to turntable mats. Vp is there to provide an initial
displacement about which the audio signal can induce movement.
Resistor R loads the polarising signal, and C decouples the audio
input.

The push-pull design overcomes some of the drawbacks of the
basic principle and lowers distortion, especially even harmonics. -
Fig. 1b shows. the basis of the design. A second fixed plate is added,
so that the moveable plate sits in a sandwich. The audio signal is fed

PLATES
=——0

Cd

pLATES  Fig-1a

AUDIO
INPUT

in through an isolating transformer, the secondary of which is
centre-tapped to provide anti-phase signals for the two plates.

This is the task of the energiser, and those transformers can be a
limiting factor in the performance. Koss have made their inductors
massive, such that.a 20 Hz signal can pass unhindered. (In theory).

In the E10 energiser the overloaded sensing is set to operate at
around 5 V (pink noise) signal at the input. This represents around
103 dB SPL at the ears, which explains the Koss setting mentioned
in the text. The energiser presents a load to the amplifier which var-
ies in phase angle, linearly, from a +30° at 20 Hz to —30° at 15 kHz

and an impedance characteric with minimum of 3 R (20 Hz) and '"‘:.’ nal view of the energiser box, note the massive
maximum of 180 R at 800 Hz audio transformers.
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Half price Teletext

You can now buy Texas Tifax module Teletext decoder:

complete with matching cable connected keyboard, power
supply, interface board and complete instructions. for
installation in most common television receivers for only £180
+VAT and £2.50 postage, packing and insurance.

Since the interface is connected directly to the television's
video output circuitry, picture quality is excellent with pure

colours — much more so than is possible from decoders which
feed the aerial socket.

Due to the compact nature of the Tifax module, installation
within most receiver cabinets is no problem. Facilites include
seven colours, upper and lower case alphanumerics, graphics,
time coded display, and newsflash and subtitle inserted in TV
picture.

To enable us to supply the correct interface board and
instructions, we must know your television set make and
model and, if possible, chassis type.

29-31 Goswell Road
London EC1.

Telex: 896953
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RIPPLE COUNTERS are useful and
simple, but they are not ideal for high
counting speeds, nor for large counter
chains. The problem arises from the
use of the output of each flip-flop as
the clock for the next flip-flop, so that
changes must “‘ripple through' all
the stages of the counter. This, as
indicated in the previous section,
causes difficulties with time delays.
Although these delays are not
large, perhaps .60 nS or less per flip-
flop, they accumulate to a significant

amount over a large number of

counter stages and can cause the race
hazards mentioned earlier.

Synchronous Gounters

A different principle is used for
synchronous counters. The input
pulses are used to clock each flip-flop
of a chain, hence the name synchro-
nous. The count sequence is then
determined by voltages applied to the
J and K terminals, and these voltages
must be obtained in such a way that
any given count on the flip-flop will
cause the J and K voltages to be set to
the voltages needed to change to the
next digit up or down.

This is much more easily illustrated
by an example which we can test on
our board. In this example we shall
follow the pattern of design steps
(with some modifications) which is
usually used for synchronous
counters.

Basic Two-Step

Let us imagine a very basic counter
using two flip-flops and resetting at
the count of four. We must start by
making a table showing the count, the
present state, and the next state for
each flip-flop. This means that for
each number of the count we list the
value of Q (1 or O) and also the value
to which Q will change at the next
count. For example, when the count is
1 (01), the next count is 2 (10) and
both outputs will change — A from 1
to O, and B from O to 1. On the next
count (3), A changes from O to 1, and
B does not change. The complete
table for two flip-flops is shown in Fig
1(b).

66

IN
B
LED B
FINAL VALUES
JA=KA=1
JB=KB=QA
A ‘ B J K VALUES
count| arresent| anext ] arresent| anextfialkal ss | kB
) 0 1 0 o 11 [x 1o [ x
1 1 0 0 T X1 [1 X
2 0 1 1 T i1 Ix [ X [o
3 1 0 1 N ERENER N

Fig. 1 (Above) A simple synchronous counter, no J-K connec-

tions shown. i .
(a) Circuit. Note that the input clock is taken to each stage.

{b) Table of changes, with J and K values for the changes.

cLocK_ |
IN ™

Fig. 2 (Above). Complete two-stage synchronous counter circuit,
with J-K connections shown. Try this out on your blob-board.
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BY EXPERIMENT PA

Now we have to decide what volt-
-ages are needed at J and K of each
flip-flop to carry out the changes from
present state to next state. Here we
have some options — for example, if
we want to change from 1 to O, we
may have J=K=1,orJ=0and K=1;
either state will carry out the change.
When this is possible, we can write
J=X, K=1, where X means don't
care, since either value of J is equally
suitable.

Add more columns to the table to
indicate these values of J and K for
each flip-flop, and we are ready to
start designing. The object now is to
obtain the J and K voltages for each
flip-flop from somewhere else in the
circuit in such a way that all the J and
K voltages are correct for each stage
of the count. The formal method of
doing this involves a technique called
Karnaugh mapping, but is seldom
necessary for only a few counter
stages. It is rather difficutt to apply for
a large number of stages, so only the
‘intuitive’ look-and-see method will be
discussed here.

Table Talk

At the zero count, Qa=0, Qb=0 and
the change at the end of the clock
pulse will be from Qa=0 to Qa=1.
This will happen if Ja=1 and for
Ka=0, or Ka= 1. We therefore fill in a
1 in the Ja column, and an X (either
value) in the K column.

Still at the zero count, Qb=0 and
does not change at the end of the
clock pulse. This can be done if
Jb=0, Kb=X, so that these values O
and X appear in the Jb and Kb col-
umns.

These columns are filled in,
similarly for each change listed —
remembering to use X in any case
where a value is unimportant — using
the J-K table that we used in Part 4 of
this series of articles.

We can now inspect the compli-
cated tables to see if any values can be
fixed or derived from values of Qa or
Qb. The tables for Ja and Ka are easily
dealt with — since the values are
either 1 or X, we can use 1 for all these
values, and make Ja=1, Ka=1, as

FEATURE

1 pr————y — _1
A I;—A B C
11— -
n 2
o e
J AND K
CONNECTIONS
TOEE LTOR
DETERMINED
= A
- LED A
! PRESENT NEXT FIRST | FINAL
" count) aajoBloc ] oajosjoc || Jal kalss |kB | sc (ke luc j ke
0 0 Jo o £1 (o lo |11 Jaa[aal o [x Jo [o
1 7 10 (o fo 1 lo [1]1 toalcafo [x fo (o
2 0 |1 Jo [1 |1 Jo 11 |1 Jaafaalo [x fo [o
3 1T 17 fo o [0 [1 J1 1 JOAJGAL 1 |x 1 |1
a 0o Jo [1 11 lo[1 [111 loaalaa]x [0 fo [o
5 1 10 |1 Jo {111 111 foaloal x [o Jo [o
6 o 11 11 11 01 [1 [1[1 loaloal x Jo o o
7 1 1 41 Jo jo o f1[1 foafoafx 1 1 |1

JC=QA AND QB
KC=JC

Fig. 3 (Above). A three-stage synchronous counter.
Top: (a) Circuit, J and K connections still to be determined.
Bottom: (b) Table of changes, showing how J and. K values are

determined.

The *“first”” Jc-Kc table shows possible values of Jc and Kc, the
“final ’ table shows the most convenient values to use.

for the ripple counter. The Jb, Kb
tables are slightly more involved, but
for each definite value of one quantity
(J or K) there is an X for the other, so
that we can again connect J and K.
We then find that the values of J and
K are identical to the values of Qa, so
that Jb and Kb can be connected to
Qa.

For practical work on synchronous
counters it is useful to have a clock
pulse line, and one of the spare lines
on the board can be used. Connect up
the circuit as shown, with a slow clock
pulse taken to each clock input, and
wire connections linked from Qa to Jb
and Kb. Use LEDs as before to check
the state of each flip-flop output.
Connect a common reset line to each
flip-flop and to a switch so that the
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counter can be reset. Switch on and.
check that the count is correct and
that resetting to zero is possible.

Third Stage Development

Let us now extend this to a third stage,
building on what we have done be-
fore. Once again we can build up a
table of values of Q, J and K for each
stage, but we have made life easier for
ourselves by having done the two
stage counter, so we can ignore the
Ja, Ka and Jb, Kb columns and con-
centrate on the Jc, Kc column.

Using the same principles as be-
fore, we fill in the values of J and K
which will be needed at each clock
pulse or flip-flop, concentrating on the

necessary values, and putting an X p
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—e FTEATURE: Digital Experiments Pt.6

where the value is immaterial. When

we do this {Fig. 3b) we find two im- e )
portant states. One is at the count of r_J _

3, where Jc must change from O to 1:
the other is at the count of 7 when K¢
similarly changes from O to 1. 41

The change of Jc from O to 1 oc- A B
curs when the count changes to 110. m
so that we could use an AND gate

¢
[
al;

connected to Qa and Qb. The output )
of this gate will be zero for any count 'N¢ : : F I

¢
up to 2 and then will be 1 ata count of
3. It will change to zero again to
become 1 at the count of 7, but the >
value of Jc is unimportant beyond the 470R S4T0R > 470R

count of 3 anyway.

Looking at Kc we find that the < WLED'A' L WYLED'B ~WLEDC'|
important value of 1 occurs at a count

of seven when Jc may also be 1. We /771: = 2 i

can therefore connect Jc and K¢ TinT
together and feed from an AND gate
supplied with Qa and Qb.

Third Stage On Board

Making up a three-stage synchronous
counter on the circuit board needs . [ ]
some additional connections. Since A
we are not using AND gates, the gate -
used will have to be made up from a FLmn [ | I J/
NAND gate and an inverter. As the IN —= g : ‘
7400 contains four two-input NAND ( '
gates-and the 7414 contains six in- - i '
verters, one of which is used for the
clock oscillations, there is no shortage

of gates. We are workmg with a low JB KB § JC Kc | JD KC KA | JA

frequency clock, so there should be cLock| oa| aalas|asflac|ac|ap|op
no ill-effects caused by the number of

wires soldered across the board, but a
high speed counter would have to be
built on a PCB designed for the pur-
pose, using copper tracks on each
side and with decoupling capacitors
between +ve and —ve lines close to
each flip-flop. Such PCBs can be
made up quite rapidly by using the
new sketch'n’etch technique (P.B.
Electronics) for one-off PCBs.

Can you now go one step further to Fig. 5. A Johnson counter of four
design a four stage synchronous stages.

| Top: (a) The circuit, note the
counter and try it out on the board? - o N =g
Y shown in Fig. 5(b) and remember that twisted ring"’ connection.

Bottom: (b) Table
Twisted Logic aQnadzs‘ébo'nszJc' Qc=Jd, Qd=Ka t!:’at the coufnt!ar actionut):aﬁot::p;f;(e;ics:
. ed.

A Johnson counter uses a com- Below: (c) Truth table. Build the
pletely different count sequence from ™ tircuit on your blob-board and com-
conventional binary counters, and the  Plete this table.
maximum count number is twice the
number of flip-flops. The counters are
synchronous, very easy to design and
also very simple to decode for use
with lamp indicators.

Build up the four stage (count of 8)
Johnson counter of Fig. 5(c) on your
circuit board and check that your
calculations are correct. ET

Fig. 4 (Above). The circuit of the three-stage synchronous counter.
Try this out on your blob-board.

NO RESET LINE SHOWN

NISOICH A IWIN=[O

A different type of synchronous
counter is shown in Fig. 5. This is a
Johnson, or ‘twisted-ring’, counter
and consists of four flip-flops con-
nected so that the output of one drives
the J and K inputs of the next. Three
of the connections are made up with Q
to J and Q to K, but the feedback
connection is made with Q to K and Q
to J — hence the alternative name of
twisted-ring. Remembering that Q is
always the inverse of Q, can you plan
out the values of Q and Q for each
counter? Use the table headings To be continued

COUNT A B Cc D

N IRIWIN[=O
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NEWS

microfile.......

Gary Evans looks at a couple of earth bound micro systems and then journeys to a stella system

for a game of intergalactic proportions.

THE FIRST ITEM WE look at is from acompany thought
by some to like the cloak and dagger game, but then so
.do quite a few semiconductor manufacturers, Science Of
‘Cambridge — don’t mention Sinclaur. At the time of
going to press they have just launched their MK14 with
an advertisement in a magazine that is generally not
associated with a dedicated commitment to.micros.

SCAMP and Chips

The MK 14 is described as a keyboard addressable
microprocessor. At a price of just under forty four
pounds one might not expect all that much but the
SCAMP based system provides a hex keyboard, eight
digit LED display, 512 bytes PROM with resident
monitor, 256 bytes of RAM together with 4 MHz
crystal plus power supply stabiliser.

| do not have much information of the MK14 and so |
can say nothing about the versatility of the monitor, the
ease with which the system can be extended, the quality
qf the dpcumentation and any number of other interes-
ting topics.

The MK14 comes as a thirty-one piece kit and is,
apparently, available now. At just less than forty four
pounds this kit should, if nothing else, provide the
cheapest way of getting hands on experience with a
micro which, in my opinion, is the only way to under-
stand these little fellows.

Before leaving the MK 14 it is interesting to note that
Science Of Cambridge ¥ ;

have chosen the ~

National SCAMP as the =
heart of their system.

This device has been mﬁ\mﬂ
overshadowed by the likes | D\

of the 8080, 6800 and .

lately the Z80. Suffering as it % [7_} mm
does from a limited instruction \ { =3
N

set, lack or many on board registers, <

limited addressing modes and inability

to handle stacks it is fair to say that the \_

reception afforded to this MPU by the OEM

boys was less than enthusiastic. Despite large

campaigns to try and rekindle interest in this S

area it seems that National are resigned to the ™~

fact that SCAMP wiil forever be known as a Simple

Cost effective AMateur Processor. -
The fact that demand for the SCAMP has not been

overwhelming of late means that there should be plenty

of stocks of this device and hopefully Science Of

Cambridge will have no supply problems with the
MK14.

Zee Micros Mit Z80

Another product launched recently is the latest in
micro-computers based on the Z80. The system, from
the Micros company, costs £550 and includes a Z80
CPU, monitor in ROM, 2K bytes of RAM, audio cassette
interface, video monitor interface, UHF TV modulator,
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53 key contactlessASC1 1 keyboard, power supplies and
cabinet. Doesn’t sound too bad does it.

The company has under development a BASIC com-
piler, teletext decoder (I would like to see that — it seems
such an obvious move) and a selection of games. -

My appetite has been wetted by the above descrip-
tion and | shall try to bring you more information plus
photos next month.

Meanwhile, if you want further details contact Micros
at 1 Station Road, Twickenham, Middx.

Star Software

Until now there does not seem to have been much
point in publishing programs in anything other than the
machine language of anything but the most popular of
micros. However, the arrival of a range of systems with a
BASIC interpreter resident on our market would seem to
indicate that there will soon be a demand for programs
written in this high level language.

We have been senta BASIC program which, although
too long to publish in full, | feel might be of some interest
to many of you. The program provides the opportunity
for you to emulate my current hero, that handsome clean
cut Luke Skywalker, from the film Star Wars. In case you
have been off planet for the last year or so I"'ll sum up the
story for you.

Good guys beat up bad guys. >

Wl e NBG A <5
PROGRMM, 1T SIS
; W BugGEb ! )

)
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The game program simulates the final bust up that
involves a pilot (you) taking his (space) ship down a
narrow channel at a (critical) high speed the aim being to
release a bomb at the end of the channel at the precise
moment in time that will cause it to enter a narrow shaft.
While trying this manouvre you can expect to be shot at.
We have only room: to show a brief extract from the
program, if you want the whole lot please send 25p in

am W e SR Catr
O S e VUE

wny PRGIGE

Fig. 1. An extract from Robin
Hill's Star Wars program (this
talented lad was also respons-
ible for the cartoon). The full
BASIC program is available

from ETI.
61"
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negotiable currency, stamps, POs, cheques (payable to
ETl not me)—no live animals please.

Send your monies to:

ET!

Womp Rat Shoot

25/27 Oxford Street

London

W1R 1RF ET)

————
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quite a.Ch ArAcTeRXXxxX..

Looking a first glance like a cross between Heath Robinson and .

IBM, this endearing little machine is actually a compact dot matrix
printer introduced by Impectron Ltd.,

Print speed is one 3.3 in line per second (40 characters) with a
character height of 0.123 in. Multiple copies can be arranged, and
power supply requirements are 40 V DC at 3.6A4 peak. (0.84
average). With its small size (8 in x 4 in x 5 in approx.) and low
cost the 7040 will probably find many at home. Accesories to
extend usage are available. Details from:

Impectron Ltd., Impectron House, 23-31 King Street, London.

W3 9LH.

amplfying news

A very worthwhile kit of the
ETI 100 W amp has come to
our attention, using a more
compact PCB and output
transistors to bring down
cost. The board is well made,
and top quality components
arc used throughout. The
firm perpertrating the act arc
Kingsley Services of Newcastle
Prices arc cxtremely reason-

able at £16.25 + £2.10 VAT

‘etc. for a built amp module.

PSU costs £7.10 + £1.57.
Recommended for aspiring
100 W merchants without the
confidence to undergo the
ritual of the hot iron.

Kingsley TV Service,

40/42 Shields Road,
Newcastle Upon Tyne,

NE6 1DR.
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ETIPRINTS

In case you have missed out on ETIPRINTS thus
far, they are a complete PCB pattern already to rub
down in secongds. The patterns are produced from
our original artwork so that the results they pro-
duce are. nice and sharp. .

We think that ETIPRINTS are such a good idea
that we have patented the system (Patent numbers
1445171 and 1445172).

ETIPRINTS 005 is now available, and joins

001-004 as part of the regular system.

‘Details of ordering the ETIPRINTS are shown.
below.

Lay down the ETIPRINT and rub over with a soft pencil
until the pattern is transferred to the board. Peel off the
backing sheet carefully making sure that the resist has
transferred. If you've been a bit careless there’s even a
‘repair kit’ on the sheet to correct any breaks!

ORDER TODAY T e e
Send cheque or P.O (payable to ET| Magazine) to:-
ETIPRINT

ETI MAGAZINE, o
25/27, OXFORD STREET, LONDON. W.L.R. 1RF.

Inc. VAT and P & P.

Please indicate clearly the ETI PRINTS you
require. Those available at present are:

001 With patterns for skeet, clock board A, and the
compander from Nov 77 plus the spirit level,
three-channel tone control, and the digital ther-
mometer from Oct 77.

002 With patterns for the burglar alarm from Jan 78
plus clock board B and the rev monitor from Dec
77.
003 With patterns for hammer throw and race track
f from Jan 78 plus the freezer alarm from Dec 77.

004 With patterns for the ultrasonic transmitter-
receiver, metronome, B metal locater and porch
light from Feb. 78 plus 5/ w stereo amplifier Mk.
2 from Jan. ‘77.

005 March 77 issue projects, including howliround

suppressor, RMS voltmeter, LCD panel meter

Readers pleas: note thatin ;rlier EL the contents 0;662
and 003 were reversed. Would you please indicate when

ordering from which issue the patterns you require were
taken. . - i 3 i b




NEWS

electronics
tomorrow......

by John Miller-Kirkpatrick

SIT up its the COPS

Regular readers will be able to cast their minds back to
the MM57109 calculator chip mentioned a few months
ago. This was a programmable calculator chip which
could be interfaced to PROM, RAM, LEDs and Flags as
well as to an MPU. Well, the MM57 109 was part of the
Calculator Oriented Processor System (COPS) from
National Semiconductor. Two new COPS based chips
have now been announced which use calculator style
logic to give complex timing applications a new sim-
plicity.

STAC (Standard Timer And Controller) is a 28 pin IC
which uses a calculator style keyboard and LED readout
to perform the functions of a digital clock and appliance
timer. Typically STAC is connected to a 10 position
keypad and a four digit LED display. The chip will run
from 50 or 60 Hz and in 7 or 8 day cycles. The keys
allow fast and slow setting of time and day and alarm
times, manual over-ride, test mode and data entry mode.

Alarming Facilities

STAC is basically a four digit mains driven clock which
operates from a low power supply of about 9 volts. The
first obvious additional feature of STAC is that it has four
alarm times and four alarm outputs, but that's not all. At
each alarm time each of the four alarm outputs may be
switched on , off or left as it is. One of the problems of a
central heating system is that at the end of an ON cycle
the main tank is full of hot water which will not get
circulated as the pump is turned off with the water
heating system. With STAC you could program the
boiler to turn off at 10.00 but the pump to continue
circulating the heated water untit 11.00. In this appli-
cation the boiler could be connected to STAC output 1
and the pump to STAC output 2, your anti-burglar lights
are controlled by STAC output 3 and your morning
‘wake-up’ alarm by STAC output 4.

So far STAC seems to be quite a nice home timing
system except that you may not want the anti-burglar
lights on every night, perhaps only on Fridays and
Saturdays when you are usually out. Similarly you do
not want the alarm to wake you on Saturdays and
Sundays. No problem for STAC, it has a day counter (1-7
or 1-8) and the facility to switch as per program each
day or to ignore switching and simply perform as a clock.
This facility opens up applications which should be
familiar to many schools and Open University students.
Now you can go away for the weekend and program STAC
to record your TV or Radio lessons at 10.30 on Friday
night and 6.30 on Sunday morning (especially if one is
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radio and the other TV). STAC will turn on the radio at
10.25 on Friday, the tape at 10.29, TV 6.25 Sunday
and TV recorder at 6.29.

Standard Interval Timer (SIT)
The second COPS based chip is called SIT and like
STAC uses the mains frequency, simple power supply,
keyboard and display. With SIT the features include 99
hr, 59min; 59.9 secs timing range; count up or down;
metronome and relay driver outputs; sequential cycling
and 4 event stopwatch mode.
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50/60Hz IN 26

KEYPAD I
Fig. 1. Typical STAC circuit

The timing period data is entered from a numeric
keyboard which is also used to enter commands to
indicate up/down counting, stopwatch or timer mode,
RUN, CLEAR and HOLD commands.

Keying "RUN" places the working register on the top
of the four entry stack and then rolls the stack to the next
entry and the count continues. Thus the last four times at
which RUN was enabled ar stored for viewing.

‘SEQ’" is similar to RUN except when pressed the
working register is cleared at each enable time. Thus the
stack contains the last four times between SEQ enables.

'HOLD' operates in one of two ways depending on
whether RUN or SEQ initiated the operation. In either
mode it does whatever is required by RUN or SEQ and
then stops the count after rolling the stack and clearing
the working register if required. The unit will now wait
for the next operation of RUN or SEQ.

Four indicator lines are available to show when the
stack is at entry a, b, ¢, or d, each of these lines can
directly control an LED lamp. These outputs are also
useful in the timing sequence mode to-provide activation
signals to external equipment. )

For further details of STAC, SIT or other COPS chips
contact National Semiconductor at 19 Goldington Rd,
Bedford. The chips should cost under £10 each and may
be available from National outlets. ET
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Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer
queries on these items.
ETI is prepared to consider circuits or ideas submitted by readers for this page. All items

used will be paid for. Drawings should be as clear as possible and the text should preferably
be typed. Circuits must not be subject to copyright. Items for consideration should be sent
to ETI TECH-TIPS, Electronics Today International, 25-27 Oxford St., London W1R 1RF.

-Gapacity checker

D. Chivers.

This bridge was originally designed to
find values for odd, unmarked or un-
decipherable capacitors. While not being
of great accuracy, it does give a very
good indication as to the value of the
capacitor.

A known value component is placed

across terminals A—A, polarity is not
important, but polarised capacitors
must not be used, and cannot be tested.
The capacitor under test is inserted in
B—B, the unit is switched on and VR1
rotated until a maximum value reading
is obtained on meter M1. At this point,
a reading is taken from the calibration
scale on the pot which initially must be
calibrated in ratios, ie:
1000:1, 100:1, 10:1, 1:1, 1:10, 1:100
etc. The unknown value is then cal-
culated from this reading. Original cal-
ibration is from known values.

T

Sw2 ;
O—o s O W J
L

MAINS
: |
E—— OB B O s
] H L M1 = 100uA
] D1--4 = 1N4001
AR R1 = 25k
100n | X X VR1 = 10k Lin
0 o T1-240V/3V—-0-3V

To increase the range of the circuit
switch SW1 has been included to bypass
R1. Since the frequency used is 50 Hz
from the mains, ranges are limited; if

another source were used, driving an
audio output transformer, the versatility
of the unit would then be further in-
creased.

sw3 IC1A
swa 2 AND IC1B 'R
O IC1C :
Sw9 AND | 1
1 ; AND } RLA .,___T
SW1 1IC2A r
SWS IC2B 1c3

Selective alarm controller
S. Butler.

This circuit provides greater versatility
than the simple “in-series”’ switches
mode of alarm, but is still cheap and
easy to build.

When SW3 and 4 are closed, the
output of the AND gate goes high.
This high is fed to the second AND
gate only when SW9 is pressed. The
output of this gate goes high and
providing no other switches are pressed,
it will operate the relay: if any other
switches are pressed, the OR gives an
output to the inverter and cuts off the
power to the AND gate, preventing the
coil being energised.
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1 X 7402 {N3,5,7,8)
1 X 7404 IN6)

1X 7411 (N1,2,4)
2 X 7410 {N9—14}

L
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Readers’ Circuits

T. Nash.

This circuit, which uses only four TTL
or CMOS ICs, converts a seven segment
digit to binary, with indication of the
‘special” characters: minus, E {exponent
or overflow), and optionally blank.
Both types of 6, 7 & 9 can be handled,
and for ease of manipulation blank is
encoded as binary zero.

For a calculator — microprocessor
interface the ‘X’ output should be fed
to the sign position for ease of testing:
this method is more economical in time
and memory space than testing for a
specific binary value. The extra bits
needed for the equivalent ASCII
character could also be added at the
interface.

The segment identification shown
above is the standard seven segment
lettering system and so.should be
familiar to most constructors.

The letters also refer in this case to
the circuit diagram and the truth
table given below on the right hand
side of the page.

No power supply connections are
shown for the circuit as this depends
on which version, TTL or CMOS is
constructed.

Graphics for the 560 VDU

M. Jackson

This circuit can be added to the 560
VDU published in ETI in September
1976 to allow the display of simple
graphics. The rows and columns of each
character position are gated by, N1 to
N8 to make up the graphic character
sections. This information is ANDed
with the RAM data to determine
whether ot not a particular section is
on or off.

The graphics/character selection may
be controlled by the spare bit in RAM
after it has been latched.

Note: RCLK must be disconnected
otherwise blank lines will appear in the
graphics display.

a a- b b c c € e f f q g
— .j)vD=abfg
= ~ 23
—— 38§
o : =
> — |
1 F _ 4 |
- ] ) }a=aag+f9+se
| =
e e e |
;.___ oy .
! =5 - T AT D—A=e+ig+c
L —
= Ty — : =3 i .—-@)—X=b—+cozm
COMPONENTS: special
1 x 7400/4011 FIRST VARIATION SETS X FOR
1 x 7410/4023 BLANK, SECOND DOES NOT.
1 x 7420/4012
1 x 7427/4025/4000 {4000 SHOWN)
* FOR TTL AND 4025 VERSIONS, use 3 input nor. -
SEE DIAGRAM
TRUTH TABLE '
7-SEG | a b ¢ d e f g DCB A X
BLANK:{ 0 0 0 0 0 0 0|0 0 0 o0 *
| 0 1171111 0/000 00
[ i 0 ¥ 1000000 O0 10
=) 1101 10 1|/00 1 0 0
L Wg 111100 1/00 1 10
Y 011001 1]010 00
g 101101 1]/010 10
b 001111 1{011 00
B 101 111 110 1 1 o0 o
\ | 111000 0}0 11 10
|1 111001 0{0 11 10
=] 1111111100 00
g 11710017 1100 10
g 111101 1100 10
- 0 00 00O0 1|0 11 1 1
E el 2T Ve 0
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Channel splitter for
radio control

G. Bathe.

This circuit is designed to replace the
electromechanical reed units used as
channel-splitters in radio controlled
models.

The circuit is based on the MC 1310P
integrated circuit, a chip that is prim-
arily a stereo decoder for use in stereo
radio tuners. When used as a stereo de-
coder, the MC 1310P automatically
switches itself from the mono mode
to the stereo mode whenever its input
contains the 10 kHz subcarrier of a
stereo multiplex signal at a sufficiently
high level (16 mV), and switches. back
to the mono mode when the 19 kHz
subcarrier ceases to be present. Pin 6
of the integrated circuit drives a stereo
indicator lamp to give a visual indication
of whether the circuit is operating in the
stereo or mono mode.

It is this lamp driver facility of the
MC 1310P that makes it an ideal chip
to use as a channel-splitter. When used
as a channel-splitter the circuit is not
tuned to the 19 kHz of the stereo
decoder but to the audio frequency that
the circuit is required to detect, and the
lamp driver output from pin 6 is used to
drive a power transistor controlling, a
motor or other device.

The output from the detector of a
radio receiver is amplified by the
BC 108 and then fed into a series of
MC 1030P channel-splitters {connected
in parallel) each tuned to a different
audio frequency.

The audio frequency to which the
channel-splitter responds is determined
by the tuning circuit R1, VR1 and C1,
and is given by the formula::

3 1

= Hz
27 C1(R1+RV1)

The value of C1 is chosen to give
the required tuning range for the preset
RV1. For example, if C1 is 10,000 pF,
then the tuning range is approximately
750 Hz to 1,000 Hz.

The output is a switched current out-
put between Pin 6 of the chip and the
positive supply rail. This current should
not exceed 35 mA and so a 470 ohm re-
sistor is inserted in the output connect-
ion from Pin 6 as short circuit protect-
ion. If a voltage output is required then
a resistor can be connected from Pin 6
to the positive supply and the voltage
output taken from Pin 6.

The MC 1310P is triggered when the
input to Pin 2 contains its tuned fre-
quency at a level greater than 16 mV.
It can be triggered by noise if the noise
level is greater than 16 mV. Some radio
control transmitters tend to transmit
noise when they are not transmitting a

Readers’ Circuits

tone, and if this is the case the trans-
mitter should be modified to prevent
noise being transmitted. This could
be done by making the transmitter
transmit an extra unused tone when-
ever it is not transmitting one of the
used audio tones.

TO OTHER MC1210P CIRCUITS
r~— =¥ TUNED TO DIFFERENT AUDIO
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capacitor charges up.

supply.

Novel loudspeaker coupling circuit

In most amplifier designs the speaker is fed by a high value capacitor to
provide DC blocking, but this may resuit in a heavy switch-on surge, as the

An alternative approach, which is worthy of experiment, is shown in the
diagram below. Here the ground side of the speaker is connected to the
junction of two equal high value capacitors (1000 uF is typical), across the

The amplifier output voltage will be at V /2, and so will the voltage
across C, (if Cq and C, are equal); so as the supply voltage builds up, the DC
voltage across the speaker will remain zero, eliminating the switch-on surge.
C, and C, will also provide supply smoothing. The circuit is shown with the
LM380, but could be applied to any amplifier circuit, providing that the DC
voltage at the output is half the supply voltage.

IC11S LM 380

INPUT
o-mJ-: SIS

TO PINS 3, 4, 5,
7,10, 11, 12.
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Since Data input and display form an important part of micro-
processor systems, a new Intel device, a new programmable single-
chip keyboard/display interface dewce Known as the 8279 will
be of interest to many. The device is suitable for use with 8-bit
microprocessors, (such as the 80804) it relieves the CPU in a system
from the task of monitoring and servicing the keyboard, and from
updating the output display.

Key depressions can be either 2-key or n-key rollover. All key-
board entries are ‘de-bounced’ within the chip-and are stored in a
first-in, first-out memory (FIFO) where they are queued for input
to the microprocessor when it has time to read them. If more than

It can be a nuisance can’t it, going from newsagent to newsagent?

““Sorry squire, don’t have it - next one should be out soon.” eight characters are loaded into the FIFO, the 8279’s overrun
Although ET1 is manthly, it's very rare to find it available status flag is set.
after the first week. If it is available, the newsagent’s going to be The CPU has full access to the display memory and the display

memory address can be incremented automatically on memory

. read or write.

doesn’t happen very often. Intel Corporation (UK) Ltd., 4 Between Towns Road, Cowley,
Do yourself, your newagent and us a favour. Place a regular Oxford, OX4 3NB.

order for ETI; your newsagent will almost certainly be delighted.
If not, you can take out a postal subscription so there’s nothing

sure to cut his order for the next issue - but we're glad to say it

for you to remember - we'll do it for you. The FTC in America has come
For a subscription, send us £6.00 (£7.00 overseas) and tell gal ne out with a report on tests they
us which issue you want to start with. Please make your pay- conducted which show that

normal use of a TV game will

ment {in sterling please for overseas readers) to ETI| Subscriptions Set not result in damage to a set
and keep it separate from any other services you want at the And about time, too.
same time. -

ETI Subscription Service, not much SCOope

Electronics Today International,
25-27 Oxford Street, London W1R 1RF.

8 %g? ﬁi% X eiecironies "”"
zﬂf tav” “wraationall = . fucay ierosennat )
' o '?B]zﬂﬁb’ﬂ‘“

wgw

The MS15 is a completely new battery oscilloscope manufactured
by Non Linear Systems. Sockets are provided for external trigger-
ing and X deflection and a one volt internal calibrator is provided.
Lawtronics Limited, 139 High Street, Edenbridge, Kent. TN8 5AX.
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The BBC has recently been
using an experimental 2-chan-
nel digital transmission system
to asses the feasibility of
conveying high-quality stereo
sound programme signals from
OB sites to London in digital
form.

When signals originating at
Outside Broadcast (OB) sites
are to be propogated through-
out the UK, they have to be
sent first to London where
they are mixed into one or
other network programme.
Analogue contribution circuits
are normally used for this
purpose, but their quality is
generally inferior to that of
the digital distribution circuits
that take the the signals out
from London to the network

digest...

bit on the out-side

of VHF transmitters

The first two broadcasts
handled in this way were of a
‘Music to Remember’ concert
at Cardiff on 4th December
1977 and a concert at
Lancaster University on 15th
December. In both cases the
digital signals were transmitted
on a radio link from the
OB site to a convenient BBC
centre, using 4-phase DPSK
(differential phase shift key-
ing) modulation. They were
then conveyed to London in
suitably transcoded form on a
television circuit, and mixed
into the Radio 4 programme.

This meant that the trans-
mitted signal quality was virt-
ually identical to that at the
OB site itself.

Intel, Zilog and Motorola are
taking their places in the front
rank on the grid for this years
expected race to 16 bit MPU
sales. All three have com-
pleted development, and will
probably show the nature of

its awide word

their teeth at next months US
Solid Statc Circuits Confer-
ence. The pause between this
and letting loose of the
hounds as it were will almost
certainly mean late autumn
production.

On yer marks ..,........

driven to LCD?

This new .DF411 Siliconix chip carries on

board all the clever bits necessary to decode
and display up to four multiplexed digits of
BCD information in liquid crystal fashion.
They can be persuaded to gang up if more
than 4 digits are requ:red Supply require-

ments are 3—8 V.

Siliconix Ltd., Morristor, Swansea,

SA6 6NVE.
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THESE ARE ALL SPECIAL OFFERS BELOW MANUFACTURERS PRICES ALL NEW STOCK. FULLY
GUARANTEED Ajl prices inclusive of VAT

EXPORT ENQUIRIES INVITED ON ALL ITEMS
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'—TI ' DIGITAL LOGIC 10 minimise]
— power consumption and extend
Booklet No. 8 l battery life
Available 50p i

Six button uloclor.lwitch with built n 100K pots. Self cancelling buttons. Ideal for use with varicap
tuned FM sets and TVs 120x64x55mm £2. 10 for £15.

BOWMAR 9 digit calculstor display with P.C.connector 0 i digits. common cathode with red bezel.
£1.25. 10 for £10.

TEXAS 19 gold.piated snap key contacts on gold plated P C. Board — aH kinds of usetul applhcauons
Size 70xB0x2mm Height 65p. 10 for £5. 100 for £40.

OSMOR change over reed relay with 12V coil. Approx. 20mA operanng current. 59x17x13mm §0p.
10 for £4. 100 for £30. .

Small mains transformers with 240V pn 12V @ 100mA 60x40x42mm 95p. 10 for £7.50.

Valve type 40 1 Output transformer 61x51x42mm 75p. 10 -for £6.

Output transformer for ELB4 type valves 80x53x34mm 95p. 10 for £8.

:::!lgd(ing occill.’or PYE DYNAMICS thick film 1MHz 5V supply 19x25x6mm 85p. 10 for £7. 100 for

FAIRCHILD FND 10 0.15" 7 segment display. Common Cathode 50p. 10 for £4.50. 100 for £30.

SPECIAL OFFER BUILT AMPLIFIERS

6+6 WATT STEREQ 24/28v Bohm
Input 50/60 M7V Into S00K
Tone Controls on P/ C £4.95 Sze 18 x7.3 x4.8cm
4 pots £3.50 extra 24 volt £5.95
Sze 15.5x14 x4 5¢/m 4 ohm

WITH CIRCUIT

10+ 10 WATT STEREQ PA6/25
tnput 300 M/ V. Into 100K’cs

WITH CIRCUIT

Built 5 watt powar amplifiar Gould-Advance. 4-8 ohms ouiput. u'p' 1o 24V supply. 500mV nto 2K
input. Complete with instructions. 11.5x6x3cm £3.00. 10 for £22.50.

Surtable power supply for above, in kit form. £2.20.
HONEYWELLF imity D Integral pl 8V OC £2.50 ea. 10 for £22,

BRAUN Digital 24-hour clock wih alarm Large luminated numerats, silent runming, AC mains Size
150x60x70mm Excetlent value £6.50 ea. 3 for £18.50. 10 lor £50 less case.

SUPPLY PANEL containing 6 high quality 0.1 F 10% 1KV poly capacitors, 102x19x75mm 35p. 10 for

ALMA push-button reed switches. push to make High rehiability. 18x27x18mm 25p. 25 tor £6. 100
for £20.

BURROUGMS 9 digit F display. 7 :
socket and instructions £3.50. 10 for £30.

TV sound converter through your FM tuner module. Complete with instructions £5.50.

0 15" digits. heon type, with red bezel,

1.C Audio Power by TOSHIBA 35 WATT module. 8 ohms o/p 200mV mto 47K for full output. 0.3%
distortion {max}. 60V power supply required £8.50. 10 for £75,

16.7MH! crystal fitters. Size 35x25x20mm. 25KHz band width tor NBFM. £7. 10 tor £60.

TEXAS 4+5 Digit C. Cathode Display with 16 pin Dil Base
Pair £1.50. 10 pars £12.50.

23" 40 ohm spesker 250 M.Wartt — Ideal for that small space 75p. 10 lor £8. 100 for £50.

3 DIGIT 7 SEGMENT DISPLAYS. C cathode pack of 2 with data 10ne or more segments are missing)
60p pack. 10 packs for £5.

TBA 120s 75p. 10 lor £7. 100 for £55.
TTL. Pack of 8 gates 7420. 7430. 7451 60p. 10 packs £5. Pack of 6 gates and complex 75p. 10 packs
£6.50.

10 Pack of BC171A Transistors BC107 Plastic 75p. 10 packs £6, 100 £50.
SOLDER at hall price 2 packs of 2 meires 18 gauge Servicol £1.20.

AVO meter movements tor a military version of the Avo 8 Precision 37.5 micro Amp+5U u A with integral
shunn circuit on request £8.50,

28 pin calendar/clock chip (y;ie MK501 7BB for use with common cathode LED display twnhcucuit)
£4.49.

MK50250 Alarm clock chip for most LED displays. £2.50 with circusts.
5012 12 digit calculator chip. 4 functions. with circuits and data. £2.50.

VITALITY 12V 0.15 amp. MES Bulbs. 100 for £5. 1.000 for £40.

BECKMAN 500KHz triggerable clocking oscillator for use with calculator chips etc SV supply.
25x10x12mm £1. 10 for £8. 100 lor £65.

Re-settablo thermostatic switch. A push buttan on-off switch which automatcally drops out when the
amirent temperature exceeds 72 C 47x29x46mm 75p. 10 for £6.50.

FT243 crystal packs. 10 crysiais ol mixed frequencies between 5800 and 8500 KHz {Our choice ot
itequencies) Ideal tor ce.grnding

£1.50 per pack. U p.cks £10. 100 packs £85.

Ditto. 10X packs ot 10 crystals 250 ke »-5U0 m¢ « £1 pack. 12 packs £10. 10U packs £70.

Calcutator chip CT5002 12 digst tour for cathode
compiete with ciscurt.

plex displays ONLY £1.95

1 MHz HC6U quartz crystals. For frequency meters. clocks. frequency references etc. 17x19x7mm £3.
10 tor £27.50.

TAPE HEADS : uack Record Marnott XRPS36 £5, XEST 1 erase £1.25.

T4/RF LONG-MEDIUM & F/M TUNER WiiH MC1310 DECODER % 5-BUTTON SELECTOR
SWITCHES % INPUT SELECTORS FOR GRAM AND TAPE * Suppiied complete with FRONT-END TUNER
AND FERRITE AERIAL % SIMPLE INTERCONNECTIONS * Size 19x13cm

1HIS QUALITY AMPLIFIER £10.95 WITH CIRCUIT

POWER UNIT KIT FOR ABOVE MODELS 25/28 VOLTS £2.95.

MULLARD TUNER MODULES with data

LP1171 comtined AM/FM (F stnp—£4 LP1179 FM front end with AM tumng gang used with
LP1171—£8 LP1171 and 79 par—£6.50, 'LP1 157 complete AM stnp—£2.05. ‘Fercite Aerral — 95p
with circuits

FREE ILLUSTRATED EQUIPMENT + VALVE AND TR‘NSISTOR LISTS
SA E.9%"x6 %" 12 Yap stamp

M ys All mal! to: Henry's Radio 404 Edgware Rd, London W2
RADIO

& -«L.H.., LONDON W2 104 6 Edgwie Road Tet 01 725 1008
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MOST METERS which can measure AC
signals do so by rectifying the signal and
then measuring the average voltage.
With a sinewave the average voltage is
0.637 of the peak voltage while the RMS
value is 0.707 of the peak. Therefore a
correction factor of 1.11 is built into
the meter to give the RMS value of the
signal.

Provided you stick with sinewave
signals these meters are adequate. With
any other waveform, however, they are
not accurate. With a square wave the
error is 11% and with pulse wave forms
the error increases.

Before continuing we should explain
what RMS means and its significance .
Without getting mathematical, the RMS
value of any wave form is the same as a
DC value which would produce the same
heating effectin a resistor. For example:

Power in a load can be varied by
using phase control (i.e., light dimmer)
where the time the load is connected to
the mains is variable. The RMS value is
difficult to calculate except at the point
where it is half on—half off. The power
then is obviously half power.

% -
7 /
i . {
! f
! : !
\
\
\

\ Half power point.

AN
N

~|

If the input voltage is 240 V and the
load is 240 ohms the power (maximum)
is given by

P=E? or 240 x 240 = 240 W
R 240

Half power thereforeis 120 W. The volt-
age corresponding to this is given by

E=VPxR or 170 V (RMS).

On a “‘normal” meter this will read
120 V or an error of 30%.

This design uses an RMS detector IC,
which is basically asmall, special-purpose
analogue computer to mathematically
calculate the true RMS value for any
waveform.
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The use of a special IC
results in performance
greatly improved over
conventional designs.

VOLIMETER

Design Features

The design of the voltmeter is basically
simple, starting with an attenuator in
the front end, then an amplifier with a
high input impedance and switchable
gain which, with the attenuator, gives
the range selection. A filter is then
added to give the ’A’* weighting and the
RMS detector 1C (LH 0091) does the rest

The output of the input amplifier is
60 mV, independent of range selected,
for an input corresponding to the full
scale reading. This gives a maximum
gain of 46 dB on the 0.3 mV range.
There is a loss of about 2.3 dB in the
filter (at 1 kHz) and the spare amplifier
in IC2 is used to provide a gain of 20 dB
giving 500 mV (for full scale readina)
before the RMS detection is done. The
RMS detector has unity gain with
500 mV RMS in giving 500 mV DC out.

However things are never that simple.
With a total of 60-odd dB gain, along

‘with the requirement for a 1 M input

impedence, we have an excellent
formula for an oscillator. With the third
try (yes, we have failures too) with ade-
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