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Sophocles and soap

roadcasting could do something more for education in Britain than simply putting out
B more educational material. With many new programme sources becoming available

through satellites and cable, there is now a technical opportunity to improve the
aesthetic and intellectual diet of people who are living near the poverty line in this respect. The
entertainments-industry ethos that permeates broadcasting would not be fundamentally
opposed. [t would be perfectly happy if ancient Greek drama proved as magnetic as soap opera.
the Incoronazione di Poppea as compelling as Coronation Street.

At the time of the industrial revolution Britain’s ruling class suddenly decided that the
working class would have to be taught to read. in order to carry out the new kinds of instructions
made necessary by factories and machines. \Vhat the authorities did not realise was that they
were opening the doors to general literacy. People who could read technical instructions would
also be capable of reading other. very different kinds of literature. Their knowledge. thoughts
and views of the world would be expanded far beyond the instrumental requirements of work.

A parallel situation exists today. The government is worried because the UK s workforce is
poorly educated and trained compared with those of our industrial competitors. But the
qualities of knowledge, understanding and conceptual analysis required for excellence in
modern technologies such as electronics cannot simply be taken off the shelf and injected when
required like medicires. These qualities can only be supplied by people who are already well and
broadly educated. able to adapt themselves not only to learn specialised technigues quickly but
contribute to them as well. \Ve need to grow more of such people.

But the soil is not right. It shows in evervday talk. Art. intellect and culture are as taboo in
British conversation as religion. sex and politics are supposed to be. Art is too often
misunderstood as entertainment, decoration or good taste. It may contain any of these, or none,
but its essence is to illuminate, clarify and give meaning to human experience. Some countries
revere their artists and intellectuals as fervently as we do our footballers and pop stars.

There is in fact no fundamental divide between. sav. Antigone and East Enders. Both create
drama from the conflict of passion and principles. The practical difference is that the
entertainments-industry ethos has conditioned large masses of the population to the shallow
and meretricious because this is the easiest route to ratings and money. Truth is sometimes too
uncomfortable to be a marketable commodity. One result of this cynical manipulation of
audiences which are uncritical because poorly educated is that the familiar assertion “I know
what | like " really just means “! like what | know.”

In UK broadcasting the best products of art and intellect are presented self-consciously,
mainly through Radio 3. BBC-2 and Channel 4. in away that makes them seem exclusive.
Consequently many people see these networks as elitist cultural ghettoes and shy away
automatically as if from contamination. The coming break-up of the old patterns in
broadcasting could be an opportunity to heal this wound of misunderstanding in our society.
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Memory in small computers

Processors with 32bit buses address more ram than 16bit
equivalents, but more significantly they are changing the

s personal computers have increased
Ajn performance, and the cost of ram

1as fallen, the size of user memory has
increased from a few kilobytes to 640Kbyte
for MSDOS systems and up to several mega-
bytes for Unix-based computers.

But 32bit microprocessors are causing
more than just an increase in the amount of
memory that a computer can access; they
are also changing the way in which memory
is used. These processors and their co-
processors are powerful enough to handle
large programs requiring megabytes of
memory. They can also coordinate multi-
user. multi-tasking systems, again requiring
expansive memories for efficient operation.

Addressing ranges of 32bit processors vary
from about 16Mbyte to 4Gbyte and are
usually linear, i.e. all address locations are
continguous. Even with current low ram
prices, using the whole addressing range
with memory would be costly and probably
unnecessary.

One approach is to use the full address
range, but only part of it for ram. This is
achieved by having virtual memory, which
should not be confused with a virtual disc
system. The approach is not new, having
been developed several decades ago and used
by IBM in their 360 series mainframes. It is
currently used in some minicomputers.

In virtual memory systems, the bulk of
addressable memory is not in ram but on
hard disc. A floppy disc could be used instead
but speed and capacity would be greatly
reduced. To the user all the memory appears
the same but in reality. only that part of the
software currently being run is in ram; the
remainder stays on the hard disc.

Transfer of code and data between disc and
memory is done automatically by the com-
puter system and is unnoticed by the user.
For instance if the processor finds that the
next instruction, or data to be operated on, is
not in core memory (ram), it stops execu-
tion, returns to the operating system, savesa
section of ram content onto disc and loads
the required software section from disc. This
process is known as swapping.

In reality this is not a very efficient
process, although it is unlikely that the
typical user would realize that it was taking
place. In multi-user systems a co-processor
known as a memory-management unit,
which is sometimes built into the micro
processor, relieves the main processor.
When swapping is necessary for one user,
the management unit takes over but instead
of the processor waiting, it serves the second
user whose data is in ram. This clearly makes
more efficient use of processing time.

874

way in which memory is used.

RODNEY STUBBS

Fig.1. With segmentation, main memory
needs to be reorganized when there is no
room for a large segment. At (a), memory
reorganization is unnecessary when a
large segment in ram is swapped for a
segment on disc. But at (b), memory needs
to be reorganized as in (c) in order to insert
the large segment in ram. This reorganiza-
tion requires complex algorithms.

Matters are not quite so simple though.
There are two main approaches to imple-
mentation of virtual memory - segmenta-
tion and demand paged. Segmentation has
been in use longest and is easiest to imple-
ment. Demand-paged management needs
extra hardware and more memory overhead
but it is becoming more popular.

SEGMENTED MEMORY

Segmentation appeared with the 8086 pro-
cessor; later processors like the 80286,
80386 and Z8000 also handle segmented
memory. The technique involves dividing
addressable memory into a small number of
generally large segments which may vary in
size. These segments are swapped in and out
of ram, onto disc as required; but if large
segments are replaced by smaller ones,
usable memory rapidly becomes frag-
mented.

Complex algorithms are needed in the
operating system to match incoming seg-
ments with unused memory space, and even
then a large segment needing to be swapped
into the core can find insufficient con-
tiguous free memory. The operating system
has to totally reorganize the memory which
is an inefficient process, Fig.1.

-F

DEMAND-PAGING

Swapping large segments into small gaps is
not a problem with demand-paged manage-
ment, This method uses a large number of
relatively small and fixed-size pages; 512byte
and 1Kbyte pages are not unusual. One may
now has a very large number of pages but no
memory fragmentation, complex swapping
algorithms or memory reorganization.

Consider a 16Mbyte addressable memory
area with 32 768 pages. To hold all these
pages in ram would be wasteful so instead
address-translation tables are held in ram. In
the memory-management unit, there is a
register that points to the start of the
primary page table. This has for example 256
entries each four bytes wide, giving a total of
1024 bytes.

Each entry in the primary table points to
the start of a secondary page table having for
example 128 entries each four bytes wide,
taking in total one 512byte page. Secondary
page entries point to a page in memory so
the entire memory map needs only a
1024byte primary table pointing to 256
tables of 512 bytes each. This takes only
132Kbyte. which represents less than 1% of
the total address range. and most of that
could be on hard disc.

In a multi-user system each user and/or
program would have a primary table thus
each program would have its own mapping to
physical memory. Processors like the 80386
NS32000 series and Z8000 can handle
demand-paging. With demand paging. the
overhead is memory space, and not the
complex algorithms needed for segmented
memory.

Memory-management units still speed up
the swapping process by marking only pages
in ram that have been written to. Pages that
have not been written to do not need to be
saved on disc in the swapping process.
Further flags attached to each page can be
used to control access, such as read only and
supervisor-mode access only, so that users
cannot modify or overwrite critical code.

To summarize, 32-bit personal computers
with their large addressing ranges allow
more efficient use of memory, particularly in
multi-user, multi-tasking systems, through
the implementation of virtual memory.
Paged and segmented virtual-memory tech-
niques made practical by the increased
performance of 32bit processors are now
appearing in personal computers whereas
previously they were only found in main-
frame and minicomputers.
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Over the last four years, Acorn have
pioneered the development of RISC
(reduced instruction set computer)
architecture. The result is a machine that
forms the basis of a new family of high
performance computer systems from the
company that has brought us innovation
and quality on more than one million
BBC Microcomputers.

The new Acorn Archimedes range

competitive price
will make it the odds
on favourite for

MOS. ADFS, ANFS, Editor, Desk

Top Window Manager.
DISPLAY.

(15.625kHz/S0Hz non-interlaced).

Text 20 X 3210 132 x 25.

Palette 4096 colours.

Graphics resolution up to

1SO-Pascal, FORTRAN, Lisp, Prolog.
Modula-2 Plus available soon.
TERMINAL EMULATION.
Teletype, VT52, VT100, VT220,
Tektronix 4010.
PODULES.
User port, | MHz bus, A-D port,
MIDY, MS-DOS, |EEE-488, Ethernet.

business and low-cost DISC DRIVE.
tech.nlca.l workstation PLUS,
applications, as well
as for educational

and home use.

640 x 512 with 16 colours.
| Mbyte (unformatted) 3'4” drive.
RS423 serial interface Mouse,

Centronics parallel interface.
8 voice digital stereo sound.

&
Acorn®

The choce of ¢ \perience;

There are four models available,
ranging from £799+ VAT for the '2Mb

combines speed (4 mips) and
power equal to a network of
IBM PCAT’s with very fast,
high resolution graphics, up to
4Mb RAM and 20Mb of disc
storage. The extremely

version to £2499+ VAT for
the 4Mb hard disc version.
To find out which machine is
right for your particular
application contact Qudos
Limited, Acorns leading

ARCHIMEDES AWARD FOR ENGINEERING EXCELLENCE.

sciertific products dealer. Our experience
will make RISC technology a safe bet for
you.

Coming soon, Acorn’s new RISC
based ‘SpringBoard’ PC applications card -
VAX power on your PC or compatible for
around £1000. Call Qudos for preliminary
details.

Acorn Sales, Qudos Ltd, Cambridge Science Park, Milton Road, Cambridge CB4 4FD Telephone (0223) 862333, Telex 818114 Qudos G. Fax (0223) 862946
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icroprocessor-controlled
engine management

Rising fuel costs and tighter emission control legislation have led
to great advances both in engine design and in control systems.

lectronic components were finding
E their way into cars as long ago as the

1930s, in the form of valve radios. But
only in relatively recent years has electronics
begun to make an impact in the more critical
areas of engine control and anti-skid brak-
ing. The main reasons behind this are,
firstly, the reputation of reliability (or lack of
one) which the early systems had: and,
secondly, the high cost of the electronic
module compared with that of the fairly
basic mechanical system which was already
proven towork reliably.

Indeed the environment in which the
electronic modules have to survive is harsh,
to say the least —voltage transients of £300V
with time constants of 100ps and load
dumps of 100V with the time constant of
250ms. Further, the module has to be able to
withstand a continuous 24V supply, evenina
12V system, to take account of boost start-
ing. This puts very tight constraints on the
design of the voltage regulator for the
module. Indeed, any external input to the
module must be protected against these
excessive voltages.

On top of this, car manufacturers are,
quite rightly, insisting on failure rates for
any component of less than 100 parts per
million so as to guarantee a reasonable mean
time before failure for the module.

In recent years, however, enormous im-
provements have been made in semiconduc-
tor reliability and the requirements of the
engine control system have changed drama-
tically. These changes are due partly to
increasing fuel costs and a desire to develop
more power but predominantly to govern-
ment limits on permitted emissions from
new vehicles which must be met throughout
the life of the vehicle.

This has also created incentives for using
unleaded petrol, which causes the engine to
operate much closer to the detonation limit
(pinking) and therefore requires much more
accurate control. Detonation occurs when
the mixture under compression ignites too
early.

IGNITION

Currently the most common use of elec-
tronics in engine control is in the ignition
system. Systems can vary from the simplest
transistor-assisted and capacitive discharge
systems, which are available as retrofit units,
to the most complex microprocessor-
controlled digitally mapped system.

The transistor-assisted ignition (transis-
tor amplifier between contact breakers and
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coil) offers no real advantage over a conven-
tional system other than prolonged contact
life and the ability to change to a higher
energy coil (which extends the spark dura-
tion and helps break down fouled plugs).
Capacitive discharge offers the ability to
generate more ignition potential but at the
cost of a shorter spark duration. This is an
advantage at high engine speeds (e.g. in
racing engines) but is a disadvantage for lean
mixtures. However, it may improve starting,
especially with fouled plugs.

The contacts can be replaced with some
form of electronic switch, the most common
types being the Hall-effect switch, the
variable-reluctance (magnetic) transducer
and the optical infra-red switch. The optical
switch consists merely of an infra-red led
and receiver with some form of vane inter-
rupting the optical path between the two.
This has never really proved popular, except
in the retrofit market, because of the prob-
lem of dirt degrading the performance. The
Hall effect switch is fairly well accepted in
the industry and is currently used by a
number of car manufacturers including VW
and Ford.

By far the most widely used type of sensor
is the variable-reluctance transducer which
consists merely of a magnetic pole around
which is wound a coil of wire. This transduc-
er can be made to produce a pulse every time
a tooth on a metal rotor or gear passes the
pole of the transducer. This type of sensor is
very cheap and reliable but has the disadvan-
tage of producing output voltages ranging
from 500mV to 80V. depending on rotor
speed, and requires some fairly complex
electronics to discriminate the signal from
the noise. Figure 1 shows the type of
waveform output by this kind of transducer.

The most common application of the
variable-reluctance transducer is in con-
junction with the timed turn-on (variable
dwell) ignition system which is currently
manufactured as an encapsulated hybrid
module by AC Delco (GM), Lucas, Bosch.
Ducellier, and others. It is currently fitted to
at least one model in the range of virtually
every European and US car manufacturer.
This system is also known as breakerless
ignition (i.e. there are no contact breakers).
A major drawback of the conventional con-
tact breaker system is that the fixed dwell
angle causes the break current (and hence
the kV generated by the back e.m.f. of the
coil supply interruption) to drop off as
engine speed increases and at low battery
voltage the break current is again low (hence

the use of ballasted coils to aid starting).

The timed turn-on system overcomes
these problems, firstly by using a very low
resistance coil which achieves the required
break current very rapidly and maintains it
by a current-limit circuit until the spark is
required. Secondly. an electronic prediction
circuit determines how far in advance of the
spark the coil should be turned on (variable
dwell) to minimize the power dissipation in
the coil and module and yet still achieve the
required break current under acceleration
(Fig.2).

DIGITALLY PROGRAMMED
IGNITION

All the systems described up till now have
depended on the mechanical distributor to
determine the required spark advance as a
function of engine speed and load. In the
conventional distributor, the centrifugal
advance (advance versus engine speed) is
generated by two bob weights and two
springs which cause the top half of the
distributor shaft {(contact breakers) to ad-
vance in relation to the bottom half (engine
drive). This means that the most complex
curve which can be generated has only two
linearly advancing slopes.

Likewise the modification of spark ad-
vance with engine load is generated by the
vacuum capsule which uses the depression
in the manifold to drive a diaphram and
spring. This allows an effective linear dis-
placement of the centrifugal advance curve
between two limits of depression. This crude
but effective method of controlling spark
advance has proved adequate for many years.

Recently, however, concern about the
environment has led governments to impose
legislation on emissions. The catalytic con-
vertor has played a major role in controlling
emissions but has deleterious effects on the
efficiency of the engine and can only be used
with unleaded fuel. The real solution, there-
fore, lies in better control of the engine by
digitally mapping the ideal engine charac-
teristics and storing the characteristic in the
rom of the ignition and/or fuelling control-
ler. The advantages of this are immediately
apparent as we are no longer restricted to the
dual slope curve of the distributor, but the
complexity of the mapped surface (now a
true three-dimensional surface) is restricted
only by the amount of available rom and the
resolution of the timer and a-to-d converter.

Negative slopes (decreasing advance with
increasing speed) can also be produced to
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This programmable ignition controller designed for mounting in the engine compartment has an integral pressure sensor and

ignition-coil drivers.

avoid areas close to the detonation limit
without compromising the rest of the curve.
Figure 3 shows the most complex distributor
curve possible; it should be compared with
the far more complex digitally mapped char-
acteristic for a typical engine in Fig 4.

Early digital ignition systems were based
on custom i.cs and were ideal for specific
high-volume applications. Unfortunately
the custom approach lacked the flexibility
which car manufacturers require to change
engine characteristics at very short notice
and to change the function of the system for
different models of car. This is where single
chip microcontrollers come into their own:
their functions can be changed by simply
altering the software, and the engine charac-
teristics by modifying the rom data.

" TIME-BASED IGNITION

Microprocessor-based ignition systems fall
into two basic categories which | will term
time-based systems and angle-based sys-
tems.

In terms of the real-time tasks required
from the micro, the time based system is
certainly the simpler of the two. Generally it
is based on a Hall-effect transducer mounted
in the distributor or on the end of the
crankshaft. The waveform output from the
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transducer is an electrical replica of the
metal vane and is usually rectangular.

Figure 5 shows an example of a system
where a 50:50 mark-to-space ratio was
chosen. For a four-cylinder, four-stroke en-
gine, the mark and space both correspond to
90°; and here the positive edge is chosen as
the positional reference for the most re-
tarded timing (top dead-centre is used for
this example).

Engine speed can be derived by measuring
the high period of the waveform or the
period between edges, the inverse of which is
equivalent to speed. For the former method,
a timer structure with ‘input gated’ mode,
such as that available on the Motorola
MC6805S3, is ideally suited (see panel). In
this mode the timer will count while the
signal is high; and if this input is also
connected to the interrupt pin the negative
edge will indicate to the processor when to
read the timer contents and calculate the
engine speed. For the other method, the
interrupt pin alone may be used and the
timer read at every negative edge to deter-
mine the period. This has the drawback of
the interrupt latency (time taken to stack
machine status and begin execution of the
interrupt routine) which affects the accura-
cy of the measurement.

A better solution is to use a timer with an

500mV to 80"

@@// T/

Fig.1. Variable-reluctance (magnetic)
transducers are the most common type of
speed/position sensors used in engine
control, but they have the disadvantage of
producing an output which can rarge fram
500mV to 80V peak to peak depending on
engine speed.

0 1 2 3 b 5 5
ENGINE RPM «1000

Fig.2. Variable-dwell ignition significantly
improves the available ignition potential at
higher engine speed and during cranking.
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input capture facility, such as is available in
the MC68HCO05 family. This facility auto-
matically captures timer contents on the
occurrence of an external event and can be
made to interrupt the processor. The other
main input to the module is the load on the
engine which is derived from the depression
in the inlet manifold. This is generally
measured by some form of silicon strain
gauge pressure transducer, such as the
Motorola MPX. series which have on-chip
calibration and temperature compensation.
The analogue voltage dervied from this can
then be used to drive directly the analogue

inputs of the microcontroller’s a-to-d con-
vertor. Having yielded the engine speed and
load, this information is used to point into a
look-up table in rom which contains the
corresponding advance angle for optimum
performance. Owing to limitations on rom
space the look-up table is generally con-
structed as a matrix of, say, 64 points on the
speed axis by eight points on the load axis,
making a total of 512 locations (or bytes). As
the resolution of this matrix is inadequate by
itself, interpolation is performed between
the points in the matrix. Eight steps of
interpolation on each axis would then give

| Timerp (8bit)

| Timerg 1 Timerg
6 bitimsby  Lsb

Dipe-1i
!

Timer @bit}

an effective matrix of 32 768 locations.

Once the desired advance has been deter-
mined, a timer function is required which
will produce an output on one of the ports
when programmed with the desired firing
point relative to the most up-to-date refer-
ence point (the negative edge in our ex-
ample).

There are basically two methods of doing
this. The first is to load a timer at the
negative edge with the time from that edge
to the required firing point such that, when
the timer decrements to zero, it will inter-
rupt the processor or directly manipulate
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the port. Timers A.B and C on the MC6805S3
allow direct control of the ports in this way,
by means of the port-B toggle facility which
automatically toggles one of the port pins
when the time decrements to zero (see
panel). The second method is to use the
output compare facility (as on the
MC68HCO05B6), which will generate an in-
terrupt and/or directly modify the port when
the compare latch contents match the timer
contents.

The coil ‘on time’ (dwell) must also be
controlled. To achieve the same benefits as
for the timed turn-on system, a very low

resistance coil is used, with a current-

limited driver stage. At low speeds it is
sufficient to turn the coil on at the negative
edge. However, at higher speeds, when the
period is reduced, the coil must be turned on
sooner, to guarantee achieving the required
break current, by timing from the previous
positive edge (assuming the previous period
is known and no significant change in speed
has occurred). At high speeds, data from the
previous cycle is used due to the time
required to calculate the new advance angle.

ACCELERATION EFFECTS

Untilnow | have assumed that no significant
change in engine speed has occurred be-
tween one cycle and the next. But in reality
very significant changes can occur, and
accelerations of up to 6000 rev/min per
second have to be taken account of as well as
almost instantaneous decelerations.

In the example, the period between sparks
at 500 rev/min is 60ms and the processor
would therefore measure the high time as
30ms. To generate a spark at zero degrees
advance the processor would delay 30ms
from the negative edge before producing the
spark. In reality, however, with an accelera-
tion of 6000 rev/min per second, starting at
the negative edge. 30ms would actually
equate to 160.2° from the negative edge (i.e.
16.2° after top dead centre). Similarly, the
time at which to turn the coil on is predicted
from the previous cycle: and with accelera-
tions of this magnitude it is possible that the
coil should be turned off before it is even on.
Therefore, a balance has to be achieved
between the risk of losing a spark and
excessive power dissipation in the current-
limit stage controlling the coil.

Various methods can be used to compen-
sate for acceleration effects, including a
second order differential filter of the form

Torediction = At(0)+B.t(=1)+C.t{-2)
where t(n) is the current and previous
periods and A,B and C are carefully chosen
constants. This type of prediction may work
very well but it can never compensate for the
very first spark after the acceleration begins,
and one spark may be lost. It is in this area
that the angle-based system has a superior
performance.

ANGLE-BASED IGNITION

Angle-based systems generally use one or
twovariable-reluctance transducers as speed
and position sensors. Where two sensors are
used, one will produce the positional refer-
ence from two markers on the crankshaft
pulley (180° apart for a four-cylinder en-
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Fig.3. The most complex conventional dis-
tributor curve has linearly advancing
slopes with only two break points.

Fig4. Complexity of a digitally-mapped
engine characteristic is restricted only by 0 H T s 6
the amourt of available rom and the ENGINE R.PM. x1000
resolution of the a-to-d converter.

IGNITION ADVANCE (ENGINE DEGREES)
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Fig.5. Time-based ignition systems normally use a Hall-effect sensor and metal vane
mounted in the distributor or on the crankshaft. A current limit is required for the coil to
provide variable dwell.
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Fig.6. Angle-based ignition with missing tooth reference reduces cost of sensors and
eliminates the need for currentlimit.
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Built into another new microcontroller
from Motorola is a powerful timer system
which makes the device suitable for a
distributorless angle-based ignition sys-
tem. Included on the chip are an eight-
channel multiplexed a-to-d converter,
rom, ram, non-volatile eeprom, i/o and
an asynchronous serial interface. In this
case, the timer is a single 16-bit type, but
associated with it are two capture latches
and two output compared latches. The
eeprom may be used to store calibration

gine). The second sensor will monitor some
form of toothed wheel (usually the flywheel)
and produce more up-to-date information
on engine speed and position.

In systems using only one sensor, a special
toothed wheel must be used: usually it has
two teeth missing (180° apart) to indicate
the reference points. The missing tooth can
be detected either by an analogue means of
sensing the change in the shape of the
waveform (voltage is proportional to rate of
change of flux) or digitally by measuring the
change of period from one tooth to the next
(Fig.6). The effects of acceleration and decel-
eration on the period must also be consi-
dered when distinguishing the missing
tooth reference.

Engine speed can now be determined
easily by measuring the period between the
reference points or the period over a number
of teeth. Load is measured as before by a
silicon strain gauge pressure transducer,
and a look-up table is used to determine the
desired advance angle.

I term this the angle-based system be-
cause the timing to the required firing point
is done by counting the number of teeth
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New' high-speed c-mos device controls
distributor less angle-based ignition with
idle-speed control.

data for an individual module, or engine
data which may change from one model
to the next.

The diagram shows how an ignition
system might be implemented with this
device. No distributor is required for the
h.t. because the output comparators con-

from the reference, as these can be guaran-
teed to occur a fixed angle apart, irrespective
of speed fluctuations. The teeth alone,
however, do not generally give adequate
resolution for the spark and so extrapolation
is performed from the closest tooth prior to
the firing point. Data stored in the rom can
then be in engine degrees, instead of the
time equivalent to the angle for that particu-
lar speed, as in the time-based system.

In a system such as this, if the information
rate is high enough (i.e. less than 10°
between teeth), it is possible to simplify the
coil dwell control by controlling only the
‘coil-on’ point and turning it off automati-
cally at the required break current. This
requires that the coil rise time be measured
on every firing so that it can be used to
calculate the on-point for the next spark.

Unfortunately this is only half the story, as
speed and load are not the only inputs
required on modern ignition control sys-
tems. The ideal ignition timing will also vary
with temperature, compression ratio and
the octane and type of fuel used. For this
reason. temperature sensors are generally
mounted in the air inlet manifold and in the

trol a double-ended coil: both cylinders
fire simultaneously, one on the com-
pression stroke and the other on the
exhaust stroke. One of the two pulse-
width modulated outputs can be used to
drive the air bypass valve for idle-speed
control.

Current consumption of the micro-
controller, which is implemented in
high-density c-mos, will be less than
10mA. The device will be available in
1988.

engine coolant and are used to produce an
offset to the mapped timing. The hotter the
engine, the higher the compression ratio
and the leaner the fuel, then the closer to the
detonation limit is the engine likely to be
operating. This is especially true of turbo-
charged engines which compress and heat
the mixture even before it enters the cylin-
der, and of engines using on unleaded fuel.
For this reason, most modern ignition
systems incorporate knock detection cir-
cuits which retard the ignition on detection
of knock and bring it back slowly again
towards mapped timing. Knock detection is
based on a piezo ceramic sensor mounted on
the engine block and tuned to around the
characteristic knock frequency (approx-
imately 7kHz, depending on the engine).
The output from the sensor is then pro-
cessed by electronic filters and its amplitude
compared to a background reference to
determine whether knock occurred.
Pat Jordan B.Sc., is manager for single-chip
microcontroller units with Motorola’s
microprocessor applications engineering
department.

ELECTRONICS & WIRELESS WORLD



—
—

em— ottt
S— ———

— .

USED TEST & COMPUTER EQUIPMENT

FULL PERFORMANCE TO ORIGINAL SPECIFICATION
##% ALL ITEMS ARE COVERED BY OUR COMPREHENSIVE PARTS & LABOUR GUARANTEE tt#

LOGIC ANALYSERS &
DIGITAL TEST
EQUIPMENT

HEWLETT PACKARD
1630G Logic state &
timing.65ch. 100MHz
clock...£7950

4951A/1/100 Portable
Protocol Analyser for
serial data..£2500

TEKTRONIX
834 Datacom/Protocol
Analyser. . .£2000

OSCILLOSCOPES

PHILIPS

PM3266 100MHz Fast
storage.Dual trace dual
timebase...£2950

TEKTRONIX
2215 60MHz dual trace
with delay...£625

2445 150MHz four
trace.Dual timebase.
£2190

2465 300MHz four trace
with delay..£3200

7623A/7A18/7B53A 75MHz
Fast storage.Dual trace.
Dual t/base..£1500

SPECTRUM ANALYSERS

HEWLETT PACKARD
141T/8552B/8555A System
0.01-18GHz

.£7500 or with model
8445 pre-selector..£9000

3561A/001 Dynamic
Signal Analyser
....£7950

MARCONL

TF2370 110MHz analyser
with tracking
generator....£6850

SOLARTRON

1200 Dual channel L.F.
Signal
Processor/Analyser.
£7250

SIGNAL SOURCES

MARCONI
2019 1GHz AM/FM phase
locked.HP-1B..£2950

PHILIPS

PM5190 1mHz-2Mhz phase
locked.HP-1B

£1050

SPECIAL QFFERS

HEWLETT_ PACKARD
1630D LOGIC ANALYSER

State/Timing/Glitch
43ch. 100MHz.Clock mux
..£4250,

6ch.flatbed. Overlapping
pens. I/P voltages 1lmvV-
500V

..£500.

ATLANTIC RESEARCH
Interview
PROTOCOL ANALYSER

Int. memory + data
tape. Up to 19.2kbps
..£3250

MICRO DEVELOPMENT
SYSTEMS

INTEL

Series 2

Series 3

Series 4 & PDS series
systems are all
available.

CHECK NOW FOR BEST
PRICES:

HEWLETT PACKARD
64100A7041 Logic
development station.
....£3900

64600 Logic Timing
Analyser...£2500

A WIDE RANGE OF THIS
SERIES EQUIPMENT IS
AVAILABLE. CALL US FOR
THE LATEST INFORMATION!

COMPUTERS_AND
PERIPHERALS

CENTRONICS

353 200cps dot matrix
printer. Centr. & RS232
I/F. +NLQ mode ..£350

EPSON
FX100 Matrix
Printer...£325

MX100 Matrix
Printer...£195

HEWLETT PACKARD
7475AR/2 Eight pen
plotter HP-IB..£800

82901A Dual Disc Drive
HP-IB...£150

9817 Modular computer
workstation....£1800

9826A Technical computer
/ controller. Internal
disc...£1500

FULL SPECIFICATIONS OF
THESE ITEMS ARE
AVAILABLE ON REQUEST !

Prices EXCLUDE delivery
& V.A.T.

THE ABOVE EQUIPMENT IS JUST A SMALL SELECTION FROM OUR CURRENT STOCK

Stocks are always changing: If your requirement is not l1listed then

please phone:

WE MAY WELL BE ABLE TO HELP YOU !
WE ALSQO BUY TOP
UNDER UTILISED E

= 01-943 4477 grr— Carston'suy

CARSTON ELECTRONICS LTD. 3 Park Rd. Teddington. Middx. TW1l OAF Tel. 01-943-4477

UALITY
UIPMENT

Telex. 938120 CARLEC-G
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PINEAPPLE SOFTWARE

Programs for BBC computers with disc drive. FREE updating service on all software.

DIAGRAM

Stil the only drawing program available for Ihe BBC micro which gives you the ability to draw really large
diagrams and scroll them smoothly around the screen stopping 1o edit them at any time if required

Pineapple’s unique method of stoning the diagram information on disc means fhat the size of diagrams

mited only by the free space on disc.and not the amount of computer memory you have available. (A blank
80 track disc will allow up to 39 mode 0 screens of diagram)

The superb pnint routines supplied wilh the program enable large areas of the diagram to be printed ina
single print run n a number of different sizes and rotated through 90 deg. if required. Full use can also be
made of printers which have a wider than normal carnage available

The program s fully compatible with the Marcon: Tracker ball described beiow

PLEASE STATE 40 or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED
PRICE £25.00 + VAT

DIAGRAM UTILITIES

A suite of six utility programs which add additional features to the ‘Diagram’ drawing program The utiiities
include the saving and loading of areas of diagram to and from disc. The ability to display the whole of you
large diagram on the screen at one time (in either 4%4 or 88 screen format) The addition of borders and
screen indents 1o diagrams, and the ability to shift a whole diagram in any direction

PRICE £10.00 + VAT

PCB

This new release from Pineapple 1s a printed circuit board draughting aid which is aimed at producing
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix
pnnter

The program 1s supptied an EPROM and will run with any 32k BBC micro (including Master series). Also
supplied 1s a disc containing a sample PCB layout to demonstrate the programs features.

By using an EPROM for the program code the maximum amount of RAM is available for storing component

ocation and ASCII identification files etc. (Up to 500 components and 500 ASCIl component descriptions
may be stored tor a given layout). These is no limit to the number of tracks for a given PCB. although the
maximum size of board s restrcted to 8 * 5.6

Using amode 1 screen. tracks on the top side of the board are shown in red, while those on the underside
areblue Each side of the board may be shown individually or superimposed. A component placement screen
allows componeni outhines to be drawn for silk screen purposes and componenl numbers entered on this
screen may be displayed during track routing to aid identification of roundels

The print routines allow separate printouts of each side of the PCE in a very accurate expanded definition
11 0r 21 scale. enabling direct contact printing to be used on resist covered copper clad board

This program has too many superb features to describe adequately here. so please write or ‘phone for more
information and sampie prinouts.

PRICE £85.00 + VAT

MARCONI TRACKER BALL

This tugh quality device comes with it's own Icon Artmaster drawing program and utilities to enable it 10 be
used in place of keyboard keys. joysticks, or with your own programs,
For Model B & B+ {with Icon Artmaster) £60.00 + VAT Bare Trackerball (no soltware)  £49.00 - VAT
For Masler Series (with Pointer ROM)  £60.00 + VAT Pointer ROM available separalety £12.50 - VAT
PRP on Trackerballs £1.75

TRACKERBALL ADAPTORS

Converter ieads 1o enable the Trackerball to run mause software and the mouse 10 run trackerball soltware
inc. DIAGRAM). Please state which way round when ordering

PRICE £8.00 + VAT

ADFS Utilities ROM

ADU is a new produc! which will prove invaluable 1o all users of the ADFS {Including Winchester owners
The ADU Rom allows direct access to utilities which previously required the use of the ADFS utililies disc

Many nove| features are included in the commands allowing such facilities as the copying of all the files ona DF S
disc onto ADFS in a single pass and Backing up between discs of different size (including Winchesters)

There 15 also a very powerful sector editor with automatic correction of CRC bytes and a menu routine with over
30 possible operations on ADFS discs

Please wnte of ‘phone for more details.
PRICE £29.00 + VAT

MITEYSPICE

A new addilion to our range of engineening software. Miteyspice is a very powerful DC and AC analogue circuit
simulator package with graphic display for any model BBC computer

As well as all the usual facilities available with this type of program, non-linear effects. small signal, noise

measurements and sweeps may be performed. Component values may be swept, allowing component tolerances to

be investigated as well as thermal performance etc. Comprehensive transistor modelling is incorporated using a 20

parameter Ebers Moll description. The program is supplied on disc with a very comprehensive 49 page manual
Please write or ‘phone for more information.

PRICE £119 + VAT P&P FREE

ALL ORDERS SENT BY RETURN OF POST

iszl 39 Brownlea Gardens, Seven Kings, liford, Essex 1G3 9NL. = Tel: 01-599 1476.{‘

ENTER 7 ON REPLY CARD

@ 40input channels @ Data comparison facility
@ 36-bit trigger word - can be used with 8 or 16-bit @ Data report giving channel level
microprocessors @ RS232 and CENTRONICS printer interfaces
@ On-board disassembler for 6502, 6502C and 280. @ Timing waveform output to oscilloscope
@ Trace facility ® Complete with buffer module and 50-way connec-
® 10MHz operating speed tion leads
® 4 memory banks of 511 events @ |.C.testclipsuppliedforuse with non LJsystems.
@ 4 X 16 character LCD display
@ Trig/Trace set-up capability for 6502 and 280
ll
ENTER 56 ON REPLY CARD
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Transistors in parallel

Two potential solutions exist to the problems of providing
high currents at high voltages — large dies or parallel
high-voltage transistors. This article analyses the latter,

he increasing complexity of user ap-
I plications has led to demand for in-
creasingly high powers from conver-
tor and invertor circuits and therefore to the
need for high-voltage devices with ever
increasing current ratings. For these criteria
to be met by a single device, extremely large
dies are required. For example, a transistor
with VCEO > 400V and chsan at 20A/4A <
1.5Vwould reguire a diewith anarea greater
than 90Kmils® (> 300mils x 300mils) {>
7.5mm X 7.5mmj}.

The difficulty of producing a die attach
capable of withstanding power cycling with-
out reverting to expensive molybdenum
bases means that large area dies tend to be
extremely expensive and unreliable. An
altemative solution is to connect more than
one high-voltage device in parallel. This will
produce the required high voltages at re-
latively low cost, and without loss of re-
liability.

EQUALIZATION OF COLLECTOR
CURRENT DURING SATURATION

The most important electrical parameter in
the saturated operation of parallel connected
power devices is Vcgsar): Unequal splitting of
the current in the different parallel branches
results from the different Vigp of the
transistors. In addition, variation of Vgg on)
and Vg may have some effect since, if
one device carried a higher current, its
Viksan would tend to increase, so diverting
more base current to the other device.
Where two transistors have base currents
high enough to keep them in the saturated
area, the saturation voltage for each is
expressed by Veggan = o X fepisan-

When two transistors have to carry an
overall current, I, l¢; and l;; may be
calculated from the equivalent circuit shown
in Fig.1. It foliows that

| — VCElsat[
7 reEgsatn
Vegsay

low =
€7 Yepsanz

Tepgsant X VeEan2

where Veg i = 11 X TCE(sat)2

-7 TCEsat
A possible equalization may be achieved
by connecting, to the emitters of the transis-
tors, resistances whose values are high when
compared to the saturation resistance
Tepians N this way, the equalization of
collector currents is improved by a factor
Re/resan-
An evident limitation for this kind of
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with reference to current sharing.

SUE CAIN and RAY AMBROSE

equalization is the power dissipated in the
emitter resistances. For each transistor the
following is true.

PRE = SIEZ X RE
where S is the duty cycle.

When N transistors are connected in
parallel, N X Py has to be significantly low
when compared to the useful power, so that
the overall efficiency is not decreased too
much.

Figure 2(b) shows the behaviour of the
collector currents with emitter resistors and
Fig.2(a) without emitter resistors. Try has a
VCE(S&() Of 0.4\/ at IOA/2A. and Tr2 VCE(sal) Of
1.5V at 10A/2A. From these diagrams it may
be verified that the delta I¢ of 3.2A in the
unequalized condition is reduced to negligi-
ble values when two emitter resistances of
0.25€ are used.

The dissipated power, calculated for
§$=0.5,is

Py=2XSrp X 1g2=2x0.5%.25x 10°=25W

As a general rule, a voltage on the sharing
resistors of the same order of magnitude as
Vge (1 — 1.5V) is sufficient to obtain good
equalization in the saturation condition for
all the devices.

In this case, the total V¢gn, becomes
similar to the Vcgeay Of a high-voltage
Darlington, which has a much better cur-
rent capability for a given silicon area. The
use of a Darlington could, in some cases.
avoid the need to parallel transistors. For
example, one SGSD310 offers twice the
leian Of a standard device for a smaller
silicon area.

The experimental tests have been per-
formed using 2 or 3 samples connected in
parallel and considering in each case one or
two transistors respectively at the upper
VCE(sali limit.

The measuring conditions considered for
many commonly used devices are:

Ve = 300V

Ic = 10A for each branch of the paralle!
connection

Iy =2A

lg2=-2A

EQUALIZATION OF COLLECTOR
CURRENT DURING SWITCHING

With the parallel connection of high-voltage
transistors, the proper operation of the
devices during switching is of fundamental
importance.

This problem is not significant at turn-on,

Vee (sat)

Fig.1.The behaviour of two transistors car-
rying an overall current I

>
°
S
<
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z
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<
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=
| J
t 10-2ps/div)

Fig.2 The behaviour of the collector cur-
rents of two transistors without (a) emitter
resistors and (b) with emitter resistors

since the faster transistors tend to carry all
the load current; the consequent exits from
saturation would determine a limitation of
the current flowing through them. This
special feedback effect allows a good sharing
of the current in the parallel branches
during turn-on.

During turn-off, however, the currents in
the individual transistors can no longer be
controlled. Once the faster transistors have
been turned off, the devices with longer
storage times have to carry all the current
forced by the load.

During turn-off, high-voltage transistors
are normally subject to special base condi-
tions (high reverse base current required for
fast switching) which limits the maximum
energy that the devices can dissipate during
this time (E_). During this operating phase
the slower transistors. having to switch high
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Fig.3. Behaviour of the collector currents
at turn-off for two typical transistors with a
resistive load (a) and an inductive load (b)
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Fig.4. Turn-off currents for two typical tran-
sistors
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Fig.5. Two possible circuit precautions
enabling a good sharing of current in
saturation and switching conditions

Fig.6. Behaviour of the collector currents
for an inductive load of three transistors.

b (02ps/div)

current peaks. are subjected to especially
heavy voltage — current combinations. and
consequent dangers of operation outside the
safe reverse-bias operating area limits.

The electrical parameters that more
directly influence the turn-off (ty, g and
tan) in high-voltage devices are Vg gy at
working collector and base currents, and hgg
in the active area (closer to the current at
which the peak gain occurs). The transistors
used in the experimental work have there-
fore been selected not only for veg . but
also f()r hFE'

Figures 3(a) and 3(b) show the behaviour
of the collector currents at turn-off for two
typical transistors, both with a resistive load
and with an inductive load (with “clamp™).
The measuring conditions and the measured
electrical parameters for both transistors
are:

Parameters measurements

hee (4A.5V) = 20.4
Veeeay (10A. 2A) = 0.6V

Measuring conditions

Vac = 300V

lc = 10A for each of the
parallel branches

lgy = 2A hee = (4A,5V) = 20

lg2 = 2A Veesay (10A.28) = 0.5V

From the current behaviour it is clear that
hecause the transistors have been selected
showing the same Vg and the same hyg,
a perfect equalization is obtained during
switching with either resistive or inductive
load, without any special precautions.

One the other hand, Fig.4 shows the
turn-off currents for these two transistors,
different both in gain and in Vige. These
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waveforms have been obtained by equalizing
the collector currents with emitter resistors.
but without any special precautions during
the switching phase.

The transistor (Trs), featuring an hgg > 80
(at lc = 1A, VCE =5V}and a \'L-E(sa“ of 0.4V
(at Ic = 10A, Iz = 2A) is significantly slower
in “tyerage When compared to transistor Tr,.
featuring, in the same conditions, an hy 01
20 and Vg of 1.4V, Tt is clear that the
slower transistor (Trs) has to switch a high
current peak and is. as previously men-
tioned, more heavily stressed during this
phase.

Two possible circuit precautions enabling
a good sharing of current both in saturation
and in switching conditions are shown in
Fig.5. These provide equalization of storage
times even if the transistors have verv
different saturation and gain characteristics.

Improved collector current equalization
at switching is obained by limiting the
spread of storage times of the transistors.
The easiest way to achieve this is to mini-
mize the storage time so that the differences
hecome negligible. When a transistor is
prevented from going into hard saturation,
i.e. with base-collector junction not forward
biased. the storage time is inherently very
low. In the case of three parallel-connected
transistors, the devices have been selected so
that two of them show a low gain and a high
Viksan. therefore being much faster than the
third one, the latter being featured by a very
high gain and a low Vigeq. This is the worst

case, as the latter transistor has to switch
practically all the load current.

Figure 6 shows the behaviour of the
collector currents, for an inductive load on
three typical transistors selected according
to the previous criteria.

Measured parameters

hee, {1A.5V) = 50

Veegsay? (10A. 2A) = 0.45V

hees(1A,5V) = 20

Veeays (10A, 2A) = 1.4V

hego (1A.5V) = 20

Veeways (10A, 2A) = 1.4V
To achieve high-current devices, manufac-
turers parallel transistor dies within a single
package. No particular precautions are
needed. as the dies used are neighbours from
one wafer, so all their parameters are. by
definition, well matched. The designer may
thus treat these multi-chip devices as a
single transistor in any circuit conditions.

The need for emitter ballast resistors is
eliminated if a suitable safety margin is
allowed in design. For good sharing the
devices must be prevented from oversatura-
tion. This is achieved by the Darlington
connection of a driver transistor, with the
added bonus of increased forward gain. The
use of high-voltage Darlingtons in place of
transistors is a distinct advantage, and when
even higher currents are required the para-
lleling of Darlingtons will be less critical
than transistors.

Sue Cain is with BA Electronics and Ray
Ambrose at SGS
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Microstrip and
s-parameter design

This brief introduction to microstrip, s-parameters and
simple amplifier design leads to a practical example of how
to design a narrow-band microwave amplifier.

he basic structure of a microstrip line

I consists of a grounded backplane and a
narrower top conductor separated by a
dielectric. In theory the groundplane should
be infinite but in practice a width of several
times the top conductor is sufficient. For the
purpose of this article it is assumed that the
thickness of the conductor is negligible
compared to the thickness of the dielectric.
For most practical situations this is the case.

When making reference to a transmission
line structure it is common to consider it in
terms of lumped elements representing the
capacitance per unit length and inductance
per unit length of the structure. In this way
distributed characteristics may be repre-
sented in a manner easily acceptable to most
engineers. It is possible, at least conceptual-
ly, to treat a microstrip line in a similar
manner. Figure 2 demonstrates the concept
of treating a microstrip line similarly to
most other transmission line structures and
from this it can be seen how it is possible to
represent the microstrip very basically with
asimilar lumped element network.

The characterstic impedance of this net-
work is found from the familiar relationship
Z,="V L/ C.Consider for the moment only
the field within the dielectric. The wider the
strip the greater will be its capacitance per
unit length but also the smaller the induct-
ance per unit length. Conversely, the nar-
rower the strip becomes the greater the
inductance but the lower the capacitance.
The geometry of the line thus determines
the L and C values of the lumped model.
Likewise, the greater the thickness of the
dielectric the lower the capacitance but the
higher the inductance and the thinner the
dielectric the higher the capacitance but the
lower the inductance. It transpires that the
ratio of the width of the strip to the thickness
of the dielectric (W/h) determines the impe-
dance of the line for a given dielectric.

This all assumes that there is a
homogenous medium surrounding the line
and that the structure supports transverse
electromagnetic waves (t.e.m.) similar to,
say, a coaxial structure. This is not the case
as can be seen in Fig.3. The electric field is
distributed between the dielectric and sur-
rounding air. This distribution of field is a
function of the line width and frequency, and
gives rise to an effect known as dispersion
whereby the line behaves differently at diffe-
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Fig.1. Structure of a microstrip, consisting
of the conductor, dielectric and back-
plane.

Fig.2. Analogous behaviour of a microstrip
with inductance along the length and
capacitance through the substrate.

Fig.3. Electrical field surrounding a mic-
rostrip. The distribution of the field gener-
ates dispersion which varies with fre-
quency.

Fig.4. incident and reflected waves in a
transmission line.

rent frequencies. This will not be considered
in detail here. The distribution of the fields
in the air and dielectric give rise to longitu-
dinal modes. hence the structure does not
support true t.e.m. propagation.

The full relationship between the impe-
dance of the line and its geometry requires
extremely complex analysis but a number of
researchers have worked on closed-form

expressions derived by assuming a number
of conditions.

One such set of expressions have been put
forward by Gupta, Garg and Chada* and are
reproduced below.

For the synthesis of a microstrip line of
given impedance:

A=Z/60[(k+1)/2]"2+ (k-1) (k+ +1)
(0.23+0.11/k)

B=607/Z,V'k .
ThenforA > 1.52:
h= BexpA

A)—
andforA< 152 (P 2A2
W/h=2/7{B-1-In(2B— 1)+ (k-1)/2k

[In(B-1)+0.39-0.61/k| }

where Z, is the characterstic impedance of
the line required and k relative dielectric
constant of the dielectric.

This is largely an empirically derived set of
formulae assuming that the conductor
thickness is negligible and that there are no
surrounding conductive walls. The origina-
tors estimate their formulae to be accurate
to about 2%, a claim I have found reason-
able.

Due to the distribution of the fields be-
tween the air and the dielectric the apparent
dielectric constant of the substrate material
does not remain constant over any geometry
line but varies with the W/h ratio. This gives
rise to an “effective dielectric constant” and
the same researchers have produced closed
form expressions to calculate its value:

K= (k+1)/2+(k—1)(1+10h/W) 2.
To calculate the effective wavelength of a
wave travelling down such a structure this
value should be used instead of the more
familiarki.e.

Ag= )\ﬂ/\/K—e“‘

where A, is the wavelength within the
microstrip structure and A, is the wave-
length in free space.

S-PARAMETERS AND THE
SMITH CHART

To lay the foundations for any consideration
of active devices it is worthwhile introducing
S-parameters and their relationship with the
Smith chart. S-parameters are associated.

*Computer-aided design of microwave circuits. Artech.
House, Boston, 1981.
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Fig.5. Smith chart is used to calculate reflection coefficients and derive the input
impedance and transfer characteristics of a device.

with the transmission and reflection of
waves rather than voltages or currents inde-
pendently.

Consider any two-port network embedded
into a transmission line system (Fig.4).

By convention waves travelling towards
the network are labelled ‘a’ and waves
travelling away from the network are label-
led 'b’. Thus ‘a’ is considered as the incident
wave and ‘b’ the reflected wave.

If one assumes that the two-port is per-
fectly matched to the impedance of the input
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and outpul transmission lines, Z,, then
there will be no reflected wave i.e. b, and b,
will have zero magnitude and phase.
Assuming that the network is not perfect-
ly matched to Z,, but that its interaction with
the incident waves may be described by four
parameters S;,, Sy), S;3 and S,; we could
arbitrarily define a relationship as follows:

by =8,,a,+83a,
b- '-Sg,a1+822a2

and hence define the parameters as

radio test set.
ENTER 200 ON REPLY CARD

radio test system.

— bl bI
n=a, 312 ay
521=:“f322 2—§
where a,=0 implies that the output is
perfectly matched to the external transmis-
sion line and likewise a; =0 implies that the
input is perfectly matched to the external
transmission line.

From this S;; is thus the input reflection
coefficient of the network, Sy is its gain, S,
the reverse gain and Sy, is the output
reflection coefficient.

The value of such a set of parameters is
immediately obvious when one considers
that to obtain, say, the maximum gain from
a transistor its input and output ports must
be conjugately matched to the surrounding
transmission lines. The value of S;; and S,
convey the disparity between the line and the
devicei.e. they describe the reflection coeffi-
cients which must be matched out.

Reflection coefficients are represented on
a Smith chart as vectors (see Fig.5).

Taking a totally arbitrary value of, say, S,
as0.56 £112 (in polar form)

This is the input reflection coefficient of
the device and hence, normalized to a 50Q
system:

Sn=0562112=2=1
: Z+1
where Z is the input impedance of the device
which may be read directly from the Smith
chart as 0.4+0.6j (or 20+30jQ). Working
backwards:

(0.4+0.6j))—1 _ —0.6+0.6j

(0.4+0.6))+1 — 1.4+0.6j
and converting to polar form:

w A822L35 L0 56z,

— 1.52223

Hence if Sy, is known then the input
impedance of the device can be derived.

As S-parameters are found using wave
techniques on transmission lines they are
relatively easy to measure and hence the
terminal impedances and transfer character-
istics of a device may be found with compara-
tive ease and accuracy.

Steve Smith is with Castle Microwave Ltd. of
Twyford, Berks

2958 TACS, 2956 NMT, 2957 AMPS automated cellular
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PRACTICAL EXAMPLE: DESIGN OF ANARROW-BAND 5GHz AMPLIFIER USING NE72084

The simplest way to introduce microstrip
techniques into amplifier design is by way of
single stub matching. This gives rise to a
narrow band design but is, in fact, a techni-
que ofien used.

The basic circuit is illustrated in Fig.6. The
values of of L, to L, are required and are
found as follows.

The input and output reflection coeffi-
cients (S, and S,,) may be found listed on
the device data sheet These are first plotted
onto a Smith chart (see Fig7) and the
following processes are executed:

O.13N

1. The constant v.s.w.r. circle is drawn from
the centre of the chart such that the required
value of S;; lies on this circle.

2. A stub presents a parallel admittance to
the device so it is easier to work in the
admittance plane rather than with impe-
dances. The conversion if done by drawing a
radial line from the plotted value of S, to the
opposite side of the constant v.s.w.r. circle.
This pointis labelled S,, ..

3. Continue the radial line to the outer
“wavelengths towards the generator” circle
and note the value so indicated; in this case
0.17 wavelengths.

4. Move around the constant v.s.w.r. circle to
its nearest intersection with the unity
conductance line (point A on Fig.7). Draw a
radial line through this point to intersect the
outer wavelengths circle and read off the
value indicated. In this case 0.19 wave-
lengths. The difference between these va- .. 5 ¢4)cylation of a stub matching network. Reflection coefficients of the fetare used to

lues is the length of the line required in . .
position L, ie 0.02 wavelengths. find the required wavelengths.

5. The admittance at this point may be read
I

from the chart directly as: L 4
L |
1+2.1j. | !

This susceptance of +2.1j must be cancel-

1 ! = = "—0
)
led by presenting a negative susceptance of . - J__l__[ T
—2.1j at this point To find the length of line FL T— ] ‘
L2
.

required to achieve this draw a radial line L
through the —2.1j point at the edge of the
chart ot the wavelengths circle and note the M.

value (in this case 0.321 wavelengths).

continued over page Fig.6. Basic constructicn of a singla-stub matched amplifier. ’
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A short circuit line presents an infinite
conductance therefore to find the length of
short circuit line required to produce the
necessary admittance calculate the dis-
tance from the infinity conductance point to
that found above. In this case 0.32 - 0.25 =
0.07 wavelengths = L,.
Repeating this process for the output
produces:
L;=0.08 wavelengths
L,=0.11 wavelengths

As calculated, all of the above line lengths
are difficult to fabricate. One revolution
around the chart is half a wavelength, arriv-
ing at the same admittance. If, therefore,
multiples of half wavelengths are added to
the stubs then their admittances will remain
unchanged. Thus:

L;=0.52x

L,=0.57A

L;=0.58\

L,=0.61A

If the stubs are r.f. grounded with capacitors
then this also makes a convenient point at
whichtointroduce d.c. bias.

Converting to microstrip: Assuming RT/

Duroid 6010 substrate material with a rela-  Thus: Ao=6cm (wavelengthin air)
tive dielectric constantof 10.5and thickness  and A=6/V 712 = 225mm
of 0.635mm and using the formulae de- hence: ¢
scribed: ence  (,=1170mm
W/h=0.91 L,=12.83mm
e L3;=13.05mm
Sr=0.58anm L,=1373mm
and K =712, and the complete circuitis as Fig.8.
11-7 13-05
0-58 | 10'58
l ' ' d.c. block
dc block o |—o
L !
’ 1373

Capacitors should present a low impedance
{about 30p)

Fig.8. The completed amplifier. The NE72084 fet comes from NEC.

urope’s first GaAs
microwave foundry chip

Prototype gallium arsenide microwave amplifier shows
how companies without their own fabrication facilities can
benefit from foundry-produced monolithic technology.

to obtain competitive production

costs for GaAs devices many com-
panies are offering their process in a so-
called foundry mode', which has been used
successfully to produce silicon devices for
several years. The fabrication company
makes their design rules available to another
company, which may not have a volume
processing capability. The user has full
responsibility for the design which he sub-
mits to the foundry for fabrication. Particu
larly if the user mounts and tests the devices
himself, he can achieve custom devices to
his own design at a very reasonable cost
which, for volumes as low as a few hundred
parts, can compete strongly with hybrid
components. This route was used to produce
a 2 to 6GHz gain block as a monolithic
circuit.

B ecause of the high investment needed

AMPLIFIER DESIGN

Désign information was obtained from the
foundry, Plessey Three Five Ltd. This con-
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JONATHAN M.C. NICHOLAS

sisted of data on the active devices and
equivalent circuit models for the passive
components which could be fabricated by

I

the process. A specification for his device was
based around our systems companies’ re-
quirements for a broad band gain block and

Three cascaded monolithic amplifiers are incorporated in the Thorn EMI 2 to 6 GHz
microwave amplifier compared with the much larger amplifier itreplaces. Apart from the
reduction in size, there is a 30:1 reduction in the number of component bonds required,
with a saving in both assembly time and cost

ELECTRONICS & WIRELESS WORLD




are listed as follows:

frequency 210 6 GHz

gain > 12dB

gain flatness < +0.5d8

noise figure < 6dB

output power > 13dBm at 1dB compression
vswrs <20

stability unconditionally stable,

The 0.9um fet offered by the foundry has a
maximum available gain of about 10dB at
6GHz. the highest frequency required, but
there is a considerable gain slope. It was
decided that a two stage amplifier would be
required with extensive feedback to achieve
the gain and match performance.

A powerful feedback technique for achiev-
ing very broad band performance is de-
scribed by Niclas®. They use a parallel feed-
back which consists of a resistor and an
inductor in series. Because of the phase
change of the feedback with increasing
frequency, it is possible to implement nega-
tive feedback at low frequencies and positive
feedback at the higher frequencies. Hence a
flat gain can be achieved over a wide band-
width, even if the transistor is near to
cut-off. The effect of this inductor/resistor
feedback is shown in Fig.1; the maximum
available gain of the circuit shown is given
for various values of the drain series line
length, 8y, and for the fet alone. It can be
seen that 2004} of resistance in series with
30° of delay gives a maximum gain which is
approximately flat.

The topology of the circuit is, essentially.
fixed by the bias requirements for the tran-
sistors. In order to apply a bias voltage to the
terminals of the fets it is necessary for there
to be an r.. path to ground from each
terminal of the transistor, and a blocking
capacity between each stage. Initial design of
the circuit was performed quickly, using
conventional amplifier design techniques
and microwave cad software.

The detailed design largely followed the
procedures outlined by Suckling®; care was
taken to evaluate the full equivalent circuit
model of each component realised in mono-
lithic form. The diagram of the amplifier
circuit is shown in Fig.2. Each of the lumped
monolithic components enclosed by a box
was in fact represented by an equivalent
circuit model in the simulation file. The
transmission line dimensions are shown; the
electrical characteristics were calculated
from information given in the design guide.
In most cases the associated parasitics have
an adverse effect on the amplifier perform-
ance and some re-optimization of the circuit
element values was required. A large amount
of the optimization was done manually by
“tweaking” a few component values, rather
than by using an optimizer. This was found
to be more efficient as it reduced the
possibility of producing a circuit which was
highly sensitive or difficult to lay out. The
sensitivity of the amplifier performance was
checked to ensure that it would remain
acceptable despite any process variations
occurring during fabrication.

Layout The foundry provided cells contain-
ing active and passive devices which could be
used as the basis for the layout. However, the
layout and verification was carried out by
hand on a simple graphics editor. The
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Fig.1. Gain againstfrequency for a field-effecttransistor with feedback.
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Fig.2. Circuit diagram of a wideband microwave amplifier. All components in boxes
can be entered as circuit model elements in a computer-aided circuit design and

Fig.3. The completed amplifier Jayout The gallium arsenide chip is only 1.4 by 3.2mm.

finished amplifier is shown in Fig.3; no
attempt was made to condense the size of the
circuit greatly at this stage so the circuit size
is 1.4 x 3.2 mm. In addition to the process
control monitors required hy the foundry a
variety of test patterns were included. both
for possible debugging and for the design of
future circuits.

VDEVICE_FABRICATION

The tape. as supplied to the foundry. was
checked for compatibility with the process
design rules by a computer auto-checking
routine. Process control monitors and align-

ment marks were added hefore mask
making.

The process was developed specifically for
m.m.i.cs and is based on direct ion-
implantation into two-inch diameter lLe.c
wafers. The depletion-mode recessed-gate
fets had a minimum gate length of 0.9um,
and employed a two-level metallization
scheme. The metal layers were separated by
a composite polyimide/silicon nitride dielec-
tric layer which enabled two types of m.i..
capacitors to he fabricated. The top level
metallization, designed to exhibit low loss.
was patterned by dry processing methods.
Finally, wafers were passivated using a
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second layer of silicon nitride and thinned to
200pm before scribing and dicing.

RESULTS

Initial d.c. testing by the foundry customer
showed a high yield and a good uniformity
across the wafer. Chips were selected ond.c.
performance only for mounting and bonding
into specially designed microwave test fix-
tures.

To date several samples have been tested
at r.f. and all performed well; the perform-
ance was very close to what was simulated. A
dip in gain at about 1.7GHz was due to an

off-chip resonance in the bias supply on the
test fixture and brings the amplifier slightly
out of specification at 2GHz. In other aspects
the device has met the required perform-
ance. Two hybrid modules have been con-
structed, each containing three cascaded
devices and a minimum of external compo-
nents. These modules give 30dB +1.5dB of
gain and have terminal matches of better
than 2:1 over 2-6GHz. The 1dB compression
point was nearly 16dBm at 6GHz.
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Low-noise microwave transistors

Increasing electron mobility in field-effect transistors
allows increased gain while keeping noise-level down.

igh electron-mobility transistors are
Hused in microwave applications. They

have a noise factor of 0.9 to 1.2dB and
a 10 to 12dB gain at room temperature.
Intended for use in the 4 to 30GHz band,
they find application in satellite broadcast-
ing. They can replace mesfets and offer an
enhanced performance in microwave ampli-
fiers.

They are constructed in gallium arsenide
using molecular-beam epitaxy or metal
organic chemical vapour deposition. Several
semiconductor manufacturers, notably
Gould in the U.S. and many in Japan, are
developing and producing the devices.*

Mesfets, despite improvements, appear to
have reached the limits of their perform-
ances, and although the hem transistor is
more expensive to produce, it is able to take
over where the mesfet leaves off. It can offer
lower noise, higher gain and larger mutual
conductance (G,;,) than a mesfet but these
effects can be reduced by the effects on
electron density caused by lattice vibration
caused at higher (room) temperatures.

The greater G, of the hem transistor has
not yet been fully explained. Ina convention-
al fet the gate contact makes a Schottky
barrier on the GaAs surface. A depletion
layer is produced at the gate junction which
is controlled by the voltage at the gate and in
turn controls the flow of current from
source to drain. G, is found by

u.n
Grox—

where L is the gate length, u is electron
mobility n is the carrier density. Larger G,
can be obtained by shortening the gate
length, increasing the electron mobility or
making the carrier density larger. These last
two options are mutually contradicting as
the channel in which electrons move is the

* Gould’s microwave division has since been sold to
Litton Industries, represented in the UK by March
Microwave of Braintree, Essex.
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n+ AlGaAs
(S1 doped)

Secondary electron gas

Undoped GaAs

Substrate

A concentration of electrons induced in
the undoped layer of the hemt becomes
highly mobile.

same as the carrier supply layer which
decides the carrier density. A large amount
of doping would promote higher electron
diffusion and cause lower mobility.

The hemt has a gate layer of AlGaAs doped
with donor atoms of silicon. Electrons freed
by the ionization of this layer accumulate on
the lower undoped side of this layer between
it and the undoped GaAs channel layer. This
induced electron concentration then acts as
the carrier which is still under the control of
the gate voltage. Unlike the conventional fet,
a high level of impurity doping in the AlGaAs
layer can ensure greater mobility.

An additional factor is the lattice structure
vibration caused by temperature. Diffusion
caused by such vibration can reach a level
where it can equal the effect of the impurity
level doped into the substrate. This reduces
the channel electron density to that of a
mesfet. The high mutual conductance is
perhaps explained by higher electron mobil-
ity. Even with a high lattice vibration, the
hemt offers an advantage due to the reduced
level of impurity doping in the carrier
channel. Reports have shown a 20% increase
in mobility compared with that of a GaAsfet.
The effect is further enhanced by careful

control of the manufacturing techniques
with the establishment of control over the
impurity doping levels, leading to high yield,
better reliability and lower cost.

Experiments are under way for replacing
the AlGaAs doped layer with superlattice
materials with a thin superlattice in the
undoped buffer layer. Another possibility is
the alternating of doped AlGaAs and un-
doped GaAs layers in a superlattice. Each
layer would be very thin (1.5mm) and yet it is
thought that this structure will improve the
efficiency of the transistor and be easier to
make using molecular-beam epitaxy.

Two particular areas are suitable for hemt
application. High quality amplifiers in the 4
to 30GHz range; and, as the costs reduce,
replacement of conventional fets. Sony, for
example, are aiming at the second option
while reviewing the higher performance
versions. Mitsubushi is aiming at the high
frequency application and has found the
production of the devices not as expensive as
they thought it might be. Many other manu-
facturers are planning to market the devices
for satellite systems, including transmission
inthe Kaand Kubands.

The transistor is now available as a dis-
crete device, though both Fujitsu and Toshi-
ba have engineering samples of an integra-
ted amplifier constructed using hem techno-
logy. Fujitsu has produced a four-part ampli-
fier with a noise figure of 1.66dB and a gain
of 38dB: 17.7 to 19.7GHz at —55°C incorpo-
rating two hemts. Toshiba have also produ-
ced an amplifier in this band with noise
<2dB and gain of 47.2 +0.7dB, but built
from six parts.

In the power microwave field, Gould
(Litton) engineers have produced a device
with multiple-feed gate structure which
achieves a gate resistance a fraction of that of
other devices, with a corresponding reduc-
tion in noise figures. It is expected that the
device will operate to about 30GHz with 6dB
maximum gain.
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The Archer 780 &BC

The SDS ARCHER — The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

* OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of /0 &
memory extension cards.

from £185 + VAT.
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The Bowman 68000 &SHC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply

and case.
from £295 + VAT.
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Sherwood Datadystems [id

Sherwood House, The Avenue, Farnham Common, Slough SL.2 3JX. Tel. 02814-5067

HIGH QUALITY - LOW PRICES e A SELECTION MY LiSTED
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' S O I akraniin

1

Army tield telephone sels

- o » (¥ Don 10 Telephone Cable
| o ’ o ! ¢ B Night Viewing infra - red
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‘ \ loscope COUTSO(CTSIN D) €150 w , w1 frequency counter 116 ) Tekironix plug-m s
4+11GHz SATELLITE TV RECEIVING EQUIPMENT “

RECEIVERS, LNB’s, LNC's, FEED HORNS, '
ANTENNAS, ANTENNA POSITIONERS, P G RADIO, WHITENALL WORKS. -

POLOROTORS, LINE AMPLIFIERS, ETC. BRADFORD. 8511 SER TEL WO (0274) 884007,
For further details contact Racal Solid State Communication Recewers - WANTED: TTESTE NT
HARRISON ELECTRONICS Rocan RAITL Communation Recewers A17C 5 Y R ECEIVING AND TRANSMITIING
Century Way, March, Cambs. PE158QW Tel" (0354) 51289 EOUIEMENT,
ADVANCED ACTI WRONG TIME?
ADVANCED ACTIVE AERIAL fingy 2 MSF CLOCK |S EXACT

S W . 8 DIGIT display of Date, Haurs, Minutes and Seconds
e, SELF SETTING at switch-on, never gains or loses, automatic

; GMT/BST and leap year, and leap seconds
EXPANDABLE to Year, Month, Weekday and Milliseconds and

use as a STOPCLQOCK to show event time

The aenal consists of an outdoor head unt with a control and powes unit anc offers COMPUTER or ALARM output also, parallel BCD (including
exceptional mntermodulation performances: SOIP +90dBm, TOIP +55dBm. For the first Weekday) and audio to record and show time on playback
time this permits full use of an active system around the If and mf broadcast bands N L
where products found are only those radiated from transmitter sites DECODES Rugby 50KHz atomic time signals, superhet receiver
® General purpose professional reception 4kHz - 30MHz (available separately), built-in antenna, 1000Km range

® —10dB gain, field strength in volts/metre to 50 Ohms e : .
® Preselector and atienuators allow full dynamuc range to be realised on practical LOW COsT, “fm to-build kit (ready-made to order) with receiver
recewvers and spectrum analysers. ONLY £97.90 includes ALL parts. pcb, 5x8x15 cm case, by-return

® Noise — 150dBm in 1Hz. Clipping 16 volts/metre. Also 50 volts/metre version postage etc and FREE 'Kit News'. Get the RIGHT TIME.

SURREY ELECTRONICS LTD.,
The Forge, Lucks Green, Cranleigh, Surrey GU6 7BG.
Tel: 0483 275997

CAMBRIDGE KITS

45(WJ) Old School Lane, Milton, Cambridge, Tel 860150
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ab-lfo/t
TRAINING FOR TRAINERS

LAB-VOLT will be conducting a series of one day seminars on the
following technologies:

e ROBOTICS - CONTROL

e DIGITAL - MICROPROCESSORS

e ELECTRICITY — ELECTRONICS

e CIRCUIT CONSTRUCTION

e TELECOMMUNICATIONS
Audio visual presentations and hands-on experience will be the main part of
the seminars.
A certificate of achievement can be obtained upon satisfactory completion
of a voluntary multiple choice test.

Please contact LAB-VOLT on 0480 300695 or by fax on 0480 61654
for costs and dates.

Lab-Volt, Unit 6 Cromwell Mews, St. lves, Cambs PE17 4BH, England
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RACKMOUNT CASES

IEEE488

Technology that hits the mark

e For IBM-PC/XT/AT/IC/RT6150 e HELP functions, SYNTAX
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All prices include Postage & VAT Cheques, Postal Orders Payable to
J. D. R. Sheetmetal, 131 Grenfell Road, DEALER + OEM WELCOME

Maidenhead, Berks SL6 1EX. Maidenhead 29450.
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or two minutes on July 21, 1937 the
Fradio waves fell silent. In that unique

way was commemorated the death on
the previous day of Guglielmo Marconi, the
international superstar of radio communi-
cation.

Marconi was born on April 25, 1874 at
Bologna in Italy of a well-to-do ltalian father
and a Scots-Irish mother. He is said to have
been a rather solitary child and much of his
early education came from private tuition.
He did not start school until he was twelve.

After a time at the Technical Institute of
Leghorn (Livorno), he left full-time educa-
tion without qualifying for a place at either
the University of Bologna or the Italian Naval
Academy, both of which were on his father’s
list of priorities for him. Father was not
impressed.

By that time Marconi had developed an
interest in physics which was not to be
denied. At the University was Professor
Augusto Righi. He was known to the family
and he allowed Marconi access to his labor-
atories, lectures and books.

Righi is not very well known now. But he
was a master scientist and, iike Oliver Lodge
in Britain, he was one of the few who really
understood what Heinrich Hertz had
achieved when he demonstrated the genera-
tion, propagation and reception of what had
become known as Hertzian waves — i.e.
electromagnetic or radio waves. Perhaps
Marconi gained more from entering the
university by the back door than if he had
gone in through the front.

Hertz died in 1894 and Righi’s obituary of
him is said to have convinced Marconi that
Hertzian waves could be used for com-
munication. The basic requirements already
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father of radio
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existed but they needed to be brought
together and have life breathed into them.

Although others had superior scientific
understanding and were in a better position
from which to achieve radio communica-
tion, it was Marconi who had the vision.

From Righi he learned how to generate.
radiate and detect the waves. The usual
receiving detector then available was the
coherer, made of metal filings packed into a
glass tube. It was invented by Edouard
Branly in France and it became the main
detector for the first ten years or so of radio
communication. In London, Lodge gave it
prominence in a lecture in honour of the
recently deceased Hertz. That, and a subse-
quent lecture, were published and became
well known. Lodge, by the way, had come
very close to beating Hertz to the discovery
of electromagnetic waves.

Working in his father’s attic. and with
little encouragement from the man who was
paying for his tinkering, Marconi dramati-
cally improved the performance of the
coherer. He also improved on Lodge’s and
Righi's spark-gap transmitters and redisco-
vered the principle of earthing one side of his
transmitter whilst using an elevated metal
object to act as an aerial. This had been
previously krown to Amos Dolbear in Amer-
ica who had come tantalisingly close to
radiotelegraphy (and telephony) a dozen
years before Marconi even began.

With these improvements Marconi moved
from the attic to the garden, and from the
garden to the fields. There he achieved
transmission over one and then two
kilometres in 1895. The earth connection
and the elevated aerial had moved him from
short waves of a metre or less to much longer

waves and greater distances.

It has often been said that Marconi excel-
led not so much at original inventions but at
improving dramatically the inventions of
others. That he most certainly did, but he
coupled it with an ambition to achieve radio
communication over ever increasing dis-
tances. It has been suggested that, in the
early days, this drive may have been in part a
desire to impress on his father that he could,
in fact, do something other than fail to get
into the university and the Naval Academy.

MARCONIIN BRITAIN

The Italian telegraph authorities rejected an
offer to take up the new invention and so
Marconi turned to marine communications
as being the obvious use for radiotelegraphy.
With his mother’s encouragement he set out
for Britain, then the greatest maritime
power

He arrived in February 1896, and though
his equipment was damaged by a customs
inspection, his entrepreneurial spirit was
not. A meeting was arranged with W.H.
Preece, the chief engineer of the Post Office
which held the monopoly on telegraphy.
Preece had long entertained an interest in
‘wireless’ communication using induction
(not radio), but this had proved to be
impossibly cumbersome. After several de-
monstrations, including one over several
miles across Salisbury Plain, Preece gave
Marconi his considerable support.

With Preece’s help Marconi began to gain
publicity. On the whole engineering com-
ment was favourable but initially Oliver
Lodge was resentful. “One of the students in
Prof. A Righi's class at Bologna,” Lodge
thundered, “being gifted, doubtiess, with a
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sense of humour as well as with considerable
energy and some spare time, proceeded to
put acoherer into a sealed box and bring it to
England as a new and secret plan adapted to
electric signalling at a distance without
wires.”

Lodge was hardly being fair. Though the
bhasic techniques were indeed well known, as
Professor Slaby, one of the German pioneers
pointed out, everyone else had got “just as
far as 50 metres and no farther”. Marconi
had achieved miles and later Lodge was
careful to give the [talian all credit due to
him.

The British Post Office was slow in making
an offer for the system and so. in July 1897,
The Wireless Telegraph and Signal Company
was founded. Marconi took £15 000 in cash,
£60 000 in shares and a three-year contract
at £500 per annum. It was not bad going for
aman with a system but no customers.

The money had been provided by his
mother’s family and friends. It was no
coincidence that in Britain lay his mother’s
extensive and wealthy family connections
with the Haig, Ballantine and Jameson
whisky empires.

At the start sales were non-existent. Some
equipment was sold to the British Army in
1898 for use in the Boer War, but the
expected market for ship-to-shore com-
munications failed to materialize. Then in
1900 a contract with the Admiralty was
signed to provide equipment and train oper-
ators. Maybe this was the key. After all, even
Marconi could hardly expect to sell equip-
ment to people who did not know how to use
it.

A change of policy followed. Instead of
selling equipment the company started to
offer a radio communication service. Equip-
ment would be leased, together with Marco-
ni personnel who would operate and main-
tain it. This arrangement also overcame any
possible infringement of the Post Office
monopoly of wired telegraphy. A new com-
pany was formed, The Marconi International
Marine Communications Co., and the ori-

, ginal company changed its name to Marco-
ni's Wireless Telegraph Company.

Shipowners now had access to a com-
munications system that used standard
equipment and techniques. Lloyd’s of Lon-
don gave that system its weighty approval
with a contract in 1901. In practice this
meant a virtual monopoly for Marconi's
which lasted for seven years.

BRIDGING THE ATLANTIC

Marconi himself felt there was another
market: competition with the thriving sub-
marine cable companies.

The first permanent installation was on
the Isle of Wight from where messages ~ould
be sent to the mainland at about 12 rds
per minute. It was from there that Kelvin
sent the first paid radio telegram in 1898*.
The following year a link was established
across the English Channel, and after that
the Atlantic became the target.

During more than a year of preparation,
huge transmitting and receiving aerial

Metal
\ plate
antennas \/
N
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' 9ap coherer) ?
el }_l
|
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Transmitter Receiver

*The telegram was reproduced in the June 1987 issue of
Electronics & Wireless World, page 600.
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Marconi’s untuned transmitter and receiver with ground and elevated aerial (1896).

arrays were constructed on both sides of the
Atlantic ~ and destroyed by gales. At last the
tests began, using a simplified aerial system
at Poldhu in Cornwall and a receiving wire
held aloft by a kite at St John’s in Newfound-
land.

The transmission consisted of a single
Morse letter S sent at specific times during
the day. On December 12, 1901, during a
blustering gale, signals were received and
Marconirecorded in his diary, “Pips at 12.30,
1.10and 2.20".

Reception was erratic and automatic re-
ceivers proved impracticable. Sceptics sug-
gested that Marconi and his men were
suffering from self deception and that the
radio waves would have been lost into space.
The local telegraph company in Newfound-
land reacted by threatening legal action if
tests contined. It had a monopoly to protect.

A month later all doubts were dismissed
when automatic recording equipment re-
corded reception on board ship as Marconi
sailed back to Britain. The difference in
distance achieved between day and night was
also noted: 700 and 1653 miles respectively.
The Atlantic shipping lanes now promised a
new market.

At the age of 27, Guglielmo Marconi had
become an international personality, an
engineering superstar.

His private life was soon to change also. In
1905, after two broken engagements, he
(like his father) married an Irish girl: Beat-
rice (Bea) O'Brien. They had four children,
one of whom died in infancy.

By 1912 the marriage was in trouble but
the coupled averted disaster in more ways
than one. As invited guests they were to sail
on the maiden voyage of the Titanic. For
business reasons, though, Marconi
embarked on an earlier sailing. Bea avoided
death by delaying her departure because
their two-year old son was taken ill.

In an attempt to help their marriage they
took a holiday in Italy. There was a head-on
car smash and Marconi lost his right eye.

ITALY AT WAR

When Italy entered the First World War on
the Allied side in 1915 Marconi became
adviser on radio communications to the
Italian armed services. and he represented
his country on official visits, to London and
America for example. He was also an Italian
delegate at the 1919 Paris peace conference.

In 1923, after much conscience sear-
ching, he joined the Italian Fascist Party.
Mussolini was only too pleased to have the
support of the famous Italian. Much later he
was given the hopeless task of defending
Italy’s invasion of Abyssinia. In this he
suffered the ignominy of being denied by the
BBC the opportunity to broadcast in defence
of the Italian action. Privately by then he had
grave misgivings about Mussolini.

A year later his marriage to Bea ended in
divorce. Another three years and he remar-
ried, this time to a beautiful Italian girl less
than half his age, Maria Cristina Bezzi-Scali.
Marconi’s position as a divorcee had created
obstacles because of church law, but they
were overcome with the cooperation of Bea,
with whom Marconi was still on good terms
Later Marconi himself became a Catholic
and subsequently he personaily supervised
the installation of a short-wave transmitter
in the Vatican.

From about 1934 he suffered several heart
attacks. He was of course an international
celebrity and had received many honours
including the Nobel Prize (1909). honourary
degrees, Knight of Italy (1902), Freeman of
Rome (1903), and President of the Royal
Italian Academy.

He died on the July 20, 1937 in Rome and
received a state funeral. Following his own
wish he was buried at Bologna. the scene of
his childhood.

Dr Tony Atherton is on the staff of the IBA's
Harman Engineering Training College at
Seaton in Devon.
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SSG1000

1GHz synthesized signal generator

® Frequenzy range: 10Hzvo 1GHz

® Resolution: 10Hz

® Fast switching time: S5ms

® Wide range attenvator (150d8B) -

® Very low distortion

® Llow noise floor for adjacent channel tests

® Touch key or rotary control operation

® |[EEE-488 and HP-IL programming

® Quasi-continuous variation of frequency, level and
modulation

For more information contact:

Farnell Instruments Limited,
Sandbeck Way, Wetherby,
West Yorkshire L522 4DH.

Tel: 0937 61961 Telex: 557294
Fax: 0937 66908

® Very low RF leakage

® AM-FM-PM andlor external modulation

® AF syn-hesizer 10Hz to 99.99kHz {four digit sesolution)
® Non-valatile memory 10 complete front panel set-ups)
® At leas' 50 panel set-ups with HP-IL

® Automatic unit conversions

® Channel stepping via touch keys or rotary contrcl

® Automatic self test routine

® Digital sweep facility

® Reverse power protection

® Competitively priced
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MicroProcessor Engineering Ltd

Tel: 0703 631441

Software & Tools for Engineers

FORTHS

For IBM PC and Compatibles
Modular Forth — award winning Forth 83 £475.00
very fast, multitasking, GEM, modules, 8087 fp

WorkFORTH £55
Viewtrace Debugger £45
Software Floating Point £45
80x87 Floating Point £45
Windows & Graphics £45
Documentation Tool Kit £45

WorkFORTH Development Kit £145
includes ViewTrace, SoftFP, Doc Tools

For 680 <0 Systems

MPE-Forth/68K OS9/68K — fast £375

MPE-Forth/68K CPM/68K — fast £375

GEM-Forth/ST Atari ST - GEM i/f, fast £65

MVP — Forth Amiga £150

MM MasterForth Macintosh £125

Others

UniForth for RT11, RSX11, VMS
(inc micro) £175-£675

right/

CROSS-COMPILERS
For PCDOS, MSDOS, 0S9/68K, CPM/68K

CPM80, 059/6809, FLEX

for generating new Forth applications, including
ROM based turnkey systems fast, interactive,
debuggable code, high or low level interrupts,
technical support, source code, debug &
download tools, cross assembler included.
Practical solutions to real problems.

Cross Compiler core £250
Targets include source, RAM and ROM versions

Forth-83 targets £225
Z80, 80x86/8, 680x0
Fig-Forth targets £175

6502/11Q, 8080/5, Z80/64180, 80x86/8,
1802, Z8, 6800/6303, 6809, 680x0, 99xxx

Forth-79 targets £350
Bryte Forth 8031/44/51
HARDWARE for PCs
EPROM Programmer 2716-27512 £145
PAL Programmer MMI, NS, Tl 20/24 pin £325
GAL/EPLD Programmer Lattice/Altera
20/24 pin £350
NOVIX 5Mips co-processor — ready for
NC5000 £852

MVP Microcoded — includes microcode tools £1225
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QUALITY QUARTZ

CRYSTALS QUICKLY

Our frequency ranges are:

M.P.U. Crystals d
[:M P.U.O s i
Il b e 'l Il L L b

T T T T T T T T
‘;OkHz S0kHz 100kHz 500kHz 1MHz 100MHz 250MHz SGOM;II

Prol 1al Crystals
i
';I

We also supply quartz crystal fiiters.
[ ]
en-LClectronics

oscillators of all types and
communication anlennae.

ELECTRONIC COMPONENT SUPPLIES FOR

THE DIGITAL & ANALOG ENTHUSIASTS

Webster EBlectronics

ILMINSTER, SOMERSET TA19 9QA. ENGLAND

TEL:(0460) 57166 TELEX: 46571 FRONCY G
FAX (0460) 57865
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Phone or write for free stock listing:
Tel: (0983) 292847
Unit 4,
Samuel Whites Industrial Estate,
Bridge Road, Cowes,

Isle of Wight PO31 7LP

[ JHE JOURNAL _FOR _PROFERSIONAL ENCINECRD ]

ELECTRONICS
& WIRELESS WORLD

NOVEMBER ISSUE

The November issue of Electronics
and Wireless World, published 22

October, reviews

SINGLE-BOARD
COMPUTERS.

Single-board computers are now
legitimately regarded as components
in larger systems. This in-depth
feature looks at the large number of
general-purpose and dedicated types
being being produced.

TO ADVERTISE WITHIN THIS
FEATURE CONTACT:

MARTIN PERRY on
01-661 3130 NOW!
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Tripos — life after the Amiga

This real-time multi-tasking operating system designed
for speed can be adapted for any 68000 family computer.

ripos first appeared in January 1978

I but the Cambridge University research

project out of which it came started in
1976. The project, headed by Dr Martin
Richards. was to design a portable operating
system for minicomputers. With the excep-
tion of its kernel, Tripos is written in Basic
Combined Programming Language (BCPL),
a portable high-level language also designed
by Dr Richards.

Originally Tripos ran on a PDP11. It was
then ported to the Computer Automation
LS14 and the Nova. It was not until Tripos
was taken to Bath University in 1981 that
work on the 68000 version began in earnest.
Metacomco acquired the rights to 68000
Tripos from Bath University and continued
its development to make it more commer-
cially attractive. This task was assisted by
Commodore-Amiga in March 1985 when
Tripos was chosen by them for their new
computer. In July 1985 the Amiga was
introduced and Tripos emerged under a new
name —AmigaDOS.

After the Amiga’s introduction, Metacom-
co developed Tripos into kit form for porting
to 68000-based computers. This kit. intro-
duced in September 1986, includes a system
generation tool. a 68000 assembler, a linker.
system objects, source for a bootstrap rom
and documentation. All that the user needs
to do is to write device drivers in either
assembly language or C following source-
code examples from the kit.

A number of major contracts have been
signed for Tripos in its new form and as a
result, it will soon be available on two new
68000 family processors, the 68020 and
68070. The 68070, made by Mullard. is a
highly integrated 16/32-bit processor con-
sisting of a c.p.u., an I°C serial interface. an
m.m.u., a reference timer, two independent
programmable timers, an RS232 port and
two d.m.a. channels. Negotiations are under
way for STE bus support, adding to the
existing range of VME cards supported.

LAURA GLEDHILL

Tripos, the real-time muiti-tasking operating
system chosen by Commodare for their
. Amiga domestic/business microcomputer,
is now being used in industry following the
introduction of a porting kit last year. Laura
Gledhill of Metacomco traces its history,
explains its internal structure and looks at

the future of Tripos in its new form.

DESIGN PHILOSOPHY
Maximum response speed was a major de-
sign objective for Tripos. It is designed to
have as few overheads as possible, resulting
in a fast operating system suited to real-time
systems where response speed is crucial.
Three areas where this philosophy is clearly
illustrated are scheduling, merory manage-
ment and message passing.

The scheduler, discussed in detail later,
adopts a strict task-priority system. There is
no overhead for the time-slicing process
required in systems using 'round-robin’ type
scheduling. A task which is allocated proces-
sor time continues to run until a higher
priority task is ready to run or until it
suspends itself.

In the area of memory management,
kernel primitives are provided for allocating
and freeing memory. No checking is done to
stop a program using non-allocated space.
By adopting this non-memory-management
approach, all memory accesses can be ex-
ecuted as fast as the memory allows, avoid-
ing any clock cycles inserted by a memory-
management unit. Clearly, the applications
software writer has to make sure that the
programs are well behaved.

A similar philosophy is applied to the
message-passing system. All communica-
tion within Tripos is done by sending and
receiving ‘packets’. These packets are areas
of memory containing the information to be
communicated and are passed by reference
rather than copied. It is because of the Tripos
memory-management philosophy that this

method of message passing can be adopted.
avoiding the unnecessary duplication of
memory.

INTERNAL STRUCTURE

Tripos is structured in concentric layers
with the kernel at the centre. As these lavers
approach the kernel. they become more
processor dependent. The kernel, written in
assembly language. is 4Kbyte in object form.

Outer layers are written in BCPL and will
transfer to a new processor provided that it
has a BCPL compiler. This feature and the
small kernel make Tripos a portable operat-
ing system, hence the suffix ‘pos’ of Tripos*.
The outer layers are optional — only the
required layers need to be installed. These
layers are the 18Kbyte file handler, 5Kbyte
console handler, 3Khyte command-line in-
terpreter, 18Kbyte debugger and libraries
taking 17Kbyte. Libraries are needed if any
of the outer layers are installed.

PACKETS AND TASKS

Each function carried out by Tripos that can
be allocated processor time is known as a
task and each task has a priority level
associated with it. Of the tasks ready to run,
the task with the highest priority is allocated
processor time. This method of allocating
processor time is known as strict-priority
scheduling.

All communication with the operating
system is achieved by message passing and
the message passed is contained in a struc-
ture called a packet. Structure of the packets
varies depending on the type of message

*The prefix Tri in Tripos is not an acronvm. The
name was chosen because the operating system
was developed at Cambridge University, where the
word tripos originated. In days gone by, students
would sit their final examinations on three-legged
stools of that name. The examination name still
holds but the stools are no longer in use.

Packet
Requesting
4K of data
from a file

Application
Task

Return
| Packet

- S S ==

Handler

Device Request

Packet
Requesting
1K of data
from disc

Floppy
Disc
Driver

File

Return
Packet

1/0 Instructions

Floppy
Disc

Interrupt

Fig.1. The file handler forms high-level interfacing between the applications task and floppy-disc driver. Low-level interfacing between the
file handler and disc is carried out by the disc driver, This technique facilitates device-independenti/o.

ELECTRONICS & WIRELESSWORLD

897



Tripos Kernel Structure

First ‘ User I I Block
Task Routines e List

! |

Inihalisation
Code

External

Interrupt Despatcher/
And Internal — Scheduler
Exception

Handler

Kernel Trap
Handler

[ _ I

Task
Management

/

Memaory
Management
Calls

Device

Message
Management Passing

Calls

Calls Calls

Fig.2. Tripos is structured in concentric layers. These layers become more machine
dependent the nearer they are to the centre. Innermost is the kernel, 4Kbyte in size and
written in assembly language.

being passed bul all packets have these
features:

a link field pointing to the next packet in
the queue

an aclion-type specifier indicating the
packet type

a packet-destination pointer

tworesult lields holding message replies
argument fields.

When a message needs to be passed within
the operating system, an area of memory is
required to store the packet structure.
Rather than passing the information within
the packet physically to its destination, a
pointer in the form of an address is passed to
the packet structure. This pointer links the
packet to a list called the destination work
queue which contains entries for all packets
waiting to be received by the destination
code. A pointer to the next packet in the
queue is held within the link field of each
packet structure.

Two result fields hold replies to the mes-
sage. Content of the first field is a number
indicating whether the action requested in
the message has been successfully executed.
in the event of a failed execution attempt,
the second field holds a number indicating
the failure type. Information needed by the
destination code for carrying out the mes-
sage request is in the argument fields.

When a packet reaches the head of the
destination work queue and has been ser-
viced in the manner requested, it is returned
to the sender. It is then the responsibility of
the sender to release the memory allocated
for the packet structure.

Packets are passed around the system at
great speed. In a no wait-state system with a
10MHz 68010 processor a task can send and
receive back 1250 packets each second.

Rootnode Structure

Current
Task

Kernel
Entry Pt

l = Pointer

Fig.3. Root-node structure is used by Tripos to keep a record of all aspects of the system. This block is in a fixed position in memory.

Task Control Block (TCB)

Work Q | Work Q

l = Pointer

Fig.4. Each task within the system has an associated task-control block containing all information required by the

system to manage the task.
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Device Control Block (DCB)

‘ = Pointer

Tinted areas = fields set up by the user

Fig.5. One of these blocks is used for each device in the system. It contains information needed by Tripos to deal with device requests

from tasks within the system.

Private

Interrupt Transfer Block (ITB)

i = Pointer

Tinted areas = fields set up by the user

Fig.6. This structure is used by the external interrupt handler to indentify the source of an external interrupt. Each block contains an
interruptroutine responsible for servicing a particular kind of interrupt.

" DEVICES

Peripherals capable of generating interrupts
are called devices and each device has an
associated handler and driver. High-level
interfacing between tasks and the device
driver is provided by the device handler. All
requests from a task to a device are initially
channelled to the device handler. This tech-
nique facilitates machine-independent i/o.
The device driver is the low-level interface
between the device handler and the device. It
deals with interrupts from the device, Fig.1.

KERNEL STRUCTURE

There are four main sections in the kernel,
Fig.2, the first of which is for initialization.
During initialization, Tripos builds a list of
all free and used memory areas known as the
block list. Excluded from this list are the
only two fixed items stored in memory - a
root node and exception vectors.

The operating system uses the root node
to keep an up-to-date status record of all
aspects of the system. Exception vectors are
pointers to routines which handle excep-
tions, both internal and external; external
exceptions are called interrupts.

Within the root node, a field points to the
task table containing pointers to the control
block of each task, Fig.4. Information re-
quired by the system for task management is
contained within the task-control block.

All task control blocks are also linked
together in a list, in priority order, which is
pointed to by the task control-block list field
in the root node. This is used by the
scheduler for allocating processor time.

Another entry the root node points to the
device table holding pointers to the device-
control block of each device, Fig.5. Device-

ELECTRONICS & WIRELESS WORLD

control blocks contain information needed
for carrying out task requests.

After building the block list, Tripos calls
the user initialization routine, initializes the
device drivers, then activates the first task.

Initiation of the next task ready to run is
carried out by a section of the kernel called
the dispatcher; a pointer to this task is
passed by the scheduler. The dispatcher is
entered whenever a task switch is necessary.
Task switching is required when a packet is
queued to a higher priority task than the
current one, when a running task suspends
itself while waiting for a packet to return, or
when a task’s priority is changed. Saving the
state of a task and restoring the state of the
next task. known as context switching, takes
about 100pus.

Trap handling is carried out by the third
main kernel section. The kernel trap handler
performs various actions requested by the
issuing of kernel calls, List 1. Task wait and
QPkt are most important; these receive
packets and queue them respectively.

Interrupt and internal exception handlers
form the fourth main kernel section. Inter-
rupts are requests for attention from devices
connected to the system. An example of their
occurrence is when i/o is requested by a task.
Once the i/o has been initiated, it can take
place independently of the processor, allow-
ing processor time to be allocated to another
task. When the i/o request is complete, the
device issues an interrupt which is dealt with
by the interrupt handler.

On the 68000 processor, an interrupt is
either acknowledged immediately or left
pending depending on the priority of the
interrupt. When an interrupt s acknow-
ledged., its interrupt vector is read. Interrupt
vectors are stored in the fixed exception-
vector area of memory. The vector contains

1: Kernel Calls

Task Management

Add Task Change Pri

Forbid Hoid

Permit Release

Rem Task SetFiags

Super Mode Test Flags

User Mode Find Task
O P R R TR B O

Device Management

Add Device Rem Device

Message Passing

DQ Pkt
Task Wait

Q Pkt
Test Wk Q

Memory Management

Get Mem Free Mem

Miscellaneous

Find DOS Root Struct

the address of the first interrupt-transfer
block associated with the vector. Fig.6. This
transfer block is the head of a chain of
transfer blocks. one of which is (hopefully)
responsible for servicing the interrupt. The
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2:CLI Commands

Alink End CL!
Assem Failat
Assign Fault

| Break Filenote

| C Format

: cd I
Console Info
Copy Install
Date Join
Delete Lab
Dir List
Diskcopy Makedir
Echo Mount
Ed Newcli
Edit Path

Prompt
Quit
Relable
Rename
Run
Search
Set-serial
Skip
Sort
Stack
Status
Type
Vdu
Why

interrupt handler calis the interrupt routine
defined in each transfer block until the
result of one of these indicates that the
interrupt has been dealt with. If no transfer
block is responsible for the interrupt. the
debugger is entered so that the problem can
be investigated.

While an interrupt routine is executing,
no kernel calls may be issued. This restric-
tion avoids unfortunate mishaps that can
happen if another interrupt occurs while a
kernel routine is queuing a packet for
example. If this is allowed to happen the
packet may be lost for ever with disasterous
results.

To get round this problem a recall feature
is provided. If an interrupt routine requires a
kernel call, it requests to be recalled. While
the recall request is being added to the recall
queue, all further interrupts are disabled.
When the recall request has been added to
the queue, interrupts are enabled again.

Interrupts are turned off for at most about
20ps. On return from the interrupted
routine, the first task on the recall queue is
called; the exception to this is an inter-
rupted kernal action, which must be com-
pleted first. All further recall requests are
suspended during a recall until the current
kernel action has been completed.

An internal exception is an error condi-
tion caused during a user’s program. An
example of an internal exception is divide-
hy-zero. If the user task does not have an
exception routine defined for a particular
exception, the debugging program is en-
tered so that the user can find out why the
exception occurred.

COMMAND-LINE INTERPRETER AND
CONSOLE HANDLER

Commands issued by the operator at the
keyboard are handled hy the command-line
interpreter, c.L.i. Available interpreter com-
mands are show in List 2. [t is the console
handler's responsibility, on request from the
interpreter, to send lines of input from the
keyboard back to the interpreter and echo
kevboard input to the v.d.u.

900

The console handler communicates with
the keyboard and v.d.u. drivers, which form
the low-level interfaces to the devices them-
selves. It requests one character of input at a
time, informing the v.d.u. driver when input
is available to be echoed and adding each
character to a buffer until a complete line of
input has been received. On completion of a
line, signalled by a carriage return, the
handler informs the interpreter that the line
is available and the appropriate c.l.i. com-
mands are initiated.

DISC OPERATING SYSTEM

Programs and data are stored in files orga-
nized in tree-structured directories. The
directories are arranged in an hierarchical
manner, each consisting of further director-
ies and/or files. Each file has a file header
block containing information about the file
required by the file handler.

Directory information is stored in a direc-
tory block, also used by the file handler. At
the base of the tree is the root block which is
stored in a fixed position at the centre of the
disc. Directories and files are chained either
from the root block or a directory block. The

Tripos is the operating system chosen for
Commodore's Amiga — a domestic/

business computer with a 68000-family
main processor and three coprocessors.

3:DOS Calls

File Handling
Close Create Dir
Current Dir Delete File
Dup Lock Examine
Ex Next Info
Input lo Err
Is Interactive Lock
Open Output
Parent Dir Read
Rename Seek
Set Comment Set Protection
Unlock Wait For Char
Write

Process Handling

Create Proc  Date Stamp
Delay Device Proc
Exit
Loading Code
Execute Load Seg
Unload Seg
R == u=—- g

Miscellaneous

VDU

only difference between the root block and a
directory block is that the root block has no
directory above it in the hierarchy.

A technique called hashing is used to link
a new directory or file into the tree. An
arithmetic function is applied to the name of
the file or directory to produce an integer
within a specified range. This integer is then
used as an offset into a hash table, each
element of which contains a disc block
number. The block holds the new file header
or directory block.

In the event of a collision, where two
names indicate the same offset, the file
headers or directories are chained. A string-
matching process then identifies the match-
ing name in the chain.

Disc operating system calls are shown in
List 3.

CONCLUSION

Since the Amiga's introduction, Tripos has
become a well established operating system
with a large number of users. The range of
high-level languages running under Tripos
includes C. Pascal, Basic. Lisp and BCPL.,
Cross development support on PCs, Unix and
Ultrix systems is also available for easy
porting of Tripos and application develop-
ment.

Laura Gledhill is with Metacomco of Bristol
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IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE
QUANTITIES OF COMPONENTS BECOME REDUNDANT.
WE ARE CASH PURCHASERS OF SUCH MATERIALS AND
WOULD APPRECIATE A TELEPHONE CALL OR A LIST IF
AVAILABLE. WE PAY TOP PRICES AND COLLECT.

R. Henson Ltd.

21 Lodge Lane, N. Finchley, London, N12 8JG.
5 mins. from Tally Ho Corner

Telephone: 01-4452713/0749

ENTER 22 ON REPLY CARD
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IEEE 488 CONTROLLERS

from M A Instruments Ltd
L e e st e Y Y 2222222222
iBM PC and Compatibles including Amstrad PC1512,

Controller comprises hall length interface card, software including Turbo Pascal or
Quick BASIC, interface cable and comprehensive operating manual. £295
Acorn ‘B’ and Master
Controller comprises interface in separate case, software in PROM; IEEE 488 cable and
comprehensive operating manual £250
New software for existing owners of Acorn GPIB controllers which .offers comparibility
with the new |EEE 488.2 standard. £28
All controllers ofter a command structure which follows the 1EEE 488.2 standard. This
simplifies the control of existing GPIB devices, reducing the number of commands
needed and is compatible with new devices using IEEE 488.2 format commands.
Designed, manufactured and supported in Great Britain.

For more information contact:
M A INSTRUMENTS LIMITED
Moordene, Axtown Lane, Yelverton, Devon PL20 6BU.

Tel: (0822) 853585
Prices exclude VAT and delivery

ENTER 33 ON REPLY CARD

LR RS2 N

for universal application.

Advantages: Low losses, broad voltage
range. high resistance to interference, wide
temperature range from —40 to +85°C.

Low-power Schottky TTL-compatible.

These ICs are fully compatible with and
equivalent to international types.

Please ask us for detailed specifications.

Agents: Edicron Ltd
1-7 Wesley Avenue London NW10 7BZ

elektronik
export-import

ENTER 14 ON REPLY CARD

Alexanderplatz 6
1026 Berlin, DDR.
Telex: 114721

TP35 £1,085 + VAT TP95

£2,800 + VAT TP115 £3,800 + VAT

Operates from composite or separate video
signals

Prints positive and negative copies
High or low resolution modes

Fast response time.

Ideal for graphics or text-graphic mixes
Wide range of applications

== thandar

ELECTRONICS LIMITED

Similar to TP35 with A4 size printout.

Full 64 level grey scale printer
High contrast facility

Thandar Electronics Limited

London Road. St Ives, Huntingdon
Cambridgeshire PE17 4HJ. England
Telephone (0480) 64646 Telex 32250 Test

THE LOGICAL CHOICE

ENTER 13 ON REPLY CARD
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LOOK WHAT HAPPENED TO THE NICE CLEAN PWM SIGNAL WHEN |

THE LOAD WAS CONNECTED.

~
It we had prototyped this chopper circuit, we might have tound out what |
was wrong after 3 tew buckelts of hard-to-get components. As it was. the
solder never touched our irons. Skillful engineening was rewarded with a
thorough understanding gained trom an ECA-2 simulation run on a I1BM
PC compatible yet ECA-2 costs just £675 + VAT
Try a little Monte-Carlo spread with your chips. Are you wondering why
/I yvour filters are a little off 10day? ECA-2 will run a Monte-Carlo tolerance
Y /7 simulation (random component variations within the tolerance bands) and
"#l compile statistics. ECA-2 will also give you worst cases tor both gain and

phase.

Wortied about the weather? The sun may not shine out of ECA-2 but itdoes
allow you to check dissipations and the elfects of temperature changes.

Whether you work with DC servo or microwave circuits, ECA-2 can almosl cenainly heln Bul just to make sure |
yOu are in a position to benefit from what we believe is the most p ful circuit ble for (BM PCs.
hall be pleased to send you a demonstration disk with an @xample of your own circuit (small please) on it

Macio modeis

v " New modulator
facllity for
~ i voltage controlled
Fuh diode medes As.Cs & Ls

SERIOUS CAD

AT LIGHTHEARTED PRICES

Probe around Miteyspice's
computer model of your circuit.
More informative, more fun and
faster than a breadboard. Plot the
AC & DC characteristics, quantify
bandwidth with the digitising
cursor, sweep components,
investigate temperature and noise
(20 param Ebers Moll model) and
when pertect, lay it out and etch it
accurately with PCB using an
ordinary DM printer. These
programs have too many superb
features to cover here, please send
for details

* Just released »

MITEYSPICE

incorporating the unbeatable
Microspice circuit simulator
(£119 +VAT)

p.C.8.

Pineapple's acclaimed “a utility |
thoroughly recommend” Julian
Rogers Micro User March '87
circuit board drafting program
(£85 + VAT)

{ o 7 MITEYSPICE # ™

® )lddvINId

rs[w RO)T’T RS

r‘)l

= iR Rend) R0y > Lenden
Tel: 01-435 277| E-Mail: One 1o One Box 23332001 Tin 89505!! ansbk ONEONE G) Quoting box 23332001
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Versatower;

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility.enabling
all maintenance to be at ground level.

Designed in accordance with CP3 Chapter V. pan 2
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability

Suitable for mounting equipment in the fields of:
Communications

Security surveiliaace — CCTV

Meteorology

Environmental mcnitoring

Geographical survey

Jetence range-finding

Marine and aero navigation

Fioodlighting

Airport approach lighting

Further details available on request

2

STRUMECH ENGINEERING LIMITED
Portland House, Coppice Side, Brownhills
Walisall, West Midlands W58 7EX, England
Telephone: Browrhills (0543) 452321

Telex: 335243 SEL.G

ENTER 47 ON REPLY CARD

E M s Power Systems

EMS manufactures DC Power Supplies and
Battery Chargers both linear and switch mode
inarange from 5 VAto 3.2 KVA.

Also a complete range of Standby, UPS and
Mains Stabilizer Systems 35 VA to 1 KVA. EMS
specialises in the manufacture of customised
products and has a full design and
development facility.

EMS (Manufacturing) Limited,
Chairborough Road,

High Wycombe,

Bucks HP12 3HH.

Tel: (0494) 448484

ENTER 17 ON REPLY CARD
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The diode as an energy-controlled,
not a charge-controlled device

The conventional notion of electricity as electrons jostling
their way down a wire cannot, according to Catt’s Anomaly,
be the thing that arrives at and controls the operation of a diode.

the diode is, for me, one of the many
casualties of advances in electro-
magnetic theory during the last 25 years.
Whilst at Motorola, Phoenix, in 1964,
work on the problem on how to interconnect
high-speed (one nanosecond) logic gates led
me to the same general conclusion as had
been reached (unknown by me until 1972)
by Oliver Heaviside a century before when he
tackled the problem of how to improve
undersea telegraphy from Newcastle to De-
nmark.

The traditional theory of operation of

“... (The electric and magnetic fields) are
supposed to be set up by the current in the wire.
We reverse this; the current in the wire is set up
by the energy transmitted through the medium
around it. The sum of the electric and magnetic
energies is the energy...

“... Aline of energy-current is perpendicular to
the electric and the magnetic force,...”

— 0. Heaviside, Electrical Papers vol.1, 1892,
p.438.

Our conclusion was that what he called the
“energy current” travelling down between
the two conductors (i.e. the Poynting vector)
guided by them as a train is guided by two
rails, was the important feature of signall-
ing, and not the electric charge and electric
current in or on the wires. Twenty years later
my view hardened when | came across an
anomaly, explained in panel 1.

IVOR CATT

Let us deliver a 1ns-wide pulse down a long
transmission line terminated by a diode.
When the pulse reaches the diode, it does not
carry any charge with it; Catt’s Anomaly
shows that charge could not have travelled
fast enough to keep up with the pulse, which
travels at the speed of light. If we are agreed
that the diode will respond (for instance
‘start to conduct’) after a delay which is small
{say 100ps} compared with the time delay
down the transmission line delivering the
pulse, then it must be responding to the
energy current, that is the t.e.m. wave or
pulse approaching it in between the two
conductors. This t.e.m. pulse enters directly
into the side of the crucial interface or
surface between the p-region and the n-
region which together make up the diode.

~—1 foot

T
]

y Hmibe -0

W ]

Note the phrase in panel 2: “Nothing ever
traverses a capacitor from one plate to the
other.” Applied to the diode, this seems to

say that nothing travels across the junction
from. the p-region to the n-region, or vice
versa. The only travel is along the surface
between the two regions, in a direction at
right angles to the generally supposed direc-
tion of movement.

When the leading edge of the pulse
reaches the near edge of the diode, it finds a
change in characteristic impedance. As a
result, most of it is reflected, but avery small
portion continues forwards to the right,
down the very narrow transmission line
made by the surface between the p and n
regions. It is possible that the effective
dielectric constant € is large so that the
velocity of propagation, (p.€)” ", from left to
right along the p-n interface is very slow. At
the speed of light in a vacuum, the round trip
across the p-n interface of a diode a tenth of
an inch wide would be 20 picoseconds but
since the effective e will be bigger than that
for avacuum, the delay will be greater.

When the step reaches the right-hand
edge of the diode, it sees an open circuit and
reflects back toward the left, so that the total
voltage across the junction doubles. When it
gets back to the front (left-hand) end, it
reflects toward the right again (except for
the very small portion which escapes across
the Z, mismatch back into the transmission
line leading away to the left). By this
mechanism of zig-zag repeated reflections
across the diode, the amount of energy

1: CATT'S ANOMALY

Traditionally, when a TEM
step (i.e. a logic transition from
low to high) travels through a vac-
uum from left to right (Fig.7 ),
guided by two conductors (the
signal line and the OV lines),
there are four factors which make
up the wave:

— electric current in the conduc-
tors

—magnetic field, or flux, sur-
rounding the conductors
—electric charge on the surface
of the conductors

— electric field, or flux, in the
vacuum terminating on the

The key to grasping the anom-
aly is to concentrate on the elec-
tric charge on the bottom conduc-
tor.During the next1 nanose-
cond, the step advances one foot

Fig.7 ey
"(é\'lj /B\' ; F(é.‘ ov
v/ v/ J
) | I‘r\'l | ‘B"{,

To o 00
S

Q0 9 9 ©
to the right. During this time,
extra negative change appears on
the surface of the bottom conduc-
tor in the next one foot length, to

terminate the lines (tubes) of
electric flux which now exist
between the top (signal) conduc-
tor ard the bottom conductor.

at the speed of light in a vacuum.
(This last sentence is what those
“disciplined in the art” cannot
grasp, although paradoxically it
is obvious to the untutored
mind.) A central feature of con-
ventional theory is that the drift
velocity of electric current is
slower than the speed of light.

For further information on the Catt
Anomaly, see letters in the following
issues of WW 1981: Aug, 1982: Aug.
Oct. Dec. 1983: Jan.

For what happens next, refer to my
new model for the capacitor, panel 2.
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(current) in the p-n surface increases ‘ex-
ponentially’ as indicated by the graph. When
the energy density builds up beyond some
critical level (0.7V), there is a ‘snap’, and the
later advancing energy current sees a short
circuit, and reflects with inversion.

Since no charge has been introduced into
the p-n interface, it is totally inappropriate
to explain the mechanism of the diode in
terms of extra electrons. The explanation
must be novel, in terms of the amount of
electromagnetic energy present; that a level
in excess of some critical value (0.7V) causes
the t.e.m. wave travelling down the p-n
interface to see a change in what is ahead of
it, from open circuit to short circuit. That is,
bevond that critical amplitude the p-n inter-
face cannot accept more energy and rejects
it.

This developing analysis of the behaviour
of adiode is totally at odds with the tradition-
al view, based on electrons, holes. energy
barriers across the p-n interface that charges
are trying to climb up. Why does this earlier
theory succeed in correlating at all with
experimental results?

if in conversation you insisted that your
elder daughter was identical to your younger
daughter, whereas in fact their “equality” only
related to their parentage, every conclusion
that followed this ahsurd assertion would not
necessarily be ahsurd. For instance. if you knew
the address of one daughter you might there-
fore know the address of the other. In the same
way, it is possible for “valid” results to come
from absurd postulates (like the absurd post-
ulate that a diode is full of particles called
electrons buzzing around trving to climb hills)
... the two non-tdentical daughters might have
the same address. It is these 'echoes of truth’
which masquerade as scientific truth today.
1. Catt. Electromagnetic Theory vol.1. CAM
Publishing, 1979, p15.

False theories. like the theory that the diode
is a device controlled by charge. exist in the
real world. and so are influenced, or some-
what directed. by the imperatives of the real
world in which thev find themselves. at least
when it comes to the moment of truth: the
checking of theory againsl experimental
result.

Semiconductor Centre

The Semiconductor and Microelectronics
Centre, a combined research and develop-
ment centre created by the University of
Wales Institute of Science and Technology
and University College, Cardiff, has recently
opened in Cardiff. The centre will be espe-
cially looking at new semiconductor mate-
rials of the Il —V group, possibly combined
with material from the 11 - VI group.

UCC physicists have developed a wide
range of techniques to build and examine
semiconductors, while UWIST has a clean
room facility to use construct transistors
from the materials. Both groups work close-
ly with industry to find applications for the
new chips. Projects have already included
the development of a thermoelectric genera-
tor for the US space programme, lasers for
communications systems and high-speed
devices.

2: THE CAPACITOR

In the early 1960's I pioneered the
inter-connection of high speed (1
ns) logic gates at Motorola,
Phoenix, Anzona'?. One of the
problems to be solved was the
nature of the voltage decoupling
at a point given by two parallel
voltage planes. | asked Bill
Herndon about this problem, and
he gave me the answer: “It's a
transmission line”". Bill learnt
this from Stopper, whom I never
met, who now works for
Borroughs in Detroit.

The fact that parallel voltage
planes, when entered at a point,
present aresistive, not areactive,
impedance, was for me an
important  breakthrough. (It
meant that as logic signal speeds
increased, there would be no
limitation presented by the
problem of supplying +5V.) The
reader should be able to grasp the
reason why voltage plane
decoupling is resistive by
studying Fig. 6, which shows the
effect of a segment only of two
planes as they are seen from a
point™.

During the next ten years,
with the help of Dr D.S. Walton, |
gradually came to appreciate
that, since a conventional
capacitor was made up of two
parallel voltage planes it also had
a resistive, not a reactive (i.e.
capacitive or inductive) source
impedance when used to
decouple the +5V supply to logic.
Since the source impedance (=
transmission line charactenstic
resistance) i1s well below one

Fig.6

-
ohm, the transient current
demand of logic  gates

approaching infinite speed can
still be successfully satisfied with
+5V from a standard capacitor of
any type’. - The reason why the
myth has developed that the
worst (low capacitance, ‘r.f.")
capacitors are the best in this role
is discussed elsewhere'.

The capacitor is an energy
store, and when energy is
injected, it enters the capacitor
sideways at the point where the
two leads are joined to the capaci-
tor. Nothing ever traverses a cap-
acitor from one plate to the other.
This is clearly understood in the
case of a transmission line. By
defimtion, when a TEM wave tra-
vels down a transmission line,
nothing travels sideways across
the transmission line, or we
would not have a transverse elec-
tromagetic wave.

For further information, see the Wire-
less World articles dated December
1978 and March 1979.

Excerpts 1 & 2 are from Fundamenta-
Is of electro-magnetic energy trans-
fer, by lvor Catt, Wireless World
September 1984.

WIRELESS WORL D. DECEMBER 1978

«Fig. 2 An.open-ended transmission line.
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Fig. 3 Comparison of the transmission
tline model | —(1-2Z,/R)" in the curve A
with the lumped model 1-e~220"'% in
curve B, for 2Z,/R = 0.1
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Where is the short?

How to locate short circuits without blowing your own
fuse. State-of-the-art measurement techniques are
brought down out of the clouds for the use of the average
engineer with everyday lab equipment.

n printed-circuit or wire-wrapped
Oboards. a major problem seems to be

the location of a short circuit be-
tween the power rails. Having seen the wild
ramblings of others trying to locate the
problem, I feel justified in setting forth the
solution to the problem, which to me seems
so easy. | must stress that this is a practical
review based on the experience of finding
such short circuits for others who were
having difficulties.

The problem is easily stated. The board
arrives in an area and, whether loaded with
components or not, the power rails are
tested for shorts. Oh dear! There is a short
between + 15V and 0V; where can it be? Now
there are shorts and shorts. There may be a
tantalum capacitor backwards across the
supply, adiode backwards or a faulty ceramic
decoupling capacitor if the board is loaded.
Or on unloaded boards just plain track
faults, solder blobs, wire-wrapped connec-
tions to the wrong pins or broken insulation
faults. The component-fault shorts are
usually easier to spot since they tend to
smoke when you start turning up the power
supply current limit. The other faults,
however, are difficult to locate in this way.

First let me review a couple of the more
neanderthal approaches to the problem,
voiced by the uninitiated. How about putting
on a really big power supply and blowing up
the fault? Well, something would fuse cer-
tainly but there is a good chance that it
would be something other than the fault. A
bridged p.c.b. track can have a lower resist-
ance than the rest of the track and can have a
better heat dissipation rate as well. Hence
the track peels off the rest of the board
instead. On a wire-wrap board, if there is a
real wire between + 15V and 0V it is unlikely
to fuse before any of the others. Of course, if
it did start to get very hot the insulation on
nearby wires would be damaged.

Here is a more technical one. How about
spraying the board with aerosol freezer,
passing an amp or so through the offending
rails and seeing where the heat is dissipated
by how fast the frost thaws? Well, it is great
fun spraying a p.c.b. with freezer and watch-
ing it all go white as ice crystals form on the
surface, but it just doesn't locate the fault.
The heat generated may not be that great
and it is spread by the p.c.b. material and the
tracks. On wire-wrap boards you can’t even
get a good layer of frost because the wiring is
up toa quarter of an inch off the board.

The real systematic solution is to cut
tracks or links, bisecting the board each time
until the fault is isolated. Not bad from an

ELECTRONICS & WIRELESS WORLD
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Note that lead resistancas ara not backed-off
against each other, they just do not appear
in the equation

Fig.l. Simple method requires only a
bench power supply, a cheap d.v.m. and
the standard four-wire resistance
measurement technique.

academic viewpoint but it sure makes a mess
of that nice new p.c.b. The result, a patched
up dissected p.c.b. with less good looks and
lower reliability.

At this point cries of "If only I had an Acme
widgetizer 1 could locate the fault just like
that!” come up. All of this ululation is of
course to no avail since we need to rectify the
fault now - today - with existing lab equip-
ment. To anyone with a background in high
accuracy resistance measurement the
answer is obvious. Unfortunately not many
people really understand the basics of this,
which are of course very simple provided you
can grasp Ohm’s law. First of all let us
measure the resistance of a resistor. To do
this we put a known current through the
resistor and measure the voltage across it.
Fig.1(a). Notice that this is a linear ohm-
meter. The measured voltage is directly
proportional to the unknown resistance. On
moving-coil resistance meters it is usual to
use a fixed voltage and measure the current.
The current, being inversely proportional to
the resistance, gives the familiar non-linear
scale on the meter.

For lower resistances, however, the leads
can not be neglected and the resistor reads
higher than it actually is. Fig.1¢(h).

The solution is to use a separate pair of
wires to sense the voltage across the resistor.
Because there is no current in the sense
wires the voltmeter reads the correct vol-
tage. This is the four-wire ohms system used
on precision digital multimeters.

This isn’t a bridge measurement. In a
bridge measurement a dummy set of leads is
used to compensate out the lead resistance
errors. In a true four-wire measurement the
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Digital
vlogll?:e?er [_B U

3mv 3mv 3mv 2my 1mV

Fig2, left Following the route that gives increasing
Uy voltage easily locates a short circuit Either or both

4 power lines may be used in this way.

e/ \. o T =g

hmV ]mv lmv

Smy

supply

o Ces

-

Notice that at the junctions there is o choice

of which way to go.  Always follow the

increasing voltage as this demonstrates

that current is flowing in that direction

lead resistance has no effect so long as the
current source is adeguately good and the
voltmeter input impedance is sufficiently
high. There is no requirement that the lead
lengths or resistances be equal in this
system. Fig.1(c).

Cries of "I know all about that. we did it
once at college” appear from the ranks. “Of
course we don't have a eight-digit multi-
meter so we can't measure it”. Well if you
had truely understood the theory you could
immediately apply it to the problem at hand.
The equipment required is a bench power
supply and any cheap d.v.m. with say 0.1mV
resolution. It is so easy it embarrasses me to
have to explain it laboriously, and vet | have
found it necessary.

Depending on the exact nature of the
hoard under test. put the power supply
across the shorted rails and wind up the
current limit to say lamp. Find those places
on the p.c.b. which should be connected to
one of the power rails. By following these
points with a d.v.m. probe, the other prohe
being stationary at the power input, it is
possible to locate a point which has more
voltage on it than any other. You can get this
easily by following changes in voltage. If the
voltage is increasing in the direction vou are
moving the probe, fine. If not, go in another
direction. You can of course do the same
thing from the other power rail as well and
they will meet in either one point or one link
that shouldn't be, and there is your short
circuit.
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Copper ground plane

Figure 2 is a sketch of a real fault that was
encountered. The board was a wire-wrapped
prototype digital assembly using in excess of
100 i.cs. The voltages marked are to illus-
trate the fault and demonstrate the practical
application of the technique. On this board
the fault was a power wire pulled too tightly
past a grounded pin, which cut through the
insulation and caused the short.

This technique also works on p.c.bs which
have ground planes. since the current will
try to get at the short circuit from all sides to
a certain extent. Figure 3 is another real
fault sketched out. [t is easy to have a short
to the ground plane and a visual inspection
may not reveal the fault as a component may
he physically obscuring it. Trving to burn-
out this track fault would have failed
hopelessly since the ground plane would
have run away with all of the heat.

In this example the board was loaded with
some 700 components and a close visual
inspection had revealed nothing. Using the
technique described the fault was found in
five minutes and turned out to be a p.c.h.
short hiding under the silk-screened compo-
nent overlay.

Now | know that you already knew all of
this and that it is all obvious—but it is nice to
see it written down, and it may help all those
others!

Leslie Green is senior design engineer at
Gould Electronics.

Digital
voltmeter

Fig.3, below. Technique really pays dividends on heavily
loaded boards where components obscure faults and a
ground plane prevents use of a burn-out technique.

=
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Technical Change
Centre closed

The independent Technical Change
Centre, which advises government
and industry on the adoption and
impact of new technology. is closed.
Core funding of £400.000 a vear from
the Economic and Social Research
Council ceased from the end of June.

To survive in its present form, the
Centre would need to become seli-
supporting in terms of overheads and
salaries within three months of
ESRC’s decision rather than at the
end of four years as planned.

The Centre had made strenuous
efforts to secure the neccessary funds
from other sources but, after review
ing the position, the Board did not
helieve that enough monev could be
raised in the time available. It there-
fore decided, with much regret. that
the Centre should be closed at the end
of July, making appropriate provision
for the staff. The reasons for ESRC's
decision to cut off core funding from
the TCC are less than clear but the
board believes the Centre has been
most unjustly treated.
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RF LINEAR POWER AMPLIFIERS

WIDEBAND AMPLIFIERS
Ideal for laboratory work where large instantaneous bandwidths are required at high power ouput. Suitable also for increasing output
of sic};(nal generators etc quickly and easig without tuning or adjustment. RF output levels of 2, 4, 20 or 40 watts. 24V + DC supply.

100 KHz-100 MHz: Type 9146 2 watts, Gain 13 dB (x20) . . . £98 + £4 p&p.

1-70 MHz: Type 9148 4 watts, Gain 13 dB (x20) . . . £98 + £4 p&p

10-250 MHz: Type 9051 4 watts, Gain 13dB ... £98 + £4 p&p. Type 9174 20 watts, Gain 10dB (x10) £280 + £20 p&p. Type 9172
40 watts, Gain 10dB (x10) . . . £560 + £25 p&p.

HIGH GAIN TUNED FREQUENCY AMPLIFIERS

Aligned to your specified frequency in the range 10-300 MHz. Provide higher power gains and spurious rejection over limited
bandwidths. 24V + DC supply.

Type 9105 10 mW input, 1 watt output . . . £209 + £12 p&p. Type 9106 100 mW input, 10 watts output . .. £258 + £15 p&p. Type 9155
1 watt input, 30 watts output . . . £297 + £15 p&p. Type 9158 5 watts input, 70 watts output . . . £407 + £20 p&p.

TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channles in bands IV or V (or in the range 400-950MHz) 24V + DC supply

Type 9261 100 MV input, 10mW outout . .. £198 + £10 p&p. Type 9252 10 mW input, 500 mW output . . . £231 + £10 p&p. Type 9259
500 mW input, 3 watts output . . . £264 + £10 p&p. Type 9263 2/3 watts input, 15 watts output . . . £363 + £12 p&p.

MAINS POWER SUPPLY UNIT

Capable of providing power for one or more of any of the above amplifiers up to a current consumption of 5 amps. Fully protected.

Type 9235. £149 + £12 p&p.

TYPE 9105 TYPE 9158/9235 TYPE 9252 TYPE 9263
Comprehensive range of Gasfet RF preamplifiers, frequency converters, signal sources, FM exciters and FM transmitters also
available. Complete amplifier and retransmission systems supplied with connectors.

Full technical information available on request.
Please add 15% VAT on total for UK sales. Please contact sales office for overseas post and packing rates.

RESEARCH COMMUNICATIONS LTD DESIGN, DEVELOPMENT AND

UNIT 3. DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP MANUFACTURE OF RF
TELEPHONE: CANTERBURY (0227) 456489 COMMUNICATIONS EQUIPMENT
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LABORATORY TEST INSTRUMENTS

C83A  Digital Power Supply/Voltmeter £54
TWO-IN-ONE PSU: 0-35V & 2.0A line/load Reg: 0.1%/0.5%.

DVM: 0-99.0V & 0-2.0A accuracy 0.25% for ext: volts/current

C83B Regulated Power Supply/DPM £38
PSU: 0-30V and 1.5A line/load Reg: 0.1%/0.5% current limit

DPM: 0-99.9V & 0-2.0A accuracy 0.25%. X'tal controlled

C86A/B  60/600 Mz Universal Counter £75/£92
10H2-60-600M11z frequency & event counter, X'tal controlled sensitivity
25mVrms at 30MHz and resolution 100Hz at 600Hz

C89A Campact Function Generator £54

2Hz-200KHz, 5 ranges, accuracy 5%. Sine. square. triangle. DC offset,
20Vpp O/P. attenuation -20dB and ext: VCA, VCF |'P

C87A Auto-Range Capacitance Meter £76
10 ranges, fully automatic with range hold and zero adjustment. from 0.1pF
to 999000.0uF, resolution 0.1%. accuracy 0.5%

All prices excluding VAT.

Hi-Tech Enterpriscs

UNIT 53, CENTRAL WORKSITE, CORBY, NORTHANTS NN17 1Y8,
Tel: 0536 201012

ENTER 9 ON REPLY CARD

Toroidal & E.I.

Cost-effectively satisfy a computer’s two most important needs —
clean power and a convenient reliable source. Linebloc is an 4
easy- fit high quality in-line filter. Stripbloc multi-
socket provides up to six [EC-320 mains
outlets (five fused).

Easy-fit Linebloc —

just £10.95 + £1.00 p&p

Five-outlet Stripbloc

with neon and fuse —
just £12.85 + £1.00 p&p

To order, telephone (0243) 825811 |
Rendar Limited, Durban Road, Bognor Regis,
West Sussex, PO22 9RL. A WKR Group company

ENTER 65 ON REPLY CARD
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Transformers

As manufacturers we are able to offer a
range of quality toroidal and laminated
transformers at highly competitive prices

Toroidal Mail Order Price List

prices inclusive of VAT & Postage

15va 7.95, 30va 9.18, 50va 10.16, 60va 11.36, 120va 12.07, 160va 14.20, 225va
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44.82.

Also avallable 1k2, 1k5, 2k, 2k5, 3k. Prices on request

Available from stock In the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0-
18,22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220, 240.
Primary 240 volt.

Quantity prices and delivery on request

AIR S Air Link Transformers

d Unit 6, The Maltings, Station Road,
*’LINK Sawbridgeworth, Herts, Tel: 0279 724425

ENTER 24 ON REPLY CARD
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Programmable 1-15

'CIRCUIT IDEAS

. : i- Lp? Vdd
m IZSV L
inute timer | — e —
A crystal controlled 50Hz timebase forms 3‘3:,‘;8 M70681 cx (0w (k C0w027 .
the reference in this timer but a mains ] AND KiRis S KRS s %2
derived clock is equallv suitable. Timing is -f65p Ip __] .
programmable in steps from one to fifteen T LIJ
minutes.
Frequency division of the 50Hz signal,
ranging from 3000 to 45000, is performed by —
a series-connected modulo-three counter a +Vd _I'L_ﬁ_I'L___ —— Vg
and a programmable divider in extended: émk L [
count mode. Binary switch settings from Ka K D s
0001 to 1111 produce a positive-going 60ms Kp 16 C s |
oulput pulse at 1 to 15 minute intervals. Ke CD4059 15 /'—
Timing starts when the push-button is re- s Lyd = M L~
leased. Reset™] o I3 P ]
N.E.Evans GND )y o)y Out l
Department of Electrical and Electronic S 100k x &
Engineering l
University of Ulster
[]
High-speed
> +15v 2
3 = voltage follower gives
4% "\ et
w680 e p— 100mA Output
Null I Output Op-amps normally satisfy all the require-
npul in BUF-C3 Out - ————n ments for a voltage follower except speed. An
i [ alternative o searching for a faster device is
_ SRicad == Cload to place a fast buffer in the op-amp feedback
L 1000 g T loop. This increases speed while maintaining
- T i i the op-amp’saccuracy.

Wide range digital sinewave generator

Three integrated circuits produce a digital
sinewave generator with a frequency range
of 10%:1. A resistor network shapes 32-step
sinewaves from four counter bits so high and
low-pass filtering is not necessary. \Wave
shape is changed by simply altering the

resistor values. ) ) )
Input clock frequency is 32 times higher

than output frequency. Four bits of the
4040 4030
Q
p—
Input In Q3
[
@2
P._
f Reset Q4
—
o P

counter feed the resistor ladder either in
true or inverted form to give positive and
negative half cycles; state of the fifth counter
bit determines whether or not the four bits
are inverted by switching one input of each
exclusive-or gate.

Frantisek Michele

Brno

Czechoslovakia

.

AN\ —
10k

—\ A —
27k

—\ N et
68k

Vs =0V, Vgg =12..15V
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The BUF-03 buffer is well suited to this
configuration. Its 100mA peak output re-
mains stable with anv capacitive load where-
as the OP-07 requires a 50Q decoupling
resistor for loads greater than 500pF.

Input signals of up to =10V feed the bufier
and op-amp non-inverting inputs. Gain
error of the buffer is reduced by feeding
op-amp output intoits null terminal; voltage
divider R, , keeps op-amp output in its active
region.

Frantisek Michele
Brno
Czechoslovakia

Remote-sensing
room thermostat

This controller replaces the conventional
bimelallic heating thermostat to provide
remole temperature setting and led temper-
ature display. Extension of the circuit for
detection of average or minimum tempera-
ture of several sensors is possible.

Existing wiring can be used to connect the
remote sensor (Analog Devices) to the
control/display unit located near the central-
heating controller. Thumbwheel switches

ELECTRONICS & WIRELESS WORLD
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set the temperature and the heating circuit
is switched by a relay: the switch comparator
provides around 0.5°C hysteresis. Range ol
the voltmeter is 0-39°C.

Regulation of the 5V supply is important,
especially for the offset control and a-to-d
converter. Resistors with 2% tolerance will
give an error of better than 1%. To set the
circuit, measure sensor current (273uA at
0°C rising by 1A/°C) and adjust offset tor
the correct display.

With appropriate adjustment of input-
stage gain, several sensors may be connected
in series to register the temperature of the
coldest, ov in parallel to register average
temperature.

B.V.W. Isaacs
Plvmouth

Port and bitallocations.

Port Status Bit
7 6 5 4 3 2 1 0

Pox W «——— Epromaddresslow ——»
Pog W sp «——— Eprom address high ———
Poc W Voo control—» OE CE sp CLR JAM
Pop W «—— PO control —»
Pia W «———  Timepreset ——————»
Pe RW &—— Epromdata ————

Pc R sp sp sp sp sp sp sp PROG
Ppo W «—— — PlOcontrol ———»

All output bits of port P,, and (potentially) P,c are set
low when the data direction P,y is reversed. Spare
lines are indicated by sp.

ELECTRONICS & WIRELESS WORLD

Pass-band
pilot filter

In frequency-division multiplexing, pass and
stop-band filters are used to split pilot
frequencies from telephone channels. Class-
ical solutions require differential transfor-
mers that are difficult to design, especially
for low frequencies.

We suggest this emitter-follower solution.
In the pass band, impedances A, have
different signs and attenuation ripple is
<0.3dB; in the stop band, the two impe-
dances have the same sign and attenuation is
=40dB. Attenuation is

\‘,/'“ =20log( %i’)+2010g(z, +Ro) (Zo+Ry)
out 1
RolZys—1,).

Heating
circuit

Using this equation for a pass band within
f.+4Hz and stop band outside f.+150Hz,
where f.=20kHz, gives an inductance of
100GH for guartz units Z, ,; parallel capaci-
tance is 20pF, loss resistance is 50k(2 and the
two resonant frequencies are 19991 and
20005Hz respectively.

For narrower pass band and/or lower stop
band attenuation, use a trimmer capacitor
instead of Zy.

Laka Jovan
Beograd
Yugoslavia

Vee

40k R% 1

ilOk R%Ik

Ry
R
AN ™
75k
>—«L——Vouf
Ro ~ opP11
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ADCOLA

THE ALL BRITISH SOLDERING EQUIPMENT L
MANUFACTURERS S

K 4000 3/16" - 4-75mm
DUAL TEMPERATURE
SOLDERING INSTRUMENT

(PERFECT FOR THE OCCASIONAL LARGE TERMINATION)
® 350°C to 500°C

® 3/16” - 4-75mm ADIRON TIP
fitted standard

o full supporting tip range _
® available in 24v or 240v AC _Z

DCOL

® FOR FULL DETAILS

on all ADCOLA equipment fRege Trade Mord
R et ELECTRONIC PRODUCTION EQUIPMENT

ADCOLA PRODUCTS LIMITED Gauden Road London SW4 6LH
Telephone Sales (01) 622 0291 Telex 21851 Adcola G

Sales Offices also at Bristol - Bournemouth - Preston - Glasgow

ENTER 19 ON REPLY CARD

e .,
Z80 M CONTROL W 280 FIELDELECTRICLID: - -aille
3 Shenley Road, Borehamwood, Herts WD6 1AA. 01-953 6009 il

CARDMASTER CPU Official Orders/Overseas Enquiries Welcome/Order by phone or post. Open 6 days. half

day Thursday. Please ring for C/P details not shown. Postal rates apply U.K. mainland
only. All test equipment carries warranty. Al prices incl. 15% VAT & ¢/p unless stated

SPECIAL OFFER
TTL 7 Green Phosphor Monitor Chassis. 22MHz bandwidth 12V DC input new and boxed.
Complete with data, circuit diagram compatible to BBC, IBM computers, diagram supplied for
connection to BBC, 75¢) comp video circuit supplied. £19.95 inc ¢/p.

Card No 1 1 xZ80A DMA, 1 xZ80A CPU, 1xD8255 AC-5 in holders. 1x5MHz Xtal
8XMB8264, 15+53, 1 xSN74198N various chips new ex-equip. £15.95.

Card No 2 1 xWD 1933B-01 in holder + 16 various chips, new ex-equip. £15.00. y
Card No 3 1x8086, 1 x8273AC 5 8255AC, 5% 2.2x 2732D, 1 x8203 | in holders, 7828 x6

® 4/6 MHz 280 CPU

® CP/M compatible

® User transparent MULTI-TASKING
® Upto 32K EPROM & 16K RAM

® Watchdog crash protection

® RS232 & RS422 Comms

® 2* 280a PIO (one uncommitted)

® On board bus buffering

® Power-on jump hardware

® Euro-card construction

NOW FROM £124 + VAT

CUB MICROCONTROLLER 4464 Dynamic Ram 64K x4 8 off n_ew exequ_ip £19.95 ——
® Z80CPU ] i IDC Connectors 26 way, 270mm cable £2.20. IDC Connector 20 way 45mm cable £2.00.1DC

® 4 x 280a PIO's (64 VO lines) Connector 50 way to IDC card edge Connector 50 way 520mm cable £4.20. Cables have

® 780aCTC connector on each end.

Marconi Sander VSWR Amp Mk Il £75.00 ¢/p 6.75

® 4K Battery backed RAM (2K sup.)
® 4K EPROM (2K MCV2.0 sup.)

e Powerful monitor (MCV2.0)

® Eurocard construction

5V 20A SMPSU £18.00. 5V 40A SM £25.00. Farnell SM +5V 10A +24V 4A +12V
S00MASV 1A new data £27.75. Farnell SM 12V 2.5A £38.00. Uitra small Farnell fan-cooled
SM +5V 10A, =5V 1A +12V 3A, 12V 1A £32.00. 12V 10A SM £38.00. 12V 30A SM
£69.00. 12V 3A Linear £16.95. All PSU units are 240V input. Many more in stock.

Gould Advanced 0S1100A Dual Beam 30MHz Delayed Oscilloscope ¢/w manual £325.00.

NOW FROM £108 + VAT

Cossor CDU 150 35MHz Delayed Dual Beam Oscillscope c-w manual £195.00. Tek 5458

et ehon | CMMIR800 oM Gk 3 e o o G e iy wih s o T
A g S/?A%g le Se?srv:(?&rEnl? alj:oorR Bare PCB's A vallable ::z(;tlme £85.00. Accepts muttitrace sampimg and spectrum analyser plug ins. Cp please
families of singte chip uP’s and 1+ 10+ — = =
uC'’s C/M CPU 28.50 25.65 Solartron 7055 Microprocessor Voltmeter £230.00 c/p please ring
o1 :22 Al iy gou g% Vo gg:gg S??g Solartron Metered PSU x 2 0-60V 0-1A 240V input £45.00 c/p 6.75. L
1 8801 inc. 680012983701 | cMRte 4000 36.00 . , SPECIAL OFFER
Supplied with a complete set of Manuals on request '3'-523333 ;rr;?kggté(f)lb‘il 33:1%?2 SFS'Lhneéihigg.g?fcrkusu'%%Eﬁ'zdfoeﬁé‘i'&muﬁfg siiég %
demonstration files. GNC ELECTRONICS ex-equipment £25.50
STARBURET\./X-}-'“ SSR Tllj‘lg:ﬁ eligg?ne'l;:g%?gzgof fN 8" Winchester 10MB Hard Disk Drive, new and boxed, manual etc £75.00
Requires 280 CPU Tel: 0379 898313 “ALL OUR PRICES INCLUDE 15% VAT & CARR/PACKING UNLESS STATED. SAVE TIME PHONE

ENTER 55 ON REPLY CARD
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YOUR ORDER FOR QUICK DELIVERY WITH ACCESS OR VISA CARDS
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& RAEDEK ELECTRONICS

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 0TB, ENGLAND
Telex No 333500 CROSAL G Tel 021-474 6000

I] l a2
| 7 /4 Electron \
£ AMPERE X T"bes AMPERI\

‘ CETRON CTC Du MONT EIMAC ‘
; ELECTRONS GENERAL ELECTRIC GENALEX
B IT LITTON MACHLETT NMULLARD
t E- NATIONAL OMNI| WAVE R.C.A RAYTHECN STC 3 :@5\,
SIEMENS SYLVANIA TELEFUNKEN THERMQSEN
VICTOREEN - VARIAN TUNGSOL BURRQOUGHS WESTINGHOUSE
-
R.F. Power Transistors

MOTOROLA GENERAL ELECTRIC R.C.A. JOHNSON
AEROTRON - QUINTRON - REGENCY - WILSON TRW. - MSC
ACRIAN TOSHIBA NEC - MITSUBISHI PHILIPS - AMPEREX

R/F CERAMIC CAPACITORS
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LINSLEY-HOOD 300 SERIES AMPLIFIER KITS
Superb integrated MosFet amplifier kits with an unbeatable
pedigree: circuit design by John Linsley-Hood and engineering by
HART

Ultra easy assembly and set-up with sound quality to please the . & _
most discerning listener. Iceal basis for any domestic sound system: Nt

! quality matters to you. Buy the complete kit and save pounds off

the Individual component price.

K300-35, 35 Watt. Discount grice for Complete Kit. K300-45, 45 Watt, Discount price for Complete Kit
RLH4&S. Reprints of Original Articles from ‘HiFi News £1.05 no VAT
LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER SYSTEM
Our very latest kit for the discerning enthusiast of quality sound and an exotic feast for lovers of
designs by John Linsley-Hood. A combination of his uftra high quality FM tuner and stereo decoder
described in “Electronics Today International” and the Synchrodyne AM receiver described in
Wireless World™. The complete unit is cased to match our 300 Serie: amplifiers. Novel circuit
features in the FM section include ready buillt pre-aligned front end, phase locked loop demodulator
with a response down to DC and advanced sample and hold stereo decoder together make a tuner
which sounds better than the best of the high-priced exotica but, thanks to HART engineering
remains easy to build. The Synchrodyne section with it's selectable bandwidth provides the best
possible results from Long and Medium wave channels, so necessary in these days of split
programming. If you want the very best In real HIFi listening then this is the tuner for you. Since all
components are selected by the designer to give the very best sound this tuner is not cheap, but in
terms of it's sound it is incredible value for money. To cater for all needs four versions are available
with variations up to the top of the range full AM/FM model, with any unit being upgradeable at any

time. Send for our fully illustrated details

HIGH QUALITY REPLACEMENT CASSETTE HEADS
Do your tapes lack treble! A worn head could be the problem. Tape
heads are constantly improving and fitting one of our latest
replacement heads could restore performance to better than new!
Standard mountings fit most decks and our TC1 Test Cassette will /.
make it easy to set the azimuth spot on. As we are the actual ,Lj
importers you get prnme garts at lowest prices. All our heads are
suitable for Dolby machines
HC20 Permalioy Stereo Head. Good quality standard head fitted as or iginal equipment on many
decks £7.66
HS16 Sendust Alloy Super Head. Quite simply the best. Longer iife than permalloy. higher output
than ferrite, fantastic frequency response £14.86
HQS551 4-Track head for auto-reverse or quadrophonic use. Full specification record and play head

FORTH INSTRUMENTATION
COMPUTER

e ) DS

A powerful control computer based on the new Hitachi
6303Y and high level language Forth. 100mm x 72mm.
30K bytes RAM, 16K dictionary RAM/PROM, 256 bytes
EEPROM, 16K Forth. You can attach 64 key kevboard,
LCD and I‘C bus peripherals. Built in are interrupts,
multitasking, time of day clock, watchdog timer, full

N A £14.60
screen editor and symholic assembler. 32 parallel and two Soecil Ofer Stereo R Hzads £249
serial ports. Single power supply and low power 3mA 159510 2/4 Storee DC E-an Hoad 5670
operationul mode. HQ751E 4/4 Erase compabtble with HQ551 £39.70

Full data on these and other heads in our range are contained in our free list

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU {Dolby) level, head azimuth and
tape speed without test equipment. Vital when fitting new heads. Complete with instructions £4.66

Send for your FREE copy of our lists with full details of our complete range of Kits, Components,
PCBs, Cassette Heads and Decks: - Overseas please send 5 IRCs for Airmail Post.

Please add VAT to all prices. Postage on orders up to £10 - 50p. £10 to £49 - £1. Over £50 — £1.50.
ELECTRONICKITS LTD
1, Penylan MIll, Oswestry, Shropshire SY10 9AF
24 hr SALES LINE (0691) 652894 Please add VAT

912 ELECTRONICS & WIRELESS WORLD

1 0ff £194.95 including manual and non-volatile RAM.

Triangle Digital Services Ltd
100a Wood Street, London E17 3HX

Telephone 01-520-0442  Telex 262284 (quote MO775
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Hugh Pocock

Hugh Pocock was much more
than a name to me. for he en-
couraged me to write the first
DIY book for the wireless
amateur, published by the Wire-
less Press at Henrietta St in
1921. I never forgot the kindness
which he showed to everyone
with whom he came in contact,
and his staff worshipped him.
Alan Douglas.

Blood-pressure
control

I read with interest the Research
Note (July, 1987) concerning the
closed-loop control system for
blood pressure developed in Mel-
bourne. It may be of interest to
your readers that such a system
has been in use in Glasgow Royal

Infirmary Cardiothoracic Unit
for the past two years. An initial
assessment of our system con-
firmed the benefits of closed-
loop control and 1 enclose a
reprint of an initial study carried
out by our Department of Anaes-
thesia.

Our most recent development
is based on an Atari 520ST mic-
rocomputer and has the unique
advantage of requiring no in-
teraction with the keyboard. All
input is achieved with a mouse-
controlled arrow which the
nurse uses to select from several
options displayed on the screen.
Nurses are not skilled in using a
keyboard and we expect this fea-
ture to provide an important
benefit in the routine use of
computers in the clinical setting.
Gavin N.C. Kenny.

Department of Anaesthesia,
Glasgow Royal Infirmary,
Glasgow.

As a practising doctor and en-
gineer involved in Medical Re-
search 1 find the new improved
EWW very useful for keeping up
to date.

However, the article “Inten-
sive care-biofeedback™ in Re-
search Notes (July 1987) high-
lights two problems which are
probably worse in medicine than
in most other disciplines — that
of keeping up to date with jour-

f nals of one’s own specialty and of
scanning the literature of other
disciplines. There are approx-
imately 2000 medical journals in
the English language and prob-
ably 30 inwhich papers on clinic-
al biofeedback could have
appeared.

In fact, closed-loop control of |

blood pressure has been done by
several groups in the past with
software protection against arte-
facts. The first paper published in
the UK was from the group at
King's College Hospita! in Lon-

don using Simonsen and Weel

monitoring equipment, an Apple
II microcomputer and an Imed
infusion pump with RS-232 re-
mote control. (Closed Loop Con-
trol of Vasoactive Drug Infusion
D.R. Potter, ).T.B. Moyle. R.J.
Lester and R.). Ware. Anaesthe-
sia 1984 Vol 39 pages 670-677.)
John Moyle,

Consultant Anaesthetist and
Bioengineer,

Milton Keynes Hospital.

An oscilloscope
problem

Long. long ago. when computers
| were young, I noticed a strange

thing about troubleshooting

glitcheswith an oscilloscope.

Displaying a culprit spike cal-
led for the fastest timebase, care-
ful trigger adjustment and high
intensity. Even so, the trace was
dim and hard to see. Quite often,
another person was unable to see
the problem waveform.

Then, a few years later, | read
with interest of some experi-
ments on briefly presented im-
ages at Edinburgh and else-
where. It turns out that some
people can discriminate details
of an image presented for mic-
roseconds, while others need
tens of microseconds. This
equipment is called a tachisto-
scope and is a favoured tool of
experimental psychologists.

Emotionally charged mate-
rial, it seems, can give rise to a
perceptual block which calls for
greatly extended presentation
time to ensure visibility. More
tendentiously, a relation has

- been offered between measures
- of intelligence and minimum
times for perception.

ELECTRONICS & WIRELESS WORLD
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If valid, this approach offers
the long-sought ‘culture-free’
testing mechanism which could
silence egalitarian concerns over
racial discrimination, which
have haunted the field of objec-
tive testing.

1 went so far as to produce a
black box which could flash one
or two leds for a preset time and
noted the differing minimum
periods which subjects needed to
discern the test pattern. I visual-
ize the use of cheap and rapid
pre-employment vetting, as an
improvement on the time-
consuming IQ batteries that em-
ployers like IBM used to tand
perhaps still do) use.

My enthusiasm waned when |
reviewed studies of 1Q results of
university professors, successful
business people and some elec-
tricians. As you may have gues-
sed, the electricians usually won
the IQ tests, hands down.

So. acknowledging that suc-
cess in life has to do with persist-
ence, hard work and luck as
much as intelligence. 1 laid the
project aside.

But. when looking for an elu-
sive spike with an oscilloscope.
don’t say you haven't been
warned. If all else fails, use a
logic analyser.

Brian Whatcott,
Gorland,
USA.

Eastern
promise

I recently came across the April
1987 issue of your magazine and
read it from cover to cover. In
particular, the editorial by Bob
Giddy intrigued me to the extent
that I was forced to reply.

The statement that the other
European multi-nationals must
give up some of their long-held
territory is a very pessimistic
statement. Why should the
others give up the territory? Un-
less the British can demonstrate
that they can take it over —well —
the statement remains a pious
hope!

Hawking British electronics to
the USA — why cannot the British
do it? The Germans are now
doing it quite successfully! Re-
minds me of the 1950s: the Brit-

ish cars came to Canada, with
lots of goodwill. But they refused
to consider Canadian conditions
and. within a few short years,
they were knocked out of the
market. It is a rare sight to see a
British car in Canada.

The British have a good record
for innovation and design. but
not for production! How true!
The cost of warranty repairs that
have to be done by Canadian
importers is staggering, We re-
cently imported an instrument,
which did not work. We checked,
found it had not been tested at
Canadian power voltage and fre-
quency, despite the manufactur-
er's statement. We shipped it
back twice before getting one
that worked!

The idea of a partnership be-
tween the UK as designers and
another country as fabricators is,
I'm sorry to say — strictly for the
birds! And a joint agreement
with Japanese rather late in the
day — I'd say! The third idea, of
joint ventures with the Comecon
—seems a little preposterous too!

My suggestion is that the in-
dustry should heed Margaret
Thatcher's advice. Get out on
your own. Britain can regain the
dominant position she has had in
science and industry. But Britain
should not ride on joint ven-
tures. She can do it on her own —
if she has to.

Harry H. Schwartz,
President,
Electrodesign.
Quebec.

Modern
physics

I was very disappointed by the
letter from Ivor Catt in the July
issue: | have enjoyed many of his
articles over the years. To use a
scale like “hard to soft” implies
some way of measuring position
on the scale like the Rockwell
test for the hardness of a mate-
rial. When applied to disciplines
of human knowledge [ think that
the analogy is inappropriate:
they are not things to which a
one dimensional measure can be
applied. Also it has a pejorative
air to it, as Ivor Catt says, "In a
soft discipline. a model... is still
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of value even if it is imperfect,

that the only reasonable use of
the term “hard science” is to
describe those subjects where
the theories and facts have preci-
sion quantitative measures as a
dominant feature. Not all our
experience can be encompassed
by quantitative measures; if we
go to a play by Shakespeare we
may be interested in the statis-
tics of word frequencies, but our
experience of the play and sense
of the truth which we see in it is
not measured numerically or
topologically.

Vituperative comments about

careerist scientists adds nothing |

but ‘soft subjectivity’ to the argu-
ment. | know the world of sci-
ence is just as full of self interest
and politics as any other, but let
us not mix up our frailties with
the significance of the science. |
hope that in any case we would
complain of a situation where
somebody loses a job because his
theory is wrong — most (if not afl)
theories are wrong in some way.
Of course some people lay them-
selves open to attack by present-
ing their ideas dogmatically to
start with, but in all areas of

human study we don’t judge an ;

individual by the wrong theories
but by the contribution to the
evolution of the subject. Re-
member Newton's comment ab-
out seeing further by standing on
someone's shoulders.

Finally, the list. “Uncertain- |
ty™: a very unfortunate nomen- |
clature for the Heisenberg prin-
ciple which is not uncertain at
all. “Dualism”: although the
wave-particle model may seem
inelegant in its explanations of
systems in terms of the language
we have been using in science for '
the past few hundred years, sure-
ly the prediction of the magnetic
moment of the electron to 1 part
in 1,000,000,000, as well as the
theory’s effectiveness in atomic
physics in general, classifies it as
“hard"”. “Observer and observed™:
this is one of many genuine
attempts to come to an under-
standing of what quantum
theory is about. It may not be the
right direction but it has been
analvsed in quantitative detail.
“Relativity”: | know that EWW
has much debate on this and
there are many competing mod-
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| els, but the E=m¢? which first |
flawed” (my emphasis). | think |

came from Special Relativity is
precisely shown in the atomic |
bomb, and the bending of light is
predicted correctly in General |
Relativity; these are hard
measurements, which may still
of course be consistent with
alternative models. “Statistics
and probability”: thermodyna-
mics has worked for us precisely
for hundreds of years, yet it can
be derived from statistical
mechanics which brings with it |
the possibility of calculating
some thermodynamic para-
meters from more fundamental
constants.

The only way science evolves is
by the open contribution of a
large community of people. 1
believe that although the flesh is
weak, the spirit is willing, so let
us keep to specific criticism of
fact and not deal in subjective
innuendo. I might add that I am
a “hard” scientist with consider-
able misgivings about current
interpretations of quantum
theory and I argue consistently
for theoretical pluralism as the
best way to test our theories.

. Robert D. Dyson,

Kidlington,
Oxfordshire.

Relativity |

I would like to question the
version of Einstein’s thought ex-
periments summarized by M.H.
Butterfield in the penultimate
paragraph of his February letter.

Einstein’s symbols A and B are
two positions in the same sys-
temn, not as Butterfield assumes
abbreviations symbolizing an
observer in one system A, ex-
changing data with an observer
in another system B.

We can apply the rules gov-
erning the use of mathematical
models to Einstein's original
paper ‘On the Electrodynamics
of Moving Bodies’ (1905). Firstly,
find the problem, secondly, find
the mode! of the Moving Bodies
used to solve the problem, and |
finally, judge whether the model I
is realistic.

Einstein’s problem. Clue: |
“...the unsuccessful attempts to |
discover any motion of the earth
relatively to the ‘light!

medium,”...” (Einstein’s intro- |

duction).

Einstein’s model. Clue: Ein-
stein’s first though experiment -
“Let a ray of light start at the ‘A
time’ t, from A towards B, let it at
the ‘B time’ tg be reflected at B in
the direction of A, and arrive
againatAat the'Atime't,".

This is a modified Michelson- |

Morley experiment (MME), or
rather the arm of the experiment
headed directly into the ether
wind, Einstein's problem and
moving bodies. A is the position
of the angled mirror, a clock, an
observer, and the source of the
ray of light. B is the position of
the reflecting mirror, a clock and
an observer. Einstein’s “rod to be
measured” is the distance be-
tween the mirrors and his

“measuring rod” is a tape- |
measure. He defines his “station-

ary system” as “a system of co-
ordinates in which the equations
of Newtonian mechanics hold
good.” This is a fictitious station-

ary Newtonian MME in Newto- |

nian time and space. (See N.
Rudakov’s Fiction Stranger than
Truth.pp. 88-89.)

The first thought experiment
(TE) is performed in a stationary
Newtonian MME to synchronize
clocks fixed to the angied mirror
Aand the reflecting mirror B. All
clocks are first synchronized in
pairs in a stationary Newtonian
MME. Symbois A and B identify
the positions of the mirrors,
clocks and observers in the first
and fifth TE’s. Symbols rg and r
are substituted for position A and
r) for position B in the last TE.
The moving clock and observer
are significantly absent from re-
flecting mirror ry. Time at r, is
not ry —r, divided by two.

TEs Nos 2, 3 and 4 are all
performed in the same MME.
The MME is stationary during No
2, and moving at 30 km/s during
No 3, “operation (a)”, and No 4,
“operation (b)". The distance be-
tween the mirrors is measured

with the same tape-measure dur- |

ing TE’s Nos 2 and 3. The same
solitary observer performs TEs
Nos 3 and 4. TE No 4 carries a
Mental Health Warning, THIS

| GIBBERISH MAY DAMAGE

YOUR SANITY. Positions of arte-
facts are not identified by sym-
bols in these three TEs. Obser-
vers in a stationary Newtonian

l

MME do not exchange data with
observers ina moving MME.

Is the model realistic? Clue:
Art. 4 of his paper headed Physic-
al Meaning of the Equations...
After explaining by implication
that the transverse arm of the
MME is Newtonian and the other
arm is not, Einstein confirms his
conception of a realistic model.
“...we shall, however, find in
what follows, that the velocity of
light in our theory plays the part,
physically, of an infinitely great
velocity.” In other words, light
acts instantaneously at a dis-
tance. The finite velocity of light
is an essential measureable
quantity in the Lorentz trans-
formation.

Lorentz’s model does not
question L. Essen's measure-
ment of light's velocity. Ein-
stein’s does, with avengeance.
M.G. Wellard,

Kenley,
Surrey.

Time and space

I enjoyed reading Scott Murray’s
article “If you want to know the
time ..." (December issue of
Wireless World, p.28) but sear-
ched in vain for the rider “ask a
relativistic policeman”. Can it
really be that clocks at the pole
and at the equator can cooper-
ate to prove Einstein wrong?

Such a proposition is out-
rageous and I have it on good
authority. The editor of Physical
Review Letters has drawn my
attention to an experiment re-
ported by NASA. It appears that
in 1976 the NASA-SAO rocket-
borne  redshift  experiment
proved that the theory of relativ-
ity was correct and that over a
10,000km range from the Earth
light speed was the same in
opposite directions to within 3
parts in a billion. If this is true,
then, as an antirelativist, 1 am
defeated and Scott Murray
should hoist the white flage as
well. No longer can Wireless
World entertain us by encourag-
ing debate in this exciting arena
or ‘relativity’.

It would indeed be sad if
Wireless World followed the ex-
ample of Applied Optics. The
editor of this journal, published
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by the American Institute of
Physics, had occasion to write at
p. 544 of the March 1977 issue:
‘It was probably unwise for Ap-
plied Optics ever to have ven-
tured into the controversial area
of relativity theory (and the
various optical tests for it). In
that area even the experts carry
long swords and enjoy duelling
to the death. Unarmed editors of
applied journals would be well
advised to avoid that battelfield’.

It appears that NASA did send
a stable maser oscillator into
space to test relativity. As a
clock, it behaved as expected in
slowing down as it returned to
the stronger  gravitational
potential in its descent. This is
just as Scott-Murray would pre-
dict. But what about the time
dilation effect due to motion?
Well, since relativity references
motion on the observer, the
speed of the rocket was refer-
enced on the Earth frame and
the time dilation terms were
small enough to be ignored. The
experiment performed by NASA
had such small residual error
that it could be said with confi-
dence that the radio signals sent
to the rocket travelled at the
same speed as those sent back
from the rocket. No evidence of
motion through the preferred
frame was found, and the range
was 10,000km.

Now, what is fascinating ab-
out this experiment is that it
was a major NASA project in-
volving numerous scientists and
aimed at testing relativity. It was
seen as an experiment to detect
motion through the aether, be-
sides testing the effects of grav-
ity. Yet, in the analysis the time
dilation was calculated as refer-
ence on the Earth frame, whilst
the resulting equation was used
to estimate motion relative to
the preferred frame. Could one
really credit such an error?
When the time dilation formula
is referenced on the preferred
frame the resulting equation
contains no terms which would
allow the anisotropy to be
tested. The effects cancel out
completely, making the test
completely inconsequential so
far as detecting our motion
through space is concerned.

Such is the arena of debate on

Establishment scientist wants to
believe in relativity and no one
seems to question results which
support relativity. All the venom
is directed at those who seek the
truth and need convincing.

In conclusion, it is relevant to
mention that the so-called time
dilation formula has only been
tested for atoms and particles
moving at very high speeds,
speeds far in excess of any ex-
pected motion relative to the
preferred frame. The privileged
role of the relativistic observer

has not been tested in this
context.
The NASA reference rnen-

tioned above is to a paper by
Vessot and Levine, Gen. Rel. and
Grav., 10, 181 (1979).

H. Aspden

Department of Electrical
Engineering

University of Southamptan.

Class B
crossover
distortion

There appear to be many errors
in this article by E. Margan
(June 1987). While accepting
that the circuit is experimental
and not fully developed, 1 must
point out that it cannot function
in the non-switching Class-B
mode, since the bias voltage is a
fixed source. Sage Audio have
found, during the development
of their own amplifiers, that the
bias voltage must have com-
pliance — it must not be a
voltage source such as two
diodes or a Vy, multiplier. This
is so that the upper transistor’s
base may be left biased just
above V. whilst the lower
transistor’s base swings in-
creasingly negative when sup-
plying the negative output cur-
rent cycle. The bias must be
variable under signal control,
varying in exact opposition to
the increased voits drop across
the lower emitter resistor.
Examination of all the recent
Japanese n.s.b. circuits reveals
this to be so, with the exception
of Technics, who use a simpli-
fied Peter Blomley design. This
is not a true n.s.b. system, but
simply transfers the crossover

this question of relativity. The | region switching to an earlier
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Fig.1. Simplified Blomley amplifier in which Try, alternately
switch on and off but in which Tr34 remain conducting due to R;.
Both circuits feature a fixed voltge-source bias; hence, some part
of the circuit must switch if |, is to exceed |,. A true n.s.b. system
must include a dynamic variable bias working in opposite
direction to the drive, giving bias voltage compliance.

section of the amplitier: the |

output transistors are then
biased continuously on with a
small standing current via a
resistor from the opposite supp-
ly, the driver transistors then
being atlowed to switch. Tech-
nics use the same idea, but
replace the switching drivers
with  switching diodes. A
skeleton diagram of the Blomley
amplifier is in Fig.1, showing a
fixed voltage, which means that
something (in this case the driv-
ers) must switch. Mr Margan'’s
circuit is a failed attempt to
develop the Blomley system
further. 1 fear he has misinter-
preted the Blomley compound
output transistor configuration.
For simplicity the skeleton dia-
grams for each system have
been drawn with the same out-
put configuration. It is clear
that the Blomiey amplifier driv-
ers in Fig.1 are alternately
switched on and off in driving
the output transistors. However,
with a fixed trickle current via
Ry, the output transistors will
remain conducting. This is only
part way towards non-switching
driver-transistor switching
pulses are still detectable, but

S ntb
2l
l

Fig.2. Skeleton circuit of the
Margan amplifier. This is very
similar to the Blomley design,
although the Blomiey system
does leave each output transis-
tor permanently conducting,
while allowing the drivers to
switch off.

much smalier due to lower stor-
age charge in the smaller driver
transistors.

In Mr Margan’s circuit, the
bias compliance offered is en-
tirely due to Ry s. This is better
than standard Class AB, but is
not a totally non-switching cir-
cuit.

Les Sage,
Sage Audio,
Bingley, Yorkshire
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Logic, intention and sexual

equality

Will ‘equality of the sexes’ bring about the demise of
intentional logic symbols or will traditional values and
teaching prevail? First, we must recognise the problem.

no obvious connection with sex. but

there are two sexes and there are two
logic levels and. as | will show, the analogy is
useful in considering mental attitudes and the
way we think. The purpose of this article is to
examine two different approaches to logic
design and the fundamental attitudes which
produce them. It will also clarify the reason
for the conflict between, those who consider
that the adoption of intentional logic symbols
is the only way of putting meaning into logic
diagrams, while others see the same logic
symbols as utterly pointless.

I am not concerned with the wider mathe-
matical subject of logic. The study of logical
reasoning expressed in mathematical form
has no doubt provided the prototype which in
turn provided some of our terminology and
has influenced the formulation of teaching
methods. I am interested only in the concep-
tional process used by practical engineers in
designing circuits and in describing the cir-
cuits they have designed.

It is clear from talking with other engineers
that some, like myself, abandoned the classic
approach which they may have been taught,
either completely or partially in favour of what
I will describe as the alternative approach.
This brings them in conflict with those who
continue to think in the classical manner.
Both sets of devotees seem unaware of the
nature of their differences, let alone analysed
its cause. The difference could not be more
fundamental. It is whether you accord to logic
1 and 0 the equivalent of sexual equality or
whether you consider 1 to be the dominant
and 0 the subservient sex.

The abstract world of electronic logic has

THE CLASSICALVIEW

The classical view is strictly sexist. The logic 1
is the assertive, active, true state. The logic 0
merely indicates that the 1 is not present.
From this standpoint and- and or-functions
are described purely in terms of logic 1:

IfA&B&C = 1, theoutput = 1
IfAorBorC =1, theoutput = 1,

The and-function is likened to multiplication,
and the or-function to addition:

ILI1=land 14040 =1,

from which follows identities such as
AB+C)=AB+ALC.

This reinforces the essential difference be-
tween and and or. In mathematics it is always
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clear whether you are multiplying or adding.
Confusing the two would be disastrous so in
the classical view they must be distinguished
one from another. The question as to which is
taking place is a necessary and valid one.

In practical terms we have two voltage
levels designated HI and LO. As LO is usually
near to OV it seems tidy to make HI = 1 and
LO = 0. This would be fine if the engineer
could choose hardware to exactly match his or
her mental concept. If this simple approach is
adopted then the truth table of an inverter is

Input Output
1 0
0 1

This may seem straightforward enough but to
the classical view it just cannot be. Logic 1 is
the true, assertive state. A gate cannot simply
swallow it, never to appear again, neither can
it create one where previously one did not
exist.

Something has to give and it is the simplis-
tic concept of HI = 1 which has to go. An
assertive state is an assertive state, and if an
assertive state enters an inverter, an assertive
state must leave. Hence the classical approach
leads to the following truth tables for the
inverter

Input Output Symbol
1(HI=1) 1{L0=1) | |
0(HI=1) 0(L0=1)
1({L0=1) 1(HI=1) ) | ]
0{L0=1) 0(HI=1)

There are two truth tables requiring two logic
symbols, depending on whether the assertive
state (logic 1) is Hl or LO at the input. In the
real world nand and nor gates predominate so
engineers have to live with inversions at every
gate. Those who stick with the classical
approach overcome the problem by the use of
intentional logic symbols. I recommend read-
ers unfamiliar with them to study the article
‘Mixed logic’ by M.B. Butler, Wireless World
July 1983, which is quite comprehensive.
Essentially there is no such thing as a logic
inversion, merely a change from positive logic
(H1=1) to negative logic (LO=1) or vice versa.
What makes this complicated is that if a gate
performs an and-function in positive logic, it
will perform as an or-gate for negative logic
and vice versa. Intentional logic symbols allow
you to describe the functions of a gate at every
point in the circuit and whether the function
occurs in positive or negative convention.

Although the symbols allow the mainte-
nance of intellectual integrity, it is at a price.
There are at least twice as many symbols
needed, two physically identical gates may
have different symbols and because of the
process of Boolean rationalisation, a single
line may be assertive HI to one input and
assertive LO to another, requiring the use of a
symbol! with no physical counterpart.

To summarise, the factors which epitomize
the classical view are that 1 and 0 have
unequal significance and that and and or are
essentially different. The alternative view re-
jects both of these concepts.

ALTERNATIVE APPROACH

In the classical approach, the logic 1 is the
assertive state. There is no question of sexual
equality and yet 1 has no meaning without 0.
In my experience the thing which invariably
catches new engineers is the open-circuit
input, for it seems reasonable that if you
connect nothing to an input, you cannot be
asserting it. They soon learn that unused
inputs must be tied either to logic 1 or to logic
0 and that a connection to logic 0 is just as
important as that to logic 1.

Now consider a simple switch. If one was to
ask whether a particular switch in a system is
primarily intended for switching something
on or off, then one’s sanity would be put in
question. Switches do not perform two inde-
pendent functions called ‘on’ and ‘off: they
performa composite on/off function. The only
reason for putting one in circuit is that
sometimes you want them ‘on’ and sometimes
‘off".

Now consider the following two definitions:

Aswitch is onifand only if it is up; it follows
therefore that if it is down it is off.

A gate gives outa 1 ifand only if Aand Band
C = 0 it follows therefore that if Aor Bor C
=l it givesouta0.

The similarity is obvious. Just as a switch
performs a composite on/off function soa gate
(in this case a so-called nor gate) performs a
composite and/or function just as it was
meaningless in the case of the switch to ask
whether it is primarily for switching on or off,
so it is meaningless to ask whether the gate is
intended to perform an and or an or function.
The answer is that it performs both just as
with the switch. Every time this gate gives out
al it is because A and Band C = 0, it is
performing an and-function. Every time it
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givesout a 0 it is because AorBor C = 1, it is
performing an or-function. Both functions
are necessary otherwise there would be no
point in putting the gate in circuit. The and/or
functions are no longer separate but are
alternative descriptions of the same composite
function, and this is a direct result of accord-
ing equal statusto 1 and 0.

In describing the conventional view the
essential difference hetween and and or was
highlighted by comparison with add and
multiply. Whereas

A.(B+C)=(A.B}+(A+C)

seems to indicate the truth of this, the
following equation which is equally true,
raises doubts

A+(B.C)=(A+B).(A+C).

If the same equations are written using
another convention

ANBUCI=ANBIUANC)
AuBNC)=AUBIN(AUC)

then it is obvious that *and’ and ‘or" are no
longer as different as multiply and add. They
are merely two sides of the same coin, mirror
images if you like.

Using this concept we can tie HI=1 and
L.O=0 permanently. We need half as many
symbols each of which ties up on a one-to-one
basis with its physcal configuration and the
inverter is a valid concept in that it mererly
changes one logic state to the other of equal
significance.

The assertive state plays no part in the
mental process, both states being equally
assertive. If 1 enables, 0 disables, the input is
an enable/disable. If 1 lets the signal through,
0 blocks it. After all, which is more assertive, a
red traffic light or a green? 1 want to stop the
traffic — assert red. [ want the traffic to move —
assert green. The unanimous decision of a
jury deprives a man of his freedom (and
function). A man’s rights are protected by a
single jury man refusing to condemn (or
function). Which is more assertive, to vote
guilty or refuse to vote guilty? Hence, even
away from the completely artificial realm of
electronics logic, the concept of assertive state
is difficult to justify.

To the classical thinker there is no such
thing as a toggle switch: all switches are
biased one way or the other. So it is reasonable
to ask whether a switch is for switching on
(biased off) or for switching off (biased on).

It is clear from reading past contributors of
Wireless World that while both thought pro-
cesses are evident, the people concerned may
not be aware of the difference. M.B. Butler, in
his article entitled ‘Mixed logic’ (WW July
1983) states: “Classical logic synthesis proce-
dures tend to generate unreadable circuit
schematics”. He has a genuine problem. He
designs circuits using concepts which are not
physically realisable (at least not economical-
ly). He then uses Boolean algebra to convert
the circuit into a realisable form. During this
process many of his concepts disappear. He
can no longer understand how the circuit
works. He cannot now produce a circuit
description which describes the physical cir-
cuit. His solution is the use of intentional
logic symbols with which he can, to a fair
degree, redraw the circuit in such away that it
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again bears some resemblance to his original
intention.

lan Kampei on” the other hand is an
alternative thinker but probably doesn’t know
it. Faced with producing an article to explain
the new British standard logic symbols (‘'The
new logic symbols" WHW" March 1985), he is
clearly in great difficulty to understand why
anyone should want to confuse the isue by
using a negative logic convention. The best he
can come up with is “The only real justifica-
tion in using a negative logic convention is
where a negative supply is used for logic
devices”. He notes that if polarity indicators
are used, negation symbols disappear, but
seems confused as to why anyone should want
to use them in desperation, suggesting that
they form an elegant solution “...at the inter-
face between two manufacturers equiment”
(one using a negative supply perhaps).

[ fully sympathize with lan Kampel. Until |
analysed the problem I considered my mental
process to be the norm and couldn’t under-
stand why any sane person would wish to
make life so complicated. It was a surprise to
me therefore when my analysis indicated that
classical thinking was not on my side.

It must be more efficient and result in a
more economical design if a designer thinks
directly in terms of the actual devices he has at
his disposal, rather than first think in terms of
hypothetical devices and translate into the
available hardware. Something is bound to get
lost in translation. In any case, when actually
involved in design, one not only has to take
into account the range of devices available,
but also the fact (say) that you have used one
gate of a three-input nor gate and therefore
have two left within the package.

There is a further reason for keeping as
close to the hardware as possible. Consider the
circuits shown, column 3. They are Boolean
equivalents and yet the waveform from Fig.1
is guaranteed glitch-free, whereas that of
Fig.2 is not.

An engineer who thinks directly in terms of
the hardware has no difficulty in describing
how the circuit works in his or her terms. It
would however he impossible to describe the
circuit using intentional logic symbols as they
describe a thought process which has not
taken place.

One can take the alternative approach a
stage further. Having established that both
nand and nor-gates perform a composite
and/or function there is a choice as to one’s
mental image of them.

There is only one unigue combination of
inputs (all ones) which will give a 0 out of a
nand-gate and several which will give a 1.
Likewise, there is only one unique combina-
tion of inputs which will give 1 out of a nor
gate (all zeros) and several which will give a
zero. If we describe this as the unique state
then I find it easier when checking my design,
analysing someone elses, or fault finding, to
simply ask at each gate "is the unique state
present?” Instead of thinking of the nand and
nor as being nand/nor and nor/nand respec-
tively I think of them as nand/nor and nand/
nor.

It was this thinking which lead to my
suggestion of the truth-table logic symbols
(W letters Oct 1981). [ apologise for not
furnishing them with the intellectual
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Fig.L An example of a circuit which gives a
glitcn-free outputatB.
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A7 | A
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Fig2. This Boolean equivalent of Figure 3
circuitmay produce a glitch atB.

Conventional Truth table

rame Input | Output Sl

AND S i) 3 ‘}——
Else |0

oR Al =[0]0] ;.
Else |1 =
=1
Else |1 —

NOR AU =[0}1] _
Else |0

EXOR Notequal|1 | )
Else |0 =

‘Not l

exnor  [orequat(0 }

Else [1

Truth-table logic symbols first suggested by
the author in 1981 are an extension of the
alternative approach discussed.

justification for that suggestion until now.
I wish to stress that | have not invented a
revolutionary new way of looking at logic
circuits. On the contrary, Ebelieve that it is the
way used by a majority of the engineers who
make their living designing logic circuits. My
function has been merely to analyse it so that
the nature of the problem can be understood.

John Kennaugh, B.Sc(Hons) works as a de-
sign consultant in Cornwall. Previously he
was R & D manager of Tektel. designing v.h.f.
and underwater communication equipment.
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ivatization of the radio

spectrum

The study for DTI by CSP International, on which we
reported in our July issue, was supposed to consider the
practicality of spectrum pricing. The report proposes
radical deregulation, which was not explicit in the brief.

that, for the future, regulatory proce-

dures for licensing radio transmissions
would have to include some capability for
the making of value judgements, since de-
mand may often exceed supply. But it did not
say how that could be done. The authors had
looked at a proposal from the Department of
Transport (DTp) for a spectrum renting
system and at other proposals for ‘spectrum
pricing’, as it is called, and they thought “it
may well be impracticable”, but they recom-
mended that, if the matter was to be further
pursued, a feasibility study should be com-
missioned. Two years later, the Department
of Trade and Industry commissioned such a
study by CSP International, which has re-
ported in March of this year — nearly four
years after Merriman reported — under the
title ‘Deregulation of the radio spectrum in
the UK. ‘Privatization of the radio spectrum’
would be a more descriptive title.

The change of emphasis from pricing to
deregulation is significant. It hails two ma-
jor departures from the original proposal
from DTp. The first is to restrict the scope of
the study, and so the scope of the pricing
system, to civil uses of the spectrum (in
other words MoD is to be let off again) and
then to exempt television broadcasting as
well, leaving only a rump of smaller users in
the pricing system. The second is to allow
revenue maximization to become the guid-
ing principle in pricing the spectrum instead
of the principle of matching the demand to
the supply.

BENEFITS OF PRICING WILL BE
UNDERMINED

One may argue about whether spectrum
renting or pricing is necessary (which it is
not unless Merriman was right about de-
mand often exceeding supply) or practicable
or consonant with the British way of life. But
what is certain is that the benefits of the
price mechanism (see the box) will be
seriously undermined-if the largest users are
exempt. Moreover, the leverage of the
mechanisms now recommended, which will
be increased by thus restricting its applica-
tion, will distort the decisions of the paying

In 1983 the Merriman Report concluded
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users to the detriment of the whole economy
if the fulcrum of revenue maximization is
allowed to be inserted under it.

As well as the television and MoD giants,
the police and fire services are to be ex-
empted from at least the first and second
rounds of Spectrum Managemert Licensing,
by which spectrum pricing is to be selective-
ly introduced. No reason is given for these
two exemptions or the exemption of MoD, so

one is left to guess what may be the instincts
of the authors and recipients of the report.
The instinct to exempt the police and fire
services probably arises from a sub-
concious, ill-considered dislike of the price
mechanism as a sordid thing which has to be
tolerated in industry and commerce but
ought not to affect the provision of our
vitally important ‘safety-of-life’ services.
That is nonsense and even the report rebuts

“UWhat's this 'spectrum pricing’ then, boss?”
“"Well, it's to do with market forces and competition, y'know.”
"Oh, ali that jazzl So can we bring in deregulation?”

“Why not? Sounds great. Make that the main theme, Joe.”
"On my way, boss!”
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What are ‘The Price Mechanism'and ‘Trade-off Calculations’

Whenever the price of something affects the quantity which you decide to buy or use, the
price mechanism is at work. Sometimes it is simple; you buy only 2Ibs of apples this week
instead of 3Ibs, although you like apples, because the price has gone up. On other occasions,
especially in professional and commercial life, the mechanism is more complicated; you
decide to move you office 150 miles, although the rent will be higher at the new site, because
you expect to save more than that difference in transport and telephone costs and you hope
to get some expert staff more easily at the new place. In that case the sums you did with rents,
transport and telephone costs and your valuation of that expertise are known as trade-off

calculations.

Together, we make billions of such decisions every week and cumulatively they both
propel and direct the whole economy with an efficiency which no other mechanism can hope
to emulate, for two reasons. Firstly the sum of all our decisions feeds back onto the price of
apples (or offices) and thereby shares them out to users who value them most highly.
Secondly, only you have the essential data for your decisions — how fond you are of apples
and whether you are expecting visitors, or the amounts of your transport and telephone bills
and the true worth of those experts. Consequently resource allocations which result from the
operation of the price mechanism are effectively derived from a vast mass of essential
information which is left out of account in any other method.

spectrum which they have previously had
without payment, they would of course need
a Government grant, or additional grant, to
recompense them for those payments. So
initially there would be a circulation of funds
from the Treasury to the public body and
back to the Treasury via the spectrum
renting authority, which might seem rather
pointless. But there is a very important
point. After the initial running-in period, the
‘spectrum’ earmarks would have to be re-
moved from the grants and the grants
incorporated into the budgets of the public
bodies, which would thereafter be subject to
only the general reviews of funding which
public bodies must undergo from time to
time. So the public bodies would start from a
position of no net change and then have the
inducement to economise by using less
spectrum.

it to some extent (on page [32), but the
argument is not carried through. These
services require and pay for a large range of
equipment and materials. They also pay
salaries and provide job security, which are
at least enough to retain their work forces,
and they trade off the costs of equipment and
materials against each other and against the
cost of personnel like any other employer.
This commercial environment is generally
beneficial to those services and raises their
standards, compared with countries where
the price mechanism is suppressed. Having
to pay for spectrum would not undermine
their ability to chase criminals and put out
fires any more than having to pay for police
cars and fire engines.

NATIONAL SECURITY INA NEW
LIGHT

MoD relies on the mystery of national
security to keep its immense allocations. But
the armed forces do not get their tanks and
aeroplanes and nuclear weapons without
payment. On a much large scale they operate
in just the same way as the police and fire
services, and they benefit from the price
mechanism to a correspondingly greater
extent. In particular they have to pay for
telegraph and telephone lines and their
engineers trade off the cost of additional
lines against the cost of more elaborate
equipment, which would reduce the cost of
the lines, like any other user. Whenever they
have the choice between radio and land
lines, other things being equal, they must of
course choose radio because not having to
pay for the spectrum makes radio cheaper.
They would be falling down on their jobs if
they did not do so. Theirs is not to try and
guess the value of spectrum to other users,
but to make the maximum use of a resource
which comes free of charge.

As long as would-be users have to justify
their applications for spectrum in terms of
the detailed purposes for which they will use
it, MoD can legitimately argue that its
detailed purposes are secret and so its ap-
plications must be taken on trust. But if the
armed forces are now told that they can have
all that spectrum and they need not say what
they want it for in detail — or at least not
publicly — but that now they must pay for it,
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then the national security argument becom-
es irrelevant and there is no other legitimate
reason for treating MoD any differently from
any other user. That radical change in the
status of MoD, if a thorough-going
spectrum-pricing system were brought in
seems not to have occurred to CSP Interna-
tional, or perhaps it did not occur to the
officials who drew up CSP’s terms of refer-
ence — or possibly they were simply deter-
mined to exempt the MoD allocation from
any reform.

The television broadcasters rely on the
assumed unpopularity of a ‘spectrum tax’, as
it would probably be called — and that would
not be a bad description. But public percep-
tions are not immutable. People can be
voluntarily persuaded of the need for change
if the case is explained with clarity. The
report points out (page 142) that present
management procedures can accommodate
without difficuity the numbers of television
channels allowed under the present Govern-
ment policy for tv. But that is not a good
enough reason to exempt television broad-
casters and their engineers from the disci-
pline of the price mechanism. If broadcast-
ing policy were to come under review, as it
might for reasons unconnected with spec-
trum management, the participation of tv
broadcasting, including the BBC and the IBA
contractors, in a spectrum pricing system
would provide highly pertinent estimates of
the scarcity value (or opportunity cost in the
economic jargon) of the spectrum which
would be taken up or released by any
proposed changes.

Meanwhile, even under the present policy,
some research engineers at an IEE confer-
ence a few years ago estimated informally
that they could reduce the bandwidth of a
colour tv channel from 8 MHz to 6 MHz
without any loss of quality, but it would be
“enormously expensive”. Of course they had
given no serious thought to the cost, nor to
the scope for or cost of much smaller
reductions which would nevertheless be
highly priced by p.m.r. applicants who have
been waiting for assignments in vain for
years, or given up waiting years ago. But
no-one can foretell how ingenious engineers
can be until they have reason to give their
minds to a problem.

If these public bodies had to pay rent for

WHY THE GIANTS MUST BE
INCLUDED

The reason for insisting on the inclusion of
the large users in a pricing system is that a
system which applies only to small users will
induce them to restrict their bandwidths
‘uneconomically’ — in the sense that the
exempted users could make equal or larger
savings of spectrum at less cost but have no
inducement to do so. That is the consequ-
ence of the trade-off calculations by which
paying and non-paying users of any resource
habitually decided how much of it they need.
Somuch is explained in one of the references
in the report’s eight-page literature review of
spectrum management from an economic
standpoint. In fact, all the foregoing argu-
ments have been rehearsed on previous
occasions — and more than once — but the
report has ignored them.

Turning to the other major departure
from the original proposal, i.e. the substitu-
tion of revenue maximization for demand/
supply matching as the guiding principle,
chapter 3 of the report talks vaguely about “a
huge number of market-oriented mechan-
isms for spectrum management” but it
presents only two such mechanisms “in
order to make the review of the alternatives
simpler” and then confines its analysis to
those two, namely delegation to private-
sector organizations and one method of
direct pricing by the DTI Radiocommunica-
tions Division (RD). The analysis exposes
some difficulties RD would have in auction-
ing the spectrum and concludes immediate-
ly that spectrum management by private
sector organizations is “likely to be su-
perior”.

THE INDUCEMENTS TO COMPETE
WILL BE TOO WEAK

Proceeding from that conclusion and from a
tacit, but false, assumption that competition
is necessary on both the buying and selling
sides of the spectrum market, chapter 9
proposes to award spectrum management
licences to a limited number of Frequency
Planning Organizations (FPOs) in the pri-
vate sector. However, neither these FPOs
nor the existing users, such as the Joint
Radio Committee in the p.m.r. bands, will
have to pay for the scarcity value of the
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spectrum which they manage or use them-
selves; they will only pay a fee to reimburse
RD’s expenses. But they will be allowed to
charge their users as much as they can get.
So they will reap the scarcity value of the
spectrum themselves, without having to
pass it back to the original owners, the
general public — a remarkable example of
privatization by gift!

The authors of the report take the view
that the market pressures generated by these
arrangements will compel the FPOs to com-
pete for the users’ custom. But they omit to
mention that the two main inducements to
compete in a genuinely unrestricted market
are the lure of expanding one's operations
and profits by invading one’s competitor’s
territory and the fear that one's competitors
will invade one’s own territory and force one
to contract and perhaps go out of business.
Those inducements will not feature in this
market, which is really artifically restricted.
Territorial invasion will be against the rules.

In theory there might be some residual
competitive pressures, especially if Merri-
man turns out to have been wrong and
demand does not often exceed supply. Then
the would-be users will be free to shop
around and get the best bargain. But in that
case there will be no justification for pricing
the spectrum in the first place and there was
no need to commission this study or the
Merriman Review or the numerous studies
and reports which preceded it.

THE REALITIES OF SPECTRUM
SHORTAGE

Indeed, chapter 9 of the report goes so far as
to assert that there is no prospect of a
general spectrum shortage for the foresee-
able future - say the next 10 or 20 years,
although there will be local pockets of
scarcity. But the authors are using the word
shortage in a special technical sense, not the
ordinary sense. Some technical restrictions
on radio transmissions there must always be
to prevent or minimize interference, like the
rule of the road to prevent or minimize road
accidents. But there comes a point where the
cost of complying with ever more stringent
technical restrictions and the concomitant
delays in squeezing successive batches of
users into ever more elaborate patterns
effectively exclude large numbers of users
altogether. That point was reached many
years ago, when the waiting list for car
telephones and other p.m.r. applications
stretched into thousands and into years of
waiting.

The parameters of a spectrum
renting tariff

The six parameters on which the author
suggested the rent of every user should be
calculated, without regard to the user's
purposes, were:

bandwidth

position in the spectrum (carrier frequency)
effective power

geographical location

direction(s) of transmission

duration of the licence.
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Cellular radio is the current technical
solution to that problem but it is no critic-
isin of cellular radio to point out that it
confirms the existence of a spectrum shor-
tage. Cellular radio is too expensive for
thousands of would-be users, who would be
delighted to have the much cheaper car
telephones enjoyed by some motorists in the
old days, it there was really ne shortage of
spectrum in the v.h.f. bands. Perhaps cellu-
lar radio makes more economic use of the
spectrum than the other uses which were
denied or delayed to get it started, although
denying the competing systems access to the
public telephone network for no better
reason than to give cellular radio a leg up
casts some doubt on that proposition. But
nobody can know because the value of the
spectrum did not enter the calculations.

It is that kind of shortage which necessi-
tates value judgements and there is every
prospect of a general spectrum shortage in
that sense throughout the next 10 or 20
years and beyond. Merrimanwas right and in
that situation the pressures on the FPOs to
compete will be absent or slight. So is
spectrum pricing doomed to fatlure or have
the consultants or the steering group missed
their way in the dark? Well neither; they
have merely averted their gaze from the
solution which was served up to them almost
on a plate at the start of this study.

WHY NOT THE SIMPLE APPROACH?

‘Market-oriented’ is a buzz-phrase and it is
potentially misleading. If it means anything,
there is not really a huge number of market-
oriented mechanisms for spectrum manage-
ment but there are more than two which are
worth attention if you count different
method of pricing as different mechanisms.
Civil servants naturally favour auctions,
perhaps because they place no responsibility
on the auctioneer for the eventual price, but
these are cumbersome method of buying
and selling and they are not much used by
ordinary people. For things like apples and
cars and even houses, the normal method is
simply to move the price up or down until
the demand matches the supply as nearly as
possible.

A simple method like that was presented
to Merriman in one of the papers referred to
in the literature review, and it was subse-
quently enlarged upon in an IEE paper in
1985, wherein the parameters of a suitable
tariff were explained (see the box). But the
precis in the literature review has cut out
that part of the proposal to Merriman and it
does not list the IEE paper.

Such a system of direct pricing by a
central public authority would not preclude
privatization of the spectrum, or part of it.
There might well be room for spectrum
management licencees, who would lease
large blocks of spectrum from the authority,
relieve RD of much of the burden and cost of
detailed assignments, exercise their superior
ingenuity in slicing up their blocks more
cleverly than RD or their competitors and
sub-let them piecemeal to the ultimate
users. Spectrum management licencees
might even become the only source of
spectrum for small users, but the licencees
should pay the going rate for the scarcity
value of their blocks. Otherwise they will
prosper, not by skill and enterprise but by
squatting on a scarce public resource.

Whether or not one likes the general
principle of spectrum pricing, which is like
urban road pricing in some respects (in both
cases the other options are draconian res-
trictions on access, or congestion and in-
terference). the practical problems of intro-
ducing a central renting system are much
smaller than they have been blown up to be.
The obvious way is to retain a central
organization, but in a slimmer form with
different instructions. The participants
should continue to deal with the technical
questions which they have been accustomed
to address and continue with the technical
classifications of the users in so far as they
affect their sensitivity to interference and
the means of reducing it.

But the renting authority should be blind
to the concerns of the users (commercial or
social, industrial or trivial, military or civil)
and they should attempt no value judge-
ments, objective or subjective. Instead they
should begin as soon as possible to charge all
users rents, calculated at published rates on
published parameters or spectrum usage. so
that the users and the intermediate spec-
trum management licencees, if any, can
understand all the calculations and tailor
their applications to their own best advan-
tage. The rents should then be gradually
increased until there is an approximate
balance between the demand for spectrum
and its supply in all bands and all geo-
graphical locations. The only exceptions
should be users who are in direct commer-
cial competition with foreign concerns
which do not have to pay for spectrum under
international agreements.

By refusing to examine, or even mention,
that kind of straightforward approach, the
authors of this ‘Deregulation’ report have
muddied the waters of spectrum manage-
ment yet again and put back the realisation
of the full benefits of radio communications
for several more years.

David Rudd. Ph.D., F.L.E.E.. M.I.Mech.E.. is
a consultant engineer and economist. He
gave a lecture on ‘A renting system for radio
spectrumto the IEE in October. 1985 and it
was published in Part A of the IEE Proceed-
ings in January, 1986. At that time and until
he retired, he was in the Department of
Transport, but he was not concerned with
the CSP study. His views are therefore
entirely his own and not those of any
government department.
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Good neighbourliness for
personal computers

Whilst manufacturers take steps to prevent signals escaping,
economics dictates that some users will still be left with a problem.
Here’s how to reduce interference to v.h.f. and short-wave radio

requencies used for the c.p.u. clock
Fand v.d.u. character generator lie in

the short-wave radio bands. Additional
frequencies result from the digital nature of
the circuits which introduces harmonics of
these frequencies and a muiltitude of mix-
tures of sub-harmonics. Between them they
contain energy at almost every frequency
used for communication. The generation of
this energy is almost inevitable, and interfer-
ence can only be avoided by preventing its
escape from the computer or keeping radio
and tv receivers out of range.

In practice, computer hardware designers
provide barricades such as filters on the
power cable and metallic coatings on the
inside of plastics cases. Such steps cost
money, and the best that can be expected is
that interference emission is reduced to just
comply with the official standards -
although such compliance is not yet obliga-
tory in many countries.

The standards are based on the concept of
‘protecting’ radio and tv reception at a
distance of 10 metres from domestic compu-
ters, and at 30m from industrial installa-
tions, see next page. Therefore computers
designed to these standards may still give
unacceptable emission when used too close
to radio installations, or when weak signals
are to be received. In these cases the compu-
ter emission must be further reduced or the
computer and receiving antenna moved
further apart.

PROBLEM ANALYSIS

Emission can come from within the compu-
ter hardware itself and from its various
interconnecting cables. In both cases wires
are acting as transmitting aerials. To radiate
efficiently such wires must be of significant
length in relation to the wavelength of the
radio signal to be emitted. A computer
package whose longest dimension is, say
30cm, is unlikely to emit much interference
with a wavelength longer than about 3
metres, that is, below 100MHz.
On the other hand, the connecting cables
-power cable, printer cable and any network
or modem cables — may be much longer and
so able to emit interference efficiently over a
much wider range of frequencies. The first
step towards reducing the emission of a
small computer is to reduce the emission
from its cables. It is fortunate that this is
something the user can do without invali-
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from computer systems.

Clamping extrusions

Re-usable plastic he

Release catch

Ferrite’U cores

Ll

T

60 80 ' 100

Fig.1. The sharp edges of computer clock
and data waveforms couple significant
common-mode currents into the mains
cable over a wide frequency range. This is
amajor route for interference emission.

MHz

Fig.2 This demountable construction
allows a ferrite anti-interference choke to
be fitted without rewiring connectors.

dating the manufacturers guarantee! Sig-
nals from connecting cables that interfere
most easily are the so-called ‘common-
mode’ signals that can be visualized as
travelling along the outside of the cable,
either to be radiated into space or to return
to their source via another cable. This mode
is quite distinct to that of normal functional
signals. Figure 1 shows the common-mode
current that flows in the mains cable of an
Amstrad 8512 intended for the UK market -
the 8256 should be almost identical in this
respect — plotted as a function of frequency.
Measurement was made with a specialized
current transformer and a spectrum analys-
er. The current is widely distributed across
the spectrum. On a wider-range scan, the
fifth harmonic of the computer clock
160MHz stood out clearly. Additional
measurements made on the keyboard and
printer cables showed similar spectra but
reduced levels.

TREATMENT

Interference current can be reduced by th
use of ferrite toroids, or more conveniently
by clamp-on radio-frequency chokes.* These
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Fig.3. Wide ribbon cables can be folded in
half to allow fitting within a demountable
ferrite core.

devices have no deleterious effect on the
function of the computer and may be instal

led without the need to re-wire any connec

tors. They do reduce the available cable
length, however. and in the case of the
Amstrad. it is subsequently necessarv to
lhave the printer on the right-hand side of the
processor. Figure 2 shows an exploded view
of the parts supplied.

Each cable must first be coiled to produce
the requisite number of turns. The core-
halves are then assembled round the coil and
secured with the plastics parts provided.
Details of the treatment of each cable may he
seen in the photograph. The mains lead was
wound five times around each of two cores
and the kevhoard cable and printer power
cable were each taken five times around a
single core. Only the ribbon cable to the
printer posed any real difficulty: it was
necessarv to fold this so that it could be
accommodated in the core aperture. It could
have been wound more neatly it the ribbon
had been slit into two narrow ribbons. but
this was avoided lest it invalidate Amstrad's
guarantee. There was only winding space for
four turns of the folded ribbon, but this
proved adequate in this application.

RESULTS

The arrangement of clamp-on chokes de
scribed was chosen with the aid of a spec-
trum analyser to secure a ten-fold reduction
in the power emitted in the v.h.f. fm.
broadcast hand. The benefit gained at other

Clamp-on choke kits are available from Veros-
veed of Stansted Road. Boyatt Wood, Eastleigh.
Hants, SO5 42Y. from AKD at unit #5. Parsons
Green Estate, Boulton Road. Stevenage. Herts,
SG1 1QG and from Texpro Manufacturing, 4087
Harvester Road. Unit #10, Burlington, Ontario,
L7L5M3, Canada
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RF EMISSION STANDARDS FOR COMPUTERS

international standards for the maximum
radio-frequency emission from computers
are all based on the concept of protecting
radio and tv reception at a distance of 30
metres in the case of industrial computers
(class A), or a distance of 10 metres in the
case of domestic computers (class B). Such
protection must make assumptions about
received-signal field strength and the atte-
nuation between computer and receiver
antenna, and so has only statistical validity.

In the USA, FCC rule-making started in
1976, and by 1983 it was illegal to sell any
computing equipment that did not conform
to‘Part 15 Subpart J' requirements. This lead
several other countries to introduce regula-
tions to pre-empt the dumping of non-
conforming US products. Nowadays the FCC
buys samples, tests them, and prosecutes
the manufacturers or importers where
appropriate.

In Germany, conformance to VDEO871

{which covers a wider range of frequencies
than most other standards) has been routine
for many years. A British Standard 6527 was
published in 1985 but has not yet been given
legal force. However, an international speci-
fication, CISPR22, has now been technicaily
agreed. Limits are as much as 7d8B tighter
than those of the FCC, reflecting the lower
service field strengths used outside the FCC
This standard is likely to be given legal force
throughout the EEC within the next few
years.

In Japan, a Voluntary Control Council for
Interference has been set up, whose mem-
bers intend to progressively reduce the
emissions from exported products, reaching
CISPR22levels by December 1989.

None of these standards claims to reduce
stray emission so much as to prevent elec-
tronic eavesdropping — but that is another
story!

© EMC datacare

frequencies varied because of resonance in
the connecting cables and emission from the
computer itself. We noted only a two-fold
reduction in emission at 84MHz vet a
twenty-fold reduction of the relatively
strong emission at 160MHz.

The remedy completely solved the prob-
lem. and on theoretical grounds we would
expect it to allow untroubled reception at
one-third of the distance from the computer
aswas possible originally

Interference paths are two-way. so there is
also the less tangible but nevertheless real
benefit of increased freedom from data
errors and program lock-up due to external
disturbances.

-

Interference may be reduced by the choke
action of a few turns of cable on a suitable
ferrite core.

The theory underlying this article was outlined in a series
of articles entitled “Earthing, shielding and filtering
problems’ by RC Marshall in Wireless World vol 82 1976
Aug. Sept, Nov and Dec issues (nine pages total)

Richard Marshall, M.A.. F.LE.E. who read
his first copy of Wiveless World in 1947, is
technical director of Protech Instruments
and Svstems Ltd, at 241 Selbourne Road.
Luton, Beds.
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Heavy things
drop faster

Which drops faster, a cannon ball
or a tiny ball bearing? If you were
among those ridiculed in school
physics lessons for making the
‘mistake’ of assuming that the
heavier object falls faster then
here’s your opportunity for hav-
ing the last laugh.

Long before Newton formu-
lated his universal law of gravita-
tion, by dropping two dissimilar-
sized objects from the top of the
leaning tower of Pisa. Every
schoolboy (or should it now be
schoolperson?) now knows that
if you conduct the experiment on
the airless surface of the moon
where the viscosity of the
medium can be ignored, then
even a feather will fall as fast as a
lead ball. Well, almost...

John Donoghue and Barry |
Holstein of the University of Mas-
sachusetts have been doing some
calculations based on quantum
field theory that show that, even
if one supposes the earth’s grav-
ity to be constant, there is still a
small difference in the accelera-
tion of free falling objects.

The variation is due to what |
Donoghue and Holstein (Eur. J.
Phys. Vol 8 No. 2) believe to be a
tiny difference between the gra- |
vitational mass of an object and
its inertial mass. Although these
are considered equivalent as far
as Newtonian physics and Gener-
al Relativity are concerned,
things are different in quantum
mechanics.

In quantum theory it is
assumed that each subatomic
particle is constantly emitting
and re-absorbing photons, This
in turn changes the inertial
mass, a consequence of the
equivalence of mass and energy. |
Applying Dirac equations,
Donoghue and Holstein con-
clude that there is a reduction in
the inertial mass of heavy objects
which causes them to respond |
more readily to the pull of grav- |
ity. Heavy objects therefore do
indeed fall faster.

If that just seems like a blind-
ing glimpse of the obvious, a
scientific vindication of com-
monsense, then another predic-
tion from quantum theory may
prove a bit harder to swallow.
Photon emission is temperature
dependent, so if heavy objects fall
faster than light ones, then cool|

EARCH NOTES

| objects must also fall faster than |

hot ones. Similarly if two mirror
nuclei are dropped simul-
taneously then the one of smaller
charge will reach the ground
first. But before you book a holi-
day to Pisa and get arrested for
heating up or charging a cannon
ball, it’s perhaps worth pointing
out that the effect is immeasur-
ably small. The researchers say
that their ‘effect” would change
the acceleration of an electron by
3partsin 10'7, that’s roughly five
orders of magnitude smaller
than the accuracy limits of state-
of-the-art experiments!

Glasses
improve your

-
hearing

When psychologist Mike Kelly
wrote to New Scientist asking if
anyone shared his impression
that spectacles improve one's |
hearing, he expected little more
than ridicule. Instead he was
surprised by the number of-|
people who apparently share his
experience. What they all say is
that glasses make it easier to
extract speech from a noisy back-
ground. So whatever lies at the |
bottom of the phenomenon, it's
clearly real.

An obvious thought is that
glasses help people with defec-
tive vision to lip-read, though
this can't be a whole or even}
partial explanation because, |
according to Mike Kelly, the im- |
provement is evident even when
using the telephone. The phone,
incidentally, destroys another |
theory that glasses push the ears
forward slightly thus collecting
more sound. The effect persists
when contact lenses are used
instead of spectacles.

If lenses of any sort improve
the signal-to-noise ratio of the
auditory system, it seems most
probable that the explanation
lies in the way the brain pro-
cesses different sets of sensory
stimuli. Although sights and

| sounds have a considerable mea-

sure of separate processing, the
brain does have common areas
where interpretation is carried
out. This is how lip-reading helps
clarify indistinct speech. It also
explains why we tolerate poor
soundon tv.

So if the eyesight is bad with-
out glasses, the brain may have |
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to work harder to interpret the | ing Philips and Plessey. The Uni-

outside world. That in turn
might divert processing power
from the aural system, making
hearing worse. Of course it’s
possible to argue the other way
round and say that clear sight
gives the brain more data to
process in the first place!

Perhaps the answer is not to be |

found in information theory so
much as in psychology. Could it
be that if our glasses make us see
better, then subconsciously we
expect all our senses to improve?

Experiments could easily be
devised to verify or disprove
many of the possibilities. Does a
hearing aid, for example, im-
prove a person’s ability to read
the optician’s chart? Do spec-
tacles with plain non-magnifying

| lenses improve hearing?

Perhaps readers of E & WW
might solve this mystery once
and for all by sharing their own
experiences by doing a few sim-
ple tests and letting the Editor
have the results?

High mobility
semiconductors

Nottingham University's multi-
million pound NUMBERS pro-
ject, which aims to have a major
influence on the next generation
of devices and computers, has
taken an important step forward.

The heart of the project, cen-
tred in the University's Depart-
ment of Physics, is the growth
centre where extremely thin
layers of semiconductors are
grown and processed under
clean room conditions for re-
search projects at extremes of
temperature and magnetic field.

The standard measure of qual-
ity of the material is the mobility
of electrons at low temperatures
when they move in a two-
dimensional sheet inside a spe-
cially prepared heterostructure.
Material with a mobility of
2x10%cm?v 's ', which is
approaching the highest grown
anywhere, has now been pro-
duced. This is believed to be
higher than any material pre-
viously grown in a university
laboratory.

Major support is being pro-
vided by the Science and En-
gineering Research Council
which so far has invested
£2.5million, by the University

itself and by companies includ- |

versity of Nottingham's Depart-
ment of Electrical and Electronic
Engineering has recently been
awarded more than £45,000
from the Science and Engineer-
ing Research Council to work on
layers of semiconductors.

Radiation-
resistant alloys

Designing materials suitable for
use in nuclear reactor cores is
not easy. Most commonly avail-
able materials absorb neutrons
which alters their physical prop-
erties resulting in deformation
or cracking. Of the commonly
available metals, beryllium and
magnesium are among the least
absorbent of neutrons though, in
other respects, their properties
don’t always make them suitable
as structural materials.

Research into radiation resist-
ant structural alloys is now being
undertaken at Loughborough
University of Techno-
logy, the UKAEA Harwell Uni-
versity of Technology, the
UKAEA Harwell Laboratory and
at the US Department of Energy
Research Laboratories at
Argonne.

Computer studies are being
employed to model the damage
processes that occur when steels
are subject to neutron bombard-
ment. In particular, the studies
will examine the effects of radia-
tion on the movement of impur-
ity atoms within the lattice
structure of the material. Migra-
tion of impurity atoms is one of
the prime causes of structural
failure of materials undergoing
neutron bombardment.

Following the computer
simulations, practical tests will
be undertaken using high energy
particle accelerators at Argonne.
It is hoped that this work will
lead to commercial nuclear reac-
tors that are both safer and more
reliable.
g =i oo

Chip testing
in a flash

One of the problems facing the
makers of GaAs chips capable of
working faster than 100GHz is
quite simply how to test them.
For meaningful results the test
equipment should have a band-
width at least an order of magni-
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tude greater than the chip itself,
that's more or less into the infra-
red part of the spectrum. Such
test gear doesn’'t exist in any
practical form. Current
continuous-wave test gear is li-
mited to around 26GHz. Another
problem is how to make connec-
tions to the chip under test.
Crocodile clips or even auto-

mated test probes simply aren’t |

onat 100GHz.

Research involving Stanford
University and AT & T Bell
Laboratories has come up with a
novel approach that gets round
the speed problem and the con-
nection problem all in one. It
makes use of the fact that gal-
lium arsenide is an opto-
electronic material that will
change its electrical characteris-
tic when illuminated with pulses
of light. So to get a fast pulse on
the input of a chip under test all
that's necessary is to bombard it
with picosecond laser pulses and
observe the resulting changes in
the chip’s characteristics.

Such testing is in the time
domain rather than the frequen-
¢y domain and can achieve re-
sponse speeds as fast as 200
femtoseconds. The US Aerospace
Corporation has now built test
jigs to characterize GaAs fets
destined for military space hard-
ware. It uses optical pulse gener-
ators and detectors built into

microstrip transmission lines.
(T

Optic fibre
break detector

Current methods of detecting
breaks in optic-fibre cables are
complex and tedious. relying on
a technique known as optical
time-domain reflectometry
(OTDR). Before this approach is
put into practice the individual
fibre must be demounted from
its sender or receiver and con-
nected into special equipment
designed to measure the transit
time of an IR pulse along the
fibre to the break point and back
again.

BT Research Laboratories at
Martlesham are now pioneering
a new system that is built into
the transmission network and
gives an instant readout. (Elec-
tronics Letters, Vol.23 No 9). It's
based on a duplex system in
which there is an independent
transmitter and receiver at each
end of the fibre. Each receiver is
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equipped with a ‘light-fail’ detec-
tor and a precise timer/recorder.
When a cable fault occurs it is
thus recorded independently at
both ends, each record repre-
senting the time of the break
with a small amount added to
allow for the flight time of the
last working pulse. A comparison
of the recorded times can then be
used in conjunction with other
known parameters, such as pro-

| pagation velocity and cable

length to calculate the precise
position of the break.

One theoretical objection to
this technique is the fact that a
real-life break occurs over a
finite time, typically a few
nanoseconds. The point at which
transmission loss occurs may
thus differ between the
commonly-used duplex
wavelengths of 1300nm and
1500nm. This is due to micro-
bending. The BT group calculate
that in practice, however, this
should not result in an additional
location error significantly grea-
ter than 10m.

Practical experiments have
been carried out on a 34Mbit/s
link over a path length of 24km
which have demonstrated a
worst-case detection spread of
30.8m. This is more accurate
than a conventional OTDR and
will also work over any length of
cable that will permit a practical
transmission path. OTDR equip-
ment is limited by the reflection
loss at a fibre break and is often
too insensitive to detect a mid-
span break in a long cable.

New auroral
radar probes

The Sweden and Britain Radar
Aurora Experiment (SABRE) is a
two-station coherent system de-
signed primarily to probe the
behaviour of the E-region radio
aurora. One station operates on
153.2MHz at Wick in Scotland;
the other at Uppsala uses
142.6MHz. Peak pulse power of
the transmitters is 50kW. The
receiving system consists of 16
towers, each carrying four eight-
element Yagi antennas matrixed
so that eight different beam
directions can be monitored
simultaneously.

The systems are currently
being used for anumber of differ-
ent ionospheric and magneto-
spheric studies ranging from

| simple measurements of auroral
activity through to detailed in-
vestigations of pulsation events '
and electric field vectors. The
latter can be calculated by com-
bining measurements taken
from both stations.

Correlation with data from
other projects is also proving |
valuable. These include EISCAT
{the European Incoherent Scat-
ter Project) and various satellites
(VIKING, HILAT, AMPTE).

The British station is operated
remotely by telephone line from |
Leicester University, where the
data is retrieved and processed
each day.

Writing in SERC Bulletin
(Vol.3, No.8) Professor T.B.
Jones of the Department of Phy-
sics describes the SABRE system
as being one of the most power-
ful and cost-efiective tools for
studying both the geophysics
and plasma physics of the upper
jonosphere. So much so that a |
new 1GHz coherent radar called
COSCAT will now be built in |
Finland as a joint venture be-
tween Leicester University, Oulu
University and the West German
Max Planck Institut fir Aero-
nomie. Further transportable |
v.h.f. systems are also envisaged.

Whistling in
the Ionosphere

‘Whistlers' are well-known radio
frequency phenomena that are
generated by lightning and
which then normally propagate
through the waveguide formed
between the earth and the iono-
sphere. When picked up on an
e.l.f. receiver they sound like a
rapidly sweeping tone — hence |
the name.
A report (Nature Vol.327, No
6121) by W.C. Armstrong of
Stanford University, California
draws attention to a strange new
whistler interaction that occurs
when an r.f. burst travels from
one hemisphere to the other
along the lines of the earth’s
magnetic field. What apparently
happens is that some of the
whistler energy passes through
the ionosphere and is then
directed along the lines of the
magnetosphere through ducts of
plasma. On itsway it then under-
goes amplification by cyclotron
resonance with energetic elec-
| trons — a sort of repeater in the
sky. |

After this ‘one hop’ trip around
the earth, the whistler is then
reflected back along exactly the
same path into the midst of the
thunderstorm whence it was
born. High in the atmosphere

| this returned r.f. energy causes

secondary ionization which in
turn triggers off another light-
ning strike, resulting in yet more
whistlers. Armstrong shows that
this second, upward lightning
strike and the secondary whist-
lers occur approximately 5s after
the original stroke.

This theory is intriguing and
elegant, though not without its
complications. One problem is
the need to explain how the
relatively un-energetic 100keV
electrons of a whistler can pene-
trate back through the iono-
sphere to the top of a thunder-
cloud, which extends no more
than about 15km from the
earth’s surface. Unassisted, such
electrons would not penetrate
below 80km altitude. Even if one
calculates the level of brems-
strahlung X-radiation produced
when such electrons decelerate,
it still wouldn't be enough to
ionize the air below 30km.

Another problem is the tim-
ing. Five seconds is somewhat
longer than the calculated tran-
sit time of the electrons along
the lines of the earth’s magnetic
field. So is there some delay
inherent in the process that trig-
gers the secondary whistler?

As vyet, there’s no definitive
answer, though Armstrong pro-
poses a trigger mechanism based
on laboratory experiments with
electric fields applied to fluids
and crystals. What is also in-
teresting is the thought that
man-made e.Lf. transmissions
could trigger whistler-mode sig-
nals that might in turn induce
lightning eleswhere in the world.
If so, it could provide the liti-
gious with far more ammunition
than acid rain ever did!

Research Notes is written by
John Wilson.
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Remote control
of comsats

As soon as a communications
satellite parts from its launching

vehicle, whether rocket or shut- |

tle, it becomes an independent
spacecraft relying on remote
control by radio from the
ground. The sub-system for re-
mote control, known in the trade
as tracking, telemetry and com-
mand (t.t.c.), looks after two
main functions. One is the
navigation of the satellite as a
whole - its injection into orbit
and positional control (attitude
and orbit) when on station. The
other function is to control
mechanical and switching equip-
ment to make the space payload

operate as a radio relay station - ,

for example, extending antennas
and solar panels, and switching
transponders and antenna feeds
to meet changing transmission
requirements.

The satellite therefore carries
a special sub-system for t.t.c.,
which provides two-way com:-
munication. The telemetry side
monitors and measures what is
going on in the spacecraft; the
telecommand side makes control
adjustments in response to this
information. For the two direc-
tions of signals there are special
receivers, transmitters and
antennas. The ground control
station has a corresponding two-
way radio system.

There are several frequency
bands allocated by the ITU speci-
fically for ‘space operations’. For

example, v.h.f. downlink and up- |

link bands are allocated at 137
and 150 MHz respectively, u.h.f.
uplink and downlink bands at 2
and 2.2 GHz respectively, and
other frequencies at s.h.f. for use
with C-band and K-band satel-
lites (e.g. see diagram in May
issue, p. 528).

Examples of current techno-
logy are provided by the t.t.c.
systems of two European Space
Agency comsats already discus-
sed in these pages, the Olympus
and the European Communica-
tions Satellite (ECS). Overall
these systems operate by digital
data transmission. Olympus uses
S-band radiocommunication
within the uplink band of 2025
2120 MHz for command signals
and within the downlink band of
2200 - 2300 MHz for telemetry
signals. Transmitters and receiv-
ers are in the form of transpon-
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Fig. 1. Spacecraft equipment in the tracking, telemetry and command system used for remote

control of the European Communications Satelite.

ders which work through an
axially-slotted antenna mounted
on amast or tower.

The Olympus command (up-
link) digital signals have a data
rate of 500 bit/s and are transmit-
ted on an 8-kHz subcarrier. In
the spacecraft this channel pro-
vides 263 different command
output signals. There are also
outputs for synchronization of
the t.t.c. system. Telemetry in-
formation from the spacecraft to
ground is carried on a higher
frequency subcarrier of 65.5
kHiz. This is modulated by tele-
metry data at a rate of 256 bit/s,
using split-phase p.s.k.
Altogether there are 512 tele-
metry inputs of different kinds
from the spacecraft. Some take
the form of 8-bit serial words;
others convey single bits. Pro-
cessing of both telemetry and
command digital data is done by
c.m.o.s. logic circuits.

ECS, being a smaller. special-
purpose comsat relative to the
multipurpose Olympus, has a
smaller t.t.c. system. It uses 384
telemetry inputs and 443 com-
mand outputs. As can be seen
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from Fig. 1, some other t.t.c.
equipment is housed in the
spacecraft’s communications
module (described last month)
and some in its service module.
The main Eurobeam transmitter
and antenna (see last month) are
one means for sending the tele-
metry signals to ground. This is
done on a frequency of 11.45
11.7 GHz sub-band containing
one group of the ECS main com-
munications channels.

Another transmitter is also
used for sending telemetry sig-
nals — av.h.f. downlink on 137.2
MHz — but this operates only
during the initial period of man-
oeuvring the spacecraft into its
orbit, that is, from launcher-
satellite separation till the end of
the transfer orbit (see below).
The Eurobeam 11-GHz trans-
missions provide the permanent
telemetry channel to ground
when the comsat is finally on-
station in its geostationary orbit.
As can be seen from Fig. 1, the
telemetry signals are first multi-
plexed, then encoded before
being sent to a priority select and
interface unit which passes them

| to the v.h1. or s.h.f. transmit-
ters.

Commands to the ECS are
transmitted from ground on a
v.h.f. uplink working at 149.39
MHz. These are received and pass
through a branching unit to twin
diplexers feeding two receivers in
v.h.f. transponders. The output
of one receiver goes to a decoder
[ in the communications module.
| Here the serial digital data is
\separated into frames by syn-

chronizer units and distributed
to the various command out-
puts. All the command data, as
well as that for telemetry, is
formatted in accordance with
| standards laid down by ESA.
| Perhaps the most crucial role
of a t.t.c. system is the initial
navigational task of guiding the
satellite so that it is correcly
| injected into orbit and properly
oriented after leaving the laun-
ching by ESA’s Ariane rockets.
The normal procedure is to
| launch the spacecraft first into a
| highly elliptical orbit, where one
| focus of the ellipse is the same
point as the centre of the Earth.
In this orbit the point farthest
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from the Earth, called the
apogee. is close to the desired
satellite altitude for a circular.
geostationary orbit 35.800 km
above the equator). Here. too,
the speed of the satellte is at its
lowest.

At this point a command sig-
nal from the ground fires a large
reaction-propulsion motor, cal-
led an apogee (kick) motor. This
generates an additional force
which, applied in a suitable
direction relative to that of the
existing inertial force given to
the satellite, accelerates the
spacecraft into the geostationary
orbit.

The actual manoeuvring,
however, is much more compli-
cated than this outline of the
principle might suggest. It in-
volves an intermediate, or trans-
fer orbit, spinning and de-
spinning of the satellite to en-
sure the right direction of accel-
eration at apogee. numerous
measurements of orbital para-
meters and spacecraft attitude,
and positional corrections by
reaction propulsion in response
to these measurements. All the
necessary measurements and
commands are sent through the
t.t.c. system.

During the transfer-orbit
phase, before the satellite has
become geostationary, there is a
continuous relative movement
between the spacecraft and the
earth. This allows orbital
measurements to be made by
tracking the comsat from the
ground, using a beacon trans-
mitter on the satellite as a signal
source. Orbital measurements
thus obtained are accurate
enough for control purposes in
manoeuvring the spacecraft into
its final circular orbit.

Once the comsat is on-station
in the geostationary orbit it is no
longer stabilized by spinning its
body but controlled in three axes
hy means of momentum wheels
running at about 4,000 r.p.m.
Attitude and orbit errors are de-
tected by using sun sensors,
infra-red Earth sensors and gyro-
scopes to measure the
spacecraft’s position with respect
to fixed references. In response
to these detected errors small
reaction thrusters apply posi-
tional corrections to the
spacecraft. Although this sta-
biization process runs automati-
cally, the electronics of the sys-
tem also receives command sig-
nals from the ground.

928

D-MAC for
Britain’s d.b.s.

Two engineering decisions made
at about the same time have
defined the UK's future d.b.s.
service more precisely. British
Satellite Broadcasting (BSB). the
consortium awarded the licence
by the IBA (February 1987 issue,
p. 198). has chosen the estab-
lished Hughes HS 376 satellite
design. The IBA, together with
BSB and the Cable Programme
Providers Group, are proposing
to the Government the use of
D-MAC/packets as a transmis-
sion standard. At the time of
writing the Government has yet
to approve this standard.

Hughes will be responsible for
providing two satellites, laun-
ching both of them into geosta-
tionary orbit at 31°W, making
them operational and arranging
launch insurance cover. The first
is expected to be in orbit by the
autumn of 1989, ready to start
television and teletext broadcast-
ing by Christmas of that year.

The HS 376 will transmit
three 27-MHz f.m. channels in
the 11.7 - 12.5 GHz d.b.s. band
allocated at WARC 77: channel 4
(11785.02 MHz). channel 8
(11861.74 MHz) and channel 12
(11938.46 MHz). Each transpon-
der will have an r.f. output power
of 110 watts. Already widely used
throughout the world, this
Hughes design is a cylindrical,
spin-stabilized satellite with a
diameter of 2.2m and a height of
6.3m in orbit. A telescopic cylin-
drical solar array system col-
lapses the height to 2.9m when
the spacecraft is stowed in the
Delta launching rocket. Power
generated by the solar array is
1054 watts at the beginning of its
life. Weight of the satellite is
about 640 kg.

D-MAC/packets is one of a
family of transmission standards
based on the broad principle of
time-division multiplexed ana-
logue components (MAC) for the
vision signal, plus packets of data
for digital sound and other pur-
poses. The C-MAC/packets stan-
dard is already well known, hav-
ing been officially adopted by the
EBU as early as 1983. B-MAC was
described in the December 1986
issue, p. 65. and the March 1987
issue, p. 263. The D2-MAC/
packets version has emerged
mainly as a system for satellite-
delivered cable services.

IBA and BSB engineers have
chosen D-MAC/packets because
it “provides the best realisation™
of three criteria: (a) overcoming
limitations of existing systems;
(b) making the most efficient use
of channel capacity available;
and (c) allowing maximum free-
dom for compatible future de-
velopments.

For example, under (a), D-
MAC/packets is considered better
than the technically optimum
C-MAC/packets system because
it allows the use of simpler and
lower-cost receivers. In the C
system the digital data is trans-
mitted by quaternary phase shift
keying (q.p.s.k.), which requires
fairly complex circuitry in the
receiver for optimum perform-
ance, whereas in the D (and D2)
system this data is sent by a
duobinary (three-level) coded
signal which frequency mod-
ulates the 12-GHz carrier along
with the analogue vision compo-
nents. Thus straightforward f.m.
demodulation of the data is
possible at the receiver.

Relative to the D2 version,
D-MAC/packets has twice the
sound/data transmission rate
(like the C system) and is there-
fore superior to D2 in meeting
criterion (b) above.

Details of the proposed d.b.s.
transmission standard were
given by Brian Salkeld and Chris
Daubney of the IBA at the recent
European Satellite Broadcasting
Conference at Brighton. They
said that the f.m. MAC vision
signal will have pre-emphasis
and d.c. restoration. For digital
sound/data the duobinary coded
signals will be sent in packet
form at a clock rate of 20.25
Mbit/s, frequency-modulated
like the vision signal. Each data
packet will contain 751 bits.
With duobinary coding the 20.25
Mbit/s data rate requires a base-
band width of about 8.5 MHz.

Of the 206 data bits carried in
each tv line, the first eight will be
used primarily for vision line
sync. purposes. The remaining
198 bits will be arranged in two
equal sub-frames, to facilitate
transcoding into the D2-MAC/
packets standard. The entire
satellite channel could be used
for data when tv programmes are
not being broadcast.

Incidentally, 20.25 Mbit/s was
chosen as a clock rate for the
MAC C and D versions because it
fits in with the sampling rates of
the CCIR world digital coding

standard for studio equipment. It
is the sampling rate necessary for
the time-compressed, and there-
fore higher bandwidth, lumi-
nance and colour-difference
components in the MAC signal;
that is, 3/2 times the 13.5-MHz
luminance component sampling
frequency and 3/1 times the
6.75-MHz colour component
sampling frequency.

Thus, a 64-ps tv line in the
625-line system contains 1296
clock periods. Each of these will
allow transmission of 1 bit of
information, which can be used
to carry either one data bit or one
sample of an analogue vision
component.

Sound channels will be stereo
or mono, with 15-kHz band-
width. Up to eight of these chan-
nels can be transmitted in the
data part of the signal. Teletext
will also be carried in the data
multiplex.

All the vision signals will be
encrypted, whether intended for
free reception, subscription or
‘pay-per-view' services. This is, of
course, already becoming com-
mon practice with the satellite tv
programmes now being distri-
buted by 11-GHz comsats in the
Fixed Satellite Service (see, for
example, March 1987 issue, p.
263).

The D-MAC/packets vision sig-
nal is compatible with existing
625-line PAL colour tv receivers.
It, and a single sound signal, will
be delivered to receivers' aerial
sockets through set-top units
which will perform all the neces-
sary demodulation and decoding.

Transmission
R&D

The possibility of transmitting at
least three high-quality televi-
sion signals through a 41-MHz
global beam transponder is being
investigated in the USA by Com-
sat Laboratories for INTELSAT.
Advanced techniques being util-
ized include a combination of
analogue compression, digital
video processing and time divi-
sion multiplexing.

After initial R&D work to
select the best technique INTEL-
SAT will assess the results and., if
promising, will give Comsat the
go-ahead to design and produce a
signal processor.

Satellite Systems was written by
Tom hall.
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Frequency Calibration Dependent on the

200kHz Droitwich Transmission?
Upgrade to a traceable
MSF off-air Standard |
before the change to
198kHz.

The Radiocode Clocks Model RFS1000 repiesents a
significant advance in off-air Frequency Standard
design and offers important advantages over
conventional instruments based on broadcast
transmissions. The
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O Traceable to NPL RFS1000 costs

O No Scheduled Frequency Changes only £485::10 carriage. VAT extra.

O Instant and Au 2matic Operation

O 24-hour Transn. ssion Available from:

O Self-Contained, Battery-Powered, Portable Unit Thor()ughbred Direct Sales I_td
O High Noise Immunity 25 St Margaret’s Green, lpswich, Suffolk 1P4 2BN.
O Long Range

O Real Time Synchror isation Tel: (0473) 225951
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LOV/ COST ELECTRONICS C.A.D.
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IBM PC (and compatibles), RM NIMBUS, BBC MODEL B el lor e gl o ACTE aud PASSIE FLTER SIRCUTS AUDIO
B+ and MASTER, AMSTRAD CPC and SPECTRUM 48K AMPLIFIERS, TUNED R.F. AMPLIFIERS. AERIAL MATCHING NETWORKS, TV L.F.

and CHROMA FILTER CIRCUITS, LINEAR INTEGRATED CIRCUITS etc.

B e STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by

linear (analogue) circuits. GAIN and PHASE INPUT IMPEDANCE,

OUTPUT IMPEDANCE and GROUP RELAY (except Spectrum version) are eskngiielioopy
calculated over any frequency range required. The programs are in use Tabular output on Analyser 1. Full graphical output. increased circurt size and
regularly for frequencies between 0.1Hz to 1.2GHz. The effects on active component library facilies on Analyser 1.
performance of MODIFICATIONS to both circuit and component values Check out your new designs in minutes rather than days.
can be speedily evaluated. ANALYSER can greatly reduce or even eliminate the need to breadboard new
Circuits containing any combination of RESISTORS, CAPACITORS, designs
INDUCTORS. TRANSFORMERS, BIPOLAR and FIELD EFFECT Used by |

y INDUSTRIAL. GOVERNMENT and UNIVERSITY R & D DEPARTMENTS
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated - up worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE Prices from
to 60 nodes and 180 components (IBM version). £2010 £195

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update service.

For illustrated leaflets and ordering information please contact Ref: WW
Number One Systenns ILtd]
Harding Way, Somersham Road, St ives, Huntingdon, Cambs. PE17 4WR. Telephone: St lves (0480) 61778

ENTER 58 ON REPLY CARD
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Designed and manufactured in West Germany by HAMEG, one of the World’s leading oscilloscope
manufacturers - the range of Industry’s unsurpassed Price/Performance oscilloscopes.

Quality, Performance, Valve... Oscilloscope Range
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Dual Trace 20MHz, 2mV/cm, Algebraic Add,
Component Tester, incl. 2 probes HZ36.
£314.00 HM203-6

Dual Trace 20MHz, TmV/cm, Sweep Delay,
Component Tester.
£418.00 HM204-2

Dual Trace 60MHz, 1mV/cm, Delay Line,
1MHz Cal. Generator.

£583.00 HM605
Dual Trace 20MHz, Digital Storage Oscilloscope
incl. 2 probes Type HZ37.

£6527.00 HM205

Dual Trace 20MHz, 4 x 1k memory, plotter
output, incl. 2 probes Type HZ37

£1460.00 HM208
|EEE-488 Interface Version, incl. 2 probes R
Type HZ37.

£1735.00 HM208

Price U.K. List ex. VAT
2 Years Warranty, Parts & Labour
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ICOM introduces the IC-R7000, advanced technology, continuous coverage
communications receiver. With 99 programmable memories the IC-R7000
covers aircraft, marine, FM broadcast, Amateur radio, television and weather
satellite bands. For simplified operation and quick tuning the IC-R7000 features
direct keyboard entry. Precise frequencies can be selected by pushing the
digit keys in sequence of the frequency or by turning the main tuning knob
FM wide/FM narrcw/AM upper and lower SSB modes with 6 tuning speeds
0.1, 1.0, 5, 10, 12.5 and 25kHz. A sophisticated scan niRg system provides instant
access 1o the most used frequencies. By depressing the Auto-M switch the
IC-R7000 Butomatically memorises frequencies that are in use whilst it is in the
scan ‘mode, this allows you to recall frequencies that were in use. Readout is
clearly st jual-colour flucre lay. O > the RC-12

infra-Ted remote cantroller, voice synthesizer and HP-1 headphen
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I Name

l Address

Tel:

| Post to: ICOM (UK) LIMITED, Dept WW, FREEPOST,

L_Heme Bay, Kent CT6 8BR. (no stamp). Telk:0227 363859. J
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f-_n_". WITHERS COHM'UN'ICATIONB_LTD

| TRICOM YAESU ¥
(" 100Kz to 950MHz IN ONE BOX!

L and supptiers of worid famous communications products
584 HAGLEY ROAD WEST OLDBURY, WARLEY, BIRMINGHAM B68 0BS
021-421 8201/2/3. CELLNET 0860 323056. PRESTEL MBX 214218216 FAX 0215614074
Amateur Radio. Radio. Radio T Sales. Service Accessories and antenna systems.

¢ THE TECHNICALLY ORIENTATED
RADIO COMMUNICATIONS

\ SPECIALISTS.
THE YAESU FRG9600/RWC Mk3 SCANNI V

Now at last a “World First” trom Ray Withers Communications Ltd. Here are
some of the unique features only avallable on this fine receiver:

t ¥

« All Band Capability. LW, MW. SW, VHF/Low Ax-band. 137-Satelfte, HFHIgh, Menary UHF/Low. U High TV,
UHF-CB. Celtular (Al Adr, Marine, Amateur, Business Radwo, Miltary TV, Cellular, up fo M-
unit 18 Now surtable for use in any country as all bands/channel steps are now avaiabie.

« All Mode Capability. AMFM (wide and namow modes), L SB. USB, Vieo ophon avarabie (NTSC/PAL 5 56MHz
IF}

+ Selectable Frequency Steps. Most modes have selectable tumng steps which allow last and easy
frequency/channe! setechon (conventonal tuning).

+ 100 Me s g U mme/mgewbemiuedsvomdnmanwvw
selected’scarned i1 banks  pnorly hwckon aliows momonng of wmportant y while searching
other bands'channels Modes are also $10red in memory

+ Fully Computer Compatible. Yaesu's CAT system is & standard fealure and & RAS232 wteviace s avaiabie
plus other interfaces for popular HOME computers. With this foature memones can be expanced and the umt can
be remote controlled via 8 madem

« Clock Function. Clock function allows trme loggeng and auto switch onvolf ot the receiver.

+ Migh Receiver Sensitivity. in the range 60-950AMHz & Iypical recever sensinity 1S >1.5uV for 1208 SINAD
(FM) n the range 1 6MH2-60.000MHz >2uV for 1208 SINAD (FM) below 1.600MHz sensmvity 1s nominally >6uV. °§
meter funchon aliows nomna! ekd strength measurement

« 13.8 Vot DC Operation. The wwi operates at 138V DC at 1A max which aliows mobre/portablabase
Operanon

+ Maiching Antenna Options. Malching antennas fof portable/mobiefixed appkcanons are availabie ex-skock
ncluding wide-band dscones

Picase ask for full colour brochure and detailed specifications. Mk2 versions are avalabic with

cover 60-950MMz, sl units now have ‘N connectors fifted for VHF/UWE and S0239 connectors

tor LEHF.

The YAESU Mk2'3 RECEIVER 15 only avaiabie from RWC Lid earker modets can have the extended bands and |

HF module fifled and recetver seasdivity/ S meler improved, please engquire for more details and prces.
Export enquiries welcome

\- Tek: 021 421 8201 (24n snewemhone)
Telox: 334303 G TXAGWM
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Telecom Gold
interconnects

British Telecom’s electronic
mail service, Telecom Gold, is
expanding its range of facilities
with the introduction of the Gold
400 message handling service
and has also produced improved
user documentation. It will be
the first public service im-
plementing the agreed X400
standard for message handling.

It will interconnect different
public and private electronic
mail systems, and permit mes-
sages to be sent between them
and the telex and facsimile ser-
vices. The system and software
for Gold 400 were supplied by a
north American BT subsidiary,
Dialcom, Inc. Through Dialcom,
BT is now able to supply X400
message handling software to all
Dialcom licencees, which oper-
ate in 17 countries.

Chinese
telecom
support

The Plessey Company has set up
a technical support centre at
Factory 520 in Shanghai to pro-
vide locally-based service and
support for the growing number
of latest-generation telephone
systems in the People’s Republic
of China.

It has installed a fully working
i.s.d.x. (integrated services digit-
al exchange) switch at the centre
to enable Chinese technicians to
provide technical support for
their colleagues from other pro-
vinces of the country which have
ordered this fully-digital tele-
phone system.

A number of Chinese techni-
cians from this factory have
already been trained by Plessey.

First national
value-added
network

Digital Equipment Company is
to set up the UK’s first national
value-added network to allow in-
surance companies, banks,
building societies, other finan-
cial institutions and financial
advisers to carry out transactions
on-line.

The network will be controlled [

by two VAX 8550 clusters set up
on adjacent sites in Berkshire.
The dual clusters will ensure that
the network has the necessary
resilience, flexibility and capa-
city to provide consistent and
reliable service. The regional
centres, based on MicroVAXes,
will provide local access to orga-
nisation throughout the UK. Us-
ers of the network will be able to
connect most types of electronic
office equipment to the network.

The system has been designed
with an architecture (financial
services architecture) which in-
tegrates the major software com-
ponents at the design level so
that new facilities can be added
without disruption to the ser-
vice.

GRP poles
for BT

British Telecom is using glass
reinforced plastics telegraph
poles throughout the country,
especially in locations where the
pole is close to a climbing hazard
for its engineers — for example,
glass topped walls or spiked rail-
ings. The wiring running
through the centre of the pole
can be safely accessed via a rein-
forced door at the base.

Permali Gloucester Ltd has
won a two year contract to supply
these poles to BT’'s Materials
Executive at Swindon. As well as
being lighter and consequently
easier to handle and erect, they
are less likely than steel, wooden
or concrete poles to cause se-
rious injuries and damage in a
road accident when a vehicle
leaves the road.

ELECTRONICS & WIRELESS WORLD

European
satellite to
Americas for
testing

The Space and Communications
Division of British Aerospace has
competed the assembly and in-
tegration of the multi-purpose
Olympus 1 satellite. This, the
world’s largest and most power- |
ful civil three-axis-stabilized
communications satellite, is now |
in Pasadena, California, to
undergo solar simulation tests at
NASA’s Jet Propulsion Labora-
tory. The tests have been de-
signed to prove that the thermal
design of the spacecraft copes
with the severe temperature ex-
tremes encountered in space.
From there it will go to the David
Florida Laboratories in Camada
for further environmental test-
ing and will be ready for launch
in September 1988.

The Olympus 1 was built
under contract to the European
Space Agency by a multi-
national consortium led by Brit-
ish Aerospace.

O VT R, el N AN L T

Cellular
installation
problems |

The cellular communications di-
vision of Ericsson Information
Systems Ltd has introduced a
nationwide installation service
for car telephones that it sells
directly to its customers. Accord-
ing to Derek Saunders, the divi-
sion’s national sales manager
“We decided to offer this service
because nearly all the problems
reported were the result of incor-
rect installation by unqualified
engineers and the absence of test |
equipment”. This is in keeping
with the Cellnet experience. |
According to marketing director,
Peter Waller, the wrong siting of
the antenna can result in a loss of
up to 30% of antenna gain. He
explains that the ideal place
would be centre roof, closely
followed by front or rear window
mounting. Roof mounting is not
popular with users because of
convenience (impeding a roof
rack) and aesthetics and, unfor-
tunately. not all fitters are as |

LECOMMS TOPICS |

competent as is desirable. Fitters
frequently adopt the far more
quick and convenient rear wing
position —especially if the vendor
is offering “free fitting” — which
means they do not have to dis-
turb roof linings etc.

A P 1 N AT

Telex
for air
travellers

The first live demonstration of
Prodat, a satellite-based telex
and data transmission system for
air travellers, was carried out by
Racal-Decca Advanced Develop-
ment Ltd in conjunction with
the European Space Agency at Le
Bourget Airport during the Paris
Air Show. It consisted of mess-
ages being transmitted via satel-
lite from a Prodat terminal and
antenna installed on an aircraft
to a ground station at Villafranca
and onward to the public telex
and data networks.

Prodat is a development satel-
lite communications relay sys-
tem for data transmission be-
tween mobile users on land, at
sea, and in the air. It will, in
particular, allow for aircrew data
communications and passengers
telex facilities via ground data
networks throughout a flight,
without resorting to often unre-
liable h.f. radio links.

Manufactured by RDAD in
conjunction with Racal Avionics,
the airborne data terminals and
antenna equipment to link air-
craft with ground stations via
satellite will be used in the ser-
vice trials scheduled by the Soci-
ete Internationale de Telecom-
munications Aeronautiques
(SITA). the Paris-based, airline-
owned, aeronautical com-
munications company.

The trials will be conducted
later this year in cooperation
with ESA using the Inmarsat
space segment. Such a satellite
link offers the only reliable
method of communicating an
aircraft’s position and other in-
formation from the aircraft to
the ground once it is out of range
of radar or v.h.f. radio.

Transmissions at 1.5 and
1.6GHz are employed between
mobile terminals and the satel-
lite, with reliance on specialized
modulation and error correction
techniques, tailored antennas for
airborne use, and adaptive
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synthesizers to compensate for
Doppler shift resulting from air-
craft movement. The r.f. ele-
ments result from a collaborative
programme with the French
company SNEC of Bretteville
L.'Orgeuilleuse in Normandy.

Key and lamp
comes up to
date

Norton Telecommunications,
Telephone Rentals and Austin
Taylor join forces to bring a new
electronic key and lamp system
to a market worth in excess of
£120 million. According to Nor-
ton's sales and marketing direc-
tor, Martin Cawood, “Key and
lamp systems are used in 30,000
organisations throughout the
UK. For more than twenty years
customers have used the same
electromechanical equipment
incurring heavy cost penalties
when they wanted to move or
change equipment around.”
Traditionally organisations
use key and lamp units to enable
a number of staff to answer in-
coming calls on a group of lines.
These include police, fire and
ambulance services, stockbrok-
ers, travel agents, estate agents,
the insurance industry, telesales
and mail order houses. The Au-
stin Taylor design includes two
major advances over the old key
and lamp systems —visual indica-
tion of the call which has been
waiting the longest, and an inter-
com facility between desk units.

One-to-One
sold to
Comtext

Electronic mail company One-
to-One has been sold to Comtext
International Ltd by its owner,
Pacific Telesis International.
One-to-One is believed to have
around 15,000 mailboxes, the
second largest in the country. It
provides a range of electronic
messaging facilities to business
and personal users, gateways to
information databases, cellular
phones, radio paging and courier
deliveries and links to national
and international telex net-
works.

Comtext entered the telecom-
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munications industry at the end
of 1986 when it acquired BFT
Communications Ltd one of
Europe’s large international
telex and cable refilers. Both
companies use similar Tandem
computer-based technology.

British Olivetti Customer
Support Group is to provide a
viewdata network for a major
travel operator, Pickford Travel,
under a three-year contract
worth over £500,000. The con-
tract involves installing the cabl-
ing as well as installing and
commissioning Acorn Com-
municator terminals in over 300
Pickford brances throughout the
UK.

In addition to the installation
work, project managed by a team
from Olivetti's CSG, the Pick-
ford's terminals and network will
be maintained for three years by
CSG engineers who, once the
system is fully installed, will be
able to respond to most calls
within four hours. Eventually a
total of 1,500 terminals will be
installed.

Telecoms UK
in Coventry

The Telecommunications Indus-
try Association, which arose like
a Phoenix from the short-lived
Telecom Dealers Association,
will be one of the sponsors of a
new event designated Telecoms
UK. Tobe held on October 31 and
November 1 at the Crest Hotel,
Coventry, it will combine a con-
ference, exhibition and an
awards dinner. According to TIA

chief executive, Richard Wool-
lam “We are now a fast-growing
mature industry and Telecoms
UK is the forum needed, both for
exchanging views and to give a
platform for those major players

| in supplying and manufac-

turing.”

For years Coventry hosted the
TMA (Telecommunication Man-
agers Association) annual
Covention, until that event out-
grew the available facilities and
moved to Brighton.

Radiopaging
by satellite

Trials of the worlds's first satel-
lite radiopaging service are to
start at the end of the year. It will
enable drivers of long-distance
lorries to be contacted im-
mediately by their companies
while they are on the road ~
particularly those of road haul-
age firms operating on routes
across Europe, the Middle East
and Africa.

Customers taking part in the
trials will make their satellite
paging calls in exactly the same
way as an inland paging call.
Messages will be routed via BTI's
Goonhilly Down satellite earth
station to an Inmarsat satellite.
The signal returned to/from the
satellite will be received by a
small “patch” antenna mounted
flush with the roof of the lorry
cab. A Message Master alpha-
numeric pager in the cab will
display the message and a printer
will provide hard copy.

I/

—

InterCity ainphones

Trainphones, supplied by British Telecom Mobile Communica-
tions, have entered service on the British Rail London-Cardiff
InterCity trains. The first 31 units, out of the 200 ordered, have
been installed. They operate on the Celinet cellular radio system,
using the standard green BT pre-payment Phonecard.

British Rail estimates that 500,000 calls a year will be made

from Trainphones.

Digital 934MHz
short-range
radio by 1990

The Department of Trade and
Industry and the Electronic En-
gineering Association have
embarked on a programme
aimed at the introduction of a
digital short range radio service
by the early 1990s. A working
party is to be set up by the DTl to
finalize the performance speci-
fication for the service.

The Department will also be
responsible for steering the spe-
cification through the CEPT
(Conference of European Post
and Telecommunications) where
the draft specification has
already attracted a great deal of
support from other member na-
tions.

Short range radio is a low
power (less than 5 watts) service
having a range of around 5km. It
will utilise 80 channels of 25kHz
arranged as one control channel
which scans and selects a clear
channel from 79 speech chan-
nels.

The use of all-digital tech-
niques for voice and data is a UK
first in this field because CEPT
has developed a draft specifica-
tion based on analogue technolo-
gy. The EEA alternative utilises
the more advanced digital tech-
nology and provides additional
features such as data transmis-
sion. The DTI will not be licens-
ing any service for three years.
This time interval will allow the
digital specification to be de-
veloped as an alternative to the
analogue one.

Telecoms
Green Paper

The European Commission has
approved its Green Paper of Tele-
communications setting forth
proposals aimed at unifying tele-
communications across Europe.
After an initial policy discussions
in October, the Commission will
move on to discussion aimed at
producing consensus which it is
hoped will produce a number of
more formal proposals before the
end of the year.

Turn to page 000 for further
details.
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APPLICATIONS SUMMARY

Chopped stepping- :

o
e Power - Ve 16
motor driver . P> >
2 Oriver op o . Driver i
) . . ~J river i 15
One i.c. decodes step and direction signals s
into 500mA stepping-motor drive signals. 3 oA .
This i.c., the Sprague UCN4202, accommo- ‘ r;l»—‘-‘ A A _ 4’ State A 14
dates full-step or double-step operation and L_o/pB e—T
has built-in reset and transient suppression ,}4 DIRF—
¢ . Mono.
circuits. It also has a spare driver that can be 5 o/pC ‘ . : L RF
used for the head-load solenoid in disc-drive ’ DIR 12
applications. . o 6 0/pD4 " Step
Apart from this chopper drive circuit for . .: togic Mono.RC 11
12V 500mA unipolar stepper motors there 7 K 4 0D
are four other circuits in the UCN4202 | | STEP 10
Engineering bulletin. They are two-phase Second
g 2 k b : step STEPENY
_— 1-shot -
32
\‘ UCN-%203A
% /
12v =
500mA unipolar stepper motor
+12v 3 4
Product detection without transformers
L] L]
and tuned circuits
] A general description of the MC1596 ba- g
UCN4203A lanced modulator, its gain equations, bias- 4 /p‘ =
ing information and six circuits form Motor- 4}
Step input ola application note AN531. The 1596 func- cqerier A
tions as a broadband d.s.b. s.c. balanced s
Re Step enable modulator without transformers or tuned :l 1
{«<101) circuits. L
In this s.s.b. product detector operating , ]
from a single 12V supply, all frequencies ©
bipolar drivers for 500mA and 2A motors, an §  except the desired demodulated audioarer.f. )
a.c. driver for 2A motors and a unipolar and are thus easily filtered at the output. As a 01—L :I’j
two-phase driver for 500mA motors. Brief result, carrier-null adjustment is not essen- J_
specifications of fourteen small stepping tial. ;i r'm‘ ] : 2
motors from five North American manufac- Carrier level is 100 to 500mV, s.s.b. input >" 4 [ ug%'s’; 3
turersare given. is up to 100mV, and the circuit works from J o
Special-purpose logic for disc-drive ap- v.Lf. up to 100MHz. Sensitivity for a 9MHz ¢
plications is built into the 4202. When s.s.b. input signal and a 10dB signal-plus- g"us—‘
output A is activated, pin 14 is high and its noise-to-noise ratio at the output is 3uV. J
state can be combined with other drive logic With 0.5uV r.f, an s.s.b. receiver with 5002 ) 4
to form the track-zero signal. An ‘on-track’ input impedance would require only 12db é
output can be taken from pin 13, which is § overall power gain from antenna input ter- §5°° 500 500
low when outputs A or C are active. On-track minals to the 1596 product detector. o J
is one of the conditions that must be met V=
before writing is enabled. "2V
AN 2 R
ADDRESSES 92 Iwo;, L l
ITT Semiconductors Intel
145-147 Ewell Road Accent Electronic i 23k ot
Surbiton Components 2 100 3
Surrey KT6 6AW Jubilee House 6
01 390 6578/9 Jubilee Road
Letchworth Carrier input 4
Sprague Electric Hertfordshire SG6 1TL 300mV(rms) '{51 8
HB Electronics O, ll
Lever St or ¥100n : HEEsse a.f output
Bolton o 'l = R| 210k
Lancashire BL3 6BJ Jermyn Distribution v\ F100n 4 9 t \
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Motorola Sevenoaks 1k 1k l
STC Electronic Services Kent TN14 5EU
Edinburgh Way 0732450144 ‘
sy 0 %w 1000 ==100n ==Sn  m=5n ==5n
0279 442971 T T T T T
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High-integration
graphics system

Seven i.cs and an 82716 video storage/
display device form a colour-graphics con-
troller with a resolution of 640 by 400 pels at
4bit/pel. When interfaced to an 80186 micro-
processor no further control logic is needed.

Inside the 82716 are a d-ram controller, a
task scheduler, sync generators, a 16/4096
colour palette and video d-to-a converters.
Although only 128Kbyte of d-ram is used
here, the controller can handle up to
512Kbyte.

The Intel application note describing this
controller includes assembly-language soft-
ware details and video timing information for
output to an IBM colour monitor.

APPLICATIONS SUMMARY

Pl
Clock 1/0 Hsync  Vsync control

verlay

Led driving considerations

Ilfustrations 4 and 5 from this applica-
tion note described in the July issue
were transposed but the table entries
were correct. In the last two table
entries, R is not quoted because it does
not affect consumption; it is a low value

f=t=1=- High byte
enable
Reset

used to limit current at power up.

33
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APPLICATIONS SUMMARY
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A
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Programmable speedometer and

mileage indicator

A general-purpose digital speedometer i.c.
needs to be programmable for different tyre
diameters. In the SAF1091/92 i.c. pair, a
programmable interface i.c. produces tim
ing signals for a second i.c. which drives a
speedometer, odometer and taximeter.

Few external components are needed, as
this application example from ITT publica
tion 6251-287-1E shows. Pulses from a
proximity switch drive the speedometer.
Two output pins drive the small stepping
motor of an odometer and a further pulse
output drives the speedometer; speed pulses
are averaged by the meter’s mechanical
inertia

Lower chip count
for d-ram control

Most dynamic ram applications need multi-
plexers for row and column addresses and an
address counter for refresh. Note AP309
from Intel describes how the 5CBIC pro-
grammable logic i.c. can replace the address
counter and multiplexers. Design equations
are given for the iPLDS Il programmable-
logic development system.

Three other recent notes relating to the
5CBIC describe configuring the device
(AB17), dual-port memory control (AP305)
and microprocessor bus demultiplexing
(AP308).
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Processor

Row address -~ Multiplexed
— ' address |Dynamic ram
Column address i = Ap-7
Processor i
>
Select
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Row address
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01'208 1177 TECHNOMATIC LTl) 01'208 1177

DISC DRIVES

BBC Computer & Econet Referral Centre 505 Sl hives I et

AMB1S BBC MASTER ( - free software £346 (a) AMB 12 BBC MASTER Econet £315 (a) TS400 400K/640K £105 (b)

AMCO6 Turbo (65C - 02) Expansion Module £99 (b) PS400 400K/f|540K with integral mains power supply £115(b)

ADCO8 512 Processor £195(b)  ADJ24  Advanced Rel Manua £19.50(c) 5.25" Dual Drives 40/80 switchable:

ADF14  Rom Canndge £13(b)  ADF10 Econet Module £41 (c) ;gggg gggz:gggﬁ e — | £185 (a)

ADJ22  RefManual Part 1 £14(c)  ADJ23  RefManual Partil £14(c) oo wilh integral mains power supply £209(a)
BBC Master Dust Cover £4.75 (0) B800P SOOK/} 280K with integral mains power supply and monitor stand £229(a)

BBC MASTER COMPACT 3.5 80T DS Drives:

Free bundled software within price ARCHINELES . TS351 Single 400K 640K . £75 (b)

SYSTEM 1 128K Single 640K Drive and bundied software £349 (a) oo PS351 Single 400K/640K with integral mains power supply .£99 (b)

SYSTEM 2 System 1 with 3 12° Hi Res RGB Monitor £399 (a) o v, Pl TD352 Dual 800K/1280K £134 (b)

SYSTEM 3 System 1 with a 14” Med Res RGB Monitor £549 (a) your orders now 1o PD352 Dual BOOK/1280K with integral mains power supply £152 (b}

Second Drive Kt £99 (¢) Extension Cable for ext 5.25" drive £12.50 (d) ensure earty delivery PDB53 Combo Dua 5.257/3.5 drve with p.s.u. £209 (a;

View 3.0 User Guide £10 {d} Viewsheet User Guide £10 (d)

BBC Dust Cover £4.50 (d) 1770 OF S Upgrade for Model B £43.50 (d) 3M FLOPPY DISCS

ADFS ROM (for B with 1770 DFS & B Plus) £26 (d) 1205 ROME15 (0) ; :

ACORN 280 2nd Processors £329 (a) Universal 2nd Processor Adaptor £75 (b) Inuustry Standard lioppy discs with a lifetime guarantee. Discs in packs of 10

MULTIFORM 280 2nd Processor £289 (b) ACORN IEEE Interface £265 (a) 5Va Discs 3% Discs

TORCH 280 2nd Processor ZEP 100 . £229(a) 40TSSDD £8.50(d) 40T DSDD £10.50(d) 80T SSDD £15.00 (d)

TZOP 240: ZEP 100 with Technomatic PDBOOP dual drive with buiti-in monitor stand. £439 (a) 80T SSDD £11.50 (d) 80TDSDD £13.25(d) 80 T DS DD £19.50 (d)

META Version lll — The only package available in the micro market that will
assemble 27 different processors at the price offered. Supplied on two 16K
roms and two discs and fully compatible with all BBC models. Please phone

FLOPPICLENE DRIVEHEAD CLEANING KIT
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs

for comprehensive leaflet £145 (b).

We stock the full range of ACORN hardware and lrmware and a very wide range of other

perlpherals for the BBC

Or detailed specifications and pricing please send for our leaflet.

PRINTERS & PLOTTERS

Single Disc Cable £6 (d)
10 Disc Library Case £1.80 (d)
50 x 5'%2" Dise Lockable Box £9.00 (c)

ensures continued optimum performance of the drives. 5%a" £12.50 (d)

32" £14.00 (d)

DRIVE ACCESSORIES

Dual Disc Cable £8.50 (d)
30 x 5% Disc Storage Box £6 {c)
100 x 5'%" Disc Lockable Box £13 (c)

EPSON
LX800 £229 (a STAR NL10 (Parallel Interface) £209 {a;
FX800 £315 (a STAR NL10 (Serial Interface). .£239(a
FX1000 £439 (a
EX800 £409 (a) BROTHER HR20. £349 (a) MON'TORS
EX1000 £595(a) RGB 14’ MONOCHROME
LQ800 (80 col) £439 38) COLOUR PRINTERS 1431 Std Res £179(a TAXAN 12" HI-RES
LQ1000 £609 (a) Integrex Jet Printer £549 (a) 1451 Med Res. £225 (a 2);“; :g ges reen scr'eten Eg(s) ga
1441 HI i Res long persistence a
-4 . c269(a)  Dotprint Plus NLQ Rom for HiRes £35902) kX118 Hi Res amber . £90{a
KP915 (180 cps £369 ia; EP%‘LV;'S'OHS for FX, RX. MX o A PHILIPS 12" HI-RES
ey an - (d) MICROVITEC 14" RGB/PAL/Audio SM;Z%% greeniscrecty foe gg
6100 (Daisy Wheel) £319(a)  pLOTTERS e Abodines i g; BM7542 white screen t79la
NATIONAL PANASONIC Hitachi 672.. £495 (a) All above monitors available In plastic or ACCESSORIES
p L.
KX P1081 (80 col) £159 (a) Plotmate A45 £370 (a) metal case. Microvitec Swivel Base - £20(c)
KX P 3131 (37K buffer’ £249 a; Plotmate A4SM £450 a{ Taxan Mono Swivel Base with
KX P 3132 (32K buffer; £249 (a Plotmate A3M £569 (a, (F:’lﬁc'k - .£22(c
TAXAN SUPERVISION 620 Enilps Swivel Base L1
12" - Hi Res with amber/green options i
PR|NTER ACCESSORlES 1BM compatible £269 (a) "I"Aal(;raor:"!t:eSc(.d Monochrome Eggg g
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) Taxan Supervision 625 £319(a)  Touchtec g01 £239 (b
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.
Plain Fanfold Paper with extra fine perforation (Clean Edge): UVERASERS
2000 sheets 9.5° X 11° £13(b) 2000 sheets 14.5" X 11° £18.50(b) JAT Eraser with buil-r timer and mains ndicator EXT SERIAL/PARALLEL
Labels per 1000s: Single Row 3, X 1 7/16" £5.25(d) Triple Row 2-7/16" X 1 7/16° £5.00(d) e CONVERTERS
Itcan handle up to Seproms atatime with an average
MODEMS RT256 3 PORT SWITCHOVER f’fcfmg time of about 20 mins. €59 + £2 p&p. v g"::l’;f t‘(’)‘g‘;ﬁﬁ;o""e"e’ s T
SERIAL INTERFACE as above but without the timer. £47 + £2 p&p.
Alimodeme!carmy atfullBlyapproval 31mpu oulpul of 1 IMpul3 Output For Industrial Users. we offer UV140 & Uv141 era. | Parallelto Sedal £48 (c
MIRACLE TECHNOLOGY WS Range manual channel selection. Input sers with handling capacity of 14 eproms. UV141 has Bidirectional Conventer. £105(b)
) outpul baud rates. independently a built In timer. Both offer full built in safety features
WS4000 V21/23 (Hayes Compatible. 7 biv8 bit, Vnone UV140 £69, UV141 £85, p&p £2.50.
intelligent. Auto Dial/Auto Answer) £149 (b) pary; Hawlwarejolisohvare

WS3000 V21/23 Professional As WS4000
and with BELL standards and battery back up
for memory £295 (b)

handshake. 256K buffer, mains
powered £375(b)
PB BUFFER

Internal butfer tor most Epson

printers. Easy to install. Inst,

Serial Test Cable
Senial Cable switchable at both ends
allowing pin options to be re-routed or
linked at either end — making it possible

Serial Mini Patch Box
Ailows an easy method to
reconfigure pin functions
without rewiring the cable

Serial Mini Test
Monitors RS232C and CCITT
V24 Transmissions
inchcating status with dua

WS3000 V22 Professional As WS300 v21/23 suppled 1o produce almost any cadle assay. Jumpers can be used colour LEDs on 7 most
but with 1200 baud tull duplex £495 (a) PB128 128K £99(c) configuration on site and reused £22(d) | significant lines. Connects in
WS3000 V22 bis Professlonal As V22 and Avaiablclas MiM or M/E _ B24.75 (d) Line f22.5019)
2400 baud tull duplex £650 (a) CONNECTOR SYSTEMS
The price of W54000 and WS3000
modems includes a COMMSTAR It ROM EDGE AMPHENOL RIBBON CABLE
e e LD. CONNECTORS
Speedblock T 36 ] o
WS2000 V21/v23 Manual Modem 295(b) | oot Wesoer Beite cope CONNECTORS | icer £oop o6 s7om Guny o5 doway la
[ . ! 3 - B
DATA Cable for WS series/PC or XT £10(d) 7 o ;33 aucsl; %83 2 x 6:way Icommodore] 300p 36 way skt Centrorics 20-way 85p  S0-way  200p
20 145p  125p  195p 2x10-way 150p solder) 550p (IDC) 500p 6-way  120p  6a-way  280p
Auto Dial Card £27(d) 26 175p  150p  240p g: :g::: vic 20 == ﬁg: 24 way plug IEEE (solder
34 200p  160p  320p 475p (IDC) 475p
AT A EET(0) 9 e e Mo | SRRNN U 3 len | 26 way SKUIEEE (soider DIL HEADERS
WS2000 SK I Kit £5 (d) 2% 28 way (Specirum)  200p 500p (IDC) 500p
2% 36 250 PCB M t A Solder 1DC
This offer can only apply if it is specified at the D CONNECTORS ;S ;gEE fggg 2‘? way'go%:: 36“3;;'250;: :" pin 40p 100p
time of placing your order for the modem. No i 2% 43way 395p 12 B g" 10p
o A Rz = ITrway 400p 500p GENzDER CHANGERS b gg 75::
" MALE x way|S1 onn, 600p 5 way D type 23 i
pin 100p 150p
This low cos! intelligent eprom programmer can program 2716, 2516,
2532, 2732, and wih an acaplor. 9564 and 764 Diapiays 512 byte ghdizms 120 e 230 329 EURO CONNECTORS Malello|Male 1 e X0 e
page  on has a seral and  par oC 175 275 325 DIN 41612 Plug Skt Male 1o Female €10 p P P
g:;el 1/Q routines. Can be used as an emulator. Cassetie interface FEMALE 2 % 32 way St Pin 230p 275p Female to Female £€10
fty! £195.00(b) 2X32wayAngPn  275p 320
i ; 760 StPin 100 140 210 380 way Ang P p 320p
253:!0' or E%sm Ang Pins 160 210 275 440 3 % 32 way St Pin 260p 300p RS 232 JUMPERS ATTENTION
Soider 90 130 195 290 3 X 32 way Ang Pin 375p 400p All prices in this double page
PECIAL OFFER IDC 195 325 375 IDC Skt A+ B 400p 24 singeenaMa | gs00 | advertisment are subject to
SPEC StHood 90 @5 100 120 | IDCSKA+C 400p 24 SingleenaFemaie  £525 [ change without notice
276425 Screw 130 150 175 For2 X 32 way please specity | 3¢ tarac f19% | ALL PRICES EXCLUDE VAT
27128-25 All prices ok spacing (A +8, A +C). 247 Male Femaje €950 | Please add carriage 50p
27258 it uniess indicated as follows:
27612 on,application TEXTOOL ZIF MISC CONNS DIL SWITCHES (3) £8 (b) £2.50 (¢) £1 50 ()
SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4.way 90p 6-way 105p €'1 00 .
6264 LP-15 28-pn£9.10 40 pin€12:10 8 pin Video Connector  200p 8-way 120p 10-way 150p :

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

936

Using ‘Prestel’ type protocols. For information

and orders — 24 hour service, 7 days a week
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74273 2.00 | 7415273 1.25 e - LINEARICs COMPUTER COMPONENTS
74276 140 | 74L5279 0.70 /
7400 030 | 74278 170 | 74LS280 1.90 4076 0.25 ['AD756112.00 | w710 0.48 1.2 TMS4500 14.60 1.20 KEYBOARD
7401 0.30 74279  0.90 | 74LS283 0.80 | 74C00 0.70 | 4081 .24 | Ap 11.90 0.0 TWS9901 5.0 2516+5V 3.50 75159 2.20 ENCODERs
7402 030 | 74283  1.05 | 7415290 0.80 | 74C04 0.50 | 4082 0.25 | am79108C 25.00 030 | 1802CE 6.50 | TMS9%02 se0 | 0I0TSY IOl | 75160  5.00 | AvS2076 1150
7403 030 | 74742 320 [ 7452921400 ' 74C08 070 | 4685 060 | A Lol 080 | 26504 1050 | Twsoort 1moo | 22153 290 | 75061 g5p
7404 036 | 742% 0.90 | 745293080 : 74C10 070 [ 1086 0.7 | AN-1-5050 1. 075 | 6502 450 | TS99 tawo | 2232 o230 | 762 750 | 7ace22 s
7405 030 { 74293 0,90 | 7405295 1.40 | 74C14 0.50 | 4089 1.20 | AV-3.135C 3.50 2.00 | 65C02-2MHz - 75172 4.00 | 74C923 6.00
7406  0.40 { 74298 180 | 74052971400 | 74C20 0.70 :ggg ggg :; ;-gg}‘ ;-g ggg es02m !:.gg ggg:»go ;;g " 75182 0.90 -
7407 040 | 74351 2.00 | 74US298 100 | 74C32  1.00 - 3 - y y . I 75188 0.60
7408 0.30 | 74365A 0.80 | 7415299 220 | 74C42 150 | 4095  0.95 | CA301941.00 ] TCA210 350 | 65028 8.00 | zsocTC 250 | 2708 350 | 755 oo SARME |
7409 0.30 | 74366A 0.80 | 74LS321 3.70 | 74C48 150 | 4096  0.90 | CA3020 3.50 . TCA220 3.50 | 6800  2.50 | Zz80ACTC 275 57116.25 s50 | 75065 150
7410 0.30 | 74367A 0.80 | 74153224 390 | 74C73 100 | 4097 270 | CA3028A 1.10 ¥ TCA270 3.50 | 6802  3.00 | ZBODART 60 5732 as0 | 75450 q80
741 0.30 | 74376 1.60 | 7415323 3.00 | 74C74 120 | 4098 075 | CA3046 0.70 . TCA940 1.75 | 6809  6.50 | ZBOADART 7.0 oS 75451 0.50
7412 030 | 74390 110 | 7405324 3.20 | 74C76 100 | 4099 0.99 | CA3059 3.25 2 TDA1004A 500 | 6809E 10.00 273 950 | 32452 050
7413 050 | 74393 120 | 74LS348 2.00 | 74C83 200 | 450! 0.36 | CA3060 3.50 ! TOA1000 2.25 | 68809 10.00 | Z80DMA 7.00 75453 0.70
7414 070 [ 74490 1.40 | 7415352 120 | 74c8s 225 | 4502  0.55 | CA3080E0.70 3 TDA10224.50 | 6BBOOE 12.00 | ZBOADMA 70 | ,p000 a0 4op | 75454 070
7416 0.36 7418353 1.20 | 74CB6 050 [ 4503 0.36 | CA3085 1.50 f TDA1024 110 | 68000-LB 36.00 2732A-35 850 | 75480 150
7417 0.40 7405356 210 | 74C90 190 [ 4504 0.95 A 0.60 ! TDAN70S 300 | go35 350 | 2808100278 | SoSUC Soe | 75491 oles § AY3015P 300
7420 0.30 7408363 1.80 | 74C93 1.50 | 4505 3.60 | CA3089E 2.50 1 TDA20023.25 | goc35 600 780 | 5706i98 600 | 75492 0,65 § AY51013P 3.0
7421 0.60 7405364 1.80 | 74C95  1.60 | 4506  0.90 | CA0%0AQ 375 ; TDA20031.90 | 4030~ 400 | Z008PI0 5.0 - COMS8017  3.00
7422 036 7415365 050 | 74C107 1.00 | 4307 0.35 | CAII0E 0.90 ] TDA2004240 | goc3g  7ig0 | Z80BCTC S0 | o000 as240 | 8T26 120 | IM6402 4.50
7423 036 | 74LS00 0.24 | 74LS366 0.50 | 74C150 $.00 | 4508 1.20 | CA3I30T 1.30 . JOA20063.20 | gogon 740 | Z80BDART 90 | O Lo oo | BT28 120
7425  0.40 | 74LS01 0.24 | 74LS367 0.52 | 74Ci51 2.00 | 450 055 | CA3140E 0.45 L i TDA20203.20 | goasa 300 - FACERRE )l WODULATORS
7426 0.40 | 74L5S02 0.24 | 7415368 0.50 | 74C157 250 | 4511 05§ | CA3140T 1.00 | b TDA20302.50 | goc-goa 7.50 BT96  1.20
7427 032 | 74.503 0.24 | 74.S373070 | 74C160 180 | 4512 0S5 | CA3146 2.25 . TDA25935.00 | gaae™™" 5o 00 27512 POA | 8797 120 | 6MHz 375
7428 043 | 74504 0.24 | 7415374070 | 74C161 180 [ 4513 150 | CA3160E 1.50 | I TDA2653 7.00 Sroasevave | 8T8 120 | BMHz
7430  0.30 | 74LS05 0.24 | 74LS375 075 | 74Ct62 180 | 4514 110 | CAJI6IE 2.00 3 TDA3560 7.50 R Zet0 | siLsss tao
7432 036 | 741508 0.24 | 745377 1.30 | 74C163 .80 | 4515 110 [ CAJ162E 6.00 : TDA3810 7.50 2101 4.00 2 BILS96 140 SOUND &
7433 030 | 74.509 0.24 | 7415378 0.95 | 74C173 100 | 4516  0.55 | CA3I89E 2.70 I TDA7000 3.50 a1 81LS97 140 VISION
7437 030 | 74LS10 0.24 | 7415379 1.30 | 74C174 150 | 4517 2.20 | CA3240E 1.50 ’ X TEA1002 7.00 21078 5.00 couﬁaou_gu 81L598 1.0 [ oy 12.00
7438 040 | 74LS1) 0.24 | 7405381 450 | 74C175 150 | 4518 0.48 | CA3280G 3.00 I TLO61CP 0.40 2111435 4.00 88LS120 4.50
7439 040 | 741813 034 | 7415385325 | 74C193 1.50 | 4519 0.2 | D7002 6.00 . TLO62  0.60 2114 150 | cRTs027 18.00
7440 0.40 | 74LS14 050 | 74US390 0.60 | 74C194 150 | 4520 0.60 | OAC1408-83.00 ; TLOG4  0.90 21143 250 | CATSO37 1200 | 0602  3.00 [EAMMaSS
7441 090 | 74LS15 024 | 7415393 1.00 | 74C195 150 | 452! 115 TLo71  0.40 CRTE545 9.00 | 9636A 1.60
74424 070 | 74LS20 0.24 | 7:15395A 1.00 | 74C221 250 | 4522  0.80 TLo72 070 2147 400 | EF9364 B.00 | 9637AP 1.60 l 68KHG VG
74434 1.00 | 74LS21 0.24 | 7415399 140 | 74C24a4 2,00 | 4526  0.70 TL074 110 EF9365 25.00 32.768KHz 1.
7444 110 | 741522 0.24 | 7415445 180 | 74c245 225 | 4527  0.80 MC3403 0.65 | TLOBI 0.35 4116 200 | EF9366 25.00 | ge3p 190 | |6432MHz 225
7445 070 | 741524 0.50 | 7415465 1.20 | 74C373 225 | 4528  0.65 MF10CN 410 | TLOB2 0.55 4116-20 150 | EF9367 36.00 2.00MHz 2.25
7446A  1.00 | 74LS26 0.26 | 74LS467 120 | 74C374 2.25 | 4529  1.00 MK502409.00 | TL0O8B3 075 EF9369 12.00 JJE 950 | 2.45760MHz(L
7447A 100 | 74LS27 024 | 7415490 1.50 | 74C902 1.20 | 4531 075 ML902 5.00 | TLOB4  1.00 4125615 300 | MCE845 6.50 2.00
7448 1.00 | 741528 0.24 | 7415540 1.00 | 74C911 9.00 | 4532  0.65 ML922 4.00 | TLO94 200 MCE8455P 6.50 pisc 2.45760MH2(S
7450  0.36 | 74LS30 024 | 74LS541 1.00 | 74C912 450 | 4534 3.80 KME221A 300 | TL430C 1.20 MC6847 6.50 CONTROLLER 2.50
7451 035 | 74,532 0.24 | 741S608 7.00 | 74C922 600 | 4536 250 NES29 220 | UA759 23.20 SFFO6364 8,00 ICs 2.5MHz  2.50
7453 0.38 | 74LS32 0.24 | 74LS61025.00 | 74C923 6.50 | 4538 0.7 NES531 120 | UA2240 1.20 41641571 300 | wmS9928 10.00 3276MH? 150
7454 0.38 | 74LS33 0.24 | 7418612 2500 | 74C925 6€.50 | 4539 0.5 NE544 190 | UCN3ECIA 6.00 7654 10.00 | 35795MHz 1.00
7460 055 | 74LS37 0.24 | 74LS624 3.50 | 74C926 7.50 | 4541 0.90 NESSS  0.22 | ULN2001A 0.7 6843 B.00 | 4.00MHz 1.50
7470 050 | 74LS38 0.24 | 7405626 2.25 4543 0.70 NESS56  0.60 441615 3.50 INTERFACE 4194MHZ  2.00
7472 045 | 74L540 0.24 | 7405628 2.2§ 455 1.00 NES64  4.00 4532-20 2.50 ICs 4 43MHZ 1.00
7473 045 | 74LSa2 0.50 | 7405629 1.25 4553 2.40 1.20 FDI771 20.00 | 49152MHz 2.50
7478 050 | 74LS43 150 | 7415640 2.00 4555 0.36 1.50 AD7581 15.00 1 FD1791 20.00 | 5 00MHZ 1.50
7475 060 | 74LS48 0.90 | 74LS60-1 3.00 4556 0.50 1.25 80 | 51015501 amo | ADC0808 1.9 | FD1793 20.00 | 5o6amHz 1.75
7476 0.45 | 74L549 1.00 | 7405641 150 [ a4 500045 | 4557 240 MEST0  4.00 00 | 5514/5114 490 "35;’5‘-’ 20.00 | FD1797 22.00 | 6 0OMHz 1.40
7480 0.65 | 74LS51 0.24 | 7405642 250 | 4a 02 045 | 4360 140 ME571  3.00 [ ULN28041.90 5516 4.00 ::2?5 5‘0 3.50 2400 | 144MHZ1.40
7481 180 | 74LS54 024 | 746421 300 | 74x S04 oo | 4366 140 NES92 0.90 | UPC575 2.75 S517AP 410 152521350 | WD169115.00 | 7 0oMHz 1.50
7483A  1.05 | 74LS55 0.24 | 7405643 250 | 74 'S0s 050 | 4568 240 . NES5532P UPCs92H 200 | 68B21  2.50 AM2552538350 | WD214312.00 | 7 16MMz 1.75
7484A 125 | 74LS73A0.30 | 74186431300 | 74ar840 .05 | 4569 170 " : uctistk 300 | 6829 1250 | 6116p-3 340 | AMGLSI 120 | wD2793 27.00 | g ooMHz 1.50
7485 190 | 74LS74A0.35 | 7415644 350 | 74p 500 gag | 2272 048 . UPCH185H 500 | 6840  3.75 | gii6.p-3 AM;GLsn 120 | wD2797 27.00 | ggeTMMz 175
7486 0.42 | 74LS75 045 | 7415645 2.00 | ;4337045 | 4383 090 1307 0. I XR210 4.00 | 68B40  6.00 D:« gmoc 25.00 10 00MHz  1.75
7489 2.0 | 74L576A0.36 | 74LS6:5-14.00 | J4aiSyig70 | 4584 048 X - ' XA2206 4.50 | 6850  1.80 C80CE1-v 10 SoMHz 2.5
7490A  0.55 | 74LS7B 042 | 7415668 0.90 | 7iac1g 15 | 4585 080 310 2. XR2207 3.75 | 68B50  2.50 | 6564 p.15 3.40 10 70MHz 150
7491 070 | 74LSB3A0.70 | 7415669 0.90 | 7.a5130 150 | 4724 130 XR2211 5.75 | 6852 250 QMB;IH 1100MHz  3.00
74924 070 | 74LS85 0.75 | 74LS670 170 | 2.aspus a0p | 1441 750 . XR2216 6.75 | 6854  6.50 | g514.45 4.0 Lpgﬁm 12 00MHz  1.50
7493A 055 | 740586 035 | 74LS6B2 250 | Jianess sov | 14412 7.50 AC4195 1.50 | XR2240 1.20 | 68854 8.00 | gg10 200 | DS3691 3. ROsTIUC 7.5p | 14 00MHZ 178
7494 110 [ 74LS90 0.48 | 7415683 3.00 | 7445573 260 | 4416 300 | LMI : AC4s58 0.55 | ZN404 1.00 | 6875 500 | 745989 1m0 | DS8830 1. ROEILC 708 | 1431MHz 180
7495A 060 | 74L591 090 | 74US684 350 | 7eaders eo | 14419 260 42| 1 £50240 9.00 | IN414 080 | g0,  ggq | 745289 2.25 | DS8831 1. 14 756MHz 2.50
749 080 | 74592 035 | 74LS687 350 | jumcsg0 260 | 1440 420 INAI9P 175 | gi50  3gg D5SesI2g 1500MHz 2.00
7497 290 | 74US93 0.54 | 74LS688 350 14495  4.50 : ZN423E 130 | g5 3o | 93415 60 | DS8833 2. 16.00MHz 2.00
74100 190 | 74LS95B 0.75 | 7415783 16.00 145000  6.50 | L - L 3.00 | ZN424E 1.30 DS8sls 1.50 17 734MHz 1.50
74107 0,50 | 74L596 0.90 14599 2.00 | L - SN7601N 3.00 | ZN42SEBA.SO | gons 26 | 93425 600 | DS8B38 2.25 TELETEXT 18.00MHz 150
74109 075 | 74LS107 0.40 22100 3.50 SN76023N .00 | ZNA26EB3.00 | 400 5pg D7002 8.0 L T 18 +32MMHz 1.50
74110 0.75 | 74LS109 0.40 20 | 22101 7.00 SN76033N 300 | ZN427€86.00 | g5.€ 160 MC1488 0.60 19 969MHz 1.50
74111 0.55 | 74LS112 0.45 4001 024 | 22102 7.00 SN7611SN 215 | ZN428EB4.50 | g5on  pOA MC1489 0.60 | 5AA50206.00 | 20 00OMHz 1.50
74116 1.70 74LS113 0.45 745 SERIES 4002 0.25 40014 0.48 SN764894.00 | ZN429EB2.25 8226 225 28022 400 2.50 SAA5030 7,00 24 00MMz 1.75
74118 110 | 74LS114 045 4006 070 | 40085 120 SN764954.00 | ZN44TE 9.00 | g355 5750 | 54510 280 | MCIA59 450 | Saasoar 16.00 | g oooMkz 1.7
7an19 170 | 74.5122 070 4007 0.25 | 40097  0.36 SN76860 120 | ZNa48 1 750 | @543 gy | 202030 ao 475 | SAA50509.00 | teMiz 2.8
74120 1.00 | 74LS123 080 | 74502 050 | 4008 o060 | 40098 0.40 SPO2XEAL27.00 | ZN449E 3.00 | B350  12.00 | 1834030 2.¢0 g4 PXO1000 12.80
74121 0.5 | 7415125 0.50 | 74504 050 | 4009 045 | 40100  1.50 SPB515 7.50 | ZN4SOE 7.50 745188 180 225
74122 070 | 7415126 0.50 | 74505 050 | a010 o0 | 4001 125 TA7120 1.20 | ZN$59CP 300 | gasia 325 | 749287 275 2.25
74123 0.80 | 74LS132 0.65 | 74508 050 | 4011 Q24 | 40102 130 JA7130 1.40 | ZN1034E2.00 | g553c.5 350 | 755088 180 5.50
74125  0.65 | 745133 055 | 74510 050 | 42 g2s [ 40103 2.00 TA7204 150 | ZNA10406.60 | gyccaCi 320 | 739387 - Please note
74126 055 | 7415136 045 | 74511 075 | a013 036 | 40104 120 TA7205 0.90 | INAIXH 2300 | 8266 18.00 | 82923 Alt prices are subject to
74128 0.55 | 7415138 0.55 | 74520 050 | a0ia 00 | 40105  1.50 1A7222 150 | ZNA234E9.50 | psrc.s 5400 | gacias change without notice
74132 075 | 74LS139 0.55 | 74522 0.50 | 4015  0.70 | 40106 0.48 TA7310 1.0 828129
74136 070 | 7415145 095 | 74530 050 | aci6 036 | 40107 055 | LM709 035 8259C-5 4.00 Only current prime grade
74141 0.90 { 74LS147 1.75 | 74532 0.60 | 4017 0.55 :g:gg g-gg components stocked
74182 250 | 74.5148 140 | 74537 060 | 018 060 d '
74143 130 | 740151 065 | 74538 060 | a019 geo | 4010 2.25 VOLTAGE REGULATORS B200m 200 We also stock a wide
74144 270 | 7415152 200 | 74540 050 | a020 oo | 40114 2.5 8282  4.00 range of: Transistors.
74145 190 | 74LS153 0.65 | 74SS51  0.60 )21 0.60 | 40147  2.80 1A FIXED VOLTAGE PLASTIC TO220 Diodes, Triacs Plastic,
74147 1.70 | 74LS154 1.60 | 74564 0.45 | a022 070 | 40163  1.00 VE VE 8284 460 | 2816-30 15.00 Bridge Rectitiers
74148 140 | 74LS155 065 | 74574 070 | 4023 g30 | 40173 120 8287 380 | 2X+8 30.00 Thyristors and Zenors
74150 175 | 74LS156 0.65 | 74585 550 | 4024 o048 | 40174 1.00 5V 7805 0.45 7905 0.50 8288D 6.50 | 9306 256buts
741514 0.70 | 74LS157 050 | 74586 1.00 | 4025 0.24 | 40175 100 6V 7806 0.50 7906 0.50 8755A 16.00 | (16%16) 4.50 Please phone for details
74153 0.80 | 74LS158 0.65 | 745112 1.50 | 4026  0.90 :g:gg :gg 6V 7_%)52 8.50 ;gog g.sg
74154 140 | 74151604 065 | 745113 120 | 4027  0.40 . 12v 7812 0.45 1 .5 u
74155 0.80 | 74LS161A 075 | 745114 120 | 4028 0.60 | 40194  1.00 15V 7815 0.50 7915 015 OPTO-ELECTRONICS
74156 0.90 | 74151624 075 | 745124 3.00 | 4029 o075 | 40244 1.50 18V 7818 0.50 7918 0.50 2N5777 050 [ o oc- = 8PX25
74157 080 | resi63a 075 | 745132 100 | a030 o35 1.50 24v 7824 0.50 7924 0.50 8Px2s 1.80 | 0145 b BPX34
74159 225 | 74LS164 0.5 | 745133 060 | a031 125 1.80 1A FIXED VOLTAGE PLASTIC T092 BPW21 2.80 | REDTIL209042 | 220 o1s 8PwW21
74160 110 74151654 110 | 745138 1.80 4032 1.00 1.80 5V 78L05 0.30 SV 79L05 0.45 OCP71 180 | GAN IIL2||0')G 222 018 car2
0.80 | 7451664 150 | 748139 180 | 4033 125 180 6V 7BL06 0.30 2V 79112 0.50 ORP12 1.20 [ YELTR21200 | Tw2ze o022 FND357
110 | 74LS168 1.30 | 745120 1.00 | 4038 2550 e.73 8V 78L08 0.30 15V 79L15 0.50 ORP60  1.20 | Reci LEDs MAN74/DL 704
100 | 74LS169 100 | 745157 150 | 4035 070 9715 12V 78L12 0.30 ORP61  1.20 /G/Y) 0.30 MAN71/DL707
120 | 7418170 140 | 748153 150 | 4036 250 0.75 15V 78L15 0,30 SFH205 1.00 8 colow e MANA4640
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—real thoughts on the

imaginary axis
There is nothing imaginary about j. Anyone doing anything
with electronic circuits should still master complex

tions using j nowdays?” | surmised.

But no. Either familiarity has made
it all boring, or students still trip up over the
term imaginary — and when you look into it,
a surprising number of quite senior en-
gineers and technicians also tend to avoid
complex numbers if they can, when working
out problems.

People in this unfortunate situation have
to face the fact that Fourier and Laplace
transforms, Bode plots, poles and zeros,
frequency and phase response, many dif-
ferential equations, Smith charts — and even
common old impedance itself all remain a
closed book.

The arguments about the meaning of j
started with people solving algebraic equa-
tions. How do you find their roots? Girolamo
Cardan discussed this issue in his Ars Magna,
published in 1545. He noticed that if you
allow V=1 to come into the picture, all
equations have roots. Some have real num-
ber answers, others have complex roots, yet
others have a mixture of real and complex
ones. He proved that complex roots always
occur in pairs. Cardan called numbers con-
taining V= 1 sophistic, meaning ‘intriguing
but not very useful!’

We can illustrate the kind of thing this
early author said by using a quadratic
together with our modern notation. For
example, w = 3 or w = 5 satisfy w® — 8w +
15 = 0. As you know, we call 3 and 5 the real
roots of this equation, (try them in and
see...). Root means ‘from where the equation
comes.’

But a whole bunch of quadratics have no
such roots, however hard you search along
the real axis at all the infinite number of
points on it that represent the integers,
rational numbers and irrational numbers
which make up the real number system. We
all yawn at the familiarity of the explanation
in Fig. 1, where the parabolic curve of the
quadratic either cuts the real axis at two
points (a) to give the real roots, or it remains
too high up (b) ever to get to the axis and
therefore, with no axis intersection, no
roots.

“Ah!" you say, “l don't sketch all these
pictures, 1 use the formula and a pocket
calculator...” Yes, we know the general

7 S urely everyone can handle calcula-
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numbers.

JOULES WATT

4

(a)

(b)

Fig.1. The plot of a quadratic function in (a)
obviously has two answers at the points on
the ‘x’ axis where 'y’ equals O. In (b) the
parabola never reaches a value of y equals
0, so we say there are no roots. If we admit
complex numbers, then (b) has roots.

quadratic equation ax? + bx + ¢ = 0 has the
well known formula for its solution.

-b+ Vb® - 4ac

X12= 2a

where x, is the *+’ root solution, x, the ‘—~
root one. And we see the problen)) that arises,
for example, in trying to solve x~ — 8x + 25
=0.

The formula gives,

8+ V-36

Xj2= 2

Minus 36 is —1 x 36, so the square root

comes down to finding 6 V= 1. The problem
always is, “What is the square root of minus
one?” If you try it on your calculator, you get
‘error’, or if V=1 turns up in your computer
program, the same thing occurs, or the run
crashes. Try as you might, no real number
multiplies by itself to give V= 1. But never-
theless, (as we do all have some knowledge of
algebra!) if it did exist we could give it a
symbol, j say, and define, j = —1. So, using
this j the equation has two roots, complex
now, x; = 4 + j3 and x, = 4 —j3 and away we
go with a whole lot of new numbers — the
complex numbers that 1 am talking about.
You can see why Cardan called them
‘sophistic’.

TRIGONOMETRY BECOMES
COMPLEX

A most interesting little tit-bit of history
turns up in the work of James Gregory who,
in his maths textbook of 1667, gave the
infinite series expansions of sin® and cos#,
(see box). In his other book, he described the
two-mirror reflecting telescope, which we
still call the Gregorian system in memory of
him.

This all became relevant when Leonhard
Euler took up these series expansions and
showed they related to the exponential series
expansion for e', where e is that peculiar
irrational number 2.71828... This rela-
tionship worked, as Euler showed, if the
index of e was an imaginary number i0,
where he used the letter i for V=1, and
introduced the term ‘imaginary unit’ for it.
His decision to do this was rather unfortun-
ate as there is nothing imaginary about the
subject. Our forebears, the electrical en-
gineers, wrote 'j’ for V=1 instead, soon after
i had become standard for electric current.
The Euler's identity we are talking about,
(see the box),

e®=cost+jsind

developed into a very important relation for
our field of work.

GEOMETRY BECOMES COMPLEX

Other mathematicians thought along diffe-
rent lines. Once again, the independent
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growth of new ideas occurred together. Just
betore the turn of the 19th century a Norwe-
gian surveyor, Caspar Wessel, published a
geomelrical representation of complex
numbers. He was struggling with vectors
and noted that ‘the unit in the positive line
direction is +1, that in the negative direc-
tion is — 1 and € is the unit perpendicular to
the + direction and has the same origin. ..

Wessel’s € is equivalent to j. Unfortunate-
ly, hardly anyone read his paper on the
subject for about 100 years.

At about the same time (1806), J.R.
Argand published a paper showing De-
scartes’ famous graph axes now labelled
‘real’ along the x axis and ‘imaginary’ along
y. Posterity immortalized Argand via this
geomelry; nevertheless the whole subject
crystallized around the early 1800s with
Wessel. Buée and a little later, Mourey and
\Warren all publishing treatments of complex
numbers. So did Gauss and, as a result of his
work William Hamilton struggled for half a
lifetime with ‘complex numbers in three
dimensions to invent Quaternions.
Although no longer heard about, quatern-
jons led to Vector Analysis via Clerk
Maxwell', Willard Gibbs and Oliver Heavi-
side. The unit vectors i, j, k of space analysis
are theretore not a thousand miles from
V—1. As you know, vector analvsis has an
enormous power of explanation in electro-
magnetic theory, but that is another story'.

OPERATIONS

Modern teaching seems to have reduced the
emphasis on the operational meaning of j.
Older readers will smile with recognition at
this, while younger students nearly always
say, “Operator j, what do you mean operator
j ...2” Following Argand and Wessel we do

This last result shows that the exponential
function has a slope that equals itself at all
points.

g 6

sin0=6~§+§—...

» 02 0‘
cosd =1 — 2—!+ﬁ—...

2 3 4 5
and e8=1+06+ %+% +g—!+%...

Now the piece de resistance. Put j§ equal to
the original 8 in the above exponential
series:

o .0 o .0

e - w0 0N R OF
e=1+j0— 91 I3 + +;5!
(Remember that > = ~1.j° = ~j and so

on...)

We now put this into the form A + jB,

g ¥, 8 P
e=(1- o a1 ) HI0 - 3 *s
Straightaway you see that,

e® = cos® + jsin® which is Euler's
famous identity.

ELECTRONICS & WIRELESS WORLD

A Short mathematical story

Leonhard Euler noticed a relationship between the infinite series expansion of the exponential
function and the two expansions for sin and cos. as found earlier by James Gregory.

Following the way these mathematicians thought, we say, “Suppose a function of 8, say, can
be expanded in a power series.” This means that we assume,
f(8)=a,+a,08+a,0° +a,0"+a,0'+ ..
is true if we take enough terms and insert the appropriate constants, a,, a, etc.

If we know a, and a, for instance, we get the straight line approximation to the curve of f(8).
This is the tangent at the point about which we are expanding the function. We often do this to
‘linearize” the curve of a non-linear device over a little bit of its characteristic. This means that
the series and f(8) agree at least in the region of one point. If we know a also, then we are
fitting a parabola onto the curve and a wider range of agreement occurs around the point — and
soon.

Now proceed to differentiate. We let {*(8) be the first differential coefficient, {"(8) the second.
etc.

' (00 =a, +2a,0+32,0° + ...
' (8) =2a,+2.32,0+3.42,6° + ...
"(8) =2.3a;+2.3.42,6+3.4.5256% + ...
Now suppose we have a look at what is happening at the origin, as Colin McLaurin did.

Thismeans  f(0) = a, (i.e. the 'y’ intercept is at a,)
'(0) = a,
'(0) = 2a,
f'"'(0) = 2.3ay
f7°(0) = 2.3.4a,
So that {'(0) =234..na,

You might recognise 1.2.3.4. ... n as ‘factorial n’. We write it as n! (“n shriek”, as my old maths
teacher called it.)

This means we know the a,, a,, a,, etc. for the “expansion of f(8) about the origin.” And this
is precisely what McLaurin did, so after him, the seriesis called the MclLaurin expansion.

 1(8)=(f(0) +1'(0)8 + ﬂz,‘—’laz+ f—3-$919

Now try it on cos8, sin® and e* as typical functions (certainly of interest in our
trade).

All you have to remember is that

Q‘Ld(:fﬁl = —sin® and gjﬂ—ge—’ = cost together with d:jee

%) 0

The rotating phasor ™! can be resolved into the two planes at right angles | have
shown here. One component forms the real part, the other forms the imaginary
part of Euler’s relationship. Of some interest, other people call e the analytic
functior made up from f(t), the in-phase component and —jf(t) the quadrature
component, where (1) is known as the Hilbert transform of f(t). This interpretation
facilitates work in modulation theory — especially theory of s.s.b. and in-phase and

quadrature components of noise in systems.
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not look on j as a number at all. Instead look
on it as operating on a number, like + or —
does. Operate on +4 with — and the direc-
tion of 4 is turned through 180° from
pointing to the right along the real axis, to
pointing along the left. or negative direc-
tion.

As operating with — is equivalent to
operating with j. thenj again, because j Xj =
—1. then operating on a number with just
one j might take you only haif way on the
journey. i.e. 90° Figure 2(a) shows the
operation. The imaginary number axis con-
tains all the j numbers. When j = 0, we
obtain all the real numbers. Therefore the
real numbers are just a subset of the complex
numbers. namely all those on the x axis
along which j=0. When we look along, say.
the horizontal line through j4. as shown in
Fig.2(b). another subset of numbers turns
up. This time we have a particular selection
of complex numbers. The whole set of
complex numbers contains every point in
the plane.

This real/imaginary plane referred to 0
and the two axes through it is the Argand
Diagram. Often, authors call this picture the
complex plane or simply the z plane. All the
points have two parts, the horizontal magni-
tude or real part and the vertical magnitude.
or imaginary part.

Take another look at the second quadratic
with its two complex roots,

Xj2= 8—-;]—6 =4+ J3

Oneis x = 4 + j3. the other is the conjugate
complex number x = 4 — j3. All equations
with complex roots have them turn up in
conjugate pairs. Conjugate to something
means ‘its opposite number’, as it were. In
complex numbers it simply means, ‘put —j
where +j was. and you get the conjugate’.
The conjugate of any complex number on
the Argand diagram is easy to see in all cases.
It is the reflection in the real axis, as you can
seeinFig.3.

Conjugates have interesting (and useful)
properties. Their sum is a real number; e.g.
ifwe havez = a + jb, thenz* =a—jbandz
+ z* =a+ jb + a — jb =2a. Their product is
a real number, zz* = a® + b If z is the
complex number ¢!, then its conjugate z*
is e and, using Euler's identity on both of
these, you can see that z + z* is real. zz*
easily shows its real nature, because,

. ot
elmle—jull = s—(,-,f =
VECTORS OR PHASORS?

From all the historical connections of com-
plex numbers with vectorial ideas, you
might be tempted to look at the Argand
diagram and say. “The complex number z
has a magnitude (out from 0) and a direction
(angle 8 to the real axis). Therefore, it
represents a vector.” Well, yes — if you look
into old treatises, z was called a vector. Yet
we multiply modern vectors in an entirely
different way to complex numbers. We divide
complex numbers, but division has no
meaning at all for vectors. Because of these
differences, we now tend to label complex
number representation of directed lines as
phasors.
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im

z-—plane

Im Every complex number
represents a point

in the plane
° ° ° u

(a)

Fig.2. The construction in (a) is called the
Argand Diagram. You can think of the
arrowed line (‘phasor’) turning from the
‘Re’ axis to pointing along the ‘Im’ axis
when operated on by j. All the points on the
horizontal line j4 in (b) represent a subset
of the complex numbers. In general, the
complex numbers describe all the points
inthe z plane.

Im

Fig.3. The complex conjugate is the mirror
image of the original complex number
reflected in the real axis.

Im
) z
[ beossooooocoas :
1
\ i
¢
o i
1
O or [z 1
. Re
0 1

Fig.4. The bits of a complex nymber (or to
be more refined — its ‘components’) make
up trigonometrical/geometrical possibili-
ties for a variety of definitions, as shown
here.

STANDARD FORM AND SOME
OPERATIONS

First we notice the obvious fact that a real
number can never equal an imaginary one.
Therefore when two complex numbers are
equal, their real parts and imaginary parts
must equate separately, a fact I used in the
discussion of Euler's work in the box.

‘. lt R|+jX|=R3—jX~_,

then R|= R_3 and Xl = —X2
In discussing the subject, A+jB is called the

(b)

Standard Form of a complex number. They

can all be written in this form. Adding and

subtracting is simple.
Zi+zo=(r+jX)) + (ry+jx)

={r+r)+j(x; +x2)

This is in standard form and shows that

complex numbers do add like vectors.

Multiplication is easy too:

Z1Zo=(r +jX ) {ra+jX) =(r rs—XiXo)
+j{r X2+ rax)).
Division is a little trickier:
Z _ntijx
Zn Tyt X

Remember the properties of the complex
conjugate,

_nr. + X1Xo
=] = :
a2 + Xo”

. MoXp — MiXo
o &)
ry” + Xo~

All of these show standard form, ‘real part
plus imaginary part’. You can see clearly that
212, is neither a scalar product nor is it a
vector product of two vectors'. The result of
2,2, is in fact another complex number lying
inthe z-plane. So is z,/z,,

My earlier statement that complex num-
bers do not obey the rules of vector algebra
receives vindication in these standard re-
sults. Therefore you should support the
move to call them phasors. when their
magnitude and directional properties come
up for discussion. Some authors call the
length or magnitude of a complex number,
its amplitude, which corresponds with the
name we give to the peak value of a sine
wave. This is not surprising, as complex
numbers and the resulting phasors are most
fruitful in describing a.c.. waves. and oscilla-
tions. The angle made by the complex
number anticlockwise round from the real
axis, we term its phase.

AMPLITUDE AND PHASE

The two quantities. magnitude and phase
angle, arise very often and we should be able
to find them in any given problem. Resorting
to geometry on the Argand diagram helps.
Notice on Fig.4 that z=a+jb has a magni-
tude written 1zl or r. This shows that, by
simple trigonometry,
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a=lzicostand jh=1zlsin@

z=1z!(cos® + jsin8)
Using Pythagoras,

a*=1zI%cos’0 and b’ =zl sin“®
so that,
a’+b’ =:zflz(cos"0+sin 0)
212

so that the magnitude of any complex num-
ber is ‘real part squared, plus the imaginary
part squared, and take the square root’.

Va +b
The phase angle from the same trigo-
nometry,

1zl =r

b
tan® = 3
b
0=tan'3
We can also write the phase in good old
engineering notation as Z0, which we read
as ‘angle 0 of z'. You can also write it as Zz,
meaning simply ‘the angle of z'. This means
that the complex number z is r£0, or 121 Zz
in polar coordinate form with this notation.

AVOID TEDIUM!

I have seen many students tediously multi-
plying or dividing out complex numbers, to
get them into the standard form R+jX
presumably, then going on to find the
magnitude and phase angle. according to the
above rules.

What they did not seem to realise was that
2z = 1zl Izzl. In other words, ‘the
amplitude of the product is the product of
the amplitudes’. Similarly the phase /z -z
0,4+ 06, which is. ‘the angle of a product is the
sum of the angles of the factors’.
Therefore ifz,=a+jband z,=c+jd then,

Va+b - V+d

4H\Z

Vi@ + b)) (c? + d%)

b

and /z;z, =tan"'2 + tan "cj =0,+60,

You might like to show similar rules
for the quotient, i.e. show that,

12| Iz

.zJ. 2; and vg = 0,—-0
Also you might enjoy applying these results
tozand its conjugate, z* as an exercise to see
what happens.

SPINNING PHASORS

We see now why complex numbers turned
out to be so useful in radio and electronics
theory. To see some of this. make the point z
rotate anticlockwise so that the phase angle
0 radians continually grows. For simple
cases, keep the amplitude constant. How fast
we make 0 increase gives us a number we call
the angular velocity. We write this as w
radians per second so that the angle 9 after t
seconds is wt radians.

The horizontal. or real component is
rcoswt and the vertical, or imaginary part is
jrsinwt. If we plot out either of these we get
the sinusoid of the oscillations we are talking
about (mostly current or voltage variations
in our work). We work through a problem,
then at the end take the real part (cos) or the
imaginary part (sin) as the solution of the
‘a.c. theory’ piece of work.

FIXED PHASORS

Many peop:e talking about this subject de-
fine the phasor as the ‘frozen’ directed line

stopped as it would be in a snapshot. Mathe-
matically. this amounts to removing the
time variable, working the problem, then
re-inserting the &' at the end. You can see
this from the exponential form describing

the oscillation.
Vej(wl+0)=vejliejxnl

Remeving the time varying factor &' leaves
the ‘fixed phasor’ Ve with its amplitude V
and phase angle 8 to march on through the
problem. The procedure is to apply the
complex number theory | have revised to
deal with a few of these ‘frozen phasors’ in
action together. In other words, we use them
to handle the summing and product opera-
tions on a number of sinusoids in such
applications as modulation theory, network
analysis and soon.

PHASOR TRANSFORMS

The unique property an exponential func-
tion has of reproducing itself when diffe-
rentiated or integrated. means that we can
transform a differential equation — generally
hard to solve — into an algebraic equation

much easier to solve. The condition on the
differential equations is that they describe
phasor motion. In other words, we can solve
those equations which apply to circuits
driven by sine waves. Very many of the
problems arising employ just this situation.

consider v =Ve!
d c i
then d:, joVe'!

but the ‘reproducing’ property of the ex-
ponential means we can replace the last
couple of factors with the original variablev.
2,

g—‘t’ jwv. Similarly 4V

This shows differential replaced by complex
number algebra. which we have discussed at
length.

Reference
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CD rem. The compact disc overcame the
major drawback of analogue audio re-
cording by storing digital audio in a
durable medium convenient for duplica-
tion. Its success brought down the tost of
the player and has made it attractive as a
computer peripheral.

R.F. signal generators. Our latest indus-
try survey concentrates on high-
frequency signal generation, investigat-
ing up-to-date design techniques and
some applications for the new generation
of instruments, which offer facilities far
in excess ofthe traditional “sig. gen”.

Vladimir Kosma Zworykin. A Russian,
living in the United States and working
mostly at RCA, Zworykin was the inven-
tor of the early television camera tube,
the Iconoscope. According to his obitu-
ary notice in The Times, his work was the
basis for all later technical advances. He
can fairly be said to be the Father of
Television.
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L
V.K.Zworykir :
catalyst of
television
=
Oscillators
using unity-
gain op-amps
——
Harmonics —
the French
connection

E——————
Relativity:
a critique

Commercial
signal
generators
T
Semiconductcr
analysis using
glow-discharge
spectrometry

Harmonics — the French connection.
Joules Watt invokes the Baron de Fourier
in a piece on the construction and analy-
sis of periodic waveforms. He also sets a
puzzle and, somewhat rashly, offers a
prize for its solution.

Mains signalling. A report of work done,
using computer simulation techniques,
on using the electricity mains to carry
signals. The investigation centres on the
reduction of required bandwidth and the
reduction of interference.

Glow-discharge mass spectrometry.
Seen as a natural successor to spark-
source mass spectrometry, g.d.m.s. is
being used in the semiconductor indus-
try to measure both deliberate and in-
advertent impurities in, for example,
cadmium telluride and silicon.
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R.F. EQUIPMENT

MANUFACTURERS

19" RACK MOUNT CRYSTAL CONTROLLED VESTIGIAL
SIDEBAND TELEVISION MODULATOR

PRICES FROM £192.39 (excluding VAT & carriage)

CCIR/3 SPECIFICATION ! Prices
Power requurement 240V 8 walt (available other voltages; CCIR/3 £ 1 9239
Video Input 1V Pk-Pk 75 Ohm CCIR/3-1 £245.89
Audio Input 8V 600 Ohm
FM Sound Sub-Carrier 6MHz (available 5.5MHz)
Modulation Negative
IF Vision 38.9MHz
IF Sound 32.9MHz (available 33 4MHz)
Sound Pre-Emphasis S0us
Ripple on L F. Saw Filter 6dB
Qutput (any channel 47-860MHz) +6dBmV (2mV) 75 Ohm
Vision to Sound Power Ratio Stol
Intermodulation Equal or less than 60dB
Spurious Harmonic Output 40dB (80dB 1 fitted with TCFL1 filter or combined

via TCFL4 Combiner/Leveller)

CCIR/3 Specifications as above but output level 60dBmV

19" RACK MOUNT VHF/UHF TELEVISION DEMODULATOR

PRICE AT ONLY £180.00 (excluding VAT & carriage)

802 DEMODULATOR SPECIFICATION

Frequency Range 45-290MHz, 470-860MHz
AFC Control +/- 1.8MHz

Video Output 1V 75 OHm

Audio Output 75V 600 Ohm unbalanced
Audio Monitor Cutput 4 Ohms

*Tunable by internal preset
Available for PAL System | or BG

WALL MOUNT DOUBLE SIDEBAND TELEVISION MODULATOR

PRICE FROM ONLY £99.55 (excluding VAT & carriage)

CCIR/5 MODULATOR SPECIFICATION

Power Requirement 240V

Videeo Input 1V Pk-Pk 75 Ohms ‘
Audio Input 1V rms 30K Ohms

Vision to Sound Power Ratio 10101

Qutput 6dBmV (2mV) 470-860MHz

Modulation Negative

Audio Sub-Carrier 6MHz or 5.5MHz

Frequency Stability 18 Deg temperature change, 150KHz

Intermodulation less than 60dB

Sound Pre-Emphasis

Double Sideband Modulator (unwanted sideband can be suppressed using TCFL4
Combiner/Leveller)

CONNECTIONS
Input Video BNC
Input Audo Phono
Qutput Coaxial Screw-on

Prices

CCIR/5-1 1Modulator £99.55
CCIR/5-2 2 Modulators £152.37
CCIR/5-3 3 Modulators £215.50
CCIR/5-4 4 Modulators £278.63
CCIR/5-5 5 Modulators £341.76

CHANNEL COVBINERTITERLEVELLER TAYLOR BROS (OLDHAM) LTD
— d:m"; M : - BISLEY STREET WORKS, LEE STREET,
TCFL4 s Channel Flet/Combiner/Leveller. Insertion loss 3 5B OLDHAM, ENGLAND
L I i S s e TELEPHONE: 061-652 3221 TELEX: 669911

ENTER 64 ON REPLY CARD
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Radio communication

through rock

Electromagnetic waves do propagate through rock. Their
ability to do so is a complex function of frequency,
geological criteria (both electrical and physical), and
antenna characteristics. This article reviews the work done
over many years to solve the problems of transmission
without having to rely on wave-guiding devices such as

he need for effective communications

I in underground mines has led to a
considerable amount of research effort
being directed 4t radio-based technigues'?.
Unfortunately, much of the published mate-
rial has ignored the significant contribu.
tions made in the field of non-guided radio
systems operating at medium frequencies
(300kHz to 3MHz). This article is an attempt
to redress the imbalance by presenting some
of the research findings and by describing
some of the equipment developed specifical-
ly for this purpose.

THE EARLY WORK

As early as 1925, almost at the dawn of radio,
Wireless World carried an article on the use
of radio as an aid to life saving in mines.” The
ideas first raised there are remarkable in that
they predict very accurately the sorts of
systems which are employed today. No men-
tion is made of the frequency used, but a
glance at the photographs in that article
shows an abundance of multiturn loop
antennas and the text alludes to the very
high rates of attenuation which occur
through the rock and to the fact that any
metal conductors within the mine would
assist in propagating the signal. These facts
clearly indicate that the radio frequencies
used must have been at the lower end of the
spectrum, in keeping with the technology of
the day. By 1947, when the problem was
once again given some attention, radio
science has made considerable progress. The
man commissioned to report on the feasibil-
ity of radio communication through rock
was Trevor Wadley, recently demobilized
from the South African Corps of Signals,
where he played a significant part in develop-
ing radar equipment, along with similar
efforts in England and other Commonwealth

Fig.5. By mounting the modern synthesized
SC100 transceiver on the flexible, multi-
turn loop antenna, the miner is given
considerably more freedom of movement.
Ergonomic factors played a major part in
the design of the modern generation of
radio equipment. fh addition it is intrinsi-
cally safe thus allowing it to be used in
flammable areas.
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leaky feeders.
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nations. Wadley was later to become very
well known as the inventor of the famous
“triple-loop™ method of frequency synthesis
and probably even more significantly, of the
Tellurometer, a method of precise distance
measurement by microwaves.

He wrote a report for the Transvaal and
Orange Free State Chamber of Mines in
which he showed that signal attenuation
through rock increased almost exponential-
ly with frequency. When the radiation effi-
ciency of electrically small antennas (neces-
sary in the confined tunnels and working
areas of a mine) was considered as well, then
an optimum frequency existed for com-
munication over a given distance. The
curves Wadley produced to illustrate these
effects are shown in Fig.1.

They are based on the simplifying assump-
tions of a homogeneous and isotropic rock
medium and that the performance of the
antennas was not affected by the presence of
the rock. Initial tests using these results
confirmed that radio communication was
indeed feasibile at these frequencies over
ranges of a few hundred metres, directly
through the rock. The presence of electric
power cables, water pipes and even rails was
shown to assist in propagating the signals
over even greater distances — the so-called
“wired wireless" referred to more than twen-
ty years earlier.

However, the limiting factor in all of this
was the valve technology available. Calcula-
tions showed that a total system loss of some
140dB could be accommodated by semi-
portable equipment operating at about
300kHz. Whereas a receiver sensitivity close
to the theoretical limit could be achieved
and transmitter powers of 10W were quite
feasible, the problem of size and weight of
the equipment made it impracticable for use
in day-to-day mining. It had a role to play,
however, during mine emergencies and this
very important application provided some
impetus for further development. This was
some time in coming: it was not until 1961
that a significant amount of progress was
reported by Vermeulen and Blignaut in a
paper to the South African Institute of
Electrical Engineers.® Their system oper-
ated at 335 kHz and consisted of an all-valve
transmitter/receiver with an output power of
2 watts into a tuned-loop antenna which was
encapsulated into a rigid carrying strap
containing the loudspeaker. This hardware
was “worn” by the miner along with the
obligatory breathing apparatus during fire-
fighting and rescue operations undergound.

The equipment was a considerable en-
cumbrance, but the communication that it
provided with the “fresh-air base”, some few
hundred metres from the scene of opera-
tions, was a major step forward. It should
also be noted that the miner wore a snorkel-
tvpe of breathing apparatus, plus nose-clip.
These were vital when fighting a highly
noxious underground fire. They prevented
any voice communication by the miner
though and so a system of coded signals,
transmitted by a key-switch, was devised.
These signals were the responses to carefully
phrased. unambiguous questions asked by
the operator at the base station. using
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through a lossy dielectric medium like
rock there is an optimum transmission
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range is increased. In addition, the attenua-
tion through the rock and the inefficiency
of electrically small antennas both contri-
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Fig.2. In a stratified medium the relative
orientation of the transmit and receive
antennas can have a significant effect on
the received signal level. Figure 2 shows
the signal passing through a near-field/far-
field transition as indicated by the change
in orientation from coaxial to coplanar
horizontal of the loop antennas.

telephony - a tall order during the heat of
operations!

The base-station equipment was of more
conventional design. It delivered about 5
watts to a 1.1m diameter, 6-turn loop anten-
na which resembled a wagon wheel in its
rigid housing. Amplitude modulation was
used and the power source was a motor car
battery. The total weight of this apparatus
was 35 kg. Clearly this equipment was not
suitable for day-to-day use by unskilled
operators. If radio was to be introduced into
mining there was a need for miniaturization
and this of course meant transistors and the
use of modern plastics and battery tech-
nology.

MODERN DEVELOPMENTS

Again there was a lull in the development of
radio systems for general applications. A
period of some eleven years elapsed before
work was resumed in earnest. As will be seen
later this was to be a repetive feature of this
research and the ribald suggestion that
sunspots affected even underground radio
was made from time to time! Both the
maturity of solid-state technology and the
developments in single-sideland modulation
were factors in the next generation of equip-
ment to be produced. Both meant greatly
improved performance. Ten watts of peak-
envelope-power in manpack-size equipment
was readily obtainable. The operating fre-
quency. confirmed by numerous under-
ground tests, was 335 kHz. However, world-
wide interest in mine communications were
now evident and the considerable research
resources in the United States particularly,
were being brough to bear on the problem
under the auspices of the US Bureau of
Mines, (USBM).

Attention was also being focused on the
propagation path and on the antennas. Re-
ference to the original Wadley curves in
Fig.1 shows that communication ranges of
some 300m through rock should be possible
at frequencies around IMHz with system
losses about 10dB lower than at 335kHz.
This was exploited very successfully with the
design and manufacture of large quantities
of handheld 1W p.e.p. transceivers operating
at 903kHz. The actual frequency, being close .
to the optimum for short range work, was
the result of using inexpensive 455kHz
ceramic filters in a simple s.s.b. transceiver
configuration.® The loop antenna was still
used, but it was now made flexible and was
hung over the miner’s shoulder and across
his chest. This improves the ergonomics of
the equipment considerably and led to the
introduction of a radio communication sys-
tem in daily use at a depth of 3000m in a gold
mine. Two-way voice communication was
now the feature of this system and was, of
course, vital for its adoption as a day-to-day
tool.

Whereas the original simplifying assump-
tion of rock homogeneity had demonstrated
the feasibility of radio communications
underground it was clearly inadequate to
describe the real-world situation. In fact,
calculations based on a knowledge of typical
stratified rock conditions, using applicable
values of electrical conductivity, , and per-
mittivity, . were most pessimistic and yet
experimental results in a variety of mines
confirmed the validity of previous reports.
The modes of propagation of electromagne-
tic energy through rock were obviously
more complicated than suggested by a sim-
ple homogeneous model. Two significant
papers which shed considerable light on the
problem appeared during this time. The first
was a combined French and American
publication® which helped greatly to quan-
tify the effects of frequency and rock electric-
al characteristics. It was shown that, in
theory at least, two so-called communica-
tion windows exist: these being dubbed the
low-frequency and the high-frequency win-
dows.
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~ ELECTROMAGNETIC THEORY

The low-frequency window was defined for
all frequencies below some cut-off, f., a
characteristic of the particular rock
medium, and is given by

f.=0/2me

Also defined was a maximum communica-
tion range, r,,,, which was a function of f. and
the bandwidth, B, required. Not surprisingly
the range is dependent upon the skin depth, ,
within the rock and was given by

rm=3.858 "\ f/B

Using values of bulk conductivity and per-
mittivity typical of gold mines (=10"% Sm '
and ,=10) we find that f.=1.8 MHzand r;, =
1120m for a 3kHz bandwidth. Both are about
an order of magnitude greater than ex-
perimental results had shown but were
indicative of the type of performance to be
expected.

The high-frequency window, by contrast,
implied that frequencies above about 180
MHz would provide communication over
175m in that same environment. There had
never been any experimental evidence to
support this result, however, and the reason
was clear from the paper. The concept of a
high-frequency window is dependent upon
the rock characteristics of , and being
constant and independent of frequency.
There is a wealth of evidence which shows
that only is likely to satisfy this requirement
and then not in every case. We are left
therefore with the conclusion that only the
lower radio frequencies will support the
propagation of electromagnetic energy
directly through rock. Also of particular
interest is the result, attributable to Wait,
that a small magnetic loop antenna performs
better than its electric dipole equivalent,
when surrounded by a lossy dielectric
medium as rock. The reasons for this fasci-
nating behaviour will not be elaborated upon
here, other than to say that they are due to
the near-field phase relationships of the field
components generated by the two antenna
types. However, there is considerable prac-
tical significance in this finding because
loops have always been the preferred anten-
nas for mining radio systems when used in
confined spaces in view of their more conve-
nient geometry compared with loaded
whips.

The second paper of note appeared in
1976". 1t contained a model of the propaga-
tion mechanism which helped explain many
of the measured results which had puzzled
researchers up to that time. Using medium
frequency equipment, including one of the
South African versions, the USBM personnel
had achieved ranges in coal mines which
greatly exceeded those predicted theoretical-
lv. In addition there were marked polariza-
tion effects which had been noted and these
certainly suggested that any homogeneous
model would be in error. The new model
which fitted the experimental data extremely
well, see Fig.2, assumed that a cylindrical
TEM mode within the rock was guided
between two layers of more highly conduct-
ing strata.
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Fig.3. The inclined strata of a particular
test site are shown. A two-plate waveguide
of quartzite bounded by higher conductiv-
ity conglomerates existed and confirmed a
theoretical model which showed how in-
creased range could be achieved by ex-
ploiting this natural wave-guide.

EXPERIMENTAL RESULTS

The best fit® between calculated and mea-
sured results occurred when the boundary
layers had a conductivity of 107> Sm™~" and
that of the 15 m thick bounded region was
107* Sm™ L. It is interesting to note that the
actual orientation of the stratified rock. In
the case shown here in Fig.2 the terms
“vertical” and “horizontal” are somewhat
arbitary. In fact, maximum signal strengths
were received when the strata themselves
would be inclined and this was borne out by a
sectional view of the mine geometry in the
area of the test site, shown in Fig.3. It is
interesting to speculate on the use of such
electromagnetic techniques for remote
sensing.

ROLE OF EXISTING CONDUCTORS |

Afrequent finding, commented upon even in
the earliest metal conductors in the mine.
Theoretical analysis of the coupling and
propagation mechanisms involved is com-
plicated and really beyond the scope of this
article. However, for the sake of complete-
ness it should just be noted that essentially
two modes of propagation exist: the monofi-
lar or unbalanced mode and the bifilar or
balanced node. A single conductor like a
power cable or water pipe in a mine tunnel
can have currents induced in it easily from a
nearby transmitting antenna. The induced
energy propagates along the conductor with
an attenuation rate that is primarily a
function of the electrical conductivity of the
tunnel walls. Essentially this mode is similar
to that in a coaxial transmission line, with
the walls playing the part of the outer
conductor

By contrast, a radiating antenna close to
two parallel conductors only induces signals
into them if they are a reasonable distance
apart and are not twisted. However the rate
of attenuation is considerably less than in
the monofilar case because this bifilar mode
is. to a first approximation, independent of
the surrounding lossv rock. At v.h.f. and

above use is made of so-called “leaky feed-
ers”, based on these principles, to provide
mine-wide communications. These are
usually coaxial cables with holes or slots cut
in the outer braid or are balanced two-wire
transmission lines containing “mode-
converters” which unbalance the lines at
regular intervals and so enhance the cou-
pling in and out®. It should be noted that
these systems only allow communications to
take place when the radio equipment is
within some metres of the leaky feeder. Very
little energy at the v.h.f. frequencies will
actually propagate independently in the tun-
nels because they behave, on their own, as
very lossy waveguides. For the same reason
power cables and water pipes are not effec-
tive transmission lines at v.h.f. but perform
very acceptably at the lower frequencies of
the “through-rock” radio systems. An intri-
guing example of this is described below.

AN UNEXPECTED CONDUCTOR

As part of a research programme to under-
stand and quantify these various propaga-
tion phenomena, a 1400m length of cable
was strung u? in a gold mine tunnel 300m
underground’’. The test site contained no
other metallic objects of any sort and so was
an ideal area for investigating the monofilar
mode. However, measurements of signal
attenuation with distance at frequencies
from 100kHz to IMHz produced attenuation
rates which were far lower than were pre-
dicted for this mode. By measuring the
standing waves on the conductor it was
possible to calculate the effective conductiv-
ity and permittivity of the “transmission
line"” which was guiding the energy. Both
were considerably lower than one would
have expected had there been a true monofi-
lar system in operation. In fact the average
value of , was only 1.65 which suggested that
the energy was propagating within the air
dielectric of the tunnel and not returning
through the surrounding rock. The question
was: “Where was the second conductor? The
only possible candidate was the highly
mineralized water in a trough which ran the
length of the tunnel. Its measured conduc-
tivity was some 600 times higher than that of
distilled water. On that assumption the
characteristic impedance of this two “con-
ductor” transmission line was calculated as
being about 5000hms. The rest was easy.
Terminating the end of the cable and the
water trough below in 5000hms flattened
out the standing waves almost completely,
as can be seen when comparing Figs. 4(a)
and (b), thus confirming the mechanism at
work.

This result was both novel in view of the
unespected transmission line which was
identified and most useful because it con-
firmed a somewhat similar model which had
appeared in the literature ''. In that case a
railway line, embedded in a tunnel floor. had
been shown to function most effectively as
the second conductor with an overhead
trolley wire in a bifilar system.

DAY-TO-DAY APPLICATIONS

With the greater understanding of the prop-
agation mechanisms which these various
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theoretical and experimental programmes
had provided, serious consideration was
given to producing equipment suitable for
day-to-day mining use. As with all com-
munication systems there was a need for
frequency planning and allocation in order
to prevent mutual interference with other
users in the area. It will be appreciated of
course that no such interference would
occur either to or from communication
services on the surface because of the high
rate of attenuation through the overburden.
Voice communication was not the only area
of application of radio in mines. Consider-
able success had been achieved with both
remote control and telemetry systems pro-
vided by medium-frequency radio. It was
vital therefore to be flexible in the use of the
spectrum and so the next generation of s.s b.
equipment, produced in 1978, provided
multi-channel capabilities, synthesized in
10kHz steps from 100kHz to 1100kHz. The
SC100 transceivers, shown in Fig. 5, (p.943)
were manufactured to military specifica-
tions in order to be able to withstand the very
rugged and corrosive environment encoun-
tered in deep, hard-rock mines. In addition
they had to satisfy stringent intrinsic safety
requirements to prevent any possibility of
ignition of flammable gases, should these be
encountered underground.

In mining emergency situations, particu-
larly underground fires, all electric power to
the affected areas is switched off. This has
the immediate effect of eliminating all elec-
trical noise generated by plant and machin-
ery. Under normal circumstances this im-
pulsive noise interferes seriously with radio
communications and the early generations
of equipment were not designed to discri-
minate against it. Two options were then
open: either the use of f.m. rather than s.s.b.
or the incorporation of noise blanking into
the receiver to remove the interfering noise
pulses. Both were investigated and it is a
moot point which is the better approach to
follow. F.m. would seem to offer the advan-
tage of less complicated circuitry in achiev-
ing its objective though recent advances in
signal processing techniques, incorporated
into the latest version of the s.s.b. equip-
ment being developed at the time of writing
(Fig.6), would appear to have more than
satisfied the operational requirements.

This article has reviewed some of the
history of radio communications under-
ground at medium frequencies. It is worth
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Fig.4(a) shows a single, unterminated
1400m cable in a mine tunnel has notice-
able standing waves induced on it when
excited at various frequencies. A simple
theoretical model predicted those stand-
ing waves very accurately. The necessary
second conductor was found to be highly
conducting run-off water flowing in a ditch
within the tunnel. (b) shows a calculation of
the characteristic impedance of this in-
advertent transmission line. When termin-
ated by that value the standing waves
disappeared just as expected. The in-
creased losses at the higher fequencies
are also evidentfrom these two figures.

Fig.6. The most recent s.sb. medium-
frequency underground radio equipment,
using a throat microphone. The unit con-
tains a noise-blanking system.

noting that probably only radio communica-
tions with submerged submarines provides a
set of environmental conditions and electro-
magnetic issues which are more challenging
to the design engineer. One can only specu-
late on the next generation of equipment to
see service in mines.

The author would like to acknowledge the
team effort of his former colleagues in the
Research Organization of the Chamber of
Mines of South Africa.
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Handshaking state
diagrams ease design of
your own m.s.1.

Multiple state diagrams with handshaking
interconnections provide a self-documenting technique
for m.s.i. chip design using field-programmable logic
sequencers. All you need is a low-cost logic programmer, a

be familiar with the logic design tech-

nigues expounded so effectively by D.
Zissos and B. Holdsworth and these
methods* apply well to the growing family of
field-programmable logic sequencers which
are increasing in size and power each year.
With FPLSs design engineers can make their
own m.s.i. chips tailored to individual needs
but the design of the state diagram needs
care and can be time consuming if many
interacting states are involved.

1t is sometimes easier to break the prob-
lem into small parts each with its own state
diagram and have the different diagrams
interact in a handshaking mode to quickly
produce a chip design that is easy to under-
stand.

A recent opportunity to use this technique
occurred when 1 had to design a circuit to
measure the difference between two cur-
rents one at 2000 volts and the other at 4000
volts. The currents were turned into two
pulse trains X and Y whose frequencies were
proportional to the respective currents. The
difference frequency X—Y was now required
to give an accurate measure of the difference
current. The mark space ratio of the pulse
trains changed with frequency but we knew
that X>Y under all conditions.

Regular readers of Wireless World will

DRAWING THE STATE DIAGRAMS

The general approach would be to use the
standard sequential technigues to produce a
single state diagram, see panel. This proves
to be rather difficult because the state
diagram must divide into two at every state
after the first, to take account of the fact that
the next edge to come along could be an X or
aY. We must allow for both possibilities if we
are to have freedom of mark: space ratio for
both pulse trains.

The technigue | adopted for this problem

* Asfoundin

Logic Design Algorithms by D. Zissos. Oxford 1972.

Logic Design-5: Clock driven circuits, by B. Holdsworth
and D. Zissos. Wireless World June 1977.

?églztal Logic Design, by B. Holdsworth, Butterworth
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PC and suitable software.
DAVID BATCHELER

has proved generally useful namely to split
the problem into simple functions that can
be represented on a state diagram and have
all such systems interact with each other on
a handshaking basis. Using this technique a
system to produce a difference frequency
from the two pulse trains X and Y breaks
down into a three-state diagram problem
with an X register, a Y register and a
difference counter, as shown in Figs 1,2 and
3. All these state diagrams have four states,
each being represented by a unique binary
code 00, 01, 11 or 10 and, in contrast to one
big state diagram, each of these is easy to
understand.

" HOW THE SYSTEMWORKS

Refering to Fig.1 an X pulse will cause the X
register to move from S0 (A0, BO = 00) to S1
(A0, BO = 01) during the following clock
pulse and the X pulse is then latched in. This
causes two things to occur, the Y register
(Fig.2) moves from $4 to S5 so that it is
ready to register a Y, and the difference
counter (Fig.3) moves from S8 to 89 count-
ing the X. When the difference counter
moves to state S9 it ‘handshakes’ back to the
X register causing it move from S1 to S2.
The X register will return to SO whenever X
goes to zero and be ready to register a further
X. The difference counter moves to state S12
during the clock pulse after the X register
moved to state S2 and it now waits for the
next pulse to be registered. If the next pulse
isa Y the difference counter moves from S12
to S8 and the external counter is not
affected, but if the next pulse is a further X,
the difference counter moves from S12 to
S11and a difference count is now recorded.
In detail, if the difference counter is in
state $12 and a further X is registered in
state S1, the next clock pulse moves the
difference counter to S11. A further clock
pulse counts a pulse from S11 into an
external difference counter and moves the X
register from S1 to $2. The clock pulse after
the X register moves into state S2, the
difference counter is clocked back into S12

Ao Bo
So 0 0 S1 o1
X JL
waiting for X X registered
Xn n
=5 5951
S3 10 S2 1
X counted

Unased state waiting for X

Fig.1 State diagram describes the action of
the X register circuit which stores an X
pulse by a state change from SO to S1.
When the difference counter enters either
state S8 or S12 it counts the X pulse by
moving to state S9 or S11. The difference
counter then clears the X register by
movingitfrom S1toS2.

1: DESIGNING SEQUENTIALSYSTEMS

A sequential logic system consists of a
circuitwhich is latched at any given time into
a stable condition waiting for some event to
occur to move it into the next stable state. In
any system there must be 2" states since the
adcition of a bistable latch will double the
number of available stable states. Unused
states must be defined so that they do not
become latch-up states at switch-on or dur-
ing a burst of noise.

Cne diagrammatic way to represent se-
quential logic systems is with a state dia-
gram, in which a box is used to represent the
latched states and an arrowed line is used to
show transistions from one state to another.
The boxes are given a unique binary code
and the conditions which will cause a transi-
tion to take place are put by the arrow. The
box can be used to give a written description
of the state of the system and the order of the
binary code can be freely chosen to give
cornvenient output signals if the system is
clocked. Event-driven systems must follow a
Grey code sequence at all times to avoid
race conditions. Clocked systems do not
have this limitation.
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waiting for yet another X ora Y. Each X pulse
to occur before a Y will be registered in the
same way, until a Y occurs, which will cancel
the first X register and reset the difference
counter tostate S8.

AY pulse is registered in the Y register by a
movement from S5 to S6 and after being
counted by the difference counter the hand-
shaking effect will move the Y register from
S6 to 87 where it will remain until Y goes to
%ero.

Notice that every change of state in the
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difference counter is caused by a state being
entered in the X or Y registers and after each
change the difference counter handshakes a
change back to the registers.

DERIVING BOOLEAN EQUATIOES -

The Boolean equations are derived simply
and directly from the state diagram by
looking for all the conditions which turn a
given state on or off.

In Fig.1 the states are detined by A0 and

B0. A0 is turned on {i.e. from 0 to 1) when we
move from state S1 to 82 and under no other
condition. The movement from S1 to S2
occurs after the difference counter enters
either state S9 or state S11. So we can sav
Turn-on condition for AQ

=81*(S9+S11)
=A0*B0* (S9+S11).

However as we are using J-K lip-flops. A0 (Q
in J-K nomenclature) is internally added

ELECTRONICS & WIRELESS WORLD
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waoiting for X to
be registered
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Sl |

Y counted

- Y registered
waiting forY

Fig.2. Y-register stores a Y pulse in a similar
manner to the action of the X register. At
the start of each sequence however it waits
in state S4 until the X pulse has been
registered before storing a Y. This synchro-
nizes the two registers.

Eo Fo

Sg 00 S9 01
Clear Y S§=57 S1L
ready to count X
Se L S22
= 1"
S12 10 Sp.SefL S11
Input one to external]
waiting for Xor Y Syl counter
clear X $1-57

Fig.3. Difference counter counts the first X
by moving from state S8 to state S9. When
the X register has been cleared, counter is
moved to S12 where it waits for either an X
or a Y to be stored in the registers. Every X
stored before a Y will cause the difference
counter to move to S11 producing one
difference pulse. A Y will cancel the first X
and return difference counter to state S8.
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Fig.5. Oscilloscope picture shows a train of
X pulses, a train of Y pulses and the
resulting difference pulse train from pin
10 of the integrated circuit

into the J,q input and we can say

Jao =B0* (89 + S11)

Now looking at S9 + S11 we see from Fig.3
that S9 = E0*F0 and S11 = E0*F0, so
S9 + S11 = E0*F0 + E0*F0 = Fo.

And we have a final expression for the J-input
to the A0 {lip-flop: Jao = BO*FO.

In a similar way we derive the turn-off
conditions for AQ. There are two conditions
which bring about the turn-off of A0. From
Fig.1 these are the transition from S3 to SO
and from S2 to SO. These conditions are

S2*X+S3
A0*BO* X + A0* BO

ELECTRONICS & WIRELESS WORLD

This Stag programmer together with PC 2:EXAMPLE

and Signetics Amaze software are all that
is needed to produce the a wide variety of
m.s.i. chips. With an expansion module it
will also cater for Mullard’'s new PML
macro logic devices. Details of Signetics
programmable logic devices and Amaze
software from Paul Whicker on 01-580
6633.Stag are on 0707 332148.

Now in a J-K flip flop A0 is internally added
into the K, input and so

Kao = BO* X + BO.

In the Signetics software the two equations
for J o and K, are represented as follows:
a0: j=b0*f0;
k=b0*X+b0;
The remaining j and k equations for b0, c0,

d0, e0. f0, are all derived from the state
diagrams exactly as above.

Joo =A0*X

Kgo = A0 * X

Jeo =DOY

Keo =DO°Y

Jpo =CO*A0*BO+CO*Y

Kpo = CO*EO0*FO0

Jeo =F0*A0*B0

Keo = FO *C0*DO

Jro =E0*A0* B0+ EO*A0* B0 *(CO*D0)
Kro = A0 * BO

The difference frequency output occurs

wherever state S11 is entered i.e. when EQ *
FO=11.

FREQUENCY LIMITATIONS

The use of multiple state diagrams gives a
system that is easy to understand and imple-
ment but the handshaking takes up clock
cycles. The sequence for counting X and
resetting is SOto S1, S80S9, S1t0 82, S9to
S12 and S2 to S0, i.e. five clock cycles are
required to count and reset an X pulse so the
frequency of the clock pulse must be at least
five times that of X.

This circuit was used to replace two
a.c.-to-d.c. converters and an analogue
comparator and from conception to having a
working chip in the circuit took only a few
working hours, because of the availability of
FPLSs. The device used was a Signetics
PLS179 and Fig4 (page 969) shows the
Boolean inputs derived from state diagrams
and the pin corfiguration as presented by
Amaze software. Fig.5 shows the chip in
action.

The alarms for a chemical plant may consist
of a siren and flashing lights. When the
maintenance crew arrive on the scene they
may throw a switch to turn the siren off but
the lights may continue to flash until the fault
is fixed. Finally the switch that disabled the
siren must be restored before the plant can
be started again. The state diagram of the
alarm system shows the conditions during
the slates within the boxes and the event that
causes the state to change on the line by the

AB "8
Sg 00 S 01

Lights flashing
siren sounding

{Siren disable)] SW

SW |(Siren reset)

10 s2 11

S3

Foult cleared
| siren to be enabled { F (Fault)

befare operation [(cleared)
restorted

arrow. Under normal conditions the alarm
system is in state SO but when a fault F
occurs the alarm moves to state S1 until the
switch is operated when it moves to S2.
When the fault is cleared the system moves
to state S3 where it waits until the switch is
returned to the on position before returning
to SO.

Descriptions within the state boxes show
conditions that exist when the system is in
that state. Descriptions by the arrows show
the conditions that will cause a change of
state to occur.

Lights flashing

The logic diagram of the PL.S179, oppo-
site, contains eight J-K flip-flops configured
so that both the J and K inputs can be
programmed with sum of products express-
ions. The outputs Q and Q can also be routed
to any of the inputs internally, making it a
versatile device for use in clocked sequential
systems with many as 256 states on a single
device.

This technique has been used to reduce
more complex state diagrams to a system of
simple state diagrams in circuits of more
specialized interest.

David Batcheler, M.Sc. M.I.E.E., is en-
gineering design support manager at Venus
Scientific, Inc., a Ferranti company, on
Long Island, New York.
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Computer-
controlled
oscilloscope

A suite of utility software from
Tektronix enables their 1100 series of
oscilloscopes to be controlled from
an IBM PC. Two versions cover
different oscilloscope models.

The software allows the computer
to be used to control routine tasks,
such as the acquisition, storage,
graphic representation and
transmission of test setups,
waveform and measurement data.

The system is menu driven from
the computer. Source code,
compatible with the IBM Basic
compiler or Microsoft QuickBasic
(2.0 versions of both) makes it
possible for the user to add additional
specific utilities to the software.
Measurement data can be loaded into
analytical data base programs such as
Asyst, Lotus 1-2-3 and Framework.
Tektronix UK Ltd, Fourth Avenue,
Globe Park, Marlow, Bucks SL7 1YD.
Tel: 06284 6000.
o= ]

Universal counter/
timer

A wide range of measurement modes
including frequency, period, period
average, time interval, time interval
average, frequency ratio, and totals

F

"NEW PRODUCTS

areavailable on the Thandar TF1000
series of universal counter/timers.
Two inputs are provided each with
ad.c.to 100MHz bandwidth, a.c. or
d.c. coupling, slope selection, and a
1:10r 10:1 attenuator. Channel A
alsohas a high frequency filter. Both
channels have trigger level controls
with three-state trigger indicators. A
trigger hold-off control is used in
time interval measurementsand a
display time control allows display
times of 100ms to infinity. The
instruments also feature an 8-digit
display with six additional function
indicators. The rear panel has an
internal/external clock switch and
socket, low frequency monitors for

*
Fast recovery rectifier diodes

Three new fast recovery rectifier
diodes from Semikron, feature re-
verse recovery times as short as 250ns.
The diodes are packaged in either
stud or capsule form, depending on
current rating. They are suitable for
applications in switched mode power
supplies, inverters, a.c. motor
controllers, uninterruptible power
supplies, and as inverse diodes for
g.t.o.and asymmetric thyristors.
The fastest of the three, at 250ns,
is the SKN 3 F 20 stud diode. It hasan
RMS forward current of 41Aand a

950

375A. Reverse voltages range from
600 to 1200V. The second device, the
SKM2M 100 stud diode, has a
maximum reverse recovery time of
2psanda forward current rating of
190A. Voltage ratings vary from 400
to 1400V.

Designed for high-power
applications, the SKN 2 M 400
capsule diode has an average forward
current of 400A. Its recovery time is
4ps and voltage ratings are available
inthe range 800-1500V. Semikron
Ltd, 4 Marshgate Drive, Hertford
SG137BQ.

channels A and B for probe
calibration, and d.c. trigger level
outputs for each channel. The
monitor output is used for the
indication of start and stop points
when in time-interval mode; the
output has three states when trigger
hold-off is selected.

The Model TF1000 has an extra
input (Channel C) to allow frequency
measurements to 1GHz. Both
instruments have a high-stability
timebase option based upon a 10MHz
crystal oscillator.

Available from Electronic Brokers
Ltd, 140 Camden Street, London,
NWI1 9PB. Tel: 01-267 7070.

e ]
Low drop voltage
regulator

A5V/1A three-terminal voltage
regulator, type L4941 from SGS,
exploits a new bipolar power
technology to achieve a very low
dropout voltage 4508mV at 1A) and
very low quiescent current (35mA).
In place of the lateral PNP transistor
normally employed as the series-pass
element in low drop regulators this
i.c. usesa new isolated collector
vertical PNP structure which offers
gain and speed performance much
closer to those of NPN transistors.
The L4941's low dropout is
particularly useful in post regulation
and battery supply applications. In
post regulation schemes the device
allows a much lower intermediate
voltage between the main regulator
and post regulators; increasing
system efficiency. And in battery-
powered equipment the low dropout
prolongs effective battery life—an
L4941 will continue to provide a
stable 5.8V for conventional low drop
regulators and 6.5V for standard
regulators. Performance is
guaranteed right down to the
minimum input voltage.
SGS Semiconductor Ltd,
Planar House, Walton Street,
Aylesbury, Bucks.
Tel: 0296 5977.

Digital clamp meter

A meter measurement of current and
voltages in power cables is the Model
620 from Global Specialties. The
hand-held digital clamp meter has
eight functions including direct
volts, alternating volts, a.c,
resistance, continuity, data hold,
diode test, and peak hold.

The 620 has a 3V2-digit liquid
crystal display with automatic
indications of negative polarity, over-
input, and low battery. the nominal
measurement rate is 2.5
measurements per second. It is
powered by asingle 9V battery. The
instrument is supplied with a pair of
test leads, a battery, a carrying case,
and an instruction manual. Global
Specialties, Shire Hill Industrial
Estate, Saffron Walden, Essex.
CB11 3AQ. Tel: 0799 21682.

Small 100MHz
oscilloscope

Claimed to be the smallest of its type,
the Hitachi V-1065 oscilloscope is
275mmwide, 130mm high and
360mm deep. An internal processor
provides automatic calibration of the
timebase and sweep circuit
diagnostics. Cursor measurement on
the c.r.t. display include AV1, AV2,
ATand 1/T and also displays several
system parameters. ‘Sensitivity’ is
2mV to 5V/divin 11 calibrated steps
with an accuracy of £3% across the
full bandwidth. Rise time is 35ns and
asignal delay facility enables the
examination of the leading edge.
Delay sweep allows the expansion of
cursor-marked areas for closer
inspection. Sweep time on the main
timebase is 50ns to 0.5s/div; the delay
timebase has 50ns to 50ms/div. The
timebase can lock automatically to
an incoming signal and trigger lock
prevents false triggering when faced
with multiple pulse bursts. Hitachi
Denshi UK Ltd, 13 Garrick Industrial
Estate, Hendon, London NW9 9AP.
Tel: 01-2024311.
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Unified switch sets

Arange of switches and 7-segment
|.e.d. displays can be plugged
together and mountedonap.c.b.
The result is a considerable
reduction in production costs and an
improvement in both reliability and
appearance. The TT type is for
sideways plugging intoavertical
p.c.b. Decades of thumbwheel
switches have varying lead lengths so
that those furthest from the p.c.b.
are pinned through the nearer
switches. The range is

E_I

complemented by momentary
contact or toggle switches, |.e.d.
indicators. fuse holders, and locking
switches.

Afurther range may be mounted
on ahorizontal p.c.b. and the TPS
range is specifically designed to be
used with surface-mounted boards,
having a separate bhase into which the
switches plug after reflow soldering.
Data Precision Ltd, Fromson
Building 1. Canada Road. Byfleet.
Survey KT14 7)L.. Tel: 09323 53879.

Coder for radio data service

Aradio data coder can insert an
inaudible extra signal into an f.m.
broadcast for use with new radio sets
to display channel and programme
information, and some other
services.

A computer sets-up the message
content which is stored in non-
volatile memory not only to retain it
but also to allow it to be changed
rapidly when required to do so.

The RE531 coder offers a carrier
and unwanted-signal suppression of
>90dB,. it incorporates av.r.f. coder,

IEEE-488 for PCs

IHoused on a half-size plug-in card
the Brain Box offers full IEEE 4888
(GPIB) interfacing for an IBM PC (XT
or AT) and most compatibles. The
interface features data transfer rates
of 250kByte/s. a complete controller
with listen”and ‘talk ability. It is
supplied with comprehensive
software which includes user-detined
‘End of Sequence’ terminator and
time-outs, and can redirect any of the
outputs through the GPIB port.
Support is provided for a variety of
high and low-level languages as well
as Tektronix standard codes. At less
than £200 the British-made card and
associated software ofters many
features costing much more on
imported products. Aditi
Electronics, 46B High Street.
Hurstpierpoint. W. Sussex BN6 9TT.

Tel: 0273 833124.

and the 19to57kHz phase is
selectable -0 0r 90°. It can be
programmed to give single or
chained lists and may be
synchronized externally. The signals
and coding principle conform to the
EBU technical document 3244
supplement 2, and can optionally
provide radio-paging, alarm and
status signals.

R.E. Instruments Ltd, Sherwood
House, IHigh Street, Crowthorne,
Berks RG11 7AT.

Tel: 0344 772369.

'NEW PRODUCTS

Fast plotter for computer output

Alarge (240K) buffer memory
permits the transfer of complex
drawings at high speed to the
Advance Brvans Colourwriter 6400
plotters. This frees the host
computer for other tasks. The 6400 is
a series of plotters including one that
takes A4 paper size with seven pens
and an A3 plotter with ten pens. A roll
paper holder (optional) allows the
automatic plotting of up to 105
consecutive drawings. Each plotter

accepts commands in the Hewlett
Packard graphic language and
additional built-in commands ensure
compatibility with a range o
commercial software enabling the
production of pie charts and filled
areas. There are three character sets
provided and seven different types of
line. Advance Bryans Instruments
L.td, 14 Wates Way, Mitcham, Surrey
CR4 4HR.

Tel: 01-640 5624.

Repair kit for
surface mounts

Contained in a plastic carrving case,
the Multicore SMD solder repair kit
provides all the materials necessary
to replace faulty surface-mounted
components. These include; solder
wick to remove excess solder aftera

component has been removed:; halide

and rosin-free liquid flux with a
brush toapply it; solder cream; low
melting-point solder wireanda
solvent cleaner to remove any flux
residues. All parts of the kit may be
re-ordered individually. Multicore
Solders Ltd, Kelsey House. Wood
L.ane End, Hemel Hempstead, ! lerts
HP2 ARN Tel- NA4? 273192

PC/AT computer on a single board

Compatible with the IBM/AT
computer the single-board computer
from Databasix has been designed to
offer systems integration and for
industrial automation. The board has
all the functions of the AT computer
with some additional facilities,

ELECTRONICS & WIRELESS WORLD

including 1MBytes of ram and
128KBytes of eprom. It includes
controllers for hard and floppy discs,
parallel and serial i/o ports. a SCSI
controller and a clock/calendar. A
maths co-processor may be fitted
optionally. Cmos components

ensure a low power consumption and
applications for this QPC-5152 hoard
are likely tobe found in process
control. computer-aided design, and
built-in to other products. Databasix
Ltd. Old Bath Road, Newbury, Berks
RG13 ING. Tel: 0635 37373.
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® DATABANK o

CARSTON
ELECTRONICS

We sell a wide range of ‘second user’
computer equipment, microcomputers,
computer terminals, peripherals and
development systems.

We also sell test equuipment — all fully

%

Used Test Equipment

THE
ELECTRONIC
SOURCE
The Electronic Source Has access to in excess of £100m. worth
23ty Cosutoomy + PG 15 of Second User General Purpose
e < Test Equipment, P.C’s, Instrument

Controls, Dataloggers, MDS Systems
and Audio Visual Equipment. Our
latest catalogue indicates price and
specification of our more readily

gu&;:n:)e:d-good quality under utilise Stock List available items.
equi men); Autumn 1986 Without reference to this Catalogue,
quip ’ can you really be sure that you
iR have secured the best possible deal?
’_*-M-*
CIRCLE 38 CIRCLE 63
FOR FURTHER DETAILS. FOR FURTHER DETAILS.
CONTROL
UNIVERSAL
IMITED
L The “one-source” guide for the engineer
2% designing intelligent control, monitoring
THE % and data acquisition systems. Contains ELECTRONICS & WIRELESS WORLD
Comrdisbeeni the most up-to-date information on our
CATALOGUE modular industrial computer systems DATA BANK

running MS-DOS, 0S9/68K or BBC BASIC.

Provides flexible, cost-effective solu-
tions for real-time industrial applications
and fast project development.

Fully supported by Control Universal,
the largest and most experienced manu-
facturer of single-height Eurocards in the
UK.

CIRCLE 57

FOR FURTHER DETAILS.

let vour brochure do the selling

If you want to get vour product information into the right hands fast.
call Martin Perry on 01-661 3130.

Real Time Video Framestores
@ Real time storage and display.

@ [From 256 to 800 pixels/line (7.5MHz B/W). 1872
pixels/line soon.

@ True | to 8 bit greyscale. 10 bit shortly.
@ Full 576 line storage — No black borders.

@ Fast, proven transparent computer access for DEC,
VME, IBM etc. Not tied to only one computer.

@ Reliable genlock through full frame timebase
corrector. Affordable 525 to 625 line conversion.

@ Pseudo colour and true colour framestores.
@ Real time integration and noise reduction.

@ British designed and built. Full technical backup at
the end of a phone. Custom interfaces available
through spare card slots.

@ Prices:- £395 for 256 pixel. £1995 for 800 pixel.

@ Please contact either Dave Griggs or Dan Ogilvie
at:-

OGGITRONICS LTD.

Poole House. 37, High Street. Maldon. Essex CM9 7PF
Telephone (0621) 50378.

Used equipment — with 30 days guarantee. Manuals supplied if possible. This is a very
small sample of stock. SAE or telephone for LISTS. Please check availability before
ordering. Carr age all units £16. VAT to be added to total on Goods and Carriage.

OSCILLOSCOPES SPECIAL OFFERS
KTRON £2 ™
KTRONIX 3 M £1300
offx 46 £1200 NOW ONLY £180 ea
v £1200 r 10
KTRON o £300 N 100 "
N £550 NLY £85 ea
MENT SOMt 1325
Dua My ep 325 NLY £25¢a (p&p £7)
PMENT £250 [ Model 8 ied wth 2
» M &0 Mviizs
£165
PMENT D4 v 15M: £100 pep 3 NLY £40
MEN MH? So £110
PMI2 44 Mt 1500 MULTIMETERS
NT DMed a Mi £225 th bat £50
RTRONIX 4t A . £2500 10
£90
MARCOM MC NLY £950 each No | (M ] te
ng case £65
GENERATORS ) £
MARCONI T 1 £1.400 N, AET MULTIM
MARCONI T M 4-500M £950 o
MARCON M FNE 1 OKHZ-5 | OMt £1200
MARCON M FM oM M n
£1.000 BRUEL & KJOER EQUIPMENT
MARCON w M ﬁ.ggg
AM/FM £500 g
MARCONI T M/FM | OMH;-370M) £350 oo
MARCON M N £750 oo
ADVANCE AMIFM - 230Mp £100 4
ADVANCE Type SG628 AM 1508+ H £45
VENNER (MARCON ™ - o
£60 (php & A
RNELL LFM; ™ re £80 KEYBOA NX M £10/e8
v NLY £5 ea
COMMUNICATION RECEIVERS & £20
R 17 500K MH: w i N7 £150 Bafeon ™
y NE 730 4 A80RH, S0 £110 enc Py £150 each
MARCON' § M 24 £500 NEW EQUIPMENT
W M 4 M £ 605 D ™
2 £200 £583
MA N M M K| Mt £150 L
MARCON NIVERSAL £75 314
MARCONI UNT £150
MARCON £100
MILLIVOL TMET M £60 " X o
K 1 W wih Adap! £500 3
C M v VM1 384 £50 M A £285
3 1y
H MS VOLTM 4 oM £400 o 5
M £126
HANDAR NAL YSER TA. M £7rs
L) £1750 ) N N GENI
AN AN Chans N 13 £110
" 1850 £199
Al MM
ISOLATING TRANSFORMERS — 240V Input Aot
4 £3950
S00VA  £15 each p4 100vA £6 ¢ oV £3350
500 £6 ¢3ch plo § 20¢ £4 each pao £4 s = P

STEWART OF READING Telephone: 0734 68041

_= 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)

ENTER 11 ON REPLY CARD

ENTER 51 ON REPLY CARD




Transputer graphics
evaluation

Rapid Silicon have put together a
high-speed graphics demonstration
package based on Inmos transputer
products.The equipment includes
Inmos’ multi-transputer evaluation
boards, the IMSB()3. which
contains four 32-bit T414
transputers to provide a processing
systemwhich can run at 40 mips.
The high-performance graphics
card, the IMSB007. can display high
resolution, real-time animated
images with ray-traced reflections
and similar eftects. The dis¢
processing card. IMBBO005. itself
with two T212 transputers. can be
fitted, with a hard disc. intoa small
volume and ofters considerable space
saving over other systems. Further
details from Rapid Silicon, Denmark
Street. High Wycombe. Bucks HP11
2ER. Tel: 0494 442266.

EW PRODUCTS
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VME-bus computer board with SCSI

Built around the 68010 processor.
the HVME-SB86S is a single hoard
computer witha SCSl interface. It is
intended for use in realtime
computing and has an vobus
particularly suited to disc drives.
graphics and other back-up
peripherals. Applications include
engineering workstations, multi
user systems, development and
target svstems. The 68010 runs at 10
or 12.5MHz with nowait states from
on-board 512K or 1Mbyte d.ram. The
additionofav.d.u. terminal and
power supply enables the card to run
as a standalone computer. Units can
be linked together ina multi

| processor svstem. Through the VME
bus the board supports three levels of
bus arbitration and has a seven-level
bus handler with bus clock and reset
facilities.
In addition to VME and SCS1 bus
controllers. the board has two serial

ports and a parallel printer port. Four

sockets allow up to 256Kbytes of
| eprom and an additional 8Kbvte
s.ram is batterv backed to retain data
on power down.
High Technology
Electronics Ltd.
303 Portswood Road.
Southampton SO1 1QL.
| Tel: 0703229041,
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Transputer card for PC

An add-on board for IBM XTor AT
personal computers or compatibles
from Systemns West includes one or
| two 32-bit transputersand upto 16
| Mbyte of ram. The board runsat up to
30 mips. depending on the number
| and types of transputer included.
This offers a performance,
comparable with super-mini and
mainframe computers. For even
faster performance. up to three
boards can be fitted to give Y0 mips,
or the system with one or more
! upgrade cards can be networked with
another computer. It can also be
used to control an even more
powertul transputer-based system
from the same makers.
Tasm. the transputer assembler

The new S series of aluminium
electrolytic capacitors from ECC
Electronics have been specially
designed for memory back-up
applications. Using a new foil etching
technique and a special electrolyte,
the capacitors are claimed to offer a
superior performance to batteries in
terms of operating temperature
range of -25 to +85°C anda
guaranteec load life of 1000 hoursat
85°C. with good holding voltage

[ softwareset is provided but high level
languages. Fortran. C, Pascal and
Occam are optional extras. These
languages generate code that runs
completely on the transputers.
libraries of intertacing programs
running on the host svstem under
DOS. with maths and graphics tasks
undertaken by the upgrade boards.
support high-speed data tranfer
between host and transputer using
interrupts and d.m.a. Software
currently runs under DOS 3.2 but
DOS 3.3and 08 2 systems will
become available in about ayear.

‘ Systems West. Suite 110, Southgate,

Whitetriars. Lewins Mead, Bristol
BS1 2NT.
| Tel:0272277332.

characteristics. The SB series is
available in capacitance values
ranging from 2.2 to 47 mF to meet
the requirements of extremely low
current flow memory back-up

| applications. Maximum operating
voltage is 5.5V and surge voltage
rating is 6.3V.

ECCElectronics UK Ltd, 9 Bienheim
Road. High Wycombe. Bucks P12
3RT.

Tel: 0494 36113.
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Forth systems
development toolbox

A design system called FORCE
(Forth-optimized risc computing
engine) has been developed by | {arris
and is based on the Novix Forth
processor risc architecture. Readers
may recall the feature on this device
recently in E€WW. It differs from
most other processors by running
the high-level language Forth
directly as its operating language;
this results in high speed and easy
programming. The end products will
be standard and semi-custom i.cs
incorporating the risc chip with
additional macrocells and logic
gates. The highspeed of the devices is
likely to find particular application in
real-time control and digital signal
processing systems. Macrocells
under development include a 16-
input interrupt controller, an
integrated memory stack controller,
a 16 by 16-bit multiplier and various
counter timers. The first standard
i.c. will bea control processor
incorporating all of these functions
along with the processor, available
towards the end of the year.
Application-specific i.cs will become
available early in 1988, Iarris
Semiconductor, Eskdale Road,
Winnersh. Wokingham, Berks RG11
5TR. Tel: 0734 698787,

Fast 16-bit and
24-bit multipliers

The high-speed performance
demanded by array processor, super-
mini computers and other devices
can he met by two new bipolar digital
multipliers from Analog Devices. The
ADSP8018is a 10kHze.c.l.-
compatible 16 by 16-bit multiplier
with a maximum multiply time of
19ns. ADSP-7018isat.t.].-
compatible version witha maximum
multiply time of 19ns. The devices
use 2um bipolar geometry with gate
delays of 300ps and lower power
dissipation thanthe slower e.c.l. rival
devices. Each multiplier has a 32-bit
output port so that the 32-bit
product of a 16 by 16-bit multiply can
he read in one clock cycle.

The same company has produced a
24 by 24-bit c-mos multiplier with a
maximum multiply time of 95ns. The
ADSP1024A is designed to bridge the
gap where 16-bit multipliers are not
accurate enough but floating-point
i.cs are too expensive, especially in
d.s.p. and graphics applications. The
device has two inputs and one
output. The most significant and
least significant products are
multiplexed through the output port
inasingie clock cycle. producing a
full 48-bit product without
throughput delay. Analog Devices,
Station Avenue, Walton-on-Thames,
Surrey KT12 1PF. Tel: 0932 232222,
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Optical proximity sensors

It is now possible to obtain an 18mm
photocell with optical proximity
sensing up to 150mm, using the new
option introduced to its RC photocell
range by Datalogic. The increased
distance, claimed to be some 50%
above the norm for this type of
sensor, has been achieved without
any change in the size of the unit
which, at 18mm length, is compact.

A second option is upgraded
frequency from 175 operations per
second to 1500 op/s. At a frequency of
1.5kHz, the M18 barrel unit gives a
higher response accuracy for
machine timing and product
detection.

Particularly suited to the
production line, packaging
machines, conveyors and control,
the RC Range of 256 photocells uses

modulated infra-red radiation. They
have built-in amplifiers and
incorporate an l.e.d. to indicate that
the unit is switching. D.c. versions
are protected against short-circuits
and inverse polarity connection.
Included in the range are 24 fibre
optic versions for installation in
awkward or hazardous areas.
Versions of the Datalogic M18
Barrel Unit available are: Retro-
reflective, optical proximity, diffused
and focussed, through-beam and
fibre optic, allina.c. and d.c. The
higher frequency is available ond.c.
models and extra direct detection
distance on both types. Datalogic
(UK) Ltd, Redbourn Industrial Park,
High Street, Redbourn, St. Albans,
Hertfordshire AL3 7LG.
Tel: 0582 85 4344.

Fast static rams

Manufactured in c.mos by MMB
Semiconductor, the AAA16K4 is
organized as 4096 by 4 bits. It has
heen optimized for speed while
offering low power consumption.
Maximum current used is 120mA
when active and 20mA on standby,
withan access time as fast as 25ns.
The device is automatically held in
standby mode whenever it is not
selected. This reduces the power

requirement further and the need for
cooling. Inputs and outputs are t.t.].-
compatible which leads to the
simplification of system design.
Three versions offer differing access
times and all are in standard 20-pin
dil packages. Available through
Mogul Electronics, Central Court,
Knoll Rise, Orpington, Kent
BR10JA.

Tel: 0689 77919.

Linescan camera with processor control

Alow-cost. self-contained linescan
camera requires only the addition of
alight source for operation. The
camera, called Autoscan, could have
widespread application in non-
contact measurement and .
monitoring functions. It contains a
128-byte eprom to set data storage.
The use of microprocessor control
provides easy function and setting
selection using pushbuttonsand a
backlit liquid crystal display. Full
multi-input/output capability is
provided and includesa 12-hitdtoa
output (4 to 20mA), four relay

outputs, two opto-isolated inputs for
‘read now' signals and an RS485/422
bidirectional data port. Autoscan
features a 2048-element linear
detector array scanned at 2MHz. The
standard camera is available at less
than £1200 and supplied witha
50mm F1.8 variable-focus lens:
other lenses are optional. Uses
include edge tracking, widthand
height measurement, strip centre
monitoring, hole and tear detection.
Integrated Photomatrix Ltd, The
Grove Trading Estate, Dorchester,
Dorset DT1 1SY. Tel: 0305 63673.

Programmer for
logic arrays

An expansion module for the Stag
ZL30A logic programmer as used in
the design on page 916, can be used
for Signetics programmable macro
logic gate arrays. These arrays can be
rapidly programmed to provide
“instant” application-specific i.cs.
Based on fuse programmed arrays,
current devices (PLHS501) have the
equivalence of up to 1600 gates. The
Stag module used with their
programmer allows the
programming of both surface-mount
and d.i.l. packages. The ZL30A
programmer can now be used with
over 750 programmable logic
devices. Stag Electronic Designs,
Tewin Court, Welwyn Garden City,
Herts AL7 1AU. Tel: 0707 325136.

Subminiature fuses

A subminiature fuse called Microtron
is an axial-lead device with enhanced
short-circuit performance. Rated at
125V alternating, the fuse can
interrupt a 50A fauit current in
circuits with 97% power factors.
Comparable units have similar short-
circuit ratings, but ata 100% power
factor, a condition that rarely exists
in the real world. At 125V direct
rating, the fuse can interrupt a 300A
fault. The fuse is available in 1/16A
steps through to 10A.

The same company has recently
announced a range of subminiature
surface-mount fuses. Busman UK,

1 Drumhead Court, Chorley, Lancs
PR6 7BX. Tel: 02572 69533.

T T S S |
Low-noise high-
speed quad op-amp

Anoise figure of 11nV/Hz 2 at 1kHz, a
slew rate of 8V/us and a gain
bandwidth of 6.5MHz are offered on
the “new generation” OP-471 op-
amps from PML. In addition to low
noise and high speed, the device is
claimed to offer precision
performance with very low input
offset voltage and voltage drift. Open-
loop gain is >500,000, ensuring gain
accuracy, even in high-gain.
applications. Common-mode
rejection is >105dB. The monolithic
design ensures parametric matching
and temperature tracking between
all four amplifiers makes it especially
suitable in multiple op-amp
applications including gain blocks,
low-noise instrumentation
amplifiers, audio equipment, and
active filters. The device has the same
pin-out and can be used as a direct
replacement and upgrade for a
number of quad op-amps. Bourns
Electronics Ltd, 90 Park Street,
Camberley, Surrey GU153NY.

Tel: 0276 692392.
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Nuvistor base 3RP1 3500 | VCRI39A 8.00 7410 0.36 7437 036 | 7475 065 I 7411t 0.51 74151 0.36 7419 1.00 TBA99Q 50
200 | awet 2000 [ vCr5178 1000 7411 0.40 7438 0.36 7476 0.48 74116 50 741354 40 | 14197 1.00 TCA2700  1.00
Valve screemng 5ADPI 5500 | VCRS17C 10.00 7312 042 7439 0.36 7480 032 | 74118 20 [ 74155 060 | 74198 2,20 TCA760A  1.25
con ol sizes 0.40 | 5P 10.00 7413 036 } 7440 0.36 7483 0.48 74119 150 | 74156 048 | 74199 220
Tenms of husiness CWO. Pastge aundf packing valves and semiconductorns £0L.00 per order. CRTs €1 50, Prices cxcluding VAT add 15 Telephone: 01-677 2424/7
Price ruling at time of despatch Telex: 9467‘08
In some Gises ard and USA valves will be higher than those advertised. Prices correct when ROITE 10 press elex:
Aceount Tuail i praved companies with mimimum order charge €10, Carriage and packing €1.30 on credit orderns E. & O.E.
Over 1M 1ypes of valves. Jubes ad semiconducton i stoek. Quotations for any 1ypes nnt tisted. S AL Open to callers Monday—Friday 9 a.m. - 5 p.m. ww

ENTER 26 ON REPLY CARD
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Thermistors for
protection

Acomprehensive range of surge-
suppression thermistors is the SK
range from STC is designed to satisfy
awide variety of applications
including inrush current limiting in
switch-mode power supplies, time
delay of relays and solenoids, and the
protection of lamp filaments.
Produced from semiconducting
ceramic materials, the devices have
aninsulating coating with resistance
greater than 10MQ at 750V.
Maximum operating voltage is 265V
r.m.s, maximum body temperature
15 200°C and standard resistance
tolerance is £20% at 25°C. There are
20 standard devices in the SK range
andspecials’ can also be provided.
STC Components, Edinburgh Way,
Harlow, Middlesex, CM20 2DE.

Tel: 0279 26811.

I S D N R, SO
Versatile video
framestore

Awide range of options allows the
FS768 framestore from Oggitronics
to be used is avariety of applications.
Apart from capturing a single video
image, it can be used to view the 'live’
incoming image and record a specific
frame when required while
continuing to view. It canbe
synchronized with a strobe flash to
capture fast moving events. Low-
level images can be captured by
cumulatively adding to the picture,
rather like a long exposure ina
photographic camera. This can be
done by modifying the camera to
hold off the beam while the image is
building, or by using the framestore
to sum consecutive frames.

One particular use for such a store
is the translation of non-standard
video images for displayon a tv
monitor or storage on avideo
recorder, The FS768 can be adapted
to accept the polar coordinates of
radar and sonar images and convert
them to the tv raster. Slow-scan
input from electron microscopes or
i-r detectors, or fast scans from c.c.d.
and photodiode arrays can also be
accepted. Such operation is
transparent to the user and no
interference with the screen image is
seen while it is being updated.

Successive images may be
averaged to reduce spurious noise;
up to 256 images can be summed. A
video mixer allows images to be
compared and various logical
operations can display the areas that
are the same or are different. False
colour can be added to an image by
the use of a look-up table and the
grey-scale can be manipulated to
enhance the contrast of the image.
Oggitronics, Poole ! louse, 37 High
Street, Maldon, Essex. Tel: 0621
50378.
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"NEW PRODU

Low light-level camera

An ultra-high sensitivity video
camera has been developed for
imaging at extremely low light levels,
typically those encountered in
luminescence and fluorescence
applications. Employing a high
performance two stage MCP image
intensifier, the camera,
Hammamatsu C2400 VIM, provides
extremely low noise and wide
dynamic range extending from
visible light to single photon levels.
A choice of image pickup tubes
allows the camera to be optimally
configured for conventional

analogue or photon imaging. The
system is available with a spectral
response range of either 280 to
650nm or 280 to 850nm. Standard
features include overload protection
circuitry and bias lighting. Optional
features include Peltier cooling,
shading correction, gamma
correction, polarity inversion and
external synchronization control.
Hakuto International UK Ltd,
Eleanor House, 35 Eleanor Cross
Road, Waltham Cross, Herts EN8
7LF.

Tel: 0992 76909().

Stepper-to-servo converter

This module allows d.c. servo motors
to be driven from digital stepper
motor control systems. Designers
can now mix d.c. servos with stepper
systems without changing the
existing controller. This provides
great expansion possibilities for
existing stepper systems, both
simplifying the control requirements
and avoiding the higher costs
normally associated with d.c. servo
controllers. MC16 module comes on
asingle Eurocard. It provides the d.c.
servo control function by taking the
existing stepper clock and direction
outputs, comparing these with

feedback signals from an optical
encoder attached to the motor shatft,
and generating a ‘torque demand’
signal. Arranged like this, the d.c.
drive is used purely as atorque
amplifier, with the MC16 providing
the required gain. Therefore, no
tacho generator is necessary, further
reducing overall system costs.
Digiplan also offer the MC16's
capabilities in the form of ready-buiit
three-axis (or more) control systems,
in astandard 19in rack. PKS-
Digiplan Ltd. 21 Balena Close.
Creekmoor. Poole BH17 7DX. Tel:
(0202) 690911.

All-band radio

The Sony I[CFPRO80 has continuous
tuning from 115kl 1z to 223Mt Iz. Its
memory can cope with up to 40
preset stations. Frequencies can be
selected directly from its keyboard
and there are several methods of
scanning the memory or the r.f.
spectrum, or selected parts of it, to
find a channel.

Another new radio from Sony is
the ICF7600DA which offers an
analogue dial in addition to the
digital display, and includes a clock
and timer. It offers 12 s.w. bands
along with v.h.f., mw., and L.w.,
with up to 15 preset stations. More
details from Sony UK Ltd, South
Street. Staines. Middlesex TW18 4PF,
Tel: 0784 67000.

High-voltage
insulation testers

Capable of uncovering defects which
could cause breakdown in low
voltage applications, these insulation
testers can alsobe usedasM Q
meters. The Danbridge. JPI2A and
JP30A are non-destructive high
voltage testers suitable for avery
wide range of applications — from
component testing to motors and
aircraft installation. Test voltages are
applied to an insulated test probe
through a coaxial cabie. The JPI2A
(12kV) probe is equipped witha
high-tension switch, and is
terminated with a 4mm straight tip.
JP30A (30kV) has a similar probe and
an additional ball-tipped probe for
use in the higher voltage ranges. The
meters have two and three ranges
respectively with meter readouts for
voltage in kV and current in pA.
Output current is amaximum of
300pA, limited to protect the user. As
well as the meter indication there is
an audible output which signals
ionization in an insulator. Available
through Wavetek Electronics Ltd,
Tag Lane, Hare Hatch, Reading.
Berks RG109LT. Tel: 073522 4121.
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EW PRODUCTS

COMPUTING

Solid-state discs for PCs

Appearing toa PC-DOS or MS-DOS
as astandard disc, the QPC add-on
boards for IBM compatible PCs
provides a combination of ram, rom.
eprom or battery-backed ram which
is rugged and resistant Lo vibration,
heat or dust as may be found inan
industrial environment. Such solid-
state ‘discs’ can retain system
configurations permanently and be
used for permanent program storage
as well as temporary data retention.
The P-5211 can hold up to 2Mbyte of

prom or eprom. or 1 Mbyte of
eeprom. QPC-5212 has a capacity for
512Kbyte of ram. plus IMbyte of
rom. The QPC-5213 holds 1 Mbyte of
ram. All ram sockets on the 5212 and
5213 are lithium battery-backed for
non-volatile memory. Up to four
boards can be used in a PC svstem
giving a total of up to 8Mbytes.
Databasix Ltd, Strawberry Hill
House, Bath Road,

Newbury, Berks RG13 ING.

Tel: 0635 37373.

Nn,
irt,

-
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Liquid crystal displays of the super
twisted nematic kind offer higher
contrast and wider viewing angles
than previous |.c.ds. Toshiba UK
launch seven graphics |.c.ds ranging
in size from 640 by 640 dots to 128 by
128. The displays use a multiplexing
ratio of up to 1:200 to enable a
high-contrask, high-definition image
to be retained over the large matrix of
dots. Three types are available: W-ST
(blue on a white background), Y-ST
(blue on a yellow background). and
B-ST (white on a blue background).

Toshiba launches super TN displays

The last-mentioned is best used with
an electroluminescent back-light

Super-TN modules are
particularly suitable for the larger
displays such as those in work
stations, word processors, electronic
typewriters, photocopiers and
facsimile machines, as well as
portable computers as illustrated by
Toshiba's own Rupo word-processor.
Toshiba UK Ltd, Electron tube and
device division. Frimley Road,
Frimley, Camberley, Surrey GU16
5JJ.Tel: 0276 62222.

" REDUCED
SUBSCRIPTION

Make lif2 easier
and save money
at -he same time
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subscriptions.
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update
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A one-year
subscriptior of £19.50
brings 12 issues to
your door for :he price
of 10, saving nearly
17%.8But for £53, you
can have a thiee-year
subscriptior and

save nearly 25% —
eight free isstes.

And you won’t have to
keep on ringing up to
asle for
photocopies
o- articles
you've
missed.

REDUCED
| SUBSCRIPTION
| ORDER FORM

Please send me Electronics
I D & Wireless World for one year I
at the special price of £19.50 °

| Please send me Electronics
D & Wireless World for three
years at the special price of £53.00°
* Inclusive of postage and packing.
I enclose a cheque/PO to the vaIueI
of £
made payable to Reed Business I
Publishing Limited.

Piease debit my credit account. I

Expiry date:
(JAccess [] Barclaycard/Visa
[JDiners Club [JAmerican Express

I

I

Signed I

Name I
Job Title

I Ad_drgsrs I

| | i

I

I

I

Please return to Electronics &

Wireless World, Room 316

Quadrant House, The Quadrant
I Sutton, Surrey SM2 5AS.
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KENWOOD OSCi"OSCODeS bandwidths from 20MHz to 150MHz

prices from £319 to £1695 (+vat)

T AT SRR

Trio oscilloscopes are back with a new name, new
models, higher specifications and lower prices.

Take the Kenwood CS-1065 illustrated here; a 60MHz,
dual-timebase, three-channel oscilloscope costing only
£795. It's part of an extensive range from one of Japan’s
most experienced producers.

Thurlby holc every model in stock for immediate delivery.
Contact us now for a copy of the full-range brochure
listing technical specifications and prices.

Thurlby Electronics Ltd. Tel: {0480) 63570
New Road, St lves, Cambridgeshire. PE17 4BG England.

ENTER 34 ON REPLY CARD

low-cost logic analysis

Today’s digital circuitry can’t be debugged with just a logic probe and I
oscilloscope. A logic analyser has become an essential tool.

The Thurlby L. A160 system puts logic analysis within the reach of every |
engineer with a wide range of options to suit many different applications.

® Prices from £395 plus vat e Data pods for random logic
® 16 or 32 data channels @ Personality modules for uPs |
e IBM-PC interface options @ Microprocessor disassemblers

No other logic analyser system approaches the value for money of the
Thurlby LA160. Contact us now for full technical data.

/I Thurlb Thurlby Electronics Ltd
»ZIhY New Road, St.lves, Huntingdon, Cambs.

descgned and built in Britain PE]? 4BG, England Tel: {0480) 63570

ENTER 35 ON REPLY CARD

- LOW COST DESIGN TOOLS
| FOR ENGINEERS

At 1asf! The complete solution to computer aided circuit design on the IBM PC 4t a sensible price.

SCHEMA £499 PROTEL £799

Design professional quality circuit diagrams right on Fast establishing itself as the world's leading low cost
the screen with this widely used schematic drawing printed circuit board design package, PROTEL-PCB
package. enables you to create professional multi-layer PCBs
@ extensive schematic symbol library from concept to camera-ready artwork.

@ 3zoom levels @ upto six track fayers

@ bill of materials @ variety of track widths and pad sizes

@ wire and net lists @ _multi-coloured check plots

@ print and plot hard copy @ NC drill support

@ Gerber photoplotter compatibility

Who buys software without evaluating it first? Try out SCHEMA and PROTEL on Jour own PC with our well-
documente: evaluaiion disks — £25 each. Visa/Access welcome:

ENTER 20 ON REPLY CARD ENTER 21 ON REPLY CARD

Engineering Solut ed, King’s House,
18 King Street, Maidenhead, Berks. SL6 1EF
Tetephone {0628) 36052 Telex 84962 Fax (0628) 74928
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Whose
frequencies?

The destabilization campaign
directed at British broadcasting
by sections of government,
politicians, advertising and
media interests in the name of
“deregulation” seems likely to
reach a climax when a White
Paper and subsequent new
Broadcasting Bill are published
next year under the aegis of the
Home Office broadcasting policy
unit. But it is questionable
whether future plans can be
formulated realistically until
more is known about the way in
which broadcasting frequencies
will be allotted and regulated in
view of the DTI-sponsored CSP
International report “Deregula-
tion of the radio spectrum in the
UK". To many broadcast en-
gineers the separation of respon-
sibility for administration of the
radio spectrum from broadcast-
ing policy matters has always
seemed rather like saying that
one government department
should be in charge of the rail-
ways but that the provision of the
tracks should belong elsewhere.

Curiously, the industry was
invited to respond by June 30 to
both the Home Office document
“Radio: Choices and Opportuni-
ties” and to the CSPI Report. Yet
itis difficult to see how a realistic
response can be made to either in
isolation. It is clear that while
there is at least some common
ground on the Home Office con-
sultative document, there are
strong feelings about the radical
proposals made by CSPI, and DTI1
claim that other concepts are
still being considered.

The CSPI report assumed that
the BBC and 1BA would become
“major users” forming, in effect,
a special form of the Frequency
Planning Organizations set up as
commercial undertakings to
manage specific blocks of the
spectrum. The major users
would manage their own blocks
to serve their own needs, but
would be free also to act as FPOs
if they wished, selling spare fre-
quencies from within their
blocks to individual users.
However, the FPO concept is
based firmly on the idea that
each FPO should have exclusive
rights to a part of the spectrum
and that there should always be
at least one other competing
FPO in a position to offer a

suitable frequency from within
its own block. For this concept to
apply to broadcasting would pose
questions that cannot be
answered sensibly until more is
known about the directions to be
taken in the new Broadcasting
Bill.

For example, on m.f. and tele-
vision bands 4 and 5, specific
channels are used by both the
BBC and IBA in different parts of
the country; only on Band 2
v.h.f./f.m. is the concept of sub-
bands coming into existence.
This would suggest that there
might need to be ajoint BBC-IBA
“major user FPO" but then
where does that leave the con-
cept of competitive pricing? Or,
for that matter, the concept of a
virtually de-regulated radio? The
IBA has stated that it believes
that it is in the interest of the
listening public to retain a
public-service broadcasting ele-
ment in independent radio but
seems prepared to agree to a
much more relaxed form of “con-
trol”, It does recognise a class of
"not for profit” stations that
could maintain some vestige of
the original concept of commun-
ity radio, although it becomes
increasingly difficult to distin-
guish between what is planned
for the new tier of local or com-
munity of interest stations and
the stations wishing to churn out
“Top 40" playlists. The major
debate seems to be owver the
question of national commercial
services, with "Choices” suggest-
ing three such services, the IBA
wanting only two, and some of
the existing ILR stations remain-
ing opposed to any. Meanwhile
the BBC seems to be gradually
extending its World Service in-
put to UK listeners. not only in
the form of news bulletins on
Radio 3 but most recently by
carrying World Service for an
extra 20 minutes on the 200 kliz
Droitwich transmitter between
5.30 and 5.50 a.m. Many people
would welcome the World Ser-
vice programmes on a national
Band 2 network as a logical and
economical extension of choice,
but that raises questions of
Foreign Office funding.

What could develop into vir-
tually a new national commer-
cial service for the UK is being
planned by Radio Luxembourg
using a long-wave (254 ktiz)
transmitter to be built near Dub-
lin. This is a frequency allocated
to Ireland on a shared basis but

ELECTRONICS & WIRELESS WORLD

never used by Radio Telefis |

Eireann. It is claimed that, with a
power of 500 kW, it will serve
most of the UK during daylight
without excessive co-channel in-

terference from the long-wave |

stations located in Algeria and
Finland. The UK similarly has an
unused long-wave allocation
shared with Warsaw. This was
originally intended to provide a
long-wave service for Scotland,
but the BBC were convinced that
it would suffer too much co-
channel interference.

Spectrum and
physical abuse
increases

The Radio Investigation Service
of the DTI seems to be fighting a
losing battle to put the broad-
casting pirates off the air. The
latest blow has been the decision
of the House of Lords that the
Wireless Telegraphy Acts do not
rermit RIS to seize (with or
without a court order) the disc
and tape records of illegal broad-
casting stations on the grounds
that these do not constitute part
of the "apparatus”. Since record-
ings are often the most valuahble
and most difficult to replace
assets of such stations. this is a
serious blow.

At a recent joint [ERE/DTI

| colloguium on Frequency Plan-

ning Miss Dilys Gane, director of
RIS, brought up to date the
current work of the service
beyond that disclosed in the first
Annual Report of the Radiocom-
munications Division of the [ITI.
She claimed that unlicensed
broadcasting remains a particu-
larly difficult area, with the num-
ber of stations increasing again
and with the supporters of some
of the stations increasingly will-
ing to show violence and threat-
ening bhehaviour towards RIS
teams: "We are in a box with
complaints from aeronautical
and public utility services, and
from the public who find EBC
reception wiped out. RIS would
prefer not to be in hattle with
organized violence™. The RIS has
increasirgly had to call on police
help in dealing with the pirates.
Following the introduction in
1985 of charges made to house-
holders seeking RIS visits to help
trace the cause of interference to

their radio and television recep-
tion, there has been a big drop in
complaints. But the public can
still register complaints of in-
terference without charge and
many of these complaints have
helped RIS to target its enforce-
ment work against misuse of
transmitters. Complaints have
numbered 4,372 with only 715
people paying the £21 fee for
personal visits.

The RIS however has not been
idle. In particular it has stepped
up its inspections of radiocom-
munication installations. Dur-
ing 1986-87, 9000 existing and
1500 new private mobile radio
(p.m.r.) stations were inspected.
There has also been 1300 inspec-
tions of small-craft installations,
a previously neglected area. It
has been found that a number of
users were apparently unaware
of the need to hold certificates of
operating competence in addi-
tion to the transmitter licences.

Of the 9000 inspected existing
p.m.r. stations, 40 per cent were
found not to be fully conforming
with their licences (23% in the
case of new stations). About 16
per cent of allotted frequency
channels were no longer in op-
eration but had not cancelled the
licence, 8 per cent were using
excess e.r.p., 6 per cent had more
mobile units than were being
paid for, 5 per cent of the base
stations had been moved without
notifying the DTI, some by more
than 25 miles, and 5 per cent
were using non-approved equip-
ment.

A problem with unlicensed
broadcasting stations is the in-
creasing use of “link" program-
me feeds to unattended trans-
mitters using less predictable
frequencies, that come to light
only when they cause interfer-
ence to other services.

While British Telecom appear
to be gradually moving towards
the introduction of the CT2
u.h.f. cordless telephones and
with the sale of unapproved types
banned since May, there appears
to be little falling off in the
number of conversations that
can be accidentally heard when
tuning across 1.7 MHz. Some of
the signals seem to travel very
much farther than the 100 m
range often specified. Nor does
the average user seem to realise
that his private conversations are
being so widely broadcast.

Radio Broadcast is written by Pat
Hawker.
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«The ORIGINAL FREE OF CHARGE dial up data}
* base. Buy, browse or place YOUR OWN AD fors
. goods or services to sell. 1000's of stock items, *
« spares and one offt bargains. Updated daily.
. ON LINE NOW. CCITT, 8 bit word. no parity.
. For 300 baud modems call 01-679 1888

sesece

For 1200-75 baud modems call 01-679 6183
00000000000 0000000 RBRPLTOONSSEIOIINOETES
FRE E only £29.95 it becomes a SUPERB

HIGH QUALITY * COLOUR* TVSET

Thefabulous TELEBOX an INVALUABLE MUST for Ilhe owner of
ANY video monitor with a composite input. colour or monochrome
Made by a major UK Ca as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture. this npponumt¥ 1«

we your monitor a DUAL FUNCTION must not be missed

ELEBOX consists of a compact. stylish two tone charcoal
moulded case. containing ALL electronics tuner. power supply et
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR" TV SET, giving a real
benefit to ALL the family Don't worry it your monitor doesn't have
sound- THE TELEBOX even has an integral4 watt audio amplifier
tordnving an external speaker. PLUS an auxiliary outputtor superb
quality television sound via your headphones or HI Fi system etc
Other features include: Compact dimensions of om 1575 wx
7.5 d x 35 h latest technology. BRITISH manufacture, tully -
tuneable 7 channel push buttontuner, Auto AGC circuit, SAW filter.
LED status indicator. fully isolated 240v AC power supply for total
safety, Mains ON-OFF swilch etc Many other uses

LIMITED QUANTITY - DON'T MISS THtS OFFER!"!

ONLY £29.95 OR £24.95 if purchased with ANY of our
video monitors. supplied BREND NEW with fuil instructions and 2 YEAR
warranty. Post and packing £3.50 *When used with colour crt

COLOUR & MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA' 14 COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your immediate and future
requirements Two video inputs RGB and PAL Composite Video. allow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound Quality. Many other features:
PIL tube. Matching BBC case coiour, Major controis on front panel Separate
Contrast and Brightness - even in RGB mcde Separate Colour and audio
controls for Composite Video input. BNC plug for composite input 15 way ‘0
plug for RGB input. modular construction etcetc
This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supolied BRAND NEW and BOXED, complete with DATA and 9G day
?uavaaneONLvmss .00 as above ORIBM PC Version £165.00

5 Day'D skt €1.00. BNC skt 75p BBC intertace cable £5.50

DECCA 80 16" COLOUR monitor. RGB input.
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super iow price of only
£99.00. a price for a colour monitor as yet unheard of! Our own intertace
safety modiication and special 16" high detfinition PIL tube, coupled with the
DECéA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output Other features
are: interna! speaker. modular construction, auto degaussing circuit attractive
TEAK CASE. compact dimensions only 52cm W x 34 H x 24 D. 90 day
uarantee Although used units are supplied in EXCELLENT condition.
NLY £99.00 + Carriage
DECCA 80, 16° COLOUR monitor. Composite video input Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use ONLY £99.00 + Carr.

REDIFFUSION MARK 3, 200 COLOUR monltor. Fitted with standard 75 ohm
osite video input and sound amp This large screen colour display is ideal
!or CHOOLS. SHOPDS, DISCOS CLUBS and other AUDIO VISUAL appl-
cations Supplied in AS NEW or little used condition ONLY €145.00 + Carr.
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.
All units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and Set up tor up to 80 column use Even when
MINOR screen burns exist - normal data displays are unaftected 30 day
uarantee
?2 KGM 320-1 B/W bandwidth input wlll display up to 132 x 25 lines £32.95
12 GREEN SCREEN version of KGM 320-1. Only £39.,95
9 KGM 324 GREEN SCREEN tully cased very compact unit Only £48.00

Carriage and insurance on all monitors £10.00

Your monitor from its computer! For

compact switch mode supply with DC

GOULD OF443 enclosed
outputs of +5v @ 55a, +12v @ 05a. —12v @ 0 1a and —23v ¢
11 x6cm 110 or 240v input. BRAND NEW « nly £16.95
GOULD G6-40A 5v 40 amp switch mode supply NEW €130.00
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regulated DC utputs of +5v

3 amps, —5v @ 0.6 amps and +24v @ 5 amps. Short circuit and vervoltage
protected 100 or 240v AC input Dim 28 x 125 x 7 cm NEW £49

Carnage on all PSU's £3.00

! )
A a Manufacturer s BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 quahly gold plated switches on X-Y
matrix - ideal micro conversions etc £24.95
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB |
with 116 keys Many features such as On board Micro. Single 5v rail full ASCHl
coded character set with 31 function keys, numenc keypad cursor pad

and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price

__Only £69.00 with data Carriage on Keyboards £3.50

C regulated
> 0.02a. Dim 18 x

-

| drives by TEAC. CANO

B I
Professio

the tw
Not a toy the BIG BROTHER

the THOUSANDS of prover
BE BEATEN!

The cenlral processor plinth contains the 64K, ZBOA processor. DUAL TEAC 55F 5V
Double sided 40/80 track disk drives (1Mb per drive). PSU, 4K of memory mapped screen RAM. disk controller. RS232,
CENTRONICS and system expansion ports and il that's not enough a ready to plug into STANDARDS8' DRIVE portforupto FOUR
8 diskdrives either in double density or IBM format The ultra shm 92 key. detachable keyboard features 32 user definable keys
numeric keypad and text editing keys. even its own integral microprocessor which allows the main ZBOA to devole ALL its time to
USER programs. eliminating “lost character’ problems found on other machines. The attractive, detachable 12° monitor combines
agreen, antrglare etched screen with tull swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
2.2. user manuals and full 90 day guarantee. Full data sheet and info on request
PC2000 System
with CPM Et
COST OVER £1400

PC2000 Business System
and ‘Ready t

8000 Accounts. VAT

COSTOVER £1700

NOW only £4
Carriage & lnsuranm

SURPLUS SPECIALS ON

PRESTEL - VIEWDATA - TELEX

PLESSEY VUTEL, ultra

ompact unit shghtly larger
than a telephone features A STANDARD DT&F
TELEPHONE {tone dial) with 5 CRT monior and
integral modem etc for direct connection to PRESTEL
VIEWDATA etc Designed to sell to the EXECUTIVE at
over b"" Qur price BRAND NEW AND BOXED at

9.00

DECCAFAX VP1 complete Protessiol PRESTEL
system in simiine de K 1 p unit containing Modem
Numerc keypad. CPU. PSU etc Connects direct to
standard RGB colour monitor Many other features
nciude Printer output, Full keyboard input. Cassette
port etc BRAND NEW with DATA A FRACTION OF
COST only £55.00

ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be

found'" Many teatures: CENTRONICS Pnnter gutput
Memcry da etc Supplied complete with data and
DIY mod tor RGB or Composite video outputs. AS

NEW only £125.00
Post and packing on all PRESTEL units £8.50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for €11 4116 ns
€150 2112 £1000 2114 €250 2102 €200
6116 £2.50 EPROMS 2716 €450 2732 £3.00
2764 £4.95 27128 £550 6800 £2.50 6821 €1
68A09 £8 6BB09 £10 8085A £550 8086 €15
8088 €8 NEC765 €8 WD2793 £28 8202A
£22 8251 £7 8748 £15 2Z80A DART £6.50
Z80A CPU £2 00 Thousands of IC's EX STOCK
send SAE tor hst

[ _DISK DRIVES N MATR

Japanese 5% half height, 80 track double sided disk
. TOSHIBA etc

Sold as NEW with 90 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £55.00

SIEMENS FDD100 SS FH 40 TRK £65.00

carriage on 5%’ drives £5 50

Brand NEW metal 5' DISK CASES with internal PSU.
DSKC1 for2 HH or | FH drive £29.95 +pp £4.00
DSKC 2 for 1 HH drive £22.95 +pp£3.50
DKSC 3 As DSK1 LESS PSU £12.95 +pp£2.50
DSKC 4 As DSK2 LESS PSU £10.95 +pp £2.00
8" IBM format TESTED EX EQUIPMENT,

SHUGART 800/801 SS £175.00 +pp £8.50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SNUGART851 s2 Mbtotal capacityinsmart case,
complete with PSU e £595.00
MITgUBISHI M2894~83 8 DS 1 Mbequiv. to SHUGART
SAB50R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Alignment disk £29.00 + pp£1.00
Various disk drive PSU's Ex Stock SEE PSU section.
HARD DISK DRIVES

DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DREA40O0COA, B 5+5 Mb from £750.00
CDC HAWKS +5 Mb£795.00. CDC 9762 80£h2r15t’JOROMO3

PERTEC D3422 5+5 Mb £495.00
RODIME 5%a" Winchesters ex-stock from £150 CALL
Clearance [tems - Sold as seen- No guarantee

ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00

Unless. stated all drives are refurbished with 80 oa;

guarantee Many other drives and spares in stock - ca\{ ‘
|

sales office tor details.

DON’T MISS THE CPM Deal
O.the CENTURY

A cancelled export order and months
PC.CPM system.recently onsale at OVER £1400. at a SCOOP price just over the
nternal chsk drives" Or less than the price

PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS. INDUSTRIAL, EDUCATIONAL or
tested and avalable CPM sottware packages
WORDSTAR. FAST. DBASE?2 et

Run' FAST Sales and
Purchase ledger, supports up to

at
|QUME QVT108. gunen( product,

1000’s OF
BARGAINS

FOR CALLE

nal Business System

negotiation enables us to olter this protessiona
stot
t & dumb terminal!!

ot the EINSTIEN computer, the DUAL PROCESSOR
HOBBYIST USER Used with
uch as
the PC2000 specification. at our prices. CANNOT

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel
printer

NOW only £799

with CPM

et
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Join the communications fevolution with gur super
range of DATA MODEMS prices and specifications
to suit all apphcations and budgets
BRAND NEW State of the art products
DACOM DSL2123 Multi standard 300-300 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial. smart modem with
multi standard AUTO SPEED detect and data bufter
with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems.  auto dial.  auto call index_  bufter
etc efc £498.00
Steebeck $SB1212 v22 1200 baud FULL DUPLEX
Tync or async, optional auto dial

ANSDATA 307A Acoustic coupler 300 baud 'ux
duplex ongmale ,nly RS232 'ﬂedare £49.00
Ex BRITISH TELECOM full spec, CClTT ruggedised
bargain offers. Sold TESTED with data Will work on

MICRO or system with RS232 interface

5DEM 13A 300 baud unit only 2" high fits under
phone CALL mode only £45.00_
MODEM 20-1. 75-1200 baud Compact unit for use
as subscnbev end to PRESTEL TELECOM GOLD,
MICRONE £39.95 +pp £6. 50
MODEM 20—2 \200 75 baud Same as 20-1 but tor
computer end £65.00 +pp £6.50
DATEL 2412. Made by SE Labs for BT this two part
unit 1s tor synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc Many features
include 2 or 4 wire working sell test auto answer etc
COST OVER £800. Our price ONLY €199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, ONLY £295.00 +pp £8.00

SPECIAL OFFER

MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00

For more information contact our Sales Office.

» DL ’

SPECIAL BULK PURCHASE of these compact. high
speed matnx printers Buill in Japan for the Hazeltine

Corporation this unit features quality construction
gwing 100cps bidirectional, full pin addressable
graphics. 6 type fonts, up to 95 single sheet or

fractor paper handhng, RS232 and CENTRONICS
paralie! interface Many other features BRAND NEW
and BOXED COST £420 OQur price Only £199.00

RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschen
& Yuasa.
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 6v 3Ah NEW £9.95
A300 07191202 6-0-6v 1.8Ah TESTED Ex

quip £5.99

Standard VDU data entry terminals
ive away prices!!

state ot the ar
terminal with detachable keyboard, 12 Green screen
2 page RAM. TVI 925 Hazeltine, ADMSA emulations,
software setup. 25 x 80. Clock. Swivel and tilt base,
Printer port, Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, Z80 controlled. 15 green
screen 24 x 80 dispiay. graphics, cursor addressing.
printer port etc. Very good condition TESTED complete

with manual only £225.00
ADDS 520 - Dumb terminal, used. 12 b/w_screen
RS232 interface and printer port. TESTED.

ONLY £125.00. Carriage on terminals £10.00
100's of other terminals in stock, CALL for more detail:

Telep

960

one O1-

All prices quoted are for U.K. Mainland. paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.
Minimum CreditCardorder£10.00. Minimum BONAFIDE account orders from Government Depts., Schools. Universities and
established companies £20.00. Where post and packing not indicated please ADD £ 1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right 1o change prices and specifications without notice. Trade, Bulk and Export

32 Bi%gln Way, Upper Norwood, London SE19 3XF
9 4414 Telex 894502 Data 01-679

1888 <]
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ERS — PRINTERS — PRINTERS — PRINTE

SUPER DEAL? NO - SUPER STEAL

THE FABULOUS 25 CPS “TEC STARWRITER”

VA

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 teatures a
very heavy duty die cast
hassis and DIABLO
type print mechanism
gwving superb
registration and print
quality Micro-processo
electronics offer fuil
DIABLO/QUME command compatability ana tull control via CPM WORDSTAR
ETC. Many other features include bi-directional printing, switchable 10 or 12 pitch
full width 38t mm paper handhing with up to 163 characters per line, friction feed
rollers for single sheet or continuous paper. internal buffer. standard R§232 seria
nterface with handshake. Supplied absolutely BRAND NEW with 90 day guarantee
and FREE daisy wheel and dust cover. Order NOW or contact sales office fcr more
information. Optional extras RS232 data cable £10.00. Tech manual £7.50. Tractor
Feed £140.00. Spare daisy wheel £3.50. Carniage & In: K Mainland) £10.00

NOW ONLY £499 + VAT

~ DIY PRINTER MECH

Brand New surplus of this professional printer chassis gives an
outstanding opportunity for the Student, Hobbyist or Robotics
constructor 10 build a printer - plotter - digitiser etc. entirely to their
own specitication. The printer mechanism is supplied ready built
aligned and pre tested but WITHOUT electronics. Many features
include all metal chassis, phosphor bronze bearings. 132 character
optical shaft position encoder. NINE needle head, 2 x two phase 12V
stepper motors for carriage and paper control. 9.5 Paper platten etc
etc. Even a manutacturer's print sample 1o show the unit's capabilities!
Overall dimensions 40 cmx 12 cm x 21 cm

Sold BRAND NEW at a FRACTION of cost ONLY €49.50 + pp £4.50

a fraction of jts original cost.

20,000 FEET OF ELECTRONIC

TELETYPE ASR33

DATA 1/0 TERMINALS

Industry standard, combined ASCI|
110 baud printer, keyboard and 8
hole paper tape punch and reader
Standard R5232 serial interface
Ideal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition, Only £250.00 flgor
stand £10.00. Carr & Ins. £15.00

~ EX NEWS
SERVICE PRINTERS

mpact ultra reliable quahty bult unit

made by the USA EXTEL Corporation
Often seen in major Hotels printing up (¢
the minute News and Financial inform
ation, the unit operate! n 5 UNIT
BAUDOT COQODE trom a Current loop
RS232 or TTL serial interface. May be
connected to iICro as a low cost
printer or via a simple intertace and filter
to any communications recewer to
enable printing of worldwide NEWS.
TELEX and RTTY services

upplied TESTED in second hand

ndition complete with DATA, 50 and
75 baud xtals and large paper roll.
TYPE AE11

50 Column
Spare paper oll for AE11
TYPE AF11R 72 Col

i

ONLY £49.95
£4.50

+ Ribbon £65.00
TYPE AH11R 8(
ASCII/BAUDOT £185.00

Carriage and Insurance £7.50

AND COMPUTER GOODIES

ENGLAND’'S LARGEST SURPLUS STORE - SEEING IS BELIEVING!

DEC CORNER

MAG TAPE DRIVES

Many EX STOCK computer tape drives and spares by

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 iine RS232 interface
RPO2 40 MB hard disk drive

TU10 9 track 800 BPI Mag tape drive. dual
track system. V152 VDU. etc. etc. Tested and

running. £3,750.00

BA11-MB 3.5 Box. PSU,LTC £395.00
| DH11-AD 16" x RS232 DMA

interface £1,900.00

DLV11-J4 x ElA interface £350.00

|

OLV11-E Serial. Modem support  £190.00
DUP11 Synch Serial data i/o £650.00
0Q200 Dilog - multi RK controlier £495.00
DZ11-88 line RS232 mux board £650.00

KDF11-B ME189 PDP 112
PLUS £€1,100.00

LA30 Printer and Keyboard £80.00
LA36 Decwriter EIA or
20 mA loop £270.00
MS11-JP Unibus 32kb Ram £80.00
MS11-L8B Unibus 128kb Ram £450.00
MS11-LD Unibus 256kb Ram £850.00
POP11/05 Cpu Ram, i/0 etc £450.00
PDP11/40 Cpu, 124k MMU £1,850.00
RT11 ver 38 documentation kit £70.00
RKOS5-J 2.5 Mb disk drive: £650.00
KL8 JA PDP 8 async i/0 £175.00
M18E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard

20 mA £175.00
VT52 VDU and RS232 intertace  £250.00

Give your VT100 a Birthday'!

Brand New VT100 Keyboards
only £85.00

S e P
1000°s OF EX STOCK spares for POP8, PDPSA
POP11, PD P1134 etc. SAE. for list. or CALL
sales ottice for details,

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.

0,00 Of O 2 U
U 2 A S

PR - DO - -
pQ e 2 0 2
DO orqge + 2

ELECTRONICS & WIRELESS WORLD

PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEI Cartridge tape
drives ONLY £450.00 each.

CALL FOR DETAILS

All in one quality computer cabinet with integral

switched mode PSU, mains filtering, and twin fan

cooling. Originally made for the tamous DEC PDP8

computer system costing thousands of pounds.

Made to run 24 hours per day the psu is fully

screened and will deliver a massive +5v DC at 17 amps. +15v DC at
1 amp and -15v DC at 5 amps. The comple:e unit is fully enclosed
with removable top lid, filtering, trip switch, power and run leds
mounted on ali front panel. rear cable entries, etc. etc. Units are in
good but used condition - supplied for 240v operation complete with
full circuit and tech. man. Give your system that professional tfinish
for only £49.95 + carr. 19° wide 16" deep 10.5" high. Useable area
16w 10.5°'h 11.5"d

Also available less psu, with fans etc. Internal dim. 19'w, 16°d. 10.5°h
£19.95. Carriage £8.75

ELECTRONIC
COMPONENTS

667% DISCOUNT - it

Due to our massive bulk purchasing programme, which enables us to bring you the
best possible bargains, we have thousands of ICs. Transistors. Relays. Caps. PCBs
Sub-assemblies. Switches etc. etc. surplus to OUR requirements Because we don’t
have sutficient stocks of any one item to include in our ads we are packing all these
items into the BARGAIN OF A LIFETIME. Thousands of components at giveaway
prices. Guaranteed 1o be worth at least 3 times what you pay. Unbeatable value and
perhaps one of the most consistently useful items you will every buy'!t Sold by

weight
2.5kls £5.25 + pp £1.25 5 kis £6.90 + £1.80
10kis £11.25 + pp £2.25 20kis £19.50 + pp £4.75
o n . a PO - DD R A . A
RS ARD AN QLU PHONI
o) BOARD B 2 2 aCca
ol d U ad
d { 8 Of ele 0 D D ased I

ENTER 60 ON REPLY CARD

GE TERMIPRINTER

A massive purchase of these desk top
printer terminals enables us to offer y
these quahty 30 or 120 cps prnnter
at a SUPER LOW PRICE against the
gin: st of ver £1( r
mprise i full QWERTY. elect
keyboard and printer mech with pnnt

face similar 1 rrespondence quabty
typewriter Variable forms tractor untt
enables full width up io 135 12
olumn paper. upper wer case
tandard R§232 senal interface. internal
vertical and honzontal tab setting
standard  rnbbon adjustable  baud
rates. quiet operation plus many other
teatures Supphed complete with manua

Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Intested GE30 £65.00 Opti

stand £12.50 Carr & Ins £10.0C

SEMICONDUCTOR
'GRAB BAGS'

Mixed Semis amazing value ntent
nclude transistors digita near. IC
triacs. dodes. brndge recs. et et
All devices guaranteed brand new fu

spec with manufacturer's markings. fully
guaranteed

50+ £2.95 100+~ £5.15

TTL 74 Series. A gigantic purchase of a

across the board’ range ot 74 TTL serie:
s enables us ! ffer 100+ mixe

“mostly TTL" grab bags at a prnce which

two or three chips in the bag would

normally cost to buy. Fully ¢ nteec

C's tull spec. 100+ £6.90,

200+ £12.30, 300+ £19.50

CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quality filters SD5A match
box size up to 1000 watt

»ad ONLY €5.95. L12127 compact

ompletely cased unit with 3 pin fitted
socket up to 750 watts ONLY £9.99

_EPROM COPIERS

The amazing SOFTY 2 The
Toolkit™ for copying. writing. moditying and
listing EPROMS of the 2516. 2716,
2532, 2732 range Many other functions
inciude integral keyboard. cassette inter
face. senal and paralle UHF modulator
ZIF socket etc
ONLY £195.00 +pp £2.5
“GANG OF EIGHT" inteligent 28
controlled 8 gang programmer for ALL
single 5v rail EPROMS up t0 27128. W
opy 827128 nONLY 3MINUTES Interna
LCD display and checking utines
IDIOT PROOF operation. Only £395.00
pp £3.00
"GANG OF EIGHT PLUS" Same spec a
above but with additional RS232 seral
interface for down lne loading data from
ymputer etc. ONLY £445.00 + pp £3.00

Data sheets on request

240 Vv

omplete

Keep your hot paris COOL and RELIABLE » ur range of
COUING FANS ETRI 126LF21 240v 5 blade equipment ta:
L 8 8 38mm €9.95 ETRI 99XUON 24
Dm 92 » 92 25 eq f NEW
GOULO JB-3AR 3 3 D vely q
runmin 4 yper at; NEW £6.95 MUFFIN-CENTAUR
BOXER standard 120 ~ 120 - 38r ta der 11 R
240v 3 or 5 blade, NEW at £10.50 or tested EX EQUIPMENT
£5.50. Low Voltage DC Fans BUHLER 69.11 22 8 16v

0 a3 L ] b e

aimost

sient 9. guaranteed te Mea
Iy 62 ~ 62 + 23mm Current cost £35 00 OUR PRICE
ONLY £13.95 complete with data 1 38mm (@

DC fans) PANSONIC FB-12C12H 12 jade €18.00
PAPST 4124X 24 - 28y DC 5 biade £18 00
100°s of other fans Ex Stock

fo 124 t & Packing or all tans €2

7
. 'E .
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Tape revolution

Two-inch tape and quadruplex
transverse video recorders re-
mained supreme for broadcast
applications for over 20 years
from 1956 to around the end of
the 1970s. The 1-in helical-scan
format which replaced the quad-
ruplex is already under challenge
after a bare decade of operational
use. The decision by Thames
Television, following in the wake
of NBC, to opt for the new half-
inch M.l cassette format de-
veloped by Matsushita (Panaso-
nic). initially for portable single
camera {p.s.c.) applications but
later extending to many studio
operations, seems certain to set a
UK trend. NBC, earlier this year,
claimed that their first batch of
production models of the new
metal-particle-tape M.II
machines had produced results
exceeding expectations and
promptly ordered a further batch
of 236 units for delivery early
1988. For its major new studio
centre in New York, NBC have
chosen the M.II cassette format
for all broadcast operations. It
seems increasingly likely that in
time 1-in reel-to-reel and the
0.75-in U-matic cassette formats
may follow 2-in quadruplex vir-
tually into oblivion.

The Thames Television deci-
sion is a blow for the rival half-
inch metal-particle-tape
Betacam-SP machines and could
represent a serious set-back for
the Sony company that in recent
years has been a dominant force
in broadcast studio equipment.
Thames Television engineers
have stated that M.II was prefer-
red to Betacam-SP because of the
90-minute playtime and the
p.c.m. digital stereo sound, but
the low capital and running costs
of half-inch cassette machines
must also have been a powerful
incentive to change formats once
again to take advantage of the
continuing improvement in the
packaging density of magnetic
tapes.

An unusually wide-ranging
history of video recording has
been published in the March,
1987 SMPTE Journal by Julia
and Michael Stanton, covering
almost a century of development
from the initial ideas on audio
recording of Oberlin Smith and
Valdemar Poulsen through to
the M.Il and the enormous
growth of the consumer video

962

cassette market. It notes the
suggestion by R.T. Firiebus in
1929 of using a light beam as the
reproduction mechanism for
video disc recordings, the 1927,
British patent of Boris
Rtcheuoloff covering recording
the video image on one side of
the an undefined magnetic mate-
rial, the outline in 1932 by Dr
Fritz Schroeter of video record-
ing principles essentially similar
to modern practice and some of
the many attempts to make
fixed-head machines at tape
speeds of up to 30ft/s in the years
before Ampex gave a first in-
house demonstration of quadru-
plex transverse-scan recording
on March 2, 1955, when it was
decided to press ahead with the
project. It led to a demonstration
to CBS on April 4, 1956 a few
days before its public appearance
at the 1956 NAB Chicago exhibi-
tion.

George Walton
—tv pioneer

The recent revival of interest in
the remarkable Scophony 405-
line mechanical television re-
ceiver of 1938-9 (E&WW, May
1987, pages 515-7) reminded
readers of the work of J.H. Jeffree
in developing a light valve based
on the diffraction of light by
ultrasonic waves. But it should
not be forgotten that the original
Scophony company, set up in
1930 by Solomon Sagall, was
primarily formed to exploit the
work of the Lancashire-born en-
gineer George William Walton.
His ideas on mechanical televi-
sion in the early 1920s, in col-
laboration with the enterprising
Canadian-born (Sir) William
Stephenson, were unguestion-
ably far in advance of the early
Baird work.

Recently Frank Boysen, a re-
tired power engineer who was
with the Cox-Cavendish firm
making electro-medical equip-
ment at Harlesden in the early
1920s, has told me how Walton
and Stephenson, both then also
with Cox-Cavendish, became
associated and jointly filed pa-
tents on the synchronization of
television pictures, television
systems including the transmis-
sion of colour by means of beam
splitting and triple interlace of
red. green and blue images — all
before Baird filed his first crude

patent outline of a Nipkow disc
system, with no indication of
how synchronization could be
achieved (Patent 222604 dated
July 1923).

Stephenson. who was later to
head the wartime British Secur-
ity Coordination operation with
offices in Rockefeller Centre and
the telegraphic address “Intre-
pid”, seems to have pulled out of
the television and picture-
telegraphy work of Walton fairly
earlyon.

Cox-Cavendish had set up a
subsidiary, General Radio, mak-
ing “wireless sets” in kit form
sold through Woolworth'sat 6d a
go, with Stephenson in charge of
a new test room for this opera-
tion; George Walton, whose
choice of language was often
“fruity”, was in charge of the
firm's main test room. While
Walton received financial sup-
port from Lord Northcliffe in the
development of his ideas on pic-
ture telegraphy, he seems to
have lacked financial backing for
his television ideas until he
wrote to Solomon Sagall in 1929.
Yet it is interesting to note that
many of the Baird systems be-
tween 1923 and 1929 seem to
bear an uncanny resemblance to
the systems described and illus-
trated in the Walton/Stephenson
patents.

Patent 213.654 (Electric syn-
chronous movements) noted
that “Moving bodies at a trans-
mitting station and a receiving
station are synchronized e.g. for
purposes of picture transmission
or television, by modulating the
electromagnetic waves emitted
by a wireless or wired-wireless
transmitter by an alternating
current of a low frequency de-
pendent on the movement at the
transmitting station, and using
such modulation to set up an
alternating current of the same
frequency to maintain the move-
ment at the receiving station.”
Applied for December 1922.

Patent 218,766, applied for in
April 1923, and including colour
transmission noted that: “In
picture-transmission apparatus
of the type embodying at the
transmitting station two mem-
bers moved continuously to
cause light from successive areas
of the picture to be directed in
rapid succession on one or more
light-sensitive elements. or
embodying at the receiving sta-
tion two members similarly
moved to cause a source of light

to illuminate successively each
of the recording surface or view-
ing screen, (1) either member
may be adjusted in relation to the
other to ensure correct framing
of the picture, i.e. correct
arrangement of the areas of the
received picture to correspond
with those of the transmitted
picture, (2) when the members
are rotating discs provided with
narrow-continuous slits, such
slits are shaped and inclined to
each other that the picture is
explored in successive parallel
lines at the same speed in all
parts of the picture,”

Although Walton's practical
development work must initially
have concentrated on picture-
telegraphy, there is no doubt
whatsoever that he was thinking
just as much in terms of the
transmission of moving images.
The replicas of Baird's equip-
ment at the Science Museum and
at the (now closed) IBA Televi-
sion Gallery show a scanning
system far closer to that illus-
trated by Walton in his patent
than the straightforward Nipkow
disc of the original Baird patent.
The Walton patent also illus-
trates a mechanical triple-
interlace scanning arrangement
for colour with parallel horizon-
tal scanning lines.

Solomon Sagall has recalled
that after seeing a demonstration
of low-definition television in
Berlin by Denes Von Mihaly in
March 1929, he returned to the
UK and formed British Telehor
L.td to exploit the British rights
of the Mihaly system. The
announcement of this company
brought him a letter from
George Walton proposing a novel
optical-mechanical method of
large screen television. The con-
cept impressed Sagall as being
ahead of and far more promising
than the tv methods used either
by Mihaly or John Logie Baird.
The result was the formation of
Scophony Ltd in 1930 with
stockholders including
Gaumont British (already be-
coming owners of Baird Televi-
sion), Ferranti Electric and
Oscar Deutsch of the Odeon
chain of cinemas. It became a
public company in 1936. It
seems unfortunate that while
Baird is widely thought of as “the
inventor of television,” few peo-
ple have heard of George Walton.

| Television Broadcast is written by

Pat Hawker
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10 COMMUNICATIONS

Spectrum
deregulation?

The problems posed for radio
communications services, rather
than for broadcasting, should
the CSPI Report “Deregulation

of the Radio Spectrum in the UK™ |

be implemented in part or in its
entirety, dominated the recent
joint 1ERE/STI colloquium on
Frequency Planning.

It is clear that the CSPI recom-
mendations find little or no sup-
port, even among the land
mobile users, who for many
years were the prime source of
discontent with the existing UK
spectrum management proce-
dures and what they regarded,
with some justification (at least
until the 1983 Merriman Com-
mittee report), as a niggardly
allocation of spectrum, and ex-
cessive red tape on the part of an
entrenched bureaucracy. But
even this group have reacted
strongly against what they see as
changes certain tolead to a steep
rise in cost of spectrum usage in
some areas, far above existing

licence fees. Since they have read |

the CSPI recommendations
there has been a significant de-
crease in complaints. UK li-
cences may have been slow and

difficult to obtain, but the fees |

have traditionally been set at
levels intended primarily to re-
cover administrative costs rather
than as a form of revenue collec-
tion. The proposed Frequency
Planning Organizations would
be free to charge what the mar-
ket would stand and would be
run for profit.

Major users such as British
Telecom and British Telecom In-
ternational also have strong re-
servations about, and objections
to, the CSPI recommendations.
One BTI delegate considered the
whole CSPl concept as more
suited to real estate management
than spectrum management:
“Real estate involves fixed fences;
the spectrum fences can be
moved.”

There is also a view, even
within the DTI, that too rigid a
new system could inhibit further
technological development. En-
gineers see the trend in short-
distance radio communication
with the so-called universal
pocket radio of the future as
being firmly towards multiple-
access systems under computer
control able to search for and

seize free channels within a wide
spectrum block rather than de-
pending on specific channel

co-ordination: "It is an oppor-
tunity to make a constructive
response and to show that Gov-

assignments to individual users. | ernment departments do not al-
Others consider that problems | ways know better. | would make

could arise if the competing pri-
vate FPOs gradually merged or
came under foreign ownership.
It was also pointed out that
CSPI proposes that FPOs would
be responsible for monitoring

their own blocks of spectrum but |

would not have the powers of
legal enforcement at present ex-
ercised by the DTI's Radio Inves-
tigation Service.

Michael Bate, an RD Deputy
Director with responsibility for
technical and policy matters, had
the uneviable task of describing
to 150 largely hostile delegates
the main points of the CSPI
report. He felt constrained to add
a questionmark to his paper “A
place for market forces in the
management of radio frequen-
cies?” and to point out that he
was not there to defend or sell
the CSPI report but rather to
explain its background. its main
conclusions and to consider
“where dowe go from here".

It is important to note, he
insisted, that the choice is not
simply status quo versus the
CSPI proposals; there are other
models to be considered, among
them the US approach of private
sector frequency planning orga-
nizations without exclusive
rights to particular bands of fre-
quencies. Another scheme might
be to permit trading of frequency
assignments. He explained that
DTI's Radiocommunications Di-
vision is continuing to crystallize
its own views not only on the
basis of the CSPI report but also
on other options that have been
canvassed. There was a need to
consult with Government, users
and manufacturers. The DTI
then propose to prepare a pack-
age of proposals possibly in the
form of a Green Paper or some
less formal document. It was
recognized that the US system
has the advantage that it can be
seen working whereas the more
radical CSPI scheme has not
been tried anywhere in the
world. He hoped that submis-
sions would not just criticise the
CSPI proposals but would con-
sider better ways of shaping and
making more intensive use of the
radio spectrum and recognize
the need for more flexibility in
those allocations that can be
changed without international
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the most of this opportunity.”
Although submissions from

| users and the industry had been

asked for by June 30, later sub-

missions would be considered.
-

Improved h.f.
broadband

antenna

Recent years and the continuing
revival of interest in h.f. com-
munications have seen an in-
creasing need for transportable
wideband antenna systems suit-
able for such applications as tac-
tical medium-distance military
communications, amateur radio
etc. and able to cope with fast
frequency hopping, or frequency
changes over a large part, or
preferably all, of the h.f. spec-
trum while presenting a reason-
ably constant feed impedance to
the transmitter and at the same

time achieving good radiation
efficiency even at the lower fre-
quency end of the h.f. spectrum.
A dipole equivalent, so to speak,
of the large rhombic antennas
used for point-to-point com-
munications since their develop-
ment in the early 1930s by E.
Bruce of Bell Telephone Labor-
atories.

Dr Brian Austin, now of the
University of Liverpool, but until
recently at the University of the
Witwatersrand, Johannesburg,
has reported developing, in asso-

ciation with Andre Fourie, a post
graduate student, an improved
h.f. broadband wire antenna
(Electronics Letters, 12 March
1987 and personal correspond-
ence) following investigation of
earlier resistive loading techni-
ques including the so-called “Au-
stralian dipole” due to R.J.F.
Guertler and G.E.Collyer in
1974. Whereas the Australian
“fat” dipole used twin-wire ele-
ments loaded with resistance and
inductance, the new version
achieves better matching and
greater flexibility by using di-
verging (bow-tie) wire elements
each loaded with 600-ohm resis-
tors in parallel with 16-
microhenry inductances, in an
inverted-vee configuration.

This can result in an antenna
with a 46-m span that covers the
entire range 3 to 30 MHz with a
v.s.w.r. not greater than 2.5:1
and a radiation efficiency of bet-
ter than 40 per cent even at the 3
MHZ low-frequency end when
fed from a 500-ohm transmis-
sion line. The single-pole,
inverted-vee configuration
makes this a readily transport-

able form of wire antenna and
would also probably be suited to
ship installations.

Dr Austin has stressed the
need to consider both v.s.w.r.
and radiation efficiency when
evaluating loaded antennas.
Simulations using a method of
moments computer code has
made this possible and ex-
perimental results have con-
firmed the validity of this
approach.

Radio Communications was
written by Pat Hawker.
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