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Now you can select from the world of test and
measurement equipment as never before
instantly.

Today you can directly access a stockholding
of £110 million worth of the highest quality
second user equipment from over 50 of the
world’s major manufacturers ... and allata
price you can afford and trust.

Yes, trust. Because when Instrumex say
quality it also means trust. For not only has
every stock item been regularly serviced and
comes with a free calibration certificate if
required, but also carries a full parts and
labour warranty of 3 months for computer
equipment and 12 months for test and
measurement equipment.

Our product range itself is enormous, it offers
you the widest selection of equipment in
Europe ... these are just a few examples:
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Set
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1GHz Signal Generator  £2150
60MHz D.S.O £3950
(125M1
TEK 2215 60MHz Scope £750
TEK 2445 150MHz Scope £2100
TEK 485 350MHz Scope £4500

Prices are exclusive of carriage and VAT,

So call now and talk to one of our friendly and
experienced technical sales engineers and find
out how we can help you meet your immediate
and future equipment needs.
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TELEPHONE 01 897 2434

Or you can call one of our o
regional offices: 1
Munich 089.2021021

Paris 1.69285829

Aberdeen 0224899522
Manchester 0619736251 @

I INSTRUMEX } /
IX]

ARV,
/ l"lt I.I'r

Equipment Sales Division of instrument Rentals {U.K ) Ltd

SIMPLY THE BEST TO TEST
BUYING OR SELLING



JANUARY 1988

COVER

This month'’s cover, entitled simply satellite
communication, highlights our report on
the future of Intelsat. Throughout the
1990’s and beyond Intelsats VI and V11 will
provide global telecommunications. in
which satellites will continue to play a
significant part, despite optical-fibre
competition. Intelsat VI, scheduled for
launch in 1989, is the most elaborate
civilian satellite ever developed.
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ou're witnessing the second industrial
revolution: a PC-compatible computer that
runs on the world-standard, industry-
oriented STEbus.
Thanks to extensive use of custom ICs, we've packed
our ‘STE PC' onto four boards: processor,
serial/parallel 1/0, disk and colour graphics
controllers. This division of functions means that for
mary target systems - requiring only a CPU and 1/0 - ges -
the basic board cost will be less than £350! c

There have been industrial ‘clones’ before. This
one is different. The STEbus.standard is so similar to
PC architecture that when we say Compatible, we
mean it. Any software developed for a standard PC
will run, on boards designed expressly for industrial
control and instrumentation applications.

STEbus is based on compact, low-cost, single-
Eurocards with the reliable DIN connector interface.
Standardised by the IEEE's P1000 committee, it's
supported by over 100 companies, opening the
gateway to a massive choice of compatible boards.
Just about any function you need is available off-the-
shelf. STE manufacturers even offer boards with a
standard 'signal-conditioning' interface to a wide
range of single-Eurocard real-world 1/0. And the
world of 19-inch industrial enclosures, racking and
accessories is yours to choose from.

It's never been so easy, or so cost-effective. to
design industrial computer systems before. Just look
at the diagram: everything that's listed (and more) is
available from Arcom alone; over 50 board choices!
TRUE PC-COMPATIBILITY ON THE INDUSTRY-
PROVEN STEbus

STERC / STEbus expansion signal-conditioning

-spcgg PROCESSOR ] S ~ iy Ribbon-cable bus to a
© PC-compatible a b= compatible family of real-
, 4.77MHz 8088,8087socket e ) memory world interfaces:
256k RAM. up to 128K EPROM mass storage o thermocouple inputs
 Standard PC keyboard connector Y T o input filtering
SP*E,GA VIDEO CONTROLLER | ; 0). [ - ﬁf& :)“””km“
oy ik WIBIRRNT] oo | oo
16 of 64 colours N analog 1/0 o darlington driver
256k video RAM I m outputs
[$PDC -~ DISK CONTROLLER J O Q iuml 3
5 ni/lemperature
] ll:g lc: gﬂ?tg)ée/&%m disks C N mollor contr;)l [ sensor inputpc
, supports DMA and interrupts -] v pOWEr SUppY 0 relay outputs, SSRs
| SPCOM — SERIAL/ N N | o opamp bulering
PARALLEL 1/0 - S\ industrial amplifcation
PC-compatible W = networking ﬂ 1,analog isolated 1/O
2 serial ports utility options ) prototyping board
2 | parallel port

@Rrcom

CONTROL SYSTEMS LTD

Arcom Control Systems Ltd., Units 8-10,
Clifton Road, Cambridge CB1 4WH.

Phone: (0223) 411200  Fax: (0223) 410457
Tlx: 94016424 ARCSG  Easylink: 19014905

A member of the STE Manufacturers & Users Group

Distributors: Dean Microsystems (07357) 5155
Farnell Electronic Components (0532) 636311
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COMMENT

Innovation for

[irrigation

echnology has by-passed the poorer nations of the world — the Third World - and,
since the growth of technology is self-fuelling, the relative densities of
technological ground cover in northern/western and southern/eastern areas
cannot, without some serious commitment, even begin to approach each other.

Differences in attitudes and scale are well known, but remain to beggar the
imagination. On asmall canvas, there is the contrast between a difficulty in choosing
one’s new video recorder and a decision on whether to eat today or tomorrow. Larger in
scale but possibly no more resistant to the western imagination are the agonies of
decision between the types of power station to build for the next century and the hope that
some day it might be possible to contrive a supply of water for irrigation and drinking.

All this has been in the western consciousness for many years but, in the main, that is
where it stays. There is a great amount of talk about the provision of technological help for
the backward nations, but precious little emergent hardware. It may be that the talk is
about the wrong kind of help anyway. When a nation’s need are so very basic, discussion
on the frequencies to adopt for its very own satellite television broadcasting system can
appear sensationally irrelevant to the churlish, who have their eyes and feet on the

undernourished ground.

Yet, technology encompasses everything from the manufacture of toothpicks to
interplanetary travel: it ought not to be totally impossible to channel some of the effort
that goes into the production of equipment that offers only slight modification of the
western way of life, such as the enormous output of domestic electronic entertainment,
into small and relatively simple projects that would make a huge difference to someone

trying to scrape a living from the parched earth.

Without a doubt, funds raised by the wholely praiseworthy efforts we have seen in the
last few years have been desperately and instantly needed for “first-aid” relief of famine
and disease and it is galling to learn that the difficulties of distribution and political
manoeuvrings sometimes frustrate the efforts of relief organizers to put the aid where it is

needed.

Since it seems inevitable that some small fraction of such funds will always be lost in
this way, it may be that a little could be “officially” deducted and used to finance some kind
of longer-term assistance in the form of the development of low-tech equipment to
answer the call for better agriculture, power generation, communication, medical care,

water purification and much more.

It is possible that our own branch of engineering could offer solutions to some of the
problems — communication and power generation, for example. One wonders what would
be the effect if one hundredth of the effort that goes into the launching of one television
broadcasting satellite were used to reduce the incidence of future famine and pestilence’
by the development of a little practical. simple. reliable and affordable technology.
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Programming p.l.ds

Design and implementation of a low-cost microprocessor-controllable

any logic tasks are too complicated
Mfur s.s.i/m.s.i. devices and too sim-

ple for a microprocessor. Custom
chips reduce the number of compon-
ents in the logic system but design-
ing them can be a long and expensive
process, which deters many would-be users.

Programmable logic devices, p.l.ds, pro-
vide an optimum solution for most medium-
complexity logic and control-sequence
applications. They combine programming
flexibility with high speed and an extensive
selection of interfacing options and they cut
costs by reducing inventory, package count
and p.c.b. size. Compared with custom i.cs,
p.Lds have avery much shorter design time.

Programming a p.l.d. involves selectively
fusing NiCr links by applying specific voltage
levels to the device inputs and outputs. This
article describes the design and implemen-
tation of a programmable logic device
(p.1.d.) programmer for Signetics PLS100/
101 field-programmable logic arrays.

The programmer has bus-structured i/o
for connection to a microprocessor. Being
microprocessor controlled, the design can
easily be modified to suit many other types of
fusible-link p.l.d.

ACLOSER LOOK AT PLDS

The PSL100, with three-state outputs, and
the PLS101, with open-collector outputs,
are bipolar programmable logic arrays with
48 And product terms and 8 Or sum terms.
Each Or term controls an output function
which can be programmed to be either true
or false. True represents active high (F ) and
false represents active low (F,*).

For each output function, the true state is
activated by any logical combination of 16
input variables, or their complements, for
up to 48 terms. To implement the desired
logic, the And and Or matrices and the out-
put polarity have to be programmed.

Figure 1, the logic-equivalent path of the
p.l.a.. shows that each input variable is
present in both true and complement forms.
In the And matrix, there are 48 And gates,
eachwith 32 inputs designated |, 5 and 1, ;5.
The And matrix produces 48 outputs, P, 7.
each of which is a logical product of the
input variables.

Symbolically, P,=1;I,. where i is 0 to 47,
is 0 to 47 and k is 0 to 15. For example,
output from the seventh And gate could be,

P7=l“.ig.lr.ix.ig.lls. (])

Outputs of the And gates connect to Or gates
to obtain the sum terms. Each Or gate has 48
inputs, Py ;. from the And matrix. Eight

programmer for fuse-link logic.

V. LAKSHMINARAYANAN
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Fig. 1. Logic-equivalent path of the fuse-programmable logic array.

TRUTH TABLE
10V
Do D, D, D, FE
10k
1 1 1 0 0
1C
K
ey 10k 33 1 1 0 1 1.5V
2N 2905
39 1 0 1 1 4y
) oin 0 1 1 1 17v
(1Ce) ofpla
2k2 Y
TRUTH TABLE Do 2N 2905
2K2
'cl.l 'CZ.G 'n
0 1 10V
1 0 0
1 1 v ToFE
of pia
0 0 Not
Allowed Itg

output
Fig. 2. Programming-voltage switching cir-
cuits. (a) is for lines lg.; and (b} is for Veg.

sum terms. S, each of which may be a
logical combination of up to 48 P terms, are
produced by the Or matrix so,

47
s,=2|’,
j=0
where i is 0 to 7. Output of the second Or
gate for example could he,

ELECTRONICS & WIRELESS WORLD




S~_)=P|+ PJ‘*‘P;“FP{FP;A' ‘2’

Each output from the Or matrix can be

programmed either active low or active

high: _

F,=CE+S§,

represents active-high programming and.
F*=CE+S,

represents active-low programming. For ex

ample output function F; may be program

med active low, inwhich case.

F;*=CE+S;

PLD PROGRAMMING

All the inputs and their complements con-
nect through fusible NiCr links to the And
gate inputs. Similarly, the And gate outputs
connect through fuse links the Or gate
inputs. Outputs of the Or gates connect to
one set of exclusive-Or gate inputs whose
inputs are also fusible links.

Programming involves fusing the NiCr
links. Inputs of the And gates can be pro-
grammed in one of the following ways.

In and 1,, both absent — hoth links to he
fused (don't care).

- I, present and [, ahsent - I, link to be
fused.
I, present and 1, ahsent — 1, link to be
fused.

I, and I, both present — not permitted.

Thus, in our earlier example, equation (1),
the links to be fused out are, 1, 1, 1,, 1., 1,
I; lg,l‘ lr l I.,. |., 17, lx lu I]n Ill. l|| l”
I|) I|) ll: I“ IH l“ l|, This leaves out the
essential I terms.

Similarly, other P terms can be program-
med as required. Each Or term can be
programmed in one of two ways,

P, ispresent don't fuse the P, link.
P, isabsent-fuse the P, link.

In equation (2) the links associated with the
P terms which do not appear in the function
S, should be fused. Similarly, the other Or
terms are programmed.

To summarize, all input variable links of
unused P terms are not required to he fused.
However, unused variables must be pro-
grammed as don't-care for all programmed P
terms. Similarly, all P,, links in the Or matrix
corresponding to unused outputs and un-
used P terms are not required to be fused.

Input data to the p.I.d. programmer con-
sists of the logic functions that are required
to be generated by the p.l.a. These functions
have to be encoded in a particular manner.

PROGRAMMABLE LOGIC DEVICES

Programmable logic devices, or p.l.ds. describes a group of i.cs including programmable
read-only memories (proms), programmable logic arrays (p.l.as), and programmable array
logic (pals). Essentially, these devices consists of And and Or-gate arrays in a two-level
architecture and are used for implementing logic functions.

A ber of input variables, in both true and complement form, connect to an array of And
gates whose outputs in turn connect to the inputs of Or gates. Programmable logic devices,
i.e. proms, p.l.as and pals, differ in the way that their built-in logic can be used, Table 2.

Each type of p.l.d. can be used to implement Boolean equations in sum-of-product form.
Programmable logic arrays are the most flexible since both their And and Or arrays can be
programmed, but they are alsc the slowest of the three types. Programmable roms have a
fixed number of inputs and outputs and do not permitany flexibility in the use of their built-in
logic, butthey are faster than p.l.as.

Flexibility of programmable array logic — the fastest of the three structures — is in between
that of proms and p.l.as. Features such as programmable i/o pins, buried state registers and
alterable clock functions make pals ideal for implementing logic functions.

There are two principal types of p.l.d., namely fuse-based p..ds and erasable p.l.ds.
Fuse-based p.l.ds have fusible links made from materials such as nickel-chromium or
platinum silicide and can be programmed only once. Like eeproms and eproms, electrically
and ultra-violet-erasable p.l.ds have cell arrays that can be programmed more than once.

A virgin fuse-based p.l.d. has all its fusible links intact and is programmed by blowing open
selected fuses with a p.l.d. programmer. Erasable p.l.ds have no connections at aII logic

For both types of programming, the fuse
pattern, or map, can be produced by an
assembler which translates Boolean equa-
tions in a high-level language into a low-
level programming pattern.

functions are programmed by selectively making connections.
Table 2. Difterences between various types of
programmable-logic device.

Function Pyom

And
Or—

Pla. Pal

Fixed Programmable Programmable
F_‘nog_mmmable ProyammablLFixed

Fig. 3. Voltage switching. In (a) above, four voltages — OV, 4V, 10V and 17V — are switched
for output pins of the p.l.d. Three voltage levels for V. are provided by the circuit in (b)

below.

TRUTH TABLE

LA, OUTPUTF,

T e

The output of the programmer is a specific
sequence of waveforms which are impressed
upon the various pins of the fusible-link
p.l.a. These waveforms carry out the pro-
gramming and the verification of the desired
logic.

SYSTEMARCHITECTURE

The complete p.l.d. programmer consists of
a microcomputer, a programming module
and power supplies. In my prototype a
780-based processor with 64Kbytes of ram, a
3MHz clock and i/o ports formed the micro-

ADVANTAGES OF PLDS

time of the product that the logic is part of.

Programmable logic devices have the same flexible architecture as custom i.cs but they are
more readily available, cheaper and easier to design.

To obtain a committed gate array or custom i.c may take several months of effort, involving
the production of test vectors. An equivalent logic design implemented using p.l.ds can be
completed in afraction of the time, which in turn can drastically reduce the overall evaluation

Being standard off-the-shelf i.cs, p.lds retain their cost advantage when used in
high-volume production, Since each p.l.d. replaces several s.s.i./m.s.i. devices,
reduced. This high functional density also reduces production, inventory and testing costs.

Some p.Lds include a security fuse which can be blown after programming to prevent
access to the programming structure and hence copying of the design.
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data bus and control signals i/o read, i/o
write and i/o valid (& iow and v ). All pro-
gramming and verification of logic functions
for the p.l.d. are under the control of this
processor.

Software for carrying out these tasks was
written in Intel 8085 assembly language.
The HEX file was loaded into the micro-
computer memory through a serial link
from a PDP 11/40 computer. A terminal and
keyboard which can communicate with the
c.p.u. through CP/M kernel form the prog-
ramming station.

PROGRAMMING MODULE

The programming module contains the
logic and circuits necessary to produce the
various voltages required for programming
and verifying the p.l.d. It consists of the
following sub-assemblies.

— Address-selection logic consisting of an
LS85 4bit comparator and an LS138 3-of-8
decoder.

- Data latching and voltage generation cir-
cuits consisting of '07 buffers, LS374
latches and voltage-switching circuits.

— Power supplies consisting of voltage reg-
ulators for 6V and 17V, with current
regulators.

Address-selection logic consists of two
levels. One level selects the Programming
module from the various cards connected to
the microcomputer system and the other
selects individual latches within the pro-
gramming module. To achieve card selec-
tion, the higher nibble of the address on A7
is compared with a four-bit dip switch value
in a digital comparator (LS85). If these two
four-bit values are equal, and simultaneous-
ly iow is low signifying an i/o operation, the
programming module is enabled. When the
programming module is selected, the com-
parator enables two 3-of-8 decoders which
also connect to the lower nibble of the
address byte, A, 4. These decoders generate
clock signals for the nine LS374 data latches.

In the data-latching and voltage-
switching circuits, two L8245 buffers pro-
vide communication between the program-
ming module and microcomputer. Data-
flow direction is determined by these buf-
fers, depending on whether a read or a write
operation is being carried out.

Data required for voltage-switching cir-
cuits is pre§ent on the data bus only during
certain times: at other times the data bus
carries instructions and various kinds of
data. For this reason, the data bus cannot be
directly connected to the control points of
the voltage-switching circuits. Nine latches
connected to the databus, IC ; o.y; in Fig. 5,
allow data required for voltage switching
circuits to be latched from the data bus when
required.

Various voltages required at the various
pins during programming and verification of
the programmable-logic array are shown in
Table 1.

Figure 2(a) switches three voltage levels,
0. 4V and 10V, for the eight input lines 10-7.
A similar-voltage switching circuit is used
for the eight input lines 18-15. Fig.6. Tran-
sistors for all the voltage-switching circuits

b A6

PROGRAMMING OTHER PLDS

FE | 28pin socket Ve

h lg

Iy s

Fq (3
Fo

Fy

GND x|

Devnce types other than the PLS100/101 can be programmed by making modifications. With
minor software modifications, using a piggy-back socket like the one shown here allows
24-pin PLS161 p.l.as and PL$162/3 address decoders to be programmed.

Similar modifications facilitate the programming of common proms like the 82523/123,
which are widely used for microprocessor address decoding. Adding further latch i.cs and
software to provide signals such as clocks, the PLS105 logic sequencer can be programmed.

17v

Table 1. Voltage levels required at various p.ld. pins.

Pinname OV 15V 4v 5V 875VI10OV 17V
loas X X X

For x x X x
- x X x

FE x X x x
CE X X X

are chosen depending on the currents and
voltages required.

Figure 2(b) switches four voltage levels
i.e. 0, 1.5V, 4V and 17V, for Vg and the
circuit in Fig.3(b) switches three levels, 0,
5V and 8.75V, for V¢c. There are two units,
one for Vgg and the other for V¢c. Data
nibble, Dy._; controls the Vi switching stage
and the upper three bits, D44, control V.
Truth tables for switching these various
voltages are given in Figs.2, 3.

Latch ICyq,y, in Fig.5 has two functions:
firstly it switches voltages for CE and
secondly it produces control signals for the
latches controlling the other switching cir-
cuits. These two functions are carried out by
two four-bit latches (74LS175).

Voltage switching for CE of the p.la.
provides three voltage levels 0. 4V or 10V.
The latch enable signal generating part of
this circuit produces the enable signals for
the other latches. These control signals
named exc.earand emin Fig.5.

Four voltage levels, 0, 4V, 10V and 17V,
required for the output pins of the p.l.a. are
switched by the circuit of Fig.3(a). The

Vnnr_l Vout
ov—e EU —6V
Vadj %22 4 NG00
100n e 10p
oV J_ 220 10V
100n

Fig. 4. Regulator i.cs provide some of the
voltages needed to program the p.l.d.

truth-table for switching these voltages is
also given.

Each of the p.l.d. programming-module
supplies, of 5V, 10V and 25V, is rated at more
than 1A. Other voltages are derived using
voltage regulators as shown in Fig.4. Cur-
rent output of the 17V supply is limited to
350mA using a 7805 regulator configured as
acurrent regulator.

Figure 5 shows the complete circuit dia-
gram of the p.l.a. programming module.

V. Lakshminaravanan obtained his B.E. in
Electronics Engineering from Bangalore
University in 1981 and an M.E. in Electrical
Communication Engineering from the Indi-
an Institute of Science in 1983.

Software will be discussed in the next article.
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Sound Recording Practice, third edition,
edited by John Borwick for the Association of
Professional Recording Studios. Oxford Uni-
versity Press, 557 pages, hard covers,
£39.50. Definitive survey for studio users
and operators, covering all aspects of the
subject and drawing on a variety of experi-
enced practitioners. Topics include studio
design, equipment, operation and mainte-
nance, tape duplicating, disc processing
(vinyl and CD), post-production work, radio,
tvand film. Contents have been brought well
up to date with references to digital signal
processing, pressure zone microphones,
direct metal mastering, Reed-Solomon
codes, Sypher, Necam and Nicam; and on
the artistic side, to matters such as micro-
phone placing for authentic-style perform-
ances of baroque music.

Sound Advice by Les Woodland. Jay Books
(Woodside, Hadlow Park, Hadlow, Tun-
bridge Wells, Kent TN11 OHZ), 120 pages,
soft covers, £5.50; ISBN 0-951008-65-X.
Informal introduction to the radio and re-
cording studio, dealing with interviewing
and programme-making techniques as well
as technical matters. The author, who is now
a senior producer with the BBC, describes
this as the book he wishes he’d had when he
started.

An Introduction to Distributed and Parallel
Processing by John A. Sharp. Blackwell
Scientific Publications Computer Science
Texts, 174 pages, soft covers, £14.95. Text
based on the author’s one-term course for
final-year undergraduates at the University
of Swansea. Sections cover parallel
architectures, distributed systems, pro-
gramming (occam etc.) and future compu-
ter architectures.

Sensors and Transducers by M. J. Usher.
Macmillan, 163 pages. soft covers, £7.95.
Undergraduate text for first-year students of
engineering, physics and information tech-
nology, covering the principles and prop-
erties of the most important types of trans-
ducer. Each chapter is accompanied by
exercises and there is a select bibliography.

Transducers for Microprocessor Systems
by J. C. Cluley. Macmillan, 107 pages. soft
covers, £6.95. Guide for electronic en-
gineers and students to the selection and
application of transducers, covering data
acquisition, microprocessor interfacing and
output devices.

Radar Systems by Paul A. Lynn. Macmillan
New Electronics, Introductions to Advanced
Topics, 145 pages, soft covers, £8.95. Princi-
ples and practice of radar systems. with
particular attention to modern air traffic
control radars. The closing chapter includes
technical details of existing and planned
systems in Europe and the US.
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R.F. EQUIPMENT MANUFACTURERS

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATCR
PRICES FROM £192.39 (excluding VAT & camiage)
Prices CCIR/I3 £203.93

A CCIR/3-1 £260.54
CCIR/3 SPECIFICATION r
| Power requrement 240V 8 Watt (avalable other voltages) |
Video ‘nput 1V Pk-Pk 75 Ohm
Audio nput .8V 600 Ohm
FM Sound Sub-Carne- 6MHz (available 5.5MHz)
Modulztion Negative
IF Vision 38.9MHz
IF Sound 32.9MHz (available 33.4MHz)
Sound Pre-Emphasis S0us
Ripple on IF Saw Flie: .6dB
QOutput (any channel «7-860MHz) +6dBmV (2mV) 75 Ohm
Vision to Scund Powver Ratio 5t0l
Intermoduletion Equal or less than 60dB
Spurious Hermonic O:tput -40dB (60dB if fitted with TCFLI filter or
combined via TCFL4 Combineﬂgvdlex
|CcCIR3-1 Specification as above but output level
60dBmV 1000mV
| Other Options Avala:le LF. Loop/Stereo Sound/Higher Powe: Output
1A.Ilem.iuve Applicatians CCTV Surveillance up to W00 TV chennels

down or.e coax, telemetry camera control
signals, transmitted in the same coax in the
reverse direction.

WALLMOUNT DOUBLE SIDEBAND
TELEVISION MODULATOR
PRICES FROM ONLY£104.53 (excluding VAT & cariage)

e ——

t ~

CCIR’S MODULATOR SPECIFICATION l

Power R2quirement 240V
Vide> Iout 1V Pk-Pk 75 Ohms
Audi> Input 1V rms 30K Ohms
Visian tc Sound Power Ratio 10101
QOutput 6dBm V (2m V) 470-860MHz
Modalaron Negative
Audp Sub-Camer 6MHz or 5 5MHz
Frequency Stability 15 Deg temperarure change 150Kz
Intermeculation less than
Sourd Pre-Emphasis 50us
Double Sideband Modulator (unwanted sideband can be suppressed using TCFL4
Combiner/Leveller)
4 e— —

19" RACK MOUNT VHF/LHF -
TELEVISION MODULATOR  B2¢e%. | | Moduletor  £104.53

- PRICE AT ONLY £180.00 (excluding VAT & carmiage) CCIR'5-2 2 Modulators £159.99
CCIR’5-3 3 Modulators £226.28
CCIR’5-4 4 Modulators £292.56
CCIR/5-5 § Modulators £358.85

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulator:

1

|

A - |

TCFL2 2 Channel Filtex/Combiner/Leveller. Insertion loss 3.5dB |
1

|

ITCFIA 4 Channel Filtex/Combiner/Leveller. Insertion loss 3.5dB
TSKO Enables up to X TCFL4 or TCFL 10 be combined.

TAYLOR BROS
(OLDHAM) LTD

e e e e e e ——

T T T BISLEY STREET WORKS
Video cpu Wrom o LEE STREET, OLDHAM, ENGLAND
IAut".w Monitor Cutput 4 Ohrus TEL: 061 652_322’]

Tunable by internal preset

Avallable for PAL System I or BG i TELEX: 669911 ]AYI_OR G

- —_ 2

[optors el o Tl el s FAX: 061-626-1736
Stereo Sound. - e = _|
" - - E—

ENTER 6 ON REPLY CARD

ELECTRONICS & WIRELESS WORLD 9




Radio frequency lin

budgets

An understanding of the principles provides a powerful,
accurate and quick method of analysing the type of system

or any radio communication link, the
Fhasic requirement is that the received

carrier is strong enough for us to
recover the information modulated on it. The
exact signal to noise ratio needed of course
depends on the type of modulation and the
design of the demaodulator,

It is very useful to be able to calculate the
carrier, or pre-detection, signal-to-noise ratio
from parameters such as transmitter power
and receiver antenna gain. This technique is
called a link budget calculation - a budget,
because the various parameters represent
gains and losses. Increasing antenna size and
transmitter power are ‘gains’ or ‘profit’, while
increased distance and receiver noise are
losses. The aim of the calculation is to find out
if a system is good enough without going to
the expense of buitding it.

First of all, we can calculate the amount of
power arriving at the receiving site. Obviously
this depends on the transmitter’s effective
isotropic radiated power (e.i.r.p.} which is
simply the r.f. power multiplied by the trans-
mitting antenna gain. All antenna gains are
referred to a theoretical isotropic radiator.
Often it is the e.i.r.p. which is specified for the
transmitter.

Confusion can arise from the use of deci-
bels, but this is the simplest method because it
results in manageable numbers. The conven-
tion here will be powers in B\, i.e. decibels
above or below one watt. Some parameters are
expressed both as a numerical ratio and in
decibels. If the ratio in decibels is R then the
numerical ratiowill be writtenas R,

It is first necessary to calculate the path
loss, 1.e. the loss due to the distance between
the transmitter and receiver. This can be very
difficult to assess. as in an h.f. link for
example; but for line of sight paths, such as
satellites, it is very easy. The line of sight case
will be used here but of course if a path loss
model is available the method may be used
more generally,

Figure 1 shows a transmitting antenna and
a receiver located at a point d metres from it.
Clearly all the radiated power must pass
through the surface of the sphere of radius d.
The power density at the receiver is simply

radiated power .., .
- —————\\'m
sphere surface area

At pointdin terms of dBW,

10

needed to achieve a specific link.

M.L.CHRISTIESON

9

power density = P,,,~10log (4md*) dBWm ™

where P, =transmitter effective isotropic
radiated power.

The parameter needed is therefore the
distance between the transmitter and receiv-
er. This may be known directly but in the case
of a satellite it may be calculated from the
orbit height and the elevation. This distance is
sometimes called the slant range. The applica-
tion of the sine rule to the orbit geometry
yields

cos (E+1D (R.+h)

cosk

d=slant range=

-1R.cosE
R.+h

where H = sin

R.= earth radius

h = height of orbit

E = elevation from horizon of satel-
tite from station

Note that the equation for path loss requires d
in metres.

The amount of power collected by the
receiving antenna depends on its effective
aperture. For a dish the concept of aperture is
easy: but it is not so obvious in the case of, for
example, a dipole. However antenna gain and
aperture are related thus —

where G’ is the numerical gain, A the effective
aperture in square metres and X the wave-
length in metres.

With this relationship any antenna, the
gain of which is known, may be used. If the
aperture size is to be used directly a correction
must be made for efficiency which for a
reasonable reflector varies between 500 and 80
per cent.

At this point the signal power. Py. available
at the output of the antenna terminals can be
calculated.

Ps=P,,,— 10log(4md?) + 10logA dBW

Since signal-to-noise ratio is the ratio of signal
power to noise power all that is now needed is
the noise power. However this is not as easy as
it sounds.

Receiver

l Transmitter

Fig.1. A receiver is located d metres from a
transmitter. All the power radiated by the
transmitter passes through a sphere of
radius d. Power density at the receiver is
therefore equal to the radiated power di-
vided by the sphere’s surface area.

BANDWIDTH CONSIDERATIONS

It was not necessary to consider bandwidth
while calculating the signal power, except that
we assumed it to be sufficient to allow most of
the signal through. However as noise is
considered to have a constant power per unit
bandwidth, noise power is proportional to
bandwidth. Rather than state the bandwidth
at the start of the calculation it is easier to
calculate the noise power in a 1Hz band and
correct at the end. The noise powers involved
are rather small but by using the concept of
noise temperature we can make the calcula-
tions simpler and independent of bandwidth.

It can be shown that any resistor at above
ahsolute zero temperature produces noise
power proportional to its absolute tempera-
ture,

Pxy'=KTB watts

where Py’ =noise power: K is Boltzmann’s
constant, 1.38 x 107K B is the
bandwidth in hertz; and T is the
temperature in kelvins.
From this it can be seen that noise tempera-
ture is a measure of noise power per unit
bandwidth.

SOURCES OF NOISE
There are two main noise sources: internal,
i.c. that produced by the receiver itself, and
external, that received through the antenna.

ELECTRONICS & WIRELESS WORLD



External noise can be from the ground,
caused by electron movement at ambient
temperature, or from sources in the sky and
atmosphere. At low frequencies external or
antenna noise dominates that produced by the
receiver.

Figure 2 shows how antenna noise de-
creases with frequency, reaching a minimum
between 4 and 6GHz. Above 6GHz it starts to
rise again because of attenuation caused by
water vapour and oxygen in the atmosphere. It
may not be immediately obvious why it
appears virtually independent of antenna
gain. This is true only if noise is assumed to
arrive equally from all directions. A high gain
antenna receives noise strongly from one
direction while a low gain one receives weakly
from all directions; the result is almost the
same. If a strong point source of noise, such as
the sun, is in the antenna beamwidth, massive
errors will result. Low gain antennas have
difficulty differentiating between ground and
sky noise and allowance should be made for
this.

Using data such as that in Fig. 2, an
assessment of antenna noise temperature (T,)
may be made although it will not be particu-
larly accurate. Every engineer seems to use a
different curve.

RECEIVER NOISE TEMPERATURE

Most readers will be familiar with the concept
of noise factor or figure for amplifiers and
mixers. Using the noise figures for each item
in the receiving chain it is possible to calculate
overall system noise performance, which can
also be expressed as a noise temperature.

Individual noise figures are converted to
noise temperature, thus —

T=290(N"—1) kelvins

where T is the input noise temperature and N’
the numerical noise figure (i.e. not in de-
cibels).

The whole concept of system noise per-
formance relies on referring all individual
noise temperatures to the antenna terminals.
If another reference point is used it is possible
to be fooled.

Figure 3 shows an example receiving sys-
tem. The individual noise temperatures must
be referred to the reference point and are then
simply added together. A lossy element such
as a cable has a noise contribution to the
system and therefore a noise temperature. It is
given by

Te= Wkelvins

where Ty is the cable input noise temperature
and « is the numerical loss (i.e. 3dB means
«=0.5). Since antenna and cable tempera-
tures are already at the reference point they
are ready for use.

The temperature of the first amplifier must
be reduced by the ‘gain’ of the cable. The
temperature of the second amplifier is re-
duced by all the preceding gains, i.e. the cable
and amplifier one. The mixer temperature is
reduced by the gains of the cable and ampli-
fiers one and two. This is why, providing that
the first amplifier has significant gain, the
noise performance of subsequent stages is not
so important.

ELECTRONICS & WIRELESS WORLD

W0 v+—————

ANTENNA NOISE TEMPERATURE (KELVIN)

Elevation>20°

10
100MHz

Ty

10GHz

e -
1GHz

FREQUENCY

Fig. 2. Antenna noise decreases with fre-

quency, falling to a minimum at about 5GHz.

Thus the system noise temperature T, is

T
(@G’ )(G'5)

+ kelvins

TA+TC+L PR’
a  (a)lG')

Note that gains are numerical ratios, not
expressed in decibels.

T. may now be converted to noise power
using Py=KT, By watts where K is Bolt-
zmann's constant and By is the noise band-
width.

Noise bandwidth will depend on the mod-
ulation and signal bandwidth: in the simplest
case it equals the signal bandwidth. It may be
less, for example, in the case of frequency
demodulation using ap.l.1.

Since both signal and noise power are now
known, the signal to noise ratio, SNR, may be
calculated:

SNR'= signal power
noise power
where SNR’ is the numerical signal to noise
ratio.
As the signal power was calculated in dBW
the noise power should be converted,
Py=10log Py’

therefore SNR=Ps—Py.

Antenna temp = Ty

REARRANGING EQUATIONS

The equations stated so far can now be
collected together to produce a single
relationship for predetection signal to noise:
ratio
Since SNR=Ps—Py, SNR=
Peirp—10 log (Amd*)+ 10 log A
10 log (KT By)
Using the relationship between gain and

aperture tor an antenna,
= AmA
e
then oY
A=
4

Expressing the gainindB, i.e. 10log G', then
2
10 log A=G+10 log ()
4w

and so the signal-to-noise ratio is given by

Pu.p— 10 log (4md%)+G+10 log(%)
— 10 log (KT, By) T

Collecting terms, SNR can be expressed as
Peirp+G—10log T,—10 log K- 10 log By
16%° d*

10 log ( 3z )

The last term is often referred to as the path
loss as it is the loss between two isotropic
antennas. Note that it is frequency dependent
because the relationship between gain and
aperture is frequency dependent.

The second and third terms are often
combined, called ‘G over T', and used as a
measure of receiver performance, i.e. G/T
=(G—10 log T,. Note that the value has no
physical meaning.

A specific G/T may be produced by a high
gain antenna and a poor receiver or by a low
gain antenna and a good receiver. Note that
the lower limit for T, is Tj.

Another term often encountered in the
literature is C/N, or C/KT. This is the pre-
detection signal to noise ratio in a theoretical
1Hz bandwidth and is a useful measure of link
performance independent of signal band-
width, i.e. C/N, or C/KT=SNR+10 log By.

This means that
C/Ny=Puirp +|G/T| - 10 log K—10 log Ly
where G/T is expressed in dB/K.

Cable
First Second .
- > . > Mixer
amplifier amplifier
Loss= o
Gair=064 Goin=G2 Temp =Ty
Temp =Ty Temp=T>

Reference point

Fig.3. Example receiver system. Individual noise temperatures must be referred to a
reference point then they can simply be added tcgether.
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10 'Link budget estimating program system

25 'Earth radius

30 RE=6378

40 PI=3,14159

45 ‘radian/degree conversion constants

50 CDR=PI/180

60 CRD=180/P1

70 PRINT: PRINT: PRINT: PRINT

80 PRINT"LINK BUDGET CALCULATION SYSTEM"

90 PRINT: PRINT: PRINT: PRINT

100 INPUT"Enter orbit height, 35798km for
geostationary satellites";H

110 INPUT"Enter elevation of satellite,
degrees";EL

120 EL=EL*CDR

125 'calculate slant range

130 SINAN=(RE*COS (EL) ) / (RE+H)

140 GOSUB 510

150 SLR=COS (EL+ANGLE) * (RE+H) /COS (EL)

160 PRINT: PRINT: PRINT

170 PRINT"Slant range in km is "SLR

180 PRINT: PRINT

190 INPUT"Frequency in MHz";F

200 PRINT: PRINT

205 'calculate path loss

210 L=20*.4343% (LOG(SLR*F))+32.44

220 PRINT"Path loss is ";L;%“dB"

230 PRINT: PRINT

240 INPUT"Enter satellite e.i.r.p. in dBW"
;P

250 INPUT"Enter antenna aperture diameter
in metres";D

260 INPUT"Enter efficiency, per cent";ETA

270 ETA=ETA/100

280 LAM=300/F

285 ‘calculate antenna usable gain

290 UG=(4*PI*PI*(D/2)“2*ETA) /LAM"2

300 UG=10*.4343*L0OG (UG)

310 PRINT: PRINT

320 PRINT"Usable antenna gain is *;UG;*dB"

330 PRINT: PRINT

340 INPUT"Enter receiver noise figure in
dB";NF

350 INPUT"Enter antenna noise temperature
in kelvins";TA

355 'calculate receiver temp

360 TR=290+* (EXP (NF/4.343)-1)

365 'calculate system temp

370 TS=TR+TA

375 ‘convert to dB

380 TS=10*.4343+LOG(TS)

385 '‘calculate G/T

390 GOT=UG-TS

400 PRINT: PRINT

410 PRINT"System G/T is *;GOT;"dB/K"

415 ‘'calculate C/Ng

420 CNO=P+GOT-L+228.6

430 PRINT"C/Ng is “;CNO;"dB.Hz"

440 PRINT: PRINT

450 INPUT"Enter noise bandwidth in kHz";B

460 B=B*1000

465 ‘calculate C/N

470 CN=CNO-10*,43413*LOG(B)

480 PRINT: PRINT

490 PRINT"Carrier to noise ratio at
detector is “;CN;"dB"

500 GOTO 70

505 *arcsine subroutine

510 ANGLE=ATN (SINAN/SQR(-SINAN*SINAN+1))

520 RETURN

16wt d?

A2

L or path loss.

Signal to noise ratio may be calculated once
the bandwidth has been stated —

SNR=C/N,—10log By

A minor confusion can arise when
measurements are made from a receiver. The
quantity most often measured is (S+NWN. i.e.
the numerical ratio of i.f. power with the
signal on and off. It may easily be converted
thus,

S+N 1)

SNR=10log (

At low ratios there is a significant difference
between the two, but over about 10dB they are
approximately the same.

USING THE EQUATIONS

One of the best ways to use these relationships
is on a computer or programmable calculator.
This enables many permutations to be tried in
the time it would take to do one by hand. The
listing shows a simple Basic program which
has been most useful. It uses only the simplest
Print statements so it could be viewed as
crude; but, in its defence, it should work on
most machines.

As can be seen from the equations, the level
of mathematical skill required to work on link
budgets is not great. But an understanding of
the principles provides a powerful, accurate
and quick method of analysing the type of
system required to achieve a specific link. It
has been used many times on satellites like
Meteosat, Tiros-N, ECS and Intelsats at v.h.f.,
Sband, C band and Ku band. The results have
always been accurate to within a dB or so.

Mike Christieson is with Feedback Instru-
ments at Crowborough in Sussex. His pre-
vious articles for Electronics & Wireless
World have dealt with the theory and prac-
tice of parabolic dish antennas and the
reception of images from weather satellites.

- ' BOOKS |

Major Advances in Parallel Processing edited
by Chris Jesshope (of the University of South-
ampton). Technical Press — Unicom Applied
Information Technology Reports series, Gow-
er Publishing (tel. 0252-331551), 388 pages
A4, soft covers, £50 (ISBN 0-291-39728-X).
Major sections cover new techno-
logy; system architectures; parallel languages;
methods and applications; and the market-
place for parallel computers. Appendices
summarize products from Amdahl, Apollo,
BBN, Concurrent Computer, Control Data,
Convex, Encore, Flexible, Goodyear, Intel,
Logica, Marconi, NCUBE, Norsk Data,
Numerix, Sension, Sequent, Stonefield and
Topexpress. The 27 articles are by various
hands (mostly British) drawn from industry
and higher education. Other volumes in this
series deal with fourth generation languages,
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computer-controlled interactive video, expert
systems and computer graphics.

Television & Radio 1988; Yearbook of Inde-
pendent Broadcasting, edited by Mike
Melaniphy. Independent Broadcasting Au-
thority, 190 A4 pages, £5.90. Review of the
year's activities on Britain’s commercial
radio and television networks, extensively
illustrated. Engineering matters are con-
fined now to just’ 10 pages (the useful
transmitter coverage maps having been
squeezed out entirely), but these include
brief descriptions of innovations such as
d.b.s. and ITCA's experimental digital stu-
dio, plus a slightly confused account of the
new ‘radio teletext' services which bring
Stock Market information to City financiers

as they relax on their golf courses. The
Yearbook's 1988 edition is to be the last; in
future, Independent Broadcasting plans to
promote itself in other ways.

Standards for Open Systems Interconnec-
tion by T. Knowles, J. Larmouth and K.G.
Knightson. BSP Professional Books, 388
pages, hard covers, £30. Comprehensive,
and comprehensible, guidebook to the Inter-
national Standards Organization’s ambi-
tious OSI standards for data communica-
tion.

Detection and Classification of Ice by Ed-
ward O. Lewis, Brian W. Currie and Simon
Haykin. Research Studies Press, John Wiley
& Sons, 325 pages reproduced from camera-
ready typescript, hard covers, £36.45. Re-
search study into surface-based radar sur-
veillance of ice at sea, also describing a
six-year radar evaluation programme and
ship trials of a new ice radar design devised
by the authors. This volume, edited by John
Clarke of RSRE, Malvern, is the first of a
serieson radar and sonar.

Quick reference guide to dBASE III Plus by
Robert A. Byers. Microsoft Press, Penguin
Books, 69 pages 108x280mm, soft covers,
£4.95. Alphabetical guide to this database
management language, with a brief descrip-
tion of each keyword.

dBASE III Plus by Douglas Hergert. Micro-
soft Press Command Performance Series,
Penguin Books, 646 pages 188x234mm,
£21.95. Heavyweight reference guide with
over 300 alphabetical entries covering all
dBASE Il Plus commands and functions.
Aimed at all classes of users, from casual to
advanced.

Managing your business with Multiplan by
Ruth K. Witkin. Microsoft Press, Penguin
books, 528 pages 188x234mm, £17.95.
Hands-on guide to Microsoft’s spreadsheet
for the IBM p.c., updated to cover release
3.0. Contents include a chapter on estimat-
ing project costs.

Puzzled Programmers by Michael Wiesen-
berg. Microsoft Press, Penguin Books, 254
pages, soft covers, £10.95. At first glance,
this looks like the ideal Christmas stocking
filler for the computer user. But the 15
stories are rather slight, and their accom-
panying puzzles are connected to them only
loosely. (Sample puzzle: “Find all the nine-
digit numbers that are perfect squares and
that use the digits 1 through 9 once each”.)
Brief hints are given on solving each prob-
lem and full solutions are supplied in Basic,
Pascaland C.

The Loudspeaker Design Cookbook men-
tioned in the October 1987 issue (page 994)
is available in the UK from Falcon Acoustics
Ltd, Tabor House, Norwich Road, Mulbar-
ton, Norwich NR14 8JT. The cost is £15
including inland postage, or £15.50 to
Europe; in the US, the price for the second
printing of this book has been increased to
$19.95. Falcon also distribute The Audio
Amateur and Speaker Builder magazines
plus other literature on loudspeaker design.
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FIRST QUALITY SECOND USER EQUIPMENT

OSCILLOSCOPES price
Tektronix
248% l * 300MHz: 4 Input channels: Delayed t/base: Screen & cursor r/out 3500
2445 * 150MHz: 4 Input channels: Delayed t/base: Screen & cursor r/out 2250
Enerte
5.,250.: * 100MHz: Dual Trace: Dual delayed t/base 750
Gould

1421 * 20MHz: Dual Trace: DIGITAL STORAGE 850
Phili
PM3310  * 60MHz: Dual ch./4 memory: High speed DIGITAL SRORAGE 1850
PM3266 * 100MHz: Dual trace: Delayed t/base:V.FAST PHOSPHOR STORAGE 1950

SIGNAL GENERATORS/SWEEPERS
Hewle
Packar:
8640B/1/2 . .

3 *  1-1024MHz:AM/FM var.int.mod.osc:Phase-locked:Rev.Pwr.protection 5500
8656B/001 * .1-990MHz:AM/FM:Phase-locked . 2950
8620C * RF/Microwave Sweep Generator Main-frame . 1500
86290B * 2-18GHz Sweeper plug-in module for 8620 series main-frames 5950

SIGNAL/SPECTRUM ANALYSERS
Hewle
Packar:
334A * Distortion Meter SHz-600kHz . 1500
8903B *  Audio Analyser-Dlstortlon/Freti{Sl :Noise/AC & DC volts:.02-100kHz 3300
141T/.. * Spectrum Analyser System: VARIOUS CONFIGS. from 20Hz-40GHz p.o.a
Marconi
2305 * Automatic Modulation Analyser . o . 3500
TF2370 * Spectrum Analyser: 20Hz-110MHz with built-in Tracking Generator 6950
FREQUENCY COUNTERS
Hewle
Packan‘;
5342A * Microwave Frequency Counter: 0.5-18GHz: with options from:- 3700
Marconi
2440I *  Frequency Counter:20Hz-20GHz 2850
Racal
9§04 * DC-50MHz Universal Counter/Timer 150
9917 * 10Hz-560MHz Counter 275
TERMINALS/VDUs/GRAPHICS
DEC
VT220 * Video terminal and keyboard 399
VT240 * Video term and keyboard 795
T ektronix
4105 *  colour graphics terminal: 13"Screen :480x360 resolution 1395
4107 * colour graphics terminal: 13"Screen :640x480 resolution 2500
4109 * colour graphics terminal: 19"Screen :640x480 resolution 3650
PRINTERS/PLOTTERS
Epson
FX 100 * 160cps/132col Erinter. Centronics I/face | 240
FX105 *  160cps/25¢cpsNLQ/132c0l printer. Centronics 1/face 340
Hewlett
Packard
2%731G * Thermal Text/Graphics printer. HP-IB I/face 295
7470A /1 * 2 pen/A4 graphics plotter RS232 I/face 650

475A * 6 pen/A3 graphics plotter. HP-IB or RS232 I/face 1250
Nicole

g’ta‘8 * 8 pen/Al graphics plotter.Roll/Fanfold Feed. HP-IB/RS232 I/face 2750

MICROPROCESSOR DEVELOPMENT SYSTEMS
Hewle :
packar: * 64000 series : Configured Systems prices from:- 4500

INTEL series 2,3 & 40  MOTOROLA & TEKTRONIX systems and
sub-systems, all available at attractive prices: We can supply a wide
range of emulators........ Please call us for full details.

PRICES EXCLUDE DELIVERY &VAT.
ALL ITEMS ARE COVERED BY OUR COMPREHENSIVE PARTS & LABOUR GUARANTEE' !

PHONE 01 943 4477

CARSTON ELECTRONICS LTD. 2-6 QUEENS ROAD, TEDDINGTON, MIDDX., TW11 OLR. ENGLAND. T el.01 943 4477 Telex.938120

THE ABOVE ITEMS ARE A SMALL SAMPLE FROM OUR RANGE! SO WHATEVER

YOUR EQUIPMENT NEEDS, PLEASE CALL, WE MAY BE ABLE TO HELP
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@ Easyl/Olnterconnection viadmm socketsor
0.1"PCB pins

@ Large open-plan board layout with full system
mimic allowing students to see the
microcomputer architecture

@ Trouble-shooting accommodated with

on-board switched faults and system test

points labe'!=d for easy identification

@ Professional on-board software facilities
include: Symbolic Assembler, On-Screen Editor,
Unified File System, accessing: Floppy Disk,
RS232 and Centronics Interfaces, De-Bugger
with Program Trace, Break Point Insertion and
Single Step Facilities

Send for full details

ll
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SCANNING RECEIVER
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The IC-R7000, advanced technology, continous coverage communications receiver
has 99 programmable memories covering aircraft, marine, FM broadcast,
Amateur radig, 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 narrow/AM upper and lower SSB modes with
6tuning speeds: 0.1,1.0,5,10, 12.5 and 25kHz. A sophisticated scanning system
provides instant access to the most used frequencies. By depressing the Auto-M
switch the IC-R7000 automatically memorises frequencies that are in use whilst it
is in the scan mode, this allows you to recall frequencies that were in use. Readout

s clearly shown on a dual-colour fluorescent display. Options include the
O RC-12intra-red remote controller, voice synthesizer and HP-1 headphones.

lcom (UK) Ltd, Tel: 0227 363859. Telex: 965179 ICOM G
N.B. Authorised Welsh distribution by:
MRS Communications Ltd. Cardiff. Tel: 0222 24167

|P|eose send information on lcom products & my nearest Icom deoler_.l

IStotus: .................................................. Tel:
lPLst to:lcom (UK) Lad. Dept. WW, FREEPOST, Herne Bay, Kent CT68BRI

ENTER 40 ON REPLY CARD
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HIGH QUALITY - LOW PRICES

i

i
4+11GHz SATELLITE TV RECEIVING EQUIPMENT

RECEIVERS, LNB’s, LNC’s, FEED HORNS,
ANTENNAS, ANTENNA POSITIONERS,
POLOROTORS, LINE AMPLIFIERS, ETC.

For further details contact

HARRISON ELECTRONICS

Century Way. March. Cambs PE158QW Tel: (0354)51289

SMALL SELECTION ONLY LISTED
RING US FOR YOUR REQUIREMENTS WHICH
MAY Bt IN STOCK

Latest bulk Government release —
Cossor Oscilloscope CDU150(CT531/3)
£150 only. Sohd state general purpose
bandwidth DC to 35MHZ at 5SMV/Cm - Dual
Channel High brightness display (8-
10cm) full delayed time base with gated
mode - risetime 10NS illuminated graticule
Beam finder Calibrator 1KHZ
squarewave power 100 - 120V 200V - 250
volts AC ~ size W 26CM - 14CM deep
WT 12.5 KG - carrying handle. colour blue.
protection cover front contaiming polarized
viewer and camera adaptor plate — probe
(1} - mains lead. Tested in fair condition
with operating instructioris — £150.00
Racal RA7L Communications
Receivers. 500KC/'S to 30MC/S in 30
bands 1MC/S wide from £175. All receivers
are arr tested and calibrated in our
workshop supplied with dust cover
operation tnstructions circuit 0 fair used
condition - Racal Ancillary Units for al
receivers moslly always in stock - Don 10
Telephone Cable mile canvas
containers or wooden drum new from £20

Army Whip Aerials screw type F sections
and bases large gty available now P.O.R

Test Equipment we hold a large stock of
modern and old equipment. RF and AF
Signal  Generators Spectrum
Analysers - Counters — Power Suppties
— Oscilloscopes - Chart Recorders af
speeds single to multipen - XY Plotters A4
A3 Racal Modern Encryption
Equipment Racal Modern Morse
Readers and Senders Ctark  Air
Operated Heavy Duty Masts P.OR. A

tems are bought dwect t H M
Government being surplus equip ce
Is ex-works. S.A.E. f qui P
appointment for demonstra

items, also availabllity or price ge

V.A.T and carriage extra

£XPOAT TRADE AND QUANT{TY DISCOUNTS
JOHNS RADIO, WRITEMALL WORKS,
84 WHRITEMALL ROAD EAST, BIRKiNSHAW,
BRADFORD, BD11 ZER TEL NO. (0274) 684007

WANTED: REDUNDANT TEST LOUIPMENT
VALVES - PLUGS — SOCKETS, SYNCHROS
EVC. RECEIVING AND TRANSMITTING
EQUIPMENT
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Electromagnetically
induced atomic fission

Recent developments in physical theory suggest that
fission could be induced an oscillatory field rather than by
the establishment of a critical mass.

vided into three categories — theoretic-

al, experimental, and applied. These
correspond to the creation of new ideas and
concepts, the testing of those concepts for
validity, and the application of them, once
verified, to practical uses. Of the three,
theoretical research is the most abstract,
and the least comprehensive, especially as
regards utility, to those not directly in-
volved. It is also the most thankless and
unrewarding, at least until experimental
proof is forthcoming. When the ideas being
explored lie outside the accepted doctrine,
neither the mathematical symbology nor a
common terminology are available with
which to communicate them; and, even after
some degree of understanding has been
developed, the reaction from others is all too
often, “Sowhat?”

For this reason, suggestions as to practic-
al applications are essential in attracting a
wider interest, without which the necessary
resources for experimental investigation are
difficult to find. The theoretical basis of
electromagnetism has been undergoing
widespread examination during the past few
decades, and, despite the success of Max-
well’s equations in describing the propaga-
tion of electromagnetic radiation without
resource to the properties of a transmitting
medium, the existence of that medium,
which is denied by current thinking, can no
longer be doubted. This is particularly true
in biology, where the theory of formative
causation proposed by Dr Rupert Sheldrake'
has enabled biologists to frame their ideas in
an acceptable manner. The many physicists
who desire to see more research into
theories of the ether are hampered, not only
by the lack of common terminology pre-
viously referred to, but also by the afore-
mentioned “so what?” syndrome.

Terran Research has been exploring such
theories for well over a decade, but the
papers which have been prepared can be of
interest only to specialists; and, without
some promise of practical utility, it is unlike-
ly that a wider audience can be attracted. It is
therefore the purpose of this short article to
provide a simple discussion of an exceeding-
ly practical application of ether theory, albeit
one which few will have contemplated — the
disintegration of atomic nuclei by electro-

Scientiﬂc research can broadly be di-
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Fig.1. Conventional and modern views of forces in the atom. The graph at (a) shows the
traditional “square-law” repulsive force and the attractive interaction above the axis. In
the second graph, the repulsive force departs from the square law and is limited, with the
result shown in the third graph that the attractive force predominates at nuclear
distances to give a stable structure.
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magnetic means. This process has been
named “electromagnetically induced fis-
sion”, and promises solutions to the most
difficult problems facing the atomic energy
industries — those of reactor instability and
radioactive waste products.

All present-day reactors rely on the crea-
tion of a critical mass of fuel to maintain a
sustained reaction, and little or no control
over the by-products of reaction is possible.
By stimulating fission using tuned electro-
magnetic fields, not only can a very small
mass of fuel be utilized, but the by-products
can, to some extent, be selected to produce
the least toxic and shortest-lived isotopes.
With the promise of such solutions available,
it is hoped that far more interest and effort
can be attracted to the development of ether
theory.

The accompanying series of diagrams uses
colour to represent the various forces under
discussion, and some brief preliminary ex-
planation is required. It is now understood
that the ether is not a simple structure; it is
more accurate to conceive of there being
several different “aethers”, or transmission
media. Moreover, each of these has finite
parameters; for instance, the medium which
transmits electromagnetic radiation has
accurately determined values of inductance
and capacitance - u, and e, - resulting in a
finite velocity of propagation through it. Of
particular relevance to our discussion is the
little-realised fact that it can only sustain a
finite intensity of electric field. If a spherical
body possesses a fixed electric charge, and its
diameter be progressively reduced, the elec-
tric field intensity at its surface increases
proportionately, not to infinity, as classical
theory would have, but until a limiting value
is reached. This limiting value is that which
obtains at the surface of the electron and the
proton, which is why they both appear to
have the same physical diameter. Any inter-
nal structure possessed by these particles
exists within this electric boundary, and is at
present inaccessible to our experimental
techniques. As will become evident, the
same is true of the structure of the nucleus.

Diagram 1 shows the electric field sur-
rounding a negatively charged sphere, the
colour blue indicating negative polarity, and
the intensity (or saturation) of the colour
indicating the intensity of the field; the
colour white therefore represents “normal”
space, what may be termed unpolarized
ether. Red represents opposite, or positive,
polarity, as in diagram 2, and the conjunc-
tion of two opposing fields is shown in
diagram 3, where the expected zone of
neutrality between the fields appears in
white. Diagram 4 shows how the conjunc-
tion of two fields of the same polarity results
in a localized region of high field intensity.
The effect of a conducting body on the field
of diagram 3 is shown in diagram 5, and the
increasing field intensity with decreasing
diameter previously referred to appears in
diagram 6.

Turning to an analysis of atomic structure
using these diagrammatic techniques, the
electrical structure of hydrogen and helium
appears as in diagram 7, and it should be
remarked at this stage that the remaining
diagrams have at least one major limitation

ELECTRONICS & WIRELESS WORLD



~ they are static, and cannot show the
continuous activity present in the real
world. For this, computer-generated anima-
tion is required. and such animated sequ-
ences will soon be available from Terran
Research. Diagram 8 shows the electrical
structure of more complex atoms, and this
too is somewhat approximate: there exists a
complex series of electrical standing waves
with harmonically related frequencies with-
in the atomic field caused by the motion of
the electrons. and the analysis and repre-
sentation of this dynamic pattern presents a
fascinating challenge.

The main point of our discussion, the
analvsis of nuclear structure, can now be
approached. and the application of ether
theory requires a consideration of the ditter-
ences between the conventional model and
the new one. With reference to the three
graphs it can be seen that there are forces of
attraction and repulsion both operating; the
electrical force is that of repulsion, and the
first graph shows that, according to tradi-
tional thinking. this force increases with the
square of decreasing distance, so that at
nuclear distances it attains an enormous
magnitude, far surpassing that of the attrac-
tive force.

To explain how a stable nucleus could be
formed under these conditions, a new force
was invented, called hinding energv. and
later, the strong interaction. This force was
never observed or measured — being re-
quired by theory, it was simply accepted. and
has been so without question ever since, A
weaker force was later found to be operating
as well, the so-called weak interaction. and
this is the force shown on the upper,
attraction, part of the graph. Either theory
allows us to dispense with this fictitious
strong interaction, since we know that the
electrical force of repulsion does not in-
crease indefinitely. but departs tfrom the
square law curve at sub-atomic distances
and approaches a finite and limiting value, as
the second graph shows. The resuit, as is
apparent from the third graph. is that, at a
distance of some tens of electron radii, the
weak interaction, which in reality is a torce
operating in another sub-stratum of ether,
begins to overpower the electrical force until
it dominates, giving rise to a stable nuclear
structure. The weak interaction is every-
where present, not just within the nucleus,
but is normally so weak as to be practically
unmeasurable: those with an interest in
gravitational theories will see an interesting
suggestion here.

Returning to our sequence at diagram Y,
we see the process of nuclear tusion as
proposed by the conventional model. Four
nucleons, two protons and two neutrons, are
drawing together to torm the nucleus of the
helium atom — an alpha particle, as it is
called. Although the neutrons are electrical-
Iv neutral, the protons possess similar
charges, and a force of repulsion of consider-
able magnitude exists between them. At the
same time, however. the strong interaction
comes into play, gradually overpowering the
electrical force permitting the formation of a
stable assembly as in diagram 10. The weak
interaction plays a relatively insignificant
role. Our new model difters in several
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aspects. Diagrams 11 and 12 show the same
sequence of events, but instead of the strong
interaction, we find a region of space form-
ing in which the electric field intensity has
reached its maximum, and the weak interac-
tion begins to dominate. This new region cf
space is called the nuclear zone, and is
coloured green, where the strong inter-
action was coloured brown. The weak in-
teraction is in each case indicated hy vellow.
When the nucleons enter the nuclear zone,
they are no longer suhject to a repulsive
torce. since the weak interaction dominates,
and is renamed the nuclear torce. Thus, the
new model is both simpler, and more in
accord with observation: from the outside,
the nucleus appears somewhat fluid, since
the boundary of the nuclear zone can oscil-

late, as required by the “liquid drop” model
of nuclear structure, but contains a rigid.
geometric core, as required by other models.
It is the relationship between this boundary
(which does not exist in the older model) and
the inner structure which permits an under-
standing of nuclear phenomena.

The remaining diagrams use simplified
representations of the nucleus. In diagram
13, the vellow hexagon stands for the rigid
nuclear core, in which the nucleons form a
regular crystalline structure. Surrounding
this, and shaded green, is the nuclear zone,
and this is bounded in turn by the positive
electric field which surrounds all nuclei. The
boundary of the nuclear zone is not static — it
possesses a pattern of standing waves which
is unique for each element. Diagram 13



shows four peaks and their associated
troughs, and these should he visualized as
oscillating - anyone who has seen slow-
motion replays of liquid drops in space will
have little difficulty in correctly picturing
what is represented. The nucleus of diagram
133 is a stable one; in diagram 14 the distance
between the nuclear core and the boundary,
and the amplitude of the surface wave, are
both such that the houndary occasionally
intersects the core, and the nucleons are
then subject to electrical forces. This can
result in the core being fragmented. and
such a nucleus is unstable, or radio-active.
The frequency with which this happens is
determined hy a number of factors which
need not be enumerated here, but is an exact
statistical function, and gives rise to the
measurable half-lives of all unstable iso-
Lopes.

The artificial stimulation of radioactive
decay is usually accomplished by particle
bombardment: in diagram 15 an energetic
particle entering the nucleus so distorts the
structure of the core that it intersects the
surtace wave, resulting in fission. The tech-
nique under investigation by Terran Re-
search uses a different approach; by irradi-
cating the nucleus with a precisely tuned
and oriented electromagnetic wave, the
boundary oscillations are excited to the
point where it intersects the core, again
resulting in fission, as in diagram 16. A
larger mass of fuel is considered in diagram
17. where it is shown that the target nuclei
are oriented in different directions, so that
very few of them fragment: but if, as in
diagram 18, a strong external magnetic field
is applied to align them to a common
orientation, a far greater proportion are so
affected.

The above descriptions are necessarily
simplistic, but show that a sound theoretical
framework can now be developed for investi-
gating alternative techniques of atomic fis-
sion, and although several years research
and a great deal of effort will be required to
refine them for commercial application, the
severe environmental and social problems
caused by the world's energy demands justify
both. Those who oppose atomic energy on
the grounds that reactor techniques and
technology can be applied to weapons manu-
facture can take heart in the fact that the
new methods will be safer, will produce
fewer poisonous by-products, and will be far
less amenable to the furtherance of weapons
technologies. The promise of an abundant
and inexpensive energy source that atomic
energy held in its prime may soon be
attainable. The question remaining is in
regard to our own will and wisdom in its use.

1. “A New Science of Life™, Sheldrake, R. Blond &
Briggs 1981, [SBN 0-85634-115-().

Carl Adams is Director of Terran Research.
Eastwood. Australia

18

Improving
stereophonic
image sharpness

Using two loudspeaker systems, it is possible to arrange
that the low and high frequencies in a sound field appear
spatially coincident

F.0.EDEKO

he ultimate aim in the design of any
I sound reproduction system is to be
able to convey to a listener an auditory
event that has identical spatial and spectral
characteristics to the original sound. To
accomplish this, the reproduction system
must be capable of reconstituting the wave-
front from a particular sound scene in an
exact form over a region of space occupied by
a listener. The recording and replay proces-
ses involved must be holosonic in nature so
that they are capable of adequately sampling
and regenerating the wide temporal and
spatial bandwidths encountered in practice.

Though the two-loudspeaker system, as it
exists today, approximates to these require-
ments and provides what is generally consi-
dered as an acceptable and economical form
of reproduction system, it has been shown
that the system has very serious problems.
The use of only two spatially separated
speakers imposes restrictions on the ability
of a system to reconstruct the original
acoustic wavefront. During recent decades.
much thought has been given to the spatial
and spectral aspects of sound reproduction
and considerable progress has been made in
improving stereophonic image quality' ®.

However, it takes only a comparison of a
musical sound scene reproduced via two
loudspeakers with the live performance to
appreciate that quite a lot still needs to be
achieved. Over the years, the spectral prob-
lem of stereophonic sound reproduction has
largely been solved with the development
and manufacture of amplifier and loud-
speaker systems with constant frequency
response over the entire audio range and
with reduced distortion®. But there is room
for significant improvement in the spatial
characteristics of the system. The kind of
spatial improvement needed might, for ex-
ample, be produced by an enormous radiat-
ing surface which would cover the front wall
ofaroom,

This is, however. inpracticable, so the
improvements in spatial performance which
are to be expected must come not from
improvements in the design of each loud-
speaker but rather from the use of additional
ones. From the wavefront-reconstruction
approach. an obvious and rather well known

method of improving the spatial aspects of
sound reproduction is the loudspeaker array
system.

"LOUDSPEAKER ARRAY SYSTEM

This is generally believed to be the ideal
method of music reproduction’”'". From
the wavefront-reconstruction standpoint,
this is essentially correct. Wavefront recon-
struction requires the reconstruction of
good-quality plane waves if sound images are
to be well resolved'?. The ability of two
speakers to do this is limited to low frequen-
cies. If however, loudspeakers are arranged
in an array in front of the listening area, then
the reconstruction of good-quality plane
waves over the listening area by all the
speakers will extend into the high frequen-
cies: the more the number of speakers, the
better the quality of the plane wave and the
higher the frequency range.

Though these gualities are well known,
the inconvenience and cost of having many
amplifying channels and subsequently many
speakers have made the array system very
uninviting.

PROPOSED METHOD OF IMAGE
IMPROVEMENT

The quality of stereophonic images is greatly
improved if the images are well defined or
sharp: this is possible in a two-loudspeaker
system. The problem of image sharpness in
stereophony is centred on the fact that
images due to the low-frequency compo-
nents of an auditory event are located in one
region. and those due to the high-frequency
components are elsewhere. Figure 1 shows
the curve of image-position variations with
frequency: for frequencies up to 1000 Hz,
the image positions are virtually in one
position, while the high-frequency ones are
located in different places. This will be
perceived as spreading of the image.

To increase the frequency range over-
which the two-loudspeaker arrangement
can reproduce sharp images. the system
shown in Fig. 2 still retains the two-speaker
set-up., but each speaker cabinet houses
three separate cones: L—low-frequency
cone, M—mid-frequency cone, and H—
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high-frequency cone. The cones are dis-
placed from one another along the horizon-
tal axis within each cabinet, such that the
low-frequency cone forms the biggest azi-
muth angle with respect to the listener in
the median plane and the high-frequency
cone has the smallest azimuth angle.

If the distance between the cones, DX, is
correctly calculated, then for a given
geometric layout, it is possible for such a
system to reproduce low- and high-
frequency images of a sound source in one
place, by feeding the low-frequency signals
into L, the mid-frequencies into M and the
high frequencies into the H-cone. Signal
separations are accomplished by using a
low-pass filter for the L-cone, a band-pass
filter for the M-cone and high-pass filter for
the H-cone. Technical specifications of the
filters will be examined later. With the cones
correctly fed with the corresponding signals,
the identical L-cones in the left and right
loudspeaker cabinets will reproduce an im-
age in a given position within the stage width
defined by the intensity ratio used. An image
will correspondingly be reproduced by the
M-cones, but because the stage width of the
M-cones is less than that of L-cones, the
increased image displacement as frequency
increases will be related to a smaller stage
width and consequently the images due to
the L-cones and M-cones will coincide. In a
similar manner the image due to the H-
cones will be located in the same position as
the images from the L- and M-cones. By so
doing, the low-range and high-frequency
components of an auditory event can be
reproduced in one place, greatly enhancing
the reproduction of sharp images. An impor-
tant aspect of this process is the correct
determination of the cone separation, DX
(Fig.2).

DETERMINATION OF CONE
SEPARATION

Chances of the images from L, M and
H-cones being located in one place are
highly dependent on DX, which should be
such that it reflects the spatial separation of
images of low, mid-range and high frequen-
cy signals in the ordinary two speaker
system.

Cone separation DX is determined from
the image displacement curves at low and
high frequencies. Consider Fig. 3, which
shows the average, practical image-
displacement curves with interchannel in-
tensity ratio for a low- and high-frequency
signal. The difference between the curves is
the spatial separation of low- and high-
frequency images and should be related to
the separation DX of the L-cone and H-cone.

In Fig. 3, let the low-frequency image
displacement in terms of stage width be
defined as a o, and high-frequency image as
ay. Image position, in terms of stage width,
is defined as:

o = image displacement
stage width
Therefore, at low frequency,
image displacement = ;. 2D, (2)
where 2Dy is the stage width formed by the
two L-cones. For the high-frequency cones,
with a stage width of 2Dy,

1)
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image displacement = «;.2Dy, 3)
From Fig. 2 it follows that
D" = D|_ - DX (4)

For the images of low- and high-frequency
signals to be located in one place, equations
(2) and (3) must be equal. That is

ayDy = oy Dy, (5)
Substituting equation (4) into equation (5),

ay(Dy, — DX) = o Dy, (6)
Therefore

DX = [Dyfoy; — ap) Ve (7N

For a given ratio of R/L, o and «y; can be
deduced from the curves in Fig. 3, which we
obtained from the system geometry having a
stage width of 230 cm'. For example, if R/L
= 10dB,

oy = 82/230 = 0.352
a, = 60/230 = 0.261
DX =29.73cm =30cm
The M-cone is placed equidistant from the
L-cone and H-cone. For the given layout in
Fig.2, a cone separation of 15 ¢m was found
to be the optimum value.

~ TECHNICAL SPECIFICATION
OF FILTERS

In the proposed system in Fig. 2, the differ-
ent cones are fed with signals that have
passed through the appropriate filters. The
curve of image-position variations with fre-
quency shown in Fig. 1 shows that, for
frequencies up to 1000 Hz, the image posi-
tion is virtually constant. Therefore the
L-cones should be fed with signals passing
through a low-pass filter with a cut-off
frequency of 1000 Hz. The M-cones are for
mid-range signal frequencies and should be
connected to a bandpass filter. The cut-off
frequency (1000 Hz) of the low-pass filter
forms the lower cut-off frequency of the
band-pass filter, while 2000 Hz is chosen as
the upper cut-off frequency. The value of
2000 Hz marks the beginning of a new and
sudden rise in the curve of image-position
variation with frequency shown in Fig. 1.
The H-cones are designed for high-
frequency signals and should be connected
to a high-pass filter with cut-off frequency of
2000 Hz.

Theoretically , only the signal frequencies
within the ranges specified by the different
filters should be fed to the appropriate cones.
However, this is not possible in practice and
the problem of cross-over frequencies always
exists in any practical filter. To minimize the
influence of cross-over frequencies in the
reproduction of well defined images in the
proposed system, the filters should have a
large attenuation factor. From analysis, an
attenuation of 60 dB/decade is adequate for
the generation of sharp images in the prop-
osed system for all frequencies up to 3000
Hz. Above this frequency, the phenomenon
of central-image disappearance is likely to
appear.

The gquestion naturaliy arises here as to
whether signal phase delay due to the pre-
sence of the filter will affect the working of
the system. Any signal passing through a
filter network undergoes a phase change. In
the proposed system, this would not have
any effect. All the filters have an equal
roll-off value of —60dB/decade and therefore
equal phase angles for each component

\
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Fig. 1. Image position variations with fre-
quency (R/L=0.3,D=14 cm). Ref.12.
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Fig. 2. Geometric arrangement of prop-
osed method of improving image sharp-
ness. 0o=30 degrees, SW=230 cm.
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Fig. 3. Image displacement with interchan-
nel intensity ratio (10 subjects, 1/3 octave
pink noise, Ref.12).
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Fig. 4. Filter response characteristics.
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Fig. 5. Image displacements with inter-
channel intensity ratio in proposed system
(60dB/decade filter).
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Fig. 6. Image displacement with interchan-
nel intensity ratio in proposed system
(—20dB/decade filter).

frequency in the corresponding left and
right cones.

The response characteristics of low. high
and band-pass filters with a roll-off of
—60dB/decade are shown in Fig. 4 and such
a response curve will be used in computa-
tional analysis of the proposed system. The
cone input signals at each frequency are
determined from Fig. 4 taking into account
the cross-over effect. In doing this, analysis
has shown that any signal value less than
—20 dB can be neglected, since the presence
of such small signals in one cone or the other
has no significant effect on image
localization'?.

It is recognised that practical realization
of a 60dB/decade filter could be difficult and
expensive. To investigate what effects a
cheaper filter will have on the performance
of the system, analysis was also carried out
using filters with —20dB/decade attenua-
tion.

IMAGE LOCALIZATION IN PROPOSED
SYSTEM

Computer simulations have been carried out
to determine image position variations with

20

15 20

interchannel intensity ratio in the proposed”

system using Fig. 2 and a value of DX = 30

cm. The cone input signals determined

using the response curves of the —60 dB/

decade filters in Fig. 4 are shown in Table 1

for the different frequencies.

The computer simulations involve gener-
ating the wavefront due to the L, M and H
cones along the X axis over a range of
—Xp<x<X,, where 2X;, = 14 cm (head
width). For the layout in Fig. 2, the wave-
front generated by the left and right speaker
system along the X-axis in the region
—Xm=x<X,, can be expressed as
H(x) = L expjkr.ll + R_exp jk ., +

Ly expjkrMI + Ry expjk ™, +

L” expjkr”l + R” expjk r||2. oo
where L, Ly,L;; are signal amplitude to the
low, medium and high frequency cone re-
spectively in the left speaker cabinet.

R, Rm, Ry; — signal amplitude to the low,
medium and high frequency
cones respectively in the right
speaker cabinet.

LN VI (TR distance from respective low,
medium and high frequency
cones in the left channel to
each sampled point along the
X-axis.

LTI TR distance from respective low,
medium and high frequency

cones in the right channel to
each sampled point along the
X-axis.

= 27'" is the wave constant.

In generating the wavefront H(x), it is
assumed that the radial amplitude reduction
in the divergent wavefront and variations in
loudspeaker polar patterns are small over
the region occupied by the head.

The linear variation of the phase compo-
nent of H(x) allows the use of the least-
squares approach to obtain the best-fit phase
slope for a particular wavefront. The direc-
tion of virtual source can then be deduced
from the gradient of line of best fit phase as
inref.12.

T el
2w

where M is gradient of line of best fit phase

« — image displacement in degrees

A — wavelength.

Results of computer simulations of image
positions are shown in Table 2 and curves of
image displacements with inter-channel in-
tensity ratio are shown in Fig. 5 for different
frequencies. It is evident from the graphs
that the image positions at low and high
frequencies are almost coincident. The
curves demonstrate significant improve-
ment in performance when compared with
the curve for the existing stereophonic
system at 2500 Hz: Differences between the
curves in the proposed system only occur at
the extreme image positions. This is ex-
tremely encouraging as, at this stage, the
image is likely to be already perceived as
coming from the loudspeaker. The curves
demonstrate that sharp images can be repro-
duced in the proposed stereophonic system.

Curves of image displacement using filters

with attenuation of —20 dB/decade are

shown in Fig. 6. In this case. a sharp image

Table 1. Simulation: values of input signal
in cones (filter attenuation=-60dB/
decade).

Frequency I Image position azimuth angle, a°® degrees)
Hz [RIL=10|RL=08|RL=05[R/L=0.3R/L=0.1

100 0 3.18 9.6 165 24.1
500 0 325 9.6 15.86 | 2428
1000 0 331 9.87 | 1586 | 2343
1500 0 345 10.1 1578 | 225
2000 0 3.59 104 15.99 | 21.68
2500 0 311 9 1515 | 185

Table 2. Simulation: image localization in
the proposed system (—60dB/decade).

Frequency Signal levels, V (maximum = 1)
(N (M) (H)
Hz low-pass filter |band pass filter | high pass filter
100 1.0 0.0 0.0
500 1.0 0.0 0.0
1000 0.707 0.707 0.1
1500 0.3 10 03
2000 0.1 0.707 0.707
2500 0.0 05 0.88

can also be reproduced for frequencies up to
1500 Hz. Above this frequency, the curves
for low and high frequencies become in-
creasingly diverse and lack of image resolu-
tionwill occur.
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GASFET PREAMPLIFIER

Gasfei front ends. 10mW RF output.

15 watts.
POWER SUPPLIES - For above units.
Complete systems supplied with connectors.

FREQUENCY CONVERTER

TELEVISION AMPLIFIER

TUNED AMPLIFIER

LOW NOISE GASFET RF PREAMPLIFIERS - Frequency 20MHz to 1GHz. NF 0.6-7dB. Gain 25-40dB variable.
Remote/local operation. Power supplies and weatherproof boxes.

FREQUENCY CONVERTERS - Up/down conversion in the range 20-1000 MHz. High stability phase locked lcop.

SIGNAL SOURCES — 10MHz to 1GHz. High stability phase locked cscillators. Output 10mW at 50 ohms.

FM EXCITERS — 10MHz to 1GHz. Deviation up to + 75KHz. Output 5mW

FM TRANSMITTERS - Single channel. 50 watts RF output. 19" racking case with mains power supply and fan cooling
WIDEBAND LINEAR POWER AMPLIFIERS — 1 to 250MHz. Qutpuls up to 40 watts. Gains up to 26dB.

TUNED LINEAR POWER AMPLIFIERS — 10 to 300MHz. Outputs up to 70 watts. Gains up to 20dB.

TELEVISION LINEAR POWER AMPLIFIERS - Bands IV/V or 400 to 950MHz. Gains up to 20dB. Output powers up to

Full technical information available on request.

RESEARCH COMMUNICATIONS LTD

UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 456489

DESIGN, DEVELOPMENT AND
MANUFACTURE OF RF
COMMUNICATIONS EQUIPMENT
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For IBM PC and BBC Micro

IMAGE Il - FRAME STORE

* Real time picture capture from camera or video
tape recorder.

* Maximum resolution 512 x 512 x 64 Grey levels.

* 3 Resolution options.

* Storage of multiple pictures

* Economical price £1,495 + VAT

RAMASES IMAGE PROCESSING SOFTWARE

Menu driven.

Contrast stretching * picture subtraction

Linear and area measurement.

Image enhancement * edge detection

Image storage and retrieval from disk.

Economical price IBM PC £590.00 — BBC £250.00.

For full specification consult the
IMAGE PROCESSING SPECIALISTS

* % % % % %

ELTIME VISION SYSTEMS

10/14 HALL ROAD, HEYBRIDGE, MALDEN, ESSEX CM9 11LA.
Telephone: 0621 59500 Telex: 995548

ENTER 15 ON REPLY CARD
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IMAGE PROCESSING
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Versatower:

A rang?2 of telescopic ®owers in static
and mobile models from 7.5 to 36

meties with tilt-ever fecility enabling
all maintenance to be at ground level.

Desicned in accordance wity CP3 Chapter V. pant 2
1972 for @ minimum wind sp2ed of 140 kph in
conditions of maximum expasure and specified by
professionals world-wide were hostile
environments demard the utimate in design, quality
and reliability.

Suitable for mounting equipment in the fields of
Commusications

Security surveillance — CCTV

Meteorslogy

Envisonmental monitoring

Geograshical survey

Jefence range-finding

Marine and aero navigation

Hoodhghting

Airport approach fighting

Furtherdetails available onsequest

A

/

STRUMECH ENGINEEFING LIMITED
Port and House, Cogpice Sice, Brownhills
Walsall West Midlards WSE 7EX, England
Telephone: Brownhills (0543) 452321

Telex: 235243 SEL.G.
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SOAR-ABOVE-THE-COMPETITION

\ / SDAR ME4010 DMM WITH BAR GRAPH DISPLAY v | e —
3 YEAR WARRANTY. 40 SEGMENT ANALDG BAR GRAPH DISPLAY. ONLY £69.00. o |

UNMATCHED VERSATILITY AND PERFORMANCE WITH THESE FEATURES

® High speed auto-ranging Over range indicator.

@ High speed sampling with 40 Auto power-down mode.
segment analog bar graph display Extended capabilities, with the use

® The ruggedized case is vibration, of plug in adaptors, to cover
dust, grime, splash proof and temperature, high AC/DC currents, 8 P
is also designed to withstand capacitance and transistor N T
accidental dropping hFE/LDSS measurements. §

® Auto or manual ranging ® 10W battery indicator.

Soar’'s complete range of T & M equipment has an enviable reputation throughout the
world for manufacturing high quality products at extremely competitive prices. Extensive
product planning takes place throughout the year which leads to products with total
uniformity of operation. The range of equipment available is extensive, from a basic

pocket D.M.M. to the most sophisticated industrial energy monitor.

Full details from: Solex International,

44 Main Street, Broughton Astley, _QS‘@EEﬁxs

Leicestershire LE9 6RD. o 4

Tel: (0455) 283486 he sole UK representative for the
Telex: 378353 Fax: (6533) 544248 lNTERNATlONAL olete range of Soar T& M Equipmen

ENTER 54 ON REPLY CARD |corporation

GPIB for 1BM PG/XT/AT

IEEE 488 controller card
Microsoft QuickBASIC IEEE 488.2
language extensions 1 metre
IEEE 488 cable

For only £295

GPIB for AMSTRAD %

Designed manufactured and supported in the UK

For more information on this and our other IEEE 488.2
products contact:
M A INSTRUMENTS LIMITED
Moordene, Axtown Lane, Yelverton, Devon PL20 6BU

OLOY -3 13A0W HILIWILINW TVLIDIa

T“rn vo“r |BM-P° into an ENTER 13 ON REPLY CARD

) ' | IICFOt t Ltd 24hr7days/week
Now you can develop programs for any microprocessor
system using your IBM-PC (or compatible) without the T ac o % |omrr G i DRNEMMs?/Wos
high cost of an in-circuit emulator. 25 5 [‘u L 15 14164 K>
® oOfc;:ag;I(l);;id-nn card simulates up to 4 x 32k bytes 5 ey o
EX-EQUIPMENT MEMORIES
@ Unique de-bug window ! T s ARCREIE T MISUEMOS
@ Ribbon cables connect to your target CONTROLLERS Kx
microprocessor’'s EPROM sockets " SNARANTEEDDY SRAM 5V CMOS
@ Accepts binary or hex load files 4 o i 6 X
We can also supply most cross-assemblers/compilers 4 M SR
to make a complete low cost development system. Sl [ 4K x8 EERoMs SVMCS
For more details contact: oy 4 32
0 a9 |Im Al takes K A K
ENGINEERING . ; . 0 49 |im
USOJ“ UTP(? hs King House, 18 King StreetE ﬁ;?gg;:;gog‘e}:::s;gﬁg . e : oS ‘ -
I ) v 3 3
Te: (0628) 36052 Telex: 849462 Fax: (0626) 74928 R O L R ey,
DEPT (W12), 18 COLDERMEADOW AV, CORBY, NORTHANTS NN18 9A]

ENTER 31 ON REPLY CARD ENTER 52 ON REPLY CARD
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Intelsat’s future satellites

International communications to the year 2000 and
beyond will depend on Intelsat’s forthcoming generation

munications Satellite Organisation, is a

co-operative which at present comprises
114 member countries. To date, 40 satellites
have been procured and launched by Intel-
sat, though because of eight launch failures
not all of these have become operational.

Currently, the operational system con-
sists of two Intelsat IVA satellites, four
Intelsat V, four Intelsat VM (the same as V
but with a maritime communications sub-
system which is leased to Inmarsat) and
three Intelsat VA.

Three Intelsat VA(IBS) were built, but
unfortunately the first fell victim to a launch
failure. The remaining two are in storage
awaiting launch by Ariane in 1988. These
satellites differ from Intelsat VA in that they
are capable of operating in the 14/12GHz
bands which are exclusively allocated to the
fixed satellite service and are ideally suited to
the Intelsat Business Service (IBS), a small
Earth-station service.

So, with 15 Intelsat V class satellites
constructed and 11 in orbit, what next?

In 1981, Intelsat completed the specifica-
tion for new generation of spacecraft to be
known as Intelsat VI. After competitive
bidding, five spacecraft were ordered from
Hughes Aircraft Company (HAC) in 1982
and are now under construction.

After assessing the remaining lifetime of
the operational satellites (which is limited by
the amount of station-keeping propellant
which can be carried) and the predicted
growth in international traffic, Intelsat de-
veloped a specification for a further genera-
tion, Intelsat VII. These satellites are de-
signed for initial use in the Pacific Ocean
Region (POR) to provide adequate space
segment for this region of expanding traffic.
In the past, satellites were primarily de-
signed for the more demanding Atlantic
Ocean Region (AOR) role. Consequently, in
terms of complexity Intelsat VII emerges
between Intelsat V (which it will replace) and
Intelsat VI. However, care has been taken to
ensure that the new Intelsat VIl spacecraft
can be used in the AOR for less demanding
roles, aswellas in the POR.

Intelsat the International Telecom-

Right: an engineer examines part of a
beam forming network (with its cover
removed) of the Intelsat VI satellite, be-
lieved to be the most complex yet de-
veloped for commercial satellite com-
munications.

ELECTRONICS & WIRELESS WORLD

of spacecraft.
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Intelsat issued a request for proposals
(RFP) for Intelsat VII on October 1, 1987,
and several teams of potential vendors are
preparing bids for evaluation. A contract
should be placed around September 1 next
for delivery and launch of the first spacecraft
in 1993.

Technical details of Intelsat VI, as de-
veloped for the RFP, are given below. But
specific implementation details will be [eft to
bidders, and until the successful bidder is
known such information will not be avail-
able.

INTELSATVI

This highly complex satelﬁe is by far_the
most elaborate civilian satellite yet de-

24

Above: Intelsat VI prototype with its large

‘antenna reflectors supported by helium-

filled balloons for testing. The feed array
can be seen at the lower part of the
spacecraft.

Left: one section of the antenna feeds that
will be used to create the complex cover-
age areas of the Intelsat Vl footprint.

Right: lower module of Intelsat VI, contain-
ing the propulsion system for station.
keeping and attitude control.

veloped, and it is impossible in the space of
thisarticle to describe it fully.

The five satellites (plus various develop-
ment models) are being constructed by an
international team led by Hughes Aircraft
Company as the prime contractor. Approx-
imately 17% of the work was placed with
non-US companies; the UK has about 7%. All
told, these satellites will cost Intelsat about
$600M — not a trivial sum, especially in view
of the possibility of a launch failure (launch
costs being extra!).

Major testing of the current Y1 or develop-
ment model of the spacecraft has been
completed and the tlight units are well in
hand. However, the original delivery dates
have not been met for a variety of reasons.
Among these have been the need for rede-

signs. unexpected development delays, re-
quests for modifications by Intelsat to meet
changing communications requirements,
and last but by no means least the current
delays in launch vehicle availability.
However, the overall scene is very healthy,
with all major problems resolved and every-
one getting anxious to fly the bird. The first
launch is now scheduled for 1989 (instead of
the end of 1986 as originally anticipated) and
the others are scheduled for 1990 and 1991.

" LAUNCH VEHICLE

Intelsat V1 was designed for launch by Ariane
4 and the Space Shuttle. However, because
of the tragic Challenger disaster and the
change in US policy relating to future Shut-

ELECTRONICS & WIRELESS WORLD



1

Above: artist’s impression of the com.
pleted Intelsat VI, which is 11.8m high
on-orbit. The satellite's complex channe- |
lization plan (right) employs six-fold fre-
quency re-use.

tle launches, the opportunity for Intelsat VI
to be launched by Shuttle was withdrawn.

As a replacement vehicle the Titan [l was
selected from a number of alternatives. This
is a two-stage launch vehicle (Ariane 4 has
three stages) and therefore needs a perigee |
stage to achieve an adequate transfer orbit.
This perigee stage is a modification of that |
being developed for the Space Shuttle |
launch arrangement.

The satellite will weigh approximately
2300kg in orbit at the beginning of its life,
and would have taken half the payload
capability of the Shuttle.

MECHANICAL DETAILS |

Inlelsat Vlisaspin- stablhzed satelllle stand-
ing some 5m high at launch and 11.8m when
the solar cell drum is lowered and the
antennas deployed.

Two large antenna reflectors (manufac-
tured in the UK) are deployed on booms.
These highly-accurate reflectors are 2m and
3.2min diameter

Electrical power is supplied by one fixed
and one telescoping solar array panel. The
fixed panel is approximately 2.2m high; the
deployable panel is 3.8m high.

COMMUNICAT[ONS PAYLOAD

Intelsat VI provndes a number of significant
enhancements over the Intelsat V series of
satellites whilst maintaining a high degree of
compatibility for transitioning and for
spares. Key features of the improvements are
® increased capacity
e improved coverage areas
® increased frequency re-use
® 10-14 years operational life
® increased e.i.r.p. (particularly global and
spot beams)
e implementation of satellite-switched time
division multiple access.
The satellite will operate in the 6/4GHz
and 14/11GHz bands. Coverage areas for the
latter are two spot beams (East and West)
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Above: transponder fayout for Intelsat VI, the consortium'’s high-capacity satellite.

Sections of the C band feed array for Intelsat V|
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Right: Intelsat VIl communications
subsystem channelization plan.

which can be steered over the whole visible
Earth by ground command.

For 6/4GHz operation there are several
beams. Global coverage. i.e. coverage over
the whole of the visible Earth from the
satellite. is provided for some channels.
Others operate with ‘hemi’ beams. equiva-
lent to half a global. The hemi beams are
configured identically for all orbital loca-
tions of the satellite.

Four ‘zone’ beams operating with the
opposite polarization to the hemi beams
provide independent coverage areas. the
shape of which can be configured by ground
command for whichever ocean region the
satellite is operating in.

Thus the satellite uses the same frequency
band in two hemi beams (spatially isolated
from each other) and again in the four zones.
These are spatially isolated from each other
and isolated in polarization from the hemi
beams (circular polarization is used). Hence
the satellite has six-fold frequency re-use,
compared to Intelsat V's four-fold.

The complex hemi and zone coverage
areas are created by the use of multiple feed
reflector antennas. Some 144 feeds can be
excited in prescribed amplitude and phase
patterns to create a number of elemental
beams which merge to give the required
coverage. The conical feed horns are con-
nected to the appropriate satellite channel
by means of a beam-forming network
(b.f.n.).

Couplers, phase-shifters, switches and
terminating loads are all used to make up the
elements of the b.f.n. By switching in diffe-
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72MHz

6220 6280
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~ S
64

72MHz  36MHz

Spot 2,V linear
1

14125
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14186 14224

72MHz
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Global B, rh.c.p. tel bea 36 36 41
Transmit: I s 20800 MHz MHz Wiz |
Global A, r.h.c.p. y \ :
Global B, [h.cp. : 3947.5¢ﬂ I_[-:3952.5 |
5925 6320 6360 64025
3700 cmp B/ ~CMD (TBD) 4095 4135 4177.5
6425
. | 77MHz 72MHz 34MHz 34MHz 112MHz 112MHz 4200
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Spot 1, Hlinear | |

14314 14438 14500

112MHz

112MHz

Transmit:
Spot 1, V linear | |
10950 10992.50r 110750r " 111550r 11514 11638 11700
or 11700 117475 11830 11910 11450
| 11200 or 11950 |
- | _77MHz 72MHz 72MHz 112MHz 112MHz I
Transmit:
Spot 2, Hlinear | |
(E S
10950 10992.50r 110750r 111550r g 11514 11638 11700
or 12500, 125475 12630 12710
| 1450 |
11200 0r 12750 |
K-band
Global beacons | 11198 ! T11452 |
transmit rh.c.p. L 1 |

rent planes of the b.f.n. the various coverage
zones can be reconfigured.

Frequency translation, amplification and
connection between the beams are provided
by 48 transponders or channels. By means of

an interconnect switch matrix, almost any
beam can be connected to any other. Cross-
strapping is possible between the different
frequency bands (6GHz to 11GHz and
14Glz to 4GHz). For two sets of these

NEXT MONTH

Industry Insight. The first of our special
features on the electronics industry
focusses on instrumentation, taking a close
look at oscilloscopes, frequency
measurement and digital meters. It runs to
over thirty pages.

Alan Dower Blumlein. The Pioneers piece
this month features this most prolific and
original of engineers, perhaps best known
for his work on scanning circuitry, the
long-tailed pair, stereophony and the Miller
integrator.

Poynting the way is the title of Joules Watt’s
piece on transmission lines, in which he
discusses the propagation of energy and
expresses the hope that the article might,
just possibly, help to dispel the canard that
v.f. technology is unfashionable.
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using c-mos
inverters

When touse
instrumentation
amplifiers

The seven-per-cent rule. Ivor Catt offers a
piece on text compression, which may well
have important consequences in data
storage and processing. It could also mean
that there is an uncrossed bridge between
linguistics and computing which ought to
be investigated.

Convolution, A description of how
convolution allows the processing of
analogue and sampled data to be carried out
in the time domain rather than in the
complex frequency domain.

Instrumentation amplifiers. The standard,
three-op-amp instrumentation amplifier is
not always better than a simple, single-op-
amp, differential amplifier. F.J.Lidgey's
analysis provides the reasons.
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channels the interconnection matrix is able
to switch rapidly such that time-division
multiple access (t.d.m.a.) can direct bursts
to different coverage areas. This -rapid
switching is carried out on board the satel-
lite to a prescribed pattern, which can be
reconfigured by ground command. The
satellite does not process or demodulate the
transmitted signals: in fact, the t.d.m.a.
network synchronizes itself to the satellite.
Full redundancy and reconfigurable
switching give a high level of protection
from failure of this satellite-switched
t.d.m.a. (s.s.t.d.m.a). The s.s.t.d.m.a.
switching network can be bypassed by static
switches if the satellite is used in a role
wheret.d.m.a. is not operational.

DEPLOYMENT

Intelsat maintains a very flexible approach to
the deployment of satellites, such that the
best possible configuration of space segment
can be adopted to meet traffic requirements.
Thus it is impossible to be definite as to
where Intelsat VI satellites will be stationed.
Currently it is expected that three will be
located in the Atlantic Ocean Region and two
in the Indian Ocean Region.

INTELSAT VII

This new satellite is primarily designed for
the Pacific Ocean Region. Bidders have been
asked for varying lifetime estimates, from a
minimum of 10 years. The spacecraft is to be
compatible with the Ariane 4 and Titan III
launch vehicles.

A special feature of it is the possibility of
electric propulsion for its North-South
station-keeping, which could potentially
lead to 20-year lifetimes. This option is
specified around a xenon ion thruster tech-
nology which has shown considerable poten-
tial in the last decade.

Another feature of the specification is
promotion of the use of off-the-shelf hard-
ware, especially in the spacecraft bus area.
However, it is recognised that some mod-
ifications to existing designs are inevitable.

COMMUNICATIONS PAYLOAD

Intelsat VII will have four-fold frequency
re-use, like Intelsat V at C-band. This reduc-
tion from Intelsat VI is quite deliberate, to
reduce costs and to match the satellite to its
operational role. In addition, the beams are
not planned to be reconfigurable; but they
have some flexibility by means of extended
coverage areas for certain beams. However,
operation in the 14/12GHz exclusive fre-
quency bands will provide for IBS and other
such services in these bands through ground
selection of alternative frequencies. On a
channel-by-channel basis the 14/11GHz
transponders can be switched to 14/12 GHz.

The frequency plan of the Intelsat VII
satellite is shown on page 26. There are four
transponders (or channels) at Ku-band
which are 112MHz wide. These have been
especially designed to permit 140Mbit/s
q.p.s.k. operation in the future.

To meet the required C-band antenna
performance, it is envisaged, but not speci-
fied, that about 95 feeds will be required

ELECTRONICS & WIRELESS WORLD

Launch history of Intelsat satellites

Satellite Launch
SeriesFlightvehicle MonthYear Comments

I 1 TD Apr 1965 Early Bird

I 2 - - - Assembled but never
launched

] 1 T Oct 1966 LEO (motor failure)

] 2 TD Jan 1967

] 3 TD Mar 1967

] 4 TD Sep 1967

[} 5 - - - Assembled but never
launched

n 1 10 Sep 1968 Launch failure

1] 2 T Dec 1968

[1] 3 T Feb 1969

[1] 4 TD May 1969

m 5 TD Jul 1969 Launch failure

n 6 TD Jan 1970

n 7 T Apr 1970

mn 8 T Jul 1970 Launch failure

v 2 AC Jan 1971

v 3 AC Dec 1971

v 4 AC Jan 1972

4 5 AC Jun 1972

v 7 AC Aug 1973

v 8 AC Nov 1974

v 6 AC Feb 1975 Launch failure

v 1 AC May 1975

IVA 1 AC Sep 1975

IVA 2 AC Jan 1976

IVA 4 AC Mar 1977

IVA 5 AC Sep 1977 Launch failure

IVA 3 AC Jan 1978

IVA 6 AC Mar 1978

v 2 AC Dec 1980

v 1 AC May 1981

v 3 AC Dec 1981

v 4 AC Mar 1982

VM 5 AC Sep 1982

VM 6 AC May 1983

VM 7 ARl  Oct 1983

VM 8 ARl Mar 1984

VM 9 AC(e) June 1984 LEO, Centaur launch
failure

VA 10 AC(e) Mar 1985

VA 11 AC(e} June 1985

VA 12 AC(e} Sep 1985

VA?BS 14 AR2  May 1986 Launch failure

VA(IBS) 13 AR2

VA(IBS) 15 ARZ Notyet launched

TD:  Thor Deita AC: Atlas Centaur

AC(e): Atlas Centaur extended AR: Ariane

LEO: low Earth orbit

Table 1: Intelsat VI ications characteristics

6/4 GHz (C band)
Satura-
West East tion flux
i GT eirp.

Beam u{g:;] mrmr’ dB/K dBW Comments
high low

Hemi W E -776-671 -94 310

Hemi W E -776 —92 280 Channel9d
Hemi W E -70.1 -95 280 Channel9

Zone w -776-67.1 -70 310 SE & SW,Notel
Zone E -776-67)] -20 31.0 NE & NW, Notel
Zone W E -776 -2.0 280 NW/E. Channel9
Zone WE -776 -7.0 280 SW/E Channel9
Zone W E -70.1 -30 280 NW/E, Channel9
Zone W E -70.1 -7.5 28.0 SW/E, Channel 9
Global -77.6-70.1 -14.0 26.5

Notes
1, Low gain G/T = —7.5dB/K
2. Low gain G/T = -3.0dB/K

14/11 GHz {Ku band)

Saturation fi G/T eirp.

Beam density dBW/m* dB/K dBW Comments
Spot W -773 -13 417 Outer coverage 72 MHz
SpotW -780 1.7 44.7 inner coverage 72 MHz
SpotW -3 -13 447 Outer coverage 150 MHz
SpotW -78.0 1.7 477 Inner coverage 150 MHz
SpotE -78.0 10 44,
Tabie 2:1 Vil icati h. istics

Saturation

flux densy

G @4.0.p. (dew/

Beam (e8/X) (4BW) Low Hi
Hemi 1 -85 30 -87 -73
Hemi 2 -75 330 -87 -713
Zone 1 -50 330 -87 -73
Zone 2 -30 330 -87 -73
Zone 2A -6.0 330 -87 -73
Global AB poln. ch. 10,11 -120 26.5 -87 -73
Global A8 poln. ch. 12 -120 290 -87 -73
Spot 1 inner +48 45.0 -90 -76
Spot 1 outer +18 420 -87 -73
Spot 2inner +23 45.0 -90 -76
Spot 2 outer -0.7 420 -87 -713
Spot2 Ainner 0.0 450 -90 -76
Spot 2 A outer -30 4.0 -87 -73

along with reflectors of the order of 2.5m in
diameter.

Two hemi beam coverages will be pro-
vided, together with the activation of two out
of four zone beams. The latter will be
conducted by ground command as required.

For some locations, it is envisaged that
the North-South orientation of the satellite
will be reversed, effectively turning the
beams upside down.

A special feature of Intelsat VII is an
enhanced zone coverage for the C band
frequencies. This is associated with Zone 2
and is known as Zone 2A. The satellite will
receive signals from both Zone 2 and Zone
2A simultaneously but will transmit only to
one of them, the choice being made by
ground command.

In Ku band, coverage will be provided by
elliptical beams which will be steerable over
the whole Earth.

BEYOND INTELSAT VIAND VII

Satellite communications has evolved so
unpredictably that to crystal ball gaze is a
punishingly inaccurate act! However, in
considering its longer-term requirements,
Intelsat research and development has fo-
cused on elements such as on-board proces-
sing, inter-satellite radio links, fully-
reconfigurable spacecraft antennas and adv-
anced spacecraft propulsion and bus de-
velopment. In addition, a drive toward small
Earth station operation and interference-
tolerant network operation is present.

For a network employing more than 800
antennas in over 150 countries, it is essential
to take account of the impact of such infra-
structure on the space segment. Thus new
technologies will have to be phased into
operation when the maturity of the network
and technology permit it and when such
developments are cost-effective. It is there-
fore likely that the current ‘transparent
transponder’ concept will be gradually and
carefully supplanted in certain applications
by advanced processing transponders.
Whether this will be initiated with Intelsat
VIII is a matter of pure speculation; it will be
dominated by the evolution of traffic re-
quirements.

One feature of satellite communications
of the past that will remain is its ability to be
very flexible in adapting to changes in
communication requirements. This flexibil-
ity must continue to be exploited if satellite
systems in the future are to remain competi-
tive in the communication arena.

Paul Thompson is Fixed Satellite Systems
Manager with British Telecom Internation-
al. He has been closely involved with the
Intelsat consortium, of which BTI is a
member.

The author wishes to acknowledge the

help of colleagues in Intelsat and Hughes
Aircraft Company in preparing this article.
@ Ariane’s resumed launch programme
continued on November 21 with the suc-
cessful placing in orbit of the West German
TV-Sat 1, Europe’s first direct broadcasting
satellite. Although the Ariane-2 vehicle
worked perfectly, one of TV-Sat'’s two solar
panels failed to open, giving rise to fears
that the satellite’s life might be shortened.
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Sibilant
distortion

Peter Hirschmann commented
(Electronics & Wireless World,
July 1987) that voices on the
BBC World Service sound natu-
ral and without undue emphasis
onsibilants.

The BBC, like most other
short-wave broadcasters, uses
compression and limiting on the
audio signal to keep the modula-
tion level of the transmitters at a
relatively high level. This is
necessary to maintain the au-
dibility of the signal — especially
important considering the high
levels of interference that exist in
the short-wave bands.

Audio compressors and limi-
ters can, however, exacerbate
problems with sibilance. The
BBC has taken some care to
ensure that the processing used
on its World Service transmis-
sion does not significantly con-
tribute to this effect. A sophisti-
cated multiband audio processor
is used which maximizes audibil-
ity while at the same time keep-
ing distortion and sibilance low.

Sibilance can also be reduced
by careful microphone techni-
que in the studio. The BBC uses
high-quality microphones, posi-
tioned to give a natural sound
which does not over-emphasize
sibilance. This combination of
microphone technique in the
studio and careful choice of au-
dio processor has, we believe,
allowed World Service transmis-
sions to have good audibility,
while keeping sibilance effects to
aminimum,

Henry Price

Head of Engineering Informa-
tion Department

BBC

Design in
solation

I agree wholeheartedly with
Messrs Kyle (EWW August) and
Wilson (EWW November) in
their various comments con-
cerning electronic call switches.
I am amazed that these devices
are not designed with e.m.c. in
mind. | design electronic
weighing-machine controllers
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and the DTI (National Weights
and Measures Laboratory) insist
on tough r.f. immunity testing of
equipment, initiated by the CB-
emission/petrol-pump conflicts
in the early 1980s. Once under-
stood, the design principles are
easy to incorporate; how come
the infinitely larger telephone-
equipment manufacturers’ R&D
departments can't or won't im-
plement them?

Indeed, how come the BABT
doesn’t apply the same criteria as
the DTI? Could it be that BT is
involved? Surely, in the long run
BT would be the beneficiary of
e.m.c. kit. I believe that design
without electromagnetic com-
patability is sloppy and negligent
—whatever the product.

D.J. Smith
Burton Joyce
Nottingham

Chillerton
Down v Emley
Moor

I read with interest the claim by
my colleagues at Chillerton
Down IBA, that they have the
highest microwave link dish in
the United Kingdom. Emley
Moor has had, and still has, a
microwave link at 910 feet.

We now claim the record, un-
less someone else, of course, can
prove to the contrary.

D.J. Long

Transmitter Maintenance En-
gineer

IBA Emley Moor

E.H.
Armstrong

Mr Atherton's recent article on
the life of E.H. Armstrong and
his references to early work on
the triode feedback oscillator and
the superheterodyne receiver,
called to my mind a story on the
origins of the term ‘squegging’.
As a student in the early 1930s
I was told by awell known Scien-
tific Officer of the Department of
Scientific and Industrial Re-
search, that the phenomenon of
grid blocking in r.f. oscillators
had been noted in the Admiralty
Research Laboratoriesin 1916.

' FEEDBACK

It was also noted that the
audio note it produced in the
receiver varied with the value of
the grid resistor and that the
device could be used to compare
high-value resistors. Here was a
new type of megger, a low volt-
age megger, and because of its
peculiar squeak it was given the
name of “Squeaking Megger” or
“Squegger”.

I have not heard the story
since and wonder if any of your
readers may have more informa-
tion on the origin of this word.
0.H. Davie
Reading

Coupling as a
way of life

I was happy to see that Tom Ivall
is still in electronic journalism,
but not so happy with his treat-
ment of P.E.K. Donaldson’s work
in the interesting article on cou-
pling coefficients in the June
issue.

In Electronic Engineering cir-
ca 1945 | gave the design details
for a number of types of tuned
transformer, together with
equivalent circuits and the con-
ditions for the onset of double
humping. Shortly afterwards 1
up-dated it to include designs
based on insertion-loss charac-
teristics. In dealing with induc-
tively coupled circuits, it is use-
ful to consider “k” as having a
value hetween +1 and —1, de-
pending on the direction of con-
nection and the degree of cou-
pling.

Referring to the implantable
receiver, presumably power is
important and this implies that
the inductor L, has a high Q.
Figure 2 shows a test circuit that
presents an inductance in series
with a parallel combination of a
13 ohm resistance and an induct-
ance, which can hardly be re-
commended as an elegant
method of measurement. Would
it not be better to use a direct
measurement of the magnetic
field or, since there are lots of
volts and amps around, the vol-
tage across a low resistance of 0.5
ohms?

It is well known that, for any
network using purely reactive

components and operating be-
tween resistive loads, at the fre-
quency at which zero insertion
loss obtains the impedances pre-
sented to the driving source and
to the output load must be purely
resistive and of such values as to
provide matched conditions.
Thus, an oscillator using the
input impedance of such a net-
work for frequency discrimina-
tion will oscillate at this frequen-
cy when the maintaining ampli-
fier in the oscillator has zero
phase shift.

When the resistance R; is
zero, the network presents zero
impedance at frequencies corres-
ponding with w?LC(1xk)=1, as
stated. An inspection of the
equivalent T networks given in
my article makes this obvious.
This is not a desirable state of
affairs, since Sod’s Law says that
the system will operate at the
unwanted frequency or, possibly,
both frequencies. The current
flowing in the secondary circuit
is independent of the coupling
coefficient at either of these fre-
quencies for a loss-less transfor-
mer. In practice, the dissipation
in the components will make this
current somewhat dependent on
coupling.

In ultra-reliable equipment, is
it good practice to use an op-amp
to drive a pulse waveform into
the large input capacitance of the
Vmos transistors? Perhaps the
op-amp used is exceptional.

F.G. Clifford
Wynberg
Cape Town
South Africa

Early naval
radar

An effort is being made to com-
pile a comprehensive record of
naval radar during World War 11
— before it is too late. Such
records as currently exist are
somewhat scant and unrepre-
sentative.

This was proposed at a reun-
ion, at Churchill College Cam-
bridge in December 1985, of
former engineers and scientists
of the Admiralty Signals Estab-
lishment, Witley, Surrey, by Pro-
fessor J.R. Coales and J.D. Raw-
linson.
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For my part, I am writing
some notes on the ship-fitting,
commissioning and main-
tenance-at-sea aspects and
would greatly welcome contacts
with any of the earlier RNVR
Radar Officers with good recall of
their technical experiences over
this period.

N.P. Abbott

2 Hawkshaw Close
Liphook
Hampshire
GU307DF

Catt’s anomaly

I note that it is Ivor Catt himself
who dubs his puzzle the Catt
Anomaly, and that his references
are to his own work (EGWW,
September 1987, p.903).

As one who is to some extent
‘disciplined in the art’, I do in-
deed fail to grasp his point.

At the bottom of my mountain
lives an old man who acts as my
servant. Having compassion for
his arthritic joints, 1 permitted
the installation of a mechanical
signalling system consisting of a
thin steel cable, sliding in the
forks of trees, and having a small
bell attached to each end, one in
his mean hovel and one in my
cave. Should | require provi-
sions, | give this wire a pull, and
if Thrimble (for such is his name)
is awake (an unusual state with a
short time-constant, I might
add), he confirms with a return
tug. Likewise if visitors are pre-
sent he gives me a bell, and if |
am not deep in meditation I will
return confirmation that they
may begin the climb.

Measurements have shown
that Thrimble, arthritic as he is,
cannot move his hand with a
velocity greater than about
10cm/s, and even the straightish
path of the cable is some 300m.
The steepness of the mountain
(whose precise location 1 must
keep secret, for obvious reasons)
requires visitors to make a climb
of some 2km on foot, which
usually takes them the best part
of an hour. A little calculation
will show that if the speed with
which movement of the cable
propagates were limited to the

speed with which the cable itself
moves, visitors would have to
wait two hours for a reply. Deter-
mined ones who set off on the
climb without waiting might be
disappointed to find me in pro-
found absorption, from which 1
might not arise for hours or even
days. Since I gave him an abacus
last Christmas, Thrimble has
been fond of demonstrating this
to visitors. This now gives me
time, after replying to the bell, to
scrape some lichen off the back
wall, and with flint to make a fire
and brew some strong tea with
which towelcome the climbers.

In a similar way when Thrim-
ble opens the tap outside his
mean hovel (there being no
drainage within) the displace-
ment of water propagates back
up to the pool some 50m away at
a speed about that of the speed of
sound in water, though only a
trickle — and a brackish one at
that — actually comes out, in-
dicating a low water velocity.
Personally | believe the pipe to be
infested with a variety of fauna,
and refuse to drink from it.

So it is also that the propaga-
tion of a charge pulse along
conductors, at a speed
approaching that of light, does
not require the electrons to drift
at anything like that speed — the
rearrangement is what travels,
not the electrons themselves.
AlexWilding
Crabbs Cross
Redditch

Ivor Catt replies:

I do not think this letter is as
amusing as Mr Wilding thinks it
is. He has the equivalent of a
rigid rod (the cable) buried in his
story. The rigid rod is used to
warn electrons ahead of the TEM
wave that they must start to drift
forward. This is a forward E field
which contradicts the concept of
a TEMwave.

Pure resistance is presented to
its terminals by any capacitor at
one or more spot frequencies.
However, the value of this resist-
ance and the frequency at which
it occurs are dependent on the
construction. Therefore, it
might well be helpful to shunt a
large capacitance with a much
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smaller one to obtain the least
possible impedance at high fre-
quencies.

The traditional explanations
are quite adequate for “Catt’s
anomaly”, although they need
constant revision for other pur-
poses, and that is why Catt's
criticisms are so valuable. He
stirs things up and forces us to
think, and not all his ogres are
windmills. (I would like him to
turn his powerful lance against
those who decide what is taught
in schools, as they have produced
a level of understanding of
magnetic fields even lower than
in the bad old days of threefold
irrational units and “point-
poles™.)

Consider a pair of parallel cop-
per wires, 5mm apart and each
Imm in diameter, carrying a
logic transition of +5V from left
to right. The step is followed by
18maA 10 the right in the positive
wire and 18maA to the left in the
negative wire, the characteristic
impedance being 275 ohms. Also
behind the step comes surface
charge of £60 picocoulombs per
metre. (If this were the only
moving charge it would, indeed,
have to move at the speed of
light.) On the assumption that
each copper atom provides one
mobile electron, each wire
actually has 10,000 coulombs of
moving charge per metre and its
drift velocity is only about 2
microns per second.

In answer to Catt’s question,
the surface charge on the nega-
tive wire does come from the left.
When a wave of rightward move-
ment progresses rightward
through the mobile electrons at
3x10° ms~!, the effect is to
concentrate them, rather like
shouting “fire!” at the end of a
crowded corridor remote from
the exit. In the positive wire, it is
like shouting at the exit end and
the leftward moving electrons
become slightly more spaced
out. It can be shown (!) that these
effects are just sufficient to pro-
duce the +60pCm~' of unba-
lanced charge, which moves to
the surface and terminates the
electric flux.

R.J. Sharp
St Austell
Cornwall

Vladimir Kosma
Zworykin

I have read the interesting
account by W.A. Atherton in
EWW for October, in which is
mentioned in passing Dr Zwory-
kin's great interest in medical
electronics.

May I draw your attention to
p.357 of Wireless World, August,
1957 under ‘World of Wireless’ to
the report of Dr Zworykin’s prop-
osal for the formation of an inter-
national organization for elec-
tronics applied to medicine.

Out of the 2nd conference in
Paris 1959, national societies
were formed, in particular the
Biological Engineering Society.

For information | enclose a
photocopy of MBEC News, No 6,
November 1982, “Founder of the
IFMBE dies aged 93".*

R.E. George
Ilford

Essex
*Enclosed-Ed

Glasses
improve your
hearing
eaf since

I have been severely

birth and | wear two hearing
aids; my comments below are
based on experience and not on
experimentation (See Research
Notes, September, 1987).

I have 20/20 vision but when
an optician asks me to read the
bottom line of his chart my hear-
ing aids do not enable me hon-
estly to reply, “Made In Hong
Kong”. On the other hand, I
would appear to be more obser-
vant than T.C. Mits (The Cele-
brated Man in the Street).

Rare is the person who has a
hearing loss which is flat across
the frequency spectrum; equally
rare is the hearing aid which has
a flat response and no such de-
vice has a high-fidelity or
omndirectional microphone.
Consequently, the choice of
hearing aid is a compromise be-
tween the requirements of the
individual and the selection of
models currently available.
There can be no perfect match-
ing of man to machine and it is a
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fallacy to say that a hearing aid
corrects the hearing loss. The
user finds, as a rule, that most
frequencies have been amplified
to some degree and thus he is left
with the task of discriminating
between those which he actually
required amplifying and the in-
creased amplitude of the fre-
quencies which are redundant to
him. The result is that the brain,
far from being able to relax a
little from the strain of hearing,
instead has to work at least as
hard; things are louder, but ev-
erything is louder. It is hard to
see how my brain can have more
time to spare to process any
interaction between sight and
sound.

My lipreading is considerably
better than that of T.C. Mits. This
skill was derived instinctively — I
have never had a lesson. It is a
necessity to supplement the pro-
duct of the hearing aids. Howev-
er, if I remove my hearing aids
my lipreading ability deterio-
rates compared with what it is
when [ simply turn them off but
leave them in place! My conclu-
sion from this is that the pre-
sence of the hearing aids gives
me confidence in some way, i.e.,
a psychological phenomenon.
Within the general context of
observation ability, however, |
would tend to subscribe to the
empirical view that Nature
makes up in one area for a de-
ficiency in another, wherever
possible, because [ appear to
register more than T.C. Mits
whether or not [ am wearing my
hearing aids.

Research Notes comments on
our ability to put up with poor
sound quality on television sets
and appears to suggest that we
use our sight to rectify the quali-
ty. On this point | would dis-
agree: | have a better reason than
most to use my sight as such, yet
I find it near impossible to watch
the box because the picture is
small and fuzzy, and because
often the speaker is not in any
case shown on the screen in
full-face. Could it not simply be
that T.C. Mits uses what he does
hear to extrapolate for that
which he does not hear, given
that he will have a relatively high
‘hit rate’ compared to a deaf
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person? After all, such extrapola-
tion is the way in which good
lipreaders operate, focusing (sic)
their attention on key aspects
and filling in bits which they
miss by putting in context.

I would just like to add that
most of the imperfections in
hearing aids are a direct result of
the need for compression. De-
spite their defects, these devices
do have one or two extremely
positive benefits aside from their
original purpose, e.g: I am the
one who does not have to get out
of my chair to adjust the hi-fi
balance setting — [ simply adjust
the volume control on one of my
cylinders! More, what better way
to avoid the nagging mother/wife
than to switch off, in full view of
course!

Simon Tushingham
Whitefield
Manchester

Catching the
irates

In his Radio Broadcast article in
the September 1987 issue — page
959, Pat Hawker makes a small
but very understandable mistake
in quoting the House of Lords’
decision on the case of Depart-
ment of Trade and Industry v
Rudd given on 4 June 1987.

Since the sentence could en-
courage unlicensed broadcasters
mistakenly to attempt to resist
lawful seizure of records and
tapes, I should be grateful if you
could publish a sentence of cor-
rection.

Their Lordships ruled that re-
cords and tapes are not apparatus
for wireless telegraphy and are
therefore not liable to forfeiture
by the Courts under section
14(3) of the Wireless Telegraphy
Act 1949, However, an RIS offic-
er has power under section 79 of
the Telecommunications Act
1984 to “seize and detain, for the
purposes of any relevant pro-
ceedings, any apparatus or other
thing which appears to him to
have been used in connection
with or to be evidence of the
commission of any such off-
ence”. This seizure power is not
affected by the judgement. Re-
cords and tapes are “things™

FEEDBACK

which may be part of the evi-
dence which the RIS needs to put
before the Court during the pro-
secution of an unlicensed broad-
caster.

I should underline that this is
a detail which in no way under-
mines the general accuracy of
Pat Hawker's reporting.
D. Gane
Director
Radio Investigation Service

Underground
radio

I was pleased to read Dr B.A.
Austin’s review article on
through-the-rock radio propaga-
tion (September 1987 issue). He
rightly points out the compara-
tive neglect of this aspect of
underground communications
in the published literature. At
the same time he himself has
now redressed the balance sub-
stantially and authentically, and
his well-chosen references will
allow the serious student to fol-
low the subject up.

Dr Austin himself meticulous-
ly avoids making any extravagant
claims for this form of com-
munication, or suggesting that
through-the-rock propagation
could take over the general role
of leaky feeders in day-to-day
mine radio communication; in-
deed he deliberately and properly
uses the epithet ‘mine-wide’ in
respect of leaky-feeder systems,
while speaking of typical ranges
of 300m or so for through-the-
rock propagation in normal con-
ditions.

And yet, the article does seem
to be giving the impression in
some quarters that here is a
recently rediscovered form of
underground communication
that can eliminate the need for
costly leaky feeders. This mis-
understanding is probably a re-
sult of too perfunctory a reading
of what is essentially a serious
scientific paper with no axe to
grind. It is therefore perhaps
worth pointing out briefly the
different roles that the two forms
of radio propagation can play.

Leaky feeders can be guaran-
teed to provide reliable under-
ground communciation over any

required range, with the ability
to employ conventional v.h.f.
radio sets of one’s choosing
{which nowadays can be truly
pocket-sized). If the particular
channels used are so approved,
the system can be extended
above-ground to cover the sur-
face precincts of a mine (or even,
in one case | know, to the mana-
ger's house in the next county)
by means of a conventional sur-
face aerial. The price of all this is
the installation underground of a
special type of cable — the leaky
feeder — throughout the mine:
but contrary to what is some-
times alleged, such feeders can
be simply bunched with other
cables in the normal cable han-
gers; nor need they be nearly as
expensive as is sometimes
quoted.

However, it could be inconve-
nient or uneconomic to lay leaky
feeders throughout the extract-
ing areas of some types of mine
worked on room-and-pillar or
stoping principles, even though
very cheap and expendable ‘rib-
bon feeder’ will usually serve in
such situations, and here may be
the appeal of the through-the-
rock possibilities. But in this
respect one statement of Brian
Austin’s perhaps needs qual-
ifying. He speaks of communica-
tion being possible ‘within some
metres’ of a leaky cable. This
would be a fair statement in
respect of the earlier leaky-feeder
systems where the utmost longi-
tudinal range was being
squeezed out of each base sta-
tion, but modern systems using
in-line repeaters in the v.h.f.
High Band (150 - 174 MHz)
maintain a very high and consis-
tent signal level, typically with a
margin of some 20dB over the
earlier standards. Such surplus
would normally be good for a
lateral range of 25 and perhaps
50 metres into a side tunnel or
workings not equipped with
feeder, making use of tunnel-
guided propagation. In fact, by
installing a local repeater feeding
directly into a conventional ae-
rial such range may often be
pushed up to 200m or more,
depending on the size and
straightness of the side tunnel.
These possibilities should
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perhaps be considered before
looking to specially designed and
quite expensive through-the-
rock equipment, even though
that equipment by being
purpose-designed might better
withstand mining conditions
and use.

The really awkward situation,
fortunately rare, is where a long
winding tunnel has to be served
and any form of laid conductor is
expressly ruled out. It is here
that through-the-rock propaga-
tion offers the best hope. In such
cases some form of composite
system seems to be called for
leaky feeders at v.h.f. in the long
trunk routes and on the surface,
through-the-rock using lower
frequencies for the working
areas. | have sometimes won-
dered whether a specially de-
signed dual-band personal radio
set would meet a need here.

There is, of course, a third type
of underground radio system us-
ing inductive techniques. Brian
Austin touches upon this subject
in his mention of guidance by
existing conductors. Generally,
it is considered worthwhile to lay
special conductor wires for the
purpose, held clear of the tunnel
walls and metal structures. This
principle is still used as the basis
of some proprietary systems, for
which somewhat extravagant
claims are sometimes made.
Perhaps a specialist in this type
of communication could redress
the balance there with a similar
authoritative treatment?

D.).R. Martin
Great Bookham
Surrey

Readers’ letters for publication
are always very welcome, and it is
helpful if they can be kept as
short as possible to enable us to
print a varied selection. Please do
not feel inhibited about starting
new hares for correspondents to
chase — there is no need to
confine your letter to matters
already mentioned in the journal
Ed.

Sel

-repairing

computer for space

A demonstration computer sys-
tem has been designed for the
European Space Agency by a
British company, Smith Associ-
ates of Guildford. It is based on
the transputer and can offer, for
the first time in space, super-
computer power in a small
enough package for use in satel-
lites and other spacecraft. The
principle involved is fault-
tolerance and self-repair which
makes the computer overcome
the soft errors caused by radia-
tion in outer space. This also
allows the use of components
that are not radiation hard.
Cosmic rays cause, on aver-
age, one soft error in a day. This
will not affect the hardware but
may corrupt the computer mem-
ory or program. The Smith sys-
tem uses four transputers oper-
ating through ‘voting’ logic so
that control or communications
commands need to be confirmed
by any two of them. In the event
of an error, the faulty transputer
can be reset by the others. All
four have copies of the software
for all functions and so can re-

program each other. A further
check involves having four diffe-
rent versions of the software; one
for each processor.

All this can be accomplished
with three processors but the
fourth is provided in case of a
hardware fault caused by radia-
tion which could occur after
about ten years. The demonstra-
tion model uses a standard In-
mos four-processor development
board with voting logic added.

The advantages of such a sys-
tem are considerable. Up to now
‘radiation hard’ components
have been used in on-board com-
puters of comparatively low stan-
dards. The Giotto craft, for exam-
ple, which met Halley’s Comet,
had an eight-bit computer less
powerful than the average desk-
top device.

Such systems have depended
principally on ground control,
but deep-space missions offer
considerable delay in signalling;
message and response takes ab-
out a 20 minutes round trip at
the distance of Mars. So there is a
great advantage if much of the

control can be carried out auton-
omously. Similarly, the compu-
ter can undertake image com-
pression and relay an image back
to base every 10 to 20 seconds,
instead of taking up to 100
seconds as is the case with some
recent deep-space probes. Such
images could be received by a
number of users directly instead
of their having to wait three
months or more to get processed
remote-sensing images from a
space agency.

Other uses include control of
on-board experiments; and con-
trol of robotic vehicles in un-
manned missions to, for exam-
ple, Mars. In the year 2003, there
is another comet approaching
Earth and there is a proposal to
land a craft and attempt to sam-
ple the nucleus for analysis.

Smith Associates is an inde-
pendent consultancy of systems
engineers. They developed the
transputer-based fingerprint
recognition system for the Home
Office, which is now manufac-
tured commercially and used in
many countries,

Traditionally, it has been necessary ta send relatively old technology into space to ensure
reliability. Fault-tolerant design makes it possible to take advantage of the latest devices.
Fast processors provide efficient image compression, reducing the bandwidth required to
transmit pictures back to earth.

F1 ADCS screen
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New teletext
for BBC-tv

Level 2 teletext pages are among the features
Ceefax will soon be able to offer with its new computer from Softel.

text service Ceefax are coming, though

few viewers at first are likely to notice
them. In a few months’ time the DEC
minicomputer system which has been in
operation at the Television Centre in West
London since 1979 is to be replaced by more
powerful hardware. Besides having support
for extensive modem links to outside in-
formation sources, the new computer will
process pages faster and will be able to
handle enhancements to the basic teletext
format. The hardware will still be based on
DEC equipment, but support for it will come
from Softel, the company behind ITV’s rival
Oracle system. Peripheral items such as
monitoring decoders and editing terminals
for the new system will be manufactured by
Softel’s hardware offshoot, Softel Electro-
nics.

Softel is a relatively new company: it was
started in 1983 by George Berry and Steve
Gould, both of whom were previously with
the special projects group of Digital which

Improvements in BBC television’s tele-

Right: preparing a Level 2 teletext page on
a Softel SE3030 terminal. By pressing a
key, the operator can quickly switch to
Level 1, revealing any features of his
design which will show up badly on older tv
receivers equipped with Level 1 decoders.
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Level 2 teletext (above) provides more
foreground and background colours and
can give double-width characters as well
as double-height. Up to 193 control char-
acters are allowed per page; the extra cost
in transmission time is relatively slight.
Pages can be assembled quickly by pour-
ing Level 1 text on to Level 2 backgrounds
prepared in advance.

until then maintained Oracle’s system. The
BBC’s present system was supplied by
Logica.

Broadcasters in the Netherlands, Bel-
gium, Sweden, Ireland, Dubai, Malaysia and
Australia are among the overseas users who
now have teletext systems installed or main-
tained by Softel. But to have gained con-
tracts for both UK systems will provide Softel
with a valuable showcase to promote further
sales abroad.

Accents and special characters for foreign
languages are no longer the obstacle they
were in the anglocentric early days of tele-
text. Dubai’s system is bilingual in Arabic
and English, with hybrid decoders developed
by Mullard and special editing terminals
from VG Electronics. Even Japanese charac-
ters are now included in the expanded World
System teletext specification.

New freedoms offered by advanced decod-
eri.cs such as those from Mullard now make
it possible for newcomers to teletext to adopt
the higher-level specifications from the out-
set. Teletext is a hierarchical family of
system, with the Level 1 standard now
familiar in British homes at its base and
Level 5, which is equivalent to photo-
videotext, at the top. Spain is likely to be the
next major European broadcaster to begin a
teletext service; and the need for the tilde
and special punctuation marks may encour-
age hertobegin with Level 2.

Level 2 teletext also offers a marked
improvement in appearance at a fairly small
cost in transmission time. Pages can include
smooth mosaics and can be made up of 16
standard colours plus a further 16 redefin-
able colours out of a choice of 4096. Level 3
brings in addition the further benefit of
dynamically-redefinable character sets, and
here the characters can be graphic elements
aswell as text characters.

Softel is also active in the field of non-
broadcast teletext systems. Among these is a
pair of installations for the Manpower Ser-
vices Commission, which make up pages of
job advertisements for transmission on the
Central and Yorkshire independent tv net-
works during the night. The advertisements
are composed as Level 2 teletext pages and
transmitted in vision.

Another rather unusual closed-circuit
system was commissioned by Softel at the
Yeovilton naval air base in conjunction with
another company, System Skill. This feeds
air traffic control information to some 50
screens around the base, using full-field
teletext distributed by cable. Teletext pages,
which can include block graphics, are sent in
groups of four, then re-formatted into 80-
column screens for display. Individual pages
can be accessed in less than a second, which
is very much faster than would have been
possible with a system based on RS232 serial
links.

Softel says its software-based approach
enables it to adapt systems easily to satisfy
individual customers’ needs. And improve-
ments devised for one can be made available
to all. Software for Softel’s broadcast teletext
systems is written in PDP-11 assembly lan-
guage and in the Pascal-like RTL-2.

Softel is at Pangbourne on 07357-2151. System
Skill is at Woking on 04862-24766.
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Institution of Electrical Engineers

Pioneers
13. Heinrich Rudolf Hertz (1857-1894) and the discovery
of radio waves.

W.A.ATHERTON

ecause he died young we think of
BHertz as a 19th century scientist, a

man from long ago. It is a salutary
thought that, had he lived into his eighties,
he could have ended his days in a Nazi
concentration camp.

Heinrich Hertz needs no introduction. A
hundred years ago today he was deep at work
on what was to become the experimental
verification of Maxwell's theory of electro-
magnetism. His work proved the existence of
electromagnetic or radio waves, shattered
the concept of action at a distance, posed
problems for electrical science and paved the
way for radio communications.

Hertz found himself in the foremost rank
of world physicists, lauded in science pub-
lications and the popular press. He was just
31 years old and the new scientific megastar.
Six years later he was dead. Blood poisoning
had robbed the world of his genius.

ELECTRIC WAVES

Early in his investigations Hertz found that
electric waves move with finite velocity
along a wire. Oliver Lodge performed similar
work at about the same time in London and
both men had been anticipated by Wilhelm
von Bezold in 1870.

But Hertz made another discovery which
set him apart. He observed that if a piece of
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wire was formed into a circle, with only a
tiny gap between the ends, a spark could be
made to cross the gap whenever a spark
discharge was produced at a nearby induca-
tion coil. This happened even when there
was no physical connection between the two,
provided the resonant frequencies were
similar. He had trapsmitted and received
electromagnetic radiation through the air.

Others had in fact made similar observa-
tions but they had not realised what it was
they had seen, nor had they linked it with
Maxwell’s ideas. Uniquely, Hertz now had a
thorough understanding of Maxwell's theory
and a rudimentary transmitter and receiver
with which to investigate its physical
assumptions and predictions. It was a task he
now set himself.

Early in a series of experiments performed
in 1887 and 1888, he studied the effects of
placing different dielectrics between the
transmitter and receiver. Wood. sulphur,
paraffin and asphalt were used and his
results confirmed one of the basic principles
of Maxwell’s theory: the polarization of a
dielectric by electromagnetic forces.

Next, by measuring the length of the
electric waves and calculating the frequency
of his oscillator, Hertz was able to calculate
the velocity of transmission of the waves
through air. It was close to the known value

for the speed of light and the two were later
shown to be equal. This was a momentous
discovery.

Two schools of thought had arisen as to
how magnetic and electric forces acted on
objects with which they were not in contact.
The action-at-a-distance school assumed in-
stantaneous action. Maxwell and others
assumed the forces were transmitted by
action between neighbouring particles,
rather like a train shunting. This takes time.
Hertz had shown that, incredibly fast though
electromagnetic radiation is, its velocity is
finite. This fact killed the widely-held con-
cept of action at a distance.

Also in 1887 he discovered the photoelec-
tric effect (the increase in current caused in
some materials by incident light). He left its
further examination to others, even though
he recognized its importance. His goal was
to test Maxwell's electromagnetic theory of
light.

Demonstrations of standing waves, polar-
ization, interference and diffraction fol-
lowed. By the end of 1888 Hertz had proof
that, like light, electromagnetic radiation is
propagated as waves.

Walls covered with zinc sheeting reflected
the radiation and enabled standing waves to
be produced by interference between the
incident and reflected waves. A 100kg prism
of hard pitch was used to obtain refraction.
Parallel wires arranged as a grating polarized
the waves, a phenomenon which could also
be achieved by reflection from the wall. The
waves cast a shadow when directed at tin foil
or gold paper and this demonstrated their
ray-like properties. A screen with a hole in it
produced diffraction.

Hertz had even found that the electric and
magnetic fields oscillated at right-angles to
one another.

EQUIPMENT

His equipment was modified several times
and it is impossible to know exactly all the
frequencies at which he worked, although
estimates have ranged from 50 to 500MHz,
in what are now the v.h.f. and u.h.f. bands.

For the final set of a long series of
experiments the transmitter (or primary
conductor as Hertz called it) consisted of an
adjustable spark gap. set at 3mm, in the
middle of a 26cm long brass dipole. The
poles of the spark gap were formed by two
spheres and fed by a small induction coil. A
parabolic reflector was made from a zinc
sheet two metres square. This simple and
elegant device was held together with paper,
wood, sealing wax and rubber bands. It could
be dismantled quickly for the frequently-
needed repolishing of the pole surfaces.

The receiver, or secondary conductor, had
a dipole aerial. Each arm was 50cm long.
Two wires connected the arms to a tiny spark
gap formed between a brass sphere and a fine
copper point. Awafer spring and micrometer
screw gave exceptionally fine adjustment to
the spark gap.

With this simple equipment, for which he
measured the wavelength at about 66cm
(455MHz), Heinrich Hertz canducted ex-
periments which led to a revolution in
physics and a revolution in electrical com-
munications.

ELECTRONICS & WIRELESS WORLD



HERTZ'S EDUCATION

Hertz was born on February 22, 1857 in
Hamburg, the son of a prosperous barrister
who later became a senator. He had three
brothers and a sister, all younger than
himself. His father's family was Jewish, a fact
which drew the attention of the Nazis some
fifty years after Hertz's death. Hertz himself
was a Lutheran.

At the age of six he started school. Though
he did not demonstrate much artistic or
musical aptitude, by twelve his practical
skills were such that he had his own work-
bench and wookworking tools. Later he
acquired a lathe. These practical skills were
to prove important in his career.

He also had a great aptitude for languages,
coming first in his class at Greek and taking
private lessons in Arabic.

When he was 18 he moved to Frankfurt to
prepare for a career in engineering. It was
the first of a series of moves.

Engineering was a career he never fol-
lowed but a year was spent gaining practical
experience and reading for the state ex-
amination. As a side interest he also studied
natural science and mathematics, a hint of
an internal conflict between the rival attrac-
tions of science and engineering.

There followed a short spell at Dresden
Polytechnic and a year of military service
with the railway regiment in Berlin. Then in
1877 he moved to Munich, planning to enter
the Technische Hochschule. Instead, with
his father’s financial backing, he entered the
University to begin an academic and scien-
tific career. The mental tug of war between
engineering and science had been settled.

At Munich he alternated between theore-
tical and practical studies, a pattern which
continued in his professional life. After a
year he moved to Berlin to continue his
studies, having also considered Leipzig and
Bonn. Berlin was the right decision. It
brought him directly into contact with Her-
mann von Helmholtz, a major figure in
German physics and the man who was to
become his mentor.

Immediately on his arrival in Berlin,
Hertz was drawn by a prize offered to solve a
problem concerning possible electrical in-
ertia. Though a university student for only a
year he decided to go for it. He won it by
showing that electrical inertia, if any, is
either zero or very close to it.

Helmholtz, who had suggested the prob-
lem, provided facilities and his own growing
respect.

Helmholtz had by now suggested that
Hertz try for another greater prize. This one
was offered by the Berlin Academy for an
experimental decision about the crucial
assumptions of Maxwell’s theory. Helmholtz
was pointing his star student at a problem
which would eventually make the student
greater than the master. But Hertz turned
away.

After writing his doctoral dissertation,
which took him a mere three months, he
became a salaried assistant to Helmholtz at
the Berlin Physical Institute. It was a posi-
tion he held for three years from 1880. He
performed his duties, conducted research,
published papers and attended scientific
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Hertz’s transmitter and receiver: frequency of operation was about 455MHz.

meetings which brought him into contact
with the Germany’s greatest physicists.

The next career step for a budding uni-
versity researcher was as an unpaid lecturer
at the bottom of the hierarchy. This he
undertook at the University of Kiel.

As Kiel had no physics laboratory, Hertz
concentrated on theoretical work: meteor-
ology, electric and magnetic units — and
Maxwell’s theory. This was his first deep
study of Maxwell. Slowly everything was
fitting into place.

KARLSRUHE

The lack of a laboratory at Kiel caused Hertz
to turn down the eventual offer of a salaried
position. So he moved again, his seventh
move in eleven years, this time to the
Karlsruhe Technische Hochschule as a pro-
fessor of physics. He went there in 1885. The
next year changed his life in twoways.

In the first half of the year he met
Elisabeth Doll, the daughter of a colleague,
courted her, and in July they were married.
In November he began the experimental
work which earned him his place in history.

Throughout he kept in touch with Helm-
holtz. Whilst at Karlsruhe Hertz published
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The parabolic reflector arranged on a
wooden frame. (After W.F. Magie: A Source
Book of Physics, McGraw-Hill, 1935.)

nine papers about his work on electro-
magnetic radiation. The ramifications of the
discovery of the photoelectric effect he left
for others to work through. In fact it was the
future quantum theory which solved that
particular puzzle and that was begun by Max
Planck, the man who had succeeded him at
Kiel.

In 1888 Hertz's fame was such that the
university headhunters were after him. He
refused an offer from the University of
Giessen. Berlin wanted him as Kirchhoff's
successor but in December it was the Uni-
versity of Bonn that succeeded in acquiring
his services. Later Clark University in Amer-
ica approached him and the University of
Graz tried to tempt him to become Bolt-
zmann's successor. The tale is reminiscent
of the transfer market for a modern-day
football star.

In Bonn he lived with his family in the
house where Rudolph Claussius had lived.
He took on one research assistant — Philipp
Lenard, who later won a Nobel Prize. More
scientific papers and books followed.

By now Hertz had received many awards
and medals by way of international recogni-
tion. One was the Rumford Medal of the
Royal Society of London for which he came
to England and was welcomed by the leading
British physicists and electrical engineers.

Whilst at Karlsruhe Hertz had complained
of toothaches. They were so bad that in the
middle of his epic work one hundred years

ago he underwent an operation on his teeth.

The next year all his teeth were removed.
Later he stopped work for a time because of
nose and throat pains. Head operations
followed and, understandably in an age of
limited anaesthetics, he was often depressed.
It would seem probable that he had a

developing brain tumour but, whatever the
cause, it was beyond his doctors’ full under-
standing.

in the autumn of 1893 he worked on the
last stages of his book on mechanics. This

went to the publisher early in December. On
December 7 he gave his last lecture.

At the age of 36 he still had much to offer,

but he died on New Year’s Day 1894. He was
survived by his wife and two daughters, all of
whom fled to England from Nazi Germany in

1937.

Next in this series of pioneers of electrical
communication will be Alan Blumlein, the
British electronics genius.
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Lossy ells for pie tea

Matching networks for r.f. power transfer come in several
forms. In spite of J.W.’s weird title, this is his

ost electronics people on the com-
Mmunications side know that, to get

r.f. power from the p.a., up the
transmission line and into the aerial, equal
impedances on each side of the interface
between system and aerial, or between
stages, in some way become involved.

Strictly speaking, there is an error in my
last comment. A closer look shows that you
require not just equal impedances, but
complex conjugate impedances for max-
imum power transfer matching: I discussed
this in an earlier article'. But there is more
to it than that in r.f. circuit design, because
other frequencies, such as harmonics, tend
toarise that require the coupling circuits to
filter them out.

As vou know, there are strict rules about
harmonic suppression and the elimination
of spurious emissions. This means that the
networks used must not only match the
stages one to another or the aerial to the
final stage, but in addition they must tune to
the appropriate frequency. Even this does
not end discussion abhout the question,
because the Q of the tuning sections has to
be correct for efficient power transfer be-
tween stages and to give sufficient off-
channel attenuation to carry out the said
harmonic suppression and so on. And which
Q are we talking about in any case? A recent
article in this journal discussed how more
than one Q value can appear in the descrip-
tion of the same circuit®.

L.—- NETWORKS

If you consider Fig.1(a), the coil and capaci-
tor form the common or garden series-tuned
circuit, or acceptor circuit we all know
ahout. The reactance of the capacitor equals
that of the inductor at a certain frequency
and we talk about the circuit being resonant
at that point. But you can redraw the series
LC circuit as in Fig.1(b), which emphasizes
its potential-divider aspects. In a kind of
intuitive way. you can see that the L circuit
will offer a large reactance in the inductive
arm and a low one in the shunt capacitance
branch to all frequencies above resonance.
The circuit forms a simple low-pass filter.

In a way noi so obviously seen as the
tuning action [ have just described, this L
network also acts as a resistance-matching
transformer.

The plot thickens, because the L. section
hardly ever gets described via the series
resonant circuit approach [ tried above. The
more detailed parallel resonant circuit, or
rejector circuit stands in for this service.

ELECTRONICS & WIRELESS WORLD
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subject this month

JOULES WATT

From vour basic studies, you might re-
member that a parallel LC circuit offers a
very large impedance at its resonant fre-
guency. This impedance is real, and we call it
by the old radio engineer’s term dynamic
resistance, R;,. The following quick review
shows how we derive the value of R;,. From
Fig.2(a), the admittance from Ato B is,

1
R| +ij.
By adding up and rationalizing the denomi-
nator, this is,

R, WwCR*—oL(l-w’LC) 1 1
R+ R+ R,

Y=jwC+

so that R, and X, correspond to the shunt
equivalentcircuit of Fig.2(b).

For the reactive part to disappear, the
numerator in the 'j’ term of the expression
for Y has to be zero. This yields the resonant
frequency .

=Ll/L_ B
2w VLC L?
Putting this back into the term for R, (or
rather using it in the form of the angular
frequency w,) simplifies R, down to R, =L/
R,C. which is what we have also called R,,.
You can see that with a very small R;.R;, is
huge. In addition, with R, small, f,
approaches a value given by the simpler
expression for resonant frequency,
1

27 VLC
which is given in all the elementary text
hooks for high-Q tuned circuits.

If we use this expression in the form
wi=1/LC in the R;, equation above, then we
obtain all the alternative descriptions.

L oSl 1 Q

w*CR, ’C
from which you can take your choice in
applications.

These show that R, increases with Q - as
vou would expect from knowing that Q
describes the "goodness factor’ of the coil.

1]

TRANSFORMING IMPEDANCES

You might ask at this stage, “What has this
elementary theory of tuned circuits got to do
with impedance matching — such as cou-
pling my high-Z transmitter p.a. output
circuit into the low-Z aerial*”

We have actually found the answer
already. The low-impedance aerial cories-
ponds 1o the low R, position and would be

T\

<
w
~

L
Vs CI e
b

a
Fig.1. A series L-C circuit can be thought of
a reactive potential divider, as well as a
resonant circuit

o
°—r“a

Fig.2. The parallel resonant circuit has
some interesting properties, not least the
fact that smaller and smaller R, gives rise
toalargerandlargerR,.
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Fig.3. The impedance seen between 1 and
2 in both these circuits is the same, so that

transformations can be made between
them as desired.
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Fig.4. The transformation of the L circuit
shown here employs the series-to-parallel
conversion, which simplifies calculations
considerably.
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placed there in practice. The value of Ry,
corresponds in value and circuit position to
the high-impedance output-stage load re-
quirements. The factor that connects the
two is Q. (Have another glance at the
equations above).

A few points arise immediately from the
discussion in the way I have given it. Firstly,
the reactive parts of any source and load
impedances to be matched combine with the
L network components and end up tuned
out. This means that we only have to
consider resistive values. Another point
shows that the series arm has to contain the
lowest resistance — while the high value
must go across the shunt arm. Lastly,
because there are three gquantities varying
but only two components which you can
adjust (the L and C), the value of one
quantity (the Q) cannot be independently
chosen, and this has implications for those
harmonics that we said need suppressing.

The way you can design L - networks
usually proceeds slightly differently from my
discussion, which I intended as a familiar
path to assist understanding. Before going
on to summarize the procedure, there is a
transformation that most people soon get
rusty about and some students fail to see as
at all relevant to anything. You will find the |
transformation of shunt values to series
equivalents and vice-versa valuable in cir-
cuits containing, say, transistors at high
frequencies. Figure 3 shows the two circuits
and the transformations arise from,

and

where Z is the same in both networks.
Adding and rationalizing the second express-
ion, then equating real and imaginary parts
gives us,

and

and

L NETWORK MATCHING SECTION

Discussion has reached the stage where you
can see how to match any source impedance
to a load differing in value. Consider
Fig.4(a). where source resisiance R, is to be
matched to load resistor R, by means of the
reactive L network X,. X.. A direct use of the
parallel-to-series transformation allows us
to write series equivalent values R, and X',
so that the L network now looks like the
circuit in Fig.4(h) with
RIX|2 ' R| ' ,

_Rl._,+xl._,—RgandX| le| )\_)
because for matching, X» must tune out X,
and the transformed value, R,". must equal

R/’
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- Q=1

Q=2

+Q=3

05 08

R;. Solving for the reactances gives the
design values for this piece of work,

Ry
R, +R,

X2= FV Rz(R] _Rz).

A few more points of interest arise again.
You might notice that the reactances must
be of the opposite kind. If X; is an induct-
ance, then X, must be a capacitor, or vice
versa, The quantities under the square root
signs will only be positive if R;>R;, agreeing
with my earlier statement. In passing, you
could note that if the capacitor is in shunt,
then we have the low-pass solution. If you
swap over the inductor and capacitor, then
you get the high-pass version, of course.
This has ramifications for the harmonic
suppression.

X,=iR1

and

Q

The resistors determine the reactances, so
for the shunt capacitor version the Q auto-
matically follows,

_Ri _wl
w.,C_ Rg )
Therefore from the relation,
R,X;*
Ry=05——
we obtain, Ri +X,‘
Ri=Ra1+Q%)

which shows the relation between R,, R, and
Q. Larger transformation ratios give increas-
ing Q. Figure 5 illustrates the filter-like
characteristics as well as the increasing Q
with larger transformation ratios.

FROMLTOT (AND )

The awkwardness we find in having to put up
with a Q we cannot choose disappears if we
introduce a third variable to add its effect.
You can always use two L networks. one
transforming R, to some intermediate re-
sistance R,,. then the other network going
from R,, to the final resistance. R.. Of
course. as Fig.6(a) shows, R,, comprises a
virtual resistor, but drawing it in as a
stepping stone through the network. as it
were, helps us visualize what is going on.
You might think that two L networks

1
£
fo

n=nl

~

Fig.5. With a shunt capacitor in the L net-
work, the high frequencies become more
attenuated than the low. This is a low-pass
filter property.
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R1 L1 < L2 R2
3Rn
5
c
Q1 C2
1
I ]
Ry L R?
LiL2
L=
Li+L2
d

Fig.6. When two L-sections combine in va-
rious ways, all the interesting T and =
circuits can be derived. In (a) the two Ls
form a T network, as shown in (b). (c) and
(d) show the high-pass version of the same
T-network.

would add four variables. But the two inner
ones add or subtract to leave a single
resultant, which means only three really
there. The discussion so far shows that L
networks and the combinations have many
forms. If the pair suggested for the trans-
formation have their shunt arms inside,
then a T-network results, as shown in
Fig.6(b). Series arms facing inward give the
7 —networks.

The story does not end there. As we saw
above, the L networks matching two resis-
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tors can have their inductive arm swopped
with the capacitive. In other words, if you are
in the low-pass configuration, you can
change to the high-pass version without
altering the matching. The result gives, at
resonance, an electrically equivalent, but
physically different T-network, as Fig.6(c)
and (d) show.

ANALYSISAND DESIGN OF TAND «
NETWORKS

Glance back at Fig.6(a). L, and C, transform
R, into Ry, across the capacitive arm. This
means Q; = X,/R; = R/Xc,. Similarly. you
can see that C, and L, transform R, to the
final value Ry;. The Q this time is Q, =
Ra/Xc2 = Xi2/Rs. In general, you will find
these Qs not necessarily equal. The largest Q
value sets the overall circuit, or operating Q.
Combining the two capacitors into the
single equivalent yields the shunt C in the T
network in Fig.6(b). The design procedure
is:
selectaQ

X = QR

The Q of the second half of the circuit
follows,

X
Q= R,
R is given by,
Rn=Ri(1+Q%
or R,=R1+Q").

From these equations you can see that, for
the T network, R,, must be larger than R,

andRz. \

Now

1 1 1 1 R Ry

11,1 1 R R T geqn

Xe Xoi Xez Rn Xo xu mQ .
R

therefore X Qe+
Our job now is to get Q', X;» and X¢ in terms
of Ry, R, and Q. After being presented with
R, to be matched to Ry and then choosing
the Q. if we can derive these quantities we
can design the network.

The results accrue from manipulating the
equations written above. For example, elimi-
nating R,, from the two equations contain-
ing it gives,

R(1+Q%)=R%1+Q"?

or Q= \/R‘(1+Q )-1

and we can check this against Q to see which
is the largest. Using this expression for Q' in
the equation for X, ,, gives,

/7
R(1+Q )—1

Similar, substituting for Q' and R, in the
expression for X,

R(1+Q)

Xw-

XC=

Q+\//R"1+Q )—

These design equations give us the react-
ances of all arms of the T-network to match a
given source resistance R, to a load R, with a
circuit Q chosen independently.

ELECTRONICS & WIRELESS WORLD

LOSSY L's

You may ask, "What about the ‘lossy L of the
title?” | have always wondered about that
question also. Apparently this term arises in
the literature to describe an L,C,C. T-type
network that we obtain by exchanging the
second C and L, as in Fig.7. When R; < R»,
the result of C, and L, is a single capacitor C
whose reactance is given by,

1_1_ 1

Xe Xor Xiz
By procedures very similar to the T-network
derivations, you can show that the three
reactances and the chosen Q, relate to the
secondQ(=Q’).R;and R, by,

Q = \/-—%(HQZ)——I

X1 =QR,

Xc2 =Ry '\/%(HQZ)—I
and X¢= R'(H—Qi)__

_A/Ruyion-
Q R2(1+Q) 1

The last equation shows that R, has to be fess
than R,. or else no real capacitor fits the
model. (The sign of the reactance changes,
so that you would have to use an induct-
ance.) When R, equals R, the limiting case
occurs — X¢ goes to infinity. In other words,
the capacitor C goes to zero and you are left
with a series tuned circuit coupling the two
equal resistors.

FINALLY THE & CIRCUIT

The two L sections form a 7 network when
their series arms face inward, as you can see
from Fig.8. Now R,, must be less than either
R, or R. as you can see from the Q rela-
tionships,

_Ri Xy

Q_XCI a Rm

R‘) XI >
and ==
X2 R

By doing a shunt to series transformation at
each end, we obtain,

LY

R 1+Q°
R,

andR,,= 1407

which justifies the statement that R, must
be smaller than either of the other two.

Exactly the same as before you can show
that,

IR T
[ [ 82 +(.‘_
Q \/R.” Yi-1

with Xa=R,
Q
o R
/Ry
\ Rl(1+Q )-

a

Ri<R2
_Xp XL L2 . wl?

X XaeXi el

1
c:
or o

Wi

Fig.7. By making a kind of ‘hybrid’ with the
Ls. as in (a), assymetrical T-networks, such
as the lossy L shown in {b) can be obtained.

+ (4

L1 L2

Fig.8. By turning round the L-networks, the
T circuits result, as seen here in (a) which
forms the low-pass = type matching net-
work.
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Fig.9. This shows a typical application. In
(a) a non-resonant aerial and its terminal
equivalent circuit is converted to the para-
llel form by the transformation. A w net-
work then matches it to 75¢).
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Fig.10 The final network for the aerial with
values.
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and R|R2

. +—

X RlQ+RlR2(1+QZ)—RIZ_ RiQ Xco
L= 1+Q2 1+02

These appear slightly more complex than
the other network design equations, but you
will not find that significant. More impor-
tant, if your R, turns out to be less than Ry in
the m-network, inconveniently small induct-
ances become involved, while the capacitors
become very large. In that case, the T
network might be the best choice, or you can
notionally invert the = network, making R,
the R, value, letting X.; become X, and so
forth, as the example below illustrates. The
final outcome rests on your decisions from
experience as a designer.

EXAMPLES

This is the kind of discussion that rounds off
well if you try an example or two.

Take a typical h.f. radio transmitter oper-
ating, say, in the 3.5MHz band, which has an
output impedance of 75 + jO. The problem is
to feed an electrically short aerial. Aerials
shorter than the first resonance will have
large capacitive reactances, which require
tuning out and will offer rather low radiation
resistances. Suppose measurements show”
that the aerial looks like a resistance of 15¢)
in series with a reactance of —j200f), as
Fig.9(a) illustrates. At 3.5MHz, the capaci-
tance of the wire aerial turns out to be
220pF. We convert this series circuit into its
shunt equivalent, which gives R, = 2682()
and X¢, = 2015). Fig.9(b) shows the final
circuit ready for the analysis. The design
might require good harmonic suppression,
calling for a Q of say, 15. If you try this value
in X¢1 = Ry/Q. a very large capacitor (to give
a reactance of 51) turns up in the C,
position. Also, you will find that Q' is larger
(in fact its predicted value from the equation
is aridiculous 8000 or so...).

Invert the network, so that you can start
with R, as the ‘new’ Ry. This gives for a Q of
15,

xc._,=2‘%=17sn

Now calculate X,

Xei= (£ =32.50)
_15_ 2 _
Faos(1+15%) -1

Similarly for X
75X 2682

X, = X082+ 005.40)

15°+1

and a quick check to see that Q' comes out
reasonably.

=/ 21—
Q'= 2682(1+15) 1=2.3

which is lower than Q.

The only tiny little pitfall to watch is that
X2 contains the existing aerial capacitance,
so that the lumped component we have to
add will be considerably smaller than ex-
pected by the reactance value. In fact it is a
capacitor C,’, such that its reactance at
3.5MHz s,

XC2’=M= M= 1618¢)

XCanl_XC2 200—278
We know all the reactances of the w-network
and, as the frequency is 3.5MHz, the actual
component values from the usual formulae
follow immediately,

Cy=1400pF,L=9.3 nH, C,' =15.6pF

As a final example, suppose you want to
match the 2N4072 driver stage in a 145MHz
exciter to a 2N3866 p.a. which you intend to
deliver 1 watt into a50¢2 load. If the details of
the circuil are as shown in Fig.11(a), with
the equivalent in (b), try designing a lossy L.
network, say, to accomplish the match with
aQof 8. Arswers next time.
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Fig.11. The circuitin (a) shows a driver stage and p.a. with the equivalent output and input
impedances of the devices running at the power level assumed, shown in (b). The
problem is to calculate suitable values for C;, C, and L for maximum drive to the p.a.
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New r.f.i. test
centre

ith r.f.i. emission regulations
expected to be harmonized
throughout Europe in 1992

(and the likelihood that any new re-
quirements will conform to the strin-
gent West German standards), the
need for compatibility testing of new
electronic equipment is likely to in-
crease dramatically. In particular, it is
probable that for the first time all new
data processing equipment will have to
be tested for radio emissions.

To cope with the expected demand
for test facilities, a new company,
Radio Frequency Investigations, has
been set up by two former staff of the
test equipment manufacturer Rohde &
Schwarz. Stephen Kirk and Brian Wat-
son believe their service will prove
especially popular with small manufac-
turers because of the confidentiality
they can offer. At present, almost all
r.f.i. test centres are offshoots of large
electronics companies who use them
to evaluate their in-house products;
and outside users of their facilities are
often uneasy about exposing their
prototypes to a potential rival.

Besides testing new products and
giving advice and technical solutions,
RFI can provide consultancy services
and radiomonitoring facilities on cus-
tomers’ own premises. Delails from
Radio Frequency Investigations Ltd on
0256-851193.

Using fully-automatic test equipment
dramatically reduces the time taken
to produce results, says the com-
pany; operator error in recording
measurements is eliminated and the
systems are self-documenting.
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Multiprocessor systems

When designing a multiprocessor system, one of the first
steps is to consider the various bus-structure options.

icroprocessors are used for their low
Mcosl. small size and wide range of

processing and control capabilities.
Compared with logic i.cs, software-
controlled microprocessors are much more
flexible.

Nevertheless, some microprocessors are
not fast or powerful enough to keep up with
demanding real-time applications. In such
situations, an alternative to choosing a faster
and much more expensive device is to use
many cheap microprocessors working in
parallel. Having each processor executing a
different task compensates for the speed
drawback, increasing system throughput
the flexibility.

In order to work together harmoniously
in a multiprocessor system, the microp-
rocessors need an efficient means of ex-
changing data with each other. If the com-
munication paths are not efficient, bot-
tlenecks occur.

Data is usually exchanged between mic-
roprocessors in one of two ways — either
through i/o ports or using shared memory.
Even with specially designed microp-
rocessors, communication through i/o ports
is not particularly fast and each additional
connection within the system requires spe-
cial hardware.

Figure 1(a) shows a widely known multip-
rocessor architecture inwhich all processors
connect to a shared global memory through
one bus. Such a configuration has limita-

(a)

Processor
1

Private bus

G.A.M. LABIB

tions; increasing the number of processors
to more than about three causes bottlenecks
in the system'.

Allocating a private memory to each pro-
cessor, as in Fig.1(b), reduces the number of
accesses to global memory and hence the
problem of bottlenecks. Each processor is a
complete microcomputer with its own read-
only and random-access memory, peripher-
als and direct-memory-access devices.

Removing global memory in the previous
configuration and allowing each processor
to access the private memory of the other
processors as in Fig.1(c) reduces bottlenecks
and memory requirements, but requires
more complex control hardware.

SYNCHRONOUS vs ASYNCHRONOUS

Buses for connecting several microp-
rocessors to common memory and i/o de-
vices can operate either synchronously or
asynchronously. There are two ways of im-

Fig.1. Three multiprocessor structures. In
(a), the simplest structure, each processor
connects to shared memory and i/o
through a common bus. Bottlenecks
caused by the processors making heavy
demands on memory are reduced when
each processor also has its own memory
(b). A further enhancement is to give each
processor its own memory and allow this
memory to be accessed by other proces-
sors in the system (c).

Common bus

plementing an asynchronous bus, differing
in control-bus structure: one relies on cen-
tralized bus control and the other decentral-
ized bus control.

With centralized asynchronous bus con-
trol, one processor is master of the common
bus and is responsible for giving control of
the bus to a requesting slave processor. It is
the duty of the master processor to resolve
request contention by applying a priority-
control policy when simultaneous requests
for access to the bus occur.

Decentralized asynchronous bus control
involves control of the common bus being
distributed among the processors and re-
quires extra hardware for each processor.
Contention between processor requests for
bus control is resolved by hardware which
coordinates the distributed bus-control sec-
tions.

In a synchronous-bus system, each pro-
cessor takes control of the common bus
whenever it requires it. independently of the
other processors. Synchronous bus control
is achieved by dividing the bus-control cycle
into equal time slots, each of which is
permanently assigned to one processor.

Each bus-control cycle must contain a
number of time slots equal to or greater than
the number of processors connected to the
common bus. A central control circuit main-
tains synchronization so that each processor
can only access the common bus during its
allocated time slot.

Private bus

{c)

Private bus

Common bus

Cpuy

i

Cpuy

n
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nected to an asynchronous bus is done by
adding control circuits. The number of
processors on a synchronous bus is limited
to the number of time slots in the bus-
control cycle; in turn, size of the common
bus cycle and the number of time slots
within it are limited by memory and i/o
device access times.

But synchronous buses also have advan-
tages. Their control circuits are simple
compared to an asynchronous bus with
decentralized control. Adding a processor to
a centrally-controlled asvnchronous bus in-
volves altering the master c.p.u. software;
synchronous bus operation does not have
this drawback. Finally, processors attemp-
ting {0 access an asynchronous bus while it
is in use will be forced to wait, which wastes
time. This does not occur with a synchro-
nous bus.

The remainder of this article deals specifi-
cally with processors linked via a synchro-
nous bus of the type shown in Fig.1(a).

REQUIREMENTS
Consider an 8080A microprocessor with a
tvpical cyvcle time of 480-200(ns and a global
memory built from 120ns 2114 static rams.
Timing requirements relevant to connection
of an 8080A microprocessor to a common
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bus are shown in Fig.2 and timing character-
istics of the rams forming the global mem-
oryare shown in Fig.3.

In order to transfer data from global
memory to either one of two processors
connected to a common bus, the bus should
be available to each processor at least 220ns
before the rising edge of the processor’s &2
clock signal. This period comprises 70ns for
chip-select signal cs to activate the memory
and provide stable data. and 150ns during
which the data on the processor's data bus
must be stable before its &2 clock-pulse
rising edge.

Transferring data from either of the pro-
cessors to the global memory involves hav-
ing the bus available to each processor for at
least 225ns after the processor's &1 rising
edge. This requirement can also be inter-
preted as being at least 165ns after the ¢2
clock rising edge.

Of the 225ns period, 120ns is delay be-
tween the write signal wk becoming active
and the &1 clock rising edge (wk produces
write-enable signal we for the global mem-
ory). A further 35ns is taken for the memory
devices to change their data-line states from
output to input, and the remaining 70ns is
the period during which data is stable on the
bus. Taking the &1 60ns pulse width from

the 225ns gives the timing value relative to
the 2 clock rising edge.

Thus each processor should gain control
of the common bus for at least 385ns during
each machine-state period.

PROCESSOR SYNCHRONIZATION
In a multiprocessor system, having all the
processors running at the same speed, i.e.
with equal machine-state periods, gives each
precessor an equal share of the bus and
reduces hardware complexity.

Phase shiiting between the clocks of each
c.p.u. provides a time slot for each proces-
sor. Applying clock shifting as shown in
Fig.4 to the 8080 example gives each mic-
roprocessor machine state ils own time slot
of at least 385ns, assuming a 60ns &1 pulse
width and no delay between the falling &1
edge and d2 rising edge.

With this method, each bus-control cycle
is equal to a c.p.u. machine-state duration
and is divided into equal slots, one for each
processor in the system. How many proces-
sar can be connected to the system in this
way is estimated using,

3851 =2000—N, .. =5
where the figure of 2000 represents the
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Fig.5. Main functional blocks of an 8080
dual-processor system.

8080’s maximum cycle time of 2000ns and N
is the number of processors. Faster memory
devices allow faster clock speeds and/or
more processors to be connected to the
system but,

385, =480— N =1

shows that it is not possible to run two
processors at their minimum cycle time of
480ns.

Multiplexing between the common bus
and the address and data buses of each
microprocessor ensures that only one pro-
cesor is linked to the common bus at a time
and that it is only linked during its allocated
time slot. Each c.p.u. has its own system
controller whose output lines are multi-
plexed over the common bus in the same
way. Figure 5 shows the main elements of an
8080A dual-processor system.

Design details for a dual-processor system
based on Fig.5 will be given in a subsequent
article.

Reference

Rothlisberger, H.. A standard bus for multi-
processor architecture, Euromicro conference
proceedings, 1977.
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Closing the loop

This discussion of t, s and z-domain representation of
delayed signals supplements last month’s article
illustrating a practical approach to closed loop

microcomputer to control the speed of a

d.c. motor. Although the article was
primarily concerned with the practical de-
tails of interfacing and syvstem configura-
tion, some mathematics were necessary to
describe the signal-processing operations.

This month | would like to establish a
more comprehensive understanding of the
mathematical technigues associated with
sampled-data systems.

Laplace transtormation decomposes a dif-
ferential equation into an algebraic equa-
tion, allowing much of the manipulation to
be done in a simpler domain. For example.
differentiation in the time domain is equiva-
lent to multiplication by s in the complex
frequency domain. This is illustrated in
IFig. 1, where double-headed arrows symbol-
ize the integral relationship between do-
mains.

In my last article' 1 described using a
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microcomputer control.

Stated formally, the transformation from
the time uomain to the complex frequency
domain is given by,

Fis)= | (e *dt

0

The reverse process of inverse transforma-
tion. .
otjw
. 1 RYCER
f(t): = F(s)e™ds

F—Jjw

is not so straightforward. The complex limits
make this integral tricky: fortunately in
practice it is seldom necessary toemploy this
heavv artillery.

I make use of the method of partial
fractions together with tables of lLaplace
transform pairs. [f you have time. confirm

the solidarity of the mathematical scaffold-
ing — it increases confidence in the results.
You will find these topics covered compre-
hensively in Jaeger-. Lynn”, Hutchings® and
other literature.

ACLOSER LOOKATA-TO-D
CONVERSION

When computers are used to control eng-
ineering systems the best they can do is to
take occasional snapshots. or samples, of
events. Providing that the events are chang-
ing slowly and the computer is sampling
rapidly. Shannon's sampling rule should be
satisfied and it should be possible to recover
the processed signal without aliasing’.
However, to produce a valid mathematical
model, asynchronous conversion must be
avoided; instead, the a-to-d converter must
be synchronized with the program to ensure
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that the time between samples is constant.
This validates the use of the z transform to
model time delays.

THE Z-OPERATOR

In the following development, some impor-
tant z-domain properties and relationships
with the Laplace transform are established.
The s-domain model of delayed signals in-
cludes the exponential term e **" which
makes it difficult to use.

f(t—kT)e—se *Tf(KT)

Fortunately there is another transform
specially for this application - the z trans-
form - which models time delays and adv-
ances with ease. Simply substitute z=¢" (a
time advance) orz~' = e~*" (atime delay).

As an aid to understanding, recall that the
operation of multiplication by s in the
complex frequency domain was equivalent
to time domain differentation. Similarly
multiplication by z~! in the z domain is
equivalent to a single time delay in the time
domain.

Referring to Fig.3. the output of the a-to-d
converter is the set of sampled data, f(0),
f(T), f(2T), etc. As a first attempt at describ-
ing the behaviour of the sampled-data sys-
tem, consider the a-to-d converter modelled
as an impulse modulator, Fig.5.

The output pulse train of the impulse
modulator assumes the pulse width of each
sample to be infinitesimal, while the height
is a precise replica of the sampled signal at
that instant only.

* () =f0)3(t) +HTIB(t—T)+f(2T)d(t 2T} + ...

transforming (Laplace)

Fis)=f(0)+e "Tf(T)+e *T2T) + . ..
transforming (z)

Fz)=2f(0)+z 'f(T)+2 42T) + . . .

Now the way is prepared for a more practical
a-to-d converter — the zero-order sample-
and-hold. Its effect is to take a sample in zero
time and to hold this snapshot constant until
the next sampling instant occurs one period
later.

Notice that sampled signal f*(t) has been
decomposed into a train of rectangie pulses
each of width T.

(=0 ult)—ut-T)|
+f(Tut=T)—u(t-2T)
+(2T)[u{t=2T) —u(t=23T)
+...

transforming

F*(s)=f0)[1/s—e" "*/s)
+(T)e "*/s—e 2Ts]
+f2TH e T /s—e T35
+...

taking out the common factor,

l—e Ts

S

a-e ™

N

F*is)= [ +{(Tre ' +i2Tre = '+, ..

- Ts
Frs)=1=¢ . ()
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Time domain Complex frequency domain

fh Transform Fe)
d Multiplication
‘ET ‘ by S
Transform
din S¥(s)

Fig.1. To evaluate the Laplace transform of
df(t)/dt, trace the top right-hand path giv-
ing F(s) followed by the operation of muliti-
plication by s. Alternatively follow the left
hand path to obtain df(t)/dt and then
perform the transformation — both routes
are equivalent.

Start conversion

Time Complex_frequency_
domain domain
Original signal ~ f{}) Fis)
Differentiation df(t) SF(s)

(F(0)=0) dt

Integration ffidt — _ Fisi/s

Time delay  f{t-T) &Fis)

Fig2. A few important results demonstrat-
ing the equivalence of time-domain and
frequency-domain signal processing.

Analogue
= signal input A-to-d

converter

Conversion completed

Analogue
D-to-a signal output

converter

Fig.3. How the a-to-d converter receives signals from an analogue source. To ensure
that the conversion time is independent of input amplitude, conversion by successive
approximation is employed. The a-to-d converter is synchronized with the program by
control signals, to enable the complete signal-processing time (T) to be fixed. A
constant conversion rate and fixed processing time are essential to good design,
because they allow the behaviour of the system to be predicted by a suitable

Table 1. Some Laplace and z-transform pairs

Transform F(z) of
Signal f(t) Transform F(s) sampled signal
1 z
u(¥(step] A i
1 Tz
{ramp] & 17
1
exp(-ay) P P "
1- ) a z(l-e *
eol-a) g @ Diz-eM
Time domain s-domain Z-domain
Loplace z-transform
transform LT ra|
Signal:f(t) Fis) F(z)
Delay T &7 il
Deloyed
signal: f{+-T) &TF(s) i'Flz)

Fig4. The t, s and z domain representation
of delayed signals.
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Fig.6. Modelling the sampled signals as a
train of weighted impulses. Suppose the
signal to be sampled is represented by the
dotted lines. Provided that the samples are
of infinitely short duration, the sampled
signal can be modelled as a train of
weighted impulse functions depicted by
the vertical arrows.

choice of pole-zero configuration.
Processed output is converted back to
analogue form via the d-to-a converter.

Signal f(})

Sampled signal £°(t)

output of impulse
modulator

Fig.5. Periodic processing of a continuous
time signal can be represented by this
simple switching circuit. Asterisk notation

denotes a periodic sampled signal occur-
ring every T seconds.
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Fig.7. Modelling the sampled signal as a
train of weighted pulses. The effect of the
a-to-d converter is to take a samplie in zero
time and to hold this snapshot constant
until the next sampling instant occurs one
period later.

flh o~ £ 1-¢Ts yit)
T 3 s J 4

Fig.8 Transfer function model of a-to-d
converter.
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Thus the linear behaviour of the zero-order
hold a-to-d converter can be modelled by
equation (1).

The Laplace transform of the sampled signal
is more usefully expressed in terms of its z
transform. To simplify the algebra associ-
ated with this type of transfer function
simply substitutez ' =e *Tinequation (1).

Flz)=(1-2 )

_tz=1) 7 Fls)
Z S

The symbol Z means look up the z trans-
form of the Laplace transform within the
brackets.

Hence to conclude, F(s) is the transfer
function of the continuous system and F(s)/s
is the unit step response. F(z) is the model of
the pulse response of the sampled data
system.
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Industry Insight —
a new series

The February issue sees the start of the
new series. Every two months, a
complete section of the journal is to be
devoted to a detailed examination of
one area of the electronics industry,
starting with a look at instrumentation.

In each Industry Insight, we outline
the evolving design techniques applied
to the type of equipment under
discussion and consider the research
being carried out by companies and
universities. In addition, production
techniques are investigated and some of
the latest dedicated chips.

On the commercial side, we analyse
market trends and indicate the
specialities and long-term aims of some
of the leading companies, presenting
interviews with their decision makers.

To illustrate the state of the art, there
is a listing of the characteristics of
equipment currently on the market. In
the first Industry Insight, on test and
measurement, we cover oscilloscopes,
digital meters and frequency-
measuring instruments.

This completely new series will be of
value to all who have any involvement
at all with the electronics industry —
either on the technical side or with a
role in marketing or management.

Industry Insight Number 1 appears
in February. It has its own cover and is
separate from the rest of the journal. It
even has its own Editor — Geoff Shorter,
who until recently was Deputy Editor of
Electronics and Wireless World.
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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 /O &
memory extension cards.
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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.
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Sherwood Data&ystems [id

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067
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The conquest of truth

Catt presents his views on why apparently liberal scientists
combine in seeming to suppress the facts

instein rejected the legacy of the early
Etwentieth century, which I call “Mod-

ern Physics”, with which his name
tends to be associated. In the 1940s, he
wrote*

“, . . | am quite convinced that
someone will eventually come upwith
a theory whose objects, connected by
laws, are not probabilities but consi-
dered facts, as used to be taken for
granted until quite recently.”

“. .. We all of us have some idea of
what the basic axioms in physics will
turn out to be. The quantum or the
particle will surely not be amongst
them:; the field, in Faraday's and Max-
well's sense, could possibly be, but it
is not certain.”

“Quantum Mechanics and Reality. In
what follows I shall explain briefly and
in an elementary way why [ consider
the methods of quantum mechanics
fundamentally unsatisfactory.”

While this rejection by Einstein is occa-
sionally admitted,** the main thrust of
today's scientific propaganda makes out that
Einstein was a card-carrying member of the
Modern Physics party.

In the July issue of EWW, page 683, 1 listed
some of the characteristics of ‘Modern Phy-
sics’, describing it as a soft subject, lacking
the brittleness of true science, which it has
usurped. In his book The Structure of
Scientific Revolutions, T. S. Kuhn opposes
the softness of Modern Physics. On page 97,
hewrites,

“. .. The successful new theory must
somewhere permit predictions that
are different from those derived from
its predecessor . . . It is hard to see
how new theories could arise without
these destructive changes in beliefs
about nature.”

In stark contrast, ‘Joules Watt' had this to
say in EWW, July 1987, page 697, paraphras-
ing the same book,

* The Born-Einstein Letters by Max Born, pub.
Macmillan 1971, further discussed in Electro-
magnetic Theory Vol 2, by I. Catt, C.A.M. Pub-
lishing 1980, p307. Also see . Catt, EWW, July
1987, page 683.

**P. E. Hodgson, Fontana Dictionary of Modern
Thinkers, ed. A. Bullock and R. B. Woodings,
Fontana, 1983, p208. However, if we read Hodg-
son on page 604 we see the ambivalence and
confusion in the admission,
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is one such faulty equation.

“Any physical law which contains a derivative (d/dt or d/dx) is wrong because itimplies
instantaneous knowledge of two things which are separated by distance or by time. This
transgresses the principle ‘No instantaneous action at a distance'.

§Eds ~dg

dt

Michael S. Gibson

Please note, in amelioration of Gibson's assertion, that he is writing about physical laws — prescriptive
statements. Also, he is writing about fundamental laws in physics. In contrast, should a mountain get
steeper higher up ina certain way, it is perfectly valid to make the descriptive statement

dn/dx = kh

should that happen to be true for that particular mountain. Also, this could even be a prescriptive
statement should it be a necessary result of the wind or ice shaping the mountain. However, in such a
situation, we are not dealing with a relativistic universe; in the case of erosion, we are within a universe
of discourse where we can conceive of “instantaneous”™ action at a distance. Gibson refers to the
deeper level of physics, with fundamentals, where there is no instantaneous action at a distance.

“Yet the developed theory of elec-
tromagnetism still holds sway. If
there are some phenomena such a
theory does not explain, then any new
model must explain all that has gone
before — plus the new aspects. At least
that is the way Thomas Kuhn outlined
the situation.”

A clue to the attitude which could have led
to these two extracts is given in the assertion
by Professor Ziman on television, quoted in
the July 1981 editorial, “the aim of science is
to achieve consensus.” His assertion that
science is monolithic is supported by the fact
that the medieval method of achieving con-
sensus, or suppressing heresy, in religion,
using anonymous censors, has been copied
in today's science.

Let us investigate the consensus view of
science. | feel that Kuhn is describing it in
what follows.

“If science is the constellation of facts,
theories, and methods collected in
current texts, then scientists are the
men who, successfully or not, have
striven to contribute one or another
element to that particular constella-
tion. Scientific development becomes
the piecemeal process by which these
items have been added, singly and in
combination, to the ever growing
stockpile that constitutes scientific
technigue and knowledge.” — T. S.
Kuhn, op.cit., p.l.

A Great Scientist has successfully contri-
buted one or more elements to the body of
knowledge. Any aberrant, heretical offering
merely indicates that he is not as great as he
might have been. Something like 80% of his
work takes its place within the consensus,
and the remaining 20% we must forget in
order to help the Forward March of Science.
From the consensus point of view, this is not

suppression. Also, it is encouraging to find
that the central circle, the least common
denominator, is so large. The consensus is
obviously the centre of gravity of so many
mildly divergent views. It then becomes a
short step to rewrite the aberrant views of
some of the more troublesome great scien-
tists. In fact, if Kuhn is regarded as one of the
‘greats’, then any reading of his works which
might indicate that he falls significantly
outside the main consensus circle must be a
misreading. If he were so different, then he
would not be known.

Having dealt with the conquest of truth
about scientists, we now turn to the con-
quest of truth about scientific experiments.

It seems that any book called Relativity for
Tiny Tots, or The Ascent of Man, or such like,
contains clear assertions about a number of
pivotal experiments in the history of science,
nearly all of those assertions falsifying the
experimental results. This falsification of
most of the key experiments extends all the
way up to about first-degree physics-level
textbooks. It is galling rather than pleasing
to find that post-graduate books generally
admit to such errors, but on page 500, not
page 5. My position is that if there is any
uncertainty as to the conclusion indicated by
the results of one of the key experiments,
then that should be reported in quite
elementary texts, for instance those used by
17-year olds.

There are four so-calledt “acid tests” of
Relativity. All are disputed.

Hawking/Israel admit that light bending
round the sun contradicts Einstein’s predic-
tion*. Brillouin says that the Mercury
perihelion results, properly studied, contra-
dict Einstein's prediction**. Polanyi and

continued on page 54

t1 myself find Relativity flawed at other levels
anyway.
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Image-10 is a high performance single board computer optimised for
graphics intensive applications, and it's fast — very fast. Motorola’s
68010 cpu and Intel's 82786 graphics co-processor work
concurrently to produce displays of dazzling speed
and quality. All graphic operations, including
window manipulation, are generated by
dedicated hardware which frees the cpu to
concentrate on running your programs.

An impressive hardware specification is
complemented by the availability of two
professional disc operating systems.

0S-9/68K — A powerful UNIX like multi-tasking
operating system supporting real-time applications.
C, PASCAL, FORTRAN, BASIC, FORTH and PLuS
languages available.

TRIPOS-3 - A well established multi-tasking operating
system with propriety window management scheme. Supplied
with assembler, disassembier, debugger, screen editor, BCPL and C

compilers. )
P Floppy disc — WD1772 contsoller supports one or two 5.25/3.5 inch
. . drives. Format may be single/double sided, single/double density. Step
Image-10 Specification: rates selectable from 2, 3,6 or 12m secs.
g Winchester disc — SCSI interface capable of supporting up to 7 drives.
Central Processor — MC68010 16/32 bit microprocessor. Serial /O — MC68681 provides two independent R$232 input/output
Graphics co-processor — 182786 running with 16Mhz pixel clock. ports. Independently programmable baudrates 50-38.4K baud.
Display resolution is 768 by 576 pixels (user definable). Actual ) External clock permits transters up to 1Mbit/sec. IMSC012 link adaptor
resolution limited only by memory with instantaneous scroll and panin 16 ides 20Mbit/sec transfers to optional transputer CO-processor.
any direction plus independent horizontal and vertical zoom from x 1 Paralle! /O — Two MC68230 PIA's provide up to 48 lines of
to x64. Displayed colours may be 256, 16, 4 or 2 at all resolutions. programmable input/output with multi-mode handshaking protocols.
Colour look-up table provides a pallette of 262,144 colours. Disc operating systems use some of these lines for SCSI, parallel
Hardware managed vgmdows. ) . ] printer, mouse, digitizer etc.
Hardware generated lines, polylines, polygons, circles, arcs, fills, Real-time clock — DS1216 maintains date and time to 1/100th of a
characters and bit block transfers at up to 20Mbit/sec. second.
Unlimited character fonts and character sizes supported. Sound generator — SAA1099 generates stereo sound output. Contains
Memory — 2.0M byte (Image-10.20) or 512K byte (Image-10.05) six frequency generators, two noise generators, six mixers and twelve

dynamic ram. 256K byte fast static ram. Shipped with 64K byte. 512K amplitude controllers.
byte eprom. Shipped with 128K byte system firmware. 32K byte high User expansion — A full 16 bit buffered bus is available via DIN connector.

security battery-backed static ram plugs into RTC. Board format — Extended double eurocard. 218mm by 243mm

Image-10 is available as a board level product or as a compact packaged system at prices startingat ............ £1,295

UNIVERSAL CROSS ASSEMBLERS for all MICROPROCESSOR CONTROLLED
MSDOS 0S-9 FLEX computers EPROM EEPROM and SINGLE CHIP

MICRO PROGRAMMER

Supports the following devices Programs the following devices:

1802 1805 6301 6303 6502 6800 6801 2508 48202 2516 52B13 2532 52823

6802 6803 6804 6805  68HCO5 6808 6809 2564 52B33  27(C)16 68732 27(C)32 68764

68HC11 8020 8021 8022 8031 8035 80C35 2732A 68766 27(C)64 8741 2764A 8742

8039 80C39 8040 8048  80C48 8049  80C49 27(C)128 8744 27128A 8748  27(C)256 8749

8050 8051 8080 8085 8748 8749 8751 57(C)256 8748H  27(C)512 8749H 27513 8751

z8 280 68000 2758 8755 27011 9761 2816A  CY7C282

‘ - 2817A CY7C292 2864A 28256 DS1225

Extensive directives support odular, conditional and AT-ROM PC-ROM XT-ROM

structured programming. Powerful Macro Pre- No Personality Modules required. Controlled via RS232

processor, xref generator and output conversion interface.

utilities provided. Accepts Intel, Motorola, Ascii-hex and binary data. Ultra-fast,

COMPLETE SUITE ... oo £295 Fask andistandsisprogrammiingmedes

INCLUDES FULL ‘C' SOURCE CODES Low and high byte programming supported.

(NOT 68000) Completely self contained but uncased. Price £295

All prices shown exclusive of VAT and carriage

P . . 2 St.gt('pﬁehS Road, Cheltenham, Gloucestershire GL51 5AA
Micro Concepts | Telephone (0242) 510525 _——
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W uninterruptible
powey supply

In the presence of mains-supply drop-outs and mains-
borne interference, a u.p.s. will prevent the destruction of
computer data and corruption of readings from measuring

sing a personal computer on anything
l l like a regular basis, one becomes
aware of the severe problems caused if
the mains supply fails for even a few hundred
milliseconds. Mains-borne transients can
cause even more of a problem, leading to
corruption and loss of data. Although the
mains supply is normally reliable in western
Europe, transients and noise, particularly in
industrial areas. can wreak havoc with sensi-
tive equipment. And it is not only computers
which need a reliable and noise-free supply.
This design is based on very well proven
technology. The emphasis is on reliability: it
is not helpful to have a supply which is less
reliable than either the normal mains, or the
equipment it feeds.

PRINCIPLE OF OPERATION

The load is fed at all times from the inverter
section, rather than switching over on mains
failure. The battery is kept fully charged by
the charger, which is of the c.v.c type
(controlled voltage and current): when the
mains supply fails, the inverter carries on
running.

The output waveform from the inverter is
a nominal square wave, arranged for 120
degrees electrical conduction at normal

instruments.

CHARLES FRIZELL

battery volts, which produces a wave func-
tionally similar to a sine wave. Since the
power supply in much equipment is of the
switching type. the waveshape and frequen-
cy are of no great consequence — even the
fans in most equipment operate from d.c.
However, some peripherals {(many printers)
still use linear power supplies. in which it is
important that the input is equivalent to the
normal sinewave supply in r.m.s. terms. In
particular, the peak value must be adequate.
A straight square wave of adequate peak
value, however, will usually saturate the
transformer, causing overheating and early
failure. As an option, the design of output
filter shown produces a sine wave of very low
distortion, but at a considerable increase in
size and mass.

A point to note is that, with this type of
design, there is absolutely no connection
between the supply and the load. With a
well-grounded system., it is almost impossi-
ble for transients and noise to be passed to
the load.

INVERTER POWER CIRCUIT

A 24V supply voltage is obtained from two
“maintenance free” car batteries, which give
about 40 minutes operation at full load. |

Table 1

Inverter transformer

Core

Core type 246 core mass (kg) 7.64
area product no 10304 stack depth (mm) 50.8
output power (watts) 849.49 tongue width (mm) 50.8
former thickness mm 2 window height (mm) 349
total winding height 3282 free space (mm) 0.08
Primary

primary r.m.s. voltage 230 primary current 388
primary resistance 0.48 ohm primary copper loss 722
primary turns 405 bare wire diameter (mm) 19
turns per layer 54 number of layers 8
winding height (mm) 16

Secondary 1

secondary r.m.s. volts 141 secondary current 29.69
secondary resistance 8.520001 mohm  full load volt drop 0.25
secondary turns 25+ 25 bare wire diameter (mm) 5
turns per layer 20 number of layers 3
winding height (mm) 1578

Secondary 2

secondary r.m.s. volts 12 secondary current 1
secondary resistance 0.1 ohm full load volt drop 0.1
secondary turns 21 bare wire diameter (mm) 0.95
turns per layer 105 number of layers !
winding height (mm) 1.04 3
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would not recommend the smaller sealed
type, since once they become heavily dis-
charged, they will not take a charge without
special treatment.

Operating voltage (float voltage) is 27.6
volts, equivalent to a cell voltage of 2.3 volts,
with end-point voltage around 22 volts. To
allow for the transistor forward voltage drop,
the primary transformer winding in Fig.1 is
designed for a 20V minimum battery vol-
tage: its r.m.s. voltage is therefore 14-0-14
volts.

The secondary (output) winding is de-
signed to give a nominal 225 volts. A special
feature of this design is the driver supply
winding, which provides a voltage to the
driver transistors in phase with the main
transistors which they drive. This provides
the ideal drive conditions — a high supply
voltage to turn on followed by a drop to only
a few volts when the transistors are on. Drive
current is limited by the winding resistance.

Since the primary current is high — in the
order of 30A — it is necessary to use a parallel
arrangement of transistors. Although 100A
and 200A Darlington transistor modules are
available, they are not really cost effective.
However, contrary to popular belief, it is
very easy to parallel bipolar power transis-
tors: Emitter resistors ensure load sharing
and maintain physical symmetry. The emit-
ter resistors are not resistors as such, but
equal lengths of relatively thin, stranded-
copper wire, all brought back to a common
point: Collector leads are also of equal
length. The positive temperature co-
efficient of the copper also helps to equalize
current.

Collector diodes are essential, as they
carry the reactive current in the circuit,
which would otherwise reverse bias the
power transistors, with unpredictable re-
sults. Voltage spikes are generated by the
switching of the primary current, and, if no
precautions are taken will quickly destroy
the power transistors through avalanche
breakdown. If the primary transformer
windings are bifilar, the snubber circuits are
not strictly necessary, as the leakage induct-
ance is low. Beware of any switching which
do not take this into account. The designer
has forgotten Lenz's law!

A 31.5A magnetic circuit breaker protects
the inverter circuit against overloads, and is
also an essential safety feature in any
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Table 2

Sine filter series choke. C=60 p.F.

Table 3

Sine filter parallel choke. C=20 uF.

Table 5

15 A battery-charger choke

Output power inductance (mH) 168 Output power inductance (mH) 506 core type 158 area productno  50.7
(watts) 44386 core mass (kg) 235 (watts) 33422 coremass (kg) 235 core mass (k energy (watt/
core type 149 tongue width core type 149  tongue width tongue width {(mm) 28 58 second) A
stack depth (mm) 381  (mm) 381 stack depth (mm) 38.1 (mm) 381 inductance (mH) 3.58  stack depth (mm) 28.58
maximum flux free space (mm) 1 maximum flux free space (mm) 1 stack depth (mm) 2858 frequency (50Hz) 100
(1.2 Tesla) 111 bare wire (1.2 Tesla) 1.09  bare wire number of turns 68 tongue width (mm) 28.58
former thickness diameter (nm)  1.32 former thickness diameter (mm)  1.06 bare wire d.c. current (A 15
mm 2 copper loss (watts) 6.61 mm 2 copper loss (watts) 3.93 diameter (mm) 236  current (r.m.s.
number of turns 425 gap loss (watts) 9.01 number of tums 653  Gap loss (watts)  6.53 copger loss 779  inchoke 6.26
wireresistance 078  each airgap (mm) 122 wire resistance 187  each airgap (mm) 0.92 total losses 7.84  fringing factor 122
iron loss (watt) 6.1 current (rms) in iron loss (watt) 5.87 current(rms)in turns per layer 15 loss watt/cm? 0.025
total airgap (mm) 2.44  choke total airgap (mm) 1.84  choke total airgap (mm) 165 number of layers 4.5
primary r.m.s. 1 rrire len)gth - primary r.m.s. (wire Ien)gth loss watt/cm .025 eachlanrgahp mm) 0.825
voitage .05 (metres 71 voltage 230.49 (metres, 87.07 mean turn wire lengt
impedance (ohm) 52.77 calculated area impedance (ohm) 15896 calculated area metres) 3 (metres) 6.8
loss watt/em 0.039 ¢l 547.9 loss watt/cm! 0.035 cm? 465.42 a.c. volts r.m.s. 14.08 impedance (ohm) 224
turns per layer 36 number of layers 11.8 turns per layer 45 number of layers 14.5 maximum flux designed temp.
(1.2 Tesla) 1.09 rise 50°C
Yy —— - = el BBE \_| | . .
168m g0, I
220V output g
= e Bl j .[20;: S506m
-
31-5A l
T
( '
Todrive - " . . To drive ZLV:
circuit B t > lLlZNB’ml I l l I ILX2N3771] } crcutt € {Vflogt=27-6V] |
LY . ‘ . &
2N6055-Tl [-r{ I- I ri Y ,I I a R } ' } b 2N 6055
s \ 35A »# ] j
LS B Tt U
210 <x X x ‘ " x i 10
L d 1 l i L l 1 )
¥ see text
Fig.1. The inverter circuit. Winding in- e
formation is given in Table 1, with filter ; v o G .
ilsi > 17V 1 3
choke details in Tables 2 and 3. 1 = z + l To control
a3 [ 1n 100V
Fig.2. Charger power supply. The current- g E 32v -l-
sensing shunt is 50mm of 1.6mm brazing ane g !
rod. Choke details are in Table 5. N b= I 216
N L. - 1w
. MCC25-06 MDD 25-06)
battery-powered equipment. As the voltage E I g 3 l l 1
is s0 low, normal a.c.-mains tvpe are suit- - Shunt-see text
able, and a special d.c. type is not necessary.
CHARCER I’O\\FRCIRCUIT Table 4
The cncu|t of Fig.2 is qune con\'entlonal Battery charger transformer 15A
The mains feeds the stepdown transformer Core
(see Table 4) via a 6.5 amp circuit breaker, core type 233 core mass (kg) 5.01
which doubles as the on/oft switch, its :{,‘;‘35’,‘,’;’:3 '(‘\:ans) 32?'221 féiéﬁgi'fgbf'?n'ﬂﬁ) 22.45
secondary being applied to a thyristor former thickness mm 2 window height (mm) 222
bridge, the firing angle of which is control total winding height 197 free space (mm) 05
led to vary the output. Two series diodes
make the circuit self-flywheeli Primary
3 N . S? ]} ‘llgelll]g' A (.:hOke primary r.m.s. voltage 230 primary current 209
shown in Table 5 is essential to limit the primary resistance 0.88 ohm primary copper loss 384
ripple current and to control the transfor- primary turns 327 bare wire diameter (mm) 118
mer form factor, which means that the 'v:’,:":f""’:;‘:;ﬁ; el 48%9 number of layers 7
transformer can be dimensioned to supply
the d.c. loaq power (_mly. As _tqll power is not Betondary | Sauiniie
drawn continually, it is sufficient to rate the secondary r.m.s volts 30 secondary current 15
charger for around 400 watts. secondary resistance 0.01 ohm full load volt drop 0.21
oy, . . . secondary turns 43 bare wire diameter (mm) 335
The capacitor-resistor combhination turns per layer 17 number of layers 3
across the input side of the choke is to winding height (mm) 1034
ensure there is sufficient holding current to
latch even worst-case thyristors. Secondary 2 centre tap winding . s
g g A g secondary r.m.s. volts 1 secondary current 021
Current in the. neg_a(we line shunt is Psed secondary resistance 113 ohm full load volt drop 0.24
by the control circuit to vary the thyristor secondary turns 24 +24 bare wire diameter (mm) 0.4
firing angl < N turns per layer 135 number of layers 1
g angle and keep the battery terminal bed L e N 06

voltage at 27.6V. This signal is used to
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reduce the firing angle to maintain the
current at the limit value. The shunt is
nothing more elaborate than about 50 mm
of 1.6 mm brazing rod, giving a voltage drop
of around 50 mV at 15A.

An important point is that all the power
wiring must be short and of adequate cross
section. [ have found the best material is
6mm? wire, known as “Autoflex” here. Do
not use anything thinner.

MAGNETIC COMPONENTS

I have included designs for all the magnetic
components, which should be sufficient for
any transformer manufacturer. The design
temperature is 50°C above ambient, which
gives a running temperature of 75°C — just
too hot to hold. There is absolutely no point
in designing for a lower temperature rise,
since this merely wastes material and
money.

The pulse transformer for the charger is a
commercial item with a ratio of 3:1+1. Do
not try and make this yourself.

CHARGER CONTROL CIRCUIT

The supply to the circuit shown in Fig.3 is
derived from a 17-0-17 volt tertiary winding
on the main transformer, rectified and
smoothed to give an unregulated supply of
18to 20 volts.

This supplies the thyristor gate-drive cir-
cuit, and it is important that the supply lines
to this are short and of adequate width. The
driver transistor is not critical; a Darlington
with about a 1 amp and 60 volt V. rating is
sufficient. Pulse transformer ratio is 3 to
1+1: the two secondary windings drive the
two thyristor gates in the charger with
narrow, positive-going pulses: 33-ohm

series resistors ensure proper current shar-
ing. and the parallel 1k resistors improve the
dv/dt characteristics. The primary is snub-
bed by means of a diode/resistor network.

Ramp circuit. A linear ramp is generated by
ICy, starting at a high level and ramping
down. It is reset to the high level at every
mains zero crossing point by Tr; and this is
compared with the d.c. control-voltage sig-
nal in IC y,,. The output of this comparator
is used to gate the oscillator signal to the
pulse amplifier Tr.

Linear control circuit. Comparator 1C,,
compares the output voltage of the charger
with the set voltage, its output varying the
voltage at one of the inputs of IC;, thus
controlling the firing angle.

The current sensed in the shunt is ampli-
fied to about 5V by ICs,. and is then com-
pared with the current set value in IC5,. This
signal is also applied to IC,}, via an analogue
Or gate, such that the signal demanding the
lowest output will always prevail. The de-
mands on the current limit circuit are
stringent, it should have a fast response, and
yet also be stable in continuous current
limit. To this end, the amplified actual
current value is passed via a network with
two time constants before going to the
comparator amplifier.

Since there is a spare op-amp available,
IC,y, it is used to provide a slowly rising
reference voltage at switch-on. A 5V1 Zener
is chosen because of its near-zero tempera-
ture co-efficient.

Output voltage is set on light load of
around 0.5A. The current limit is then set
using a flat battery, while monitoring the

/

output voltage to ensure that the circuit is
not in the voltage-control mode. Light-
emitting diodes can be connected to give an
indication of whether the circuit is in the
voltage or the current mode.

Connections between the pulse transfor-
mer and the thyristor gates should be made
from a twisted pair of wires.

INVERTER CONTROL CIRCUIT

Output voltage of the inverter is controlled
in the circuit of Fig.4 by varying the mark/
space ratio of the current conduction time of
the power transistors.

There are actually two control loops in
operation. Firstly, it will be readily under-
stood that the on time of the power transis-
tors must be in inverse proportion to the
battery supply voltage. Capacitor C; is
charged from the unregulated battery vol-
tage via a noise-removing network. Across it
is a linear, positive-going ramp. which is
compared with a fixed voltage by comparator
ICy,. The higher the battery voltage, the
sooner the voltage across C; exceeds the
reference, switching off the conducting out-
put transistor.

Secondly, the output voltage of the inver-
ter is transformed to 12 volts, rectified, and
applied to control ICy;,. The action of this is
to reduce the reference voltage slightly if the
inverter output is high, and vice versa.

It is not strictly necessary to have both
control loops, but the reasoning is as fol-
lows. The battery-voltage control gives a
large measure of pre-compensation with
excellent dynamic characteristics, whilst the
feedback circuit enables the output voltage
to be held to close values under varying
conditions of load. If you decide to discard
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one, discard the feedback circuit. This is
because most equipment is not unduly fussy
about the actual voltage, within fairly gener-
ous limits. However, if you use an output
filter, the feedback circuit becomes neces-
sary because of the far higher effective,
output impedance of the inverter.

The main clock is the ubiquitous 555,
which is run at a frequency higher than the
desired output frequency in order to achieve
stability with economical components. A
flip-flop provides two outputs which are used
to gate the drive alternately to the two
output power transistors. At the zero-
crossing points a monostable is triggered
which resets the input ramp circuit and
ensures a dead period between the conduc-
tion cycles of the two power transistors. This
is essential to prevent both sides being on at
once due to the long storage times of high
current transistors.

ALARM CIRCUIT

When the supply to the charger fails, its 12V
rail fails to zero, triggering bistable 2 in
Fig.5. This enables the two oscillators,
which together give an interrupted tone to
the piezo-electric sounder. This can be reset
to silence the sounder.

When the battery voltage falls to 1.9V per
cell, comparator IC |, triggers bistable I, to
give a continuous tone, and you have about
10 seconds in which to close down. After this
time, the inverter is automatically turned
off. Reset is inhibited during the “battery
low"” condition.

This design is very rugged and relatively
simple: the output power circuit is extreme-
ly reliable if well laid out. C-mos i.cs are used
throughout because of their vastly superior
properties in this type of circuit. That is to
say, the power consumption is very low,
supply voltage is uncritical, the noise mar-
gin is very good and they are not too fast
(which helps greatly to reduce problems of
interference to the electronics). The lack of
any significant heat generation also helps
reliability.

However, when powering up the circuit,
check it out slowly and thoroughly before
connecting the supply to the transformer.
When you do this, start at a low voltage with
a current limited supply and check that all is
well before connecting the full 24 volts. The
inverter can deliver 600 watts, and fault
currents can be high. The cost of 10 power
transistors destroyed with a single blow is
not inconsiderable.

Charles Frizell was born and educated in
Rhodesia. He came to the UK in 1965, where
he worked at Racal on coils and transfor-
mers, subsequently returning to Rhodesia to
work on radio telemetry for the Kariba
hydro-electric project. Since then he has
been chiefly concerned with high-power
electronics in Zimbabwe and South Africa
and is now with Brown-Boveri in Harare,
Zimbabwe,
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continued from page 48

others say that the Michelson-Morley experi-
ment does not produce a null result***. In
any case Einstein did not develop relativity
as a result of the Michelson-Morley experi-
ment****. The formula e=mc? pre-dates
relativity. Relativity pre-dates Einstein. And
soon.

We are helped in trying to understand why
apparently liberal, progressive scientists
should combine to create such a reactionary,
unstable juggernaut if we read about the
term “Whig History” in the dictionary of the
History of Science, 1981, page 83.

“. ... Although favouring progressive
movements in the past, the thought of
Whig historians was essentially con-
servative. They saw their own beliefs,
practices and institutions as the goals
for all previous beliefs, practices and
institutions. The historian's task was
reconstructing the progressive march
of history focusing on those past
developments which anticipated the
present.”

“The ‘Whig’ interpretation of his-
tory has had a powerful influence
within the history of science. . . . .
Some historians of science have,
therefore, seen the present state of
scientific knowledge as an absolute
against which earlier (and we would
say later) attempts to understand Na-
ture could be evaluated.,”

Like the Whig historian, today's Estab-
lishment Scientist, although apparently
progressive, is in fact conservative.

MAXWELL, EINSTEIN AND THE
AETHER

The conventional story is as follows.

Maxwell followed in the wake of a physical,
non-mathematical Faraday, who thought in
terms of tubes of flux in space. Faraday had a
space in which resided electric flux and
magnetic flux. His space had physical reality
and physical properties, these properties
making it able to accommodate his fluxes.

Maxwell set 6ut to make Faraday’s ideas
more rigorous and scientific (a) by firming
up the physical model for space, or the
aether, and (b) by placing a mathematical
structure over them.

He constructed a mechanical model for
the aether, with large rotating wheels and
small idler wheels, on the lines of a gear box
run riot in complexity. Using this model, he
constructed his Equations of Electro-
magnetism.

However, the reported' failure of the
Michelson-Morley experiment and the birth
of Relativity led to the removal of the
physical model upon which Maxwell con-
structed his equations

. one is almost exactly the
antithesis of the other: the primary
function of the ether was to provide a

*See I. Catt, Electromagnetic Theory re-
published C.A.M. Publishing 1986, p.III.

**Seel. Catt, op.cit.,p116

***M. Polanyi, Personal Knowledge, pub. RKP
1958, p.12.

****M. Polanyi, op. cit., P.10.

fixed frame of reference — . . . . the
theory of relativity merely implies the
negation of this preliminary assump-
tion, so that the two are exactly
antithetical."

“Now although Maxwell's Equa-
tions have survived to the present day,
the discovery of the electron and the
development of relativity theory have
removed the physical props upon
whch they were built.™

All of this flows along swimmingly until
we assemble the next disastrous pair of
observations.

In 1949 Einstein wrote®;

“The special theory of relativity owes

its origin to Maxwell’s Equations of

the electromagnetic field.”
Here we reach the point where Einstein says
that the foundation of relativity is Maxwell’s
equations excluding, of course, its now
defunct physical origin, the aether; that is,
space with physical properties.

Now add my own discovery that Maxwell's
equations are devoid of any information
except that on the physical properties of
space.

“The only purpose served by Max-
well’'s equations is as a package to
deliver the constant Z, to the theorist
and to the practitioner.™

Here we have closed the loop in the argu-
ment, and the whole crazy structure under-
lying ‘modern physics’ collapses.

To sum up. Einstein says that relativity,
which he believes to have been based on the
disappearance of a space with physical prop-
erties, is based on Maxwell's equations,
which are now found to contain only in-
formation about the physical attributes of
that disappearing space.’

By analogy, it would be possible to proc-
laim a new theory of mechanics which
lacked the concept of mass, but which
contained both velocity (v) and moment
(mv) within it, and which preferably in-
cluded lots of fancy maths involving
momentum and velocity. Then, unknown to
any one among the awed observers, the new
theory could be made to function, produce
results, and correlate with reality. The
necessary parameter m, like the rabbit in the
hat, could go about its business, staying all
the time firmly hidden inside the hat, the hat
being in our case the term momentum and a
fog of mathematics.

Can we not chase this obscurantist ‘mod-
ern physics’ out of our universities, and start
to prepare for a 21st century of real scientific
progress?
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PROLESSOR PROJECLT..?

For complete turn-key instrumentation and systems, Cavendish Automation offers delivery at little more
cost than stock items. This is achieved by our calling on our own comprehensive range of standard hardware
and configuring it to customers’ exact requirements. In addition to hardware, we are able to write and
include user-requested software drivers for scanning keyboards, driving displays, sensing front panel

switches, driving DACs or reading analogue.
5 L o Our existing experience
J g includes medical diagnostic
-~ 8 - equipment, marine

instrumentation, control of
real-time video as well as
many forms of industrial
process control.

Even if you don‘t want a
complete system, we will be
happy to talk about any level of
custom option you may need.

Advantages

B Very low cost

B No advance payment

B Guaranteed working system

B Delivery normally around 6
weeks from RPO

So, for professional implementations at super-low cost, call us on (0480) 219457.
Cavendish Automation, 45, High St., St. Neots, Huntingdon, Cambs PE19 1BN. Tel: 0480 219457, Telex: 32681 CAVCOMG
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THE GNC Z4 — THE SBC CHOSEN BY OEM’S
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64K EPROM
128K BATTERY BACKED RAM
8 CHANNEL A/D (7581)
20 KEY ENCODER (74C923)
8 DARLINGTON DRIVERS WITH CLAMPS
8 DIGIT 7 SEGMENT DISPLAY (7218)
2 CTC's -4 PIO'S WITH MODE 2 INTs
2 RS232 SERIAL CHANNELS WITH H/S

SOFTWARE
32K ROMDISC — 64K RAMDISC
DISC COMMS TO PC OR CP/M80

AS ALWAYS. Further details and technical manuals on request

CROSS ASSEMBLERS — 8048, 8051,6801, 6805 G N C E I .
SINGLE BOARD COMPUTERS e Ctro n I C s
PRODUCT SUPPORT Little Lodge, Hopton Road, Theinetham, Diss,
CUSTOM DESIGN Norfolk IP22 1JN. Tel: Diss (0379) 898313
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ATELLITE SYSTEMS

India’s second
multi-purpose
satellite

Due to be launched by Arianes- |
pace in the next few months is
the second spacecraft for India’s
national satellite system. Called |
Insat-IC, it will join the similar |
Insat-1B which has been operat-
ing in geosynchronous orbit at
74°E since October 1983. Among
its first uses will be to provide
additional regional television |
programme feeds to broadcast-
ing stations in Karnataka, Orissa
and the north-eastern regions of
the country. This second satellite
bears the code letter C because,
although an Insat-1A was actual-
ly launched into orbit (in April
1982), it failed mechanically and
was never put into service.

This new spacecraft, together |
with the present IB and a ID to
follow later, constitutes a first
generation of multi-purpose
geosynchronous satellites. Insat- |
l. (A second generation, Insat-II. |
is planned for the 1990s.) The |
system is multi-purpose in that
each satellite carries four dis-
tinct payloads for different pur-
poses — telecommunications, |
meteorology, broadcasting, and
the relaying of information from
terrestrial data collection plat- |
forms. As such it is a joint opera- |
tion run by the Indian govern-
ment departments of space, tele-
communications and meteorolo- |
gy, together with the broadcast- |
ing authorities. Overall manage-
ment is by a co-ordinating com- |
mittee in the Department of
Space, which is directly re-
sponsible for the space segment
of the whole system. '

For India, with her huge land |
area of over 3280 000 square |
kilometres, the wholesale adop- |
tion of satellite communications |
is both practical and cost-|
effective. The government real-
ised the potentialities after con-
ducting their Satellite Instruc-
tional Television Experiment in
1975 (Wireless World, Sept.
1975, p.441 and Sept.1976,
p.59).

Monochrome tv pictures were
transmitted on 860MHz from
NASA's geosynchronous satellite
ATS-6 to community viewing
centres in villages all over the
country. The present satellite|
coverage reaches over great dis-|
tances and rugged terrain into|
very inaccessible regions. The|
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India's second multi-purpose satellite has an asymmetrical struc-
ture with a solar array on one side and a balancing solar-wind ‘sail’ |
on the other. Diagram shows the orientation of the spacecraftin its
geosynchronous orbit, with its antennas facing the Eartt (some-
where off the picture to the bottom left). Overall heightis 19.4m.

cost of running the equivalent|
landlines to thousands of remote
towns and villages would be pro- |
hibitive for the Indian economy.
The telecomms part of the|
Insat system works in C band,
with uplinks at 5.935-6.425GHz
and downlinks at 3.71-4.2CHz. |
Each satellite carries twelve
36MHz bandwidth transponders |
for national coverage and these
give a transmitter e.i.r.p. of|
32dBW over the primary cover- |
age area. So far there are 38
telecomms earth stations in ser-l
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vice (large, medium, small and
transportable). Altogether this
part of the Insat system has
provided 3961 two-way voice or
equivalent circuits over 68 trunk
roules. But already more than
300 additional earth stations
have been approved for secon-
dary telecomms services such as
private business and public sec-
tor networks, rural telegraphy
and computer communications.

l

intervals from a high-resolution
scanning radiometer carried in
each spacecraft. This instrument
has one channel for visible pic-
tures (0.55-0.75um wavelength)
with a resolution of 2.75km, and
a second channel for infra-red
images (10.5-12.5um) with

| 11km resolution. It uses a 20°

|

Meteorological information is |

transmitted in the form of com-
plete Earth images at 30 minute

scan in the North-South direc-
tion corresponding to 1137 scan
lines and a sector scan measur-
ing 5° N-S by 20° E-W corres-
ponding to 285 scan lines.

Information is transmitted to
the ground as digital data at
400kbit/s on a 4GHz downlink
with an e.i.r.p. of 8dBW. It is
processed at a meteorological
data centre in Delhi and is also
available at 22 secondary centres
spread around the country.
Among the users of this data is
the World Weather Watch orga-
nization (see June 1987 issue,
p.603).

Also providing meteorological
measurements, and hydrological
and oceanographic ones as well,
are 100 land- and sea-based data
collection platforms distributed
around the country. These are
automatic and unattended. They
transmit their data at u.h.f,
(402.75MHz) to a special anten-
na on the spacecraft (see dia-
gram). A data relay transponder
then sends the information on a
4GHz downlink to the proces-
sing centre at Delhi.

For broadcasting services,
each satellite carries two high-
power S-band transponders giv-
ing national coverage. Their up-
links are actually in C band
(5.855-5.935GHz) and the S-
band downlink are at 2.555-
2.635GHz. * The transmissions
are in fact within the 2.5-
2.69GHz frequency band allo-
cated at WARC 1979 for com-
munity satellite broadcasting in
national and regional systems.
Each transponder has a band-
width of 36MHz, a travelling
wave tube amplifier r.f. output
power of 50W per channel, a
transmitter antenna gain of
27dB and a minimum e.i.r.p. of
42dBW. Altogether, each 36MHz
transponder will handle one
direct broadcast television chan-
nel for community reception and
five low-level carriers for radio
broadcasting signal distribution,
disaster warnings and standard
time and frequency signals.

As well as directly broadcast-
ing television programmes to
about 3200 community tv receiv-
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ers installed around the country,
the S-band downlinks also do the
important job of providing signal
feeds to 197 stations in the
national terrestrial television
service. In fact the rapid expan-
sion of the Indian tv service over
the past two or three years has
been entirely due to the availabil-
ity of this satellite signal dis-
tribution system. Educational
programmes for schools and spe-
cial programmes for selected ru-
ral areas are also distributed
through the system. A further
1100 direct-reception tv sets are
being installed in the north-east
region of the country.

For sound radio broadcasting
the Insat system transmits high
quality five-channel signal feeds
to national and regional stations
run by All India Radio. So far 96
of these radio stations have been
equipped with S-hand earth ter-
minals. A sixth radio networking
channel is being prepared, not
only to provide programme feeds
but also for synchronization of
m.f. transmitters in the national
radio broadcasting service.

The mechanical structure of
Insat-1C (also of 1B and ID) is
somewhat unusual. As seen in
the diagram, the spacecraft, built
by Ford Aerospace & Com-
munications Corporation to In-
dian specifications, has a solar
array on only one side of the
main body. The purpose of this
design is to ensure an unob-
structed field of view into cold
space for the radiation cooler of
the Earth-imaging radiometer.
But this asymmetrical arrange-
ment on its own would disturb
the attitude of the spacecraft
because of the solar wind press-
ure on the 11.5m? solar array. So
the mechanical system is ba-
lanced by a solar-wind ‘sail’ on a
12 metre boom projecting from
the other side of the spacecraft.

Apart from the normal
reaction-propulsion thrusters
for attitude and orbit correc-
tions, the 1089kg spacecraft also
has an electromagnetic torque
system for fine position control.
This comprises a loop of wire
running around the periphery ot
the satellite body. When a cur-
rent is passed through this loop
it interacts with the Earth's
magnetic field rather like a coil
on the rotating armature of a
permanent-magnet electric
motor. Thus a small force is
applied to the wire loop and it
hecomes a torque on the body of
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the spacecraft.

| am greatly indebted to Pro-
fessor Jai P. Singh, programme
director of Insat, for much of the
information in this report.

Europe’s new
weather
satellites

The cloud patterns currently
seen by viewers of UK television
weather forecasts are derived
from a European Space Agency
geostationary weather satellite
called Meteosat-F2. This was
launched in 1981. From its posi-
tion at 0° longitude, it carries on
the work of Meteosat-F1 which
started transmitting in Novem-
ber 1977 but became defunct in
October 1985. A third ESA met-
sat called Meteosat P2 is due to
he launched by Ariane rocket
during 1988.

All three of these weather
satellites are pre-operational de-
signs, and Meteosat P2 will be
the last of the group. Europe’s
future satellite-based meteoro-
logy will then be carried on by a
second generation of permanent
spacecraft called Meteosat Oper-
ational Satellites, MOP-1, -2 and
-3. These are now being manu-
factured, with Aerospatiale of
France as prime contractor, and
the first launch, MOP-1 on an
Ariane 4 rocket, is provisionally
planned for late 1988 or early
1989.

Meanwhile an international
organization has been set up
specifically to run the whole
Meteosat operational program-
me. Called Eumetsat (European
Meteorological Satellite Orga-
nisation), it is made up of 19
participating countries from
Europe and North Africa. A
Eumetsat secretariat has been
taking over various meteoro-
logical activities previously per-
formed by ESA.

The new operational
Meteosats, also geostationary,
will be similar to the current
pre-operational ones but will do
more. The enhanced service they
provide will have four main parts
to it. The principal task will be to
take pictures of the Earth and
send them to a central control
and processing station at Darm-
stadt, W. Germany (actually
ESA's present Space Operations
Centre, ESOC). For this the
camera is a radiometer, produc-

ing images by scanning in the
visible, infra-red and water-
vapour spectral ranges.

This electro-optical instru-
ment comprises a telescope with
a focal length of 3650mm and a
set of detectors, located in the
focal plane, measuring the
radiance of the Earth and its
cloud cover. The spin of the
satellite causes the radiometer to
scan the Earth along the E-W
axis, while a N-S scan is achieved
by incrementally tilting the tele-

scope a small amount at the end
of each E-W scan. Raw image

data from this scanning process
will be sent to ground at either
333kbit/s or 2.66Mbit/s on the
L-band frequency of 1.686GHz.

Secondly, the spacecraft will
be used as comsats to dissemi-
nate weather facsimile pictures
(Wefax) or high-resolution digit-
al pictures from Darmstadt to
weather forecasting services in
Europe, Africa and the Middle
East. For this there will be two
S-band uplink channels at
2.1GHz and corresponding L-
band downlinks at 1.69GHz. This
part of the system also provides a
service channel using similar up-
link and downlink frequencies
for data exchange purposes.

The third part of the satellites’
job will be to collect weather data
transmitted in 66 channels at
402MHz in the u.h.f. band from
unmanned automatic buoys in
the Atlantic Ocean. An L-band
downlink will then relay this data
to Darmstadt for near-Earth
weather forecasting. Finally,
there are the t.t.c. communica-
tions for operating the satellites
themselves (see September 1987
issue, p.927). Telecommand data
will be transmitted to the
spacecraft on S-band uplinks
from a ground control station at
Michelstadt, near ESOC, while
telemetry data will be sent back
to the control station on L-band
downlinks.

Each MOP spacecraft is
formed from two concentric
cylindrical structures. The main,
larger-diameter cylinder, which
is covered with solar cells to
provide electrical power, carries
the scanning radiometer and
most of the satellite sub-systems.
The second, smaller-diameter,
cylindrical structure carries an
electronically de-spun antenna,
the bulk of the communications
transponder equipment (made
by ANT Nachrichtentechnik of
West Germany) and some addi-

tional antennas. All three of the
new metsats will be put into
geostationary orbit at about 0
longitude.

Geostationary
satnav trials

Inmarsat is planning a satellite
radionavigation system similar
in principle to the GPS/Navstar
and Glonass schemes (see April
1987 issue, p.377) except that it
will use geostationary satellites.
The 50-member co-operative has
just started to transmit L-band
test signals for position finding
through its Marecs B2 geosta-
tionary comsat at 26°W over the
Atlantic Ocean.

The test transmissions are
spread-spectrum signals gener-
ated by direct modulation with a
pseudo-random noise (p.r.n.)
sequence at 1.023Mbit/s. A com-
parison of such signals coming
from several sources enables the
exact position of a receiver to be
found.

The similarity to GPS and Glo-
nass offers two advantages. One
is that participants in trials will
be able to use modified existing
satnav receivers to receive the

| signals. The other is that, if the

trials are successful, manufac-
turers of satellite communica-
tions terminals will be able to
design composite equipment
that will allow reception of sat-
nav signals from both the ex-
isting 12-hour period satellites
and those in the new Inmarsat
scheme. By transmitting p.r.n.
signals on a regular basis, Inmar-
sat could improve the coverage
of GPS/Glonass as well as provide
a built-in navigation service, in-
cluding integrity information
and differential correction data,
with its normal satcoms service.

The current test transmis-
sions are at a variety of power
levels in order to determine the
minimum power needed for
effective performance and to de-
monstrate that such signals can
co-exist with communications
signals in the same band. Orga-
nizations with L-band receiving
equipment, especially for GPS
reception, are being invited to
take part in the trials. Later on
another possible satnav scheme,
based on coherent narrow-band
carriers, will be tested over the
Inmarsat system.

Satellite Systems
iswritten by Tom Ivall
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icrocoding and bit-slice
techniques

Bit-slice technology and microcoding represent the point where
hardware and software meet. Together they produce high
performance processors with flexible instruction sets.

State machines — the simplest and hence
fastest digital processors — can be made from
hard-wired logic and registers. Provided that
the number of states required is small, the
design of a state machine is quite easy, but
when the number of states reaches double
figures. working out the logic becomes a
daunting task.

Microcoding simplifies the design work,
allowing state machines with many
thousands of states to be produced with
relative ease. Read-only memory and a regis-
ter make up the simplest form of microcoded
machine, Fig.1.

Outputs from the prom are split into two
fields, one controlling some external devices
and one producing the next address for the
rom. But such a configuration is of little use
if the next address can not be determined
externally.

Figure 2 shows a general-purpose se-
quencer. It is built around a multiplexer; a
further microcode field from the rom selects
the source of the next rom next address.

The source options are an instruction
counter for stepping through a sequence of
locations in ascending order, the next
address field from the rom used to jump toa
new sequence, a mapping input used to
jump to a new address supplied externally,
and a stack, where a number of previous
addresses can be stored in a last-in-first-out
manner to provide subroutine linkage. All or
some of these choices can be made con-
ditional upon the state of an external line to
give conditional branching.

Frequently, a counter is provided for
‘for-next’ loop counting. Source selections
for the next address form a primitive series of
control instructions analogous to control
functions found in high-level languages, like
IF. FOR. WHILE. GosuB, GoTo and RETurN. Microcode
“meta assemblers” can make the writing of
microcode much easier than it seems at first
glance, and much more like writing a prog-
ramin a high-level language.

Thus the primitive controller consists of a
sequencer with a single line-condition in-
put, some proms connected in parallel to
give a microcode width as large as required,
and a mapping input of a width commensu-
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rate with the number of address lines needed
to control the proms. It is possible to buy an
entire controller on a single chip: an exam-
ple of this is the AM29PL141.

~ MICROCODE CONTROL STORE

Registered proms are normally used in
microcoded designs since they reduce the
number of chips needed. They ensure that all
the parallel outputs of the microcode are at
the same pipeline depth, which makes cod-
ing easier, and produce clean control signals
that are valid throughout most of the cycle.
Most devices that would be controlled by
bit slice have a flow-through architecture,
making the microcode proms the source of
synchronization in design, minimizing

Fig2. In this general-purpose
sequencer, a microcode field
from the rom determines
where the next rom address
comes from.

Mapping input

Last-wn-first-out|
stack

Multiplexer

Next address

Register

|

Control signals  Clock

Figl. Read-only memory and a register
make up the simplest form of microcoded
machine.
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Fig.3. This controller, based on the 2910, is optimized to work with the a.l.u. of Fig.5to produce a simple 16bit c.p.u.

clock skew problems and simplifying timing
calculations. The exception to this is the
Analog Devices range of 16bit digital signal
processing chips. They have internal
control-path registers, meaning that a desig-
ner must use a mixture of registered and
unregistered parts to bring the pipelining
back into line.

It is not a problem to have different parts
of a circuit at different pipeline depths. But if
the circuit you design must respond instant-
ly to some externat stimulus, for example an
interrupt, it is important that elements
controlled at different depths have no in-
teraction.

Figure 3 shows a complete design for a
controller using the well established 2910,

originally from AMD but now also from
many other manufacturers. Address/data
width of the 2910 is twelve bits, giving a
maximum microcode depth of 4K. This is
frequently all that is needed. The diagram
shows 2K registered proms, so most-
significant bit Y,,; of the na bus is disre-
garded.

Four instruction-bus bits of the 2910
provide 16 instructions. These assume in-
puts from various sources, and outputs pL.
map.and veer can be used to selectively switch
several different drivers onto the 2910 D
input

Devices IC, » perform the mapping func-
tion. Often, as in my later example, a
controller is required to perform a series of

discrete tasks, each requiring one or more
microcode words. These sequences of words
can be placed arbitrarily in the microcode
depth, and each has a unique start address.

Assuming that the instruction to start one
of these sequences is received as a coded
word on the ib bus, the mapping prom IC; is
used merely to convert the code to the
appropriate start address. If the decoding
were not too difficult, IC, could be replaced
by a pal, or even discrete logic. If you were
very lucky with the instruction format and
start addresses used, you might even be able
to dowithout a mapping prom.

Controller Fig. 3 is optimized to work
with the a.l.u. in Figs 4,5 to produce a simple
16bitc.p.u.

Fig.4. Block diagram of the processor in Fig.5. This 16bit c.p.u. performs simple operations on data from 32 registers.

16-bit
D type
register

Data 16 bits

-bit buffer

Address
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Arithmetic instructions
151413 12 110 98 7 65 &4 3210

lns?r&(gieon lx lx l SR(VDEST I SRC2

considers floating-point performance, the
ratios in performance can be even more
impressive.

Conditions! jump instructions
1911312109876 5463210

lns?rcuocd?eion Iﬁh;pe Condition lx lAddress reg.

Fig.6. Examples of instruction words for
the 16bit processor, Fig.5.

5 0

L
T Generol registers v

21

28 Reserved for constonts
»|

30 Stock pointer

3 Intructjon counter

Fig.7. Allocation of the demonstration pro-
cessor's 32 registers.

BIT-SLICE DEVICES

Originally, the name bit slice applied to a
family of parts from which a general proces-
sor could be made, and which are now
largely superseded. A 16bit a.l.u. for instance
could be made from four of these parts, each
of which would deal with four bits, a 32bit
a.l.u. with eight and so on. Data into the
a.l.u. is thus “sliced” horizontally.

Now the term bit slice is used rather
inaccurately to cover any devices that per-
form processing tasks ihiat are not capable of
standing alone and require external control.
Examples are sequencers, a.l.us, floating-
point processors, interrupt controllers, mul-
tipliers, direct memory access controllers,
etc.

Bit-slice devices are mainly used in com-
putation and control. The same can be said
of microprocessors, and bit-slice techniques
can be applied over the same wide field. It is
the speed and flexibility of these devices that
make them preferable in many high speed
applications like signal processing.

For high-volume production a custom i.c.
design gives a much lower chip count and
power consumption, although low-power
bit-slice products are now available in c-
mos. Fof smaller runs, however, these de-
vices are often the optimum choice, and it is
interesting to note that custom-chip cell
libraries frequently contain bit-slice a.l.us
and sequencers.

It is now common to breadboard and
debug in bit-slice, and ultimately implement
designs in application-specific i.c. technolo-
gy. Complexity of microcode controllable
devices has kept pace with microprocessors,
and 32-bit slices are now available from
several manufacturers.

When comparing microprocessors and bit
slice for a design it is often difficult to
compare like with like. A 12.5MHz 68010
takes 400ns to add two registers. A design
using the AMD 29300 family clocked at
8MHz could do it in 125ns. When one
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SUPPLIERS OF BIT-SLICE
DEVICES

It is impracticable to list all the manufactur-
ers of microcode controllable devices, but
here are a few. AMD produces a range from
the humble 2900 family, to the 29100 16bit
family and 20300 32bit series. Most are now
available in c-mos. Analog Devices makes a
series of 16bit i.cs including a sequencer and
address generator, but notably lacking a
general purpose a.l.u.

Integrated Device Technology has a c-mos
range from four bits to 32, some modelled on
AMD parts. Cypress Semiconductor provides
c-mos versions of AMD parts with various
speed and performance improvements.
Finally, Wietek produces a formidable range
of floating-point processors for microcoded
systems,

A SIMPLE 16-BIT BIT SLICE CPU

To help illustrate the writing of microcode |
have included the design of a simple 16bit
c.p.u. using the AMD AM29117 a.l.u., Fig.5.
It performs a range of primitive operations
on data from two internal registers or from
its D input and deals with byte or 16bit word
values.

Most operations are completed in two
cycles. The design lacks several of the re-
quirements of a complete c.p.u., for instance
d.m.a. and interrupts, although these could
easily be added. It is, however, exceedingly
fast, and with a clock speed of 8MHz, three
mega-instructions per second can be ex-
pected, depending on the instruction set.

I have already chosen an instruction set,
which the configuration of IC,, in Fig.3
suits. Similarly I have made choices in Fig.5,
like a 16bit address and data bus and a Von
Neumann architecture. My final circuit is
still capable, merely by changing the con-
tents of IC, and IC,q, of running a wide
range of instruction sets. It is one of the
strongest features of bit-slice technology
and microcode that with them one can
emulate other processors, and quite possibly
improve on their speed.

Referring to block diagram Fig.4 and
circuit Fig.5, incoming data from the ram is
latched in ICq.,,. These values could be
instructions, pure data, or addresses. For an
instruction value, IC,, of Fig.3 define the
appropriate start address in the microcode
for that instruction. The sequencer jumps to
that start address as the previous instruction
ends. If the value is data, then the a.l.u. is
instructed to load it and operate on it. If the
value is an address. the a.l.u. passes it or
operates on it, and the result is latched in
ICi4.14 for use in the next cycle on the
address bus.

Components IC 3 ;5.9 are concerned with
a.l.u. control. I have decided in my instruc-
tion set that all arithmetic and logical
instructions. i.e. all data-related instruc-
tions, will act only on registers. The lower
five instruction bits of the 29117 select the
register for each operation and decode non-
register instructions. Figure 6 shows exam-

ples of the standard instruction form I have
chosen. You can see that IC)3,5 form a
multiplexer selecting either the source/
destination operand, the second operand, or
microcode onto these bottom five bits. Fi-
gure 7 shows the assignments for the 29117
registers that | have selected.

Which aspect of the internal status is
selected for tests is controlled by T Inputs of
the a.l.u., IC;5. Component ICy latches the
conditional field of the instruction for con-
ditional jumps etc. The 29117 condition
output connects to the 2910 test input.

INSTRUCTION FETCHING

In such a design it is common to use the
a.l.u. for both address and data calculations.
This means that for every instruction per-
formed the a.l.u. has to modify the instruc-
tion counter. If you assume that for perhaps
80% of the time the processor is merely
accessing the next sequential instruction,
performance can be drastically enhanced by
off-loading the incrementing of instruction
counter icto a separate counter.

This counting is done by ICxs.2g, arranged
as a 16bit presettable counter. When the
value of 1c is modified by a jump the counter
is merely reloaded. During normal sequen-
tial accesses the counter is incremented
while the a.l.u. process the instruction. A
similar tactic could be tried with the stack
pointer, but this would over-complicate an
illustrative design. Devices IC) 5, allow the
ic value to be used in address calculations by
passing it back to thea.l.u. D input.

Clock and enable lines of the registers and
buffers all receive individual microcode bits
where possible; my first rule of bit-slice
design is, if in doubt assign a microcode bit
to it. Once the micrcode is written you can
look for duplication in the use of control
lines, but at this stage it is better to assume
that the lines need to be separate.

An active-low reset line is assumed for the
design. The proms specified have an in-
itialization function that forces the outputs
to a programmable state at power up.

ADJUSTING THE CYCLE PERIOD

Life is easier if the clock-cycle period of the
system is constant. This does however mean
that the worst-case delays for all the data and
control paths in the system must be calcu-
lated, and the clock cycle adjusted to
accommodate the longest.

If the worst delay occurs in a subset of the
possible cycle types. i.e. only while a condi-
tion is evaluated for a conditional jump,
another tack can be taken. Length of the
clock cycle itself can be microcode selected
by using a much higher clock rate and a
programmable divider. The AMD Am2925 or
IDT IDT49C25 are examples of such devices
and 15-30% speed improvements can be
obtained by using them.

In his next article A.N. Edmonds looks at
the writing of microcode and writing aids
available.

Andrew Edmonds is consultant digital de-
sign engineer and Director of Guyvale Ltd.
Hitchin.
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"CIRCUIT IDEAS

5V rail for telephone
circuits

Obtaining a 5V rail from a telephone line is
difficult because a.c. speech and d.c. occupy
the same pair of lines.

Direct voltage, which at a line current of
30mA must be less than 9V, is reduced by 2
or 3V by the polarity guard bridge and
protection circuits. Of the remaining say
6.5V. one has to allow about 2V peak for the
speech signal, which makes a 5V supply
difficult to achieve. In addition. circuits
across the line have to present a high
impedance toa.c. signals.

This circuit provides 5V at 5SmA. Sup-
plying the 3.3V zener diode is a transistor
constant-current source set to about 12mA.

From diode bridge and protection

079 IN6148 +5V SmA
o Ry 233 11 8] S| 6
2¥ INGILS R3 215k
31 MAX630 1
03¥ Mo
Ry éwk =k b 2 Ry, < 5K1
TWO}J EZT“D

A Maxim MAX230 i.c. with its oscillator
running at about 40kHz (set by C,) provides
d.c.-to-d.c. conversion. Supply voltage de-
termines whether the oscillator is on or off.

Efficiency of the converter depends main
ly on the inductor; 60/70% is easily achiev
able
T. Segaran. York

Peripheral sharing

It is often useful to share one serial peripher-
al such as a printer between two computers.
This sharing circuit consists of readily avail-

able components, is easily adapted for more
than two channels. and can be modified to
suit either RS232 or RS422 periperals.

While the first channel is sending. the
second-channel input is disabled. Input data

acts as a clock for IC), to keep the vsr signal
low. To prevent the second channel from
breaking in during a brief transmission
break. IC, ; hold off its access for a period
depending on the settings of switches S .

Power-up clear

P Time-out
I I clock

45 Input devices IC; 5 work at up to
3 4 1y 19.2kbit/s.
150 B. A. Randall
| 75189 7404 Y Data present Coventry
'FF;‘E"“ 1 2 il Warwickshire.
by L
i 7600 7404 75188
330p z 8 2 2| ) 3 To printer
75189 T40b o 10 s {data)
1From 6 3 s . E 7600 7604
—’_’6_4 2 Q 71000 7‘0‘
+5
|(dum) 5 n
330p L 3]
220 (LR
T
75188 7:.00 1 3 Select time-out
@ 9 {optional}
T° PLy [« 7400 38~
{(OSR) 5 5| 9 .
! a }e A 3 I
10|
5188 71.00 74 3
3 6 +S y
76164 [
ropcz_'_rr K - i 4 2 1<1> $1108
‘(OSR) Ji l
' 220 P(j selected 8 (K 12
75189 7604 N N [
S
From 19 8 g Gry: b i
printer [10 6
{DSR) 9 ¥ : 7602 [
330 Y = 0= (7e0s +5
, »™ 7% B 10 /4y
1 7
| K 2M7
CLR 220 PCy
. P4 > E selected
NN K 8 8 |7 2M7
2 L L] z m
220k 7604 555
555
6 3 %9__ s 3
1
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— CIRCUIT IDEAS |
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A few t.t.l devices provide a software-
programmable pulse generator for Apple lfe
computers. Both the pulse’s mark/space
ratio ard frequency are programmable.
Output from the 1MHz clock generator
passes through six divide-by-ten stages to
provide seven output frequencies. One of
these outputs. selected by demultiplexer IC,.
passes to the next stage. Assuming that
Apple slot seven is used, writing a zero value

to address COF0 selects 1MHz output and
writing 6 selects 1Hz.

Two further programmable divide-by-n
counters, 1C5 ;. determine the pulse mark/
space ratio. Latch IC;, holds the count value
for logic one while latch 1C,, hold the value
for logic zero. Values for these latches range
from 0 to 255 and are written to addresses
COF1and COF2.

Bistable device IC; connects IC;; and IC,,

alternately to the counters. If slot 7 is not
used, addresses required are,

Slot Address Slot Address
(3 COE0-2 3 C0B0-2
5 CoDO0-2 2 C0A0-2
4 C0C0-2 1 C090-2

Virgilio Lattanzi
Civitanova Marche, Italy.

Stop-band pilot filter

In frequency-division multiplexing, pass and
stop-band filters are used to split pilot
frequencies fiom telephone channels. This
stop-band filter, and the pass-band filter
shown earlier*, avoid using differential
transformers

Requirements for the filter were a pass
band from 2 to 19.85kHz, attenuation ripple
<0.3dB. stop bandwidth of 20kHz +4lizand
attenuation of =15dB. Using the equations
given for the pass-band filter gives this
circuit. For narrower stop bandwidth and/or
lower stop-band attenuation, inductors L
can be eliminated.
Laka Jovan, Beograd. Yugoslavia

ELECTRONICS & WIRELESS WORLD

These filters may be difficult to obtain. Webster
Electronics can supply 20kHz filters in standard
HC34/U 2in can with H-type element. Inductance
of these filters is around 2000H and equivalent
series resistance is 16k{2

Ve (-15V)

Quortz fe=20kHz

Ll
— i ___4

'[n the pass-band filter circuit in the September
issue, A, , should read Z, , and 50k() should read
5k€). Supply voltage for that circuit was 15V

1

R1

Vout
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Reversible proportional control for small d.c. motors

One quad i.c. and a few driving components
provide smooth bidirectional power control,
with centre off, for asmall d.c. motor.
Triangle-wave amplitude is set by R, 3 and
frequency is set by timing components R
and C,. Power to the motor in both direc-

tions is controlled by the 10k{} potentio-
meter and the preset potentiometer varies
width of the dead band at the centre of the
control-potentiometer travel.

Use of power mosfets would increase
efficiency. Control circuitry needs a 12V

supply but the motor-drive circuit supply
voltage can be selected to suit the motor -
within reasonable limits.

R.A. Beck

Hook

Hampshire
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The Most Versatile Multi-Processor Trainer In The World.

Lab-Volt’s Model 348 Micro-
processor Training System

is different things to different
people. Yet, it is the same to
everyone—cost effective. The
modular design allows easy
expansion. It is never outdated.

A portable, stand-alone training
system, the Model 348 offers

16- and 32-bit capability. Choose
a variety of optional add-ons to
enhance the basic system. Or,

ELECTRONICS & WIRELESS WORLD

for multidisciplinary training,
interface the basic trainer with
other Lab-Volt Systems. Other
unique features:

® Three Central Processing Units

® Open Access Hands-On
Training

® Completely Integrated Training
Package: Hardware—Firmware—
Courseware

For more information, write to
the Company that provides

ENTER 21 ON REPLY CARD

technical training systems to
education, industry and the
military worldwide: Lab-Volt,
Unit 6, Cromwell Mews,

St. Ives,

Cambridgeshire PE17 4BH.
Tel: (0480) 300695.

aﬁ-o/t"®




The future of leaded
components

The surface-mounted device business is forecast to grow
ten-fold over the next five years, though the market for
leaded components is still likely to rise. For many
companies, if and when to move over to surface mounting

ithout leads, components offer
Whigher-speed digital circuitry and less

susceptibility to electromagnetic in-
terference. But the irresistible attractions of
surface-mounted devices to most producers of
electronics are miniaturization and potential-
ly lower automation and manufacturing costs.
Board-area savings are typically between 40
and 60% when converting a traditional
through-hole design to a surface mounted
one. The cost per unit area for a multilayer
board suitable for surface mounting may be
about 20% higher, but the cost of the bare
boards can still be significantly reduced. With
cost parity between leaded and unleaded
devices now commonplace, surface mount
can offer lower overall board costs.

MATERIALS AND AUTOMATION

With a little lateral thinking, however, the
production of smaller boards can be turned
either into more compact products or alterna-
tively into systems with many additional
features but no bigger than their conven-
tionally manufactured counterparts. These
cabinet materials savings are perhaps the
most tangible and immediate benefit of sur-
face mounting on raw materials costs.

When automation is considered, surface
mounting also compares favourably with
leaded component assembly. While auto-
mated production equipment for radial com-
ponents will typically not be able to handle
axial devices, for example, pick-and-place
machines for s.m.ds are generally more
flexible.

A single type of machine will be equally
capable of placing resistors, capacitors, induc-
tors and active components. Surface mount
assembly can require less factory space and
labour and is generally simpler and cheaper to
implement. Savings of up to 50% on assembly
costs are currently being claimed by pro-
ponents of surface mounting.

The use of solder creams in surface mount-
ing, which must be applied and processed
within perhaps 10 to 12 hours, also provides a
potentially cost-saving discipline to the
assembly process. The time that partially
assembled boards spend languishing on the
shop floor will tend to fall — along with storage
space and cost.
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will not be a simple choice.

GRAHAM FOSTER

COSTLY EXERCISE

Despite all these advantages there will be
many cases where the time for surface mount-
ing is not yet right, especially for companies
that have already invested heavily in conven-
tional insertion machinery. The real cost of
throwing out existing automation equipment
and remodelling the factory can make surface
mounting actually more expensive in the
short to medium term.

If there is an existing design which perhaps
requires minor modifications rather than
major redesign, then a conversion to surface
mount may be an unnecessary and costly
exercise. In some cases there may even be a
requirement for the product to be made using
conventional technology. Some telecomms
equipment falls into this category.

Another field where designs will stick with
leaded components is military applications
where there is no particularly strong pressure
towards miniaturization. In large parts of this
inherently conservative and protected busi-
ness, designs will change only slowly over to
surface mount. Paradoxically, however, the
military industry, because of its need in some
areas, such as airborne and man-carried
equipment which need to be as small and light
as possible, is in a better position to adopt
surface mounting than most commercially
based companies.

In the consumer area, it may often not be
possible to realise one of the major benefits of
surface mounting, i.e. smaller and cheaper
cabinets, so designs may stick with conven-
tional leaded components for some time yet —
there is little to be gained from making
telephones smaller. And until there are radical
improvements in television tube technology
or flat panel displays there will be little
incentive to reduce the size of tv electronics.
The same applies to sound reproduction
equipment whose size is dictated more by the
number of knobs and buttons on the front
than by the electronics inside.

LIKELY CANDIDATES

If, on the other hand, a project calls for a new
design or a substantial re-design of an essen-
tially obsolete product, then this is a likely
candidate for surface mount. Even when a

Leaded Schottky diodes from ITT

company has significant investment in
through-hole assembly equipment, it should
still implement the new design practices and
embrace surface mount when appropriate,
even if this means subcontracting in the first
instance.

Every design, especially a new one, should
now be considered for surface mount. The
benefits are clearly there. There are lessons to
be learnt, but these should be tackled as soon
as possible if British industry is not to miss the
boat. Just as component manufacturers have
had to adapt their production methods to the
trend towards surface mounting, s.m.d. users
need to adapt their thinking to the new
technology.

Stuffing boards with leaded components is
essentially a mechanical job based around
producing good solder joints between compo-
nent leads and copper tracks. It is a skill at
which many assemblers are masters. But with
the reflow processes widely used for surface
mounting, a new range of skills needs to be
gained. Screen printing, the use of solder
creams, reflow profiling and thermal shock al
need to be carefully managed to avoid disaster.
Rework on through-hole boards is bad
enough, but on surface mounted boards is
evenworse.

Graham Foster is with AVX Ltd of Aldershot.
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LOW COST ELECTRONICS C.A.D.

IBM PC (and compatibles), RM NIMBUS, BBC MODEL B, B+
and MASTER, AMSTRAD CPC and SPECTRUM 48K

“ANALYSER" | and Il compute the A.C. FREQUENCY RESPONSE of linear
(analogue) circuits. GAIN and PHASE INPUT IMPEDANCE, OUTPUT
IMPEDANCE and GROUP DELAY (except Spectrum version) are calculated
over any frequency range required. The programs are in use regularly for
frequencies between 0.1Hz to 1.2GHz. The effects on performance of
MODIFICATIONS to both circuit and component values can be speedily
evaluated.

Circuits containing any combination of RESISTORS, CAPACITORS,
INDUCTORS, TRANSFORMERS, BIPOLAR and FIELD EFFECT
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up to
60 nodes and 180 components (IBM version).

|
}
/

Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO
AMPLIFIERS, LOUDSPEAKER CROSS-OVER NETWORKS, WIDE-BAND
AMPLIFIERS, TUNED R.F. AMPLIFIERS, AERIAL MATCHING NETWORKS, TV {.F.
and CHROMA FILTER CIRCUITS, LINEAR INTEGRATED CIRCUITS efc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by “breaking
the loop

Tabular output on Analyser |. Full graphical output, increased circuit size and active
component library facilities on Analyser Il

Check out your new designs in minutes rather than days
ANALYSER can greatly reduce or even eliminate the need to breadboard new designs.

Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D DEPARTMENTS
worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE. Prices from £20
to £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 Systems ILid 1

Harding Way, Somersham Road, St Ives, Huntingdon, Cambs. PE17 4WR. Telephone: St Ives (0480) 61778

ENTER 28 ON REPLY CARD

WE HAVE THE POWER
WE WILL SUPPLY!

Mains to 12V DC, Bench units low prices
4— 6A S/C protection
; 8-10A O/V, S/C protect
» 2-135A 0/, S/C protect + sense
All: ex-VAT/Works, Call Bingo for details

£17.35
£52.13
£152.17

S.M. HOUSE, SCHOOL CLOSE, CHANDLERS FORD INDUSTRIAL ESTATE, EASTLEIGH, HAMPSHIRE SOS5 3BY, UK

TELEPHONE: [+44] ([0]703) 255111

FAX: [+44] ([0]703) 263507 SMC FX TELEX: 477351 SMCOMM G

ENTER 50 ON REPLY CARD

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: 01-445 2713/0749
ENTER 49 ON REPLY CARD

QUALITY QUARTZ
CRYSTALS QUICKLY

Our frequency ranges are

P.U. Crystals 3
M.P.U. Oscillators i
L A 'l L I 'l 'l I

Ll L] Ll L] L] L] L] L]
11‘0I(Hz 50kHz 100kHz 500kHz 1MHz 100MHz 250MHz 360!?1

Professional Crystals

We also supply quartz crystal filters,
oscillators of all types and
communmicahon antennae

Webster Blectrenics

ILMINSTER, SOMERSET TA19 90A, ENGLAND
TEL: (0460) 57166 TELEX: 46571 FRONCY G
FAX (0450) 57865
ENTER 46 ON REPLY CARD
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Telecom ’87:
standardization
at Geneva

The Telecom series of events,
held every four years by the
International Telecommunica-
tions Union (ITU), are the most
important events in the Telecom
calendar. As such, companies
spent vast sums of money and
put on impressive displays. For
example, it was rumoured in
Geneva that IBM had spent $8M
on its stand and that it had
already been sold so that, after
the show, it was going to be
dismantled and rebuilt else-
where as a disco. This indicates
the way that reality and future
prospects are mixed with pure
hype — but which is which?

Virtually all the major com-
panies are demonstrating their
ISDN capabilities with, for exam-
ple, Northern Telecom showing
that its switches are capable of
interworking with terminals
from avariety of vendors. And on
the APT stand the Hayes (of
modem fame) ISDN PC Card was
shown connecting the ubi-
quitous p.c. through an AT&T
and Philips Telecommunications
(APT) 5ESS-PRX switch. This
product occupies one-full length
expansion slot in an IBM p.c. or
compatible and is controlled by
Hayes telecommunications soft-
ware to give the computer full
access to the Basic Rate Interface
(2B+D).

However, the most impressive
ISDN demonstration at Telecom
’87 was the first multi-exchange
working using two satellites
linking System X switches in the
UK network and the USA with
the System X exchange at the
show. A remote concentrator in
Washington was operating as an
integral part of this System X
exchange 4 000 miles away. With
the co-operation of British Tele-
com, the Geneva System X was
operating as an integral part of
the UK telephone network and
was providing a ‘London’ ex-
change and ISDN lines to five
other exhibitors at Telecom '87.
These were Comsat Corporation,
BT, STC, Plessey and GEC.

Todate, BT, System X’s largest
customer, had operated a com-
mercial ISDN revenue-earning
service using 80kbit/s connec-
tions. However, System X has

now been upgraded to provide
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144kbit/s ISDN connections
(CCITT 1 420) with full inter-
working between 80kbit/s and
144kbit/s.

Even though a growing num-
ber of PTTs are making their
intentions public, with 1990
being the date by which enough
ISDNs will be implemented and
connected to form the nucleus of
a global network, there is a ques-
tion mark over the real arrival of
ISDN. As with any service, this is
because it can only be considered
to exist when a critical mass of
subscribers has been reached
and its growth becomes self-
sustaining. Commercial offer-
ings of ISDN should appear in
countries across Europe and
around the rest of the world
within the next year, with inter-
national interconnection follow-
ing from 1989/90. For example,
the Norwegian Telecommunica-
tions Administration announced
that it is planning an ISDN test
programme from 1988. This will
lead to a field trial in 1989 and a
pilot service for customers in
1990 A limited number of large
customers owning ISDN-
compatible p.a.b.xs will partici-
pate in the pilot scheme, with a
gradual extension to small and
medium sized users. A nation-
wide ISDN service is due to oper-
ate in Norway as a commercial
operation from 1992. This will
include telephony, Group 4 facsi-
mile, teletexand teledata.

Even if there is some uncer-
tainty regarding ISDN, the X.400
message handling system
appears to be going critical.
X.400 is a series of recommenda-
tions published by the CCITT to
define the mechanisms for inter-
working between different mes-
sage handling systems. A notice-
able proportion of the users of
the two million or more mail
boxes on electronic mail systems
are no doubt already fretting at
their inability to communicate
with uses on systems other than
their own. Thus, the potential
user base for X.400 already exists
in the user bases of existing
e-mail systems.

The Geneva demonstration,
following on from one by 14
companies at the CeBIT trade
fair in Hanover, West Germany
last March, involved 21 of the
world’s leading developers of
X.400 products and services. The
PTTs and service providers in-
cluded AT&T, British Telecom,
Deutsche Bundespost, Dialcom,
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KDD (Kokusai Denshin Denwa of
Japan), NTT, the Swiss PTT,
Telenet Communications Cor-
poration and the French packet-
switching service, Transpac.

Vendors included DEC, Hew-
lett Packard, IBM, Nixdorf,
Olivetti, Philips, STR, Telic-
Alcatel and Unisys. Their con-
certed presence underlines the
fact that the X.400 market is
perceived as potentially very
large.

Work on X.400 is truly inter-
national and it now appears that
in due course it will provide the
universal e-mail access required
by users. Even though over 500
tests have been completed by the
participants to prove that the
different systems and services
interwork correctly, services will
not be introduced overnight. A
representative of Telecom Gold,
the UK Dialcom service, said that
as soon as all the tests are satis-
factorily completed they will
start “populating” their data-
base. As this is a task that will
apparently take two or three
months to complete, a service
cannot be expected to start be-
fore next March.

AT&T and Philips Telecom-
munications were stressing the
importance of their SLC 120
Network Access System which is
intended to offer PTTs a cost-
effective and versatile way of
allowing them to introduce
digital and optical technology
into the subscriber loop quickly
and economically. It is an adv-
anced primary 4%X30 channel
multiplexer capable of connec-
tion to any higher order metallic
or optical fibre transmission sys-
tem with a 2Mbit/s CCITT-
compatible interface. It can
group any combination of voice
and data services and is capable
of handling the ISDN services of
the future. In particular, the SLC
120 is claimed to be ideal for
quickly supplying extra line
capacity; for modernizing and
replacing smaller public ex-
changes; and for providing a
broad range of services to PTT
customers. SLC 120, to be
manufactured by APT in Mal-
mesbury, Wiltshire, is expected
to account for a major portion of
the company’s business.

Alliances being announced
highlight the reality of the con-
vergence between telecom-
munications and computers.
Under the terms of agreement
between IBM and Siemens, the

two companies will examine how
the former’s expertise in data-
base and network management
can be combined with Siemens’
experience in switching technol-
ogy to create new telecom-
munications services. This study
is part of a worldwide effort with-
in the industry to develop and
offer innovative services that
combine telephone networks
and computers.

Similarly, Plessey is to col-
laborate with Digital Equipment
Corporation, the world’s third.
largest computer equipment
manufacturer, on the develop-
ment of computer integrated
telephony (c.i.t.) services. The
aim of the project is to develop
products that will enable the
processing power of the compu-
ter to be married to the com-
munication power of Plessey’s
ISDX, in such a way that the
unique capabilities of each tech-
nology will be available to the
user as if in a single system.

Much of the applications work
within the c.i.t. programme has
been completed in co-operation
with British Telecom in the UK
and Northern Telecom in the
USA under joint development
agreements with DEC. Within
the next twelve months, software
capabilities that extend c.i.t.
across a broad spectrum of tele-
communications equipment
manufacturers and service pro-
viders will be available. Digital is
alsoworking with other telecom-
munications companies to im-
plement a variety of c.i.t.-based
products and services. These in-
clude Sweden’s Ericsson, Philips
Telecommunication and Data
Systems in the Netherlands as
well as Siemens.

However, Geneva was not just
for the giants. Austin Taylor, part
of the British joint venture,
attracted much attention (in-
cluding that of Prince Michael of
Kent) with its key-and-lamp sys-
tems. Not only has it introduced
a smaller version that supports
four lines and four desk units,
but it has designed a portable
electronic key-and-lamp system.
It is essentially a Sprite 16X 16
system configured into two
robust aluminium cases which
can be easily transported and set
up in minutes. The system is
aimed at meeting temporary
communications needs, such as
at special events or in emergency
incident centres, or for back-up
for main switch failures.

ELECTRONICS & WIRELESS WORLD



Pan-European
cellular
alliances

The international cellular radio
industry is starting to polarize in
preparation for the pan-
European digital radio systems
that will enter service in the
1990s. The aim is to enable costs
to be spread among more than
one company and also to ease
entry into national markets.
Alcatel NV, Nokia and AEG
have announced that they will
form a European consortium to
design, produce and sell cellular

LECOMMS TOPICS

mobile telephone systems. Erics- |

son and Orbitel, the joint ven-
ture between Racal and Plessey,
have similarly announced that
they are to co-operate, while
reports emanating from Ger-
many indicate that Robert
Bosch, Philips Kommunikations
Industrie and ANT are discussing
asimilar co-operation,

Alcatel, the largest telecom-
munications company in
Europe, has digital switching
and radio technology capability,
while both Nokia and AEG have
complementary expertise in
mobile communications.

Ericsson, through its subsidi-
ary Ericsson Radio Systems, is a
major supplier of analogue cellu-
lar radio systems, including the
Vodafone network. Orbitel will
develop, manufacture and mar-
ket the radio base stations re-
quired by the network.

The third group, all-German
at present, could well extend to
the UK where Philips Telecom
(previously Pye Telecom) is the
lead company in mobile radio for
the whole Philips group.

Euro cellular
r&d in UK

Motorola is to establish a new |

Cellular Group r&d centre in
Europe. It will be located at
Stotfold in Bedfordshire, where
the company already has a cellu-
lar subscriber products manu-
facturing plant. The centre,
which will begin operations early
1988, will become an integral
part of a worldwide r&d team, its
initial main thrust being on re-
search for the pan-European
digital cellular system.

| ISy
i

|

UK trunked radio goes live

New v.h.f. trunked mobile radio
| systems have been launched in
| the UK, using the Band 3 chan-

nels previously occupied by 405-

line television.

One operator, Band Three
| Radio Ltd, claims that it will offer
| the user a truly nationwide
| mobile radio service for the first

time, covering 60 per cent of the
| population by mid-1988 and 80
| per cent when the network is
fully developed. The first public
call on this service was made by

Prince Michael of Kent from the
Comex mobile communications
exhibition on November 3. Band
Three Radio’s first customer is
Bass, the brewing and leisure
group. Its initial subscription
order, won by Philips Telecom-
munications, covers 100 mobiles
all over the UK.

GEC National One, the rival
service, will open in January and
will extend its coverage to the
major part of the UK mainland by
mid-1989.

Y P i L S ey R R [ A S

'Compromise on error-correction

CCITT Study Group XVII, whilst
backing LAPB (X.25) and LAPD
(Q.921) as the basis for modem
error-correcting standards, has
| recommended that a method
should be defined for interwork-
ing with existing MNP modems.
During the deliberations, six

ELECTRONICS & WIRELESS WORLD

European administrations (Ger-
many. Belgium, France, the
Netherlands, Italv and Sweden)
together with IBM Europe sup-
ported the use of MNP (Micro-
com Networking Protocol). MNP
has an installed user base of
300 000 and is currently used by

over 100 data communications
companies internationally, in-
cluding more than 40 modem
manufacturers and several
value-added networks. The use of
a modified version of the Link
Access Protocol (LAPB or LAPD)
was supported by the United
Kingdom and Japan while the US

| delegation stated that it was “in-

clined to favour™ a protocol based
on these standards. However,
since CCITT requires unanimous
consent on such matters, no
standard was officially selected.

Camden’s
Mercury phones

Cable Camden, the North Lon-
don cable tv company, now offers
Mercury's switched telephone
service. Already a number of
business customers in its service
area have been connected and
will enjoy the advantages of the
latest digital transmission and
switching technology employed
by both companies.

The arrangement will provide
Cable Camden with an added
dimension that will broaden the
range and attractiveness of its
service to potential customers.

| In return, Cable Camden will

give Mercury a ready-made dis-
tribution network enabling it to
expand into the local residential
and business sectors quickly and
cost-effectively.

TACS in Japan

Cellnet has been awarded a con-
sultancy contract by Japanese
Cellular Network Licence hol-
ders Daini Denden Inc. (DDI) for
work leading towards the intro-
duction of a cellular network in
Japan. DDI will design and oper-
ate the new system which will
operate on the TACS specifica-
tion used by the UK cellular
operators.

System X order

from China

Plessey is to supply 26 System X
exchanges with a capacity of
24 000 lines to China. It will
supply the local exchanges and
remote concentrators as part of
the modernization programme
for China Railways.

Telecomms Topics is written by
Adrian Morant,
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APPLICATIONS SUMMARY

Numerically-
controlled oscillators

In frequency synthesis, frequency hopping
and digital signal processing, numerically-
controlled oscillators produce digital sine
and cosine waveforms of very precise fre-
quency. One of their great advantages is that
their frequency can be changed almost in-
stantaneously. How these oscillators work is
briefly discussed in Stanford Telecom
munications note AN002.

An n.c.o. consists of an adder, a phase
accumulator, a look-up table (rom) and a
parallel-input phase register holding a value
representing output frequency. To obtain an
analogue waveform, a d-to-a converter is
connected to the look-up table output.

On each clock cycle, the input register
value is added to the phase accumulator
value so look-up table addresses are stepped
through at a rate determined by the clock
frequency and an increment determined by
the value in the input register. Increasing
the value in the input register increases

L
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a 300MHz clock specification.
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APPLICATIONS SUMMARY
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Ferrite
bead

MTMION1S

-50V
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Requirements for a class-D power amplifier
are much tighter than those for convention-
al amplifiers. Output devices must be cap-
able of passing high currents and have an
extremely low on resistance. This design,
providing 200W continuous power into a 4€}
load, is one of about 50 designs illustrating
the merits of Tmos power fets in Motorola’s
Tmos power-fet design ideas book.

Output of 200W is obtained for a 1.5V
input. At full output, response of the ampli-
fier is +0.5 to —1dB from 20Hz to 20kHz
and total harmonic and intermodulation
distortion together are <0.5%. The ampli-
fier's slew rate is 6.6V/ps and its A-weighted
s-to-n ratio is 69dB.

A 2MHz crystal clock provides a stable
250kHz carrier for driving the input op-amp,
which also serves as an integrator. Audio
input is summed with the integrator triangle
wave and fed to the LM361 comparator to
produce a p.w.m. signal. Fast opto-isolators
feed the p.w.m. signal to the power stages.

Upper and lower drive circuits are identi-
cal except for their power sources. An LM317
regulator feeds the lower circuit with —30V
and the upper circuit is fed by the power
inverter. The upper two output devices
require Vg to be referenced to the output
line so a bootstrap supply is needed — hence
the inverter.

Switching of the output devices between
the +50V and —50V rails is complementary.
Output passes through a sixth-order Butter-
worth low-pass filter which demodulates the
audio signal and attenuates the carrier and
high-frequency components. Feedback is
provided by resistance R; and amplifier gain
is R/R,.

Interfacing a-to-d
converters

Two notes from Ferranti describe connec-
tion of eight-bit a-to-d converterse to mic-
roprocessors. The first, Application report
20, details connection of ZN447/8/9 conver-
ters toa Z80 p.i.o. and the second, report 21,
shows how to connect the ZN439 to 6500
family processors. Both notes discuss con-
necting single and muitiple converters for
poll or interrupt operation; software exam-
plesare included.

This example shows two ZN448 conver-
ters configured for connection to a Z80
parallel-interface controller. Port B of the
controller is set up to cause an interrupt
when any bit goes high, which means that all
bits of port B must initially be low and set
back low after the interrupt has been ser-
viced.

Main program

e i
{ SetportA to i/p

i
1
Set portB to i/p
1 To make BOB1 high

0/p FBHto port 8 || 0n9B; low when
o/p's subsequently
1 enabled

Set port B to control
mode (mode 3)
I
Set BO-B3 as o/ps
and By, -By as i/p's
|

0/p FFH to port B | Takes B, back high

1
Enable port B interrupts
and set to generate [ onictor with |

' B Load I regigter with
interrupt on B, or Bg | int vector high byte
gomng hrqh

glﬁ e
' load port B with

B |n vector low byte

[ Load vectored address
{and oddress+1) with

| starting oddress of

| interrupt service routine
[

[ Set processor to

| interrupt mode 2 |
1

rEnuble processor

| interrupts

Inter

generated?

Interrupt service routine
I
Stop
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APPLICATIONS SUMMARY

ZVP2106A

Vpatt = *6 o 16V m Vo= *+5V
_}F—j (30)
+—8
TwOp +1C1h % 1NLO02 L
1, TLC3702 < 75k
A SM2 bl 4 iFwoou
Yy TLC3702
3 33k
> M 1cL8069 B At
l 100n
1 1 50mA load currents with only a 6V input.
SWItCh lng Ye gUIator Short-circuit protection is inherent.
L] . .
Wlth lOW drop-out Pulse-width modulation controls a non-
isolated forward converter output stage.
VOltage Comparator IC,, oscillates, producing a

Designing a switching regulator in c-mos
drastically reduces standby current. This 5V
regulator, from a Texas linear applications
brief, takes 350nA in standby mode and
achieves greater than 90% efficiency at 5 at

triangle wave to feed the p.w.m. comparator,
IC,p. Output from error amplifier [C, varies
the p.w.m. comparator reference level
according to the difference between its
inputs — the reference diode voltage and the
output voltage.

The note, entitled Low-power Lincmos
switching regulator, is only two A4 sides, but
includes further details on how the circuit
works and its performance.
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Log-linear conversion

In telecommunications applications, digital
signal processors perform many functions
including multichanne] d.t.m.f. receivers,
p.b.x. mail-box vocoders, repeater line
equalizers, echo cancellers and speech
scramblers.

Monocircuits (coder-filter-decoders) con-
vert analogue signals to eight-bit log-
compressed data which is fed to the d.s.
processor as a 64kbit/s p.c.m. stream. There
the data stream is converted to parallel form

routines for d.s.p.

and expandedtoa 13 or 14-bit linear word.

Software routines for this log-to-linear
expansion, and for the log compression
needed for output data. are the subject of
Motorola application note ANE008. The
note, called Logarithmic/linear conversion
routines for DSP56000/1, includes an intro-
duction to digital signal processing in tele-
communications, theory behind the com-
panding, and specific conversion routines
for the 56000.

PCM monacircuit

Logarithmic
Fo=8kHz compression
4 sl mAtha L
1 I\ converter
300- 3400Hz
WA law
Analogue salgt
signals *
o 2 D-to-a >
% converter
3400Hz A
~ Linear
expansion
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Texas Instruments, Customer Response
Centre, Manton Lane, Bedford MI41 7PA
0234 22300

Motorola. STC Electronic Services
Edinburgh Way, Harlow, Essex CM20 2DF
0279 442971

56000
Signal processor

6Lkbit/s cata

{ 8 bit logarithmic data I

Expansion
logarithmic-to-linear
conversion

1

[ 13/14 bit linear data J
Digital
Processing

1

[ 24bit linear data ]

6bLkbit/s cata j

Compression
linear-to- logarithmic
conversion

—o—[ 8bit logarithmic data ]
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Low-
flammability

transformers

ERA Technology has published a
research report on low-
flammability transformers of be-
nefit to those involved in the
selection and operation of dis-
tribution transformers in large
buildings such as factories,
offices or blocks of flats.

For many years two kinds of
transformer have been used to
satisfy safety requirements; the
dry-type in which all or most of
the materials used are non-
flammable, and the liquid-filled
transformer which until 1986
used askarels, a term generally
applied to synthetic, fire-
resistant liquids composed of
polychlorinated biphenyls or
p.c.bs. In 1986, regulations were
introduced banning the installa-
tion of further askarel-filled
transformers.

ERA’s report provides a com-
prehensive review of dry-type
transformers and the new liquids
available in the UK for use as
transformer impregnants and
coolants. Information is pro-
vided on their composition,
properties, handling, flammabil-
ity, their use in transformers and
their suitability for replacing
askarels in older transformers.
As many of these are still in
service a summary of their prop-
erties is included.

The report concludes with the
results of flammability tests con-
ducted on filled transformers in
simulated service conditions.

Who wants a
human com-
puter?

For a very long time scientists
and engineers have puzzled over
the efficiency of the human body.
They have wondered how, for
example, it is possible to have an
intelligent brain that consumes
only a few watts of power and
needs no external data store.
Long ago, it was realised that
the intelligent functions of the
brain could not be duplicated
efficiently by any machine that
only processed a few bits of data
at a time, however rapidly. Artifi-
cial intelligence reseach began to
look for new parallel systems of
architecture in which data could

be acted on in different ways |
simultaneously. But the basis of
virtually all today's computers is
the philosophy that data resides
in fixed places, such as points on
a disc or memory elements on a
chip. To make use of the data, it |
is extracted from its point of
storage, processed in some way |
and returned to another storage |
location. From then it is retained
or outputted to some peripheral |
device to perform a task.

Current brain research sug- |
gests that while data is un-
doubtedly stored in individual
nerve cells, or neurons, it is also
stored in the form of networks or |
connections. An extreme form of |
this argument suggests that a
single bit of data exists more or
less everywhere in the brain. A
theory advanced by Professor
Boris Kotlyar of Moscow Uni-
versity likens the brain to a sym-
phony orchestra. Even by being |
silent, a musician takes part in
the performance. By analogy, |
whatever kind of activity a per-
son engages in, there are no |
resting neurons in his brain.
According to Professor Kotlyar,
the brain is always busy forming
new functional states or neural
networks in which the links are
unique. He believes each experi-
ence or skill is represented by a
separate neural network laid
down in the memory. Learning
consists essentially of the ability
to form networks.

But, while this holistic view of
intelligence is one explanation of
how the human brain outstrips
its mechanical counterparts, it is
not the only one. Other experi-
ments in Russia and the USA
have shown that intelligence, or
certain aspects of it, can reside in
single neutrons. One isolated
nerve cell can be conditioned,
like Pavlov’s dogs, to react to a
stimulus that is no longer pre-
sent. In the jargon of psychology,
it has become habituated.

Returning to computers, it is
perhaps hard to imagine how a
single diode or magnetic particle
could exercise intelligence, but
on the holistic level considerable
progress is being made. Simulat-
ing neural networks electroni-
cally is now becoming a popular
academic exercise. Electronic |
Letters, Vol.23, No 18 describes
one example from a group at
Columbia University in New
York based on switches, capaci-
wrsand inverters.

How far this approach will lead
in the development of artificial
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intelligence remains to be seen.
The Columbia group are realistic
when they state that the field of
neural networks is far from being
mature and that it is difficult to
know what will eventually prove
to be relevant, even as far as
principles are concerned, let
alone v.Ls.i. implementations.
Nevertheless this uncertainty
has not deterred a number of US
groups from attempting limited

'RESEARCH NOTES

implementations in software. |

Critics have commented, howev-
er, that such implementations
are already becoming too

mally exists when the heart to
which they are connected is beat-
ing of its own accord. Modern
pacemakers, of the ‘demand’
variety are rate-programmed
pulse generators that respond to
the natural electrical activity of
the heart. So however much the
pacemaker itself may be electri-
cally screened, it has to be sensi-
tive to external fields to work
properly.

The second part of these
bench-top experiments con-
sisted of repeating the micro-

' wave exposure but with the pace-

human-like to be of any use. |

They are said to be desperately
bad at arithmetic and disinclined
to explain their reasoning! Worst
of all, but predictably, they
sometimes have a mind of their
own. One neural network at Col-
orado. when left with nothing to
do, would doodle random pat-
terns on its screen — the electro-
nic equivalent to daydreaming?

Electromagnet-
ic interference
to pacemalkers

Those who wear cardiac pace-
makers are usually warned about
the dangers of deliberately ex-
posing themselves to radiation
fields, be they X-rays or r f. fields
associated with metal detectors
or baggage-screening equip-
ment. A problem is that with the
growing use of electromagnetic
devices such as radio-telephones
it is not always easy to avoid the
danger.

Mikrowellen Vol.13 No 5 re-
ports experiments undertaken at
the Institute of Aviation Medi-
cine in Zemum, Yugoslavia, to
discover how susceptible pace-
makers are to r.f. fields and what
can be done to protect patients
against them. Dr Zoran Djord-
jevi¢ and his team used as their
source a microwave generator
operating at 2.45GHz, the fre-
quency allocated to microwave
ovens and industrial microwave
heaters.

The first part of the experi-

| ment consisted of taking five

different pacemakers and sub-
jecting them to fields varyin
between 10 and 60 mW/cm®.
Under these conditions all the
pacemakers malfunctioned in
various ways, usually going into
their ‘inhibit’ mode. This is the
standby condition which nor-

makers covered with a metal-
lized fabric manufactured by
Bayer A.G. of West Germany.
Under these conditions the pace-
makers behaved normatlly.

The final exercise was to do the
same comparison under clinical
conditions with human volun-
teers. 20 pacemaker wearers
were exposed to the 2.45GHz
radiation for 10 seconds, first
without any protection and
secondly wearing protective
vests made of the metallized fab-
ric. A team of cardiologists stood
by with e.c.g. equipment during
the entire tests.

What the experiments showed
was that the same modest r.f.
levels caused pacemaker inhibi-
tion in 11 out of the 20 unpro-
tected volunteers. E.c.g. records
showed quite clearly that the
pacemakers were being ‘fooled’
into their inhibit mode. The doc-
tors say that this could be ex-
tremely dangerous for a patient
suffering from complete atrio-
ventricular heart block.

When the experiment was re-
peated with the protective vests,
none of these problems occur-
red. The obvious conclusion is
that pacemaker wearers who are
especially likely to encounter r.f.
fields in the course of their work
should consider wearing a pro-
tective metallized vest. It is safe
and simple.

Terabit
transmission
lines

Scientists at the University of
Rochester and Cornell University
have discovered that new high-
temperature superconducting
materials can conduct electrical
pulses as short as 10 picoseconds
without absorption or distortion
at very high current levels. On
this basis, they say, supercon-
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ducting digital data transmission
lines could be built with 100
times the capacity of optical
fibres for transmitting computer
data, television pictures and tele-
phone conversations. Also, fu-
ture computers could use super-
conducting transmission lines to
move massive amounts of data
rapidly between processing ele-
ments.

Such a superconducting data
transmission line could have
information-carrying capacities
of a terabit of information per
second. In everyday terms, it
could transmit the text equiva-
lent of one thousand Encyclo-
paedia Britannicas per second,
more than 15 million two-way
voice conversations or more
than 10,000 full-colour televi-
sion channels.

The Rochester scientists
worked with a thin film of super-
conductor made of yttrium,
barium, copper and oxygen
grown on a yttrium-doped zirco-
nium oxide substrate at Cornell
University and patterned into a
high-speed circuit.

According to Robert Buhr-
man, a professor of applied and
engineering physics who led the
Cornell team that synthesized
the materials, the ability to grow
smooth, thin-film coatings of
this superconductor on zirco-
nium oxide has important eco-
nomic implications for the ap-
plication of the material. The
zirconium oxide is at present
about 10 times cheaper than
strontium titanate that has until
now yielded the best results.

More significantly, this result
shows that high temperature
superconducting films with very
high current-carrying capacity
can be grown on substrates
whose crystal structure differs
from that of the film. To form the
superconducting transmission
lines, Buhrman and his col-
leagues used their newly de-
veloped process of growing the
ceramic by depositing vapours of
yttrium, barium and copper in
an oxygen atmosphere on the
zirconium oxide substrate at a
temperature of 700°. Previously,
formation of the superconduct-
ing ceramic required tempera-
tures of 850° or greater. The
relatively low temperatures
mean that the material can be
produced as part of an integrated
circuit with less likelihood of
damaging other chip compo-
nents. Growing the supercon-

76

ductor on a chemically inert zir-
conium oxide is necessary be-
cause the highly reactive super-
| conductor reacts with silicon
| normally used as a substrate for
| electronics.

The Rochester scientists sub-
jected a pattern of superconduc-
tor lines, cooled to its critical
(superconductor) temperature,
| to tests in which they transmit-
ted pulses between 10 and 15
X107 %,

Inearlier tests using tradition-
al low-temperature supercon-
ductors cooled to much lower
liquid helium temperatures, the
scientists had transmitted
picosecond pulses more than
10m with virtually no loss. This
experiment demonstrated that
superconducting transmission

links are superior to optical-fibre
|systems, currently regarded as

the best way to transmit pulse-
| encoded signals between two
| points.

Beware the
creeping
robots!

The Massachusetts Institute of
Technology could soon become
the creepiest place on earth if the
dreams of some of its robotics
researchers are fulfilled. You
may already have seen tv footage
of some of the one, two, and
four-legged robots they have
already developed. But if these
‘creatures’ make you feel uncom-
fortable on account of their
anthropomorphic behaviour,
then prepare for worse!

Robots, claim the MIT group,
don’t need to be the large and
clumsy devices that currently
grace our factories. In fact, if
their predictions are true, the
robot of the future could be kept
in a match-box. Moreover, such
micro-robots would not be fixed
to a pedestal; instead they would
be able to creep about, rather like
mechanized spiders.

Wild speculation? Not at all.
Already the necessary intelli-
gence can be accommodated on a
single chip that would easily fit
in the size of a spider. More
remarkably, MIT engineers have
produced a suitable motor and
gear-train weighing only a few
milligrams. These parts, like
their controlling circuitry, are
fabricated entirely by a process of
etching — which makes them

'RESEARCH NOTES

potentially as cheap. Although
yet in the future, some resear-
chers at MIT believe it may be
possible to integrate fully all the
functions of a simple beast like a
spider.

But why do it? What is the
value of a mechanical spider that
costs £1 or so? The answer is that
such mechanical beasties could
be pre-programmed to do more

than just fill the laboratory with
cobwebs. Program them to
scrape rather than spin and it
would be possible to feed a few
into the end of a blocked-up
sewer or similar inhospitable en-
vironment. At £1 each (+ bat-
tery) there’d be no need to re-
trieve them. Fit them with solar
cells and rubber suction feet and
they could spend all day climbing
a tower block cleaning the win-
dows.

The MIT group believes that
the commercial impetus to
mass-produce ‘really cheap
robots will come not from indus-
try but from the toy market. And
just as the cheap industrial
micro-computer was a spin-off
from the home computer, so
they believe that the really use-
ful, cheap industrial micro-robot
will have as its progenitor a
somewhat up-market, if rather
creepy, domestic toy.

Why the stars
are silent

The amount of effort spent
trying to prove that we are not
alone in the universe has been
prodigious. It all started in 1960
with the US Project Osma that
used a 26m radiotelescope to
scan two nearby Sun-like stars
for radio signals around 21lcm
wavelength. The choice of the
‘hydrogen line’ was based on the
philosophy that such a universal
frequency standard would be the
obvious choice of any extra-
terrestrial communications. La-
ter on the Russians joined in
efforts to scan the radio frequen-
cies, as did Canada, Australia,
France, West Germany and the
Netherlands. Between 1960 and
1983, there were 45 major ex-
periments which totted up a total
of around 75,000 hours’ listen-
ing time. Philosophies varied
greatly, as did the frequencies of
observation.

More recently, attention has
moved from the technology even
further into philosophy. At a
symposium held recently in
Hungary, Sir David Bates, pro-
fessor of theoretical physics and
member of the Royal Society,
analysed a proposal put forward
in 1982 by Carl Sagan and eight
Nobel Prizewinners. This prop-
osal — published in the American
journal Science — urged the use
of more radio telescope time for
SETI projects.

Sir David has done the sums
on the likelihood of finding E.T.
and now concludes that the first
requirements would be a tele-
scope array of 5km effective dia-
meter with a receiver capable of
scanning a million channels very
rapidly. That has already been
proposed and the necessary
budget is beyond all but the
super-powers. Yet even that in-
vestment would only yield re-
sults within 100 years if the
extra-terrestrial governments
had similarly been persuaded of
the need to establish omni-
directional signalling beacons
with output powers of the order
of 10° watts. If the alien civilisa-
tions restricted their transmit-
ters to the puny sort used for
earth-style broadcasts, then the
chances of us hearing them in
1000 years would, according to
Sir David, be extremely small.
Research notes is compiled by
John Wilson.
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FIELD ELECTRIC LTD.

3 Shenley Road, Borehamwood, Herts WD6 1AA.
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SPECIAL OFFERS Card No. 1. | xZ80A DMA, 1 xZ80A CPU. | xD8255
AC5 in holders 1 x5MHz, Xtal. 8 x MB8264 15, 1 x SN74198N, +53
various, new ex-equip. £16.50

| COC Wren 36 meg Winchester new ex-equipment c/with user manual
£135.00 c/p 350 hard disk drive

| Wavetek VGC. Model 111 £75.00

Newbury Wyndsor 9412 80 Meg hard disk drive. ez-equipment

ard No. 2. 1 xWD1933B-01 in holder + 16 various new ex-equip
£1225

£135.00¢/p 5.75. c/with manual copy

9 EH. Research Labs Model 139L Pulse Generator £80.00

Card No. 3: 2% D8255 AC —5. 2xHLCDO437P in holder + 10 vanous
chips, new ex-equip £4.95

Hewlett Packard 3895A/010. 8" disk drive cased power supply manuals
etc. New and boxed discount quantities. £295.00+ VAT +carniage at
st

Card No. 4: LCD 6 digit display. 12 momentary plain keyboard rocket
switch 4 bar LEDs. Green yellow red Flat top type £6.95

Hewlett Packard 86A Personat Computer with buikt in Interfaces for 2
disc drives and centronics compatible printer, 64K built In user memory,

Card No. 5: Peripheral Commun ia;u—n Controller. 8 X MC68661
8xMC14891 8x M 1458P 13 Ass. Chips all IC’s 1 holders £18.95.

| 14 user definable keys. display capacity 16 or 24 ines x 80 characters
with system demo disk. user programme, Wbrary, pocket guide. full
user manual etc. complete new in sealed boxes £350.00 +

Card No. 6: 64 64K 16 pin Ram 150ns. Access time +AM2964
controller IC + 14 various IC's. £19.95

discount for quantity.

Card No 7: Hard disk. floppy disk controller card S100 series. Including
D765AC D8237 AC5 8253. 8085A 2764 64K Eprom. SN74L240N
224N. 373 etc, inc, block dlagram. £26.50

Hewlett Packard 2645A terminal with tape storage system. £69.00
carriage and packing, please ring

Hewlett Packard 3330B Synthesiser £1.500.00

Hewlett Packard 331A Distortion Analyzer £230.00.

Card No. 8 Infra-red Remote Controller. 1AY-3-8470A Encoder IC. 1
Infra-Red Emitter 16 Keyboard membrane. £3.50

+37ass chips, including block cha. £29.95.

Card No. 9: 1 xMC68000L8 CPU. 1 x 16MHz Crystal Oscilloscope,

Hewlett Packard 431C Power Meter £69.00.

Hewlett Packard 3450B Multitunction Meter £150.00.

Hewlett Packard 1161A Logic State Analyzer c/w 8085 Module &
80 Module clock probes + 6 bit data probe £850.00 c/p £15.00.
Hewlett Packard 5000A Logic State Analyzer £230.

Hewlett Packard DC PSU amp 50V + 1A £75.00.

Card No 10: 1 xHC68000L8 CPU | x 16MHz Cryslal Oscilloscope, 41
ass, chips. £10.95.

SEW Panel Meters. Furst brand meters MR52P. size 60x 60, MR4SP size
503 50. MR65SP £0x 80, MR38P 42x 42, accuracy 2%

Motorola TTL Monitor Chassis. 7° green phosphor. 22MHz bandwidth
12v DC input. new and boxed, complete with circuit diagram and data
compatible to BBC. IBM computers. diagram supplied for connection to
BBC, 7512 comp, video circuit diagram supplied, discount for 10+
£20.60

MR52P (SR} 30A AC Moving Iron £7.00.
MR52P (SR) 10A AC Moving Iron £7.00
MR45P 1A DC M ‘Coill £6.00

MR65P 2A DC £6.00.

Thandar Composite 75() Monitor Chassis. 9” £34.50 Green.
Thandar Composite 75§ Monitor Chassis. 9" £34.50 B/White.
Thandar Corrposite 75} Monitor Chassis, 12" £43.50 Green.
Thandar Comriposite 7542 Montor Chassis, 12" £43.50 B/White.
Monitors are new and boxed. 12 volt DC £4.00 c/p

MR65P 5V DC M. Coll £5.75

MR45P 300V AC M/Coil with rect £6.25.
MR45P 1 MA DC M/Coil £5.75.

MR38P (CR) 300v AC M/Coil with rect £6.00.
MR52P (CR) 300V ACM/Cotl with rect £6.25.
MR52P 50V DC M/ Coil £5.75.

5" Green Phosphor Monitor, 75§ comp, video, 12V DC input in plasti
case. £29.95 ¢/p £5.00

MR38P 500uA GC M/Coil £5.00.
MR45P 20V DC M/Coil £5.75.

127 756 Comp.,. Video 22MHz bandwidth monitor. 230V AC input new
and boxed, green phosphor. In case and data. £59.95 c¢/p 5.00.

MR45P 50-0-50\ DC £6.25
| SD830 82x 110 5A DC M/Coil £7.00
SD830 — 11— VU Meter £6.25.

Shugart SA400 5" tull height disk drives. single-sided, single density.
ex-equip, £20.60 data suppled 2+ £37.50

MR65P 50A DC #/Iron £7.00.
Many more panel meters, quantity discount

Wavetzk VGC. Model 131 £78.00

Schaftner NSG 200C/NSG223 Interference Generator £650.00
Singer Gertz Phase Angle Voltmeter c/with 400Hz module £250.00.
Datron 1051 Multfunction Meter £250.00

Datron 1059 Digital Multi Meter £250.00

Datron 1030 RMS voltmeter £115.00.

Marceni Sanders Microwave Oscilloscope 27-40GHz £1,150.00.
Sivers Lab Rotary Vane Attenuator 8.2-12.4GHz Cal to 22-8-88
£21500.

Tektronix 191 Constant Ampiitude Signal Generator 350KHz to 100MHz
£175.00.

Bryars A26000 A3 Pen Recorders compiete from £175.

We have a large selection of Pen Recorders

Datran 1030A RMS Voltmeter £145.00.

KSM 0-24v 0-15A Metered PSU new. £500.00.

Tektranix 178 Linear IC Test Fixture £375.00

HML411 0-20KV Capacitor Charger £1,000.00 new.

Tektronix 2101 Pulse Generator 2.5Hz to 25MHz Repetition rage
£11500.

Ballantine 323-01 True RMS Voltmeter £115.00.

AMF Venner 7737A Digital Counter £150.00.

Miles High Volt Insulation Tester IT30 c/with probe 30KV £316.00.
Krohn-Hite Wideband 10 watt Amp DC - IMC Model DCA1Q £200.00
General Radio slotted line recorder type 1521-SLQ1 £200.00.
Farnell Function Generator FG1 £90.00

Philips 3212 25MHz D/Beam Oscilloscope £350.00

Hewlett Packard 181A Oscilloscope Maintrame storage ¢/with 1801A
d/chn, vertical amp S50MHz, 1820A time base with manual £375
Hewlett Packard 62605M DC PSU 5V DC +5% 100A £125.00.
Hewelett Packard 301 Carner Ampfifier Recorder £150.00.

Speedblock 26 Way PCB Plug 467-352 £2 25,

40 Way DIL Low Profife SKT 401-986 50p.
28 way DIL Low Profile SKT 401-970 30p.
24 Way DIL Low Profile SKT 401-835 25p.

Cherry TTL Alpha Numeric Ascii Coded Keyboard, including 8 colour
coded graphic keys, 108 keys form X-Y matrix, full cursor control keys,
6 encode keys, 9 graphic control keys, 5V rail, teak and black aluminium
case, diagram 53.5x 36.3x 10 circuit diagram supplied, new and boxed.
£2495 3+ £22.00 each

We would like the opportunity to tender for surplus equipment
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. All prices including 15% VAT & c/p unless stated. Save time phone your order for quick delivery with Access, Amex,
Diners or Visa cards. Remember all prices include VAT and c/p unless stated.

ENTER 14 ON REPLY CARD

Used equipment - with 30 days guarantee. Manuals supplied if possible. Tnis is a very
small sample of stock. SAE or telephone for LISTS. Please check availability before
ordering. Carniage all units £16. VAT to be added to total on Goods and Carriage

Manutacturers. smporters and suppliers ol world lamous communications products
INTERNATIONAL HOUSE, 953 WOLVERHAMPTON ROAD, B69 4RL

TEL: 021-644 6767 FAX: 021-544 7124

Amaleur Radio, Business Radio, Radio Telephones, Sales. Service Accessories and sntenna systems.

OMMUNICATIONS LTD

Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)

ENTER 53 ON REPLY CARD

ELECTRONICS & WIRELESS WORLD

answerback IDENTY-G
ENTER 38 ON REPLY CARD

o 57 oS SCILLOSCOPES e s ERICOM] YAESU % o 7HE TECHNICALLY ORIENTATED

Ll 8 & ol e lay
TEKTRONK 575 Curve Iracer = £2500 o ONLYIE180 e RADIO COMMUNICATIONS
TEKTRONIX 475 Duai Trace 200MH. Delay Sweep / 4 Y
TEKTRONIX 468 Dual Trace 100MH; Delay Sweep £1000 ves and Yiewny 100Khz to 950MHz IN ONE BOR SPECIALISTS.

TEKTRONIX 2236 Dual Trace 100MH2 Delay Sweep £1.500 Hood " &0
TEKTRONI 2215 Dual [race GOWH7 Delay Sweep 2500 RTRON 4 'M"'w'us: "
TEKTRONIX 455 Dual Trace S0MH. Delay Sweep -
TEKTROND 453 Dust T13ck SOMNy Delay wecy £00 u- THE YAESU FRG9600/TWC Mk3 Mk5 SCANNING RECEIVER
HP. 17078 Dual Trace 7SMH: Delay Sweep £350 GNLY £25ea [pko &7 i ) i )
:: lgsog 2‘22“&:1(: 50MH; DM'}“"DSPTIS' 2—76‘%! ULTIMETERS Are you looking for a commercial grade monitor receiver with options to suit your
IL I 1ace 2 ay Sweep
PHILIPS 3244 Four Trace SOMH? Delay Sweep £500 o £50 requirements both in cost and performance?
PHILIPS 3240 [ual Trace 50MH? Delay Sweep £400 £10
TELEQUIPMENT DB3 Dual Trace 50MH. Delay Sweep £350 MiV Comy h bol ads and case _£90
TELEQUIPMEN™ D43 Dual Trace 15MHz £100 AVO TEST SET No | (Miktary version of AVO 8 Complete with
TELEQUIPMENT $544 Single Trace | OMH2 £90 battenes, leads & carrynyg case £65
GOULD ADVANCE 05 e 40MH; Delay Sw £300 T Le 1able Ly c Chps
DVANCE 05255 Dua ace | SMH, £225 £ kS
ADVANCE 052501V Dual Trace 10MHRe £150 t Mo e
TEKTRONIX 465 STORAGE Duai Trace 100MM, .000 s £8
PHILIPS PM3234 STORAGE Oual Bean- 10MH7 £500 ge Wit
ENT D63 Tw £300 bat S £10
EQUIPMENT DM64 STORAGE Dual £225
DISK DRIVE PSU 240V in SV L6A & 12V 1 5A Out Size W125mm
7000 RANGE TEKTRONIX H75mm D180mm. Cased Un-used ONLY £1000 each (p&pL3)
Man Frames 76234 - Storage TI04A 7504 & 7603 Many VERTY KEYBC YNX MICRO) Pusl: 1o make
Plug n option le POA IHLY £5 each (p&pL3)
—— HED MC ‘ SA 24V 1 4A
MARCONi MOBILE RADIO TEST ONLY £950 each £20 each [p&ps3)
3 o0
GENERATORS )
MARCONI TF 2006 FM 10-1000Mk nz% £150 each (p&p £7)
MARCON) TF2006 FM 4-500MH; £8
MARCON) TF 2008 AM/FM 10KH/-5] OMH £1200 BRUEL & KJOER EQUIPMENT
MARCONI TF2015 AM/FM 10MH; S20MHZ with TF2171 . tion ralyser type 203 X
Synchronizer £900 ARNE 3 A £1200
MARCONI TF 2 ithout Synchronizer £600 ARNELL H60/50 PS 05 £750
MARCONI TF, M/PM 10KH7-120MH, TF MARCONI MOD ME on £450
Synchronize £600 HACAL UNIVERSAL COUNTER 9900 9503 9904 from £200 « A Band Capability. LW MW. SW, YHF/Low Arr-band. 137-Sateiite. HF/High, Miitary. UNF/Low. UHF/thgh TIV.
MARCON! h Sy rser TF2 UHF-CB, Cetiilar {All Broadcast. Air, Maane. Amateut, Busmess Radio. Military, TV, Ceilular. up to 960MHZ). This umit is
AM/FM £400 NEW EQU IPMENT now surtable 1or use i any country as all tands/channel sleps are now avaiable
C TF1C 10MH; -£70MH S DE RO PPN L
:::58:: 17995 ,...,\1 A:r. ,? i 5. .',:‘, from £150 NAMEGHZ?‘C&'F ) OMH; Delay Swee - » All Mode Capability. AM/FM (wide and narrow modes). L SB. USB. Vigeo option avaniabie (NTSC/PAL 5.5/6MHz IF)
ADVANCE Type AMZEM 4-230M £100 oy + Selectable F Steps. Most mades h table lumng steps which aliow fast and easy I ychannel
ADVANCE fype 5628 AW 150K 220MH LU e PO eane Socoan (Comvomnal g o eI g seps S e
ENNER {MA! NI T 0 ) 1. e -

e £60 (php £4) . 100 ing. An, y in the range can be entered/stored nfo & memory and selected/scanned in
FARNELL LFM2 OSC  [H7 1N S £80 (p&p Barsks, prionity function allows almportant equency while searching other bands/channels Modes are
DYMAR 1525 AM/FM BAMH; £200 o end £219 alsc slored in memory.

WP 42334 Q Meter £1200 L ctrons) £285 « Fully Computer Compatible. Yaesu's CAT system is a standard feature and a RS232 mtertace is avalable plus other
MARCONI O Meter TF1245 with TF1246 or TF12 £500 C $4) Me ntertaces for poputar HOME computers: With this feature memones can be expanded and the umt can be remofe
7 OM# 99 controlied via 3 modem
MARCONI RF MILLIVOLTME Kk £150 Meteor 600-600MHz £126
el e D e ey Queitedmmst 1501 | [T 0-1GH 17 + Clock Function, Clock funchon allows ame 10gging and auto switch on/olf of the recerver
) T /Squat
>, 3406 1£500 Wl AR o + High Receiver Senshivity. Jn the range 60-950MH:z 8 ypical recervor sensivity is 1 5uV lor 1208 SINAD (FM) in the
1P True £350  BAR GENE £199 range 1.6MH2-60 D00MHZ =2uV tor 12¢B SINAD (FM) beiow 1 600MHZ sensitivity is nomnally >6uV 'S’ meter funchon
THANDA! ANA OMF ed) s — aliaws nominal hekd sirength measurement
RACAL 9081 Synihesized AM/FM § 256MH; ‘g% :{(m HANG DMM 7030 3 es = 13.8 Volt DC Operation. The umit operates at 13.8V DC at 1A max which aliows mobiie, portable/base operation.
te with b s £3950 + Malching Antenna Options. Matching antennas for portabie'mobiiefixed apphcanons are avaiable ex-slock including
COMMUNICATION RECEIVERS R ove DM ex ¢ 13350 wige-tand discones
RACAL RAL7500 H; with manual ONLY £150 e e = Plesse ask for tull colous and detailed i M2 versions sre avaitable with coverage
EDDYSTONE MHZ with manual - ONLY £110 eax SCILLOSCOPES PROBES Switched X1 X114 (p&p £2) m 60-950MH2. il units now have ‘N” connectors fitted for VHF UHF and SO239 connectors for LF/HF.
The YAESU MK2/3 RECEIVER 15 onty avarlable from RWC LId earier models can have the extended bands and HF
STEWART OF READING Telephone: 0734 68041 o i i e e e
— = Tel: 021-544 6767 (24hr answerphone) xport enquiries welcome
VISA
mee 110 WYKEHAM ROAD, READING, BERKS RG6 IPL bk

\B=
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"NEW PRODUCTS

msmaon 8000

P ee b

Data recorder for hire

Digital anti-aliasing filters are
included in the digital
instrumentation recorder, EDR 8000
from Earth Data. The instrument is
capable of recording up to eight
analogue signals and eight different
tape speeds are possible on a standard
cartridge tape. Digital filters allow
operation at varying bandwidths and
different selections of channels
without cumbersome and expensive

analoguefilters.

Bandwidth depends on the
number of channels: one channel at
2048tz or eight at 256Hz. Dynamic
range switching is unnecessary as
the instrument covers all the input
ranges required by such recorders:
96dB at 320uVto + 10V. Serial and
parallel interfaces allow the
instrument to be controlled remotely
and for downloading recorded data.

EDR 8000 can be bought directly
from Earth Data Ltd, Nutsey Lane,
Totton, Southampton SO4 3NB. Tel:
0703 869922. Hiring has some
advantages; the instrument is
calibrated and ready to run, it eases
pressure on capital expenditure and
can be used to evaluate the
instrument before purchase.
Available through Livingstone Hire.
Tel: 01-977 8866.

Slimmer optical
drives

A‘second generation’ of CD-rom
drive is intended by Hitachi to fit the
standard 5.25in floppy-disc drive slot
on a PC-compatible computer. The
drive is provided with a plug-in
interface card for the PC but a SCSl is
available for use with other computer
systems. Access time is typically 0.4s.
Up to four drives can be daisy-
chained to give a total of 2.2Gbyte of
storage. The CDR 3500 uses a new
CD cartridge with an automatically-
opening window which allows the
disc tobe read within its case. This
not only protects the disc from dirt
and handling damage but also allows
the drive to be mounted vertically or
horizontally. Hitachi New Media
Products, Station Road, Hayes,
Middiesex UB3 4DR.

Tel: 01-848 8787.

Newer Uher

Uher claims that there are overa
million of its portable reel-to-reel
recorders in use around the world.
However, a new version, the 6000
Report Universal, has certain
enhancements. The keys are easier to
operate, being touch-sensitive; there
are led status indicators, a ‘repeat’
function for fast transcription of
recordings and a voice-activated
switch.

The rugged, cast-aluminium body
and head mounting have been
retained from the earlier model, as
has the 10mm diameter capstan, and
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afull range of components is
available. The recorder has four tape
speeds and offers a broadcast-quality
frequency response of 20Hz t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>