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COMPREHENSIVE STE bus HARDWARE SUPPORT

As you'd expect from a company with BICC-
VERO's reputation we're supporting fully the
increasingly recognized STEbus architecture.

We offer you STEbus backplanes, terminators,
extenders, and prototyping boards with interface, all
complying fully with IEEE Standard P1000, Draft 3.2.
And — better-still — our comprehensive range of
STEbus support products includes all the additional
hardware, fully compatible with STEbus, you need to
build your STEbus system. The range includes:-

Power supplies: Single or multi-output plug-in
modules, or open frame switchers, up to 500W.

Prototyping boards: A wide range of general
purpose boards, plus PTH microboard and Speedwire

with STEbus interface.

Cardframes: Choose from the well-known
industry standards, KM6 or KM7.

Racks and enclosures: Of all types, to suit your
STE application.

Connectors: An extensive selection of two-part
IEC 603-2 (DIN 41612) connectors, including pressfit.

Contact us now for more information on our
STEbus hardware support
products.

For immediate action,
phone: 0703 260211 (South),
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Long-term R&D —
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who cares?

ien the Government abolishes the IBA, as now seems imminent. one result
W()uld be another loss to sustained engineering research and development in
the UK.

Earlier this year the IBAwas told it would no longer be regulating commercial
radio. In July the Parliamentary Select Committee cn Home Affairs published a report
on the future of broadcasting which recommended that all commercial television
terrestrial broadcasting. cable and satellite —should be regulated by a single
commercial tvauthority. Douglas Hurd, the Home Secretary, is apparently in favour
of this idea and will include it in a White Paper on broadcasting due out in November.
This could result in a Bill during 1989 and an Act of Parliament the following vear.

Although the new commercial tv authority would carry on many of the IBA's
present engineering functions there is some doubt on whether these would include
long-term R&D projects. The IBA's experimental and development department has
made world-renowned contributions to broadcast engineering. Best known are
probably its projects in teletext, the MAC system, digital video recording and standards
conversion. adaptive antennas, satellite uplinks and extended-definition tv. It has also
published a steady stream of advanced analytical studies and research findings in the
electronics literature. Over the vears the UK commercial programme companies have
greatly benefitted from this backing. but now. because they don't have the resources to
do such work themselves, are alarmed at the prospect of losing it. They could become
totally dependent on foreign technology.

The change is being made by a government with a philistine attitude to intellectual
achievement. that is turning over university research to the military-industrial
complex and allowing academic research assistants to work unpaid except by the
DHSS. In spite of the Japanese example, it doesn't seem to understand the need for
research not tied to the immediate market and how this functions to the good of the
economy. Developments like those mentioned above are seen as clever ideas or
gadgets thrown off in moments of inspiration by brilliant scientists or inventors. Such
notions go well with the opportunistic, casino-like attitudes that now hold sway in
Britains's deregulated financial services. We saw an example of this blinkered outlook
recently when the Government'’s plans for privatizing the electricity supply industry
completely forgot to include anything about R&D in this field.

It can be argued that R&D in broadcast engineering should be done by the
manufacturers of broadcast equipment themselves. This would be fine if we had a few
British owned companies of the calibre of Sony, NEC. Matsushita and the like. But
most of the UK electronics industry, recently criticised ina NEDOreport. is too
preoccupied with mergers, takeovers, rationalizations and other measures for survival
in the financial jungle to be bothered with such details as R&D - the lack of which has
heen mainly responsible for its relative decline in the first place.

One idea being considered for the proposed commercial television authority is that
the newly broadened engineering side might be split off from the regulatory function
and be turned into an autonomeus commercial company. If this could be done
successfully. with reliable funding and perhaps collaborative links with other
European organizations through the EEC. it might possibly provide a suitable
environment to support the life and growth of long-term R&D. Certainly the IBA
technicians. engineers and scientists caught up in the present changes have a right to
expect reasonable conditions of stability and security for their work. If they don't get
this thev will take their talents and experience elsewhere, and the new tv authority will
be the poorer.
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Interfacing and signal
processing with

This article is aimed at engineers who have heard of the
advantages of programming in C, and would like to see how
this powerful language can be exploited when interfacing a

language programming without the

frustration of learning yet another
idiosyncratic instruction set — then C may be
the language you have been looking for. The
versatility of C allows it to run on personal
eight-bit computers or on Cray-1. the
world's fastest computer. Designed to make
programs fast and compact, this portable
assembly language was used to program the
remarkable computer-animated sequences
in Return of the Jedi and the Star Trek series.
In many cases, programs written in assem-
bly language for “efficiency’ have been out-
performed by comparable programs written
in C. Despite being a medium-level lan-
guage, it embodies advanced structured
programming features normally associated
with high-level languages such as Pascal. C
is a small language and small can be beauti-
fulwhen programming.

The C language is compiled. Program
statements are not executed directly but
written to a file called the source program.
This file converts program statements into
machine instructions — the object code.
Finally the object code is processed into
executable code by a link program prior to
running in the computer.

Before you can interface successfully with
C it is first necessary to access data from
specific memory locations. Basic provides
this facility with the familiar Peek and Poke
commands (in BBC Basic, through the ? and
!indirection operators). C provides an analo-
gous read, write structure — although the
construction is a little more complicated,
involving the use of pointers. As an illustra-
tion, consider the problem of accessing data
from the user port (located at address 65120
in the BBC model B). Two possible construc-
tions are shown in Fig.1.

Repetition figures prominently in many
programming applications; C provides a
number of particularly attractive and ele-
gant constructions. In Fig.2, we require the
main hody of the program (which is largely
made up of the previous program fragments)
to be repeated indefinitely. One possible
construction which avoids using the in-
famous Goto is

If_vou require the advantages of assembly

for ¢ ; ;)

{

/* C CODE TO BE EXECUTED
INSIDE INFINITE LOOP */
>
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microcomputer to the real world.

HOWARD J. HUTCHINGS

/enasssseas
* READING +
sosssBOORR/
Ninclude<h.stdi1o
Tlln()

/essnnsines
* WRITING #
(XTI T Y ¥l
#include<h.stdio>
R main()

int sportb; <

int #ddrbs

7ﬂllqﬂ!d char contents;

int eportas
int Dddrai

____________________ int

portb = (int#)&3512
ddrb = (1nt#)&351235
;ddra = 2333

ortb AND #ddrb ARE

INTERS DECLARED AS
INTEGERS. THE VARIABLE
contents IS AN UNSIGN
ED CHARACTER

portbh = (1nt0)651203
ddrb = (1nt#*)65122;

4

THIS CDNSYRUCY]DN ESTABL
SHES THE ADDRESS OF THE

POINTERS

eddrb = 03
contents = sportbs T TE X

INPUT A NUMBER FROM
THE KEYBOARD

USE INDIRECTION OPER
TOR TO WRI INTO

OPERATOR. WHE! 1
ED AS A PREEIX 70 AN lNTE

E_WE RECO
ALUE AT THAT QDD

PRINY YHE DENARY CONTENTS
OF PORT ON THE SCREEN

Fig.1. Accessing absolute addresses with C.

The program in Fig.2 is designed to read a
number from the keyboard, to output the
binary value to leds on port A and read/
display the contents of port A.

DATATYPES

To illustrate how C deals with data types
consider Fig.2 again. Suppose in our haste to
program we had inadvertently declared — int

COMPUTER AND COMPILER

Program examples presented in this article
have all been tested on a BBC model B micro-
computer using a Beebug C compiler. The
emphasis is on effective interfacing rather than
elegant programming. Where possible | have
included alternative program constructions in
an attempt to demonstrate the flexibility of this
remarkable language. Most programs exist to
be re-written; and if after working through the
examples you cannot do better, I'll be dis-
appointed.

| have tried to organize the programs in a
progression of complexity such that each prog-
ram presents a new feature of C or an alterna-
tive program construction. All of the examples
are concerned with interfacing a microcompu-
ter to the predominantly analogue outside
world, and each program is littered with com-
ments to aid comprehension. Comments —
which are preceded by a slash-star/* and ter-
minated by a star-slash */ — are similar to Basic
REM statements and are ignored by the com-
piler.

Certain constructions are fundamental and
where possible the fine detail of the program is
presented separately as an aid to under-
standing.

Setport A asoutput

Read keyboard

OQutput to port A

Read and print
denary output

I

/Esasanansannansanssenn

-
= REPETITIVE READ-
0 WRITE-DISPLAY LOOP

saan

~

lln:lud.(h stdio>

?a nt

int ®portas

int =ddra;

int xj

unsigned char :nnt-nts;
porta = (int#)65121;
ddra = (int®)651233

ddra = 2333
lDr(!:)

contents = eportai

printl("%d\n contents);

Fig.2. Simple program to monitor keyboard
continuously and to write to port A.

contents. C interprets the variable contents
as a signed binary integer, with potentially
disastrous consequences when reading the
contents of the user port. Fortunately C
includes a construction called a cast which
persuades the compiler that an object of one
type should be treated as if it had a different
type. A cast gives the language flexibility,
permitting eleventh hour fixes. The mod-
ification is:
printf("%d\n",(unsigned char)contents);

Square-wave generator. This simple exam-
ple. Fig.3. generates a square-wave of appro-

ELECTRONICS & WIRELESS WORLD



Table 1: data types in C.

Type Size (bytes) Value/range

char 1 12710 +128

unsigned char 2 0to 255

int 2 -32768 to + 32767

unsignedint 2 0to 65535

float 4 single-precision floating
pointto E38

double 8 double-precision floating
point to E308

ximately 1000Hz, by causing PA, to go
repeatedly high then low. As a programming
exercise it demonstrates how we can replace
names for constants, improving the reada-
hility of the program. Most C programmers
use upper-case letters when naming a
#define constant — this helps to distinguish
variables from defined constants. Notice that
the constants are defined outside the main
program.

»
* SQUAREWAVE #
: GENERATOR #

=

caszEEEEEEREEE
#include<h.stdio
#define ON 1
#define OFF O
?llh()

int sporta;
1nt sddraj

porta = (1nt®) 651213
ddra = (ints)68123;
*ddra = 25353

2or(|:)

*porta = ON;
sporta = OFF3
-

/
DEF INEQ CONSTANTS p
- -—— )

Fig.3.Square wave generator.

‘aBusssscscnERsenne
» »
* BINARY COUNTER
- .

sscscszraRRRRRRREY/
main ()
{
1nt eportas
1nt sddraj
int 13

lnt 3
orta = 6351213
233

int 1 =

<
tporta = i}
printé ("%Zd\n*",i)}
for(k = Otk <= BOOIk++)
{
/—— -
3 PARTS OF
INITIALISEs TESTs INCREMENT

.

Fig.4. Building a binary counter on the leds
of port A and displaying the status of the
countonthe screen.

A binary counter. Educationally the prog-
ram of Fig.4 is particularly rewarding be-
cause it demonstrates a number of different
loop constructions in a single program.

The program structure is made up of a
number of loops; the outer loop,
for ¢ ; ;)
<
)

ensures that the count is continued inde-

finitely. The actual count is controlled using
the .

while (expression)

«

b}
construction. In this case the expression is
made up of the post-increment operator
i++ <=255 which means, test the value of
i and then add one to it. C includes a
pre-increment operator ++i which, not

ELECTRONICS & WIRELESS WORLD

surprisingly, means add one and then test. |
chose not to include this latter construction
since the counter would start from one,
rather than zero. To produce an observable
display it was necessary to introduce a
significant time delay into the loop. This is
exploited to demonstrate the for construc-
tion in greater detail.

CONTROLLING PRINTF

By modlfvmg the format of the pnntf state-
ment we are able to display a variety of
different data types. The format specification
begins with the % and ends with the desired
data type. In this example. Fig.5. the d
ensures the argument is output is signed
decimal notation, whilst the x ensures un-
signed hexadecimal output. This format is by
no means exhaustive, although adequate for
our present purposes.

Light-chaser effect: this program, Fig.6, is
designed 1o produce the effect of a light
running repeatedly across the leds con-
nected to port A. [t works by taking powers of
two and writing the byte to the output port,
and demonstrates how to write your own
functions in C'. Notice that the program is

Set
port B aos input,
port A as output

Read port B

Print
decimal contents,
hexadecimal contents

Qutput binary value
toportA

(

FEXYYYTYY YT X 2 2XTXLT ]

READ 1/P SWITCHES

DISPLAY IN DECIMAL

AND HEX O/P TOD LEDS
PORT A

(XS R R]
[EXERY ]

~

#i1nclude<h.stdio>
main ()

int sportbi
1nt eddrbi

porta = (int#)65
ddrn = (into)65123l
s

edarb = 03
sdara = 233
FAKEIPORTB 1/P PORTA O/P

for (33)
(

contents = #p b;
prnn(i(”b-cinal No.1%Zd\n",contents)}
printf ("Hex No.sXx\n" .:on‘-nt-)

" READ AND DISPLAY 1/P PORT
DENARY AND HEX

./
*porta = contentsi

WRITE TO O/P PORT o)

Fig.5. Program to read the switches on Port
B, display their decimal and hexadecimal
values on the screen and output their
values to leds on portA.

.f l...lllll..l.ll.l.”

t- LIGHT CHASER o;
/= WRITE YDUR =/
/' OWN FUNCTIONS l/

/-o---o---.o--.-.n/
Tlln()

1nt sportaj

1nt eddra;

1int i3

int k

unsigned char :ontcntlt
porta = (1nts=)&65121
ddra = (intl)bleSt
ddra = 23353

for (i3

for(1 = 031 <= 73144)

contents = ou.r(?.x)t
'porta =contents
'Dr (k = O3k <= lGO'kOO)

Y[l{ DEL‘\V [P‘PRDVES
VISUAL EFFECT

N

.
RAISE X TO N-TH FPOWER:N > 0
= 'Y
power (x,.n})
nt xi
int ni

int i3
1nt p3
p = 13
for (1 = 133 ni1ee)

= pexs
returni(p)i

Fig.6. Write your own functions: this exam-
ple shows a light-chaser.

composed of a main function that controls
the flow of the program, together with a
function power(x,n) that can be called and
executed from the main function.

A random noise generator. Configuring a
port as an output and connecting an eight-
bit d-to-a is the basis of this example, Fig.7.
The program generates random combina-
tions of integers in the range 0 to 255 using
the vrand() function. Notice that the macro
#define RANDMAX 255 is placed outside
the main body of the program, which res-
tricts the maximum value returned.

DAC0800

7

Random noise output

Microcomputer P

Jessannnpsengnngs
-

»
* RANDOM NOISE »
- GENERATOR =
- .
sssssssssnsnnnne/
#1ncludesh.stdio>
#includech, stdlxb
.de‘lnc RANDMAX
L[H[Y RANDDH NO p

S A e

naxn()
<

int ¢portas

1nt sddras
porta = (1nts)b!
*ddra = (1nt®)é
#ddra = 2353
for (i3

un

spaorta = rand()3

Fig.7. Creating arandom noise generator.

Synchronized a-to-d conversion: this prog-
ram. Fig.9. synchronizes the operation of
the a-to-d with the data capture and display
routine. This approach is particularly re-
warding when modelling sampled data sys-
tems or writing software-based signal pro-
cessing algorithms.

Pin 4 of the bipolar a-to-d ZN449 (Fig.8) is
supplied with a low-going start conversion
pulse generated on CB,. The end-of-
conversion signal generated on pin 1 is
connected to CB, which raises IF, in the
interrupt flag register of the 6522 v.i.a. The
flag is Anded with a mask (denary 16), so that
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Start conversion I

5

Analogue-to-digital
converter
INLLY

]cez

]

Pg Microcomputer

Analogue input l

5V ICB1

End of conversion _[

Fig.8. Interfacing an analogue-to-digital
converter to the computer via the 6522
versatile interface adapter.

when the flag is set. the current contents of
the a-to-d are read on the input port B.

The conversion time of the software-
controlled a-to-d can easily be monitored by
connecting an oscilloscope to pin 4 of the
a-to-d. Some increase in speed can be
achieved by deleting the flag-testing soft-
ware, since the conversion time is guaran-
teed as Yps.

Set port B as input

L ——

Start conversion
on (B2, read eoc.
on (B4

conversion
complete ?

Read port 8

Print digital
value of i/p

I

/80008000000 00000800
- -

* SYNCHRONIZE ADC »
« PRINT DECIMAL =
* VALUE OF INPUT &
.

.

RARRBBEBBEVRBRGBOBS/
#include<h.stdio>
?atn()

int eportbi
int eddrbj

double contents}
P b = (inte)651203
ddrb = (int®)651223
per = (inte)&651323
§6r = (inte)&51333
P e e,
DECLARE POINTERS

for(ss)
<

sper = 2403
spcr = 2083
*pcr = 2403
A gt
START ADC
-

do
flag = *iérs
ettt
READ IFR
————————— -/
while(!(flag & 16))3

IECE0]na I Seokry
a = sportbj
/':antnntl = 0.039 « (a - 128)3
READ 1/P PORT: WEIGHT & DFFSEY
o printf(“Digital 1/pi1%f\n”.contents)}

b

Fig.9. Program to synchronize a-to-d and
printdecimal value of input signal.

950

Initiate
conversion

/EREsEsREREEERS
- -

= SOFTWARE =

* COMPARATOR =

- -
SERRBSBERRRESE/
#1nclude<h.stdiod>
#define DANGER 2.0
?aln()

int sportbi

int eddrbs;

Read analogue-to
-digital converter

Displa

y input

3
P 51203
ddrb = (1nt#)&51223
pcr = (1nt#)&651323
1fr = (1nt#*)65133%

Is
input>danger
?

Yes

Display "Danger”

]

A more satisfactory approach would be to
write the software to control the operation of
the a-to-d in assembly language. Standard C
permits this with the compiler directives
#asm followed by the required assembler
code and terminated with #endasm?®. Unfor-
tunately Beebug C does not yet include these
directives.

A software-based comparator. An interest-
ing modification to the a-to-d program is to
add a warning displayed on the screen when
the input exceeds a pre-determined
threshold, Fig.10. In this example we have
set the threshold at +2.0V, #define DAN-
GER2.0

The conditional jump structure is simply
achieved by the construction

if (contents >= DANGER)
<

printf("Danger \n");

)

else

<

printf (“Digital i/p: Xf\n", contents);
)

Data capture with graphics. The superb
graphics associated with the BBC computers
are readily accessible using Beebug C, which
retains the familiar mode(), draw() and
plot() functions. Figure 11 shows how real-
time graphics can be incorporated into the
data logging example and paves the way for
the more sophisticated signal processing
applications to be presented later’.

In this example, repetition is achieved by
the goto command, which returns control to
the statements that begin at the label start
(which must be terminated with a colon).

SIGNAL PROCESSINGWITHC

Relatively advanced signal processing tech-
nigues are routinely available using personal
computers programmed in C. Consider the
problem of calculating and displaying the
autocorrelation function of the data cap-
tured and displayed previously. The required
signal processing algorithm for continuous
signals is given by

=lim 1 L
) T'-»x[T_Im (L]

T e et
DECLARE POINTER

#pcr = 2403
*pcr = 2083
spcr = 2403
oo

d

a = sportb;
contents = 0.039 » (a - 128);

;llcontent: R
i gy i
TEST IF 1/F EXCEEDS I.0V
e == p==r =ty
¢
érlr\(f {("Danger\n”};
élsa

printi("Digital 1/p:%é\n”.contents)?

Fig.10. Software comparator.

which may be re-written in sampled data
form®

N-1
r“(k)=%20x(n)x(n+k)

The sampled data system organized around a
ZN449 a-to-d is designed to capture 512
bytes of data in real time and store the data
sequentially in an array Fig.12. The program
then evaluates the autocorrelation coeffi-
cients and plots them on the screen.

The a.c.f. construction is made up essen-
tially of a pair of nested loops, to provide the
necessary multiply-summate and shift
structure.

for (k=0; k<=255 ++k)
4

sum=0; /* RESET TO ZERO */

for (i=0; i<=255; ++i)

4

sum += contents[il*contents{i+k];

Notice the captured data is stored in an array
identified by the squared brackets. The
shifted and multiplied data array is sum-
mated by the addition assignment operator
sum +=, which is then divided by N to give
each autocorrelation coefficient. This is then
plotted on the screen to display the autocor-
relation function.

To avoid an excessively long processing
time 1 have restricted the value of k. The x
coordinate of Plot() is multiplied by four to
exploit the horizontal range of the graphics
routine.

Spectrum analysis. The data capture with
graphics routine provide a useful time-
domain record of the captured signal. In
certain applications it may be advantageous
to present this in a complementary form, as
a frequency-domain record.

For example, let us use the impressive
computational power of the personal com-
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Select
port B as input

4

—

Clear screen,
select graphics
mode

L

Draw axes

{ Oscilloscope display, 2V pk-pk, 10Hz (for

comparison with a.c.f. display)

Monitor display, autocorrelation function.

Initiate

conversion Select

port B as input

—

Read converter; assign
current i/p to the

y coordinate of plot Set up axes

Start conversion anc
data capture

Increment the x
coordinate of plot

Monitor display, autocorrelaticn function. 1

Captured
512 bytes ?

Stort tonversion

Calculate ace and
plot acf using
256 bytes

M

P L L TR Y P Y R T Y TS

- -
« CAPTURE 512 BYTES CALCULATE
« AUTOCORRELATION FUNCTION -
-

-
Y I IR Y S ST Y XY
#include<h.stdio>

Anclogue-to-digital

.} converter

Analogue mpu?
5V

Computer

End of conversion

| = Oscilloscope display, 2V pk-pk, 10Hz. #includech stdlib>
= fnt sportb;
int eddrb;

int spcrj

int eifr;

int i3

int k;

long int sum;

float vyi

int a3

unsigned char contentsf312]1
char lla?

portb inte) 5631204

Display

-.-o-o-oooo....o.o.o..

: CARTURE 1280 BVTES cr = (inte)&3132%
ND DISPLA §%r = (Int+)65133;
. . sddrb = O3
ssstNonsNeNNe NIRRT e/ start:clgO1
mode (1)}
#include<h.stdio vdu(19.3 2);
#include<h.stdlib draw(0,0}}
ma1n () drauui’?v o)
draw(0,

0)
3rau(0 1023)(
CAPTURE 512 BYTES
- */
zcr(i =031 <= Sl1;++1)

nt eportbi
int eddrb:

unslqned char contents: spcr = 240%

corth m e s 61206 e 250y

or - nts i o Q 3 i spcr = 240;

Sarb = (Inte)6S122§ Monitor display, autocorrelatian function. o Ot

per = (int#) 651324 fla

14r (1nt!)bul$3; uhi?e('(flaq & 180D

sddr a = ortb;

start: clq()- can entslil] = a 1283

mode (4} ;. b

raw(Q /#

arawubv 0): ACF ALGORITHM

draw(0,0) */

c/sraw(o.wz:). fortk = Ojk <= 255:++k)
<

SET UP X & Y_AXES_ sum = 0;

for(1 =0i1 (= 1"79‘100)

{
#pcr = 240; /#START ADCe/
*pcr 2081
;pcr = 240j

? #ifri /ePOLL IFRs/
uhl e(!(flag & 16));
cantents = @portb;

= 4 =« contents3
plat(69 1,v)1

RD. 1S XNCREHENTED
ON EACH PASS: ASS!GN CUR
-RENT I/P TO Y-COORD.

goto start:

Fig.11. Data capture with graphics.
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Oscilloscope display, 2V pk-pk, 10Hz.

/o=—--
RESET SUM TO ZERO
.
for (1 O34 <= 255i++1)

sum r= contentsfi) # contentsfi + kJj

W=t 102.4 # 0.00153 256 # sumi
.
WEIGHT & SCALE AUTDCORRELATION
CDEFFICIENT
-
Qcol (0.
glat(b9 4 & k,y)i

goto start:

Fig.12. Program to calculate and plot the

autocorrelation function.
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puter to evaluate the Fourier transform of
the captured time-domain signal. 1 have
purposely chosen the relatively straightfor-
ward discrete Fourier transform, DFT, as an
initial example, since it may be programmed
directly and conceptually it underpins the
fast Fourier transform, FFT, which is pre-
sented later.

The process of continuous Fourier trans-
formation is represented by the expression

Xiw)= f “x(tle tdt

The mathematical scaffolding indicates how
the energy of x(t) is distributed throughout
the frequency range. Since the digital com-
puter only processes samples or snapshots of
the signal x(t), we modify the continuous
transform into the discrete transform DFT.
where integration is replaced by summation.
The DFT of x(i) is described by the finite
weighted summation

N--1
X(k)=%2§(i).exp(—j2ﬁki)

of Nsamples of x(i) over the range O toN—1.

Expanding the exponential term we can
express X(k) as the sum of the real and
imaginary coefficients ar(k) and ai(k) respec-
tively.

N-—-1 o
ar[kl=%2“x[i|cos(g1&—m)

ai[k|=-§'23'<[i|sin(3§—“)

For many applications the mean squared
power is the quantity of most significance.
This is simply

Xik)*=(ar|k])*+(ailk}])*

T (sampling time)

New sampling
period starts

X (i)

N-1
TIME INTEGER (SAMPLE NUMBER)

Fig. 13a. Sampled data signal.

w Spectral resolution
New frequency
— t,A_f spectrum begins
_{ 3! '
= t bit,
> Vo
= \ bid
A
| $o
| IITfAA::::::(
N/2 N1

FREQUENCY INTEGER (HARMONIC NUMBER)

Fig.13b. Discrete Fourier transform. The
spectral resolution Af equals 1/N.T hertz,
where N is the number of samples and T
the time increment between samples. For
example, if the time between samples is
6.5ms and we decide to process 16 points,
then the spectral resolution will be 10Hz.
Therefore a digitized S50Hz sinewave
would ideally be observed as a single
ordinate at the sixth sample point.
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The program, Fig.16, requests you to enter
the number of samples, up to 32 this case. If
you wish to process more then it will be
necessary to modify the size of the declared
array: in the example it has been restricted to
avoid a prohibitively long processing time.
The capture data x[i]=0.039+ (a—128} is
offset and weighted prior to being stored in
an array. Some increase in sampling rate can
be achieved by performing these calcula-
tions later, rather than in real time.

To reduce the spectral spreading (leakage)
due to the input waveform being truncated
during data capture, 1 have elected to pro-
cess the data through a Hanning window
prior to DFT processing5"’. The structure of
the program is somewhat unconventional at
this point because of the idiosyncratic
Beebug cos() function, which becomes badly
behaved for large values of argument. We
can avoid this by employing degrees and
then converting to radians using the rad()

function prior to trigonometric evaluation.

(b)

(c)

Fig.14. The Hanning function. At (a), the
Hanning data window. W[i]=0.5(1—
cos{2wi/N)), where i is the sample point
number and N the total number of sam-
ples. At (b), truncated data to be trans-
formed; and at (c), the effect of multiplying
by the Hanning data window.

The captured data multiplied by the window
function is stored back in array x[i] prior to
processing by the DFT. In the program the
real and imaginary coefficients ar[k| and
ailk| are called ‘realsum’ and ‘imagsum’
respectively. The final part of the program is
made up of the DFT algorithm which is best
described by the flow-chart (Fig.15). The
mean squared power, called ‘modulus’in the
program, is plotted on the screen using the
draw() macro.

FAST FOURIER TRANSFORM

Inspection of the DFT algorithm and the
relevant C program reveals that approx-
imately n complex multiplications and about
the same number of additions are required
to compute the frequency coefficient for a
particular value of k. Since there are n/2
unique spectral components, the total num-
ber of multiplications required to compute
the complete spectrum is approximately n°.
The FFT recognizes that many of the terms

Select
port B as input

3

Start conversion and
dete ccpture

Evaluate
ar(k) ajlk)

nzn+l

k=k+1

No

End

Fig.15. DFT and Hanning window: flow-
chart for the program of Fig.16.

are redundant and can be factored out. This
results in a complete transformation with
approximately nlog,{n) computations, a
considerable saving of computational time
To understand the mathematics, consider
the behaviour of the complex coefficient Wy,
for eight sampled values — i.e. N=8. Wy is
raised to the power ki, where k and i are
integers in the range 0 to 7. The repetitive
nature of the algorithm results in the cal-
culation of W';' being carried out 64 times.
Inspection of the calculated coefficients re-
veals only eight unique products, the result
of the integer product ki, over the range 0 to
7. The FFT recognizes that many of the
calculations are redundant and uses a de-
cimation process to bisect the data array
until only two-point transforms remain.
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No charge to evaluate repairs.

No extra premium
for emergency repair work.

No limit on the type of
motorised products we'll repair.

No need to test repaired items.
No high levels of inventory.
No lengthy downtimes.
No problems, in fact.

That’s what Omega
service ability means.

Yes, we have been repairing and refurbishing all your motors for
over a generation.

Yes, our service expertise covers all your electronic and
electromechanical requirements.

Yes, we are a BSI 5750 registered company.

Yes, we do have a highly-skilled technical team to solve all your
difficulties.

And yes, we are in the forefront of technology . . . so anticipating
your future needs poses no problems.

Omega Dynamics, Kingsbury Trading Estate, Kingsbury Road,
London NW9 8UP Telephone: 01-200 8844 FAX: 01-200 4816
TELEX: 8954958 G
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The dynamic force in motion. '
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l_ B Pin_H_eaders - Gold Plated (Packs of 10) B
72 way DIL Straight 65p each
| 36 way SIL Straight 33p each
72 way DIL R/A 72p each
! 36 way SIL R/A 36p each
i ~ MINI JUMPERS (Packs of 100) 1T "F
4.6.6.5, 8.5mm - " 3peach '
! — — A — — e s
N ) DIL LOW PROFILE SOCKETS '
r 8way 8peach 20 way 18p each |
14 way 12p each 24 way 21p each
! 16 way 14p each 28 way 25p each
18 way 16p each 40 way 36p each
| = S — — —
| 2 _ CONNECTORS L __ & |
Long Latch Socket
Headers Connectors Card Edge
10 way 60p each 60p each each
16 way 75p
| 20way - 85p 150p
24 way 90p
26 way 10p 200p
34 way 10p 300p |
| 40 way 140p 320p |
50 way 150p 160p 330p
64 way 180p
T i CHIP CARRIERSOCKETS |
Gold Tin B
| 28way 345p each 318p each
32 way 345p 318p |
44 way 321p 279p
52 way 306p 276p [
68 way 384p 345p
84 way 444p 408p
Please send postal orders or cheque with order and add 50p p&p and 15% VAT
}’ WESTFIELD DISTRIBUTION LIMITED
West Brook House, Bridge Street,
! ’I WESTFIELD Hungerford, Berks RG17 0J8B. |
1 Tel: (0488) 85183. Fax: (0488) 84683

ENTER 40 ON REPLY CARD

RACKMOUNT
1 CASES

19” Self-Assembly Rack Mounting Case with lift off Covers
Front Panel 10 gauge, Brushed Anodised Aluminium, Case
18 gauge, Plated Steel with Removeable Rear & Side
Panels. In 1U & 2U Types, a Subplate Chassis is Mounted
to Bottom Cover. Ir 3U Type the Subplate is located on two
Rails Mounted Between The Side Plates

1U (1%4) height, 230m depth............£28.30

2U (3'%2) height, 308m depth............£33.60

3U (5V4) height, 230m depth............£41.00
Width Behind Front Panel 437m (All Types).

All prices include Postage & VAT. Cheques, Postal
Orders Payable to:

1 J. D. R. Sheetmetal, 131 Grenfell Road,
Maidenhead, Berks SL6 1EX.
Maidenhead 29450.

PHILIPS PM3217 50MHz dual-trace,

dual

timebase oscilloscopes complete with carrying

cases, handbook and probe
Also in stock: PM3212 25MHz
25MH2
SCOPES
CURRENT UPDATE.

TF1152A/1 RF power meter 0-25W 250MH2z

TF10668/6 AM FM signal generator 10-470MHz

TF1245/1246 Q-Meter and osciliator
TF2011 FM signai generator 130-180MHz
TF2012 FM signal generator 400-520MHz

TF2016/2173 AM/FM signal gen’ 10KHz-120MH2

TF2162 MF attenuator 0-111db in 0.1db steps
TF2603 RF Millivoltmeter

TF2001 AF signal source/monitored attenuator
TF2300 modulation meter AM/FM to 1GHz
TF2300A as above with deviation to 1.5KHz fsd
TF2300B modulation meter as above

TF2356 level oscillator 20MHz

TF2501 power meter 0.3W fsd DC-1GHz
TF2600 millivoltmeter AF 1mV-300V fsd
TF26008 video voltmeter tmV-300V fsd
TF2604 electronic multi-meter

TF2807A PCM multiplex tester

TF1313A Universal Bridge

2828As2829 digital simulator/analyser

2833 digital in-line monitor

TF2908 blanking & sync mixer

60558 signal source 850-2150MHz

6460 RF power meter

6460/6420 power meter/microwave head
TF893A audio power meter 1mwW-10W fsd
TF9958/5 AM/FM signal generator 0.2-220MHz
TF2213A XY crt display

TF2015 AM/FM sig. gen. 10-520MH2z

500W 500hm RF load with power meter
2092C noise receiver, many filters available
2091/2092A noise gen/recewver & filters
TF2370 110MHz spectrum analyser

TF2100 audio oscillator

TF10668 AM/FM sig. gen. 10-470MHz
2019A synthesized signal generator
6600A/6646 sweeper 8-12 4GHz

2123 function generator 200kHz

954

£400 each + VAT

£250. PM3214
£295. MANY OTHER MAKES OF
IN STOCK., PLEASE CALL FOR

AMPLIFIERS RF band Il 100W output

AVO B151 LCR universal bridge

AVO RM215F2 Insulation tester 0-6KV

AVO RM160/3 megohmmeter

BIRD 4370 RF wattmeter

BIRD Termaline RF loads 500W 50 ohm

BIRD Termaline RF loads 150W 50 ohm

BIRD 4340 standard thruline wattmeter
DARTINGDON off-air frequency standards
DOLCH LAM3250 logic analyser

JJ Lloyd CR500 G.P. pen recorder

LYONS PG73N Bipolar pulse generator
DRANETZ 305 digital phase-meter 2Hz-700KHz
KEITHLEY DMMs 178 & 179

FEEDBACK SFG606 sweep function generator
MOTOROLA HDS200 hardware development station
PHILIPS PM2554 audio millivoltmeter

PHILIPS PM5590 TV IF Modulator

PHILIPS PM5597 VHF TV Modulators

PHILIPS PM1590 1mHz-2mHz synth. function gen
PHILIPS PM8235 multipoint pec recorder

SINGER 40MHz spectrum analyser

STOLTZ A.G. prom programmer M2 Maestro
RACAL 9911 120MHz counters in carrying cases
RACAL 9905/04C 200MHz counter timer

RACAL 9102 DC-1GHz 30w power meter

RACAL 9912 120MHz counter

RACAL 9024 600MHz counter

RACAL 9083 2-tone signal source

£500
£250
£350
£150
£325
£100

£75

£200
Colis!
£500
€175
£295
£400
€125, £145
£200
£125
£175
£1500
£250
£950
£495
£650
£250
£125
£225
£150
£150
£150
£300

ALL OUR EQUIPMENT IS SOLO IN EXCELLENT, FULLY
FUNCTIONAL CONOITION ANO GUARANTEEO FOR 90 DAYS.
MAIL ORDERS AND EXPORT ENQUIRIES WELCOMED. PLEASE
TELEPHONE FOR CARRIAGE QUOTE. ALL iINSTRUMENTS ARE
AVAILABLE EX-STOCK AS AT COPY DATE. GOOO QUALITY TEST
EQUIPMENT ALWAYS WANTEOD FOR STOCK. PRICES QUDTEQ

ARE SUBJECT TO ADDITIONAL VAT.

ENTER 23 ON REPLY CARD

21GHz Spectrum Analyser
system type 182T main
frame with 8559A plug-in
unit covering 0.01-
21GHz £5950

1122A power unit for fet probes £195
11602B transistor fixture
80078 puise generator
8733A pin modulator
8600A & 86632A Sig gernvmod section
400F milli-voltmeter
529A Logic comparator
“0629A/10526T Logic troubleshooter
4342A Q-Meter
331A distortion meter
334A distortion meter
5300B/53058 1300MHz 8 digit counter
3518A wave analyser 15H2-50kHz
3400 A millivoltmeter
382A(P} P-band attenuator 0-50db
415E swr meter
4204A decade audio oscillator
431B&C/478A microwave power meters from
6516A power supplies 0-3KV 6mA
746B(07) 2-pen XY plotter high-speed
8018A(01) serial data generator
8672A synthesized sig. gen. 2-18GHz
8518/85518B spectrum analyser 10M-40GHz
435B/8481A power meter
5011T logic troubleshooting kit complete
400FL mV-meter
86408 signal generator 0.5-512MHz2
8165A signal generator 1mHz-50MHz
8555A spectrum analyser plug-in 18GHz

£1500
£950

RACAL 9084 104MHz synthesized sig. gen. GPIB
RACAL 9303 digital RF millivoltmeter

TREND 1.8 data transmission test set
SYSTRON-DONNER 410 sweep function gen.

TEKTRONIX 2901 time-mark generator
TEKTRONIX 7811 sampling plug-in
TEKTRONIX 7D12/M2 A/D converter
WAVETEK 1503 sweeper 450-350MH2
WAVETEK 2001 sweeper 0-1400MHz
WAVETEK 157 synthesizer 100uHz- 1MHz
WAYNE KERR RF Bridge B601

WAYNE KERR B642 Auto Balance bridge
VALRADIO inverters 24V DC-230V AC from
SHIBASOKU envelope delay measuring set £2
MICROWAVE - selection of P.0.X Band waveguide, slotted lines,
couplers, attenuators, efc.

RHODE & SCHWARZ 1kW 50 ohm load. N-types £250

£1250
£325
£100
£295
£75
50
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wi=)

-1+ 1+
o p
We =-1 W=1
<fe / 1
wé:\/_zl Wt;=»/2J

wi=-j

Fig.17. The development which follows
provides an intuitive insight into the FFT
algorithm, expressing the discrete Fourier
transform

.__1.{"1 : 21, .
X(k) N; x(i).exp —iy ki
in the form

1)
X(k) =N-_bx(l)WN
~ZH)
N

The unique complex coefficients of Wg*'
(0<ki=7) are displayed above on an
Argand diagram.

where Wy= exp( -

where Wy=exp(—j2m/N).

Fig.16. DFT and Hanning window software.

/emBenssssssscsepesarstonee
3 .
* DFYT AND HANNING WINDOW =
- -

assnsssseasnnneasnrrerr e/
#include<h.stdio
#include<h.stdlib
#include<h.math>
Taxn(

<
int sportb:
1nt eddrb;
int epcri
int s16r:

double realsum:
double i1magsumi
double modulus:
double angles
double anglel

double x(32]
double ar{32]:
double ai1(32];
double windowl(32);
char il ?
1Nt #)651205
(inte)65122;
per = (inte)a5132;
1fr = (inte)&5133;
ddrb = 03
prnnt(( Enter no.
scan(( "%dT.&n)

of samples™):

start: cign 7eCLEAR GRAPHICS®/
mode (1)
draw(0,0); /e SET UP =/

draw(1279.0):7e X-AXES e/
draw(G0.0); /e SEY UP =/
draw(0.1023):/¢ Y-AXES #/
:or(l = 031 <= (n = 1)ijee)
#pcr = 2403 /#START ADCs/
spcr = 2083

spcr = 240:

do

? = #i4r;/*READ FLAG*/
nhx e('(ilag & 16003

a = artb
(l 9 ® (a - 128)-

STDRE CAPTURED DATA

——

2

zar(x = 0if <= (n = 1)51¢¢)
anglel = 3460 » )

window(i] = 0.5 » (rad(anqlel)))

*[1] = x[1] utndow(l]‘/lHANNlNG WINDOWs /
grlnt‘( %ZENET L xL1 D)

2Dr(k = 0ik <= (n - 1)ikee)

realsum = O:/#RESET#/
imagsum = O

modulus = 0;

for(i = 034 <= (n = 1)jiees)

[4

angle = 360 # 1 » k / nj

realsum += x{1] * cos(rad{(angle)) / n;
imagsum += x{{J # sin(rad(angle)) / ni

modulus = realsum # realsum 4+ i1magsum
4 imagsum;

y = 1000_# modulus;
draw(1023 ® k / (n =
draw(1023 # k / (n
grau(lOZS . k /

?oto start;

i /#DFT ORDINATESs/
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Table 2. Determination of complex coefficient Wy (from Electronic signals and systems. see text).

VALUES OF i
0 1 2 3 4 5 6 i
T 1 1
| - [
0 1 1 1 1 1 1 | 1
1-) 1+) 1-) 1+
- - = (=) +—)
o [ 77 J ) ‘T2 ! V2 : ) ‘2
t | — +—— | —
2 1 - =] j 1 =} -1 J
- + 1+ ~+ — = — =
[ 1) 1-) 1'1 1-)
= { —— = = -(=)
: ‘R 77! ! ‘! R
= | 14 - ! — ;
W
o
n b 1 -1 1 -1 1 -1 1 -1
w |
3 — | -
<t
> 1-) [ 14 1-) 14
5 1 _.»f ) ) (‘[2 ) 1 ({ ) ('/2 )
L — 1 — — — 4 —
6 1 ) = =) 1 j -1 -j
1+ 1 J 1') 1-)
4 . | ‘7! ) 7 ! ‘! ) 2!
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Table 3: Comparing the number of computations

required for DFT and FFT.

Number of samples DFT FFT

N N? Nlog, (N}
8 64 24

16 256 64

32 1024 160

64 4096 384

128 16384 896
256 65536 2048
512 262144 4608
1024 1048576 10240

Referring to the signal tlow diagram,
Fig.18, notice that the effect of the algor-
ithm has been to scramble the order of the
output data. Writing both the input and

Fig.18. Butterfly diagram for the fast
Fourier transform of an eight-element data
array. The signal path is interpreted as
follows: two paths entering a node are
combined by forming the sum

dotted line + (node coefficient). (solid
line).

The integer in the circle is the power of W.
Hence the output of the second row;
second column is X(1) +W.°X(5). The proc-
edure is repeated until the processed
output appears in the final column.

processed output in hinary form. it will be
apparent that the scrambling is not random,
but a mirror image of the input — where the
results are placed in bit-reversed order’.

‘Fhe FFT program, Fig.20, is a translation
into C of a Basic program tound in Electro-
nic signals and systems, by P.A. Lynn, page
207 (published by Macmillan). The C prog-
ram evaluates the FFT of 128 samples, the
data being generated synthetically within
the program, making it ideal for demonstra-
tion purposes. Changing the sign of the sine
function allows the inverse Fourier trans-
form to be calculated by applying the FFT
algorithm to its own output, thus regenerat-
ing the original input data - a useful check.

When transforms are displayed graphical-
ly it is customary to display the mean square
power (details in Fig.19).

Below are several examples which demon-
strate a few of the limitations of digital signal
processing. The various functions are
software-generated and the pseudo-sampled
data stored in the array ar|w] prior to
processing.

The first example generates a sinewave of
200Hz, which is digitized into 128 samples
over a total sampling period of 100ms.
Careful choice of numerical values ensures
that exactly 20 cycles of data are synthetical-
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Fig.19. Graphical description of Fourier transform. The a-to-d samples the input
signal, loading the real array ar[z] with data. The imaginary array ai[z] is filled with

zeros.
Realinputsignal: ar[z]=z.

The real or cosine part of the spectrum.

vertical axis is ar[w]

Imaginary input signal: ai[z]=0

Imaginary or sine part of the spectrum.

Vertical axis is ai[w]

3

Squaring and adding the real and imagin-
ary parts of the spectrum gives the power
spectrum.

Mean-square power = ‘or[w1) (m[Wl)

|l|ll

w

MEAN SQUARE POWER

ly captured without truncation. Modifying
the data to make the sinewave 201Hz illus-
trates the effects of leakage and the “picket
fence effect”, where the principal compo-
nent lies between two of the discrete trans-
form lines (see also Introduction to d.s.p., by
Alan Sewards, August issue, pages 741-746).

Increasing the frequency of the synthetic
data above the Nyquist frequency, in this

WZ

24
w
z
8 Nyquist frequency
0 200 640
FREQUENCY (Hz)
Spectrol resolution :10Hz (a)
201Hz
a //—\\\\.///’-\\\\_//
w
=
[w]
o.

0 200 640
FREQUENCY (Hz) (b

Fig.21. Results of processing synthetic data
through FFT program to demonstrate the
effects of spectral spreading due to signal
truncation. At (a), no signal truncation
results in the displayed spectrum agreeing
with the anticipated result. At (b), effects of
spectral spreading (leakage); 128 samples
capturedin 100ms.
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|| T w

Fig.20. This bidirectional FFT program

generates data synthetically.

/--|ooo||||0|||.||¢||.||..-/

“/
/l FAST FOURIER TRANSFORM 0/
/0 AND INVERSE 128 POINTS 0/

/Qll..l’l!llll'llllllll.lll/
#include<h.stdio>
Winclude<h.math>
Ninclude<h.stdlib>

?.in()

double arl1
(81

813
double a: ]

28]
28);

z}
n = 1283
nl =73
zor( z = 13z <= n3jz++)

ar{z) = z3 /« SYNTHETIC DATA =/
alz] = O3

:%{rt{prtnti('Chooll transform or i1nverse
+1/-1)\n"
lcani( %" Wn2) 3

b - 360 / ng

2or( € = 13C <= nljc++)
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a = a / 23
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SAMPLE NO.:REAL COEFF.: 1MAG COEFF

printf (“LO\ELFNLLF\N" , w — 1, ar(w] /
n.a1lw) /7 n)g

?DQD start;

example 640Hz. demonstrates the effects of
aliasing in the frequency domain. Experi-
ment with your system to observe the
frequency translation of the aliased
component®.

The following listing (Fig.22) can be used
with the FFT program to generate and
display the frequency spectra shown in
Fig.21.

for( z = g3z (= nlzoo)

<

omega = 350 ¢ hz «
arf{z] = sin(rad(onnqa))l
t =t + 7.8740

a1(z) = 03

draw(0,1023);
?or(u = fjw (m LR wes)

: : ;556»3 ; arlw) + a1lwd) & a1twd)) ® 5, 1e-5;

coo
LE N 3
TTrg

Fig.22. Frequency spectra such as those
shown in Fig.21 are produced from the FFT
program using these routines.
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A simple introduction to C programming may
be found in The illustrated C programming book.
by J.E. Beam, Wordware Publishing Inc., 1985.

Introduction tod.s.p.

Two typographical errors crept into this
article in the August issue: the list of signal
frequencies on the ninth line of the shaded
box on page 741 should begin with 131Hz,
not 131kHz; and the expression in the
second paragraph of page 745 should end
with plain dB, not dBm.

A copy of the Turbo Pascal source code
mentioned on page 746 is available from the
Electronics & Wireless World editorial office
in return for a stamped, self-addressed en-
velope or two international reply coupons.
Please mark your covering envelope “Dig-
proc”.

Piezoelectric coaxial cable
At the end of this article in the September
issue, we said incorrectly that Quantelec was
in Henley on Thames. It is in fact in Witney,
Oxon (telephone 0933 776488).

ELECTRONICS & WIRELESS WORLD




TIME AND FREQUENCY

The Company is Registered to Def-Stan 05-21 (AQAP-1)

‘ * Synchronisation of remote sites.
1.1 e B RADIO CLOCKS * Time Stamping GMT/BST.
¥ /—/ . CHRONOMETERS * Quartz master/slave systems.
' / Accurate off-air standard (MSF Rugby).
.. = STANDARD FREQUENCY * Calibration and reference for timers, counters,
. B RECEIVERS frequency meters.
—_— ith i
‘ / TIME CODE Generators, Readers with high speed tape search
and control. Timecodes IRIG A, B, vela, EBU,
L. — INSTRUMENTATION NASA, XR3
Wiz oy Analogue, digital and self-setting analogue types
4 {desk, wall or console mounting).
g8 g8 \( DISPLAYS * Public time displays for airports, bus, railway
. > 1 . stations and factories
A computer network monitoring and management
WATCHDOG system for synchronisation and fault reporting of
- up to 64 independent computers.
-
= - CONSULTING AND * Feasibility studies and consultancy.
-— * Small quantity manufacturing and test services.
- MANUFACTURE * System design

All the above can be supplied with a wide range of options and interfaces including Airborne, Military and
Commercial versions. Customised systems available

European Electronic Systems Limited,

Maldon, Essex CM9 6SW, UK.
Telephone: 024 5415911 Telex:995917 EULECG Fax:0245415785

ENTER 20 ON REPLY CARD

SMALL SELECTION ONLY LISTED
PCB M anufacturers — RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

s Latest bulk Government release — Cossor Oscilloscope
Whlch tO choose? CDU150(CT531/3) £150 only. Solid state general purpose
° bandwidth DC to 35MHZ at 5MV/Cm — Dual Channel - High

brightness display (8-10cm) full delayed time base with gated

ADVERTISEMENT

: 3 H mode - risetime 10NS illuminated graticule — Beam finder

W'th scores of PCB manufacturers falling Calibrator 1KHZ squarewave power 100 — 120V 200V — 250 volts

over themselves to make your AC — size W 26CM — 14CM deep — WT 12.5 KG - carrying handle

. . ST/ colour blue, protection cover front containing polarized viewer and

conventional boards, it can be very difficult to camera adaptor plate — probe (1) — mains lead. Tested in fair
choose the right one. condition with operating instructions — £150.00

Racal RA17L Communications Receivers. 500KC/S to 30MC/S

You could however, choose a PCB in 30 bands 1MC/S wide from £175. All receivers are air tested and

) X 3 calibrated in our workshop supplied with dust cover operation

manufacturer with more to offer. Such as instructions circuit in fair used condition — Racal Ancillary Units

mbl n rintin inal bui ion. for all receivers mostly always in stock — Don 10 Telephone Cable

asse y,pa el p int g’ final uild and deSlgn 1> mile canvas containers or wooden drum new from £20 — Army

Slee Electro Products can provide you with Whip Aerials screw type F sections and bases large qty available

. R R L. now P.O.R. — Test Equipment we hold a large stock of modern

these services and will still offer you competitive and old equipment. RF and AF Signal Generators — Spectrum

X > e Analysers — Counters — Power Supplies — Oscilloscopes -

PriCes'omyouy PCB's. Chart Recorders all speeds single to multipen — XY Plotters A4

“ 2 2 E A3 - Racal Modern Encryption Equipment — Racal Modern

. We're hot on quahty and deh.very tOO: An.d Morse Readers and Senders — Clark Air Operated Heavy Duty

being a member of the Printed Circuit Masts P.O.R. All items are bought direct from H M Government

being surplus equipment price is ex-works. S.A.E. for enquiries.
Phone for appointment for demonstration of any items, also
availability or price change V.A.T. and carriage extra.

EXPORT TRADE AND QUANTITY DISCOUNTS

Association, means we have to try harder.”

Slee Electro Products

Unit 4, Grange Lane Industrial Estate, JOHNS RADIO, WHITEHALL WORKS,
. . RN 84 WHITEHALL ROAD EAST, BIRKENSHAW,
Carrwood Rosaﬁi]’ {53218 ”sb{ €y ']Sosth Yorkshire BRADFORD, BO11 2ER TEL NO. (0274) 684007.
7 . England.
PPN N WANTED: REDUNOANT TEST EQUIPMLNT — VALVES — PLUBS — SOCKETS,
Tel: 0226 200717. Fax: 0226 731817 SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

ENTER 8 ON REPLY CARD
ENTER 15 ON REPLY CARD
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SEND FOR DETAILS ABOUT
A BRILLIANT NEW/
PRODUCT WHICH

GREATLY INCREASES THE
UTILITY & FUNCTIONS OF

THESE RECEIVERS

AIRCASTLE PRODUCTS
P.O.BOX 78
BOURNEMOUTH
BHT 4SP
(0202) 666233

PLEASE STATE WHICH RX YOU HAVE
ENTER 11 ON REPLY CARD

IMAGE PROCESSING

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 7 ON REPLY CARD

?)\l

aw.j{‘;\?\‘; PROTEL PCB AND SCHEMATIC DESIGN  “© %y
s LOW COST HIGH QUALITY (WITH AUTOROUTING) ",

Os

Get a Quick Start with Protel

Schematic
Only £495.00 plus V.A.T.

Quickly design your Schematics with Pro-
tel-Schematic. Includes Design Rule Check,
Bill of Materials, Netlist and Wirelist. The
new Component Library manager provides a
graphic editor for creating new or changing
existing components. Large library included
consisting of over 3,000 components. Unique
built-in word processor enhances text
creation

Design a PCB The Easy Way
Only £495.00 plus V.AT.

Using Protel-PCB the designer no longer has
to use tapes and stick-ons which are slow and
inaccurate. Instead the PCB layout is edited
in full colour on a Computer Monitor and the
final artwork is produced on a plotter. The
maximum board size is 32 X 19in Resolution
0.001 inches. 6 layers plus 2 supply planes

Includes Gerbec Photoplotter and Excellon
Drill Qutputs.

Let Protel-Route Find the Way
to a Better Design
Only £495.00 plus V.A.T.

Just enter your Protel, OrCAD or Schema

Netlist and PCB file and Protel-Route will

automaucallf' Route your printed circuit
ov

board. This low cost software package pro-
vides impressive completion rates plus mul-
tilayer and single layer routing, selectable
Routing passing and re-entrant. Includes
full Design Rule Check

New Release PTOEL AUTOTRAX an advanced PCB layout system with Auto-placement, Auto-routing being just two of its powerful features.

Just one of the many products available from:

J. A. V. Electronics Ltd.,
Unit 12a, Heaton Street, Denton, Manchester M34 3RG
Tel. No: 061-320 7210 Fax No: 061-3350119

The UK Distributor for the Protel Range.

Attention all Existing Protel users Contact us for details of
free Updates.

Dealers for: Ferranti, Amstrad, Roland, Epson and Oki
Microline.
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Minimal but fast
SCSI control using a
p.l.d.

For communication with some hard-disc
drives, a full small computer systems inter-
face implementation is unnecessary. This
minimal host interface for asynchronous
transfers is fast — 12MHz using a 50MHz
clock—and it needs only five i.cs.

Besides describing how the CY7C330
p.ld. is turned into an s.c.s.i. host, the
Cypress application note ‘High-speed asyn-
chronous s.c.s.i. controller’ presents a use-
ful simplification of an s.c.s.i. data access,
part of which is the timing diagram shown.

In an s.c.s.i. data-access, a control trans-
fer is followed by a data transfer. Initially, the
host waits for Bsv to go high, then asserts one
of the eight data bits to select one of eight

System data bus

APPLICATIONS SUMMARY

DBo7
BSY

RST
SEL

Computer
bus

sterage

3 «
-— SEL | f
Mass 08X l

interface C/0 subsystem

REQ Tio

1o

MSG

SCSI bus 2K

controllers. When this combination is de
tected by the controller, it asserts gsv. upon
which the host releases skt and the selection
data bit.

Next, in a cycle that is normally repeated
six times for six data bytes, the controller
asserts ¢/o and req to read a command byte
from the host. After the host has presented

the data byte, it asserts ack. causing the
controller to accept the data byte and re-
move Rreq; finally, the host removes ack.

There are further details of data accesses
in the note, and similar coverage for trans-
fers between the controller and host. Timing
considerations for the controller are also
discussed.

4 20
A1 B4 "'f—o - A1 By p—
SCSI port data
DBo7
|
e R 5] & :5 5
: 15 F g
3 TLA 648
DIR TLAS6LE A DIR 1
CAB — (AB 3 —-_
2 2 SEL
SA
o 3 Con
32 TLASBOS e
SBA SBA Ifo
REQ
GIR
Eo
Ay B 20
£y
0 Yoy sek
ﬂ_ﬂ_ CKy
026 Cri
1 Be I3 25 !
IC; DBy frdsig 24
G (" IFE)
DR Ey 20 1C,
CAB T4AS6L6 SEL_19
SAB K1 18
CBAa (1S 17
SBA T
15
012 T =
C/1yq MSG
L 7C330
S50MHz CK
{3
Rg s
System D,%%
control
signals R1W
s
0So
57 - SCS! port signals
ﬁz— b 14 5T
RST | 16 Yo RST
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Resonant converters

As power and frequency increase, losses in
conventional switching converters increase
to a point where inefficiency makes them no
longer worthwhile. Technical Publication
262 from Mullard says that many of the loss
problems can be overcome by using re-
sonant power-conversion circuits incorpor-
ating gate turn-off thyristors.

Natural L.C resonance produces sinusoidal
current and voltage waveforms in a resonant
converter, making it possible to switch at
zero current, and at a point where the rate of
current change is low.

The gate turn-off thyristor handles large
peak currents and high voltages while its
drive requirements are relativelv simple. as
shown. Advantages of the g.t.o. thyristor
circuit compared with conventional conver-
ters are said to be reduced switching losses,
increased frequency/power capabilities and
reduced e.m.i.

The three-page booklet describes the re-
sonant switch, drive requirements and re-
sonant flyback-converter calculations.

Laser considerations

As the writers of the background informa-
tion in Polytec's HeNe laser catalogue admit,
the work is no replacement for a course in
laser physics, but it is useful as a refresher
course or as an introduction.

In the section including this diagram for
example, properties of a HeNe laser beam are
discussed. As you will probably know, twice
the laser’s cavily length, 2L, needs to be an
exact integer multiple, m, of wavelengths in
order to set up standing waves. Because m is
usually large, there are many other frequen-
cies at which the cavity is resonant, and if the
laser light source contains other frequen-
cies, the output will consist of a series of
frequencies separated from each other by a
small fraction.

\
2L

- 1.500MHz ~

il

=L
-l Avz Ik

Av Longitudinal mode spating ¢ Velocity of light
L Cavity length v, 2632.8nm

where c is the velocity of light. These are the
laser’s longitudinal modes.

The catalogue goes on to discuss trans-
verse electric and magnetic modes. polariza-
tion, beam collimation and expanding/
focussing beams. It includes tips for choos-
inga HeNe laser.

Mains-supply
problems

Practical tips for curing mains-borne in-
terference problems are presented in Sea-
ward's leatlet, QA test data library No 2. Most
of the tips will be obvious to vou but since
they might also save some readers a lot of
money in filtering equipment, here goes.
Firstly, the note advises you to connect all
items of equipment in an installation to the
same earth. Next, vou should avoid connect-
ing equipment that might cause surges to
the same circuil as sensitive electronic
equipment, using an alternative phase
where possible. Suppressors should be fitted
in the equipment rather than at the supply
point and mains leads should be kept short.
Finally, vou should consider the electrical

wiring. While the wiring might comply with
the 15th edition of the wiring regulations, it
might not have been installed with sensitive
electronic equipment in mind.

Types of mains fault and the company’s
mains-monitoring unit are also described in
the leaflet.

Addresses Seaward Electronic
Cypress Bracken Hill
Ambar Cascom South West Industrial Est
Rabans Close Peterlee
Aylesbury County Durham SR8 2JJ
BuckInghamshire HP19 3RS 091586 3511
0296 434141

Philips
Polytec Mullard House

Lambda Photometrics Torrington Place

Lambda House London WC1E 7HD
Batford Mill 01-580 6633
Harpenden

Hertfordshire ALS 5BZ

05827 64334

NEXT MONTH

Pioneers — Bruch. Walter Bruch, German
pioneer of the PAL tv colour system, is 80 this
year. He was present at the 1936 Berlin
Olympics operating a live-broadcast tv camera
and he was sent to Peenemiinde to photograph
the V1 and V2s. WA, Atherton tells of these
and other events in Bruch’s life.

Transient analyser. A computer with a
transient-capture interface is more flexible
than a digital-storage oscilloscope since it
permits the writing of capture-control and
waveform analysis software to suit the applica-
tion. J.F. Van der Walle's hardware and soft-
ware design discussion is illustrated by a 50ns
sampling interface with its own memory.

Notes on Hertz. It is now a hundred years
since Heinrich Hertz carried out many of his
experiments leading to the discovery of elec-
tromagnetic waves. Ken Smith writes about
his remarkable work.

960
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Noise and the
Kalman filter

machines and
refiable design

e
Walter Bruch, |
ploneer of PAL

Magnets. Joules Watt discusses in depth the
principles and properties of the widely used
but often taken for granted permanent mag-
net. Starting from basics, he leads up to
magnet design requirements, taking in topics
such as Bohr magnetrons and bulk magnetiza-
tion along the way.

Kalman filtering. The Kalman noise filter is
now 25 years old but it has only recently
become popular due to the availability of
cheaper and faster computer processing. G.F.
Steven has brought together the concepts
relating to Kalman filters and set them down
in a readily assimilable form.

State machines and reliable design. Unhappy
with commercial designs, Jeremy Stevens set
about designing his own vehicle burglar
alarm. His description of it is an illustration of
sound logic-design procedure.
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TAYLOR RF/VIDEO MEASUREMENT INSTRUMENTS

UNACHM EP741FMS
M EAS U R E M E N Ts FIELD STRENGTH METER/SPECTRUM ANALYZER
M AD E E ASY ::"%uee:ncy %:onunuouslv adéuss.rg%eH\;ia a geared-down vernier as follows:

Band | 46 to 106MHz
FM Band 88 to 108MH2z
Band Il 106 to 290MHz
Band H 290 to 460MH2z
Band U 460 to 860MHz
o) ESUIASSIMALCHELBSSTRCARIMETLAGER DS (s RS e | & Frequency TV Bands — 4 digit counter with 100KHz resolution
= Reading: FM Band — 5 digit counter with 10KHz resolution
o ! A8 Reading Acturacy: reference Xtal +/-1 digit.
- i ¥ L : Functicn: NORMAL: picture only
f TV Monitor ZOOM : 2 to 1 horizontal magnification of picture

picture + hne sync pulse [with chromaburst if TV signal
J L s coded for colour)

Panorama: panoramic display of the frequency spectrum within the selected
band and of tuning marker.

Panorama Adjustable expansion of a portion of the spectrum around the tuned

Expansion: frequency.

Analogue 20 to 40dE. Static measurement of received signal. Scale calib-

Measurement: rated in dBuV [at top of picture tube) to rms value of signat level.
DC/AC Voltmeter: 5 to S0V.
Measurement 20 to 130dBuV in ten 10dB attenuation steps for all bands;

Range: —60 to 13DdBWV in nine 10dB steps for IF.
Measurement ANALOGUE: brightness stripe against calibrated scale
Indication: superimposed on picture tube. The stripe length is proportional

to the sync peak of the video signal.
Video Output: BNC connector. 1Vpp max on 75 ohm.
DC Output: +12V/50mA max. Power supply source for boosters & converter.

TV Receiver: tunes in and displays CCIR system | TV signals. Other standards
upon request.

Additional 1) Video irput 75 Ohm. (2] 12V input for external car battery.
Features: 3) Output connector for stereo earphones.
Price: £1344.00 exc. VAT and Carriage.

UNAOHM FSM5987 T.V. FIELD STRENGTH METER

INPUT
Sensitivity:  from 20dBuV to 110dBuV [-40dBmV to 50dBmV) or 10wV to 0.3V,
1 in eight 10dB steps.

Reading: dB reading proportional to peak value for video signals; proportional
to mean value for AM or FM sound signals. For both signals scale
calibrated to rms value and expressed in dBuV. Two more scales are
available: volt from O to 50, and ochm from O to 2000 ohrm. Battery
status is also provided.

Accuracy: +/- 3dB for bands | & lit +/- 6d8 for bands H & IV/V
Impedance: 75 ohm unbalanced; DG component blocked up to 100V.

STRENGTH METE
FREQUENCY g
Range: 46 to 860 MHz 8s follews:  Band | 46 to 106MHz el

il 106 to 206MHz
H 206 to 460MHz
W/V 460 to 860 MHz

Reading: 4 digit LCD readout. 100KHz resolution.
Price: £378.00 exc. VAT and Carriage.

UNAOHM EH 1000 TELETEXT AND VIDEO ANALYZER

st i = o 5 Function: Eye Pattern: display of RF and video-frequency teletext signats by

1 i means of eye pattern diagrams both in linear representation and
lissajous figures [0 and X]. Line selection: display of video signals
and line by line selection. Measurement of modulation depth.
Teletext: monitoring of teletext pages.

RF Input: Freq. Range: 45 to 860MHz. Frequency synthesis, 99 channel
E : recall facility, 5SOKHz resolution, 30 channel digital memory. Level:
-] .»5'3- 40 to 120dBuV; attenuator continuously adjustable. Indication of
k) SN the minimum level for @ correct operation of the instrument.
Impedance: 75 ohm. Connector type: BNC.

Video Frequency Minimum Voltage: 1Vpp. Impedance: 75 ohm or 10K ohm in case
Input: of a through-signal. Connector type: BNC.

Teletext Input:  Voltage: 1Vpp/75 ohm.

Teletext Clock  Voltage: 1Vpp/75 ohm. Measurement: Aperture of eye pattern:
Input: linear or Lissajous figures, selectable. Indication: directly on the
picture tube. A calibrated scale shows percentage of eye pattern
aperture. Error: the instrument introduces an error of < 5% with
video input and 20% with RF input. Jitter on regen’d clock: < 25ns.
Line selector: Selection of any TV line between the 2nd and the
625th scanning cycle by means of a 3 digit thumbwheel switch.

Oscillascope: VERTICAL CHANNEL: Sensitivity: 0.5 to 2Vpp/cm. Frequency
Response: DC to 10MHz. Rise time: pre & overshoot < 2%. Input

TAYLOR BRO—S—_(dLDHAM) LTD. Coupling: AC. Input Impedance: 75 ohm/50pF.

TIME BASE: Sweep Range: 20 to 10ms [11/2 frames); 32;
BISLEY STREET WORKS, LEE STREET, Access B64/192us [1/2; 1; 3 lines]. Linearity: +/—39[6. Horizontal Width:
@ OLDHAM, ENGLAND. 10 divisions; x5 magnification.
TEL: 061662 3221 TELEX: 669911 FAX: 061-626 1736 Price: £1670.20 exc. VAT and Carriage.
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DIGIAC 1050

The Complete
Introductory

Electricity/Electronics

=8

@ Self contained module with steel case and integral
power supplies.
® Two curriculum texts available -
FT02 - An Accelerated Introduction to
Electricity/Electronics
FT04 - A Comprehensive Study of the Fundamentals
of Electricity/Electronics
@ 26 independant circuit blocks with different
. configurations covering resistors, capacitors,
des'S"ed t(_) inductors, op amps, diodes, relays, transformers and
provide a single digital logic circuits.

self-contained @ On-board switched faults - concealed by a lockable

The DIGIAC
1050 has been
specifically

. cover.
trainer that covers @ Screen-printed circuit layout.
a.c./d.c. fu ndamentals, ® Comprehensive Instructor’'s manuals available for

semiconductor circuits and digital electronics. oAl S TR G,

For full details on the DIGIAC 1050 send for LJ Technical Systems Ltd,
ourfull colour brochure or call us on Norwich Francis Way, Bowthorpe Industrial Estate.
(0603) 748001. Norwich. NR5 9JA. England.

ENTER 54 ON REPLY CARD

60 MHz Universal Oscilloscope
2 Channels, max. 1 mV div.. Delay Line, Component Tester
Timebase: 2.5s5-5ns div. incl. x 10. Sweep Delay.
| Triggering DC to 80 MHz. Sync-Separator. Atter-Delay Trigger.

| — |

The HM 604 is a new innovative general purpase oscilloscope
satistying a wide range of exacting requirements in
laboratory, production, and service. The dual-channel
measurement amplifier can be readily checked an the built-in
fast-risetime 1 MHz Calibrator from probe tip to CRT screen

Another important feature is the internal delay line for
observations of the leading edge of a signal. As in dual-time
base oscilloscopes, the HM 604 features a calibrated sweep
delay moce, allowing smallest waveform sectians to be
expanded up ta 1000 times.

The HM 604's most outstanding feature is the automatic
After-Delay Trigger mode to ensure extremely stable displays
and jitter-free measurements of asynchronous signal sections
and bursts or pulse trains, independent of amplitude
fluctuations. An active TV-Sync-Separotor further enhances
trigger quality and in the alternate trigger mode, two signals
of ditferent frequencies can be compared

At only £575 plus VAT the HM 604 from HAMEG again sets a
new price, performance standard representing decades of
successful design experience!

I l = All Hameg pes are supplied with 2 probe: e truct
2 yeo Nty © sirument

OSCILLOSCOPES 70-78 Collingdon Street, Luton, Bedfordshire LU1 IRX

For those who compare Telephone (0582) 413174 Telex 825484 Fax (0582) 456416
ENTER 32 ON REPLY CARD
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Two-way opto-coupled link

This communications circuit, designed foruse inana.t.e.
system, made it possible to earth the unit under test
independently of the controlling computer.

or automatic test equipment. opto-
Fcoupling is preferable to linking the

equipment directly, both for safety
reasons and for avoiding noise injected by
the computer. Communication in one direc-
tion is vervy easy to achieve with opto-
couplers. but bidirectional communication
is more complicated. The problem comes
when you want to hand control of the
eguipment back to the computer after re-
ceiving a d.v.m. reading. What happens is
that the equipment and the computer will
want to read at the same time. or write at the
same time: and the latter possibility could
lead to damage.

Bul with the circuit described here, a

12-bit a-to-d can be read and digital latches
and d-to-a converters can be written to.
using a single eight-bil parallel port and one
handshake line. The circuit works directly
with a BBC microcomputer and connects to
the user port. To give an idea of its speed. it
can return an average of 255 12-bit samples
(giving +2m\V accuracy over a 0-10\" range)
in less than half asecond.
SYSTEM OPERATION
System bytes and dala byles are sent alter-
nately*. The first byte is a system byte. Each
bit of the svstem byte is able to set a function.
such as whether a latch or a d-to-a converter
is to be addressed. The circuit as drawn will
cope with nine eight-bit latches and ten
eight-bit d-to-a converters. but it is easy to
cope with many more by reconfiguring the
control lines in the system byte or by making
small changes in the circuit.

The system byte is lalched into IC,x. Bits
0-3 specify which device (numbered 0-9) is
to be addressed: bit 4 resets the systemand is
used only at the start of a narrative sequence:
bit 5 resets all the system latches: bit 6 is
unused: and bit 7 specifies whether a latch or
a d-to-a converter is to be addressed. Bit 7 is
used to differentiate between the two be-
cause in my case the number of latches and
d-to-a converters amounted to more than 10
and less than 20. and this proved a very
convenient way of doing it.

Addressing the a-to-d is a special case.
since the device must be addressed a number
of times successively to make it carrv out a
conversion and return the two data bytes. To
prevent excessive time-wasting by con-
tinually having lo select the a-to-d on alter-
nate svstem bytes. a special bit in the a-to-d
address latch IC  is set to “short-circuit” the
alternation system when a d.v.m. reading is

* For another protocol of this type. see Minimal
eprom programmer. hv B.J. Sokol. Electronics &
Wireless World. June and Julv 1987
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required. Bit 0 of 1C4. once set, prevents
further access to the system latch IC, .

The d.v.m. section is drawn as a Jow-
impedance differential input. For a high-
impedance input. simply introduce two
OP07 op-amps connected in voltage-
follower mode to each input. Transistor Tr-
and IC,, are recommended in the data sheet
for the AD574A to reduce the amount of
voltage flutter at pin 13 caused by the
AD574A changing its input bias as it digitizes
the voltage.

To get the a-to-d converter to measure a
variety of different points. [ built a two
channel multiplexer board with 30 inputs.
The computer sets which inpul it wants to
read by addressing latches before calling the
a-to-d routine.

Swilch S, can be used to make the whole
circuit static in operation. This means that if
a single-step machine-code monitor is used
to step through the software. d.v.m. read-
ings can be taken to verify correct operation
of the board. For normal operation the
“dynamic” setting should be used. since if
the high-level software crashed. or if vou
pressed the Escape key half-way through
accessing the a-to-d. you would otherwise be
unable to regain control of the system except
by turning the power off. It works in the
following manner. During normal operation
the control line voltage is low and thus the
resel pin of [C\5 (pin 1) is held high. When

data is transferred by toggling the control
line. its average voltage never rises above
about one-third of the supply rail. The
voltage required to flip the output of Inverter
4, and therefore gain access to ICy; by
reselting all its outputs. is two-thirds of the
rail voltage. and so this never normally
happens. \Vhen a new narrative is started
between the computer and the equipment,
the first thing that happens is that the
control line is held high long enough to
allow the 10pF capacitor to charge. The
output of Inverter 4 goes low and resets all
the data latches in the equipment. Then the
control line is held low again long enough
for a complete discharge of the capacitor
before the narrative starts.

Since the a-to-d completes a conversion in
Jess than 35us. it did not seem worthwhile to
enable the computer to respond to inter-
rupts polled by the converter. Instead. the
software waits in a loop for the conversion to
be completed and then it interrogates the
device. The BBC microcomputer takes about
50ps to discover the cause of an interrupt.
and so it is in fact quicker to make the
computer wait inaloop.

AD 588 voitage reference. consisting of
zener, amplifiers for programming output
range and thin-film resistors. Temperature
coefficientis less than 1.5p.p.m./"C.
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CIRCUIT DESCRIPTION

The eight-bit parallel opto-couplers 1C; |,
link the computer to the card. and 1C., ; are

Complete circuit of the a.te. interface. The
author’s source code is for the BBC micro-
computer but could easily be adapted for
other eight-bit machines.

the coupler from the card to the computer.
The opto-coupler for the control or hand-
shake line is IC . Diode D, protects IC., , ifa
reverse voltage is inadvertentlv applied to
the computer connections.

Infront of Inverter 1 isalow-pass filter to
prevent noise on the control line during a
level transition from causing multiple clock
pulses for IC,;.

Two delay circuits, giving about lus

delay. are included to allow time for the
7411C4040s to change their outputs after a
clock pulse before they are combined with
the signals by the gates. Without the delay
multiple clocking occurs. corrupting data in
the latches.

Data from the a-to-d converter is put on
the bus by the following method. First a
series of commands is sent to the a-to-d to
initiate a conversion. The last bvte addressed
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to IC,, sets bit 0 high. Then the user port ol
the computer is set up to read rather than
write. At this point the a-to-d's output is
feeding an open-collector butfer. The data is
put on the bus by setting the control line
high. Then IC., clocks. the output at pin 9
goes high. Inverter 4 goes low and provides
power for any bits tor the opto-couplers I1C., ,
which are zero. Next the computer reads the
data. exclusive-Ors it (it is inverted) and sets

the control line low to take the data off the
bus. The computer sets the port to write
mode and writes the next bvte to IC,,;. The
data is not re-applied to the bus because 1C.,
clocks when the control line goes high and
so the output at pin 9 of 1C,, goes low.
disabling in turn Tr,. In the first byte which
is loaded into 1C,,. bit 5 is set to reset the
1C», and bit 0 is cleared to ensure that no
datais output on the bus at the wrong time.

@ A copv of the source-code and an example
high-level language program to run with it
can be obtained for £5 from the author at 11
Lvnwood Gardens. Hook. Basingstoke.
Hampshire RG27 9DT. Please send a 5'4
inch disc and a self-addressed envelope in
which to return it. The source code is about
10kbytes long (with many comments in it)
and is written in a structured. easily
maintainableway.
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ATELLITE SYSTEMS

Space invaders

Satellites may be blissfully re-
mote from the atmospheric
pollution that plagues us earth-
lings but they do suffer from the
environmental hazards of outer
space. Up there, various nasties
are whizzing about that do not
get very far into our atmosphere.
Some are dust particles or mic-
rometeoroids with diameters up |
to 0.1mm. Others are subatomic
particles like electronics and
protons. Unattached to atoms,
these rush about unhindered in
the high vacuum of space. At the
altitudes of low Earth orbits

there is also monatomic oxygen
to contend with.

The solar arrays of satellites
(see item elsewhere) are particu-
larly vulnerable to bombardment '
by these particles because of
their necessarily large areas. For
protection the solar cells are |
normally covered with extremely
thin sheets of borosilicate glass
(0.5mm down to 0.05mm) with
optical characteristics l
wavelength, absorptance, non-
reflection etc. — designed to |
transmit maximum radiant |
energy to the cells.

But glass also happens to be a
dielectric, so this and other simi-
lar surfaces tend to build up |
static charges as a result of the
electron and proton bombard- |
ment. Potential gradients are
formed - at the edges of indi-
vidual solar cells among other
places — and when the p.ds are
high enough discharges can
occur. These discharges can
damage the spacecraft by erod-
ing surface coatings or punctur-
ing or degrading electrical in- |
sulation.

ERA Technology, the indepen-
dent r&d organization, has been
investigating these discharges in
the laboratory, particularly their
threshold conditions, by charg-
ing up small portions of solar
arrays by electron hombardment
in a vacuum. They have found
that the current pulses resulting
from the discharges are of short
duration with sub-nanosecond
risetimes but with amplitudes of
several amperes. According to
ERA these pulses can directly
invade a satellite’s electrical sys-
tem and cause disruption of nor-
mal operation or even catas-
trophic failure. The ultimate
purpose of the investigations, of
course, is to find ways of mini-

Fig.2. ERA Technology's laboratory equipement for investigating
discharges in solar arrays. The portion of an array is charged up by
electron bombardment in a vacuum. Circular table is the basz of
the vacuum chamber.

mizing or eliminating the static
charges collected by the
spacecraft. [
British Aerospace is tackling |
the problem of corrosion of solar
arrays by monatomic oxygen
that afflicts spacecraft travellng
in low Earth orbits. They are |
building replacement solar
arrays for the Hubble Space Tele-
scopic (not yet launched). These
structures will be fitted in orbit
by astronauts after about three
years’ operation with the original
solar arrays. The replacement
arrays will use back surface field
reflector silicon solar cells which
are more resistant to the effects |
of monatomic oxygen.

Solar power
systems

If the photovoltaic effect had not
been discovered, by Adams and
Day in 1876, the communica-
tions, d.b.s., meteorological and
other satellites we know today

ELECTRONICS & WIRELESS WORLD

| This controls the number of

would not have been possible.
Certainly the first few spacecraft
launched in the late 1950s used
balteries to operate their radio
equipment. but of course the
power soon ran out. It's difficult
to imagine any electrical gener-
ator other than solar cells that
could be used in satellites and
keep going with only about 30%
reduction in power output over
tenyears or more.

Solar cell generators are abso-
lutely crucial to the entire design
and performance of satellite |
communication systems because
they set a limit on the total r.f.
power than can be transmitted.

transponders, of given r.f. power
outputs. that can be provided ina
single spacecraft. In turn it
therefore determines the total
downlink bandwidth available,
the carrier-to-noise ratio of
transponders and the design of
antenna feeds and reflectors.
However, with gradual in
creases in the efficiency of solar
cells and in the total number of

cells that can be carried on solar
panels (allowed by bigger and
more powerful launchers), the
power generated has been steadi-
ly creeping up over the years.
Starting from a few tens of watts
twenty years ago, solar generator
outputs are now well above 1kW
in many operational satellites.
Larger spacecraft soon to be
launched, such as Intelsat VI and
the Franco-German d.b. satel
lites, will generate d.c. powers in
the 2-4kW range. Olympus, the
ESA multi-purpose satellite
which is likely to go into orbit
next year, will provide up to
7.5kW.

The ECS-5 comsat launched
by Arianespace in July is one
current example of solar gener-
ator practice. Fig.1 is a block
diagram of the power system
carried in this spacecraft. Each of
the two solar arrays measures
5.2mx1.25m. When fully un
folded and extended in space
their total span is 13.8m. Each
array is made up of three panels
covered insilicon solar cells.

When the satellite is on station
the two arrays are aligned north-
south, panels facing the sun. The
solar constant in space is about
1.4kW/m~, and so the radiant
power falling on the total array
area of 13m° is approximately
18kW. But. of course. nothing
like this figure is converted into
electrical power because there
are spaces between the indi
vidua! solar cells on the panels
and the conversion efficiency of
the cells is somewhere below
15%. In fact the actual power
available at the beginning of the
comsat’s life is 1.26kW.

Each of the three-panel solar
arrays is mounted on a frame
which is pivoted at a bearing on
the side of the box-shaped
spacecraft. By this means the
array can be gradually rotated, as
the spacecraft orbits the Earth,
so that it is always facing the sun.
Automatic positioning 1Is
achieved by a closed-loop control
system in which optical sensors
mounted on the arrays are kept
locked on to the sun.

The bearing and power trans
fer assemblies shown in Fig.1
contain electric motors which
drive the pivoted arrays through
hearings. Relative to the sun, the
spacecraft’s body rotates
through 360° about its north-
south axis once per day in its
24-hour geostationary orbit (the
antennas always pointing at the
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Fig.1. Solar power generator system in the ECS-5 communications

Earth). So the control system
has to turn the solar arrays in the
opposite direction at the same
speed in order to keep them
facing the sun. Apart from this
automatic control, the position-
ing system can also be controlled
by telecommand signals from
the ground.

Electrical power from the so-
lar arrays passes into the
spacecraft body through multi-
ple slip-rings on the array bear-
ings. It goes without saying that
these bearings and slip-rings
must be extremely reliable
mechanical components to
maintain the rotation and power
transfer without failure for ten
years or more. Once brought
inside the spacecraft body. the
power is voltage regulated and
then emerges on a main bus at
50V+2%.

Because the Earth’s equatorial
plane lies at an angle of about 23°
to the plane of the solar system
(the ecliptic) the satellite’s geo-
stationary orbital plane is also
tilted at this angle. For most of
the year the comsat can 'see’ the
sun, either directly or looking
‘above’ or ‘below’ the Earthwhen
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“the planet is interposed between

them. But twice a year, at the
spring and autumn equinox, the
spacecraft encounters the
Earth’s shadow and so experi-
ences an eclipse of the sun.

It starts to move through the
edge of the shadow for a few
minutes each day about three
weeks before the equinox. But by
the actual date of the equinox (21
March or 21 September) the
spacecraft is in full shadow for
well over an hour per day. The
actual time of day at which this
occurs depends on the east-west
position of the satellite in the
geostationary orbit. After
another three weeks the comsat
is completely clear of the
shadow.

During these eclipse periods of
up to an hour or more each day,
the sotar arrays obviously receive
no solar radiation and generate
no electrical power. To cope with
this daily eclipse occurring twice
a year, the satellite also carries
secondary batteries as shown in
Fig.1. These are kept trickle-
charged from the solar gener-
ators during sunlight periods.
They are normally light-weight

satellite.

NiCd or NiH batteries providing
up to 2Ah per kilogram of
weight. The ECS-5 power system
has two NiCd batteries, each
containing 32 cells of 24Ah
capacity. The trickle-charging
rate is set by telecommand from
the ground.

Broadcasting
satellites

Europe will have two television
broadcasting satellites in orbit
before the end of the year if the
launches go ahead as planned.

First to go up, in October, will be
the French high-power d.b.
satellite TDF-1, which will have
an e.i.r.p. of 63.5dBW (see April
1987 issue. p.377. for details). Its
tvsignals are likely to be encoded
in D2-MAC. Orbital position will
be 19°W,

About a month later it will be
followed by the medium-power
Astra satellite, owned and oper-
ated by SES of Luxembourg and
due to be positioned at 19°E. As
described in the June and August
1987 issues, Astra would have
transmitted an e.i.r.p. ot 50dBW
over its primary coverage area.
Now, SES thinks this power is
move likely to be 52dBW over the
area. The accompanying map has
contours showing the receiving
dish sizes which are expected to
be adequate in different parts of
Europe and Scandinavia. First
channels in operation will be
PAL encoded. though others to
follow are likely to use D2-MAC
(see leader in August issue,
p.739, for details and comment).

Satellite Systems is written by
Tom Ivall.
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Most existing logic-probe designs indicate
that a pulse has occurred, but this one also
indicates the duration of the pulse. Having
an idea of the pulse width greatly simplifies
fault finding. In a microprocessor system for
example healthy strobe pulses are typically
from 200ns to 1us wide. Any strobe of less
than 100ns or greater than 10us therefore
requires further investigation. Without the
probe, a fast oscilloscope would be needed.

Eight leds indicate pulse durations rang-
ing from a ‘glitch’ to greater than 100ms in
decade steps. Edge triggering is used
throughout and the circuit is tolerant of
variations in pulse repetition rate.

The negative-going input pulse passed
through IC,4 and its leading edge causes

IC,,, to be set, initiating charging of the
bank of seven time-constant networks. With
IC4, set, the trailing edge presets ICy,
clocking octal latch IC; whose data inputs
are outputs from the seven time-constant
networks plus one pin tied high. While the
input pulse is low, the time-constant net-
works switch sequentially up to 100ms,
when all seven are set; the eighth bit is
always set during a pulse to indicate a glitch.

Once the pattern is latched and displayed,
ICy, and its CR network hold the value for
about a half second, after which the latches
are cleared and the circuit rearmed. Since
IC,, only needs a negative-going edge to
initiate the entire sequence, glitches will
always be indicated provided that they re-

turn high for more than 20ns. This applies
even for glitches that are too fast for the
subsequent logic.

Accuracy of my prototype was not excel-
lent, mainly due to the use of HCT logic
rather than HC for the latch (HCT has a
lower threshold), but it was within a factor of
two. Attention to component values would
improve accuracy. It is not essential to use a
74AC00; a 74HCT132 instead would also
make the 74HC14 redundant. Only negative-
going pulses are monitored, but it would be a
simple matter to either duplicate the circuit
for positive-going pulses, or include an
exclusive-Or gate and switch at the input.
B.J. Frost
Dorset Design and Developments

More efficient a.l.us

It is rather inefficient to use full look-ahead
carry when a 24, 28, 32, 36 or 40bit a.l.u. is

book, I found that the circuit shown first
provides the same speed as a 40bit full
look-ahead a.l.u. In the second circuit, the
28bit a.l.u. has typically 7ns shorter addition

space needed is smaller and supply current,
input loading and the price are all reduced.

Marcel van de Gevel

constructed from 74S181 a.l.us and 74S182 and subtraction times. Maximum times are  Harlem
look-ahead carry generators. Froma Tl data reduced by 10.5ns. In both cases. the board  The Netherlands
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Polypropylene
capacitors

A range of axial type metallized
polypropylene film capacitors with a
tolerance of 19 has been introduced
hy Steatite Roederstein.

The MKP 1839 series is available
with capacitance values ranging
from 1000pF to 6 8F. and voltage
ratings from 160 to 630V d.c. The
devices have a dielectric absorption
figure of only 0.03% and are suitable
for use in pulse circuits. deflection
circuits intv sets and snubber
circuits for power semiconductors.
Steatite Insulations Ltd, Ceramic
Products Division, 2 The Square,
Birmingham B15 1AP. Tel:

Read/write interface

Ahigh-speed. low-noise head
interface device for hard disc drives
marketed in the UK by Microlog
performsboth read and write
functions.

Avariety of surface mounts and
dual-in-line packaging options make
the XR-501 suited to applications
requiring six or eight centre-tapped
read/write heads. For drives with
more heads. multiple devices can be
cascaded. The pinout for the device
placesall head ports on one side of
the circuit, eliminating crossovers
and simplifying flex cable or board
layout. Microlog Ltd. The
Cornerstone, The Broadway,
Woking. Surrey GU21 5EZ. Tel:
04862 29551.

Screen cleaning to
recover metals

Screens used for accurate placing of
solder paste on surface mount p.c.bs
can be thoroughly cleaned and the
metals recovered using a
Screenklene stand-alone cleaning
unit.

ICI has designed the plant with an
integral. removable settling tank.
Once the solvent. either [Cl's
Genklene or Arklone, has been
sprayved onto the workpiece it drains
into a tank which traps the insoluble
heavy metal residue for disposal or
reclamation. A totally enclosed.
illuminated cabinet protects the
operator from inhaling solvent
vapour and the screens are sprayed
manually using solvent resistant
gloves firmly attached to hand access
holes in the front of the cabinet. The
unit can be operated either by single
phase electricity or compressed air
and is designed to take screens up to
800 x 500mm insize. Chlor-
Chemicals, ICl Chemicals and
Polymers Ltd, PO Box 14. The Heath.
Runcorn. Cheshire WAT 4QF . Tel:
0928 514444

"NEW PROD

All-in-one outside broadcast equipment

As the result of consultation with the
broadcast industry worldwide an all-
in-one portable Reporter Radio Link
unit integrates an extended audio
u.h.f. transmitter link withav.h f.
cueing receiver and off-air station
monitor.

Wood & Douglas has designed the
equipment to be easy to operate: the
preset controls are located behind
theengineer’s panel rather thanon
the front panel. Other features
include microphone or line-level

output. common receiver volume
control, auto off-air/cueing
electronic audio switch, internal
power source for electret
microphones, two or three-antenna
operation and low-battery indicator.
Power comes from a sealed lead/acid
hattery with the option of an external

d.c. feed to power the unitand charge |

the internal battery. Wood &
Douglas. Unit 12-13. Youngs
Industrial Estate. Aldermaston,
Reading RG7 4PQ. Tel: 07356 71444.

Fast monolithiclog amplifier

The AD9521 monolithic logarithmic
amplifier from Analog Devices offers
a7to250MI-z bandwidth and low
4.7dB noise tigure.

It is useful in radar signal
receivers. electronic
countermeasures, sonar equipment,
miniaturized log strips and nuclear
instrumentation. With better gain

flatness and output matching than
the SL521 and SL1521 log.
amplifiers the voltage gain range is
essentially flat. varying only 1.2dB
from 30to 160MI-lz. The amplifier
operates from a single 6V supply and
dissipates 90m\W of power. Analag
Devices, Station Avenue, Waltonon
Thames. Surrey KT12 1PF. Tel: 01

Low volume assembly automation

P.c.b. assembly can be semi
automated at a low cost with Blakell
Systems new Minisert workstation.

It delivers components and i.cs to
an operator in a programmable
sequence for insertion into the
p.c.b..and is suitable for low-velume
p.c.b. production, particularly the
small batch environment. The
system combines the company's
existing motorized rotary

ELECTRONICS & WIRELESS WORLD

component dispenser with a new
universal i.c. dispenser. \n interface
module extends the capability ot the
integral programmer to control the
complete workstation. Upto 10
different assembly programs can he
stored locally for instant recall at the
push of a button. Blakell Systems
Ltd. Blandford Heights. Blandford
Forum. Dorset DT11 7TE. Tel: 0258
51353.

| Fast s-rams

A range of hc-mos s-rams with access
memory times of 25 and 34ns has
members with 4K X 4, 64K x 1 and
16K x 4 organizations.

Motorola claims that these are the
first production s-rams to use double
metal, double polysilicon c-mos
process with | .5u design features.
Thechip-select access time from the
powered-down state is as fast as the
address access time and fast entry
into the low-power standby mode
provides a standby current of 20mA
att.t.l. levels without degrading
access time performance. These
chips are suitable for highly
pipelined digital signal processing
systems. real time measurement and
test equipment and speech
recognition and synthesis systems.
Motorola Ltd. 88 Tanners Drive.
Blakelands, Milton Keynes MK 14
5BP. Tel 631 1044.

Miniature counter/
displays

Small six and eight digit counter/
display modules which can be
mounted onap.c.b. likean
integrated circuit are available from
Red Lion Controls.

The units can be supplied with a
bezel kit for front panel mounting.
They are ideal for internal on-board
use where a readout of count
frequency ortime is needed within a
circuit enclosure. Sub-Cub
component counters are basedon a
custom c-mos monolithic counter/
driver chip and operate up to 500Hz.
Construction features solderless
elastomeric connectors to provide
corrosion-proof. gas-tight contacts.
Red Lion Controls. Cranford Lane,
IHeston. Hounslow. Middlesex TW5
9INQ. Tel: 01-759 0694.

Thermal analysis of
p.c.b. designs

Designers can analyse p.c.b. designs
for operating temperatures.
reliability rates and noise
susceptibility during board layout.
using the Thermostats software
package from Valid Logic Systems.

The company believes that
excessive temperature isthe leading
cause of board failure and that
controlling thermal output is key to
designing reliable boards. The
package includes thermal, reliability
and noise-margin analysis software.
and a thermal model library of 1200
devices. Valid'sAllegrop.c.b. design
system is a prerequisite for
Thermostats — designs created on
other cad systems can be imported
into the Allegro system and then
used. Valid UK Ltd. Valid House, 39
Windsor Road. Slough SL1 2EE. Tel:
0753820101
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Waveform generator

The memory of the Prisma VR [000
video waveform generator has been
revised to ensure greater portability
hetween the IBM PC range of
computers.

Millipede believes this unit to be
the first IBM PC/NT/AT plug-in board
capable of producing high-definition
one-dimensional video waveforms
(gratings) toan accuracy of 12 bits.
The VR1000 is completely
programmable and can easily
support 4000 tine displays. It canalso
drive monitors with refresh rates in
excess of 200t z, The board is
available in single or synchronized
dual-channel versions. Millipede
Electronic Graphics. 12 Prvor Close.
Milton. Cambridge CB4 4BU. Tel:
0223 862066,

Accurate spectrum
analysis

Automatic amplitude calibration is
achieved by Anritsu’'s MS2601A
spectrum analyser, which has a
frequency resolution of 11z over its
entire 1okllz to 2.2GHz range.

Each time the cal. operation s
selected, the internally routed
calibration signal is measured.
compared and signal processed at
high speed using the 16 bit
microprocessor, The corrected
measured value is then displayed.
Fore.m.¢/r.f.i. applications
amplitude measurements can be
performed inaccordance with CCIPR
recommendations. Anritsu Europe
Ltd. Thistle Road, Windmill Trading
Estate. Luton, Beds LU13XJ. Tel:
0582 418853,

Signal distribution
system

Aremote-control crosshar
distribution system for audio. video
and data switching applications.
manufactured by Ghielmetti of
Switzerland, is available from Data
Precision.

The GMS crossbar distributor is
suitable for use wherever a number
of electrical signal inputs have to be
switched toa number of outputs. It is
designed to replace mechanical
matrix programming boards. where
casy operation and speed of
switching are important
considerations. The unit may be
programmed from the 8 X8 matrix
keypad front panel. Remote control
is available viaan RS232/V24 serial
interface. Data Precision Ltd.
Fromson Building No.1, Canada
Road. Byfleet. Surrey KT14 7JL. Tel:
09323 53874,
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Domestic users get
gas sensors

Quantelec’s range of hot-wire
flammable gas sensors for domestic
use are of the type previously only
available for industrial applications.
The NAP-7A sensorshave a
matched sensor and compensator
pair. hoth mounted in coils of fine
platinum heaters covered with high-

temperature oxides and a catalyst.
The platinum heaters are part of a
halanced Wheatstone bridge circuit
and when combustible gases are
present, the catalyst causes a
temperature rise of the heaters and a
change in their electrical resistance
which unbalances the bridge and can
be detected electronically. Quantelec
Ltd. 46 Market Square, Witney. Oxon
ONE6AL. Tel: 0903 76488,
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Panel-mounting
neon indicators

Easily installed panel-mounting
neon indicators are available from
Appeltech.

Fitting only requires a Ymm space
hehind the panel; the lens is inserted
through a hole in the panel and clips

onto the neon tube by two projecting
legswhich firmly secure both parts of
the indicator. There are 15 indicator
styles and shapes in the range and
non-standard indicators can be made
to order from customers’
specifications. Apreltech Ltd, Unit 5.
Meadowhank Road Industrial Estate.
Harrison Street. Rotherham S61
1EE. Tel: 0709 550524.
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Interlocking display
modules

New members of a family of bi-colour
dot matrix led display modules from
Selectronic have interlocking
keyways for end-stacking
applications.

All feature high brightness and
matched conversion efficiencies
between individual elements and
between the two colours on the same

display module. The elements are
individually accessible for drive
purposes. Colours are nrange-red,
produced by a gallium arsenide
phosphide diode. and green from a
GaP chip. Sizesvary froma 4 x { toan
8x 8 dot matrix. Thevarious versions
carry acode letter so that large arrays
of matched brightness can be built
up. Selectronic Ltd, 46 Market
Square. Whitney, Oxon OX8 6AL..
Tel: 0993 73888,

Pressure
transmitters

Anaccuracy of 0.5% is achieved by
the Sensym range of stainless steel
pressure transmitters from I H-Tek
Electronics.

The series is both temperature
compensated and signal conditioned
to provide a high level output.
Devices are available from 0-15psig
up to 0-300psig. with output options
of 1-6Vd.c.. 2.5-125 d.c..or 4-
20mA for each pressure range. A
diaphragm which is plasma welded to
the body minimizes the amount of il
needed for optimal performance and
provides areliable bond able to
handle extreme burst pressures
without leakage or media
contamination. I li-Tek Electronics,
Ditton Walk, Cambridge CB5 8Q1).
Tel: 0223213333,

High resolution
oscillator

Ahigh-resolution numerically
controlled oscillator which generates
digitized sine and cosine functions of
a precise frequency is available
through Chiptech.

The STEL-1172B offers 32 bit
frequency resolution and operates up
to 50MUHz. It has applications in high
speed frequency synthesis, single
sideband converters, baseband
receivers and digital signal
processors, and incorporates an
eight-bit microprocessor interface
for simple integration into digital
svstems. In conjunction with a d/a
converter the oscillator can be used
in analogue signal generation
applications. Chiptech Ltd. Alban
Park. tHatfield Road. St Albans. FHerts
ALA 0J). Tel: 0720050476,

Thin filmv.c.o.
module

Stable frequency outputs from 7 to
10GHz are produced by the Sivers
IMA PM7621 wideband thin film
v.c.o. modules.

The module. available from Anglia
Microwaves, is designed to give a
clean output, based on a bipolar
transistor and fundamental hvper-
abrupt varactor-tuned oscillator
package. Tuning is linear. with a 3:1
variation for a0 to 20\ tuning
voltage range. The oscillator and
huffer stages are sited on a ceramic
substrate with integral resistors and
removable SMA connectors to allow
integration into microstrip and
stripline circuits. Anglia Microwaves
Ltd. Radford Business Centre.
Radford Way, Billericay, Essex CM12
OBZ. Tel: 0277 630000,
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Video filters

Asetofvideofilters has been
developed by BAL Components for
component signal processing using
the §:2:2 system.

The Series 5 filters have been
designed to give good transparency
in the video passhand and provide a
soft transition and reduce ringing in
the time domain. All filters have
input and output impedances of
T50ohm and are available with sin x/x
correction for post filtering after
digital-to-analogue conversion of the
video signals. The luminance filters
are packaged in 28 pin dual in-line
packages and the colour difference
circuits are housed in 24 pin
integrated circuits. BAL
Components. Bermuda Road.
Nuneaton, \Warks. Tel: 0203 375827,
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C-mos chip for
mobile radios

Car telephones (C network) and
cordless telephones are the main
areas of application for Siemens’ TBB
200p L1 chip for processor
controlled frequency synthesis. The
circuit is intended for the r.f, section
of two-way mobile radios operating
in the frequency bands upwards of
900ml Iz, Siemens L.td. Siemens
House, Windmill Road. Sunbury-on-
Thames, Middlesex TW16 THS, Tel:
0932752323,

Power plant monitor
and controller

A cost-effective system for remote
monitoring control of power plants
has been introduced by Harmer &
Simmons,

The Remote Access Monitor can
monitor plant voltages and currents
as well as other analogue and binary
inputs, and will provide relay output
control of plant equipment. It stores
32 days of plant operation data,
which can be automatically down
loaded to a central reporting system.
Up to 5000 R.AMs can be controlled
through the power network manager
central reporting software package
which features auto-polling, remote
direct access and remote strip chart
recording. Harmer & Simmons 1td.
Peregrine Road. Hainault. llford.
Fssex 1G6 3X). Tel: 01-500 1211,

"NEW PRODU

External control for oscilloscope

The RS232 serial interface on the OX
Thtdigital storage oscilloscope
allows external start/stop control of
the digital signal acquisition, and
output of the stored data for external
storage, comparison and analysis.
The data transmission rate is
adjustable from 300 to 9600 Baud in
six steps.

Twoeight bit, 2MHz a-to-d
converters provide the digital

| performance of ITT Instrument s

asciltoscope. The memory stores

| 2000 samples per channel., plus 48
e e W 4 TSI | A s 3L 0.

samples for the reference position.
Microprocessor controlled, single
shot, roltand refresh modes are
included with pre-trigger available in
atl modes.

Post-storage analysis featurs
include a horizontal expansion in six
stepsupto 32 timesandan
interactive cursor which allows the
user to select the required portion of
the stored signal for further study.
ITT Instruments. 346 Edinburgh
Avenue, Stough, Berks SLL1ATU. Tel:
0753824131,

Four-way video amplifier
enables the input signal to continue | IR A TR PP L b

The four-way output from one input
in Labgear's video distribution
amplifieris designed to distribute
signals from t.v. camera
installations. satellite receivers,
video recorders and waveform
generators.,

In addition a loop-through facility

on to other equipment where
required. The bandwidth is adequate
for MAC and other high-definition
svstems. Labgear Cablevision Ltd,
PO Box 182. Abbey Walk, Cambridge
CBI120QN. Tel: 0223 66521,

On-the-spot print-out of sound test data

On-site documentation of sound
level measurements is possible using
Bruel & Kjaer's portable, battery
powered printer.

The 2318 graphic documentation
printer is designed for use with the
2231 modular sound level meter. but
canalsobe used with B& K's
intensity analvsers and most
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instruments with an RS232C serial
interface. The printer provides on
the-spot print-out of fully annotated
bar charts, tables and graphs. Each
paper roll has space for about 400
lines. Bruel & Kjaer (UK) Ltd.
Harrow Weald Lodge, 92 Uxbridge
Road, Harrow, Middlesex HA36BZ.

Tel: 01-954 2366.

Surface mount pins

Arange of Vero surface mount pins
for prototyping SMdevices on to
conventional p.c.bs has been
designed to allow for conventional
hot gas. vapour phase and infra-red
reflow soldering processes.

The pins are suitable for both
gull-wingand J leaded devices in dual
in-line and quad packages of any size.
They are supplied in kits which
contain 200 pins and include an
insertion and removal tool, a
Eurocard square pad board, design
lavout sheet and full instructions.
BICC-Vero Electronics Ltd. Flanders
Road, Hedge End. Southampton SO3
SGL. Tel: 0703 266300,
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Pressure transducer
for harsh
environments

The stainless steel pressure port and
diaphragm of the Model DM pressure
transducer means it canbe used ina
variety of corrosive media.

Pressure ranges of 1 to 3ibarswith
1% accuracy are offered by the device
from Control Transducers. The
standard 4 to 20ma\ output on two
wires makes it ideal for monitoring
both primary and secondary process
variables. The electrical connections
may be made through conduit for
extra protection. Overpressure can
rise to twice the rated pressure
without damage to the transducer
and ten times the rated pressure can
be reached without bursting. Control
Transducers. North Lodge. 25
Kimbolton Road, Bedford MK40
2NY. Tel: 0234 217704,
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Timing abilities on
voltage card

Avoltage measurement card for DCA
Technology's TS3000 test system
incorporates a precision timing
facility to allow evaluation of
complex waveforms without the need
for additional equipment.

The card provides d.c.. a.c. r.m.s.
and a.c. peak voltage measurements.
Allinputs are isolated, allowing
differential or singled-ended
measurements. The programmable
timer on the card provides delays
hetween 85us and 10s, selectable in
5us steps. DCA Technology Ltd, 5
Grove Park, Mill Lane, Alton, Hants
GU34 2QG. Tel: 0420 84088.

Current
compensated chokes

The compensated toroidal core
winding on a new range of current-
compensated chokes presents a high
inductance to r.f.i. while remaining
transparent to the supply current.

The chokes from Schaffner EMC
are designed for p.c.b. mounting and
use inr.f. filters and similar
components. They have a full 250V
r.m.s. working voltage rating. Over
the range the supply current ratings
cover (.3 to 4A, Schaffner EMC Ltd,
Headley Park Area 10, Headley Road
East. Woodley, Reading RG5 4SW.
Tel: 0734 697179.
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Faster performance using speed card

The XT-268 speed card is an internal
half length board designed to
enhance the performance of the IBM
PX/AT and compatible computers.

It gives the 8088 c.p.u. computer
faster performance than the IBMAT
in computation-intensive programs.
Many software applications can run
up to seven times faster using the
card from Roalan International. The
card replaces the 8088 processor

with a 80286 16-bit processor that
resides on the add-on board. The
80286 runs at 10MHz compared to
4.77TMHz on the 8088. Included is 8K
of cache memory from which data is
fed directly to the 80286 at 10Ml 1z
with zero wait states, Roalan
International. Gleneagles House. 31
Riverside Road, West Moors,
Wimborne, Dorset BH22 OLG. Tel:
0202 861512.

Small incremental encoder

Murata claims its new miniature
rotary encoder with a diameter of
30mm is the world's smallest
incremental encoder.

A permanent magnet on the
rotating shait causes changes in the
values of magnestoresistors, and two
outputs permit detection of the

direction of rotation. The encoder
can he used for angle, position and
speed measurement in photocopiers.
motors, robots and printers. Murata
Electronics (UK) Ltd, 5 Armstrong
Mall, Southwood, Farnborough,
Hants GU14 ONR. Tel: 0252 523232.

Hand-held multi-meter

Ahand-held, pen-type, autoranging
digital multi-meter with 17 ranges/
functions measures d.c. and a.c.
voltages. resistance, and includes a
continuity and diode test function.

The DM71 from Beckman
Industrial incorporates a rotary
function selector, a touch hold
function which freezes the display
and an audible indication of

continuity and range changing. The
l.c.d. display indicates value,
polarity, measurement unit, over-
range, data hold and low battery. The
DM71 is supplied complete with
batteries, test leads, operator’s
manual and a rigid plastics case.
Beckman Industrial Ltd, Temple
House, 43-48 New Street,
Birmingham B2 4LJ. 021-643 8899.

| Rigid, composite
laminate for p.c.bs

Savings in material, tooling, time
and costs in p.c.b. production and
assembly should be made using a
presensitized, rigid, composite
laminate available from Mega.

The FPC-16 laminate consists of a
paper-based core impregnated with
epoxy resin, sandwiched between two
thin layers of glass cloth resin-
impregnated, copper-clad laminate.
It offers all the operational
characterstics of the conventional
p.c.b. material but is lower in cost,
lighter and easier to use. It may be
drilled using conventional steel bits
and is supplied in sheet sizes up to
1060 x 1280mm. Mega Electronics
Ltd. 9 Radwinter Road. Saffron
Walden, Essex CB11 3HU. Tel : 0799
21918.

Bandpass filters

Arange of metal insert filters which
cover the frequencies from 17 to
110GHz has been developed by GEC-
Marconi in waveguide sizes R220 to
RY00,

The designs are etched from
copper foil and clamped ina
waveguide housing split at the E-
plane to form the filter cavities. The
filters have a typical passband v.s.w.r.
better than 1.1:1 with bandwidths of
up to 15% available. Insertion losses
of three, five-section filters, each
with 1GHz bandwidths centred at 36,
60 and 94GHz are 0.6, 1.8 and 2.3dB
respectively. GEC-Marconi Research
Centre, West [ lanningfield Road,
Great Baddow, Chelmsford, Essex
CMZ2 8HN. Tel: 0245 73331.

S-rams for
transputers

To save board space, Hybrid Memory
Products has developed two s-rams
in 40 pin zig-zag packages suitable
for use with transputers.

The devices are 50.9mm long and
are configured as 64K x 16 and 32K

R —

x 16. On-board decoupling
capacitors save space, and common
datat inputs and outputs simplify
hoard layout. Hybrid Memory
Products Ltd, Elm Road, West
Chirton Industrial Estate, North
Shields, Tyne and Wear NE29
8SE.091-258 0690.
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Differential
amplifier

Current mode feedback is used to
achieve more bandwidth at a given
gain than in a conventional amplifier
by the EL2020 differential amplifer.

The fast settling, wide bandwidth
amplifier is optimized for gains of
between —10and +10and is
available from Microelectronics
Technology. The bandwidth and slew
rateare relatively independent of the
closed loop gain setting, so that the
unity gain bandwidth of 50MHz only
reduces to 30MHz at a gainof 10. In
most applications where a
conventional op-amp is used an
improvement in speed power
product is obtained with this device.
Microelectronics Technology Ltd,
Unit 2, Great Haseley Trading Estate,
Great Haseley, Oxfordshire OX9 7PF.
Tel: 08446 8781.

Self-contained
eprom programmer

The Artea Blaster is a low cost easy-
to-use eprom programmer which
works with any development system
equipped with a standard RS232
port.

It contains a standard 25-way D-
type family connector which allows it
to replace printers directly. The data
is transmitted using the host’s print
command. Operation is by front
panel buttons and device status is
shown by two leds. The Blaster can
program all devices with the normal
50ms program pulse or it can use a
VCC algorithm to reduce
programming time. The instrument
has a built-in power supply capable of
operating from 240 or 100V and
comes with amanual that includes a
quick reference operating guide.
A.R.T.Engineering Associates,
Storrs House, Cavendish Avenue.
Harrowgate, North Yorks HG2 8HX.
Tel: 0423 60593.

Four-wire sensor and changeover switch

Arange of four-wire d.c. sensors
proofto [P67 and suitable for
inductive or infra-red sensing in
severe industrial environments has
been introduced by Electromatic of
Aldershot.

The device operatesas a
changeover switch sowhile it is not
sensing the output can be used to
light adisplay or control another
circuit. Both p-n-pand n-p-n outputs

are available which work on any
voltage between 10 and 40V d.c. and
can switch up to 200mA per output.
Both plug and socket connectors and
potted cable types are included in the
range. The units can also be fitted
with optical fibre cables.
Electromatic Components Ltd. Unit
3. Eastern Road, Aldershot. Hants
GUI12 4TD. Tel: 0252 29324.

To create total integrity and fail-safe
back-up, two computer systems can
be connected toa common set of
input and output peripherals with
the Switching Arbiter from Softronic.

Inthe event that one system fails
the unit automatically transfers
control of all peripherals to the
remaining computer. This link can
then be maintained, without power,
while the failed component is

ELECTRONICS & WIRELESS WORLD

Switching for computer back-up

replaced. The Switching Arbiter is
compatible with most computer
systems, has a manual over-ride and
can switch up to 16 peripherals per
system. If a larger number of
peripherals is required. then
switching units can be added in
multiples of 16. Softronic Systems
Ltd. 2 & 3 Enterprise Estate. Station
Road West, Ash Vale, Aldershot.
Hants GU12 5QJ. Tel: 0252 513884.

"NEW PRODUCTS

Multilayer
capacitors

The Aximax series of dipped, axial.
conformally-coated. multilayer
ceramic capacitors has a capacitance
range of 10pF to 0.47uF.

These devices are encapsulated in
ashock and moisture resistant epoxy
coating. STC Electronic Services
supplies the series in three
dielectrics — COG, X7Rand Z5U - at
100 and 50V. The capacitors are
designed for automatic insertion.
The Capacitors Group, STC
Electronic Services, Edinburgh Way,
Harlow, Essex CM20 2DF. Tel: 0279
626777.

Thermistors can be
wave soldered

High temperature wave and vapour
phase soldering techniques can be
used on the platinum palladium
silver terminations of Dale-ACI's
range of surface mounting chip
thermistors.

The J-style thermistors feature
wrap around terminations,
simplifying direct mounting to the
bonding pads of a hybrid substrate.
They have an overall size of up to 2.54
% 1.47 x 0.94mm andvalues
available range from 5 to 500kohm at
25°C. Also available is a IMohm (at
70°C) value, for high-temperature
applications. Dale-ACI Components
Ltd, River Park Industrial Estate,
Berkhamsted, Herts HP4 THL. Tel:
0442772391

975



Colour graphics

Single-board layout, smooth
hardware scroll, flash facility, 2MHz
operation and a Centronics printer
port are among the advantages
claimed for the CU-Graph Il colour
graphics controller.

Compatible with its predecessor, it
is designed by Control Universal for
use with EuroBEEB, the BBC Basic-
based single-board computer. Three
versions of the controller are
available: colour and monochrome
each with a Centronics printer port;
and a low-cost monochrome without
the printer port. Control Universal
Ltd, 137 Ditton Walk, Cambridge
CB58QF. Tel: 0223 244448.

Backplane simplifies
AT-bus designs

Systems based on AT-bus boards can
be integrated simply using the
Cheater backplane from Chiptech.

It provides eight 16-bit locations
which can be socketed for PC or AT
bus boards. Mounting holes are
provided to allow the backplane to be
fitted intoa standard XT or baby AT
enclosure. Power can be brought to
the backplane via IBM-style
connectors. A standard keyboard
connector and a user patch area with
printed-through holes are included
on the board. Chiptech Ltd, Alban
Park, Hatfield Road, St. Albans,
Herts ALA 0)). Tel: 0727 40476.
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Thin graphic module

Afront luminous vacuum
fluorescent display with 320 %240
pixels, high-voltage driver control
circuit and power circuit are all
packaged together in Futaba's thin
graphic module from Regisbrook.
The display area is 120x90mm
and has a dual-wire grid scanning

'NEW PRODUCTS

system which enables avertical or
horizontal line to be displayed in a
continuous line. [t isavailable in
505nm green but the shade can be
altered using simple wavelength
filters. The Regisbrook Group, Units
1and 2, Suffolk Way, Drayton Road,
Abingdon, Oxon 0X14 7JY. Tel: 0235
554433.

I.c. and component tester

The Beckman Scopemate-2 i.c. and
component tester available from STC
Instruments is designed for rapid
testing of in- or out-of circuit
components.

1t generates simple patterns which
are displayed and compared on any
external x-y mode oscilloscope. The
device can be used by non-technical

personnel for direct comparison
testing on microprocessors, d.t.1.
t.t.l., c-mosi.c.s, op-amps.
comparators, regulators. opto-
isolators, diodes, transistors,
capacitors, inductors and resistors.
STC Instrument Services
Edinburgh Way, Harlow, Essex
CM202DF. Tel: 0279 641641.

Manual pick-and-place machine

Avacuum pick-up tool for the
assembly of devices such as flat packs
and chip carriersis builtin to
Sohlberg-Surtech’s Cosy BP-01-03.
The assembly station accepts
p.c.bsupto 12 X 16in and is capable
of placing approximately 500
components per hour. The machine
is supplied complete with a bulk
carousel for 60 component types and

can also accommodate up to 15 extra
tape or stick feeders. An optional
magnifier and light source are
available and a solder/glue
dispensing head can be used in
conjunction with the placement
head. Sohlberg-Surtech Ltd, Unit 4,
INTEC 2, Wade Road, Basingstoke,
Hants RG24 470848. Tel: 0256
470848.

Tough p.c.b.
spacers

Tough nylon spacers for mounting
p.c.bs have been introduced in the
UK by Salterfix. The spacers are part
of the Skiffy range of small nylon
parts and come in two types.

One version has simple click-in
mountings at both top and bottom,
while the other can be used witha
securing nut on the bottom
mounting. The spacers offer
vibration damping and full electrical
insulation, the sizes allowing for
distances from 4.8 to 22mm between
boards. Salterfix, Salter Springs &
Pressings Ltd, Spring Road,
Smethwick, Warley, West Midlands
B66 1PF. Tel: 021-553 2929.

Transfer connector

Built-in lock/eject levers give greater
security and ease of use in Schroffs
new DIN 41612 transfer connector.

It is designed to provide a wiring
interface to VME backplanes and
consists of a female moulding that
slides directly on to the backplane’s
wire-wrap pins. The mounting is
screwed into position from the
opposite side of the backplane.
Spacers are available so that the
transfer connector can be used with
different length wire-wrap pins.
Schroff UK Ltd, Maylands Avenue,
Hemel Hempstead, Herts HP2 4SG.
Tel: 0442 40471.
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COMMERCIAL QUALITY
SCANNING RECEIVER

Happv Memories

Part type 1 oft 25-99 100 up
[ 4116 (Pulls) ... 1.00 .90 85
F‘! =g 15 E-?G'Eﬁ + M 1“-:3 4164 Please call for best prices
- = 41256 Please call for best prices
41464 Please call for best prices
2114 200ns Low Power .. 1.75 1.60 1.55
6116 150ns Low Power ....... 5.50 * *
6264 150ns Low Power ... e 1.75 * *
62256 120ns Low Power ...10.50 9.75 9.00
2716 450ns 5 volt........ .3.20 3.05 2.95
i 2532450ns....... 5.40 4.85 4.50
| 2732450NS....ccccoooiii 3.20 3.05 2.95
2732A 250ns .3.95 3.70 3.50
The IC-R7000, acvanced technology, zontinous coverage commurications receiver 2764 250ns....... 285 2.65 2.50
has 99 programmable memasies covering awcreft, marine, FM broadcast 27128/250NS . s inrs wotpemsacnmi poses .4.90 4.65 4.45
Amateur radio, television and weather satellite bands. For simplified operation 27256 250ns.......... - .3.95 3.65 3.50
and quick tuning the IC-R7000 features direct keyboard entry. Precise frequencies 27C256250NS ................ ...455 4.25 3.95
can be selected by pushing the digit key: in sequence of the frequency or by turning 2751225008 ..o 8.45 7.95 7.65
the main tuning knob. FM wide/FM norrow’AM upper ond lowes SSB modes with 27C512... 8.95 8.40 7.95

6 tuning speeds: 0.1,1.0, 5, 10, ¥2.5 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
15 inthe scan mode, this allows you tarecall frequenciesthat were inuse. Readout
is clearly shown on a cuol-colour fluorescent display. Options include the
RC-12inira-red remote control'er, vaice synthesizer and HP-1 headphones

Jcom (UK) iLed. Tel: 0227 363859. Telex- 965179 ICOM G
N.B. Author sed Welsh distribution by:
M.R.S. Camsmunications Ltd. Cardiff. Tei: 0222 224167

Second-hand chips available for many of the above devices, ‘phone
for availability and pricing.
Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 5 910 11 12 15 17 24
Please ask for quote on higher quantities or items not shown.
Data free on memories purchased, enquire cost for other.

Please add 50p post & packing to orders under £15 and VAT to
total. Access orcers by '‘phone or mail welcome.
Non-Military Government & Educational orders welcome for
minimum invoice value of £15 net.

HAPPY MEMORIES (WW),
FREEPOST, Kington, Herefordshire HR5 3BR.

(No stamp needed unless first class required)

Tel: (054 422) 618 Sales, 628 Fax

ISialus: ............................................ e Tel: s
lP_oil to:lcom (UK) Ltd. Dept. WW, FREEPOST, Herne Bay, Kent CT6 8BRJ

ENTER 21 ON REPLY CARD ENTER 46 ON REPLY CARD

What don't you get for £585?*

@ Fos: storage processing ircluding @ Full ramote control and bidirectional
waveform multip ication? waveform transfer?

Digital averaging for lawer noise? @ Cutput to a dot-matrix printer,

)
8 Di?'tol interpolat on using sine or digitat or analogue plotter?
pulse algorithms= ) A fre2 conventional oscilloscope to

@9 Fully progrommeble front ponel connzdi it to?
with 50 sefting memories? Surprisingly it's only number

(D 2D megcsompe./sex samoling
rate?
2) 4< wosds nemmo-y par channel®
(3) 35 Miz repet tve bancwidth?
(4) 15 ncr-voatile weveforn mempdes?
5) On-screen text d splay enc on
SCreen Cursar BEQsu e ent?
@ Dig tcl sweep deloy sysen?

Digital Storoge

The Thurtby D3A£24~ { nks 1o
any standard oscil oscope (Lsing
only one cadler arc convert: It
into a bighly scptisficctad
digital storage scope with 2l
tha leatuses isted atove

If you want tc: pay even l=ss, he
DgAﬁl 1 has o lew less keatuses
bt costz ony £3%5.

C) RS$-232C comparible intesface plus 14 but you probably have
opt onal IEEE-483 interface?

that already!
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Thurdby Elecrronics Ltd., New Road/Burrel Road, St. Ives, Huntingdon Cambs PE17 4BG
Tolex: 32475 Fax: {0480) 54832 Tel: (0480) 6357)

ENTER 35 ON REPLY CARD
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What shall we do about
those batteries?

Nicad batteries used in prostheses can present a problem if
over charged or discharged. This battery-discharge
manager will help to avoid battery failure.

ler for the paraplegic bladder' =, initi-

ated in this Unit and in commercial
production since 1982, recently came up for
review. Clinical experience suggested some
minor extension of the range of stimulus
parameters available, but no major revisions
seemed called for, except perhaps in the
arrangement of the hatteries and battery
management. The manufacturer had re-
ported that, in equipments returned to him
for service, the most common fault (0.01
incidences per equipment-year) was failure
of one or more in the series string of five
PP3-sized nickel-cadmium batteries used.
Five PP3’s were originally chosen because
the equipment required a supply of about 45
volts, the batteries fitted snugly into the
space available and, in emergency. dis-
charged nicads could be replaced by alkaline
or zinc-carbon PP3s, easily available from
I'tigh Street shops.

The battery failures probably occurred
hoth as a result of over-charging and of
over-discharging. The charger supplied with
the equipment worked at the 12-hour rate
until the entire string reached an average of
1.46 volts per cell, at which point the current
switched down to a trickle. The switching
was accompanied by the lighting of an led,
intended as a non-mandatory signal to the
patient to discontinue the charge. If “charg-
ing” was nevertheless continued. cells were
probably protected from overheating or bur-
sting, but not from separator failure result-
ing from dendritic puncture®.

On discharge, failures were probably initi-
ated by weak-cell voltage-reversal®. There
are seven cells in a PP3 nicad. A string of 35

The engineering design of lhel cgntrol-
2.

10~

P.E.K. DONALDSON

equally good cells, discharging at the one-
hour rate, will show about 45 volts at the
beginning of discharge, and 38 at the end.
There is no way of telling, monitoring the
voltage across the whole string, whether an
indicted voltage of 37, say, means a good set
of batteries nearing the end of discharge, or
one or two voltage-reversed weak cells in an
otherwise good and well-charged string; in
consequence, no discharge-monitoring
arrangements were provided. We merely
sought to impede the development of weak
cells by urging users to charge sufficiently
often; we recommend weekly.

APROPOSED SOLUION

The discharge curve for a nickel cadmium
cell has the form shown in Fig.1. Discharged
over 10 hours, Awill be about 1.4 volts and B
1.2 volts. Discharged over one hour, A and B
will be respectively approximately 1.27 and
1.07 volts. In both case there will be a decline
of some 200 mV during discharge.
Monitoring the progress of discharge of a
mature battery requires that the number of
cells be sufficiently few for it to be possible to
detect the fall to zero volts of the weakest cell
against the background of general small
decline in voltage of the stronger cells. At the
one-hour rate, exhaustion of the weakest cell
will produce a fall in battery voltage of 1.27.
This must be detected and discharge halted
at once. But we have seen that, for a new
battery of n cells. all equally good, there will
be a fall in voltage on discharge of 0.2 n, so
0.2 nequals 1.27 and n lies between 6 and 7.
A battery of up to six cells can be safely
monitored by allowing the voltage to fall

hour rate

10

" 3

50 100

Per cent discharged

Fig.1. Form of the discharge curve for a nickel-cadmium cell.
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through 1.2 volts. A battery of seven cells can
be safely monitored by allowing the voltage
to fall 1.3 volts, at the theoretical cost of not
using all the stored charge. or rather less
safely by allowing the voltage to fall 1.4 volts,
extracting all the useful charge from a
pristine battery. As the number of cells
increases beyond seven, discharge of the
hattery becomes increasingly haphazard.

There seems little doubt that the most
reliable “battery” would comprise a single
cell. The voltage cannot reverse, so dis-
charge monitoring is unnecessary as regards
“battery” reliability, though of course still
helptul to the user. Furthermore, precise
charging becomes easy; the charger would
be arranged to run the cell down completely
before delivering an accurately timed
charge. Unfortunately there are severe difi-
culties in making 45 volts efficiently from
the output of asingle cell.

The compromise we chose is to drive a
voltage-raising device from a seven-cell
nickel-cadmium or, in emergency, six-cell
zinc carbon battery. At around 9 volts, one
can look for efficiencies of at least 85% in the
voltage-raising, with safe discharge moni-
toring. If space should prove to permit it, we
would provide also an audible end-of-
discharge warning. Beside its obvious con-
venience, this has the merit that, if the
warning has not yet sounded. a user should
be deterred from endangering his batteries
by charging them unnecessarily. If he
ignores the warning and does not switch off
and charge, then, at 7.5 volts, an automatic
shutdown operates and no further appreci-
able drain on the battery is possible until at
least some charge has been given.

The charger would deliver a timed charg-
ing current comprising direct current heavi-
ly modulated with alternating current®.

Choice of cell size. We measured the time
for the voltage to fall to 7.5, when feeding 40
ohms. for freshly-charged batteries having
various cell sizes. The results, plotted as a
function of the volume of the parallelepiped
into which the battery will just fit, are shown
in Fig.2. The discharge time goes up roughly
as the square of the volume of the cell. We
may attribute this to the larger cells having
both more stored charge and a lower inter-
nal resistance; both factors are roughly
equal in their contributions. Cylindrical
cells last about 2.5 times longer than the
button cells, in this application.
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It follows that one should use a battery of
seven of the largest cylindrical cells that one
can accommodate in the space available.

CHOICE OF VOLTAGE-RAISING
DEVICE

The efficiency of the Mosmarx voltage-
multiplier, described in an earlier article’, is
quite high, nearly 90%. Unfortunately. the
constancy of the multiplication factor is
itself a source of inefficiency. because of the
inconstancy of the battery voltage. Suppose
a perfect sextupler, 100% efficient. is inter-
posed between a seven-cell nickel-cadmium
battery and the pulse amplifiers in the
stimulator, which constitute the principal
load on the multiplier. At the end of dis-
charge,. the battery voltage is 7.5, the sextu-
pler output is 45 volts, the correct supply to
the power amplifiers. and the arrangement
is efficient. But at the beginning of dis-
charge, when the battery voltage is 8.9, the
sextupler output is 53.4 volts. Feedback
round the pulse amplifiers” will ensure they
draw the correct current, but the extra
voltage will be wasted across the output
transistors, making unnecessary heat. The
efficiency of the voltage-raising is now only
(7.5/8.9)x100 = 84%, while the average
efficiency during the discharge will be about
92%. Since the efficiency of the Mosmarx
multiplier is only 90%, the average overali
efficiency of the voltage-raising process will
be only 90% of 92%, or 83%.

The switching regulator ought to be a
more promising voltage-raiser because its
step-up ratio is self-adjusting; as the battery
voltage declines, the regulator compensates
by drawing an increased current. Any
switching regulator with an efficiency ex-
ceeding 83% is therefore likely to be prefer-
able to a voltage-multiplier for this applica-
tion, and as we have seen from the previous
article®, the switching regulator of Perkins
and Chaiffey has an efficiency of 93%. It is
therefore easilv the device of choice.

THE BATTERY-DISCHARGE
MANAGER

Apossible circuit is shown in Fig. 3, in which
the battery-discharge manager comprises
essentially two c-mos amplifiers arranged as
trigger circuits, one to control the audible
warning and one to control shutdown. The
former has moderate backlash, 0.5V referred
to the supply rail, and typically is set to turn
the warning sound on when the supply rail
voltage falls to 8V, and to turn it off again
when it recovers to 8.5V. The shutdown
trigger has much more backlash, 3.5V refer-
red to the supply rail, for the following
reason. End of discharge in nickel cadmium
battery is best thought of as an increase in
internal resistance, rather than a decline in
e.m.f. When the shutdown trigger removes
the load from a newly-discharged battery,
the battery voltage rises again and would trip
the trigger back to “on” (output high) unless
the backlash is so great that the voltage
never rises far enough. By setling the trigger
to go “off” at 7.5 on the supply rail. and “on”
at 11, the latter is achieved.

The 4.7uF start-up capacitor enables the
shutdown trigger to go to “on” when the

ELECTRONICS & WIRELESS WORLD
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Fig.3. Possible design of battery-discharge
manager. During discharge, with the stimu-
lator operating, the battery current is typi-
cally 250 mA. At the end of discharge, with
the stimulator disabled and the audible
warning operating, the remanant battery
currentis 130 pA.

equipment is first switched on, even though
the batterv voltage is less than 11V. For at
the instant of switching on, this capacitor is
discharged, ensuring the trigger output goes
high. Only after it has charged does the rait
voltage determine whether the trigger re-
mains “on” or not.

The audible warning ceases either when
the battery, relieved of 99% of its load by the
shutdown, climbs above 8.5V again, or when
the user switches off, whichever happens
first.
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Small wonder

Researchers at the IBM Almaden Research
Centre in San José, California, have pro-
duced the first pictures showing the
arrangement of atoms in individual benzene
molecules. The pictures are obtained by the
Scanning Tunnelling Microscope described
in Research Notes in the May 1988 issue, this
one showing rows of ring-shaped clusters,
each of which is a single benzene molecule.

The photograph confirms a vision the
German chemist August Kekule saw in a
dream in 1865. He and his contemporaries
had worked to explain the arrangement of
the benzene molecule, using the existing
laws of chemistry. In the dream, Kekule saw
a snake, twisting and biting its own tail; it
occurred to him that the molecule could
similarly be composed of atoms in a ring,
unlike other organic molecules which are
made of atomsinaline.

.
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o1 P. M. COMPONENTS LTD TELEX

FAX SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
0474 333762 SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD TOS—PM

. 8(igals  0.09 BD115 030 BD518 0.75 BF259 0.28 BFY50 0.32 BUV4l 2.50 R2008B 1.45 TIP125 0.65 254715  0.58
semlcondudors BC204 0.25 BD124P 0.59 BD520 0.65 BF271 0.28 BFYSI 0.32 GET 2.50 R2009 2.50 TIo142 1.75 250495 0.80

BC2078 0.25 BDI31 0.42 BD534 045 BF271 0.26 BFY90 0.77 GEX542  9.50 R20108 1.45 TIP146 278 250496 0.80
AC125 0.30 AUI06 695 BC208B 0.20 BD132 0.42 BD535 0.45 BF273 018 BLY48 175 MJ3000 198 R2322 0.58 TIP161 2.95 25(784 0.75
ACI26 0.45 AY102 295 BC212 0.09 BD133 0.40 BD575 0.95 BF335 035 BR100 045 MIE3S0 040 R323 0.66 TIP2955  0.80 250785 075
AC127 0.20 BC107A on BC2T2L 0.09 BD13S 0.30 BD587 0.95 BF336 0.34 BRI 0.49 MJE3S0 0.75 R2540 248 TIP3055  0.55 250789 0.55
AC128 0.23 BC1078 o1 B(213 0.09 BD13s 0.30 80583 0.95 BF337 0.9 BR103 0.55 MIES20 048 RCA16029 0.85 1591 0.20 2509310 0.95
ACI2BK 032 BC108 0.10 BC213L 0.09 BD137 0.32 BD698 1.50 BF338 0.32 BR303 0.95 MIE29S5  0.95 RCA16039 0.85 V106 1.50 25(937 1.95
ACt4) 0.28 BC 1088 0.12 BC214 0.09 BD138 0.30 BD701 1.25 BF355 037 BRC4443 115 MPSAI3 029 RCA161B1 0.85 w062  1.50 251034 450
ACI4IK 034 BC109 0.10 B(214C 0.09 BD139 0.32 80702 1.25 BF362 0.38 BRY39 0.45 MPSA92  0.30 RCA16334 0.90 ZRFO112 1650 2501096 0.80
AC142K  0.45 BC1098 0.12 BC214L 0.09 BD140 0.30 BD707 0.90 BF363 0.65 BSW64 0.95 MRF237 495 RCA16335 0.85 NTI00  6.50 25C1106  2.50
AC176 0.22 BC114A  0.09 B(2378 0.15 BD144 110 BDX32 1.50 BF37t 0.25 BSX60 1.25 MRF450A 13.95 RCA16572 0.85 2N1308 1.35 251124 095
ACI76K 031 BC11S 0.55 B(238 0.15 BD150C 0.29 BDX538  1.65 BF394 0.19 BT100A/02 0.85 MRF453  17.50 S2060D 0.95 2NI711 0.30 25C1162 095
AC1B7 0.25 BC(116A  0.50 B(239 0.15 BD159 0.65 BF115 0.35 BF422 0.32 BT106 1.49 MRF454  26.50 SKESF 1.45 2N22i9  0.28 250172y 2.20
ACIB7K  0.28 BCN7 0.19 BC(251A 0.1 BD160 1.50 BF119 0.65 BF423 0.25 BT116 1.20 MRF455 17.50 16021V 0.45 2N2626  0.55 25C1173 18
AC188 0.2 BC119 0.24 B(2524 0.15 BD146 0.95 BF127 0.39 BF457 0.32 BT119 315 MRF475 295 16027V 0.45 2N2905 040 251306 175
ACI8BK 037 BC125 0.25 B(258 0.25 BDI79 0.72 BF154 0.20 BF458 0.36 BTI120 1.65 MRF477  14.95 T6029v 0.45 2N3053  0.40 2501364 050
ACY17 1.15 BC140 0.31 B(258A 0.39 BD182 0.70 BF158 0.22 BF467 0.68 BU10S 1.95 MRF479  5.50 T6036v 0.55 2N3054 059 25C1413A 250
AD142 2.50 BC14) 0.25 B(284 0.30 BD201 0.83 BF160 0.27 BF493 0.35 NU108 1.69 oClew 2.50 T9002v 0.55 2N30S5 052 2501449 050
AD149 1.50 BC 142 0.21 BC300 0.30 8D202 0.65 BFI73 0.22 Bf4995 0.23 BU124 1.25 o 9.50 T9011v 0.75 2N3702 012 2501628 0.75
ADI6I 0.50 BC143 0.24 BC301 0.30 80203 0.78 BF177 0.38 Bt4997 0.25 BUI2S 1.25 025 1.50 T9015v 2.15 2N3703 0.2 25(1678  1.50
AD162 0.50 BC1478 0.12 BC303 0.26 8D204 0.70 BF178 0.26 BFR3? 023 BU126 1.60 026 150 T9034v 215 2N3704 0.2 25(1945 318
AF106 0.50 BC148A  0.09 BC3078 0.09 BD222 0.46 BF179 0.34 BFR40 0.23 BU204 155 028 5.50 T9038v 3.95 2N3705  0.20 2501953 0.95
AFt14 2.50 B(C149 0.09 B(327 0.10 80223 0.59 BF180 0.29 BFRBI 0.25 BU20S 1.30 e 4.50 THY15/80 2.28 2N3706 0.12 2501957 0.80
1.95 BC153 0.30 B(328 0.0 BD225 0.48 BF18t 0.2¢ BFR88 0.30 BU208 1.39 032 5.50 THY15/85 225 2N3708 0.12 2501969 295
AF116 250 BC157 0.12 BC337 0.10 BD232 0.35 8F182 0.29 BFR90 150 BU208A  1.52 042 1.50 TIP29 0.40 2N3733 950 25C1985  1.50
AF117 2.50 B(159 0.09 BC338 0.09 BD233 0.35 BF183 0.9 BFR91 175 BU208D  1.85 0C44 1.25 TIP29C 0.42 2N3773 218 2502028 108
AF118 350 BC161 0.55 BC347A 0.3 BD236 0.49 BF184 0.35 BFT42 035 BUI26 1.20 045 1.00 TIP30C 043 IN3792 135 2502029 195
AF12) 0.60 8C1708 0.15 BC46) 0.35 80237 0.40 BF185 0.28 BFT43 0.35 BUJ265 1.50 o720 1.00 TIP31C 0.55 2N42B0 350 25€2078 145
AF)24 0.65 BCIN 0.09 B(478 0.20 80242 0.65 BF195 on BFWI10 0.55 BU407 1.24 o 0.75 TIP32C 0.42 2N4427 1.95 25C2091 085
AF125 0.35 BC1728 0.10 B(S527 0.20 BD244 0.75 BF197 on BIWI1 0.75 BU408 1.50 o072 2.50 TIP33C 0.95 2N4444 115 2502098 2.95
AF126 0.45 BC1738 0.10 B(S547 o.l0 BD376 0.32 BF198 0.16 BFWISA 115 BU426A  0.75 ors 1.50 TIP348 0.95 INS294  0.42 2502166 195
AFY27 0.65 BC174 0.09 BC548 0.0 80379 0.45 BF199 0.14 BFW61 0.60 BU50O 225 [o¢:]] 1.00 TIPA1A 0.45 2N5296  0.48 25C2314 080
AF139 0.40 8C177 0.15 BC549A  0.10 80410 0.65 BF200 0.40 BFW92 0.85 BUSGBA  1.95 0c84 1.50 TIP41C 0.45 2N5298 0.60 252371 036
AF150 0.60 8178 0.15 BC550 0.14 BD434 0.65 BF240 0.20 BFX29 0.30 BU526 1.90 0139 12.50 TIP42C 0.47 2N5485  0.45 25(9310  0.95
AF178 1.95 BC182 0.10 B(SS57 0.08 BD436 0.45 BF241 0.15 BFX84 0.26 8U807 225 o7 450 TIP47 0.65 2IN5496 095 25K19 0.55
AF239 0.42 BC182LB  0.10 B(SS8 0.10 BD437 015 BF245 0.30 BFXBS 0.32 BUY20 215 00200 4.50 TIP48 0.65 2N5S641  16.50 25K33 0.55
ASY27 0.85 BC183 0.10 B(639/10 0.30 80438 075 BF256LC 038 BFX86 0.25 0201 5.50 TIPSO 0.65 2N5643  16.50
ASYT77 1.50 BC1B3L 0.09 BCY33A  19.50 80510 0.95 BF257 0.28 BFY18 1.35 0C205 10.00 TP120 0.60 254329 095 35K88 095

o . MB3756 250 | SASS90 275 | STkad7  7.95 | TA7e09P 395 | TBASS0Q 195 | TDAIOOI 295 | TDA2S1 295 | UPCIIBIM 125
|niegrqied CITCUI'S MC1307P 100 | SL901B 795 | STKad9  7.95 | TA7611AP 295 | TBASGOC 145 | TDAI003A 395 | TDA25B2 295 | UPCIIB2H 295

MCI310P 195 | SL917B 665 | STKaél 1150 | TAZ629 250 | TBASS00 145 | TDAIOG6A 250 | TDA2593 295 | UPCIIBSH 395
MO1327 10 | sidlo 10 | Stkas3  niso | TAA3l0a 350 | TBASIO 100 | TDalolo 215 | TDA2600 50 | upciiolv 150
ANIO3 250 | AN71asM 395 | (A4102 295 | MCI327 095 [ SU327  1a0 | STkoois 795 | TAA20A 350 | TBASIR 250 | TDAI00S 225 | TDA2610 250 | UPCI3SOC 295
ANI24 250 | AN7ISO 295 | L4140 295 | mCI3SIP 15 | SL127Q 100 | STKOO29 795 | TAAJS0A 195 | TBA673 195 | TDAI035 250 | TDA26I1A 195 | LPCI3SIC 2.45
AN214 250 | AN7IS) 250 | (A4031P 195 | MCI352P 100 | SN7414 150 | STKOO39 7.95 | TAASSOB 195 | TBA720a 245 | TDAI037 195 | TDA2640 330 | UPCI30 295
AN214Q 250 | BAS2I 335 | LA4a00 350 | mC1357 235 | sn7421  oss | Ta70e1ap 150 | TAAS70  1es | TBA70 195 | TDA0as 215 | TDAZ6sS 450 | UPCI3esC 3.9
AN236 195 | CAI3526 175 | (A4420 350 | m(1358 158 | SN76023N 395 | TA7072 265 | Tams2l 395 | TBA7500 265 | TDAII70 195 | TDA2680A 275 | UPC2002H 1.5
AN239 250 | CA308s 0.46 | LA4422 250 | mcia96 175 | SN76110N 0.89 | TA7073 350 | TAAe30s 295 | TBABO 089 | TDAlIS0 2.15 | TDA2690 245 | UPD211alLC 250
AN240P 280 | CAJ123t 195 | 1A4a30 250 | mci723  oso | SN7611sN 125 | TaziosP 150 | TAmcsls 1.9 | 18ABIOAS 1es | TDAI2700 395 | TDA33I0 295

AN247 250 | CAJIZEM 250 | LAaasl 395 | mC3357 275 | SN76I3IN 130 [ TA7izoP 1es | TAA700 170 | TBABIOP ks | TDAI37 170 | TDA3SIO 350 | 3% 040
AN260 295 | (A3l405 250 | LC7120 325 | MC30IL 250 | SN76226DN295 | TA7I9P 250 | TAA930 395 | TBAB2OM 075 | TDA2002 195 [ TDA3se0 385 [ 7% o
AN262 195 | CA3I40T 105 | (7130  3.50 | MmC14106P 295 | SN76227N 1.05 | TATI30P 150 | T8AI20AS/B/C 18A820Q 145 | TDA2003 295 | TDAd0s0 295 [ 7. s
AN264 250 | ETTe0ls 250 | 1K131 550 | mCiasiBcpyso | SN76228N 295 | TA7IZ7P 100 100 | T8AB%0 250 | TDA2010 195 | ToAse0 250 | 74n 035
AN271 380 | WADI3TW 195 | 1C7137 550 | mi23iB 175 | SN7653aN 165 | TA7146p 150 | saseavu 18A920 165 | TDA2020 295 | TDA9S03 315 | 7g0s 0,80
AN3Ol 295 | HAIIS6w 150 | LmM323k 495 | MI232B 250 | SN7665ON 115 | TA7I76AP 2.95 | TBA9S 1. TBA9S0/2X 235 | TDA2030 280 | TEAT009 135 | 7805 0.65

1.50
ANJ03 350 HA1306 .50 LM324N 045 ML239 2.95 SN76660N  0.90 TA7193P 1.9 TBA396  0.75 TBA990  1.49 TDA2140  3.95 upPC4lC 350 7812 0.65
AN313 295 HA1322 95 LM380N  1.50 MSM5807 8.75 STKO11 1.95 TA7203 295 TBA440N 2.5 TBA990Q  1.49 TDA2150  2.50 UP(566H  2.95 7815 0.65
AN315 2.95 HAI339A 295 LM380ONS  2.95 SAAS00A 1.50 STKO14  7.95 TA7204P 2.5 TBA480Q 1.2 TCA270 150 TDA2151  1.95 UPC575(2 2.75
AN316 395 HA1366W 2.75 LM383T 2.9 SAA1025 7.28 STKOIS  5.95 TAT205AP .15 TBASIO  2.50 TCA2705Q 1.50 TDA2160  2.50 UPCI00IH 195
AN33I 395 HAL406  1.95 LMI9ON 350 SAAI251  4.95 STKOIB 7.9 TA7208 195 TBASIOQ 2.50 TCA650  2.50 TDA2524 195 UPCI020H 2.95
AN342 2.95 HAIS5T 295 LMI01T 308 SAA5010  5.35 STKO25  11.95 TA7222AP 1.80 TBA520 ”g TCA760  2.50 TDA2530 1.95 UPC1024H 1.50
1.10
1.10
1.25
135

AN362L 250 | L1201 095 | msissL 295 | saaso20 s7s | STKoa2 7.9 | TA7Z27P 425 | TBAS20Q 1. TCABOD 695 | TDA2532 1.95 | UPCIOZ25H 1.95
AN6I2 215 | (a1230 195 | mSISIaL 230 | saB3210 350 | STKo7B  n1.9s | TA7228P 195 | TBASIO 1. TCABOS 195 | TDA2540 1.95 | UPCIO8H 195
AN6362 395 | LA3201 095 | M51521L 150 | SASSe0s 175 | STkoss 895 | TA7310p 180 | TBASI0Q 1. TCA900 250 | TDA2541 215 | uPCl03ZH 1.50
AN7140 350 | LA4101 095 | MB3705 150 | sass?os 175 | STkais 795 | TAZ31ap 295 | TBASAO 1. TCA940 165 [ TDA2560 215 | UPCIISGH 0.75
AN7145 350 mBa712 200 | sassso 285 | STkass  7es | Ta732ip 225 | TBASa0Q T0Asa0 220 | TDA2S76 450 | upCl187C2 195
VIDEO SPARES & HEADS Hitochi VT5000 295 | PYE71341EAD 8.50 WHIRLWIND BLOWS IN DIODES
Please phone with your Hitochi VT8000 1.25 PYE 713 SLEAD 8.50
recorder mode! no. f:?om National Panasonic PYE 731/25 8.50 IT HAD TO HAPPEN - P.M. COMPONENTS HAVE AALI9 0.08 BYX36-150R
quotarion NV300333/340 25 | RANCATHA 635 | NOW EXPANDED THEIR INTERESTS IN THE AUDIO | 84115 013 | o0
3HSSV for Ferguson/JVC  27.50 NSQI(DX"XOJB RN 1715 RA:K T20A 695 MARKET WITH THE FORMATION OF A NEW BA148 017 0.60
g:::g:c'fp'h’l‘lfgf""' 2950 | Notional Ponasoric SIEMENS TVK76/1 695 | ASSOCIATE COMPANY SELECTRON (UK) LTD WHO BAISS 006 | BYXS560C 0.30
US53N for NatanalParorom | NV777 275 | SIEMENS EUROPA 750 | ARE THE SOLE UK. DISTRIBUTORS OF THE B s | Brrieiot e
NV777/3%0 el | Ko e s | e s4s | PRESTIGIOUS WHIRLWIND RANGE OF PROAUDIO | gazis o075 | boxes ot
IHSSN/4HSS for Notional Nationol Panasonic THORN 3500 795 | PRODUCTS. WHIRLDWIND, THE ACKNOWLEDGED BA30 075 | BZY95(30 0.3
Panasonic 29.50 i q (548 8.00
IHSSH for Hitachi 3500 | NV7000 275 | THORN 8000 6.95 USA MARKET LEADERS INTERFACE TECHNOLOGY “:‘9? 3‘§§ o
IHSSU3N for National e o s @ oo M1 CANNOW OFFER IN THE UK THEIR VAST RANGE OF ‘ 295 | MRSIO 045
Panasonic 35.00 . : CONNECTORS, ADAPTORS, CABLES, MULTICORES BA328 295 MRSI2 0.4
Sanyo VTC5000 150 | THORN 9600 8.50 b :
o e el 20| Sonyo vTCS300 175 | Vi STk 090 N FACT JUST ABOUT EVERYTHING FROM A JACK [ BAS2 175 | oaa7 a5
Panasonic Incustrol 75,00 | Sonre VIS0 o | s 121 PLUG TO A KILOMETRE OF 52 PAIR CABLE e Joad| bl fode
3HSSUZN for National Somo VTCI300P 190 | Tv20enck yao | EX-STOCK, WITH THE EMPHASIS ON QUALITY AND BAXID 004 | 0495 olo
Ponasonic 3950 | Sharp 6300 350 GOOD SERVICE BAXIS 012 | OA202 040
Eeetog o B
L : Sharp B300 3.50 . : :
Tnump'h , 35.00 Shg:g,m 350 | FUsEs 5’1‘&‘;[3'2:: IF YOU'D LIKE MORE INFORMATION AND HAVE BYI26 010 | IN2X 495
B fedorp SIS TEIp Sony ¢4 275 | omm 008 @00 eoch c4so | BONA FIDE TRADE STATUS. LET US KNOW AND <h | e e
X ny - MA 200MA 250MA SO0MA WE'LL MAIL YOU FULL DETAILS BYI i ol I
PS3BT for Toshibo 39.50 To 295 100 BYl6d  0.45 IN400 0.04
PS4B2S for Sony SLQOIJO;;: gg:; SL3000B 375 ,'Aé'xg‘;'z”"‘l’ 1.5Amp g;:;g ;:g ::2%3 g:;
PSSB3S for Sony SLCB9 erc | 3ony SL80ONB080 T30 | 2amo2.5amp 3.158mp 4amp ESP GUITAR SPARES BTIG2 085 | INAGOT 006
oo V2000 4950 | 1ohiba 9600 150 | sowwass @015eoch s11s0 | ALSO AVAILABLE IS A FULL RANGE OF ESP GUITAR Brigs 035 | Na@ 002
P VIDEO BELT KITS CH T MULTIPLIERS 100MA 1 SOMA 160MA 250MA SPARES INCLUDING NECKS, BODIES, PICKUPS 83139 040 | N 012
Akoi VS9300/9500/9800  2.75 | UNIVERSAL TRIPLER 545 | S00MA BOOMA 1.25Amp BRIDGES, KNOBS, SCREWS, SCRATCH PLATES, BY206  0.14 INS402 014
Amsirod 7000Sosha/ | DECCA 30 635 | 2Ame3.15Amp SAmp TREMS, HUTS, SWITCHES, POTS ETC, ETC. SEND BY208 800 0.3 | IN5403 0.2
: 6.9 . IN Al
s 1 8 Ll R 89 | 125inch /8 @006 each 50p POSTAL ORDER TO P.M. FOR CATALOGUE AND il <l (e
T e b3 | 20w sownrsows wes’* | SHOULD BE MADE DIRECT TOSELECTRON DOLTD. | s o | e o
i 6. 8Y299-800 0. 44 0.0
Ferguson 3V23/IVC GEC 2040 sa4s | ).5Amp 2Amp 3Amp 7Amp (UK) BYXI0  0.20 923 018
:nznoo - 150 | GEC 2110 695 |/ 10Amp BYX25-600 1.25 2 0.0
WV 29/ Vi .
HRI200. TR (O SR 835 1 1.25inch A/ @ 0.15 ecch WIREWOUND RESISTORS
Ferguson 3V31/VC \TT CVCa5 09 £10.00 | 4 WATT 2RD- 10K 0.20 ZENER DIODES
HR7650 275 | PHILIPS G8 (550) 595 | SOMAGOMA 100MA ISOMA | 7 WATT Ra7-22K e
IVC HRII30/3600 275 | PHILIPS GO 6.00 | 250MA S0OMA 750MA 1.5Amp l;mn " :2'( o BZX61 Series BZY8B Series
Hitachi VT11/33 275 | pyeso? 6.50 | 3Amp 4Amp 5Amp K 040 015
CATHODE RAY TUBES | oddifionol carriage (ME-2024W 3500 | DI3610GH  $9.00 | DI4-173GM  53.00 | DG7.32 4500 | F3113GR  75.00 | mpai20lC  59.00.| M3I-I90GR  $5.00
A small selection per fube. CME-3132GH  35.00 | D13-611GH 59.00 | D14-1BIGM  53.00 | DH3 91 45.00 | m7-120w 10.00-| Mm24-122WA  $9.00 | M31-191GV  55.00
from our stock of CMEB2W 1000 [ CRE1400 3500 | DI13A30GH  59.00 | DI4-2006M  75.00 | FI6 10IGM  $5.00 | MI4-100GM  45.00 | wmog. 131G 49.00 | M31-195W  85.00
10,000 tubes CME-1428%  35.00 | DIO210GH  45.00 | D13.430GM  59.00 | D16-100GH/97 65.00 | F21-1306R  75.00 | MI7-1512GVR 175.00 | m3t.1820v  $3.00 | M31-325GH  35.00

Please odd £3 (ME-1523 W 29.00 | D10-230GH 35.00 1 14-150GH 75.00 | D18-160GA 69.00 { F31-12LD 75.00 | M23-112Gv  55.00
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PRICELIST

P. M. COMPONENTSLTD

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK

KT66R

QB3-300 72.00
QB3:1750 139.00
QB5-3500 595.00

o
A selection from our
stock of branded valves
EA79 1.95 EF184 0.85
AT B3] meso 1se | Bl aso
w287 arso | EACO1 250 | EFBOC 1100
A2i34  1a9s | EAF42Z 120 | EFB0ZS  19.50
A293  eso | EB34 VS0 | EFBOSS  25.00
a2 3350 | EB4) 395 | EFB0SS  25.00
A25%9 3750 | €89 085 | EF8I2 068
a2j02 2750 | EBC33 250 | EFL200 150
A2900 1lso | EBCAT 195 | EFPO 350
A3 2400 | EBBI VS0 [ EHSO 072
A3y 3s9s | B0 195 | B0 1o
ACSP3A 495 EBCO1 1.95 EL32 0.95
ACSIPEN 8o | EBF80 095 | E3 5.00
ACT22  $9.75 EBF83 0.95 EL34 295
AH221 39.00 EBF89 0.70 L34 MULLARD
AH238  39.00 | EBFS3 095 6.50
ALGO 6.00 EBLI 4.50 EL34
AN 14.00 EBL21 4.50 SIEMENS  4.50
ARP1?2 250 | ECS2 0.75 EL36 2.50
ARP34 125 | EC70 175 EL36
ARP35 2.00 [{C]] 1.95 MULLARD 3.95
AZIN a80 | EC86 1.95 EL37 9.00
BS594  250.00 1€ 1.95 EL38 9.00
BT58 55.00 EC90 1.50 ELal 3.50
BTI7 25.00 €91 5.50 ELa2 2.00
BTI13  35.00 €93 1.50 EL71 4.50
QK 27.50 EC95 7.00 EL81 6.95
&) 17.95 EC97 110 EL83 750
1134 32.00 ECB0I0  12.00 EL84 0.95
11491 195.00 ECC32 3.50 EL84
C1150/1 135.00 ECC33 3.50 MULLARD 3.50
1534 32.00 ECC35 350 EL84
CCA 3.50 ECC8) 1.50 SIEMENS  2.50
(D24 6.50 ECCBI SPECIAL L85 4.50
CKI1006  3.50 QUALITY  2.25 EL86 1.75
CK5676 6.50 ECC82 0.85 EL9O 1.75
CV Nos PRICES ECCB2 EL91 6.00
ON REQUEST PHILIPS 1.95 EL95 175
D3A 27.50 ECC83 0.95 ELIS2 15.00
o o | e | s
DA41 22.50 .
b B | o |GG 1S
DA90 450 “counling EL506 595
DAF91 070 = ELS09 5.25
DAF96 0.65 - EL509 MULLARD
070 7S topres woe 1
DC90 3.50 . 6.
DCX-4-5000 towmicrophony | g802 3.8
25.00 EL821 6.95
DETI6  28.50 5! €822 1295
DETI8  28.50 ECC83 ELLBO 22.50
DET20 2.50 BRIMAR 215 EM34 12.50
DET22 35.00 ECC83 EMB3 1.65
DET23 35.00 PHILIPS 1.95 EM84 1.65
DET24 27.50 ECC83 EM8S5 3.95
DET25 22.00 SIEMENS  2.50 EMB7 2.50
DET29 32.00 ECC8S 1.00 EN32 15.00
DF91 1.00 ECC86 275 EN9I 1.95
DF92 0.60 ECCB8 1.00 EN92 4.50
DF96 1.2§ ECC89 1.50 £Y51 0.80
DF97 1.25 ECCON 2.00 EY70 7.50
DGI0A 8.50 ECC189 2.50 EY81 235
DH63 1.50 ECCBOIS 695 [3(:¥4 115
DH?7 0.90 ECCBO3S  6.95 EY83 1.50
DK91 1.20 ECC804 0.60 EY84 5.95
DK92 1.50 ECC2000  7.95 EYB&/B7  0.50
DL35 2.50 ECFBO 115 £v88 0.85
DL63 1.00 ECF82 115 £Y9 5.50
DL70 2.50 ECF8s 170 EYS500A 1.50
DL73 2.50 ECF200 1.85 EY802 070
oo 3.95 ECF202 1.85 €235 1.00
DL92 1.25 ECF801 0.85 €240 275
oL93 1.10 ECFBO4 6.50 EZ41 275
DLS10 13.50 ECFBOS 2.50 EZ80 0.75
DLS16 10.00 ECFBOS  10.25 €281 075
oMm70 395 ECH3 4.50 EZ90 1.50
DMI160 6.50 ECH4 4.50 Fw4.800  2.95
DOD-006 79.50 ECH35 3.50 GS5/1K 9.00
DY51 1.50 ECH42 1.50 GIBO/2M  6.95
DYB6/B7  0.75 ECHB) 175 G240/20  9.00
DY802 0.85 ECHB3 1.00 GQio8 17.50
E55L 49.50 ECH84 1.00 GQ10D 17.50
E80CC 19.50 ECH200 1.50 GC10/48  17.50
EBOCF 12.50 ECL8O 0.60 GCl0/4E  17.50
E8CF 18.50 ECL82 1.00 GC12/48 17.50
E80L 29.50 ECL83 2.50 GD36W 6.00
E81CC 5.50 ECLB4 0.74 GDT120M  5.00
E81L 12.00 ECL8S 0.95 GN4 6.00
€82¢C 4.50 ECL8S 0.95 GNI10 15.00
E83CC 4.50 ECLBOS 095 GR10G 4.00
E83F 5.50 EF37A 2.50 GS10C 16.50
E86C 9.50 EF22 3.50 GSIOH  12.00
E88C 7.95 EF39 1.50 GSI120 12.00
EBBCC 3.50 EF40 4.50 GTIC 14.00
€BBCC-01 695 EF42 350 GU20 35.00
£88CC EF50 2.50 GUs0 17.50
MULLARD 4.95 EF54 4.50 GXul 13.50
EQOCC 195 EFS5 495 GXul 24.00
E9OF 7.95 EF70 1.20 GXUS50SS 14.50
(321, 4.50 EF73 3.50 GYS01 1.50
E92CC 395 EF80 0.55 GY802 1.50
E99F 6.95 EF83 3.95 G232 250
E130L 18.50 EF85 0.50 G233 4.50
E180CC 9.50 EF86 2.25 GZ34 2.50
E180F 6.50 G237 4.50
E1820C 9.00 MULLARD 4.50 HB(%0 1.95
E186F 8.50 EFB&/(V4085 HL41 3.50
E188CC 7.50 5.00 HL90 350
E235L 12.50 EF89 1.50 KT8C 7.00
E280F 19.50 EF91 195 KT33C 3.50
E283CC  12.00 EF92 218 K136 2.00
E288CC 1750 EF93 1.50 K144 4.00
E810F 25.00 EF94 1.50 KT45 4.00
El148 1.00 EF95 1.95 KT61 5.00
EASO 1.00 EF97 0.9 KT63 2.00
EAS2 55.00 EF98 0.90 K166 USA 9.95
EA7o 1.95 EF183 075 KT64 GEC 25.00

K167 9.00
177 GEC 11.95
KT8 7.00
KT88 USA 10.95
K188
Selectron  15.00
KTW6] 2.50
KTWé62 250
KTW63 2.00
KTZ63 2.50
LB7-20  95.00
1598 6.95
M508 195.00
M5143  155.00
MS5199  295.00
MBO79 6.00
MB082 7.50
MB0B3 3.25
MBO? 7.50
MBO96 3.00
MB098 5.50
MB099 5.00
M8100 5.50
M8136 7.00
M8137 7.95
MB161 6.50
MB162 5.50
M8163 5.50
M8190 4.50
M8195 6.50
M8196 5.50
M 5.50
M8223 4.50
M8224 2.00
M8225 3.9
MEI400  3.50
ME14 29.50
MET402  29.50
MHLD6 4.00
MP25  195.00
MS48 5.50
MUl4 350
N37 12.50
N78 9.85
0A2 1.50
QAZWA 250
0A3 2.50
082 1.50
0B2ZWA 250
o] 2.50
0oD3 2.50
Om4 2.50
OMSB 3.00
OMé 175
ORP43 2.50
ORP50 3.95
P6 2.50
P4l 2.50
PABCBO 0.7
P(86 075
P(B8 0.7§
PC97 110
PC900 125
PCC84 0.40
PCCBS 0.55
PCCBB 0.70
PC(89 0.70
PCCIBY  0.70
PCCBOS 070
PCCBO6  0.80
PCEB2 0.80
PCF80 0.65
PCF82 0.60
PCFB4 0.65
PCF86 1.20
PCF87 1.25
PCF200 1.80
PCF201 1.80
PCFE01 1.35
PCF802 0.85
PCF805 12§
PCF806 1.00
PCF808 1.28
PCH200 150
PCL82 0.85
PCL83 250
PCL84 0.75
PCLBS 0.80
PCL86 0.85
PCLBOS 0.90
PD500 595
PE1-100  69.00
PEN25 2.00
PEN40D 3.00
PEN45 3.00
PEN45DD  3.00
PEN46 2.00
PFL200 095
PL36 175
PL38 1.50
pL8l 1.25
PL82 0.60
PLB3 0.52
PL84 0.78
PL500 1.10
PL504 115
PL508 175
PL509 4.85
PL519 495
PL802 6.00
PL802T 3.50
PL820 295
PY32 0.60
PYZ 0.50
PY8I 0.70
PY82 0.70
PY83 0.70
PY88 0.65
PYSO0A 195
PYB0O 0.79
PY801 0.79

QQE02-5

19.50

QQEO3-12 7.95
QQEO03-20 35.00
QQE06-40 45.00
QQv02-6 19.50
QQv03-10 5.50
QQV03-1(
MULLARD 15.00
QQV03-20 25.00
QQV06-40A
27.50
QQV06-40A
MULLARD 39.50
QQV07-50 55.00
QQZ03-20 42.50
QQZ06-40 45.00

VP4l

495

Q875/20
Q595/10
Q5108/45
Q815015
Q$150/3C
QS150/40
Q81205
Qu
Qvo3-12
QvO5-25

1.50
4385
4.00
6.95
1.15
7.00
3.95
5.00
9.50
6.50
250

QV06-20 29.50
Qv08-1008
145.00
QY3-125 85.00
QY4-250 85.00
QY4400 95.00
R 4.00
R 2.50
RG1-240A 14.50
RG3-250A 6.50
RG3-1250A 35.00

RR3-250 15.00
RR3-1250 35.00
SIIEI2  38.00
$104-2K  10.00
SC1/1300  6.00
SP6 3.50
STV280/40 11.95
T82-5/30C 95.00
T82-300 195.00
T83-750 115.00
T83-2000
450.00
1812-300 395.00
T8L2-50 495.00
TDO3-10/D/E/F
35.00
TS 45.00
1121 45.00
722 39.50
TT100 69.00
TY2-125A 85.00
TY4.400 B85.00
TY7-6000A
600.00
TY! W
365.00
ul9 9.50
u26 0.90
uds 3.50
udr 9.00
U4l 6.95
J50 2.00
us2 3.00
ui9 0.70
u192 1.00
193 1.00
u2s 2.50
uso 3.50
UABCBO  1.00
UAF42 1.95
uBC4l 3.95
uB(81 1.50
U8BF80 0.60
UBF89 1.00
usL21 175
uc92 1.20
uccsa 0.70
ucess 0.60
UCFB0 1.00
UCH21 2.50
UCH4) 2.50
UCH42 395
UCH8] 1.00
ucLs2 1.75
ucLss 2.50
UF4) 225
UF42 2.25
UF80 175
UF85 1.20
UF89 2.00
JL41 10.00
UL44 3.50
uLs4 1.50
uLss 0.85
uus 3.50
uus 6.00
uu? 8.00
uus 9.00
NEL 350
UYBS 0.70
V235A/1K
250.00
V238A/1K
295.00
V246A/2K
315.00
V241K
195.00
V453 12.00
VLS63 10.95
VP4B 9.50

VRI01 2.50
VRI05/30 2.50
VR150/30 2.50
vu39 2.50
w21 4.50
W6 4.50
w77 5.00
WEBIM 4.50
w739 1.50
X24 4.50
X4 4.50
X66/X65 495
X76M 1.95
X(24 1.50
XC25 0.50
XFWA7 1.50
XFW50 1.50
XG1-2500 75.00
XL628FT  7.50
XNP12 2.50
XR1/1600A
9.
XR1/3200A
M.
XR1-6400A
149.50
6.95
) 75.00
YJ1060  265.00
YL1020 4250
YLI060 195.00
YLIO70 195.00
YLIO7T 195.00
YLIZ90  65.00
277 1.20
6.00
02C 12.00
2359 9.00
Z520Mm 4.00
2700U 9.50
759 19.85
2803y 18.95
ZA1000 1250
ZA 1.50
ZM1001  12.00
IM1005  8.00
ZM1020  6.00
IMi021  8.00
IM1023 795
ZM1041  14.00
IM1082  9.00
ZM1084  10.00
IMINT75 650
IMIN77 900
IM1202  55.00
IMI1263  4.00
1A3 4.50
AE4 3.50
1AX2 3.50
822 10.00
827 55.00
1835A 45.00
1B63A 75.00
K3 250
N5GT 2.50
P28 25.00
RS 0.90
1.50
T4 1.00
U4 1.5
1.00
X25 2.50
2A3 16.50
2AS15A 1150
287 2.50
2822 69.50
2036 70.00
3(39A 3250
2039BA  39.50
2€40 37.00
2042 29.50
2043 60.00
25 2.50
Y5 1.50
2021 1.95
2021w 3.15
2E22 49.00
2E26 195
255 295.00
2K25 35.00
2K25RAYTHEON
75.00
2K26 95.00
K29 250.00
2K48 140.00
K56 250.00
2X2A 5.00
JAN078 12.00
3A/108A  9.00
3A/1098  11.00
3A/1108  12.00
JA/141K  11.50
3A/146)  1.50
3A/147) 150
3A/167M 10.00
JA3A 3.95
3A4 110
3A5 4.50
3AT2 335
3822 25.00
3824 12.00
3826 24.00
3828 15.00
BZ6 1.50
348 39.50
3CX3000A7
650.00
1.50
aD21A 2950
322 49.50
329 39.50

3H 0.40
3).170E 1450.00
3 0.40
3Q4 2.50
4-65A  75.00
4-250A  85.50
4-4000  87.50
4-1000A 425.00
4832 35.00
4B/5518 125.00
4BQ7A 1.75
4826 1.95
4028 25.00
4035 145.00
4XC125¢C
EIMA 150.00
4(X2508 45.00
4(X2508M
65.00
ACX250K
EIMAC  115.00
4(X250R
AMPEREX
125.00
4(X350A 100.00
4CX350F 95.00
4CX1000A
425.00
40X15008
475.00
4CX5000A
1000.00
4D21/4-125A
85.00
4D32 125.00
4657 225
46V7 2.25
4J6A 2.95
4KTé 1.50
4X150A  35.00
4X500A  350.00
SA/102D  9.50
SAI52M  9.00
SA163K  10.00
SA170K 6.25
SA-180M  9.00
5A-206K  10.00
58-110M 10.00
5B-254M 14.50
5B-255M 19.50
5B8-256M 15.00
5B-257M 15.00
58258M  14.50
522 125.00
5CLBA 2.50
SJIBOE  1950.00
58 295
5R4G8 5.50
SRAGY 495
5T4 595
5T8A 1.95
5U4G 4.50
5U4GB 4.50
5v46 2.50
5X4 4.95
SY3GT 1.95
523 450
524G 2.50
63012 0.70
6A/203K  9.00
6A7 4.95
6AB 1.50
6AB7 4.50
6ACTWA  2.00
6AGS 2.50
SAG7 195
6AHb 3.50
bAJ4 3.50
b6AJ7 2.00
bAKS 1.95
6AKS 2.50
SALS 0.85
bAMA 328
6AMS 6.00
bAME 195
6ANS 4.50
GANBA 450
6AQS 175
6AQ8 1.00
6ARS 5.95
6ASS 1.50
b6AS6 2.50
bAS7 4.50
6ATS 195
6ATB 175
6AUAGT  2.00
6AUSGT 450
bAUS 0.95
6AVE 1.95
GAWBA  3.50
bAX4 195
6AYIB 1.95
b6AZ8 4.50
6B8G 1.50
6B10 1.95
6BA6 1.50
6BA7 4.50
6BABA 350
6B(8 085
6BES 1.50
6BG6G 3.00
6BH6 1.95
6BH8 1.50
6BJ6 1.50
6BK4 6.50
6BL6 85.00
6BL8 1.5
68M6 115,00
68N6 1.65
6BN8 395
68Q5 0.95

6BQTA
6BR7
6BS7

6F28
6F32
6F33
6FHS
6FH8
6FL2
6FQ7
6GES
6GHBA
6GJ7
6GK6
6GM6
6GS7
668
6GW8
66YS
6GY6
6H1
6H6(
6HB7
SHF8
SHMS
6HQS
6HS6
6HS8
6HZ6
6)4
6J56T
66
67
6J76
8JB6A
6JE6C
6IMb
6JUBA
6)56C
K7G
6K8G
6KD6
SKGOA
6L1
8L6G(
6L6GC USA
6L6GT
L7
6L1S

1.50
4.95
5.50
5.35
1.50
2.50
295
1.50
1.95
3.50
1.50
4.95
495
350
395
195
4.50
1.95
450
6.95

150
1.95

350
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6U7G
6UBA

6V66
V66T 1.95
6W4G 1.95
6Y66 3.95
XN 1.00
6X4 1.50
6X5GT 1.00
6X5GTY  1.00
6XBA 225
A6 4.50
7AU7 1.50
786 3.50
787 2.50
708 4.50
n? 5.50
X7 7.50
n 1.50
7Q7 4.50
Y4 2.50
888 2.50
8810 2.50
88Q5 1.95
8(W5 1.50
8EBBE 1.50
8FQ7 1.95
1002 1.25
100€7 2.50
100X8 2.50
10E88 1.95
10EW7 295
10F1 0.75
10GKs 195
10tP4 2.50
11E3 55.00
IR3 5.50
2A6 395
12006 1.50
2AE6 5.50
12AHIGT 495
12AL5 1.00
12ATé 1.25
12A7 115
12AT7WA  2.50
12AU6 1.50
12AU7 0.85
12AVa 1.95
12av7 2.50
12AX4GTB 1.50
12AX7 0.95
12AXTWA  2.50
12AX7S  71.95
12AY7 3.95
12844 4.50
12BAS 2.50
128E6 1.95
12BH7A  3.50
128L& 175
128R3 1.95
12BY7A 3.50
1208 2.50
12CAS 1.95
120X6 1.20
120088 3.50
120W4A  3.50
2025 3.95
121 19.50
2k 38.00
2FX: 195
1 2GN7 395
1 2GH7 3.95
2156 3.95
76T 3.50
A2 2.95
KGE 1.50
K8 1.95
KU7 1.95
125757 1.50
125A7GT 195
12567 475
125K7 195
128)7 1.50
12SN7GT  1.85
125W7 350
125Y7 4.50
12X4 1.95
1307 3.20
130€7 2.50
3DR7 2.95
1361 145.00
13EM7 3.50
486 4.50
|4R7 3.50
I5€
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PRICELIST

248 39.50
24B9 39.50
25BQ6 1.75
250Q68  2.95
251667 175
29C1 19.50
29KQ6 6.50
30(15 0.50
3017 0.40
30C18 1.48
0FL2 135
30FL12 0.95
30FL13 1.10
30FL14 1.25
30L1 045
30 0.60
3our 0.60
30P4MR  1.00
30P12 1.00
30P18 0.60
30P19 1.00
30P1 250
30PL13 0.60
30PL14 175
31156C 5.50
JA/158M 19.50
35A3 3.95
35A5 4.50
35C5 4.50
35L6GT 2.00
3523 1.95
35Z5GT  3.50
38HE7 5.95
40KD6 5.50
42 6.95
47 6.00
50A5 1.50
5085 1.95
50C5 095
50CD6G 1.95
SOEHS 1.50
501Y6 295
53KU 450
7581 3.50
75¢ 4.50
80 4.50
83 8.50
83A 7.50
B5A1 6.50
85A2 2.95
Q0AV 17.50
90C 350
990G 17.50
00V 17.50
91A 9.00
92AG 19.50
92AV 19.50
95A1 6.50
100E1 10.00
108C 2.50
15082 6.50
S0CIK 9.00
15002 2.50
50C4 2.50
18587 1.50
2 25.00
2300 15.00
210 15.00
250TH  150.00
307 5.00
328A 15.00
5728 65.00
705A 12.50
713A 25.00
J23A/8 7500
724A 275.00
7254 275.00
T26A 75.00
801A 15.00
802 25.00
803 14.95
805 59.00
807 3.50
81 15.00
B12A 35.00
B13 Philips
35.00
813 27.50
8298 14.50
833A 95.00
845 59.50
B66A 8.50
872A 20.00

955 1.00
1849 315.00
1927 25.00
2040 25.00
2050A 5.95
2050w 6.50
4212H  250.00
4471 35.00
4687A 9.50
5544 79.50
5559 55.00
5636 5.50
5642 9.50
5643 9.50
5651 2.50
5654 195
5670 3.25
5672 4.50
5675 28.00
5678 7.50
5687 4.50
5696 4.50
5702 3.50
5704 3.50
5718 6.15
5725 2.50
5726 2.50
5727 2.50
5749 250
5750 1.85
5751 295
5763 6.50
58144 3.2
5823 9.50
5829WA  6.50
5840 3.50
5842 11.00
5847 10.95
5863 95.00
5879 9.50
5886 13.95
5894 39.50
5899 4.50
5963 1.75
5965 2.15
6057 375
6058 2.50
6060 225
072 6.95
6080 8.50
6080WA  9.50
6132 10.50
6136 250
61468 9.50
6146W 12,50
6155 72.00
6156 72.00
6157 2.50
6158 3.20
6189 4.50
6201 6.45
6350 350
6360 4.50
6386 14.50
6442 75.00
6463 1.50
6550 8.50
65504 GE 10.95
6550 RCA 15.00
6870 11.50
68838 9.95
6973 7.95
7025 2.50
7025¢ 6.95
7027A 8.50
me 9,00
7189 5.50
799 1.50
7247 495
7475 5.00
7486 155.00
7527 85.00
755 8.50
7581A 9.95
7586 15.00
7587 19.50
7591A 6.95
7815 59.50
7868 7.50
7895 17.50
8156 9.95
8950 10.50

8042 10.50

CALLERS WELCOME
OPEN MON-THUR 9AM-5.30PM
FRI 9AM-5.00PM
"24-HOUR ANSWERPHONE
SERVICE"
ACCESS & BARCLAYCARD

PHONE ORDERS WELCOME
UK ORDERS P&P €1
PLEASE ADD 15% VAT
EXPORT ORDERS WELCOME
CARRIAGE AT COST
PLEASE SEND YOUR
ENQUIRIES FOR SPECIAL

QUOTATIONS FOR LARGF
REQUIREMENTS




Alan M. Turing

This is a feedback of the feedback
on Turing in the April 1988 issue
of EWW.

By a computable number we
mean a number such that, given
any accuracy except the exact
value, we can compute this num-
ber in a finite number of steps to
within this accuracy. In this
sense there is no difference be-
tween integers, rational num-
bers or irrational numbers. An
integer can be harder to compute
than an irrational number.

To avoid arguments, to which
the obvious reply is: “Well, just
double the memory capacity of
the computer and double the
length of the tape”, the Turing
machine has an infinite memory
capacity and uses an infinitely
long tape.

There is nothing wrong with
the mathematics of Alan M.
Turing.

Lars Odlund
Falun
Sweden

Real and
Imaginary

In my November letter | men-
tioned some mathematical in-
sights about vectors and complex
numbers which were developed
about the turn of the century.
“Joules Watt's" response (Febru-
ary letters). raised some matters
which actually illustrate my
points.

First the amplitude and refer-
ence phase of a phasor constitute
a 2-D vector. Phasors add vector-
ially, but they do not have vector
products. The entities which
transform the phasors represent-
ing the current or voltage at one
point in, say, a ladder network
into those representing the cur-
rent and/or voltage at another
are 2-D vector operators, which
rotate and re-scale the original
vectors. They include transfer
impedance and admittance oper-
ators, and also operators which
relate currents to currents, and
voltages to voltages (See L.E.
Weaver, WV Sept. 1982, pp. 71).
Vector operators can be multi-
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plied together to give other vec-
tor operators, and provided they
combine to transform between
sensible pairs of phasors the pro-
duct will have a valid physical
interpretation. Thus products of
transfer admittance and impe-
dance operators relate currents
to currents or voltages to vol-
tages, depending on operator
order.

The 2-D vectors characteris-
ing phasors on the one hand, and
the 2-D vector operators charac-
terising transfer (and ordinary)
impedances, etc. on the other,
can both be represented mathe-
matically by ordered number
pairs, but physically they are
quite distinct. Visualising com-
plex numbers in terms of an
Argand diagram helps in under-
standing how they can
characterise phasors, but gives
no help whatever in understand-
ing how they can characterise
vector operators. In three
dimensions vectors and vector
operators require obviously
different mathematical charac-
terisations. What we have above
is a 2-D analogue of the fact that
in three dimensions triads of
numbers can characterise both
3-D vectors and 3-D vector pro-
ducts. which again are physically
distinct.

For reasons best known to
himself Joules Watt accuses me
of wanting to throw out mat-
rices. When multiplied together
matrices give products depen-
dent on the order of the factors.
Suppose we consider two third
order matrices A and B, with
non-zero determinants, which
have the product C, i.e. C=AxB.
Since C, like A and B, is a third
order matrix with a non-zero
determinant, A is the ‘post-ratio’
of CtoB,i.e.CxB ', and Bisthe
‘pre-ratio’ of C to A, i.e. A 'xC,
which is usually different from
the “post-ratio' of C to A, CxA .
The reason why one can't form
such ratios of three-dimensional
vectors is not because vector
products don’t commute, but be-
cause the pseudo-vector product
of two vectors simply isn't the
same sort of animal as the vec-
tors from which it is formed.
C.F.Coleman
Grove
Oxfordshire

FEEDBACK

Atomic
fission

| was surprised to find from H.
Aspden’s April letter that he
doesn’t know what the Moss-
bauer effect is. It refers to the
phenomenon that in solids re-
sonant absorption of nuclear
gammar radiation can some-
times occur with no recoil shift.
In  Mossbauer measurements
Doppler tuning is used to com-
pensate, not for energy losses
arising from nuclear recoil, but
for minute changes in the ener-
gy of the absorbed or emitted
radiation arising from the differ-
ent environments of the emit-
ting and absorbing atoms within
different solids. For this purpose
the velocities available from
loudspeaker cones are adequate.
Resonance measurements have
been made on a few of the many
nuclei which show now signifi-
cant Mossbauer effect, but these
measurements required the use
of something like a high speed
rotor to compensate for the
nuclear recoil. Unfortunately
the Doppler techniques are
effective only over very small
solid angles.

He goes on to talk about
"...two species of atom that are
driven into instability...".
However nuclei which are iso-
topes of the same elements are
just as varied in their binding
energies and energy level struc-
tures as are nuclei containing
the same number of neutrons,
but different numbers of pro-
tons, and have as strong a bias
in favour of having even num-
bers of protons and neutrons,
Anyone familiar with nuclear
structure will be aware that the
protons and neutrons in nuclei
show independent shell closure
phenomena analogous to those
shown by atomic electrons.
However the numbers associ-
ated with the closure of ‘shells’
of protons and of neutrons bear
no simple relationship to those
associated with the closure of
the electron shells of atoms, and
it is the latter numbers which
determine the chemical classi-
fication of the elements embo-
died in Mendeléeff's Table. A
particular nucleus is likely to be

stable if it is more tightly bound
than the nuclei which are re-
lated to it by exchanging one
patron for a neutron, or the
converse. Even if the ether
oscillations Dr Aspden post-
ulates were shown to exist, to
affect proton binding, and not to
affect neutron binding, 1 doubt
whether they would produce
more than a tiny fraction of the
effects associated with the nuc-
lear shell structure.

C.F. Coleman

Grove

Oxfordshire.

Rupert and his
PALS

On your Comment column in
the August issue, may | respect-
fully suggest that Rupert Mur-
doch has it right and that your-
self and BSB are out of touch
with viewers needs.

Take radio, for example: after
25 years of f.m. broadcasting, the
BBC is still trying to persuade
people to give up medium wave
and go for f.m.

A walk down any shopping
precinct on a Saturday afternoon
will show the quality of colour
pictures that the layman is happy
to accept. If anyone in BSB
thinks that the public is going to
scrap its terrestrial PAL receivers
en masse for the dubious advan-
tage of no colour subcarrier pat-
terning, they are living in cloud-
cuckoo land! The most likely
outcome would be a black box to
convert from (X)MAC [where
X=C.D.D2,E.S, etc., etc.] to PAL
to feed their existing receivers —
i.e. back to square one, negating
the so-called MAC advantage and
at the cost of two standards con-
vertersand a 12GHz LNB.

There is but one reason for
using MAC, and that is its ability
to be scrambled with a very high
level of security.

To existing satellite viewers
who are already set upon 11GHz
like myself and many others, it
will be BSB that will be the odd
man out, not Rupert Murdoch
and SKY.

Finally, the wide use of video
libraries suggests that the public
is quite happy with the lower-
resolution picture that is gener-
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ally attainable on the average
v.c.r. Apparently, PAL as broad-
cast is better than they seem to
require: how, therefore. can any-
one justify the extra cost of MAC
and/or h.d.tv?

D.S. Jones

Pontardulais

Swansea

Human word
processing

John Wilson’s Research Notes
report (June. 1988) on the work
at St Louis on brain patterns
involved in human word-
processing could explain some-
thing | had noticed a number of
times when | have been reading a
bedtime storv to my three year
old son, Mark. There have been
occasions, particularly when |
am tired, when | have found that
after beginning the story reading
aloud with ‘understanding’ |
have been amazed to tind myself
later thinking about something
else quite ditterent even though |
was continuing to read the story
aloud. | wonder if other parents
have had asimilar experience.

The phenomenon fits in very

well with the following para
graph taken from page 623 of
your June issue.
“When we read something aloud,
the visual centre recognizes the
word and passes it straight to the
speech centre without any men-
tal ‘hearing” or ‘understanding’
going on in between."

Perhaps if other parents had
reported this earlier. it would
have taken so long to cast doubts
on the nineteenth century model
of the brain’s activity.

David F. Haslam,
Stockport
Cheshire

Moving-coil
head amplifier

| found Mr Nalty's letter in the
August issue a disappointment,
though admittedly not an unex-
pected one. In my letter in the
June issue | directly challenged
him to be more specific in his
speculations about instdious au-
dio impairment, so that they

' FEEDBACK

could be tested for existence.
Regrettably he appears 1o be un-
abletodoso.

I therefore remain uncon-
vinced that dielectric absorption
has any relevance to a
competently-designed audio cir-
cuit. If | may repeat myself, can
any Subjectivist provide a
hypothesis as to how an audio
signal can be modified by this
effect? It is I think not unreason-
able to ask for a diagram of how
the waveform is moditied, so |
shall know what to look for.

As for why Mr Nalty’s custom-
ers profess themselves happy
with his £10 resistors, 1 suggest
the answer lies in psychology
rather than technology. Few
people are prepared to admit to
themselves that they have heen
made fools of, if there is any way
of avoiding the issue. Psycholog-
ists call this “avoidance of cogni-
tive dissonance” and while the
jargon may he recent the result is
as oldas humanity.

1 regret that | find Mr Nalty’s
list of references unconvincing
Repetition does not constitute
verification, and the fact that he
has been saying the same thing
for some time does not make it
true. For example, reference 4
(August) confuses series with
shunt feedback, and reference 7
contains the statement “Harmo-
nic distortion measurements
have no direct relevance at all to
sound quality” from which | can
only assume that he has never
used a telephone. Similarly. for
Mr Nalty to claim that his ears
are "the best instrumentation of
all” strikes me as downright silly,
as | contemplate my Audio Preci-
sion. which effortlessly resolves
down to 0.0005% under compu-
ter control. [ should be happy to
try the same measurements with
Mr Nalty’s ears, if he is prepared
to submit to the surgical proce-
dures involved.

Mr Nalty then administers the
coup de grace to rationality hy
insisting that scientific measure-
ments “are only valid provided
they reinforce the judgements
made with our own ears”. Or
alternatively. only valid if they fit
pet theories and hidebound pre-
conceptions.

To summarise. the bhasic prob-
lems for Subjectives remain
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much as they have done. There is
achronic lack of hypotheses suit-
able for experimental testing. By
now any impartial observer must
have concluded that this is be-
cause to put forward a mechan-
ism is simply to invite embar-
rassment when it turns out not
to exist. There is no help what-
soever from the huge body of
knowledge that is psychoacous-
lics; experiments on aural
perception, carried out all over
the world, and endlessly repli-
cated and confirmed, show
heyond doubt that the human
ear functions strictly within the
known laws of science. There are
too many internal contradic-
tions, e.g. esoteric speaker cables
that vary wildly in their con-
struction — just about any con-
figuration that conducts elec-
tricity has its devotees. This
alone strongly suggests that no
real physical effect is involved.
Subtraction tests prove bevond
cavil that the imperfections of a
competent amplifier are inaudi-
ble when presented alone. They
are clearly doubly inaudible
when masked by the main signal.
And finally. no help at all from
the likes of Peter Belt

Douglas Self

Forest Gate

LondonEI15

The Catt
Anomaly

I see you have provided your
readers with some more thought
provoking entertainment from
Ivor Catt. His Anomaly appears
yet again in a contribution to the
letters columns (August, 1988
issue). Amongst other things the
Anomalous Catt says “since we
are discussing a transverse elec-
tromagnetic wave, all electric
flux is in the plane normal to the
wires”. This is rubbish. Because
there is a potential difference
hetween points on the wires be-
fore and after the step wavefront
there must be a potential gra-
dient and a component of elec-
tric field parallel to the wires, as
well as normal to them. It does
not take a great deal of genius to
appreciate that it is this parallel

component that accelerates the
surface electronics to the net
drift velocity they have once the
wavetront has passed.

Perhaps Mr Catt might
address another aspect of his
anomaly. Let us assume for sim-
plicity’s sake that before a wave-
front passes there is no potential
difference between the wires and
no current in either, and that
afterwards there is a potential
difference between the wires and
that they then carry equal and
opposite currents. Considering
one conductor only, we have a
situation in which current is
flowing into one end of any sec-
tion of wire touching the wave-
front, but no current yet flowing
out the other end. The result
must be a change in the total
charge on that section of wire.
Since Catt insists that this cur-
rent cannot be the source of the
required extra charge on the
conductor surface at the wave-
front, we now have another puz-
zle —where is this current going?
We now have not one but two
mysteries: (a) charge appearing
from nowhere, and (b) charge
disappearing to nowhere. This is
all at the same time and in as
small a section of conductor as
we care to examine in the region
of the wavetront. Not only that,
but the charges just happen to be
equal. Very anomalous indeed!
Alan Robinson
Bounds Green
London N11

Patents

The article in your March 1988
issue, entitled “Variations on the
Theme of Patents,” by R.J. Red-
ding. purports to describe the
outcome of patent litigation in
the United Stales involving a
“small company” in Colorado
that evolved a new flowmeter
based on Coriolis forces. While
the name of the company is not
stated, those who know the story
of Coriolis mass flow meters will
recognize it as Micro Motion,
Inc. of Boulder. Colorado. The
article is incorrect, unfortunate-
ly. in asserting that “the patents
were not upheld” in the United
States patent litigation it de-
scribes.
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Actually, the defendant stipu-
lated that the patent claims in
suit were valid for purposes of
the suit, so that the only issue
tried before the jury was the
question of whether they were
infringed. While the jury verdict
was adverse to Micro Motion, the
court set it aside because of
prejudicial irregularities in the
trial and has ordered a new trial.
The new trial has not yet been
scheduled, but we expect it will
ensue within this year.

Dennis G. Perkins

President

Micro Motion, Inc.

Boulder

Colorado

USA

L e SR "

A.m. stereo

Re your discussion of a.m. stereo
in your latest edition, (page 415)
“A.m. stereo or hi-fi?", you make
a statement that “However, this
system (Kahn/Hazeltine) did not
show up well in the various field
trials.” Unfortunately. this is in-
correct.

The field trials that were con-
ducted in the United States were
of two different types. On-the-air
tests were conducted by four of
the five a.m. stereo system com-
petitors under the control of
these proponents and in the case
of the fifth system, the Kahn/
Hazeltine system, on-the-air
lests were under the complete
control of a.m. broadcasters. In-
deed. of the ten stations that
conducted field tests on our sys-
tem, nine were highly positive
and a tenth station, which
turned out to be controlled by an
engineer who was closely associ-
ated with the Motorola en-
gineers, gave us mixed marks. |
believe that you will agree that 9
out of 10 highly favourable re-
portsisapretty good score.

But something strange hap-
pened to these reports. The re-
sults of the on-the-air tests of the
Kahn/Hazeltine system were
sent to the FCC, not by Kahn
Communications, but by the in-
dividual stations. Somehow they
did not get into the proper FCC
files and, as a result, were given
no weight by the FCC. Indeed. if
you examine the FCC's final Re-
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port and Order you will find that
they give our system no credit for
test results covering a number of
facets of a.m. stereo perform-
ance. Neither Kahn nor Hazel-
tine submitted test data because
the information had been sub-
mitted by the stations that
actually did the testing. Those
independent broadcasters in-
cluded some of the most presti-
gious broadcast groups in the
country, such as ABC. RKO
General, etc.

The facts are that the test. like
actual on-the-air experiences
throughout the US., prove that
the independent-sideband
(i.s.b.) Kahn/Hazeltine system
provides vastly superior per-
formance over the Motorola sys-
tem. The i.s.h. system also has a
well confined spectrum and Joes
not degrade mono reception.

We expect that in the near
future stations will be operating
with the Kahn/Hazeltine system
in Europe. Accordingly, your
readers will be able to make their
own judgements regarding the
advantages of independent
sideband operation. As you well
know. Europeans have already
made plans to convert medium-
wave a.m. broadcasting from
double-sideband to single
sideband. Since our form of
stereo is a step toward that goal,
its implementation should make
the transition more graceful and
more expeditious. Indeed. our
i.s.b. stereo system is not only
compatible with conventional
a.m. receivers, but it can also be
received with conventional
independent-sideband, reduced-
carrier type receivers. Such dual
compatibility is needed if the
public is to be convinced to con-
vert their receivers to the opti-
mum form of amplitude modula-
tion. i.e., s.s.b. for monophonic
reception and independent side-
band for stereo reception.

Possibly the most convincing
argument | can ofter concerning
the question of which a.m. stereo
system is superior is that all
Motorola a.m. stereo-decoder in-
tegrated circuits incorporate cir-
cuitry which causes the receiver
to revert to mono operation
under even moderately disturbed
receiving conditions. Converse-
ly, the optimum a.m. stereo
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radio for the Kahn/Hazeltine sys-
tem remains inits stereo mode at
all times and under all condi-
tions. Indeed, receivers for the
Kahn/Hazeltine system offer im-
proved performance during re-
ception of weak mono signals.
The reason for this improvement
is that in i.s.b. stereo receivers
adjacent-channel interference is
caused to appear “off stage” to
the far left or right, providing a
signal-to-interference improve-
ment via the “cocktail party”
effect. Furthermore. if the stereo

receiver is equipped with a “ba- |

lance control”, you can turn the

control fully in one direction and |

effectively “turn off” the adjacent
channel. Thus, equipping listen-
ers with independent-sideband
receivers should certainly be an
important by-product of im-
plementing the Kahn/Hazeltine
a.m. stereo system in Europe.

Since the basic strength of
a.m. broadcasting, vis-a-vis f.m.
is its coverage, any stereo system
that improves coverage, rather
then degrades it, certainly
should be welcomed by forward
thinking broadcasters.

Leonard R. Kahn,

President,

Kahn Communications inc.,
New York, USA.

e e
Perpetuum
mobile

It is commonly thought that you
can have perpetual motion if
energy can be conserved in a
system. That is algebra. What of
physical mechanisms?

If we accept the need for an
aether theory, perpetual motion
seemingly occurs in the ground
state of atoms (and supercon-
ducting crystal lattices) by the
eternal exchange of virtual
photons hetween the orbiting
electron and the aether.

But it all depends upon the
mechanisms for gravity: it is my
conjecture that gravity is related
to field density of virtual photons
diffusing from dense matter (and
speed ¢ bhecause of zero rest
mass). A quantitative calculation
would involve consideration of
‘tunnelling’ — escape of a few

virtual photons even in the

ground state of matter, explain-
ing the relative intensities of
electromagnetism and gravity,
always altractive, and such a
weaker tlux.

Soyou cannot have the ideal of
absolute perpetual motion be-
cause of the need for gravity-flux.

P.J. Ratclitfe,
Stevenage,
Hertfordshire.

s,
Invention

I am very pleased to have been
given the opportunity to reply to
the letters which were published
In response to my article in the
EWW of March 1988. and am
very pleased also with the way
these letters serve to comple-
ment my ownwords sowell.

Regarding the letter from
H.W .Shipton, published in the
July edition, this is very valuable
in showing the depressing fact
that the written word is very
limited when it is intended to
pass on information in an accu-
rate way and, with the greatest
effort made to avoid any sort of
ambiguity, to forestall any mis-
understanding in the mind of the
reader.

As far as the writer of letter is
concerned. my attempt seems to
have failed since. apparently by a
process of selective comprehen
sion, he managed to miss several
times the point | was making.

In case there were other read-
ers with the same difficulties, |
therefore would like to re-
emphasize these major points.

Regarding inertial navigation,
I had tried to point out the loss to
the RAF and also allied forces in
that, as a result of closing the
door on my ofier of contribution
to the solution of navigation
problems, the value of my design
effort was not even tested.

As a result, not only was the
possibility of success removed.
but so also were the spin-offs
which would undoubtedly have
resulted trom such work not only
by myself but also by any likely
collaborators in the effort, with a
loss to the war effort and also the
future UK economy.

Regarding the last paragraph
of the letter, I fully agree that
performing such activities as

ELECTRONICS & WIRELESS WORLD



mentioned can be harmless fun:
but in the relevant paragraph of
my article | had tried to compare
the scale of values shown by
reards in the successtul R&D in
the medical field, and the vastly
higher reward for the undoubted
pleasure of achieving a high
standard in some sport, iLe. a
scale of values and priorities
which. in my opinion, is damag-
ing to the R&D effort, the status
of the inventor, and thus to the
economy and success of British
industry.

Most of my article was devoted

to stressing the fact that, howev- |

er great the R&D component ina
patented invention s, it is mostly
ignored and the invention s
nearly always represented as no-
thing more than an idea. fol-
lowed by an automatic express-
jon of doubt whether it would
have worked or would have been
capable of execution at the time
of conception.

This, | found, was also always
accompanied by the premise that
my abilities to overcome any
such ‘predicted’ difficulties were
just as limited as were those of
other people who found the
problems insurmountable: sug-
gesting that, if it could not be
done by ‘them,” then it was im-
possible, and any assertion on
my part that ‘1" could have, or
indeed already HAD done it, was
treated by some as the boasting
of a crank. and systematically
ignored.

Eventually, after putting up
with this for more than fifty
vears, 1 finally lost my patience,
and decided. in the full glare of
publicity. to put to the testwhat |
could do in comparison with the
rest of the world, utilizing the
concept of the "U-Plane’ for this
purpose, and for once pulled out
all the stops. This test is now on
the boil. and, whatever the re-
sult. I sleep soundly. There are
two possibilities now, either Lam
wrong — which | can live with
or | am right, in which case the
effect upon the navies of the
world, and NATO, will be a fatal
degree of obsolescence, and a bill
amounting to billions of dollars.

So, any bets on the outcome?
Capt. Heinz Lipschutz,

Rhoose,
Glamorgan.

' Relativityona
soapbox

| 1 was fascinated by the letter of
Tavlor and Yau in the July issue
of EWW (pp. 682-683). Introduc-
ing themselves as ‘students of
physics” they imply that those
who attack Einstein's relativity
are ‘soaphox’ preachers who offer
nothing to show why all the prior
data in fact support one’s claim
in preference to the theory under
attack.

1 was a student of physics in
1946, in my first year at Man-
chester University. In that vear |
purchased a hook, printed in that
same vear, entitled Modern Phy-
sics. It was written by a well-
known Professor of physics, HLA.
Wilson, a former Fellow of Trin-
ity College, Cambridge. 1t gave
me my first real introduction to
Einstein's theory. The preface
declared that the book presented
a concise but inteiligible account
of no more than a serious stu-
dent of physics ought to he famil-
iar with when he bhegins to spe-
cialize on some particular
branch. It did not preach the *flat
earth” theory mentioned by
Tavlor and Yau and was certainly
not soapbox preaching. Indeed.
it included a concise mathema-
tical treatment of Einstein’s de-
rivation of the equation for the
perihelion motion of planet Mer-
curv, showing that in Professor
Wilson's opinion a serious phy-
sics student. even one not spe-
cializing in that topic. should not
only have heard of that aspect of
General Relativity but under-
stand it in some depth.

What | discovered from the
| first chapter of the buok was that
E=Mc* and the formula for mass
increase with speed were fully
explicable in terms of classical
electron theory. Messrs Taylor
and Yau quoted Bucherer’s 1909
experiment on the velocity de-
pendence of electron mass, no
doubt having in mind that Ein-
stein's work on this dated from
1905. lowever, in 1946 this
texthook | was learning from,
besides giving due credit to
Bucherer, did mention the ear-
lier 19th century experiments of
Kaufmann. which were the basis
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of J.J. Thomson's pre-1904 ex-
planations of the tendency of
electron mass towards infinity as
lightspeed was approached.

It was by being taught that
Einstein's theorv was not the
only way of interpreting such
phenomena that 1, and no doubt
Dr Essen, could be alert to weak-
ness in the Einstein position. Itis
a great pity that the fruits of
research endeavour probing
these weaknesses can he now be
regarded as ‘soapbox’ preaching
when heard by students who
should. in view of their vouth, be
prepared to encounter a future
that could well reveal something
hasically new in their chesen
field. namely physics.

This letter would hecome
rather tengthy it [ were to try to
satisfy the challenge posed by
Tavlor and Yau of explaining why
| believe that all the relativists
are wrong. | end. therefore, by
making two comments. Firstly, a
conference is to be held at Impe-
rial College in London trom
16th-17th September. The sub-
ject is ‘Physical Interpretations
of Relativity Theory'. The reader
may well wonder what Einstein
has done to us if 83 vears after
presenting his theory we have to
meet to discuss how it is to be
interpreted in a physical sense. It
we do not know that then we
should not be teaching the sub-
ject to undergraduates. We do
not have meetings to discuss the
physical significance of Newton's
laws, because they are expressed
in physically meaningful terms.
Secondly, speaking lor my own
contribution. | really believe that
my book Physics Unified pub-
lished in 1980 gave the scientific
alternative to Einstein’s theory

on all counts. In the light of what

Messrs Tayvlor and Yau say in
their EWW letter. T am wonder-
ing if [ would have done better in
getting my opinions heard by a
worthy audience had | used the
soaphox they mention. As it is. at
a meeting | attended in Canada a
few days before writing this, it
was gratifying to hear the praise
extended to EWHW for encourag-
ing contentious debate an ve-
lativity and on the taboo subject
of ether.

As a final aside and with the
Coleman letter on p.681 of the

July issue of EWIW in mind. 1
should like to give readers a
reference to a refereed paper
disclosing the full analysis of the
ether action in rendering the
elements promethium and tech-
netium unstable, therehy
accounting for their absence
from the Earth’s crust. This re-
ference to my paper is Hadronic
Journal, vol. 10, pp. 167-172
(1987).

. Aspden,
Departmenc of Electrical
Engineering,
University of Southampton.
Southampton.

Geography
again!

Thank vou for publishing my
note “Inventions™ in your July
issue.

For vour files, please note that
St Louis is in the State of Mis-
sourt, not Montana. It was my
error. as not even in America
does anyone understand the US
Postal Service's two-letter abbre-
viations.

Larold W. Shipton,

School of Engineering and
Applied Science,

Washington University in St
Louis,

Missouri.

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 avaried selection. Please do
not feel inhihited about starting
new hares for correspondents to
chase there is no need to
confine vour letter to matters
already mentioned in the journal
Ed.
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DIGITAL MULTIMETERS from £89

3% DIGIT 05" LCD

7000 HR BATTERY LIFE
0.1% BASIC ACCURACY
TRUE RMS

1000V DC 750V AC

Y | SINGLE SOURCE
CONTINUITY BUZZER FOR AIJL YOUR

ELECTRONIC CHEMICALS
from£99  FREQUENCY COUNTERS

r-------
J

NOW IN UK! |

Required reading for all service pro-
fessionals! Chemtronics latest cata-
logue is packed with over 200 top
quality chemicals and cleaning prod-
ucts. Includes CO, powered aerosol
range of high-purity solvents, flux

o 100MHz. 600Mhz, 1GHz, 1.5GHz
MODELS

3 GATE TIMES

RESOLUTION TO 0.1Hz

%" BRIGHT LED DISPLAY
MAINS/BATTERY

TCXO OPTION

LOW PASS FILTER

coatings. Also features wipers,
applicators, premoistened
pads/swabs, antistatic com-
pounds, lubricants, adhe-
sives, desoldering braids and
solder. Complete with technical
specifications and applications guide.

UNIVERSAL COUNTER-TIMERS frgm

FREQUENCY DC — 100MHz
RESOLUTION TO 0.001Hz
RATIO

PERIOD

TIME INTERVAL

CALL TODAY FOR FREE CATALOGUE AND SAMPLES.
Tel: (0322) 846886
(s:gg:\;/mcn Fax: (0322) 846549 Telex: 917667 CHEMUK G.

. sosaning I Chemtronics UK I

16 Swanscombe Business Centre,
I London Road, Swanscombe, Kent. DA10 OLH

- e s s
ENTER 12 ON REPLY CARD

removers, circuit refrigerants,
precision dusters and conformal

S00KHz and 2MHz MODELS
SINE. SQUARE. TRIANGLE. TTL
EXTERNAL AM

EXTERNAL SWEEP

030V QUTPUT

115V DC OFFSET

50 42 and 600 (2 O/P's

e 0.-20dB, -40dB ATTENUATOR

(E) EPROM PROGRAMMER

PAL PATTERN GENERATOR £199

i - P —— .
J \ 4
o FULL SELECTION PATTERNS
® VHFRUHF 1-2508/10ms 15-2764 749 43-8744
g 2-2508/50ms 16-2764A 30-87 44-8051
® RF. COMP. VIDEO. IRGB O/P's 3.2516/10ms 17-27128 31-8748H 45-8052"
e 55 6.0 65MHz SOUND 4-2516/50ms 1&2721’25/\ ;i 'ggn 46-80::4‘
5-2532/10ms 19-27256 3-8750+ 47-87C51
® SEPARATE OR MIXED SYNCS 6-2532/50ms 20-27256/21V 34.8741 48-63701V
® 1V ORTTL iRGB 7-2564/10ms 21-27512 35-8742 49-63701X
® VARIABLE VIDEO O/P 8-2564/50ms 22-27513 36-8041 50-63705V
9.2758 23-87C64 37-8042° 51-637052
@ INT/EXT SOUND 10-2716 24-87C256 38-8048" 52.63701¥
11-2732 25-8755 39-8049° 53-2816A
12-2732M10ms 2 A 40-8¢ 54-2817A
13-2732A/50ms 27-8355° 41-8751 55-2864A
14-2764-50ms 28-8748 42.875221V 56-EMULATOR

. . . . ataprice to suit any budget!
THE MODEL 18 PROM PROGRAMMER

* Types include 27C . . . parts: EEPROMSs now programmed!

* Supports our new EPROM Emulator.

* Automatic Data Rate setting 300-192000 Baud

* Two independent Communications Protocols built in. Use with
any host computer with RS232 port and Terminal Emulator.
our PROMODRIVER Advanced Features User Interface Package available for all

MS-DOS. PC-DOS and CP/M-80 computers.
* Fastinteractive algorithms automatically selected as appropriate

® 20MHz DUAL TRACE. COMPONENT
TESTER. £295

® 15MHz DUAL TRACE BATTERY
OPERATION £399

® 35MHz DUAL TRACE SWEEP

DELAY £399 * Upgradable for fulure types
® 50MHz DUAL TRACE SWEEP * Designed. manufactured and supported in the UK.
DELAY £579 +* Comprehensive User Manual
+ n.b. Devices other than 24/28 pin require low cost socket adapter.
NEW PRODUCTSI!
PRICES EXCLUSIVE OF CARRIAGE AND VAT. ALL PRODUCTS CARRY 1 YEAR GUARANTEE 8048/41 Cross assembler for MS-DOS ). Introductory Offer Price £99.50+ VAT |
FOR ILLUSTRATED DATA SHEET, PRICES, TECHNICAL ADVICE OR DEMONSTRATION CONTACT: EPROM EMULATOR 27161027512 £149.80+VAT EPROMERASER £93.50+VAT |

Writé or ielephone I_dr lurtﬁer_detéils:_

BLACK STAR LIMITED ELECTRONICS, UNIT 2, PARK ROAD CENTRE,
4 HARDING WAY, ST IVES B'de*Sfar miq MALMESBURY, WILTS SN16 OBX. Tel: 0666 825146

HUNTINGDON, CAMBS PE17 4WR.
Tel: (0480) 62440 Telex: 32762 ENTER 44 ON REPLY CARD

ENTER 28 ON REPLY CARD
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Remotely controlled RC
oscillators

Switched and fine frequency control for

bout 20 years ago [ designed a remote-
Acontrolled oscillator based on the

Wien-bridge with resistors switched
by reed relays. The aim now was to update
the design by using analogue switches and
investigate any alternatives that might prove
useful.

For a remote-controlled oscillator it is
convenient to switch the main resistors in
the frequency selective CR network. Thus it
is desirable to have a small amount of
variable resistance for fine frequency adjust-
ment.

In Fig.1, R, gives a relatively large fre-
quency shift when R is small and a relatively
small frequency shift when R is large.
Adjustment of R, also alters the gain re-
quirement for the maintaining amplifier so
that the signal amplitude varies when R, is
rotated. In Fig.2, R, gives a relatively small
frequency shift when R is small and a
relatively large frequency shift when R is
large. As before, the amplitude will vary as R,
is rotated.

These effects may be minimized by com-
bining the arrangements of Fig.1 and Fig.2
in both arms of the network and using a
four-gang potentiometer. The result is still
not ideal and is hardly suitable for remote
operation where, ideally only one compo-
nent is varied for fine frequency adjustment.

~ANOTI lER_APPROACH

A well known network which glves a phase
shift without amplitude change is shown in

Fig.3, where

V(,=(V| VF |n/18() 2tanwCR (1)
When w = 1/CR.i.e.f = 1727CR,
then V.=V, /90 (2)

This looked promising, since two stages
would give 180° phase shift. An inverting
stage would then give the overall 0° phase
shift required for oscillation. The problem in
this case is that we now have four variable
components if the frequency is to be varied
andyet be determined by f=1/2wCR.

From Fig.3 it can be seen that V'y and V,
are present on both arms of the network:
therefore only one arm is needed if op-amps
are used to obtain (V,-V) as shown in Fig.4.

The op-amp (Fig.4) can be thought of as
an inverting amplifier with common input
and output at point B - i.e. input is Vs,
output is —Vs,, and so relative to earth the
outputisV,—V,.

Alternatively, consider the amplifier as
non-inverting. with common input and out-
put at point A. Input is —V., and output
relative to point A is —2V,. The resulting
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resistance/capacitance oscillators

A.J.P.WILLIAMS

Fig.1. The variable resistor gives a large
shift in frequency when R is small and vice
versa.

| e

R2

EE

Fig.2. In this arrangement, R, gives a small
frequency shift when R is small.

\-"2 C ﬂ(‘:\ﬁ
\|"| Rl

Fig.3. Circuit arrangement to give phase
shift without amplitude change.

Vin

F-\
,.:,:
.l

output relative to earth is V,+V,—2V, or
V,=V,-V, as before. | prefer the second
method since it emphasises the fact that, as
far as phase shift inside the amplifier is
concerned, the amplifier has a voltage gain
of 2; i.e. only half the output is returned as
negative feedback.

Possible configurations using the basic
phase shifter of Fig.4 are shown in Fig.5-
Fig.8. In each case amplitude stabilization
has been omitted.

From equation (1),

V,=V, /180° ~2tan "'wCR

for the first stage of Fig.5. At frequencies for
which there is negligible phase shift in the
amplifiers, when f=1/27CR, V,=V; £90° so
V3=V ,/180°. Thus the inverting amplifier
makes V,=V,/0°the necessary condition
for oscillation. An advantage over the Wien-
bridge is that both frequency-adjusting re-
sistors are connected to the common line.

In the oscillator shown in Fig.6, the first
two stages give a 90° lag, which results in

'2V2

Vo= (Vv

.Vz

Fig.&. Op-amp version of Fig.3 circuit.

both frequency-adjusting capacitors being
connected to the common line: this is
convenient for a twin-ganged capacitor. The
circuit configuration shown in Fig.7 re-
moves the inverting stage, because the first
stage gives 90° lag and the second stage gives
90 lead when f=1/2wCR. Unfortunately, in
this case the d.c. output is in the wrong

Ry
A

Fig.5 Possible circuitusing the arrangementof Fiz.4.
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sense for direct coupling back in the input.

 EFFECT OFIMPERFECTIONS

In Fig.8. R, represents the series resistance
of any device that switches values of the
main capacitor C to give different frequency
ranges. R, is the effective inpul resistance of
the amplifier and C, is any parallel capaci-
tance across R.

Consider first the effects of R, only.

B 1+ [wC(R—Ry)*
Vo=Vin 1+ [wCR+R,)[

Al frequencies where there is negligible
phase shift in the amplifier the conditions
for oscillation will occur when the angle of
equation 5is 90°, i.e.

Let R.be 10% ot R, i.e. R.=0.1R; then

1410.90CR[?

Vo=Vin V T¥ 1 1wCR

e 1WCRR, | wCRR,
0°=180~tan " TR) (R, +R)
L wCRR, JCRR,
'_:9
or tan (R,,—R)-Han (R 4R) 0 (6)
180°—tan 'wC(R—R.)—tan " 'wC(R+R,) 3)
180°—tan"'0.9wCR—tan"'1.1wCR (4)

At frequencies where there is negligible
phase shift within the amplifier, the condi
tions for oscillation will occur when the
angle of equation (4} is 90°; i.e.
180°—tan '0.90CR - tan '1.1wCR = 90°

ortan '0.9wCR + tan '1.10CR = 90

This equation will be satistied when wCR =
1.005, i.e.

w = 1.005/CR (5)
Putting the value of w from equation (5) into
the amplitude portion of equation (4) gives
V,=0.905V,,.

Conclusion: when R, is 10% of R. the
frequency increases by only 0.5% but the
amplitude reduces by 10% compared with
the conditions when R,;=0. Equation (3) also
shows that the reduction in amplitude is
maximum at the h.f. end of each range when
R/R is maximum. At the Lf. end of each
range when R/R is minimum the amplitude
approaches the conditions of R. =0.
Consider now the etfects of R, alone.

In this case,

V.=V, |/ Re= R+ WCRR,)”
T VAR, 4R+ (@CRR)

/lSO"—tan

Let R,=10R; then
tan” '10wCR/Y + tan~ ' 10wCR/11 = 90° (6)
Equation (b) is satisfied when w = 0.995/CR.
Putting w=0.995/CR and R, = 10R into the

magnitude portion of equation 5 gives
V,=0.905V;,.

Conclusion: when R,=10R the trequency
reduces by only 0.5% and the amplitude
reduces by 10% compared with the condi-
tions when R, is open-circuit.

Consider now the effects of C; alone. In
this case,

M+[wR(C—C)?
V.=V, I+ [wR(C-C,)|

180°~tan 'wR(C—C,)—tan 'wR(C+C.)

Conclusion: when C, is 10% of C the
frequency increases by only 0.5% and the
amplitude reduces by 10% compared with
the conditions when C,=0.
Overall conclusions: from the point of view
ol frequency, the circuit is insensitive to
resistance in the capacitive arm and insensi-
tive to capacitance in the resistive arm. The
main consideration in this case is the
amount of amplitude variation that can be
tolerated.
METHODS OF FREQUENCY
CONTROL

For a conventional oscillator the choice is
usually between a dual-ganged variable re-
sistor (or switched resistors) with switched
capacitors for changing range, or a dual-
ganged capacitor with switched resistors for
changing range. For a remote-controlled
oscillator a switched resistor system is more
convenient, with switched capacitors for
changing range.

Switched resistors. C-mos analogue switch-
es have a significant series resistance, in the
order of 30 ohms. The value of the resistor
being switched can be reduced by the
nominal value of the analogue switch resist-
ance. The lowest value of resistor being

(7)

1+[wR(C+C )}

Let C,be 10% of C,i.e. C;=0.1C: then
/1+(0.9wCRF

Vo=Vin 1+[1.1wCRJ?

/180“—tan“'().9wCl(—tan' ".1wCR

(8)

Note that equation (8) is exactly the same as
equation 4.

L0CRR,
(R,+R)

leRR[, )

(R,—R) 2
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switched should be high compared with the
analogue switch resistance so that any varia-
tions of switch resistance have a negligible
effect. This is helped by using a 1-2-4-4
weighting combination as shown in Fig.9.
The oscillation frequency is given by
f=1/2wCR, where R, is the total value of the
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resistor network shown in Fig.9. The oscilla-
tion frequency is given by
1 1 1 1

'R—'=m+m=§(10+N)

where N is the sum of the resistor weight-
ings.

10+N_ 1+N/10 _1+N/10
27CR ™ 2wCR/10™ 2wC Rf

This combination enables stepped frequen-
cies of 10-11-12-...98-99-100...129-130-131
to be selected. Thus frequencies can be
selected with a worst resolution of 10% at
the L.f. end and a resolution of about 1% at
the h.f. end.

Thus f= 9)

Using feedback. In Fig.10, x is the fractional
reduction due to the potential divider R, and
Ry.i.e.x =Ry/(R;+Ry) (10)

The equivalent circuit of Fig.10 is shown
in Fig.11, where =(V,—xV,)/R.

The effective value of R=V)/l = V,R/

(V;—xV,) i.e. Rerective=R/(1—X) an

Substituting x from equation (10) into equa-

tion(11)

R __ R _ R(R;+Ry)
effective™ | _RJI(R,;+Ry) Rj+Ry—R,

i.e., R effeclive — R(1+R2/R|) (]2)

To get a 10:1 variation in the effective value

of R the ratio Ry/R; can be varied between 0

and 9. The worst error will occur when

Ry/R,=9 and R, is at maximum tolerance

and R; at minimum tolerance (or vice-

versa).

The main advantages of this method are

e The effective value of R is dependent on
the ratio of R, and R, rather than their
absolute value, so their values can be kept
low enough for capacitance effects to be
minimized.

e It is moderately easy to incorporate fine
frequency control by the same method.

The main disadvantages are

@ Over a 10:1 frequency range the error at
the 1.f. end of a range is 2% using 1%
resistors.

e Phase shift in the amplifiers introduces
some error at the high frequencies.

Wide-range control. The frequency of the
circuit shown in Fig.12 is given by

14 1 X_Rl]}
f='a"{ 2o [2R2

2wCR

where —1<x<1 depending on the
position of the slider in Fig.12. The main-
tenance conditions are satisfied when
R/Ry=2.Inthis case

(13)

(_tan {Yecos'x)
~ 2wCR

When x=0 (mid position of slider) f=1/
2nwCR.

When x-—1f—-0

When x——1f—»

Theoretically, the frequency can be varied
from zero to infinity with one control. In
practice, of course, factors like phase shift

(14)
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120k 60k 30k 30k 12k

Fig.9.1,2.4,4 switching combination for frequency control.

Vi 1t

R1

x V4

Fig.10. Varying the effective value of R by feedback.

and gain changes within the amplifier limit
the frequency range, but a shift of three
decades has been obtained using the CA3130
op-amp.

Varying the gain of the basic phase shifter.
With reference to Fig.13,

Vo:Vin

R\’ .
(R—) +(wCR)? [180°—
1

must have varied between 0.9 and 1.1 (from
equation (17)), that is Ry/R; must have
varied between 0.81 and 1.21. Substituting
these values into equation (19) gives an
amplitude variation between |V, = 0.9/V;,|
and |V,| = 1.1)V;,|, that is a £10% variation
in amplitude, so this method (on its own) is

—tan 'wCR

tan 1 wCR

Ro/R, (15)

" 14+(wCR)?

At frequencies where the amplifier phase
shift is negligible the angle of equation (15}
must be 90° for oscillation.

—tan 'wCR

g o__ o_ |(J)CR
i.e. 90°=180°—tan RJR,

or tan getlt +tan 'wCR=90°

RR, (16)

Equation (16) is satisfied when

w=V Rz/R|
CR

(17)

(18)

Substituting equation (17) back into the
amplitude portion of equation (15) gives

B R./R,+1
v“‘V"‘\/R./R2+1

Equations (18) and (19) show that, as the
ratio Ry/R, is increased, the frequency and
the output amplitude increase.

By limiting the frequency variation to
+10%, i.e. w=0.9/CR tow = 1.1/CR, then

VRR,

(19

only suitable for fine frequency adjustment.

FREQUENCY ERROR DUE TO
AMPLIFIER PHASE SHIFT

Any phase shift in the amplifiers must be
compensated by an equal but opposite
phase shift within the frequency deter-
mining network, so that the phase shift
around the complete loop is always zero.
This compensation occurs automatically
by the frequency altering its value away
from 1/2wCR determined by C and R
alone.

The greater the change in phase of the
frequency determining network for a
given frequency shift, the smaller the
unwanted frequency change will be.

The error for the Wien-bridge (equal
value C and R in both arms) is given by

13/2 tan®— 1 £ V1+(3/2 tan8)2] x 100%

(20)
For the circuit shown in Fig.5, the error is
given by
{tan (6/4 + 45°)—1] x 100% (21)

To enable a comparison to be made
between the Wien-bridge circuit and the
one shown in Fig.5. assume that a unity-
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sidering the effects of amplifier phase shift)
than for a high-frequency range for any
specified frequency above the normal
oscillation range. This makes the unwanted
oscillation more likely to occur on the
low-frequency ranges.

Using the CA3130 op-amps. the unwanted
high-frequency oscillation was cured by put-
ting a series-tuned circuit belween points A

Therefore V;=V,/180°—2tan 'wCR
/180°—2tan 'wCR
V,/=4tan 'wCR.
vi| ~ Vi=-=V;, )
ThereforeV,=V,/180° — 4tan 'wCR  (22)
Using equation (22), a phasor diagram for V,

and V, can be plotted, as shown in Fig.14. It
can be seen that, as w > 1/CR, the phase

Vi

Fig.12. Wide-range frequency control, one variable resistor,

gain. non-inverting stage has a phase shift
of —1 degree. The standard Wien-bridge
oscillator requires an amplifier voltage
gain of 3. therefore the amplifier phase
shift will be approximately — 3 degrees.

Substituting 8=-3 into equation (20)
gives an error of —7.55%. For the oscilla-
tor shown in Fig.5, each stage has an
effective voltage gain of 2 as far as phase
shift is concerned. Thus each stage will
contribute approximately —2 degrees, a
total of —6 degrees.

Substituting #=—6° into equation (21)
gives an error of —5.1%. The effective
capacitance of the CR network across the
output of the amplifier is greater in the
case of the Fig.5 circuit, which results in a
small extra phase shift.

Overall, the circuit in Fig5 is still
significantly better than the Wien-hridge
regarding frequency error.

PRACTICAL TESTS
Before finalizing the design, the circuits
shown in Fig. 5,6 and 7 were construcled
using the LM324 quad op-amp. A good
sinusoidal waveform was obtained over a
range of 0.1Hz (for Fig. 5 and 6) to about
10kHz, the upper frequency being limited
because the LM324 is a low-frequency
device.

The circuits were then modified to
accept CA3130 op-amps. This increased
the upper frequency to about 100kHz. but
now oscillations occurred at a much
higher frequency on the lower frequency
ranges.

Unwanted oscillations. With reference to
Fig.5 consider the upper feedback line
disconnected.

V,=V,/180°—2tan” 'wCR
Va=V,/180°—2tan 'wCR
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Ry R2

Fig.13. Frequency variation by gain varia-
tion, suitable only for fine control.

W= = vy and v,
<(R 1 3

Fig.14. Phasor diagram for V) and V, (- V,)
in Fig.12, showing that as exceeds 1/CR,
phase angle nears 180 degrees.

angle approaches 180°. When the total phase
shift in the amplifiers approaches a lag
slightly over 180°, the output is again
brought into phase with the input, so that
oscillation is again possible. This unwanted
oscillation can occur in preference to the
wanted oscillation because, as the phase
shift in the amplifiers increases, the negative
feedback ceases to be whollv negative, so
that the gain of the amplifiers rises.

Note that when the circuit is switched toa
low-frequency range, the phase of the output
voltage moves nearer to 180° (before con-

and B in Fig.5. At first sight it may seem
incorrect to put the series-tuned circuit
across a low impedance point, but at a
frequency of several megahertz the ieedback
in the amplifiers can hardly be described as
negative. so that the output impedance rises
at these frequencies. By keeping the L/C
ratio large and including some series resist-
ance to spread the bandwidth, the effect on
the highest wanted frequency was signifi-
cant but not excessive.

To be continued.
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Logic simulation on a Mentor Graphics

workstation: part of the equipment at
Motorola’s Asic design centre in Aylesbury.

Asic design
centre

Support for UK users of applications-specific
integrated circuits is now available through
a design centre established by Motorola
Semiconductors. The centre. at Aylesbury in
Buckinghamshire, is a satellite of the com-
pany's European design centre at Munich,
through which it is connected by high-speed
data links to Motorola’s mainframe cad
installation in Arizona. With the help of the
local staff. customers can design their own
devices on the centre Apollo workstations,
which provide a standard platiorm running
Mentor Graphics software. Design support
software is also available for most other
popular graphics workstations, and remote
operation is possible via a telephone line and
modem link. Access to the Munich centre
makes it possible for users to create their
own special-purpose cells, in addition to
those available from the standard cell lib-
rary. Completed designs can he manufac-
tured at Motorola's wafer fabrication plant in
Chandler, Arizona, which is dedicated whol
ly to Asics. For details, contact Motorola UK
at Fairfax House, 69 Buckingham Street
Aylesbury, Buckinghamshire 11P20 2NF: tel.
0296-395252.
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TELESCOPIC MASTS

@ Pneumatic

@ Hydraulic Ram
Operated

@ Winch Operated

Hilomast Lid.

THE STREET, HEYBRIDGE, MALDON
ESSEXCM97NB ENGLAND
Tel: (0621) 56480 Telex: 995855

Used equipment - with 30 days guarantee. Supplied with Manuals. This is a very small
sample of stock. SAE or telephone for LISTS. Please check availabiiity before ordering
Carriage all units £16. VAT to be added to total of Goods and Carriage

OSCILLOSCOPES NEVER BEFORE — AT ONLY £675
TEKTRONIX 577 Curve Tracer £2000° y
TEKTRONIX 576 Curve Tracer £2.500 -
TEKTRONIX 375 Dual Trace 200MHz Delay Sweer £1200 }- — —
rzmomx 4658 Dual Trace 100MHz Delay Sweep 53% SPECIAL OFFER AT ONLY £300 EACH
0 al Tr. s weey - [y \
TACHI 1050F Dual Trace 100MHz. Del.y Sweog £600 )
"'5“ INIX 2215 Dual Trace 60MH2 Delay ep goo - — —
1 INIX 4 o 00
Ie e = Sweep g St 2 £5000
Py 284 ¢ Sweep £500 £3.500
LIPS 3240 £1350
TEE: Y £350 £1.400
R Mi | Ni N | H
d St 4 0
manua £180 KTRONIX & ANA
Op! d 2ONR 0 wing £2,000
Hood £10 £1.000
%J'm:rm' ce 15MH, £100 £1,000
] z EX N A
ANCE 05255 Dua £228 + z - — €02
ADVANCE 052501V D MHK £150 MULTIMETERS
NIX 464 M £1250 £50
PM3234 N IOM £300 90
AL £350
£600 £65
[ TRIO OSCILLOSCOPES ‘ 15 (pap £3
(52150 3 Trace 150M " £1.000 £20 (pkp £
£70 -
L__ 1065 3 Tr2 A1 Deiay Sweep I BRUEL & KJOER EQUIPMENT AVAILABLE
7000 RANGE TEKTRONIX [ 1 s L
nes 7623A - Stor 504 & 7607 Max
. Boa J ) ) NLY £25ea (pkp £7)
MARCONI b £650 each R s
GENERATORS
WAYNE KEFR 8905 Automa on 8r 000
L 250 aly £35 (pg.g i
r F 4 ip.
AT ‘9053 | %0 —— _only 845 (pip £7) |
MA NI T 4! £600
m : - 500M - 81550 NEW EQUIPMENT
F hoH;
MARCONI ; AM 314
hromzet £500 —
ARCON! £350
o £300 19
MARCONI MOD METE uosg D
C INF L £
NNE N e e
£80 [php § £175
DYMAR 1535 AM/PM 200
MARCONT ) £110
a1 1 £35 £19
g n { BAR GENHNATON Rl Tv/VI0 e
£60 £4 N NG DM
MARCON M 1
£200 £39550
ER £300 £
WOELKE Wou & Pliter Meler ME108 £125 £300 ea
£100 P N

K2 ) 10 8
__STEWART OF READING f;. 0734 351696
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)
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ENTER 4 ON REPLY CARD

ENTER 47 ON REPLY CARD

MAKING ELECTRONICS C.A.D. AFFORDABLE

Z-MATCH

Smith Chart Program for
IBM PC/XT/AT and clones
inc. Amstrad 1512 and

EASY-PC

PCB layout and schematic
design for IBM FC/XT/AT
and clones inc. Amstrad

Analyses circuits for GAIN,
PHASE, INPUT IMPEDANCE, S mEETTING
OUTPUT IMPEDANCE, and ) = =
GROUP DELAY, over a very
wide frequency range. Can
analyse the frequency
performance of complex circuits
containing Micro-strip and v
Coaxial Transmission lines,
Bipolar and Field Effect
Transistors, Operational
Amplifiers, Resistors,
Capacitors, and Inductors etc.

SRIVPITRIBRIIES

3\

§ a
v

St lves, Huntingdon,
Cambs PE17 4WR.
Tel: St lves, (0480) 61778

1640 at£130, and BBC B, G AN firds eyt thert 1512 and 1640 at £275.
B+, and Masters at "‘ “1‘;" ’ "";‘;g: EASVY-PC must be the best
£65.00. " < wuma | value PCB layout program Z:-o—_‘\
Takes the drudgery out of ‘tmj N ‘:":‘; ?vaila:Ie. and it.sne]lISO very go?d :L;ﬁ = .
matching problems, Includes Viss or schematics. There's nc auto-
many more features than the <l routing, but everything else is so %i//o 0000000
standard Smith Chart. Provides s Qo quick that you'll still get the job o
full calculat.lon of all parameters. - AR il done qgl_cker than the ‘ : : 00000000
Aliows for line loss. Comes il B . competition. Standard output is Y
complete with full manual i LW to dot matrix printer — Pen-plot
including worked examples of and Photo-plot drivers available. o
common matching problems
ANALYSER Il Gem 4 WRITE OR PHONE FOR FULL DETAILS:
For IBM PC/XT/AT and 7 M s
clones inc. Amstrad 1512 TR R . NUMBER ONE SYSTEMS LIMITED — Ret WW
g"gle‘;?,g',ﬁggféf :tdg??(? l by Harding Way, Somersham Road,
’ ’ d

We provide full after-sales support with free telephone
“hotline help” service. Software updates are free within

6 months of purchase.

ENTER 49 ON REPLY CARD
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THE BEST
EQUIPMENT

FROM THE BEST
NAME IN VALUE -

INSTRUMEX

Here's a small sample of the high quality equipment
now available from Instrumex, Europe’s leading
supplier of second-user equipment. Contact us today.

OUR
SALE
MLP £ PRICE

Hewlett Packard System consists of

70001A Mainframe, 70205A
Display, 70900A Oscillator
70902A I/F, 70904A RF
Section and 70905A RF
Section (total coverage

100Hz to 22GHz) 34,828.00 18,500.00
Marconi Spectrum Analyser, 110MHz 17,900.00  4,500.00
2370-015F
Hewlott Packard Dual Channel Spectrum
3582A Analyser 0.02Hz to 25KHz 9,288.00 5,000.00
Tektronix 2235 100MHz Portable ‘Scope 1,355.00 800.00
Tektronix 2445 150MHz Four Channel ‘Scope 3,461.00  1,700.00

Philips PM6669 1.1GHz Counter with GPIB and

extended range 980.00 850.00
Fluke 9010A Microsystem Troubleshooter,

Pods available on request 4,900.00  2,200,00
Hewlett Packard Logic Analyser, 43 channels
16300 comnplete with cassette unit 7.795.00  2,750.00
Hewlett Packard Logic Systems configurable on
64000 request POA POA
Data /0 29A-16 PROM Programmer, 16K RAM

serial port, data editing 3,923.00 950.00
Hewlett Packard Protocal Analyser with 18180A
4951C-101 pod, standard with disc drive 4,107.00  3,200.00
Hewlett Packard Protocol Analyser with Async
4952A terminal application software 6,154.00  4,950.00
IBM PCXT-FD XT with 10Mb hard drive

mono monitor and adaptor 2,925.00 925.00

Desktop Computer, packaged
with monitor and disc drive
and HPIB interface 2,350.00 450.00

Hewlett Packard
868

Hewlett Packard ColorPro 8 Pen Plotter with
T440A-001 RS232interface 995.00 450.00

Hewlett Packard Graphics Printer
2611G 1,536.00 375.00

Dranetz 646-3 Disturbance Analyser, 3 phase

operation AC Plus DC channel 5,520.00  4,250.00

Prices are exclusive of VAT and delivery. Prices correct at time of goingto print

A Al

INSTRUMEX (UK),
DORCAN HOUSE

B[ INSTRUMEX MEADFIELD ROAD
LANGLEY, SLOUGH SL38AL

// ‘y/ . TEL: 0753 44878

EDUCATION AND QUANTITY
PRICES ON REQUEST

3% and 4'4 12mm LCD Digital multi-
meters: 5 ranges AC and DC volts:
. 6 Resistance Ranges to 20M ohm: AC/-
% DC to 20 Amps: Hfe Transistor test:
.| Diode Test: Continuity: Auto polarity
* and zero: Plus extra features as
below. Size 176 x 90 x 36
mm (3800 172 x 88 x 36):
All with Test Leads EE
Fused: Hard carry case CA
and instructions RRY
; _ CASE

MODEL | DIGITS | RANGES | EXTRA FEATURES

[ » Low AC/DC 0/20 micro
amp ranges

BASIC | PRICE
05 £35.00
1

LED continuity indicator 03 £39.09
5-Range Capacitance Test [ 03% |£45.17
2-Rangefrequency counter | o

5-Capacitance 0.3 £52.13

Data Hold ! £60
5-Range Capacitance 0.05 83
+
005% | £68.52

wo | v | v |EREGETS
" Add 15% VAT UK only - UK POST/INS etc. FREE [EXPORT EXTRA]

ATRENT
AUDIO €LECTRONICS S

(&2 TELEPHONE 01-724 3564 oyl
301 EDGWARE ROAD, LONDON W2 18N ~
OROER BY POST OR TELEPHONE

ENTER 30 ON REPLY CARD

PERSONAL
LOGIC ANALYSER

FLEXIBILITY OF A PERSONAL WORKSTATION
PERFORMANCE OF A DEDICATED INSTRUMENT

=/m 100MHz CLOCK SPEED

®jm 32 DATA CHANNELS
[m@ aifm *K SAMPLES BUFFER
b _ HIERARCHICAL

£ 3\ mi/m TRIGGER PROCESSOR

This NEW personal logic analyser from M A
INSTRUMENTS combines the flexibility and economy of
the PC with a high performance logic analyser on a card

Comprehensive post acquisition processing
Disassembler support for microprocessors

Support for OEM and embedded applications

beed

Easy to use
menu driven
operation

sl Input threshold
range +/— 8V

wij= £1275.00

ENTER 56 ON REPLY CARD
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M A Instruments Lid

Freepost, Yelverton
Devon PL20 6BR.
Tel: (0822) 853585

Telex: 45441 IMAGE (MAI

v
o/ -
gy}

ENTER 32 ON REPLY CARD
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Pioneering still

‘Pioneer 10, launched in 1972,
has travelled further into space
than any other man-made ob-
ject. Now about 7x10%°km away,
this 230kg spacecraft continues
to transmit back to Earth new
information about the electric
and magnetic environment out-
side the solar system.

The spacecraft, whose original
mission was planned to extend
only as far as Jupiter. is now five
years' journey beyond the orbit
of Pluto and travelling away at
nearly 5x10‘km/h. Radio sig-
nals take over six hours to reach
Earth and must surely represent
something of a dx record for a
transmitter of only 30 watts or
so!

One of the surprises from the
Pioneer 10 mission is the discov-
ery of how far the solar wind
extends into space. This is the
stream of energetic particles that
flows outwards from the Sun and
which, among other things,
causes the aurora. Years ago
scientists predicted that the limit
of this solar wind would be just
heyond the orbit of Jupiter, yet
Pioneer 10 is six times further
away and still detecting charged
particles. Latest predictions
based on actual measurements
from deep space suggest that the
craft will eventually leave the
Sun’s influence in about another
three years.

Long before that. however,
Pioneer 10 may well be making
other fundamental discoveries.
Dr John Anderson of NASA's Jet
Propulsion Laboratory in
Pasadena explained recently that
NASA will be using its deep space
network in Australia, Spain and
California to try and detect the
effects of the gravity waves pre-
dicted by Einstein's theory of
General Relativity. If such waves
exist then they will have the
effect of causing fluctuations in
the spacecraft’'s motion, some-
thing which will, in turn, pro-
duce Doppler irregularities in
the received signal.

Less probable. but with much
greater publicity value, would be
the discovery of a tenth planet
outside the orbits of Neptune and
Pluto. Although there's no direct
evidence at this stage. unex-
plained gravitational perturba-
tions continue to affect the
known planets. But Pioneer's
crowning glory could well be
even further away. NASA's sc;ien-

tists calculate that it will arrive,
complete with its inscribed
plague. at our nearest star sys-
tem in about 26 000 years. So if
there's any intelligent life
around Proxima Centauri it
could well be in for something of
asurprise.

Getting into hot
water

The Electricity Council Research
Centre at Capenhurst under-
takes a considerable amount of
excellent practical research on
behalf of the electricity supply
industry and its consumers.
Though much of it is inevitably
of a detailed and specialist na-
ture. one recent monograph
(ECRE M2237) reveals some in-
teresting inner secrets of UK
domestic bliss. It's a study of how
the electrically-heated British
use their hot water.

Flow meters were fitted in 43
homes (family size: 2-6) to pro-
vide detailed information on the
quantity and outflow tempera-
ture of hot water at different
points around the house. Data
was also recorded on electrical
input power and total hot water
consumption.

What this research shows, in-
ter alia. is that poorly lagged
hot-water cylinders can account
for a 30% wastage of electricity.
It also reveals that much of what
we draw from hot water taps isn't
hot water at all. At the kitchen
sink, where we use 40% of all our
‘hot” water, the most frequently
drawn volumes are under one
litre... all very economical until
you realise that the average
volume of ‘dead leg’ (the pipe
from the cylinder) is, on average.
2.3 litres. The Electricity Coun-
cil Research Centre found that
37% of all *hot’ water drawn in
the kitchen is in fact cold.

Upstairs, now. to the bath-
room, where worse horrors
emerge. Not. | hasten to add. in
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terms of thermal efficiency.

since even the most parsimo-
nious of us would find it hard to
bath in under 2.3 litres of hot
water. No. the figure that caught
my eye was to be found in a table
labelled ‘mean number of baths
per day’. Apparently in an aver-
age household of four. the figure
is a mere 1.04. It must be just
luck that the other three always
seem to travel on the 7.20... ,

Flash pictures
by X-ray

Any photographer knows that an
electronic flash-gun can freeze
fast motion. But until recently it
hasn't been possible to apply the
same principle to X-ray photo-
graphy. especially when it comes
to taking pictures of atoms and
molecules. Such pictures are
made doubly difficult by the fact
that they depend on computer
analysis of diffraction patterns
rather than direct imaging. By
analysing how molecular struc-
tures diffract high energy X-ray
beams, physicists can obtain uni-
que information on their struc-
ture.

To get a good picture it's
necessary either to use a large
crystal, which can be difficult to
grow. or else to use a powerful
beam with a long time exposure.
Of these various options the
easiest has generally been to
lengthen the exposure just as
you'd do to take an ordinary
photograph under dull cendi-
tions. In the case of X-ray diffrac-
tion photography this is fine if
the molecules don’t move, but it
rules out completely the chance
of taking pictures of living mole-
cules. It would be wholly im-
possible. for example. to take a
time exposure of the molecular
changes that take place in the
pigments of the eye as they re-
spond to light. The result would
be an unintelligible blur.

Now the picture has changed —

'RESEARCH NOTES|

-

|
literally — thanks to the develop-

ment of an X-ray source that is
both ultra-bright and ultra-
rapid. Using a device called an
undulator, physicists at Cornell
University have amplified pulses
of X-rays emerging from a 2km
diameter storage ring and used
them to take pictures of biologic-
al enzymes in action.

The undulator. 2m long, con-
sists of two sets of small powerful
magnets with a field strength of
about 5 000 gauss. made of a
neodymium-iron-boron alloy.
The 123 magnets of the undula-
tor bend the electron beam of the
storage ring back and forth 61
times, resulting in synchrotron
radiation at X-ray wavelengths
that is a million times more
intense than a typical medical
X-ray. The key to this intensifica-
tion is that, instead of producing
a continuous range of X-ray
wavelengths, the undulator-
treated beam is transformed into
a discrete set of wavelengths
whose intensity far exceeds the
average of the normal beam. The
pulse duration — around 120ps —
is also fast enough to freeze the
fastest action.

As well as being able to take
action pictures of biological
molecules. including perhaps
viruses, the Cornell team are
planning to use their new techni-
que to investigate a range of the
new high-temperature super-
conductors.

Of wider significance. this
work establishes that the beam
intensification process, which is
the key component of America’s
most advanced facility for X-ray
studies, will work as planned.
The facility, the Advanced
Photon Source. which will pro-
vide X-ray beams 10 000 times
brighter than is now possible. is
to be built at the Argonne
National Laboratory in 1989,
funded by the U.S. government.
LN I WAL e T of e oo

. Low-noise
squeezed light

Noise. the engineer's constant
bugbear, is deeply ingrained in
nature. Even when thermal fluc-
tuations are accounted for, there
still remains a random compo-
nent in all electromagnetic
radiation. Contrary to the clas-
sical physicist’s notion of radia-
tion as a smoothly propagating
wave, quantum theory post-
ulates an inescapable random
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element. A wave ceases to be the
locus of a point and becomes an
‘envelope of uncertainty’.
According to quantum theory,
even a dark, screened chamber
must include random irregular-
ities in the electromagnetic do-
main - vacuum fluctuations as
they are called.

For most macro-engineering
this is largely academic. There
are, however, cases where the
vacuum fluctuations in light
make it impossible to undertake
really accurate measurements.
Gravity wave detectors using las-
er interferometry are an example
of systems whose sensitivity is
limited by quantum effects. So
too are spectroscopes in which
the characteristics of radiation
emitted by atoms and molecules
are investigated. Ultimately the
same effects may put a limit on
fibre optic communications and
optical computing.

It's therefore interesting to
learn (Science vol.240 p.604)
that researchers at AT&T Bell
Laboratories in Murray Hill, New
Jersey and elsewhere have disco-
vered how to circumvent this
natural limitation and produce
‘blacker than black’ light. They
haven't actually violated the un-
certainty principle: they've
merely transferred the random
noise from one part of the elec-
tromagnetic wave to another ina
predictable way.

Overall, this 'squeezed’ light
has the same mean noise level as
normal light. But if detection
equipment is arranged to ‘see’
only the "quiet’ part of the wave,
then the practical effect is to defy
quantum theory.

The apparatus needed to pro-
duce squeezed light is inevitably
complex, involving a resonant
cavity, a laser pump at double the
input frequency and a variable
non-linear mixing element. The
effect of all this is that twice in
every input cycle the net field
strength corresponds to an
almost complete absence of elec-
tromagnetic noise.

Other groups, notably at the
University of Texas and at IBM’s
Almaden Research Laboratories,
have managed to squeeze light in
a variety of media such as
lithium niobate crystals and
optical fibres. They have also
developed detectors that are able
to make full use of squeezed light
by separating the quiet portions
from the remainder.

Although this is still all at the

- 994

laboratory stage. the prospects of
being able to circumvent quan-
tum noise in wide areas of the
electromagnetic spectrum seem
likely to open new areas not only
of basic physics but also of com-
mercial application.

L[] L]
Abigger slice of
17
p1!

3.14159Y is about as far as | can go
from memory. But for Japanese
computer scientist Yasamasa
Kanada of Tokyo University the
task of calculating the numerical
value of pi knows no limit. Dis-
satisfied with his own 1987 re-
cord of 134 million digits he has
recently pushed it up to 201 326
000 decimal places using an NEC
SX-2 supercomputer. This year's
effort took only six hours com-
pared with last year's 36-hour
number crunch using a less effi-
cient computational method.

Why do it? Kanada claims (Sci-
ence News vol.133 No 14) that,
although it's a good way of test-
ing the power of new computers,
his real motivation is more akin
to that of climbing Everest...
“because it's there”. By next year
he hopes to reach 400 million
digits but says that he will need a
machine with a much larger
memory to hold the results of
intermediate calculations.

Unfortunately the Editor has
refused me permission to print
the result. It's not because of any
copyright restrictions: merely
that it would (according to my
£3.50 super number cruncher)
occupy the whole of every issue
of E&WW until about the year
2030!
e R

Lasers in the
blue

Two recent developments in
semiconductor lasers have led to
devices capable of generating
light in the visible part of the
spectrum. These are both seen as
prime candidates for increasing
the data rate of recording sys-
tems (e.g. CD players) that rely
on laser emission for write or
read operations.

The first of these advances
comes from Philips Laboratories
and is essentially a refinement of
existing semiconductor lasers.
Based on a number of layers of
pure crystals of 111-V com-
pounds. the Philips laser is the

'RESEARCH NOTES

result of research into new tech-
niques for optimizing chemical
vapour deposition. The semicon-
ductor substrate is gallium arsen-
ide mounted on solid copper to
ensure effective cooling. Tests so
far have resulted in good
monochromatic emission at
650mm - roughly the middle red
part of the spectrum.

The other development, which
takes solid-state laser emission
even further up the spectrum, is
reported by a research team at
Matsushita Electric in Japan. It's
not so much a new type of laser
as a frequency doubler. What the
Matsushita engineers have done
is to design a lithium niobate
waveguide which, when fed with
infra red emission from a con-
ventional laser at around 800nm,
converts it into blue light at
around 400nm.

The clever part of this inven-
tion lies in the hydrogen doping
of the lithium niobate which
allows it to operate at room
temperature. Nevertheless, be-
cause of various practical diffi-
culties, not least the optical cou-
pling between the i.r. laser and
the doubler, efficiencies so far
haven't exceeded abaut 2%.

In spite of that, Matsushita
hopes to press ahead with com-
mercialization of the device. It
also aims to integrate the infra
red laser diode with the lithium
noibate doubler so as to maxi-
mize efficiency. That way the
output might be raised beyond
the sub-milliwatt level of which
the device is at present capable.

Chips with
everything

Texas Instruments Central Re-
search Laboratories in Dallas
have produced what is thought
to be the first example of silicon-
gallium arsenide co-integration.
Unlike previous experimental
chips this device is not merely a
set of GaAs transistors and sili-
con transistors deposited on a
silicon substrate.

What Texas has done is create
a silicon-GaAs ring oscillator
consisting of 76 c-mos fets and
76 gallium arsenide mesfets. The
silicon wafer is fabricated first
and then etched to provide wells
in which the GaAs parts can be
created.

The resulting flat chip surface
is easy to process and offers the

possibility of low-cost, high-
density fabrication without the
need for exotic processes. This in
turn promises a significant price
reduction for components such
as optical devices which require a
111-V ingredient in order to func-
tionat all.

Killer bees have
had their chips

Many of us have heard by now of
the northward progress of so-
called ‘killer’ bees from Brazil to
the USA. These bees, of African
origin, were accidentally re-
leased from a laboratory in 1956,
since when they've been ousting
the more placid honey bee and
stinging to death a few unfortun-
ate human victims. This in itself
would be of little interest to
electronics professionals except
for one of the ingenious counter-
attacks being mounted by the US
Department of Agriculture,

With the help of engineers at

the Oak Ridge National Labora-
tory in Tennessee they've pro-
duced a solar-powered chip con-
taining a laser diode, so small
that it can be attached to a bee
without interfering with its nor-
mal activities. The idea is to
catch some of the killer bees and
glue the chips to their under-
sides. Then, when the bees are
released back to into the wild, it
should be possible to track the
movements of a whole swarm
using infra-red detectors on the
ground. Ultimately, by learning
more about the feeding and
breeding habits of the killer bees,
the scientists hope to stem their
entry to the USA using pesti-
cides. Let's just hope that the
bees don't in the meantime dis-
cover other uses for their on-
board lasers.

Research Notes is written by
John Wilson of the BBC External
Services Science Unit at Bush
House.
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YOU UP FAST.” SUPPLIESLTD
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distributo_p's of electroqic vglves, tubes
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For .

Over 5 million items in stock covering more
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CHASSIS RELAYS (5A contacts)
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>/ 3PoleC/o 24VDC  £0.50
2 Pole C/c 100vDC £0.50
{ PLUG-IN ENCLDSED RELAY
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* Component Comparator

% Variable Hold Off

% Triple DC Source
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* Low Cost .,

£31

To scale the heights, just call
us for your FREE copy of our
catalogue *(Ex VAT & Delivery)

LCrotech instruments Limited

2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ
Telephone: (0480) 301818 =

\
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Yes its 25MHz for £319
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Butterworth low-pass
filters with equalization

Cascading an all-pass filter with a low-pass Butterworth
type leads to the design of a remotely tunable filter with a

Equalizers have been used to effect both the
equalization of the attenuation characteris-
tic of a Butterworth low-pass filter and the
compensation of phase shift'. This article
shows that a low-pass filter, together with an
equalizer of the first order, gives the basic
network leading to the design of crossover
filters of higher order.

An all-pass filter in cascade with a low-
pass filter of the Butterworth type affects the
incoming input signal in two ways: it equal-
izes the attenuation characteristic: and it
gives rise to a network free of phase shift,
since the phase shift caused by an all-pass
filter is twice as large as that caused by a
low-pass filter of the same order.

In considering the equalization of the
attenuation characteristic of a Butterworth
low-pass network. one must decide which of
the possible combinations of low-pass plus
equalizer is the most efficient. To obtain the
answer to this question. consider the trans-
fer function of a Butterworth low-pass filter
of the second order, which can be written in
the form

1

B = T aazis+1 &
The phase shift 8, is given by
6, =180 arctanJAle m (2)
l-w

and the phase delay is then defined as

d9| 1+w
o l.414211+m.. 3)

The measure of the effectiveness of the
equalization is given by

[)|((l))

Di(w=0), (4)

where w,,,,, is the maximal frequency com
puted under the condition

d[).(w)
dw

Thus. after some computation, we get from
(5)

AD =D (0= wnay

(5)

0.6435942529.
With this value of w,y,.,, we obtain

AD,=D,(0=0.643594) - D, (0=0)
1.707102481—1.41421 (6)
0.292892481 s

The transfer function of an all-pass filter
of the first order can be written in the form

«
"mnx
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flat characteristic.
KAMIL KRAUS
) o
Fals) . (7)
whereo 1=1.2271. Hence
., =180°—arctan 2(””-, (8)
o —w

With respect to (2) and (8). the total phase
shift is then

0=0|+H; (9)

The phase delay of a cascaded Butterworth

Fig.2. Connecting various filter types using
a cascade of a low-pass filters with an
all-pass filter. For subtracting signals, fully
integrated difference amplifier INA 105 is
recommended.

|Fisi(dB)

Low pass
P wlrads)

Band pass

Highpass
l w

w3

Fig.1. Modelling various filter types by use
of law-pass filter.

Low pass Equalizer L 0
w1 w)
Input
P Low pass Equalize: Band pass
w2 L2 Ditterence
amplifier INA10S
Equalizer + High pass
w32 )
Difference amplifier 1NA105
Vin
25k
R<22k Vuj *15V I
Sk 10k
- B~,_<,———‘3 iy ! 1
V'V \ 5.7 /4j
22k . xmae}—( ) L
— - 4 Vout
L 8
R< 22k b
0k
R '15V—L
aR <100k <100k 25k
1 1 1 1

Fig.3. Inverting all-pass filter of the first orderusingatransconductance op-amp.
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Fig.4. Butterworth low-pass of the second
op-amp.

low-pass of the second order and an all-pass
of the first order is then

D(w)=1.4142123%2, 201
l+w; o) +w

(10)

The maximal frequency, wp,,.. follows from
solving the equation dD (w)/dw = 0, giving
the result

W= 0.3977740235.

and the measure of flatness of the attenua-
tion characteristic is then

D=D(w=0.39777)—D(w=0)
=3.072848338—3.044069017
=0.0287793211s.

Comparing (6) and (11) shows that the
flatness of the attenuation characteristic of a
Butterworth low-pass of the second order in
cascade with an all-pass of the first order is
then ten times better than that of a Butter-
worth low-pass of the same order without an
all-pass in cascade.

The computation process as outlined here
has been applied to other filter combina-
tions, the results of which are summarized
in the table. From comparison of the numer-
ical values thus obtained, it follows that the
best combination is as described above.
Cascading of a Butterworth low-pass of the
second order with an all-pass of the first
order gives the basic block for arranging
filter networks of higher orders.

Phase equalization provided by an all-pass
gives the further possibility of connecting
phase-linear filters according to the scheme
as given in Fig.1 and Fig.2. Although this
problem has been discussed earlier, the
results given here lead to a considerable
improvement of networks used as cross-over
filters. In the paper of Lipshitz and

(1

Comparison table of the influence of an all-pass filter
on flatness of attenuation characteristic of Butterworth
low-pass filter.

Filter type D{2)
Butterworth low-pass of the 4th order 1.296503128
Butterworth low-pass of the 4th order

plus equalizer of the first order 0.727984
Butterworth low-pass of the 4th order

plus equalizer of the second order 0.7463950866
Two Butterworth low-passes of the

second order in cascade 0.585784962
Two Butterworth low-passes of the second

order in cascade with an equalizer

of the second order 0.585784962
Butterworth low-pass of the second order 0.292892
Butterworth low-pass of the second order

in cascade with an equalizer of the

first order 0.0287793211
998

order using a double transconductance

Vanderkooy®, two Butterworth low-pass fil-
ters of the second order in cascade with an
all-pass of the second order have been
applied as basic blocks for connecting cross-
over networks. With respect to the value of
AD it follows from the table

AD=0.6s for the Lipshitz network
AD=0.06s for the network of the same order
as discussed above.

Many all-pass circuits using op-amps have
been published. The aim of this paper is to
give a network, the cut-off frequency of
which may be set up by voltage or by current.
One solution to this problem uses transcon-
ductance op-amps. XR 13600, with a differ-
ence amplifier as given in Fig.3. The transfer
function of the circuit as given in Fig.3 is
given as

_A-C
A+C’
where A = (a+1)/a and C'/19.21g, I being

the control current. The cut-off frequency is
then given by

F(s)= (12)

9.2

s I (13)
and is proportional to the current Iz. Equat-
ing the constant A to the constant o, gives
thevalue of aat 4.4.

It follows that a Butterworth low-pass of
the second order can be connected by use of
a double transconductance op-amp as given
in Fig.4. The cut-off frequency of the circuit
is given by the expression

2C(R,+R) B P
and is therefore proportional to the control
current [g. Thus, with few inexpensive com-

ponents. a tunable cross-over filter may
easily be implemented.

wy=19.2 (14)
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Electromagnetic
Theory

his single 80 track disc produced by

I Ivor Catt for the BBC range of compu-

ters, contains material for acomputer-

aided learning session pertaining to a par-

ticular kind of wave motion travelling on a

transmission line. This means that only a

tiny portion of the title subject is covered,

further, the coverage is idealized and has

hardly a hint of the usual messy “real life”
approximations we all have to make.

The aim seems to be to introduce digital
engineers without any knowledge of trans-
mission lines to the way d.c. steps travel and
retlect. With the animated display, this aim
is reasonably attained.

The material is divided into four parts.
Part 1 covers Ohm's Law and introduces field
line models (a /a Faraday). Part 2 goes on
from the strip and round parallel line
geometries introduced in Part 1 in an
attempt to relate currents and voltages to
the H or B and the E (or D) fields. There
follows a statement (no derivation) that the
impedance of a square of space is 377 ohms.
This fact is used to “count squares” in a
curvilinear square model set up between the
conductors in order to establish the kind of
effect conductor geometry has on the line’s
characteristic impedance (resistance).

Part 3 goes on to develop the impedance
ideas introduced in Part 2 and shows step
functions absorbed by a matched line, re-
flected in one phase by a shorted line, and in
the opposite phase by an open line. Part 4
attempts to relate the actual voltage ampli-
tudes on the line as voltage pulses travel
“through” each other up and down the line.

In its very limited way, the material
should given an elementary idea of the way
pulses might turn up in unexpected places
when conveying sharp-edged pulses around
systems. This reviewer liked the way curvi-
linear squares were used to show the impe-
dance relationships. The most important
geometry now used on circuit boards etc. is
the microstrip line, but this was omitted.
Also absent was any mention of superposi-
tion, although this was implicit in the wave
additions. Reciprocity, losses and the possi-
bility of dispersion were all absent.

The program, once started, moved
through the sequence at its own rate. There
was no possibility of a student repeating a
sequence, speeding up or slowing down a
section, or otherwise interacting with the
presentation. This is a great pity, as the
power of computer animation is the (usually
menu-driven) interactive mode of use.
Travelling sine waves would have enhanced
the presentation, as would a few reflected
samples of these — with the possibility of
adding them to demonstrate standing waves
and the s.w.r.

This material should help those digital
people to whom [ suspect it is directed. It
should also be useful to the bright sixth
former, and (if sine waves are added) to
people studying amateur radio courses. But |
wonder if a good book still gives much more
material for your money?
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If so,we have the complete solution.

B State of the art technology!

If you are familiar with other microprocessors,
within 24 hours of study and experimentation you will
understand the fundamentals of the incredibly powerful
transputer.

B Saves your time
Unpack, plug inand start fearning. Everything you
need including self teach manuals in one package.

@ Saves your money

The complefe system costs just £995.00
+ VAT and uses any IBM Compatible PC with
640K RAM and hard disk as the host
computer.

B Now with 12 price course option

Atend our special 3 day course for just sé&- ~

extra if order with the system. Normal price of course
is £400.

The unique Transputer Training System has been
designed specifically for education and is therefore ideal
for use in colleges and universities. The excellent self-teach
manuals, included with the package, mean that it can also
be used by engineers fo rapidly evaluate the transputer and
utilise its amazing power in real time applications.

DOYOUNEEDTO
LEARN ABOUT THE
TRANSPUTER?

»  for multi-ransputer applications. Simply piug
;% _ additional Transputer Modules into the spare link

The system is supplied with everything you need including:

B Interface card — takes a ‘short slot” in the PC and provides
link infout and control lines.

B Cable — links the interface card to the Transputer Module.

B Transputer Module — complete T414 based subsystem
supplied in its own sturdy case.

B Powersupply —independant power to transputer if required

B Cevelopment Softwara — folding editor, OCCAM compiler,
downloader, terminal emulator and utilities, hosted on the PC.

B Example programs —no less than 28 fuily worked examples.
B On Screen Tutorials — learn how to use the system ‘on-screen

B Hardware Manual — full circuit diagrams, timing diagrams
and circuit descriptions.

B TDS User Guide — self contained tutorial guide to using the
development software

B TDS User Manual —the reference manual for the development
software.

B Introduction to OCCAM — a complete self-teach course in
OCCAM.

B OCCAM Programming Manual — the definitive guide fo
OCCAM.

W T414 Engineering Data — full specifications for the Transputer

B CO012 Engineering Data — full specifications for the Link
Adapter.

The Transputer Module houses a 15 MHz T414 with 256K
RAM and is external to the PC, so that the hardware is fully
accessable. The module includes a wealth of test points, 14

status LEDs, 16 /O lines, EVENT input, independant
power supply, prototyping area and four 15 way D
connectors, which allow access tothe 10 M bits/sec
£ links and control signals.
Full hardware and software support is provided

S connectors using the cables supplied. Inthis way networks
of any configuration using any number of fransputers may
pe realised! Each macdule can run one or more concurrent
processes and has access to its own {ocal 2 Mb RAM and
I/O system.
The 1/0 connector links directly to our Applications Board,
which enables the Transputer to control DC motor speed
temperature, analog input/output, and much more!

FLIGHT ELECTRONICS LID.

Flight House, Ascupart St, Southampton, SO1 1LU
Telex: 477389 FLIGHT G Fax: 0703 330039

Call 0703 227721 today
for a free full colour
catalogue.
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Toroidal
& E.L

Transformers

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

Toroidal Mail Order Price List
prices inclusive of VAT & Postage

15va9.12, 30va 9.48, 50va 10.16, 80va 11.02, 120va
12.23, 160va 14.44, 225va 16.37, 300va 18.05, 500va
26.46, 625va 30.66, 750va 34.14, 1000va 49.40.

Also available 1k2, 1k5, 2k, 2k5, 3k. Prices on request.
Available from stock in the following voltages: 6-0-6,
9-0-9, 12-0-12, 15-0-15, 18-0-18, 22-0-22, 25-0-25,
30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220,
240. Primary 240 volt.

Quantity prices and delivery on request

.

Air Link Transformers
Unit 6, The Maltings, Station Road,
Sawbridgeworth, Herts. Tel: 0279 724425
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IN VIEW OF THE EXTREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL CRALIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.

R. Henson Ltd.

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

Telephone:
01-4452713/0749
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Programs for the BBC model B’, B+, Master and Master Compact with disc drive

DmGRAM I I ~ now also available for ARCHIMEDES

Diagram I1 is a_completely new version of Pineapples popular ’'Diagram’
drawing software. The new version has a whole host of additional features
which make it into_the most powerful and yet quick to use drawing program
available for the BBC micro. The new features mean that ’'Diagram II' can
now be used for all types of drawings, not just circuit diagrams. Scale
drawings are possible and the facilities for producing circles and rubber
banded lines together with the pixel drawing routines make any

type of
drawing possible. This advert has been eroduced completely using B

iagram II
Summary of Diagram II features:-

Works on all model BBC comeuters and makes use of Shadow memorwy if poss

Rapid line drawing routines with automatic joins for circuit diagrams

Rubber band line and circle driwina modes

Makes use of the Acorn GXP rom to produce ellipses, arcs, sectors,chords
and flood flllln?.

Pixel drawing mode allows very fine detail to be added 1

lefined areas of screen may be moved, corpied, deleted or saved to disc.

On-screen cursor position indication allows scale drawings to be made

Keyboard keys may be defined to print User Defined Characters allowing
new character sets to be used. X K

. Wordergcessor files may be loaded and formatted into defined areas.

Q.Up to 880 UDC's 1f shadow rnemorg available, 38l without shadow.

1.Compatible with Marconi Trackerball and most makes of ’mouse’

2.Al1 ’Diagram Utilities’ are included.

3.Completely "scaleable print routines allow any area of the diagram to be
erinted either horizontally or through eg. in scales that may be
varied in 1% ste;fs allowing ug to 18 mode @ screens to be erinted on
an A4 sheet (still with readable text)

14.Smooth scrolling over the whole area of the diagram

= O-JONA Bl O

Diagram II consists of a set of disc files and a 16k Eprom,
The disc is formatted 48T sided and 88T side2, Please state if this
is unsuitable for your system, or if you require a 3.5" Compact disc

DIAGRAM I1 — £55 .00 + vat

details and sample printouts

PCB

Pineapple’ s now famous PCB drafting aid produces comelex double sided PCB s
ver;hramdlg using any model BBC micro and any comeatible dot-matrix printer
., he Program 15 suppl ied on Eprom and uses a mode | screen to diselay the two
sides of the board in red and blue either separately or superimposed. Component
layout screens are also produced for a silk screen mask
“he print routines allow a separate printout of each side of the board in an
expanded definition hiah contrast 1:1 or 2:1 scale, The print time is typically
about 5 mins. for a 1:] print of 3 7" o S5* board. This program has t00 many
superb features to adeauately describe here, so please write or 'phone for more
Plotter driver to suit

E 85@ + vat most plotters £ 35.80 nnt_
PCB  AUTO - ROUTING

This brand new addition to the PCB proaram 3reatlg
increases the power of the software and speeds the
desx?n of PCE' s even more .

A [ist of up to 199 connections mag be entered in
the form of a ’'rats nest’ and then the comeuter does
the rest! You may specify which side of the board
you wish a track to be on or you may leave the
choice to the computer, and you may also say whether
tracks should be allowed t0 pass between 1.C. pins

The program is in the form of a second Eprom and
full features are available on a standard model’B.

Please write or 'phone for full details

COMPLETE RUTOROUTE PRCKAGE
(Including manual Eprom) E 18500 + VAT

P L P free
For Model "B _and B+ (with Icon Artmaster) £ 60.00 + vat
For Master 129 (with Pointer Rom) £ 60.00 + vat
Bare Trackerball (no software) £ 49.00 + vat
Pointer Rom (available separately £12.90 + vat
Trackerball to mouse adapters £ B.0@ + vat
Postage and Packing on Trackerballs £ 1.7

ADFS Utilities Rom

AU {5 an invaluable utility for all ADFS users. It adds over 22 ne
scommands to the filing system as well as providing an extensivz “enu
facility with over 35 sub commands covering areas such as repeated disc
compaction, saving and loading Rom images, auto booting of files and many more.

Copying of DFS discs onto ADFS discs can be made in gne pass with sutomatic
creation of the required directories on the ADFS disc. All functions are full?
compatible with Winchester drives including eBACKUP which allows backing up o

Winchesters onto multiple floepies.
New scommands are as follows:- sADU, eBACKUP, eCATALL, eCHANGE, eDFSADFS
sDIRALL, sDIRCOPY, #DIRDESTROY, DIRRENAME, oDISLEDIT, oLRIVE, sFILEFIND, eFORMAT,
BRK, OCK, ®ERIFY, oUFORMAT, sdfPE

o ILLADL, oLOCK, »ENJ, wPURGE, ePUR
PRICE £ 29.88 + vat

All orders sent bg return

— Poerful A.C. & D.C. circuit analyser package - £119.880
with Graehice output. Send for more details 3t

MITEYSPICE

39 Brownlea Gardens,Seven Kings,IIford, Essex IG3 9NL | Tel 01-599 1476

EXN

MICROLINK — MAG 12085
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ELECTRONICA - MUNICH
8-12 NOVEMBER 1988

WIN A WEEKEND IN MUNICH

Electronics & Wireless World in association with Electronics Weekly is offering everybody
who books one of the business trips listed below to Electronica, a chance to win a TRIP FOR
TWO to MUNICH for the weekend following the show.

The leading electronics newspaper and technical monthly, in association with Commercial
Trade Travel, will fly your partner over on Friday morning via Gatwick, giving you a full
weekend in Munich. We will then fly you and your partner home on Sunday.

The draw will take place on Friday the 21st October and the winner announced in the
November issue of Electronics & Wireless World and the 26 October Electronics Weekly.

Good Luck
The Hotels The Tours
MUNICH SHERATON HOTEL FLIGHT DEPARTURES FROM FLIGHT DEPARTURES FROM
This de-luxe hotel 1s situated in the fashionable Bogenhausen district of GATWICK HEATHROW

Munich, close to the Enghsh Gardens and 10 minutes from the airport
and downtown area. All rooms have private bath/shower, WC, hair
dryers, direct dial telephone, TV, radio and video service and mimbar.
The hotel has fashionable bars, restaurants, and might club as well as a

(Scheduled services of Air Europe) (scheduled services of Lufthansa)

TOUR A - 3days (2 mights) TOUR D - 3 days (2 nights)

Tuesday 8 Ncvember

Tuesday, 8 November

dep Gatwick 0715 | dep Heathrow 09 45
large swimming pool, sauna and fitness centre. Opposite the hotel there arr Munich 1000 | ar  Munich 1220
is a pedestnan shopping centre with several restaurants, bars and a Thursday 10 November Thursday. 10 November
cinema. In the Autumn of 1988 1s proposed that the U-bahn dep Munich 11.25 | dep Munich 1220
(underground train) will be opened linking the hotel, downtown area arr Garwick 18.00 | arr  Heathrow 1520

and exhibition grounds.

TOUR B - 3 days (2 nights)
Thursday. 10 November

TOUR E - 3 days (2 mights)
Thursday. 10 November

REGENT HOTEL dep Gatwick 07.15 | dep Heathrow 09 45

This brand new first class hotel 1s situated 1n the city centre, close to the arr . Munich 1000 | arr  Munich 1220

main railway station and exhibition grounds. It 1s possible to walk to the J Ms::“ciay' 12 November 115 | dep ja‘ufiav- 12 November o
8 g ep I luic

fair grounds 1n 20 minutes or on the U-Bahn (underground train) it 1s just ant Gatwick 1200 | v Heathrow sl

2 stops. The hotel has a fine reputation, all rooms have pnvate
bath-shower, WV, radio and TV. mimibar and direct dial telephone. The
hotel has a fashionable bar and elegant restaurant. It also has a sauna,

TOUR C - 3 days (4 nights)
Tuesday, 6 Ncvember

TOUR F -5 days (4 mghts)
Tuesday. 8 November

solarium, whirlpool and coiffure. dep Gatwick 0715 | dep Heathrow 09 45

arr Munich 1000 | arr  Munich 1220
Saturday, 12 November Saturday, 12 November

CONDOR HOTEL dep Munch 1115 | dep Munich 1220

Thus 5-star hotel 1s situated 1n the City Centre, close to the main rallway anr Gatwick 1200 | arr  Heathrow 1520

station and within 15 minutes walk, or just 2 stops on the U-Bahn .

(underground train) from the exhibition centre. All rooms have private The COStS

batlvshower, WC, direct dial telephone, radio and mimibar. The hotel INCLUSIVE PRICES PER PERSON

has a breakfast room, bar and spacious lobby area. (TWE - sharing twin bedded room with facilities)

(SWE - single room with facilities)

MODERN HOTEL
Thus 3-star hotel 1s situated in the City Centre, close to the main railway HOTEL Lo il REGENT SHERATON
station and within 15 minutes walk, or just 2 stops on the U-Bahn Accommodation TWE SWE TWE SWE TWE SWE TWE SWE

(underground train) from the exhibition centre. All rooms have private £ £ £ £ £ £ £ £
bath/shower, WC, radio and TV, minibar and direct dial telephone. The TOUR A and B 205 340 305 360 340 450 360 450

hotel has a breakfast room and bar. TOURC 575 450 385 490 450 650 475 650
TOURDand E 420 470 455 495 470 575 485 565
TOURF 490 §75 , 499 599 575 750 599 750

INCLUDED IN THE ABOVE PRICE
Scheduled flight services of either AIR EUROPE or LUFTHANSA; 1n fight catering as appropnate to the ime of day travelling; all airport taxes;
accommodation on a bed and breakfast basis inclusive of service charge and taxes; private coach transfers airport to hotel and return; a cocktail party
at the Exhibition Grounds; season ticket entrance to ELECTRONICA including catalogue (the entrance to the Exhibition 1s £29 per person), assistance
upon atrival and departure in Munich of a Commercial Trade Travel representative.

COMMERCIAL TRADE TRAVELare the only company offering tours via GATWICK
To make your reservation please ring Ray Gardner on 01-491 1312 or fill in the coupon and

send to:
Ray Gardner, Commercial Trade Travel Ltd, Aspen House, 25 Dover Street, London W1X 3PA.

INAITIE ...t NAITIE ..o,
BAAIESS. ... AAATIESS......oiiiiiciee e
Tl NO: .o TL INO: . e
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BEST FOOT FORWARD

he fast-approaching deadline

of 1992 creates immense

pressure for the power supply

industry to “get its act
together™ on such vital issues as harmonisa-
tion of international standards in order to
get the benefits of a tariff free market. At the
same time the pressure is also on to main-
tain the pace of technical development. The
demands of the customers — from o.e.ms
requiring sub-unit power supplies pur-
chased as components to major plant users
demanding high-power u.p.s. systems
continue to be for better, more reliable and
more compact equipment. Inevitably, the
challenge is to achieve all this at increasingly
competitive prices.

Some companies, like my own, operate in
the wide market spectrum from small com-
ponent power supplies to high-power u.p.s.
and find that the trends are very much the
same across the board. Others see only one
part of the industry and are seriously con-
cerned that they may be alone in facing the
pressure of a fast moving competitive busi-
ness environment. Hence the increasing
importance of the Power Supply Manufac-
turers Association at a time when the indus-
try has to prepare for the next challenge - a
single European market — but still maintain
the pace of technical innovation and de-
velopment.

It is a challenge and an opportunity. For
the truth is, while we cannot afford to be
complacent, the British power supply indus-
try has always been a highly active exporter

Best foot forward The
UK power supply industry
maintains pace of

innovation and

development while preparing for 1992,
MA

Aview from the PSMA.
Advance Power Supplies

reviews the state of the art

in switched mode supplies and points to
future influences on design and market.
Lidgey shows how to

achieve high power and

speed performance of expensive bipolar

transistors by paralleling low-cost types.

IOII Bishop's design team at
Coutant have been

considering an alternative solution to the
u.p.s. problem —one which could
dramatically change the shape of secure
power in years to come.

Power supplies — present
and future Peter Bardos of

Laser smps uses fast high
current switch Dr John

The changing shape
of secure power Ken

ELECTRONICS & WIRELESS WORLD

and is well equipped to facethe future.

For anyone who plans to be around by the
end of the 1990s, preparing for harmonisa-
tion and getting to know the new markets
started a long time ago.

The electronics industry should see the
power supply arm as pivotal to its own
success. Wherever there is an interface
between electrical and electronic equipment
and the public power supply we are there. In
fact the equipment will not work without us.
And even when it cannot work —a power cut,
local disturbance or local interference, for
example — we are still there with u.p.s's and
battery systems bridging the gap.

The point is that the power supply indus-
try is alert to the needs of the customers;
o.e.ms and end users and is gearing its
efforts to keeping ahead. This, of course, is a
major reason why the PSMA has recently
joined up with BEAMA — to be seen as an
integral part of the electrotechnical industry
and to participate in the forum that will
influence the important decisions to be
taken between now and 1992.

PSMA member companies are involved in
the manufacture of all forms of power
conversion equipment, ranging from low-
power d.c:d.c. converters to high-power
u.p.s. and standby power systems.

We believe it is crucial that more people
should understand what the power supply
industry, through the individual companies
and the PSMA, is actually achieving. We all
live in an electronic world and computers,
robots and communications equipment all

INSIDE

Advances in solid-state
power supplies for r.f.

I OI 3 heating Prof L.. Hobson of
Brighton Polytechnic

reviews recent r and d work into computer

interfacing and increased operating

frequency.
mode power supplies

Dr Don Peddar of ERA

Technology reviews the problem of mains
pollution and proposes a novel solution.

How to combat waveform
distortion by switched-

play an important role in everyday life.
Indeed life is inconceivable without them.

The trends and pace of developments are
largely set by the demands of the market-
place. At the present time, with so much
emphasis on the reducing size of electronic
and microprocessor-controlled equipment,
the need continues for more compact, high-
er specification power supplies. Technical
developments, like higher frequency switch-
ing conversion permit miniaturisation of
electronic equipment, while auto-ranging or
full-ranging power supplies open the way to
usirg equipment anywhere in the world.
Specifications are also being tightened on
radio frequency interference and acoustic
noise.

Manufacturers wishing to simplify safety
approval procedures and to eliminate the
need for fan cooling, for example, are in-
creasingly keen on using external power
supplies. Also, as the use of computers in
offices continues to grow and dependence on
them becomes almost total, the need for
comrpact, stylish u.p.s. systems fitting snug-
ly on the desk or alongside a supermarket
checkout follows. The industry is raising its
visibility in the marketplace.

So it must be apparent that the power
supply industry truly has its finger on the
pulse of the British and European elec-
trotechnical industry.

Mike Taylor is Chairman of the Power Supplies
Manufacturers Association and a Director of Dow-
tv Power Conversion Ltd.

Power supply

development froma
I OI 8 telecom standpoint

M. Bandar. Eltek UK's
technical manager, reviews power supply
topologies with particular reference to
telecommunication needs.

Cover: With all the functions of a switch-
mode power supply on one chip, the Silico-
nix Smartpower series of devices uses
double-diffused cmos technology to reduce
power loss when converting a high voltage
input to a low voltage output. The original
type has most recently been augmented with
type 9110, extending power conversion to 20
watts, and 9115, extending input voltage to
300 volts.

© 1958 Reed Business Publishing. Industry Insight is
edited by Grofirey Shorter and designed by Alan Kerr.
Potential contributors to August's /nsight on computer
buses should make immediate contact ont1-661 8639,
send an outline by fax on (1-661 8913, or mail articles to
Industry Insight. Electronics & Wireless World,
Quadrant House, The Quadrant. Sutton, Surrey SM2
5AS. Potential advertisers contact Martin Perry on
01-6€1 3130 or James Sherrington on 11 -661 8640.
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POW

ER SUPPLIES

PRESENT AND FUTURE

ow voltage d.c. power sup-
plies must fulfil four essential
requirements: isolation from
the mains, change of voltage
level, convert to d.c., and energy storage.
Isolation is required to make the end-user
safe, and low direct voltage is required since
that is the supply level that low power
electronics operates on, and energy storage
is required to ensure continuity of the d.c.
supply during the zero crossing of the a.c.
input. The components performing these
functions are a transformer, rectifier and a
capacitor, so the simplest power supply
which performs these elementary functions
consists of a transformer, rectifier and capa-
citor. Whilst such a simple device is perfectly
adequate for powering a load, it has several
shortcomings — the output isn’t stabilized
against changes in either line or load, nor is
it overload or short-circuit proof.

If stabilization is only required against
input changes, the transformer could be
replaced by a c.v.t. — simple and reliable but
usually heavy, bulky and hot, as well as
sensitive to changes in input frequency.

Although c.v.ts may be compensated
against load variations as well, this is nor-
mally achieved at the expense of line regula-
tion. so if a better regulation is required one
normally goes to the good old closed-loop
linear regulator. This operates on the well-
known principle of comparing the output
level with a reference, extracting the differ-
ence error signal, amplifying it and controll-
ing the control element with it. The real
problem is in the control element, in that in
a linear stabilizer the basic method of reg-
ulation is to derive more power than the load
needs under worst-case conditions, and then
dissipate the surplus in the control element.
It is immediatly obvious that this is an
inefficient system not only because a lot of
power is dissipated under normal condi
tions. but also the input components have to
be dimensioned to cater for the total power.
including that power wasted in the control
element so they are much larger and bulkier
than they would have to be otherwise.

In terms of performance, the linear reg-
ulator can be made to be near ideal with very
low noise, excellent stability and good reg-
ulation, but it is heavy, bulky and inefficient.
A low voltage linear power supply would be
somewhere between 30-45% efficient, which
means that it will dissipate roughly twice as
much power as that supplied to the load. If
you overload a series regulator it will

1004

Peter Bardos of Advance
reviews the state of the art
in switched-mode power
supplies and points to
future design influences.

FARNELL ACQUISITIONS

Farnell Electronics plc, the Leeds-based component
distributor and manufacturer of power supplies, acquired
Bonar Advance Ltd and Bonar Wallis Hivolt Ltd from Low
and Bonar plc. Finalized at the end of July, the deal was
worth £4.15 million cash (goodwill) plus £2 million subject
to audit, In respect of net asset value, around £2 million
less than originally announced.

"With existing manufacturing bases trading profitably,
our market position Is significanty strengthened by the
move”, say Farnell, “which brings complementary pro-
ducts, a broader customer base, and an important
presence in the South of England.” With subsidiaries In
Chesterfield, Ohio and Frankfurt, Advance currently ex-
ports about 40% of its products, mainly to West Germany,
France and the USA. The German location could provide a
launchpad for market penetration in Eurape in the run up
to 1992. Both Advance and Wallis join Farnell's power
supplies group, to be headed by Eric Hall, m.d. of Farnell
Instruments since 1986. More recently, Farnell
announced that an offer for a.t.e. company Wayne Kerr,
also with subsidiaries in Germany and the USA, has been
recommended by its board, and irrevocable undertakings
bring acceptance to 52% of Wayne Kerr's share capital.

Power trading is the main feature of the
Powerite supplies in which the 200-watt
rating can be shared in a variety of ways
between the five outputs.

attempt to do exactly what is asked of it, i.e.
deliver too much power and blow itself up in
the process. To overcome this problem we
need current limiting, which is basically a
separate, independent control loop looking
at the state of the output current rather than
the output voltage. and overriding the vol-
tage regulator if need be.

To reduce the size and weight of the
transformer you have to operate it at a high
frequency rather than at 50Hz; to reduce the
size and weight of the energy storage capaci-
tor you have to operate it at a high voltage
rather than at the low output voltage level
(rectifying the mains gives roughly 370V
peak), and to reduce the size and weight of
the regulator it has to be a “lossless” regula-
tor rather than a dissipative one. Fitting
these requirements and components
together gives rise to the well-known direct
off-line stabilized switch mode supply.

To make such a system work it is neces-
sary to provide additional components and
functions which were not part of the linear
design. These include an h.f. converter to
convert from the high voltage d.c. to high
frequency a.c. a second rectifying system to
rectify the high frequency a.c. and an output
filter to recover the direct voltage at the
output. In addition, a switching regulator is
normally controlled through a timing signal
controlling the mark to space ratio, and this
is more difficult to obtain than the simple
error signal in a linear system. Therefore,
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such a system is more complex in terms of
component count. [t has other disadvan-
tages too such as more noise, both on the
input and on the output and is more difficult
and critical to design. However, it is very
much smaller and lighter than a linear. It is
also very much more efficient, and because
of these savings it is of lower cost above a few
hundred watts.

Such direct-off-line switchers did not
happen overnight and have their roots in an
interim topology used initially by military
designers, which was a low voltage secon-
dary switcher. In this scheme, the regulator
was very efficient because it used the switch-
ing technique. The transformer and energy
storage were still used in a non-optimum
manner. Low voltage secondary switchers
were used for quite some time but the era of
the direct-off-line switcher had to wait for
the commercial availability of fast, high
voltage. switching transistors in the late
1960s.

State of the art

At lower powers there are the well-known
three-terminal regulators which are small
power supply systems containing the reg-
ulating circuitry on a chip. They are very
convenient, very low cost, but are only
usable at low powers. At the level of a few
watts, complete linear regulators are avail-
able on a chip, and. in applications where
higher powers are required, switching reg-
ulating systems are also obtainable but need
a lot of external components. These are
widely used in commercial and industrial
applications.

In the military field. the engineering
trade-off between size, weight and cost, is
totally different. Basically cost is no object,
within limits, but size and weight must be
minimal and the environmental capabilities
a maximum. Due to these special require-
ments, the circuits and topologies used in
military power supplies tend to be old,
well-established and well-proven ones, and
so are the components. However, assembly
and cooling techniques are advanced. Due to
e.m.i. requirements, special filtering cir-
cuits and components would be used; due to
the mechanical environment, special metal-
work, and mounting methods may be used
and, if nuclear hardening is required, this
would further restrain the availability of
suitable components and circuits.

In the industrial field, by contrast, whilst
size, weight and efficiency are important, it
is even more important to design the unit at
acost which the customer can bear. Normal-
ly, but not always, the environmental re-
quirements are rather kinder than those in
the military field and this results in a
different sort of compromise which enables
newer components and newer topologies to
be used.

To satisfy these requirements the tenden-
cies are, at the moment, for frequencies to
creep up. Market forces dictate that mod-

The first switched-mode power supplies to be designed and made in the UK were these MG
series single-output types, still the backbone of the Advance range.

Modular output cards give the 500watt Powerflex system a flexibility hitherto unknown, say
Advance. New versions with d.c. input for telecom use are just released.

ularity is more and more a requirement
since this enables the customer to change
the system specification without the manu-
facturer having to redesign the power supply
completely. Such a design is more expen-
sive, in terms of piecepart cost, than an out
and out special design, but there are signifi-
cant savings on the engineering costs and
timescale.

Improved regulation and a large number
of multiple outputs are also a requirement
and for these reasons magamps are becom-
ing popular since they provide an indepen-
dent method of stabilization, of high effi-
ciency and reliability.

At the very low power end - a few tens of
watts — there are very small d.c. converters
available using innovative techniques such
as hybrids, thick films, surface placement
and operation at several hundred kHz. Such
devices lend themselves to the system

October 1988 ELECTRONICS & WIRELESS WORLD

approach distributed power supply where
local regulation is obtained through inver-
ters at the p.c.b. level, and power is distri-
buted within the system at a higher voltage
level.

Future influences

The three major influences for the future are
the market, the legislative, and technical.
The market influence is obvious in a way,
though, it is not as simple as saying that the
market wants the smallest, cheapest pro-
duct. They do of course, but there is a price
to be paid and the trade-offs change all the
time. There are also new opportunities and
new market segments with their own spe-
cialist influences, and there are competent
pawer supply manufacturers available to
serve these special markets. Hopefully we
have lived through the era of measuring a
power supply’s performance in terms of
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watts/cu.inch and that users would now

recognise the importance of long term re-

liability, rather than power density, as being
the important parameter.

The legislative influences are also obvious
in a way. Clearly the complete equipment
relies on the power supply to meet the safety
requirements for the system, since it is in
the power supply that we have the safety
barrier between the live input mains and the
safe low voltage outputs. It is also in the
power supply that we have most, but not all,
of the e.m.i. filtering and as safety and e.m.i.
specifications change so will the power
supply design.

These parameters do not operate in isola-
tion; if, one looks at the number of unity
power factor designs or the number of
uninterruptible power supply designs avail-
able they show an interesting trend which is
driven by a combination of market forces,
legislative forces and technical trade-offs.

Unity power factor systems have been
available at a cost for quite some time, but
have only increased in popularity recently.
The influences affecting this trend due to
technical advances show that the size and
cost penalty for incorporating this feature is
becoming smaller with the availability of
better technology and components. The
legislative influence is that long-standing
specifications and regulations about harmo-
nic currents taken from the line are becom-
ing activated, due to economic reasons,
within Europe. The market influence origin-
ates from the fact that with a unity power
factor circuit, more power can be taken for a
given line current from the supply. As
computers and other related equipment
become more and more powerful, and there-
fore require more power, we get to the
critical point where some mini computers
cannot run off a mains plug without this
circuitry.

Whilst in the past both safety and r.f.i.
standards used to be widely different be-
tween nations, there is a unification process
and a harmonization process resulting in
standardized standards. Such standards
make the design process easier, and of lower
cost, since with harmonized standards we
would no longer have to obtain separate UL,
VDE, C8A, certification for our products.

The technical trends are really a delayed
response to the market pressure in that
manufacturers can take advantage of new
topologies and new components becoming
available. This means that we are dealing
with a mature technology, improving by
evolution rather than by revolution, and |
can see no great revolutionary change in the
technologies used in the near future. What |
do see is a steady evolution resulting in
better, smaller and more cost effective power
supply systems:

@ Higher frequencies going up from the
present 20-40kHz to over 100kHz. This
will result in a small size reduction and
better transient response within the pow-
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Powermag 1500watt power supplies are typical of supplies for the larger system builder and
offer avariety of sensing, warning and programming facilities.

er supply. Two main factors limiting the

amount of improvement, one is the’

legislative requirement for 8mm clear-
ances and creepages, which means that
wound components in particular cannot
be decreased in size significantly to de-
crease the size whilst not increasing the
temperature within the power supply.
Unfortunately, increasing the frequency
does not improve the efficiency and so
any size reduction possible has to be
weighed carefully against the tempera-
ture rise and therefore decreased reliabil-
ity that might result.

@ New topologies. There are several new
topologies available to the power supply
designer, including resonant circuits,
current fed circuits, etc. These topologies
do not represent an improvement which
obsoletes other designs, they are simply a
new tool available to the designer for use
as and when appropriate. It is for this
reason that it is very important that end
users leave the choice of topology, fre-
quency, etc., free to the specialist desig-
ner, so that he may choose the one that is
most appropriate to that particular ap-
plication.

@ There are several new manufacturing
methods available to decrease the size
and, in some instances, the cost of power
supply systems. These include surface
mounted components, 1.s.i. and v.l.s.i.
control systems, hybrid and thick film
approaches. There are also power hybrids
which include some power components
aswell.

Some of these technologies are rather
costly and therefore more appropriate to the
military market, such as power hybrids,
whilst others such as surface mount need a
high investment but which will result in a
reduced unit cost and are therefore more
appropriate to the high quantity industrial/

commercial market. The component manu-
facturers are also improving their own
manufacturing technologies and this results
in further improvements such as smart
power devices and amorphous alloy magne-
tic components.

Harmonization

The Power Supply Manufacturers Associa-
tion, which represents most of the power
supply industry in the UK, has its repre-
sentatives on the various BS and IEC com-
mittees and sub-committees, as well as other
influential bodies in this field, and have been
pushing for some time for harmonisation of
standards. Not just for the simple reason for
making the manufacturers' life easier, which
it will undoubtedly do but to enable the cost
to be optimized and the choice to be maxi-
mized to the end user. It is clearly advan-
tageous to everyone to have a single safety
and e.m.i. standard rather than to have to
manufacture different designs for the UK
market, Germany, USA etc. They have been
very effective and no doubt everyone has
heard that January 1992 is the deadline for
doing away with import and export barriers
within the EEC, which will be to the advan-
tage of all. But, the barriers can't be lowered
until the technical and legislative require-
ments for power supplies are identical in
each country. So this has to be done first,
and is scheduled for January 1990. By then
we should have totally harmonized e.m.i.
safety and power supply standards within the
EEC and harmonisation of test require-
ments so that national approval of a product
should be internationally acceptable. This is
truly a giant step for mankind.

Peter Bardos is technical director of Advance
Power Supplies. now part of the Farnell Electronic
Components group. This review is based on a
lecture given at Power Sources & Supplies. April
1988.
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Single and multi-output power supplies

o NS5 =
card form R -

The Farnell N55, N75, N110 and N140 switch-
moda power supplies have been developzad
to maet the volume needs of the Original

Equipment Manufacturer -a low cost,
compact, reliable and highly efficient 8
power source to build into equipment.

N110 with
L chassis

Available in single or multi-output
versions, these models offer a choice of
mechanical formats - units can be suppl 2d
in card ferm, mounted on an’L’ chassis or
fully enclosed in a ventilated cover.

card form

N-40 with
L ehassis

Designed and manufactured to meet inkernational
standards for safety, noise, etc., the relevant UL,
BS, IEC, CSA and VDE approvals have teen
obtained.

A useful range of options is available.

safety cover

N55 N75
2, 3or 4 outputs. 55W total output power. 2, 3or 4 (optional 5th) oLtputs. 75W tetal outptt power.
5 versians available: 5 versions available:
+5V6A, +12V 3A, 12V 124, 5V HA + 5V BA, +12V3A, 12V 12A, 24V 1A
+5VBA, +12V 3A,12V12A,24V HA +5VBA, +12V 3A,12v 24,5V YA
+5V3.54A, +12V3A, +24V 1A +5V8A, +12V3A, +12V *2A,-12V*0.5A
+5V3.5A, +12V3A, -12V1A +5V8A, +12V3A, +12V2A
+5V3.5A, +12V3A +5V8BA, +12V 3A
t Flaating. t Floating. *Can be supplied floating to order
NSES NS75
Single output, S5W output power. Single autput, 75W output power.
7 versions available: 7 versions available:
5V 114, 12V 4.5A, 15V 3.6A,24V 2.3A, 30V 1.8A,48V 1.1A, 5V 16A, 12V 6.25A, 15V 5A, 24V 3.2A, 30V 2.5A, 48V 1.6A,
56V 1A 56V 1.4A
N110 N140
2, 3, 4 or 5outputs. 110W total output power. 3, 4 or 5 outputs. 140W total output power.
7 versions available: 6 versians avallable:
+5V 12A, + 12V 5A,-12V 2A, -5V 1A, + 24V 2A +5V 14A, +12V5A,12VI3A, 24V13A, 5VHA
+5V12A, +12V5A, -12V 2A, -5V 1A, + 12V 2A +5V 14A, +12V 5A, 12V13A, 12VH 5A, 5V HA
+5V12A, +12V5A,-12V 2A, + 24V 2A +5V 14A, + 12V 5A, 12V 13A, 24V t3A
+5V12A, +12V5A,-12V 2A, -5V 1A +5V 14A, + 12V 5A, 12V13A, 5VH BA
+5V12A, $12V5A, +12V3A,-12V2A +5V 14A, +12V5A, 12V13A, 12V 5A
+5V12A, +12V6A, -12V 3A +5V 12A, + 12V 5A, 12V13A
+5V12A, +12V6A t Floating
NS110 NS140
Single output, 110W output power. Single cutput, 140W output power.
7 versions available: 7 versions available:
5V 22A, 12V 10A, 15V 7.5A, 24V 5A, 30V 4A, 48V 2.5A. 5V 28A_ 12V 12A, 15V 1DA, 24V 6A, 30V 5A, 48V 3A, 56V 2 .5A
56V 2A

Send now for detailec information

FARNELL INSTRUMENTS LIMITED
Wetherby, West Yorkshire,LS22 40H.
Telephone(0937)61961 Telex557294 G

When value counts-think Farnell

ENTER 59 ON REPLY CARD
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LASER SMPS USES
FAST HIGH
CURRENT SWITCH

n a switched-
mode power equi-
pment there is a
L— need for a high

power switching device. Gener-
ally, three types of semiconduct-
ing switching devices are used
in this type of application,
thyristors, bipolar junction
transistors and field effect tran-
sistors.

Thyristors handle very high
power, but suffer from relatively
slow switching times, and are
generally used at frequencies
below 10kHz. Bipolar transis-
tors with high power handling
capabilities are also slow, parti-
cularly high current devices,
and maximum switching fre-
quencies are typically under
50kHz.

Field-effect types can be
switched very fast and can operate at fre-
quencies above 100kHz. However, their
power handling at high voltages is not as
good as thyristors or bipolar transistors.

Oxford Lasers have used a technique for
paralleling two low-cost, medium-power
b.j.ts driven by a single low voltage, high
current fet to form a high voltage, high
power, high speed switching module.
Single devices with comparable perfor-
mance are not readily available and are far
more expensive than the circuit described
here.

The circuit of the complete switching
module is shown in Fig.l. Tr;, a low vol-
tage, high current fet, is used to switch the
emitters of both Tr, and Tr,,. This module
has been used in a s.m.p.s, typically switch-
ing 16A at 300V, with turn-on and turn-off
times of 200 and 500ns respectively. Both
these b.j.ts are driven by identical current
transformers connected to provide equal
amount of base current to each. The b.j.ts
were found to share currents within 10%
and the temperature stability was good.

Operation of the complete switching

1008

How to achieve the

performance of expensive
bipolar transistors by
paralleling low-cost types

module is best understood by
considering the simplified cir-
cuit shown in Fig.2. Diodes D,
and D, form a Baker's clamp?,
ensuring that the b.j.t. does not
go into hard saturation. During
the on-time the clamp ensures
that the collector voltage does
not fall below the base voltage.
Diode D, diverts any excess
current from the base drive into
the collector, thus improving
the turn-off time of Tr,.

Emitter switching. A low vol-
tage fet switches the emitter of
a high voltage, high current
transistor’. The base is biased at
a fixed voltage, typically 15V.
Diode Dy, in Fig.2, clamps the
base voltage to the zener vol-
tage of ZD, plus the diode
forward voltage drop during the turn-off
time of the b.j.t. Emitter switching is no
different from the conventional base drive
technique turn-on, the fet is switched on the
current starts to flow through the b.j.t. and
the fet.

At turn-off, the fet is switched off rapidly
and the current out of the emitter of the
b.j.t. drops quickly to zero but the current
still flows into the collector. This collector
current is diverted into the base giving rise
to reverse base current equal inamplitude to
the collector current, which removes the
base charge and switches off the b.j.t. rapid-
ly. Both storage and turn-off times are
minimized. The risk of failure due to secon-
dary breakdown is also reduced using emit-
ter switching compared with conventional
direct base switching arrangements.

Proportional base drive. Proportional base
drive is an effective method of driving
b.j.ts*®

In a conventional fixed base drive method
of switching the base current must be large
enough to handle the full-load collector
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current. Under lightly loaded conditions the
b.j.t, is severely over-driven with fixed base
drive and is probably saturated, resulting in
long storage and turn-off times. The pro-
portional base drive method as well as being
simple, optimized performance under
varying load conditions.

The current transformer in Fig.2, pro-
vides regenerative base drive to the b j.t. The
amplitude of the base current provided by
the base drive transformer is proportional to
the collector current being switched. The
ratio of collector current to base drive
current is determined by the transformer
turns ratio.

As shown in Fig.2, C1 provides initial base
current to the b.j.t. The use of proportional
base drive allows this capacitor to be small as
most of base drive current required is pro-
vided by the proportional base drive trans-
former.

Paralleling bipolars. To handle higher load
currents two or more b.j.ts may be para-
lleled, extending the circuit of Fig.2, to that
of Fig.1. The current gain of high power
b.j.ts is low, and variations in the current
gain of a particular type of device is usually
small. Driving equal currents into the bases
of two b.j.ts connected in parallel ensures

METAL VAPOUR LASER USES HIGH POWER SMPS

Since 1982 by far the most important and
rapidly growing of the product limes manufac-
tured by Oxford Lasers has been the range of
metal vapour lasers (m.v.Is). There are two
types of m.v.l. of greatest commercial in-
terest; the copper vapour laser (c.v.l.) and the
gold vapour laser (g.v.l.). While the majority
of sales are c.v.ls because of their high
efficiency, there are some specialized applica-
tions for which the g.v.l. emitting red light at
628nm is especially well suited.

As with all m.v.ls, the copper vapour laser
emits a bzam of pulsed laser radiation com-
prising a train of short pulses (each lasting
about 20-40ns) depending on ojerating con-
ditions) but with very much higher repetition
rates (5-20 thousand per second) than the
few hund-ed per second typical ef other types
of pulsed laser system. The c.v.l. emits a
two-colour beam made up of green (511nm)
and yellow (578nm) components in which the
green component predominates under nor-
mal operating conditions.

The principle power supply requirement for

the m.v.l. is a d.c. source with a stable output
of some 6kV, capable of providing output
currest up to 400mA. Design engineers at
Oxford Lasers have developed a cost-effective
s.m.p.s. to provide this d.c. source and are
incorporating this supply into thefir product
range. The work was presented at the third
International Conference on Power Electro-
nic and Variable-Speed Drives held in London
last July.

Oxford Lasers design and manufacture
high performance lasers used for industrial,
scientific and medical purposes and their
products are sold world-wide. After only ten
years, since the company was founded they
gained the Queen’s Award for Export
Achievement in 1987. Design work is carried
out im-house, specialized parts are made by
subcentractors and standard components are
assembled into lasers. The final phase of
manufacture involves rigorous testing and
physizal conditioning of the lasers and, in-
creas:ngly, an integration into complete laser
instrument systems.

that the load current is almost equally
shared.

To achieve this the proportional base drive
technique is developed so as to drive two
b.j.ts. Two identical current transformers in

series provide equal base current to each of
the two b.j.ts connected in parallel, sharing
the load current. Maximum load current is
almost double that of a single device, with
the circuit as shown in Fig.1.

Load
07, J3lIET

R1"" Dg
| ——

20 Ou

Pt

il
IE Tr
N g ==

-

Complete switching module, Fig.1 above,
and its simplified equivalent, Fig. 2 above
right, relies on the paralleling of multiple
devices, Fig.3 right, to increase both load
current and switching speed. The feedback
technique of Fig.4, extreme right, limits
the number of parallel devices to two.

I
o) 5. BL{E”
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Both bipolar transistors shared the load
current equally without selecting match-
ed devices. Top diagram shows collector
current while the middle curves are of
rising and falling edges with an expanded
timebase. Traces in lower diagram are
collector voltage and current and base

current (bottom).
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This paralleling technique can be ex-
tended using additional parallel b.j.ts, each
of which requires a further base drive cur-
rent transformer; as shown schematically in
Fig.3.

Circuit operation

The module shown as Fig.1, is a four-
terminal switch used instead of a bj.t. in a
s.m.p.s. application requiring a fast high
power switch. The fet gives the device a high
input impedance and very high current gain.

Initially when terminal g; and g, are at
constant relative potential the switch is off.
Capacitor C, (C,’) is charged to zener vol-
tage 2D (ZD,'), via D5 and R, (D5’ and R,").
When a pulse is applied between g, and g,.
Tr, is switched on, switching on both Tr, and
Try’. Capacitor C, (C,’) provides initial
charge to the base of Tr, (Tr,’). Once some
current is established through Tr, or Try',
the current transformers will provide equal
base current to each transistor.

When the input pulse falls, Tr, switches
off and the current through both emitters
fall to zero. The collector currents are
diverted into the respective hases, rapidly
removing the store base charge and turning
oif both b.j.ts, as discussed in the above
section.

Each current transtormer is designed to
provide a base current proportional to the
load current, hence ensuring that the base
current through each bj.t. is the same. Thus
a similar load current should flow through
the collector of each bj.t. The turns ratio of
the current transformers in Fig.1 with two
parallel b.j.ts will be twice that shown in
Fig.2 with asingle transistor.

Due to mismatch between the gains of Tr,
and Tr,', there may be some difterence in the
sharing of load current between the b.j.ts.
But good performance is achievable without
selecting closely matched devices.

Performance

The performance of the circuit is best illus-
trated by the oscilloscope waveforms. These
are obtained using a single module, switch-
ing a dominantly resistive load at 300V, with
a current of 16A. The collector current is
shown in Fig.5, which shows similar current
waveforms. Each is switching approximately
8A. Fig.6, shows the rising edges of the two
currents, and similarly Fig.7 shows the
falling edges, on an expanded timebase.
Shown in Fig.8 are the collector voltage,
collector current and base current wave-
forms for one of the bipolars.

Discussion

Both b.j.ts shared the load current almost
equally, without selecting matched devices.
The sharing of current was also found to be
temperature stable. The devices were
mounted on separate heatsinks and one of
the heatsinks was heated with an external
heat sources. No noticeable change in the
current being switched in each b.j.t. was

ohserved even with a temperature ditterence
of 65°C, as measured hetween the two
heatsinks.

This current sharing technique is flexible
and can equally be applied to higher power
or lower power transistors. The circuit as
described has very high current gain and
switching times are relatively fast compared
with a single transistors of comparable pow-
er rating. This technigue need not only be
used to increase the load current being
switched but can also be used to achieve
faster switching times by using two lower
power, faster devices.

Feedback technique

An alternative technigue for paralleling may
also be used. This method differs from the
above in that the current transformers are
not connected in series 1o ensure the same
base current to each transistor, but are
connected in series separately with each as
shown in Fig.4. The current transtormer in
series with one transistor provides prop-
ortional base drive to the other. This method
introduces negative feedback into the sys-
tem. If the current through one is higher
than the other, the current transtormers will
drive more base current into the one passing
less load current and less base current into
the one passing more load current, hence
balancing the load current through each.
This method is self-stabilizing and will also
compensate for any mismatch due to
temperature instability or differences in
current gain.

The results obtained for this circuit con-
figuration were very similar to those
obtained in the first method. Due to the use
of feedback in the second method it is
inherently more stable. However a drawback
is that only two devices can be paralleled in
this way.

Thanks to the IEE for releasing copyright
of ref.1. to enable this work to be published
in this issue of Industry Insight.
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he vast majority of electronic

loads operate from direct cur-

rent derived from the mains

supply computers, com
munication systems, process controls, auto-
matic test equipment, etc. These rely on a
high-quality mains supply, but if this is lost
there is the possibility of a damaged system,
not to mention lost revenue.

The conventional method of overcoming
the problem of mains disturbances is to use
an uninterruptible power supply. These
equipments use a battery as an energy
store and maintain a sinusoidal output
irrespective of whether they are taking
power from the mains supply or the
battery.

In the typical uninterruptable supply
shown in Fig.1, the incoming mains supply
is converted to a controlled direct output
voltage by a thyristor converter. This direct
voltage is smoothed by a choke/capacitor
filter and becomes the float voltage of the
battery. Voltage and current controls main-
tain the battery in the optimum state of
charge. The inverter circuit is powered
from this voltage, converting the nominally
constant voltage into a fixed-voltage, fixed-
frequency output. This a.c. output is fil-
tered to a sinusoidal voltage and the output
impedance has to be matched to the distor-
ted input currents of many loads.

The regulating controls ot the inverter
maintain its output irrespective of load and
voltage variations. If the mains voltage falls
too low, so that the float voltage cannot be
maintained, the battery starts to discharge
and provide the input power of the inverter.
The output voltage of the inverter is there-
fore independent of the actual mains vol-
tage.

The majority of the power components are
operating at mains frequency and thus re-
latively heavy and bulky. At low battery
voltages of 24-48 volts it is usually necessary
to have an input transformer and of course
this is a bulky component. When it is
necessary to have one pole of the battery
earthed it is also necessary to have a double-
wound input transformer to isolate the
battery from the mains system.

This arrangement is typical of an uninter-
ruptible power supply. But it is a series
connection, so that if any component fails it
is possible to lose a.c. power to the load. The
usual modification is to add a static switch
arrangement, Fig.2, which shows the output
voltage of the inverter being fed to the load
via a thyristor switch. If the control circuit
detects any deviation outside the design
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THE CHANGING SHAPE
OF SECURE POWER

Ken Bishop’s team at
Contanthas come up
with an alternative
solution tothe ups

problem.

Mains

specification then switch A is turned off and
switch B is turned on. This assumes that the
mains supply is still present and is of a
suitable quality to power the load.

With this static-switch-backed supply the
reliability is then more dependent on the
loads being powered. The power however is
being controlled three times before reaching
the load and this results in a low overall
conversion efficiency.

If the load is purely power supplies and
does not actually need a.c. power then
perhaps we should seek an alternative solu-
tion — an alternative u.p.s. Switched-mode
power supplies that are being manufac-
tured today are the result of extensive
development programmes. Their cir-
cuits have been designed to minimize size
and cost and to maximize reliability to suit
different application criteria. In high re-
liability systems therefore one should try to

e Protected
== a.c.output

Fig.1. The conventional means of secure power — a u.p.s. — uses
battery as an energy store. A sinusoidal output is maintained
irrespective of whether it is taken from the mains or the battery.

Mains

ac.output

Fig.2. This static switch arrangement shows the output voltage of
the inverter being fed to the load via a thyristor switch. Any deviation
from the design specifications causes switch B to turn on.
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Fig.3. Keeping the input d.c. capacitor charged can be achieved in an
alternative u.p.s. by using a d.c. converter to step up the voltage and
using this output to keep the capacitor charged.
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inherent high reliability of the power supply
and not add series connections which could
degrade its performance. (The main consti-
tuents of-a switched-mode power supply are
showninFig.3).

The input circuit comprises an r.f.i. sup-
pression circuit and full-wave rectifier. The
bridge rectifier output charges the input
capacitor and maintains it at a voltage
directly proportional to the mains voltage.
This direct voltage is switched by a transistor
or f.e.t. into the primary of a double-wound
transformer, with secondary windings to
power as many separate outputs as required
by the load. Depending on the control
strategy one can either use close-loop con-
trol from the main output to the primary
switch plus post regulators, or use only post
regulators. Primary side components are
designed to operate over a particular mains
voltage range and to be capable of withstand-
ing at least a half-cycle break. It is obvious
that if the input d.c. capacitor could be kept
charged then the p.s.u. outputs would re-
main within specification irrespective of the
mains voltage. This is achieved in the
alternative u.p.s. by using ad.c./d.c. conver-
ter to step up a nominal 48-volt battery to
approximately 240 volts d.c., and to use this
output to keep the capacitor charged. Fig.4.
Whilst the mains supply is healthy it is

necessary to provide charging current to the
batterv to maintain it at its float voltage.
Fig.5 therefore shows how a practical system
canbe constructed.

Transformer T, and transistor Tr, form a
step-down d.c. converter which is extracting
energy from the d.c. link capacitor of the
s.m.p.s. and providing the float charge re-
quirements of the battery. It is also provid-
ing the no-load losses of the main d.c.
converter. Transformer T, and Tr, are the
main components of the step-up d.c. conver-
ter, running continuously whenever there is
abattery connected but producing no output
power as D5, is reverse biased. As soon as the
d.c. link capacitor voltage of the s.m.p.s. falls
below the output voltage of the step-up
converter, D, becomes forward biased. The
s.m.p.s. will therefore continue to operate
for a time dependent of the battery capacity.
When the main step-up d.c. converter is
operating the battery charging converter is
inhibited.

Attributes of alternative scheme

An alternative u.p.s. based on the foregoing
arrangement has the following technical
attributes over competing schemes. High-
frequency switching circuits give high efti-
ciency and small volume. The noise gener-
ated in this circuit can be easily suppressed

.———

A DESK TOP

LTS,

guaranteed.

get for your money ........

UNINTERRUPTIBLE POWER SUPPLY
AT AN UNBELIEVABLE £299

To operate efficiently your computer needs a clean and stable
AC power supply. And without UPS that's by no means

The answer is the new DT 300 from Dowty. Built to the highest :
standards and costing less than £300! And just look at what you e

300 VA e Low profile and computer size footprint @ Power
control centre facilities ® RFl and surge protection ® 10 minutes
built-in battery ® Two tier Audio and Visual alarms ® Low noise

to comply with appropriate specifications for
conducted battery noise. By using the same
creepage and clearance specifications as
usedins.m.p.s. in the d.c. converter stages it
is possible to meel BS5850 and BS6301
requirements. This means that the battery is
isolated from the mains with full safety
isolationand hence can be earthed.

By matching the battery discharge time to
system requirements of the load it is possible
to give alarm and control signals to allow a
computer switch to shut down in an orderly
manner. With short discharge times of 10-20
minutes, sealed lead-acid or alkaline batter-
ies can be used to enhance the small volume
of the product. It would be normal practice
to fit some form of thermal shutdown in a
short time rated product due to the ‘high’
thermal impedance. However the converter
could be cooled by an internal d.c. fan, and it
could then operate indefinitely from a large
capacity battery.

The most signiticant point however is that
during normal operation the energy con-
sumption is dependent on the load power
and s.m.p.s. efficiency. plus the quiescent
power of the d.c. converter system. There are
none of the continuous losses of a conven-
tionat u.p.s., and this means the alternative
u.p.s. has the additional advantage of lower
running costs.

Smps.
Mains 'I' b
supply T Outputs
o = [B1L
Battery T Oc/fac
convertor
T

Fig.4. While the mains supply is health it provides charging
current to the battery to maintain it at its float voltage.

+
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level < 45 dBA.
I Dowty Power Conversion Ltd.,
ID ew =0 \'{ Brunel Rood, Solisbury, Wiltshire,

1r SP2 7PT UK.
I Tel: (internotionol UK +44) 0722 28801.
POWER CONVERSION  Telex: 477004. Fox: 0722 25673

Figs 3and 4.

ENTER 60 ON REPLY CARD

1012

N =
0y
S.m.ps.
-I- b dc. link
Cul i
\ l . T2
-.II Cuel
sz
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ADVANCES IN SOLID-STATE
POWER SUPPLIES
RF HEATING

or heating applications re-
quiring operating frequen-
cies hetween 50tz and
10MHz triode valve oscillator
power supplies are almost universally used.
A high direct voltage is applied between the
anode and the cathode of the valve and the
high frequency output is usually fed to a
parallel resonant circuit, possibly incorpor-
ating a matching output transformer. Oper-
ating in a class-C mode. efficiency of valve
oscillators rarely exceeds 60%.

Recently the capital cost of solid-state
devices has fallen and their availability in-
creased. For some vears attempts have been
made to replace valve oscillators with tran-
sistorized power supplies. Units using para-
llel combinations of bipolar transistors are
available within this frequency range but
they have limited power output capabilities
and poor reliability. They have made little
impact industrially usually being associated
with applications within laboratory environ-
ments.

The development of high-power mosfets
has made high power solid-state units for
induction heating feasible. Research work
on transistor power supplies for induction
heating has been carried out by Tebb and
Hobson', and commercial units developed
and instatled. The work has been mainly
concerned with supplies operating hetween
100 and 400kHz at power levels up to 5k\V.
for such applications as heat treatment and
cap sealing.

Microprocessor control
A microprocessor control system was in-
corporated into this range of solid-state

Brighton Polytechnic’s
Professor Hobson reports
onhow highpower
- mosfets have made solid-
state power supplies for
r.f. heating feasible

induction heating power supplies to achieve
more sophisticated power control, increased
reliability and improved system efficiency
refs 2,3. The microprocessor control svstem
could also monitor the performance of the
supply unit and carrv out general supervis-
ory tasks such as the continuous control of
the temperature and flow rate of the cooling
water.

The microprocessor control unit can con-
trol the power output from the power supply
and take it through any predetermined cycle
required hy a heat treatment process.
Secondly. closed-loop temperature or power
control is also a common requirement for

Fig.2. Components of inverter circuitry incorporated in computer simulation.

Vid

Ie ‘e
'_<>-,w‘—w‘'—“\/\vA —

%’ oy

Fig. 1. Block diagram of microprocessor-controlled induction heating power supply.
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high frequency induction heating applica-
tions which can he more easily accommo-
dated using the microprocessor control
unit. Finally, for the more highly technolo-
gica' applications (e.g. crystal pulling, fibre
optic production) the induction heating
power supply is only a small part of the
process equipment and may need to inter-
face with the supervisory control computer.
The incorporation of a microprocessor
means that it can be programmed with
software to support handshaking protocols
used on the system bus.

The microprocessor control system im
plemented a frequency-hunting procedure
r.e. the unit found the desired resonant
frequency of the tank circuit and adjusted
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the output of the power supply accordingly,
Fig.1. Operation of the power supply at the
resonant frequency of the tank circuit re-
duced the switching and diode conduction
losses in the mosfets and hence increased
the operating efficiency of the inverter. The
subsequent reduction in the semiconductor
device junction temperature improved the
capability of each device to withstand tran-
sient overcurrents and hence improved the
reliability of the power supply. Transient
overcurrents are, of course. inherent in
induction heating applications due largely to
short circuits of the work coil or spurious
turn-on of devices in the electrically noisy
industrial environment in which these pow-
ersupplies must operate.

Computer simulation

The power mostet has high frequency capa-
bilities. low driver power requirements and
can be paralleled relatively easily to produce
relatively high power units. However if
switching losses are to be minimized the
transistors must be switched at a fast rate
and there are practical restrictions on the
minimum parasitic lead inductance that can
be achieved when devices are paralleled for
high power units. These two factors create
voltage spikes in the lead inductance and

Vge
ldc
. Class £ I Matching |
[ converter [y s | transfarmer |
| D |
| 1 | T, TR Load
i I4 i L
Orive cicuit | --n : oﬁj |
] - '
t # Cy Cj | | } R |vg
L 1 | P—.\Qmﬁ/j | T
I - .

Ty

Fig.5. Basic class E amplifier circuitry.

excessive ringing between the lead induct-
ance and the drain source capacitance can be
a major problem. An understanding of the
causes of the ringing and the development of
a method of reducing its detrimental effect
on the solid-state circuitry are of paramount
importance if a successful transistorized
induction heating power supply is to be
produced.

An elementary analysis of the current-fed
full-bridge inverter has been reported* in
which the initial design of the matching
circuitry for a 100kliz, 2.5kW prototype unit

E%v’

L4 ™

(but no close shaves)
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today's market place, it is difficult to know exactly
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system to suit your needs.

For further information on acompany that won't let
you down phone Bill Knight or Patrick Delaney on
0793 38613/38696 or 38835 0
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was described. A more detailed and flexible
computer-based analysis has since been car-
ried out to extend the understanding of the
operation of the unil and to investigate in
more detail the design of the tank circuit.

Simple parallel resonance tank circuit

The circuit in Fig.2 was simulated with
component values L. 10mH, 7. 0.5¢). L4
50nH. C‘-_|3]4 2nF, ]4 Slull Iy 0.530 Cy
SOnF. L, 0.7uH, v, 0.1Q, L” OmH. R" 09,
gate drive voltage 15V, and switching fre-
quency of the inversion bridge 250kHz.

60

40

VDS INV

20

TIME /ps

Fig.3. Theoretical waveform using Spice of drain source voltage
across a mosfet feeding hwo-element tank circuit.

396
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1 1 1
398 399 400
TIME/ ps

397

Fig.4. Theoretical waveform predicted across drain to source of
mosfet when a modified tank circuit used.
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The drain-to-source voltage by the analysis using the spice
simulation package agreed well with practical waveforms®, see
Fig.3.

There are about five full cycles of ringing on the half sinusoid of
voltage across the drain Lo source of mosfet2. The major component
of the ringing is therefore at about 2.5MHz.

The voltage across the workcoil is free of ringing because the tank
circuit capacitor presents a low impedance to ringing currents
relative to other components in the path of the ringing current.

Modified tank circuit

To reduce ringing the workcoil was connected in a modified parallel
resonant tank circuit, as shown in Fig.2. The circuit was simulated
with the same component values as in previous section and in
addition Cy.y4 40nF, L” 9.8nH. r, 0.2 and R"” 0.254).
switching frequency 140kHz. Waveforms of mosfet voltages in
steady-state conditions are shown in Fig.4 which again agree well
wilh the resultant practical waveforms’.

Higher frequency units

To extend the frequency range of operation into the megahertz
region a detailed assessment of the possihle devices and circuits has
been carried out®®. Prototype class E switching-mode power
amplifiers have been developed to assess their usefulness as high
frequency power source for process heating applications.

The class E amplifier was developed in the mid-1970’s for use in
lightweight. low power high efficiency power converters and r.f.
amplifiers. By the method of operation, the class E amplifier
eliminates the simultaneous high voltage and current stress on the
active device during switching transitions by shaping the device
current and voltage waveforms.

The desirved waveforms for class E operation can be produced to
any degree of accurancy by increasing the complexity of the load
network. However. first-order approximations can be achieved
using only three or four discrete components in the load network
and conversion efticiencies of over 90% have been achieved.

RF mosfet amplifier

The switching circuitry for the r.f. mosfet amplifier was designed
around a Motorola MRF150. The specification of the prototype was
for an input power of 75\ and a desired operating frequency of
5MHz. This gave an anticipated maximum drain current of 12A and
a drain-source voltage of 96\". Using the design equations the circuit
components required (Fig.5) were C," 1.18nF, C, 1.78nF, L,
7.34uH. L, 0.77H, and R 4.8Q. The initial load resistance of 4.8
ohms was chosen for ease of component choice, but in the later
stages of the work a matching transformer was included so that
power could be delivered to a 50-0hm load. In most high frequency
heating applications the load circuitry is nominally designed to 50
ohms. An approximately 9:1 impedance-ratio transformer was used
consisting of two ferrite-cored toroids with 0.9mm diameter
enamelled copper wire twisted-pair windings. With a d.c. input of
30V and 2.5A (i.e. 75W) the power into the 50 ohm load was 70W at
5MHz giving a conversion efiiciency of 90% (ref 7).

Power mosfet amplifier

In the initial investigations on switched-mode power supplies
operating in the MHz region r.f. power mosfets were used. The cost
was thought to be a major hindrance to the commercial viability of
these solid-state power sources arid efforts were made to utilise the
much cheaper standard power mosfets. Initially the active device
chosen for 150\, 7MHz prototype was the IRF630 having a 200V
hreakdown voltage (drain to source) 6A current carrying capability
{at 100°C). 800 pF input capacitance and 450pF output capacitance
(maximum values).

The prototype has been operated at a number of freyuencies by
altering component values from 4.5MHz through to 8MI 1z, efficien
cv in all cases has been in excess of 85% and typically is higher than
90%. continued on page 1022
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HOW TO COMBAT
WAVEFORM DISTORTION
BY SWITCH-MODE SUPPLIES

he use of linear techniques in

power supply design has been

largely superseded by the use
—  Of switched-mode circuits,
especially in the computing, data proces-
sing, and communications industries. This
change has taken place despite the higher
levels of electrical noise inherent in the use
of switched-mode techniques because of the
considerable reductions in size, weight and
power loss and the savings in cost which can
be made. S.m.p.s. users — generally original
equipment manufacturers — are demanding
in nature especially where costs are con-
cerned. They call for ever cheaper power
supplies and as a result a large percentage of
the s.m.p.s. being manufactured and instal-
led today have simple, minimum-cost input
stages which draw non-sinusoidal currents
from the supply mains.

The installed capacity of s.m.p.s. increases
each year (more than 130MW installed in the
UK alone during 1986) and, especially in the
computing and related industries, concen-
trations of s.m.p.s. loads are common. The
power rating of a single power unit may be
low, say 100 to 300W, but the total load in a
concentration such as a computer terminal
room or dealing room may be several kilo-
watts or tens of kilowatts. Under these
conditions the non-sinusoidal nature of the
supply components and resulting in supply
current may cause severe operational prob-
lems, requiring over-rating of power system
component and resulting in supply voltage
waveform distortion with resultant malfunc-
tion of other equipments.

The cause

Although the base cause of current wave-
form distortion lies in the demand for
minimum-cost p.s.us, technically it is the
simplicity of the input stages that is re-
sponsible. The form of input stage most
commonly employed is a simple bridge
rectifier/reservoir capacitor system fed from
the a.c. mains supply via a low-pass filter
which serves to reduce conducted radio
frequency interference to acceptable levels,
Fig.1.

The reservoir capacitor acts as a d.c.
source for the switched-mode power conver-
sion stage. The capacitor charges to just less
than peak supply voltage twice per cycle,
partially discharging between successive
charging actions as it supplies energy to the
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converter stage. Input current flows only
when the supply voltage exceeds the capaci-
tor voltage, that is, for a short time during
each supply half-cycle, so that the input
current waveform takes the pulsed form
shown, Fig.2. For a given output power an
increase in capacitor value results in a
reduction in the fall in voltage during dis-
charge and hence in a reduction in the
duration of the recharging current pulse.
Since the same amount of energy must be
fed to the system a reduction in pulse
duration implies an increase in pulse ampli-
tude.

The reservoir capacitor is the prime ener-
gy store of the s.m.p.s. and a major require-
ment is that sufficient energy be stored to
provide ‘hold-up’ for 10-20ms in the event of
transient mains failure. This requires large
capacitance values so that the durations of
the input current pulses are short, often only
Ims in each 10ms half-period. The current
drawn from the reservoir capacitor by the
switching converter takes the form of short
pulses of repetition frequency typically in
the range 50 to 100kHz and with short rise
and fall times Fig.2(b). Because the reservoir
capacitor is imperfect, having series induct-
ance and resistive elements, this pulse dis-
charge current results in the generation of
high-frequency voltage components across
the capacitor terminals. Whenever the input
rectifiers conduct these h.f. components are
transmitted to the rectifier bridge a.c. ter-
minals, appearing as conducted r.f.i. compo-
nents. At the end of each conduction period
reverse-recovery currents flow for a short
time and may terminate abruptly, generat-
ing further r.f.i. A low-pass filter interposed
between the bridge rectifier and the supply
mains reduces these conducted components
to an acceptable level and prevent malfunc-
tion of other equipment operating from the
same mains supply.

The peak value of the capacitor recharging
current is determined by the mains supply
and reservoir capacitor voltages and the
circuit impedances. Since cost is an impor-
tant criterion in selection of circuit con-
figuration it is rare for p.s.u. manufacturers
to include components specifically to limit
peak current — it is assumed that the com-
bination of r.f.i. filter impedance and mains
source impedance will be sufficient to limit
the peak current to a safe level. This is not
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always the case, and the matter will be
mentioned again below.

The effect

The pulsed input current has a high r.m.s.
level, low power factor and high crest factor
and this results in poor utilisation of the
mains distribution wiring and components.
If the source impedance is not negligible
then the high peak currents and rates-of-
change of current associated with the pulsed
waveshape can result in distortion of the
supply voltage waveform which can result in
malfunction of other equipments requiring
a mains supply of high purity. This effect is
worst where the prime power system is of
limited size, as in a aircraft or ship, in
off-shore applications or when operating
from, for example, an uninterruptable power
supply.

The severity of the problem is best illus-
trated by a simple numerical example. The
figures given are approximate. Consider an
s.m.p.s. having a 450uF reservoir capaci-
tance operating from a 240V 50Hz supply
and providing a power input to the switching
converter of 330W. With these values the
peak capacitor voltage will be 340V and the
minimum voltage, just as recharge com-
mences, will, in normal operation, be 320V.
This gives a mean capacitor voltage of about
330V and an average input current to the
switching converter of 1A,

The capacitor discharges for about 160
and recharges for 20° of each mains supply
half-period. During recharging the mean
recharge-current will be 8A which, with the
1A switching converter current, gives a
mean input current of 9A. For the sake of
this example, assume an input current pulse
of trapezoidal form, with peak level 15A as
shown in Fig.3, this being less bad than
waveforms generally found in practical sys-
tems. The r.m.s. value of this current wave-
form is 3.2A giving a normal-operation
power factor of 0.43 and a crest factor of 4.7.

Mains distribution wiring and compo-
nents are less than 50% utilised in the
example given above and this figure is
typical. The implication is clear: if a concen-
tration of s.m.p.s. loads requires a total
power input of 100kW, then the distribution
wiring and components, including any u.p.s.
system, would need to be rated at more than
200kVA. If the supply source impedance is
low, the peak current levels will be much
higher than suggested above with conse-
quent worsening of power factor and crest
factor. In applications where s.m.p.s. are
used in close proximity to mains supply
alternators, crest factors of 40 have been
measured and reservoir capacitors within
the s.m.p.s. have been destroyed as a result
of excessive peak current levels.

Further problems with distribution wir-
ing occur in three-phase four-wire systems
where s.m.p.s. having single-phase inputs
are connected line-to-neutral and distri-

buted among the phases. Even if the load-
ings on the three-phases are identical, the
neutral current will not be zero and may be
of the same order as the line currents.

The cures

Original equipment manufactures and
equipment purchasers must learn that costs
cover more than purchase prices and that
there is some duty to minimize pollution of
the mains supply. New installations should
be designed so that the waveform distortion
problem does not arrive and in existing
installations corrective action should be
taken. If these actions are not taken volun-
tarily, which is probably unlikely, then
legislative action is almost certain to follow.

For new equipment there is a remedy
ready to hand; s.m.p.s. manufacturers are
well able to produce power supplies which
operate with power factors of 0.95 or higher
and which have low levels of conducted r.f.i.
The penalties lie in higher costs and in some
increase in size, weight and power loss. If
o.e.m’s specify that the input current wave-
form is to be of high purity, they will find the
s.m.p.s. manufacturers ready to oblige. For
exising installations the problem is greater.
It would be unrealistic to expect users to
arrange for all power supplies in their sys-
tems to be stripped out and replaced. but
there is an alternative.

Recently, work has been carried out at
ERA Technology on the development of
active current-waveform corrector circuits.
These are connected across the supply in
parallel with distoring loads as shown. The
supply line current is monitored on either
side of the connection point and the correc-
tor unit generates current pulses of the
correct shape, size and polarity to bring the

— Current sensors

- e

[ °mlﬂmgﬁf I
= =
[ 1

4.

current waveform on the generator or up-
stream side of the connecting point back to
sinusoidal. The corrector units are effective-
lv current sources and may be paralleled to
increase capability. As an example of the use
of this approach, if a 5kVA u.p.s. was driving
a system of s.m.p.s. loads consuming 2.5kW
at a power factor of 0.5, then the use of a
suitable corrector would enable the s.m.p.s.
loading to be aimost doubled without mod-
ification to the u.p.s. Products based on this
technique are expected to be brought to
market early next year.

Dr Peddar is manager of the power electronics
department of ERA Technology
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POWER SUPPLY
DEVELOPMENT FROMA
TELECOM STANDPOINT

Growthin data transmission
has implications for power
supplies, especially
switched mode, according
to Eltek U K.’s technical
manager, M. Bandar.

reater use of telecoms sys
tems for data transmission
has recently emphasized the
need for secure power, creat
ing a growing demand for high quality
standby power systems. Complexity of the
standby power varies for different applica
tions, but the main requirement is always
the same, that is to protect the load from
undesirable effects on the supply line. Many
companies have suffered the consequences
of improper standby power facilities, which
can result in financial disaster arising from
loss of data.

This article views a variety of systems
hased on the three methods of implementa
tion; linear, thyristor and switched mode.

1: Linear power supply

El-+7

ol & !

 Low cost for low power

+ Min. outputripple and r.f.i.
* Good regulation

* Good transientresponse

EGAINST # Confined to low power <40W
* Forced cooling required at higher
ratings
* Inefficient <50%
* Low power/weight (volume) ratio
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Control
cirgust

2: Thyristor-controlled power supply

# High efficiency

* High power/weight {volume) ratio
* Outputvoltage = the input

* Fasttransient response

#* Good regulation

* Modular

* Low audible noise

FOR | #* Cheap to produce EGAINST #* Large and heavy

* High efficiency * Noisy

* Reliable * Output voltage regulation can be im-

* High power application >100kVA precise

* Poor transient response
3: Switched-mode power supply
— = 1 o= =
mv] L . %|§ L [Toas
ZaJ1l T L 1 - T I—
(a} Rectifier Inver ter Transformer  Rectifier
and filter and filter
= o J — — — = =
zov] M Ao T §|§ ! - ] 72 e
~ T L] e = | =
{b) Rectifier Inverter  Transformer  Rectifier Regulator Output
filter
] J e R Kaiia
v L ] 4o + —L' ] gE >+ R [P
o T 1 -—-{ T —] — t— — T [_‘
(c) Rectifier Boost Reservior Inverter  Transformer  Rectifier Output
chopper capacitor filter
[FOR] = Output of either polarity

AGAINST |  # Complex circuitry
* rfi.

* Costly atiow power

SMPS without pre regulation (a), and
with, {b) & (c).
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TYPES OF SWITCHED MODE SUPPLY
Switched-mode techniques are employed in
the design of several types of power supplies,
each with its specific requirements:

INCUSTRY INSIGHT

* a.c/d.c. converter(rectifier)

+ d.c./d.c.converter

+* d.c/ac.inverter

+ Uninterruptable power supply

+ Frequency and voltage stabilizer
# Frequency converter.
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TYPES OF UNINTERRUPTIBLE SUPPLY

UPS systems are the only power condition-
ing equipments that provide protection
against all the irregularities and disturb-
ances on the commercial mains supply.
These disturbances could be in the form of
spikes and noise, dips and surges with
varying durations. Each type of u.p.s. —
below — comprises four basic elements:
rectifier/charger, d.c. to a.c. inverter, stor-
age battery, by-pass facility — not always
included.

Spike
suppression
and filter

Ac.
supply Electro-

7 mechanical
ta) Ot f-line UPS switch
suppression

Y
{b) On-line UPS —.‘r—'
and filter

Ac.
supply
(a)
-+ {c)
{¢) On-line UPS with static switch

suppression
and filter

Electro-
mechanical
switch

(d) Or-line rotary UPS
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In specifying a u.p.s. system, two main
decisions have to be made:

whether to incorporate a static systemor a
rotary svstem,

on-line system or off-line svstem. The
difference is that in an on-line system, power
conversion to the load is via the inverter in
the u.p.s. system. whereas in an off-line
svstem power is supplied to the load via
mains bypass facility and is only transferred
to theu.p.s. system on mains failure.
Rectifier and charger. The supply from the
mains is converted to a regulated d.c. output
to supply the inverter and to charge the
battery.

Inverter. The direct voltage from the recti-
fier or battery is converted to an alternating
voltage. Inverter voltage is filtered to reduce
the harmonic content and provide final
shaping of the output voltage waveform.
Batteries can be regarded as the easiest way
of supplving d.c. standby power. The battery
is connected between the rectifier and the
inverter. In most applications the battery is
in circuit at all times, connected to the d.c.
link, however, in other applications it may
be separately charged and be connected to
the d.c. link only when the mains supply
fails. In either case the battery will im
mediately supply power to the inverter.
Hold-up time of the battery can vary for
different applications but is tvpically 5 to 15
minutes, providing sufficient time for an
auxiliary source to be brought into service.
By-pass facility. This allows the load to be
transferred to an alternative mains supply
while svstem maintenance is being carried
out or should the u.p.s. fail.

In transter of the load from the u.p.s.
output to the hvpass, the load should experi-
ence no break in the power. To achieve this,
the inverter is normally svnchronized with
the bvpass mains supply. the fast transter
action is accomplished hv means of an
electronic switch, referred to as a static
switch. The switch typically comprises a pair
of back to back thyristors.

\ rotarv u.p.s. provides all the basic
requirements ol a static svstem: the main
differences are: d.c.-lo-a.c. inversion
method and the tvpe of switch used for
transfer of load to the bypass supply. In a
rotary system the inverter can comprise a
d.c. motor with shunt field control and a
separately excited alternator mounted on a
common bedplate. The d.c. motor is capable
of operation from either the rectitier or
batterv, and drives the alternator. The alter-
nator speed is closely regulated to maintain a
constant-frequency outpui. The output vol-
tage from the alternator is a low distortion
a.c.voltage which is regulated by an automa-
tic voltage regulator. The alternator output
is synchronized with the bypass supply.

As far as performance is concerned, there
is little to choose between a static and a
rotary u.p.s. Financial considerations and
previous experience can be considered as the
determining factors on u.p.s. selection.
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SMPS CLASSIFICATION

There are two classifications associated with
switched-mode power supplies. The first
classification refers to the type of output
voltage required, below, and the second to
the topology used to implement the conver-
sion. Using the three basic elements, an
inductor, diode and transistor switch:

{a) Step-down circuit (buck), (b) step-up
circuit (boost), (c) inverting buck-boost
circuit.

The second classification includes the fol-
lowing circuit configurations or topologies:

* flyback + half-bridge
* forward * full-bridge
* push-pull * resonant.

10: Flyback topology

When the transistor is turned on current
flows through the transformer primary. The
diide is reversed biased owing to winding
notation. When the transistor is turned off,
the voltage induced in the secondary wind-
ing causes the diode to conduct therefore
power is transferred to the output. The cycle
is repeated.

This topology can be used in continuous
or discontinuous mode, the main difference
being that the device current will rise from
zero in discontinuous mode, but will have an
initial value in continuous mode of opera-
tion. The consequences are that in con-
tinuous mode of operation, rectifier diodes
will have to be faster and transformer size
will be larger than that used in discon-
tinuous mode. Qutput capacitor size will be
smaller, almost by a factor of two, than that
of a discontinous mode operation.

D
it TF
lpl C Vo
Vin °
e
Tr1

* Low cost

* Multiple outputs possible. Good track-
ing between outputs

* Noinductor needed In Secondary

* High peak current
+* Difficult to stabilize the loop in con-
tinous mode.

11: Forward topology

- C i

I

In a forward converter energy is supplied to
the output during the conduction period of
the transistor. To avoid destruction of the
transistor, the magnetizing energy stored in
the primary inductance of the transtormer
during conduction period of the transitor,
must be recovered. This is accomplished
using a magnetizing winding (n;) and diode
(D3) which allows the stored energy to
return to the supply. Assuming a ratio of 1:1
between primary winding and the magnetiz-
ing winding, the maximum voltage across
the transistor will be limited to 2V, and the
maximum duty cvcle must be limited to 50%
for total demagnetization.

For high supply voltages, two transistors
can be used in what is known as asymmetric-
al half-bridge forward converter, below,
where the maximum voltage seen by each
transsitor is limited to V,, and demagnetiza-
tion is accomplished by the primary winding
and free-wheeling diodes D; and D,. Again
maximum duty cycle is limited to 50% since
magnetizing and demagnetizing times are
equal.

12: Half-bridge forward converter

AL
_@n.

n "';
Iy
Tr
—_— -4

LfOL_ Single transistor topology
* Only one high voltage fastdiode
* Simplicity
Two transistor topology
* Simple transformer
* Vee man = Vin

EGAIN_S_TV Single transistor topology

* Poor transformer utilization., com-
pared to full and half-bridge circuits
* VCE max 2vm

Two transistor topology

* Two high voltage fast diodes
* Two transistors used

* Tr,.requires floating drive
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13: Push-pull topology

The transistors alternately turn on and the
voltage across the secondary will be Vi,
multiplied by the turns ratio of the transfor-
mer. Frequency of the secondary waveform
will be twice the switching frequency which
means simple filtering on the output can be
designed for. Each device must be rated for
twice the supply voltage as this is the voltage
seen by one transistor when the other is
conducting.

Like other bridge circuits, end stop (dead
time) must be allowed for to avoid conduc-
tion of both transistors at the same time.
This topology is prone to flux assymetry in
the transformer. but is well suited in applica-
tions with low supply voltage. Simple drive
circuits can be used as the two device
emitters are at the same potential.

* Efficient design
* Easier drive circuit
AGAINST * Vegman = 2Vig
* Possible flux asymmetry in the trans-
former could be corrected with cur-
rentmode p.w.m. circuits.
14: Half-bridge topology

Half and full-bridge topologies are manda-
torv for higher power applications, whereas
flvback or forward converters are used at
lower power rating. Each transistor is
turned on alternatively. connecting one side
of the transformer to either the positive or
the negative rail. The other side is connected
to the midpoint of the two capacitors in
series at V;,/2. This enables an alternating
voltage to appear at the transformer prim-
ary, which is transferred to the output.

As the transistors are connected in series,
the maximum voltage that each will be
subjected to is equal to V;,. Isolated base
drive for transistor Tr; is required as its
emitter is ata floating potential.

LN A
€=y L /rp —p-
[For] * Veema

] vh ope .
* Good transformer utilization

AGAINST « Tr, requires floating drive
* :l'ransistor storage times must be with-
in close tolerance to avoid flux imba-

lance.

15: Full-bridge topology +

This topolagy is used for higher
power applications. Each pair of
transistors are turned on alter-
natively. Transistors Try, and Try
are switched on for a period v,
goverened by the control circuit.
Transistors Tr; and Try are
switched on only when Tr; and
Try have ceased to conduct. To
avoid simultaneous conduction
of the two transistor pairs, end

=

stop (dead band) must be
accommodated for. Try & Try
have floating emitters and this
makes the drive circuit more
difficult.

16: Resonant converter

* Simple transformer
* High power application
* Veemas = ¥

-—(*\{ T, :@nT 4
| RGAINST |

* Requires four transistors and four
high voltage fastdiodes
* Complex drive circuitry

When Tr, is switched on, energy +
is delivered from the supply to
the output and capacitor C.
When Tr, is switched on. the
energy stored in capacitor C is
transferred to the output load.
Diodes D, and D, clamp the v,
voltage across the capacitor to
the positive and negative rails
respectively.

When Tr; is on, the input
voltage is applied across the
series combination of L. trans-
former primary and capacitor C.

e,

The primary winding current in-
creases in a sinusoidal manner and the
voltage across the capacitor begins to rise.
The inductor voltage decreases and when it
reaches zero, the current in the resonant
network will have reached its peak. Reversal
of the inductor voltage causes the current to
decrease towards zero. At the instant of zero
current Try is turned off and Tr, turned on.
The current in the primary winding in-
creases as energy is transferred from the
capacitor to the output load. Once Tr, has
ceased to conduct, the cycle is repeated with

TAIL PIECE

Of the three power conversion methods
presented, the thyristor-controlled regula-
tor provides the most economical answer for
high power application (=100 to 200kVA).
For lower power application (<40VA) a
linear regulator is the cheapest solution but
by no means the best. The switched-mode
supply shows many advantages over its
rivals, making it the hest method of conver-
sion for lew-medium power. The technigues
used in s.m.p.s. design provide high power
to weight and volume ratios. One of their
most interesting aspects is the suitability for
use as a modular system.

The suitability and selection of any power
supply depends greatly on the nature of the
load. In some cases, user’s particular prefer
ence or experience can override all other
matters.
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Tr, turningon again.

Resonant converters can he designed us-
ing variable frequency or p.w.m. mode of
control to provide a stable output voltage.

« Higher overall efficiency

* No switch on losses

* Reductionine.m.i.

* Increased reliability

* Smaller weight and volume

* Switch rating is higher than that of a
conventional regulator

* Requires additional LC network if
compared to a flyback converter

t)ne of the main objectives of power
supply designers in the future will he to
reduce cost and achieve higher power
weight and volume ratios. It is ideal to
increase the switching frequency so that the
size of the magnetic and filtering compo-
nents can be reduced, but of course this will
cause an increase in radio frequency in
terference generated within the power supp-
ly, particularly at higher power ratings

With recent advancement in integrated
circuit design and manufacture, leading to
commercial availability of high-voltage mos
fets. current-mode controller i.cs. bimos
devices and surface mount technology, de
signers can move toward designing future
power supplies with higher efficiency, in
creased reliability, reduced interference and
more customer interface facilities.
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ADVANCES IN SOLID-STATE POWER SUPPLIES FOR RF HEATING

continued from page 1015

A prototype 3.3MHz, 100W output class E
amplifier has also been constructed and its
suitability assessed for high frequency heat-
ing applications. The amplifier was based on
two [RF450 power mosfets in parallel as its
switching elements. This design illustrates
the high power possibilities of this type of
power source and an alternative design
using push-pull circuitry is also under con
sideration.

Microprocessor control of class E amplifier
Design of class E waveform shaping circuits
is based on constant load impedances. Any
variation of the load can lead to a loss of
efficiency or possibly damage to the active
device.

Another prototype device has been con:
structed which includes monitoring circuit-
rv incorporated in a class E amplifier sup-
plying a variable impedance load and uses a
computer to control the parameters of the
amplifier so that it operates as efficiently as
possible and never allows active device fai-
lure. The amplifier was designed to operate
between 1 and 5MHz and be capable of
delivering 100W into a load which varied
between 2 and 12 ohms.

The control computer receives signals
from the outputs of both the rectifier and the
class E sections. These first pass through an
isolation and interface section before being
processed. In return the computer provides
input signats for the rectifier and component
selection for the class E sections, providing
overall control of the system.
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Magnetic heading sensor

A compact circuit to provide a 0-5V analogue of heading for telemetry

AJOY RAMAN AND K. RADHAKRISHNA RAO

Central Electronics Centre. Indian Institute of Technology. Madras

he scheme is based on the Humphrey
I pendutous magnetic flux valve detec-
tor type FD 09-0101-1, wound for 1
degree accuracy. The pendulous nature of
the sensor avoids errors in measurement
due to aircrait attitude within 20 degrees of
the vertical, since only the horizontal com-
ponent of the earth’s magnetic field is
sensed.

The design of an electronic compass using
a Fluxgate sensor described in reference 1
explains in brief the operation of the fluxgate
sensor. The circuit used suffers from the
limitations that a portion has to be co-
located with the sensor coil. operates with a
square-wave excitation leading to e.m.i. and
1s not compact.

The Humphrey flux valve deteclor is
recommended for use with a sine-wave
excitation at a nominal frequency of 3kHz.
The outputs when filtered show a resolver
type of output at double the excitation
frequency. When using this sensor with a
Type 5 harmonic oscillator resolver lo d.c.
converter , it is necessary first to generate a
reference at double the excitation frequency.

filter and phase-sensitive-detect the sensor
outputs using this reference to obtain direct
voltages proportional to the sin and cosine of
the heading angle. These voltages are to be
set as initial conditions on the two integra-
tors which, along with an inverter, form the
harmonic oscillator loop. If the oscillator is
now permitted to start. the quadrature
outputs begin at the initial conditions set. at
a frequency determined independently by
the integrator time constants. The time
between the start of the oscillations and an
event such as the first negative zero crossing
of one of the oscillator outputs is a function
of heading angle.

The present circuit, while using the Type
5 harmonic oscillator resolver to d.c. con-
verter, employs a triangular-wave excitation
which is easier to generate, a novel scheme
for deriving the frequency-doubled refer-
ence. half-wave phase-sensitive detection on
the unfiltered sensor outputs and a method
of time-sharing components between the
phase-sensitive detector and harmonic oscil-
lator, leading to a compact circuit.

CIRCUIT

The details of the Humphrey sensor and the
circuit diagram are shown in Figs 1 and 2.
The Burr-Brown universal active filter UAF
41 (IC, and IC3) shown in Fig.3, containing
two ntegrators, an inverter and an uncom-
mitted op-amp, lends itself directly to the
implementation of the functions required.
IC, is used for the generation of the triangu-
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Fig. 1. Humphrey magnetic flux detector

Fig. 2.Headingsensor circuitdiagram
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lar wave excitation, using a standard integra-
tor comparator loop, as the frequency-
doubled reference and as a comparator for
the harmonic oscillator output. The
frequency-doubled reference required for
the phase-sensitive detectors is derived on
the square and triangular-wave outputs of
the excitation circuit. Figures 4 and 5 show
how the reference. bearing the necessary
phase relationship to the excitation. and
independent of frequency and component
drifts with temperature is derived. This
method is superior to frequency doubling by
differentiation and rectification of the
square wave, or rectification and shift of the
triangle wave.

Figure 6 shows how a single op-amp is
used for both the functions of a phase-
sensitive detector and as an integrator. With
S, closed and S, operated at the reference
frequency the circuit acts as a half-wave,
phase-sensitive detector. the rectified and
filtered signal input being held on capaciter
Cs. If both S, and S, are now opened. the
circuit changes to an integrator with the
initial condition set on Cs. In IC;, two such
circuit elements are interconnected along
with an inverter to form a harmonic oscilla-
tor loop. The fourth op-amp is used as an
output buffer. IC4 is a SE 556 used for timing
the overall circuit operation. and as a flip-
flop to derive a pulse whose width is prop-
ortional to heading angle.

Heading angle ¥ is evaluated by first
obtaining K sin ¥ and K cos W by half-wave
phase-sensitive detecting the sensor out-
puts. setting these as initial conditions for
the two integrators forming part of the
harmonic oscillator loop, and initiating the
oscillations. The flip-flop is set at the start of
the oscillation and reset by the first negative-
going zero crossing of the oscillator output.
The flip-flop output width, which is prop-
ortional to heading. is averaged, offset and
buffered to give the d.c. value of heading.
Figures 7 and 8 show the typical waveforms.

PERFORMANCE

To calibrate the system. the sensor is placed
on a non-magnetic stand capable of being
rotated 360 degrees in the horizontal plane
and graduated every 1 degree with an
accuracy of 0.1 degree. The gain of the
phase-sensitive detector has been set to
obtain a K value of about 4 volts. Ras and Ry
are used to offset-null K sin & and K cos &,
such that the positive and negative max-
imum magnitudes obtained by variation of s
are equal. Adjustments of Ry sets the clock

Table 1, showing output variation with heading and
change with temperature

Heading outputin volts as a function of temperature

Anglein 25°C 0°C 60 C

degrees
000 0.008 0.004 0.004
030 0.443 0.426 0428
060 0.840 0835 0836
090 1.242 1.237 1.237
120 1.649 1.644 1.644
150 2075 2.071 2069
180 2.508 2506 2503
210 2930 2930 2925
240 3338 3341 3.336
270 3740 3744 3737
300 4.147 4.159 4.147
330 4573 4588 4570
358 4988 5.009 4999
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Fig. 3.Burr-Brown UAF 41 schematic
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Fig. 4. Frequency-doubled reference cir-
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Fig. 6. Op-amp time shared between
phase-sensitive detector and integrator
schematic.

frequency and indirectly the gain of the
output, With the clock frequency set as one
third of the harmonic oscillator frequency.
the maximum variation of the final output is
5 volts. Ry, is used to offset-null the output
and. along with Ry, to obtain 0 to 5 volts for
variation of heading 0 to 358 degrees.

A 2-degree changeover zone of uncertain
heading exists. Accuracy depends primarily
on the windings within the FD 09-0101-1
flux detector. Overall system accuracy is
better than 1 deg. Table 1 shows the typical
output variation with heading and change
with temperature.

A count obtained by gating a crystal-
derived pulse train by the flip-flop output
may be used to get a digital indication of
heading if desired.

Copies of printed-board layout and com-
ponent placement diagram may be obtained
from this office by sending an A4, addressed
and stamped envelope, marked 'HEADING'.
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Fig. 5. Upper trace: triangle wave and
square wave at frequency f. Middle trace:
triangle and fet drain wave-form. Lower
trace: sawtooth and comparator output at
2f. (All traces vertical scale 20V/div. and
horizontal scale 0.1ms/div.)
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Fig. 7. Upper trace: sensor excitation (Try,
Tr, emmitters, 10V/div) Middle trace:
phase-sensitive detector reference (IC,,
Pin6, 20V/div.) Lower trace: typical sensor
output (500 mV/div.) (Horizontal scale
0.1ms/div.)

Fig. 8. Upper trace: clock output (IC,, Pin
9, 20V/div.) Second trace: phase-sensitive
detector (sin)/harmonic oscillator output
(IC5, Pin 7, 5V/div) Third trace: phase-
sensitive detector (cos)/quadrature output
(IC5. Pin 1, 5V/div.) Lower trace: flip-fiop
output (IC,, Pin 5, 20V/div.) (Horizontal
scale 10ms/div.)
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Demonstrating spec
and radiation

Itis becoming increasingly important for engineers to
understand how and why a circuit radiates. York University
has been looking into the problem of demonstrating r.f.i.

lectromagnetic compatibility, e.m.c.,
Eand radio-frequency interference,

r.f.i., have in the past been something
of a dark art. Increasingly. however, e.m.c./
r.f.i. theory and problem-solving techniques
become more widely disseminated as more
universities offer courses to undergraduates,
service engineers and teachers.

Recently Dr Andy Marvin at the University
of York had the idea for the demonstration
circuit described here, which he uses to
illustrate lectures in e.m.c. and r.fi. As a
research technician working in the depart-
ment of electronics | designed, built and
tested the circuit. When used with a suitable
spectrum analyser, it shows some of the
basic concepts of waveforms in the frequen-
¢y domain — which many people have diffi-

end electromagnetic compatibility.

PETER TURNER
Pis.o. S.ipo
Audio A-to-d A D-to-a
source BT MC T Jconverter shift =1 shift = cnverter Output
reg. reg.
Fig.1. A circuit for converting an analogue
10 MHz signal to digital form and then back to an
clotk Divider analogue signal provides interesting
spectra.

culty visualizing — as well as illustrating
some of the problemsof e.m.c.and r.f.i.

" DESIGN CONSI[)[;RATIONS

My 1nll|al brief was for a ‘typical’ electromc
circuit which would produce interesting
spectra for display on a spectrum analyser.
In the hope that the design would radiate a

good spread of frequencies, ordinary circuit
board was used and little attention was paid
to layout. In other words [ produced what
would generally be regarded as a bad layout;
with long loopy ground tracks, minimum
decoupling. long transmission lines, mixed
analogue and digital grounds, no ground
plareetc.

Figure 1 is a block diagram of the circuit.
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L|LF351 >—4 i 8] 9 Fig.2. Circuit of the rf.i/e.m.c. demonstra-
tion circuit. Connectors placed at strategic
r —1— points allow the signal to be tapped off as it
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passes through the various stages.
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Audio input is amplified and fed to an
eight-bit analogue-to-digital converter. Pa-
rallel output from the converter is loaded
into a parallel-in-serial-out (p.i.s.0.) shift
register producing a serial data stream.
Serial data is then fed, one bit at a time, into
a serial-in-parallel-out shift register and
subsequently reconverted by a d-to-a con-
verter back into an analogue signal. After
buffering, this analogue signal may be fed to
apower amplifier for audio output or simply
displayed on an oscilloscope.

Wherever possible, 74F series t.t.l. i.cs
were used, since they have fast edges and
hence provide move interesting spectra.

CIRCUIT DESCRIPTION

At the top left of the complete diagram.,
Fig.2, is a 10MHz crystal oscillator, whose
output is divided in frequency to provide a
625kHz system clock on pin 14 of the second
74F161. To produce an 8bit conversion, the
ZN427E a-to-d converter requires nine clock
cycles. It also requires a negative-going
pulse to start the conversion, which is
provided by the inverted ripple-carry output
(RCO) of a 74LS161 b.c.d. counter. This
produces a pulse at a repetition rate of
62.5kHz and with a width of 1.6ps (1/
625x10°%).

Audio input comes from an electret mic-
rophone insert obtainable from Maplin,
which contains a fet and produces an output
in the region of tens of millivolts for a
normal speaking voice. Amplification is pro-
vided by an LF351 and an offset of 1.25V is
added to take the a-to-d converter to half full
scale when there is no audio input (mic-
rophone switched out). A normal speaking
voice a few inches away from the mic-
rophone produces a 0-2.5V signal for the
a-to-d converter. To prevent the signal going
too far below ground, a diode is included.

On completion of a conversion, the a-to-d
converter produces an end-of-conversion
pulse, eoc. Atter inversion, this pulse is fed to
the converter’s own output-enable pin, ok, to
ensure that only valid data is presented to
the T4F166 parallel-in-serial-out register.
Valid data is then clocked out of the parallel-
in-serial-out register into the serial-in-
parallel-out register by the system’s 625kHz
clock. A small clock delay from a couple of
741.500 gates ensures that there is sufficient
time for the data to be set up on the output of
the p.i.s.o. register.

Also derived from the a-to-d converter eoc
pulse is the enable signal for the ZN428E
d-to-a converter (en), which occurs when
eight parallel data bits are correctly assem-
bled at the output of the s.i.p.o. register, i.e.
after eight clock cycles. For the operation,
one half of a 7418221 dual monostable i.c.
produces a delay for goc and the other half is

Fig.3. A square wave symmetrical about
t=0 has no even-order harmonics.
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Plot 1. Spectrum of the 10MHz crystal
oscillator reveals many harmonics.
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Plot 2. At the 625kHz oscillator, the spec-
trum shows far fewer even-order harmo-
nics than at the 10MHz oscillator, as you
would expect.
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Plot 3. Spectrum of the analogue-to-digital
converter start-conversion pulse-train.

triggered by the delaved oc pulse to produce
a pulse of suitable duration. Qutput is then
buffered and amplified slightly by a second
LF351 toproduce an output of 0-5V.

Six BNC connectors at strategic points
around the circuit allow the signal to be
examined as it passes through the various
stages (series 1k() resistors make sure that
the spectrum analyser loading does not
affect the circuit’s performance), Table 1.

CIRCUIT PERFORMANCE

Performance of the circuit was assessed
using an Advantest TR4131 spectrum ana-
lyser with a maximum bandwidth of 4GHz
and plots of the traces obtained at the
various points in the circuit were made by a
Hewlett-Packard 7470A plotter. You might
find this spectrum analyser prohibitively
expensive; if so, equally useful results should
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Plot 4. In the spectrum of the sampled
serial data stream with the microphone
switched off, regularity is caused by the
constant direct voltage at the data conver-
ter’s input.
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Plot 5. With a ‘random’ input at the micro-
phone, the serial data-stream spectrum
shows rapidly changing data.
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Plot 6. A simple dipole placed near the
circuit shows that there is little radiation at
low frequencies.

be obtainable from instruments with much
lower specifications. | have annotated the
first plot to show what all the numbers
mean.

Plot 1 shows the spectrum of the 10MHz
crystal frequency which is supposed to be a
square wave but the spectrum clearly shows
the presence of even order harmonics at 20,
40, 60MHz, etc., indicating a rather imper-
fect squarewave. This dominance of the
spectrum by the odd-order harmonics ties in
nicely with what we would expect from the

Table 1. Location of BNC connectors

Connector Location

10MHz crystal oscillator

625kHz system clock
Start-conversion pulse train

Serial data stream

Least-significant bit of converted data
Output

DN B WN -
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Plot 7. At higher frequencies, the p.c.b.
tracks radiate.
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Plot 8. A closer look at one of the spectral
peaks from Plot 7 with no audio input.
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Plot 9. With audio input, the 183MHz spec-
tral peak from Plot 7 reveals the effects of
data.
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Plot 10. In open air, well away from radiat-
ing circuits, a vertically-mounted biconical
antenna connected to the spectrum ana-
lyser picks up radio broadcasts.

theory. For example, for a square wave such
as Fig.3 an even function, symmetrical
about t=0, would have a Fourier Series
description:

1(t)=4(coswt — Yacos3wt + Y5cos5wt +...)
with no even order harmonics present.
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Plot 11. Under the same circumstances as
those of Plot 10, but with the demonstra-
tion circuit switched on.
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Plot 12. Again in open air with the circuit
switched off, but now with the antenna
mounted horizontally, the spectrum ana-
lyser shows broadcastradiation.
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Plot 13. Switching the circuit on with the
antenna mounted horizontally shows a
slightly different radiation spectrum to
that obtained with a vertically-mounted
antenna, Plot11.

Plot 2 shows the spectrum of the 625kHz
system clock, again a square wave. This time
there are far fewer even-order harmonics
present, only detectable at higher frequ-
ences, showing that we have a much better
square wave at 625kHz than at 10MHz,
which is not surprising.

An interesting spectrum is of the start-
conversion pulse train, Plot 3, which shows
the characteristics sinx/x spectral envelope
associated with a pulse-train signal. The
periodic lows of the spectrum occur at one
over the pulse-width frequency, and the
spectral peaks between the lows at one over
the pulse repetition frequency, as you would
expect. This spectrum ties in guite nicely
with that of the first two plots. Imagine the
pulse width gradually increasing, causing
the lows to move closer together, until
eventually vou have a square wave with the

lows occurring directly on top of each even
harmonic — hence the spectra of Plots 1 and
25

Plot 4 is the spectrum of the sampled
serial-data stream with the microphone
switched off showing the regular spectrum
due to a constant d.c. voltage at the input to
the a-to-d converter.

Output from BNC connector 4 provided
Plot 5, which shows the spectrum of the
same serial-data stream with a “random”
audio signal applied to the microphone (a
song from Radio 1 actually) showing the
rapidly changing data. In this plot, the
overall sinx/x envelope can still be seen, and
the rapidly changing spectrum of changing
data is clearly visible. Similar spectra could
be obtained from BNC connector 5, the |.s.b.
of the converted data.

A different set up was used for the next two
plots, with the spectrum analyser decoupled
from the circuit. I connected 4mm long
leads acting as a rudimentary dipole to the
spectrum analyser and laid them alongside
the eircuit. Plot 6 shows only small amounts
of radiation from the circuit at relatively low
frequencies. At higher frequencies, the
tracks of the p.c.b. begin to approach frac-
tions of wavelengths of the dipole and radiate
more efficiently, as Plot 7 clearly shows.

For Plots 8 and 9 I zoomed in on a couple
of the spectral peaks from Plot 7. No audio
input is applied with Plot 8 so it has a clean
rounded peak. Exactly the same point of the
spectrum is used for Plot 9, but with audio
input. It clearly shows the data being re-
flected at higher frequencies.

This raises an interesting question. Could
this sort of data be picked up and demod-
ulated from its high-frequency radiation? If
s0, then with a sensitive, tuned antenna any
computer system which is not effectively
screened could have its security breached
from a distance, and with no direct connec-
tion.

Finally, I did some open field tests on the
circuit board. These were carried out on a
3m test site with the aid of the York
Electronics Centre, which carries out e.m.c.
tests for industry at the University of York.

A biconical antenna was used, placed 3m
from the circuit board and well away from
any other potentially radiating equipment.
This type of antenna has a flat response over
a wide band of about 30 to 250MHz. Two
basic tests were carried out. one with the
antenna mounted verticaily and the other
with it mounted horizontally.

Plots 10 and 11 show results with the
vertically-mounted antenna and plots 12 and
13 show results with a horizontal antenna.
In each case, the first plot shows the spec-
trum first with power off, and then with
power on. Large peaks present with the
circuit switched off are due to radiation from
radio broadcasts, the largest at around
100MHz being from local radio | would
guess. With the circuit switched on, radia-
tion at regular 10MHz intervals appears;
these intervals are harmonics of the crystal
clock frequency.

Peter Turner is a research technician in the
Department of Electronics at the University
of York.
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STEREO MICROPHONE
AMPLIFIER

STEREQ MICROPHONE AMPLIFIER

Y

cam @

@ 50 or 200 Ohm balanced microphones to
balanced lines.

@ Variety of low frequency characteristics for
improving the clarity of recording

@ Inputs filtered against radio interference

@ Complete boxed unit or double mumetal
screened amplifier module alone. Suits
direct connection to digital line inputs.

Surrey Electronics Ltd.,
The Forge, Lucks Green,
Cranleigh, Surrey GU6 7BG, England.
Tel: 0483 275997

ENTER 24 ON REPLY CARD

“SPECIAL Prices are correct at ime ol press but may fluctuate
QUALITY Please phone for lrm quotation. V A.T. included
A1065  1.40 | EF80 0.65 | PCL84 085 | Z803U  21.15 | 6CHE 7.50 | 11E 19.50
A2293  7.00 | EF83 3.90 | PCL86 0.80 | 29007 430 | 6CL6 2.75 | 12A6 1.00
A2900  12.75 | EF85 0.90 | PCLB0S/8S  0.95 | 1A3 3.80 | 6CW4  7.40 | 12AT6  1.95
AR8 1.15 | EFs6 145 | PDSO0510 430 | 1L4 0.65 | 6CX8 460 | 12AT7 125
ARP3 115 | EF89 1.60 | PFL200 1.10 | IRS 1.00 | 6CYS 1.15 | 12AU7 0.95
ARP35  1.15 | EFgq 160 | PFL200 2.80 | 184 1.00 | 6D6 2.50 | 12AX7 :-;0
ATP4 0.90 | Epgp 215 | PL36 160 | 185 0.75 | 6F6G 195 '2326 oo
B12H 6.90 | gFgs 190 | PLBI1 130 | 1T4 075 | 6F6GB 110 | 12866 190
CY31 240 | Erge 060 | PLB2 070 | 1U4 0.80 | 6F7 2.80 | 128H7 - 348
DAF70  1.75 i PL83 0.90 | 2X2A 3.80 | 6F8G 0.85 i
EF183  0.75 3 12J5GT  0.55
DAF9 0.90 F1 0.75 PL84 0.90 | 3A4 1.30 | 6F1Z 1.60 12K7GT 145
DET22 3280 | EF184 75 | pUsos 125 | 3AT2 3.40 | 6F14 (KN REL U
FB12  0.75
DF92 065 | E PL508 200 | 3828 17.50 | 6F15 340 [ 1507871 1715
DFgs  1.15 | EFL200 185 | p 500 565 | 3828°  19.50 | 6F17 316 [ 53077 43
DH76 115 | EH90 0.85 | p(519 5.85 | 3D6 0.60 | 6F23 075 | 128517 128
DL92 1.45 | EL32 085 | pLB02SE 345 | 3E29  21.85 | 6F24 1.15 | 1287 140
DYB6/87  0.65 | EL34 3.25 | pygo 0.70 | 354 1.45 | 6F33 10.50 | 125K7 1.45
DY802 0.70 | EL34 595 | Pys1/800 0.85 | 4B32 40.25 | 6FH8 18.80 | 125Q7GT 2.20
E92CC  2.80 | ELB2 0.70 | Pys2 0.75 | SR4GY  3.35 | 6GAB 0.65 | 12Y4 0.70
E180CC 11.50 | EL84 135 | Pyss 0.60 | 5U4G 1.85 | 6GH8A  0.90 | 1303 2.80
E1148  0.75 | ELB6 145 | PYS00A 210 l 5V4G 1.90 | 6H6 1.60 | 1306 0.90
EA76 1.60 | EL9O 1.75 | QOVO310 595 | 5Y3GT  1.90 | 6J4 195 [ 19AQ5 185
EB34 115 | EL9! 6.50 | QQVOV10°  7.50 | 523 485 | 6BUAWA 310 | 19G3 1150
EBY1 0.60 | EL9S 1.80 | QQVOX20A 27.50 | 524G 1.25 | 645 2.30 | 19G6 1035
EBC33  2.20 | ELS504 2.70 | QOV06/40A 28.50 | 524GT  2.20 | 6JSGT 1.50 | 19HE 38.00
EBC90  0.90 | E 519 7.70 54.10 | 30L2  0.80 | 6J6 2.20 ggg: ?-gg
EBC91  0.90 | ELe21 @05 | QVO312 575 | 6AB7 0.70 | 6J6W 2.80 | 20E1 o
EBFB0 095 | Elgo2 995 | SP6! 2.50 | 6AC7 115 | eJg6C  8.45 {Z0PL . 0.80
EBFBY  0.80 g TT21 45.00 | 6AGE 060 | 6US6C  8.45 | 22! i
ELLBOSE 4.50 = 2524G 0.75
ECS52 0.65 TT22 45.00 | BAKS 1.90 | 6JU6 6.35
EMS0 135 e | \eake 285 | ex7 145 | 8542 1.40
Ecar 400 | gyg7  3pp | UABCBO 075 { ; 45 | gsa2 258
EC92 1.85 | coel 990 | UBFBO 0.70 | BAL! 0.60 | 6KD6 8.10 | 5758 6100
ECCB1 125 : UBF89 0.70 | 6ALSW  1.50 | 6L6 7.10 345
ECCB2 095 | EY8! 190 | uccea 085 | 6AMS 650 | 6L6GC  8.10 30
ECC83  1.10 | EYB6B7 075 | \CCgs 0.70 | 6AMG 1.60 | 6L6GT/C 290 | g11A  13.50
Eccss 060 | EYB8 0.65 [ UCH42 250 | 6ANBA  3.80 | 6L18 0.70 | g12a 32,00
ECCes  0.75 | EZ80 0.80 | UCHB1 0.75 | 6AQS 175 | 6LD20  0.70 | 813 2850
ECCB8  1.10 | EZB1 0.80 | UCL82 160 | 6AQSW 230 | 6LO6 8.45 | g13° 44.00
ECC189 1.20 | GM4 8.90 | UF41 185 | 6AS6 1.15 | 6Q7G 1.30 { 8298 16.00
ECCBO4  0.65 | GN4 6.30 | UF80 160 | 6AS7G 495 | 6SA7"  1.80 | 8298 24.00
ECFB0  1.25 | GY501  1.50 | UF8! 145 | 6au 0.90 | 6SG7 1.80 | B66E  14.95
ECFB2  1.15 | GZ32 190 | UL 1.50 | AX4GT  1.30 | 6SJ7 180 [ o314 1395
ECFB02 180 | GZ33 420 | UMSO 350 | 6AXSGT 130 M7y 18 |ostar 1980
ECH42 165 | G234 245 | M 595 | 6B8A6 140 [ SSL7GT 350 | 54 110
ECHBT  1.25 | G234 310 | Uvae 070 | 6BAG" 1.85 | B3N7 059 | 955 110
ECHB4  0.90 | GzZ37 3.95 | Uygs 0,85 | 6BES 1.40 | 5957 460 | 956 1.20
ECL80 065 | KT77"  14.00 | yR10530 245 | 6BES 1.85 | oo 150 | 5763 5.75
ECLB2  0.75 | KT88" 25.00 | vR150/30 245 | 6BG6G  1.60 | eveGT 112 | 6080 1.95
ECLBS  0.75 | ML4 3.20 | xg1m 170 | 6846 1.75 | ex3 1750 | 6080 7.30
ECL86 110 | ML6 320 | X66 495 | 6BQ7A 085 | gysst 075 | 6136 2.80
EF9 3.50 | MX120/01 29.50 | Z749 0.75 | 6BR7 4.80 | gy6G 2.80 I 61468 t1.90
EF22 3.90 | N78 9.90 | Z759 19.90 | 6BW6  6.10 | g24 9001 1.40
EF37A  2.15 | 0B2 1.80 | Z800U 3.45 | 6BW? 150 | 724 1.90 | 9002 6.50
EF39 1.10 | PCLB2  0.95 | 28011 3.75 | 6Ca 1.20 | 9D6 2.15 3 8.50

VALVES AND TRANSISTORS
Telephone enquiries lor valves, transistors, elc:
Retail 749 3934 Trade and Export 743 0899
FIELD TELEPHONE, CABLE YYPE D10 E-B0 at £15.00

FIELD YELEPHONES TYPE "J'. Tropical, n metal cases. Headphone Imp 4-16 ohm:
10-line MAGNETO SWITCH-BOARD. Can work with ohm.

every type of magneto telephones Surplus VIDICON P8211 and others at£18.00.

POSTAGE AND PACKING CHARGES: £1-£3 55p, £3-£5 65p, £5-£10 85p. £10-£15£1.05. £15-£20 £1.60, Over
£20 £2 15 but below 2kg Parcels over 2kg at Cosl

NEW H EA DSETS with buil-in microphones

CAROL HP-339M at £10.00
Headphone imp 4-16 ohms Microphone inp at 600 oht

Microphone imp at 200

COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12
Tel: 01-743 0899 or 01-749 3934. Open Monday to Friday 9 a.m. - 5.30 p.m.
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EMBEDDED
COMPUTER

j TDS
9090

A powerful control computer based on the new Hitachi
6303Y and high level language Forth. 100mm x 72mm.
30K bytes RAM, 16K dictionary RAMPROM, 256 bytes
EEPROM, 16K Forth. You can attach 64 key keyboard,
LCD and I¥C bus peripherals. Built in are interrupts,
multitasking, time of day clock, watchdog timer, full
screen editor and symbolic assembler. 32 parallel and two
serial ports. Single power supply and low power 3mA
operational mode.

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

Triangle Digital Services Ltd
100a Wood Street, London E17 SHX

Telephone 01-520-0442  Telex 262284 (quote MOT75)
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HART - The Firm for QUALITY

LINSLEY-HOOD 380 SERIES AMPLIFIER KITS.
Ultra tugh quality, Mosfet output. Fully integrated Hi-Fi ampiifier kits by this
famous deslgner. Two models. 35 and 45 watts per channel. Capable of
superb sound quality with greater deilcacy and transparency of tone than
most commercial amplifiers. Bullding is very easy with our comprehensive
building instructions as most components fit on the PCBs and setting-up
only needs a multimeter
K300-35 Total Parts Cost £138.28. Discount Price lor Complete Kit £98.79. K300-45 Parts Cost £142.74, Kit
Discount Price £102.36
RLH4&5. Reprints of Original Articles from "Hi-Fi News'. £1.05 (FREE with Kit)

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER SYSTEM
A combination of his ultra high quality FM tuner and stereo decoder described in “ETI" and the Synchrodyne
AM receiver described in “WW~ Cased to match our 300 Serles amplfiers this kit features a ready built
pre-aligned FM front end. phase locked loop IF demodulator with a response down to DC and an advanced
sample and hold stereo decoder This tuner sounds better than the best of the high-priced exotica but. thanks
to HART engineering, remains easy to build
§400-FM. FM Only Kit Complete

£134.61
400AM/FM. Full AM/FM Kit

£205.92

GREAT NEWS FORKIT BUILDERS
As a result of popular demand we are now offering BLACK frontplates with matching collet knobs on our 300
Series amplifiers.
Price as option with kit
Price as upgrade for existing kits
Tuner versions will be ready soor

£5.20
£€15.90

SOLENOQID CONTROLLED FRONT LOAD CASSETTE DECK
. High quality (0.08% W&F) successor 1o our very popular SF925F . Otfers all
standard facilities plus cue and revue modes all under remote. loglc of
software control. Power requirements are simple with 12v solenoids and
12v motor with built in speed control, Logic and driver chips are available.
Deck with stereo head. other heads to order £42.20
Full manutacturers data £2.90

HIGH QUALITY REPLACEMENT CASSETTE HEADS

Do your tapes lack treble! A worn head could be the problem. Tape heads
are constantly improving and fitting one of our latest replacement heads
could restore performance 1o better than new! Standard mountings. fit 4
most decks and our TC1 Test Cassette will make it easy to set the "‘ ! "
azimuth spot on, As we are the actual Imponters you get prime parts at 4
lowest prices. All our heads are suitable for Dolby machines
HX100 Standard Stereo Permalloy Head £2.49
HC20 High Quality Permalloy Sterec Head £7.66
HS16 Sendust Alloy Super Head. Quite simply the best Longer life than permalloy. higher output than ferrite
fantastic frequency response, metal tape capabllity £14.86
HQS551 4-Track head for auto-reverse or quadrophonic use. Full specification record and play head £14.60
Full data on these and other heads in our range are contained in our free list

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you 1o set up VU (Dolby) level. head azimuth and
tape speed without test equipment Vital when fitting new heads. Complete with Instructions £4.66

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

ELECTRONIC KITS LTD
1, Penylan Mill, Oswestry, Shropshire SY10 9AF

24 hr SALES LINE (0691) 652894 Please add VAT
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Lost in thought

Now wait a minute — you don’t know what
I'm going to say yet. No good moaning until
you've read the page. When you've done that,
moan away as much as you like: I don't care.

As vou can see, any ideas that |1 had gone
for good, having fallen into a number-
cruncher, were splendidly optimistic: 1 was
merely thinking. If you consider six years a
long time to spend just thinking, you should
see the state of our kitchen. l've been
thinking about doing that up for a long time
now because [ think you have to have a plan
hefore tackling major engineering works of
that kind, although you can't expect a
woman to understand.

One of the things, apart from kitchens,
that [ was thinking about was the state of
education. “Well, hooray for you!" You
might think, with some justification, be-
cause | know little about the trade of educat-
ing young people. What [ do know is the
result of the education process. as mani-
fested by university entrants and youngsters
I meet in the ordinary course of events: it
seems to me that thirteen years of schooling
has left very little impression on the average
eighteen year old and that what is discerni-
ble is misguided.

Having reached the age at which police-
men seem like adolescents, | have to be
careful not to sound like an old curmudgeon
—lam one, but I try to keep it quiet. But I'm
not alone in thinking that the young chaps
turning up at university to be taught en-
gineering are pretty innocent of the sort of
stuff they ought to know. [ was talking to a
friend who lectures in elec. eng. at a redbrick
and who gets so fed up about their extremely
unsteady grounding in maths and physics
and their aimost total lack of interest in the
subject beyond the passing of exams and
‘getting a good job” that he is often in
despair.

I don't think it is the fault of universities
that there is a shortage of good graduates,
but that of secondary schools, where the kids
are evidently not having their imaginations
fired by any kind of excitement in learning.
To arrive at university to read electronic
engineering without the foggiest notion of
what it's all about, being totally unable to say
what an electrolytic capacitor is or to differ-
entiate y=x" indicates that the youngsters
have been directed towards the subject, with
little regard to the obvious fact that they
don't give a hoot about it. And it's no good
saying they're not like that. I know at least
some of them are because | once sat inon a
tutorial in which those very questions could
not be answered.

I haven't any instant solutions to offer —
I'm merely pointing out, perhaps super-
fluously, what the problem is. [ suppose it
comes down to the old shortage of science
teachers in the end, and I'm blowed if | know
what to do about that.

ELECTRONICS & WIRELESS WORLD

'SIDEBANDS......

Data flow

What | want to know is — what exactly is all
this data that's being fired round the world at
some impossible speed? | keep seeing news
of new networks and fast modems and data
terminals and optical fibres and stuff, but no
one ever explains what it is that needs to be
sent from here to there so urgently and in
such volume.

What [ think is happening is that, now it
has become possible to send masses of
information to anywhere you like whenever
you like at the speed of light, people are
sending great gobbets of totally useless
information to anyone they think might like
it.

Having had the new gizmo (
installed. it seems a crying
shame not to use it, sowhy
not ask for all the holiday
records from the branch
offices from Huddersfield to
Hong Kong? Call for reports on the
consumption of A4 envelopes, if any are
left in service. Send weekly pep talks from
the m.d. to all offices.

[ tell you — it's a mercy all this high-tech
gear came along when it did because we
quite clearly couldn't have carried on much
longer with bits of paper and teiephones.

Jungle Jargon

It's getting to the point now where it can be
quite hard to understand the press hand-
outs, let alone the equipment itself. It isn't
all those Greek names ending in OS [ mean
(you know the ones: MSDOS and the others)
but way the p.r. people seem to be able to
string perfectly ordinary words together in a
way that almost defies interpretation.

I'm sitting here looking at a hand-out
from a company making workstations
which, according to the publicity that comes
into the office, can be anything from a
computer-aided design terminal to a solder-
ing iron in a stand. “Designed with a high
degree of integration at both the system and

component level, the hardware architecture
of the workstation provides a superior price/
performance advantage over similarly confi-
gured machines”. Well... er... yes.

The “high degree of integration” bit seems
to mean that it’s all on one board and the rest
means that it's better value than the others.
Fine, but why do they need to hide this
information under a thick coat of coagulated
porridge? Is it because they think if you can
understand it it can’t be posh enough?

I think that might be it. because they
change the meaning of words, as well. For
instance, the thing has a “single 32-Kbyte
static cache memony™. | always thought a
cache was where vou hide things, but it now
seems to be a store. “Interconnect” is turned
into a noun so your eve shoots off, fruitlessly
seeking an object for a non-existent verb.

One could go on, but you see what [ mean?
I simply can't see why people feel they have
to use this funny code when writing. They
don't speak like that — why write like it?
Modern electronics is hard enough without
having to cope with gobbledegook as well.

Never mind the
quality...

Well, isn't it exciting that all those new
television channels are on the way? Imagine,
all that time that they can now devote to
wonderful new kinds of entertainment and
mind-broadening visual experience. Yes.
Thing is. I expect they won't, or can't. It's
the money, you see: the stuff coming from
the BBC and independents is nowhere as
good as it was a few years ago, because to
make a good television drama or
comedy series or wildlife pro-
gramme is so hair-raisingly, ruin-
ously expensive that it can only be
done in small doses. Obviously, there is
some excellent stuff being shown, but the
number of repeats and imported American
tripe seems to be growing all the time.

So what on earth will we be getting from
all the extra channels? Well, it's no good
asking me. but maybe it will all be such a
waste of time and money that people will
start reading again and, perhaps. even
talking to each other.
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Mercury expands
Centrex services

Mercury has expanded the capac-
ity of its London Centrex switch
from 10 000 to 28 000 lines. It
also plans to provide Centrex ser-
vices in other major cities.

Centrex, in which the local
telephone exchange provides
facilities equivalent to those of a
p.a.b.x. has proved to be ideal for
many businesses and provides a
real alternative to a traditional
company network. It is well
suited to companies with several
separate locations, all of which
need the benefits that the latest
technology can provide, and also
to those that quickly need to al-
ter their internal communica-
tions system in response to com-
pany growth or relocation. Be-
nefits to the customer include
eliminating the need for major
capital expenditure.

Mercury is the first digital
Centrex service in Europe and
has been available for customers
on Mercury’s London Cable
Scheme since April 1987.
Charges for the service consist of
a one-off connection fee per ser-
vice line plus monthly rentals.
External calls are charged but
calls between extensions are free.

Line cards for
System X

GPT (GEC Plessey Telecom-
munications) is testing adaptive
line balance (ALB) interface
cards aimed at eliminating mis-
matching problems experienced
on subscriber lines.

One of the most difficult prob-
lems for telecom administra-
tions worldwide is having to ad-
just the exchange equipment to
maltch the widely differing char-
acteristics of individual subscri-
bers’ lines.

Even on modern digital ex-
changes where the adjustments
are software controlled, the re-

. . |
sult has until now been a mis-

match because the characteris-
tics of the lines are known only
approximately and there are
usually only three or four line
card ‘settings’.

Effects of mis-match are a loss
of signal, increased noise and the
audible ‘hollow tunnel’ effect

sometimes encountered on tele-
phone conversations. Mis-match

also impairs data transmission.
The new System X ALB line
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card will automatically measure
the characteristics of the line it is
connected to and set itself to
match the line exactly. The re-
sult is perfect balance, no reflec-
tions back into the network and
no hollow tunnel effect. Neither
is there any need for the adminis-
tration to measure lines manual-
ly and program thousands of
different settings.

Data access for
schools

The Department of Trade and
Industry and British Telecom are
jointly offering over £500 000 to
help all secondary schools install
telephone lines to access data
services.

Local education authorities
will be offered £100 towards the
cost of installing a new line in
every secondary school. These

lines must be used only in con- |

nection with value-added data
services for the first 12 months.
The current total cost of installa-
tion is £115. If local educational
authorities have already equip-
ped some of their schools with
lines. they may use the money
for lines in middle or primary
schools.

In recent years schools have
made increasing use of the in-
formation services offered by
Prestel, NERIS (National Educa-
tional Resources Information
Service) and The Times Network
Systems to find information and
curriculum materials and also to
communicate by electronic mail.

DTI has supplied micros and
modems which enable schools to
connect to data services, but
many schools make only inter-
mittent use of the equipment be-
cause they have no suitably-
located telephone line. The DTI/
BT offer aims to correct this.

Easier access to
international
networks

Eight major organizations in
worldwide computing and tele-
communications have banded
together to accelerate the intro-
duction of Open Systems Inter-
connection network manage-
ment products capable of operat-
ing with each other. Their aim is
to apply OSI standards in a con-
sistent manner that will benefit

businesses by improving their
ability to manage their voice and
data networks. By simplifying
network management, custom-
ers can devote more of their re-
sources to their true business
activities.

Known as the OS! Network |

Management Forum (OSI/NM
Forum), it will initially consist of
eight voting members — each of
which is providing $40 000 per
annum and two engineers. They
are Amdahl Corporation, AT&T,
BT, Hewlett-Packard, Northern
Telecom, Telecom Canada, STC
and Unisys Networks. Nixdorf,
which is one of a number of other
| companies that have expressed

an interest in becoming early

members of the Forum, is likely
| tosign up shortly.

The group encompasses sup-
pliers of service and products in
virtually all sectors of the indus-
try, including telecommunica«
tions service providers, voice and
data switching system manufac-
turers as well as suppliers of
| computers and data networks. It

does not expect users to meet the
| high costs of becoming voting
members — instead the vendor
community has to invest in order
to meet customers' needs.

The objective is that the
Forum should be “facilitator” in
the evolution of actual working
standards because, as Brian
Iewat, director of Telecom
Canada and spokesman for the
Forum, said: “many aspects of
OSlI still need to be worked out”.
It is not intended that mem-

bership of the Forum should in-
' hibit competition. Anyway, “no
single manufacturer can provide
| acomplete solution”, he said.

In addition to the voting
| members there will also be
| associate memberswho, for their
annual fee of $5000, will be able
to influence the directions being
| taken and have access to results

obhtained.

The concept of OSI, aimed at
| standardizing protocols, origin-
ated in 1978 when the Interna-
tional Standards Organisation
(1SO) became dedicated to de-
veloping a new architecture and
family of protocols for the
| emerging distributed informa-

tion and telecommunications
systems.

Then, computer and telecom-
| munications suppliers were still

developing products and services
using many different protocols.
‘ In most cases these systems
could not interconnect. The only

way to add incompatible equip-
ment to an existing system was
to make it emulate the first
| manufacturer’s equipment, or to
establish protocol converters
:analogous to an interpreter in
[ human dialogue.

These major constraints sev-
erely limited the ability to create
| distributed applications freely,

and led to the concept of OSI.

This, in turn, led to the publica-

tion in 1986 of the OSI specifica-

tion, which defined each of OS!'s
seven layers in detail.

However, although OSI has
become the computer com-
munications standard world-
wide, and virtually all major
computer and telecommunica-
tions companies have publicly
stated their support for OSI and
the development of OSI applica-
tions, it is no simple task to cre-
ate multi-vendor operations. Ma-

| jor reason for this is the large
number of available protocol op-
tions and the need to identify
common message sets.

While many companies with
common interests have formed
associations over the past two
vears to define specifications for
their particular applications,
‘ such as in the motor, aviation,
manufacturing and service sec-
tors, the OSI/NM Forum repre-
sents the first time that compu-
ter and telecommunications
suppliers have formed an

‘ alliance to develop and promote
an OSl application - in this case.
for network management sys-
tems.

The forum is devoted to

i achieving multi-vendor network
management inter-operability in
the shortest possible time: and it
expects to be able to demonstrate
this is around 18 months.

The protocol group will agree
on a common implementation of
the seven-layer OSI protocol
stack. It will select appropriate
OSI subsets or “profiles” of fea-
tures to be used in each layer. In
[ this way it will create a single

protocol stack. to ensure inter-
| operability between different

management products and sys-
tems.

Within the first three layers,

| for example. the Forum expects
to adopt the CCITT X. 25 wide-
area network standard and the

| IEEE 802.3 local area network
| standard. 1t could examine other
transport methods later.

As an example of upper layer
activity, the Forum is planning
to adopt the draft OSI proposal
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for Common Management In- |

formation Services and Protocol
(CMIS/P), which specifies the
format of network management
messages.

Profiles for OSI layers | to 6 '

and for the first three sub-lavers
al the seventh layer — up to and
including CMIS/P — should be
determined by the end of this
year.

The second group will select
high-priority application areas to
define message content. It ex-
pects to make an early start on
event and configuration report-
ing. It will eslablish the mes-
sages and services required with-
in a network for management
purposes: and it will select., asthe
area of first priority, messages
and services relaled specifically
to configuring the elements of a
network and their topology and
to event reporling and manage-
ment. These are the messages
and services which flow across
the interoperable interface be-

| A private communication network designed, supplied and installed
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|in less than three weeks by British Telecom Internationzl is helping]|

tween products and systems sup- |

plied by different vendors. Event
information will include items
such as status changes of the
managed objecls, additions or
deletions of managed objects.
collections of alarms, etc.

Currently (he list of manage-
ment objects will include voice
and data switches, multiplexers,
computer systems and applica-
tions, modems, terminal con-
centrators, local and wide area
network equipment, transmis-
sion systems and information
services.

Additional work will be under-
taken to determine processes
and guidelines for defining net-
work management objects and
messages. For example, it will
adopt naming and addressing
plans and a directory of struc-
tures.

Network upgrade
for academics

Northern Telecom has agreed to
provide equipment and know-
how to help establish an adv-
anced data communications net-
work using international packet
switching standards to link uni-
versities and academic research
centres throughout Europe.

The European Academic Re-
search Network (EARN). which
currently uses leased lines to
connect over 550 computers of
member establishments in 24
countries. has decided to up-

to cut delays for British holidaymakers. It links air :raffic flow

control centres in Lorndon, Madrid, Paris, Frankfurt and Rome.|
Supervisors at each centre can now contact one another, either|
|.individually or in conference immediately to discuss overall traffic|
{fmanagement and flight movements.

grade its communications sys-
tems to conform to OSI stan-
dards using the X.25 packet
switching protocols defined by
CCITT.

EARN has accepted Northern
Telecom’s offer to provide at
least four network nodes based

switching systems. These nodes
will he strategically located at
universities across Europe and
will form an international X.25

mon. shared infrastructure tor
r&d.

The move to X.25 will enable
EARN to implement new fea-
tures which will progressively
enhance the services available.
Once the new international net-

| work is in place, EARN will intro-
on its latest DPN-100 packet

switching network connecting |

the national academic networks
of each member state.

Northern Telecom will also
provide a network management
capability which will allow EARN
to analyse tratfic on the network
and provide a more efficient ser-
vice to the academic users.

The equipment will be instal
led and maintained by Northern
Telecom, and the company will
give operational support to
EARN for an initial period.

Dr Dennis Jennings, president
of EARN, basedat University Col
lege, Dublin, said: “The transla-
tion of EARN to OSI standards is
one of our key objectives. We
appreciate the support of North-
ern Telecom, which we know is

| committed to open systems. This

is the first step in establishing
highly effective data com-
munications facilities for the
academic research community
throughout Europe. EARN will
work with other networking in-
terests in Europe towards a com-
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duce X.400 messaging. At a later
date. full 2Mbit/s links will be
introduced (the present leased
line network runs at 64kbit/s).
Northern Telecom’s packet
switches will interface with
Digital Equipment Corporation
(DEC) VAX systems connected to
the international network and
also with various equipment. in
cluding DEC and IBM systems,
used in the national networks.

GCHQ approves
secure pro-
cessor

The Government’s computer
security authority, Communica-
tions Electronic Security Group
(CESG) based at GCHQ Chel
tenham. has formally certified
GPT's Secure Communications
Processor. The approval follows a
three-year programme to design
a trusted processor which will
form the heart of highly secure
computer networks. The prog-
ramme was sponsored by the
Royal Signals and Radar Estab-
lishment at Malvern and was im-

plemented by GPT Data Systems.

GPT Data Systems claims that
this processor is the first in the
world to be designed specifically
for secure applications in data
networks. Users with highly
sensitive information which
needs to be kept completely se-
cure will be able to use the pro-
cessor to reap all the benefits of
linking computers with net-
works. without many of the
attendant risks.

The CESG report states that
‘the certification process in-
cluded a range of investigations
into various aspects of the secure
communications processor and
confirmed the high development
standards. It isa major contribu-
tion to the field of computer
securily, and a suitable basis for
the development of secure sys-
tems.’

The first application for which
the GPT secure communications
processor is heing offered is the
Ministry of Defence CHOTS
(Corporale Headquarters Office
Technology) programme which
will provide a multi-level secure
network of 24 000 terminals in
the MoD).

As more and more computers
are linked together, so the dan.
gers of information being stolen,
corrupted or leaking out are
growing. Particular areas for
concern are in financial institu-
tions, where there have already
been examples of poor computer
security resulting in substantial
financial loss, and in govern-
ment, where national security is
constantly under threat and can
only be effectively protected by
the latest networking and com-
puting techniques.

Financial costs of losses aris-
ing from breaches in computer
security are difficult to quantify.
However, a survey in France in
1986 found that some £700M has
been lost in the one year, whilst a
similar exercise by accountants
Ernst and Whinney put the cost
at $5G in the USA in a single
year. A recent example of the
problem was the announcement
in August of an investigation into
the attempted theft of £32M
from a Swiss bank in London via
the international banking com-
puter network.

Telecomms 7opics is compiled
by Adrian Morant.
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R.F. GOMPONENTS AND
ELECTRONIC VALVES/TUBES

PRODUCT RANGE

CRT's R.F. RESISTORS
CAMERA TUBES R.F. SCREENED
CHOKES CONNECTORS
CARBON RESISTORS R.F.RESISTORS
DIODES (MRF, SD, 2N, 2C etc)
HEATSINKS R.F.INDUCTION/
IGNITRONS DIELECTRIC SPARES

RECEIVING TUBES
IMAGE INTENSIFIERS

RECTIFIERS
INTEGRATED CCTS SPARK GAPS

(Linear, Audio)

TETRODES
KLVSLRONS THYRATRONS
MAGNETRONS

TRANSISTORS

MICROWAVE TUBES TRANSMITTING TUBES

PHOTOMULTIPLIER TUBES TRAVELLING WAVE TUBES
PLANAR TRIODES TRIODES

R.F. CAPACITORS TUBE SOCKETS

R.F. CONNECTORS VACUMM CAPACITORS

Mail order service available. Please specify which products
you are interested in when replying.
Export enquiries welcome.

RAEDEK
ELECTRONICS CO.

BANNERLEY ROAD, GARRETTS GREEN,
BIRMINGHAM B33 OSL
Tel 021-784 8655. Telex: 333500 CROSAL G.
Fax:021-7897128

ENTER 25 ON REPLY CARD

Sophisticated audio analysis
for the
demanding professional

JYwPL
sooon

The Panasonic VVP-7722P Audio Analyser Is a 10Hz to 110kHz
signal source with 0.0001% distortion and a high output of
16.2dBm (600 ohms). It also provides 11 measurement
functions (fotal distortion factor, harmonic distortion, quick
look harmonic distortlon, harmonic analysis, a.c. level,
frequency measurement 5 digits, signal to noise,
intermodulation distortion measurement, SINAD, ratio,
and averaging). It's Ideal for the development and testing
of digital audio equipment or as a programmable (GP-IB)
automatic tester for audio components.

09®0g Declailed 10 page leaflet available from:

(@) Farnell International

BOWERS WAY - HARPENDEN - HERTS - ALS 4HX
FAX 05827 69025 - TELEX 826307 FARINT G

DAVENPORT HOUSE
TEL. 05827 6907

ENTER 10 ON REPLY CARD

High power bench PSUs from

KENWOOD

e Current to 30A, voltage to 110V
e Wide model range, 22 versions
® Analogue or digital meters, rack mount
IEEE-488 interface option
The TRIO connection. Trio is a trade name of the giant
Kenwood Corporation of Japan. The well known family of
Trio test equipment now carries the Kenwood logo.

Let us send you data on the product featured

above and update you on the extensive Kenwood
instrument range.

Thurlby Electronics Ltd,
Burrel Road

St. lves, Huntingdon,
// Thurlby| Cambs PE17 4LE
Tel: (0480) 63570
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Digital storage from

KENWOOD

e 10 Mega Samples/sec on both channels
e Stored and real-time waveforms on-screen
together
® Full cursor measurement facilities
The TRIO connection. Trio is a trade name of the giant
Kenwood Corporation of Japan. The well known family of
Trio test equipment now carries the Kenwood logo
Let us send you data on the product featured
above and update you on the extensive Kenwood

instrument range.
Thurlby Electronics Ltd,

Burrel Road

St. Ives, Huntingdon,
// Thurlby/ cambsPE174LE.
Tel: (0480) 63570

ELECTRONICS & WIRELESS WORLD



— [RADIO BROADCAST

A louder ‘Voice’

The largest-ever contract for
high-power broadcast transmit-
ters has been placed by the Un-
ited States Information Agency
with the GEC group of British
and American companies. The
contract covers the first phase of
a major modernization of Voice
of America relay sites. The initial
contract, worth $57 million, in-
cludes ten transmitters for the
VOA base in Morocco, with provi-
sion for further contracts for 22
high-power transmitters for
bases in Sri Lanka, Thailand and
Botswana. Together these would
increase the value of the con-
tracts to over $150 million.

The 500kW h.f. transmitters.
using high-efficiency pulse-
duration-modulation ("Puls-
am”). have been designed at
Chelmsford by Marconi Com-
munication Systems, where ini-
tial production and testing will
take place, but under a technolo-
gy transfer agreement follow-on
production will be at GEC’s
American subsidiary Cincinnati
Electronics Corporation. with
ancilliaries provided by Dielec-
tric Communications and
Andrew Corporation.

Voice of America programmes
were first transmitted on 24
February.. 1942, just over two
months after Pearl Harbor had
resulted in the US entry into the
second world war. The early
transmissions went out on 13
h.f. transmitters leased by the US
government from six private
broadcasting companies. The
pre-VOA history of American
short-wave broadcasting dates
back to the 1924 experiments by
Dr Frank Conrad of Westing-
house. including some Spanish-
language programmes: but the
USA soon fell far behind Euro-
pean countries such as the USSR
(Radio Moscow), Germany
(Zeesen) and Italy (Radio Roma)
in using h.f. for external broad-
casting for propaganda or to ex-
patriates.

In 1929, the Federal Radio
Commission (superseded by the
FCC in 1934) adopted regula-
tions for a class of h.f. stations
called “experimental relay broad-
casting stations™ intended pri-
marily to relay programmes over
long distances from one station
to another, rather like the “dis-
tribution satellites™ of some 50
vears later. But it was soon evi-
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| dent that direct reception of such |

|

transmissions was increasing
with the introduction of “all-
wave” receivers, much though
these suffered from frequency
drift, image reception and diffi-
cult tuning.

By 1934 NBC was providing
international programming
from Bound Brook. New Jersey
(W3XAL) and also on the Wes-
tinghouse (W8XK. Pittshurgh)
and General Electric (W2XAD,
Schenectady,) facilities. Powel
Crosley of Cincinnati was autho-
rized to use 10kW on W8XAL in
1931.

In May 1939 the FCC removed
the “experimental” designation.
The former amateur-type call-
signs, with an X following the
“district” number, were replaced
by standard four-letter broadcast
callsigns. As someone who re-
calls listening to W8XK, W2XAD
etc. in the mid-thirties as a
schoolboy, most of the program-

| mes 1 heard were based on popu-

lar domestic broadcasts. includ-
ing items from the NBC 'Red and
‘Blue’ networks. In 1939, follow-
ing the outbreak ot war in
Europe, there was a daily round-
up of news commentaries from
London, Berlin and Paris that
made particularly interesting
listening and set the agenda for
foreign radio correspondents
that has lasted down the years.

In December 1939, the United
Fruit Company sponsored an
NBC 15-minute news broadcast
and helped to launch ‘commer-
cial broadcasting from the USA
on h.f. In the period to the
founding of VOA, h.f. broadcast-
ing to South America attracted
sponsors, particularly to the
NBC and Crosley (WLWO) sta-
tions. Crosley also organized re-
broadcasting of their transmis-
sions by a string of medium-wave
stations in Central America.

Various attempts were made
in 1937-38 to legislate for the
setting up of a US government-
operated international broad-
casting facility but these fell by
the wayside until Pearl Harbor.
In the postwar period there have
been a few privately-owned h.f.
stations in the USA, supported
primarily by religious organiza-
tions. but VOA has remained the
“official” h.f. service of the USA
with its string of relay bases and
with transmitters leased from
other broadcasters including the
BBC (Woofferton).

I

| Increasingly. h.f. broadcasters

L ]
Serving East |
[ ]
Africa |
The new BBC relay base on the |
Sevchelles is due to be taken into |
service on 25 September follow-
ing a period of test transmis-’
sions. The base, equipped with
two automated 250kW Marconi
h.f. transmitters is expected to
provide strong signals through-
out the target area of East Atrica.
It will carry programmes irom
Bush House. including the
World Service in English, "En-
glish by radio” lessons and
broadcasts in a variety of African
languages.

Although one-hop coverage
results in very strong signals it
does not overcome one ot the
main bugbears of h.f. broadcast- |
ing: bad distortion of double- |
sideband signals due to selective
fading. Indeed. such distortion
tends ta be more severe than on
long-distance, multi-hop weaker |
signals. Trials in Japan and other |
countries have shown that a sig-
nificant reduction of distortion |
due to selective fading is possible
by the use of single-sideband
transmissions with reduced car-
rier, but most h.f. broadcasters
still seem reluctant to use s.s.b.

Paradoxically, one result of
the increasing use of h.f. 'all-|
band’™ receivers with low-cost
digital frequency synthesizers is
that the resulting ability of
listeners to tune accurately to |
any specific channel is tending to
take the excitement out of the
hobby of short-wave listening.

are atempting to build up audi-
ences with a real interest in
programmes rather than in log-
ging "dx" stations.

It seems insensitive, however,
for the BBC in its Waveguide
programme to recommend
listeners on the west coast of
North America to listen to World
Service from the BBC's Hong
Kong relay on 7180kHz. ignor-
ing the fact that this frequency is
within Region 2's exclusive
amateur band. although shared
between broadcasters and
amateurs in Regions 1 and 3. A
recent Californian visitor to Lon-
don complained bitterly that |
throughout the evenings the
band between 7100 and 7300kt iz
is virtually unusable by radio |
amateurs.

Fade-free
surface waves?

The current development of h.f,
ground-wave radars seems to be
leading to confusion between
conventional "ground-wave' and
true ‘surface-wave' propagation
of radio waves. Medium-wave
broadcasting has traditionally
depended primarily on the radia-
tion of vertically polarized
ground-waves plus sky-wave re-
ception after dark, resulting in
zones of severe fading. Surface
waves are different, being elec-
tromagnetic waves propagating
virtually without radiation along
an interface between two differ-
ent media, as in the G-line
single-wire transmission line
occasionally used at u.h.f. as a
low-cost waveguide. Energy is
launched along a dielectric-
coated wire by means of a cylin-
drical horn. In practice, there is
some limited radiation within a
few feet of a straight G-line and
rather more fromany bends.

In 1967, the late Professor
H.M.Barlow proposed a ferrite-
loaded half-horn form of antenna
with an aperture of about 20ft
and a ferrite taper, for the laun-
ching of 1.5MHz surface waves
along the interface between
earth and air (Electronics Let-
ters, July 1967, vol.3. No 7,
p304). Attenuation would, in
some circumstances, be of the
order of 1.83dB/mile. BBC en-
gineers at Kingswood Warren
noted that, at least in theory,
such a system would be attrac-
tive for local broadcasting,
although the range would be
more limited than with free
radiation (Electronics Letters,
September 1967). Professor Bar-
low (4 September. 1967) con-
ceded the limited range but sug-
gested that a combination of
surface wave and conventional
transmission might give an im-
proved overall performance, re-
ducing fading but maintaining a
reasonable field strength out to
about 100km. But. 21 vears later.
it would appear that nobody has
attempted to try a Barlow
surface-wave launcher, even
though it might not only reduce
fading but conceivably permit
closer re-use of channels.

Radio Broadcast is written h,\'l_’al
Hawker.
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QUALITY HIGH QUALITY
QUARTZ - |_ PRI(;"ES

CRYSTALS
QUICKLY

Our frequency ranges are:

M.P.U. Crystals i
1:MF‘ U. Oscillators i

——t } R S VR S—— 4+11GHz S

40kHz 50kHz 100kHz Pfg::::nalgx:azls 1oo;vmz 250MHz 360M1r_|z RECE'V'NG EQUlPMENT
We also supply quartz crystal filters, RECEIVERS. LNB’s, LNC’s
oscillators of all types and FEED HORNS. ANTENNAS.
communication antennae. ANTENNA POSITIONERS,

POLOROTORS, LINE AMPLIFIERS, ETC.
Webster Electronics
ILMINSTER, For further details contact:

SOMERSET TA19 90A, HARRISON ELECTRONICS

ENGLAND
TEL: (0460) 57166 Century Way, March,

TELEX: 46571 FRONCY G Caimbs PE158QW
FAX: (0460) 57865 Tel: (0354) 51289
ENTER 13 ON REPLY CARD ENTER 14 ON REPLY CARD

NEW 8051 DEVELOPMENT CARD

The new Cavendish Automation development card carries a full symbolic Assembler and text editor
as well as the MCS-BASIC 52 package. It will allow the user to write applications programmes in
either BASIC or Assembler.

The text editor supports ORG, LOC, HIGH and LOW directives as well as the current location ($) and
the + and — operators. Full source text editing is included, and the source file as well as assembled
code may be blown into PROM/E2PROM on-card. A powerful feature of the systemis that a function
library of over 60 routines within the interpreter may be accessed using assembly language CALL
instructions, enabling simple negotiation of floating point, logical operations, relational testing and
many other routines.

FEATURES:

2/ "
< 0000000000004

LM

00000000000

N A B Save assembled code or source
W R N A g— text in PROM on-card

@ Only requires +5V supply and
- dumb terminal
Yovvsavnsescns
Pt ghrad o] = @ Card /0 includes 9 x 8-bit ports
esussmpssssessveaas - and 2 serial lines.
‘;'" \l'-'!' SN !.4
et g @ Very fast interpreter
b 4 & dUSSZUIMY 3 specifically written to access
- W & £oUSI verr capabilities of ‘51 Family

> assasass i y
AAAICAANREARN Wt s N : @ 32K user RAM, 16K user PROM

P oP00P0PPOPO000 f] recevccevessne esEEES . 4
¥ R {RAM jumpered to access code
400570 Nyavr = - or data space)

@ Card supported by over 50
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Format rivalries

Not so many years ago there was
just one universal videotape for-
mat, the two-inch quadruplex
format developed by Ampex and
used on broadcast machines
from 1956 to the mid-1970s.
Since then, despite the efforts of
broadcasters and industry to
hammer out, through EBU and
SMPTE, universal international
standards, the scene is domin-
ated by market forces, commer-
cial rivalries and a degree of
chauvinism. The number of for-
mats proposed or used for broad-
cast application has proliferated,
approaching 20 for tape widths of
2.1, %, % and % inch. For
studio applications, the one-inch
helical-scan machines, after
more than a decade of use, are
still divided between B and C
formats. For the new all-digital
machines, the composite D-2
format is currently making sig-
nificantly more impact than the
component D-1 format endorsed
by EBU/SMPTE as a “universal”
standard. At IBC88, Sony is
showing for the first time in
Europe its new DVR-10P PAL
composite D-2 machine along-
side its original DVR/DVPC-1000
component machines, claiming
that its small size and ease of
integration into existing studios
make it an attractive option.
Ampex, which devised the D-2
format, is featuring its VPR-300
digital machines for PAL.

But currently the prime battle
is between the two half-inch
metal-particle component tape
cassette formats - M.Il and
Betacam-SP. Sony has recently
announced important recruits
for Betacam-SP. ITN has just
introduced this format for news
gathering and will progressively
convert to it for all purposes
when it moves to its new home in
Gray's Inn Road. This brings to
31 the number of European
broadcasters who have so far
invested in this format. although
NBC remains committed to M.11.
The ITN decision follows closely
on the commitment of Bayeris-
cher Rundfunk of Bavaria to use
Betacam-SP for electronic news
gathering and portable single
camera (p.s.c.) production in pa-
rallel with their studio one-inch
BCN (B-format) machines.

IBC88 also underlines the
rapid advance of c.c.d. solid-state
cameras. These are now almost

an automatic choice for electro-
nic news gathering and seem set
to make a significant impact on
production cameras, except
perhaps for h.d.tv.

Thermionic
displays

The cathode-ray tube, with a
history that dates back to the end
of the 19th century, increasingly
looks like being the only ther-
mionic device (except possibly
for high-power transmitters)
that will remain in common use
into the 21st century. The large,
flat, solid-state displays at con-
sumer prices, so often promised,
so often deferred. still await
appropriate technologies to
bring them into homes.

Small, active matrix l.c.d. dis-
plays. on the other hand, are
already available up to six-inch
diagonal. Driven by commercial
and military needs. because of
their ruggedness and low power-
consumption, they will —accord-
ing to Werner F. Wedam of the
David Sarnoff Research Center
(“Future Trends in Television”,
IEEE Trans. on Consumer Elec-
tronics. May 1988) — make a
major impact on the consumer
market in the early 1990s: "Even
at a higher price, they will
achieve a substantial market
share of c.r.t.-type displays up to
12-in diagonal, because the

weight and form factor is ideal I

for portable products™.

For large pictures. he notes
that direct-view tubes with 35-
inch and 43-inch diagonals are
becoming available. and rear
projectors with increasingly
good quality are commonly
found in US homes. “Unfortu-
nately, since consumers view
these large displays from approx-
imately the same distance as
smaller ones, the artifacts associ-
ated with the existing standards
are more noticeable: thus, there
is no real benefit in the larger
screen unless the picture resolu-
tion is improved. With the intro-
duction of new standards. better
pictures will be possible. and
therefore, large screens will look
more attractive.”

But Werner Wedam warns:
“Higher performance picture
tubes for wide aspect ratio must
still be developed. The ex-
perimental kinescopes (picture
tubes) which are presently used
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to demonstrate the various adv-
anced television systems are
quite expensive small quantity
h.d.tv prototypes with fine dot
pitch and very low brightness.
Such tubes will not be satisfac-
tory for consumer use because of
their cost and lack of brightness.
With present technology large
kinescopes for the e.d.tv con-
sumer market will be possible
but a substantial amount of de-

| velopment is still needed until

similar tubes for h.d.tv will be
available.”

Planning the
audio digits

While there has been much dis-
cussion about the planning of
television studio complexes for
analogue-component and all-
digital video, the more immedi-
ate problem for most broadcas-
ters — radio as well as television —
is the progressive conversion to
digital stereo sound, In practice,
sound facilities for either radio
or television comprise a number
of functional blocks: a master
control room, productior stu-
dios. a post-production suite for
assembling and editing the
sound recordings, programme
continuity suites. a short- and
long-term library of recordings,
field production facilities and the
like.

An article "Principles of build-
ing digital audio facilities for
television and radio broadcast-
ing” by Gosteleradio (USSR) en-
gineers, B.V. Nekrasov and V.I.
Scherbina (OIRT's Radio & Tele-
vision, 1988/3) notes that digital
audio provides an opportunity to
base a sound complex on a line-
up of unified systems, devices
and blocks of equipment with
their functions defined by the
software package.

The authors conclude that
digital complexes will lead to
improved techniques and quality
of sound programme produc-
tion, post-production and trans-
mission: "The application of
software-based systems of con-
trol and processing of sound
signals all facilitate the modular
build-up of equipment and will
allow it to be up-graded without
developing new hardware. The
utilization of local transmission
networks for remote control will
lend greater functional flexibility
to the individual blocks of the

| complexes.”

They outline principles for im-
plementing unified digital audio
equipment that enables the
working load of equipment to he
distributed rationally. its per-
formance potential to be fully
utilized and "the number of tech-
nically complex units limited
and the cost, weight, size and

| power-consumption of the com-
plete audio equipment of a radio
or television centre reduced”.

RTS marks
Tony’s 80th

The July Fellows™ Dinner of the
Royal Television Society brought
| many well-known names in tele-
vision to the Caledonian Club to
mark the 80th birthday of T.H.
("Tony") Bridgewater OBE. a for-
mer BBC chief engineer and one
| of the few surviving engineers

whose career in television began

with the Baird Company as early

as 1928. He became one of the
| original trio of "BBC" television

engineers - Birkinshaw,
’ Bridgewater and Campbell. In

the early days of the “Ally Pally”
| era he pioneered outside broad-
| casts including that of the

Coronation of George VI in May
[ 1937. After wartime service with
the RAF, working on radar, he
returned to the BBC to become
involved with the ambitious (for
those days) coverage of the 1948
Olympics and. in conjunction
with M.J.L. Pulling, the first
television exchanges between
Paris and London in July 1952
involving a five-hop microwave
link across the English Channel
to Lille and conversion hetween
the French 819-line and the Brit-
ish 405-line systems. Tony
Bridgewater retired in 1968 but
his unique knowledge of British
television spanning sixty years
has remained much in demand.
There can be few who can equal
his membership of the Television
Society, of which he is a past
chairman. He joined while with
the Baird Company despite the
lowly regard in which the society
was then held by his colleagues,
who saw it as a "bunch of
amateurs”. But then I find a “T.
Bridgewater of Sutton™in the list
of new members of the R.S.G.B.
for November 1930).

Television Broadcast is written
by Pat Hawker.
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INTERNATIONAL
BROADCASTING CONVENTION
BRIGHTON « UNITED KINGDOM
23 — 27 SEPTEMBER 1988

INTERNATIONAL
BROADCASTING CONVENTION

The 1988 IBC Technical programme will cover all
aspects of broadcast engineering with particular
emphasis on emerging technology including satellite
and cable distribution, enhanced and high definition
television systems, as well as muiti-channel sound
systems and associated information systems.

The IBC EXHIBITION complementing the technical
sessions will have the latest professional
broadcasting equipment on display and demonstration
by leading world manufacturers.

The SOCIAL PROGRAMME during the Convention will

include a Reception and a special Ladies Programme
FURTHER INFORMATION can be obtained by of talks and demonstrations and visits to places of
returning the reply coupon below. interest.

The IBC Secretariat, The Institution of Electrical
Engineers, Savoy Place, London, United Kingdom
WC2R 0BL. Telex: 261176 Telephone: 01-240 1871
Please send further details of IBC 88 to:

Name & POSItiON ..vvveeivennssrsssscssosnsnsss R R LR RN
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Radio science at
° ’
King’s
The two-day fifth National Radio
Science Colloguium (URSI)
attracted about 80 participants
to King's College, London. In its
two days the colloguium in-
cluded some 50 presentations on
a wide span of radio science
topics currently being resear-
ched at British universities and
polytechnics, the Rutherford Ap-
pleton Laboratory, British
Antarctic Survey, British Geolo-
gical Survey, Meteorological

Office and elsewhere.

Professor E.H. Grant (King's
College) reviewed the evidence
for thermal and non-thermal
biological effects of low-level,
non-ionized radiation at fre-
quencies from e.l.f. to 300GHz.
He showed how the known ther-
mal effects have resulted in
established protection levels,
such as the ANSI standard, but it
has generally proved impossible
to replicate non-thermal biolo-
gical effects frequently reported
at lower radiation levels. He
quoted Clerk Maxwell's dictum
that the most absurd claims may
become current provided they
are expressed in scientific lan-
guage.

br A.C.L. Lee (Meteorological
Office) described their new v.1.f.
“arrival time difference” (a.t.d.)
technique for accurately detect-
ing and locating lightning
strikes. Early results show that,
after systematic biases have been
removed, the new 9.8kHz UK
network can provide a relative
location accuracy better than
650m (1.3us) and that 1.5us
a.t.d. scatter should prove realis-
tic in operational use. The sys-
tem thus compares favourably
with the high-cost systems de-
veloped in North America. Oper-
ating at long or medium range, it
implies that lightning flashes
appear as “point images” of typic-
al horizontal dimension of 10 to
100m.

Later. Dr Laura Scott (Elec-
tricity Council Research Centre)
described an alternative
approach. Its new and improved
¢.L.f. lightning location system is
intended to permit the CEGB to
check the effectiveness of light-
ning protection systems fitted to
power lines, radio and television
masts etc. Lightning costs the
industry millions of pounds
annually. yet has remained a

relatively ungquantified phe-
nomenon. An improved network
of automatic d.f. stations is now
in operation; these largely over-
come the problem of polariza-
tion errors (which limited the
accuracy of an earlier v.Lf. sys-
tem) by reducing the frequency
from 10kHz first to 2kHz and
more recently to 1kHz. Each
station provides a bearing free
from 180° ambiguity using three
vertical loops at relative angles ot
120° plus one horizontal loop to
reduce still further any polariza-
tionerror.

Dr W.F. Stuart (British Geolo-
gical Survey) made a stiong plea
for continued funding of solar-
terrestrial monitoring which is
currently under severe financial
pressure. Maintenance of the vit-
al data bases is in direct competi-
tion for funding with new “excit-
ing” projects. As he wrote in a
letter to The Times (15 June,
1988), there is imminent danger
that an accurate magnetic refer-
ence may no longer be available
for air and sea navigation in the
British Isles and their coastal
waters. Charts, Ordnance Survey
maps. air traffic lanes, beacons,
and runway approach plates
Ipilots’ diagrams| would be
affected and this is giving rise to
serious concern for air and sea
safety. Similar problems face
ionospheric and solar flare moni-
toring, with staff not being re-
placed when they retire and
NERC proposing 150 compul-
sory redundancies among gov-
ernment scientists. He pointed
out that long-term, solar-
terrestrial monitoring has led to
such important discoveries as
the greenhouse effect. the ‘ozone
hole’. solar cycle. solar winds,
fluid core, etc. Radio physicists,
communication engineers and
others make use of data from the
national and world data centres
now at risk.

Radio systems outlined at
NRSC5 included the application
of zero-crossing analysis to real-
time evaluation of channels to
provide automatic adaption of
error-control power (Warwick
and Hull universities):
“"QNBFAM" techniques to pro-
vide an integrated voice and data
transmission, quadrature-
multiplex system for v.h.f.
mobiles based on narrowband
angle modulation with 12.5kHz
channelling (Polytechnic of
Wales): measurement of inter-
modulation interference gener-
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ated by metallic structures at
radio sites (University of Kent):
diffraction and scatter of micro-
waves by buildings and vegeta-
tion (Polytechnic of Wales).

Dr R.). Cohen (NRAL, Jocrell
Bank) highlighted the difficul-
ties encountered by radio astro-
nomers having to share frequen-
cies with other services. He
warned that interference can be
particularly acute in a small is-
land like the UK and that “the
survival of radio astronomy de-
pends on a wider awareness of
these problems”. He was particu-
larly concerned about the
amount of 1610MHz data being
ruined by the Russian Glonass
navigational satellite, although
there are hopes that future satel-
lites in this series will use a
different frequency. He noted
wryly that a newly-found maser
line of methanol at 12.2GHz falls
in the satellite d.b.s television
band.

Dr W.R. Piggott took the
opportunity to present for the
first time a new application of
stochastic methods to the dis-
tribution in Europe of sporacic E
propagation. He believes that
previously used distributions of
SpE have proved seriously mis-
leading. His new model produces
the observed distributions of
strong and intense SpE as func-
tions of amean probability which
varies slowly with position over
Europe. It is independent of what
ever model, such as gravity-wave
wind-shear, is held to cause the
formation of SpE. Dr Piggott
believes his stochastic modei will
provide a powerful tool for pre-
dicting the probability of SpE for
any part of Europe, any time of
day, from a single observed para-
meter. It is not a tool for predict-
ing in advance when SpE will
oceur.

A number of participants re-
ported the progress of current
research projects concerned
with microwave propagation
through the troposphere, in-
cluding over-the-horizon prop-
agation due to rain scatter. A
Home Office/Essex university
study is based on reflecting layer
rather than ducting models.

Professor E.D.R. Shearman
(University of Birmingham) and
his team are continuing work on
the use of ground-wave h.f.
radar for remote sensing of
ocean-wave and surface-current
vectors (the technique has also
been shown to be useful for

tracking ships over the horizon)
at distances up to 150-200km
from two coastal sites on oppo-
site sides of the Bristol Channel.
Recent work has used frequen-
cies of the order of 6 to Y9MHz
using narrow-band c.w. systems
with shaped pulses to minimize
interference to other services.

Theoretical work by Oxford
Computer Services is based on
the belief that “what is hidden
shall be revealed” by using mic-
rowave scatter to detect surface
roughness changes which occur
when surface currents — such as
those induced by internal waves
in the sea — interact with the
ambient surface wave field.
Whether this active interest in
how internal waves are patterned
stems entirely from a desire to
locate natural navigational
hazards such as sandbanks, or
man-made submersible objects.
was not revealed, but there
seems little doubt that OCS's
hydrodynamic interaction model
(OCSHIM), in conjunction with
airborne microwave radar,
seems likely to provide an ability
to peer deep below the surface of
the oceans.

Modern radio
science

Eleven tutorial papers from the
1987 General Assembly of URSI
at Tel Aviv have been brought
together in book form as “Mod-
ern Radio Science” (editor Pro-
fessor A.L. Cullen, published by
Oxford University Press for URSI
and ICSU Press, 166+x pages.
hard covers, £25). Valuable to
both specialist and non-
specialist readers they provide
up-to-date reviews by 13 interna-
tional scientists on laser
measurements, waves, spectra
and plasmas, ionospheric phy-
sics, coherent optical fibre com-
munications and digital switch-
ing techniques, radio astro-
nomy, packet communications
networks, etc.. each with useful
lists of references. Each section
is reprinted directly from the
Assembly papers, although OUP
standards seem to be slipping
with “propogation” (sic) in the
running heads of two chapters!

Radio Communications is writ-
ten by Pat Hawker.
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BBC Computer & Econet Referral Centre

AMB15 BBC MASTER £346 [a) AMB12 BBC MASTER Econet £315 (a)
AMCO8 Turbo {65C - 02) Expansion Module £99(b)
ADCO8 512 Protessor £195(b) ADJ24 Advanced Rel Manual £19.50(c)
ADF14  Rom Canrage £13(b}  AOF10  Econel Module £41(c)
ADJ22 Rel Manya! Part 1 £14(c) ADJ23  Rel Manual Part £14{c)

BBC Masier Dust Cover £4.75 (@)

BBC MASTER COMPACT

Atree packelolien3 5 DS aiscs wih each Compact

SYSTEM 1 128K Single 640K Drive and bundied soltware £385 (a)
SYSTEM 2 System 1 with a 12 Hi Res RGB Monitor £469 (a)
SYSTEM 3 System 1 with 2 14 Med Res RGB Monitor £599 (a)
Second Drve Ka £99 (¢) Estension Cabig tor ext drve £12.50 (d)

View 3 0 User Guide £10 {d) Viewsheel User Guige £10 (d)

B88C Dust Cover £4.50 {d) 1770 DF S Upgrade tor Mode! B £43.50 (d)
ADFS ROM (for Bwith 1770 DFS & B P £26 (d) 120SROML15 (d)
ACORN 280 2nd Processors £329 (a) ACORN 6502 2na Processor £173 (b)
MULTIFORM 280 2na Processor £289 (b) ACORN IEEE Interlace £269 (a)
TORCH ZB0 2nd Processot ZEP 100 £229 {a)
TZDP 240 ZEP 100 with Technomatic POBOOP duat gtive with buill-in Monitor stand £439 (a)
META Version Ill - The only package availabie in the micro market that will

assemble 27 different processors at the price offered. Supplied on two 16K
roms and two discs and fully compatible with all BBC models. Please phone
tor comprehensive leaflet £145 (b).

We stock the full range of ACORN hardware and frmware and a very wide range of ofher

01-208 1177 Tecuvomaric Lo 01-208 1177

DISC DRIVES

5.25" Single Drives 40/50 switchable:

TS400 400K/640K £114 (b)
PS400 400K/640K with integral mains power supply £129(b)
5.25" Dual Drives 40/80 switchable
TD800 800K/ 1280K £199(a)
PDB00 BOOK/1280K with integral mains power supply £229 (a)
PDBOOP BOOK/12B0K with integral mains power supply and monilor stand £249(a)
3.5°80T DS Drives:
TS351 Single 400K/640K £99 (b}
PS351 Single 400K/640K with integral mains power supply €119 (b)
TD352 Dual 800K/ 1280K £170 (b}
PD352 Dual BOOK/1280K with integral mains power supply £187 (b)
PDB53 Combo Dual 5 25/3.5 dnve withp s u £229 (a)
3M FLOPPY DISCS

Industry Standard floppy discs with a hletime guarantee. Discs in packs of 10

5% Discs 3% Discs
40TSSDD £10.00 (d}) 40 T DS DD £12.00 (d) 80TSSDD £20.00 (d)
80 TSSDD £1450(d) 80TDSDD £15.50 (d) 80TDSDD £25.00 (d)

FLOPPICLENE DRIVEHEAD CLEANING KIT

FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
ensures continued optimum performance of the drives. 5% £12.50 (d)
32 £14.00 (d)

petpherals for ihe BBC For delailed specifications and pricing please send for our leaflet

DRIVE ACCESSORIES

Single Disc Cable £6 (d) Duai Disc Cabie £8.50 (d)
PRINTERS & PLOTTERS 10 Disc Library Case £1.80 (d) 30 # 512" Disc Storage Box £6 (c)
) .
o STAR NLYO (Parallel interface) 208 (4 50 - 52" Disc Lockable Box £9.00 (c) 100 » 5'%" Disc Lockable Box £13 {¢)
EPSON LX86 €189 () STAR NL10 [Serial Interface] £279 (a)
Optional Tracior Feed LXB0/B6 £20 {c) STAR Power Type £229 {a) N
Sheel Feeder LXB0/B6 £49 (c}
FX800 £319(a) BROTHERHR20 £329 (a) MONITORS
FX1000 £449(a) RGB 14’ MONOCHROME
EXB00 £409(a) COLOUR PRINTERS 1431 Std Res £179(a)  TAXAN 12" HI-RES
LQ800 (80 col) £439 (a) 1451 Med Res £225 (a) KX1201G green screen £90 (a)
LQ1000 £589 {(a) 1441 Hi Res £365 (a) KX1203A amber screen £95 (a)
TAXAN I e (et MICROVITEC 14" RGB/PAL/Audio PHILIPS 12° HI-RES
KP815 (160 cps) £249 (a) P (BBC only) £28 (d) 1431AP Std Res £199(a)  BM7502 green screen £75 (a)
KP915 (180 cps) £369 (a) and GLP (BBC only 1451AP Std Res £259(a)  BM7522 amber screen £79 (a)
PLOTTERS All above monitors avauabie in plastic or 8501 RGB Std Res £139(a)
JUKI Hitachi 672 £459 (a) metal case
6100 (Daisy Wheel) £259(a)  Graphics Workstation ACCESSORIES
(A3 Plotter) £599 (a) TAXAN SUPERVISION Il Microvitec Swivel Base £20 (c)
NATIONAL PANASONIC Plotmate A4SM £450 (a) 12" - Hi Res with ambev/green options Taxan Mono Swivel Base with
KX P1080 (80 coi) £149(a) 1BM compatible £279 (a) clock £22(c)
Taxan Supervision lil £319(a) Philips Swivel Base €14 (c)
PRINTER ACCESSORIES MITSUBISH) hBA-Bc(r:o?-lGeec e £3.50 23}
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) XC1404 14" Med Res RGB, IBM & BBC Taxan £5 (d) Monochrome £3.50 {d)
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons compalibie £219(a)  Touchtec - 501 £239(b)
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices
Plain Fantold Paper with extra tine perforation (Clean Edge): UVERASERS
2000 sheets 9 5° X 11" £13(b) 2000 sheets 14.5" X 11" £18.50(b) gml“fﬂ;f;'y T Cla 0] EXT SERIAL/PARALLEL
- Py . - - O av 1de exposure
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SERIAL INTERFACE UV1 as above but without the umer €47 + £2 pap. Senal 1o Parallel £48(c)
All modems carry a full BT approval 34nput1 ouipul or | nput3 oulput For Industrial Users we offer UV140 & UV141 era-. Parallel to Serial £48(c)
Manual channe! selection Inpuy sers with handhing capacity of 14 eproms UV141 has Bidrectional Converter £105 (b)
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ut what is the little man there for?
B That was the question William Thom-
son, Lord Kelvin, asked as he peered
into the eyepiece of one of Maxwell's optical
experiments. The physical phenomenon de-
scribed by Maxwell was evident, but so too
was the figure of a little man — dancing.
Baffled, Kelvin peered again. Why was he
there? Maxwell's eyes twinkled as he
answered, “Just for fun, Thomson".
Maxwell's sense of fun ran through his
life, from his childhood paddling of a tub
across a duck pond and tripping up the maid
when she was carrying the tea tray, to
spoofing his inaugural lecture as Cavendish
Professor at Cambridge University. An inau-
gural professorial lecture is usually an affair
of pomp and circumstance conducted before
the university hierarchy. Maxwell so
arranged the publicity for his lecture that it
took place in an obscure lecture room before
an audience of twenty or so undergraduates.
A few days later, after a formal announce-
ment, he gave the first of his undergraduate
lectures. There in the front row were assem-
bled the senior members of staff. To them
and to his undergraduates, again with that

Institution of Electrical Engineers

mischievous twinkle in his eye, he very
carefully explained the differences between
the centigrade and Fahrenheit temperature
scales.

Love him or hate him, Maxwell was a
genius. Fully comprehend his electro-
magnetic theory and those famous equa-
tions or run a mile from them, they changed
the world. They are at the foundation of
modern physics and they are a major part of
his legacy to us. From electromagnetic
theory, paths can be traced to relativity and
quantum theory as well as the more obvious
path to radio. From quantum theory a path
leads to semiconductors and so to modern
electronics.

Though electromagnetic theory was Max-
well’s supreme achievement, his other
accomplishments were enough to secure
him an important place in the history of
science: colour perception, kinetic theory of
gases and statistical mechanics, the theory
of Saturn’s rings, geometrical optics, photo-
elasticity and other topics. He wrote many
elegant papers and a few books, including a
two-volume “Treatise on Electricity and
Magnetism” (1873) which the Encyclopaedia
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22. James Clerk Maxwell (1831-1879):
Scottish laird and scientific genius.

Britannica has described as “one of the most
splendid monuments ever raised by the
genius of a single individual”.

SHY AND DULL!

Maxwell belonged to the Scottish gentry,
being descended from the Clerks of Peni-
cuik, a family noted in Edinburgh from the
seventeenth century. He was a skilled horse-
man and a good swimmer, and loved to read
and write poetry. The Clerks had intermar-
ried with the Maxwell family which owned a
large estate at Glenlair in south-west Scot-
land. Maxwell's father, John Clerk, inherited
that estate and took the name Maxwell to
overcome a legal difficulty. Though a lawyer,
he was interested in mechanics and attended
meetings of the Royal Society of Edinburgh.
Maxwell’s mother, Frances Cay, died when
hewas eight. Both his parents were religious
and Maxwell himself held a strong Christian
faith.

Born in Edinburgh on 13 June, 1831, just
eleven weeks after Faraday discovered elec-
tromagnetic induction, Maxwell spent his
childhood at the family estate of Glenlair. At
the age of ten he went to school at the
Edinburgh Academy where he was at first
regarded as shy and dull! Four years later,
whilst still at school, he wrote his first
published paper which duly appeared in the
Proceedings of the Royal Society of Edin-
burgh.

After three years at Edinburgh University
he moved to Cambridge, where he spent
most of his time at Trinity College studying
mathematics. Like the rest of us he faced
trial by examination. In a letter written
during his last term he expressed his attitude
towards revision: “l am busy arranging

i

‘

W 1y 1
4

everything so as to be able to express all
distinctly so that examiners may be satisfied
now and pupils edified hereafter. It is
pleasant work and very strengthening but
not nearly finished.” Evidently his revision
went well, for he sat his Tripos in January
1854 and came second. One wonders about
the manwho came first, E.J. Routh.

In 1856 Maxwell was appointed to the
chair of natural philosophy at Marischal
College, Aberdeen, where he spent three
years before losing the position when the
two colleges there were combined into one.
As the junior of the two professors of natural
philosophy, Maxwell was redundant.

Still, his three years at Aberdeen were
notable for two achievements. Maxwell mar-
ried the boss's daughter, Katherine Mary
Dewar, whose father was principal of the
college, and he won the Adams Prize of the
University of Cambridge. This important
prize was awarded every two years for the
best essay on a given subject. The subject for
1857 was the motion of Saturn’s rings, and a
decision was sought between three hypoth-
eses for the composition of the rings: solid,
liquid/gas, or loose particles. Maxwell's
mathematics led him to conclude that only
the third possibility could yield the stability
evident in the rings. This major contribution
to astronomy set him amongst the leading
researchers in mathematical physics.

With such a reputation he was not redun-
dant for long. Soon he was appointed as a
professor at King's College, London, but

Fig.1. Maxwell, aged about 10, paddling
across the duck pond at the Glenlair estate
(sketched by his cousin Isabella Wedder-
burn).
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after five strenuous years there, whilst at the
pinnacle of his career, Maxwell resigned and
retreated to his country seat in Scotland.

Having suffered a severe illness, he
adopted the relatively quiet life of a minor
laird and took seriously the responsibilities
of his position towards those whose welfare
depended on his estate. However, he also
continued his own studies, wrote his "Trea-
tise on Electricity and Magnetism™ and was
an examiner for the Cambridge University
examinations.

It was Cambridge University which lured
him out of his “retirement” in March 1871
(when he was still not quite 40). The temp-
ting offer was the newly established post of
Professor of Experimental Physics, with the
task of setting up from scratch a physics
laboratory to be known as the Cavendish
Laboratory. It was to be his final appoint-
ment. He tackled the job with relish and set
that new teaching laboratory on its road to
world renown as a research centre of the first
rank. He even helped to design the building.

Fig.2. Part of the model of the ether. AB are
idle-wheel particles of electricity between
the vortices (shown hexagonal). Lines of
magnetic force enter and leave the plane
of the paper. The kinetic energy of the
vortex motion represents magnetic ener-
gy, and the force of the vortices on the
particles represents electromotive force.

ELECTROMAGNETISM

To electrical engineers, Maxwell's greatest
accomplishment was his electromagnetic
theory. He was 24 years old. and had gradu-
ated about a year before, when his first paper
on the subject. "On Faraday's Lines of
Force”, was published in 1855-56. He stated
his intentions quite clearly, explaining that
he was not trying to establish a physical
theory but to show that “by a strict applica-
tion of the ideas and methods of Faraday. the
connexion of the very different orders of
phenomena which he has discovered may be
clearly placed before the mathematical
mind”. His "paper” contained about 25 000
words, almost half the length of ashort novel
todav. To those who wanted a physical
theory of electrodynamics he suggested the
work of Wilhelm Weber.

His next publication on the subject came
in a series of four parts issued from 1861-62,
a mere 18 000 words this time. He assumed
that magnetism depended on the existence
of a tension in the direction of Faraday's
lines of force and that the pressure was
greater in the "equatorial than in the axial
direction”. This inequality of pressure was

ELECTRONICS & WIRELESS WORLD

explained as arising from “the centrifugal
force of vortices or eddies in the medium
having their axes in directions parallel to the
lines of force™. Since each vortex revolved in
the same direction as its neighbours. a
particle like an idle wheel was needed be-
tween them so as to avoid clashes at the
edges of the vortices (Fig.2).

Whilst these ideas may seem unrelated to
electromagnetic theory as we know it, Max-
well used them to construct a mathematical
model of the ether using ideas from mecha-
nics. Extending the model to electrostatics
yielded the famous displacement current.

The mathematical analysis indicated that
the electric and magnetic vectors are at right
angles to one another and are propagated in
air or vacuum with a velocity almost equal to
the then known value for the velocity of
light. “We can scarcely avoid the inference”,
Maxwell wrote, “that light consists in the
transverse undulations of the same medium
which is the cause of electric and magnetic
phenomena.”

A third paper. in 1864, added a further
20 000 or so words to his publications. It
presented his theory of the ether and its
relationship with electric and magnetic
fields, stripped of the mechanical scaffolding
with which it had been constructed. It
introduced the terms “electromagnetic
field" and “electromagnetic theory of light™.
In it he showed that a plane wave propagates
with a velocity equal to the number of
electrostatic units in one electromagnetic
unit. Experimental values for this number.
he said, agreed “sufficiently weli” with the
known value for the velocity of light. In a
charming statement he noted that neither
electricity nor magnetism had been used to
measure the velocity of light, and that in the
only known measurement of the ratio of the
two systems of units “The only use made of
light in the experiment was to see the
instrument”.

Obviously in the space available here a full
account cannot be given of Maxwell’s great
work on electromagnetism. If you read his
papers you may even have some difficulty in
spotting those famous equations. The termi-
nology is different from modern usage; and
they were given in component form, not in
the now commonly used vector calculus
form. A full account of his work is given by
Whittaker' and many shorter accounts are
available. A glance through the pages of this
magazine over the last couple of years
reveals that his work on electromagnetism
can still spark a lively debate®.

FIRST COLOUR PHOTOGRAPH

Less well known is Maxwell's work in other
areas of science. Maxwell-Boltzmann statis-
tics. for example, were derived to explain the
kinetic theory of gases but are now frequent-
ly used in semiconductor theory.

Arother major contribution to physics
was his work on colour perception. It span-
ned about 20 years and was roughly contem-
porary with his electrical research. Whilst a
student at Edinburgh, he and J.D. Forbes
revived Thomas Young's idea that colour is a
physiological effect of the eye and that there
are three receptors. This ran contrary to the
Newtonian belief in seven primary colours.
(We all remember the Richard of York who
gave battle in vain, don't we?)

Using spinning discs with coloured seg-
ments, Forbes and Maxwell showed ex-
perimentally that there are only three prim-
ary colours: red, blue and green. Maxwell
also explained why the three primary colours
and the three primary pigments are diffe-
rent. and he explained colour blindness. All
that was great enough but, being a mathe-
matician. Maxwell (now at Cambridge) went
on to express his findings algebraically and
created the science of guantitative col-
orimetry. He also probably projected the
first colour photograph.

The last five years of Maxwell's life were
partly devoted to editing the papers of Henry
Cavendish. It was a period during which his
wife endured a long and serious illness
through which he nursed her whilst con-
tinuing to fulfil his professional duties.
Eventually it became clear that he also was
seriously ill. In June 1879 he left Cambridge
for Scotland hoping the rest would help, but
in October he was told he had only a month
to live. Still caring for his bedridden wife. he
returned to Cambridge to be under the care
of his favourite doctor, He died of cancer on
5November, 1879, aged 48.

References

1. E.T. Whittaker. A History of the Theories of
Aether and Electricity. Nelson, London, 1951.

2. *Joules Watt'. Maxwell's e.m. theory revisited.
Electronics & Wireless World. July 1987 page 697.

Next in this series of pioneers of electrical
communication: Walter Bruch, inventor of
the PAL colour television system.

Dr Tony Atherton is on the staff of the IBA
Harman Engineering Training College at
Seaton in Devon. His book. from Compass to
Computer. a history of electrical and electro-
nics engineering. is published by Macmillan.
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RESISTANCE, CAPACITANCE AND DECADE BOXES

The TIME ELECTRONICS'’ range of low cost decade resistance and capacitance boxes are housed in a robust
portable metal case which provides excellent screening and protection.

RESISTANCE

Type Range Accuracy Power
1061 1 Ohm-1M Ohm 1% .75W per resistor
1062 10 Ohm-10M Ohm 1% .75W per resistor
1040 1 Ohm-100M Ohm 01% 1W per resistor
1041 0.01 Ohm-1K Ohm 0.1% 1W perresistor
1042 0.01 Ohm-1K Ohm 0.01% 0.3W per resistor
1051 0.01 Ohm-1M Ohm 0.1% 0.3W per resistor
1065 0.1 Ohm-120K Ohm 1% 10W per resistor
1066 1 Ohm-1.2M Ohm 0.1% 350mW per resistor

CAPACITANCE
1070 100pf-10mf 1% 100V DC maximum
1071 10pf-10mf 1% 100V DC maximum

Full catalogue of calibration equipment available, which includes —
Inductance, Resistance, Capacitance Standards, Decade Boxes, Voltage References, DVM and
Multifunction Calibrators plus IEEE Programmable Instruments.

M.O.D. - 05-24, 05-26, NATO AQAP4 APPROVED

Time Electronics Limited

Botany Industrial Estate, Tonbridge

Telephone (0732) 355993. Telex: 95481. Fax: (0732) 770312

, Kent TN9 1RH, England.

ENTER 57 ON REPLY CARD

FIELD ELECTRIC LTD. 01-953 6009. Fax: 01-207 6375
3 SHENLEY ROAD, BOREHAMWOOD, HERTS WD6 1AA.
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We would like the opportunity to tender for surplus equipment

Ofticial Orders/Overseas Enquiries Welcome/Order by phone or post. Open 6 days, Postal rates apply U.K. mainland only
include 15% VAT unless stated. Phone your order for quick delivery. Access, Amex, Diners. Visa accepted. We can supply telephone and some audio equipment, electrical

and aerial equipment, much more than is shown in our ad. Please ring

ENTER 45 ON REPLY CARD

All test equipment carries warranty. All prices

ELECTRONICS & WIRELESS WORLD



THE ‘ALADDINS’' CAVE OF ELECTRONIC & COMPUTER EQUIPMENT

[ COLOUR MONITORS |

16 Decca, 80 series budget range. colour montors, features in

clude PIL tube. attractive teak style case. guaranteed 80 column
resolution, only seen on monftors costing™3 times our price, ready
to connect 1o a host of Com‘)uler or video outputs. Manufacturers
fully tested surplus, sold infittle or hardly used condition with 90 day
full RTB guarantee 1000's Sold to date.

DECCA 80 RGB - TTL + SYNC input for BBC type interface etc
DECCA 80 COMP 75 () composite video input with inlegral audio
amp & speaker ideal for use with video recorder or TELEBOX ST or

any other audio visual use Only £99.00 (E)
[ HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style moulded

case teaturing hi res Mitsubushi 0.42 dot ptch tube with 669 x 507
%lxels 28Mhz bandwidth. Full 90 d?;yB uarantee.
rder as1004-N2 for TTL + sync R for BBC elc £159.00 (E)
1003-N1 for IBM PC etc fully CGA equiv £189.00 (E)
1005-N2 RGB interface for QL 85 columns.  £169.00 (E)

20 " & 22" AV Specials

Superbly made, UK manufacture, PIL tube. all solid state colour
moniors, complete with composite video and sound inputs, attrac-
tive teak style case, deal for a host of applications including Schoals,
Shops. Disco’s, Clubs etc. Supplied In EXCELLENT litte used con-
dition with 90 day guarantee

20" Monttor £165.00 (F) 22" Monitor £185.00 (F)

MONOCHROME |

MOTOROLA M1000-100 5 CRT black & white compact chassis

monitor measuring only cm 11.6h 12w, 22d. ideal for CCTV or com:

E{uler applications. Accepts standard Composite video or individual

& V syncs. Operates from 12v DC at apprx 0.8a.Some units may

have minor screen marks, but still in very usable condition  Full
n

tested with 30 day guarantee & full data Only £29.00 &(/2
Fully cased as above, with attractive moulded, desk standing swivel
and ilt case Dim. cm 12h.14,5w,26d. £39.00 (C)

JvC t;pe 751-7 §" ultra compact black & white chassis monitor for
a

12v0.7a OC operation Dim cm 11h.14w,18d. Simple DIY circult data
included to convert data and separate sync inputto comy 'sn"e \gdleo
ull data

Input. Ideal ponable equipment etc, Supplied wit
P BANEREIAR Hrhna New £65.00 (B)
KGM 324 9° Green Screen, Litle used fully cased, mains er
high res monitors with standard compostte video input. Ful J tested
and in excellent condition £49.00 (E
20" Black & White monitors by AZTEK, COTRON & NATIONA
All solid state. fully cased monitors, ideal for all types of AV or CCTV
appiications. Units have standard composite video inputs with in-
tegral audio amp and speaker. Soid in good, used condition- fult
tested with 90 day guarantee. Only £85.00 (

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 525" disk drives enables us to
offer you prime product at all time sm'ﬂer low N%rices All unfts unless
stated are removed from often BRAND NEW equipment, fully
tested and ship, to you with a full 120 day guarantee. All units
offered operate from +5and + 12 volts DC, are of standard sizeand
acceBl the common standard 34 way interface connector
TANDON TM100-2A IBM compatible 40 track FH double sided
Only £39.95 (B]

TANDON TM101-4 FH 80 track double sided Only £49.95 (B
JAPANESE Half Height double sided drives by Canon, Tec,
Toshiba etc. Specévg 40 or 80 track ~ Only £75.00 (B)
TEAC FD55-F 40-80 track double sided Half Height

Brand New £115.00 (B)

DISK DRIVE ACCESSORIES

34 Way Interface cable and connector single £5.50, Dual £8.50 (A)
5.25' (XC wer cable £1.75. Fully cased PSU for 2 x 5.25" Drives
£19.50 (AS)O

Chassls PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES
SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double sided refurbished £260.00 (E
MITSUBISHI M2894-63 Double sided switchable Hard or Sof -

tor BRAND NEW £275.00 (g
SPECIAL OFFER Dual 8' drives with 2mb capacn{ln smart ca
with integral PSU ONLY £499.00 (F)

[ COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the famous EINSTEIN. the
TPC2000 professional "3 piece system comprises: Quality hlgh res
GREEN 12’ monitor. Sculptured 92 key keyboard and plinth unit con-
taining the Z80A CPU and all contrdl electronics PLUS 2 integral
TEAC 5.25" 80 track double sided disk drives. Many other features
include Dual 8" IBM format disk drive suppont, Serial and paralle!

tul i nd ready | frware. Sup-
355%3#%3?%"'5 R WORDS TAR. BASIE and accounts pack.
9% i 9% dﬁND &%M
Original price DVER £1300 [ Only £299(E)J

EQUINOX (tMS) $100 system capable of running ether TURBO or
standard CPM . Unit features heavy duty box containing a powerfut
PSU, 12 slot $100 backplane, & dual 8" double sided disk drives
Two individual 280 cpu boards with 192k of RAM allow the use of
multi user software with upto 4 RS232 serial interfaces Many other
features include battery backed real time clock, all IC's socketed etc.
Units in good condition and tested gnor despatch, no documertation
at present. hence Rrice of only £24 .om)

S$100 PCB’s IMS A465 64K dynamic R £55.00068LIMS A930 FDC
controller £85.00 (B). IMS A862 CPU & i/o £65.00 (B)

SAE for full list of other $100 boards and accessories.

| PRINTERS I

Ntk purehase brings v incredible sisings on arange of printers o suit all applica
s Ak i Bargains” van be scen at vur South Loodon Shop
HAZELTINE ESPRINT Small desktop 100 cps print speed with both
RS232 and CENTRONICS irterfaces. Full pin addressable graphics
and 6 user selecable type fonts. Up to 9.5° single sheet and tractor
gag)er handlin Brand New Only £199.00 (E)
NTRONICS 150 series. A real workhorse for continuous use with
tractor feed paper. either in the office, home or factory, desk standin:
150 cps 4 type fonts and choice of intertaces. Supplied BRAND NE

Order as:
150-SN up to 9.5" paper handling £185.00 (E
150-SW up to 14.5" paper handling £225.00 (E
150-GR up to 14.5" paper plus full graphics £245.00 (E

When ordering please specify RS232 or CENTRONICS interface.

Ultra Fast 240 cps NEWBURY DATA
NDR 8840 High S‘{)eed Printers
Only £449 1!

A special purchase from a now defunct Goverment Dept enables us
to offer you this amazing British Made qualiB/ F{)n‘nler at dearance
prices’ SAVING YOU OVER £1500 || The NDRB840 features high
speed 240 cps print with integral, fully adlusvable paper trac-
tor, giving exceptional fast paper handling for multi part forms etc.The
unit features 10 selectable type fonts giving up to 226 printable
characters on a single line. Many other features Include Internal
electronic vertical ar rizontal tabs, Self test. 9 needle head. Up to
15.5 3gapey 15 million character ribbon cartridge iife and standard
RS232 serial Interface. Sold in SUPERB tested condition with 90 da

uarantee Only £449.00 {|
PSON model 512 40 column 3.5" wide paper rolt feed, high s
printer mechanism for in¢ tion in

matrix (3 lines per secondz
point of sale terminals, ticket printers dalalo?gers etc. Untt features bi
directional printhead and integral roll paper feed mech with tear bar
Requires OC volts and simplé parallel extemal drive Jogic. Complete
with data. RFE and tested Only £49.95 (C)
EPSON model 542 Same spec as above modet, but desnaned tobe
used as a slip or flatbed printer. Ideal as label, card or ticket printer
Supplied fully cased in attractive. small, desk top metal housng. Com-

ete with data. RFE and tested Only £55.00 (D)

HILIPS P2000 Heavy duty 25 cps bl directional daisy wheel printer
Fully DIABLO, QUME, WORDSTAR compalible. Many features in-
clude full width platten - upto 15’ pager, host of avallable daisy wheels,

single sheet paper handling, superb quall n. Supplied complete
= it userm.amugle'&godar;gguarg’;?ﬂeeq WFPSEEdu‘s? o

us cover & dats
ND NEW Only £225.00 (

w
wheel Bl

Most of the tems in this Advert, plus a whole range of other
electronic components and goodies can be seen or purchased
at our

[** South London Shop **|

Located at 215 Whitehorse Lane, London SE25. The shop is
on the main 68 bus route and only a few miles from the main
A23 and South Circular roads Open Mondsy to Saturday from
9 t0 5.30, parking Is uniimited and browsers are most wel
come. Shop callers also save the cost of carrage.

| POWER SUPPLIES |

All power supplies operate from 220-240 v AC Many other types from

3vio 10Ky in stock .Contact sales office for more details

PLESSEY PL12/2 Fully enclosed t2v DC 2 amp PSU. Regulated and

protectec. DImcm 135x 1t x 11 New £16.95 (B)

AC-DC Lmnear PSU ouB)ms of +5v55a. -5v0.6a, +24v5a. Fully regu-
i Sg?C)

lated and short proof. Dimcm 28 x 12.5x 7 New £49.
POWER ONE PHC 24v DC 2 amps Linear PSU fully reguiated
Néw £19.95 (B)
BOSHERT 13088 switch mode supply ideal disk drives or complete
system. #5v 6a.+1225a,-12 0 .5a.-5v 0.5a Dim cm 5.6 x 21 x 10.8
New £28.95 (B)
BOSHERT 13090 same as above spec but outputs of +5v 6a, + 24v
1.5a, +12v 0.53,-12v 0.5a New £39.95 (B)
GREENDALE 19ABOE 60 Watt switch mode outputs +5v6 a. +12v
1a, -12v1a. +15v 1aD. 11 x20x55 RFE Tested £24.95 (B
CONVER AC130-3001 High grade VDE spec compact 130 wa
switch mode PSU. Outputs give +5v 15a. -5v 1a. +&-12v 6a. Dim 6.5
x 27 x 12,5 Current list price £190. Our price New £59.95.005(§J
FARNELL G6/40A Compact 5v 40 amp switch moge fuily enclo(

ew £140.00 sg(;
FARNELL G24 58 Compact 24v 5 amp switch mode fully enclo:
New £95.00 (C)

ONLY
£16.95 (¢)

Special Offer
EXPERIMENTORS PSU

Made 1o the highest spec for BT this unit gives several ful

protected DC outputs most suited to the Elecfronics Hobbyist.
+5v 2a. +8&-12v 1a,- +24v 1a and +5v fully floating at 50ma
Ideal for school abs etc. Quantity discount avaiable

Fully tested with data  RFE - Removed From Equipment

cThe l?tMAZING TEII{EBOz(
onve our monitor {?
QUALITY COLOUR TELEVISION
Brand new high quality. fully cased, 7 channel UHF PAL TV tuner sys-
tem. Unit simply connects to your TV aeral socket and video monitor
turning same into a fabulous colour TV. Dont worry if your monitor
doesnt have sound, the TELEBOX even has an integral audio amp for
driving a.speaker plus an auxillary output for Headphones or Hi Fi sys-
tem elc. Many other features; LED Status indicator, Smart moulded
case. Mains powered. Buit 1o BS sale%%%cs. Many other uses for TV
sound o video etc. Supplied BRAND with full' 1 year guarantee
Carriage code (B)

|

TELEBOX ST for_monitors with composite video input £29.95
TELEBOX STL as ST- but fitted with integral speaker £34.95
TELEBOX RGB for use with analogue F?gﬂ monitors £59.95

Colour when osed with coluar CR . RCGBverston NOI suitable for IBM-CLONI
type comsur monitoes . DA sheeton request. PAL overseas cersions CALL

[ MODEMS | [RECHARGEABLE| [COOLING FANS |

- 7 d Keepyour hot pants COO1 and RELIABEL wiith our
Modems to sutt all applications and budgets. ' l oc of NDN ing fins,
Please contact our l&g‘mlcal sales staff if you BA ERI ES AC FAmN"§““mé\ ) |2\:0n8r";‘ (‘)\'/‘

require more information or assistance. kdainte‘nzanceAf;‘ee. sealed longfe Léi‘goo:CIAD 3 FaEnT %im 80x B0 x 3 £8.50 (B

300 12v 3 A 3.5 | simiine 92 x 92 x 25 £9.95 (B

SPECIAL PURCHASE A300 6v 3 Ah £9.95 iA! £Fan Dim 120 x 120 x 36 £9.95 (B

V22 1200 baud MODEMS | A3006-0-6v184ah RFE £5.99 {A) Asabove - TESTEDRFE  Only £4.95 (C

ONLY £149 I NICKEL CADMIUM E)% 'é’,i’ﬁg x 3.5" Rotron 10v £10.95(B

MASTER SYSTEMS type 2/12 microproces

Quaiity 12 v 4 Ah cell
for the TECHNICOLOUR vdeo company.

ck{Origineily. made Papst Miniature DC fans 62x62x25 mm

sor controlled V22 full duplex 1200 baud. This this unit contains 10 high quality GE nicad Order 812 6-12v or 814 24v £15.95 (A
fuly BT approved modem empioys al helatest type_cell camanies i Y et vobust 4’ 12vDC 12w 120x 120x 38 £12.50 (B
features for error free data comms at the stag- mouided case with DG output connector. Dim 4" 24v DC 8w 120x 120 x 25 £14.50 (B
gering speed of 120 characters per second, cm 19.5x4.5x 12.5. Ideal portable equipment BUHLER 12v DC 62 mm £12.95 (A]
saving you 75% of your BT phone bills and enArPS) NEW £24.95 (B)  1000s of cuher fans and blowers tn stock CA

etc
data connect time [I Add these facts to our 12y 17 Ah Ultra r
aive away price and you have a superb buy I!

Itra slim unit measures only 45 mm high with
many integral features such as Auto answer,
Full LED Sstatus Indication, RS232 interface,
Remote error diagnostics, SYNC or ASYNC
use, SPEECH or DATA swilchinégf integral
mains PSU, 2 wire connection to BT line etc.
Supplied t%tested, EXCELLENT slightly used
condition with data and full 120 day guarartee.

Only £1490

22 Cost over £2!

but used cor

ged. all weather, virtually
indestructable refillable NICAD stack by
ALCAD. Unit features 10 x individ
XL1.5 cells in wooden crate. Supplied to the
MOD and made to deliver exceptionally high
output currents & withstand I«
storage in dischar esd state. Cimcm 61 x 14 x
complete with instructions .00 Eg d
EX EQUIPMENT NICAD cells by
Removed from equipment and believed In

830?51) Also ‘D’ size 4Ah 4 for £5 (B)

or SAL for more delaits

[SPECIAL INTEREST]

Please call for availability or further info.
RACAL-REDAC real time, colour drafting
PCB layout system

ual t

long periods of

£3950

uppled nrused 4 lested  pEC VAX11/750 inc 2 Mb Ram DZ. and ful
ocC elc » Brand New £8500

be HP7580A 8 pen digital A1 drum plotter with

IEEE interface ew £4750
CHEETAH Teiex machine £995
1.5 kw 115v 60 Hz Bower source £950
500 watt INVERTER 24v DC to 240v AC sine

ition. 'F size 7Ah 6 for As

CONCORD V22 1200 baud as new £330.00(E

CONCORD V22 1200-2400 BIS  £399.00 BRAND NEW 85 Mb wave 50 Hz ou £275
RIXON Ex BT Modem 27 V22 1200 £225.00 ; Disk Drives ONLY £399 SOLDER SYSTEMS tin lead roller tinning
DATEL 4800 / RACAL MPS 4800 EX BT machine for PCB manufacture £350
modem for 4800 baud sync use.  £295.00 (E) End of line purchase enables. this brand new CALLAN DATA SYSTEMS muiti user INTEL
DATEL 2412 2780/3780 4 wire modem untt unit 1o be offered at an ali time super fow price. based UNIX system complete with software
EX BT hully tested. £199.00 (E) The NEC D2246 8" 80 Mb disk drve fealures and 40 Mb winchester disk drive.  £2750
: ; full CPU controt and industry standard SMD WAYNE KERR RA200 Audio. real time fre-

MODEM 20-1_75-1200 BAUD for use with

PRESTEL etc EX BT fully tested £49.00 (E)

intertace, Ultra high speed

data transler and

uency response analyzer £3000
old ST506 inter- gEKT&ONP)?nun/RYZPAL TV test signal

imes leave the
TRANSDATA 307A 300 baud acoustic coupier ?CC&S?' ing. S leg BRAND NEW with standard. £6900
with RS232 110 Brand New £49.00 (E) ,ﬁﬁﬁéﬁﬂg g Supp Cnly gagg_ooég TEKTRONIX R140 NTSC TV test slgnal
RS232 DATA CABLES 16 ftlong 25w D &? 10 Dual drive, plug in 135 Mb sub system for | M standard £875
25 way D socket. Brand New = Only £8.95 (A} AT untt in case with PSU etc  £1499.00 @ HP 3271A Correlator system £350
As above but 2 metres long £4.99 (A} Intertace cards for upto 4 dives on IBM PLESSEgé)onable Microwave speech / dala
BT piug & cable for new type socket  £2.95 {A) etc available Brand new at£395.00 IInk 12v DC. 70 mile rangeThe palr £275.00

19" Rack cabinets 100's in stock from £15.00

All prices tor UK Maintand. UK Customers must ADD 15% VAT to total order value. Minimum order, cash£5, Credit Card £10. Official account orders trom|

DISFLAY
-ELECTRONICS-

MAIL ORDER & OFFICES
Open Mon-
32 Biggin Way,
Upper Norwood,
London SE19 3XF

LONDON SHOP
1000's of Bargains for callers
Open Mon-Sat 9-5.30

215 Whitehorse Lane,
South Norwood, London SE2

ENTER 18 ON REPLY CARD

Fn9.30-5.30

Governmeni Depts. Universities, Schools & Local Authorities weicome — minimum account order value £25. Carriage charges (A) £1.50. (B) £3.50, (C)
£6.50, (D) £8 50. (E)£10.00, (F)£15,(G) Call. All goods are supplied subject to our standard conditions of sale. All guarantees givenona returnto base basis.
We reserve the nght to change prices & specifications withoul prior notice. Bulk trade & export enquines mmost weicome.

DISTEL € The ORIGINAL
FREE of charge dial up data base
1000’'s of items + into ON LINE NOW1!
300baud 01679 1888.1200/7501 679
61831200 FDX 01 679 8769

ALL ENQUIRIES

016794414

FAX 016791927
TELEX 894502
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Advertisements DISPLAYED APPOINTMENTS VACANT: £27 per single col. centimetre (min. 3cm).
accepted up to LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 (prepayable).
12 20th Octob BOX NUMBERS: £15.00 extra. (Replies should be addressed to the Box Number in the
noon C ober advertisement, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).
for November issue. PHONE: PETER HAMILTON on 01-661 3033 (Direct Line).
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING and crossed.
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TRAINTEE Radio Officers

R A D | O The Royal Fleet Auxiliary has vacancies for
Radio Officers. Minimum qualifications are
MRGC and DTI Radar Maintenance Certificate

world, including tankers, supply and landing

' O F F | C E R S The RFA Service operates a fleet of 27 ships in
u support of the UK Armed Forces throughout the

R A you for @ secure shore-based iob which offers ships. The primary role is to replenish RN vessels,

B o rewarding career in the forefront of modern Tele- participate in naval exercises and some
communications techno oo’ then consider opporturities to visit foreign ports exist.

joining GCHQ as a Trainee Radio Officer Working conditions on board RFA ships are

»  Training involves a 32 week residentia excellent. Starting salary is £10482 for first 6

course, [plus 6 weeks extra if you cannot months, then advances to £11,854 up to a

touch type) after which you wil be maximum of £25,000
HDD')'H'@? RAD'? OFFICER ond undertoke A tour of duty is normally 6 months followed by
<[1%or'efv"‘ spe f""“' ggws covering the whole 32 months leave before reappointment.
3{ b gfsfefT;U:u f%b SLO‘ u;gritfy - Good Personnel are contract from first day of service
Career prospects - Opportunities groenigoorgg?&:tig;y Bl SISt e fe e

for Overseas Service - Attractive . .
Salaries - and much more. Full particulars and application forms are

To be eligible you must hold or ho available from:
to obtain onyMRGC orHNC in cF:)e Careers Office
Telecommunications subject with an Royal Fleet Auxiliary,
ability to read Morse at 20 wpm ST74A4A Roorn 504,
City and Guilds 7777 ot advanced Empress State Building,
level incorporating morse transcripfion would be advantageous) Anyone London SW6 ITR

with a PMG, MPT or 2 yeors relevont radio operating experience is also eligible 01-385 1244 Ext 3259

The Civil Service is an equal opportunity employer.
Salaries: Storing poy for frainees is age pointed to 21 years. For those aged 21 ROYAL FLEET AUXILIARY
or over entry will be at £7,)62. After Troining on RO will stort at £10,684 rising by 5
onnual increments to £15,753 inclusive of shit ond weekend working allowance

:::::::""“::_‘-____: et DR FO r further d Eta ils on
FLH a&?&"&.‘%&%’éﬁﬁ&%ﬂ% G oo v Classified Advertising please
OR TELEPHONE, (0242) 232912/3 contact: Peter Hamilton on
661 3033

e e

ALWAYS AHEAD

IN HARDWARE, SOFTWARE & SYSTEMS
£10,000-£30,000

With the most successful companies and consultancies - both large and small - throughout the UK: Offeriag first class salary/benefit packages - several include
company car - plus excellent career advancement opportunities.
BSc, MSc or PhD with interest and experience in any of these fields:
DIGITAL SIGNAL PROCESSING; ADVANCED PROCESSOR ARCHITECTURES; IMAGE ANALYSIS; GRAPHICS / SPEECH PROCESSING; LASER /
FIBRE OPTICS; PARALLEL PROCESSORS; REAL-TIME CONTROL / C1 SYSTEMS; RADAR; SONAR; COMMUNICATIONS; OSI/ X400 NETWORKS;
Al & IKB SYSTEMS; ANALOGUE & DIGITAL VLSI/ ASIC DESIGN; SIMULATION; MILLIMFTRIC SYSTEMS; SOFTWARE - C, PASCAL, ADA, OCCAM,
68000 ASM, MODULA, UNIX / VMS; CAD TOOLS.
ECM offers confidential and professional guidance: we will listen to your requirements and identify opportunities to suit your plans.
Phone now for your FREE CASSETTE “Jobsearch Technology” and hear how ECM can help you to develop your career.
CallECM on 0638 742244 - until 8.00 p.m. most evenings - or send your cv by FAX (0638 743066) or mail to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

THE MALTINGS, BURWELL, CAMBRIDGE, CB5 OHB.
e e B T ke g
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...Your strong, practical electronics
skills could be the key to a unique
opportunity with Briush Airways’ Avionic
Workshops at Heathrow.

Your electronics experience should
cover repair and test in any of the following
ficlds: Electrical Generation and Control
Equipment, Communications, Navigation
and Radar, Electrical and  Electronic
Equipment,  and  Automatic  Test
Equipment. You will also need a tair for
faule diagnosis.

ELECTRONICS TRADESMEN

...Enter the exciting world of Avionics... -

We would like to hear from vouif you
hawe had 3 years’ practical work experience

and have served a recognised technical BRITISH
apprenticeship.

We can offer a starting ratc of AI RWAYS
approximately £190.00 per week which may
rise within 18 months to £210 per weck
nclusive of Outer London Weighting. u
addition benetits include a holiday bonus
sports and social club facilities. profir
sharing  and  favourable holiday travel
opportunities atter a qualitying  period
Relocation assistance may also be available in
certain crcumstances.

So if you are proud of your skills and
would like to develop them in a challenging
environment  where  the  prospects  for
exceptional people are excellent,  please
telephone on 01-564 1431 for an application
form or send vour name and address on a
postcard, quoting reterence BDE/935. o
Engincering Recruitment, Britsh Airways
Ple, “Mecadowbank™, PO Box 39
Hounslow TW5 9QX.

Hardware / As a leading recruitment consultancy we

have a wide selection of opportunities for

SOftware / high calibre Design. Development, Systems Bmadcan VidGO/Pl'O-AlIdIO

and supporting staff throughout the U.K. Service/Test /QA
S t ms If you have experience in any of the
ys € following then you should be talking to us Iti ting i th ket q
e. IS an exciting time in these markets and career
£9 000 - £25 000 for your next career move .
’ ’ ggﬁ?&%ﬁ%&g” opportunities currently exist in the above areas.
« MICRO HARDWARE & SOFTWARE * GUIDED Applicants should be educated to HTEC/TEC and

WEAPONS  C + PASCAL « ADA * RF & have several years experience in the electronics

ﬂcﬁqm}fﬁ%':&m:m_ SUYL‘STTSS industry. A thorough knowledge of audio and video

ENGINEERING * ACOUSTICS * SONAR * RADAR * orinciples is particularly relevant.

SATELLITES ¢ AVIONICS ¢ CONTROL * ANTENNA ) )

* VLSI DESIGN Location: Southern England. Salaries in the range
Opportunities exist with National, International £9:15K.

and consultancy companies offering excellent
salaries and career advancement.

STS Recruitment, Telephone: (0962) 69478 (24hrs), Basingstakel0236:470704-

33 Staple Gardens, Winchester, Hampshire S023 8SR.

ELECTRONICS & WIRELESS WORLD

ELECTRONICS DIVISION

[ : To apply please write or telephone
To be considered for these and other Profess,a"al & Mike Jones, Professional and
requirements contact John Spencer or Stephen Tecn"ica’ Technical Appointments, Studio 3
Morley or forward a detailed CV in complete Intec 2, Wade Road. Basi.ngstoke. '
confidence quoting Ref. WW/101. Appaointments Hampshire. RG24 ONE or Telephone

1045



CAPITAL

Sinclair House. 74 Willoughby Lane. London N 17 0S8k
‘Telephone: 01-808 3030

THE UR's No. 1 ELECTRONICS AGENCY
ELECTRONICS ENGINEERS if vou are looking for a
job in DESIGN. FIELD SERVICE. TECHNICAL SALES
or SOFTWARE ENGINEERING.
felephone NOW [or one of our I'REL tobs lists or

send a lull cv to the address helow,
\acancies throughout the UK to £ 18.000 p.a.

Capital Appointments Lid.. FREEPOST London N17 OBR.

Please send me vour list tor lihgineers

\ame . W)

Address

PPost Code

01-808 3050 — 24 HOURS

Sty

i : oz
Stay on the world C''

Increasingly multinational, high technology companies are
considering their Australian subsidiaries an integral part of

their global strategy. So it is with our client - a world leader
in telecommunications. The career positions briefly detaited
below are all based in Sydney and offer an intellectually
stimulating work environment, and of course a life style
second to none! Competitive salaries, relocation assistance
and a real opportunity to broaden your career and personal
horizons make this an opportunity you should not miss

PN RF DESIGN ENGINEER q

An experienced RF or Analogue Design Engineer to join the
development team for new Radio Communications Network
Products is urgently sought

N SYSTEMS ENGINEER (PABX) NN

A senior role to attract an engineer experienced with digital
hardware design and real-time assembler programming
Excellent management career prospects

TECHNICIANS I

Assisting the above design engineers with prototyping, lab
and field testing, and pre/post production activities is
challenging and career building. Experience in one or more
of the following fields is essential - RF/Digital Hardware/
Software Maintenance/PABX

For further details telephone Phillip Campbell B.E. (Comms)
on 010 61 2 95 95 111 between 8.30 a.m. and 5.30 p.m. local
time, or write to Executive Consulting Services P/L, Level
19 Northpolnt. 100 Miller St, Nth Sydney NSW 2060, Australia
(Fax. 010-61-2-9594312)

All applications are treated in the strictest confidence
EXECUTIVE
CONSULTING
SERVICES%

New South Wales Licenced Private Employment Agent No. 779

1046

NORTH LINCOLNSHIRE HEALTH AUTHORITY
ST. GEORGE'S HOSPITAL
MEDICAL EQUIPMENT UNIT MANAGER

Due to retirement of the existing postholder a
vacancy has arisen for this senior position in the
Medical Physics Service in North Lincolnshire. The
Medical Equipment Unit provides a comprehensive
equipment service throughout the District.
The successful candidate will need to have had
extensive experience in equipment support. He/she
will be responsible for seven other technical staff in
the Unit and will be accountable to the Head of
Medical Electronics.
Salary: Medical Physics Technician |

£10,830 per annum rising to £12,650 per

annum (under review)
For further information please contact Neil Gravill on
(0522) 512512 ext 2738.
Application form and job descriptions are available
from and should be returned to:
The Personnel Department, St. George’s Hospital,
Long Leys Road, LINCOLN LN1 1EF. Telephone:
(0522) 512512 ext 7001. Closing date: 29/9/88.
Previous applicants need not apply.

“CLIVEDEN

echnical
Recruitment f MAJOR RECORD COMPANY

inthe heart of London requires
Enthusiastic Electronics Engineer

PROJECT ENGINEER ~ Berks

Video & broadcast TV Systems.
c£12,000
TEST ENGINEER Surrey
Repair & fault finding radar &
microwave equipment.
c£10,000
SERVICE ENGINEER Berks
Component leve! repair of
computerised typesetting
systems. c£10,000 + Car
SUPPORT ENGINEER  Surrey
Digital transmission/PCM systems.
Network experience useful.
to £15,000 + Car.
R & D TECHNICIAN Berks
Bread boarding & testing of
analogue/digital circuits in a
research environment
c£12,000
R. F. ENGINEER
BerksMHants/Surrey
Design of cellular radio telephone
systems. £10,000
Hundreds of other Electronic vacancies

Roger Howard, C.Eng, M.I.E.E.. M.I.E.R.E.
LIVEDEN TECHNICAL RECRUITMENT
92 The Broadway, Bracknell, Berks RG12 1AR
Tel: 0344 489489 (24 hour)

with University Degree and musical
interest to design, work on and
maintain instrumentation for high
standard digital audio systems used for
compact disc transfer
Please apply under Box No: 2605

EXCITING OPPORTUNITY IN
TECHNICAL SUPPORT

Due to rapid expansion of the company we
now require a professional person 1o provide
additional technical support tor our range of
business computers. Prelerence will be
given 1o applicants with a good knowledge of
MS-DOS and a broad electronics back-
ground will be an advantage. Appiicants
should be smart and well presented with a
mature business aftitude and the ability to
communicate verbally at all levels.

[ you think you have the expertise and
personality required then apply in writing with
a full CV 1o Alan Hess (Technical Man-
ager), Amstrad Distribution Ltd., PO Box
299, Newcastie-under-Lyme, Staffs, or for
further details call 0782 566344 ext 212

RF ENGINEERING
£8-£20K + relocation

Permanent or contract

Career opportunities are open in:
DESIGN, SYSTEMS, INSTALLATION, TEST,
QUALITY, PRODUCT SUPPORT.

With a background in one of the following:

BROADCAST, SATELLITES, HF, ANTENNAS,
INSTRUMENTS, MOBILE RADIO

Phone GORDON SHORT on 0442 47311 (days)
or 0442 212650 evenings or send him your CV.

Executive Recruitment Services

g Maylands Avenue, Hemel Hempstead,
Herts.. HP2 4LT

ELECTRONICS & WIRELESS WORLD




ARTICLES FOR SALE

quote.

tet,

in vall and tr

HAVING DIFFICULTY OBTAINING AN OBSELETE
VALVE/TRANSISTOR/L.C.?

We try harder to locate rare types! Delivery either ex stock (1-2) days or from our
overseas sources (5-8 days). Maanetrons. Klystrons, C.R.T., trav-wave tubes also stocked.
WE ALSO STOCK ALL POPULAR TYPES
- USUALLY THE LOWEST PRICES ANYWHERE
(compare our prices listed below!) we’ll nearly always beat any uritten

Large discounts for wholesale quantities - phone/fax/telex for
an immediate quote. Free advice re equivalents etc. (we've specialised
s since 1982).
Good quality brands (Mul. Bri.STC etc.)

Please sdd 3% VAT 10 all prices and £1.15 plp per order. Telephone your order quoting VISA. BARCLAYCARD (not ACCESS -
s0r1Y). 01 send cheque for prompt despatch by 1 st Clase Post All parcels Insured (st our expense) sgainst damage ‘m tranalt

New boxed guaranteed valves.

Phone/fax/telex for immediate quote on any tvpe nol

2C39A 29.00 | 12AT7 080 | Cri48 POA | ECCBS.Mul 1.00
2C39BA 3800 | 12AU7.Mul 175 | C1166 POA | ECO91 1.80
3828 1000 | 12AU7 080 [ CViypes POA | EC| 115
41254 5500 | 12AX7.Mul 2.00 | CX1140 POA | ECL82 055
4-250A 7400 | 12AX7 080 | DET23 35.00 | ECL86 0.95
4CX250B Bimac 5800 | 12BH7 345 | DET2¢ 25.00 | EF86.Mul 425
5B/254M ITT 1400 | 12BY7A 345 | DET28 8.00 | EF86 210
5B/255M ITT 19.00 | 12E1 17.00 | ESSLMul 40.00 | EF9L 1.40
5U4GB 430 | 13E1 130.00 | ESSCC.Mul 450 | EF92 1.85
524G 230 | 19He 2900 | EB8CC 300 | EF9S 080
6AKSW 195 | 19HS 29.00 | E180F.Mul 575 | EL34 2.80
6AUG 078 | 85A2 120 | E180CC 9.00 | EL38 6.50
6ALS 050 | 95A1 575 | E182CC.Mul 7.50 | EL#1 270
6BAG 100 | 15083 450 | E188CC 7.00 | EL84 095
6BH6 190 | 572B (USA) 64.00 | EB10F.Mul 23.00 | EL360 6.50
6BJ6 1.40 | 807 280 | EACI1 1.70 | EY84 4.80
6BW6 530 | 813 Phulips 34.00 | EB91 050 | Gz34 2.40
6CH6 Brimar 675 | 813 24.00 | EC90 140 | GZ37.Mul 350
6F17 STC 260 | 4212H STC 20000 | EC91 380 | Holders for Valves

6F33 STC 9.00 80 6.00 | ECC81.Mul 175 & LC. POA
6L6GT 220 | 6146B GE. 10.75 | ECC81 080 | KT66/7581A RCA 9.00
6V6G 1.20 | 7360 RCA 1475 | ECC82.Mul 175 | KT66/6550A 10.00
6X4 130 [ A2134 14.00 | ECC82 0.80 | KT88/6550 11.00
11E3 48.00 | A2293 500 | ECCB3.Mul 2.00 | M8098 4.50
12AT7.Mul 175 | A2426 2980 | ECCS3 0.93 | M8136.Mul 6.00
M8137 Mul 700 | QQVO6-40A.Mul  38.00 | Phone lax or telex fur out valve catalogue or 3 yuote on vour
M8162.Mul 500 | QQVO06-40A 24.00 | equrements —

0A2 Mul 230 | QQZ03-20AMul  38.00 By

0A2 1.40 | S11E12 STC 34.00 \

0B2.Mul 2.40 3 10.00

0B2 140 | UI9 9.00

PeLaz 060 | uctez 200 | BILLINGTON VALVES
PL509/19 445 | ULaI 720 | GOOD QUALITY - LOW PRICE - RARITIES A SPECIALITY
QQvez-6 18.00 | UvalMul 500 | 39 Highlands Road. Horsham. Sussen RH13 SLS. England.
qveslo - 490 | 2759 GEC 16.00 | Cullets weicome oo oy avpoimment cab.

S oURsi 204 2500l e Phone 0403 210729 Fax 0403 40214 Telex 87271.

isted - ask for Martin Billington

Office hours Mon - Fri%am - 6.30 pm
1Answerphoae, telex snd {sx left on overnight and weekends)

173 MHZ FM TELEMETRY
+ TELECOMMAND RADIO
LINKS

B Remote Switching
B Voltage Monitoring
B Serial Data Transmission

ADENMORE LTD

27 Longshott Estate, Bracknell RG12 1RL.
Tet: (0344) 52023

| services [N

Service Manual for M.E.L.
Automatic Antenna Tuner
type BA 1020/01 (part of
Clansman Radio Set)
wanted. High reward.
Please contact:
Helmut Singer,
Feldchen 16-24, D-5100
Aachen, W. Germany.
Tel: 010-49-241 155315.

Telex: 832504 SITROD.

to production if required.

SILOGIC DESIGN LTD

We offer a design service for:
Printed circuit boards, Analogue and digital circuits, Biomechanics and
bioelectronics, Microprocessor based projects, Programming for 6805,
6809, 6502, 6305, 8086 — 8088, 8040 & 8050 series and most other
microcontroliers. Extensive experience in bioengineering projects. Projects

181-189 Garth Road, Morden, Surrey SM4 4LL
Telephone: 01-330 2626

TURN YOUR SURPLUS

ICs transistors elc into cash.
Immediate settlement. We also
welcome the opportunity to quote
for complete factory clearance.
Contact:
COLES, HARDING & Co
103 South Brink, Wisbech, Cambs.
Tel: 0945 584188 Fax: 0945 588844
» ESTABLISHED OVER 15 YEARS » 692

PROTEL-PCB. PCB layouts using
Protel CAD. We have many years
experience of PCB Design. If you are
running Protel and require assistance
during busy periods contact: Sherwood
Designs Consultants. Tel: Nottingham
(0602) 203133.

When replying to classified

PCB ASSEMBLY
(Conventional) & TEST

Top quality work, attention to detail
and follow through are our forte. Not
a single dissatisfied customer n ten
years. Over 18,000 boards built and
tested. Low overheads and efficiency
ensure very competitive prices.

EVERITT ELECTROMIC SERVICES LTD
Gwel An Wheal, St Ives, Cornwall.
Tel (0736) 794670

652

advertisement readers are

recommended to take steps to protect

their interest before sending money.

ELECTRONICS & WIRELESS WORLD

| T0 MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC
CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS. SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN'S CAVE
TELEPHONE: 445 0749/445 2713
R. HENSON LTD.

21 Lodge Lane, North Finchley, London, N.12
(5 minutes from Tally Ho Corner)

(1613)

Barnham, Bognor

TEST EQUIPMENT

GOOD USED EQUIPMENT ALWAYS AVAILABLE & WANTED
SCOPES * ANALYSERS * SIGNAL GENS * BRIDGES *
CALIBRATORS * AUDIO * POWER * HIGH FREQUENCY =%
MICROWAVE
Refurbished, Calibrated or not, you name it we can supply it.
LOTS OF BARGAINS TO CALLERS * BULK & TRADE TERMS
AVAILABLE.

Get on the mailing list, get ‘Infopack’ monthly.

Hours of business : Mon — Fri 9.30 — 5.00, Sats by arrangement.
BUYING OR DISPOSING you should contact:

COOKE INTERNATIONAL, Urit 4, Fordingbridge Site Main Road,
Regis, West Sussex PO22 OEB
Tel: 0243 68 5111/2 - Fax: 0243 68 2457

BANKRUPT STOCK OF HITACHI
1.M236 640x200 dot matrix LCI dis-
plays. Modules include 20 IC drive and
interface logic board. Current distribu-
tor price £312 each. Our price for
sealed cartons of 15  display
£435+VAT. Samples available for
£35+VAT. Carriage £11.50. Any order.
Send S.A.E. for data. Tel: 0600 3715.
Specialist semiconductors, Fourders
House, Redbrook, Monmouth, Gwent.

GOLLEDGE
ELEC rnomch—‘

UARTZ CRYSTALS OSCILLA-

ORS AND FILTERS of all types.
Large stocks of standard items. Spe-
cials supplied to order. Personal and
export orders welcomed — SAE for lists
please. OEM support thru: design
advice, prototype quantities, produc-
tion schedules. Golledge Electronics,
Merriott, Somerset TA16 5NS. Tel:
0460 73718. (2472)

PLATINUM, GOLD, SILVER
SCRAP. Melted assayed and paid for
within 24 hours relay contacts, thermo
couples, crucibles. Also printed circuit
boards, plugs, connectors, palladium,
rhodium, tantalum and ruthenium. We
have the technology to do the difficult
refining jobs that others can’t handle.
Totally free sampling service. Send
samples or Earcels (Regd post) or
contact Eric Henderson, 0773 570141.
Steinbeck Refineries (UK) Ltd,
Peasehill Industrial Estate. Ripley.
Derbyshire DE5 3JG. No quantity too
large or small. 495

CLANSMAN VHF EQUIP Qty 2
VRQ301, Qty 5 RT351, Qty 6 ATU 543,
Qty 3RF AmE 20 watt, plus P.Us, Junc
and C/bxs Spk units, Helmet ass, small
module spares new or good cond. Price
- Lot £1,350 CAPS ITT type PMT. 2R
0.47/250 Qty 18K Price £450 also 4uf
380v AC, Supp Units tub 250v 15 amp,
Small stepper motors, Qty of WG.16
new. Prices plus VAT & carr. Phone:
0742 444278.

BUSINESS FOR SALE. Well estab-
lished Electronic Mail Order Company
with steadily increasing turnover and
excellent customer and supplier rela-
tionships. Easily re-located, about
1,400 sq.ft and £35K needed. Contact
retiring owners. Box No 2604.

| WANTED [

STEWART OF READING
110 WYKEHAM ROAD,
READING RG6 1PL.
TEL: 0734 68041
TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY

VALVES TRANSISTORS I.Cs
WANTED also IC sockets, plugs, con-
nectors, factory clearance etc. Valves
types PX4 PX25 KT66 & KT88 espe-
Icie;lly wanted. Billington Valves

eft.

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and electro-
nic scrap and quantity.
Prompt service and cash.

M & B RADIO

86 Bishopsgate Street
Leeds LS14BB

0532435649 oo

Institute of Sound and Vibration Research
wth

Watkinson International Communications

A Comprehensive
Practical Course
“Introducing Digital
Audio”

21-23 September 1988
Contact:

ISVR Short Course Sec,
University of Southampton SO9 5NH.
Tel: 0703 559122, extn. 2310.
Telex: 47661 SOTONU G
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MATMOS LTD, 1 Church Street, Cuckfield, West Sussex RH17 5JZ.

Tel: (0444) 414484/454377.

COMPUTER APPREC'ATION, 30/31 Northgate, Canterbury, Kent CT1 1BL

Tel: (0227) 470512.

TRIUMPH ADLER/ROYAL OFFICE MASTER 2000 DAISY WHEEL
PRINTERS. 20 cps, FULL IBM AND DIABLO 630 COMPATIBILITY,
CENTRONICS INTERFACE. Features include underscore, bold, subscripts,
superscripts, underline etc. 132 column; micro proportional spacing.
Complete with typewheel and ribbon, manufactured to highest standards in
West Germany by Europe's largest typewriter manufacturer and offered
elsewhere at over £350.00. Cables available for most computers, £7.95.

£119.50 (carr. £6.50) — £99.50 each for quantities of 5+
PANASONIC Model JU-363 3'%2" floppy disc drives. Double Sided Double
Density 80 track 1 megabyte capacity unformatted. Latest low component '/
height design. SHUGART compatible interface using 34 way IDC connector.
Will interface to just about anything. BRAND NEW. (We can offer at least
20% discount for quantities of 10 plus). Current model. We can supply
boxes of 10 discs for £15.95 plus £1.50 carriage ......... £59.50 (carr. £3.00)
PLESSEY Model T24 V22/V22 bis 2400 Baud MODEM. Including free
software disc for IBM or MATMOS PC. Compact, automatic modem
featuring the latest technology and the highest possible data rate over the
ordinary phone system. Offers; both V22 and V22 bis compatibility,
1200/2400 Baud operation with auto bit rate recognition, operation on both
ordinary phone (PSTN) and private circuit (PC), auto call and auto answer,
duplex operation allowing simultaneous transmission and reception of data
at 2400 Baud in both directions over a single phone line, compact size (9" x
9" x 2V2"), BT approved and suitable for new PRESTEL V22bis service.
Software is included for IBM PC, MATMOS PC, and (including high
speed Prestel) for BBC MICRO. BRAND NEW. NEW LOW PRICE

£119.50 (carr. £5.00) - £99.50 each for quantities of 5+
DUPLEX Model 100 green screen 12" high resolution monitor with
composite video input. With tilt and swivel stand. BRAND NEW

£39.50 (carr. £5.00)

ITT SCRIBE Il WORKSTATION. Monitor sized unit with high quality high
resolution 12" green screen monitor (separated video and sync), 5V and 12V
cased switchmode power supply, processor electronics incorporating
TEXAS 9995 and Z80H processors with 128kbytes and associated support
chips, all BRAND NEW but with only monitor and power supply guaranteed
working. Original costat least £2,500........................ .£29.95 (carr. £5.00)
ITT SCRIBE Il KEYBOARD. Low profile keyboard for above with numeric
keypad, serial interface. BRAND NEW but untested.......... £8.95 (carr. £5.00)
TRANSDATA Model 307 ACOUSTIC MODEM. Low cost self-contained
modem unit allowing micro or terminal connection to BT lines via telephone

handset. V24 interface, up to 300Baud, originate/answer modes, etc.
BRAND NEW with manual .£14.95 (carr. £3.00)
FUJITSU Model M2230AS 5% WINCHESTER disc drive. 6.66mbyte
capacity unformatted, 16/32 sectors, 320 cylinders. With ST506 interface.
eiiiiniee.....£47.50 (carr. £3.00)
DRIVETEC Model 320 high capacity 5%" disc drives. 3.3mbyte capacity
drive -~ same manufacturer and same series as KODAK 6.6mbyte drive. 160
track. No further info at present. BRAND NEW ............ £25.00 (carr. £3.00)
ASTEC SWITCH MODE PSU. 5V (« 8A; +12V @ 3A;, —12V @ 0.3A-to a
total 65W. Compact cased unit. Ex-equipment, tested.....£14.50 (carr. £3.00)
HEWLETT PACKARD Model 5045A digital IC tester with CONTREL
Modei H310 automatic handler. With IEEE interface and print out of test
results either pass/fail or full diagnostic including pin voltages at point of
failure. With full complement of pin driver cards and complete with substantial
library of magnetic card test programs for 74 series TTL and other ICs.
CONTREL handler allows fully automatic testing of ICs which are sorted into
2 bins. Price includes a second HP5045A (believed fully operational) for
maintenance back-u

scrollingetc......................... . . £350.00
HEWLETT PACKARD MODEL 5501A LASER TRANSDUCER. With
piezoelectric tuning for precise control of wavelength for measuring
applications .............. R — o £350.00
VICKERS INSTRUMENTS MODEL M17 METALLURGICAL
MICROSCOPE with binocular/micrographic head and all eyepieces. With 4
‘Microplan’ objectives and Nomarski interference contrast ........ £1,250.00
KRATOS MS30 DOUBLE BEAM MASS SPECTROMETER. Approximately
8 years old with negative ion capability and fast atom bombardment (FAB).
With gas and direct introduction sample probes and with gas chromatograph
inlet system. Output spectra are available directly via a HEWLETT
PACKARD storage display and a UV recorder. An on-line DATA GENERAL
DS60 computer system, which includes a graphics printer and two
TEKTRONIX 4014 terminals, analyses output

Price in region of £12,000 for complete instrument
LUMONICS SYSTEM 2000 RUBY LASER with Q-switch and frequency
doubler. 0.3 Joule per pulse, 6 ppm. Suitable for holography. A low power
He/Ne laser for mirror alignment is included.......... £3,500.00
Please note: *VAT & carriage (also + VAT) must be added to all prices.
#* VISA and ACCESS orders accepted.
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l TAYLGR R.F. EQUIPMENT MANUFACTURERS

PERFORMANCE
& QUALITY

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR
PRICES FROM £203.93 (excluding VAT & carriage)
Prices CCIR/3  £203.93
CCIR/3-1 £260.64

19" RACK MOUNT VHF/UHF

TELEVISION DEMODULATOR
PRICE AT ONLY £489.00 (excluding VAT & carriage)

CCIR/3 SPECIFICATION

Power requirement 240V 8 Watt (available other voltages)
Video Input - IV Pk-Pk 75 Ohm

Audio Input .8V 600 Ohm

FM Sound Sub-Carrier 6MHz (available 5.5MHz)

Modulation - Negative

IF Vision 38.9MHz

IF Sound 32.9MHz (available 33.4MHz)

Sound Pre-Emphasis S50us

Ripple on IF Saw Filter - 6dB

Output (any channel 47-860MHz) — +6dBmV (2mV) 75 Ohm

Vision to Seund Power Ratio 0wl

Intermodulation Equal or less than 60dB

Spurious Harmonic Qutput 40dB (80dB if fitted with TCFLI filter or
combined via TCFL4 Combiner/Leveller

CCIR/3-1 Specification as above but output level
60dBmV 1000mV Intermodulation 54dB

WALLMOUNT DOUBLE SIDEBAND

TELEVISION MODULATOR Other Options Available — LF. Loop/Stereo Sound/Higher Power Qutput ]
PRICES FROM ONLY £4104.53 (excluding VAT & carriage) Alternative Applications - CCTV Surveillance up to 100 TV channels

down one coax, telemetry camera control
signals, transmitted in the same coax in the
reverse direction

802 DEMODULATOR SPECIFICATION

Frequency Range — 45-290MHz, 470-860MHz
A.FC, Control — +/- 18 MHz

Video Output 1V 75 Ohm

Audio Output 75V 600 Ohm unbalanced
Audlo Monitor Output 4 Ohms

Tunable by internal preset
Available for PAL System | or BG

Options Channel selection via remote switching.
Crystal Controlled Tuner.
Stereo Sound.

CCIR/5 MODULATOR SPECIFICATION

Power Recuirement - 240V

Video Input — 1V Pk-Pk 75 Ohms

Audio Input 1V rms 30K Ohms Adjustable .4 to 1.2
Vision to Sound Power Ratio 10to |

Output - 6dBmV (2mV) 470-860MHz

Modulation Negative

Audio Sub-Carrier 6MHz or 5.5MHz

Frequency Stability 25 Deg temperature change 150KHz
Intermodulation less than 60dB

Sound Pre-Emphasis 50us

Double Sideband Modulator{unwanted sideband can be suppressed using TCFL4
Combiner/Leveller

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Channel Filter/Combiner/Leveller. Insertlon loss 3.5dB
TCFL4 4 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
PriceS TSKO Enables up to 4 x TCFL4 or TCFL2 to be combined
CCIR/5-1 | Modulator £104.53 .
CCIR/5-2 2 Modulators £159.99 TAYLOR BROS (OLDHAM) LTD.
CCIR/8-3 3 Modulators £226.28 BISLEY STREET WORKS, LEE STREET,
CCIR/5-4 4 Modulators £292.56 OLDHAM, ENGLAND.

CCIR/5-5 5 Modulators £358.85 ENTER2 ON REPLY CARD TEL: 061-652 3221 TELEX: 669911 FAX: 061-626 1736



A Gould high quality instrument and

—— support for under £3,000? No Problem.
It's all in our new full-function K50 logic
analyser.
See what it offers:
B Simplicity—you won't even need to read

the manual!
B Interfaces: RS232, Centronics, IEEE488.

B 32 data channels.
y . I he new K50 B Non-volatile memory for data and
set-ups.
] @ 100 MHz sampling rate.
mloglc an alyse r W 4-level trigger sequence with event
‘ count and delay.
@ 5ns glitch capture.
I — from GO“Id M Disassembly for 8 and 16 Bit
' [ ] processors.

B No-quibble, 2-year warranty.
B Lightweight and portable.

The K50 brings powerful logic analysis to
u n e r , 8 bit & 16 bit designers, the test area or

repair department...and then makes it

y easy to reap the benefits.
- you cou n Need convincing? Order the K50 now and

use it for 30 days on our

_have your ‘hands on’
= ———y | ! _ : i Try it. We know you'll never give it back!
- Gould Electronics Limited |
I n e e r. Test and Measurement Sales Div.,
S . Fa— e ‘ : k Roebuck Road, Hainault,

liford, Essex 1G6 3UE.
Telephone: 01-500 1000.

——
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