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Human engineering

While some experience of industry is a
distinct benefit when one is called upon to
dispense wisdom to industrialists and
engineers, the lack of such experience can,
evidently, also have its advantages. Prince
Charles’ recent speech to the Institution of
Mechanical Engineers demonstrated well
that the objectivity of non-involvement,
when combined with perception, can be
very valuable.

It has become fashionable to speak of
the “British Disease” — a tired and
meaningless phrase that has been used to
describe almost any shortcoming in any

‘walk of life, from the growth of bingo to an
_insistence on tea breaks, but the particular

manifestation with which the speech was
concerned was the constant theme of
industrial disaster and its attraction for the
news media. An obsession with failure
breeds failure.

It also tends to obscure the successes of

industry which, as the Prince pointed out, .

are considerable, and not all from the
larger companies. Indeed, it sometimes
seems that the larger a company, the less
the motivation that can be expected from
its staff. There is no lack of will to work
and to obtain a better way of life for oneself
and one’s family — the 7.5% proportion of
the ‘black economy’ testifies to that — but
the buffering effect of working in an
amorphous organization such as BL or
GEC removes much of the incentive to put
in more than a contractual amount of
effort. The work of one man has only an
imperceptible influence on the company’s
performance: or, at least, that is the
inevitable, subjective impression.

There is no lack of successful Japanese
companies to prove that the Japanese
workforce equates its own fortunes with
those of the company to a much greater
extent than seems to be the case here, but
it is at least possible that differences in

‘national character call for different

approaches.
Job satisfaction is a well-worn phrase,

but a good deal more than lip-service to the’

idea is needed if its benefits are to be
gathered. Even to hint at a reduction in the

‘number of people performing tedious,
unskilled, mind-atrophying tasks by
‘closing the loop’ in automatic production
machinery would be ill-timed, to say the
least: a re-deployment of the same number
of people in an imaginative way might,
however, be practicable and acceptable.

In small companies, many of which are
enterprising, enthusiastic and successful,
there are few conveyor belts and endlessly
repeated, apparently meaningless
operations. Single workers or'groups are
able to produce and see more complete —
in some plants entire — pieces of
equipment: the finished product is theirs
and they are responsible for it. It is hard
for an employee on a production line to
feel at one with the company that employs
him, but considerably easier, and perhaps
even more to be desired, to feel pride of
achievement in the product itself.

Admittedly, this is only raising the level
of repetition, but the contribution to an
immediately recognizable product must be
more gratifying than the insertion of a few
components or even the final testing.

People are thinking animals and should
not be expected to function as
maintenance-free machinery. Over thirty
percent of one’s waking life from 16 to 65
is spent at work — there must be more to it
than a Pavlovian response to the stimulus
of a workpiece moving past one’s nose.

Tom Ivall

Keen-eyed readers will have noticed that
‘Tom Ivall’s name is no longer on our
‘masthead’. He has decided to leave
Wireless World after many years — eight of
{them in the Editor’s chair — to pursue a
ifreelance writing career. We in the
ieditorial team will miss his friendly
iguidance and persuasive leadership, but
‘hope still to see his work in our pages from

'time to time. We wish him well in his new

career.




Many microcomputers have the
facility for displaying high resolution
graphics. High resolution in this
context means about 300 X 200
points. One problem is that the
software required for even a fairly
simple diagram is quite extensive and
may represent a considerable fraction
of the entire program. The interface to
be described was designed to enable
a picture to be acquired, stored and
displayed by the computer in high-
resolution graphics, and was required
to be relatively inexpensive and
reasonably versatile. It presents the
computer with picture information
from a number of tv frames, taking
about five seconds to build up the
complete picture. The camera and
subject must therefore be stationary
for this time.

A television frame of the CCIR standard
consists of two fields each of 312.5 lines,
although the first and last few lines of each
field do not contain any picture informa-
tion. A line is 64 microseconds long and
picture information is transmitted for
about 40 microseconds of this time. The
signal from the video camera used was +1
volt peak combined with synchronizing
pulses of -1 volt.

The video camera interface (v.c.i.) di-
vides each line into 256 sections, which
may be numbered 0 to 255. When it is
initialized, it digitizes the voltage of point
0 for each line of the field following the
initialization signal. During the next field,
point 1 of each line is digitized and the
process continues until every point has
been converted to a digital number. The
interface does not distinguish between the
two fields of a tv frame, as this is not
necessary for the resolution required,

though it could be accomplished if re-
quired.

Each point or section is converted to an
eight-bit number, the value of which is
proportional to the brightness of that sec-
tion. The time between successive conver-
sions is therefore 64 microseconds. This
allows enough time for the computer to
accept each number and store it in
memory. The time to digitize the complete
picture is therefore 256 field periods or
5.12 seconds.
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Storage and display

Simple arithmetic shows that to store all
the information presented by the interface
for a picture of, say, 256 lines, each of 256
points would require 65536 bytes. This is
more than the entire memory of many
small computers. It may be necessary for
the computer to store only part of the
information with which it is presented.
There are various ways in which the in-
formation to be stored may be chosen and
a combination of methods may be used.
The selection is carried out by the compu-
ter and is determined by appropriate soft-
ware.

For example, the computer may store
only part of the picture, ignoring all but
some of the lines and all but some of the
sections. Another method would be to
store the information from alternate lines
and sections. This latter method would
allow the whole picture to be stored but at
a lower effective resolution. Further re-

Fig. 1. Decoding logic.
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duction in memory requirements could be
achieved by storing only part of the digital
number. If the four most significant bits
are selected, there will be only 16 different
possible contrast levels instead of the 256
that storing eight bits would allow.

A constraint on the complexity of the
selection software is that the computer
must decide whether a number presented
to it by the v.c.i. is to be stored, select the
appropriate number of bits to store, decide
where it is to be stored and then finally
store it, all before the next number is pre-
sented. The software must therefore allow
the computer to accomplish this within 64
microseconds. A careful check must be
made on the execution times of the
machine-code instructions. The example
programs were written for a Z-80A
microprocessor running at 4MHz,
arranged to inmsert an extra WAIT state
into every memory read operation.

Once the picture has been stored in
memory, it may be displayed or it may be
processed in a variety of ways. We shall
not discuss picture processing in detail as
we have little experience in this field.
(Another reason for building the v.c.i. was
to learn about the subject.) The software
for displaying the picture will depend on
the facilities available, but should be fairly

straightforward to write. The prototype
was interfaced to a Research Machines
380Z and some examples of display soft-
ware for the high resolution graphics board
of this computer are included.

Circuit description

The v.c.i. circuitry can be divided into
sections:

® The decoding logic, which is completely
straightforward and is the section most
likely to require modification to suit dif-
ferent systems. The prototype was de-
coded to Z-80 input and output ports, as
these are easier to decode than memory
addresses.

e The converter section comprises a
sample-and-hold circuit and the analogue-
to-digital converter itself. It also contains
synchronization pulse separators which in-
dicate the start of tv lines and fields.

@ The timing circuitry sends a signal to the
a-to-d converter to start the conversion of a

-particular section of a line. The v.c.i. runs

continuously, but a signal from the com-
puter can restart the timing circuitry at the
beginning of the picture.

‘Fig. 2. Analogue-to-digital converter and
sync. separators.

Decoding logic

It was decided to connect the v.c.i. to the
computer via input and output ports as
this simplifies decoding. For those un-
familiar with the Z-80, it should be
mentioned that these transfer data via the
data bus when the IORQ signal is active.
The port address appears on the lower
eight address lines and the RD and WR
signals determine whether data are 1o be
read into, or sent from the c.p.u. If the
v.c.i. is decoded to memory locations, all
16 address lines are significant!.

When the lower eight address lines as-
sume any of the values from 00010000 to
00010111 and IORQ is low, the output of
IC; goes low and enables the 3 to 8 line
decoder ICs. Depending on the state of the
least significant three address lines, one of
the outputs of ICs will go low. These sig-
nals are gated with either RD or WR,

" depending on whether an input port or an

output port is required. Any inputs which
are connected to more than one place on
the v.c.i. are buffered so that the interface
puts a maximum of one Ls.t.t.l. load on
any computer line. The circuitry actually
decodes eight ports, though not all of these
are used and are therefore available for use
with other peripheral circuits if required.

On DG200 < : E
Pin 12 is +12V g E B g
Pin 3is OV s ELV £ Ev :‘
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Analogue-to-digitai converter Do AT T

The combined video signal from the cam-
era is fed to the input of a sample and hold
circuit, consisting of a c.m.o.s. switch,
capacitor and f.e.t. input operational am-
plifier. The size of the capacitor chosen
allows it to charge to the value of the input
voltage in the 1 microsecond for which the
c.m.o.s. switch is turned on. It must main-
tain this charge for the 18 microseconds
conversion time of the a.d.c. The output of
the sample and hold operational amplifier
is connected through a level setting poten-
tiometer to the a.d.c. which is connected
as suggested in reference 2. The ZN427E
analogue to digital converter used has tri-
state outputs which are connected to the
:data bus-and enabled when input port 16 is
read.

To separate the synchronizing pulses,
the video signal is first amplified by the
transistor Tr; and then passed to two
operational amplifiers used as voltage com-
parators. These are unable to change state
until the capacitors on their inputs have
charged through the input resistors. The
values of these resistors and capacitors are
chosen so that ICg will change state during
hine pulses, but the capacitor on ICq will
not charge rapidly enough to change state
except during the longer field pulses. The
outputs of these comparators are arranged
to trigger monostables with controllable
delays (ICy4).

Fig. 4. Modification to enable both control

signals to operate from one output port.

Fig. 5. A map of the world with trade
routes, digitized from an atlas — high
resolution.

field

wr bistable

port
X

Initialize by writing zero to port X
Reset field by writing one to port Y
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Timing circuitry

The number of the section to be digitized
is stored in the binary counter formed by
IC;7 and IC;g. This is incremented by each
field pulse. This counter therefore stores
the number of field pulses since the picture
was started. As one section of each line is
converted every field, this is also the
number of the section to be converted dur-
ing the current field. The contents of this
counter are compared with those of
another counter formed by ICjs and ICy4.
This comparison is performed by ICj9 and
IC,9 which are magnitude comparators,
which have two sets of inputs and generate
an output when both sets have the same
logical values. The second counter is drive
from a voltage-controlled oscillator, 1C;3,

Fig. 6. A medium resolution picture
showing the increased number of shades.
The software used has compressed this
picture vertically.

Fig. 7. Assembler listing of high resolution
acquisition routine.

:Camera Koard Software 0059 DB
tVersion 1.2 0057 E60!
1256 dots by 128 lines 0059 20Fa
GUSE k1!
*FORNFEED OFF 0050 E401
005F 28FaA
4FDE = FIRST = 18910 ;5tavt of Facture Store 0061 DRIO
690E = LAST = 27102 sEnd of Ficture Stare 0063 EoCO
0020 = LINES = 32 iNumber of Lines/4 0005 CEIF
0069 = HILAST= LAST/296;High part of LAST address 0067 CBIF
00LE = LOLAST= LAST-HILAST*236 Low part 0009 CB3F
004k CH3F
0000 21DBEA? LD HL, FIRST :Set HL to start of prcture store Q060 K&
0003 3400 NXCLR: LD (HL),O iClear memory location 0O6E "7
0005 23 INC HL s6o to wext location GOSF DB11
0006 7C LIt A, H sChech to see 1f we NGTY Eeut
V007 FESY CF HILAST rave at end of pacture G073 20Fa
9009 20F8 JR NZ, NXCLR ;store... 0075 DBt
000K 7D Lp A, L 9077 €601
000C FEDE CF LOLAST 0079 28F4
Q00E 20F3 JRONZ, NXCLR ;,..90d g0 tack 1f not, Q07K DR10
0010 21DEAY LI HL, FIRST {Set HL to stavi again 007D E6CO
0013 0EDC e C, ¢ :kKeg € contzins nunber 00FF CHIF
vof lines dimitized/d 0081 CR3IF
G083 Eé
0015 1310 Ut (14).8 vInitialize VCI G084 77
0017 B3t FRECLR: OUT (17),4 tReset field bistable 0085 KR!
0019 DRI UTSOF: IN 4, (17) iCheck to see 1f 0087 E401
9018 E602 AND 2 :field bastable 15 set 0089 20FA
Q0TI 28FA - JRZ, UTSOF  fand wait untal it 13 008Kk LR
001F 0814 LD B,20 :These lines merelw 0080 £4601
0021 DBIY FAUSE: IN A, (17) iprovide @ delay GOBE 28F4
0023 E6O1 AND 1 inf 20 lines so0 thal 0091 [E1O
D025 20FA JR NZ, PAUSE ;a4 more central part G093 EoCO
T 0027 DRI FAUSE2: 1N &, (17} vof the piclure is stored, 0095 Eé
0929 £601 ANT 1 (This 1s done by wairting 0096 77
0028 28FA IR I, FAUSE2 for the rconversion complete
0020 95 DEC & sline to qo low and high
002E 78 LD ALK vtuenty times, 0097 23
002F FEQO cr o 0098 0C
0099 7
0094 FE20
0031 20EE JR NZ, FAUSE 009C 2099
0033 1802 JE W 009 77
0035 18ED 1SLE: IR FRHCLE $Allows velative ump from end of voutine. 009F FE&?
0037 DRt UTt: I8 A, (17) tAccept control sianals 00A1 2004
0039 Eodl HND iSelect £nd of Conversion Q0A3 70
0038 20FR JR NI, WTE fWait for 1t to 30 low 0044 FEDE
0030 DERYY WINTS IN A, (17) 00As6 CB
003F E6DY AND 1 0047 0E00Q
Q041 28FA JROL, WTNT J...and then high agann 00A9 188A
(043 DRIO IN A, (18) jAccept byle from ADC
0045 E4CU AND QCOH  iSelect -top two bats
0047 CE3F SRL A Fut them 1o lowest
0049 CR3F SRL A spositions A90E FIRST
Q04K CR3F SRL A 0020 LINES .
G040 CE3F T5RL A 00A7 RESETL
Q04F CB3F SRL A 0030 UTN1
0051 CE3F SR A
0053 Bé Of (HL) VOR wath rest of currentt picture byte
4054 77 LI-CHLS, A SPul new result back 1nto memory. No errofs

Wi2:

WIND:

Wi4:

WIN4:

RESETL:

IN A, 117) (Now do exactly the same
ANDE 1 swi1th three more sections
IR NZ, T2

I8 A, 17

12 (I

IR, uIN?

IN A4, (16

AND HEOM

SR & veesectept that second section
3RL & ;12 oputl an ne 't lowesit

SRL & vtwo bats, .,

SREL A

OR (KL

LIV (HL) .A

Iva, 017

ANDE 1

R Wi, W3

A, (17

AND 1

JROZ, UTNS

In-a, (18

AND 9COH

SRL & th.othied section an

SRL A isecond haghest pair, .,

OR (HL:

Ll {HLY, A

IN &, (17)

AND 1

JEONT, WT4

N A, Q7

AND 1

JR I, UTN4

In A, (16)

ANE CCOH

o (HL) dooeand fourth 1a top

LIU (HL), A& Jtwo kats.

1This memorv location
115 now filled, so we must

INC HL istart on the next owne.
INC C ‘Keq C 15 also 1ncrenented
Lboa, € sand used to see 2f

CF LINES venougl lines have been di19itized,
JRONZ, W71 If not then go back,

Ll &, K ySee 1f all picture memory
CF HILAST thas been used...

JR NZ, RESETL

Lo A, L

CP LOLAST

RET I 11 so then EXIT

Ly C,0 iRkeset reg C

JR ISLE ;60 and wait for next field

0017 FRMCLR
QGIE LOLAST
0037 NTY
005k UTN2

0935 ISLE

0069 HILAST 69TE LAST
0003 NXCLR 0021 PAUSE 0027 PAUSEZ
0055 W12 004F W73 0087 Wi4
0075 WTN3 008k WTN4 0017 WTSOF
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which is started after a delay by the line
sync. pulse and stopped when the counter
has cycled once. The period of the v.c.0. is
approximately 170ns, allowing the counter
to cycle in about 40 microseconds. This
corresponds to the duration of the picture
information in a video line. Adjusting the
speed of the v.c.o. alters the fraction of the
video line digitized and can therefore be
used as a ‘width’ control. The position on
the video line may be adjusted by altering
the monostable delay (ICy4) before the
counter is started.

The magnitude comparator produces an
output when the two counters are equal. It
will therefore produce a 170ns pulse once
per line which will be progressively de-
layed as the field counter is advanced. This
is too short to allow the sample-and-hold
switch to turn on, so monostable ICj;
lengthens it to about 1 microsecond. This
signal is also used to start the analogue to
digital conversion.

The field counter may be initialized by a
signal from the computer on output port
16. This resets it to 255 (its maximum
count) ensuring that it will start at zero
after the next field pulse. The computer
also needs to be supplied with information
about the number of fields that have
elapsed since the v.c.i. was initialized.
This is achieved by a bistable circuit which
is reset by a signal from output port 17 and
set by the next field pulse. The computer

can r_ea_ld the state of the bistable by
examining the second least significant bit
(bit 1) of input port 17.

Construction

The v.c.i. was constructed on a Vero
prototyping board which was connected
via an edge connector to the 380Z power
supply and bus. Few special precautions
were taken over the layout and construc-
tion. Leads from the v.c.o0. and the magni-
tude comparators were kept short, as were
the video input leads. Power supply decoup-
ling was extravagant. About twenty
0.01uF capacitors were used, distributed
around the board to ensure that each inte-
grated circuit was decoupled by a capacitor
within 3 cm of its supply pins.

Hardware modifications

There is a number of ways in which the
circuitry could be modified. Perhaps the
most useful would be to connect the data
and control signals to a single input port.
This would mean reducing the number of
available bits from the a.d.c. to a maxi-
mum of six, as two bits are needed for the
field and conversion complete signals.

Fig. 8. Assembler listing of medium
resolution acquisition routine.

This would perhaps not be an important
limitation: it would enable the interface to
be operated via the 380Z user port, for
example. It would also be necessary to
arrange for the v.c.i. reset and field bist-
able reset to be operable from a single out-
put port. The decoding circuitry would
then be largely eliminated. A suggestion
for how this could be achieved is shown in
diagram 4.

To decode the interface at different .|

ports, it is only necessary to change the
arrangement of inverters on the address
lines. An inverter is included on each line
that is low when the v.c.i. is accessed.

Obtaining a better resolution

The field counter is advanced by one after
every field, so each frame will provide the
information for two sections. If the field
pulses are divided by two before they reach
the counter, the resolution will be in-
creased by a factor of two.

To increase the number of sections per
line, it is merely necessary to increase the
length of each of the field and section
counters and the magnitude comparator
that connects them. The v.c.o. speed will
also need to be increased. Before embark-
ing on such a modification, it would be
advisable to ensure that the counters and
comparators could operate at the increased
speeds.

sCamera Board Software 0045 CH3F SRL A spositions
- sVersion 2.2 0047 CR3IF SRL A .
2160 dots ty 94 lines 0049 CB3F SRL &
004k Bé Ok (HL) JOR with rest of current picture hyte
004C 77 LI (KL, A sPut new result back into memory,
0045 DB13 Wiz: IN A, (17) tNow skip a line so only
*FORMFEEDL OFF 004F E601 AND 1 salternate lines are digitized
0051 20FA JR NZ, W72
49TE = FIRST = 189190 jotart of Ficture Store 0053 DR HTNZ: IN A, (17)
67BE = LAST = 26390 ;End of Ficture Store 0055 E601 AND 1
0030 = LINES = 48 sNumher of Lines/2 0057 28FA JR I, WINZ2 .
0047 = HILAST= LAST/256 ;High part of LAST address 0059 DIEt1 Wi3: IN A, (17) iRepeat the process
Q0LE = LOLAST= LAST-HILAST+256 ;Low part 003E E601 AND ywith another section
0050 20FA R NZ, WT3
9000 21HE4Y LD HL, FIRST ;Set HL to start of picture sto Q0SF DRI WTN3: IN A, (173
0003 3600 NXCLR: LB (HL),O ;Clear mewory location 0061 ES01 ANDE 1
0005 23 INC HL 6o on to next location 0063 28FA Jf 7, WTN3
0006 7C LI A, H iChecl to zee if we 0065 [R1D IN A, (18)
0007 FES7 CF HILAST rare at end of picture 0067 E4FD ANTI 0FQH veeeexcept that it iz pui
0009 20F8 JR NZ, NXCLR istove... 0069 Bé 0R (HL) vin the upper four bitls,
GO0k 7D LD A, L _00aR 77 L (HL}, A
000C FEDE CF LOLAST 0046F DE1Y EH N &, (17 ;Skip amother line
000E 20F3 JRONZ, NXELR  :...and g0 back if wot. 0061 E4OY AND 1
0010 21DE4Y LB HL, FIRST ;Set HL to start a3zain 006F 20FA JR NZ, WT4
0013 QEQD Ly c, 0 tkeq € contains number 0071 DRI WTN4: IN A, (17)
vof lines digqitized/2 0073 E&01 AT 1
0015 1310 OUT (16,4 sInitialize VYCI 0075 28FA JR Z, WTN4
0017 B3t FRNCLR: OUT (17),A sReset field bistable 0077 23 INC HL 150 to next memory location
0019 DRI WTSOF: IN A, (17) ;Check to see if 0078 0C INC C +Req C is incremented
00tB E602 AND 2 ;field histable is set 0079 79 LD A, € yand used to see if
0010 28FA JR 7, WTSOF sand walt until it ds, 0074 FE30 CF LINES venouqh lines have been digitized
001F 0614 L E,20 iThese lines merely 007C 20RS JRONZ, WY JIf not then g0 hack.
0021 DE11 FAUSE: IN A, (17) iprovide & delay “Q0FE 7C LD A, H (See if all picture menory
0023 E&01 ANLD 1 jof 20 lines zo that Q07F FE&7 CF HILAST yhas been uced...
0025 20FA JR NZ, PAUSE :a wore central part 0081 2004 JR NZ, RESETL
0027 DB FAUSE2: IN A, (17 sof the picture 1s stoved. 0083 70 LD A, L
0029 E54D1 AND 1 sThis is done by waiting 0084 FEDE CP LOLAST
0028 2B8FA Ju 7, PAUSE2 ;for the conversion complete 0086 C8 RET Z 1if so then EXIT
0025 05 DEC F yline to g0 low and high 0087 OE0D RESETL: LD C,0 ;Rezet Req €
002E 78 LD A.R tuwenty tines, 0089 188 JR FRECLR 360 and wait for wext field
§02F FEQD Cp 0
05031 20EE JR NZ, PAUSE
0033 DR STt IN A, (17) jAccept control signals 3
0035 E601 AND ySelect “Eved of Canversion”
0037 20FA JR ONZ, WTt sHait for 1t te 90 low 490E FIRST 0017 FRMCLR 0067 HILAST 47DE LAST 0030 LLINES
0039 DIR1Y WTNT: IN A, (17 QODE LOLAST 0003 NXCLR 0021 PAUSE 0027 PAUSE2 0087 RESETL
GO3R E6DT AND 1 9033 UM 0040 UT2 0059 UT3 Q004F WT4 0039 UTNI
0030 28FA JROZ, T yoeand then high @3ain 0053 WTNZ 005F WTNI 0071 WIN4 0019 WTSOF
003F DHTO IN &, {18) sAccept byte from &GC
0041 E4FO AND OFGH 1Select top four bits No evrors
0043 CB3F SRL A sFut them 1n lowest ,
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Fig. 9. Assembler listing of high resolution display routine.

49DE
FBOO
FBO1
0000
0001

0000
0003
0005
0007
0004
000C

000E
0010
0012
0013
0014
0016
0018
6014
001C
001R
001E
00290

4022

0024

0026,

0028
0024
0028
002C
002E
0030
0032
0034
0036
0038
0034
003C
003D
003E
0040
0041
0042
0044
0045

0046 2

0048
0044
004C
0041
004F
0051
0052
0033
0034
0036
0057
0058
0054
005E
005€
003E
005F
0040
0062
0064
0046
0068
0068
006C
006E
006F
0070
0072
0074
0076
0078
0079
0074
007k
0070
007F

[ T TR TR |

CB25
CB2%
CR25
CB2S
B

&F

&1

£B3iC
£B3c
CR3C

NXY2:

TUDBI

T:

SHIFT:

ENEBI

T

NEXTX:

NEXTY:

PLOT:

jCanera Board Software

;This routine draws the picture
yfrom the information stored
sby the CAMERAH routine.

sHigh Resolution Version
FIRST
PORTO
PORTY
FRANE
LINE

18910
OF BOOH
OFBO1H
0
1

LU T TR T ]

LD
LD
LD
L
LD
LD

HL, PORTO

(HLY, 3 3 Set HR mode

(HL),7 . ; Open Video

HL, FIRST ;Start of videc store
C,0 ; Stores X posn/4

B,0 ; Stores Y posn

LD 1,0 3 Info for HRG
CALR TWORIT

OR 0 ; Put tuo bits in D
LD I,A

CALR NEXTX

CALR TWOBIT

SLA A

SLA A

OR T

LD b,A

CALR NEXTX

CALR TWORIT

SLA &

SLA A

SLA A

SLA A

OrR It

LD D,A

CALR NEXTX

CALR TWORIT

SLA
SlLA
SLa
SLa
SLA
SLA
aR I
LI DyA § Now we have a byteful
JR PLOT § in reqister D

PUSH BC
LO AR
AND 3
LD B4 5
LD A, (HL)
JR Z,ENDBIT
SRL A

SRL A

[EC B

JR NZ,SHIFT
AND 3
FOP BC
RET

LI AL
AL 32
LD L,A
LD A,H
ADC 0
LD H,A
RET
JRONXY2
PUSH HL
LD E,H
SRL E
SRL E

> T > D> D>

Take appropriate two
and put thes in low
bits of req 4

i Adds 32 to HL

3 Take top half of Y
SRL E ; address and send to
SRL E 3 port 1
LD HL,PORTH
LI (HL) .E
LG A,15
AND B
Lo t,C
SLA L Take low 4 bits.of X
SLA L 3 and high 4 bits of ¥

SLA L

SLA L

R L

LD L,A ; to form low video address
Lo H,C

SRL H

SRL H ; High four bits of X

SRL H

0081
0083
0085
0086
0087
0088
0089
008A
008D
008F
0091
0093
0095
. 6097
0099
0094
0098
009¢C
0091

009F &

00A0
00At
00A3
0044
0043
00aé
00A8
00AA
00AB
00AC
Q0AE
00B0
00B1
00B4
00BS
0087
00B8
00BA
00BC
00BF
00C1

004F ENDBIT 49DE FIRST
000E NXY2

CRr3C
3EFO

&7

2

34
50
2100FB
CB4s
2808
CRAE
28FC
CBAE
20FC

2040
2100FB
3603
c9

005C NEXTY
0048 SHIFT

Fig. 10. Assembler listing of medium resolution display routine.

490E
FBOO
FBO1
0000
0001

0000
0003
0005
0007
0004
000C

000E
0010
0012
0013
0014
0016
0018
0014
001¢C
001D
001E
0020 7
0021
0023
0025
0027

2100FB
3643
3647
21DEAY
0EQ0
0600

1600
EFOE

Hi:

Wi

0040 TUOBIT 0091 W1

NXY2:

A

IVBIT:

LD
LD
BIT FRAME, (HL)

JR Z,U3

BIT LINE, (HL)

IR Z,41

BIT LINE, (HL)

JR NZ,uW2

NOP

LI (OE) A

FOP HL

LI A,L ; Get kack original HL value
SUR 96

Lo L,A

LD 4,H

SEC ¢

LD H,A

INC B ; Increase Y by one

LD A,B § If divisible iy 4 then

AND 3

JR NI, NEXTY

INC HL ; increase HL address

LV A,B ; Is this end of vertical line?
cr 128

JR NZ,NEXTY

INC € ; If so then increase X |

Lb DE,94

AUD HL,DE

Ll B,0

Lh A,C

CF 64 ; Have we finished???

JR NZ, NEXTY

LIt HL,PORTO

LD (HL),3

RET
0000 FRAME 0003 LINE 0093 NEXTX
005E PLOT FBOO PORTO  FBOT PORTH

0099 W3

0095 N2

;Camera Board Software

1This routine drauws the picture
ifrom the information siored
;by the CAMERAM routine,

sHedium Resolution Version

18910
OFBOOH
QFBO1H
0

1

FIRST
PORTO
PORTI
FRANME
LINE

Weown b @

LD
LD

HL, PORTO
(HL}, 0A3H ; Set NR mode

(HL) ,0A7H  } Open Video

HL, FIRST ;Start of video store
€,0 ; Stores X posn/4

Bs0 ; Stores Y posn

LD 0,0 ; Info for HRG
CALR IVBIT

Ok I § Put four bits in D
L D,A

CALR NEXTX

CALR IVBIT

SLA A

S5LA A

OR D

LD 0,4 ; Nou we have a
JR PLOT § in register U
LD 4, (HL)

BIT 0,

JR Z,ENDEIT

SRL A

SRL &

byteful
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0029 CB3F SRL A 004F 54 LD b,H
002B CB3F SRL A 0070 5D LD E,L
002D EAOF ENDBIT: AND 15 0071 210QFE LI HL,PORTO
002F SF Lh E,A j Shift high bits 0074 CB4S BIT FRAME, (HL)
0030 E60C AND 12 § two places Q076 2808 JR 7,83
0032 CB27 SLA A 0078 CBAE Wiz BIT LINE,(HL)
0034 €B27 StA A ; to the left 007A 2BFC JR Z,W1
0036 B3 OR E 007C CBAE W2: RIT LINE, (HL)
0037 E633 AND 33H 007E 20FC JR NZ,W2
0039 C9 RET 0080 00 Wi: NOP
0034 7D NEXTX: LD A,L ; Adds 48 to HL 0081 12 LD {BE),A
003B €630 ADD 48 0082 £ FOF HL
003D oF LDh t,A 0083 71 LD A,L ; Get back oriqinal HL value
003E 7C LI A,H 0084 D630 SUB 48
003F CEO0Q ADC 0 0084 4F Lh L,A
0041 67 LD H,A 0087 7C LD A,H
0042 C9 RET 0088 DEOO SBRC 0
0043 18CY NEXTY: JR NXY2 s 0084 &7 LD H,A
0045 ES PLOT: PUSH HL 0088 04 INC B ; Increase Y by one
0044 58 Lh EB 008C CH4O BIT 0,B
0047 CB3B SR E ; Take top half of Y 008E 20B3 JR NZ,NEXTY
0049 CB3B SRL E ; address and send to 0090 23 INC HL ; increase HL address
0048 CB3B SRL E ; port 1 0091 78 LD A,B ; Is this end of vertical line?
0040 2101FB LD HL,PORTS 0092 FE4O CP 94
0050 73 Lo (HL),E 0094 20AD JR NZ,NEXTY
005t 3JEQ7 Lh 4,7 0094 0OC INC C ; If so then increase X
0053 A0 AND B 0097 113000 LD DE,48
0054 CB27 SLa A 0094 19 ADD HL,DE
0056 49 Lh L,C 0098 0600 LD B,0
0057 €B23 SLA L ; Take low 4 bits of X 009D 79 LDk A,C
0059 CB25 SLA L ; and low 3 bits of Y 009E FESO CP 80 ; Have we finished???
005k CB2S SLA L 00A0 20A1 JR NI,NEXTY
0050 CE25 SLtA L 00A2 2100FB LD HL,PORTO
00SF RS OR L 00A5 34A3 LD (HL),0A3K
0040 4F 1D L,A ¢ to form low video address 00A7 C9 RET
0061 61 LD H,C
0062 CB3C SRL H
0064 CB3C SRL H ; High four hits of X
0066 CH3C SRL H 0020 ENDBIT 49DE FIRST 0000 FRANE 0020 IVEIT 0001 LINE
0068 CE3C SRL H 0034 NEXTX 0043 NEXTY  000E NXY2 0045 PLOT FBOO PORTO
0064 3EFQ LD A,O0FOH ; and Base mddress FBO1 PORTH 0078 W1 007C W2 0080 U3
004C B4 GR H
006D 67 LD H,A 5 to form high part No errors
006E 74 LD 4,B
Software desc"minn have to be substituted. This will neces- can be inserted into memory and called

In very broad terms, the behaviour of the
picture acquisition software is as follows:

1. Initialize the v.c.i.

2. Wait for the start of field signal.

3. Wait for the conversion complete signal.
4, Accept the picture information and
store it.

5. Repeat steps 3-5 until enough lines have
been accepted.

6. Repeat steps 2-6 until all the sections
have been accepted.

In practice, some of these steps are
somewhat complicated to implement, es-
pecially if memory ‘is restricted and only
part of the information is to be stored.
When writing the software it is important
to remember that steps 4 and 5 are time
critical and must not take more than 64

~microseconds to execute. The exact
program required will depend on so many
- factors that it would be impossible to
discuss all the possibilities. We will
content ourselves with some examples
which may need to be modified or com-
pletely rewritten for different implementa-
tions of the v.c.i. The programs are docu-
mented and are self-explanatory. They are
written in relocatable code, in other words
they do not need to occupy any particular
area of memory. However - they use the
relative call instruction CALR, which is
not a Z-80 instruction but is interpreted by
a routine within the 380Z monitor
program. If the system does not possess an
equivalent facility, CALL instructions will

sitate re-assembly of the program for a
specific area of memory.

Display software

The description of the software required
for displaying a picture will be confined to

that used for the RML high resolution.

graphics board. The steps involved in
displaying a picture are:

1. Initialize the High Resolution Graphics
board by setting it up for the appropriate
resolution mode and clearing the graphics
memory.

2. Set up the ‘Colour Lookup Table’ so
that the brightness of the displayed spot is
proportional to the number representing
that spot.

3. ‘Open’ the graphics memory so that it
may be written to during video line and
frame blanking periods.

4. Collect the picture information for each
byte of graphics memory and store it in the
appropriate memory location. Each byte
will contain the brightness value of either
two (in ‘medium resolution’ mode) or four
(high resolution) picture elements.

RML have already written routines for
stages 1 and 2 as extensions to BASIC and
it was therefore decided to use these rather
than duplicating their effort.

The whole display software can be
written as a BASIC program, but this is
extremely slow, taking several minutes to
display a single picture. An assembly lan-
guage routine was therefore written which

from a controlling BASIC program. Two
versions of this routine are required; one
each for high resolution and medium reso-
lution pictures. The reader is referred to
the RML High Resolution Graphics
manual for an explanation of h.r.g.
addressing.
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Radar explores the ionosphere

37

New incoherent scatter radar system in northern Scandinavia

by I. Berkovitch, Ph.D.

“T am told” said the King of Sweden “‘that
if I press this red button, something dra-
matic will happen”. And, sure enough, in
response to the signal the 32-metre diame-
ter dish of the EISCAT u.h.f. radio teles-
cope at Kiruna in North Sweden obe-
diently turned and tilted to pick up echoes
of signals transmitted from Tromso in
Norway. The occasion was the inaugura-
tion of the European Incoherent Scarter
facilities simultaneously at three sites
linked by radio — Kiruna, Tromso and
Sodankyla in Finland.

EISCAT is an advanced radar system
designed to study the upper atmosphere at
high latitudes. It is jointly supported by
Finland, France, Germany, Norway, Swe-
den and the UK. But what is “incoherent
scatter”’? At the lower frequencies of radar
systems operating in the MHz range,
nearly all of the wave energy directed to
the ionosphere is returned to Earth. This is
known as coherent total reflection. But at
higher frequencies, using exceptionally
strong radar signals, very weak echoes are
obtained from ionospheric electrons that
can be picked up with a large radio teles-
cope and amplified with a very sensitive
receiver. Most of the energy of the
transmitted waves escapes into space but a
minute fraction returns. The principles —
and difference in behaviour — are shown

in Fig 1. The method is called “incoherent-

scatter radar” (ISR).

The physicists working on the project
emphasise the magnitude of the problem
of detecting these signals by comparing it
with obtaining a radar signal from a small
coin at a distance of several hundred kilo-
metres.

Fig. 1. lllustrating the difference between
reflection of electromagnetic waves from
the ionosphere (left) and the scattering of
waves (right). Also shown is a graph of the
density of free electrons resulting from
ionization of the Earth’s upper atmosphere
by solar radiation.
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There are already five ISR laboratories
active in other parts of the world. But this
new £12 million group of installations is
claimed to be a second generation facility
advancing the technique, opening up new
fields of upper atmosphere research and
located in a region of special interest.
There are two independent radar systems.
A v.h.f. system has both a transmitter and
receiver only in Tromso. This will scan in

‘the magnetic meridian and up to 20° either

side to the east or west. A u.h.f. system (at
933MHz) has a transmitter at Tromso and
receivers at Tromso, Kiruna and Sodan-
kyla. All three of the u.h.f. radio teles-
copes can look at the same volume of the
upper atmosphere at the same time. The
sampling height is of course determined by
the place where the transmitter and re-
ceiver beams intersect. By measuring the
scattered signal in three different direc-
tions (see Fig. 2), EISCAT can make a
three-dimensional measurement of the ve-
locity of ionised material in the upper at-
mosphere.

Quantities that can be measured include
electron density and electron temperature,
ion temperature, ion composition, plasma
bulk velocity and the magnetic field. Mea-
suring these quantities makes it possible to
study such phenomena as exchange of
mass and energy between the ionosphere
and the magnetosphere, the field aligned
plasma flow and the atmospheric electric
currents. And ISR data will be combined
with other observations from satellites,
rockets and other sources in such studies
as the relationship between the magnetos-
phere and the ionosphere.

The auroral or polar cap regions are
considered especially suitable for such
work since they are the boundary regions
between the magnetic field of the Earth
and the magnetic field of interplanetary
space. More detailed measurements of the
aurorae will now be made than were ever
before possible.

TRANSMITTER RECEIVER

Reflection of waves

Fig. 2. Arrangement of radar systems in the
EISCAT scheme. In the v.h.f. system the

transmitter and receiver are in Tromso. The
u.h.f. system, however, has a transmitter in

. Tromso and receivers at Tromso, Kiruna

and Sodankyla. Both transmitters have a
repertoire of pulse modulation waveforms
to match the differing requirements for
space, time and frequency resolution in
various parts of the ionosphere.

In an opening speech, Professor Sir
Granville Benyon, chairman of EISCAT
Council, pointed out that they had set up
arrangements between scientific organisa-
tions, not governments, that would pro-
vide a flexible framework for scientists
from the six countries to work together,

Operating for 48 hours a week, the facil-

ity will devote about half its time to com-

mon programmes adopted by a scientific
advisory committee. The first of these will
be measuring and mapping the tempera-
ture of the aurorae as a function of latitude
by scanning procedures. The remaining
time will be allotted to special programmes
proposed by individual countries with rela-
tive time allowed in the proportion of their

contributions to overail costs.

TRANSMITTER RECEIVER
Scattering of waves —




Phase-shifting oscillator

Low distortion design improves on Wien bridge

by Roger Rosens, Ing.

WIRELESS WORLD FEBRUARY 1982

The use of a thermistor to stabilize an
oscillator can lead to third harmonic
distortion, especially at low
frequencies. The circuit described
here includes a simple network which
virtually eliminates the third

harmonic component. The result is an
oscillator with a very flat frequency
characteristic and very low distortion
{typically 0.0005%) '

When a simple variable-frequency genera-
tor is required to give a low distortion sine
wave, the commonly used circuit is the
Wien-bridge oscillator. In its elementary
form, this circuit requires only one op-amp
as the active device, Using the kind of
audio op-amp now available it is, however,
possible to build other attractive circuits
with only a little more complexity. Com-
pared with the Wien, the phase-shifting
oscillator presented here shows a flatter
frequency characteristic and a significant
reduction of the third-harmonic distortion
caused by the stabilizer thermistor at low
frequencies. The circuit is based on two
90° phase-shifting networks, followed by
an inverter stage, giving a total loop phase
shift of 360°.

LA:1
9

Operation of the phase-shifting
network

The phase-shifting network is in fact a first
order all-pass filter, the transfer function
of which is defined by F(p)=p—w./p+ 0o,
where ®, is the corner frequency. This
function has a constant magnitude equal to
1 at all frequencies, while the phase shift
varies from 0° to 180°. The phase shift
attains 90° at the corner frequency w,; this
will thus be the oscillation frequency.

The first-order all-pass function can be
realized with the following circuit:

Assuming R<«<R,, the output voltage
phase will vary between the phase at the
emitter (for w=0) and the phase at the

collector (for w=w), which gives a phase
variation of 180°.

oW =0

Vouf

LL):UJO

An improved version of the all-pass circuit
replaces the transistor with an op. amp.

The transfer function of this circuit is
F@p)=p—w./p+w,. The magnitude of
thus always 1 and the phase angle is given
by ¢=180°-2 arctan w/w,. The polar plot
is:

kp-.-‘JOO

o= 0°

W= W=o0

=180

The oscillation frequency can be adjusted
by varying R, or C,. Since there are two
all-pass networks used in the oscillator cir-
cuit, a two-ganged element will be re-
quired to adjust the frequency.

The use of all-pass networks in an oscil-
lator circuit has two important advantages:
- Stable amplification factor (equal to 1),

Fig. 1. The basic phase-shifting oscillator circuit.

regardless of the equality between the w,
of the all-pass circuits.

~ Consequently, there is no need for close
matching of the ganged element. The os-
cillator will have a very flat frequency
characteristic while it is possible to use a
low cost ganged potentiometer for the fre-
quency adjustment.

Basic circuit diagram
The complete oscillator circuit is quite
simple (Fig. 1) The oscillation frequency is
adjusted with P. The output level is stabi-
lized with a thermistor (n.t.c.). Theoreti-
cally, the operating point is fixed at
Ruye=Rq. If A) and A; are in the same
package, their input bias currents will be
about equal so that the offset voltages,
caused by the voltage drops over P, will
cancel each other at the output of A,.
Hence, the dc voltage on the thermistor
will be negligible. This is important be-
cause this dc voltage causes second har-
monic distortion, especially at low fre-
quencies. For the same reason, the
maximum resistance value of P must be
limited to ==100k(}.

The circuit has two further interesting
features:
—it can deliver three different sine waves
of equal amplitude with relative phases of
0°,90° and 180°.
— the frequency-adjustment potentiome-
ters are both connected to ground. Com-
pared with the Wien-bridge oscillator, this
makes it easy to convert the circuit into a
programmable oscillator. This is done by
replacing the potentiometers by fixed re-
sistors which may be switched by f.e.ts.
The f.e.ts would all have their sources
connected to circuit ground, which would
make their gate drive very simple.

Distortion considerations

Two kinds of distortion are produced in
the circuit:

— distortion generated by the active com-
ponents.

— distortion generated by the amplitude
stabilizing mechanism concerning the
distortion in the op amps, a figure of

Out
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'<0.01% can be obtained easily by choos-
ing a quality audio op. amp.
The distortion introduced by the thermis-
ter is more difficult to reduce because a
compromise has to be made between low
. distortion, fast settling time and good tem-
perature stability. The n.t.c. distortion
varies inversely with the settling time and
the frequency while it is almost proportio-
nal to the temperature rise of the n.t.c. (see
‘appendix 1). As is known, the relative
temperature coefficient of the oscillator
voltage is equal to —1/2AT. Since a certain
amount of thermistor distortion must be
tolerated, it is important to reduce its
effect on the output voltage as much as
possible. This can be done by using an
oscillator circuit with good frequency
selectivity. One can calculate (see appen-
dix 1) that the distortion generated in the
n.t.c. consists mostly of third harmonic.
We can now compare the output distor-
tions between the Wien-bridge and the
phase-shift oscillators. Let v, be the oscil-
lator output voltage, composed of: the fun-
damental, o5, and the distortion, veq; and
let v4 be the (3rd harmonic) distortion
voltage generated by the n.t.c. v4 can also
be defined as d3vy in which d3 = distor-
tion figure of the n.t.c. and vy, = oscilla-
tor voltage on the n.t.c. With the Wien
bridge the circuit is: .

For the phase-shifting oscillator, we can

re-arrange the circuit so that vp, and v
are the same as on the Wien bridge circuit
and this output stage results:

The output distortion can be determined
in two ways: — by direct calculation of the
transfer function vo4/v4. Putting =1/RCo,
this results in:

Pod _ —p2t 3pmo+m%
24 p2+(1)%,

for the Wien bridge circuit, and

Vod_ PP +2p0o+ 003
v 2(p%+wd)

for the phase-shift circuit. We can use the
relation derived by Thomas Philips

-(Electronic Engineering, April 1981). If F(p)

is the transfer function of the frequency
selective network, the distortion transfer
function of the nth harmonic is given by:

Vod(m) . F(imo)
Vd(n) F(njoe)—F(jw,)

‘For the Wien bridge, F(p)=pwy/(p*+
3pwe+wd) and F(joe)=15,

Thus M:.,_—Ié._
9g  F(njwe)—15

For the phase-shift network, F(p)=
(p—wo)(p+w,) and F(jwg)= —1.

Thus ?24:___—_1‘_
vg Fnjog)+1

Of course the two methods give the same

;esults. For the 3rd harmonics we find:

v VIBS _,
L

Ud
for the Wien-bridge circuit and, since

V9=d3Vyc=d3 X 00,

%od ~1.5x2%hds~d;

0osc

2o VI0O_,
V4 16 ’

for the phase-shift network and thus

Zod ~().6X25~0.4d,

7)()SC

Conclusion: For similar operating condi-
tions, the output distortion of the phase-

shifting circuit is two and a half times less

than that of the Wien-bridge. Since the
phase-shifting circuit has no amplitude
selectivity, this result is at first sight sur-
prising. In fact, good harmonic suppres-
sion is a consequence of the circuit’s
“phase selectivity”.

Additional circuit, to further
reduce distortion

Choosing a practical compromise of the
different circuit characteristics, the output
distortion for the described circuit is 0.1%
at 20Hz, decreasing to <0.01% above
100Hz. Further attempts to reduce these
figures resulted in an additional circuit
that virtually eliminates the third har-
monic distortion generated by the ntc Let
01,07 and o3 be the voltages at the outputs
of Aj and A, and A;.. The relationship of
these voltage is given by the following dia-
grams:

for the fundamental:

We can easily find that:
¢1=,=180°—2 arctan 3=37°

,+23=1.67,, or

_vz+v3=0

16

This means that the third harmonic distor-
tion can be eleiminated with a simple ad-
der circuit. A suitable design is:

With regard to the fundamental, this cir-
cuit has no influence: v; and v3 cancel each
other, so that v, =(—)v;.

In practice, due to component
tolerances, the distortion cannot be com-
pletely eliminated. The main source of
error comes from the difference of ¢; and
¢2, derived from the matching difference
between the all-pass networks. When
using 1% components and a ganging
tolerance of 1dB for the dual potentiome-
ter, the reduction of the 3rd harmonic is
about 20 times. Since the distortion de-
creases with the frequency, the 1dB gang-
ing tolerance is only required around the
maximum resistance setting of the poten-
tiometers.

Practical circuit and measured
characteristics

The basic circuit has been optimized for
the audio range 20Hz-20Hz. The selected
op-amp is the NE5532, a dual circuit with
low noise, low distortion and a still fair
voltage gain of 2200 at 10kHz. (Some tests
were also made with the TL072 but the
results were not as good). With the addi-

tion of the distortion cancelling circuit, the
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distortion figure which was 0.1% at 20Hz
falls to <0.005% over the whole frequency
range.

The lower distortion limit is about
0.0002% (at 1000Hz). the final circuit dia-
gram is shown in Fig. 2.The power supply
for the circuit is £12V to =15V. The resis-
tors are 1% metal film from the E96 series.
Approximate values of the E24 series will
also do the job. The range selecting capaci-
tors should be preferably 1% polystyrene
types. (For the 820 nF, selected polycarbo-
nate capacitors were used with good re-
sult). The choice of the n.t.c. type was
determined by the available op-amp cur-
rent, the allowed distortion and the reqired
output level. A 68k(}, 20mW from Philips
(code number 2322 634 32683) was selec-
ted. The operating point of the thermistor
lies at about 3.4V and 910Q which gives a
dissipation of about 12mW and a
minimum output voltage of 5V (typically
5.4V). The 100pF capacitor in the output
stage compensates for a small lift in the
frequency characteristic at the high fre-
quency end of the range.

surements were carried out with fixed 1%
resistors.

— The large bandwidth of the NE5532
requires some precaution: the wiring must
be very short and capacitive loads should
be avoided. During the tests, the connec-
tion of the oscilloscope through a coax
cable caused h.f. oscillations. The remedy
is to load the circuit only via a series resis-
tor =100Q). Preferably, a 6000} (Ryy,) will
be chosen in order to obtain a standard
generator impedance.

Appendix 1: distortion generated
in the n.t.c.

The resistance of an n.t.c. resistor is given
by the exponential law: R = Ae BT, When
subjected to an ac voltage, the n.t.c. tem-
perature will vary cyclically and hence its
resistance will be modulated. This means
that the instantaneous voltage/current
relationship will be non-linear; in other
words, some distortion has been gener-
ated. The amount of distortion can be cal-
culated starting from. the following basic

Fig. 2. The complete circuit for an audio oscillator.

When we apply to the n.t.c. a sine wave
voltage with an r.m.s. value, 9! ¥pe=
V2v,coswt. We define the corresponding
operating point by P,, R, and T, which
are related by:
”
O=E=5AT=5(T0—Tamb) ®

o

By using (4), (3) can also be written as:
Pdt=HdT=Pd:

2
or @zﬁ}z"s—‘m)ﬁdr:HdTJrPodz 5)

(1) can be transformed into MR =InA+B/T
and after differentiation:
dR_ B

—=—=dT 6

R 12 (6)
For small variations of the n.t.c. tempera-
ture, R and T may be approximated in the
equations (5) and (6) by R, and T,; this
gives:

82n

820n T

825

k47

on the breadboard model, are:

i)
_ >
Ay + A, = NES532
Ay+ A, = NES532 vy
The circuit characteristics, as measured expressions:

— level flatness (20Hz-20KHz): 0.04dB R=AePT (1)
— temperature dependence: —0.03dB/K P=2? (2)
— harmonic distortion (Rjpad=1k) Pdr=HdT+dAdr 3)

<0.004% (typically 0.0005%)

The signal characteristics at the outputs
of op-amps Ay, A; and A; are:
— level flatness : 0.03dB at the output of
As
— harmonic distortion :
output of Ajand A,
: 01.% at 20Hz decreasing to 0.01% above
11000Hz
Remarks
_— During the development of the circuit,
consumer grade potentiometers were used.
At some resistance setting, these poten-

0.06dB at the

tiometers introduced a lot of noise and |

signal distortion due to the poor contact
resistance. Therefore, the distortion mea-

where R=resistance of the n.t.c.
A,B=(nearly) constants depending on
the n.t.c. type
T=absolute n.t.c. temperature (in
K)
P=power dissipated by the n.t.c.
v=voltage across the n.t.c.
H=heat capacity of the n.t.c. cera-
mic material (in J/K)
d=dissipation factor of the n.t.c.
(in W/K)
AT=temperature increase of the
n.t.c. caused by the power dissi-
pated in it.

_20% 2
HdT—R—cos i di—P,dr

0

=Py(2cos’wr—1)dz

HAT=P cos’wdt )
and B _Bayr @®)
T,

R,

Eh’minating dT between (7) and (8) results
in:

dR__ BR

R, HT,

cos2wt dt

and, after integration:

R-R,  BP

- 0 _sin2wt
Ry 20HTZ™®
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‘Table 1. Distortion measurement results.
or R=Ro1——2L%_sin2en
0 Z(DHT%, Frequency (Hz) 110 263 520 1092 2636 5224 | 9564
H2 =104 | -112 ~-117 -122 -19 | -113 -108
The current is given by: Harmonic | B3 | -17 | —t2e | =21 | -m7 | -16 -5 | -
j="ntc ‘0"(‘5;3‘8“'5 He | =121 | <126 | 126 | —123 | =125 | -123 | -123
R . HS -119 =120 -121 ~120 -118 -118 -119
_ V2v,cosmt H7 | —125 | =128 | -130 | ~126 | -128 | ~126 | —
R ( -2 BP, 5 sin2wt ) Measurements were made usmg an HP3580A spectrum analyser preceded by a passive
20HT notch filter, giving a measuring limit of —130dB.
which is nearly equal to This function is _zero fpr AT=0 and I Ramb_ ml 1+ Rams—Ro
V20 BP AT=00, Its maximum is reached for - n R n R
°cosmt( +——Ssin2wt ) AT=Typyy (in K). For small values of AT, ° ©
0 HT; the distortion is almost proportion to AT ~Ramy—Ry
. . 1 R
V2 BPsinwt sin3or The expression B&/H _can be seen as a o
=—— coswt+—"——— measure for the distortion proper to a cer- d (10) b dam Rymb—Ro
o 2wHT; 2 tain type. For the used n.t.c., B=3900k, an ccomes dz=-— >

The current is thus composed of the fun-
damental and of a third harmonic. This
would be the same if a voltage, composed
of a fundamental and a 3rd harmonic, were
applied to a fixed resistor R,,. For the fun-
damental component, the term is negligi-

“ble with regard to the term coswt; so, the

third harmonic distortion can be approxi-
mated by

BP,
4wHT?

BOAT
40H(Toymy+AT)?

ds=

or d;=

)

0=0.11mW/K and H=0.5m]J/K.
Using (1), expression (9) can be trans-
formed to:

dy=-1_ (_@J In M)u)ln Ramv (1)
4ot - B R R,

Where 1=H/5 thermal time constant of
then.t.c.
Ramb=n.t.c. resistance at the ambient
temperature
R,=n.t.c. resistance at the operating
point.
In the particular case when R, is only
slightly less than R, we have

4ot R,
which conforms to the analysis of Dr F. N.
H. Robinson (Int. Fournal of Electronics,
No. 2, 1980). In our ¢ircuit, the calculated
n.t.c. distortion is about 0.13% at 20Hz
which would give a distortion figure of
0.05% at the output of A;. The measured
distortion is 0.1%. The reason for this
difference has not been determined
exactly, though it looks as if H decreases at
increasing frequency. This could be ex-
plained by the spherical shape of the n.t.c.
material which causes a non-uniform cur-
rent density and hence, especially at higher
frequencies, a non-uniform temperature
variation inside the n.t.c.

loudspeaker

improvements

An article by J. Wilkinson describing the design
and construction of a high-quality book-shelf
loudspeaker was originally published in the Oc-

“ tober 1977 issue and improvements to the de-

sign followed in the June 1979 issue. Subse-
quent testing has prompted further small
improvements.

Three small component changes in the cross-
over circuit have been made. One of these,
namely changes in value of R; and Ry, has
resulted from critical listening and comparison
tests and gives a few dB attenuation in all three
switch settings to compensate for room reflec-
tions of the tweeter’s output. Changes in the
values of Rs and Rg¢ give a little extra dip in the
crossover’s output response curve at around
1kHz to compensate for a peak in the woofer’s
response curve at this frequency. Connecting
the input of the low-pass filter before, instead of
after L; gives a virtually inaudible improvement
in performance but is nevertheless the best op-
tion from a theoretical viewpoint.

Extensive listening tests have also revealed a
slight deterioration in sound quality caused by
the ‘anti-reflection’ fillet attached to the bass-
unit sub-baffle. The best solution is to replace
the wood with 1/2in bituminous felt or similar
material. A modified printed-circuit board, all
the necessary components and the speakers can
‘be obtained from Falcon Acoustics Ltd, Tabor
House, Norwich Road, Mulbarton, Nr Nor-
wich, Norfolk NR14 8TT.

d.c. resistance of inductars :- !

L1=0R2 Lytolg=0R5

Lg=0R3 Ly=0R8 Lg=0R7

I
8R2 :High treble

)

HD13D34H

All capacitors are
non-polarised, 50V wk'g

Low frebte

*
ReS sre
(SW)

L9
1mSH
High power
100 ferrite core
-+
R8 56R
(5W)
. al
1mSH KEF
= , B200
Comm 10 SP104

*Rg is incorporated in Ly
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Circuit Ideas

HOY.
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Serial conversion to or from two’'s-complement

Digital number crunching is made easier if
the two’s-complement notation is used be-
cause it includes a unique representation of

the number zero and has the ability to add’

‘or subtract numbers without concern for
their sign. However, a problem can arise
when a two’s-complement output must be
interfaced to a conventional system. This
circuit converts to and from two’s-comple-
ment with only two i.cs, regardless of word
size,

The design is based on the algorithm
that two’s-complement can be formed by
leaving all least-significant zeros and the
first one unchanged, and complementing
the remaining digits, i.e. start at the L.s.b.,
progress to the first 1, complement all
digits after the 1. This can be achieved
using a dual J-K flip-flop and one exclu-
sive-OR gate. The number to be converted
is fed serially to X, one exclusive-OR delay
before the clock, and the clear line is
synchronized to indicate the beginning of
the word.

J. Okun
Santa Clara
California
USA

Input

—l Ty 1
THXX12
| 2} > i |
g 2

[1PR

2PR 24

7/£ K
ﬁpuf 7
z
Input —bD—
X

—

Output .
b4

Low-loss power
supply

This mains power supply is intended to
drive circuits which are on continuously
and normally require little power, but oc-
casionally demand a larger current. Unlike
a conventional series dropper or Zener
diode controlled supply, when the load is
off, no current is drawn from the mains.
When the voltage across the capacitor
drops below 12V, the transistor turns off
and allows the next half cycle of mains to
trigger the s.c.r. which then recharges the
capacitor. The circuit was developed for
c.m.o.s. which normally consumes around
IpA, but occasionally needs 10mA to
operate a relay. Resistor R; limits the

maximum current available from the
mains supply.
.
Y C106
o412V

- 4704

400
300 1
Igs
mA 200

00

260V 50Hz

12v

Nickel-cadmium
battery charger

A simple constant current charger for
NiCd batteries can be constructed using a
power v.m.o.s. f.e.t. instead of the usual
bipolar device. By varying the gate-to-
source voltage from about 1.5 to 3V, the
drain-to-source current I3 can be varied
from 0 to 100mA. The Zener diode shown
across the gate and source is contained
within the VN10KM package. No circuit
parameters are critical, but the supply
must be several volts above the maximum
voltage of the battery to be charged.

A. C. Dickens

Leicester

epyypey gy

1504

——

~{

8k2Z

i 4k7 Y

Drain
Gate

Source
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Multiplexed 10-bit
a-to-d converter

If analogue data is to be fed to a computer
it must first be processed by an a-to-d
converter. 8-bit devices, although fast,
provide poor resolution while 12-bit types
are slow and require sequential transfer of
two words to an 8-bit bus. The ZN433 10-
bit device provides a good compromise and
can be connected to the user port of 4 Pet
computer. However, as the available out-
put lines on the Pet are limited, iwo fea-
tures have been added to allow

_multiplexed inputs. A single line is used to
provide the data request, which triggers on
a falling edge, and the multiplexer counter
increment, which triggers on a leading
edge. Secondly, asynchronous use of the
counter is achieved by wiring a monosta-
ble, with a period of two clock cyclesy o
the counter reset (stopping the clock redets
the multiplexer to its first channel).

The software is writien in 6502 agsemnbly
language for a 3032 Pet, and uscs the Vo
facilities of the user port which comiprises
8 data bits ($ E84F), 2 data bits ($ E810),
an output line ($ E840) and the CB2 out-
put line. Before erntering the program, the
USR function and CB2 must be initialised
by setting $0000:4C, $0001:80, $002:03,
$E84C:CC. The result of the conversion is
then available by using the Basic instreic-
tion

~CBM model

— 0V

Analogie inputs

Data request
p—0

1 l—e

70
50

L
o] -

o
1
. N v Y O =

O

4024

=X

9

A =USR(B):PRINT A
where B is the multiplexer channel
numiber. The USR routines, which are
part of the computer operating system,
appear in different locations for different

. , 45V

models, and the appropriate entries are
shown below.

D. A. Hills, E. D. Harvey

and S. F. Brown

Nottingham

1000
D6DO
D278

floating o fixed $
fixed to floating $ -

4000,8000
C92D
C4BC

2000,3000
D6D2
D26D

Capacitance meter

A direct reading of capaciiance can be ob-
tained on a d.v.m. with this circuit. The
op-amp forms a switched capacitor inte-
grator where the capacitor to be measured
is repeatedly charged to Vi, The number
of charge/discharge cycles is determined
by S, and the reference voliage is set by
R; with respect to point B. When S; is
pressed, the binary counter is reset and Cy
is discharged, which sets the output vo OV.
When S; is released, the counter is enabled
‘and counts to 1, 10, 100, 1000, at which
point the oscillator is disabled and the
counter stops. The timing resisiors aré
scaled to give roughly equal measurement
periods. After a measurement, the stored
voltage at the integrator output is equal 16
~ the value of Cy X the range multiplier.
With C, disconnected and after a mea-
surement cycle, Ry is adjusted o null the
output offset on range 1, and R; is ad-
justed on range 4 to compensate for timing
delay caused by the gate. Calibration is
achieved by repeatedly measuring a known
capacitor and adjusting Rq for a correct
reading. Extra ranges can be added by
using different counters, bur swiiching
inaccuracies will also be increased.
M. Slater
Druids Heath
Birmingham

. o0l

+9V

4020

Reset

[=]
~
Y

O Y

an

Q12 j—
ﬂ13|————~—|4——‘- — '
e |
S

Q14 1

Qs ilicon

¥
4001

==

l\\ &70n

"~ .
3140 L~
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To
voltmeter
WVuF!
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Random sweep for
phaser

Most musicians are familiar with the effect
of phasing or flanging which gives a “spa-
cey” sound to a guitar or keyboard. This
seems 10 work well when playing with
other instruments, but in solo passages the

regular sweep backwards and forwards can~ "~

become noticeable. This design provides a
random sweep for a c.c.d. phaser or re-
verberation unit, and can be useful for
double-tracking or adapted for use with
f.e.t. controlled phasers.

A reverse biased germanium diode pro-
vides a noise source and is used in prefer-
ence to a Zener diode because the low-fre-
quency content is greater. A 741 amplifies
the noise, C, gives infinite feedback at
‘d.c., C; and C; filter the high frequencies
and R;, R; provide speed and depth
control. The v.c.o. is formed by a c.m.o.s.
astable multivibrator and produces the re-

[ww)
-
"I
L}
»l
L |
s
©
=
o
=y
-

.T'.100n

quired anti-phase clock signals for the
bucket bridge. Resistor R; and the Zener
diode prevent any low-frequency noise on
the supply lines from reaching the ampli-
fier input. Supply voltages from 8 to 18V
can be used provided D; is altered accord-

Opposite phase clocks

ov 60kHz » 200kHz

ingly and Ry is adjusted until the op-amp
output is midway between the supply rails
with Rs shorted.

C. Malloy ”
Darlington

Co. Durham

+9v

¢y

N423
1V26) bp?

CABM_
™ &»F

To meter on
200mV range

& 1

O AN/
To test 4k7 i}

4 oy ==
terml(r:ls‘ 14 T oV
Conductmce meter voltage dropped by this current flowing

Equivalent resistances up to 10,000MQ
can be measured with this simple circuit.
Pin 2 of the op-amp is kept at 1V by a
current supplied from pin 6, and the

through R; and R; is fed to a d.v.m. The
meter should be set to 200mV and have an
input impedance of over SM{. D, and the
associated components provide a stable 1V
reference, while R; and D; protect the

circuit with inputs of up to 100V.

To adjust the circuit, connect the d.v.m.
to the test terminals and set Ry for a read-
ing of 1V. Connect the meter to the op-
amp terminals and, with an accurate
10MQ resistor connected to the input, ad-
just R; for a reading of 100. The meter
gives a direct readout of conductance
(inverse resistance) in nanosiemens (aS).
Care should be taken in construction to
reduce leakage currents around pin 2.

The circuit can measure leakage in capa-
citors and between p.c.b. tracks and, if a
diode is connected to the input, leakage
current at a reverse bias of 1V is displayed
in nA. When a capacitor of over 100pF is
connected to the input, the small charging
current will be indicated on the meter.
Conductance readings can be converted to
resistance by using the formula 1000/(nS
reading) = MQ.

J. Pigott
Clonskeagh
Dublin

Spot-frequency

oscillator

Switched values of frequency, equally
spaced on a logarithmic scale, greatly re-
duce the time taken to measure frequency
response. This network provides 15-octave
intervals for a Wien bridge oscillator. In
addition, resistance matching between the
-arms of the oscillator is much better than
with a dual potentiometer.
S. Landin
Moss side
_Manchester

Ri=R2 =

25Hz  32Hz 40Hz S0Hz

63Hz

79Hz 100Hz  125Hz  158Hz  200Hz

Wien network  mmCl

N

JH
x1] I
x10
G=C= —H
100 100n 100n
H

10n 10n
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New bands?

Wartime servicemen, American and
British, had an expression “‘snafu” (bowd-
lerised as “‘situation normal-all fouled up”)
that has been described by lexicographers
as “one of the few really good coinages of
the war”. Unfortunately “snafu” appears
to be the only term that can adequately
describe the current confusion over the use
(or non-use) by British amateurs of the
new 18 and 24 MHz h.f. bands. These
bands were awarded to amateurs at
WARC?79 subject to the completion of the
satisfactory transfer of all assignments
operating in these bands and recorded in
the Master Register. Last September the
Home Office let it be known that British
amateurs would be permitted to use these
bands from January 1, 1982 on a secondary
non-interference basis: but two months
later, it said “No”’, pointing out that it had
no right internationally to authorize such
operation, although the question was still
“being examined” to see if permission
could be granted on this basis before the
completion of the transfers (which could
take up to 1989!). As these notes are being
written (early December) the matter is un-
resolved.

The Home Office, however, has been
quick off the mark in making less welcome
changes: 200kHz has been taken out of the
special UK 70 MHz band which now be-
comes 70.025 to 70.500 MHz. Similarly
the 1.3 GHz band is now restricted to 1240
to 1325 MHz instead of 1215 to 1325 MHz
(satellites 1260 to 1270 MHz), a loss of no
less than 25 MHz! The January 1 profit
and loss account was thus: profit 50 kHz at
10.1 MHz, loss 25.2 MHz higher up the
spectrum — a result hardly in accordance
with the intentions of WARC79. The vol-
untary 70 MHz band plan becomes:
70.025 to 70.075 MHz beacons; 70.075 to
70.150 MHz CW; 70.150 to 70.260 MHz
s.s.b./cw (70.200 MHz s.s.b. calling fre-
quency); 70.260 to 70.400 MHz all modes
(70.260 MHz national mobile calling fre-
quency, 70.300 MHz r.t.t.y. calling,
70.350 to 70.400 MHz Raynet); 70.400 to
70.500 MHz f.m. simplex (70.450 MHz
f.m. calling frequency).

TVI to come

Radio-frequency interference problems,
like accidents, don’t just happen but are
often created. In the USA, some 144 MHz
operators are finding that local cable net-
works are now distributing television pro-
grammes on channels within the 144 MHz
band. This creates a two-way problem:
strong local transmissions break into the
‘often rather “leaky” cables and interfere
with viewers’ television; in the reverse
direction, sufficient tv signal may be

radiated from the cable to mar the re-
ception of distant amateur signals. So far
this does not seem to be a problem in the
UK but Shaun Shannel, G3ZSU has
pointed out that 144 MHz is one of the
authorized frequencies for the British 7-
channel cable systems that are based on the
use of a 159.625 MHz pilot carrier. As the
number of cable channels increases over
the next year or two here is an r.f.i. prob-
lem in the making.

Fake QSLs

iRecently I reported an ARRL investiga-
tion into the authenticity of some QSLs
cards emanating from several much-publi-
cized “dx-peditions”. Further evidence of
practices that could bring the whole ama-
teur operating awards system into disre-
pute can be found in “Amateur Radio”,
the journal of the Wireless Institute of
Australia. Ken McLachlan, VK3AH in his
October “How’s DX” column under the
heading: “Blank QSLs - Fair-play
sport?”’ writes: “Amazing things turn up
in our mail box but the contents of an
unsolicited letter from an amateur dx-pedi-
tioner and QSL manager well known in
Europe, really set me thinking. It con-
tained a number of QSL cards, duly
signed, but the pertinent details were left
blank, also a little note accompanied them
saying that if I didn’t want them I may
know someone who did. I know half of VK
(Australia) would . . . This is a very serious
situation, coupled with some amateurs
using 144 MHz links with a friend in a
better location, using a friend’s callsign to
get him a report, or getting a friend to
operate your station . . . It is not ethical or
within the rules of fair play. To what ex-
tremes will some amateurs go in a hope of
achieving honour roli status?”

Such practices are, I believe, still un-
common: most QSL managers and dx-pe-
dition organizers are scrupulously correct
in the distribution of the eagerly sought
after “confirmations” — but even a few.. .

Expanding space

Following the successful launch of the
British UOSAT - OSCAR 9, mem-
bership of AMSAT-UK has passed the
'1000 mark and some 2000 enquiries were
received by the group in the weeks fol-
lowing the launch seeking technical and
other information, many from schools and
technical colleges. Ron Broadbent,
G3AA]J, has expressed disappointment
however that the media have been refer-
ring to this amateur radio experimental
satellite as the “British Schools Satellite”
although no part of the cost of the project
was contributed by schools. All on-board

systems have been checked-out although
the satellite is taking time to stop spinning.
A rumour that beacon transmissions
heard on 29.331 MHz denoted that the
expected new Russian satellites, RS3 and
RS4, were up and working proved false:
the signals were from a satellite unit under
test in the Moscow area. The new Soviet
satellites will each carry 145/29 MHz
transponders (up 145.860 to 145.900 and
145.910 to 145.950 MHz: down 29.360 to
29.400 and 29.410 to 29.450 MHz). Ama-
teur enthusiasts regard further active
transponders in medium height orbits as
their prime requirement. AMSAT-UK
members are “not particularly enthusias-
tic”” about further purely research experi-
ments that do permit two-way working.

Here and there

The British Amateur Radio Teleprinter
Group, in order to promote more interest
in r.t.t.y operation on the v.h.f./u.h.f.
bands is introducing awards for amateurs
and listeners showing they have worked or
heard: (1) 100 different stations on 144
MHz; (2) 50 on 432 MHz; and (3) 10 on
1296 MHz. Endorsement stickers for each
additional 25 (1296 MHz 10) stations to a
maximum of 200. Rules from (s.a.e.) Ted
Double, G8CDW, BARTG Contest and
Awards Manager, 89 Linden Gardens, En-
field, Middx, EN1 4 DX.

In the U.K. for the opening of c.b. was
Al Gross who can claim to be the single
individual most responsible for the start of
c.b. in America. Al Gross based his ideas
on his work on the OSS’s wartime Joan-
Eleanor v.h.f. (260 MHz) transceiver used
in 1944 to work agents from Mosquito
aircraft — and seemingly a later version of
SOE’s “S-phone” (450 MHz) originally
developed at St. Albans by Bert Lane. In
1945 Al Gross was assigned the experimen-
tal call W8XAF to develop 465 MHz c.b.

In brief

Cyril Parsons, GW8NP and 1976 president

.of the R.S.G.B. has died. He had recently

been actively involved in encouraging
disabled people in the Cardiff area to take
up amateur radio . . . The R.S.G.B. is now
maintaining a computer file on stolen
equipment . . . Garry O’Keefe-Wilson,

. G4MIA is the new chairman of the Wirral

Amateur Radio Society . . . Fewer transAt-
lantic signals have been heard on 50 MHz
this winter although some 28/50 MHz
cross-band working has proved possible . . .
The East Suffolk Wireless Revival mobile
rally will be held at the usual Ipswich ve-
nue on May 30. The Northern Mobile
Rally is on May 23 at a new venue: the
Great Yorkshire Showground, Harrogate .

PAT HAWKER, G3VA
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Failure of distress
signals at sea

During the past few years you have published
about a dozen letters on the above subject. They
seem to have brought to light a number of
different problems.

To solve a particular problem you have to face
it in its totality, before going into the details. So,
first, we have to describe the circumstances:

@ There is a good conductive medium — the
sea with things in it like fishes, pollution, and
ships.

@ Upon this is a dielectric layer, consisting of
air saturated with salt water spray or droplets.
@ Over this layer is the so-called “ether”.

The boundaries of the dielectric layer are not
as well defined as we would like them. At the
bottom is the boundary of the sea surface. The
dielectric property of the layer decreases with
increasing approach to the sea surface. The
thickness of the layer depends on weather
conditions and will vary from a few centimetres
in fair weather to a few decades of metres in gale
conditions.

Because the ship belongs to the good
conductive medium, the aerial system will not
outreach this dielectric layer in bad weather
conditions. This is especially true for lifeboats,
with their even smaller aerial systems. Because
the antenna wire and feed-through insulator
under these circumstances are coated with a salt
water film, these parts can almost be seen as a
part of the good conductive medium.

Secondly, there is the physical principle by
which the distress communication takes place.
This happens by means of 600m long
electromagnetic waves at a frequency of 500
kHz. At this frequency e.m. wave propagation
takes place by means of the surface wave. It
means that the upper half of the electric part of
the e.m. field is mirrored by the top layer of a
good conductive medium, in this case the sea
surface. So you can say they are walking over
the water.

Because the losses are small this gives a.
reliable means of communication. The above-
mentioned dielectric layer has only a small
influence on this type of wave propagation at
these frequencies because this layer is much
smaller than the wavelength and the E field
stands almost perpendicular to this dielectric
layer.

When using short wire or whip aerials there
are three barriers against helping these e.m.
waves onto their feet. This type of aerial is much
smaller than the wavelength so the radiation
resistance is low and the aerial behaves like a
capacitor, which ought to be tuned by a large
inductor with its own resistive losses. So the
efficiency from this matching system is low. As
explained above, in gale conditions the aerial is
short-circuited by a so-called “salt water
capacitor”. Finally this electrical type of
antenna 1s stretched out in the dielectric layer
which in its turn absorbs a part of the remaining
energy.

Let us now consider the small magnetic loop
antenna. The small loop antenna also has a low
radiation resistance but the aerial behaves like
an inductor, which should be tuned by a large
capacitor with its (relative to the tuning
inductor) smaller resistive losses. So the

" efficiency of the matching system will be higher.

In gale conditions the loop antenna is in parallel
with the capacitor produced by a film of salt
water. In fact this capacitor detunes the aerial
system a little, but this can be tancelled out by
the matching capacitor unit. Finally this
magnetic antenna is placed in the dielectric layer
which has only a negligible influence on it.

At about a quarter wavelength away from this
magnetic loop antenna, the electric part of the
e.m. wave is formed. This happens at positions
far enough above the sea surface and the
dielectric layer. In this indirect way the S00kHz
surface waves are put on their feet, so they can
walk over the sea surface carrying with them the
distress signals.

In my opinion the magnetic loop antenna
wins on several points against the electrical
short wire or whip antenna, but the price of the

“loop and its matching unit will be higher — but

what can be the price of human safety? At the
moment [ am working on a second type of loop
aerial, but it seems impossible to simulate gale
conditions in my laboratory because it is no film
studio. .

R. R. Venekamp

Eindhoven

Holland

Amateur licences
in Germany

I read with interest Peter Saul’s letter in the
November issue on the under-utilisation of the
28MHz amateur band by class A licence
holders. First let me correct his statement that
no test is required in West Germany for 10-
metre operation. In Germany we have class A, B
and C licences. The C licence holders enjoy
roughly the same privileges as B licensees in the
UK, with some differences in power output
and, from 1st January 1982, v.h.f. and u.h.f.
allocations.

Licensees wishing to operate below 144 MHz
must have passed a Morse test and, briefly, the
requirements are as follows:

Licence Morse Amateur
Class requirement bands
A 60 letters per All amateur bands
. minute (Tx/Rx)
B 30 letters per 3.5- 3.8 MHz

minute (Tx’Rx)  7.00- 7.1 MHz
14.00-14.350 MHz
21.00-21.45 MHz
28.00-29.700 MHz
plus v.h.f./u.h.f.
bands

v.h.f./u.hf.  bands
only

As an ex c.b.er (we’ve had c.b. in Germany
since 1975), I agree that the 27-28 MHz bands
are indeed a very interesting part of the
spectrum; the 12-channel a.m. c.b. band is fre-
quently swamped by S9 signals seemingly emi-
nating from the USA. However, if Peter was
prepared to study for his ticket in the first place,
surely a little extra swotting shouldn’t put him
off if he really wants to go h.f. After all, this
could also be considered as fulfilment of the
self-training clause of the licensing conditions.

I would agree that £12.00 just for a Morse test
does seem rather steep but I'm somewhat out of
touch with price levels in the UK. The fee here
is DM40 — which includes both the technical
exam and the Morse test (a repeat of either costs

C None

DM20). 'm working towards the Morse test
next year.

No, let’s keep the licensing conditions as they
are. If anything needs changing it’s the Home
Office’s indifferent attitude to pirates and illegal
c.b. operators.

V. A. Sancto, DDFM (G6BWH)
Bad Aibling
W. Germany

Recharging dry
cells

Following your recent items on recharging dry
cells (August 1981 issue, pages 46 and 70), I
have been investigating the Rostlund patent
application at the SRL (Patent Office Library).
It is much easier to find under its publication
number, WO79/01061, and is owned by BE LE
INVENT A/B, Stockholm.

The specification (in English) gives a wealth
of details of suggested circuits and component
values most unusual in a patent but prefers to
use only slightly discharged cells.

It is well worthy of study by those interested
but, for my part, I am quite happy with nickel-
cadmium cells and chargers especially now that
they are available at such reasonable prices from
firms such as Argos, Comet and Jessop of

Leicester.
F. E. Smith
London W5

Intentional logic
symbols

I. E. Kennaugh’s letter (October 1981)
concerning Intentional Logic Diagrams
(Cassera, November 1980, pp61-62) has missed
the point of the intentional symbols. Diagrams
should speak for themselves with very little
need to revert to textual descriptions. Logic
diagrams in particular should indicate the logic
function that is being performed and if a gate is
performing an OR function on low asserted
inputs then it should be drawn as a low asserted
OR gate and not as a NAND gate.

Not only is the intentional diagram much
clearer as to the function of the gates (Fig 1(a) is

{a)
Fig-1

clearly a sum of products whereas Fig 1 (b) is

not clearly so), but what is of equal importance
is that the assertion level of both the inputs and
outputs is clear. If the assertion level of a signal




WIRELESS WORLD FEBRUARY 1982

47

is low, it should be derived from a circled
output to indicate this. Similarly a low asserted
line should connect to a circled input of a gate.
A general rule is that circled outputs should
connect to circled inputs and non-circled
outputs should connect to non-circled inputs.
Sometimes this rule needs to be broken (some
purists state that the connection should not be
shown but that the signal should be named and
the inverted name with a bar over should be
shown on the input, but this is possibly taking
things too far and adding confusion). A typical
example of the rule being brokenis fora2to 1
multiplexer:

(a) Out

{a) is preferred to (b)

Fig.2

From Fig. 2(a) it can clearly be seen that a low
on the select line selects the A input, whereas
from Fig. 2(b) a little more thought is needed as
a high on the select line de-selects the A input.

This intentional logic diagram notation can be
extended even further than the original article
by Tony Cassera (November 1980) to take
account of flip-flops. Flip-flops have two states
(Set, Reset) or (asserted, not asserted) and two
outputs Q & Q (although for a D-type flip-flop
both Q and Q are high when both Set and Reset
lines are asserted). However, a typical circuit
drawn with just two outputs does not fit well
into the intentional logic system and, as a result,
it is not always clear from the diagram what
logic function is being performed.

In Fig. 3(a) itis not clear that the flip-flop
Stuff should only be asserted when the Sync

'Sync
detected

Clock

(@) T

Fig. 3

flip-flop is set (presumably as Sync-detected has,

been seen) and Flag is asserted. In the re-drawn
flip-flop, an asserted high and asserted low
output can be clearly seen as well as an

unasserted high and low output. This means
that signals can relate to the flip-flop asserted
condition and there is no need to perform
mental contortions in deciding whether the flip-
flop needs to be asserted or not before the
second flip-flop sets.

The D-type flip-flop still only has two output
pins (Q and Q) but showing each output in two
different positions can clarify the functions of
the flip-flop within the circuit as a whole.

This idea of intentional logic can be further
extended to produce “re-asserted D-type flip-
flops.” It may be desirable in a logic system to
have a low signal to assert the D-type flip-flop.
In this case the D input is shown with a circle
and a 0 on the D input will assert the flip-flop
and a 1 unasserts it. In this case the Q and Q
outputs reverse roles and so do the Set and
Reset inputs.

Set sync
_— Sync {1}
Sync detected _ync_
Sync ()
Sync (0)
Clock Sync (0)

Clear sync

To those who have never used intentional
logic diagrams they seem very alien and peculiar
but once they have been accepted and tried
anything else becomes second-class. Intentional
logic diagrams have been well established for
many years and at least one major computer
company (Digital Equipment Corporation) uses
such a system and with many years of
experience (and probably the biggest user of
logic diagrams) this system has proved very
successful. With many more functions being
performed on a chip, logic diagrams are using
fewer and fewer gate and flip-flop symbols and
more and more meaningless boxes. The more
help that the few remaining gates and flip-flops
can be the better.

J. E. Kennaugh’s method of logic symbols
relies on reading the truth table of each gate
which may indicate the transfer function of the
particular gate but says nothing about the
function of that gate within the circuit as a
whole. The logic diagram should “‘speak for
itself.

Christopher Hudson

Computer Systems Laboratory
Queen Mary College

London E1

Data

Sync
defected

Clock

771

James Clerk
Maxwell

It seems very remarkable, having regard to the
now almost classical experiments in atomic
physics of the 1920s and 30s by Rutherford,
Cockeroft, Walton and others, which led to the
invention of the atomic pile, atomic bomb,
atomic reactors, fusion research, etc., that Mr
Wellard cannot ap})reciate the meaning and
validity of E = mc* (Letters, October, 1981)
which he describes as a “meaningless,
misleading” equation.

Firstly, the equation has been very
thoroughly experimentally verified. Secondly, it
is, as Mr Wellard shows, quite sound
dimensionally. Thirdly, it surely relates to the
equivalence of rest mass and energy, and not to
the dynamic energy of an accelerating or moving
mass, as Mr Wellard seems to want. He seems
confused on this point. Also, from the equation
we can simply derive, using a littie calculus and
Newtonian mechanics, a further equation
showing that mass increases with velocity,
becoming infinite at the velocity of light, ¢. This
latter equation was also derived by Einstein and
has again been verified by, e.g., experiments
with very high speed electron beams, and
particle accelerators.

By all means, Mr Wellard, let us encourage
the spread of the philosophical spirit, but we ~
must surely begin by agreeing on what
determines the meaning and validity of our
equations. It seems quite unfair to start by
claiming that Einstein’s theory is “safe from

experimental verification”.
Peter G. M. Dawe
Oxford

The big c.b. con

We are not sure at whom Mr Wheeler’s accusing
finger is pointing. Natcolcibar and the Citizens’
Band Association are the two national
associations which the Home Office, at any rate,
has recognised as representative enough to be
called into consultation. May we point out on
their behalf that at no time has any alleged
suitability of 27ZMHz a.m. for dx working been
either explicitly or implicitly any part of their
reasons for objecting to the Home Office
proposals for f.m. on unique frequencies.
Indeed, both of us advocated, until it became
obviously hopeless to do so, a v.h.f. allocation.

We regard dx-ing and the exchange of QSL
cards as being as peripheral to the uses of ¢.b.
as, say, train-spotting to public transport or
philately to postal service operation. But, once it
became clear that British c.b. would be in the
27MHz band at all — about the most unsuitable
possible part of the spectrum for mobile radio
but that which, for historic reasons, is by now in
almost universal use for ¢.b. — we did and do
say that it is absurd to start from scratch a
system operating on unique and completely
incompatible standards. The European CB
Federation’s request, over a year ago, to the
EEC to promote a common specification
throughout Europe and a common user’s
licence, a request which we strongly support
and which is being actively followed up by the
Commission, is based not on a desire for
international communication across distance,
but on the consideration that ¢.b. is often at its
most useful when one is travelling away from
home, and with international road travel already
common and becoming more so it is a total
nonsense to have to leave one’s c.b. rig at home.

Surely the real con trick is perpetrated by
those who pretend that f.m. (to the Home
Office MPT 1320 spec.) gives superior results.
Certainly f.m. with an advantageous deviation
index can give good results — at a cost in
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bandwidth which has not been allowed to c.b.
Narrow-band f.m. can also be satisfactory
where dedicated channels and designated
service areas guarantee a minimum signal
strength and freedom from co-channel
interference. But in a random service where
there is contention for use of channels, a.m.
really is indicated as the primary mode — which
is no doubt why it is used by aircraft in the
v.h.f. band, and perhaps why the FCC will not
authorise f.m. even as an option for 27MHz c.b.
The Home Office never pretended they were
specifying f.m. in order to give a better c.b.
service, of course: they said we must have it
because it causes less interference (which, in
itself, is at best a half truth!). Surely the claims
that it gives a superior performance — which
are already proving to have been quite false —
came after the event, from the necessity to sell
what you have been given no option about
producing?
James Bryant
Citizens’ Band Association
lan Leslie
Natcolcibar and
European Citizens’ Band Federation
London N10

Poor deal for
amateur radio

I was not at all surprised personally to read in
your journal and others that class B amateur
radio licence holders are not to be allowed to use
the 4 metre band. In fact I consider it a minor
miracle that the RSGB gets any concession at all
from these faceless and all powerful government
employees who, it seems, are only to be swayed
by outright, blatant “radio anarchy”.

For many years amateur radio has been a
service enjoyed by very many, including myself.
Understandably it has to be regulated, and
controlled . . . but why so heavily handed and
authoritarian? One is almost drawn to a wry
smile at the pathetic bleats now being heard
regarding the possible future withdrawal of 4
metres. It’s too late RSGB, they have pushed
you around for years, although it does not seem
quite that way via the “Old Boy Network” and
“Qld School Tie” club. )

For very many years dedicated supporters of
the RAEN have been ready and willing to offer
emergency help, but have been largely ignored,
mainly I feel because we just cannot turn up and
fill the ““communication gap”, as others do,
who, now able to drop their incredibly imported
American verbal disguises, have revealed the
extent of their organisations.

As a free-lance writer, I have found ita
terribly frustrating time, wondering mostly
about the lack of comment from the RSGB on
these matters. Perhaps I am being unfair,
maybe someone from RSGB did try to correct
blatant ignorance, but was met by “What’s the
RSGB?” and “What’s amateur radio?”. Perhaps
if you mentioned “Boy Scouts” they would have
realised. It was maddening to see the enormous
lineage given to these peoplie, whilst they were
breaking the law . . . and promising to carry on
using a.m. rather than the new f.m. service.

In my mind there is no doubt that in the eyes
of the invisible “government employee” an
organisation that does as it is told, has well
behaved menbers who do their level best to
conform to the rules of society in general (even
to being forced off the air through no fault of
their own) does not deserve respect, but can in
effect be ignored.

The British radio amateur is not even allowed
to let his wife’s voice be heard returning a
greeting over the air, and by becoming an
amateur literally gives unrestricted access to
officials on demand . . . to examine the station.

And along came “citizens’ band”, long a
cause of trouble in America and virtual anarchy
alongside to help it achieve its goal.
Unfortunately, perhaps because there have been
no “novice or beginners’ ”’ licences available in
this country the “Open Channel” seems to have
developed into some sort of substitute for
amateur radio. Only once in recent years has
any one person in central government stated his
intentions to make amateur radio more
accessible to newcomers etc . . . he was sacked
in less than two months. .

In closing let me state quite clearly that I am
not against citizens’ band radio (I hold a licence
myself), but I use it as it was intended, as a
service and not as an end in itself. I feel
that the “powers-that-be” brought all this down
on themselves by refusing to acknowledge the
need for such a service, allocated on a British
channel well away from possible verbal
pollution originating from North America. I
have enraged local 27MHz f.m. users by
speaking plain English, with the absolute
minimum of formality . . . with the result that
they refuse 1o talk to us, thus leaving the
channel clear to use over our smallholding in
peace.

Come on RSGB, and amateur radio in
general, stand up for your rights! If anarchy can
do it, and force its wishes on us all, let us all
unite and show what true democratic rational
thought can do . . . despite civil servants. I
would rejoin the RSGB immediately if I thought
this would happen soon.

Robert B. Mannion G3XFD
Alresford, Hampshire

The image
equivalent-
generator theorem

While it is true that Thévenin’s theorem handles
dependent sources, it does so in a roundabout,
time-consuming way, forcing us to use the
Applied Source method, in which we attach a
source to the output port. This means that we
reverse the direction of signal transfer in the
network. This method of determining generator
impedance is often cumbersome. The same
criticism applies to Norton’s theorem. In
contrast, the well-known Thévenin-Norton
Function-Source Theorem elegantly yields the
generator impedance as Z*(s) = e*(s)/i*(s),
where e*(s) is the open-port voltage and i*(s) the
closed-port current.

In using Thévenin’s theorem, we are actually
deriving a transfer function, but one that does
not include the load impedance. However
elegant, this is the particular step that robs us of

ZTs) i (s)
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the information about the generator impedance
and forces upon us the Applied Source method.
The same is true for Norton’s theorem. One
cannot help wondering if there does not exist a
simple method of retaining the load, and thus
side-stepping the sometimes awkward Applied
Source method. A solution to the problem has
been found, and yields the following theorem:

The series-form and parallel-form generator
equivalents of a linear network have a
generator impedance Z*(s) = Zoyt(s),
obtained when the output port is terminated
in —Zgyr(s), having a current source i*(s),
which is the load current for closed output
port, and a voltage source ¢*(s), which may be
obtained either as the open-port voltage, or is
calculated from e*(s) = Z*(s) i*(s).

The proof of this theorem lies in Tellegen’s
Theorem, stating amongst other things that for
lossless condition, the impedances on both sides
of a port cancel. The load sees its image, of
opposite sign, and this new theorem has
therefore been called the Image Equivalent-
Generator Theorem. It allows direct
construction of both the series-form and the
parallel-form generators with all dependent
sources automatically taken care of. It is a time-
saving theorem. Fig. 1 has been included to
exemplify the meaning of the series-form and
the parallel-form equivalent generator. Because
this new theorem introduces a totally different
method for the determination of the generator
impedance, it provides an alternative to the
Thévenin-Norton Function-Source Theorem,
and is thus useful as a checking tool on obtained
answers.

Harry E. Stockman

Arlington, Mass.

USA
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Cordless
telephones

I was amazed to see Wireless World publishing a
display advertisement for cordless telephones
(September 1981 issue, page 106), which are
neither licensable for UK use nor British
Telecom approved. The advert failed to
mention either of these facts. These devices
transmit in the frequency band 49.5-49.8 MHz,
which is within television Band 1, Channel 2.
According to BBC Engineering Information,
Channel 2 is used by three main transmitters
(Swingate Dover, North Hessary Tor and
Winter Hill) and will continue to be used until
1985 or 1986.

Apart from the legal aspects and the
interference with television broadcasts, the
current generation of cordless telephones can
cause problems if two people within the claimed
200-metre range have telephones operating on
identical frequencies. As well as overhearing
cach other’s calls, one might make an outgoing
call from the handset and activate the
neighbour’s base station, thus making the call at
the neighbour’s expense.

The problem of security is reported to have
been solved (Electronics Times, 3rd September
1981) by one manufacturer whose product is to
be submitted to British Telecom for evaluation.
If the Home Office allocates a frequency for
cordless telephones in the near future it cannot
be 499MHz, so equipment currently on sale will
never be legal. The import and sale of 49MHz
cordless telephones and transceivers should be
banned, as was done for 27MHz equipment a
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-decade ago. If nothing is done, increasing
unauthorised use of 499MHz will make the
frequency useless for any other purpose after
405-line tv transmissions are ended.

D. M. Lauder ,
Barnet

Herts.

Microchips and
megadeaths

- I'suppose one could go on endlessly about the
subject of your November 1980 editorial, and I
do not wish to do that. I would, however, like to
reply to Mr Hind’s letter in your August 1981
issue.

The two atomic bombs which were dropped .

on Japan put an immediate end to the hostilities
which could have dragged on for years, killing
many more than the bombs did. Furthermore
the Japanese were not just killing and torturing
soldiers but women and children as well. It is
notable that since the bombs were dropped
there has been no European war, except the
one-sided slaughter in Hungary and
Czechoslovakia.

The world does not change. It does not
matter whether it is bows and arrows, flintlocks,
supersonic aircraft or guided missiles, unless
you have what the other man has then you will
live under his rule, or die under it. The small
countries that live in “freedom” do so very
precariously and by virtue of the fact that we
have two balanced super-powers, and I suspect
that Mr Hind knows this fact only too well. I am
just as capable as Mr Hind of conceiving what a
nuclear war would be like and do not regard his
question “do I hold my children responsible for
treatment of prisoners by the British army?”’ as
valid. However, I would proudly say that such
prisoners have always been treated very
humanely and in strict accordance with the
Geneva convention. In any case does Mr Hind
really believe that war is any longer restricted to
the military or, indeed, that it ever has been?
Just look at recent events all round the world.

If, as Mr Hind says, our freedom is illusory
because engineers do not prevent the
government from having nuclear weapons, it
would be equally illusory, in fact non-existent,
if they did.

" In conclusion I would like to say that I think
that the preceding letter in your August issue by
Mr Belcourt puts the case extremely well.

L. G. Martin
Abbots Leigh
Bristol

” - Yz
Spreading
Mr Yates‘ letter on “Spreading” (October 1981)
led me to make some tests, using a receiver with
cascaded filters (about 100dB ultimate
rejection). I found that:
1. Stations with signals peaking over S9+20
almost always trigger the S meter on the
“suppressed” sideband (not surprising when
you consider that 60dB of sideband suppression
is not easy to achieve in a transmitter).
2. Stations producing S meter readings that
hardly move down from the peak reading
during speech almost always have splatter both
above and below the necessary bandwidth, and
often over more than the 8 or 10kHz mentioned
by Mr Yates. .
3. Most of the stations producing S meter
readings with a variation of several S points
between the peaks and the valleys of speech are
clean above and below the necessary bandwidth,
even though some of them are very strong (more
than 500 microvolts across 50 ohms).
4. There were a lot of stations “spreading”. An

hour or so with a spectrum analyzer will confirm
this.

Digging a bit deeper, “spreading” comes
mostly from over-driven “linear” amplifiers,
over-reliance on a.l.c., or misadjustment of the
output control of the voice processor. I don’t
know how many wide receivers there are, but
there are plenty of wide transmissions. One
thing was very noticeable in the tests mentioned
above ~ many very strong stations were very
clean, and many lower-powered ones were
“spreading”.

The bandpass filter mentioned by Mr Yates
does not restrict the transmitted sideband to
about 3kHz — it only restricts the signal fed to
the final to that bandwidth. What happens in an
overdriven and wrongly biased final is
anybody’s guess.

But surely, even in Australia, where the

" proportion of phone operation is higher than

most places, it would not be true that amateurs
are “almost exclusively” s.s.b. I think Mr Yates
meant that those who operate phone are almost
exclusively s.s.b. when they do so. We mustn’t
mislead the general reader.

Bob Eldridge, VE7BS

Pemberton

B.C., Canada

The death of electric
current

Dermond J. O’Reilly, whose letter was
published in the December 1981 issue under the

-title “The death of electric current”, must have

missed my article under that title in the
December 1980 issue. I wrote, “Electric charge
does not exist according to Theory C,” and yet a
year later Mr O’Reilly writes, “Will [Catt] be
announcing the death of electric charge next?”

In his third paragraph Mr O’Reilly attacks
what I believe to be my accurate statement of
the conventional theory. Surely he should be
defending, not attacking, “our great heritage of
scientific understanding”?

In paras. 4 and 5, O’Reilly makes the same
mistake as Dawe made in the November 1981
issue, page 55. I wrote about the additional
charge on a wire after the passage of the step,
and did not mention the current. (See WW
August 1981, page 40, para. 3) . . . extra
electrons must appear [in/on the wire]”, not
(extra) current must flow.

As to para. 6, if 1 and dD/dt are one and the
same thing, then does it flow in direction BB’ (2)
or in direction BC (dD/d:)? One current cannot
flow in two directions at the same time.

Para. 7, I wonder whether

were nonsense in Professor Bell’s article,
Wireless World August 1979, page 44? Or are the
defenders of classical electrodynamics allowed
to write such stuff, but it becomes nonsense
when written by a dissident?

lvor Catt

St Albans

Herts

WW teletext
decoder

The erase page circuitry of the Wireless World
teletext decoder will not function correctly
when several magazines are interleaved, as now
happens in the new ‘high speed” Oracle service.
This is because an erase bit detected in the
header row of the selected page will be cancelled
by one occurring in a header of a different
magazine transmitted subsequently in the same
field interval. However, if the modification for

Field sync

New circuitry

*1kq resistor added for purists who do not like
o.c. inputs

Modification to ensure correct operation of_ the
Wireless World teletext decoder when magazines
are interleaved within the same field interval.

automatic clear (May 1979, p.86; Fig. 7) has
been incorporated, it is a simple matter to wire
the spare gates of the extra i.c.77 as shown to
restore correct operation.

Firstly the tracks to (78,12) and (78,11) are
broken. (77.1) is then connected to (71,5),
(77,2) to (71,3) and (77,6) to (78,11). Finally
pins 3, 4 and 5 of i.c.77 are wired together. This
ensures that once an erase bit has been detected
co-incidentally with a correct header row, (78,9)
will remain at logic 1 until the next field sync
pulse arrives, when the memories will have been
completely cleared.

Alan Pemberton, G8ZHG
Sheffield
Yorks

The dream of
objectivity

In response to Mr Dawe’s letter in the
December 1981 issue, I would like to quote
Ronald Knox, who wrote:
There was a young man who said, ‘God
Must think it exceedingly odd
If he finds that this tree
Continues to be
When there’s no-one about in the Quad’.
REPLY
Dear Sir:
Your astonishment’s odd:
I am always about in the Quad
And that’s why the tree
Will continue to be,
Since observed by
Yours faithfully,
God.

Itrust that Mr Dawe will not mind my
observing that rainbows did not exist before the
creation of man (Genesis 9, verse 13).

M. J. Walker
Department of Physics
University of Nottingham

F oot-controlled
radio

I have just been reading your issue for May 1981
(I'm not a slave of time!) and am reminded by
Mixer’s comments under the heading “Traffic
diversions” of a report in a Wireless World issue
of about thirty years ago.

Somebody had invented, or at least marketed,
a foot-controlled car radio by which one could
change stations without taking one’s hands off
the wheel, in very busy traffic situations. I wish
I had made a note of the actual wording. Mixer
would have enjoyed it.
Ronaid Gill
Allestree
Derby
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Data recording on audio cassette

The solution adopted for the Open University’s Radiotext project

:by P. Smith and P. |. Zorkoczy, The Open University |

For the past two years, work has been
carried out within the Faculty of
Technology of the Open University to
produce a low-cost method of using a
v.h.f. radio broadcast network to
deliver computer software, text and
graphic material for educational
purposes.

The circuit to be described allows
data at 2400 baud to be recorded
reliably on any audio cassette
recorder. The solution adopted may
be pertinent to other applications,
such as the storage of micro-
computer software at this fairly high
data rate.

It is intended that these transmissions will

take place outside the normal hours of
service of the broadcast network and, on
reception, be automatically recorded onto
audio cassette. This mode of operation not
only provides a use for transmitter re-
sources that would otherwise be idle, but
enables thé unmodified broadcast network
to be used with radio receivers of conven-
tional design.

The recorded material may subse-
quently be displayed on a conventional
television or printed on a low-cost printer
at a time convenient to the student.
Recording allows the material to be stu-
died at any desired rate with repetition if
necessary. Figure 1 is an overall system
diagram.

Reliable recording of the broadcast data
is therefore an essential ingredient of
Radiotext. A number of proposed
methods!? for high-speed data recording
were examined but none of them satisfied
the requirements of this application.

The audio cassette recorder

To appreciate the performance of the au-
dio cassette recorder it is useful briefly to
examine the record-playback process.

The waveform to be recorded is applied
as a current to the tape head windings,
together with a bias current for linearity.
An external magnetic field, through which
the magnetic tape passes, is developed
across a narrow gap in the tape head. The
resulting tape surface magnetization is ap-
proximately proportional to the signal cur-
rent.

On playback, the recorded tape is
passed over the tape head, causing the
surface magnetic field to pass through the
head core. A voltage is induced into the
tape head windings which is proportional
to the rate of change of this magnetic field.
So the playback waveform is proportional
to the rate of change of the recorded wave-
form. For a recorded sine wave Asinwt (A
is amplitude, w is angular frequency) the
playback voltage is proportional to Awsin
(wt+n/2). Thus, for the recording of a
variable-frequency sine wave with constant
recording current, the playback voltage
will increase linearly with frequency. The
phase response is not the one normally
associated with this frequency resporise:
the outpur voltage has a constant +90°
phase shift which is independent of fre-
quency, and is due to the n/2 term
mentioned earlier.

The playback amplitude variation with
frequency found in practice is shown in
Fig. 2. In addition to the 6 dB/octave rise
in the output with frequency, losses take
their toll at high and low frequencies. At
low frequencies the head-core magnetic

flux no longer remains proportional to the
surface magnetic flux of the tape, and the
output voltage falls accordingly, At high
frequencies, various losses contribute, the
most significant being the gap effect. As
the wavelength of the signal on the tape
approaches the length of the playback head
gap the output voliage falls — eveniually
to zero.

To obtain an overall flat amplitude/fre-

PLAYBACK AMPLITUDE (dB}

01 1 10
L0OG FREQUENCY {Hz)
Fig. 2. Amplitude/frequency response of
playback head from constant-current
recording.

Data
0 l 1 0 0 1 1 0 1
Bi M code

Fig. 3. Biphase M coding.

Fig. 1. Radiotext system produced by Open
University

( w
Data Data selection Cassefte tape
reparation | TrGNSMitter vhf. and decoder and § -
’ 'reF;minal receiver cussette fape display
encoder generation
Low cost printer
1
I
Q_g) Audio cassefte recorder| | O O h— [J
)
Tape recorder Television
J
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quency response, an amplitude equaliza-
tion filter is normally included in the
playback amplifier. It provides a 6 dB/oc-
tave fall in amplitude with frequency, up
to the point where high-frequency losses
take effect. The filter characteristic is then
designed to give increasing amplitude with
frequency to combat these losses. The fre-
quency at which the equalization filter
‘characteristic is changed is standardized at
approximately 1350 Hz (equalization time
constant 120us) for ferric tapes and ap-
proximately 2250 Hz (equalization time
constant 70ps) for chrome tapes.

The bandwidth of a low-cost audio cas-.

sette recorder is typically 150 Hz to 6 kHz,
but can be reduced either temporarily or
more permanently by two effects caused
by deficiencies in the tape transport
mechanics or in the tape itself. If contact
between the tape surface and head is lost, a
resulting output loss occurs. Such losses
are commonly termed ‘“drop-outs”. The
spacing loss formula
loss in dB==55 d/A

where d is separation (mm) and X is wave-
length of signal on tape (mm) shows the
loss to be severe for even small separations
and to be proportional to frequency. For
example, at 5 kHz the wavelength of the
recorded signal on tape is approximately
0.0095 mm. A head-to-tape separation of
this distance will cause a 55 dB loss at this
frequency. Surface imperfections in even
good quality cassette tape still cause an
almost continuous rapid variation in am-
plitude of the playback signal.

As the tape passes over the head, the
longitudinal axis of the tape must be
exactly perpendicular to the head gap, so
that the gap lies across the tape. Any misa-
lignment of the head has the effect of in-
creasing the gap length, reducing the am-
plitude of high frequency signals resulting
in loss of available signal bandwidth.

Channel code

The audio cassette recorder is essentially a
band-pass channel which suffers ampli-
tude instability, particularly at the higher
frequencies. The channel code should
therefore be d.c.-free and have a frequency
spectrum, for the chosen data rate of 2400
baud, which lies at the lower end of the
bandwidth available. A code which satis-
fies these requirements is Biphase M or
Manchester coding? as shown in Fig. 3. A
transition occurs in the code at every bit
edge with an extra transition midway
through the bit period to distinguish data 1
from data 0. Unlike the other well used bi-
phase code Biphase L, Biphase M is unaf-
fected by the signal inversion which occurs
in some makes of audio cassette recorder
and the lack of need for synchronization
ensures that recovery is rapid should a
signal drop-out occur. ’

For this application Bip M is preferred
to more efficient codes, because of the
simplicity of implementation and its ro-
bustness in the presence of time jitter
caused by short-term speed variations of
the cassette tape.

Data —=

38:-4KHz
clock

- 51
120
100 //“.—
Curve A
. //
04—
7 40
@
o 20
= 1 CurveC 2 3
TS e T
£ 20 FREQUENCY (Hz)
(=18
40
-604—>
—80 \
~_curve B
-100 \\
-120

Fig. 4. Phase response ot typical audio
cassette recorder is curve A; curve B is
phase characteristic of all-pass filter and C
is combined phase response of recorder
and filter. Photos show effect on typical
signals from two recorders with
characteristics close to likely extremes.

+5V
1k5

To tape
recorder
"Aux”
input

10kT3n9

Fig. 5. Coder circuit.

o | LML

Q30f IC4

ov— 1 ]

o| LI LI L

Fig. 6. Waveforms in circuit of Fig. 5.

Phase equalization

Because the human ear is fairly insensitive
to the- relative phases of the frequency
components within a signal, no attempt is
made by the manufacturers of low-cost
audio cassette recorders to linearize the
phase response. In order to preserve the
waveform of the Bip M coded signal,
however, such phase linearity is essential
and has to be provided externally.

W LI LI

‘ I Data

j_] Q of ICy(q)
G of ICZ(b)
Output to

tape recorder

The measurement of phase response is
difficult to make because of the disconti-
nuous nature of the record-playback
process. The overall recorder response was
estimated by measurement of record and
playback amplifier phase responses and by
measurement of the relative phase of sig-
nals at different frequencies recorded to-
gether. Additionally, the phase response of
the recorder was modelled, the expected
response to various waveforms calculated
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CD40%93

; Data
CD404Y

CD4049

LCo(g)

Input from
tape
recorder

330n

CD4093 CD4030

100p

Fig. 7. Playback decoder circuit.

and comparison made between the calcu-
lated response and that found in practice.
A typical phase response, ignoring the
time displacement between record and
playback, is shown in Fig. 4 curve A. The
response is essentially that of the +90°
shift independent of frequency produced

at the playback head with a lag caused by

the low-pass characteristic of the ampli-
tude equalization filter at lower frequen-
cies and the lead caused by the high-pass
characteristic of this filter at higher fre-
quencies.

Transversal (tapped delay line) filters
can be used for phase equalisation®.
However, in the case of the audio cassette
recorder, an active all-pass filter provides a
simple, yet effective method of achieving
the required phase linearity. The phase
response of the filter used is shown in Fig.
4 curve B, and the overall response of the
recorder and filter shown in Fig. 4 curve
C. The photographs show the effect of the
phase equalization on the output of two
audio cassette recorders chosen because
their characteristics are close to the ex-
tremes of performance likely to be encoun-
tered.

Goder
The circuit used to provide the Bip M

coding is shown in Fig. 5. The data in
serial format, together with a 16-times
data-rate clock are provided, via an
asynchronous communications interface
adaptor. IC, divides the clock frequency to
provide the 4.8 kHz clock required by IC;.
Flip flops ICy, and IC,4y produce the
coded data. The output of IC;,) is reduced
to a suitable level for application to the
auxiliary input of the audio cassette re-
corder. The output is filtered (using a low-

0 N 0 WY S WY A\

Output of ICq

"I U U U C
Wl L LML LI ostestorig

1 I O

| 11

Outputof IC; (g

oV J_-l

VOLTAGE (V)

Qg of IC
oy LML UL LU LU et s
] I I I Q50f ICS

o U

U u

Qutputof IE3(C)

o ML T LI L ey

[T L aofigg,

o 1

Fig. 8. Waveforms in decoder.

pass filter of approximate cut-off fre-
quency 4.5 kHz) to avoid ringing which
occurs with some record amplifiers. The
waveforms applicable to various points
within the coder are shown on Fig. 6.

Decoder

The decoder used is shown in Fig. 7. It
relies for its operation on timing the in-
terval between transitions of the playback

:

o I | | l Data

signal. The timing is achieved by use of
counter ICs, which is provided with a
clock frequency derived from the incom-
ing signal and so accurate decoding is inde-
pendent of tape speed.

IC, provides phase equalization of the
playback signal, which is then squared by
IC; and ICsy. It is then passed to exclu-

Continued on page 62’
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Symmetrical-output dividers

Wide frequency-range dividers for odd and even-number division
by Gerard Girolami and Philippe Bamberger |

These articles describe a technique for
designing a symmetrical-output
divider, operating over a wide
frequency range with a choice of
logic-selectable division ratios. Here,
simple fixed and variable-ratio
dividers are discussed to illustrate
how logic i.cs are used to eliminate
frequency-dependent components
such as capacitors and monostables.
Expansion of the programmable
binary-input divider described will be
discussed in a subsequent article, as
will a similar circuit but with b.c.d.
inputs.

" Dividing a frequency by an odd number
and obtaining a symmetrical output is not
too great a problem, provided that the
division ratio is constant. When a
programmable divider is required, the
problem is somewhat greater, especially if
the circuit must be capable of operating
over a wide range of frequencies. Circuit
elements such as monostables, capacitors
and resistors are useful when working with
a fixed frequency or in a very narrow band,
but for a wide-band, variable-ratio divider,
another method of obtaining a symmetrical
output must be found. Another drawback
of most conventional dividers of this type
is that they are difficult to cascade when
high division ratios are required. This
method uses only logic elements and pro-
vides a solution to the aforementioned
problems.

Fixed-ratio dividers

Figure 1 shows the timing diagram for a
symmetrical output divide-by-three circuit
to illustrate two points;

— the output signal must change state on

[ | | Input
] Outpuf

T/2 CT2

F.ig. 1. Timing diagram for a symmetrical-
output divide-by-three circuit. To obtain a
symmetrical output, the input must be
symmetrical.

0 £k

74163

—O Output

Fig. 2. How the divider’s clock input is
modified using an exclusive-OR gate to
‘give a divide-by-15 circuit with
symmetrical output.

gt L MLML LML L L LU L LU
RN inNpNp NN ipNp inipiplginlinlinl}

5 6 7[8 9 W W ™ B %

Fig. 3. Timing diagram of the divide-by-15
circuit with the modifications shown in Fig.

Qp BTlo, 1 2 3 4.5 6 710

Table 1: Requirements for division ratios
from 1to 16. Here, H'=Hy@®C applies where
C is'the combination. H" and H, are made
clear in Fig. 2. When dividing by 2, 4 or 8,
two combinations are possible.

Ratio Combination Output
16 0 Qp
H[] 15 (QcP)Qp Qp
14 (Qg®)Qc Qp
13 Qe B(QcP)0p Qp
12 (Qa®) Qg Qp
11 Qa®Q® (QcP)Tp Qp
10 QaB(Qeh )Qc Qp
9 QaB(QcB)Qp Qp
8 Qn Qp
8 0 Qc
7 (Qp®)Qc Q¢
6 (Qa®)Qs Qc
5 8A®(OB®)QC 8c
z = - divide -by - 4 A c
=0 A DAeBQB@QC : divide -by - 10 4 0 Qs
(=1 A=Q 00,00 @0y divide -by-11 3 (QA®)Qp Qg
B _ 2 Qa Qg
Fig. 4. A logic selectable divide-by-10 2 0 Qa
(C-low) or divide-by-11 (C-high) circuit. 1 Qa Qa

74163, is fed with a clock signal modified
by an exclusive-OR gate. Figure 3 shows
the timing diagram for the modified clock
input, H', the input, Hg, and the output of
the divider, from an initial value of five. It
is obvious that at counts eight and zero the
modified clock pulses are half a period
shorter than the rest. If the A input of the
exclusive-OR gate is connected to Qc out-
put of the divider, four shorter periods will
occurr at zero, four, eight and twelve. As a

either the rising or falling edge of the input
cignal.
— to obtain a change of state in the middle
of the output cycle the input signal must
be symmetrical.
It was decided that the desired output
could be obtained by modifying the clock
signal of the counter.

A divide-by-15 circuit with its clock in-
put modified as shown in Fig. 2 is the first
example. Here a synchronous divider, the

Cascade inputs
at™1”

Square output

Data input Fig. 5. Principles of the programmable
(Dd"é's'é’”A input ) divider with binary ratio selection from 1

to 16.

1
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Numbers denote
the states of the counfer

o T LT LI LT 1T L
H L i nr

Gp 6, 7 [ g 16 78

Fig. 6. Timing diagram of the
programmable divider for divide-by-three
to illustrate dividing by an odd number.

23 not used.

m.s.b of D data hard
b lsh wired to logic 1
ms.b. s.b. )
N ; D=1/2+7if I even
I D=(I+1)/2+7 if T odd

_Fig. 7. Applying equations 2 and 3. The
most significant bit of the data lines is
always logic 1 and should be hard wired.
Sum output 3 of the 4-bit full adder is not
used here.

result, a divide-by-14 circuit is obtained.
In fact, all the ratios shown in Table 1 can
be obtained using different combinations
of divider outputs at the A input of the OR
gate.

The terms in parentheses in the table,
-although not strictly necessary here, do not
modify the result and can be used in de-
signing a variable-modulus counter such as
that shown in Fig. 4, where the circuit
divides by ten or eleven. The above
method is useful when the dividing ratio is
constant or when the number of ratios
required is limited. But if the modulus has
to be changed frequently it may be more
practical to realize a programmable divider
as described in the following section.

Programmable divider

The following describes a programmable
divider with binary inputs from 1 to 16. A
74163 is still used but its cycle is modified
to force it to oscillate around counts seven
and eight. Consequently a square output is
obtained at the Qp output. This can be
done with a circuit built using the prin-
ciples shown in Fig. S, where the load
input of the 74163 is connected to the
inverted “A=B” output of a 4-bit magni-
tude comparator. The comparator’s inputs
are the outputs of the counter and certain
logical functions of the command bits A,
B,Cand D. .

Suppose that a divide-by-four circuit is

Table 2: With the divide-by-4 circuit des-
cribed, output symmetry at the 7 to 8 count
transition is maintained by loading 6,
counting 6, 7, 8 and 9, and then loading 6
again.

Qp Q¢ Qs Qa Count
Ong, 0 1 1 0 6
reload 6 0 1 11 7
1 0 0 0 8
1 o 0 1 9

Iea

flear Ep Er

LK 70163 - Loodfa—
g B g

6 54 L 3 16) 131 121 1

Output
signal

1

Table 3: Input, load and detect values for
the 1 to 16 programmable divider.

Ratio Load Value Detect Value Input

1 0111 7 1000 8 0001
2 01 7 1000 8 0010
3 0110 6 1001 9 0011
4 0110 6 1001 9 0100
5 0101 5 1010 10 0101
6 0101 5 1010 10 0110
-7 0100 4 1011 (N 0111
8 0100 4 1011 11 1000
9 00mM 3 1100 12 1001
10 0011 3 1100 12 1010
11 0010 2 1101 13 1011
12 0010 2 1101 13 1100
13 0001 1 1110 14 1101
14 0001 1 1110 14 1110
15 0000 0 111 15 1110
16 0000 0 1111 15 10000

required (four is an even number but
nevertheless a good starting point). If one
pulse is saved to load the counter, three
periods remain for further use. The only
way to obtain symmetry around the seven-
/eight transition is to load the six, count
seven, eight, nine and then load the six
again. This gives a symmetrical divide-by-
four circuit, the sequence of which is
shown in Table 2.

Suppose that a divide-by-three circuit is
now required. Some periods will have to
be shortened again as they were for the
fixed ratio divider. This can easily be done
by connecting the A input of the exclusive-
OR gate to the Qp output of the counter.

Cascade
inputs at 1

Fig. 8. Main elements of the binary
programmable divider for ratios 1to 16.
Cascading inputs of the 4-bit magnitude
comparator are hard wired to logic 1.

In this way, each time Qp goes high or low
the period at the H' clock input is halved.
Figure 6 shows the sequence and leads on
to the next step, which is to construct a
divide-by-N counter (where N is even)
with shortened cycles.

Table 3 shows what data must be loaded
into the counter and what the comparator
must detect in order to obtain the given
ratios. Even though five digits are required
to write 16, it is still possible to divide by
16, as a combination with four digits at
“0” is spare, i.e. the four zeros are not
used for any of the previous division ratios.
The following additional information can
also be obtained from Table 1. Firstly, the
load and detect data are always comple-
mentary so,

L+D=2%*~1=15 ¢h)

Secondly, if the input is even,

D-12=7 )
and if the input is odd,
D—(I+1)2=7. 3)

Figure 7 shows how this can be applied,
and the complete divider is shown in Fig.
8.

Again using Table 3 it is possible to
derive logic relationships between the
command inputs (I), and the load data,
and one can verify that, where ©= ex-
clusive OR,

L0=Io‘@ 11
Li=y+1n® 1,
Ly=(Iog+11+1)® I3
L3;=0

and, of course,
D=L ,
This method is the same as used in the first

example. To be continued
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Economical Z80 development

system

Software interface links Nascom and Softy

by G. Winstanley, B.Sc., and S. R. W. Grainger, B.Sc.

The successful design of
microprocessor-based equipment
requires a flexible development
system for preparing, debugging and
modifying software. This design uses
a software interface to combine a
Nascom microcomputer with a Softy
e.p.r.o.m. programmer/emulator, and
offers important facilities such as
object-code to tape, memory and full
assembled listing to printer, memory-
mapped output to a tv, and a range of
editing functions.

This interface enables Z80 machine-code
programmes to be developed on an ex-
panded Nascom microcomputer, via the
resident assembler, with the subsequent
object-code transferred to a device capable
of r.o.m. emulation and eventual program-
ming. The hardware comprises a Nascom
microcomputer connected to a standard
Softy which is used as an e.p.r.o.m. pro-
grammer and as an emulation device with
1K of memory. Some software has been
developed for the Softy which contains a
INS8060 microprocessor to enable data
transfer.

The Nascom assembler (Zeap II) is cap-
able of placing assembled object-code
directly in the locations specified by the
program origin statement, and is ideal for
programmes developed for the Nascom,
with error traps included to prevent
overwriting of valuable areas of memory.
However, if the system is to develop
r.o.m.-based programmes for use with a
separate unit, usually with an origin at
address OHH, two basic methods of as-
sembly and transferral are possible. The
first involves obtaining and transferring
each byte of data at the moment of assem-
bly, which has the advantage of immediate
transferral with no intermediate steps, but
has the disadvantage that any alterations
have to be made to the assembler program
itself. The method chosen for this de-
velopment system relies on a feature of the
assembler which allows object-code to be
placed in a different area of r.a.m. An area
of memory, 1000 Hex to 13FFH, is allo-
cated for dumping assembled object-code.
Only 1K bytes of memory are allowed be-
cause the Softy is limited by its user
r.a.m., but this is adequate for most as-
sembler programmes. The Softy is capable
of emulating 2K-byte e.p.r.0.ms, but in
such a case, 1K bytes must be resident in
e.p.r.o.m. When the data has been loaded
into the correct areas of memory at the end
of assembly, transferral from Nascom to

Softy can take place. ]
Provision has been made in the Softy
firmware for programmes to be run from
an e.p.r.o.m. placed in the programming
socket. Because Softy is an intelligent de-
vice, the microprocessor can be used to
accept data and place this in the user
r.a.m. Although the two ports possessed
by the Softy r.a.m. i/o are used for key-
board scanning functions, they are
brought out to an edge connector so one
port can be used for 8-bit parallel data
transferral, and the second can be used for
handshaking purposes. Data dumped into
the 1K block of Softy r.a.m. can be pro-
grammed into an e.p.r.o.m. using the
burn routine, or used for emulation., The
complete operation is controlled by the
Nascom system, with the Softy providing
handshake pulses. At the end of data trans-
ferral the Softy c.p.u. is reset by the Nas-
com and is ready for independent opera-
tion. Because the interface involves
asynchronous data flow, the system relies
on handshaking for successful transferral.
Necessary control lines include Data
ready, Byte transferred, and All data
processed. Nascom 1 has an uncommitted
programmable i/o device with two ports,
and in this system one is committed to the
output of each 8-bit data byte, while two
control lines are taken from spare bits of
otherwise committed i/o ports. This uses
the ports efficiently and allows port B of
the p.i.0. to be used for other purposes. A
block diagram of the interface is shown in
Fig. 1. Port 0 of the Nascom is assigned to
scan the keyboard and sense, with bit 7
input and bit 2 output uncommitted.
Although the Softy ports are committed
to scanning the keypad, they can be

Nascom 1

accessed in parallel with the keyboard
function. Port B is monitor programmed
and wired as an 8-bit input, and therefore
the logical choice for the 8-bit parallel in-
put. A few port A lines are used for in-
ternal system operation, but allow some
bits to be used for handshaking purposes.
As mentioned earlier, programmes can
be run from an e.p.r.o.m. in the program
socket, which allows the full 1K of user

r.a.m. to be accessed for storing external -

data. Thus, a transfer program can be pro-
grammed by the Softy into an e.p.r.o.m.
and the existing monitor used to initiate
this program. With the data handshaking
system between Nascom and Softy it is
necessary for the Nascom to reset Softy at
the end of the data transfer. Ideally the
Softy interrupt should be used to transfer
back to the monitor, but this is used for
video control functions. Because Softy and
Nascom are based on different micropro-
cessors with dissimilar clock frequencies
and instruction cycle times, reliable opera-
tion depends on handshaking to overcome
these problems and ensure efficient data
transfer. For this reason a twin software
system has been developed in which the
Softy is initialised and waits for a Go com-
mand from the computer. The data
downloading software is illustrated in Fig.
2. With Softy waiting in a continuous loop
for the start command, data transferral can
only be accomplished at a time determined
by the user via the Nascom and its transfer
program in e.p.r.o.m. After initialisation
of the memory pointer and byte counter,
the first byte of data is latched onto the
parallel output port (A of p.i.o.). This is
performed before the Data available com-
mand so that program timing differences

emulate

program

Softy

Fig. 1. Nascom-Softy interface.
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Set memory pointer
=1000H

]

Set byte counter
=1k

m

Lafch data byte
to p.i.o. port A

f

Qutput
data available pulse

Data
accepted ?

Increment memory pointer

!

Decrement byte count

All data
transferred?

Output data
transfer complete

f

Reset
output port 1 status

T

Jump to assembler
warm start

Fig. 2. Flowchart for the Nascom software.

between the two systems can be overcome,
1.e. data is available for transfer at the start
and during the handshaking pulse. After
data has been latched, the transfer com-
mand is given. A pulse of approximately
35us was chosen because Softy has a maxi-
mum response time of about 30us gov-
erned by Load and Store instructions. At
the trailing edge of this pulse the Nascom
waits in a loop for a signal indicating cor-
rect single-byte transferral and, in this
case, the computer is instructed to recog-
nise and wait for the leading and trailing
edge of a pulse. This software allows for
the slower operating speed of Softy and

_ensures that data is not latched and a
handshaking output not given during the
time taken by Softy to deliver its own
handshaking pulse.

After successfully completing each data-
byte move operation, the Nascom program
services its memory location and byte-
counter registers ready for the reset data-
byte transferral, and checks the status of
the latter for final block transfer comple-

Table 1. Nascom transfer program.

;3 %% NASCOM DATA TRAMSFEE PRCGRAMME *x%

2912

2220 ; :
24C8 D223 3238 WRMS EQU
24C8 1090 @040 LOCA EQU
24C8 3429 20s@ BTYE EQU

¢260 3
2802 2072 ORG

2380
2BO@ J3EOF 2092 STRR LD
2802 D326 2100 ouT
PBR4 210010 gi1e LD
2B27 218024 2129 LD
2B0A 1605 2132 DELL LD
#B2C 7E 2149 LD
2B2D D334 ¢lse ouT
Z2BOF 3EB4 2160 LD
8311 D3¢ 2170 ouT
2B13 13 2182 DCRR DEC
@Bl4 22Fp 2192 JR
#B14 E6FB 2222 AND
2B18 D322 2210 ouT
2Bl1A DB2¢ @22¢ TSTT N
281C CB7F . 2238 BIT
gBlE 28FA 3240 JR
2B2g 23 3250 INC
252! 2B 2260 DEC
gB22 79 Be27e " LD
PB23 A7 2240 AND
9B24 2204 2299 JR
2326 78 23282 LD
2327 A7 3310 AND
92328 23828 2329 R
2B2A DB2@ @332 ESTT 1
282C CB7F 2340 BIT
@E2= 28DA 2359 JR
2B30 18F8 2352 JR
2832 3z2¢ 2372 ENDI LD
@834 D322 238¢ ouT
2B36 JEFF 2390 LD
@B38 D324 240¢ CcuUT
2B3A C323C2 salg JP

tion. The result of this check directs the
program to another identical operation or
to the final part of the program. This is
important because datg is transferred from
the Nascom p.i.o. to port B on the Softy
and a physical connection therefore exists
between the two. Problems may arise be-
cause port B is also used for keyboard
entry and if any bits of the port are main-
tained at 0, the Softy keyboard is disabled.
Therefore, any device connected to the
Softy in this way must be either in a high

impedance state or at 1, For this reason the

final part of the Nascom program includes
a routine to set all bits of port A p.i.o. to 1
and a pulse is delivered to the Softy,
similar to the data-available signal, as a
reset command.

When used in conjunction with the Nas-
com Zeap assembler, the final instruction
of the transfer program is very important.
An unconditional jump to the Zeap start
location would require subsequent key-
board commands to reload buffers, set ob-
ject-code-to-r.a.m. option, and a r.a.m.
location origin command. However, a
warm start does exist (location D003 H)
and an unconditional jump to this location
on completion of data transfer ensures cor-
rect buffer and assembler option status. In

fact, transfer-program completion is indi-

cated by the unusual return to assembler

BU223H JZEAP vARM START
19¢eH 3START LACATION
SuaQCH JEYTE COUMT
2BOOH

A,2FH

(P8H)Y,A ;CONTROL PCRT PIC
HL LOCA $STABT LOCATIOYM
BEC BTVE JBYTE couUmT
D,25H JTIME CoMSTANT
A, (HL) SAET 1ST RYTE
(24i),A ;Z4=DATA PCRT FIC
ALB4H 3BIT 2

(02H) ,A 3POPT 2

o] SCELAY LOQP

MZ DCRR

¢FBH 3RESEZT PULSE
(ZQHY,A

A,C(22H:

7,4 3DATA ACCEPTED 2
zZ TSTT 3MO tL,WALT

HL JFOR MEXT BYTE
BC SBYTE COUNT

A,C

A 5CHECK FOR 3

t12 RSTT 3NOT FIMISHED
ALB

A SCHECK FOP 2

Z ENMDI SALL DOMELEND
AL (BDH)

7,A JTRAILING ZDAT 2
Z DELL JRESET DELAY
RSTT

A,224 ‘3BIT S

(23H),A

A,BFFH JALL BITS HIGH
(24H),A ;0N PIC

TEMS

readout, and at this point tull keyboard
control is available for assembler program
modification and eventual re-assembly.
The Nascom transfer program listing is
given in Table 1 and a flow diagram for the
Softy software is shown in Fig. 3. After
initialisation of the ports and memory
pointer, the program waits for the trailing
edge of a data transfer pulse. When this
pulse is received, data is transferred from
port B to the user r.a.m. starting at loca-

_tion 0COOH. After the data is stored, a

‘handshake pulse is returned to the Nascom
and the program returns to the data-trans-
fer wait loop for the Nascom generated
reset pulse. The speed of data transfer is
therefore optimised.

A complete listing of the Softy program
is given in Table 2. This is stored in a 2708
e.p.r.o.m. and is run from the program-

‘ming socket. The program relinquishes

control of the Softy after a reset pulse from
the Nascom at the end of the transfer or by
a manual pushbutton. It would have been
desirable to use the 8060 interrupt line for
this purpose, but it is already used in the
internal operation of Softy.

Although the programs have been de-
veloped for use in conjunction with the

-assembler mentioned, programs developed
in long-hand can be downloaded in the

same fashion and tested by running or
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Fig. 3. Flowchart for the Softy software.

single-stepping at the transfer location if
designed to be relocatable. This operation
is useful for debugging subroutines prior
to final downloading in an external system.
Both memory pointer and byte counter
could be made variable for programs
greater or smaller than 1K, and monitor
subroutines could prompt the user for an
input of the two variables. At present this
has not been included because, with the
options available on the assembler, object-
code can simply be dumped in the same
safe area of memory on every occasion.

the system under development has numer-
ical readout facilities. The prototype has a
3-channel, 4-digit display, and a subrou-
tine has been added to display the main
register set and contents of vital memory
locations, which are accessed by single-
stepping a dedicated hex keyboard. This
facility is useful if routines need to be
tested on the prototype without alternative
debugging facilities. The small subroutine
indicates the origin of the data and the
register or memory contents. Also, break
points can be included anywhere in the
assembly language program.

The transfer routine in Fig. 2 is com-
pletely relocatable and can therefore be
operated in any convenient area of memory

Define ports Table 2. Softy software, run from a 2708 in the programming socket.
2023 28 NOP
- 2¢eal C4 @7 L2I
set "leg‘groyop"'”fer 2003 36 XP2(H)
- 2024 C4 82 LDI
2026 32 B AP2(L) ;P2=2780
0327 Ca €9 LDI
2929 CA 22 ST JPORT B Q0UJTPUT
[ } 2908 Ca F32 LD!
Data ready 299D cCa 22 ST ;PORT A FUNCTION
pulse input? BCoF Ca acC LDI
2211 37 P3(H)
A col2 C4 29 LDI
yes 2214 33 XP3<(L) sP3=RAM CRIGIM
9215 c2 3 LD s LCCP
Transfer data from port B 2017 94 FC JP sUAIT FOR PULSE
2319 c2 23 LD
2213 9C FGC Juz ;LOCK FOR EDGE
281D c2 21 LD JINPUT DATA
. 221F CF o1 STe+1 ;STORE, INC. P32
Load into memory 2321 ca 14 gt
8223 CA 24 ST 30UTPUT 0.K.
gg2s 99 EE JMP ;JUMP TO LQOP
Ok
Increment memory pointer
i However, such an alteration may be useful as firmware. It can also be used in any Z80
in cases where software or firmware must based microcomputer, provided the port
Output data transfer pulse be copied from elsewhere in the address- locations are re-assigned accordingly. Data
able memory field. _ is presently downloaded via a Z80 p.i.o.,
J A breakpoint function can be added if and the early part of Table 1 is responsible

for its initialisation. A system using a con-
ventional input port for this function
would omit these instructions. :
The system, which has been used to
develop, document and debug a complex
instrument, can be expanded to include
automatic initialisation and bidirectional
data flow which is useful for data verifica-
tion. However, such modifications will
need extra handshaking lines. The Nas-
com monitor subroutines can be used for
prompts and indication of correct opera-
tion. The Softy routine is completely func-
tional and there is little to be gained by
modifying it, but the host computer trans-
fer routines could become an integral con-
ditional output of the resident assembler.
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Designing with microprocessors

12 — Hardware for direct memory access systems

by D. Zissos assisted by Glen Stone
Department of Computer Science, University of Calgary, Canada

Direct memory access (d.m.a.)
systems allow data to be transferred
directly between a peripheral and the
main memory in microprocessor-
based systems. An outline of this
technique was given in the
September 1981 issue and the
authors now go on to look at the basic
hardware components of d.m.a.
systems, describing their function and
operation.

Direct memory access systems, as test-
and-skip and interrupt systems, can be
implemented using either programmable
chips or dedicated logic. Although our de-
sign procedures accommodate both, we
shall concentrate on systems using dedi-
cated logic. The reason for this is that such
systems are more easily understood and
simpler to implement. Using programma-
ble chips is simply the next step.

In the previous article, in the September
1981 - issue, we explained the d.m.a.
concept and described the basic d.m.a.
configuration and its step-by-step opera-
tion. For ease of reference we reproduce
the (simplified) block diagram of the
d.m.a. configuration in Fig. 1. Briefly, its
operation is as follows. When the d.m.a.
controller has been initialized by the pro-
grammer, it turns signal E on, which en-
ables the peripheral interface. When
enabled, the peripheral interface requests
the microprocessor to go on hold,
whenever it recognizes that the peripheral
is ready to communicate with the memory.
When the microprocessor goes on hold, it
pulls line HLDA high. Signal HLDA goes
low when the microprocessor comes out of
the HOLD state. That is, in the case of
cycle-steal systems, the HLDA line is
pulsed during each cycle steal. These
pulses are used to decrement the word
count (n := n — 1). When n = 0, indicat-
ing that the last byte has been transferred,
the d.m.a. controller de-activates the peri-
pheral interface and generates the end-of-
transfor signal, €.

A more detailed block diagram showing
the main hardware components of a d.m.a.
system is shown in Fig. 2. They are
1. An address decoder,

2. A d.m.a. controller,

3. Cycle steal logic, and

4. Aninterface, as shown in Fig. 2.

A detailed descnpnon of each of the four
components is given next.

The address decoder is a standard i.c.
chip, which in conjunction with signal
OUT, allows the programmer to send to
the d.m.a. controller the starting address,
the block length, the direction of transfer
and the ‘go’ command. As we have already

explained, the OUT and address signals
are generated during the execution of /o
instructions. From this point of view, the
d.m.a. controller appears to the micropro-
cessor as a peripheral that can be accessed
with i/o instructions.

The d.m.a. controller consists of two
counters connected in cascade, two flip-
flops and a few gates, as shown in Fig. 3.

The initializing information, comprising

the initial address, the block length, the
direction of transfer and the ‘go’ com-
mand, is loaded in the following manner.
The programmer moves into the accu-
mulator the initial memory address and
executes an i/o out instructions with
address Ap. This generates an i/o pulse on
the OUT terminal in Fig. 3, which is

routed by address signal A, to the parallcl-
load line of the two counters This trans-
fers the contents of the accumulator
(starting address) into the first counter. At
the same time, because the two counters
are connected in cascade, the contents of
the first counter are pushed into the
second counter. The programmer then
moves into the accumulator the block
length and executes the same i/o instruc-
tion. This causes the initial address (stored
in the first counter) to be pushed into the
second counter, and the value of the block
length (held in the accumulator) to be
loaded into the first counter. Next the
programmer executes another i/o instruc-
tion with address A, if data is to be read
from memory, and Wlth address A, if data

TR
Starting address
Block length

Memory

Peripheral

Direction of transfer
Go command

w2

! , ‘

1 ’ i

Microprocessor with cycle -steal togic

€ E .
d.m.a. controller -1 * Peripheral inferface
[ 1
! “HOLD
» HLDA
Fig. 1. Simplified form of a d.m.a. system.
h
» a
P
h )
‘ }
(=
£ | Address \
=3 decoder
E‘ S Memory Peripheral
£ 8 ce R W
=]
3 < 2 1 | B
E 1 I -{ .g g v w 2
o — . A ,A S b E g 28
2 P t j< Eo 2o
& { * * wJown v(/) w
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S t E
5 € d.m.a. tontroller |  Interface
g -
< — —
4 EN ¥
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Cycle- 5 ér S5
HLDA steal |ee— =2 ¢
- logic -h
3 ) 3

Clock

Fig. 2. Block diagram of a d.m.a. system.
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~—> g

3. Logicofa

d.m.a. controller.

is to be written into memory. Fig. 3 shows
that in the first case FF1, the read/write
flip-flop, is set, whereas in the second case
it is reset. The ‘go’ command, which also
takes the form of an i/o instruction, with
address A, in our case, sets FF2, the en-
able/disable flip-flop. Its output E, when
equal to 1, activates the peripheral in-
terface, and when equal to 0 deactivates it,
The flip-flop is reset with an i/o instruction
and address A.. At this point the reader
should recall that all interfaces in a system
must be provided with an enable/disable
flip-flop, to allow the user to isolate indi-
vidual system components by resetting the
flip-flop for such purposes as maintenance,
trouble shooting, dynamic responses and
SO0 on.

End-of-transfer signal € is generated by
ANDing enable signal E with the output of
the NOR gate, e, which goes high (e := 1)
when the word count becomes zero; that is
immediately the last piece of information
has been transferred in or out of memory.
Signal E is software-cleared by executing
an /o instruction with address A,, which
resets FF2.

Cycle-steal logic. As we have already ex-
plained, each time the main memory in a
microprocessor-based system is to be
accessed, the HOLD signal in Fig. 2 must

A .
Fig. 4(a). Block diagram of the cycle-steal

0or1

/

logic. (b) Relative timing of cycle-steal

1

g ‘ S 1 L |
= Load ¥ Load
b a 14 v R 1-4)J E
w - b
3 o g i (read) {enable)
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2 - 1 ™2
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£ 04K R 0K E
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Fig. 5(a). State diagram of the cycle-steal

logic in Fig. 4(a). (b) Circuit implementation

signals. . of the cycle-steal logic.
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be pulled and maintained high until direct
access to the memory is no longer re-
quired. In the case of cycle stealing, direct
access to the memory is required for one
memory cycle, which is the time needed
for an item of information to be read from.
it or written into it. For this purpose we
need a logic circuit that will generate a

HOLD signal, when access is memory is.

required, and terminate it when the
microprocessor has been held off for one
memory cycle.

In our case, cycle-stealing will be ini-
 tiated by pulling line ¢ in Fig. 2 high.
. When the microprocessor chip goes on
hold, our cycle-steal logic generates two
signals, h and k. Signal h indicates to the.
rest of the system that the microprocessor
has gone on hold for one memory cycle,
and signal k is a pulse to be used by the.
d.m.a. controller during the memory cycle
for reading or writing a byte into the’
memory chip. The block diagram of the
cycle-steal logic is shown in Fig. 4(a) and
the timing of its signals in Fig. 4(b). The
relative timing of cycle-stealing signals has
been defined arbitrarily, although not un-
realistically, and can be easily modified to

meet specific restrictions, such as setup
and hold times.

The design and implementation of
cycle-steal logic is straightforward, as we
shall illustrate by means of the following
problem.

Prohlem

Design and implement the cycle-steal
logic, whose block diagram is shown in
Fig. 4(a). The timing of the cycle-steal
signals in relation to the system clock is
shown in Fig. 4(b).

Solution

Step 1: external (/o) characteristics. As
defined.

Step 2: internal characteristics. A suit-
able internal state diagram is shown in Fig.
5(a). Its operation is self explanatory.

Step 3: state reduction. Omitted for clarity

-of design. The 2® rule, explained on page

11 of ‘Problems and Solutions in I.ogic
Design’ by D. Zissos (Oxford University
Press, 2nd edition 1979) in our case is met.
Step 4: circuit implementation, By direct
reference to our state diagram, we obtain

Sa=S1
= AB therefore J4 = B
Ra = S3‘HLDA'c
= A‘B-HLDA-¢, thereforeK, =
CLRj = System reset B-HLDA¢
Sy = SO-HLDA '
= A'B'HLDA therefore Jg =
Rg = S2 A'HLDA
" =AB therefore Kg = A
CLR;, = System reset
HOLD= S0-C + Sl
= ABc+AB
=Ac+ AB
h=81+82¢ _
=AB+ AB¢
=AB+ B¢
K =8l¢
= AB'¢

The equivalent circuit is shown in Fig.
5(b).

The next article in the series will deal with
d.m.a. interfaces

Data recording on cassette

Continued from page 52

sive-OR gate IC4,) with a delayed version
of itself, to produce a narrown pulse. This
pulse is used to reset counter ICs.

The clock requency for ICs is provided
by phase-locked-loop IC; and divider ICg.
The count between resets should be 16 for
a data 1 and 32 for data 0. IC3() output
goes low after count 24, the threshold
count midway between the two extremes.
Flip flops ICeq) and ICqs,), together with
exclusive-OR gate IC4yp), provide a
symmetrical data stream. Variable resis-
tors at pins 11 and 12 of IC; are used to

give a phase-locked-loop range of approxi-

mately 120 kHz to 180 kHz. The 4.8 kHz
output at QS of ICg is locked to the 4.8
kHz output at Q4 of ICs. The output fre-
quency of the phase-locked loop, given
accurate tape speed, will be 153.6 kHz,
which is twice the frequency it needs to be
for 2400 baud operation. It has been made
deliberately so to give the option of
recording at 4800 baud on suitable re-
corders with the minimum amount of cit-
cuit change.

A 16 times data rate clock is provided at
Q2 of ICg. Decoder waveforms are shown
in Fig. 8.

Testing B
The data-recording technique described
was tested with a varied selection of audio
cassette recorders and tapes over a period

of four months. Since then it has been used
continuously during the development of
Radiotext. During testing, the normal
precautions that would be taken in any
magnetic recording procedure were ob-
served. In particular the recorders were
regularly cleaned and care was taken to
avoid damage to the surface of the tape.
No attempt was made to correct for head
misalignment in any of the recorders.
Testing involved the recording of
various pseudo-random sequences with
continuous automatic error checking on
playback. Additionally use was made of a
microcomputer memory verify routine to
compare sample blocks of data recorded
onto tape with those decoded on playback.
With good quality tape this method of
recording performed particularly well with
wide margin for error indicated by the
“eye diagram’’ of the decoder signal. From
a total of 250 test recordings, only two
error bursts were detected, both with
samples of a very low cost tape and both
due to clearly visible tape defects. The
decoder proved insensitive to volume
control settings, to the use of automatic
record level control and to variations in
tape speed.
" Use of the circuit described has shown
that reliable data recording can be achieved
usifig audio cassette. The requirements of
the Radiotext project are satisfied in that it
should be possible to record at a data rate
of 2400 baud with any low-cost cassetté

recorder. With minor circuit modification
a data rate of 4800 baud can be provided. |
Performance at this data rate is reliable in
all but the most basic recorders.
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Digital, multi-track tape recorder

Digital circuitry for playback

by A. J. Ewins, B.Tech., Research Department, London Transport

The overall design philosophy of the
recorder and a detailed description of
the digital recording circuitry were
presented in previous parts of the
article, which continues with a
detailed description of the digital
playback circuitry.

A block diagram of the playback interface
(the peak-detector), Miller decoder and
- associated differentiator and resettable os-
- cillator were shown in Fig. 7 (Nov. 1981).
Due to the frequency response characteris-
tics of the cassette tape-recorder, the

Output from tape recorder

8-4V
Positive peak detector
output
oV L

. recorded Miller-coded data stream looks
like a series of positive and negative peaks,
which are associated with the original posi-
tive and negative transitions of the Miller-
coded date stream: a typical playback
waveform is illustrated in Fig. 24.

The usual way of detecting such peaks is
“to differentiate the waveform and then de-
tect the resulting zero-crossing points. A
differentiator and zero-crossing detector
were originally designed and constructed,
but were found to be unsatisfactory, due to
the fact that the distorted playback signal
contained the occasional subsidiary peak

8-4v w»
Negative peak detecior
out put
ov
15v r
Transistor collector
output
ov L]

I

Qutput from +2

—

Fig. 24. Operation of the peak detector, designed to avoid the effect of spurious

transitions.

L
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220n
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10n
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To Miller
decoder

BC557

0ALS

0ALS

%WS

Gnd.

Fig. 25. Circuit of Evans peak detector, which interfaces tape recorder to Miller decoder.

not associated with the original recorded
positive and negative transitions. An alter-
native peak detector was sought, and even-
tually one designed by Brian Evans! was
modified and found to be highly satis-
factory. Figure 25 shows the resulting cir-
cuit in detail. To understand the operation
of the circuit readers are invited to read
Evans’ article as it is not proposed to enter
a detailed description here. However, a
number of the waveforms present in the
circuit of Fig. 25 are shown in Fig. 24. The
re-shaped, Miller-encoded data is taken
from the divide-by-2 counter to the Miller
decoder circuit, shown in Fig. 26, with the
relevant timing diagram in Fig. 27.

The information contained in the Mil-
ler-encoded data is carried solely in the
timing intervals between transitions, the
direction of a transition being irrelevant.
At the input of the decoder circuit,
therefore, is a differentiator circuit consist-
ing of a buffer, a capacitor and a 2-input
Ex-Or gate. A short-duration, positive
pulse is present at the Ex-Or output for
every signal transition of the Miller-en-
coded data, and is used to reset an oscilla-
tor running at four times the required
tape-clock frequency. It is essential that
the recovered tape-clock, RTC, reflects
the wow and flutter content of the timing
information contained in the Miller en-
coded data: continually resetting the oscil-
lator allows this to happen, retarding it or
advancing it in keeping with the timing
errors. A maximum timing error of up to
plus or minus one quarter of a RTC cycle
may occur before any error is produced in
the decoding process. The output from the
resettable oscillator is divided by four by a
pair of divide-by-2 counters; ‘A’ and ‘B’,
the output from ‘B’ being the recovered
tape-clock, RTC and RTC, correctly
phased by the output from the phase de-

tector.

The phase detector detects the timing
interval in the Miller-encoded data stream
produced by a 1, 0, 1 sequence in the NRZ
data: it is reset by the output from the
differentiator and counts the number of
cycles clocked by the resettable oscillator.
A count of 8 is the error-free timing period
between transitions in the Miller-encoded
data of a 1, 0, 1 sequence: a count of 6
would occur for the next smallest timing
period (produced by a 1, 0, 0 or 0, 0, 1
sequence). Thus, if a count of 7 is reached
(at which point the phase-detector counter
disables itself), the timing interval must be
that produced by the 1, 0, 1 data sequence.
(An output from the phase-detector is also
produced by the artificially long interval
created by the 1, 0, 0, 1 sequence of the
sync. word. This does not, however,
produce any error in the phase detection
process.) The logic 1 present at the output
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from the phase-detector on receipt of the
next pulse from the differentiator is used
to set the B flip-flop to its correct phase,
via the logic sequence of flip-flops D and
E.

In a similar manner, the sync. detector
detects the artificially long interval created
by the 1, 0, 0, 1 sequence in the sync.
word. A count of 12 is the error-free
timing period between transitions in the
Miller-encoded data of this sequence.
Thus, when the sync. detector courter
reaches a count of 9 (at which point it too
disables itself), the interval detected must
be that produced by the 1, 0, 0, 1 sequence
of the sync. word. The resulting output
pulse from the sync. detector is used to
verify the occurrence of the sync. word
and is passed to the control circuitry of
Fig. 30.

Operation of the rest of the circuit of
Fig. 26 is best understood by referring to
the logic sequences illustrated in Fig. 27.
The Q output from the C flip-flop has the
same frequency as RTC, but leads it in
phase by 90°, i.e. a quarter of a RTC cycle.
This output is Anded with the output from
the differentiator, via the 2-input diode
And gate, to set the F flip-flop to a logical
1 every time the output from the differen-
tiator is associated with the coding of a 1
bit cell. In the absence of a set pulse the F
flip-flop output is clocked to 0, indicating
a 0 in the decoded data stream. Flip-flop F
output is thus that of the decoded NRZ
data stream.

The logic sequence of pulses illustrated
in Fig. 27 is drawn assuming no timing
errors in the Miller-encoded data. Fig. 28
illustrates the effect of early and late
timing pulses on the decoding process. It
shows why the maximum timing error that
can be tolerated is just less than a quarter
of a RTC cycle.

The resettable oscillator of the circuit of
Fig. 26 is shown in detail in Fig. 29, and
consists of a crystal-controlled oscillator,
running free at a frequency of 3.2768
MHz, followed by a divide-by-36 counter.
Its output is a frequency of precisely four
times the desired RTC; i.e. 91022.2 Hz.
The divide-by-36 counter is made up of
two divide-by-9 counters, which operate
alternately, followed by a divide-by-4
counter: the reason for using two divide-
by-9 counters is because the duration of
the . short positive pulse produced by the
differentiator (used to reset the oscillator)
is considerably longer than one cycle of the
3.2768MHz oscillator. It is, however,
shorter than nine such cycles. The output
pulses from the differentiator thus reset
the divide-by-4 counter but alternately
start and stop, via the divide-by-2 flip-
flop, the two divide-by-9 counters. No
timing errors due to the finite duration of
the differentiator pulses are therefore pro-
duced. However, since no attempt is made
to reset the actual 3.2768 MHz oscillator, a
maximum timing error of one cycle of the
oscillator is possible. This error is 1/36 of a
quarter of an RTC cycle and thus reduces

- by a very small amount the tolerance of the
system to accommodate wow and flutter.
All the components of the peak detector
circuit and the Miller decoder and clock

recovery circuit are constructed on one
circuit board*.

Storage hufters and control

The next block diagram of the digital
playback electronics to be described in
detail is that of Fig. 8 in the November
issue. Figures 30, 31, 32 and 33 show the
circuit, which consists of four temporary
storage buffers, an 8-bit shift-register and
associated control circuitry, which remove
the sync. word from the data stream and
remove the wow and flutter. Inputs to this
circuitry are the recovered tape-clock,
RTC and RTC, the sync. pulse, the data-
clock, DC and DC; from the recording

*Suggested strip-board layouts will be made available
when the series finishes.
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stages of the digital electronics, and the
decoded serial data stream containing wow
and flutter. Outputs are produced that
control the subsequent demultiplexing of
the serial data and its reconversion from
digital to analogue data. The control cir-
cuitry shown in Fig. 30 produces the cor-
rect sequencing of the filling and emptying
of the four storage buffers in Fig. 33. De-
coded NRZ serial data passes first of all
through the 8-bit shift register with 8-bit
parallel outputs. When the 8-bit sync.
word is present in the shift-register the 1s
comparator and the Os comparator both
produce logic 1s at their outputs. Because
it is possible for the 8-bit sync. word to be
present elsewhere in the data stream, the
sync. pulse from the decoder circuitry is
used to verify the position of the true sync.
word. However, the sync. pulse is not

Miller coded data

RTEC
Recovered tape clock
RTC
+V
oK
ok
3 33k
y'y
¢ SEGQ Degoded
Phase det. el b serial data

Sync pulse

Fig. 26. Miller decoder and circuit for recovery of 'tape clock’.

NRZdata [ 1 Lo [ 1 |0 |

Lot o 1 71 0+ 0.4 0

LS 1 Y I S Iy

Miller coded data | | |

Differentiator ofp __|| 1

r —r L
I I

Resettatie oscitator  [TTLULILIUAMUUTUUUUAAUIIIUUUARARUARRAY

rapet  [UUUUUUUUUUUUUUUUUUUUUUU
Phase detector o/p N N J__—‘
Sync detector o/p ﬂ

E output r—] [_-l J———j

D output . M 1 [

B output

recovees oy L LJ ¢ LI LML LML L L e

Tt LML LML L L
F set ilp “ Il ﬂ
F output o [T Lo o T 7 0+ 0 3

{Decoded Miller data) 1

Fig. 27. Operational sequence of Miller decoder and clock recovery circuit.
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produced at precisely the right time, and
for this reason the two D-type flip-flops,
D3 and D4, are included, to delay the
sync. pulse- to coincide with the instant
that the sync. word is detected. The Q
output from the D3 flip-flgp is the cor-
rectly delayed sync. pulse.Thus, at the
instant that the sync. word is detected,
three logic 1s are simultaneously produced
which are Anded, together with RTC, by a
four-input And gate. The resulting output
pulse from the And gate resets the divide-
by-80 counter and thus synchronizes the
sequence of filling and emptying the sto-
rage buffers. Figure 34 shows the logic
sequence of pulses produced by the 0 and 1
comparators, the flip-flops D3 and D4 and
the output from the four-input And gate,
during the detection of a sync. word.

The filling and emptying sequence of
the four 72-stage temporary storage buf-
fers is initially set by a logic 1 pulse on the
SET input to the control circuitry. Via a
D-type flip-flop, D1, this resets a divide-
by-4 counter, A, to its initial state. It also
sets another divide-by-4 counter, B, via D-
type flip-flop D2 to its initial state. Both
divide-by-4 counters, A and B, produce
four sequential output pulses which
operate gates controlling the flow of data
into and out of the four storage buffers and
also the clocks used to shift the data. At
the instant of a SET pulse then, a logic 1 is
produced at the 1 output of the A divide-
by-4 counter, Al. A logic 1 is also pro-
duced at the 1 output of the B divide-by-4
counter B1. This output is Anded with the
Q output of D2 and, since this is initially
logic 0, no control pulse is output from the
And gate, 5. Thus B*1 must be at the logic
0 level. Due to the presence of a logic 1 at
the Q output of D2, the divide-by-72
counter is also inhibited from counting.
With Al at the logic 1 level and B*1 at the
logic 0 level the serial data will be clocked
into the first storage buffer under the
control of RTC. These conditions will re-
main so long as the SET input stays at the
logic 1 level. Once the SET input returns
to logic O the control circuitry becomes
receptive to the RESET pulses produced
by the detection of a sync. word.

Upon receipt of the first RESET pulse
after the release of the SET input, D1 is
clocked and its outputs reverse, releasing
the A divide-by-4 counter from its reset
state and also D2. The Al output remains
at the logic 1 level, however, and the con-
ditions of the divide-by-72 counter and the
B divide-by-4 counter remain the same. A
frame of serial data, led by the 8-bit sync.
word, is thus clocked into the first storage
buffer under the control of RTC. At the
end of eighty RTC pulses the 8-bit sync.
word will have passed right through the
72-stage buffer and it will contain only one
frame of data, i.e. 6 X 12-bit data words.
On the eightieth RTC clock pulse, the
divide-by-80 counter clocks the A divide-
by-4 counter to produce a logic 1 at its A2
output. A further RESET pulse, produced
by the detection of the next sync. word
serves only to synchronise the divide-by-80
counter, coinciding precisely with the
eightieth RTC pulse.

With A2 now at logic 1 and all B*n
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Fig. 29. Resettable oscillator of Fig. 26.
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outputs still at logic 0, temporary storage

buffer number 2 is now filled with serial
-data under the control of RTC. At the end
of eighty RTC pulses this buffer is also full
of data, the 8-bit syn¢. word having passed
right through. The eightieth RTC pulse in
'this sequence clocks the A divide-by-4
counter to produce a logic 1 on its A3
output. Filling of the third storage buffer

1 .under the control of RTC thus begins.

‘However, as A3 goes to the logic 1 level it

clocks D2 so that its outputs change state.

This releases the divide-by-72 counter, the

B divide-by-4 counter and produces a logic.

.1 and at the output of AndS. B*1 thus be-
comes logic 1, allowing the data held in the

first storage buffer to be emptied under the.
control of DC. Thus as buffer number 3 in.

being filled with data under the control of

RTC, buffer number 1 is being emptied:

under the control of DC. The preceding
sequence of events creates a time dif-

ference of 160 RTC pulses (or 144 DC

pulses) between the filling and emptying of

the storage buffers. This time difference is.
more than enough to ‘mop-up’ the wow'

. and flutter content in the incoming data.

The long term stability of RTC, and the,

speed of the incoming data, are synchro-
nized to DC by means of a phase-locked

loop in the speed control of the tape-re-.

corder.

With this synchromzanon between RTC
and DC, and the filling and- emptying
processes of the storage buffers initiated
two buffers apart, it is most unlikely for an
attempt to be made to empty a buffer

whilst it is still being filled. However, to

ensure that this does not happen the com--
bination of two-input And gates, numbers.

1 to 4, and the two-input Ex-Or gates,
numbers 1 to 4, were included. With the
combination of Ands and Ex-Ors as shown
it is.impossible for B*n to be at the logic 1
level at the same time as An; the output'An
being given precedence over B*n. It is,
however, possible for An and Bn to be at
the logic 1 level simultaneously and should
this occur a logic 1 is output from the n
And gate. Via the four-input Nor gate,
such an output produces a logic 1 at the
‘output of the two-input Nand gate, 1. This
logic 1 output is diode-Ored with the SET
input to produce the equivalent of a SET
pulse on the input to D1. This automat-
ically resets the filling and emptying
process of the four storage buffers two
buffers apart. It does, of course, produce
-an ‘error’ in the output data. This process
will not normally occur in practice,
however, unless the lock of ,the phase-
locked loop of the speed control circuit is
disturbed. Having produced a logic 1 at
the output of Nand 1, the ‘toggle’ action of
Nands 1 and 2 are automatically reset by
-the first RTC pulse to be received by D-
type flip-flop D5.

The output (DC)/72 from the divide-by-
72 counter is used as a reset pulse in the
final block circuit of the demultiplexer and

-!d-to-a converter, to indicate the position of

‘the beginning of a data frame. The
LATCH pulse as produced is used in the

“demultiplexer to identify the presence ofa

complete data word for demultiplexing.
A and B divide-by-four counters, used

,in the control circuit of Fig. 30, are con-

structed from quad, D-type, flip-flop i.cs,
type HEF40175, as shown in detail in Fig.
31. The divide-by-6 counters, used in the
divide-by-72 counter, use i.c. types 4018,

.interconnected as shown in Fig. 32. All the

electronics of the control circuitry shown
in Fig. 30 are constructed on board 5.
Figure 33 is the circuit diagram of one of .
the four temporary, 72-stage, storage buf-
fers. All four storage buffers are con-
structed on one circuit board, board 6.
The 72-stage buffers are made from an 8-
bit shift-register, i.c. type 4014, and a 64-
bit shift-register, i.c. type 4031, in the
same way as for the 72-stage buffers of the’
digital ‘recording’ electronics. The four

‘gates of each buffer are contained in quad

switch i.cs, type 4016 or 4066. NRZ serial
data is input to the gates of all four buffers
in parallel: similarly, the NRZ serial data
output from the gates of all four buffers are
connected in parallel. Because there will be
times when the data input to a buffer
would be left floating it is grounded via a
resistor of value between 18k} and
100kQ). For the same reason the clock
inputs are grounded via a similar valued
resistor.

Reference

B. T. Evans. Digital data recording
without f.s.k. Wireless World, Aprll
1979.

To be continued

Opto-electronic contact hreaker —

Inthe April 1981 issue, a replacement ;
for the conventional contact breaker -
was described. The following notes
have been inspired by a number of
enquiries which have been received,
and are intended to any other would
be constructors.

There have been several enquiries about
the source of the specified opto-electronic
components (TIL 31 and TIL 81). These
are available from most Texas Instruments
distributors: the author obtained parts for
the prototype from Quarndon Electronics
of Derby. According to the TI cross-refer-
ence guide, the following alternative parts
are close equivalents.

TI ~ AEG Telefunken - Siemens
TIL 81 BPW 14 BPY 62
TIL 31 CQY 35. CQY 77

These devices have lens ends to accurately
define the beam. Cheaper epoxy types are
not acceptable.

Several readers have queried the choice

of the 5401 chip, and asked whether the

7401 is suitable. The 54 series device is
specified to operate from —55°C to
+125°C, whereas the 74 series device is

only rated from 0°C to 70°C, and cannot be
recommended in this application.
"SN5401] is in a ceramic package and is
preferable to the SN5401N, which is en-
capsulated in plastic.

Some constructors have attempted to

retain the existing points as well as fitting’

the opto-electronic breaker. This cannot
be recommended for the following
reasons: —

@ Conventional points introduce timing.

scatter by the intermittent nature of the
load which they apply to the distributor
shaft. The retention of points degrades the
scatter performance of the optoelectronic
system to that of points.

@ The optoelectronic breaker is de51gned
for indefinite life, so the back-up of points

is superfluous, and they would be

mechamcally worn out quite soon, negat-
ing the maintenance free concept of the
unit.

Many add-on electronic ignition

systems, both ready-made and in kit form,

suggest that the points capacitor is re-
tained. The main reason is that reversion
to conventional ignition is made easier by
the retention of the capacitor. When using
the optoelectronic breaker, it is not pos-
sible o revert to conventional ignition, so

since it serves only to degrade the risetime
of the output signal.

The prototype was designed for high
reliability, in that all components are'gen-
erously de-rated. To minimize dissipation’
in the regulator zener diode, Ry is specified
as 1k. With this value, there is a possibility
of insufficient base current to cater for a
low-gain MJE 340 in the series regulator
when the supply is down to 7 volts. This is
only likely with a large engine at very low
temperatures, when the load in the battery
due to the starter motor is considerable.
The value of R; can be reduced to 33002,
but this requires the substitution of a
BZX85C5V6 1.3 W zener in order to have
adequate derated dissipation. The author,
has not seen a problem with the original
published values, but this information is
supplied to pre-empt any problem in ex-
treme circumstances.

Finally, a word about reliability. The
prototype has been in use for six years now
without a failure. The vehicle to which it is
fitted is regularly taken abroad, and was
once driven virtually non-stop from Read-

ing to Geneva with a team of three drivers.

Provided that the specified components
are used, this degree of reliability can be
expected from other examples of the de-
sign.

the points capacitor should be removed,
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News of the Mon

Digital sound mixer

A significant advance in sound reproduction
was made when digital equipment was intro-
duced into the recording/reproducing chain.
Further advances are still being made as the
chain lengthens. The Compact Disc, developed
by Philips, seems to have won the race of being
established as the world standard digital audio
disc, although some other companies are still
running as rival contenders. Digital discs com-
plete the chain from microphone to loudspeaker
so that sound waves, converted into digits at the
input end, suffer no degradation (assuming an
adequate digital system) before being recon-
verted into sound waves at the output end. The
middle part of the chain is no longer processing
analogues of the sound patterns, but is dealing
with digits. Computers rather than amplifiers
predominate.

Neve Electronic International, in close collab-
oration with the BBC, have produced a Digital
Signal Processor (DSP). A prototype is un-
dergoing assessment tests at Broadcasting
House and when the first production version of
the processor is delivered to the BBC in
Autumn, it is believed that it will be the world’s
first .comprehensive all-digital sound mixing
desk to enter operational service in broad-
casting.

The 48-channel mixing desk can perform all
the normal processes such as fading, mixing,
filtering and compression. In addition it can
provide time delays in every channel and control
comprehensive signal routing.

The channel processor design is based upon
COPAS, the computer for processing audio sig-
nals, developed by the BBC’s research depart-
ment. Conventional microprocessors and mini-
computers are too slow for audio signals and a
‘bif-slice’ technique has been employed in CO-
PAS to overcome the problem. COPAS also
uses other techniques to maximize its operating
speed. Multiplication is done outside the
microprocessor in a single-chip multiplier that
operates 16 times faster than the multiplying
function of the microprocessor itself. Another
important technique is known as ‘pipe-lining’.
This makes it possible to put the next micro-’
instruction into the ‘pipe-line’ while the first is
being executed, and this almost halves the cycle
time. Together, these techniques produce a
machine in which 16 different ‘activities’ can be
programmed into each 56-bit micro-instruction,
which can be executed in 140 nanoseconds.

The production version of the DSP will be
installed in a BBC digitally equipped radio
outside broadcast vehicle to be used on a variety
of programme applications. The vehicle will
also contain two fixed-head digital tape
machines and will have provision for a multi-
track machine.

Neve still have faith in the continuation of the
demand for analogue studio equipment and at
the same time that they announced the digital
console, they also launched three new series of
-analogue consoles.

The 51 series of broadcasting production
consoles, which are constructed from a number
of modules, are the result of the ingenious appli-
cation of appropriate op-amps and interconnec-
tion techniques to give a family of versatile flex-
ible building blocks. The range includes the

5104, a four-bus, two-output mixer from 12 to
48 inputs with a choice of facilities. The 5116
adds the facility of 24 track metering an moni-
toring with comprehensive over-dub facilities.
It offers comprehensive multi-track capabilities
more easily adaptable to the layout of radio and
television studios.

The 4322 on-air consoles have been designed
specifically for ‘live’ broadcasts, continuity and
disc jockeys etc. as may be found for instance in
local radio. It is intended to cater for a wide
diversity of operational requirements with a
minimum of exposed controls. This has been

achieved with a number of pre-set links and
switches which may be configured to adapt the
console to individual users.

Finally the 8128 multi-track music recording
console is a range of mixer desks for the
recording industry. It has evolved from the
.commercially successful 8108 range and incor-
porates Neve’s Formant Spectrum Equalisa-
tion, the name they ‘use to describe - their
equalizer charactistic. They pay particular at-
tention to subjective listening tests and claim
that their consoles are the most ‘musical’ ones
available.

Digital telecommunications by X-Stream

Following on from the development of System
X telephone exchanges, British Telecom are to
launch digital communications services. The
new services are to be marketed under the gen-
eral title ‘X-Stream’ and have been made
possible through the spread of digital transmis-
sion through improved cablés, microwave and
optical fibre networks. The services are known
as Megastream, Kilostream, Switchstream and
Satstream. The first to be offered is Megastream
which transmits at 2 or 8 Mbit/s. A basic form of
Megastream is already working on a special
London overlay network which started in Sep-
tember 1981 as a private circuit for Chase Man-
hatten Bank. The overlay uses 2Mbit/s links
capable of carrying 30 telephone conversations
simultaneously. About 30 orders for similar ser-
vices are already being processed by BT.

By the end of 1982 the Kilostream service will
be in operation, offering digital services at 2.4,

4.8, 9.6, 48 and 64 Kbit/s on a special private
circuit network. The network will interlink the
London overlay — covering 45 exchanges in the
capital — with 30 towns and cities in the rest of
Britain. It will be extended to cover nearly 200
business centres by 1985. i

Switchstream will combine digital transmis-
sion links with the System X digital telephone
exchanges to create an integrated services digital
network. A pilot scheme with capacity for about
250 businesses will be based on the large local
System X exchange installed in Baynard House,
in the City of London.

Telecom will be starting a fourth digital ser-
vice at about the same time that Switchstream
commences, towards the end of 1983. This will
use small-dish terminals beamed to the
European communications satellite. Called Sat-
stream, this service is intended for private busi-
ness communications across Europe.
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Education and industry

The Department of Industry has announced
that they are ready to receive entries for the
Young Engineer for Britain 1982 competition.
Boys and girls between the ages of 14 and 19 are
eligible, whether they’re at school, college, uni-
versity, or working in industry. Entrants are
required to produce a project which could be of
a mechanical, electronic or chemical nature. It
should aim to improve industrial production or
an existing process, have commercial potential,
Save waste Or CONserve energy, or meet a social
or domestic need. The project can be as simple
or as complex as the competitor chooses. Entries
‘are divided into age classes: 14-15; 16-17 and

18-19 years with a separate class for entries from
industry. Entrants can be individuals or groups
of up to four. The closing date for entries is
March 31. You may remember our report in
December 1981 of the three young men who
won a prize for their computer design.

- Patrick Jenkin, the Secretary of State for In-
dustry, has announced an award scheme for
stimulating improvement in the competitive
performance of British industry and commerce

Digital tv
standards
converter

Following closely on the establishment of inter-
national standards for digital television signals
the BBC have announced the development of a
digital SECAM to PAL transcoder using the
CCIR recommended digital sampling standard
of 13.5MHz for luminance and 6.75MHz for
each of the colour-difference signals.

The incoming SECAM signal is decoded into
the luminance (Y) and the two colour-difference
signals (U and V). These are converted to digital
signals and placed in a two-field store with a
clocking signal rate of 864 clock pulses per line.
This operation is locked to the input line fre-
quency. The contents of the store are then read
out at the same number of clock pulses per line
but with the clocking frequency locked to the
PAL output frequency. This has the effect of
widening or narrowing the time interval be-
tween samples in order to produce a correct
output line frequency. The signal components
are re-converted to analogue signals and coded
into a system I PAL signal.

If the SECAM input is replaced by a high-
quality PAL decoder, then the transcoder may
be used as a synchronizer. As the input clock
has been designed to follow the rapid changes in
line length associated with some helical scan
video recorders, the transcoder can operate as a
time-base corrector.

The transcoder was developed by the BRC’s
engineering design department. David
Bradshaw, head of the design section says; “The
new equipment has been designed to transcode
a signal from SECAM to PAL without the diffi-
culties associated with earlier techniques for
carrying out this process.”

Roger Robinson, a design engineer at the BBC,
testing the SECAM to PAL digital transcoder.

through successful participation between higher
education and industry or commerce. Attempt-
ing to remove the barriers between academics
and businessmen, the scheme is intended to
recognize the contribution that academic
knowledge can make towards commercial appli-
cations. Awards will be granted by a panel of
judges chaired by Sir Henry Chilver, Vice-
Chancellor of the Cranfield Institute of Tech-
nology, who will assess the benefits accruing to
companies participating in the scheme, such as
improvement to a product, process or service,

or in the development of the company and its
personnel. They will also take into account
benefits to the educational establishment, to
education as a whole and to the community.

Two cash grants of £25,000 each will be
awarded to the most successful of the education
teams for the purpose of helping to develop the
joint venture. Entries are to be submitted, with
supporting material by April 30th. The scheme
is to be known as the EPIC Award (Education in
Partnership with Industry and Commerce).

Details of both competitions can be obtained
from the Industry/Education Unit, Department
of Industry, Room 354, Ashdown House, 123
Victoria Street, London SW1E 6RB Telephone:
01-212 0458.

Active silence

The British Technology Group have published
details of the installation of the first large-scale
active silencing system at a British Gas compres-
sor station at Duxford. The technique was
originally proposed by Dr Malcolm Swinbanks,
ten years ago, while he was working at Cam-
bridge University. Aware that passive silencers
for low-frequency noise were not practicable, he
analysed the theoretical behaviour of active
sound absorbers in ducts carrying airflow. The
potential application to industrial gas turbines
became apparent.

The NRDC (now part of BTG) supported
research in the active noise control field through
a series of projects including one with Dr Swin-
banks and Topexpress Ltd to carry out a feasi-
bility study on the gas turbine silencer at Dux-
ford.

The basic principle of active silencing is that
an additional source of sound is deliberately
introduced to provide an anti-phase replica of
the unwanted disturbance, when then opposes
and reduces the severity of that disturbance.
Modern electronics and control techniques have
made possible the suppression of random, ape-
riodic noise by the rapid, continuous generation
of its inverted replica. At Duxford, the 34 ft
high, 10 ft diameter exhaust stack emitted a
rumble in the lowest audible octave, i.e. from
22.5 Hz to 45Hz, and this could be heard or felt
at distances up to a kilometre. The active si-
lencer conmsists of four microphones mounted
inside the stack which pick up the exhaust
noise; programmable digital filtering apparatus
for processing the noise signal, and powerful
audio equipment with 12 amplifiers capable of a
total of 11kW output which drive 72 loud-
speakers arranged around the top of the stack.
The loudspeakers are housed within the exter-
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nal cladding of the stack and none of the equip-
ment is visible from the ground.

Trials and modifications of the system have
taken nearly a year but the low-frequency rum-
ble has now been effectively eliminated.

The results achieved at Duxford indicate that
active silencing techniques may be applied with
success to low-frequency noise emitted by
powerful gas turbine engines. It may be incor-
porated into original designs or added to exist-
ing installations. The technique could lead to
smaller stacks, saving building costs and im-
proving the turbine efficiency. Jet-engine test
beds and airport ground-running facilities are
suitable candidates for the system.

Shuttle success

Despite the truncated second voyage of the
American space- shuttle, Columbia, the scien-
tific experimients on board all produced
successful results, according to a report from
NASA. The ground crew were able to operate
the experiments for more than the minimum of
required observation time for most of the
experiments.. The shuttle imaging radar ob-
tained eight hours of operation with excellent
data from all over the world. Looking at the,
earth from an angle, unlike the Seasat radar
satellite which looks straight down, the experi-
‘ment provided a lot of relief information. The
ability to penetrate cloud cover and vegetation
provided valuable data for geological explora-
tion. The radar results were recorded on board
the shuttle by filming the images produced on.
an oscilloscope.

Similarly useful results were obtained from:
— the multi-spectral infrared radiometer, which
will also aid petralogical and mineralogical ex-
ploration.
— the ocean colour experiment. Colour analysis
of the oceans indicate the position of chlorophyl!
concentrations. This locates plankton and the
fishes that feed on them, and would help com-
mercial fisheries as well as oceanographers.
— the measurement of air pollution. Sensors

David Bradly with his turntable and parallel tracking pick-up arm which he constructed from

the design in ""Wireless World.” It was made as a project for his ‘O’ level ‘Elements of
Engineering Design’ and counts for 20% of the marks for that exam. David built the power
supply separately to reduce hum. He confesses that he had to copy the gearing set out in
the original article as he found it hard to design a closed gear system. He is modifying the
gear system to the second version (Wireless World, July 1981}, David will continue with
Engineering Design in "A’ level along with physics and maths.

detected the concentration of carbon monoxide
in the atmosphere.

Less successful was the spectral feature identifi-
cation and landmark experiment which used a
microprocessor to determine from a spectral
‘signature’ whether a scene contained vegeta-
tion, water, barren land or clouds/snow. Some
of the data may have been lost due to the margi-
nal performance of a trigger mechanism which

sighted the Sun and triggered the experiment

when the sun was at an approximate ‘morning’

Intelligent electronics for

A310 Airbus

All-digital electronics units, which can automat-
ically ensure the safe operation of an airliner’s
wing-mount slats and flaps during take-off and
landing, have been delivered by Marconi Avion-
ics on schedule to Aerospatiaie, Toulouse
France, for installation on the new A310 Air-
bus. Marconi is under contract to supply the
computers, claimed to be the world’s first all-
digital units, to Liebherr Aero-Technik, the
West German company responsible for the
A310’s slat and flap control system.

Marconi Avionics Flight Controls Division of
Rochester, joined forces with Liebherr in a
successful bid to supply this system (see WW,
April 1980, p44). Although the computers in-
corporate an entirely new technique in “fail
safe” systems design, involving separately pro-
grammed pairs of microprocessors of different
types, the delivery of the first control channel
was made only seven months arter the go-ahead
and the first aircraft set of flight haraware was
delivered just fourteen months after that. A
further five units of the control electronics to ‘A’

“model standard, have also been delivered for
systems testing at Liebherr, Lindenberg; VFW,
Bremen, and Aerospatiale, Toulouse.

The microprocessors are used to control the
positioning of slat and flap control surfaces in
response to pilot commands. Inbuilt protection
features prevent the retraction of leading edge

slats below the safe limiting value of wing inci-
dence and inhibit wrong operation of the power-

_ ful flying controls. In addition, any condition

which might cause asymmetric operation of slats
or flaps (i.e. operation on one wing only) is
prevented, and any failure which might cause a
control surface “runaway” is automatically iso-
lated. The unit has been described as “intelli-
gent”, because it can assess the validity of slat
and flap commands detect failures in the
electronic, electrohydraulic or mechanical parts
of the control system and communicate in-
formation to the flight crew.

A high degree of integrity required has been
achieved through the use of dual control
systems, in separate units, each of which con-
tains duplex electronics for slats and for flaps.
By careful design, only six tapes of electronic
sub-assembly are used, each appearing four
times in the complete aircraft installation, con-
ferring important logistic advantages.

Dual dissimilar microprocessors and software
ensures that a fault in the program of either of
them will be detected by the other, a safety
measure which avoids the disadvantages of hav-
ing an analogue control lane as an extra safety
monitor. The microprocessors used are the Intel
8085 and the Motorola 6800, both of which are
approved for airborne applications.

or ‘afternoon’ position. The crew were asked to
film and record lightning storms as Apollo and
Skylab crews had reported that such storms
seemed to rhythmic or cyclic in character, but it
is thought that insufficient information had
been collected to investigate this. A plant
growia espociment had insufficient time to
allow the plants to grow.

The general preliminary conclusion is that in
spite of the shortened duration, the mission was
highly successful. The shuttle has carried
its first scientific payload, including the ESA
Spacelab pallet.

A.m. c.b. will never
be legal — official

The Home Office has issued the following ad-
vice to traders and prospective c.b. buyers:
“Don’t be misled by unfounded rumours claim-
ing that the use of illicit 27MHz a.m. sets will be
legalized; the Government has no intention of
making any changes to the new legal 27MHz
f.m. c.b. service”. The warning follows a large
number of inquiries to the Home Office
concerning rumours of a.m. legalization, and
reports of a.m. sets carrying labels stating that
the apparatus should not be used “until April
1982” or similar wording. Any such stickers or
lables which imply pending changes in the U.K.
c.b. service are quite simply hoaxes.

Human aspects
of computer systems

A short course on ergonomics for managers,’
designers and users of computer systems is be-
ing organised by Brian Pearce at the Loughbo-
rough University of Technology, from 21st to
26th March. It is to be repeated in September.
The course covers such topics as visual display
ergonomics, the environment, dialogue design,
the user’s task, user support and training, and
the human aspects of the system design process.
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This case history outlines one of the
largest “active deflector” systems
installed in the UK. Being an official
forerunner of this type and size of self-
help community approach, much
engineering time and money was
involved in the venture. Results of
colour television and teletext

opers i xzaeded expectations
and deligiieda the commuruly, who
had struggled for years to receive
movement on their television screens
undisguised by snow and
multireflections of seasonal variation.

Redbrook is a village near Monmouth,
Gwent, spread over two well-screened val-
leys with a total population of about 350.
Unserved by the national television net-
work, there are areas of the village which
have received very poor 625-line signals
from Mendip, Ridge Hill, and 405-line
signals from Wenvoe. The community is
entitled to an official uhf television relay
station under phase 3 of the UK 625-line
television broadcast plan from about 1984
to 1986. But after consideration at village
meetings it was decided to improve the
reception of uhf television signals during
the projected four to six year interval. Both
cable and active deflector schemes were
considered and the lower transmitting site
capital cost of an active deflector system
chosen. It was my opinion that the cable
system was preferable technically and the

* Paper to the Society of Cable Television Engineers,
April 1980.

overall total cost comparable, taken over
the period envisaged.

Transmitting Authorities uhf televi-

sion coverage plan

Phase1 > 1000 populations

Phase2 500 to 1000 populations by 1984

Phase3 200 to 500 populations from
1984 to 1986 (flexible)

In consultation with the secretary of the
Redbrook Community Committee, a plan
of action was drawn up.

1 Determine receiving site from survey by
M. W. Turner in conjunction with IBA
engineers. Choose suitable receiving site
based on stable reception of three chan-
nels with line-of-sight reception and no
visual adjacent channel or c¢o-channel
interference in normal conditions. (The
projected Monmouth television relay
station has allocations that may present a
problem in the future, as recorded on
the Home Office licence application
form.)

2 Determine transmitting site similarly.
Map village reception areas onto Ord-
nance Survey map with the necessary
horizintal and vertical reception angles
together with distances. Consider pos-
sible interference to existing viewers
who may not participate in the scheme.
Also consider possible interference to
planned reception areas from existing
television signals, taking cross polariza-
tion protection and directivity protec-
tion ratios into account.

Direct reception of Mendip signals in
the smaller screened area to be covered
at Redbrook could produce aerial termi-
nal voltages of about 36dBuV which
would interfere with the active deflector
signals, Application to change channels
by means of block convertor equipment
was refused (the transmitting authority
planning computer showed no possible
interference-free channel allocations),
and with a channelized convertor being
too expensive for this small area of
coverage it was decided that the
minimum received aerial terminal
voltages from the active deflector
transmitter must be around 60dBuV.
Combined with a degree of directivity
and cross polarization protection, this
level provided a satisfactory result.

Plan minimum transmitting power for
the two areas calculated from signal
levels necessary from transmitting to re-
ceiving aerials.

Check planning permission, sites loca-
tion permission and sites access permis-
sion. Agree possible power cable types,
routes and extent of practical commu-
nity involvement.

Plan field trials of both areas with
sample test readings of signal levels to
form overall signal level contour map.
Determine percentage coverage and also
information allowing additional plans
for any unserved areas.

Agree target dates of survey, field trials,
IBA and Home Office applications, site
commissioning tests and trials. Discuss
and agree engineering and contractor

Self—lleln television

Redbrook — a case study of active deflector television

by V. Lewis, Wolsey Electronics
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costs for installation and planned main-

tenance schemes.
These six points are examined in more
detail in the following, un-numbered,
paragraphs but in the same order. A suit-
able receiving site was established 380
metres from the transmitting site, with
line-of-sight reception from the Mendip
transmitter providing aerial terminal signal
levels of approximately 65dBuV per chan-
nel.

Receiving site

National grid

reference S0534108

site height 125 metres above
ordnance datum

Programme

source Mendip (11,000)

Channels 64,58,61,64

Polarization horizontal

A Wolsey HG36 aerial was mounted ap-
proximately 4m above ground level on a
concrete lamp post sunk 2m into the
ground and concreted in place. An aerial
input filter suppressed Wenvoe signals and
a Countryman system of amplifiers routed
the signals at appropriate levels to the
transmitting site.

The transmitting site chosen produced a
view of both areas involved and in con-
junction with a reception area survey dia-
gram outlining required horizontal and
vertical transmitting aerial polar res-
ponses, a decision was made to use two
aerials (Colour King) fed from separate
amplifiers. These were built into two
weatherproof equipment housings in the
Wolsey laboratory and tested with a spec-
trum analyser to check spurious output
signals. On site the pre-aligned and tested
transmitting cabinets were bolted back-to-
back around a further concrete lamp-post
fitted in a similar manner to the receiving
aerial mast.

Calculation of minimum transmitter
output voltages required was based on a
minimum reception area aerial terminal
voltage (high gain QRIS aerial type)
specified by Wolsey Enginecering. This
level combined with a low-noise masthead
amplifier is calculated to present a
minimum signal-to-noise ratio of 42dB to
the receiver input with an average coaxial
down lead loss of 4dB. Addition of line-of-
sight propagation loss to the minimum
received aerial terminal voltage, plus the
gain of transmitting and receiving aerial,
allows simple calculation of transmitter
output voltages into 75 ohms. From this
type of calculation the Redbrook equip-
ment was planned with the signal levels as
shown in the diagram.

With the type of community
relationships involved at Redbrook no
problem existed with receiver/transmitter
site locations and access permission.
Powering was achieved by feeding 55V ac
from a farmhouse situated 120 metres from
the transmitting site along- an overhead
pair of SA wires. Originally this supply
voltage was planned to be fed via coaxial
cable feeding the farmhouse with signal
but at the field trial stage a good direct
signal was measured at this point. Two
transformer units stepped the voltages

Both block and channelized converters were too expensive for this small area of the village;
channelized amplifiers together with cross polarization and aerial directivity provide a

cheaper alternative.

Transmitting site

N_ationgl grid reference S0535106
‘Site height 100 metres above ordnance datum

Transmitting aerial height
Transmitting power

12ft above ground level
area 1: 53mW into 75Q per channel

area 2: 13mW into 75Q

two directional, oriented on approximately

50° and 170° east of true north.

Aerials
ghlan_f18|§ as received
olarization vertical

down from 240 to 55V and back up again
to feed the equipment housing transmitter
amplifiers. The Countryman aerial and
system repeater amplifiers were fed with
24V dc supplied from the common power
unit dc power rail via the receiving-to-
transmitting site coaxial cabling on a line
powering basis.

Receiving site with aerial mounted on
concrete lamp-post 125 metres above
datum to receive signals from Mendip,
filters interference from Wenvoe and
passes amplified signals to the transmitter
380 metres away.

= o
- P,

e

For the field trials a test transmitting
aerial system simulated final arrange-
ments, fed from amplifiers operated at the
planned output levels. A petrol electric
generating set powered the equipment,
which was in use for a 12 hour period.
Communication by radio telephone is
essential for these schemes. Received sig-
nal level readings were taken using a QR18
aerial mounted on a 5 metre mast, with a
signal level meter. Readings taken at
middle and extremity points of both areas
showed that target minimum receiver sig-
nal levels were achieved in about 95% of
the tests. One area in the lea of the hill
supporting the television transmitting
mast was almost totally screened and it was
agreed that this area, representing about
5% of the total, would be cabled from a
good signal area about 100 metres distant.
This coverage was considered to be excel-
lent, especially when compared with pub-
lished minimum percentage coverage of
villages.

Discussion on the possibility of a cabled
system continued up to June 1980 when
the Home Office changed its policy regard-
ing active deflector systems. At a village
meeting on 16th August, the committee

~were authorized to proceed with the active

deflector systems. Wolsey were now
pressured to work as quickly as possible
toward the field trials stage but there was
uncertainty regarding firm commitment of
capital expenditure due to Home Office
advice that expense should not be incurred
before “approval in principle”. An operat-
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ing licence will not be issued until the
BBC/IBA engineers confirm that the
system does not cause interference to other
viewers or services. Following official ap-
plication, the Home Office initiates clear-
ance procedures to check that other users
of radio frequencies in the UK have no
objection to the use of the site and frequen-
cies chosen, and similarly internationally,
with the additional registration of the sta-
tion by the International Telecommuni-
cation Union.

But despite all the problems, which may
appear insurmountable to a layman, the
system was successfully finally commis-
sioned and tested by Wolsey engineers and
the contractors, TeleRadio of Bristol, on
November 22 1980. Yet to date, despite
praise of the system by all concerned, Red-
brook has still not received an operating
licence — a matter of some concern to
those involved.

Summing up
Cable systems have many advantages
over active deflector systems including
capability for multiple channels, fm radio,
teletext, future channel allocations, as well
as conservation of air space, control of
system radiation and immunity problems,
outlet user control, precictable system
planning, cost and signal quality, and
predictable timing of installation and
licencing. But there are many situations
where active deflector systems are the ob-
vious choice; I strongly recommend that
full consideration be given to all the factors
involved, particularly the commercial as-
pects which can be the most misleading.
The system cables were of distribution
— quality taped and braided types with an
integral aluminium barrier for the un-
derground cable runs. This alminium bar-

Back-to-back equipment housings around
the transmitter mast contain blocks AD1
and AD2 in diagram below, one for each
area.

rier is a precaution against the ingress of
moisture but its full effectiveness is deba-
table if the outer cable covering is broken.
The new bonded-shield cables, now manu-

Power is supplied to the transmitter by
overhead 55V a.c. wires from nearby
farmhouse and by coaxial cable to the
receiver.

factured by Raydex cables and marketed
by Wolsey Electronics, provide an addi-
tional protection which is well worth con-
sidering for either scheme.

During the field trials a receiving —
transmitting site separation of about 10
metres existed with the receiving aerial
directed toward the back of the transmit-
ting aerial. Under these conditions, with
the high output transmitting amplifier
connected, loop feedback presented a
problem. This was resolved with the re-
ceiving aerial in its final position some 380
metres distant. Directivity and cross pola-
rization protection ratios will not provide
much assistance if the aerials are closely
sited or co-sited employing the same chan-
nels. Transmitting amplifier to aerial feed-
back can be an additional problem where
transmitting mast heights are low leading
to possible close proximity of operation.
Under these conditions good screening and
matching of components is essential, espe-
cially during commissioning when the
equipment and component access COvers
may be removed.

Only the non-technical jobs should be
attempted by the community members
who are normally unskilled, even these
jobs should be carefully discussed and .
supervised. Despite detailed instructions
for the cable laying task at Redbrook some
of the underground cables had to be re-
placed after open circuits occurred due to
cable stretching by a tractor-type machine!

Even with first-class community
relationships social problems can occur
which can be almost impossible to
overcome, Where interference to existing
viewers, can be a major obstacle irrespec-
tive of the quality of reception, full public-
ity and consideration must be afforded to
the active deflector system. Take note that
outside of the contributing members,
viewers cannot be prevented from re-
ceiving from such a private system — espe-
cially if their original reception has been
marred by it. This is, of course, a commu-
nity problem and system installers would
be well advised to leave it to them.

With the complications encountered in
this type of system, approved installation
contractors are demanded as also is strict
compliance to recommended equipment if
engineering liability is involved. The
system depends on low-level received sig-
nals which dictates the use of low-noise
masthead amplifiers and high gain aerials
with specified gains, directivity and cross
polarization specifications.

We did not expect to profit from this

“pilot scheme but we were obliged to charge

direct engineering time and system engi-
neering time involved from many points of
view. Maintenance contracts and in-
surance are considered essential to protect
both community and supplier/installer and
to operate the system on a correct business
basis. With phase three of the national
plan projected to 1986, it is anticipated
that many schemes of all sizes will be en-.
tered into in future years. Whether cable
or active deflector systems are chosen, they
should be planned on a sound technical/-
commercial basis to guarantee satisfactory
results and service.




WIRELESS WORLD FEBRUARY 1982

Interfacing microprocessors

Hardware connections for common microcomputers

Microelectronics Educational Development Centre,
Paisley College of Technology

by J. D. Ferguson, B.Sc., M.Sc., M.Inst.P., J. Stewart

and P. Williams, B.Sc., Ph.D., M.Inst.P.

The general purpose interface board
has been designed for direct
connection to either of the Acorn
systems or, via a suitable connector,
to any microcomputer based on the
6502. This final part of the series gives
connections details for the popular
6502 systems and outlines the
modifications necessary for use with
other microprocessor families such as
the Z80.

A rack-mounted Eurocard system directly
accepts the interface board and provides an
excellent system for expansion in the
laboratory or for industrial applications,
and the availability of a bus-compatible
6809 c.p.u. board emphasises this. In gen-
eral the interface can be directly adapted to
most 6502 systems, and the similarity of
the 6809 bus signals makes conversion for
this processor straightforward. For three
of the most popular microcomputers,
Apple, Pet and Aim 65, only a cable and
socket adaptor is required to change the
order of the pins from one bus to another.
Using the interface board with an Acorn
Atom is even easier because the Atom can
have an edge connector mounted directly
on the printed circuit board and the pins
can be adjusted for connection to an exter-
nal unit. The alternative connections are
shown in Fig. 1.

6502 systems are now common because

this microprocessor is the basis of many
microcomputers for the educational and
personal computing market but the 6809
offers an internal hardware multiplier, 16-
bit operations and an extended operating
instruction set. Programming models of
the two microprocessors are compared in
Fig. 2 and the following points are of in-
terest. The four pointer-registers in the
6309 (index (x and y) and stack (u and s))
are all 16-bit as is the program counter,
and these are matched by internal 16-bit
arithmetic functions making this device a
convenient introduction to true 16-bit
systems. The direct page addressing mode
allows any page to be used in the same ways
as the zero-page of the 6502, i.e. for faster
access (what might be called a floating
zero-page). Other addressing modes such

PCH

5

000000 01

Programming model 6502

15

Accumulator

Index register Y

Index register X

Program counter

Stack pointer

Processor stafus regisfer*p”

Carry

Zero

Interrupt disable
Decimal mode
Break command
Overflow

Negative

X — Index register

Y — Index register

‘b Pointer registers

U - User stack pointer

S — Hardware stack pointer

PC

Program counter

Accumulators

/

L

0

DP

J Direct page register

e a1 ]

0
e[ F[n[i]n]z]v] ] cc- condition code register

Programming model 6809

Fig. 2. Programming models of the 6502 and 6809.
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(1) To output $AA on port B of v.ia.

h_ /T

92 _\_—_/_‘—"\_ Make port B
an output
R/W ~ *
Address
fromc.p.u. > — Qutput $AA
Data from —< to port B
memory

Bus timing for Read cycle 6502

Used in place of @,
/in Acorn system 3 bus

LDA & §FF Data direc. reg.
STA § 7002 4 POt 8

LDA & $AA
STA $7000<\Porf B

(2} To input an analog signal on channel & o% ADC 0817

Select input channel,
Initiate conversion

S WY A !

Wait 100 ys

I A U |
@ !

STA $7014
JSRDELAY
{Could use
a delay loop
ora v.ia. timer)
LDA $7014

{3) To output an analog signal on d-to-a ZN 425E

— Read data
R/W / from ADC
Address
from c.pu. o
Data from —
memory SR

Bus timing for Read cycle 6809

Fig. 3. Bus timing for a Read cycle of the 6502 and 6809.

as auto increment/decrement (including
single or double steps) make it easy to step
through tables of 8-bit or 16-bit data.
Similarly, block-moves of data become ea-
sier as do software stacks. Even more im-
portant is the 6809’s support of position
independent code. Programs can be loaded
anywhere in memory and run without re-
assembly to a fresh origin. In addition,
relative branching, both long and short,
gives position independent transfer of
control, and workspace on the stack gives
position-independent temporary storage as
an alternative to fixed r.a.m. locations.

For many applications including the im-
portant area of digital signal processing, an
internal hardware multiplier is a great ad-
vantage. Two 8-bit numbers in the A and
B registers are multiplied with the result
appearing as a 16-bit number in A and B
which is then used as a 16-bit register
called D. The usual add, compare, sub-
tract, etc. functions are all available in 8-
and 16-bit form.

The 6502 retains certain advantages in
applications such as industrial control
where the necessary data manipulation is
simpler and 8-bit arithmetic is sufficient,
which enables programs to be shorter and
faster. However, these advantages are lost
if the control function is to be accompanied
by extensive processing of the results.
Tests were carried out on a 6809 c.p.u.
card installed in an Acorn system 3 rack
which uses the bus structures and timing
relationships of the bus signals shown in

“Fig. 3. In the absence of an assembler, the

routines were hand-coded and the basic
board functions were exercised as shown in
Fig. 4. The operating system with which
the 6809 commonly runs is Flex, and the
editor-assembler should permit efficient

with a 6809.

data collection and processing.

With unrelated families of microproces-
sors, connectien to the interface board is
more difficult. For the Z80, one problem
is the higher clock frequency commonly
used. At 4MHz neither the 6522 i/o device
nor the a-to-d converter can cope. Other
problems include the multiplexed bus of
8085 systems. Reducing the clock fre-
quency may be feasible with new designs
such as single-board controllers, particu-
larly if the overall speed is uncritical. The
existing clock frequency could be used with
a divider to drive the board, but the timing
relationships would remain_difficult. The
insertion of wait states can be applied to
existing systems but this causes other
problems. Driving the interface board
from i/o ports which are used to generate
address and data-bus equivalent signals is
another possibility. The provision of a
software clock signal is also feasible, but to

-sustain it over the period necessary to take

the multichannel a-to-d converter through
.all of its channels would be a burden on the
microprocessor. If a counter device is
available, this could be used to generate
the necessary clock signals. It is important
to note that these compromises are far
from ideal, but they do offer a means of
using a board designed for one family of
microprocessors, with another family,

BBC microcomputer

The BBC microcomputer designed by
Acorn departs from Acorn’s standard bus
structure and provides two extension buses
running at IMHz and 2MHz. The 2MHz
bus, called the tube, is planned for use
with a second processor and expansion
memory, while the slower bus is designed

LDA #$AA

STA $7020‘\ Address of
d-to-a converter

Fig. 4. Simple software examples for driving the interface board

Hex
address
€080
Device select pulled low on slot 0
€090 -
L} 1
£0A0
u 2
€080
! 3| | peripheral
eriphe
coco - | Lean d
ifo
cono . 5 loeations
COEO
] 6
H COFO
u 7
€100 <
i/o select pulled low on slot |
¥ C200 -
u 2
€300
W 3 .
Peripherat
(400 L card
€500 ! pro.m.
5 locations
€600
n 6
© 700
. W 7
(800 e
i/o strobe is
pulled low onalt slots
D000

Fig. 5. Apple slot memory assignment.

for specific peripherals such as an IEEE
controller, daisy-wheel printer interface or
Prestel modem. The 1MHz bus does not
contain address lines A15 to A8, but page
select signals FCxx and FDxx are provided
instead (known as Jim and Fred
on the prototype). Provision of these sig-
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he
board externally requires the modification

of a Eurosocket wire-wrap connector.

Pet

fa

and those involving'

editing, where by removal of certain com-
ble to

remove information about their causes.

, mounting t
such as

ition o

is possi

1d be set to block C, page 4. Build-
Where it is desired to

Fig. 5 is useful to ensure that the 64
ing an adaptor for the Apple is simple
because all the signals required by the

"bytes used by the board do not coincide
lications involving editing it is essential

to use the definitions based on the inverse

As previously mentioned
Fourier transform.

cuit cou
Applications of the cepstrum can be

ies specifically for the Apple. However,
divided into the purely diagnostic,

when using the general purpose interface
board, these signals are not required be-
cause the board already has address decod-

ing which selects its position in the
if slot 4 is vacant the address-decode cir-

board are present except for 0;which can
be replaced by 0.
There are no interfacing problems with

either of these systems. The board can be
system 3, and can be driven by either the

6502 or 6809 c.p.u. card. The position of
the board in the memory map will depend
on the existing configuration of the
system. A suitable position might be in
block 0, page C, where the 6522 v.i.a.
could be used as a parallel printer driver

using software routines already present in

the system 3 monitor.
Fig. 1 gives the pin arrangement of the

memory expansion connector on later
Pets. All the signals required by the board
are provided except for +5V which can be
found on the J3 connector, pin B2.

the cepstrum, and a guide to some of the
applications. This paper summarizes that
material, adds newer applications and indi-
cates how the cepstrum calculations can be
performed using a modern FFT analyser
in conjunction with a desk-top calculator.
vocal tract formants. For the diagnostic
applications, either definition of the power
cepstrum may be used, whereas for the
return to the time function or include
phase information in the frequency spec-
trum the complex cepstrum must be used.

has the power and speed of a minicom-
effects leaving only the resonances of the.

puter based system but which is more flex-
ible in its uses and gives more direct

contact with the signals being analysed.
This would include removal of the effects

the determination of an echo delay time, or
of echoes from a spectrum or time signal,
or in speech analysis removal of voice

sideband spacing from the pos

peak in the cepstrum,

This is a relatively low-cost system which

with other cards installed in the Apple, e.g.
mounted directly into the rack of the

memory map irrespective of which slot it is

located in.
Acorn system 3/Atom'

ponents in the cepstrum it
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jitive in
ine noise,

hoes

rack-mounted
‘However, it is anticipated that it will be,
equally applicable to the BBC computer.

ining ec

|
ﬂ

Acorn
Is conta

The board has so far been tested with
{seismology, aero eng

.the common 6502 microcomputers and has
been successfully extended to the 6809 via

Fig. 6. Bus adaptor for the BBC microcomputer. The two 74LS136 devices are removed
signa

and pins 1and 3 are linked in one socket.

Cepstrum analysis
Theory, applications and calculation
by R. B. Randall B.Tech., B.A. and J. Hee, M.Sc

cuit on the interface board to be omitted.
Fig. 4 shows one possible arrangement for
an adaptor where the two 7415136 i.cs and

the block and page select switches have
on one of the i.c. sockets carries the page .
select signal to the final stage of the

address decode circuit on the board.
effects of echoes. Effects convolved in
the time signal (multiplied in the
analysis {formant and pitch tracking,
vocoding) and machine diagnostics

(detection of harmonics and
sidebands). Calculations need an FFT

logarithmic (amplitude) spectrum. It
can be used for detection of any
article describes applications of the
loudspeaker measurements), speech
analyser and a desk-top calculator.

been removed. A link between pins 1 and 3
cepstrum, including the study of

nals allows the block and page select cir-
The cepstrum is a spectrum of a
periodic structure in the spectrum,
from harmonics, sidebands, or the
cepstrum, and subtraction there
results in a deconvolution. After a
discussion of the basic theory, this

spectrum) become add

the
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The applications discussed include the
processing of signals containing echoes
(seismic and underwater signals, mea-
surements on loudspeakers in a reverbe-
rant environment, aero engine noise in-
cluding ground reflections, measurement
of the properties of a reflecting surface)
speech analysis (formant and voice pitch
tracking, vocoding and speech synthesis)
and machine diagnosis (determination and
monitoring of families of harmonics and
sidebands in gearbox and turbine vibration
signals). A more mathematical application
is in calculating the minimum phase spec-
trum corresponding to a given log ampli-
tude spectrum (i.e. a Hilbert transform).
This could have application to loud-
speakers, where minimum phase charac-
teristics are often desired, and comparison
between actual and ideal phase characteris-
tics could be made.

Basic theory

Using the terminology 7 {} to 1nd1cate
the forward Fourier transform of the
bracketed quantity, the original definition
of the cepstrum is

«m=|F {loan(f)}iz M

where the power spectrum of the time
signal fx(?) is

Fu(h)=| 7 {0} @
The new definition of the power cepstrum
is

6o0)= 7 logF(h) ®

while the autocorrelation function is
Ru(m)=F YFu(N} (32)

A further useful definition of the cepstrum
is the amplitude spectrum of the logarith-
Imic spectrum, or

ca(V)=| F {logFu(f)} | (3b)

This can be interpreted as the square root
of equation (1) or as the modulus of (3) as
for a real even function such as a log power

g(t) = e(t) + oft)

e(t)

i\

o(t) = e{t) - sgn(t)

Fig. 1. Division of a causal function into
even and odd components.

Terminology

cepstrum
quefrency
rahmonics
gamnitude
saphe

lifter
short-pass lifter
long-pass lifter

The name cepstrum is derived by rearranging the word spectrum and was proposed in
.the original paper along with a number of similarly derived terms. The reason was
presumably that the cepstrum is a spectrum of a spectrum, but of course the same
applies to the autocorrelation function, and the really distinctive feature of the ceps-
trum is the logarithmic conversion of the original spectrum. Even so many of the
original terms are still found in the cepstrum literature the most common of which are

from

Not all the above terms are necessary or useful; Quefrency, for example, is now well
established as the x-axis of the cepstrum, though it is identical with time. In principle
there is no difference between quefrency and the t of the autocorrelation function.
Even so, it is useful to speak of a high quefrency as representing rapid fluctuations in
the spectrum i.e. small frequency spacings and low quefrency for more gentle varia-
tions. It can also be useful to distinguish between the rahmonics in the cepstrum and
the effect in the cepstrum of a family of harmonics in the spectrum.

spectrum
frequency
harmohics
magnitude
phase

filter

low-pass filter
high-pass filter

spectrum, the forward and inverse
transforms give the same result.

The complex cepstrum may be defined
as

ce(m)= 7 YlogFx(f)} )

where Fy(f) is the complex spectrum of

fx(®i.e.
Fx()= F {0} =ax+ibx(f)
=Ay(f)e%D
in terms of real and imaginary components
and amplitude and phase. From this the
complex logarithm of F.(f) is
logF(f)=logAx()+i0 (f) ()

Where f,(%) is real, as is normally the case,
then F(f) is “conjugate even”, i.e.

Fy( —f)=F, x(f)
from which follow
ay(f) is even
bi(f) odd
Ay(f) even 6)
logA(f) even
0x(f) odd

From equations (5) & (6) it follows that log
Fx(f) is also conjugate even and thus its
inverse transform, the complex cepstrum,
is a real-valued function despite its name.
For calculation of the complex cepstrum
the phase function ¢4(f) must be contin-
uous rather than the principal values mod-
ulo 2w, and this “unwrapping” of the
phase spectrum can present problems in
many practical situations®. From equation
), F(f) = A%(f) and thus the power
cepstrum of (3) is virtually the same as the
complex cepstrum of (6) for functions
whose phase ¢4(f) is identically zero.
Another practical problem is whether
the power spectrum shotild be one-sided or
two-sided in frequency. In cases involving
editing and transformation in both direc-
tions the two-sided spectra should pre-
sumably be used, but for some diagnostic

applications it is advantageous to use one-
sided spectra (negative frequency compo-
nents set to zero). The theoretical back-
ground for this is tied up with the theory of
Hilbert transforms and so a brief introduc-
tion follows.

From the general theory of Fourier
transforms* the spectrum of a real even
function is real and even, and of a real odd
function is imaginary and odd. As any real

1~ sided
Spectrum

Cepstum | |
Real Part

Cepstrum -
imaginary Part_§-

Amplitude Cepstrum VRZ+42

Fig. 2. Cepstrum calculation procedure for
a one-sided spectrum.

function can be divided into even and odd
components it follows that the real part of
the Fourier transform comes from the even
part of the time signal and the imaginary
part from the odd part of the time signal.
In the particular case of a causal time sig-
nal, i.e. one equal to zero for negative
time, a special situation arises. As illus-
trated in Fig. 1 the even and odd compo-
nents must be identical for positive time
that they will cancel and give zero for nega-
tive time. Thus the even and odd compo-
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Spectra

(a)

.nlllHll Hllln..

Cepstra

Frequency

M.mIIHMLLuu

Quefrency

Fig. 3. Cepstra of harmonic series (a) and odd harmonic series (b).

nents are related by the sign function and
the real and imaginary parts of the Fourier
transform are no longer independent. The
imaginary part can be obtained from the
real part by convolution with the Fourier
transform of the sign function, viz. a hy-
perbolic function in the imaginary plane.
This convolution constitutes the (inverse)
Hilbert transform, which is thus the
relationship between the real and imagi-

nary parts of the spectrum of a causal func-
tion or more generally of any one-sided
function.

For minimum phase functions the log
amplitude and phase spectra are also re-
lated by the Hilbert transform*. It follows
directly that the time signal obtained by
inverse transforming the complex spec-
trum having log amplitude as real part and
phase as imaginary part must be causal,

i.e. the complex cepstrum of minimum
phase functions is right-sided only and is
identically zero for negative time (quef-
rency).

Thus one way of deriving the minimum
phase spectrum corresponding to a given
log amplitude spectrum is to first calculate
the power cepstrum according to equation
3. This is a real even function but can be
considered as the even part of the (one-
sided) complex cepstrum of the equivalent
minimum phase function, which can thus
easily be derived by doubling the positive
quefrency values and setting the negative
quefrency values to zero. "A forward
transform of this cepstrum will thus have
the original log amplitude spectrum as real
part, and the desired phase spectrum as
imaginary part. An example of this for a
loudspeaker is given later.

Returning to the question of whether
the power cepstrum should be obtained
from a one-sided or two-sided power spec-.
trum, Fig. 2 shows the result of forward.
transforming a one-sided spectrum. The
real part of this transform comes from the
even part of the original function by anal-
ogy with Fig. 1 and thus the true cepstrum
of the two-sided spectrum can be simply §
obtained by doubling the real part and
discarding the imaginary part, see Appen-
dix Bi. On the other hand, the imaginary
part will be the Hilbert transform of the
real part and thus has interesting proper-
ties. There are zero crossings in the imagi-

Cepstra by inverse transform|

Frequency (Hz)

s
. - : ' @
Zoomed spectrum 1 E
dB - 5
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-
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Fig. 4. Cepstra of slightly displaced zoom spectra.
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nary part corresponding to the main peaks
in the real part, these peaks corresponding
to the spacing of the sidebands in the
original spectrum. The peaks are positive
and in the real plane because the original
sidebands fall at exact harmonic frequen-
cies. Referring to Fig. 3(a) this shows that
the cepstrum of an harmonic series is a
series of positive rahmonics. On the other
hand if the periodic components in the
spectrum are displaced a half spacing, e.g.
a series of odd harmonics Fig. 3(b) the
cepstrum consists of an alternating series
of rahmonics with the first one negative.
Halfway between these two situations the
true cepstrum peak would be at right an-
gles to the real plane and would thus corre-
spond to a zero-crossing in the real part of
the cepstrum (but a peak in the imaginary
part which is its Hilbert transform).

To summarize, whenever the periodic

structure of the spectrum does not corre-

spond to a true harmonic series (in prin-
c1p1e including zero frequency) the best
version of the cepstrum to use is the ampli-
tude cepstrum of the one-sided spectrum.
The peak in this function will always indi-
cate the true spacing of components in the
spectrum, independent of their displace-
ment along the frequency axis. A situation
where this is relevant is in the calculation
of the cepstra of “zoom” spectra where the
lower limiting frequency of the zoom range
is interpreted as being zero frequency. Fig.
4 shows an example of cepstra calculated
from slightly displaced zoom spectra from
the same signal. The cepstra calculated
according to eqn 3 vary considerably as a
result of this slight displacement, whereas
the amplitude cepstra of the one-sided
spectra are much more similar and easy to
interpret. On the other hand it would not
be possible to edit in these amplitude ceps-
tra and return to the power spectra.

Deconvolution

Several applications of the cepstrum
involve deconvolution. Fig. 5 shows sche-
matically how the output signal f,(¢) from a
physical system can be considered as the
convolution of the input signal fi(t) and the
impulse response /(z) of the system

;@ = £ * h(D).

By the convolution theorem this
transforms to a multiplication in the fre-
quency domain

Fy(f)=Fy(p.H{p) @)

and by taking logarithms this multiplica-
tion transforms to a sum:

logF ((f)=logF (f)+1ogH(f).

Because of the linearity of the Fourier
transform, this additive relationship is

fylt) hit} fylt) = flhxhit
-

N >
Felf) Hif) By () = Fylf) . H(f)

Fig. 5. Input/output relations for a linear
system..

N
f, (1)
1,0
A7
folt) !
Original Echo
¥ () % f,(0)

\ Amplitude

variation

Phase variation

Period Af=1/r

Fig. 6. Modelling a signal with echo as a convolution.

maintained in the complex cepstrum, i.e.
F " Yloghy}
=7~ logFy} + 7~ {logH).

By squaring the amplitudes in equation

@
Fy(N=Fx(f).|H()I? ®

and so the same additive relationship also
applies to the power cepstrum:

F{logFyy}
=7 logFu}+ 7~ {2log|H|}.

This means that if the effect of one of
the factors (source or transmission path) is
known in the cepstrum, then subtracting it
there will result in a deconvolution in the
time domain. As an example, echoes give a
series of delta functions at known locations
in the cepstrum. By subtracting these from
the cepstrum all information about the
echoes is removed and by transformation
back to the spectrum, and even to the time
signal if the complex cepstrum has been

used, the echoes will also be removed
there.

Note that the autocorrelation function
would be obtained by inverse transfor-
mation of eqn 8 and that the multiplication
there would transform to a convolution of
the source and transmission path effects,
as opposed to the additive relationship of
the cepstrum. This represents one of the
advantages of the cepstrum over the auto-
correlation function. Another is that
echoes are more readily detected in the
cepstrum, in parucular when the power
spectrum is not flat!.
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Books

Operational Amplifiers
by I. E. Shepherd

318pp., hardback

Longman, £25.00

As the author points out, analogue circuits still
have their uses and need a certain skill in circuit
design to extract their full potential; they are not
quite as simple as they appear. In this text, the
author has adopted the practical approach,
which is not to say that mathematics are avoided
when they are helpful, but maybe of the more

‘lengthy an laborious proofs are confined to ap-

pendices.

All the more important aspects of circuit de-
sign using op-amps are well covered, together
with a section on applications and 4 complete
chapter on active filters, aftet a preliminary
discussion of the characteristics of op-amps and
their use ifi géneral terms. Recent developments

in technology, such as current-mirror inputs,
micropower amplifiers and BIFET and BIMOS
types are briefly described. A long list of refer-
ences and a bibiliography are included.

PET Interfacin

by J. M. Downey and S. M. Rogers.
262 pp., paperback. Prentice-Hall Inter-
natlonal £11.85.

Many users of the PET microcomputer have
found the need to use peripheral devices on
input and output for which no interface exists.
This book explains the use of three ports on the
PET — the user, memory expansion and IEEE
488 ports — to connect the peripherals by
means of simple interface circuits. The use of
the three ports is thoroughly described and sev-
eral examples are given for each. All PETs with
the 25 by 40 character display will accept the
interfacing information given in this book. An
IEEE 488 printer interface is presented and
there is some information on graphic plotting

\using d-to-a cofiverters.




WIRELESS WORLD FEBRUARY 1982

81

Clandestine radio — the early years

The underground networks proliferate

by Pat Hawker, G3VA

Pat Hawker continues the history of
wartime, covert radio operations. This
second and final part takes the story
towards the end of World War ll. )

A major problem for the clandestine trans-
mitters was power to run them. Valve
equipment, well before the semiconductor
era, was difficult to run for long from dry
batteries. Heaters and filaments of the
1930s consumed considerable power, and
replacement batteries for either h.t. or L.t.
were heavy and in short supply. Mains
supplies were unreliable and not available
for Maquis/partisan type operations; for
urban working, selective power cuts in
different districts, apartment blocks etc
could be (and was) used by the ORPO to
trace locations. The ORPO could also d/f
on radiation from receiver oscillators.

A variety of methods were used, mostly
with vibrator-type power units running
from 6V vehicle batteries. Tokeep these
charged, the static pedal-cycle generator
was often used, since bicycles-were avail-
able, and up to 100 watts can be generated
by an energetic ““cyclist” for short periods
— and rather less over quite long periods.
In Western Europe, the Mark VII had two
separate power units, one for mains, the
other for 6V batteries; the B2 and B2
Minor had combined power units. SOE
also used (though only on a limited scale in
Western Europe) such techniques as hand
generators, wind generators, petrol-driven
generators and even steam-driven genera-
tors. The steam generator used a boiler
suspended in a brazier, coupled to a twin-
cylinder steam engine and could charge a
6V battery at 4A. For use in the Far East,
SOE developed a folding “beach chair”
generator that could be folded into a back
pack. When required the user sat in the
deck-chair and pedalled.

The ““control” stations in the UK used

high-performance receivers with the
operators having access to transmitters
ranging from about 100-watts to 1kW,
usually at a moderate distance from the
receiving station. By modern standards, or
even by the standard achieved by 1944-45,
the early control stations were primitive,
particularly in depending upon very
simple aerials: it was not until later that
rhombics and vee directional receiving
aerials were put up. In this matter, as in so
many others, Special Communications
were forced to give priority to interception

-of enemy traffic rather than to the clandes-

tine links — a logical requirement in view
of the value of the Sigint product, but
tough on the agents trying to get their
weak, low-power signals through to “Lon-
don” with the skilled ORPO d/f teams
closing in.

By 1944, things had improved. SOE, for
example, had a 40-position station at Poul-

don equipped with HRO, AR88 and Mar-
coni CR100 receivers and with broadband,
high-power linear amplifiers that made
possible virtually instantaneous frequency
changing and simultaneous operation on
several circuits — a considerable technical
achievement. For SOE, but not for Special

.Communications, many of the base

operators were girls, often enrolled in the
First Aid Nursing Yeomanry (FANYs)
whose role in so many covert organizations
had little to do with nursing!

Initially most of the West European
links were organized, controlled and
equipped from the UK, but as the war
progressed, several Resistance groups, in-
cluding the Dutch and the Danes, in-
creasingly developed their own ideas, as
indeed did the Poles from an early stage,
adopting such techniques as high-speed
“squirt” automatic keying which reduced
the time on air but required higher-power
transmitters.

In Holland, the debacle of Operation
Northpole (Englandspiel), a well-orga-
nized German funkspiel or radio game that
ran from 1942-44 and resulted in the cap-
ture and subsequent execution of almost
50 young Dutchmen sent in by SOE, left
Dutch resistance organizations wary of
British assistance. North Pole was finally
wound up on April 1, 1944, (by which
time SOE had rumbled the Germans and
the Germans had rumbled that the British

Wooden-boxed Mk il transmitter and HRO"
receiverin use in Holland in 1944. Mk Il in
box alongisde HRO coils.

had rumbled them) by a series of plain-
language messages sent to London over six
German-controlled radio links. The two
main Dutch Resistance groups — OD,
which drew its main support from former
Dutch army groups and the right-wing;
and RVV, representing left-wing political
groups — began themselves to prepare for
the internal radio links they foresaw would
be needed during the eventual liberation of
their country — though they did not
foresee that Holland was to remain cut in
two, following the tragic failure of the air-
borne ‘Market Garden’ operation at Arn-
hem, throughout the bitter winter of 1944-
45. OD and RVV were loosely linked to-
gether through the Netherlands Intelli-
gence Department (BI) but their activities
remained separate.

Between September 5, 1944 to the end
of the European war in May 1945, the two
clandestine radio networks (Binnenlandse
Radiodienst) in the north (occupied) zone,
transmitted or received over 120,000 ci-
pher groups, working to two separate
control stations in Eindhoven (RVV had a
back-up station in Nijmegen) on frequen-
cies between 2700-3200kHz. Unfortuna-
tely the operation had been planned in the
belief that the stations would only be on
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the air for a few days or at most weeks.
The locally-built transmitters, drawing on
the Philips Eindhoven factories, used rela-
tively high power, typically 70-100 watts
from push-pull, self-excited power oscilla-
tors, crudely disguised as medical dia-
thermy equipment. They were usually
installed in remote farm-houses, using ro-
tary converters and heavy vehicle bat-
teries. The low frequencies demanded
longish, outdoor aerials and the stations
were bulky and difficult to transport.

The closing months of 1944, supported
by a private telephone link to the occupied
zone over the power supply network, and
also by several links direct with the British
Special Communications stations in the
UK, brought a stream of information to
Dutch Intelligence. The Dutch clandes-
tine operators included several ex-marine
and ex-Service operators and also a
number of former radio amateurs, but only
a few had any previous experience of the
dangers of covert operation. In Eindho-
ven, British assistance was accepted from
January 1, 1945 but rather reluctantly (the
British operator for the RVV base station
was asked not to come in on the day that
Prince Bernhard visited the station!) and
BI would not heed advice that the stations
were staying on the air too long.

In January/February 1945 disaster
struck. In three weeks, eight transmitters,
mostly with several operators apiece, were
lost in a series of German raids. Some of
the operators were executed on the spot,
some in front of their families, some to-
gether with their families; some were exe-
cuted after imprisonment; some perished
in the final holocaust of the concentration
camps. For a period, virtually all traffic
with Eindhoven was cut. But one who
survived was the main RVV operator in
Amsterdam, who had already had consid-
erable experience working across the
North Sea to Buckinghamshire. A profes-
sional operator, his traffic to Eindhoven on
occasions averaged over 27 cipher groups
per minute over several messages — a rate
of transmission that could seldom, if ever,
have been exceeded on other manually-
operated World War II clandestine links.

In March/April more volunteers came
forward and several of the links were re-
established. It was over the Amsterdam
link that news first came through that the
Germans were willing to negotiate a sur-
render in Holland, and this was carried out

on the link now finally operating with Ger-

man connivance.

How successful?

There can be little doubt that the German
Abwehr/RSHA Intelligence services would
have been vastly more effective if they had
never heard of h.f. radio! At every turn
they were frustrated by the ability of the
Allies to read over their shoulder, and
what Bletchley Park did not discover of
their activities form their own messages
they were able to ferret out through the
XX Committee form the several dozen
double-agents using w/t to communicate
with their supposed German masters.

But what of our own activities? The
Germans also successfully ran

Early French Resistance suitcase set in
three units, now in Toulon museum.
Possibly Mk IV.

“controlled” agents not only for the
Englandspiel that ended in the tragic
deaths of almost 50 young Dutchmen, but
also, less spectacularly, by penetrating and
“playing back” some French Resistance
and SOE Section F links. The Germans
similarly derived much information from
their cryptanalysts (including the illumi-
nating reports of the American diplomats
in Cairo) though there is little evidence
that they ever broke into MI-6’s hand ci-
phers, including the less than ideal agent-
transposition ciphers based on memorized
“keys” in the form of poems, etc. Not that
MI-6, in its cryptography, was always be-
yond reproach — important operational
plans were occasionally sent in insecure
ciphers by officers unwilling to wait until
the messages could be enciphered on a
one-time pad.

But MI-6, unlike SOE or German Intel-
ligence, did make a serious effort to keep
codes and signals operators apart — a
practice that may have at times made for
bored radio operators but did make it less
easy to set up and run a successful
funkspiel.

It could be argued that few organizations -
really understood how to use clandestine:

radio and radiomen well: does not Smiley
(in John Le Carré’s “Tinker, Tailor, Sol-
dier, Spy”) say: “We all have our preju-
dices and radiomen are mine. They’re a
thoroughly tiresome lot in my experience,
bad fieldmen and overstrung, and disgra-
cefully unreliable when it comes down to
doing a job”.

Harry Rée, one of F'Section’s best “or-
ganizers”, has put it rather differently: “I
hadn’t a radio operator with me, and to be
quite honest I didn’t want. one. It would
have been an added responsibility, and
added risk. They had a terrible
time . . . . The sets had to be sent from
England, they were terribly heavy in those
pre-transistor days. They were built into

big harmless-looking suitcases. The poor
devils of operators couldn’t stay for long in
any one place for fear of being detected by
radio vans, so they had to hump those
great things around. It was a very danger-
ous, but also a terribly dull job.”

While one may question the extent to
which anything that is terribly dangerous
(and calls for skill) can at the same time be
terribly dull, there is logic in the view that
many SOE “circuits” would have gained _
rather than lost effectiveness if they had
had no radio.

Sir Colin McV Gubbins, who controlled
the SOE radio activities, claimed that
without h.f. Morse links, SOE would have
been “groping in the dark™.

Perhaps so, but who can contemplate
unmoved, the thought of F Section
sending the brave, but dreamy and inade-
quately trained, Indian princess Noor
Inayat Khan (“Madeleine’) into the dan-
gerous Paris area where she kept, in a
school exercise book, both in plain lan-
guage and in cipher, every message that
she sent or received — a prize indeed for
the Germans.

When any agent, well or indifferently
trained, well or indifferently equipped
with radio, is infiltrated into enemy-occu-
pied territory, any of a number of things
may happen. He or she may succeed in the
mission and, at least for a time, remain at
liberty and on the air; the agent may be-
lieve he has succeeded, yet in fact be
working under secret surveillance or
transmitting messages stemming from the
enemy who may have already secretly
penetrated the network; the agent on arri-
val may be quickly captured, possibly be-
ing met by an enemy-organized reception
party — he or she may then volunteer or
be persuaded to act as a double-agent; the
agent may in fact already be a double-agent
using this means of returning to his mas-
ters or penetrating a Resistance network;
he may reach is destination but then be
unable to make radio contact with the
control station, possibly due to faulty
equipment, inexperience, loss of nerve or
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‘crystals (or he may have been given the
wrong crystals for his signals plan!). Both
'sides endeavoured to guard against
"““controlled” radio games by providing
isecurity checks or even double security
Checks, by “fingerprinting” the Morse,
‘etc. but no form of security check can, for
example, be proof against the agent who
rdetermmes to co-operate fully with the
‘enemy. The radio game can, however, be
‘made more difficult if the operator is de-
‘liberately distanced from both intelligence
gathering and the cryptography.

It is difficult to assess with any degree of
certainty how MI-6’s radio compared with
that of SOE, though there can be little
doubt that some — though not all — of the
Special Communication circuits did
achieve remarkable (one is tempted to say
curiously remarkable) successes, using (on
the whole) less advanced technology. Over
several years, MI-6 communications with
the key Jade group in the Paris area
handled may hundreds of messages; the
Belgian “‘weather service” group were
never shut down despite daily skeds;
Norwegian communications were on the

whole effectively maintained; as were the

links with the Vichy police, the Polish-
French Interalliée network (before this
was heavily penetrated), and the large net-
work run by “Colonel Remy’’ (Renault-
Roulier). In some cases these networks
were able to call on indigenous, exper-
ienced radio-operators; in others they
avoided frequent carrying of conspicuous
suitcases by having a number of different
transmitters in prepared locations working
the same signals plan. Even so one won-
ders if there were other factors involved —
some of which may never be known. There
has for instance been some speculation that
the Jade group may have provided a link
with the Schwartz Kapelle (“‘the black or-
chestra”) a German anti-Nazi organization
that included a number of Abwehr officers
— was this the link that has been alleged to
have existed between “C” (Sir Stewart
Menzies), head of SIS, and Admiral
Canaris, had of the Abwehr, one of the
many who were executed following the
July attempt on Hitler’s life? What is more
certain is that London penetrated and was
kept informed of some of the activities of
the German radio security teams and was
able sometimes to warn their agents of

pending disaster if they continued working

to their signals plan.

Not all communications were by Morse.
MI-6 made use of early American f.m.
equipment on about 30MHz to speak
.directly from high-flying aircraft to Resis-
'tance groups (the system might have been
more successful had not German military
ivehicles been using the same channels).
iSOE developed the 450 MHz “S-phone”
'super-regenerative transceiver, which was
also used in conjunction with Rebecca and
Eureka navigational aids. S-phones were
‘used across the Dutch rivers and, for
example, in August 1944 one hundred air-
craft were flight-controlled using S-phones
during a massive drop of supplies to
Marshal Tito’s partisans in Northern Yu-
igoslavia. But Morse was the dominant
»mode including its use by the Poles and

“Belgian met. service for the RAF"' —
group of Belgians who provided daily

.weather reports for several years. Station

never closed down: not all group survived.

Danes for high-speed ‘‘squirt” transmis-
sions — with the Poles running up to 1kW

‘with pairs of 813 valves.

What about the Russians? The Sorge
ring in Japan, the large “Red Orchestra™
network in Western Europe and the Lucy
ring in Switzerland were all eventually bro-
ken up largely as a direct result of in-

.tercepting and tracing the clandestine

radios. For several years the Lucy ring
provided Moscow with extremely accurate

‘information. It has been suspected (but

denied) that some of this information
stemmed from Bletchley Park, with Lon-
don using this means of sharing some
ULTRA secrets with its Russian ally with-
out revealing its source. The Englishman
Allan Foote, one of the trusted clandestine
radio operators for the Lucy group may
have been an SIS “Z” penetration agent —
and indeed may not have been the only
Lucy operator working for more than one
master. In the Russian networks the radio
operator was traditionally nearer the centre
of things than their British counterparts:
they also learnt quickly the vital impor-
tance of having a sufficiently complex sig-
nal plan, although at first were often

"allowed or even encouraged to stay far too

long on the air at each session.

Then again too many of the messages,
transmitted at great risk, were either too
verbose or unessential. At least one Section

.F operator refused to handle any more

messages for a network that insisted that
everything should be sent in full. There is
still a view that equates communications
efficiency with the data rate — regardless
of the contents. The true art of clandestine
radio is to make every word count: if there
is nothing vital to communicate stay off the
air; use a single-group ‘‘crack” signal

rather than a 50-group message!

The technology

If radio was a double-edged weapon for-

Intelligence, what did its close involve-
ment in covert activities do for the tech-

‘nology? In effect it led to professonal in-

terest in what had previously been a largely

.amateur field — that of transportable, low-

power communications equipment with a
range of several hundred miles. By 1945, a

whole new class of “military” equipment

for long-range patrols and infiltration had
begun to appear: very different from the
tactical or strategic long-range military

communications that had dominated
British signals planning in the 1930s.
Spies, ‘“private armies” and underground
resistance movements created a new form
of radio. Sadly one has to admit that Resis-
.tance of the 1940s also fathered the tech-
niques of the urban terrorists of the 1970s
and 1980s: the plastic explosives, the assas-
-sination squads, the art of silent killing,
the suicide pills, the hostage-taking. Only
clandestine radio has been downgraded by
‘the availability of the international tele-
‘phone.

- Equipments such as the crystal-
scontrolled Mark III and B2 proved more
.dependable in use than the orthodox mili-
{tary No 19 sets; similarly the Americans
found that by using equipment designed
‘for amateur radio including the Hallicraft-
iers HT4 transmitter (BC610) they were
-able to put together the outstandingly
successful SCR299 series of signals

‘vehicles (and again in the Vietnam war

hurriedly adapted the Collins KWM-2
amateur transceiver for their Special

" Forces).

It also showed that the main problem

.was (and still is) the provision of electric
‘power.

Semiconductors have reduced
power consumption but there is still a re-
.quirement on h.f., it can be argued, for a
minimum of several watts of r.f. power if
only to combat the ever-varying propaga-
-tion conditions that often make it easier for
signals to be heard a thousand miles away
than it is to pass traffic, at fixed times of
‘the day, in different seasons of the year, to
a base station just 100 to 500 or so miles
away, often within the “skip zone”.

But above all, it showed that skill and
experience as a radio operator was an
essential key to success, provided that it
was supported by the necessary devious-
ness and instinct for conducting covert
.operations on the part of the organization
concerned. Some men and women, with
little or no previous experience of radio.
-communications, did acquire the necessary
experience quickly, but successful h.f.
radio operating requires more than an abil-

ity to send and copy Morse at some given

rate of transmission. Added to this, they

‘needed also the ability to live clandestinely

in enemy-occupied territory without
cracking under the stress, though liable to

.be “blown” at any time by those they were

forced to trust, pawns in an infinitely com-
plex game of chess. Far too many of those

.who volunteered to provide the radio links

with England in 1941-45 lacked the
training or experience they needed to sur-

~vive. We remain in their debt.
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New Products

Alternative

storage medium
Baud rates from 110 to 4800 are
selectable on the mini-cassette
based FV1 storage medium from
Ikon Computer Products. The unit
has internal buffering and a
microprocessor-based operating
system to organize data, provide
error checking and keep software
control requirements from the host
computer to a minimum. Up to
100K -bytes of data can be stored on
one mini cassette — in a maximum
of 104 files — and two files may be
accessed simultaneously. RS232
communications with the computer
are through a 7-pin DIN plig
which also doubles as a baud rate
selector. Data can be transmitted in
blocks of between 1 and 99 bytes.
The FV1 responds to 11 commands
and can return one of 18 error
codes. Apart from ™ non-volatile,
cheap data storage, the unit can also
be used to transfer data from one
computer to another,

lkon Computer Products, Kiln
Lake, Laugharne, Carmarthen,
Dyfed, Wales.
wWwi301

Automatic
multimeter

Among a number of new products
recently introduced by Philips is
the PM2521 automatic multimeter.
This 42 digit microprocessor
controlled instrument is fully auto-
ranging and gives readings of fre-
quency, time, temperature, dB,
diode forward voltage, resistance,
alternating/direct voltage, a.c. and
d.c. on a 4% digit display.
Voltage, current and resistance re-
solutions are 10V, 10uA and
10m{) respectively and the meter’s
basic accuracy is around 0.03%.
When current measurements up to
20mA are made, an active circuit
keeps the voltage over the input
terminals to less 25mV by feeding a
current in the opposite direction,
The bandwidth for r.m.s. mea-
surements is 100kHz. On direct-
voltage, resistance, diode-check

and dB ranges, the zero reading can
be offset to a reference value. The
2521’s price is £295 plus v.a.t, (in
the UK). Among other instruments
recently introduced by the same
company are a 10Hz to 100kHz RC
oscillator with 0.02% distortion at
1kHz and floating outputs, and a
range of line conditioners. Exten-
sions to their range of miniature
thermocouple assemblies have also
been made.

Pye Unicam Ltd, York St,
Cambridge CB1 2PX.
WW302

Varactor
amplifier
Low input-bias current and high
input impedance, at =10fA and
3x10“Q, 30pF respectively, are
the main features of Intech’s invert-
ing-only varactor amplifier. The
AMP310] has a minimum slew rate
of 0.4V/ms and its input noise-
voltage figures are 10uV p-p for
0.01 to 1Hz and 10uV r.m.s. for 1
to 100Hz. Metal packaging is used
and the device is pin-compatible
with the A/D310]. In quantities of
over 100, the price is £19.50 each.
Teknis Ltd, Teknis House,
Meadrow, Godalming, Surrey

GU7 3HQ.
WW303

Small outline

r.a.ms

The package used for these 16K
static r.a.ms is 60% smaller in area
and 50% thinner than conventional
24-pin d.i.1. devices. Because of the
reduced size, Hitachi, the manufac-
turers, expect that there will be a
strong demand for the i.cs in appli-
cations requiring dense component
layouts such as pocket computers,
point-of-sale terminals and other
portable electronic equipment.

The HM6116FP/LFP and
HM6117FP/LFP series memories
will be available from Hitachi UK
in the near future.

Hitachi Electronic Compo-
nents (UK) Ltd, P.I.E. Building, 2
Rubastic Road, Southall, Middx
UB25LL.

WW304

High-voltage
electrolytics

Both radial and axial-lead LS series
electrolytic capacitors from Matsu-
shita are available through Comp-
stock. These components can be ob-
‘tained in values from 0.47pF to
10 000uF with working voltages
ranging from 6.3 to 500V d.c.
Other operational characteristics
are a worst-case temperature range
of ~25° to +85°C, leakage current
of 0.02C Vs_1+3uA and ripple cur-
rent ratings of 10mA to 1100mA
r.m.s. according to the capacitor’s
‘working voltage and value. Small
size is a feature of the LS series ~

the 10 000pF, 6.3V type measures

18mm diameter by 40mm long.
Compstock Electronics Ltd,

Compstock House, London

Road, Stanford-le-Hope, Essex

SS17 0JU.

WW305

Heat-conducting
epoxy

Electrically-insulating, thermally-
conductive  epoxy developed for
bonding substrates to their pack-
ages is available from Epoxy Tech-
nology Inc. This black resin, des-
cribed quaintly as ‘somewhat
flexible’, is claimed to be suitable
for bonding materials with dissimi-
lar coefficients of expansion such as
aluminium and alumina, and gold-
plated Kovar and alumina. Epo-
Tek H65 also adheres to other sur-
faces including those made from
ferrous and non-ferrous metals,
glass, ceramic and semiconductor
materials. Curing takes about 30
minutes at 150°C and the resin can
be subjected to 300°C intermit- -
tently without degradation, the
manufacturers claim:. A 3oz trial
sample costs $20.

Epoxy Technology Inc., 15
Fortune Drive, PO Box 567, Bil-
lericay, Massachusetts 01821,
USA.

WW306

BH meter

Induction and coercive force mea-
surements can be made on soft
magnetic materials such as ferrites,
tape-wound cores, transformer la-
minations and special steels using
the model 7000T variable fre-
quency BH meter from LD]J
Electronics. Frequencies from
10Hz to 10kHz (up to 20kHz is
optional) or d.c. can be used for
measurements. Fixed-frequency
values, induction (B), coercive

force (H) and permeability readings
are shown on a 3%: digit panel
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meter while an oscilloscope displays
the BH curve and variable frequen-
cies from 10Hz to 10kHz. The
system was primarily designed for
use in the laboratory but it can also
bé used in quality control applica-
tions.

LDJ Electronics Inc., UK Divi-
sion, 4 Somerset Way, Seming-
ton, Nr Trowbridge, Wilts BA14
6LD.

WW307

Small thermal

prlnter
Two items make up the SP-285 kit
from Roxburgh, a 16-column ther-
mal printer for 38mm wide paper,
and an 8-bit microprocessor
controller i.c. The former prints at
rates of up to two lines per second
using a 5 by 7 matrix and the latter
has a 64 ASCII character set and
interfaces the printer to an 8-bit
bus. For quantities of 99 upwards,
the kit costs less than £17 per unit.
Roxburgh Printers Ltd, 22
Winchelsea Road, Rye, E. Sus-
sex TN317BR.
WW308

Breadboarding kit

At the heart of 3M’s breadboarding
Kit is a 24-contact plug strip which
can be snapped off to the desired
length, thus reducing the number
of different components in the kit
and simplifying ordering. These
strips are plugged into the circuit
board in parallel pairs to mate with
a range of d.i.l. sockets which
accept either the legs of an i.c. ora
d.il. plug carrying a discrete com-
ponent. On the underside of the
board, the plugs have insulation
displacement connectors to accept
one or two wires. The basic kit
includes a single-height Eurocard
board, a selection of dual sockets,
plug strips, solder strips, tools and
25ft of 30a.w.g. wire.

Electronic products group,
3M UK PLC, 3M House, PO Box
1, Bracknell, Berks RG12 1JU.
WW309

Radio-code clock
Model RCC8000 is a microcom-
puter controlled instrument. which
receives, decodes and analyses all
time-coded standard frequency
transmissions to provide an accu-
rate, secure and automatic time/
calendar or synchronization
system. The standard unit offers a
range of outputs including RS232,
16-bit parallel, f.s.k. for magnetic
" tape and pulsed or serial data for
slave displays. A keypad pro-
grammer is also available which in-
dependently programs seven
parallel output lines to switch at
precise times/dates and for exact
durations. Other facilities, such as
GMT/BST ot GMT operation and
variable hours offset, can be selec-

WW309

ted with internal switches. Accur-

acy of the clock is within 5ms of
atomic time and the receiving range
is claimed to be greater than
1500km. Applications include
energy management, computer
real-time clocks, master/slave-clock
systems and synchronization of
separate equipment or events.
Circuit Services, 6 Elmbridge
Drive, Ruislip, Middx.
WWw310

Microcomputer
keyboard

Apart from one or two teething
problems, the ZX81 is quite a feat
of electronic design when you con-
sider its price. But as the most te-
dious task in computing is consid-
ered to be typing in a program,
.many owners may find the 8§1’s key-

"board a bit of a bind. So Computer

Keyboards are supplying what they
call a ‘professional’ keyboard which
plugs directly into the ZX81 for
around £28.95 including v.a.t. and
postage. Each keyboard has a
transparent cover under which the
key legend is placed. As from 1
January, 1982, a case for the key-
board will be available from the
same company.

Computer Keyboards, Glen-
dale Park, Fernbank Road, As-
cot, Berks.

WWw3ll

Antenna

elevation rotator
According to South Midlands Com-
munications, the KR500 is, ‘the
only purpose-designed elevation ro-
tator in production’. Of course, un-
til fairly recently, transmitters were
firmly fixed to the ground and there
wasn’t much demand for such a
rotator — but times are changing.
This antenna rotator is part of a
range of similar but vertical axis
drives recently introduced by SMC
and manufactured by Kenpro. Also
available are rotators adapted to
work in conjunction with wind
vanes, and with built-in hysteresis
to control the direction of scientific
instruments.

South Midlands Communica-
tions Ltd, SM House, Osborne
Road, Totton, Hants SO4 4DN.
WWw312

Tv deflection i.c.

A single integrated circuit con- ~

taining sync. circuit, oscillator,
ramp generator, flyback generator,
protection circuits and power out-
put stage is manufactured by SGS.
The TDA1670 provides current
outputs of up to 3A peak-to-peak
with supplies of up to 36V and a
flyback voltage of 60V. Thermal
overload cut-out protects the i.c.;
and the blanking generator can be
used to cut off the beam current to
avoid tube damage if vertical de-
flection collapses. A 15-lead version
SGS Multiwatt package houses the

1.C.
SGS-ATES (UK) Ltd, Waltoh
Street, Aylesbury, Bucks.

WWw313
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Far from free
speech

The annual problem of what to buy the
loved one for her next birthday has been|
partially eased by the news of an exciting‘
development from the firm-of Nippon!
Electric. It’s a machine, selling at a paltry
$15,000, which is claimed to be capable of]
‘hearmg words and then- printing them.
out via a word-processor. i

But don’t think your monetary outlay is’
going to stop there. The fact that this,
contrivance recognises no other languagc!
— not even English, by gad sir — means
that you’ll have to treat the loved one to a(
crash course in Japanese as well. I'm as-
suming, by the way, that you have a word- }
processor kicking about the house some-
here. So you’ll be saved that expense.

Certain other small items may also crop-
up. For instance, when using the machine
the LO will need to speak at slightly less:
than her normal conversational speed and
to pause after the delivery of each syllable.
Now, I can’t speak for your LO, but the
one I’ve got at home is internationally no-
torious for the rate at which she punches
out the words and phrases. In fact, in the’
interests of science, we once took her to
one of those firing ranges in the back of
beyond and measured her performance
against that of an old Gatling machine
loaded with a belt of 100 rounds. We wrote.
the LO a speech of precisely 100 words,
blew a whistle, and they were off, the pa1r
of them.

"You’'ll never believe this, but the LO:
was knocking back a restorative gin before
the Gatling had stopped chattering. So if”
she-to-whom-you-would-give-your-all:
comes into this supercharged speech
bracket you may have to foot the bill for
expenswe depressant drugs, to be taken
priortoa sessmn on Nippon’s wonder box.
If that doesn’t work she could try chewing.
on a hard apple or a chunk of stickjaw:
while mouthing her piece. If it does noth-.
. ing else it should make her Japanese sound
interesting.

Ghastly to have
‘met you, Mum

In the September issue of Wireless World 1
tactfully suggested that British Telecom
(which Parliament has now made respecta-
ble) would be performing nothing less than’
a public service if they applied the excel-
lent (in this case) principles of euthanasia
to that illiterate disgrace to the ornotholog-
- ical world, Buzby. He has, I submitted,
polluted our screens for too long. :

I never seriously hoped that my subtle
hint would be acted upon, but I wasn’t
prepared for BT’s reply: the sudden ap-

pearance one night of Buzby’s mother.
The fact that he had one was the biggest
surprise. I always imagined him to be a
clinical laboratory lash-up that went
wrong.

Now, having seen these two monsters:
together, I can only say they thoroughly.

deserve each other. But we still do not.

Influence of angels

Have you noticed the growing element of
commercial sponsorship that’s creeping
into our TV fare nowadays?

It shows up mostly in the sports sector:.

show jumping, athletics, table tennis, bad-
minton . . . Even cricket, which was the

last bastion of all that’s clean-limbed and-

county, has fallen under its spell. And as
for motor racing, it’s a miracle to me that

the cars ever make it round the circuit’

under the weight of all those posters and

_ emblems. ‘
Not only sport is affected, however.

Those dreadful contests are too. You know

the sort of disaster I’m talking about: “The.

Miss Beautiful Bicuspids of Great Britain”
competition, presented in association with

the Dire Dental Floss Corporation. “The.

Year’s Hairiest Chest”, a tasteless exercise

- aided and abetted by the maker of some
tonsorial stimulant or other. :

Those responsible must be living in a
world of their own if they really believe

these trivial affairs, designed mainly to

promote private commercial interests via
the back door, add up to entertainment for
the majority of viewers.

Another thing that puzzles me is that

very often these angels of the box seem to.

have nothing in common with the pro-
gramme they’re backing. What, for

example, is a cigarette manufacturer doing:

putting up a trophy for cricket? Surely this
is one area where scar-free lungs and

plenty of puff are basic essentials. And it is’
appropriate that a well-known firm of tv,

setmakers — whose product is designed to

be used in a sitting position — should’
- award its patronage to an athletics meet-

ing?

across even more marked incongruities.
There’s the Titmarsh Teamaker Trophy,
the Cornish Cultural Circle Cup, the Red-
ditch Roadmending Company’s Rosebowl
and the Sussex Sheet Metal Workers”
Shield. Just what, tell me, have cups of tea
in bed, mind-improving activities, mend-
ing holes in the road and metal work got to
do with sweating nags and jump-orfs?

For those who have eyes to see, the,
writing is on the wall. Before we know

where we are we’ll have jewellery stores

offering cut-price wedding rings to bride-.

grooms willing to fly advertising pennants
from their toppers as they step up the aisle.
We may yet see manufacturers of fire

In the show jumping arena you’ll come.

extinguishers promoting spectacular
blazes. Who knows?

Window-knocking

If you want to relieve the tedium of warting
for your loved one (here she is again) while
she pops into the local department store
for a couple of hours to try on some
dresses, try strolling down the High Street
and treating yourself to a session of
window-knocking. This is akin to window-
shopping, but a good deal more purpose-
ful. It consists of thoroughly inspecting
window displays and then deciding which
one constitutes the biggest shambles.
You have to make allowances when arriv-
ing at your judgment, of course. Ob-
viously, a milliner’s window containing
nothing but one hat on a pedestal and a
card bearing the words “Hier Man Spricht
Deutsch” has an inborn advantage over.
the one displaying assorted ironmongery.
Over the years (because my LO likes try-
ing on dresses in department stores) I've
had the opportunity of regularly making
comparative studies of window-dressing
techniques and have become a knocker
whose views are not lightly dismissed. And
while there are notable exceptions, I
hasted to add, I’d say that the area of
retailing most likely to benefit from a fun-
damental window rethink is the radio, tv
and domestic appliance trade.

I’'m prepared to admit the dealer’s prob-
lems are numerous. The goods he sells
come in infinite variety and in lots of dif-

ferent shapes — some of them awkward. -

Front-loading washing machines and pop-
up toasters do not, I will also concede, lend
themselves to imaginative presentation.
Any more than you can avoid the stark
truth that a TV set is merely a box with
knobs on.

Allowing for all these handicaps, there is
still bags of room for improvement and I’m
sure the trade would do well to look
around and take a leaf or two out of the
books of other retailers. For instance, the
angularity of video cassette recorders could
be softened by small tastefully-deployed
pot plants. There is no valid reason why
the larger portable radio sets should be
stood in rigid line like a unit of the Guards.
Let them be arranged casually, possibly on
a bed of polystyrene chips. Curtaining is a

.much-neglected material in this area of

display. Heavy, richly-coloured drapes

.will not only provide a dramatic and com-’

pelling effect, but will also serve to mask
scratches on cabinets, inclicted by Satur-
day-only assistants.

These are only a handful of suggestions.
The enterprising dealer is bound to come
up with lots more if he sets his mind to it.
But don’t overdo it, lads. Otherwise I shall
have nothing to knock while I'm waiting
for the LO to reappear with a full shopping
bag and an empty purse.










