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Now, at last, real portable at the touch of a button. It From Sharp. Where great
computer power. The new  can even play blackjack, ideas come to life.
Sharp PC 1500 pocket analyse your biorhythms or  speciFications
computer. A pocket-sized give you a beeped reminder  PC1500 Pocket Computer
genius that will travel with  of a scheduled meeting. cru enos ot cel

- you to conferences, L.arge memory o - RAM: 35K bytes o 11.5K bytes
seminars and business ~ capacity, up to 11.5K S by 2 1° Printer/Caasy
breakfasts. - bytes. 4colour printout. = ———————"tE.

The PC 1500 has the Six user-programmable SR et ocab

capacity and BASIC ~ keys. The incredible new e oo e
language usage thatisvery  PC1500. Arevolutionin ~ fresetens  mstnion
nearly that of the desk-size - pocket computers. _con e coniEa]
Personal Computer. When ’
fitted with the optional I_Iease send details of the Sharp PC1500
4-colour graphic printer, it
IS one of the most powerful
pocket computers on earth.

|
|
Chorescanbehandled |
swiftly and accurately any | The world of
|
g
|

2861 LSNONY CTIOM SSTITUIM

88 TOA

6551 ON

Type of application:
Name:

i
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i

‘ ]

[
At alis A’
Canada 5
Denmark DKR

Gearmary TR 6 5

'

. -

time of day, wherever you
S I I‘ k I H‘,z“ R! 160

happen to be. Estimates,
records and charts of sales,
billings and other important where greatideas cometolife. AN R TIZAVGY, )
, data Can be re'programmed, Sharp Electronics (UK) Ltd, Computer Division, Sharp House, Thorp Road, ';' o Clla ) _\% 0 & Y I \ -\" . "' .‘ ) .\.‘. £ ."’ r J - g?:.: v )
Ca|CU|ated and Summoned Newton Heath, Manchester MI09BE. Telephone: 061-205 2333 \ Y\ ¢ -) '. . % HI ” g '~ Z ¢ \ .:" ..'. -\ , 7/ S | P‘I
Design and specifications subject to change withoyt notice av "“ \
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_ Front cover is a montage of an
electronic watch circuit
superimposed on an Aztec
calendar wheel. Picture by Paul
Brierlay.

NEXT MONTH

Eprom emulatorl
programmer — enables
program evaluation
without constant alteration
of eprom. When testing is

- finished, emulator transfers
its contents to eprom.

Selective call for c.b. radio

data frame to modulate c.b.
carrier and call designated
receiver.

Simple low-frequency -
oscilloscope — suitable for
audio work. Vertical
bandwidth is 1MHz at
50mV/cm — triggered or
free-running sweep. Costs
around £40.

|28

— allows keypad-generated

Current issue price 70p, back issues (if
available) £1, at Retail and Trade Coun-
r ter, Units 1 & 2, Bankside Industrial

Centre, Hopton Street, London *SE1.

Available on microfilm; please contact

editor.
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by J. L. Linsley Hood
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DISC DRIVES
by J. B. Watkinsen

37

ELECTROMAGNETIC ANALOGY
hy W, A. Scott Mumray

CIRCUIT MODELLING BY MII:HIII:IIMPUTEII
by R. |, Harcourt

DIGITAL DIVIDERS WITH SYMMETRICAL OUTPUT
by Comeilus van Holten

DIGITAL FILTER DESIGN
by B. M. C. Cheetham and P. 11, Hughes

MICROCOMPUTER LINE PRINTER
by P. L. Weods

'LETTERS

' METEOSAT HIGH- HESOI.IITION IMAEES

by M. L. Christieson

v

CIRCUIT IDEAS

COMMUNICATIONS

NETWIIIII( ANALYSIS WITHA zxm
by L. E. Weaver

COST-EFFECTIVE ELECTRONIC IGNITIIIN

DESIGNING WITH MICROPROCESSORS
by 0. Zissos and Jane Pleus

ELECTRIC FIELDS IN SOLENOIDAL cmls
by F. S. Chute and F. k. Vermeuien
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* F RESPONSE DC — 45KHz + 1dB.

% OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
(CONTINUQUS R.M.S.) _

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
OHMS. : .

% PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS. )

% UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS, AND MANY OTHERS. : Ll

% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY ANY LOAD. ° ,

% FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

% 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

4 G | I\Irliodel — M600

For full details on all Ameron Products wrrite or phone Chris Flack

%% Analogue Associates|

Tel: 0953-452477 e
PROFESSIONAL INDUSTRIAL ELECTRONICS

- WW — 026 FOR FURTHER DETAILS

INSTANT PRINTED CIRCUTS!! | | | TV TUBE REBUILDING

Make your own. — to professional standards ~ within minutes using

sither "Fotolak” Light-sensitive Aerosol Lacquer or Pre-coated board. Faircrest Engineering Ltd. manufacture a comprehensive

No Darkroom or Uitra-violet source needed! b range of equipment for processing all types of picture tubes,

Fotolak et g . D e colour and mono. Standard or custom built units for ‘estab:,

Ferri: Ck?leorggg. ............... Eggg Sgg; Aﬁ;ffa'?e"se;',é;; 'lished or new businesses. We export world-wide and have an
' i 5 excellent spares service backed by a strong technical team:

Copper-clad Fibre-glass Boards: Single-sided ................ . 5. (45¢ &0 c RN W 5

" Double-sided .~  £2.25 #. sq. (60p Full training courses are individually tailorea to customers

Pre-coated Fibre-glass Board: - - requirements.
8/'x414"... £1.76 (25p)  16"'x9".....%.£7(60p)  24"x18"...£18 (£1.70) » .. =T ,
8''x9'......£3.50 (45p) 24''x12""..£13(£1.20) Eurocard 51,2fr, {25p) For full details of our servite contact Neil Jupp

Double-sided Board (all sizes) add 20%

Postage individual items in brackets. Maximum charge £2 per order.

WHITE HOUSE ELECTRONICS
P.O. Box 19, Praa Sands, Penzance TR20 9TF
Telephone: Germoe (073-676) 2329

FAIRCREST ENGINEERING LTD.

4 Union Road, Croydon, CR0O 2XX
01-684 1422/01-684 0246

WW-—059 FOR FURTHER DETAILS
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g _ = E = \OO M P U T E RS -
g‘b @e 192 HONEYPOT LANE, QUEENSBURY, STANMORE, MIDDX HA7 1EE. 01-204 7525
S THE “PET"” SPECIALISTS _
4016 16K Computer £460 | WE HAVE A DAZZLING ARRAY OF COMEAND  Y4f
4032 32K Computer ° £575 CONNECTIONS WITH THE OUTSIDE WORLD! ' | SEETHE NEW 'ﬂ
2031 171K Single Drive Floppy Disk £350 | D_TO A CONVERTERS (8, 12 & 16 BIT £166 I L
4040 343K Dual Floppy Disk ' " ¢575 | ATOD CONVERTERS RESOLUTIONS e NSE e
4022 Tractor Feed Printer - £350 X/Y g}gﬂﬁﬁ;ﬁ%%‘fﬁ'ﬁm{\gDS) : FULLY WORKING AND OPERATIONAL
8032 32K Computer . £750 RS 232: IEEE : CENTRONICINTERFACES | “SK US ABOUT ALL THE ADD-ON-GOODIES
8096 96K Computer DAY el L : : THAT GO WITHTHE VIC
8050 950K Dual Drive Floppy Disk -~ - £750 | AS WELL AS BUSINESS SOFTWARE, WE ALSO MASSES OF BOOKS ON THE |
8023 Tractor Feed Printer - L £750 ¥ CAF?‘E%%T;IELEN(T;ISNEF KFEI;NG + INTER_FxtE:TN&GV&'CCONTROL 3
ggg(z) §2 Meﬂabﬁi |\(ﬂﬁ’r;clh_zlester Dlskc £3250 DATAANALYSIS/STATISTICALPACKAGES [~ SEND US A LARGE STAMPED ADDRESSED
uperPet uitilanguage Computer h TAPEPREP FOR ONC MACHINE TOOLS ENVELOPE (12x9) AND WE WILL BE DE-
KT A3 e _£1295 | SECTION CALCULOIF\:"I:"ICOEQS FOR DRAWING | LIGHTED TO SEN YOU ALL OUR CURRENT
RMATIO _
A ALL( Ehal 2l ?])'i'gER Cc,ﬂéps ANALYSIS FOR CONTROL SYSTEMS > PRICES DO NOTINCLUBEVAT

PERSONAL SHOPPERS WELCOME ALL GOODS SENT SAME DAY WHEREVER POSSIBLE [P0
 Phone & Mail Orders accepted LARGE S.A.E. FOR LISTS ETC. (N

"WW ~ 035 FOR FURTHER DETAILS
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- THE SOURCE

- OF ALL HIGH QUALITY

UIPMENT

Electronic Brker’s new catalogue of current Used Test Equipment is hot off the press.
Send for your FREE copy now! 0

COMPONYE: . chan s neee oo on ey o SO, ST PN 20, B3 L R

AT N W S & ™ sipa i o o Shalo s ob Py oM o0 o BT o WW-200
IACIRESSel . . oo ol \ . Fok FURTIEE DErAIS

ROUTONERET. . e o v o T R ek !

Depantment 5 el E L o e R e o SRR .
Post To: Electronic Brokers Ltd., 61/65 Kings Cross Road, London WCI1X 9LN. Tel: 01-278 3461. Telex 298694



New Fluke
42 Digit
Hand-held

Toroidal
)Isformers | |

TOROIDALS

The toroidal transformer is now acceptedas ~

p - THE COTSWOLD ! the standard in industry, overtaking the
BUDGET RANGE* OFFERS | - ob§oll(¢:telaminagedttg'pealndttxstrg l:as; bigeaai\s
BUILT-IN QUA_:_.(I)TX ggﬂgﬁg 4 gﬁ?‘?ﬁﬁ!é‘%‘rﬁe{?:ig’a}b 1§3e¥?2£2t§d%e‘id and; :
t to I.L.P., d -
e o T A ELIABLE D.M.M.s

Qur Iaxge standard range is complemented by our SPECIA
DESIGN section which can offer a prototype service within
7 DAYS together with a short lead time on quantity orders which

% MOSTTYPES

FROM STOCK can be programmed to your requirements with no price penalty. O — :
' : . Now in Stock
! e ——e—
IEC 65 Ml Y M e il
VDE 0550 g 1| S35 | T2 | £512 DAYS OF RECEIPT FOR SINGLE OR : Basic dc accuracy 0.04%? 104V, 10nA
J 0.45Kg | 1x012{ 12+12 | 1.25 h SMALL QUENTITY ORDERS \ and 10 mf sensitivity. 4
BS 415 Reguiaion | 13013| 16415 | 10 | wwerios , S0 Display annunciators for low battery
TO ORDER 1% |10 i | ose | pew  § YEBR NO QUIBBLE GUARANTEE . 5 , (BT} and special functions: ﬁequency
g 1016| 25425 | 060 d y {kHz), dB, continuity {—~+. ]} and
120171 30430 0.50 i \ - b K
SERIES vi RMs | - relative reference {REL). iy
PHO Nk JRa0 N AReji2s010 s SRR M o | voisfcuren|  PRCE : | Autoranging M @ measurements from 2
1 09Kg |2:012| 12412 | 2.08 225VA 16x012} 12+12 | 938 : ; 4 MQto300MQ.
TELEX, WRITE g e | e £570 | ["ogmm &t el 1 12 : — Conductance functions for resistarice
FOR DATA SHEET C|zots| z2vzz | 133 | ewemw | | Reodton |g0i6f z2vz2 | st | O D) . measurementsto 10,000M®. T
h a0 20025 | 10 | wrcios =R B | S : Separate constant-current source diode-
N D P Rl CE Ll ST 2028 110 0.45 TOTAL £6.08 6x018| 35+35 | 3.21 ’ test function for checking
i u0ze| 20 | 022 e8| 00T g2re! S semiconductor junctions. i
: 060}, 20 020 5x033| 50450 | 2125 Full range capability for voltage. current,
Budget Range Stockist 8OVA 3010 645 | 684 6x028) 110 | 204 ' resistance {200 uA, 200mV and:200 &
3The Mi BABRIL ELECTRONICS LTD. oxdomn | 3011 | 609 | 444 | Sl el G rangesr; uA, ;
e Minories, London EC3N 1BJ. 01- A S sos0| 20 | o 1ges).
: 01-488 3316 Reguitlon | 3:013 | {5+15 | 288 £6. 08 300VA [7013| 1515 |10.00 | Wideband True RMS AC measurements
C ot I d EI g Sols| vz | Ter [ AT | fiiosonm| 7ot | 1848 | 838 to 100kHz.
L M r & . + . H
T+ SWO eCtr oni C S LTD A S | M Ao | 7018|3542 | 800 £1 0.17 Overload protection to 750 VAC or
H I Unit T4, Kingsviil g . 3 3028| 10 | 072 6% {72017} 30430 | 500 | T, 00 1000 VDC on voltage inputs and 500 V
LOM AST + Kingsviile Road, Kingsditch Trading Estate, Cheltenharn GL§1 9NX | 3029 220 | 036 nolgl g5v3s | ) on resistance, Protection on current
s Tel: 0242-41313 a0, 20 0.3 7x025| 45445 | 333 | TomLEN0 i inputs provided by a 2A/250V fuse in
YSTE mMS g . Telex: 897106 12D VAN <010 Mo R0 o) 5050 | S0 line with a heavy-duty 3A/600V fuse.
3 } : ar | 40iz| 1212 sigg £ 6 9 0 7oze| 20 | 136 ’ { Sophisticated seif-diagnostics provided
- oguiaton | 4x013 | 19415 | 4 \ 12030 240 125 for all range and function selections plus
WW — 040 FOR FURTHER DETAILS M) i | % | Csna | | 500w Tl zses 1000 LCO dispiay. battery and CMOS
- ] | ey e ko | ax0ig| 35435 | 7.14 £13. 53 circuitry.
4x018| 3435 | 11 [ TS Regulation | 8x026| 40+40 | 6.25 [ 0 . Fiuke’s 8062A makes many of the same
N gutes| 0| (0o (O B M B e 3 i Y measurements as the 8060A, at a lower
L) T I b | Boinaiy sndretatve e
‘ TP - 160vA |01 s+s | 649 g a8 ontinuity and relative reference
PN EU MATI C y toxdomn| Sx0tz | 12072 | 008 = Fereh| | o 1 7T\ f 5 functions identical to 8060A.
TE L BE PREPARED regoniion |5x014 | 16418 | 44s | £7.91 625VA |9x017] 30430 | 10.41 Lnlhs Jmu TR True RMS measurements to 30 kHz.
E s C 0 P l c & Dl view THRU LENS p 8% | 5015 | 22422 323 W:m, 140x75mm{ 9x018 | 35+35 8% £1 613 + Basic dc accuracy 0.05%: 10uV, 10nA
. Ideal for the experimenter ??:iz Z“‘Eiéé gio | wn HE%E{M §:§:2§ 2551‘45% ggé oA and 10 mS sensitivity.
& THIS DOSIMETER WILL AUTO x + TOTAL E11.02 I + . o
DETECT GAMMA AND X-RAYS " R I e SOl B0 | he | e : Fluke 8060A £275.00
o s SidE U KOUNTAIN PEN G ELES =, el 8 |8 ) I | ' Fluke 8062A £210.00
AFTER PURCHASE . . l Fluke8022B. With 2 year warranty
8 PRECISION INSTRUMENT IMPORTANT: Regulation —~All voitages quoted are FULL LOAD, Please add regulation figure to FlukeBOZlB.Wichyearwarrant
y Ly
8 MANUFACTURERS CURRENT PRICE DF A £ 6 9 secondary voltage to obtain off load voltage. Fluke 80208, With 2year warranty
SIMILAR MODEL OVER £25 EACH . 5 ‘ The benefits of ILP toroidal transformers ) Fluke8024B. With 2year warranty : ]
W0-5R " i i i f 0 B £285.00
e A4, VAT Post & Poclios e ILP toroidal transformers are only half the weight and height of their laminated Fluke 8050A MainsModel £255.00 MainsBattery £28 0%
; 7 . equivalents, and are available with 110V, 220V or 240V primaries coded as follows: Fluke8012A MainsModel £229.00 MainsBattery £257.
Tested and fully d.E q p
cupplied 1 Fits Servcas/Ciil Dot ok delivery. | COMPLETE For 110V primary insert 0" in place of “X" in type number Fluke8010A MainsModel£175.00 MainsBattery £203.00
nce -
| WITH DATA For 220V primary (Europe) insert “1” in place of “X” in type number. ACCESSORIES

rdars w For 240V primary (UK) insert "2” in place of “X” in type number. | AB(‘)'Z 30 Battery eliminator
01 723 1008/9 How o order Fraspust: ATy dieloi
CALLERS: 403 EDGWARE ROAD, LONDON W2 1ED Use this coupon, or a separate sheet of paper, to order these products, or any 80J-10 Cu"e%t Shuﬂt 10A
Mail Orders/Export Enguiries to: 11-12 Paddington Green, London W2 products from other ILP Electronics advertisements. No stamp is needed if you address to 80K-40 H.V.. probe 40kV
- - n Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd.” 80K-6 H.V brobe kv
3 k2 = Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for 80T-150 Témperature probe
single and small quantity orders. 80T-H Touch hold probe ... ... ..
Also available at Electrovalue, Maplin and Technomatic. 83RFRF.probe 100MHz. . . ............... . ALY 1 o .

N R EEEEE DN D BN N S S 85RF R.F. probe 500MHz
) Y8102 Thermocouple probe
Y8103 Bead thermocouple
Y8104 K type thermocouple termination. ;. . . . £8.00
Y8133 Deluxe test leads .£14.00
Full Specs. on Request,
The abave prices do not include carrlage
or VAT (15%).

Sirhply Phone or

PIANOS SPECIALISTS SINCE 1972 R 3 y
g g DOMESTIC OR STAGE = An Eiectronic Backin,

SIX OR 74 OCTAVES - TRIQ. Drums, Bass :

KITS OR MANUFACTURED Y | £4301 G oo SRS D |

. . VOCAL & INSTRU- for 50-100 scares,

g;:“ r:;);;uﬂv{:gﬁzg MENTAL SOLOISTS! using micropfocesset.— £

ve action simulat- A
-ing piano kay inertia Eslﬁeg“mﬂ bl
by patented tech- ) Rjp MACHINE.

Please send

Total purchase price oL
| enclose Chequel:l Postal Ordersl:l int. Money Orderl:l

Debit my Access/Barclaycard No.

nique. o Name
o e Telex your orfles for
Four mixable voices fl Tyl et rumEnte - Address L i
5'}': ff ﬂ}i‘fhﬁﬂ @ § seauance operation.  £79 KIT £119 BUILT -~ immediate dispatc h.
- alectronic chorus & wyj i i t
H l LO MAST L l M lTED and flanger effects. mél}t‘la;J?Eryor;a!fzrmfjuI:y‘gﬁt‘!a;;sft%'e?k;;zgn?c I Electronic Brokets Ltd
; : ) eV.AT, Carr, q ]
° . DOMESTIC PRICES Lomponent Kits in- & ins. aﬁzﬁr:/n;e:;serzpeceﬂne;xone BARCLAY- Signature 61/65 Klngs CIOSS Road

clude Keyboard. CARD/ACCESS.

£ | SIX W . . Competitive EXPORT Quotations givan. -~
Comp | 234 Ful i v con- |~ CLEF PRODUCTS (ELE LECTRONICS) |

THE STREET HEYBRIDGE — MALDON
ESSEX CM9 7NB ENGLAND 266 | tan: Cabimets, Har

Tel. MALDON (0621) 56480 oo ness, Power Amp - LIMITED N ]
TELEX NO. 995 855 “::[I; K :;: ‘;4925 _and Speaker. v B“ED?th.rLsga .Bramﬁ:.ll L{Qe,ssogy

Post to: ILP Electronics Ltd., Freepost 5, Graham Bell House, Roper Closa
Canterbury CT2 7EP, Kent, England.
Telephone Sales (0227) 54778: Technical (0227) 64723: Telex 965780.

London WCI1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

{a division of
ILP Electronics Ltd) WW — 201 FOR FURTHER DETAILS
——— .
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tockport, Cheshir
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VARIABLE VOLTAGE TRANSFOR EPROM ERASUREKIT - - ~ ot .
= Why waste m ? Build your own EPROM ERASURE for a frac-
T 230/240V a.c. 50/6( ; 0-26 tion of the price § a made-up unit. Complete kit of parts less case,
T amp inc, a.c. voitmster £15.00 to include 12" 8 watt 2537 Angst Tube. Ballast unit, pair of bi-pin
0.5 KVA {2V2amp MAX) £ leads. Neon indicator, safety microswitch, on/off switch and cir- ?
£25. cuit.
New cerami i y LESS CASE. Price: £13.80+75p P&P. (Total incl. VAT £16.50). METER PROB
s:n";/b?e”z;“nlﬁ:s:?sflu?;?:, heavy duty brush as- . s Warning: Tubzzesed in thi+s ci‘r’cuit is&ig;ﬁ;ggngsrous to tl!e eyes. | \ e
y. cor y rated, £79.00 Unit MUST be fitted in suitable case
g‘,“;ﬁ’y%{fﬁ&%{lwﬁw 500/1K2 1.5k 3 £174,00 REVERSIBLE MOTOR. 42 RPM 110V A.C, 100Ib in. Will operate on |
. P . (£3.91 inc. VAT). KVA (7 P _ £270.00 230V A.C. Speed remains_at 42 rpm but torque reduces by 50%.
50 WATT 25002 £5.60 + 50p P&P. (E8.80 inc. VAT), ‘ 3-PHASE VARIABLE VOLTAGE e EISbONdE 250 e TotalinclivaTIEZ 1.0 e REIo0 1
. m or 8 non-revearsibie jotor. er . B
100 WATT  1/5/10/25/50/100/250/300/500 1K/ 1,K0/ 28K0)/ Iﬁﬁ,ﬁﬁi&ﬁ'ﬁ‘oﬁﬁmw BT doinected cach + 50p PP, (Total incl VAT £2.88). NMS. '77 type
Biack Sitver Skirted Knob calibrated in Nos. 1-9, 172in dia. brass 3KVA 5 amp per phase max £108.00 BRAND NEW CASSETTE TYPE MOTORS. Three types. 6V, 712V,
bushi ldeal for above Rheostats 24p ea. +VAT. 6 KVA 10 amp per phase max £162.00 Carriage, packing J12v.Price, any thres, for £2 + 50p. P&P (incl. VAT £2.88) NMS.
l‘l.(_)rK_\'/.A 16 arg;;:;srnphMasEeFr‘nsax €329.00 & VATextra ‘3:63 from f:&iﬁngPOr‘il’c(:R.Jgrggs 35£1I,b‘ in.Pcr‘%varsible 115V AC
RAN: b ¢ . : £1050 + £2, f
SOLlD STATE E.H.T. UNIT - N 13.0 13V at 1 amp £2.80 P&P 75p (£4.08 inc VAT). £14.38). Suitable Transformer 230V AC ggammn‘.“gﬁl;"g‘s‘éq
Input 230V &.C, Fuly isdiated, Aprox. EiEL el Olsechnimer, 0.15V at 24 amp, 0-30V at 12 amp £20.40 P&P £2.3 (£26.11 inc VAT 50p P&P {total inc. VAT £8.05). N.M.S. e
| 15ExBBXSomm. Price £5 & 75p PEP. (Total inc. VAT £6.61). g e amp £16.20 P&P £2.00 (inc VAT £20.93), ggggggﬁCARBON VANE VACUUM & COM-
f x 0.12V at 20 amp or 0.24V at 10 amp £14.90 P&P £2.00 (£19.43 inc 1 L R = L
N.E.C. Geared Motor. 152 rpm, 200ib.in. 230V VAT&P). Direct coupled to /3 h.p. 116/115V AC Motor 4.2 . 1380 b \
! :ac asc(i)gzr.s RF:Q‘Zn%ﬁ ;of rha'l:!org:rg\r/;r:s.ﬁlir::x;l‘ y OGVﬂ Z‘\;/at;l\?/smp £9.10 P&P £2.00 (inc VAT £12.76). mg;or mﬂnufé by ;\E,l,pPump by William‘;.olhax.avr:g 2566 rDEI"E I
! £3750 + €4 php. (total incl. VAT £47.73). e e 2oiri.p£z_n.so { i— (ﬂs‘u,{nc jou 660CE 1.6, Price £30 l%&;;ﬁi{i:cl yx‘?ﬁhfﬁlgw ,3 LA C
i N.MS. . X 010V/17V/18V st 10 amp £71.55 P&P £200 inc PAP (£16.58 inc. ﬁ“,&"g'a transformer 240V op. £10 P&P £2 {£13.80 incl.. VAT). |
: 240V A.C. SOLENOID VALVE ; : — NATE . ‘
bD;ssigrl;?)c:!;t.’Rﬂ?r:{:%%:v:r?;:hﬁgﬁe/&:ég‘psl‘ [leeilol R allaes !N U TRIAL STRGBE_. Suitable for both W:\ IE gPPIP hAﬁstPaisi of ltaly. 220/240y AC 50 hz. 2800 RP.M.
Price: £5.50 + 75p P&P. (€7.10 incl, VAT). n.m.s. 9 | industrial and educational purposes. Kit iy L.G’;g;f;g}fj&;gagyl;g;gsmi;g; 1@;,1‘“'5‘38‘,{;";{‘;%"‘;;"%9!\!
v ) || when assembled produces a variable:’ £16.50. PRP £2.50 (£21.85 inc. VAT), N.M.S, . - - T
METERS (New) — 90mm DIAMETER : )5 ! AV vGL B i0c VATLNMS, - e
ACAmp. Type 62120, 14, 0-54, 0-10A. ] (| speed 1 to approx. 70 flash per second. PY'LYAGH'T SLROBE KIiT Mk IV B
of b A 3 : H H A pRrox. 4 joules, Adjustabie speed. Price £27 + £2 P&P. (Total inc.
DG Amp. Type 65C5 0-5A, 0-10A, 0-504, 0-100A. DCVok. 15V, — - Light output approx. 0.5 JOU|?S- Price, | at £33.36), Case and reflector price £11 + E2 PP (Total inc, VAT
30V, All types £3.60 ea + P&P 75p (£5.00 inc. VAT) except 0-50A" less case, £27 + £2 P&P (total incl. VAT § £14.96]_Foolscap s.a.6, for further details ific, Super Hi-Lyght
: oot (oo 0P T PAPSETIne VAT, | £33.36). Suitable case £11 + £2 P&P |  INSULATIONTESTERSwew ~—
1 ULTRA VIOLET BLACK LIGHT ; (total incl. VAT £14.95]. A o 000 YOLTS T8, £55.00 ‘ l
' fkgORESCENT TUBES | FR 0 ST 0 c K AT PRIC s P&P £2,00 {£65.55 inc. VAT & P). SAE for leaflet, @
watt £8.70 inc. VAT £10,00 {callers only). ! TIME SWITCH VENNER TYP
2ft 20 watts £8.20. Post £1.25 (£8.57 inc, VAT & P). ] Time switch 200-250V a.c. 30 amplcl:tx'tast Eonn% off
i (For use in standard bi pin fitt THAT DEFY COMPE ! i >
, (o nmmpnings TITION!| oyt o oy mai st e i }
A oy FaF sop E339inc. VAT Gg EII%ATF(‘JEF?SM O0TORS X.F. BLOWERS highest Se«(:g:i'gg Board Specifcation. Prics £11.50;
Complte ballast unit for either 6V, 9V or 12V tube 230V C CAPACITORS el o TP
S350 Fou 230 e sein VAT & £ Ako evalasls o v besds | MICROSWITCHES STROBE KITS SANGAMO WESTON TIME SWITCH : HM 203 PORTABLE
A A RELAYS FLASHTUBES I cvaride Swich. Diomuter & % 3 oo B350 FAF £ e in a’variety of OSCILLOSCOPE
I . Diameter
BLACK LIGHT BULBS || REED SWITCHES CONTACTORS Inc, VAT], Also vaifablo wih solar dia. BT . - oo . 137 Standard Ranges in a variety
ssg_ga:i,gg‘edphqemyrvl U‘g\‘/' ;7\?%5:”“)5. Avaitable for sither B.C. SOLENOIDS SYNCHRONOUS J ;:Ifz;\;ﬁlslable Sangamo Weston 60 amp and AEG 80 amp. Phone sizes and styhngs available for 10-14 Dual Trace. DC to 20MHz. 8 x 10cm
.S. fitting. Price incl. p&p &\ 11.50, 5268 X ol g 3 isplay. Risettme 17.5nS. Sensitivit
) zf‘é“s";‘i sht .V. Tubes from 6in to 4ft from stock. Foolscap s.a.e. PROGRAMME TIMERS MOTORS Prica£11 +1£‘:%grP.1(ttl?;sgoci/rﬁ:le\?ﬂ)zﬂ'&ués' eI days del Ivery. Other Ranges and OSCILLOSCOPE g griﬁ/lgm-zsoi/rlncm Timebase B SVySyO 2
i d H ri Type 5388. As above, pi hours spring r H v 4 - . - v e .
G‘?‘T‘Zﬁl A e ro o o O AT ~_Phone in your enquiries cdver, Prich: iﬁ,fﬁppﬂgﬁﬁwyxﬁﬁwgu = <l special scales can be made to order. . Single trace. DC to 10MHz. Risetime x 5 magnifier. X-Y operation. Auto or
- . e T = k- ) N.M.S. — New Manufacturers’ Surplus. 35nS. 5mV/cm to 20Vv/cm. Timebase variable trigger. Channel 1, Channel 2,
SEI ‘ v ICE I RA I LAl Secondtiones LIACIC N "Full |nf°,.;n tion from: 0.5uS-0.2S. Built in component tester. line and external. Coupling AC, or TV
A > =¥ L} | - urh _a . Personal callers only. Open Saturdays ﬂ C] e 9 v LPS technique provides stable and - low pass filter. Weighs only 6Kg. Size
‘ O Sbomoom en . M, W 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB, 01-095 1560 © Little Newport Street HARRIS ELECTRONICS (London) e TR AR ) N TR
SUELUOE G ‘ : A : : N London WC2H 7JJ : : ' '
Monday-Friday ACCOUNT CUSTOMERS MIN. OR ! 138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 {}*
VRl , \CCOUNT CUSTOM . ORDER £10, Tel: 01-437 0576 . . Telex: 892301 HART ;

WW — 005 FOR FURTHER DETAILS WW — 011 FOR FURTHER DETAILS .

: | n A compact mains-powered unit with one "

4 _-I' o)
H “ balanced input and ten a.c. and d.c. iso- 3
. ‘) lated floating line outputs. ‘)
x I u " % Exemplary R.F. breakthrough speci- " ;
. ) fications giving trouble-free operation {
PARABOLIC DISHES - b : ERASELE ]
ani
SIG usbe 3 “ Excolient figures for noise, THD, static i )
1’ and dynamic IMD 0
g { r Any desired number of outlets may be 3
$ s Nansieiee LA R
= A . ‘l:.lssed at press conferences { b
‘® § Meets IEC65-2, BS415 safety and 4'
b 1.B.A. ‘signal path’ requirements 4
:D Also av%ilaﬁl;f: a kit (::f‘ pr:rt'%rle:set':: (t
case and & connectol n
b tan outlets. E
1 oo toRRe . ] 4
¢ 30MHz*Sg:‘rgé‘llt)?;cg:\:mpliﬁerzl?\%k?; b HM412-5 _ HM705 s
e MovingiCol ,'zeg’!‘m’"g‘:{vfa"",';':“,‘;“;:ﬂ ‘; . Dual Trace. DC to 20MHz 8 x 10cm Dual Trace DC-70MHz 8 x 10cm display
1> Ernest Turner Movements % Stabilizer ,1 display with internal graticule. Rise time with internal graticule. Risetime 5nS.
q: Bl iy Sy TRt velel : 17.5nS. Variable input 2mV—§OV/cm. Variable input 2mV-20V. Add and invert
viation Chart Recorders. ‘ Add and invert modes. Timebase modes. 95nS Signal Delay Line.
1’ SURREY ELECTRONICS LIMITED {‘ 0.5u15-0.2S with sweep delay 100nS-1S Timebase 50nS-1S/cm with Sweep deiay
5 4 ‘i cm;ﬁ;wsh‘-::igd;;'jm ) 1 ’ X Sdeﬁpansio? XY ocpjrlatigﬂ 2Z S IOOnStTIS >§ 10 e(;('plar;sion:er ol
RS . Tol: 048663397 . _ modulation. Trigger 0 5 J operation. Zmodulation, Trigger 3
W52 \ntertace Kghomertul Tiny %k e oson] ( s - Line or EXT £350.00 CH2.CHI72iineorEXT . ... £580.00
% Up 10 18K Byte EPROM g Accommodates Instant B —_—
EPROM Programmer "ROM® Modules ! The above prices do not Include carriage
i \ . or VAT (15%).
The Essex Tiny Basic Computer is an ideal choice ELECTRO N IC VALVES
fordata acquisition and process control systems. Its |
crystal controlled timer and larrigaaRRoY - i W ANTED ‘ = Simple Phone or
:‘:ﬁga:g anr?dandt fast response tcl) critical events, | £ Telex youror der for
y L - . . , 3 watchdog timer ensures reliable operation. p 3 o q . i i
6ft dia. for use in satellite reception and rer:)"g‘irre‘l;?s::g?:;nt;eregoe:)r}ugct’eﬁz)dggrgs:fiﬁgi All Types Receiving, Transmitting, Industrial immediate dispatch.
gn 'l&:ré)v;/av? Itlransr'n issions. Please send D a6 Bt o ok AL PL504 — PLBO2 — PCL80S — CV131 — CV136 — | Electronic Brokers Ltd
-A.E. for full details and data sheet. ‘INSTANT ROM is the trademark of Greenwich Instruments Cv138 — Cv329 "8?:\3/34;'('2’5(:;250 — 805 — 807 - : 61/65 Klngs Cross Road
PRICE EXCLUDING VAT: £185 — CARRIAGE WITHIN THE UK £2 > - London WC1X 9LN
: s — PLEASE SEND FOR FULL INFORMATION y Tel hone: 01'278 3461
| Harrison Bros. ; Phaneptedos i Telex: 298694 Elebro G
| f T Essex Electronics Centre PYPE HAYES RADIO LTD. } , - &
R University of Essex, Colchester, CO4 3SQ. - 606 Kingsbury Road i ‘WW - 202 FOR FURTHER DETAILS
22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX Telephone: Colchester{0206) 865089 Birmingham, B24 9PJ 4
{ Tel. Southend (0702) 332338 O e T e, ' 021-373 4942 B | i
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DC ACCURACY 0.

£35.95

Introducing two new
hand-held digital multimeters

| 28 Ranges, each with full
\overload protection

10 amp AC/DC

SPECIFICATION 6010 & 7030

BATTERY: Single 9v dry cell. BATTERY LIFE: 200
hours. DIMENSIONS: 170 x 89 x 38mm. WEIGHT:

- 400g inc. battery. MODE SELECT: Push button. AC DC

CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to
750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:
ZOOQ_tq 20MQ. INPUT IMPEDANCE: 10MQ. DISPLAY:
3%2 Digit 13mm LCD. O/LOAD PROTECTION: All
ranges. :

OTHER FEATURES:

Auto polarity, auto zero, battery-low indicator, ABS
plastic case with tilt stand, battery and test leads
included, optional carrying case.

t 1 - Please add 15% to YOur order for VAT. Postage and

1%

*  WW - 051 FOR FURTHER DETAILS

packing is free of charge.
Trade prices available on application.

"' ARMON ELECTRONICS LTD.

Cottrell House, 53-63 Wembley Hill Road
Wembley, Middlesex HA9 8BH, England
Tel. 01-902 4321 (3 lines). Tix: No. 923985

Happy

Part t\}pe '

5-inch SSSD £17.00 5-inch
8-inch SSSD £19.25 8-inch

V.AT. to tot

HAPPY ME

Memories

4116 200ns i gg 257929 s
4116 250ns 75 65 %
2?(152 ;ggns for BBC comp 295 2,70 2'38
ns ; i
2114 200ns Low Power ﬂg 15'88 e
2114.450ns Low Power 95 85 p
4118 250ns 325 285 e
6116 150ns CMOS 225 368 s
2708 450ns 260 225 S
2716 450ns 5 volt 260  2.25 %10
2716 450ns three rail 575  5.00 4'10
2732 450ns Intel type 395 345 3'65
2532 450ns Texas type B\gER « e q5 3%?
Z80A-CPU £4.35 Z80A-PI0 £3.25 280 .
! A-
6522 PIA £3.98 7805 reg .50 7812 rﬁl (.:533'25

.......... 8 14 16 18 20 22 24 38 40

Pence....... 9 10 11 14 15 18 19 25 33
Soft-sectored floppy discs per 10 in plastic library case:

SSDD £19.25  5-inch DSDD £21.00
SSDD £23.65 8-inch DSDD £25.50

74LS series TTL: Large stocks at low pri i i
> L:la ] prices with D.L.Y. d
starting at a mix of just 25 pieces. Write or phone for ”st'nscounts

Please add 30p post and packing to orders under £15 and
A total. Access and Barclaycard welcome. 24-
lour service on (054-422) 618. Government and Educa-
tional orders welcome: £15 minimum. Trade accounts
operated—phone or write for details.

MORIES (WW)

Gladestry, Kington
Herefordshire HR5 3NY
Tel: (054-422) 618 or 628

PRODUCTION

Now available with
3 OUTPUTS

DEVELOPMENT

SERVICING

Type 250VRU/30/ 25

OUTPUT 1: 0-30v, 25A DC
OUTPUT 2: 0-70v, 10A AC
OUTPUT 3: 0-250v, 4A AC

ALL
Continuously
Variable

Valnad:o

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-8904242/4837

WW - 036 FOR FURTHER DETAILS
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FIRST IN THE WORLD

The ICM-12, synthesized, marine
hand-portable radio

FEATURES:
@ 12channels — 6 and 16 fitted as standard.
@ No waiting for crystals, can be diode pro-
grammed between 156-164MHz2. y
) @ Automatic semi-duplex for private and
link calls.
@ Slide-on nicad pack recharges from mains
or 12V. .
@ Lots of options, speaker mics, aiternative
h battery packs, 12V leads, and desk charg-

@® Complete with nicad battery pack, mains
charger, belt clip, earphone, rubber
antenna.

@® Home Office type approved. RTD HP 105.

@ PRICE £199.13 + VAT. Free carriage.

- Also IC-M25D 25W, synthesized 25 channel
VHF marine transceiver £207.83 + VAT.

Trade enquiries very welcome — Ask for Phil
Hadler

We can also supply
the ICOM IC100E
Highband PMR Base
and Mobile transceiv-
ers. Fully approved,
very compact, built-in
CTCSS and at very
competitive prices.

ers. F

Dealer outlets re-
quired, ask for Dave
Stockley.

Thanet Electronics €2[ICOM]|

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

WW — 038 FOR FURTHER DETAILS

Stocks of standard items
exceed a quarter of a million.
Individual units to the tightest
specification made to order:

Interface
OQnartz
5 Devices
This technology is available now from Limited
29 Market Street
Crewkerne
Somerset Ta:8 7ju

|
}

Crewkerne {0460) 74433
Telex 46283 inface g

WW — 012 FOR FURTHER DETAILS
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DEC SALE

a selection from our huge stocks

Al iterns reconditioned unless otherwise stated

B8A11KFexpanderbox ..............
RKOS5J2.5MEQ «..o.vvvivernnennes BA11LFexpanderbox........
RKOSFSmegfixed ....... D811AUnibus Repeater
RK11DRKO5 andCtl D811 8Unibus Repeater
F|K0614meg[NEV\r/j DD11ABackplane........
RK611RKOBandCt[NEW]. ... DD11CK4-slotBackplans. . ...........
RKO728MEg .. ..oovveeercerinnn- DD11DK 9-slatBackplane. . . .
RK711RKO7 andCti DH11ACMultiplexar .. .............

DH11ADMultiplexor . .............. £4,000
DJ11AAMultiplexor E1A[NEW] . ... £1,250
L DL11 Seralinterface .. . ... ....... ... g250

.. £2,200 DL11W Asynchronous Interface

RLO15meg........
RL11 RLOTandCtl ..
RLO210meg.........
RL21110megandCtl .. ..

RMO267meg........ £8,500 DM11DALine Adaptar. . o
RJMO2RMO2andCti . . .£11,500 DR1 1C GenPurposel/O ..E250
RMO367meg........ ...£8,250 DR1 1K Digital /O ........ ....E425
RWMO367megandCtl........... £11,250 DR11WDMAInterface . .............. £625
RWMO5 256 megandCtl. "...£24,500 DU11DA Sémhmnwslnterface ....... £525
RPD480mMeg ........... £4,950 DUP1 1DASynchronousinterface . . .. .. £750
RJPO4RPOdandCtl. .. ... ...£7,950 DZ11 AMultiplexor. ... . . . O - T £1,395
RPOB-AB167meg ........- .£12,500 DZ11BMultiplexar . ............... ... £E995
*RX11BD DusiRoppyardCtl ... ... £995 F£P11ARoatingPaint ... .. ¥
*RX2118DDual l?PoppyandCtl 3 Mo £1,450 FP1 1 E Floating Point (11/60) - !
* Available in either rack mounting or desk top. H720PowerSupply ......... .
versian. H744PawerSupply «.......oooviinnnn )
PROCESSORS H745PowerSupply....... e
POPBA-20532KWMOS [NEW] .. .. £1,750 H754 PawerSupply ... ... ..
PDPBA-4008KW Core ...£1,500 H775BB8BatteryBack-up ... ... .
PDP11/0410%"32KBMOS . ......£3,885 H775CB Battery Back-up[11/34 ¥
PDP11/34A128K8MOS .. .. £5,000 H77508D BatteryBack-up[11/44) ... .. £895
PDP11/34A256K8MDS .......... £6,250 KE11AExtended Arithemtic . .......... £6825
PDP11/4096KW Core,KT11D ... £4,650 KE11BExtendedArithmetic . . ....£E585
PDP11/44256KBMOS .......... £11,500 KG11ACRCmodule .......... ....£485
PDP11X44-CB256KB.TUSS ... .. £12,750 KIT11HBusinterface. ... ............. £250
PDP11/70512KBMOS[NEW] . . .. £43,000 KT11 DMemoryManagement[NE\N]

- PRINTERS/TERMINALS © KW11LReatTimeClock........ e
LA3620mA 50 KW1 1P ProgrammableClock.......... £345
LABSHSEB? """""""""""" £495 LP11 PrinterControtmodule ., . ......... £325
LABARS232 ... o« ook shponth TP £42S5 SYSTEMS
CARERSE 3 e 495 PDP11/44 SYSTEM
LA1 EO-DA‘(:N ....... £1,225 11/44 CPU 256K8 MOS
LA180-PD Parallel(N SDE t  B £495 Duai TUS8, H9642 Cab
LA180-EDRS232 [NEW! £670 RK711 28MBDisk &Ctl £24,750
LPO4DrumPrinter[N £5,500 RKO7 Add-an Disk
VT5020MA. ... ........ #1998 LA120 Cansale
VISORS2325 TNt 1. s £225 RSX11M Licence

INTERFACES PDP11/44 SYSTEM
DL11WAsynchronousi/F............. £395 11/44 CPU 512KB MOS
DU11 DASynchranousi/F . .. ..E525 Dual TUS8, H9642 Cab
DUP11 DASynchranous I/F. . £750 RJM02 67MBDisk &Cti £37,500
KLBE Asynchranous (8E] ... . . £175 RMO2 Add-on Disk
KLBJA Asychronous[8E, 8A] . .. £275 LA1 20 Cansole
Mggga Printer :;E ESIEIV‘II } ) tooa £3285 RSX11M:-Licence
M 7 Printer 2
e DT,

= ; includlngsu%p‘}(andinstaﬂatian P.O.A.

PDPBA of 11/44 CPU and trade-in
SDP\BNAIIIEI,SSS l;‘qrg\cl:\tia)ssar 10%", EAohD of redundant pracessar
Pg'éaA.aoo[Pmcessor, 8KW y PDP11/24 SYSTEM(N
Care, KMBAA, DKCBAA . .. ... £1,500 11/24 CPU, 256K8, H964!
KCBAAProgrammersCansole. .. ... £275 RL211 Disk Drive & Ctl,
MMBAABKW CareMemary. . . ... . £500 RLO2 Add-on Disk Drive £16,500
MMBAB16KW CareMemary . ........£885 | KT24 PAXaptian.
MSBCB832KWMOSMem .£750 VT100 Cansale with AVO
RXBE Dual Roppy & Ctl [NEW]). _£995 RSX11M Licence /
RX28DualFloppy 8CY..............£1,280 | pDP11/70 SYSTEM [NEW)
OPTIONS 11/70 CPU, 512K8 MOS,
AA11DA/D +Backplang . ............. £125 Data System Cab, £78.000
AR1116channelA/D....... ...£8750 | BWMOSDiskDrive&Ctl, ;
8A11ESexpanderbox .. .... .£750 TWU7Z7 Mag Tape & Ctl,
£995 LA120 Consale

BA11FEexpanderbox ......

HAZELTINE VDUs
SAVE UP TO 51%

HAZELTINE 1510
- [MLP £880)

......... .......0nlyESS0
HAZELTINE 1520
(MLP £1050]}
\ UERR G, ... Onl‘¥’£625
HAZELTINE 1552
- (MLP EBDD]O e
FURTHERDETAILS *rer-ecreaaveans n
Manufacturer’!s HAZELTINE 1410
surplus — ALL (MLP £475]
BRAND NEWBOXED ................ Only£295
ADD 15% VAT TO ALL PRICES Carriage and Packing extra -

Electronic Brakers Ltd., 61/65 Kings Gross Road,
London WG1X LN. Tel:01-278 3461.Te|ex298§l_l'l

e e T s B g e gl e g
_ e — | o e [ 2
Electronic Brokers | == | ==f |
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FULL HOUSE

F MULTIMETERS

Tnln Bench Modeis DL 705, 706, 720 and DF 760

MNiqetjod i1y

® 3 and 4, digit LED
@ Rugged and Reliable
® 2 YEAR GUARANTEE
@ Simple Operation —
Auto Ranging
@ Mains or Battery
@ 7 Digit Frequency Counter
@ Resolutions 1 and 0.1mV
@ DCV, ACV, DCA, ACA and
Ohms .
@ Basic accuracy 0.8, 0:25, 0.1 and 0.05%
@ Prices from £92 include FREE batteries, hand book

and Test Leads
KEITHLEY Hand Held Models 128, 130, 131 and 135
Bench Models 169 and 176
® 3'2and 4, digitLarge LCDs
@ State of the Art—
Full One year warranty
® DCV, ACV, DCA, ACA, Ohms,
Temp and Comp Tester
® Switched 'AUDIO’ bleep
with variable threshoid
@ Basic accuracy 0.5, 0.25
and 0.05%
@ Rotary Controls =
single hand operation
® Non skid feet and Tilt stand
® 10 Amp capability ~
High MTBF
® Many optional accessories
@ Prices from approx £89 inc FREE Batteries and Test Leads

BBc GOERZ Models MA 1D, 1H, 2D, 2H, 3D, 3E and 5D
METRAWATT

® Digital and Analog —Hand
Held and Bench

® Huge LCDs — Many Safety
Features

@ Black, Rugged and Reliable

® 1 Year Guarantee

@ 32 and 4, Digits

@ Variable Viewing Angle —
Hand free operation

@ 20 Amp capability

® DCV, ACV, DCA, ACA,
Ohmes,Capacitance, Temp
and Level in dBs

® Meet DIN 40050, 43780,
57410 or 57411
Requirements

@ Prices from approx £26 inc FREE Batteries, Mantial and
Test Leads

Hc Hand Held Modeis HM 101 and 102, HC 601 and 703

1198 1Y

14 2>

‘

Y dsurvwioyiad

i

Iy oannadwon

:

® 3, digit LCD and
Analogue
@ Colour coded front
panel and edge switches
@ High impact ABS with
Tiltstand 4
@ Safety features meets
UL 1244
@ Basic accuracy 0.6 and 0.2%
® Full Range of DCV, ACV,
DCmA, ACmA and Ohms
@® Switched Hl and LO ohms
@ FREE Battery, Manuat and »
Test Leads -
@® Analogue from approx £5 - Digital from approx £37
Tel: (0799) 24922 Telex: 818750

aMCATAS Extended
= pNE I
o available

i? competitive hi? House of Instruments Ltd.

1Yy duvutiojiad

:

inaodwod

a.‘l

House of Instruments
Clifton Chambers, 62 High Street
Saffron Walden, Essex CB10 1EE

WW ~ 016 FOR FURTHER DETAILS

PM COMPONENTS LTD

VALVE & COMPONENTS SPECIALISTS

P\ N

Buyitwith Access

PHONE
0474 813225

P. M. COMPONENTS LTD

SELECTRON HOUSE, WROTHAM ROAD

TELEX
965966

3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30QY WESTSTG

g .00 0.75 | QS1202 396 1. 10.00 - 250 1.20 0.60
A SELECTION FROM OUR 1000 0.85 418 098 1000 i 110 e
STOCK OF BRANDED VALVES s i lee o0 120 100 120 W
24.00 0.75 0.90 - 1. ¢ :
A1714 1850 | E280F 19.50 :-:g 1250 040 090 1.20 1.00 1.00 120 ;g
A1988 1150 E283CC ;.50 0.55 1.20 0.54 2.00 1.20 0.90 0.72 120 660
A2087 1180 | E268CC 1350 05 100 o0 180 135 1.00 10 080 050
A2134 1750 | EB1OF 13.50 |, 090 1.00 0.70 1.50 0.80 0.80 1.25 20 52
A2233 . 720 | E1148 100 050 190 070 320 075 150 160 . 0.72 2%
A2426 2250 | EASQ 1.00 065 1.00 0.70 5.00 115 1.00 1.60 0.69 a0
A2521 2100 EA76 1.96 0.65 450 0.80 2.10 1.15 2.50 1.00 0.80 A
A2599 3750 | EA79 196 180 215 0.80 5.00 0.680 0.55 106 150 019
i ne | Bl iR om g i8R R RS 4R R R g AR
N 1 1. .60 3 . K 4 :
AC/HL/DD 4.00 | EAC91 0.0 1;-33, 0.90 g.ss 175 0.78 115 0.58 0.60 z:
ACP .00 EAF42 1%8 388 0.75 120 29.50 2,50 10.00 125 1.00 e
AC/PEN 4.00 | EAFB01 1. 2 0.80 o0 8.00 1.00 139 0.80 A
AC/THI 4 EB34 150 g 0.75 136 .50 8.00 17.00 350 096 | ‘S0CDEG 115
ACVP1 400 | EBA) 200 150 0.80 135 50 195 24.00 200 o8 | KU~ 200
AC/VP2 400 | EBS1 052 1% 1.05 040 v 070 37.00 0.60 960 | %2 2%
AC2/PENDD EBC33 250 S 3.50 1.36 3.580 55.00 0.72 225 21sPT 430
6.00 EBC41 115 056 4.00 0.80 2.00 17.00 0.85 2.00 o Ai%o
AH221 3900 | EBCB1 085 Ts 350 148 2550 17.00 070 175 | 7881 180
AH238 3900 | EBC0 075 & 350 100 450 0.75 375 140 | 75 g
AL60 6.00 BC91 . 0.75 180 3.50 1.25 450 32.00 1.20 gg a1 7 c0
ARS8 0.70 EBF33 2.?6 9:00 0.70. 1.10. 250 1.50 1.20 1, e ) 3.00
ARP12 070 | EBFB0 0. oo 150 0.80 250 0.95 375 50 M . 300
ARP34 1.25 EBF83 0.50 2.00 350 260 2.00 2.50 188 2.00 A Sy
ARP35 200 | EBFS5  0.95 2100 400 o 150 12.00 130 300 | geaz 200
ATP4 0.50 EBF89 0.70 375 1.00 0.80 3.00 93.00 4.50 1.00 2%0°
Az31 200 | EBF93 095 a7 300 o6 150 1750 0.75 5.50 280
B3 200 | EBL] 150 e 7:00 180 150 750 400 070 e
B8S450 67.00 | EBL21 2-'5’30 069 350 0.80 1.05 10.00 0.48 125 0100
BTS 4950 | EC52 075 o 2100 090 105 3.00 2.00 075 100
BTI9 3250 | ECB) 425 e 400 350 150 300 200 195 9.00
BT}9 1250 | ECB1 450 e 400 365 150 1.10 250 250 5.50
CK 1600 | ECS5  1.00 oz 400 300 5.00 0.96 095 078 1%
C3JA 16.00 EC88 1.00 070 3.50 2.00 5.00 1.78 0.80 1.00 i
.C1108  55.00 ECS0 0.70 350 KT63 2.00 250 5.00 3.35 0.50 0.65 i
C113¢ 1750 | EC1  7.00 250 | KTeoUSA 600 300 5.00 300 125 16550 A%
C1148A 80.00 | ECS2  1.25 380 | KTes GEC 9,00 200 = 100 450 2550 55.00 5.00
C1149/1 89.00 EC93 0.80 Yo | K167 15.00 125 X 150 7.50 2.50 0.85 B
C1534 32.00 EC95 7.00 1.40 | KT77 Gold Lion 2,50 X 1.00 12.00 2.50 1.50 .00
CBL31 200 EC97 1.10 190 950 125 | 250 1.00 1.00 0.60 1.00 500
cca 2.80 EC8010 6.00 37 1 7.00 0.96 250 1.00 12.50 4.50 0.59 5i00)
CL30 2,00 | ECC32  3.00 450 | KIBBUSA 7.00 096 | RR3-250 37.00 350 250 1.50 gg o
CL33 200 | ECC33 350 T4 GEC - 0.72 | RR3-1250 85.00 150 2.50 4.00 250 Fr+d
CMG25  9.00 ECC35 3.50 885 1.50 072 RS613  45.00 150 24.00 150 lice ]
CV Nos Prices ECC40 200 95p | KT83Gold Lion 0.60 RS631 60.00 0.50 2.50 8.85 . 200
on request ECC81  0.55 200 052 | RSes5  30.50 1.36 3650 250 080 g2
- D63 1 ECC82  0.55 900 | KTW61 065 | RSESS 5215 1.08 25.00 2.00 ﬁ RED
DAF91 0.45 ECC82 Philips 200 | KIWe2 1.00 SEF17  35.00 1.05 25.00 1.60 g“ A
DAF96  0.65 1.10 070 | KTWe3 1.00 6F33 36,00 2.50 37.50 0.75 b | 00
0 1.75 | -ECC83 |9°5 070 | Xizes 100 | S11E12 38.00 150 43.50 4.00 = Resio
120, | ECC83 Philips 110 | L63 1.00 1250 | S30/2K  12.00 1.50 63.76 100 £ 2,00
DCX4-1000 110 110 | L102/2K 8.0 095 | S104/1K 6.00 9.50 225 2.00 ‘1"05 10,00
E 030 110 | L120/2K 12.00 095 | 5109/1K 15.00 150 225 0.65 2 oltg
ool | B2 42 b\ R R ame GE) S8 R 1 S e i
! X i PL5 1 . X X 1 - :
DET10 600 | ECCBS 065 T3 v PLS19 496 | 5C1/1200 5.00 250 10.00 160 870 o
T2l 28.000| BECCERMUliATY 095 | LFI83 PLB02 325 | S$C1/140012.00 2:50 625 110 X B
T sl REc e oo 250 | LF184 Plsz0 288 | SC1/2000 900 00 220 110 B 1800
. - i PT4 P2 X d - -
DF91 045 | ECCl80 072 450 | LFL200 PT1s 600 | Spar 500 2:00 2.00 28.00 16.00
A ! i
Brse 88 | Eocaors 350 Ton | oA 13500 |Pval 080 | Sz 300 009 % 3= | e %%
oEd 0,65 ECCS03S 3.50 0.80 | M537A 180.00 PY32 0.60 ST11 1.50 228 el 070 984 050
D3 090 | ECCaos 0.0 080 | M5143 185.00 | Y33 050 | STV280/408.00 4.0 1 I o
- ’ 6.00 . i X y £
DH79 056 | ECC807 1.95 10| Mol 8% | Pvee om0 30.00 9.00 1.08 080 | 958A O
DH149  2.00 | ECC808 226 800 | Mses 325 | Pvez 070 | T 3000 o0 e 990 | B%a 080
DK91 080 | ECC2000 12.00 To.00 | MBOS1 750 | Pvss 082 | TB25/3000 1850 150 050 | 2050 9.00
e 0 ey o G 080 | Moloo - 28 | PYsoa 179 B0.00 | YJ1060 265.00 280 oas | 1SATGT 100 | 3 400 |
Do 28| ERz 1B 350 | M8136  7.00 0.69 | T82-300 45.00 & a7 | 125K 1o | 54 5.50
D 1% | ECraco 185 150 [ M8137 550 | PYS0T  0.69 | TDI1-100A 2% 048 | 125)7 080 | 5651 175
250 | ECF202 185 070 | MBie] 550 | PZ0 080 | oo 075 125 | 12SN7GT 185 135
BL73 350 | ECrioy oss roojimersag s e e e o 0.80 126 | 1207 150 | 5670 350
B om | e 23 2| e IR | g men e i = lm o) e
.| 3 3.00 Ql .| g 3 f . 350
DLS3 140 | ECF806 10.25 ofs | Mot 3% | aEoszoo TsPa 700 9.00 150 | 1381 11500 | 5692 ;
DL96 1.00 | ECH3 250 0.56 8196 ¢ 20, o 1.50 150 0.80 | 1457 100 | 5696 255
096 { M8204  2.00 .00 n g 571 8.50
B % | fole 13 R Mmook T um s ol Wl
E ) CEeRE A 299 | Mes2s 200 | QQEC312580 | U1S 150 0.66 250 | 1ze 180 | 5726 180
DMiso 278 | EcHEl @ || W 2199 E03l e 130 8.00 1.00 or0 | 1803 o LA
Dys 100 | Ecrss o7 21 3 &5 2700 | Ulazo 200 3.00 120 135 | 19A0s 070 | 749 280
Dyso 120 | ECH o 200 | MET403 2950 | QQEO5-40 Ui 1195 060 | 6AG7 120 1 A3.00M b7 28
DY86/87 0.55 ECH2000 1. 200 | MEI501 14.00 39.50 U22 1.00 22.00 6AHB 1.00 1.10 ZOA% (50 2l A
Dyso2 060 | ECL80 060 3000| MH4 350 | QQV02-61275 | U24 200 300 | 6AJ4 200 5 300 | 20D CHRINCTES 8 250
A S EaR e G 900 | MS4B  ES0 | QQVO310550 | U2 0.68 30 | eal . 200) elsGT 075 | 204 175 2
i G| GE | ShhoiR) MR SRR | B8 a8 e o7 o)\ BR i) B3
g b 1350 ! U X . X X . -
EBOCF  10.00 | ECLSS 069 S% | NZ o 188 | aavoszoa | Ui 070 1 | A5 082 ezer 125 | wp1  0ss | v 82
EBORISSIN0 s 8| F CLacE0.74 1180 | OA2 060 1700 | Uso 2.0 180 | eaMa 250 | edseA 33 | 203 om0 o
EsOL 9.50 CLB05 . 0.69 1150 | OA2WA 150 | QQv03-208 Us2 1.00 8.00 BAMS 6.00| 6JESC 350 58:4 18 oo aies
EBICC 350 | ED5100 350 1180 | OA2 150 D ool o2 1o 500 | oamMz 190 S 380 S
EIL 950 | EF22 250 180 | OA3 A et oo a0 800 | sANs 200 | &)SC 350 | psiecT 178 | So63 150
E82CC 350 | EF37A  2.00 1200 | oB2wA 128 18.00 | U191 070 600 | GANSBA 215 | 6KaN 100 | 25BQ6 1. %96 228
EescC 350 | EFas 100 600 | 0OC2 2550 |.QQ203-20 Uiz 100 800 | A0S 0= | 6K7G 070 | 2ci 1930 | 5o soo
ES3F 360y EF41 b 500 | OC3 105 00 | U183 085 600 | 6ARS 200 | oKkp6 450 | 30 285 | %005 380
EB6C 950 | EF42 2.50 900 | OD3 1.70 | QQZ0640A U251 1.00 14.00 BARS 2.00 | 6L1 250 | 30C1 070 | . e IS
EsSC €00 ) EFS0 150 600 | 'OM4 100 4525 | U281 100 400 | eASs. 150 | 6leGC 190 | 30Cis © 040 | 6057 185
gsaCc 280 | EFS5 228 S0 |tome 190 | aszizo ‘Tho | Uiy oee 1250 | 6AS6 250 | 6L6GT 100 Cl7 040 378
E9UCC 500 | EF71 50 500 | OMoB 300 | OS7aa0 400 | Uagi o8 1000 | 6AS7G 600 | -6L7 058 | 30Cls 200 | 6000 150
EOUFRNNNE  OOR INCr72 R 20 40| OMs 400 | 0S92/10 500 | Usol o078 %o | cATe 078 | 620 gm0 | Wfs 08 zs0
E9IN 200 | EF73 .00 1200 | ORP43 400 | QS95/10 4.85 | UABCBO 0.65 4.00 6AU4 2.00 | 6LF8 2.95 NFL 2 60606364 e
EJ2CCRN 2 SORINIEFEO NN 1200 | Ompso @50 | QS108/45 400 | UAFa2  1.00 300 | 6AUG  055| 6106 295 Rz 0% | wa s
R IR R iR 8 Rl O o | gindm R as ) HOTHR ) He G| B0 1B B R\ @ R
! : i Qs150/30 1. uUBCa ] 80 |- . ‘ 20
e N o o 1790 | | Pibcso ago | 8150745 700 | UBCE) 100 1% | s88G 75| 8P 400 | Mrii4 e | G0 430
JENSOF B3| EFel 735 |- GTEvsM aoo| iPces 075 | OS1200 396 | UBFe9 080 B

.,
INTEGRATED CIRCUITS = | Tmen s 218
| \ .50 TBA720A 2.45 215
.96 TBA750Q 1.85 2.15
AN124_ 250 ML231B  1.75 .15 TBASCO  0.89 1.15
AN214Q 250 ML232B .1.75 .50 TBAB 1.35 2.95
AN240P 280 | ML237B 196 .80 TBAB20Q 145 2.95
AN7150 295 ML238B  4.20 .25 TBABSO  2.50 2.95
BA521 335 ML920 412 .80 TBA920  1.65 3.15
ETT6016 1.75 L1928  1.65 295 TBAS20Q 1.65 2.50
HA1151P 250 MSMB5807 6.75 0.25 TBA950 235 1.95
HA1366W 1.95 PLLO2A 575 1.80 TBA950/2X 2.35 !
LA4O31P 2.70 AA1025 7.25 1.20 TBA990 149
tA4102 295 3.05 170 TBAIS0Q 1.49
LA 4.15 AAB010 6.35 0.70 TBA1441 215
LA4422 250 AS560S 1.80 0.70 TCA270 110
LC7120 325 AS570S 1.60 0.70 TCAZ70SQ 1.10
LC7130 350 AS580  2.85 0.70 TCAB50 250
LC7131 550 1490  1.96 0.70 TCABOO  2.15
LC7137 550 L9018 4.5 1.00 TCAB30S 1.40
LM324N  0.45 L9178 6.65 125 TCA940 1.65
LM38ON  0.95 L1310  1.80 1.50 TDA40 220
LM383T 2.95 SL1327  1.10 0.75 TDAT004A 2.20
LM33ON  1.95 SL1327Q 1.10 255 TDA1006A 2.50
M51513L 2.30 SN76003N 1.65 125 TDA1010 2.15
M51515L 2.95 SN76013N 1.65 1.65 TDA1035 2.50
MB3712_ 2.00 SN76013ND 1.6 1037 1.96
MC1307P 1.00 1.65 110 TDA1170 1.85
MC1310P 1.50 SN76023N 1.66 1.10 TDA1170S 1.95
MC1327 0.95 SN76033N 1.65 1.10 TDA1190 2.15
MC1327Q 0.95 SN76110N 0.89 110 TDA12700 395
MC1330P 0.76 SN76131N 1.30 1.25 TDA1327 1.70
MC1349P 1.20 SN762260N 1.55 135 TDA13528 1.43
MC1350P 0.76 SN76227N 1.06 145 TDA1412 0.85
MC1351P 1.50 SN76532N 1.40 145 TDA2002 1.96
MC1352P 1.00 SN76533N 1.30 145 TDA2020 2.45
MC1357 235 SN76544N 1.30 1.00 TDA2030 2.80
MC1495 3, SN76650N 1.05 TDA2522 1.95
MC14011BCP SN76660N 0.80 2.50 TDA2523 1.95
SN76666N 0.70 TDA2524 1.95
MC1723 050 TA7061AP 3.96 3.00 TDA2530 1.54
MC3357 225 TA7108P 1.00 3.00 TDA2532 1.95
SEMICONDUCTORS 0.32 BF336  0.34 R2322  0.58
2 = 0.30 BF337  0.29 R2323  0.66
AAY12 025 BC172C  0.10 1.0 BF338 032 R2540 248
AC126 0.22 BC173B  0:10 0.65 BF355 037 RCA16334 0.90
AC127 020 BC174 Q.09 0.48 BF362  0.38 RCA16335 0.80
AC128  0.20 BC174A  0.09 0.72 BF363  0.38 SKESF 145
AC128K 0.32 BC177 019 0.70 BF371  0.20 TIP2s  o40
AC141 028 BC178 015 0.83 BF334  0.19 TIP23C  0.42
AC141K 034 C182 010 0.65 BF457  0.23 TIP30C Q.43
AC142K  0.30 C182L8 0.10 0.78 BF458  0.28 TIP31C  0.42
AC176 022 C183  0.12 0.70 BF459 036 | TP32C Q.42
AC176K 031 C183L_ 0.09 0.46 BF595 023 | TIP3B 075
AC187 025 | .BC184LB 0.09 0.48 BF597  0.25 TIP34B  0.75
AC187K  0.28 04 0.10 0.48 BFR33  0.23 TIPIA 045
AC188 022 2078 013 0.35 BFR40 023 TIP4IC  0.45
AC188K  0.37 BC208B  0.13 0.35 BFR41  0.28 TIP42C 047
AD142  0.90 212 0.09 0.35 BFT42  0.28 TIP47 0.65
AD143  0.82 C212L  0.09 0.45 BFT43  0.28 TIP120  0.80
AD149 070 C212LA 0.09 0.40 BFWS2 065 TP142 175
AD161 038 C213 .09 0.40 BFX29  0.30 TIP146  1.75.
AD162  0.39 C213L  0.09 0.40 BFXB4 026 | TIPI61 295
AD161/2 . 0.90 C214  0.09 0.50 BFX85 032 | TIP2955 0.80
AF115 075 C214C  0.09 0.50 BFX86 030 | TIP30S5 0.6
AF124 0.34 C214L  0.09. 0.32 BFX88 0.25 Tisg1 0.20
AF125 032 C237  0.09 0.55 BFY50  0.21 TV106/2 150
AF126 0.32 3C237A  0.09 0.55 BFY51 0.21 2N2219  0.28
AF127 032 BC2378  0.09 0.50 BFY52 0256 | 2N2905 Q.40
AF133 042 BC238  0.09 0.60 B 0.77 N3053 040
AF150  0.42 BC238 012 0.40 BR100 026 | 2N3054 0.59
AF239 042 BC251A 012 0.65 BR101 0.30 2IN3055  0.52
AUI06  2.00 3C25 0.15 0.65 BR 085 | 2N3702 012
AU107 178 C250  0.39 0.75 BT106 100 | 2N3703 012
AUT10 200 -] BC258A 0.39 1.10 BT108 122 | 2N3704 0.12
AUT13 185 C284 030 110 BT116 120 | 2N3705 0.12
BC107  0.10 BC300  0.30 0.75 BU105 122 | 2N3706 0.12
BC107A  0.10 BC301 030 1.50 BU108  1.89 N37 0.12
BC1078  0.10 BC303 026 0.35 BU124 100 | 2N3773 178
BC108  0.10 BC307  0.09 0.24 BU126 122 | 2N2a27 150
BC108A  0.10 BC307A 0.08 0.12 BU204 155 | 2N5234 0.38
BC108B  0.10 3C3078  0.09 0.18 BU205 130 | 2N5298 048
BC109  0.10 C327  0.10 027 U208 1.39 2N5298 Q.52
BC1098  0.10 C328  0.10 0.24 BU208A 1.52 N 0.65
BC10SC  0.10 C338  0.09 0.2 BU326A 142 | 2SA715 095
BC114 o1 C347A  0.13 038 3U326S 190 | 25C495 0.80
BC116A 0.3 Ca61 035 0.28 U407 124 . | 25C496  0.80
BC117 049 C478 020 0.34 U500 175 | 25C1096 0.80
BC119 024 C527 020 0.29 Us26 180 | 25C1172Y 2.20
BC125  0.12 BCS47  0.10 0.29 UYesB 170 | 25C1173
BC140 0.31 C548 0.10 0.29 MJ3000 1.98 2SC1306 1.00
BC141 025, BC549A  0.08 0.29 M. 0.40 25C1307 1.50
C142  0.21 C550  0.08 0.28 MJES20 048 | 25C1449 0.80
BC143 024 C557  0.08 0.28 MPSA12 0.20 | 2SC1678 125
BC147  0.09 C557A  0.08 0.11 MPSA13 020 | 25C1945 210
BC1478 0.09 C5578  0.08 0.11 MPSA32 030 | 25C1953 0.95
C148A  0.09 558 0.08 0.11 MRF450A 11.50 25C1957 0.80 -
BC148B  0.09 BC558A  0.08 0.11 MRF453 1350 | 25C1969 1.96 .
BC149  0.09 - | BC558B 0.08 0.10 MR 1750 | 25C2028 115
BC157  0.10 BCY33A 1.60 0.14 MRF475 250 | 25C2029 195
BC158  0.09 BD115  0.30 0.40 MRF477 10.00 | 25C2078 1.45
BC159  0.09 BD116 Q.82 0.15 0c23 150 | 25C2091 0.5
BC160  0.28 BD124P 059 0.30 oca2 055 | 25C2166 1.96
C161 028 BD131 032 0.28 0C44 055 | 2SC2314 0.80
BC170B  0.10 BD132 . 0.36 > 028 0c45 055 | 25D234 050
171 0.08 BD133  0.40 028 oc70 045 | 3N211 150
BC171A 010- | BD135 030 0.28 ocn 040 -
BC171B  0.10 BD136  0.30 0.28 ocs1 0.50
BC172 .10 BD137 028 0.26 R20088 170
BC1728 010 BD138 030 0.13 R2010B  1.70
DIODES v issleo s > CRT TUBES
BY206 0.14 0.04 A i N
Al 008 | BY20800033 004 selection of tubes
0.17 -800 0. 0.05 - : e
s 4 | e i e e g
0.16 400 0 0.08 on request.
BAl48  0.17 BY239-800 0.22 0.06
Eﬁ}?; 0.06 B&gq 020 002 38:1 D14-260GH
0.13 BYX36-150R 0.10 5BHP1 L
BATS6  0.15 0.20 0.12 B i D14-250GH
g:))gg g,g: Byxsa.som: 014 | B5BKP1 DG7-32
! .80 012 .
BB1058  0.30 0 0.30 0.12 138P4 DH7-11
i s e S
. . 013
o S| 2 g 3 | DotooH  MsmriaHR
i . 0.16 5 121
BY164  0.45 0A91 0.06 0.04
g}n;g 1.20 Oass 0.8 D13-450GH/01SE4DP7
1 0.63 0A202 Q.10 L
o TerrT D13-481GM  XP2020

| 'D14-1206GH  95449GM

WIRELESS WORLD AUGUST 1982

RESISTORS

BASES
ETC.

PREFERRED VALUES
2R7-1K8
2K2-6K8

“ wan 10K

R47-4K7
5K6-12K

TWatl  scax

1R-10K

1 1 wan 15K-22K

1R-10K

17 Wall s

WW-2

WAAMN americanrJdiohistorv ocom

0.15
0.8

0.24

0.18
0.19

020
0.20

024
0.26

028

WIRELESS WORLD AUGUST 1982

B7G 0.156
B7G Skirted
0.30
BBG 0.70
B9A 0.20
B9A Skirted
0.30
B108B 0.16
-] 050

138
8PinDIL  0.10
14 PinDIL 0.12
14 Pin D|LGQ

.30
16 Pin DIL 0.16

OCTAL 0.36
CANS 0.27
BOAPCB 0.16
B85 0.
B9G

6V2 7V5 8V2 V1 10V 11V 12V 13V
15V 16V 18V 20V 22V 24V 27V 30V -
33V 36V 39V 47V 51V 56V 68V 75V

.07
2v7 3v 3V3 3V6 3V9 4V3 4v7 5V1
5V6 8V2 6V8 7V5 8V2 9V1 10V 11V
12V 13V 15V 18V 20V 24V 27V 30V

THERMISTORS | BATTERIES

VA1040 ~ 0.23 | 7V Power Mike
VA10565 0.23 battaries
VA1104 0.70 TR175 £1.40 ea
.45 other prices on
VA1097 0.25 request

CALLERS WELCOME

Y ENTRANCE ON A227 !
50 YDS SOUTH OF MEOPHAM GREEN

CAR PARKING AVAILABLE

HOURS: MON.-FRI. 9.00-5.30. SATURDAY 9.30-12.00
& Y 24 HOUR ANSWERPHONE SERVICE 4%
ACCESS AND BARCLAYCARD ORDERS WELCOME
Y MANY OTHER ITEMS AVAILABLE %

" UK ORDERS P&P 50p PLEASE ADD V.AT. AT 15%
EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST

WW —- 052 FOR THER DETAILS -
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An entire
range of
low-cost
high-
performance
instruments

sabtronics 7
‘Making Performance Affordable’

+2010A 3%-Digit L.E.D. Bench DMM

5020A 1Hz-200KHz Function Generator
+*2015A 3%-Digit L.C.D. Bench DMM

*8110A 100MHz B-Digit Frequency Meter
2020 3%-Digit L.E.D. Banch DMM *8810A B0OOMHz 8-Digit Frequency Meter
with Microcomputer Interface  *8610B G600MHz 9-Digit Frequency Meter
2033 3%-Digit LC.D. Hand DMM BO00OB 1GHz 9-Digit Frequency Meter
*2035A 3%-Digit L.C.D. Hand DMM 8700 10MHz Universal Frequency
*2037A 3%-Digit LC.D. Hand DMM Counter/Timer

. with Temp. PSC-85 600MHz Prescaler
LP-10 10MHz Logic Probe 8005 SMHz Single Trace Oscilloscope

; ’ 4 * Also avallable in kit form.
Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices — no-one can beat our
price/performance ratio. ;

Full colour illustrated

brochure and price list from:
BLACK STAR LTD.,

9a Crown Street,St. Ives, Bla
Cambs. PE17 4EB

Tel: (0480) 62440. Telex 32339

ar

WW — 033 FOR FURTHER DETAILS

meet the metri cs

A great variety of tools ana sets to help you turn most
any Metric fastener or adjusting screw you're likely to en-
counter .. . hex socket set screws and cap screws, hex nuts,
hex head cap screws, and whatever.

r
All toofls precision made for exact fit. Bright nickel chrome
nutdriver shafts and protective black oxide finished hex
socket screwdriver blades. Plastic (IJL) handies shaped for
perfect grip and balance,

FIXED HANDLE NUTDRIVERS

COMPACT SETS

No. 99-PS-41-MM
{7 Metric hex
socket blades,
sxtension and

handle)
NUTDRIVER SHANKS & ‘
HEX SOCKET SCREWDRIYVER - :
BLADES for use interchangeably :
in Series 99 plain and ratchet ’
No. 99-PS-51-MM
(10 Metric
nutdriver -
shanks,
e extension [}
and handle)

Replacement Blades and Shanks sparately available for 99 Series
Sets
Full catalogue available on request

Cables:
Speciprod
London W1

01-629
9556 -

Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD.,
81 Piccadilly.'London W1V OHL

WW — 056 FOR FURTHER DETAILS
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TECHNOMTIC TECHNOMATIC TECHNOMATIC

* SPECIAL OFFER %

: .o1-24 25-99
2114L.-200nS 100p 90p
2114L-450nS 90p 85p
2716 (+5v) 250p 225p
2532 400p 375p
2732 - 400p 375p
6116P-3 500p 475p

CONNECTOR SYSTEMS

AB
0. connecTors | D CONNECTORS P LE
(Speadblock Type) 9 way 15way Zway Swey | DIP PLUGS 0way  Bop
No.of Header Recep Edge MALE Soider 10C | (¢ya  ggp
Ways tacle Solder  S0p 130p 160p 250p _ Typs Tyme| (gyay  gop
0... %0p 90p 200p( Angled 160p 230p 285 425 | l4pn 40p Sp Wway 106p
N... WS 125 App FEMALE o Slp 100p| 36 wey 140
%... 17% 150p 300p Solder 110p 156p 210p 350p | Apin 100p 175p Nway 20p
u 20p 160p 380p | Argled 175 260p 310p 500p | 40pin 200p 225p Bway 265
40... 220p 190p 550p | Hood 95p 95p 95p 125 Oway  300p
50 235p 200p 600p | (OC Type 25 way M £4.50, P £5.00 4wy 370p
JUMPER LEADS EDGE EURO
) with Headers
legin 1Bgin 2 pin 40 pin CONNECTORS CONNECTORS
1End 145p 185p 24bp 38Dp 01" 015" Phyg  Sit
2Ends 210p Z30p 3ASp 540p IxBway - 1 DINIGI22 % 32 220p 280p
Cable with Sockets 2x22way 200p 170p | 2x 22 Angled
No. of 2xHAway 2p - Pins 330p
Ways 20 2% M 4 2x Bway 225p 220p {pse speaify a+bia+c)
1End 160p 210p Z70p 300p 1xd3way 260p - © 3 x 32 way “250p  360p
__ Cablo with D Comectors 2x 43way 3p - 10C 2 x 32 way A75p
24" Single End Male £5,50 Female £6 1x77way 700p - DiN41617 31 way 180p  180p
3" Double End Male £11 Female £1150 | 5100 5,00 2lway 120p 170p
36" Male/Female £11.00

® ACORN ATOM o

Built 8K + 2K £135 5K + Coloured Card £175 12K + 12K £180
(p & p £3/unit)

Atom PSU £7 (p & p 70p) 3A5V Regulated PSU £24 (p & p £1.50)

F.P. ROM £20 1K RAM (2 x 2114L) £2 Tool Box Room £25

NEW COLOUR ENCODER CARD £39.00

Ask for our ATOM list for details on Sound Board and Atom Vision

PRINTERS

SEIKOSHA GP100A dot matrix printer, full graphics double width

characters, up to 10" wide paper, self testing parallel interface

£189 + Carriage £6

EPSON MX80 Friction and Tractor, 9 x 9 matrix 80 CPS

bi-directional with logic seeking, variety of charac.

MX80 F/T 1 £350 + £6 carr. MX 80 F/T 2 with High Res Graphics
£360 + £6

BMC 12" Green Screen Monitor £100 + £6 carr.

BBC COMPUTER UPGRADE
MEMORY
1C61-68 16K RAM 100nS AP3 £25.60
PRINTER & USER PORTS
1C69, 70, PL9, 10 £8.50 SK10 with 36°' Cable £2.20
36" Printer Connector Lead Complete £13.50
SK9 with 36" Cable £3.30
ANALOGUE PORT
IC73, SK6 £6.80 PL6£1.60 PL6 + Hood with 36" Cable £5.00
F.D. PORT
IC77-87 + PL8 £44 SK8with 36" Cable £3.50
BUS PORT
IC71-72 + PL11£3.30 SK11 with 36" Cable £3.50
TUBE PORT
PL12 £3.00 SK12with 36" Cable £3.90

SOFTY Il EPROM PROGRAMMER

The complete microprocessor development system for both
Engineers and Hobbyists. You can develop programs, debug,
verify and commit them to EPROMs. Will accept maost +5V
EPROMs. Can also be used as a ROMULATOR. Full review in
September ‘81 P.E. Built unit complete with PSU and TV lead
£169

MENTA .

New Z80 Development System. Plugs into TV and cassette
recorder. 40 key direct ASSEMBLER/EDITOR, 24 bits of 1/0.
Ideal for study, micro control and robotics. PSU & TV lead incl.

£115

TECHNOMATIC T

EVCHN07MATIC TECHNOMATIC

WIRELESS WORLD AUGUST 1982

2 35 4042
7agss  150p | TAOL0 asop | 4043 S0p
7400 1p | 74265 | 715083 aop | 404 50p NES534A 150p
7401 1Mp| 74273 MIp ) 755590 4sp | 4045  105p PLLO2A  500p
7402 12p | 74276 MOp | 740793  40p | 4046 55p RC4136  60p
7403 i2p | 79278 0P| 7arSy95  o0p | 4047 50p
7404 12p| 72218 b | 7a1S207 g5 | 4048 s0p 2
7405 15p| 70254  wma| 7415208 op | 4049 20p SAA1900 1600p
7406 20p 178, 7415299 270p | 40 4549 SAD10 p
7407 20p | 74285 1P| 7415323 175p | 4051 p SFF96364 B0Op
7408 14p | 74290 100R | 7415324 150p | 4052 80p 00
7409 1ap | 79293 100P | 745348 120p | 4083 50p
7410 i4p | 74298° 0P| 74(S362 gop 4054 - %0p
4 | 1A% R ool b o5 | Avs.a0070
7412 18 7aL p
7413 189 4357 gg 745363 10p | 4059 800 | . W0
A ol 7as00 ey 74364 1806 | 9080 WP | Cazois sop
741 0
74393 100p 4066 35p | CA3046  70p
7417 20p %P | 74Ls367  30p oL
7420 16p | 74490 _ 9P| 745368 30p | 4067 s e TA7222 160p
s AR Bk ol mim mimhe
7423 20p | 741800 };g 7415375 45p | 4070 lep CASOB0E Tob 1 [Mrota 10 iy A i
7425 Mp| TS0 12| 741377 ewp | 4071 19 | Caoaoe 2000 | LM1801 200p
3120 Ze| 7ats03 ~ 12p| 7418378 &0p y G072 16p | CA3030A0&7Sp | LMIZ30 250 | . ..~ 3000
1527 Zol 7aisoa  1zp| 1418330 S0p § 2073 Yoo | CA3I30E s0p | LMIS7I ‘450p | TBAGST 2000
7428 26p 241505 12p 7415393 90p 2078 5 | CA3130T 130p | LM1872  480p MR T
7430 “p 741508 12p 74LS395 " D P i8p | CA3120E 6op | LM1886 700p LAy e
7432 Zo| 74100 1ap| 741399 e | 4077 l6h | CA3160E 100p | LMISBS m0p | TBAS20 S0
ZE5 Zp| 740510 13p| 74LS44s 100p | 4078 oo | CA3IGIE 176p | LM2017 200p | TBAS20 2000
7437 Zo| JalSi 3| Al ez | 08 16p | CASIG2E 460 | LM3302 ~90p | TBASS0 2250
7438 Zo| a1y 1sp| 14LSsd0 ol s5p | CAJIS9E 300p | LM3900  s0p | TCOIOS 500
Lpe o | 7ars13  zp| 7ALSEAL 100e | GOS0 iGp | Caz2eoe 120p | LM390 e | TEa20 e
701 p | 7aLs1a  3s| 743080 150P | 4003 z8p | CA3280G 2000 LMSB11 I8P | 1Gh0  17mp
7a42 2p| 7asls e 640 160p | 4094  100p | D7002  asop | LM3S14 2ioe | TRACO0,  CloR
Taas.  Sop| TS0 p| 7SS 170p | 4095 76p | DAC1408-8 tmaate 22 ! Tpatoos 220p
74L521 15 o ;
7444 Wp | 1452 12 74LSG:§ B Aoa R 3473; HA1366 1%6p | LM13600 110p | TOATOI0 @‘;
7445 Qb | Jalsie  ap| LSew e | 4007 90p | HATIES 270p | MSISTSL 30ap | TDANZ2 520
TaoA o o 7alSods 160p | 4099 100p IcL7106  880p { MSISISL 2006 | 10410345 250p
4 4LS p 30
i o) jase el 7SS GRS clatle | Mmoo | AL X0
1532 1 =
BOBImE B Ao @ E B e e s B
741537 16p p S
154 15| 7aisas  1sp| 74LS682 acop | 4270 25 | 1CL7617 sop | MC1433 100p O IRgor
300 o0 1 741542 I Pliss  wop | LC7I20 wp| MCladsL 3s0p | TLO7IGY o
7470 741847 36p 74S|SERIES 4510 30p | LC7130 a2p MCNSOP 9 P TL074 100p
472 20 | 7aisa8  asp Ro1 209 | LF347 . 1teop | MC3340p 120p | TUO74 1000
7473 P | 741851 15p [ 74500 60p | 4512 50p | LF351 48p | MC3401  90p Lt %0p
me BidEm & oA BG B B B ide Fine
740555  1Bp| 7 p LF p
2478 6| Jaige3 12| 74505 7Tsp | 4212 "op | [F357 . 120p | MK50938 780p 70BN o
7480 S0P | Jals73  20p| 74508 750 | 4518 4op | LF13331 150p | ML920 B00p | LiA1003-3 s60p
7482 b\ 7als7a  ep| 74570 60p | 3200 sn | LMIOC 426 | MMS7160 s20p | UAIOUS-3 2500
7483A Bo | J4s75  20p| 74SM 60p | 4e5q 120p | LM301A  27p | MN6221A UARITO 1708
a3, %o | Jaisze  20p| 74520  60p | ool gp | LM310 1200 | NESST 1800 ) LASITD, 1006
7485 80p | 2483 38p| 74530 80p | 4537 75p | LM311 76p | NES555 ;op ULNZ004  Tp
7486 200 | 741585 65p| 74532  %p | acsg Gp | LMl 1s0p | NESS6  sop | ULNZOOY Bp
7489 200} 7,586 18p| 74537 €0p | 4637 80p | LM319  226p | NE564 1309 ULNZ802 © 2
7490A 20p 741890 27p ! 74574 0p | 4534 470p | LM324 30p | NES65 55p UCsrs 278p
7491 3P | 740592 32p | 74585 300p | 4535 300p | LM334Z 100p NES66 14°p Upcadan 2000
7492A 25p | 4593 27p | 74586 180p { 4539 300, LM335z 140p | NES67 :1{759 UPC1156H 2780
jasan ol Jaises  aop| 745112 b |4235  1j0h | (339 50p | NES70 pINERH SO 2o
oA 20! 7arses  s0p 745113 00 | 4513 90p | M8 7p| NES7I I | XR2206  0p
7405107  40p| 74S p , o
oA BT e b A OLTAGE REGULATORS [firriialieis
7497 0| 745112 26p| 745132 160 | aoe0 - G Qe
74100 gp 74Ls113  26p/| 745133 750 | 4560 1700 FIXED PLASTIC Y g e
74107 %0 | 715114 22p{ 745138 225p | 45g6 1700 | 1A +ve —ve INAZIE  150p
14109 %Pl 7aisizz 3p| 745133 250 |aggs apn | 5V 7805 4p 7905 sop| SNAZE  150P
74110 P | 74LS123 3p| 745157 260p | gpeq 180p | 6V 7806 50p 7906 60p| 7usopE  350p
Tah Sp| rusie op| 745163 e |45 30p | 8V 7808 50p 7908 60p| 7Na5GF  350p
74118 o | Jas125 24p| 745174 20p 4583 a0p | 12V 7812 50p 7912 50p| SNASOF  Gosp
Tane  ao| 7alsize 2op| 745175 0p |aggy  2ob | sv 7815 sop 7915 s0p| ZNAZTE - 0P
e Gb| 74aus132 aop| 745188 30p [agad g0 | 18V 7818 50p 7918 60P| Sn1634E 200p
14120 o | 74LS133  30p| 745189  30b | g001s  ggp | 24V 7824 50p 7924 60p | 2N1OSOF 670m
py2s 2| 7418136 2p| 745134 30p | 40085 90p | 5V 100mA 78105 30p 79105 60p| 7uA234" @50
I 4b| 7ars138 3p| 745200 450p | 30007 50p | 6V 100mA 78L06 30p
B e jaisiae mp| 7es201 ao0p 90087 2R BY 100 76108 a0p o
o o | 7aLs145  70p| 745225 560D 140103 1ggp | 12V 100mA 78012 30p 79112 60p i
74126 P | jaUS147 160p | 745241 400p | 40103 120p | 15V 100mA 78L15 30p 79L15 €0p| AD161/2 46p
e 5| 7aS148 75p| 745260 . 70p | 0108 50p BCI07/8 13p
74132 3| 7a(sis1 40p| 745261 © 300p {40108 50 o
T3, Bb| 7asis3 aop| 745262 €10 |30%0  som OTHEL 8C117 . 20p
M | 7aisisa op| 745287 30p 40led e REGULATORS R
a2 %p| jaisiss 3| 745288 350p | ggi0d 75p BC149  10p
o sop | 74LS1S6  36p| 745373 400D | 40975 . 75b || M30gH 1A 5V 100p 78HGKC 600p | BCISTE  10p
e 7418157 27p | 745374 400p | 40193 75p |LM309K 1A5V 140p 78HOSKC 550p | BC159  11p
Tais0 & 7418158 30p | 745471 680p 140045  1ggp {LMB17K 325p 78MGT2C 140p | BC169C  12p
74151A  agp | 74LS160  36p | 745474 400p {40245  260p LM317T TO3  200p 78GUIC  200p | BC172 12
74183 p | 74LS161  36p | 74S571 900 | 40373 1g0p |LM337T 226p 79GUIC 225p | BC177/8 17p
74154  50p | 74LS162  36p| 745573 900P | 40374  180p |LM323K 3A 5V 500p 79HGKC 700p | BCI79 18p
74185 40p | 74LS163 300p | LM723 150mA icL7660 200p | BC182/3  10p
74156 40p | 7415164 700p |Adj a7p TL497  300p [ BC184  1ip
74157 30p | 7413165 200p | 11494 40p LM30SAH 260p | BC187 - 30
74159 78p | 74L5166 2500 |78540 226p 78H12  B00p | BC212/3 o
74160 60p ;:tg:gg ;gp 14599 290p {78pos f9 SG3524 F£3.00 gg;; 1%:
p
a6 sy | 298170 18p | 74S SERIES ; sczr 16
74163 agp | 74L8173 48p | 74500 60p ~ DPTD ELECTRONIC BC337 Gp
74164 48p | 74LS174 Up| s o) N7 b ORPGO . 120p [ BCSIE 16
74165 asp R7aLS 7S] 28p | 74508 750 | OcpP71  180p  ORPS1  120p | BCA P
74166 74L5181 Wp | 74532 90| ofp1z  120p  TIL7B 55p | BC477/8  30p
74170 120p | 74LS183 16p | 74574 90p 314 120p | BCET6T7  dop
74172 LAk o0 25p| 74585  300p TIC81 30p |BC5478  14p
74173 60p | 74LS191 50p | 74586 180p TILI00  75p | BC548C  12p
74174 56p | 7418192 50p| 745124  300p scedsc e
775 S| JaiSies S A Bk e
74176 4agp | 74LS194 3p| 745133 7op| eeCLeeET T 50p | BCOS9C 16p
74177 7415195 45p | 745138  225p| IL! 4 : P AL %0 | BCY70 18p
74178 8op | 74LS196 Bp| aS129  225p| MCT28 1000 TWIIZ - %p|gcyr oz
74179 80p | 74LS197 50p| 745157  250p | MCS 90p 2P | 80131 75p
T | 7422 50p| 745163 300p| JLO74  240p  Til116 o | BR135/6  40p
74181  115p | 74LS240 50p| 745174  250p e o BD139 ﬁp
741824  6op | 7415241 .« 18p| 745175 * 320p : ED1s0  40p
74184A  9op | 7415242 32p| 745194  350p | 0.125" T2 fled 12p | BD1EY  0p
74185  90p | 7415243 l6p| 7sz41 asop| Tiza  p  TW222Gr i5p|BDIZR2 6%
74186  soop | 745244 80p TIL209 Red 11p  TIL228 Yel 22p | BD233 P
74188  250p | 74LS248 24p TH211 Gr 16p  Rectangular 80235 gp
74190 _ 48p | 7415247 p Ti2i2Ye W@ LEDsAGYv) 30| 80241 &0p
4191~ 48p | 7415248 60p TIL216 Red 18p  NSBSBE1 p
2 260 | 7405249 30p| MCA024  325p TiLa11 s0p
184 P | 7405251 125p| MC4044  325p Tia12:3 100 00
Tiles sy | 7415253 8op| MC10116  70p TI321/3 130p 40p
74185 4ap | 7415257 125p| MC10231 3680p | oo 1a9p  TILI30 p
74196  48p | 7415258 140p DL707 Red140p 7750 60 50p
a8p | 7415259 65p FND357  120p DRIVERS 32
4197, P | 7405260 7ep| 74C8B €4 D 30
74198 8P| 7415266 Tobi74C928  £6 | FNDSOD  90p 9368 b
s e sop| 72168 £16 FNDSO7 - %0p 9370 %0
¢ ZN10 670
74251 70p | 7ALS27S sopl 2N 1040700 B oo 25p

TECHNOMATIC LTD.

MODULATORS

3MHz UHF 375p

Z80PI0 280p ~ 11506 2 8MHz UHF 450p
0 300 9 p [
ZBocTe. 2m0n CONTROLLER RN CRYSTALS |
ZN425E-
A GhaT i3 | caesas ssop | ZNOTOEE 200 | 32 76Kz 1008
zsoaoma €12 | SRTS0Z7 £18 | Zn457E.8 500 JookH:  250p
.8 500 1z
780S10-0/1/2 foas |t zmzav D zgomPp
MC6 p EL 1.008MHz Z75p
Mceser  szsp | A 1.56MHz  450p
smgssfs; cg DECODER 1.8432MH11
TMS: SAA 5020 £6.00 2
TMS9927  £18 | 5aA 5030 £9.00 | 2.00MHz 225p
SAA 5041 | 2,45760MHz
£16.00 10p
SAAS5050 £9.00 | 2.5MHz  250p
| 2.662WHz 250p
D DISC 3.276MHz 150p
£4 : s', 3.595MHz 100p
(TN | 37686MM2 300p
AM251.52521£2 3.00MHz  150p
AM26L531125p 4'194MHz 200p
AM26LS32125p | FD1771 4.43MHz 110p
COMB116 B00p 4.608MH2 250p
D7002  480p 4.9152MH2
£20 2500
5.00MHz 175p
6.0MHz  150p,
550p | 6.144MHz 150p
7.0MHz  150p
CHARACTER 7.168MHz 1;2,;
Y | s.00MHz 1
6520 280p CENERATON 8.86MHz 175p
6522  450p | 745183 HO3-2513UC | 10.00MHz 175p
65228  £5.50 | 143201 750p | 10.5MHz 250p
6532 s00p | 745289 RO-3-2513LC 10.7MHz 150p
6551  g50p | 33415 700p | 12.00MHz 150p
6821 120p | 93425 SN745262AN 14.318MHz
2 | £ 14.756MHz
gesa0  fo| | KEYBOARD (e .
el | 15.000MH2
gy %,‘: PROV:  RRvisor e Bl ENCODER 200
6852 370p | 745188 32%5p | MC4024 325p | AY-6-2376 700 | 16.00MHz 200p
54 745287  308p | MC4044 32p | 74C922  500p | 18.00MHz 200p
68854 £8 | 745288 226p | MC14412 300p 18.432MH2
6875 600p | 745387 326p | ULN2003A100p BAUD RATE 150p
8154 %50p | 745471  650p %L%%oou:g: seneratons JIRCECCUTNIN
a50p | 745473  850p
K £5 | 745474  650p | 75110/12 160p | MC14411 7000 | 20 000MH2
8205  .225p | 745570 650p | 75114/15 160p | COMB116 800p ‘200p
8212 60p | 745571 650p | 75121/22 140p | 4702A  750P | 26 690MH2
8216 100p | 745573 90p | 75150  140p o 150
8224  200p ;gg UARTs 27.145MHz
8226 250p AY-3-1015P p
8228 250p 375p 300p | 38.6667MHz
8243 320p | 7536] 150p | Ayv5.1013P 175,
8250 06 | JIIET 6 00, | Jo303 1P A J0pdh, 48 OMHz 170
51 320p | So55 " izop | 23365 1599 | comgo17 300p | 55.5MHz 400p
8253 450p | 5237 25 | 124502 720 | \Mea02 116MHz  300p
8285 300p | S50 ggg, | 12453/ TR1602 300p | 145.80MHz
3256 £38 75491/2  70p
2716(+5v1250p | gT26 120
3257 500p P L
a250 s00p | 2732 450p | gy28 120p ZIF SKTS SWITCHES
bEEN B50p | 2716(350n5) 8T95/96 90 | (TEXTOOL SuK
3284 350p 8797/98  90p | 24 pin 85p
2732{300ns) 311595 90p h £8 | 8way
3288 £12; M8 &9 zg pin £10 | 8way 90
| 324018 £o0 | TMS2716 TS0p | a1ise;  sop | 0P" nway  145p
WIRE WRAP SOCKETS

LOW PROFILE SOCKETS BY Tl

BY TEXAS

8 pin 9p 18 piln 16p 24 pin 24p in 25 18 pin 60p 24 pin 70p -
1apnioe  20pntep  28pn2p | GERIE 0PN Gl 28 pin ddp
16 pin 11p 22 pin 22p 40 pin 30p J 16 pin 40p 22 pin 65p 40 pin £1

¢ % S T
pars m| TR W oot w [ Gh Lo | e
BEXBG/7 ZIb | TIP3sA  120p | 2N3794/5 12p el PLASTIC
PEXES P | TIP3SC  140p | 2N3796/7 14p P
BEXBS %0 | Tip36A  140p | 2N3708/9 12p 1200 | 3a400v  60p
BFYS0  24p | rip3ec  150p | IN3773 300p 750 | “a400v  70p
BFY51/2  24p TIP41A 56p | 2N3819 26p | 40871/2 100p 6A500V 88p
BFYSO 3| 1ipaic  55p | ZNas0  40p 8A00V 75p
BFYS0 8% | Tipa2A  60p | 2N3823.  50p 8AS00V 95p
BRY39 450 | Tipe2C  ebp | 2N3866  90p NIODES 12A400V B5p
BSX19/20 24p | ripsa ~  160p | 2N3%02  700p | BB 25 | 12A500v 105p
BUT04  ZBp | yip1og  75p | 2n3903/4 16p BY12] o0 325 | 16A400v 110p
B b I TIP121 75 | aN3005/6 16p | BYX38.300 200 | 1ghso0y 130p
BUI0B  20p | 1p13>  g0p | 2N4037  6sp | © a7 a1 oo | T2800D 130
BUI09  25p | 115127 120p | 2N4123/4 27p | © 20 o
BU126 1P | 7ip147  120p | 2N4125/6 27p 0R05H LI THYRISTORS
BUIBOA 1200 | ripyoss  78p | 2N4401/3 27p | O 3
BU205  200p | 1paoss  70p | 2N4427 | 90p | OA202 b | 3a400v 100p
BU208  200p | Ty593°  30p | on4B71 60 | IN914 4 | BAGOOV 140p
BU4OS 145D | ,7yi08  12p | 2NS0B7  27p | IN9TE 7 | 12a400v 160p Jf
B REn) £61 71300 13p | 2Ns089  27p | IN4148  db | 45a100v 180p
BUYGSC 350p | 7rxas2  a5p | 2Ns172  27p | IN4001/2 6P | jga400v 180p
A0 ZTX500  15p | 2N5191  90p | IN4003/4  €p | cioep  45p
MJgo2 £41 71502 16p | 2Ns194  90p | IN400S b | wMcRior  36p
MU2S01 2250 | 7r3e0s  18p | aNe24n  aon | IN40OB/7  7p | Yicaa . 27p
MJ2955  90p | 77x557  65p | ons2g8  esp | 1NB401/3 14p | on3ers  130p
MJ3001  22%p | JTX652  60p | 2Ns401  60p | 1NS404/7 19p | Dnsaas  1a0p
MJ4s02 - E4 71x752  70p | 2NBas7/8 dop | 15920 9 | 2N5060  30p

JESI0. (500 | UNeBAF  T2p | 2NB453  aop 2N5064  35p
M Eee 100k | wN1OKM  60p | 2NSag0  60p
0y wbivnes  aop | onsass  adp | [ERIELEG
VAT TR T R Il RECTIFIERS [l MOUNTING
MEF0S 300 | 2N706A 30 | 2NG052 300p | 1A 50V 19p RELAYS
MPSAOS 3| 2N708°  30p | NG5S a2sp | 1A100V 20p .
MPSA12  50p | 2ngts 2N6107  65p | 1A400V 25p | 6or12vDC
MPSAI3 S0P | oNg30  18p | 2N6247 130p | 1A600V 30p | Coil SPDT2A
MPSA20 S0 | 9N1131/2 36p | 2Ne254 130p | 2A 50v 30p | 24vVDC 160p
MPSA4Z 500 | ON1613  25p | 2N6290  65p | 2A100V 3p | 60r12vDC
MPSA43 500 | 5N1711  2Bp | 2501172 150p | 2A400V 45p | Coil DPDTSA
MPSASG  32p | N2102  70p | 25C1306 100p | 3A 200V 60p | 24VDC
MPSATO S0P | 2N2160 350p | 25C1307. 150p | 3AG00V 72p | 240VAC 200p
MPSAOS  aop| 2M2219A 25p | 25C1957 90p | 4A100V 9p | 6or12VDC
St &b | 2N2222A 26p | 25C1969 150p |- 4A400V 1005 | Coil SPDT 10A
MPSUOT  80p | IN2363A 25p | 25C2028 6A 50V 80p | 24V DC
MPSU3S 90 | 5N2484  30p | 252029 6A100V 100p | 240VAC 225p
MPSUBS 781 IN2646  48p | 2502078 6A400V 120p
TP29A © 3ob | 2n2904/s e | 252335 10A 400V 200p
TIeasC 3| 2n2%06A  25p | 25C2612 254400V 400p RELAYS
ES P [ 5N2007A 25p | 3N128 FOR ALL
TIPSO 4op | oN2926 9p ['3n140
He3IA P | 2N3053  30p | 3N141 ETI
TIb3eA  4on ZENERS _ REFTRYIZNR

2.7V-33V AVAILABLE
mw 9
W 15 | EX-STOCK

PLEASE ADD 4up P&P & 15% VAT (Export no VAT)

MAIL ORDERS TO: 177 BURNLEY ROAD, LONDON NW10 1ED

: 17 BURNLEY ROAD, LONDON NW10
SHOfRAs {{Tel: 01-452 1500, 01-450 6597. Telex: 922800 3
305, EDGEWARE ROAD, LONDON W2 Tel: 01-723 023

WIRELESS WORLD AUGUST 1982

www.americanraLiohistorv ~rom

Government, Colleges, etc. ORDERS WELCOME
VISA & ACCESS CARDS ACCEPTED
FULL PRICE LIST ON REQUEST
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: Function 1 mHz-1MHz Sin/Sa/ HEWLETT PACKARD
MULTIMETRICS CAN SE LABS PM5129 T
/ /// / AF120 Dual H/Pass L/ Pass active 51)§(?Large CRT XY Display with 9946 ch galvo preamph.:.sngez.-d;dgg supply g EX%B‘;#E}S‘N%D + Burst 645 . mtfp}&smgu AC/DC/V/Q Auto Range 750 N
< filter 20 Hz - 2 MHz 4 i 280 6008 UVchantC’25¢ 5| R
’ 1] e PHILIPZS ' m:-j ffo"/da range of cameras P.O.A. 6150/51 UV recorder 12¢ch-inc6 champs 1275 MS27G Generator0.3-240MHz AM/FM 585  PM2517 4 Digit AC/DC/V/ 1/ Auto Range
uipment, calibrated to Manufacturer’s original specification. PM5501 Colour TV Pattern Genorator  18{ COPES(STORAGE)  SEIMENS B e DSCAN e e o A Ao ORI e
) 2 y .D. B n
PM 6519 Colour TV Pattern Generator osCILLOS Ma36 Ch_an5 1pen0 20_mA S.D. but 9900 Sweeper z6/1 P PM2524 4% Digit AC/DC/V/1/2 Auto
PM 6456 Stereo FM Generator HEWLETT PACKARD s «can readily be adlﬂpteg by internal links to a WAVETEK Range 299
81A 100 MHz Mainframe 5cm/us 2 wide range of volt and current 157D Waveform Synthesiser 100 uHz — - 5
sﬁcggomhgflhﬁﬁgngmwr 4 :703A 35MHz 10mV 2 Tr2TB 1000 Div/ms 1860  measurements 150 1 'MHzBCD Prog. 1500 :mﬁﬁ:g'/: Digit AC/DC/V/I/Q TRMS o
” : — 3 X LARTRON
Prices Prices Pices ROHDE & SCHWARZ EKTRONI ) SO RUM ANALYSERS SOLARTRON
fromf fromf frome BN252Transistor Y Parameter Test Set 1504434 25 MHz 10mV 2 Trace. Split screen 3240 Modular Data Logger system P.O.A. HSECVEEETrT PACKARD 7051 54 Digit AC/DC/V/2/DCI Auto
SCHLUMBERGER storage 400 cm/ms 2850 wote: UV recorders are priced less galvos T Range 325
ACOUSTIC & VIBRATION COMPUTER EQUIPMENT DIGITAL TESTING EQUIPMENT : 466 100 MHz 5mV 2 Tr2TB 1350cm/us 2950 L ANALYSIS 1417/85528/8555A 10 MHz-18 GHz
4010A VHF/UHF Radio Telephone Test Set 6 i SIGNA - 10250
KJAER (30 day guarantee) HEWLETT PACKARD 7313 25 MHz 3 slot M/ frame split screen system
BRUEL & ’ S.T.C 1700 EQUIPMENT
1621 Tunable Band Pass Filter 550 CENTRONICS 1600A Logic Analyser 16 ch 20 MHz 1nse - - s Bom/us AIRMEC MARCONI - ) -
2113 Audio Frequency Spectrometer 1400 702 rmatrix printer . 500  1600S Logic Analyser 32 ch 20 MHz 2950  74600J Attenuator 0-9 dB50Qin 1 dB 7613 100 MHz3 slot M/frame 4.5cm/ s 2700 A A TF237030 Hz-110 MHz Digi-store display CROTECH Oscilloscopes
R\ 2203 Sound Leve! Meter ) 450 HEWLETT PACKARD 1602A Logic Analyser 16 ch 10 MHz 900 ;;%DSSA A 0-100d8 G(DSZ in0.1dB POWER MEASUREMENT gll)g:nH/ o ene. o3  built-in counter and tracking gen 7500
RN 2215 Sound Level Meter inc. Oct. Fitter 1050  gg35A Desktop Computer 84K + expanded 1615A Logic Analyser 24 ch 20 MHz 4850 5 1 ttenuator 0- in0. HEWLETT PACKARD T w:\,e R . 0 TEKTRONIX
N 2218 Sound Level Mter inc. Leg. 1475 1/0ROM + HP — IB interface. Includes TEKTRONIX SR8 432A RF-Microwave Powermeter for use 853 Wave Analyser 30 KHz-30 MHz 200  7L5/L320 Hz-5 MHz Plug-in for 7000 series
! NS 23058 ‘Leve‘l Rec_order inc. 50 _dB pot. 1350 cRrT. Cartridge Tape Drive — Full 832 Datacom Tester R6232/V24 1150 TEK.TRON'X with 470 series sensors 430 M/Frame 10 Hz resolution. Sensitivity
2625 Vibration pick-up amplifier 350 §ocumentation test tapes etc. 6900 833 As832plus BERT/BLERT feature iSno AT melMarG ety 478A Co-ax sensor for 432 meter MARCONI — 148 dBV. Impedance 502, 600Q and ~
2808 Power Supply/Mains Adapter 90 TEKTRONIX MAINS TEST E 521PAL Vectorscope 2 10 MHz- 10 GHz 160  TF2330A Wave Analyser 20 Hz-76KHz 900 IMQ. C.R T. readout. Digi-store display 6750
g2ilapagisnalGate 200 4610- 1 Hard copy printer for 4010 seri 1 QUIPMENT 528 TV Wavetorm Monitor X486A Power sensor for432 meter W.G. 16 160 RADFORD 7L13 1 KHz-1800 MHz Plug-in for 7000
peeosoindievelCalatog D ter di lpy'p inal =i DATALAB ! 575 Semiconductor Curve Tracer 4 432A/478A combined price 550 DM52 Distortion meter 20 Hz-20 KHz 200 series M/ Frame 7700
4423 Noise Dosemeter asp  Computer display terminals 1150 D019 Mains Interface for DLSOS 300 1485C TV Waveform Monitor PAL/NTSC 310 430A/X486A combined price 550 SOUND TECHNOLOGY 7L18 1.5-18 GHz Plug-in for 7000 series.
4424 Noise Dosemeter 3756 COUNTERS & TIMERS DRANETZ TELONIC 8482H Co-ax sensor for 435/436 1700A Distortion Meter 10 Hz-100 KHz inc. High resolution. Digital storage display.
CASTLE ACOUSTICS FLUKE 14 606 3ch Volts Av/Spike/ Time/Printer 2950 6001 RF Detector with Log Amplifier — 100 KHz-4.2 GHz 190 ator 800  Built-in pre-selector 9500
R CS181 Sound Level Meter & Calibrator 295 1912620 MHz 7 digit C?un!er ! 375 6_162ch /_RC 1ch DC Volts/Av/Spike/ Analogue display & recorder O/P. 0.4-130 MARCONI WAYNE KERR 7603/7L5/L3 System with display
O C.E.L. - TIERSIACTETPR (e Celiargie Time/Printer 3300  MHz — 80dB range 27 2502 R.F. Powermeter DC-1 GHz 10W max 475 e %5 180 20 Hz:5 MHz -y 7750
X o h batteries 430 A321 Wave Analyser 20 Hz-20 & s th display 0.1-1800
\{\ [ CmalbosaEhatvser 5ag 1920A 520 MHz 9 digit Counter inc. Brst GD'%'Y c/ 4 YELLOW SPRINGS y 2503 R.F. Powermeter DC-1 GHz Note: see also “Spectrum Analysers" :ﬂsga/7L13 VEED GG A 8900
- DAWE ! . LDM AC/DC/Spike/Timeinc. Printer 900 YS157 Water Pollution Measurement 100W max 800 | z )
419C Audio White Noise Generator 190 roce q b1 System ' 15 pOWER SUPPLIES etc SIGNAL/FUNCTION/ + SWEEP 7613/7113 System with storage/ var.
1461CV Vibration Analyser 360 Josonllyi2o0 iz othonwis az 19204 70 MISCELLANEOUS GENERATORS . persist. display 9900
14638 % Octave Filter 200 HEWLETT PACKARD A.l. INDUSTRIES NETWORK ANALYSERS)/ ADVANC.EH ) BT FARNELL 7603/7L18 System with display 1.5-18 GHz These are brand-new
1465 Octave Band Filter 150 5300A /53058 1300 MHz 6 Digit Counter 425 TCS General Purpose Gas Leak Detector — PHASEMETERS MG5- 20 Switching module 5V- 00 SSG520 10 MHz-520 MHz Generator — (60 GHz with external mixers) 10500 instruments
) KISTLER 5345 500 MHz 11 Digit Counter Timer 2000 intrinsically safe 290 . fixed Auto Phaselock. AM/FM and SINAD VOLT/MULTI-METER
504A Charge Amplifier 200 MARCONI BRADLEY DRANETZ i DENBURG 1mA 450 foature. Reverse power protection 2000  (ANALOGUE) 303015 MHz 1 Trace SmV built-in
TF 2432560 MHz 8 Digit Counter 275 192 Oscilloscope Calibrator 825 301A Analogue Phasemeter 5 Hz-500 KHz  75{ 800 EHT Power supply 3-30 KV-1m NTON component tester 150
WAYNE KERR GENER
N ibrati i HEWLETT PACKARD FARNELL 1362 Generator 220-920 MHz 375 92C AC/RF 10 KHz-1.2 GHZ % mV-3V 250 | 3033 15MHz 1 Trace 5mV battery
\\\\\ B731B Vibration Meter inc. probe 270 8405A Vector Voltmeter 1-1000 MHz B30/5 0-30V-5A varia'?le 110 GOU LD HEWLETT PACKARD operation
X BRIDGES & V and | STANDARDS 8407A/B412A/8601A 100 KHz-110 MHz B30/20 0-30V-20A variable B i s a ator 10 Hz10 MHZO/P leveb 400E 10 Hz-10 MHz 1mV.300V DC O/P 285 | 3034 15 MHz2 Trace SmV battery
QRN HEWL.E_TT PACK_ARD . complete Network Analyser system FFSL5V - 20A Ps‘;moqlﬂf 13 meter & Attn. 350 400H 10 Hz-4 MHz TmV-300V 7% operation 4
4261A Digital Automatic LCR Bridge 975 comprising Analyser, Phase/Magnitude SB30/100-30V-10A variable T s L e roloutputiovel £11A 0.5.500 MHz 10mV-10V DC O/P 176 | 313115 MHz 2 Trace SmV built-in
| 4342 QLC Meter 22 KHz-70 MHz 2600 display and Sweep Generator. 50§ or 752 HEWLETT PACKARD ) - . 220 427 AC/DC/V/Q 195 | component tester A 240
” MUIRHEAD system available. 80 dB dynamic range 62688 0-40 V variable 30 A Metered V + | 576 SG21 Generator — Square Wave only 2400 TRMS 10 Hz-10 MHz 1mV-300V 33:];730 MHz 2 Trace 5mV with signal
i D30A DC Bridge 0.15% 180 WAVETE K 157 D 8745A S Parameter Test Sot0,1-2 GHz PULSE GENERATORS 0.3-100 MHz 80 pc.o/p 390 | detay
i \‘ WAYNE KERR 11570A Accessory Kit for 8405A ADVANCE $G200 160 KHz-230 MHz Generator AM 4% | EVELL :
B224 RCL Bridge0.1% 500 Programmable Waveform 11600A Transistor Test Fixtures PG 52A Modular pulse generator system — HEWLETT PACKARD TM11 Analogue Multimeter AC/DC/V/1/2 116
1 B521 LCR Bridge 116 - TO18/T0-72 wide range of configurations — cost 204C Oscillator 5 Hz-1.2 MHz 20 1 L. ENGINEERING [—tmar o = |
" B801/CUB81/Q801/SR268 VHF Synth esizer 11602A Transistor Test Fixtures dependent on modules — typical 650 204D Oscillator 5 Hz-1.2MHz inc. 80dB NAMV — DC sensitive u Volt/nAmp meter ST CORNER
\;\‘\ Admittance Bridge with source and 100 uHz- 1 MHz-sine, square and triangle T05/T0-12 ] i PG5002D 0.1 Hz-1 MHz 50V 1002 Double o D - e at LOwW CO
: \\ detector transistor adapter & D.C. Control 4 ) 11604A Universal extension arm for 8745A pulse R.T. 15ns 2%0  gosE Generator 10-480 MHz AM/Pulse 400 Items in this box have 30 day
Unit for transistor measurements 750 waveforms. OUtpUt voltage 1mV to 10V P.P. into HEWLETT PACKARD 8614A Generator 800-2400 MHz MARCONI guarantee only.
l MS & iai : OSCILLOSCOPES & i M/FM/Pul 2800  TF2600 10 Hz-10 MHz 1mV-300V AC + DC
gngMENgABLE TEST 50 Q2. Clear digital readout of front pariel ACOESSORIES L R s2g i 1ot SQATIOnsine A ZI;C/HPSUV::ep i Ll o 2% AIRMEC
X i urst mode 1 " -300V 425 i rf
1 DYMAR ‘ frequency and voltage setting. Frequency sweep BIOMATION 8016A Digital word generator to 50 MHz with HP-1B T ¥ 2350 TP'F;:(:(S;OSHZ 1.5 GHz 300mV-300 g.lgsiksl\gé::nH:nodulanon meter from -
B BC282 Battery charger for 883 Radio facility, B.C.D. Programmable. 350 Compact XYZ Display 9 x 32bit : 40 b 2 Otz PR 50 - Eavsiog Anabauelltiater CEL
pacbhoge " GOULD ADVANCE LYONS 86230B/1 1.8 - 4.2 GHz Plug-in for 8620 AC/DC/V/NQ 100 112 Environmental Noise Analyser. Digital
.\ | 883 Radio Telephdne — VHF band — hand 0S1000B 20 MHz 5mV 2 Trace g PG73N20 MHz 10V 508 R.T. 5ns 390 . o 1600 PM2504 Multimeter AC/DC/V/1/Q 120 readout of Leq. in dBA, ¢/w Mic and
RN o i % HEWLETT PACKARD . RECORDERS & ACCESSORIES 8660C/86632A/86603A Synthesised Signal RACAL-DANA (E.I.P.) leather carry case. Battery operated 150
| N MARCO_NI ) - - 1740A 100 MHz 5mV-2 Trace 2TB BRYANS SOUTHERN Generator 1-2600 MHz AM/FM digital 9301 RMS 10 KHz-1.5 GHz 1004V-300V 550 CINTEL
\\\ TF2091 Wh!te No!se Gene_ra!or (exc..flhers) 1000 H Ew LETT PAc KAR D 182C 100 MHz Mainframe BS314 Chart 10° 4 Pen 16 speed 1900  rgadout, push button controls, BCD VIBRON/E.I.L 2773 Wide range inductance bridge 100
SN Troses et e s ‘ AN NI ZpAaintiarns, with ciyttl DCM progtammably 14000 3382 1mV-1V Electrometer 20 GOULD
e 2 vse] \ normaliser interface 1 S100W W Flutter Analyser 800 ARCONI gt LED G
‘ NORTHEAST ELECTRONICS 427A o UM Zeom IS celRlog EMW T i %m»ﬁas Generstor 0KHz-72MHzAM 650 VOLT/MULTEMETER (DIGITAL)  DMM734 DigitL.E.D. compect ben 60
ol TT537B Psophometer/ VU Meter 200 } 1825A Dual Timebase Plug-in F g : . MHz AM/FM 670 BOONTON
' SEIMENS Analogue AC/DC ' W0 Mo 2RI Qs oot Trenedcer e 92AD3% Digit 10KHz-1.2GHz 104V res. 526 HEWLETT PACKARD
| U2033 Psophmeter 475 PHILIPS | FYLDE tt oooatofnera 3 750  FLUKE ' 1600A Logic Analyser 16 channels 20 MHz -
_ = attenu;
ST.C. Volt/Ohm-Meter . PM3207 16 MHz5mV 2 Trace TV trig 1005 supply and Ampifior M9 TF2011/5 Generator96-140MHzFMonly 850 50104 3% Digit AC/DC/V/1/2 TRMS 1ag Clock "’"’E.n. PACKARD
{ 74106 Bridge Unit 135 Com paCt, battery Operated unit. PM3211 15 MHz2mV 2 Trace TV "_ig HEWLETT PACKARD TF2012 Generator 400-520 MHz FM 550  8)10A013% Digitas8010 + int. rechg. gs&wol-m e g
RNl 74184B Selective Leve! Measuring Set 800 DC-100 mV-1KV AC-10 mV-300V PM3212 25 MHz 2mV 2 Trace TV trig 6B80M Chart 5 1 pen 8 speed 780 TE2015/110-520 MHz Generator AM/FM 1350 pars. 189 b z 9 %
\\\\§\§ 74216A Noise Generator 300 = myv- PM3233 10 MHz 2mV 2Ch fixed delay Dual 7015A XY 1 pen Ad size 700 TF2020 Synthesised AM/FM Generator 8050A 4% Digit AC/DC/V/1/Q/dB TRMS 215  Generator .
X 74261A Psophometer 300 10 Hz-1 MHz. 2-10-10 MQ Beam 500 HONEYWELL 50 KHz-520 MHz. Buitt-in modulation 8050A01 4% Digit asB0S0 + int. re-chg. M.L. ENGINEERING NAMV
N 742628 White Noise Generator & Receiver 2000 PM3244 50 MHz 5mV 4 Trace 2T base 125 ¥ 5600B Instrumentation tape recorder 14 ch oscillator. State of the art p_erformance. batts. ) 245  D.C. Sensitive NnAmp/uVolt meter — i
74307C Level Measuring Set 175 PM3260 120 MHz 5mV 2 Trace 2T base 1475' FM/DR 9000  Canuse on GP-IB with optional adapter 6300  go00a 4% Digit DC only. Fast reading centre zero
74834C Distortion Measuring Set 500 :.“’\'?262 QGMEZom 2ace 2liaz MICRO-MOVEMENTS PHILIPS . SystemsV. meter " 80  TEKTRONIX
96016 Seloctive Nuli Detector 200 faV 100y 150 wf10-120/4 Compact UV 10 ch 7 speed PMS5108L Function 0.1 Hz-1 MHz B300A 5% Digit DC only. Fast reading §75 Transistor Curve Tracer 200
GTA-2 Quantization Distortion Tester 800 . . TEKTRONIX racorder finc. galvos) 1900 Sin/Sq/Tri O/P meter — 50 4nd 6000 425 ° systems V. meter n 1100
[ GTA4B Pattern Generator - %00  PHILIPS ‘ COMARK g 465 100 MHz 5mV 2 Trace 2TB 1600' pl|| |pS PM5127 Function 0.1 Hz-1 MHz Sin/Sa/ 8800A 5% Digit AC/DC/V/€ Auto Range e = |
{ PMB6614/02520 MHz 9 Digit Counter TCXO 480  1601BLS Thermom 10ch 87 + 1000°C typeK 50 4658 100 MHz 5mV 2 Trace 2TB 1685 pyvest Chart 10 1 pen 12 speed 975 Tri/Rmp 300 TRMS
PM6624/02 520 MHz 9 Digit:CounterTimer N.B. Thermocouples not included 475200 MHz 2mV 2 Trace 2T base 1760
! W A oo . 750 475A 250 MHz 2mV 2 Trace 2T base 2200 ’
N
SN PM6661 80 MHz 8 Digit Counter 180 CROWCON . 485350 MHz 5mV 2 Trace 2T base 3600 I 5
i N\ c t RACAL-DANA (E.I.P.) 71P Inflammable Gas Detactor/Alarm 126  5B422T/base plug-in 50 MHz Trig for 5000 WISSOZIRLISMEEHER DERAICS
N i A e : serios Mainframe 1 p , ; o ot d WA — H ]
R ars On ’ sk UDARCamErahSuEs . M- E@gﬁjﬁamm A DRy 861/4S3/5T1A 1 GHz Sampling scope Full details and specification of equipment listed, available. Because of long copy dates this listis not comprehensive —ring f(:’r ‘llnAvlgntory
. " : Al i . h L .
l EI t ni %0251 Oz Dign Commter e Lo A e T 28 update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.30 am -5.00 pm (lunch, 1-2 pm). Prices exclude delivery an
9025 1 GHz 8 Digit Counter 450 FLANN T, g i o5 \W/ -
9903 50 MHz 7 Digit Counter Timer 310 161 T MHz 5mV 2 Trace Plug-in e take Access or Visa.
s DpOTITNE i N T ke oS RouryVane Attepuatat WG16 2% 7B53A 2 Timebase Plug-in 100MHz Trig 298
- 9 HEWLETT PACKARD 7403N 75 MHz 3 slot M/Frame 990
SYSTRON DONNER 342A Noise Figure Meter 500

e T e e L T
8 SYSTRON DONNER e A ol Figu 7603 100 MHz CRT r/out3slotM/Frame 1350 I H Ltd
i un X382A Rotary Vane Attenuator WG16 176
§\§§ XSh'"ey House’ 2,7 c,umden Roqd' 5103B Strip Printer for 6053/6054 375 536A 0.93—4% GP-Tz Cavity :r:;uency Meter 300 1;53559\%IE¥,|E':‘2T”“9 1mV 370l a rston E ectro n Ics

N London NW1 9NR. Telex: 23920. TEKTRONIX MEGGER D63/V5/V5 15 MHz 5mV 2 Trace & fixed 1

\\ f . DC501 7 Digit 100-MHz Counter — TM500 BMS6 500V 0 — 200 mQ tester. Battop. 70  delay 3%0

N . = P 180 MJ41kV0- 200 m tester. Hand Drive 180 $615MHz5mV 1 Trace 135 =

All items have a 12 month guarantee unless otherwise stated. - | Shiriey House, 27 Camden Rd, London NW1 9NR. Telex: 23920
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TEST COMPONEN!

ON THIS NEW OSCILLOSCO

OSCHLOSCOPE BICIZ

The lightweight
mast with
101 applications

e A e

B Mo o vl

It's the chance

know

‘ : \ LL.P. are the world’s
It's something you have always wanted....something to build largest designers and
your equipment into that's smart, modern, strong, adaptable manufacturers of hi-fi audio
to requirementand notexpensive. The ‘UniCase’ is yet another modules?
triumph of .L.P. design pohcy. It presents totally professional 1.L.P. pioneered encapsulated
appearance and finish, ensuring easier and better assembly to power amps and pre-amps for
USE READER CARD FOR DETAILS make it equal to the most expensive cased equipment. enhanced thermal stability,
n_OUL IRk The all-metal ‘UniCase’ is enhanced by precision alurmmum mechanical protection and
WW — 039 FOR FURTHER DETAILS extruded panels engineered for speedy and perfect aligned durability?
: assembly within amere five minutes. Designed in the firstcase TWENTY 4
DLLVN AR HONEYWELL PROXIMITY | o MULLARDMODULES § yLTRA SON(C to accommodate 1.L.P. power amps with P.S.U’s, the range Thang are jowe
swiicues | DETECTOR  lnigl | P LR | mansouceRs amcs. ill shortly be extended to house any other modular projects. amplifiers from 15 to 240 watts
Gold-plated contacts. | amplifier,8v. D.C., £3.50 ea. iy 0 Complate on 18in. will shortly k ¥,
P Front end Screened cable, £1.75 RMS ﬂud mv@ ;
Sea!edvbase.sldealléor pro; ESLET g Lg’"g;f;)w: Pairf5.75 . each; pairs £2.95. y ‘a‘estﬂ‘ '”g aﬁty M%sfe‘s m
gramr;ung. -position  af 3 ¢ & ¢ : completa_with Data ULTRA SONIC. [ SB t
wihaiie g, | il | i | T WHAT WE DO FOR CONSTRUCTORS ~  latest suger-qu
ONLY Max volts 240, Size 172 x | £500 Tuner£250. | 1SV).£325. q A how it
will i .j.:: 1pin il :‘A'}’n"’“:‘ ‘ """"‘z“"""’.“ CRSTALSICOLOVA 1Y &%Eiéff'é"%::ﬁ Néiﬁg a?lllJ irnp(:(l)frj :(t:itv:eartniggnl:nrt‘g m;govlisgxici%w&;zosf ::)lm;‘r)!g iy TWENTY pre-amp ‘*‘,““""‘s
ooy S oa: por | g EATR on SRS | assmigmerettas | Compime n chassis €175 information to the point of uselessness. So po ha(;/e| dev;i\sLelfi b (?ﬁlkltE‘%rl‘) :gggmg!mm
UHF. MODULATO . MINIATURE HIGH: which we invite you to take advantage of without delay. ; i
ol comowrs | METRARPEEU G5 s | wnspor Mot oy o | Machemams s ar 12 v DO S FILL IN AND FORWARD THE COUPON BELOW TO RECENE. applications to your equipment
s emattaut | i E et | ton Lowsowsr consump- | EXUEIED, Y0 Mok % OUR NEWEST COMPREHENSIVE |.L.P. CATALOGUE POST FRE never before availahie fo
WL e . 380 1 Silent running. 115y, ftwo | 1O e BRSO 00 RETURN. It gives fult details of all current I.L.P. products forthe constructors and
o jureerellicase Am RIS 1A0 E—— constructor together with prices, full technical and assembly details, experimenters?
- . . INDICATORMETER | Somvarate. o ciap | VA" ONLY E550 EACH (L] wiring and circuit diagrams etc. and it's yours, FREE. You don't even
‘ The smoothly operated QTM Mast comes fitted with With lminated df scale | (38N, S-wla:c{'}x €120 BHA""M"D'-:"?VJ-. e AL have to stamp the envelope if you address it the way we tell you. LL.P, are su;;pﬁm {0
handpump or can be vehicle mounted with ‘Power Pack’ for U Pt A B g E than maractr- T the B.B.C., 1.B.A, NASA,,
extension and retraction. Available in a range of heights up Oo LSS, oL ' British Aerospace, Marconi,
to 15 metres, the QTM mast can provide the ideal answer A EADS, o Ly | WEWLELPACKARD Eé-r gTV?I:!'I’TLA Hacal, Ferranti, G.E.C., Rolls
for: - +1 Dispiay Tododors wih ‘moung | 0827650 CAR : ce etc?
® Mobile Radio Telephone @ Environmental - gas o e E,‘,’;‘E;;;,""’T’:f,ggnjﬁ L, STEREQ PRE-AMP e ELECTRONICS LTD. =
® Police Mobile HQ (UHF) sampling collector |f§$'§2|:p§?'€ge s ST AMPLIFIERS MODULES FREEPOSTS x
in Dit Package DY Renc 1 Complete and tested units.
® Field Telecommunications @ High level photography — o SR S snoites Madiun and Long Wave. HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP
o BMOGE RECTIRER | XRPS36 cordifaptay | Malt-inch red common | SUepied as o but unis e gemE)' 54778 Technical Only (0227) 64723 Telex 965780 Goods are despatched within 7
® Floodlighting s - elgay, it s | S v Eim | O i B1°¢ § and data Oniy &5 por. PON Telephonorgi ‘ days of your order reaching us and
’ ® Anemometer and Wind @ And a host of other uses NATORAL - — A SEND COU FREEPOST lope clearly FREEPOST 5 and post it WITHOUT a stamp to covered by our 5 year no-quibbla
A . . nveio
! ey =S : o Chis... 2 | ghrrenes “CHERRY' ADD-ON KEYPAD (NO STAMP NECESSARY) :MLa;p P ot e pay postage when your letter reaches us. guarantee? :
, INA148 DIODES ) VARTA 36 volts DEAC, i ) 7  aF \ e e
' E:Irlnds%:il,%%mpoh.{n% DR%‘?%%}:I( H “ ':%égx’i" %(E%t;léif’g:’ﬁg: FOR YOUR FREE ——— SR E Ral cS—LTD— o E— —.A e S W H
i ro'r'érlcﬁgn'ﬁ':%nsﬂ:idﬁi /2 o s iwnctns L P c AT ALO GUE To: .L.P. ELEC e
.‘ ~ liance, 2-wat i 1 X g 2 e 14 S 6 LLP PLEASE SEND ME L.L.P. CATALOGUE, '
! = spindles. Al values, 47 § - Sf01 0, 39PN E‘{tli POST PAID BY RETURN
X ohms{n onlay 60p ruacl’ 00KC/S + 1 30i %A 3 x 4 non-encoded g Address:
| Find out more about the QTM series by writing or phoning:- 5’3;;223 ™ mgflp';a i single mode keyboard AND OPEN UP

UK. EUROPE )

CLARK MASTS LTD. (W.W.} GENK TECHNICAL PRODUCTS N.V.(W.W.}
Evergreen House, Ringwood Road, Woudstraat 21, 3600 Genk,

Binstead, Isie of Wight, Belgium.

England PO33 3PA Telefoon 011-380831

Tek: Iste of Wight (0983) 63691 Telex 38354 Genant B.

Telex: 86686

TOA
i NEW WORLD OF
QUALITY & VALUE

QUANTITY DISCOUNTS. on ALL items {unless stated), 15% per 10, 20% per §0, 25% per
100. All items BRAND NEW {unless otherwise stated),
DELIVERY from stock — Add post 35p perorder. TELEX 262284
o a - ; EXPORT enquiries Transonics

invited Mono 1400

| HAVE/HAVE NOT PREVIOUSLY
BUILY WITH |.L.P. MODULES

1.L.P, products are available also from Henry's, Marshall's, Technomatic & Watford.

'01-723 1008, 9

_Callers to: 404 EDGWARE ROAD, LONDON W2 1ED @
ALL MAIL ORDERS/EXPORT ENQUIRIES 11/12 PADDINGTON GREEN, LONDON, W2 -
e —————

WW-041 FOR FURTHER DETAILS WW - 024 FOR FURTHER DETAILS

'y ! ‘ WIRELESS WORLD AUGUST 1982 i WIRELESS WORLD AUGUST 1982

WWW americanratiohictorv com
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BY ORDER OF B. BAMBER ELECTRONICS AND OTHERS -

SALE BY AUCTION W SeFerss FEESE S

TEST EQUIPMENT CENTRES 7 R

| TO BE SOLD BY - | JUSTRIAL LI - '
G l DIGITAL MULTIMETERS Ail models complete with ieads and batteries gmsc(s:ulésl‘oscon e Ll £ R Sl
‘ Hand Neld Models3, digit LCD 8ench M 3% digit LCD . . HMA412-5 Dusl 20 MHZ delayed sweep: |,
AN LIA INDUSTRIAL AUCTIO Ns :Q. (UK C/P65p) i it (u/i(dtl:g/“P gnul ' ‘EB’,'!'Z'gg':":;Z‘}%’g'“ i Ay Gag2 S0 |
v ig/lm?%;:?cgs SD:ISh SN £36.50 ﬁg ;?? EE]IJ 3[lsnbr:g; anACH £81.50 w2/ X 10mag C110A NewM umlpllll;“:l cza:' X g
il 3% g sic 0.1% [Sa H 4 k 10A New Model 10 MHZ batter
SPECIALIST AUCTIONEERS TO THE RADIO AND ELECTRONICS INDUSTRY "~ 2033A Similarioabove by TMI53 1021 range 2A /DG o Gesgaap | e IDRD i 2
T Ol Nl i o e S Y
X4 J ! ran.ge | ingle trace ' mVv:0.5 'AI:Adnpmr 25:69:
5 I ) 188m/6011A 15 range + Hi basic 0.1% (Sabt £89.50 | microsec. Plus builtin coriponent tester E i
LOTS INCLUDE i - ] eser push WionDADE  £43.50 TM3S] Lénazgr?:r'fg?wl« AC/ Saitcm (g IUMED n £15870 csiao s T2 5V 01 et
Resistors, capacitors, pots, connectors, switches, diecast boxes, plastic project boxes, 180 Drsmgegh s DCBSCOI SR E113.85 | S Coeusais g smogme. Sorones e Tl 310
- - r . I sec. Plug built in component tester. 95mm ol -
vero board, transformers, relays, bulbs and neons, tools, transistors, valves, panel meters, z%asin T e :mer%ﬁ AL b T o 28 A ROTE, S17550 SLySeE Soolesmap i,
s g H . 0 / h butt ni i ic 0.1% (Pant 4 ingle tra . 5mV. i e .
digital watches, calculators, car radio speakers, intercom units, multimeters, cable, test e e e 11?635 hdiic0 B rnges T MRS o S 52,0y
equipment, radio telephones and spares, amateur radio transceivers, Weller spares. e Dabasc A ot 0O Ty £170.00 | MG03 DD T W2 A0S O oW
. ; AC/0C rotary switches (Keithley) £79.35 1503HA As above but 25A and s RcTgPar SV swesp S huie sycenlItlavline .
Over 900 lots - Catalogues available 130 s mooe 20 but 0.5 bastc £102.35 00 basic . £189.75 ';;;.‘;2"24.0 bt Wiz 0. :::: o35 i iapy (AWED)  £667.00 :
. 0 ec. 140mm tube - an w c0s1 Du
TO BE HELD ON WEDNESDAY, AUGUST 18, 1982 e soton & 20ishony) 560 cases TGS /953 gaae | o s s s S
. 2001 £7.50 1503 £20.45 Tough and hold probe THP20 £14.95 plus component tester. 'zgm.m ngam.:c;.urazn MHZ. Al leture Smu 3
ON THE PREM'SES OF i a > . :ST;SI.IA%n?m::gemgrzuls’:xll:;ay lsg:sFt[l;‘v'l‘t)y 0.5 micro sec. 6.4 x 8cm display.
(BT Svivinenriey ::lg:nss:;':lnlfmlllsmu1|nmv S o S e e
B- BAMBER ELECTRONICS \ LILIARNINY 0 I).SuSac.lTFill)]ua '£34I.55 l::impnn:nlsTestnr 228..75
v N 3@)34‘ Battery-mains dual irace 15MHZ, DT410 Ouai 10 MKZ £205.85A ;
TSTA IO N HER nisIRRAl, WSl i

(Eliminatar cnarger optional £28.75} Scope prabes all models - see below.

LITTLEPORT | [GENERATORS izt oy e

R-C: Pulse; RF Function- Audio  AG203 10HZ- | MHZ5band TG00 | HZ - 100 KK BOODE 9 digit LED 3 rang 1000
CAM BS CBG 10_E (UK C/PE1) 0.1% Sine/SQITAD]  £126.50 (THANDAR] £90.85 FREQUENCY COUNTERS  izhee astaonics)
: Ail models 220/240 V AC RF {Al with lnt/Extmod. variable  TG102 02 HZ -2 MHZ {AY) madels battery aperated) - £178.00
TEL . ELY 0353 AUDIO (20 HZ- 200 KHZ 4band.  oulput) {THANDAR) £166.75 (UKC/P EY TFO40 8 digit LD 40 MHZ (600
. 8601 85 Sine/S0 0-P) TE200 100KHZ- 100 MHZ6  PULSE PFM200A Pocket8digit LE0  MHZ With TPOOD] (THANDAR)
TE22D Max distortion 1% band (300 MHZ harm} ~ £59.95 TG105 5HZ -5 MHZ Yarious 200 MHZ 10 mV {THANDAR] £126.50
£69.85 LSG17 Asabove made by oulputs [THANDAR| £97.75 £67.50 [TF200 8 digit LCD 2 range 200
LAG27 Maxdistortion 05-1% LEADER-newmodel  £71.30 G110A 8 digit E02range 100 MHZ{600 MHZ with TPGOO)
| g UEADGRIoew mate 58625 SGAT2 100K)Z-30 WAL band MHZ, Bench (SABTRONICS) AOW) - £166.75
WW— FURTHER AIL AG202A Max distorlion 0518 (T i
! LY b1 DERaL= W 4 e A T e TR e g g [FI.!NCITI(JNIAIIsine/SOI B610A 80igi LEOT oz o TTAANDAR) P a3.13
-2, LAGIZ0A band 1012 IWHZ. - Trangle/TiL etc] MAZ Bench (SASTRONICS) TV
! ) ine/S0 0.05-0.8% dist. £146.00 oron a0 5400 TGy 8584
E, N . igil range aplors .
| THE MOST ) INSULATION  Multi-range clamps all with resistance range. carry WAZ Bench (SABTAONICS] ® seris AL Adoptors  £5.69
s ) AND CI.AMP {:la':e:/npd_’g;:lds. Atso digital and DC clamp in stock. £113.85  Alt models prabe kits £7.95
| ECONOMICALLY - PRICED 7
| METERS ST300 300A. 6000V AC. 3 ranges. - 2895 DIRECT READ HV PROBE
: K2506 30046000V AC. 8 ranges. (Optional £49.50 TOP QUALITY
‘ temp. probe £13.80) : {UKC/P 85p) - 2
| PROFESSIONAL EPROM { N SoAsoVAG S, 87250 ANALOGUE - Vi ey 2
| g [— | 1 Batlery operated complete with carry case. (UK C/P£1) MULTIMETERS |. & : :
i PROGRAMMERS AROUND BRI g .| | ELECTRONIC - oot i e, s o 00 555,00 ~ : @ [oSCILLOSCOPE
i e LT @BeTRgS Mttty T INSULATION 3103 600v/100 Mey. Plus 0-26K ohm  £109.00 A o Ae10C vaa/Currantand Onms (UK C/P50p per 1103)
———— E K3106 500V & 1000V.1000 & 2000 Meg. £119.00 s PROBE Gxcougni ' ez
] SUITABLE FOR EPROMS: — TESTERS K4101 Earth resistance tester £149.00 ugugnlzfx Egrmeé%wv. ¥ KITS ::qu £fg-g
| 2708, 2516, 2716, 2532, 2732, 2732A W00 dard ke s WAGR 30K 20 mpeSok/y 2ya0e o | X0 £1685
: . o LAAE 12:A AC (PANTEC £40.25
18 plus option for 2564, 2764 K8D31 110V/600V phase tester £2350 M1200 Slﬂrnlng; hoK/v. 158 Az 0. o DECADE BOXES
. ‘ 200 Meg. [AOBIN| ! :
. _ . AMATEUR RADIO AND CB TESTING PR St 0V SN/ | g 150
‘ {Full lists send S.A.E) g Aiso EMGK2 . 500 MHZ signal inector and ::s:n;n Zﬂ‘valu!l:ap,hm(égl)&
KDMG 1.5 to 250 MHZ 6 range DIP meter (illus) £47.95 3 range cap. mater. LA ;
RG1000 0/10/100/1000 watts. SWR etc. 150 MHZ max. Jillus} PAN3003 42 range 1 Meg/V. 54 AC/OC.
! STARTING AT £395 + VAT SRR e i K5 s 7, SO RARLEP(EOTOUR
Bl <81 iiady Frences FoafSingsic GuETashiigfhic21, 304 e i o ARt e e
. \ : K 1400 26 range large scale 20K/Voit: 104 i
. S—— . Telephone (0256) 57551 et 150 Wh2 £22.95 B e o T SR
—— - — LPM880 RF Power meter 5/20/120W. 1.8 - 500 MHZ £84.00 %200 39 range 10 Meg. ohm input. with charger, case and leads.
WW — 032 FOR FURTHER DETAILS LPMBB5 SWR/Power. 20/200/1000W. 1.8 - 54 MHZ (illus) ) 25 HZ- 1 MKZ £105.00 £162550 ;
— - ~ £54.00 W 3
55 OROER HAVE A BANANA! YN3IGOTR 19 range plus Hip test VARIABLE POWER SUPPLIES | niRECT READ TEMPERATURE
L / £14. i - . .
ELECTRON GUN \ ! ER YOUR F AVOURITE \ Low cost reliable meters (Ail supplled with K 1453 il Yota Ames RS "o THIO! SOCte«750 L LED
KRT5001 16 range 10 amp OC (UKC/P£E1) / “~readoul. Complete with battery
’ (o) AUDIO ACCESSORIES BY MAIL i batls/Iseds) (UK C/P 55p) range double 50K/Valt £17.95 PP241 0/12.12/24Vol, <k T g ternccaugle.  £68.43
TV TUBE COMPONENTS 9 | BANANA 1Sragoguck 200 Yo STSOSTR 2l rameptis T, A s
| i w X [i] s b
' If you are quwldm or Manufacturing TV Tubes — We are the @% SEND FOR YOUR FREE COPY ﬂ:}ﬁ"&'&"ﬁgﬁ:;éﬂ'},’:@km,K,qoﬁ”“ TMKS0D0 23 range plus 12A OC 0/3 amp ~ £58.85 LOGIC PIIOBESs/“NlerMI::Iglllu 1CMHT
Ieadm% suppliers of Electron Guns and TV Tube Components to the % OF OUR 1982 CATALOG y £4.95 plus cont. buzzer 30K/Voit £24.50 wmiZe  probe £28.50
, TV Tube Industry. We specialise in all aspects of Electron Mount T10L 12 range 1K/Volt+ overiead 168m 36 ranga large scale 1A ON UNITS GSG LP2 | 5 MHZ probe £19.85
‘ gzﬁhgﬂggé e o e 50’ : & OVER 250 ITEMS 4 £5.75  AC/0C50K/Volt ; £28.50 A 'l:.'!‘:rmwpms 50 MHZ [with
) u 2 includes more than : un types for Colour, In . NHS5 10 range pocket 2K/Vot  £6,50 3B0TR 23range large scale 10A illus) (LEADER) ~ £85.45 itor (810 16 pin
Line, Mono and ngspIay Tubes along with Mouint garts, Bases, Get- < AN CLTE (OAE, CIBCGIRATLE: ST5 It ranusgnn%keldk/vmt £7.50 AC/OC Hie test 50 meg ohm. 1KV T i ey S LMY mantor (8 G 00
ters, Sealoffs, and all other associated items for TV Tube Production. @ SIGNAL PROCESSING, AUDIO MODULES, NH56R 22 ranga pocket 20K/ Volt AC/DC 100 K/Voit £39.95 H265 Componenttestet (HAWES) | ~—(MBSSEW ) GSC 0PI Digial pulser. Single/
A Full Technical Back-up and Advisory Service is available to all 48 TRANSFORMERS & MANY OTHER ACCESSORIES ~ £11.50  Choose from UK's largest range e ptanl A (e E3008

customers Worldwide.

CUBEGATE

Cada WITH TECHNICAL DATA LIMITED

slp"xi 1" & USE DIAGRAMS

Please request our current catalogues and Data Information.

GRrRIFTRONIC WusmeE

We Ship the fasteet & most convenient way for you! Most Shipmente From Stock or Telephone
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WARWICKSHIRE Send | SAE
| ms EMission Lo seir T 1| SESCOM, INC. yourorder | 50 UK)
! . EXgaND :_ o :“IE:Ir‘?ll'.-aiA\;-eE sa ':"BvllsdmN e Allowuptoi0daysfor | Schools, Companies,
l Telophone: (0789) 784852/764100. Telex: 312354 Grifem G Ly 1 oy NgV .~ 1‘:)1-::(;!';'; Py——T WE ARE CFEN 6 DAY A NEEK ~CALL IV M/D.Sw o mm “’e' yuntess advised)| etc. Please writein.
| ‘ WW — 045 FOR FURTHER DETAILS : s T 4§ i WW — 010 FOR FURTHER DETAILS d
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7. Phase, 8. Power, 9.Drift, 10. Rumble.

Already in use from the small service workshop to Audio Equipment

AMSI provides the solution.

equivalent to many of its stand alone counterparts.
10 Instruments, 15 Measurements
for the price of One. That's the AMSI...
fromWayne Kerr.

-&" L

Wayne Kerr  AMS1 . It

1. Freq. Counter; 2. Oscillator, 3. Nbisemeter, 4. Wow & Flutter meter, 5. Level Meter, 6. Distortion,

manufacturers to professional studio to IBA Broadcast station to the “BBC”.

Saves time, saves space, saves capital equipment cost, saves earthing : —L
problems. Transportable and easy to use. This low cost comprehensive audio Tel: 0306 81166. Telex: 8594 17. South Africa — Telkor Pty Limited, Tel: 011 489740,
workshop meets the latest specifications for Audio Measurement with accuracies

Belgium — Simac Electronics SPRL. Tel: 022192453. Telex: 23662. France —
Tekelec Airtronic. Tel: 5347535. Telex: 204552. Netherlands — C.N. Rood B.V.

Tel: 996360, Telex: 31238. Sweden — Scandia Metric AB. Tel: 20400. Telex: 10766.
West Germany — Keithley Instruments GmbH. Tel: 7144065, Telex: 5212160.

Italy — Telav International SRL. Tel: 4455741. Telex: 312827. Spain — Unitronics SA.
Tel: 2425204, Telex: 22596. Eastern Europe, USSR, China — Data Loop Ltd.

Telex: 4-22171.

WAYNE KERR

WKR Limited Durban Road
Bognor Regis

West Sussex PO22 9RL England
Tel: (0243) 825811 Telex: 86120

_ WW — 029 FOR FURTHER DETAILS

' ELECTR VALUE

LECTROVALUE

I

KTALGGUE 82

~

Send for Catalogue 82 before August
31 (60 pages, A —7OE£ost paid) and

we}flva you THREE 70p REFUND
VOUCHERS FREE valid for spending
singly at any time on any one C.W.0.
order minimum list value £10 to
quickly save you a total of £2.10. Send
70p now for your EV Catalogue B2 + 3
free vouchers by return . . . and all in
addition to the other benefits
(discounts, guarantees to spec., brand
new stock, etc) you enjoy by buying
from Electrovalue.

+ USUAL DISCOUNTS -+ FREE POSTAGE
DISCOUNTS
Sﬂx_lgn orders over £23 (inc.

VAT + SEMICONDUCTORS/ICS/OPTRONICS
;I/ORGTOF orders over £57.50 {inc. * Egyﬂl’mﬁﬂﬂ/ﬁnﬂﬂnf, elc
AT, . * RS/RESISTORS
ot Tt catalogue ftems but s GONMECTORS/SWITCHES/KNOBS {
payi Y
carge” + POTS/FERRITES/METERS

Not charged on U.K. orders.

% BOOKS/SOLDER TOOLS
over £5.75 (inc. V.A.T.). if under, p r
add 40p handling charge. and more and ore and more

ELECTROVALUE LTD. 384 st. Jude’s Road, Englefield Green, Egham,

Surrey TW20 0HB, Telephone Egham 33603 {London 87 33603: STD 0784 33603) Telex
264475 Northern Branch (Shop service only) 680 Burnage Lane, Manchester M19°
1NA. Telephone 061-432 4945,

20
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EV88 — A low-cost evaluation system for
a the 8088 microprocessor

EV88 is a single board microcomputer that is ideal for
evaluating the 8088 8-bit/16-bit microprocessor. EV88 can
also be used as a powerful controlier, and, with a suitable
cross-assembler running on a standard microcomputer, and

an EPROM programmer, for low-cost development of 8088-
based systems.

EV88 is supplied fully assembled and tested, with compre-
hensive documentation, and a copy of The 8086 Book, by
Rector and Alexy. All you need is a 5V 1A power supply and a
terminal or a suitable microcomputer.

% 8088 microprocessor in minimum mode {software compa-
tible with the 8086 16-bit microprocessor).
Comprehensive monitor in 2K EPROM,
2K CMOS RAM.
Cassette interface.
24 lines of I/0.
Eight levels of interrupt.
bRS-&'J.)sz compatible serial interface (300 baud to 9600
aud).
" Three-channel counter/timer.
Buffered data, address and control lines.,
Double Eurocard.
an-gi:)ard expansion to 16K EPROM/RAM (sockets pro-
vided).
Breadboarding area.
All bus signals available on 64-way DIN 41612 connector.
Single 5V supply.
% Price £300 plus VAT. Includes delivery.
8088/8086 design service available {(software and hardware).

LFH Associates Ltd.
40A High Street
Stony Stratford
Milton Keynes
(0908) 566660

W A

PRINTED CIRGUITS

FOR WIRELESS WORLD PROJECTS

Audio compressor/limiter—Dec. 19756—1 s.s. (stereo) ... ... ... £4.25
Cassette recorder—May 1976—1s.s. .. .................. £5.00
Audio compander—July 1976—1s.s. ... .. ... ... ........ £4.25
Audio preamplifier—November 1976—2s.s. .. ............. © £8.50 .
Additional circuits—October 1977 —1s.s. .. ............... £4.00
Stereo coder—April 1977—1d.s.2s.s. .. ... ... ... £8.50 °
Low distortion disc amplifier (stereo)—September 1977—1ss. .. £2.00
Low distortion audio osciilator—September 1977—1s.s. . ...... £3.50
Synthesized f.m. transceiver—November 1977—2d.ss. 1ss. ... £12.00
Morsemaker—June 1978—1d.s. . ... .. O] oy o P b £4.50
Metal detector—July 1978—1d.s. .. .................... £3.75 .
Oscilloscope waveform store—October 1978—4d.s. .. ...... £18.00
Regulator for car alternator—August 1978—1ss. ... ........ ' £2.00
Wideband noise reducer—November 1978—14d.s. . .......... £5.00
Versatile noise generator—January 1979—1ss. . ........... £5.00
200MHz frequency meter—January 1979—1d.ss. .. .... ... .. £7.00
High performance preamplifier—February 1979—1s.s. .. ... .. £5.50
Distortion meter and oscillator—July 1979—2s.s. . .......... £5.50
Moving coil preamplifier—August 1979—1ss. .. ........... £3.50
_Multi-mode transceiver—Qctober 1979—10d.s.  ......... .. £35.00
Amplification system—0Oct. 19793 preamp 1 poweramp .. ... .. '54::,20.9,“'_‘,
Digital capacitance meter—April 1980—2ss. .............. £7.50
Colour graphics system—April 1980—1ds. . ............. £18.50
Audio spectrum analyser—May 1980—3s.s. .............. £10.50
. Multi-section equalizer—June 1980—2s.s. .. .............. _£8.00
Floating-bridge power amp — Oct. 1980 — 1 s.s. (12V or 40V) .
Nanocomp 6802 or 6809 — Jan;, July, 1981 - 1d.s. 1s.5....
Cassette interface — July, 1981 — 1s.s.
Eprom programmer — Jan., 1982 — 1d.s.
Logic probe — Feb., 1981 — 2d.s.
Modular frequency counters — March, 1981 — 85.8. ...cc.cceuun..
Opto electronic contact breaker (Delco) — April, 1981 — 2s.s.
CB synthesiser — Sept. —~ 1d.s.
Electronic ignition — March, 1982 — 1s.s.

Boards and glassfibre roller-tinned and drilied. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. In-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
GONSTANTINE, FALMOUTH, CORNWALL

WW — 037 FOR FURTHER DETAILS

SAFGAN DT-400 Series
BRITISH MAKE
DUAL TRACE ‘SCOPES

DT-410, 10 MHz DT-415 15MHz

DT-420 20MHz.

Y CH1, CH2:5mv/div—20v/div. Y External Trigger

Y Time Base: 1 sec/div—100ns/div. W Z-Modulation,

Y XY Facility: Matched XY inputs. % CAL output v tkHz.

% Trigger: Level control, & Slepe Y Graticule blue ruled 8x10 div. {4in. CRT)
selection. % Size: H215mm, W165mm, D280mm.

% Auto, Normal, TV Triggering. W Weight: 4kg.

PROBE (XI-REF-X10) £11.50

WW — 065 FOR FURTHER DETAILS
WIRELESS WORLD AUGUST 1982

‘SAFGAN ELECTRONICS LTD.

OMEGA ROAD, WOKING, SURREY  TEL. WOKING {04862) 69560
Carriage: England & Wales £7.50 +- V.A.T.; Scotiand £10.50 + VAT. .

K.\ London Stockist: Audio Electronics - Tel: 01-724 3564 ° BARCLAYCARD.
North-West Stockist: Oarom Supplies, Warrington, Ches, - Tel: Warrifigton 64 i
Buy with Access | Avon Stockist: L F. Hanney, Bath. - Tel: Bath 24811 1
' Cardiff Stockist: Steve’s Etectronics Supply Co., Cardiff - Tei: {0222} 41905 e

Chesterfield Stockist: Kays Electronics, Chasterfield - Tel: (0246) 31696
Newcastle Stockist: Aitken Bros. & Co., Newcastle - Tel: 0632 26729
Birmingham Stockist: P.A.T.H. Electronic Services - Tel: 021-327 2339
Derby Stockist: RTS, Derby - Tel: (0332) 41235

WW — 055 FOR FURTHER DETAILS
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ACTIVE COMPONENTS
MAIL ORDER SPECIALISTS

Lowest Prices = Fastest Delivery

DEVICE PRICE OEVICE*  PRICE ~ DEVICE PRICE OEVICE IPRICE
MEMORIES REGULATORS 4520 059 LOW PROFILE—
. 2114 Low power 1805 039 4526 0.70 GOLD
2005, 080 7812 0.39 4528 0.0 g-pin 02
208450ns 279 7815 0.39 4541 039 14-pin 029
2716 450ns 78L05 029 4543 039 16-pin 031
{+5v] 229 78L12 029 i 18-pin 033
2716 350ns 78L15 029 TALS SERIES 20-pin 035
+5v 359 7905 035 741500 0.10 2-pin 0.40
2716 (3 rail 1912 055 74L501 011 24-pin 042
4500 535 7915 055 . 74502 012 28-pin . 054
7732450ns 390 LM30Sk - 099 741503 012 40-pin o
Baaon 3w S w0
2532 450ns ! 4 3
Gops  om wsm o on
[+ .
4118200ns 338 74L510 012 DIL JUMPERS
wars Do el s e 24in Cable single
516/48 ¢ 1 ) ended 14-pin 140
100ns 35 ceu 399 741813 022 ZAE: Babﬁa single
5516 200ns 938 280CTC 258 74514 037 ended 16-pin 160
6116 200ns 5.10 ZB0A CTC 30 741815 012 24in Cable single
5116 LP 200 ZBOADART  6.70 741520 0.12 ended24-pn 135
150ns 161 %mg)MA i1 74521 012 24in Cable singla
fo B | mE w | mediw HS
uble
Z80ASI00 1198 aLs 015 TSt 180
Z0ASIC1 1199 74152 012 §in Cable double
BUFFERS Z80AS10-2 119 741532 042 ended 16-pin 205
ohse 2% g ] s i 6in Cable double
¥ 1 ended 24-pin 310
8ILS7 030 74580 012 §in Cable double
. 90
81Ls98 0. 741542 0.3 ended40-pin 485
ars ] 5300 FAMILY S = izn Cablo doutla
1 | ded 14-pin 2.
8795 135 6800 2 741554 015 T2n Cable double
8T97A 135 6802 ) 741574 019 dad 1o-gin 215
§T38 165 6303C 4210 7aLS74 016 Tin Cabie double
’ a0 i ks 2 onded pin i3
in abie jouble
28813 :g 741583 0.44 endad 40-pin 510
ot 050 741585 060 16in Cable double
DATA CONVERTERS 6850 150 741585 0.15 snded 14-pin 205
IN425E-8 345 6880 107 4L5%0 028 18in Cable double
IN42TE-8 599 5887 080 JaLss2 033 ended 16-pin 225
ZN42BE-8 s 58488 a oy o 1o Cabla dotle
ZN433CJ-10 2259 562 shds pin .
ZNA3ZE1D 1300 % 1399 ;:tg:g si; lﬂi; dl:‘zblg double
endae in
C R T "
58B21 229
7415132 0.4
6810 200
7415136 028
68840 o .
7415138 0.33 .
FLOPPY DISC G 2y ISES 035 ZERO INSERTION
EONTROLLERS PSS 7415148 050 FORCE DiL
Wi a5 : mss 0 dpn 62
. 28-pin 740
Vo 2 | oeeoY e | Ms® om | ke
W01397 kit 4550 6520 299 it oA .
(Kits inciude FD179X 8522 475 7405188 031
> ORREELS EEA ES) 745161 037
74L5163 038
7415164 0.45 CAYST
! o L nsw  omt 2w
808 y 1,008 MHz 290
212 1 7418173 069 d
MISCELLANEOUS o 060 7415178 0.45 i e
SUPPORT CHIPS 8251 319 -74L5175 045 AMHz 16
AY-3-1015 299 8255 1% - aLs191 ) 6MHz 1%0
AY31270 7% 7415182 0.49 S ek
Nipe = e s
X ; 4000 4L5184 039
AY-5-3500 1% %-nsoesms 745195 [
et B | & o | Mmoo
1 1
e iR | M G| mm | ey
: . 4007 0.15 0.
2% 4011 0.12 7415243 0m" 8MHz 40
MC3448A a5 2012 0.15 LS 060
iem 2 | & 48| mae
Y ai
MC14411 594 ﬁ:g 823 7415257 0.43
MC14412 199 17 0.45 418259 0.78 BBC MICRO-
AD-3-2513L 689 | 4020 054 74LS266 022 COMPUTER
AD-3:2513U 590 | 203 047 ;latggn 0.70 UPGRACES
: 4024 035 415279 039
4025 0.16 7415283 04 BBC 1 RAM
4027 0.30 7415385 034 Upgrade kit~ 26.00
. 4028 055 7418366 03% BBC 2Printer
OVM CHIPS 4040 054 7418367 034 User/Okit 950
ZN450E 8 4042 0.54 © 748358 0.35 - BBCA Analogue
ZN450E DVM Kit - AMG 0.68 7418373 0.7 1P kit 9
135 4047 0.68 7415374 0.70 BBC 5 Serial
026 7418377 0.70 . D'and AGB
4049
2| AR oE
4051 0. . pen-
. 4052 0.68 i sion BUS
LINEARS 4060 0.79 kit
LM301AN 025 4066 0 OIL SOCKETS BBC 44
LM308N 083 4069 . 047 LOW PROAILE Connectors 225
LM3TIN 063 70 0.17 TN BBC 5%
LM319N 214 407 0.17 8-pin 0.07 Connectors  0.80
LM324N 030 4073 0.19 14-pin 0.08 ' The above kit3 make
LM348N 059 075 017 16-pin 0.09 up the full model A
LM5S5CN 016 408} 014 18-pin 013 to mods| B Upgtade
LMSSGEN 0.45 4093 :us g-pgn s:; f’:rtha BBC A
LM725CN o I 4508 .90 -pin g icrocomputer,
LM741CN ol 4511 0.49 24-pin 0.19
LM747CN 064 | 512 060 28-pin 05
LM748CN 0.34 4519 040 40-pin 3
_VISA 24 HOUR TELEPHONE SERVICE FOR ]
CREDIT CARD USERS 5
* All prices exclude VAT and Carriage (0.75 + VAT) on orders under £10 %
* All orders despatched on day of receipt with full refund on O/S items if requested %

% Order receipted & retumed with goods if full VAT invoice required please add 0.50 + VAT %

ACTIVE COMPONENTS (MAIL ORDER)

DEPT WW, HEWITT HOUSE, NORTHGATE STREET,
BURY ST. EDMUNDS, SUFFOLK IP33 1HQ
TELEPHONE: {0284) 701321 TELEX: 817670

WW — 013 FOR FURTHER DETAILS

21



Marconi

Type R1020
Hinged antenna
column.

Easy to raise
Eas to lower

* Immensely strong, corrosion

;-':"':‘, resistant MATHWEB* g.r.p.column
in a rugged steel tabernacle ‘

% Lightweight, easy toinstall, and can
be safely lowered by one man

sk Can support a number of VHF/UHF
antennas

% Column supplied in range of colours
including ICAO orange/white, and
requires no painting or maintenance
Available in heights from 11 to

19.5 metres

e mmmmvmw

OTH ER MARCONI SUPPORT STRUCTURES
Include the MATHWEB* Lattice Antenna Mast Type
R1010, and the Triangular Section Tubular Steel Self
Supporting Tower Type R1060.
For details of these and other Marconi Antennas
products please contact Chris Pettitt, Marketing

Manager, Antenna Systems Division.
* MATHWES is a registered trademark of the BP Group

g [
Marconi
Antennas

Marconi Communications Systems Limited
Lane Works, Waterhouse |.ane, Chelmsford CM1 ZQX England
Tel: 0245 67111 Telex: 99108 .

A GEC-Marconi Electronics Company
WW - 014 FOR FURTHER DETAILS
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A1065  1.40 ELS21 8.20 SC1/600 450 6ANSA 250 12AU7 0.80 6146 4.95
A2293 B8O EL822 995 SP61 1.80 6AQ4 340 12AV6 095 6146B 520
A2000 1375 EMS8O 085 TI21 23.00 6AQ5- 100 12AX7  0.65 6360 285
ARS 075 EMa7 130 TT22 1850 6AQ5W 1.80 12BA6  0.90 6550 6.80
ARP3 070 EYS1 095 U25 1.15 BASE 115 12BE6 125 6870 14.00 §
ATP4 0.60 EY81 0.65 U26 115 6AT6 090 12BH7 195 2 8,20
B12H 390 EYB6/87 0.60 UL27 115 6AU6 0.60 12BY7A 230 7199 285
CcY31 140 EYBS 0.65 U191 0.85 6AV6 0.85 12C8 0.85 38P1 11.00
DAF96 070 EZ80 0.70 U281 070 6AX4GT 130 12E1 16.95 5FP7 16.00
DET22 2895 E281 0.70 U301 0.65 6AX5GT 1.30 12J5GT  0.55. 4EP1 32.00
DF96 070 GM4 590 U600 1150 6BA6 055 12K7GT 070 gsy 14.00
DH76 075 GY501 130 U801 0.90 6BES 0.80 12KBGT 0.80 agl 14
DL92 0.80 Gz32 1.05 UBC41 120 6BG6G 1.60 12Q7GT 080 Cv1526 16.00
DY86/87 0.85 Gz33 420 UABC80 0.75 6BJ6 130 125C7 065 DG7-32 34.
DY802 - 070 GZ34 275 UAF42 120 6BQ7A 0.85 12SH7  0.65 DG7-36 36.00
ES5L 1490 GZ37 395 UBFBO  0.70 6BR7 480 12SJ7 070 DPM3-11 38.40
EBBCC :  1.80 KT66 630 UBFS9 070 6BW6  6.20 125Q7 145 D13-33GM
EBSCC/01°3.10 9.20* UBL21 175 6BW7 0.90 125Q7GT 0.85
E92CC_ 280 KTss 895 UCC84 085 6C4 050 12Y4 070 »g5peca )
E180CC  4.20 13.80° UCC85 0.70 6C6 055 1303 0.70
E180F  7.70 MH4 250 UCF80  1.30 6CHe 820 1305 0.90
E182CC 625 ML6 250 UCH42 185 6CLé 275 1306 0.80 o) MBICON
EA76 225 MX10/01 21.50 UCHS1 075 6CX8 3.80 1457 115 panoaLF
EABC80 0.80 N78 990 UCLB2 095 6CY5 115 19A05 085 pgooip
EB91 0.60 OA2 070 UF41 1.35 6D6 070 19G3 1150 pganp
EBC33 115 OB2 0.80 UF80 0.95 6F6 1.60 19G6 850 31020k
EBCO0 090 PABCBO 0.80 UF85 095 6F6GB  1.10 19H5 3955 yqq44505
EBF80 080 PC85 0.75 ULs4 095 6F7 280 20D1 0.80
EBF83  0.80 PCBS 0.85 UMBO 0.90 6F8G 0.85 20F2 0.85
EBFE9  0.80 PCBS 090 UM8B4 070 &F12 1.50 20E1 130 goroiaLy
EC52 0.85 PC97 125 Uys2 070 B8F14 115 20P1 0.85 % 1000A
EC91 440 PC300 090  UYBS 0.85 6F15 130 20P3 075 3E% E000A
EC92 0.85 PCC84 050 VR105/30 1.26 &F17 3.20 20P4 125 ‘pooe
ECC81 065 PCC89  0.685 VR150/30 1.35 6F23 0.75 20PS 135 g
ECC82 080 PCC183 0.85 X66 0.95 6F24 175 2516GT 095 Sy >0
ECC83 065 PCFB0 0,80 X61M 170 6F33 1950 254G 075 i
ECC84 060 PCF82 070 XR1-6400A 6FH8 420 30C15 050 .50
ECC85 080 PCF84  0.75 8290 6GAS 195 30C17 0580 i iaa, |
ECCBE 170 PCFB6 150 2759  19.00 G6GHBA 095 30C18 245 o\ \o
ECCB8 080 PCF87 050 Z749 0.75 6H6 1.80 30F5 118 dieer
ECC189 0.95 PCF200 © 1.45 Z800U 345 6J4 1.35 30FL2 140 200206

090 PCF201 185 2801U  3.75 6JAWA 200 30FL12 126 ...
CF80  0.85 PCFBO0 0.50 28030 16.00 8J6 230 30FLI4 215 poaog
CF82  0.65 PCFBO1 1.75 Z900T 245 6J5GT  0.90 30L15 110 Goainy
ECF801 1.05 PCF802 0.70 1A3 0.85 8J6 065 30L17 110 chu2
CH34 225 PCFB06 120 1L4° 050 6Jew 0.90 30P12 115 o
ECH35 170 PCFB08 145 1RS 060 6JE6C 296 30PLI3 125 i ncieceon

2.10° PCH200 1.35 154 045 6JS6C 295 30PL14 245 L iRCRERSE,
ECH42 120 PCL81 075 1S5 045 6K7 0.80 35L6GT  1.40
ECHB1 070 PCL82 095 1T4 0.45 6KD8 335 35wW4 0.80
ECH84 080 PCLB4 080 1U4 0.80 6L6M 2.80 35Z4GT 0.80
ECL80 070 PCL86  0.75 1X2B 140 BL6G 250 50C5 115
ECL82 075 PCL805/850.95 2D21 110 6L6GC  2.10 50CD6G 1.35 SN5402N 0.28
ECLB3 140 PD500/5104.30 1.85* 6L6GT  1.25 75B1 1.25 SN5410F 032
ECL8S 0.80 PFL200 1.10 2K26 18.96 6L7G 065 75C1 170 SN5470F 048
ECL86 0.90 2.80° 24.50* 6118 070 76 0.95 SN54196J 120
EF37A 215 PL36 110 2X2 1.15 6LA6 295 78 0.95 SN7407N 0.29
EF39 125 PL8) 0.85 3A4 0.70 6LD20 070 80 1.70 SN7408N 0.18
EF80 0.85 PLB2 0.70 3AT2 240 G6KGEA 2.70 85A2 1.40 SN7445P 0.85
EF83 1.75 PL83 0.60 308 050 6Q7G 1.30 '2,55* SN74453P 1.10
EF85 0.60 PLB4 0.95 3D22 23.00 6SA7 1.00 807 1.25 SN7463N 0.18
EF86 0.75 PL504 1.00 3E29 - 19.00 6SG7 1.15 1.90* SN74L73N 038
EFB9 1.06 PLS08 196 354 ow 6SJ7 105 813 1932 SN7474N 0.30
EF91 150 PL509 3.20 4832 8.25 6SK7 0.95 68.50° SN7485N 0.95
EF92 290 ° 5,65 5B/254M 1090 6SL7GT  0.85 8298 14,00 SN74LBSN 1.10
EFg5 0.85 PL519  3.95 5B/255M 14.50 6SNIGT 0.80 832A 8.90 SN7491AN0.32
EF96 0.60 6.10* 58/258M 1250 6SR7 1.10. 866A 3.80 SN74123N 0.42
EF183 0.80 PL802 3.20 5C22 29.80 &sQ7 0.95 866E 6.25 DM74123N 038
EF184  0.80 PY33 0.70 5R4GY  1.80 6V6G 150 931A  13.80 SN15836N 0.28]
EFg12 0.75 PY80 0.70 5U4G 075 6V6GT 095 954 080 cX4 0.95
EFL200 1.85 PY81/800 0.85 5V4G 0.75 6X4 0.96 955 120 SN76013N 1.80
EHI0 085 PY82 0.65 5Y3GT 096 G6X4WA 2.10 956 0.60 SN76003N 1.80
EL32 1.10 PYs3 0.80 523 150 6XS5GT  0.65 957 105 SN76033N 1.35
EL34 1.80 PYS8 0.60 4G 0.75 6Y6G 0.90 1625 1.80 MCE800P 5.80

290" PY500A2.10 524GT  1.05 624 0.70 1629 1.85 MC68800P
EL81 2,45 Pvaos 645 6/30L2 090 7B7 1.75 2051 2.90 6.40
ELB2 0.70 PY80! 0.80 BAB7 0.70 8BN8 2.95 5763 420 MC14511BA
EL84 0.80 quo:m 7.50 BAC7 1.15 9D2 0.70 5842 7.50 220
EL86 0.95 QQvo3-20A BAGS 0.60 9D6 2.90 5881 3.40 B1702AL 3.30
ELS0 1.00 21.50° 6AHE 115 10C2 0.85 5933 690 'MME300-IJ !
EL9Y 420 QQvo3-25A 6AKS 0.65 10F18 0.70 6057 220 .
ELSS 0.80 6AKB 0.60 1013 1.50 6060 195 MCM6810AP
EL504 170 QQV06/40A - 6ALS 0.60' 11E2 19.50 6064 2.30 3.40
EL803 590 16.10 -6ALSW  0.85 12A8 0.70, 6065 320 6340-1) 3.60
EL509  3.95 QV03-12 4.20 6AMS 420 12AT6é  0.70 6067 230 MIC455D 028 f
ELBO2 170 150 12AT7  0.85 6080 530 MIC336-5D0.22 1

SC1/400 4.50 6AMS

VALVES AND TRANSISTORS  FIELD TELEPHONES TYPE " |

Telephone enquiries for valves, transistors, etc: " i
rotaif 7493934, trade. eand export 743 080 g((l)—lme, MAGNETO SWITCH-
HONES ARD. Can work with every
Geiger Muller Tubas GM4, MX12/01 and oth X
§ Riaeerubes /01 andothers.  tvne of magneto telephones.

E?T AszInsrcz FgR6 TESTING Transceivers A40, PRICES MAY VARY

.HA NESS “A~ & “B” CONTROL UNITS “A” “R*  POSTAGE: £1-£3 45p; £3-£555p;
-f;mes‘;m”.,‘r'::.?:’;?:“ N % & 7 cormenert £5-£10 60p; £10-£15 80p; £15-
M CABLE continuous connection YC 00433. £20 100p.

Signal Generators MARCONI TF 1441/4S; TF144H/6S 10 kHz- 72MHz
Prices on appllcauon

170 Goldhawk Rd., London W.12 9. a.m.-5.30 p.m.

COLOMOR ] Tel. 01-743 0899 or 01-749 3934
(ELECTRONICS LTD.) Open Monday to Friday

ScheTronics
Limited

For repair and calibration of test equipment.
We also have the following second user LF/HF equnp—
ment for sale.

Siemens including Pegamat - W & G - H.P. - Hatfield
Anritsu -- Marconi - Fluke - STC - etc. ..

Unit 10, Dunstall Estate
Crabtree Manorway
Belvedere, Kent DA17 6AW
Telenhone: 01-311 9657
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STOP WASTING TIME TESTING BOARDS

MD will pin-point microtroubles in seconds.

Portable and simple to use by non-technical staff

in the REPAIR SHOP or on the PRODUCT!ON LINE,

MD tests ROM, RAM & 1/0 and prints diagnostic reports.
MICRODOCTOR can be plugged into an unknown system
to perform a general diagnostic and print a MEMORY-MAP.
The ENGINEER may enter sequences

of CHECKSUMS and RAMTESTS,

READS and WRITES to specific MEMORY and 170 locations,
SHORTING tests on DATA and ADDRESS LINES.
PRINT-OUTS of memory in ASCIl or HEX.

These sequences are retained in CONTINUOUS MEMORY,
available always at the push of a key.

* FREE Z80 DISASSEMBLER with each MD

(other disassembiers soon to retrofit at low cost).

Get a DISASSEMBLER LISTING of ROM in any microsystem!

MICRODOCTOR — £295.00
~ INTELLIGENT EPROM PROGRAMMER

Good tools need not be expensive. SOFTY 2 is the latest
version of the engineer's favourite EPROM HANDLER
for anybody who uses 2516, 2716, 2532 and 2732 EPROMS.
SOFTY will program any of these EPROMS
or copy any type into another.
SOFTY puts out a TV picture of memory contents,
with many code-manipulating and editing facilities.
There is also a fast cassette data storage system.
SOFTY is also a ROMULATOR (a lead is supplied .
which may be inserted into a board under development
to emulate the ROM using SOFTY's internal RAM.
This procedure can aiso be used on the single-chipper
piggy-back type MPU.) SOFTY is complete in itself
as a PRODUCT DEVELOPMENT SYSTEM.
Code may be entered in HEXADECIMAL via the keyboard
also SERIAL and PARALLEL inputs and outputs
allow downloading of object code from your computer
or printing EPROM contents on your printer.

SOFTY 2 — £169.00 TEX UVROM ERASER — £39
280 DEVELOPMENT SYSTEM

MENTA puts out a TV PICTURE of memory in hexadecimal.

The 40 key keyboard will accept inputs,

both in hexadecimal and Z80 mnemonics;

there is a quick cassette data storage system,

a powerful editor which permits program debugging

by showing contents of reglsters and stack.

Also there are 24 bits of 1/0

for external control. A Z80 disassembler

is also available which outputs to any RS232 device
- such as a printer or terminal. )

MENTA was designed as a low-budget device

for teaching microprocessing in schools: professionai

course-material is available to teachers

together with add-on boards for a variety

of control functions and robotic applications.

MENTA — £115.00 SERIAL DISASSEMBLER — £19.50 i

The brand-leader in Japan; gaining ground ra'pldty in America; this

beautifully made, reliable system has all the features you could want at THANDAR TA2080 —£1 950

Bk O the right price. See it! Try it!
eyboar nit
24K BASIC, 32K RAM. colour graphics, function keys etc.)  £599 20MHZ LOGIC ANALYSER

( 3?21,2 Ff XR:";?;:;%"',EEE_‘,@& CLOCK. 34 pin 170 etc.) €489 Avalue-for-monevlnstrumem with both TIMING and STATE capture anddisplay

8023 Dot Matrix Printer i . and excelient triggering from 23 bits.

{100 CPS. upto 136 columns. proportional spacing. greek and math) £399 We are designing RS232 and IEEE interfaces, Z80 and 8048 disassemblers for
8031 Dual Disk Drive €669 8043 Colour Monitor . £579 f| ©our own use. which will be available when tried and approved by Thandar.
All CPM software is available PLEASE PHONE FOR PRICES

LOMBARD HOUSE, CORNWALL ROAD, DORCHESTER, DT1 1RX
Telephone: Dorchester (0305 68066

Prepaid or credit card orders normally shipped by return. Prices include first- class recorded postin UK.
Securicor, Red Star, etc. at extra cost. VAT should be added at current rates.
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LINSLEY-HOOD 300 SERIES AMPLIFIERS : (4 ’
' | The Keithley 179A

AUDIO

: L The firm for Speakers

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
— the definitive loudspeaker catalogue!

Everything for the speaker constructor —kits, drive units,

“These latest designs from the drawing board of John Linsley-Hood. engineered to the: very E . components for HiFi and PA.
.hghest standard, re'present the very best that is available on the kit market today. The delicacy " ¢ . . .
and transparency of tha tone quality enable these amplifiers to outperform, on a side-by-side 50 DIY HiFi speaker destgns |nc|ud|ng the exciting new
comparison, the bulk of amplifiers in the commercial market-place and even exceed the high 3
standardsetby bisodrlior Towattdesign, s AT . dB Total Concept speaker kits, the Kef Constructor range,
ree versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-waftt,
both with Mosfet output devices, ZII are of i::langical outgﬁde appearance which is designed to Wharfedale Speakercraft, etc.
match and stack with our Linsley-Hood cassette recorder 2. 4 A . @
As with alf Hart kits the constructors interests have been looked after ina unique way by reducing Flatpack cabinet kits for Kef, Wharfedale and many others.
;{19 cofntvhentlol?tasl {and boritng) wiring aIr‘no&t tot'the poi‘nt of&xtincﬁorr'\'. o AR
ny of these kits represents a most cost-effective route to the very highest sound quatl H i
3 extra bonus of the enjoyment of building a sophisti d piece ofrv‘. ipi W e * Lowest prices LargeSt StPcks &
' e %D«wlan Darflinl?ton angzie‘ré f;lly inlte rated wi;h tone clontrfls ;;\zd magnetic pick-up facility. + Expert staff — Sound advice *x )
- - : otal cost of all parts is .12. Special offer price for complete kits ¥ e A
’ > 35-watt Mosfet amplifier. Total cgst of parts £98.41. S ecigl offer for complete kits, £87.40. * Choose your DIY HiFi Speakers in the comfort of our *
R S SR, 45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete kits £94.80. two listening lounges I !
Our new improved performance modet of the Linsley Hood Cassette Recorder incorporates our |Reprints of original Articles from Hi-Fi News 50p. Post free, No VAT. y = i . facilities |
vg{ 910 vertical front mechanism and circuit modifications to increase dynamic range. Board Reprints of MOSFET article 25p. No V.A.T. Post free. . 3 (Customer operated demo'.‘s"aﬂon acifities) | .
Jayouts have been altered and improved but retain the outstandingly successful mother-and- ‘ + Ample parking * g
dauglhter arrangem:nt u'iadfolr; our Lins)l:y-?:ootd Cassatlte Rlecorder s A G iy
This latest v n ha ollowing extra features: Uitra lo -and-flutter of . — easil . |
| melgts Iglsrlil H?.rlzilgp%_c‘sbec?( congrglrs]s‘atch ian ?ewl;ndsrgog(rarsdarm '3'3; ‘rl‘\,o‘:?\av: éo lr)e Il-weld':‘ Full Autoc-" 3 - 1 (C hegue. M.O. or Stasensd £‘07r5l)71£€7;c;ftalﬁoygolll/icre ditcard number) N L b
stop on all modes. Tape counter with memory rewind. Oil damped cassette door. atching recor | s 293 mps — | y
ot or e et Bt oncani ot v, contals P Suput Wcropnons oot FEED YOUR MICRO BYTES WITH OUR 414 N C’ AP v v Specification . . . Versatility . .. Accuracy . ..
acility if required. Record interlock prevents rerecording on valued cassettes. Freguency generat- . A ccess — Visa — American Express accepte 0 H H .
ing feedback servo drive motor with buiit-in speed contﬁ)lfortherma_l stability. All these desirable SOLENOID CONTROLLED CAssmE DECK A also HiFi Markets Budget Card. PI’ICe |n a|mOSt every ma]OI’ al’ea the neW
_and useful features added to the excellent design of the Linsley-Hood circuits and the quality of g 1 A3 D M
the components used makes this new kit comparable with built-up units of much higher cost than . 1 79A =g 4 /2 d |g it bench/ponab|e M -,
thEWBhos, SR8 QRAVIET. RE koW iZicle P Lt e g i (4 from Keithley Instruments sets some pretty
! A > ; :
LINSLEY-HOOD CASSETTE RECORDER 1 ' \ ﬂ 0625 529599 impressive standards:
e B At e tad @ 20 amp capability @ Full function: 27
(| W e 1 i
352 CEEER SIERRimsiow, Chas ranges including true RMS AC Measurement

PN Lightning eiceIn telephoned credit card orders! [ . NCELES guarantee onspec . 0.04 % DC
, @ accuracy @ IEEE option @ Large display

‘Front loading deck with full solenoid control of all functions including optional read in fast wind

St R Chape i e o e o S esa e VAT R - ' and 1042 V dc resolution.
y ) v = S e A e
HART TRIPLE-PURPOSE TEST CASSETTE TC1 e R THER DETAR. For those requiring 10 times more sensitivity
. ' and an analogue outputthere’sthe 177, a

One inexpensive test cassette enables gu to set up VU level, head azimuth and tape speed.

Invaluable when fitting new heads. Only £2.70 plus V.A.T. and 50p postage.

unit with similar specification tothe 179A.
Both models are part of a vast range of test

We are the Designer Approved suppliers of kits for this excellent design. The Author’s reputation,

tee;\‘:;si r\a¢|a|s¥i?\u g::‘i’ tr:)ol;nt?‘v; :il‘:oxltj tr;e cei‘rjc?itrtv and'Halrt expertise and experience guarantees the CASSETTE HEADS
) nc : -quali i J
| O T T (el SO e ande:oucrfests'"rfuggre\ieﬂ'gz S‘é%"t'z :ﬁlr):i';\aa‘?e‘{iki]ﬁggm: 55;?-.“.:2," HS16 SENDUST ALLOY SUPER HEAD. Sterec R/P. Longer life than Permalloy. Higher output than H tf fth id’s leadi
) Proper moulded escutcheon for cassette aperture improves appearance and removes the need’ Ferrite. Fantastic frequency response. Complete with data £8.20 eq ul pmen romoneo e Wor slea |ng
i Jor the cassette transport to be set back behind a narrow finger trapping slot. Easy to use, robust E&ZQ%SSTISO ?};":“%”R/“‘Eeag for replacement Uses in Car players, 16 ..o “';5 man f turers
Lenco mechanism. Switched bias and equalisation for different tape formulations. All wiring is H561'S 9’?""E 88, c?; J TL tape. Complete with data £7.20 anuractu 0
terminated with plugs and sockets for easy ly and test. Sophisticated modular PCB system 1854 Stl’:céa d’gse _Heg =7 i E AAL tape £4.90 - . - l . t
gives a spacious, easily-buiit and tested layout. All these features added to the high-quality A kR’}P"H’ :’é’:" d’“:M“‘ ; Si’g . For more |nf0rmat|on fll n the COUpon at he
sy Akeanis magastistyinglkito builq, Sl includadat ng axdra cost RS FaBa32 (Doubie Mono) P Haad. S, Wiig £4.90 ' fth
atE78 plus VAT P¢ , available separately at £8.20 but included free with the complete kit ME151 2/2 Ferrite Erase. Large Mtg. £4.25 - bottom ot the page.

Reprints ofthe 3 original atcles dsscribing this design 85p. No VAT. i CCE(BM 2/2Erase. Std. Mtg. £7.90
i AT, f ]

Reprint of the subsequent postscript article 30p. No

PRACTICAL WIRELESS ‘WINTON' TUNER Al pricas plus VAT

Brilliant new Ted Rule designed Tuner with everything! Gives you fantastic stereo f/m reception
with pilot cancelling decoder i.c., fluorescent display, digital frequency readout along with g{gck
and timer functions. In addition to f.m. covers f.w., m.w., s.w. and even TV sound. Further details
are in our lists; send for your copy.
Part Cost of Post, Packing and Insurance
Order up to £10—50p P . §

=, Export Orders—Postage or shipping at cost plus
8{,‘1?’25%1_"3%{)‘9 £1 P&P P £2 Dotg:mentation :gnd Handling-
Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and
price breakdowns. . » .

Instant easy ordering, telephone your -
requirements and credit card number to uS'on

Oswestry (0691) 2894

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems. '

&o® Alternatively, phone our Instant
Information )

Service on

0734864784 now.

KEITHLEY

Keithiey Instruments Ltd
1 Boulton Road Reading Berkshire RG2 ONL

. Telephone (0734) 861287
aa—— e Telex 847047
- ERASERS ¢ . ‘LAE :
- DEVELI"I?,F;MENT b IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING o Ao lock and
1 , utomatic master clock and slave controller.
Powerful, compact unit to : : s : @ Synchronisation of separate equipment and events. | r- ---- AN RN O N U O NN N -‘
eruse up dtof?ix 1(1)51;(1){01_\45 PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI- : (F;rogrammable energy management system. I rdlike tok I
quickly and safely. 10-60-min- X ® Computer clock/calendar with battery backup. i wmore. .. :
e detoncmer. TIES OF COMPONENTS BECOME REDUNDANT. WE ARE ® Data logging and time recording. IKCIBIICRZIC 0
9. s l CASH' PURCHASE 0 @ Process and equipment control. I Name
UVIB , R RS OF SUCH MATERIALS AND WOULD () groad‘casting,‘ Astronomy, Navigation. l - l
A o5 + VAT. APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. Psgleliteuacqns, . it i
v Corrisge puid UK) WE PAY TOP PRICES AND COLLECT. | S If you have a time or synchronisation problem, § Company ‘
‘ : Send cheque or official order | write or phone for further details of our portable l I
: IN Ugli IED%%%%?(I)NAL for prompt delivery. ! gnd new microcomputer-controlled Radiocodefl} l Address l
LAB Also available in London from: i r g X locks. ,
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... By any other name i

In a recent Letter to the Editor, a reader

_described his feelings at seeing a copy of

Wireless World for the first time after a long
interval. On seeing the content, he felt
impelled to write and suggest that the
journal might benefit from a change of
title, to take account of the fact that the
World is now rather more computer-
shaped' than it was when wireless was the
current miracle.

The letter constitutes cast-iron evidence
to support the assertion, made by WW
staff for seventy years, that one simply
cannot produce a journal like this — the
whole thing is logically impossible.
Philosophy and printed boards, audio
amplifiers and microcomputers, exposure
meters and clocks do not, it must be

" admitted, appear to share much common

ground. Neither, indeed, do the types of
reader to whom our articles are addressed:
the enthusiast miaking an amplifier on the

corner of the kitchen table experiences but

modified rapture at the prospect of an
article on Rademacher-Walsh functions,
though he may read it and be interested.

The professional engineer does not require.

instruction in the design of an a-to-d

converter, but he might want to build the

digital voltmeter to which the article is an

_introduction. And one of the continuing

arguments on basic physics possibly leaves
both of them glassy-eyed, but nonetheless

- entertained.

The fact is, of course, that Wireless

World is a hybrid in so many senses that it |

almost defies description. Both
professionals and amateurs read it; the
articles it contains are theoretical, or
practical, or both; its topics cover the field
from logic design to a discussion of the
best material with which to stuff 3
loudspeaker enclosures and from

descriptions of optical-fibre
communications systems to a design for an
electronic cat-door. ) _

In all this, the one common factor is
electronics, in its wider sense. It leadsus -
into any subject in which it is used —

‘optics, chemistry, motoring, aviation ~ in

addition to the more familiar area of
telecommunications. Computers happen
to be an important manifestation of
electronic engineering and are therefore
completely within our field of interest.
“Wireless” as a word disappeared in the
forties or thereabouts, at around the time
when “electronics” was born. But even
then, Wireless World had been in existence
for thirty-five years and its title was far too
well known for Iliffe to risk causing
outcry by changing it. :
Forty years on, computers,
microprocessors and a mass of other digital
circuitry have edged out the more
traditional forms of electronic design —

“even sound reproducing is becoming

digital in form. As this happens, it is clear
that the content of the journal must change’
to meet new requirements, which is why a
newcomer glancing at our contents page
immediately after a look at the Wireless
World logo might justifiably feel puzzled..
If, however, a change of name after thirty-
five years was felt to be toomuchofa
shock for readers to bear, how much more
of a jolt would it be after seventy-one?

The name is unimportant, except
inasmuch as it sometimes misleads the
casual bookstall browser and, perhaps, the
not very well informed advertising agent.
What is important is that the content
should treat all aspects of electronics,
which it will continue to do, no matter in
what unexpected directions the subject
leads us. - -
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80-100W MOSFET AUDIO
AMPLIFIER

The final section of this three-part article describes the complete amplifier circuit in detail,
with the addition of a loudspeaker protection circuit.

In the earlier parts of this article I
discussed some of the design requirements
of power mosfet audio amplifiers and des-
cribed. the evolution of a high-gain,
symmetrical, class ‘A’ driver stage suitable
for use with a power mosfet output. In-
evitably, the final design of the gain stage,
as shown in the completed power amplifier
circuit of Fig. 14, shows some minor dif-
ferences in comparison with the basic
voltage-amplifier circuit, which underlines
the point that any final design represents
only the small tip of a large submerged
iceberg of design effort. Unless one is
lucky, or one’s target performance is relati-
vely modest, or one has considerable ex-
perience with closely similar designs, there
is always a large amount of work necessary
to convert a reasonably satisfactory basic
design into a final version having, as nearly
as possible, a blameless performance under
all conceivable test conditions.

Design consideraﬁons

The choice of output power rating for any
power amplifier is, inevitably, somewhat
arbitrary and depends on the voltage rat-
ings of the available components, and on
the cost of the power transformer, smooth-
ing capacitors and heat sinks which one is

by J. L. Linsley Hood

prepared to afford. However, in practical
terms, the major considerations which
limit the possible output power are the
voltage ratings of the output devices, and
of the available electrolytic reservoir capa-
citors. _

The output power mosfets I decided to
use are the complementary n-channel and
p-channel devices from Hitachi, since they
are readily available, are reasonably inex-
pensive, appear to be adequately rugged,
and have useful power ratings. These par-~
ticular mosfets are available in peak
working voltages up to 160V. However,
-there are other similar devices, either avail-
able now or promised in the near future,
from Fairchild, Motorola, Ferranti,
Supertex, International Rectifier and In-
tersil, so it seems likely that a design based
on complementary power mosfets will not
rrestrict the user to a single source of com-
ponents. ,

Some earlier experiments with mosfet-
output audio amplifiers had shown that the

Fig. 14. Complete circuit diagram of the
100W ampilifier.

r.m.s power output could be related to the
available supply voltage in the manner
shown in Fig. 15, over the range 25-100
watts. Since it had been decided, for
v_arious reasons, to use a symmetrical posi-
tve and negative supply, 63V electrolytic
capacitors on each half would allow a safe
working voltage, .overall, of 120 volts,
equivalent to a 60V supply. In practice,
the limited regulation of a simple rectifier/-
capacitor power supply is likely to reduce
this, on load, to some x£55V, giving an
overall power output of 80 watts.

This output power requires a voltage
swing of 25.3V r.m.s. across an eight chm

‘load, and if it is desired to drive this from

an input voltage of ‘OVU’ — which in
audio-engineering terms implies 0.775V

-r.m.s. at a 600 ohm source impedence —

the gain will require to be 32.6, which
gives a suitable feedback resistor combina-

‘tion of 33k and 1041 ohms — though, in
.the event, for other considerations, it was

decided to make this 1012, made up from a

1k and an 12 ohm series chain.

In the interests of d.c. symmetry, the

Ainput-circuit resistance should be also of

the order of 33k. The values suggested are

adequately close to this.

The performance of any feedback ampli-’
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fier under transient (step-function or
square wave) input conditions is helped if
the input rise time can be limited. This can_
be done most easily by an input RC inte-
grating network, R;C,, which gives a
—3dB point at about 30kHz, allowing an.
adequate bandwidth for audio use.

A 470 ohm trimmer potentiometer in
the emitter circuit of the input long-tailed-
pair allows accurate d.c. balance to be ob-
tained with transistors having normal com-
mercial spreads in V. values and current’
gain. This is bypassed by a 100uF tanta-
lum bead capacitor to avoid loss of open-
loop a.c. gain. The output d.c. potential
may be adjusted by means of this poten-
tiometer to 0V, £20mV.

Circuit performance depends strongly
on the characteristics of the ‘tail’ of the

‘long-tailed pair’. For correct operation of

any such circuit, the dynamic impedance
of the tail should be very large in compari-
son with the impedance as seen at the
emitters of Try and Tr;. Also, ideally, to
minimize common-mode problems, the
current from this source should be largely,
independent of the dynamic emitter poten-
tials.. Finally, the tail circuit should pro-
vide an adequate isolation from unwanted:
signal components on the supply line. A
junction fet satisfies all these requirements:
very fully, and also allows, as explained
above, control of the operating current in
the second-stage class A amplifier. To:
allow a wider range of negative supply-line
voltages, the negative-line supply to this
fet is derived from a Zener-diode-stabi-
lized —12 volt source. The use of a
separate power supply for the driver stages
is of considerable assistance in avoiding the
performance degradation which can occur
due to the intrusion of distorted sigmal
potentials from the high-current output
stage. » _

The second stage, class ‘A’, voltage am-
plifier is similar to that shown earlier in
Fig. 13, except that conventional, two-
transistor, constant-current sources are
used as the loads for each half, and that a
small amount of a.c. positive feedback is

derived from the output of Trs, through -

Rs and R, in addition to the current stabi-
lizing d.c. negative feedback path through
Ry to Tr3. The positive feedback restores
the open loop a.c. gain to the 500,000
figure, over the frequency range 100Hz-
3kHz, obtainable from the less d.c. stable
configuration of Fig. 12. . )
The output power mosfets require a qui-
escent current value of 100mA for opti-,
mum performance — although it is diffi-
cult, because of the efficient operation of
the n.f.b. loop, to see any significant
change in the distortion residues, as this is
adjusted, at any frequency below 10kHz
— and this quiescent current is largely
independent of the output device tempera-
ture. The ‘amplified diode’ circuit of Tryp

is not, therefore, used to sense the output -

transistor temperature, but used simply to
generate a reasonably constant voltage
drop.

Although the output devices present a
very high Lf. input impedance, the effect

of the 1200pF total gate-source capacitance -

cannot be ignored, and the current
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through Trg—Tr; must be enough to avoid
any slew-rate limiting within the rise-time
levels allowed by the input CR network,
(R,C,). A current of 7mA is adequate for
this, and permits worst-case dissipations of
900mW for Trs7 and 450mW for Trs,
which are within their limits.

Since the Hitachi output devices are not
protected by internal Zener diodes, it is
unnecessary to exclude the possibility of
reverse gate biassing, provided that this is
within the £14V gate-source breakdown
voltage limits. This gate breakdown pro-
tection can therefore be provided by a pair
of back-to-back 8V zeners, while the gate-
source capacitance and the 680 ohm gate -
‘stopper’ resistor will exclude the possibil-
ity of very rapid extraneous noise pulses
which could escape Zener limiting due to
lead inductance or turn-on time delays.
Ideally, Ry7,19 and the Zeners should be
mounted close to the power mosfet pins.

Feedback loop, and loop stability

Although the use of a two-stage voltage
amplifier will not automatically guraran-
tee, under all load conditions, that the
internal phase shift will not approach 180°

“until the open-loop gain is negligible, the

necessary conditions for an adequate phase
margin, at unity gain, are very much easier
to contrive in circuits in which only two
successive gain stages are employed —

_ provided that the additional phase shift of

any other element in the feedback path is
small enough to be neglected.
Unfortunately, in the case of the con-
ventional junction-transistor Darlington or
compound (p-n-p/n-p-n.) emitter follower
this additional phase shift is significant,.
even at a few hundred kilohertz where the
loop gain is still high, so this loop gain
must be aruficially reduced at higher fre-
quencies to preserve closed-loop stability. -
Two basic methods exist for this, of which

the first, and simpler, is simply to connect

an external capacitor across the whole of
the gain stage so that this acts as an inte-

Prototype amplifier. Loudspeaker
protection circuit is at rear right.
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Fig. 15. Amplifier output power as function
of supply voltage.
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Fig. 16. Power bandwidth of amplifier.

gration network with a gain decreasing
linearly by 20dB/decade from some L.f.
break point. This has. the advantage of
allowing a wide phase margin of stability,
and predictable performance characteris-
tics. The second method is to tailor the h.f.
performance so that it is maintained at as
high a level as possible up to the point at
which the loop phase shift approaches
180°, and then to reduce the gain rapidly,
and in a manner chosen not to exceed the
180° stability threshold, until it is less than

unity. -
This method is commonly employed in
29
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Fig. 17. Harmonic distortion as a function
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Fig. 18. Harmonic distortion as a function
of output frequency (80W, 812 load).

Fig. 18. Harmonic distortion residues at
80W/8Q2 for 200Hz, (0.004% mainly second
harmonic), 1kHz (0.0025%) and 20kHz
(0.025%).
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commercial transistor amplifier designs,
often by the simple artifice of a capacitor
between collector and base of the second
stage amplifier transistor, because it allows
better h.f. t.h.d. figures — and conse-
quently better reviews in the ‘Hi-Fi’ jour-
nals. It does, however, carry with it the
penalty that the phase margin of the ampli-
fier is less good, with a consequently in-
ferior transient response — manifest in
respect of a less good ‘settling time”® —
and a less predictable performance with
differing loudspeaker load characteristics.

In addition, the intermal slew-rate limiting:

imposed by the second-stage collector-base
capacitance (which is the mechanism by
which the h.f. gain is reduced) leads to the
predictable problem that signals accompa-
nying large transient inputs will be blotted

out during the period in which the ampli--

fier is slew-rate limited. This is the pheno-
menon called ‘Transient Intermodulation
Distortion’ by Otala’. This problem does

not exist with the first method of h.f. com- .

pensation. A very good ana.lysls of this
problem was given by Jung?® (with a small
addendum by mysel.t%

The biggest advantage, in this respect,
conferred by power mosfet output devices,
is that the inherent phase-shift of the out-
put emitter-follower impedance conver-

sion stage is sufficiently small that it may

be neglected up the megahertz region.
This means that, with care, feedback audio
amplifiers having high orders of negative
feedback (open-loop gain) can be designed
without the need for any external control
of h.f. gain, and which will exhibit the
desirable characteristics given by systems
in which the gain decreases with frequency
at 20dB/decade, and the loop phase shift
does not significantly exceed 90°.

Influence of negative feedback

The use of negative feedback is, unfortun-
ately, not as well understood, even among
electronics engineers, as one might
sometimes wish, and this misunderstand-
ing has spilled over into the more emotive,
and less logical, realm of the ‘Hi-F{’
fraternity, where the ill effects attendant
upon the improper use of this technique
have encouraged the attempt to design am-
plifiers believed by their authors to employ
no negative feedback whatever — a case of
discarding the baby along with the bath.
water, if there ever was one.
The necessary conditions which must be
satisfied if the potential benefits are to be
gained have been examined both by Bax-
andallm’11 12, in his series on audio ampli-
fier design in this journal, and also, from a
different angle, by Wireless World’s own
Cathode Ray'3. The message from all these
conmbutlons, if I may presume to precis,
is that the amplifier in question must be
made as linear as possible before negative
feedback is applied; that the gain — at the
frequency under consideration — must be
enough, or the customary simplification of
the mathematics will be inappropriate; and
that a small amount of n.f.b., by injecting
into the input an additional distorted sig-
nal, will worsen the harmonic distortion
which would have been present without it.
Translated into design requirements,

8N resistive load

80/2uF load without
output reactor

Fig. 20. Response of amplifier to 10Vp-p
100kHz square wave on resistive and
reactive loads, with and without output
inductor.

this implies that a high stage gain, coupled
with good linearity and the lowest practica-
ble phase shift, is the necessary design
objective — most easily attained if not
more than two gain stages are employed.
The inclusion of a positive feedback path

within the overall n.f.b. loop as a means of

increasing the loop gain brings with it
some supplementary requirements. These
are that the phase shift within the positive
feedback loop must be very small over the
range of interest, since the p.f.b. will wor-
sen it, and that the linearity of this part of
the circuit must be much better than that
of the remaining circuit outside the p.f.b.
loop, or the benefits will be negated.
Looked at in this light, the use of a boots-
trapped driver load in an audio amplifier is
not well advised, since the loop containing
the ‘bootstrap’ will include the output de-
vices whose linearity it is desired to im-
prove.

In the particular case of the feedback
loop built around Tr;, Trs, Rg and Ry, the
linearity -of this is very good because it is
only driving a high-value resistive load,
and the dominant phase shifts are those

‘due to Cg at the 1.f. end, and the circuit”

stray capacitances in Trs collector circuit
at the h.f. end of the pass band. This gives
a phase-linear bandwidth which is greater
than that of the overall n.f.b. gain loop,

and therefore satisfies the conditions for.
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improving the overall amplifier perform-
ance. i

Because of the capacitive nature of the
load presented to Tr¢ by the gate-source
capacitance of the power mosfets, the h.f.

Jloop gain of the amplifier falls below unity.
-at about 30MHz, which is sufficient to give
-an adequate margin of stability, while still

allowing some 60dB of negative feedback
at 30kHz, the chosen upper operating fre-
quency limit. No additional h.f. roll-off
components are required.

Stability with capacitative loads

A minor problem associated with power

‘mosfets, discussed by Hitachi in their de-

sign note! is that the very high-frequency
—3dB point of the mosfet used as a source
follower (typically 30-40MHz for the Hita-
chi devices) allows the inductance of the
internal gate-contact lead — some 70nH —

“to produce a negative resistance condition,

with consequent parasitic oscillation, un-

“der conditions of small capacitative load

(0.01uF-0.22pF). Oscillation, under these
conditions, but due to other causes, is not
uncommon in audio amplifiers, and can be

-the cause of amplifier failure when used

with the so-called low-impedance loud-
speaker cables, even when the amplifier is
completely stable under the 8ohm/2uF
load combination frequently chosen by re-
viewers. Needless to say, this possibility of
parasitic oscillation should be avoided and

.this is most easily done in this type of

design by the inclusion of a small inductor
of some SpuH inductance, (20 turns of
24s.w.g. enamelled wire, wound round the
case of a 10ohm, 1watt carbon-rod resistor)
in the output lead to the loudspeaker load.
This output inductance has two practi-
cal effects, apart from the avoidance of
parasitic oscillation. The first of these is to
reduce the total harmonic distortion of the
circuit, as measured at the output at high
audio frequencies, simply because it acts as

an output low-pass filter. The second .

effect, due to the same cause is a ‘ripple’ on
the squarc-wave/reacnve—load test wave-
form, which is an inevitable effect of any
steep-cut, low-pass filter. Without this
output inductor, the 8ohm/2pF test wave-
form is smoothly rounded and free of any
overshoots.

Output stage protection

Because of the freedom of power mosfets
from secondary breakdown, and because
they have an inherent positive temperature
coefficient of resistance, output stage pro-
tection can be much simpler than is the
case with normal junction transistors, and
a simple fuse in the output circuit is quite
adequate. This has a practical advantage
over many of the electronic protecnon
methods normally employed, in that it

avoids hard clipping under dynamic condi-
‘tions when the amplifier is required to

drive fast h.f. transients into loudspeakers
having a low h.f. impedance.

Fig. 21. Printed-board for power amplifier,
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Overall performance and sound

quality
The power bandwidth, the t.h.d. as a

_function of output power, and the t.h.d. as

a function of signal frequency are shown in
Figs. 16-18, and the distortion waveforms

.and 10kHz reactive load waveform, with

and without the output inductor, ate
shown in the oscilloscope photographs of
Figs. 19 and 20.

Inevitably, the question must be asked
whether, in the event, the sound quality
given by a well designed power mosfet
amplifier is better than, or indeed noti-
ceably different from, that given by an
equally well designed power amplifier
using junction transistors. The designer is

“not a good person from whom to seek an

answer to this question, if only because his
awareness of the inevitable design compro-
mises in the circuit, and of the imperfec-
tions which remain as a result of the im-
possibility of achieving all design

-objectives simultaneously, colour his ex-

pectations in respect of its perceived per-
formance. However, having said this, I
believe that power mosfet output devices,
in appropriately designed circuitry, can
offer an improved performance in the
‘upper-middle and top end of the audible
spectrum, which is apparent as an im-
proved clarity and transparency in tonal
quality, particularly at low output levels,
in comparison with equivalent junction
transistor designs.

% L1 is wound on R24

Fig. 22. Power supply used in prototype.
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Fig. 23. Typical transfer characteristic of
c.m.o.s. gate.
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Fig. 24. Input d.c. level monitor using
c.m.o.s. Nor. .
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Power supply

A suitable power supply circuit is shown in
Fig. 22. As mentioned above, the output
power of the amplifier depends almost en-
tirely on the supply line voltages, and the
original design was based on a conven-
tional ‘E’ and ‘I’ cored transformer with a
nominal 50-0-50 secondary winding,
which gave a quiescent output d.c.
voltage, after rectification, of £62V. This
was subsequently replaced by a 250VA 50-
0-50V toroidal cored unit, in the interests
of a lower residual SOHz field, and this
gave a d.c. output of £65 volts, and in-
creased trhe power output, at 1kHz across
an 8ohm, water-cooled, resistive load,
from 83watts/channel to some 105watts/-

_channel. It was thought prudent to uprate

the reservoir capacitors to 80V types, but
no other changes are necessary.

Loudspeaker protection circuit
Although the use of direct coupling be-
tween loudspeaker and amplifier output,

together with the use of split positive and.

negative h.t. rails, undoubtedly helps in
the economical design of high-powered au-

dio amplifiers by limiting the necessary:

voltage rating of the reservoir capacitors, it
does carry with it the implicit hazard that,
in the event of a component failure within
the power amplifier, the whole output of
one or other of the supply lines may be
switched into the output circuit, with ex-
pensive consequences.

The most elegant way of avoiding this
hazard is to employ a small supplementary
circuit to monitor the average d.c. poten-
tial of the amplifier output terminals, and
to disconnect the loudspeakers in the event
that an averaged d.c. offset of more than a
volt or so is detected. Experiments over a
periold of time have shown that the loud-

speaker can be connected through a pair of .

gold-plated relay contacts without audible
or measurable signal degradation. Silver-
plated contacts are excellent when new and
clean, but tend to become partially rectify-
ing if sulphided by exposure to urban at-
mospheres, and should therefore be
avoided if possible.

An inevitable problem in the use of an
‘average d.c. potential’ monitoring circuit
is the necessity for some compromise be-
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Fig. 25. Complete two-

channel loudspeaker
protection circuit with
switch-on delay.

Fig. 26: Layout of printed
lzagard for circuit of Fig.

tween speed of response, in disconnexion
following a fault condition, and the need
not to diagnose a large but legitimate v.L.f.
signal — especially if assymmetrical — as
such a fault. My own choice is an integrat-
ing time-constant of about 2 seconds. This
ignores all the normal 1.f. signal compo-
nents, at least at the largest signal levels I
have so far used, but allows a switch-off in
better than 80 milliseconds in the event of
a large direct voltage being applied to the
input. This should be adequate to avoid
thermal damage to the loudspeaker.

In order to accommodate a fairly long
integrating time-constant with the use of
non-polarized capacitors, a high-input-im-
pedance offset-detection logic circuit is
essential. C.m.o.s. logic elements of the
74C or CD4*** series are well suited to

-this task, especially since the switching

potentials are well defined in relation to
the supply voltage line employed. Typical
gate transfer characteristics are shown in
Fig. 23. Because of this, if the gates are
biassed by an input resistor chain, as
shown in Fig. 24, so that one sits below
and one sits above this threshold level, a
pair of Nor gates will effectively act as an
input-threshold d.c. monitor circuit, in
which the output will only be high so long
as input A is high and input B is low. With
the resistor values quoted, this condition
will be met while input C is within £2V
d.c., for a 10V supply line. The circuit also
will provide a switch-on delay of a few
seconds while C, charges up through Rj to
a potential above the 12V level.

The complete, two-channel, loud-
speaker protection circtit based on this
arrangement needs only one Quad 2-input
Nor gate, and a pair of switching tran-
sistors. The final circuit is shown in Fig.
25. It is “fail-safe’ in the sense that the relay
contacts are normally open, and can only
operate if the h.t. supply is present and
both transistors are energized. The relay
used is an RS Components p.c.b.-mount-
ing, 24V unit, with 5A, 250V a.c.-rated
gold-plated contacts, of d.p.d.t. operation.
H.t. supply for this is best obtained from
the output stage +65 volt line.
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Editor’s note: We understand that a kit of compo-
nents for the amplifier is to be made available by
Hert Electronic Kits, Ltd, Oswestry, Shropshire.
A preamplifier design to match the mosfet power
- amplifier will be described later in the year. 0
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DISC DRIVES

When a read/write head'’s position is determined by information on the disc surface, data-
storage capacity can be greatly increased. As shown here, there are different methods of.
applying this technique which, in the case of a drive with ten discs in one pack, can
increase the storage capacity four times despite a loss of 5% in data storage area.

Possibly the most significant event in the’
history of disc storage was the introduction’

of the servo-surface drive. Through the

virtual elimination of thermal effects on

head positioning, servo-surface drives, in
which the head’s position relative to the

disc is determined by information on the.

disc surface, allow great increases in data
storage density.

Changes of temperature in relatively.

simple disc-drive positioners, such as those
discussed in the June issue of Wireless

World, do not only affect accuracy through-

expansion and contraction in mechanical
components such as head -cantilevers.

Thermal drift in the cylinder transducer’

and associated circuits also causes prob-

lems. How temperature changes limit the

number of tracks on a given disc is illus-

trated in Fig. 1. \
Because the position-error signal in a.

servo-surface disc drive is derived from a

- head reading the disc, these problems are

drastically reduced. In a multi-platter.
drive, one surface of the pack holds servo
information, which is read by the servo
head. All of the read/write heads move
with the servo head. In a ten-platter pack,
this means that 5% of the usable data sto-
rage area is lost, but this is unimportant
since the track density in a drive with a
servo surface can be typically four times
greater than in a drive without one.

Using one side of a single-platter car-
tridge for servo information would be un-,
acceptable as it represents 50% of the
usable data storage area so, in this case,
servo information is interleaved with sec-
tors on the read/write surfaces. Disc drives
using this technique are usually referred to
as ‘embedded servo’ drives.

Figure 2 shows the essential features of
these two main categories of servo-surface
drive, which will be described in turn. y

Servo surface

As stated, one surface of the disc pack

contains information to control the posi-

tioner. This surface is written when the,

disc is manufactured and, should it be-

come corrupted, must be rewritten on

special machine known as a servo writer.
The key to the operation of the servo
surface is the way in which it is recorded

by the servo writer. Recorded transitions:

are in adjacent pairs known as dibits,
separated by a space, and Fig. 3 shows that

there are two distinct types of servo track.’

On an A-type track, the first transition of

the pair will cause a positive pulse on read-

.ing, whereas on a B-type track, the first
; : |

I

Digital Equipment Co.
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pulse will be negative. In addition, the A-
track dibits are shifted by one half cycle,
with respect to the B-track dibits. The
width of the magnetic circuit in the servo,
head is equal to the width of a servo track.,

XXk

(a)

During track following, the correct posi-

‘tion for the servo head is with half of each

type of track beneath it. The read/write

‘heads will then be correctly centred on

their respective data tracks. This
relationship is illustrated in Fig. 4. .
The amplitude of dibits from A tracks

‘with respect to the amplitude of dibits

from B tracks depends on the relative areas

.of the servo head which are exposed to the

Fig. 1. At (a), misalignment x has little effect on the output signal, but at (b}, the same
misalignment in a system using four times greater track density causes unacceptable errors

~in the read signal. Distance x is not to scale.

“Data

surfaces

Servo
“~surface

Fig. 2. In a multi-platter disc pack, one surface is dedicated to servo information, left, but as
the number of platters in a pack falls, the percentage of data storage area lost to servo :
information rises. For this reason, some discs have servo information embedded in the data
on the same side, as in the case of the single platter, right.

A b

() . J

(c)

'Fig. 3. The servo surface, left, has two types of track, A and B, which are 180° out of phase

with each other and have opposite polarities. Waveform (a) results when the servo head is
directly above track A, and waveform (b) appears when the head is above track B. When the

.head is correctly positioned, waveform (c) results.
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Fig. 4. When the servo head is straddling
two sarvo tracks, the data heads are

correctly aligned with their respective
tracks.

respective tracks. As the servo head has
only one magnetic circuit, it will generate a
composite signal whose components will
change with respect to one another as the
position of the'servo head changes. Figure
5 shows several composite waveforms ob-
tained at different positions of the servo
head. The composite waveform is
processed by using the first positive and
negative pulses to generate a clock. From
this clock are derived clamping signals
which permit only the second positive and,
second negative pulses to pass through.
This resultant waveform has a d.c. compo-
nent which, when filtered, gives a voltage:
proportional to the distance from the track’
centre. The position error feaches a maxi-
mum when the servo head is entirely above’
one type of servo track and further move-
ment will cause it to fall. The next time the
position error falls to zero will be at the
centre line of the adjacent cylinder.
Cylinders with even addresses (l.s.b. =0)i
will be those where the servo head is de-
tented between an A track and a B track.
Cylinders with odd addresses will be those
where the head is between a B track and an
A track. It can be seen from Fig. 5 that the
sense of the position error becomes re-
versed on every other cylinder. Accord-
ingly, an inverter has to be switched into

{a)

the track-folfowing feedback loop in order
to detent on odd cylinders. This inversion

is controlled by the 1.s.b. of the cylinder

difference at the beginning of a seek, such
that when the heads arrive at the target
cylinder, the sense of the feedback will be
correct.

Seeking across the servo su'rface results
in the position error signal rising and fall-
ing in a sawtooth. This waveform can be
used to count down the cylinder difference
which controls the seek. As with any cyclic

‘transducer there is a problem'in finding an

absolute position. This difficulty is
overcome by making all servo tracks
outside cylinder zero type A, and all servo
tracks inside the innermost cylinder type
B. These areas of identical servo tracks are
called guard bands, and Fig. 6 shows the
relationship between the position error and
the guard bands. During a head load, the
servo head generates a constant-maximum
positive position error in the outer guard
band. This drives the carriage forward un-
til the position error first falls to zero.
This, by definition, is cylinder zero. Some
drives, however, load heads by driving the
‘carriage at low speed across the disc until
the inner guard band is detected, and then:
find cylinder zero by performing a full-
length reverse seek. :
Another, less common form of servo
surface is shown in Fig. 7. In this type,
there is a common sync. bit in both tracks, -

Fig. 5. Waveforms resulting from several
positions of the servo head in relation to
the disc. Amplitudes of waveforms (a) and
(b), components of the actual waveform

(c), are proportional to the area of the servo
head over the track concerned. A position-
error signal, (d), is obtained by comparing -
the second positive and negative peaks in
the composite waveform, (c).
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Servo head from a multi-platter disc drive.

.The rectangular plug is for mechanical

support only.

and subsequent servo bits at differen

times afterwards. The position error is de -
rived by opening sample and hold gates at
different delay times after the sync. bit. As
three distinct transitions can be seen in one
cycle, the resultant waveform is known as’

‘a tribit signal.

We have seen that a position error and a.

servo surface, eliminating the conventional
cylinder transducer. The carriage velocity!
could also bg derived from the slope of the!
position error, but unfortunately such a
signal is only available while the servo head
is above the disc, and velocity feedback is
needed when the heads are retracted.
Some form of velocity transducer is still
therefore necessary.

As there are exactly the same number of]
dibits on every track, it is possible to des-,

cribe the rotational position of the disci

simply by counting them. All that is re-|
quired is a unique pattern of missing dibits]i
once per revolution to act as an index;
point, and the sector transducer can alsol
be eliminated. = i g

Unlike the read/write circuits, the servo
circuits are active during a seek as well as

WIRELESS WORLD AUGUST 1982

‘when track following, and so must be con-
structed in such a way that they do not
suffer interference from pulse-width mod-
ulated e.m.a. drivers. The main problem
comes when the index is due, where the
presence of a noise pulse during a “miss-
ing” dibit could inhibit recognition of the
index. There are two solutions to this
problem. In the first, a preamplifier i.c. is
incorporated in the servo-head cantilever,
so that the servo signal leaves at high level
and low impedance, making it. noise im-
mune. In the second approach, the sector
counter predicts when an index pattern is
‘due, by counting slightly less than the
number of dibits in one revolution, and
inhibits switching in the e.m.a. driver un-
til index has been detected.

An advantage of deriving the sector
‘count from the servo surface is that the
number of sectors on the disc can be
varied. Any number of sectors can be ac-
commodated for by feeding the dibit-rate
signal through a programmable divider, so
the same drive may be used for storing,
say, 22 sectors of 16-bit data for a
minicomputer or 20 sectors of 18-bit words
when connected to a main-frame (2 disc
words are the same as 1 memory word).

In a non-servo disc drive, the write clock
is usually derived from a crystal oscillator.
As the disc speed can vary with supply
voltage fluctuations, a tolerance gap has to
be left at the end of each disc block to cater
for the highest anticipated speed, to
prevent overrun into the next block on a
write. In a servo-surface disc drive, the
_write clock is obtained by multiplying the
(dibit-rate signal with a phase-locked loop,
The write clock thus obtained is locked to
‘the disc speed, and the recording density
will be independent of supply fluctuations.

Most servo surface disc drives offer an
_offset facility, where a register written into
by the system controls a d-to-a converter,
which injects a small voltage into the track-
following loop. The action of the servo is
such that the heads move away from the
theoretical track centre line until the posi-

,tion error is equal and opposite to the

offset voltage. The position of the heads
about the track centre line is thus program
controlled, Fig. 8. Offset is only employed
for the purpose of reading, if a write is
‘attempted, the drive will return to the
track centre line. i

Head alignment. The servo-surface tech-

nique is also used for head alignment. On
the data surfaces of the alignment disc,
dibit patterns are written at the reference
cylinder. A special test box is required for
head alignment, and this usually contains
an exact copy of the circuit board used by
the drive to obtain a position error signal
from a dibit signal. The module in the test
.box is fed not by the servo head, but by the
data head to be adjusted. The position-er-
ror output drives a centre-zero meter
which gives a direct reading of the head
misalignment in micro inches. The selec-
ted head is adjusted radially in the carriage
until the meter reading is within the speci-

fication. Precautions are taken to. ensure

that the alignment disc is not written over.
Program-controlled head-alignment mea-.
.surement. In some test boxes, the posi-,
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Pasition

S

Fig. 6. The servo surface’s working area is defined by the inner and outer guard bands, at ‘

.which the position error signal is maximum.

{a}

(b} |

{d)

(e}

Fig. 7. The ‘tribit™-type servo surface in which the position-error signal is derived from -
pulses from two types of track following a common negative synchronization pulse. (a) and
(b) are obtained when the servo head is directly above one or other of the tracks, (c) is the
correct waveform, and (d) and (e) show typical off-track waveforms.

tion-error signal from the selected data
head is compared with zero volts, to create
a binary signal depending on the head
position relative to the track centre line.
This signal is fed back into the disc-control
logic and becomes a bit in a . register
accessible to the system, known as ‘sign
change’. Under program control, the posi-
tioner is set to maximum offset, and then
brought back until the sign-change bit
changes state. The amount of offset
‘needed to cancel the alignment error is
equal to the error itself, Fig. 9. After se-
quentially testing all of the heads, the
‘program can print out a table of the
alignments. By comparison with the speci-
fication, an engineer can decide which, if
any, heads need adjustment. The head

‘alignment can also be checked at further
‘reference tracks on both the innermost and

,outermost cylinders, as a check on carriage

alignment accuracy.

Embedded-servo drives
In drives with few platters, the use of an
.entire surface for servo information gives a

high  percentage loss of data recording
area. In the embedded-servo drive, servo
information is interleaved with data on the
'same surface, causing a smaller loss of data
‘storage area.

The embedded-servo drive heads will be
reading data at some times and alignment
information at others as the disc rotates. A
sector transducer is required to generate a
/pulse which is true when the head is read-
ing servo information and false when read-
iing or writing data. Figure 10 shows the
;principle. On all disc drives, the width of
ithe read/write head is less than the track
spacing to prevent crosstalk. As the servo
!head is also the read/write head here, it is
,slightly narrower that the spacing of the
!servo information. This has the harmless
leffect of rounding off the- peaks of the
3triangular position-error waveform. Dur-
‘ing the pulse from the sector transducer,
ithe head sees alignment information, and
‘the servo circuit develops a position-error
|signal in much the same way as any servo
,drive. Within the servo area there are two
;sets of alignment patterns, the second be-
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ing positioned to a position error of zero

when the first is at a maximum. The two
bursts of information are known as S1 and
S2. Sample-and-hold circuitry is used to,
carry over the position error when the head
is traversing read/write data. )
The discontinuous nature of servo in-
formation means that cylinder crossing
cannot be counted directly during a seek,’
as the positioner is fast enough to cross

- several tracks between servo bursts. With

reference to Fig. 11, the cylinder crossings’

Servo head

‘are established as follows. During the S1
period, the position error is compared with

zero volts to generate one data bit, whose .

state depends on whether the head was
inside or outside the S1 null point. A
similar process takes place during the S2.
period, and the position of the head rela-
tive to the servo pattern is described as'
being in one of four places by the two bits.
These bits are stored, and at the next servo
bursts, two further bits are generated, des-
cribing the new position of the head.

Kl
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Fig. 8. Representation of servo-surface disc drive’s feedback loop. The offset register drives
a d-to-a converter which can modify the feedback loop, allowing the heads to be offset fro
the track centre line under control of the operating system. :
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‘Figure 12 shows that there are a number of. -

cases which can satisfy the same initial and’
final conditions. The only difference be-’
tween the cases is the carriage velocity, so
the output of the carriage-velocity
transducer is digitized and used to resolve
the ambiguity.

At every sector pulse, the two bits from
the previous bursts, the two bits from the
current bursts and the digitized velocity
are fed into a rom which is -pre-pro-
sgrammed to return the theoretically cor-
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Fig. 11. There are two basic types of servo
track, S1and S2, recorded in two different
_positions and staggered. During S1, a
position error signal is generated from the
relative areas of the two types of track (S1
and S1) under the head as in the
‘conventional servo-surface drive. This
position-error value is stored in a sample
and hold circuit. For track counting, the
' pasition error value is compared with 0V to
obtain a data bit. During S2, another
position error signal and data bit are
‘generated. The four possible combinations
of the two bits are shown here in relation to
the two position errors.

Alignment

W

Fig. 9. Head alignment. An alignment disc with ‘dibits’ on its data surfaces is used in
conjunction with a duplicate of the position-error circuit driving a head-alignment meter.
Using offset, the program can move the servo head off track until the read/write head is in
the correct position. The amount of offset necessary to achieve this is equal to the

alignment error.
Sector

transducer : l\,_ .

signal

~\s

Sector pulse — ol |

" Read signal

Header

Fig. 10. In an embedded-servo drive, the same head is used for both servo information and
data. During a sector pulse, the read signal is treated as servo information.
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~ pulses, and developing a loop error by‘

meter
Position
error b~ TO SErVO
circuit -

rect number of cylinders which must have
been crossed for all combinations of in-
puts. This number is then subtracted from

the cylinder difference counter which con-,

trols the seek. The calculation will only be,
valid for one disc rotational speed, so the'
disc motor requires a speed control. This is.
achieved by counting controller-clock:
pulses during the time between sector;
‘comparison with the desired number of!
pulses. '

As the cylinder crossing count is deduc-
'tive, there will be the odd occasion when!'
the count is in error and the positioner;
.comes to the wrong cylinder. In a conven-|
tional disc drive, this would be a misposi-
tioning error which would warrant an en-,

continued on page 46
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7/ THE ELECTROMAGNETIC
ANALOGY

In his second article Dr Murray takes a dispassionate look at Victorian electromagnetic
theory and finds that, contrary to popular belief and textbook wisdom, it had begun to go
decidedly green around the edges before it was thirty years old — a fact that many
otherwise worthy men have preferred to ignore.

" ' The earliest organized investigation of the
- ~physical properties of light was underta-
'ken in the seventeenth century by Sir Isaac

Newton. Despite the evidence of some of
his own experiments, Newion himself re-
mained convinced throughout his life that

-light consisted of showers of particles, or

“corpuscles”. His authority among scien-

tists was such that much philosphical’

argument arose before Thomas Young’s
famous experiment — on the mutual in-
terference of light rays after passing
through a double slit — was accepted as

conclusive evidence for the wave nature of-

light, largely through the mathematical
ingenuity of Fresnel. Incidentally, the
most convincing demonstration that I
know of in favour of “light waves” is due
directly to Fresnel, and lies in the fact that
the shadow of a one-penny piece has a
bright spot at its centre.

That light behaves as a wave system is
one of the most thoroughly researched and
supported conclusions in all science. By
assuming waves of a definite wavelength
one can calculate numerically how light
will behave in optical apparatus of any
complexity one ‘chooses and, lo and be-
hold, that is precisely the way light does
behave in practice. The accuracy of the
prediction seems to be unlimited, and to
depend only on the accuracy with which
we can measure the result. I want to place
special emphasis on the precision with

_ which the wave theory describes the be-
haviour of light as observed in Nature,.

because it is primarily that precision which
makes the wave theory of light so convinc--
ing. As long as we stick to light which is'
bright enough to be seen, and of ordinary.
visible . wavelengths, the theory works.
perfectly every time.

The next major step in the wave theory
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was taken in 1862 by James Clerk Max-
well, on the basis of his formulation of
Michael Faraday’s ideas of electricity and
magnetism. Faraday had come to interpret
his observations in terms of electric and

magnetic fields of force, which Maxzwell

found could be expressed by exact analogy
with the mathematical formulations of hy-
drodynamics — that is, the behaviour of
incompressible fluids. Faraday’s field
concept conveniently bypassed the funda-
mental problem of action-at-a-distance,
(namely, how can one electric charge repel
another when there is no connecting rod
between them?). It suggested that the
electric field permeated everything and
everywhere, like a fluid throughout all
space, so that such actions really took
place locally, within the field, rather than
“at a distance”. ' ]

By this means action-at-a-distance came
to be regarded as a non-problem, the first
of many difficulties so handled in physical
science. Note that the non-problem tech-
nique does not solve the philosophical
problem to which it is addressed, but
evades it. It is clearly legitimate as a tech-
nique, to permit us to maintain our mo-

mentum and get on with the next phase of -

the job, provided we put up a marker flag
to remind ourselves that we have left be-
hind us a fundamental problem unsolved.
It is philosophically dangerous to omit this
precaution. For example, there are those
who have specialized in field theory so
strongly that they belicve in an electric
field, as if it were a physical entity having
an independent physical existence in its:
own right — like an electron perhaps, or a

filing cabinet. Such folk do not envisage
an electric field merely as a convenient
mathematical trick for integrating a set of
inverse-square-law forces.

I am discussing this concept of a “force
field” at some length because it is the first
instance we have encountered where an
attractive product of romantic imagination
has come to be treated, with no basis of
experimental evidence whatsoever, as

" though it corresponded to an established

or even a self-evident truth. It is in this
romantic, unscientific way that doctrines
arise in physics. (When a doctrine is
subjected to criticism that it cannot with-
stand it usually turns into a dogma; it is
then to be believed by faith rather than by.
evidence). In the present case the truth is
that we know nothing of how or why one
electric charge should be influenced by the
distant presence of another, but only that
it is so influenced and by precisely how
much. It is another miracle.

These ideas may seem far removed from
waves and light, but the connection be-
tween them was Maxwell’s very great
invention: he showed that a particular
combination of his changing electric and
magnetic fields, which can be written,
down mathematically in the form of a
‘““‘wave equation’’, would propagate
through space at the velocity of light.
Thence it needed but one further, obvious
istep to the postulate

“Light consists of electromagnetic
waves”’,

That step was taken. Combining as it did

the three topics of electricity, magnetism,:
and light under the single concept of wave
motion, it was extraordinarily satisfying
aesthetically and it seemed to remain true
when tested to any depth. It came to be
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‘believed by all scientists at the turn of the
century and it is still believed by nearly all
scientists today. Heinrich Hertz wént on
to cap it by generating radio waves electri-
cally and showing that they belonged to
the same family of phenomena.

Thus at the end of the “classical” period

in physics all appeared superficially tidy.

It was generally accepted that the entire
spectrum of light from long-wave radio
through and beyond the ultraviolet was a
manifestation of electromagnetic waves of
.defined, invariant velocity ¢, yvhose
“colours” were determined by their fre-
quencies and corresponding wavelengths
in accord with the general axiom of wave
motion, frequency X wavelength = c.
Those must have been happy days of self-
satisfied Victorian complacency before the
storms broke. . .

A couple of minor points arose. First,
.the physical energy transported by the
light waves, which propagated at the speed

of light, was taken to be the energy con-

tained in the electromagnetic field as des-
cribed by a simple formula of the theory.
Once launched into space, this energy had
an independent existence even though its
source, a star for instance, should later
explode as a supernova. So here one had
an electric field and a magnetic field,
neither of which (according to the theory
itself) could exist without continuous
connection to a source and a sink of flu-
ence, while their combination, the electro-
magnetic field, did have an independent
existence. These static and dynamic fields
were therefore quite different in their in-
trinsic natures, yet there was nothing in
Maxwell’s equations to suggest that one
type of field was more physically ‘“real”
(that is, had any more independent, objec-
‘tive and existence) than the other.
Second, and on a slightly larger scale of
discrepancy, Maxwell’s formulation of
electric and magnetic fields was mathema-
tically equivalent to the behaviour of in-
compressible fluids, as has been
mentioned already; yet the waves in his
electromagnetic field were transverse waves,
of a type which in the mechanical case
require a solid substance to transmit them
and will not propagate in a fluid medium.
Thus the medium involved, which became
known as the ether, was required to ex-

hibit physical properties which differed -

from moment to moment, according to
whether the field it was supporting was
static or in motion. This gave rise to much
trouble.

In view of the intellectual triumph» of

‘Maxwell’s work it would indeed have been

churlish to have raised such apparently
insignificant points as these at the time.
Yet in retrospect one can see that- they
were real discrepancies whose incidence
formed part of a pattern of discrepancy in
electromagnetic theory. (Remember,
please, that we are not attacking the
theory, but examining a miracle: a physi-
cal occurrence for which we can offer no
physical explanation). For physical waves
as normally understood are mechanical
waves; they are waves in something — in
air, or water, or at the air-water interface,
or in solid rock, or what-have-you. Their
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velocity is determined in relation to the
medium in-which they travel. Hence a
‘careful measurement of the velocity of
light in the laboratory, coupled with the
assumption of the constancy of light veloc-
ity in its ether medium should, it was
believed, reveal the velocity of the
laboratory through the ether.

That experiment was duly performed,
most famously by Michelson and Morley
in a basement in the University of Chicago
in 1887. The date is most interesting, be-
ing 25 years after the first publication of
Maxwell’s postulate of the electromagnetic

nature of light, and 18 years before the

publication by Einstein of the special rela-
tivity theory with which it is usually con-
nected. That connection is something of a
‘myth. Einstein did not refer to the Michel-
son-Morley experiment at all but assumed
the velocity of light to be universally con-
stant as a fact of nature (it was not tested in
Michelson-Morley!). His other starting-
point, the principle of relativity in the
form of the denial of absolute motion, was
in no sense new but had appeared in
Newton’s Principia just 200 years before.
Thus for contemporary thinkers the
really shocking implication of Michelson
and Morley’s result was not that it might
lead towards a new relativity theory some
two decades later, but that it asserted,
unmistakably and immediately, that there
was no ether for the electromagnetic light
waves to undulate in. It was of secondary
importance that the medium in which
electromagnetic waves travelled did not
reveal any frame of reference of zero mo-
tion, or absolute rest. It was amrequally red
herring to say that it was merely the postu-

Jated electromagnetic waves that had no

ether, because the experiment as per-
formed was a straightforward experiment
in light, having no reference to electricity
or magnetism. The really crucial experi-
mental result was that light waves, what-
ever their form, could not be waves in a
physical medium. And if they were not
waves in a physical medium, how could
they be said to be waves at all? The answer
to that question is not straightforward.
There was an immediate and almost
instinctive reaction against the Michelson-
Morley result. Some physicists (like Sir
Oliver Lodge) simply refused to accept it,
while others up to the present day have
repeated the experiment with progres-

“sively more refined apparatus in the hope

of proving it wrong. All such attempts so
far have failed. Most of those experiment-
ers believed themselves to be taking issue
with Einstein and special relativity; only a

discerning few have understood that they

were really trying to save the electromag-
netic theory, and with it the whole of the
concept of fields of force of nineteenth-
century physics. The Michelson-Morley
experiment denies the existence of an
ether, and there is no doubt about its

finding: space is empty. There is nothing -

there.

In view of the admittedly overwhelming
evidence that light consisted of waves (and
very probably electromagnetic waves),
physics at the turn of the centry refused to
face the consequences of the Michelson-

Morley result. Two lines of experimental
evidence that seemed to be equally valid
seemed also to be in absolute mutual con-
flict. The philosophical crisis was acute,
and it has never been resolved. One ap-
proach has been to ignore the problem in
the hope that in due course and in the light
of later knowledge it will go away — this is
the “don’t care” or “too busy” reaction,
which really means “too difficult” — but
unfortunately this is a problem that doesn’t
go away. Another approach is to ask why a
physical ether should be necessary for the
waves to propagate in: why do they de-
mand a physical medium? The answer
would seem to be that according to the
theory these ‘“‘waves” carry physical
energy in readily measurable amounts, so
that they must be physical waves; and
physical waves cannot be waves in noth-
ing, unless we are to believe in miracles . . .
Then there are the semantic ap-
proaches, which seek to show that the
problem is one of wording only and has no
philosophical depth. “Very well”, it has
been said, “we have been denied a lumini-
ferous ether; let us call the medium in
which the waves travel ‘space’, or ‘an iner-
tial frame of reference’ ”. The trouble
with such proposals is that space, insofar
as we can measure its properties, is empty,
a vacuum, having no physical content.
(Do not let us get bogged down with argu-
ments about the “permittivity’’ or “im-

| electromagnetic theory as propounded: -

| reality, and differing properties were.

| magnetic waves to undulate in. At-

| physical properties to non-physical, |
{ mathematical equations. The last of

| the 18905, re-introduced mysticism into

| proach {which was not acceptable in the

~ Summary .

History of the scientific concepts of

light: Newton (corpuscles), Young and

Fresnel (waves), Faraday (fields of

force), Maxwell (electromagnetic
theory). The philosophical problem of

- “action-at-a-distance” was not solved
butbypassed, setting a precedent; this -

raised the question of the nature of a

field theory and led 1o the emergence of.

- related doctrine and dogma. Some |
minor discrepancies weré inherent in

- depending on scenario its fieids pos-
sessed differing degrees of physical |

' required of the medium, or ether, in
- which the electromagnetic phenomena
occurred. A major problem arose in
consequence; when the issue was put 1o
the test, the famous Michelson-Morley
experiment unequivocally denied the
| existence of a physical ether for electro-

tempts were made to-evade this philoso-
phical crisis. by ignoriag it, by
semantic arguments, and by attributing

these ideas, which began to take root in

natural philosophy after a banishment
of only 350 years. An alternative ap-

climate of those times) might be to re-
gard electromagnetic theory as an anale
ogy of Nature which although often
extremely useful may not always be a

perfect analogy.
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pedance” of empty space, which are arti-,
facts of electromagnetic theory). We
cannot manufacture a physical medium
having physical properties out of nothing
merely by coining phrases or by re-defin-
ing space.

Yet another approach — and this one
had far-reaching philosophical conse-
quences — arose from the remark that the
mathematics of wave propagation predicted
results in accord with observation even
though the physical requirements for wave
propagation were not satisfied. The temp-
tation became very strong to say that these
light waves were not physical waves at all,
but mathematical waves. Here at a stroke
one seemed to have a potential solytion
satisfying both aspects of the experimental
evidence: (a) light consists of waves (c.f.
Young and Fresnel, and perhaps also
Maxwell and Hertz), while at the same
time (b) the waves are not physical waves
in a physical ether (c.f. Michelson and
Morley), but of a purely mathematical
nature.

This was the first move in the takeover,
by default, of theoretical physics by the
Mathematicians’ Union. It wasn’t a com-
plete takeover until the 1930s when the
mathematics of the new quantum
mechanics became so obscure and esoteric
that the ordinary physicist gave up trying
to follow the wilder ramifactions of the
theory. The nature of the physicists’ de-
fault was their failure to insist sufficiently
strongly on the physical reality of the phy-
sical’ world. In the case of light, energy is

transmitted at a definite speed through a
vacuum, and this energy is a physical en-

tity which gives rise to measurable physical.

effects at its destination. Mathematical
waves, being abstract and non-physical,

cannot give rise to physical effects. If we.

accept mathematical waves as the basis for
light, we are accepting miracles; for by our

definition a miracle is a physical

occurrence for which we can offer no physi-
cal explanation.

Mathematical explanations of physical
events will not do. For those who believe
that mathematics can take the place of
physics, or who have merely failed to
think about the suggestion deeply enough,.
I offer the following little mnemonic:

2 Nobody ever became sunburnt as a result
of exposure to a differential equation!

Thus in addition to being the first move
in the general mathematical takeover, this
was the beginning of the return of mysti-
cism into Natural Philosophy after a ban-
ishment which had lasted no longer than
350 years. The evidence we shall put to-
gether will show that the process has con-
tinued steadily, until today the whole fun-
damentals area has become so permeated
by mysticism that one can scarcely disting-
uish where the physics ends and the meta-
physics begins. There is a way of making
the distinction, but it calls for a certain
old-fashioned ruthlessness in complying
with physical discipline and rejecting un-
supported mathematical speculation,
however superficially attractive the latter

may appear. The process will become ea--
sier and more sure as our long-neglected
critical faculty is gradually re-developed
and applied to these problems.

What other alternatives do we have for
dealing with the quandary in which the
Michelson-Morley result has placed us?
There is one approach which always car-
ried a budding promise, although in the
face ‘of the mystical takeover it has re-
ceived little more than lip-service. It is
that light does not in fact consist of
electromagnetic waves but behaves like a
system of electromagnetic waves. The
distinction here between “is”’ and ‘“‘be-
haves like” is not merely tautological or

/' semantic, but fundamental. It tells us to
treat the great electromagnetic theory as
an analogy or mathematical model of.
nature, which probably reflects some fea-
tures of physical reality but not necessarily
all features, and which may prove to be a
more accurate model of nature in some
circumstances than in others. Therefore
we do not say that electromagnetic theory
is wrong; indeed, we make use of it
successfully every day of our lives. We
simply say that the area of its applicability
may be limited.

Armed with that kind of philosophical
background, which is much more res-
trained and cautious than that of our
predecessors at the turn of the century, we
are far better placed than they were to
withstand the next shock to physical
thinking, which was about to be delivered
(in 1899) by Max Planck. O
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2Kbyte eprom
emulator/
- programmer
A design for an emulator
for 2516/2716 eproms, in
which a ram, loaded
with software by key-
pad, carries out the func-

 tion of a rom and allows

i a program to be run and
tested without the need

for eprom reprogram-

“ming. Ram contents are
' easily modified, and the

emulator plugs into the
~system eprom ‘socket.
~When the program is
- satisfactory, the emula-
tor transfers to eprom

the tested ram contents.
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Sélective call forc.b.

rado =
To call any one of 64K
similarly equipped c.b.
receivers, enter a
number on a keypad to
generate a 16 data-bit
frame to modulate the
carrier. Only the selecti-
vely called receiver will
respond. The device is
easily modified for high-
security applications,
such as remote access
and data interrogation.
Simple, low-

=~

oscilloscope

‘A very simple design,

using a surplus radar
tube. It uses easily ob-
tained components, is
straightforward and

.costs only around £40.

Opamp

Vertical bandwidth is up
to TMHz at 50mV/cm
and the timebase is
either astable or trig-
gered. ‘

4
Y

i

development =
As a preliminary to a full
description of his new,
modular preamplifier,
John Linsley Hood
traces the development
of the operational ampli-
fier, from the eariy 741
types to the mostet-in-
put CA 3140 and the bi-
polar/fet TLO71/2/4/
series, designed for use
inaudiowork. ..

On sale
August 18.
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CIRCUIT MODELLING BY
MICRO-COMPUTER

The small-signal a.c. properties of a circuit may be modelled on a computer. Here the
implementation of a program uses techniques to reduce the computing time by 77%, or
more, and to plot graphs of the frequency and phase responses.

A previous article on this subject! led me
to implement circuit modelling on my
home computer. I prefer to reserve the
word ‘analysis” for analytical, normally al-
gebraic, methods such as complex variable
theory. As home computers cannot do al-
gebra, I have called the process ‘circuit
modelling’.

For the design of a 16-node active filter,
I used a program to plot frequency res-

_ponses on a printer, giving simultaneously

phase and gain curves. The reduction of
the infinite admittance determinant to a
two-by-two was done for 50 frequencies in
order to obtain enough points for a good
curve. At first this took nearly two hours
to run on my 4MHz Z80A microcomputer.
The table shows a breakdown of  the
number of operations in Basic.

Operation Number of  No. after
Type Operations  Optimising
Originally Code

FORX=.. 700 700
FORP=.. 6650 6650
FORQ=.. 74550 21150
ADDS 223650 43400
SUBTRACTS 298200 29800
DIVIDES | 149100 14900
MULTIPLIES 745500 61000
ARRAY REFS. 1341900 86800
IF...THEN 0 28500
TOTAL 2840250 292900

Clearly any operation contained in the
FOR. . . NEXT Q loop is carried out a far
greater number of times than in any other
position. The first step in reducing the
running time is to move as many opera-
tions as possible outside this loop. The
second step is to reduce the number of
array references, as these take the longest
time. Thirdly to eliminate any unnecessary
computations: the determinant being
evaluated is normally sparse because few
nodes are interconnected. This causes
many zero entries to appear and the com-
puter dutifully subtacts zero for each
unused node. This can be avoided by in-
cluding a test for zero. For a typical 16-
node circuit, these changes have reduced
the number of computations ten-fold. The
Basic interpreter code used is shown un-
der. It uses the notation of A. S. Beasley’s
article! and cuts the time for a 50 fre-
quency graph to 27 minutes, a saving of
77%. Note that the use of the exponentia-
tion operator (**) has been avoided. I have
used A=Y1*Y1+Y2*Y2 in place of
A=Y1**2+Y2**2, Exponentiation is
slower than multiplication and less accu-
rate.

Further opimisation will be machine de-
pendent, and the use of a Basic compiler
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By R. |. Harcourt
FOR X=N T¢ 3 STEP -i
Y1i=YR{X:X)

Y2=YI(XsX)

A=Y 1 #Y1+YZRYZ

IF A=@ THEN 1600

FOR P=@ TO X-1

Y3=YR(PyX)

Y4=YT(PyX)

IF (Y3 = @ AND Y4=Q@) THEN 1202
FOR a=@2 TO X-1

YS=YR{ X1 Q)

Yo=YI{Xstd)

IF (YS = @ AND Y6=0) THEN 1202 -

B=Y3#YS-Y4#Y4'
C=YS*#Y4+Ye*Y3
YR(Py@}=YR(Ps@)—(B*Y1+C*#YZ}/A
YI(Py@I=YI(P:Q)—(CH#Y1-B#Y2Z)/A

1200 NEXT @

130@ NEXT P

1400 NEXT X
RETURN

1600 PRINT “NQDE "“3§X3" UNUSED®
GOTO 1420

isuch as that produced by Microsoft is the
simplest method. I did not use Fortran
because it is rather hard to plot graphs
using the Fortran Format statements. It is
also much harder to write a proper com-
mand decoder using Fortran rather than
Basic. However, rather than spending
money on a Basic compiler, I decided to
re-code the FOR . . . NEXT Q loop, using
assembler, and call the machine code sub-
routine from the Basic. I will not describe

‘the assembler code in detail as it depends -

on the computer in use; but I will describe
the macro-codes I used. Provided a Macro-
assembler is available, the macro-code will
be the same for any computer.

Macro-codes

A macro is a block of code which is
invoked whenever the macro call is used.
The macro-assembler sees the name of the
macro called, and automatically inserts in
its place the block of code defined. This
would be useful even if it just saved
typing, but the technique really comes into

its own when the macro can have argu-

ments.

If I define a macro for multiplecation,
called, say, MPY, then I shall need to
specify a multiplicr, a multiplicand and a
place for the answer. The macro MPY is
used as follows:

MPY X,Y,Z is equivalent to Z=X*Y
It is defined by saying:

MPY MACRO A,B,C

*

* (code is entered here)
*

ENDM

The code for the multiplication is not
shown but whenever MPY is used that

If GS=AS THEN Cis="R"

code replaces the macro-call. The real
arguments X, Y and Z are substituted in
place of the dummy arguments A, B and.
C. It is now possible to use expressions
like:

MPY X,Y,Z

MPY 2,W,Z

which is the equivalent of Z=W*X*Y, and
MPY X,X,X

this is the same as (LET) X=X**2

‘The macro-codes for use in the FOR . . .

NEXT Q loop are shown in the appendix.

Graph plotting .
Here is a Basic program for plotting gain
and phase shift simultaneously on a line-
printer or v.d.u. Examples are shown. It
should be noted that both frequency and
gain are plotted using logarithmic scales.
Gain and phase axes are drawn so as to
completely fill a page, with automatic scal-
ing of axes. A gain point is plotted as a
letter G, a phase point as a P, but if both.
coincide the letter B is used at that point.
The code is as follows:

REM PLOT A GRAPH

INPUT "HEADING":C$

INFUT “FROM WHAT FREQUENCY"3F1

INPUT “TO WHAT FREQUENCY":FZ

INPUT "IN HOW MANY STEPS"$NF

RA=EXP (LOG(F2/F1)/(NF-1})

LPRINT CHR$(1Z) 3 TNEW

PAGE
LPRINT TAB{(J@):"FREQUENCY RESPONSE CURVE ~ :C#
LPRINT

MN=1EJB : MX=-1E3B : F=F1/RA

AL=-90 : A2=90

FOR 1=t TO NF

F=F %RA

FR{I)=F i}

GOSUB 20000 *SETUP ¥ _ARRAYS
GOSUB 21po@ YREDUCE TO 2 PORT

"GAIN AND PHASE
*CONVERT TO dB
"MAX GAIN FOUND
TMIN GAIN FOUND
"MAX ANGLE FOUND
"MIN ANGLE FOUND

GOSUR zzee@
EOSUB 23200
IF MX<G THEN MX=G
IF MN>G THEN MN=G
IF A1<A THEN Ai=A
IF A2>A THEN AZ=A

GG(I)=G "ARRAY OF GAINS
AALTI=A TARRAY QF ANGLES
NEXT I END OF GET GAINS
RN=MX~MN "GAIN RANGE
RA=A1-AZ "ANGLE RANGE

ST=RN/20 'HORIZ GAIN STEP

SA=RA/2@ "HORIZ. ANGLE STEP
LPRINT

LPRINT “GAIN d8 (&) : )
FOR 1= TO =0

LPRINT TAB(14+1#5) 3 'AXIS STEP SIZE
LPRINT USING "i###,#"3 (MN+ST#I\ 1’ AXIS MARKS
NEXT I . TEND GAIN AXIS

TAXIS LABEL

LPRINT

FOR I=1 TQ NF FOR EACH FREG.,

LPRINT USING “sb##seass. #® : FR(I)

LPRINT " Hz" 5 TAB(20) :

GS=INT(10@*(GG(I)-MN) /RN} "GAIN COORD

AS=INT(10@#(AA(I)-AZ) /RA TANGLE COORD

IF GS>AS THEN Si=AS : C1$="P" : CI$="G" : G2=GG-AG-!
If GS<AS THEN S1=65 Cig="G" = C2$="P" : S2=AS-GS-1

t S1=GS : Smel @ Cag=t "

LPRINT SPC(S1) ; *PRINT SPACE 1

LPRINT Ci$ 5 TLETTER 1
LPRINT SPC(SZ) : *SPACE
LPRINT C2$ TLETTER 2
NEXT I *FINISHED
LPRINT

LPRINT *PHASE DEGREES : "3 *AXIS LABEL

FOR 1=0 TO :@

LPRINT TAB(i&+I#5) ;

LPRINT USING "###.4": (A2+5A*1)

NEXT I "END
RETURN

All the print statements can be seen to.
be LPRINT statements and a 132 column
printer was used. If v.d.u. output is re-

- quired, then PRINT statements should be
substituted and the graph should be scaled |
according to the width available. ' ;

WIRELESS WORLD AUGUST 1982

WWW americanrad

GAIN dB (@) :

100.@
108.3
117.3
127.1
137.6
1491

1012.8
1096.9
1188.1
12B6.9
1393.8
15@9.7
1635.1
1771.0
1918.2
2077.6
2250,3
2437.3
2639.9
2859.3
3096.9
3354.3
3633.1
3935.1
4262.1
4616.3
5000.0

FREQUENCY RESPONSE CURVE - FIFTH ORDER LOW-PASS FILTER

™ -79.2—75.4;71.4—67.5-63-5-59.5455.6—51.6-47.6—43.7—39.7-35.7-31.B~27.B—23.8—19.8—15.9—11.9_-7.9 -4.0 0.0
Hz G P

o

N

o
jnfa]

o

N

o
61616161616161‘“51

PHASE DEGREES @ —88.7*79.9-71.1-62.3;53.6-44.8-36.0—27.2-18.4 “9.7 ~0.9 7.9 16.7 25.5 34.2 43.0@ 51.8 60.6 69.4 78.1 86.9

GAIN

2893.0
2901.5
2910.1
2918.6
2927.2
2933.8
2944.5
2953.1
2961.8
297@.5
2979.3
2988.0
2996.8
3005. 6
3014.5
3023. 4
303z2.3
3041.2

-3@5@. 1

3059. 1
3068. 1
30877.1
3086.2
3295.3
3104.4
3113.5
3122.7
3131.9
J141.1
3150.3
3159. 6
3168, 9
3178.2
3187.6
3196.9
3206.3
3215.8
3225.2
3234.7
3244.3
3253.8
3263. 4
3273.0
3282.6

3292.3

3302.0
3311.7
3321. 4
3331.2
3341.0

4B (@)

FREQUENCY RESPONSE CURVE -~ LCR NETWORK
: -25.0—23.9-22.5—21.3—20.0—18.9—17.5—16.3—15.0—13.8—12.:-11-3—43.0 -8.8 -7.5 -6.3 -5.0 -3.8 ~2.5 -1.3

- o
N
TOUVTO
[afalalaknfaolnfialal-"]

[alalala

PHASE DEGREES : =B86,8~78.1-69,5-60, 8-52. 1-43.5~34.8-26.2-17.5 8.8 -0.2 B.5 17.2 25.8.34.5 43.2 51.8 6B.5 69.2 77.8 86.5
Graphs produced by the program. The frequency axis is vertical, so the curves may make more sense if viewed from the side.
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FREQUENCY RESPONSE CURVE -~

GAIN dB (G) :

1.0 Hz P
1.3 Hz P
- 1.8 Hz P
2.3 Hz P
3.1 Hz P
4,1 Hz P
5.4 Hz 2
7.2 Hz R
9.5 Hz 2
12.6 Hz 2
16.8 Hz P
22.2 Mz P
29.5 Hz P
39.1 Hz P
51.8 Hz P
68.7 Hz' P
91.@ Hz B
i2@.7 Hz P
160.@ Hz P
212.1 Hz P
281.2 Hz P
372.8 Hz P
494,2 Hz
455.1 Hz
868.5 Hz
1151.4 Hz
1526.4 Hz
2023.6 Hz
2682.7 Hz
3556.5 Hz
4714.9 Hz
6250.6 Hz
8286.4 Hz
18985.4 Hz
14563.5 Hz
19307.@0 Hz
25595.5 Hz
33932.2 Hz
44984.3 Hz
59636.3 Hz
79060.5 Hz
104811.@ Hz
138950.@ Hz
184207.@ - Hz
244205.0 Hz
323746.0 Hz G
429194,8 Hz G
568987.0 Hz G
754312.0 Hz G
1000000.0 Hz G

PHASE DEGREES @

While working on loudspeaker crossov-
ers, I wanted to model a crossover feeding

two drive units, one of which was connec-

ted out of phase. For speakers in phase it
was easy to find the sum by specifying a,
summing network, but for an out-of-phase
speaker, I found it necessary to invent a
non-existent circuit element. I have called
this an ‘inverter’ which is a two terminal
device with the property of ‘losmg any
current flowing into it while taking in an
equal current at its other end which is also
lost. This violates Kirchhoff’s law and the
charge conservation laws, but the method
works on the computer. The ‘inverter’ has

admittance determinant:
+1ES +1ES
+1ES +1ES

and the value used (always a positive value
added to the YR array) was +1ES, so that
the net effect was of a small resistor
connecting an out-of-phase speaker to the
output node.

Having cut the time for our typical 16-
node circuit frequency plot to 16 minutes
from two hours, I then tried the effect of a
BASIC compiler and used the Microsoft
-compiler. This produces true machine
code and the time for 50 reductions from
16 nodes to a 2-by-2 was now 2 minutes 48
seconds. With the addition of the macro
assembler codes to the two inner loops (P
and Q), this was cut to 2 minutes 6
seconds, a saving over the original running
time of 98%.

So it can be seen that with a little effort,
much time can be saved. The purchase of a
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Basic compiler compatible with the in-
terpreter can turn the home computer into
a useful designer’s tool.

Appendix

Macro-codes for fast reduction

The macro-code used was as follows:
Each operation is shown with its equiva-
lent in Basic:

MSB Y31 Y51 Y4, Y6:B
MAD YS9:Y4:Ybs Y32 C
MAaD LsY1:CriY2:D
MEE C1¥1:BaYIHE SE=CHYL+B&YZ

DIV DyAsD sD=D/A

DIV EvAsE SE=E/A

,5UB YRPQ: Dy YRPG EYR(P1@)=YR(P@)-D
SuB YIPQE: YIFQ EYI(Pa@)=YI(F:Q)-E
RET

END

IBSYIHYI+Y4 YA
3 C=Y4¥YS+YERY3
D=B#Y1+CwYZ

The macro definitions, which should
precede their use, are:
MAD MACRO M1 M2 M3a M40 ANS
. MPY Mi.M2:71
MPY M2eM4s T2

ADD TL:TZ1ANS
ENDM

MS2 MACRO Mls M__M35M45ANS
MPY T
MPY
5U2
ENDM

All other macro definitions (ADD,
SUB,MPY,DIV) are machine dependant,
and are not shown here.

Note: A version of the circuit modelling
program, called ACM, suitable for TRS80
micro-computers, will be available from
Molimerx Ltd, 1 Buckhurst Road, Town
Hall Square, Bexhill-on-Sea, E. Sussex.

—56.0—53.2—50-4-47-6-44-9-42.0—39.2—36.4—33.6-30.9-29.0-25.2-22.4—19.6-16.9-14.0—11.2 -8.4 -5.6 -2.8 0.0

TEST PLOT ~ CR LOWPASS -~ R=10K C=1@N

GG G Y G 41 G G Y G Y 6 Y Y G6Y @D G 6Y G G GY G G

VOV UVUOVOVDUVUO

o

2.0 4.5 9.0 13.5 18.0 22.5 27.@ 31.5 36.0 40.5 45.0 4%.5 54.0 58.5 63.0 67.4 71.9 76.4 608.9 85.4 89.9
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Orchestral sounds,
halls and timbre —
a correction

Denis Vaughan has kindly pointed out to
us one or two misprints which crept into
his article in the May 1982 issue: Just
under the heading ‘First reflections’ on
p.32, the phrase should read: “Their
timing is exactly controlled by the width (1
foot ~ 1ms).” In the middle of page 33,
reference is made to Guildford and this
should read Gilford. In the third column of
the same page, there are two references to
reflection times which should read: “this
means that the effectively larger reflections
start about 81ms after the original sound’.
and; “Kingsway has quite a lot of powerful
reflections to offer within the first 105ms.
Because the larger reflections continue to
return up to 147ms, the substantial and
lengthy support of the musicians is as-
sured”’. The figures printed (18 and 14ms)
could be misleading, especially to those
interested in modelling electronically the
initial reflection pattern of the hall.
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DIGITAL DIVIDERS WITH
SYMMETRICAL OUTPUTS

The author uses Johnson counters WIth controlled feedback to give symmetrical even and
odd-numbered divisions of a clock pulse.

Time and again, in literature on digital
circuitry, ideas are published on the prob-
lem how to obtain a 50% duty cycle when a
regular pulse train is divided by an odd
number. Some clever (and less clever)
methods are proposed, e.g. the use of ex-
clusive-or gates in the clock pulse lines, a
separate flip-flop with a delay of half a
pulse period, the output of which is com-
bined with the normal flip-flops, etc.

In my opinion, the use of EXOR-gates
in clock lines should be avoided, since
spikes on the output-signals of the flip-
flops may occur; a better way is to combine
the outputs signals of the flip-flops. The
ideas, found in Refs. 3 and 4 are broad-
ened in this paper, and a generalized
scheme is proposed which may be easily
expanded. Moreover, the control input is
pure binary and there is no attempt to
change the (odd or even) sequence length.
Standard i.cs are used. |

The Theory

. When a Johnson or Mébius ring counter
is fed back, a sequence length of n or 2n is
derived, depending on whether a straight
or twisted loop is used. The maximum
sequence-length is 2n for n bits, and sequ-
ences of 2(n-1) etc, are derived when out-
_puts, other than the last, are chosen. When
‘two adjacent outputs are fed back via an
‘AND-gate and negated, (Fig. 1.) any
length between 2n and 2 may be obtained.
If an auxiliary flip-flop is connected to
the chain and is switched on the opposite
pulse edge, the output is shifted over 12T,
where T is the clock pulse period. It is
‘necessary for the incomong pulse train to
have a duty, cycle of 50%; if not, a divider
is needed which will halve the frequency
In Fig. 2. the outputs of 2 flip-flops, FF;,
the last in the chain, and FF,, the extra
flip-flop, are combined in an OR-gate to

Table 1. Feedback signals and sequ-
ence length.

" Feedback Sequence/length

A 2
AB 3
8 4

" BC 5
© 6
cD 7

D 8

DE 9

E 10
EF 1
F 12
FG 13
G 14
GH 15
H 16
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obtain an odd sequence length (9) with a
symmetrical output. In this case, D and
E are fed back (see Table 1).

~ When an even sequence length is cho-
sen, a symmetrical output is derived from
‘the last flip-flop in the chain, only one
(negated) output is fed back and no OR
process is needed. In the Table 2, a list is
given of all possible combinations; I
.through VIII are the controls signals which
switch the (negated) I for A, II for B,
. VIII for H.

Table 2 "Control inputs and corre-’

sponding sequence lengths,

Control inputs Qutput
v vVl vievi (*T)
1 : 1 +1
11 12+ 112=

1 2 +2
11 24+2Ve=
1 3 +3
11 312+3V2=
1 4 +4
i1l . 45+42=

1 5 +5 .=10

11 5%2+5v2=11

1 6 +6 =12

11 6'2+62=13

1 7 +7 =14

1 1 7%+7%=15
1 8 +8 =16 .

1
CONONHWN

Complete circuit

In Fig. 3, 'the complete diagram is given,
consisting of 8 flip-flops (a shift register), a
pulse circuit, an output, feedback gates
controlled by the inputs I to VIII, and a
decision making circuit with 4 full adders
for odd and even lengths.

The latter operates as an EXOR-gate

'with 8 inputs: Y =1 @ I S IV. . . . &

VIII and therefore Y = ‘1’ for odd and ‘0’
for even lengths; the unused input of the

. full adder at the bottom is permanently

held at a logical ‘1’ level.
In the output circuit, the function H +
YZ is realized. For Y = O, the output

'becomes H (for even length, sequences)
'and for Y = 1, the output is H + Z (for an
‘odd length) as shown in the time cha.rts in
Fig. 4a and 4b respectively.

. The ﬂlp-ﬂops A to H are D flip-flops,
operaung in the leading clock pulse edge
and Z (auxiliary flip-flop) reacting on-the
trailing edge of it. The P flip-flop is needed
‘when the input pulses are not symmetrical,
and a buffer gate is used for amplification.
iThe correction and enabling circuit
is described in the Appendix. In normal
circumstances, this circuit is inoperative
‘and the shift register is loaded with all
zeros by the enabling input, and cycles via
10000000, 11000000, 11100000,
‘through 11111111 01111111 etc. back to
the all zero condmon This is the “nor-

.mal” sequence, 1 out of the 16 possible

cycles. Of course, other values of n than 8
are possible, this number has been chosen

for comparison with the circuit described
'by Girolami and Bamberger?.

Modification
In Fig. 3(a), there are 8 control inputs

‘which are used separately (for even

lengths) or in groups of adjacent pairs (for
odd lengths). If one wishes to control the

‘sequence length via a binary weighted

control input, a decoder is needed as des-

cribed in Table 3.

In Fig. 3(b), a read only memory is pro-
grammed as a decoder, and the input 1

.may be used to control the output circuit:

|
\

Clock [ ]' :
tput
: Shift register _ putpy

even or odd; the output function is H +

Input

p=Jlo =

B G
r———j
Feedback (see table1)

Fig 1. Basic principle of a variable length
counter.
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Table 3. Binary weighted control inputs and corresponding signals and sequence
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‘other sequences have to be detected and

ilengths ‘corrected; since 00000000 is a valid combi-
Input Decoded input ) Sequence ARHOITESCIENE of_all flip-flops is an easy
8421 0 m vV v VIE VIl length way to correet. - 4.
0001 no sense = If one wishes to correct any invalid com-
0010 1 0 0 0 0 0 0 0 2 bination immediately, a rather complex
0011 1 1 0 0 0 0 0 0 3 circuit is needed; it turns out, however,
0100 0 1 0 0 0 0 0 0 4 that with certain combinations, the regis-
0101 0 1 1 O 0 HIORSOR 0 O 5 ‘ter may be reset; within 16 clock pulses
0110 0 0 1 0 0 0 0 0 6 any error will be removed.
DN 4 - : L P . o 0 - In the normal sequence, o ‘0’ is present
1000 0 0 0 1 0 0 0 0 8 ?
1001 0 0 0 1 1 Ao 9 between! ‘1’s;| so ' 101 looks 'a 'good |bit
1010 0 0 0 0 1 o 0 0 10 pattern to detect. HOWCVCI.', not all sequ-
1011 0 0 0 0 1 1 0 0 11 ‘ences contain this combination; 1001 also
1100 0 0 0 0 0 1 0 0 12 occurs. P ool
1101 0 0 0 0 0 1 1 0 13 To check these sequences we’ write
1110 0 0 0 0 0 0 1 0 14 ,down any non-normal sequence, econo-
1111 O 10k 0 o 0. OO el ) 15 mizing space by writing the notanonma
0000 0 0 .0 0 0 0 0 1 16 row, as follows:
s €g.1110110100010010
YZ, realized by NAND gates via the for-
mulaH.YZ
e e g O 3 ) O T B 1 T o M 4
Conclusion Clock ‘ ] ‘ ‘
A method is proposed by which in a . |
straightforward manner any sequence A LK =~ |
length may be chosen via a binary \ ) r
weighted input. The circuits are normal B [ : Vi ]
s.s.i. or m.s.i. i.cs; for an 8 bit integrated \
shift register, the clock input is buffered as C _ o
is the clear input. The buffers may be left \ .
out. The output is symmetrical and no D , ] |
spikes occur, since the Johnson principle is \
in fact a Gray code of sorts, changing only y(= : ] N
1 output per clock pulse. \ - Feedback G—=Da o
The number of flip-flops is Ysn, when n F | 1
is the sequence length, whereas for a nor-.. \
mal counter logsn flip-flops are needed. G IR X
“There is little disadvantage, however, with \ y
low prices. In both cases the sequence is Ll o | |
nonbinary. : \ \l
Appendix ‘ ‘
With n = 8, there are 256 possible mtputh | | 7 =]
zero-one bit patterns, of which only 16(8 x 77 ; 7T i
1 and 8 X0 in groups of 8) are valid. All 'Leng"‘ l- 14T = .

[Fig 4a. Time chart for an even-numbered division (e.g. 14).

DS p A Ta i, GO | D, O 0 e B A
A _J\ ' K a7
& N 1
y \ | Feedback FG=Da
D. ) _l\ | N
- r\\ | 3
L7 | SN d
G 1[\1 =
s =2 .[\ |
z —\1 J {
Output=H+Z | =2 }

\Fig 4b. Time chart for an odd-numbered division fe.g. 13).

N



g which has no absolute cylinder-address re-

The ends are in fact connected, so by
checking 101 and 1 0 0 1 “over the edge”
if needed, the result is:

101:(3x)and 1 00 1: (Ix)

This means that FGH and EFGH

have to be used; simplification gives:

EF + P GH = (E + F) GH or

rewritten in NAND-form:
.F.GH ' . :

Since reset is a ‘O’ signal, we invert this to:
E.F.GH; a buffer _and an ex_temal
enable (normally ‘!’) signal results in the
circuit as show in Figs. 3 and 4. | :

For a sequence of 2, however, this cor--
rection has to be corrected itself by an

LIT signal (I is 1, IT = 0) since t.hls'
short sequence the detection patter occurs.

G

—co4d-=0c0OP»
CO==00=0
O=m=m0Olo=m=0
L e a0 Q=m=a200
—_ OO =m=a0o0Om
OCO==2=000™M

H
00
00 )
0 0(inAB,CD)
00
1
13
01

(in E,F,G,H)

Detection and correction follows: there is
no reason, to choose EFGH; any group of
4 consecutive outputs is valid. The reset is-
asynchronous, i.e. not controlled by the

"clock pulse, but within one period T the

counter is ready and starts again, whatever

_the sequence length may be. 0
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continued from page 36 -

try in the'system error log, as it indicates a;
malfunction. In the embedded-servo sur-.
face drive, however, the condition is
handled differently. Figure 13 shows a
flowchart for the control of the drive,

gister, and in which all seeks are relative.
The system only knows where the heads
are by reading a header. In order to reach a
particular cylinder, the program has to
read the first header it sees on the current
cylinder, and calculate the cylinder dif-
ference required to get to the desired cylin-'
der. This cylinder difference, which mayi

. be positive or negative, is sent to the drive,
which performs a deductive ‘see}:. When:,
this is complete, the program again reads a’

header. Most of the time the header will

contain the desired cylinder address, prov--

ing that the seek was successful, but in the
odd case where the cylinder count deduc-

tion was in error, the program simply’

loops and calculates a new difference value
“until the correct cylinder is reached.

Since each surface has its own em-
bedded-servo information, the heads may.
be aligned using a normal data disc pack.
As a new head is selected, it becomes the
source of the position error, and as the-
heads are only aligned to one another
within a certain tolerance, the positioner
will adjust itself to eliminate any position’
error when head switching takes place..
This process takes time, and further time
‘is necessary to read a header to confirm

that the desired cylinder is under the new
‘head. The time taken by this process is the

same as that needed to perform a one cylin-
der seek, such as might be necessary when

all tracks of a cylinder have been written.

but there is still data to transfer. With a
conventional disc drive format, both of

these processes would cause the loss of an-

* entire revolution of the disc, waiting for
sector zero to come under the heads again.

‘Having abandoned the concept of absolute’

S St s2 |
= : sz /ﬂ--- T §1’ 'Y 1 0 1
S1 — - S?
S2 A
S1 /// - S1 S24 0 1
§1 S? /./ ,,/’.’ ) 5_1 )
s1 323 =Rl e s1
Y, D G T S — O
S 5 L Eiais oLl S S i
1 1 ‘ s e of SRR (T 3 S2
S2 T -— 0 A
5_1 7 \_\:\‘__‘ S1 32
§2 WS “\‘
$1 ~d ~—-_ s S2
22 s2 = Soa s U L
5 <% S i
- Y] R4
S1 S S1 S2
5 S2 SIS 5 0 1
: )
Digitised
velocity
Previous Current
2 bits 2 bits s ]
ﬁ'.—__—_—. Cylinder
k prom ——— Crossing
hsat>- Count

Fig. 12. Here, a seek is being carried out and value 11 from a servo sector has been stored
for comparison with two bits from the next servo sector. As can be seen, there are many
positions on the subsequent sector where the positioner appears to be on the correct
cylinder. To avoid this ambiguity, digitized information from the carriage velocity
.transducer together with the two stored bits and two bits currently being read address a
prom which returns the cylinder crossing count.

o~

Subtract current cylinder
from desired cylinder

Is cyl.
difference
0?

No -

__Ready on
cylinder

Send cylinder difference
to servo

Is servo
" ready ?

Fig. 13. Flow chart for an embedded-servo
‘positioner system. An absolute cylinder-
address register is not used, so all seeks.
are relative. Seek errors simply cause

an extra execution of the loop.

cylinder addressing, which made it neces-
sary to read headers to discover the head
position, it is also possible to abandon the
fixed index concept, as the sector number
is contaified in every header read. There is
no index point on the disc, and all of the
sector pulses are identical. The format of
adjacent tracks is displaced to allow
enough time for a seek or head change, and
for a header to be read to confirm the
position, before sector zero of the new’

track comes around. In the case of a long:

"data transfer of many blocks, a significant
transfer-time reduction achieved, since ro-
tational latency is eliminated.

It is possible to build two versions of the
drive. In the first, only the position error:
.developed during S1 is used for track fol-,
lowing. In the second, the position error
from S1 is used for track following on even
cylinders, and that from S2 used on odd
cylinders. The second version obviously
‘has twice as many cylinders as the first,
‘but in other respects is basically the same.

Winchester technology and floppy discs

and their drives are discussed in the next,
_part of this series. .
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DIGITAL FILTER DESIGN

Fast numerical operations using limited precision fixéd-
provided by new types of microp
four outlines some of the proble

| fixed-point arithmetic are now being
rocessors and I.s.i. circuits. This third article in a series of
ms of using fixed-point arithmetic and gives a brief survey

of the new devices, concentrating on the Intel 2920,

Three types of operation are required for - :

digital filters: multiplication of samples by
constant coefficients, addition, and tempo-
rary storage for delaying samples. The
digital filter shown in Fig. 1, a. bi-qua-
dratic section, represents the sequence of
mathematical operations that must be car-
ried out for each input sample x, referred
to as X to produce an output sample Ya
referred to as Y. The sequence of opera-
tions may be summarized as

1. Calculate W by adding W' multi-

plied by ~b; and W' multiplied by
—b; to X. (W and W' are values of W
stored during previous executions of
this algorithm — seesteps 3 & 4). .
2. Calculate the output Y by adding W'
times a; and W' times a; to W.
3. Set W' to the number currently
stored in W for next time.
4. Set W equal to the number cur-
rently storedin W. -
Recursive digital filters are generally im-
plemented as cascades of biquadratic sec-
tions i.e. the required transfer function
H(z) is expressed as the product of second-
order transfer functions Hy(z), Hy(z) . . .
each being realised by a distinct digital
filter section of the type illustrated, A
practical digital filter, therefore, would be
a device or devices capable of performing
the calculation sequence listed above for all
biquadratic sections, for each input signal
sample x,. These calculations must be car-
ried out accurately and within the time-
span available between samples in real-
time applications. Before looking at real-

time digital filters, however, consider
- briefly their implementation on general-

purpose digital computers. 3

Real-time processing

Although digital filters have been studied
for many years, their use has until recently
been mainly confined to research applica-'
tions and computer simulations. This is

likely to change rapidly with the de-

velopment of special-purpose microproces-

sors and v.L.s.i. devices for signal process- |
ing. Such devices essentially execute the

type of program discussed in the panel,
but if the programmed filter is to be used
for continuous signals sampled in the Ny-

" quist rate, all numerical calculations must

be completed for each input sample before
the next one becomes available; otherwise
an increasing backlog of samples would be
built up. This imposes a speed require-
ment which is not present when processing
blocks of stored data on a general purpose
computer. Such processing would nor-
mally use the highly accurate floating-
point arithmetic operations provided by
high level languages but at great cost in
processing time, typically 100us per
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by B. M. G. Cheetham
and P. M. Hughe$

multiply or add. The necessary increase in
processing speed required for real-time fil-
tering is currently possible only at the ex-
pense of accuracy through the use of fixed-
point arithmetic. It is thus necessary to
represent all samples, coefficients and re-
sults of additions and multiplications by

- binary numbers of limited wordlength

with the equivalent of the decimal point,
i.e. the binary point, assumed fixed at
some position within the word.

For example, the 16-bit number

0.110000000001101 with fixed binary

point represents the decimal number
0.75040 correct to about five significant
figures, whereas 0.0075040 must be
written as 0.000000011110110 which gives

only about three significant figures of
precision. In contrast to floating-point
numbers, the accuracy to which'a fixed-
point number represents a given number
depends on its magnitude. Care must be

~ exercised in positioning the binary point

lest the addition of two numbers be
allowed to overflow, producing a result too

large for the chosen format. Negative

numbers may be represented in two’s com-
plement form with a value obtained by
subtracting 1.XXX . . . from the fraction-
al part of the binary number. In this
representation, the fixed-point numbers

.outside the range *1 are not allowed and

all numbers likely to appear within a digi-.
tal filter would have to be scaled accord-
ingly. :

The use of fixed-point number represen-
tations clearly introduces complications in
the design of digital filters and introduces
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X
{xn} :Z W }(wn)

-by W' (Wn-1} a)

-by w” ap
{Wn-2}

Fig. 1. Recursive digital filters are generally
implemented as cascades of biquadratic
sections, above. Diagram shows sequence
of mathematical operations that must be
carried out for each input sample {x,} to
give output sample {y,}.

innaccuracy which will tend to degrade
performance a$ compared with the theoret-
ical ideal. Some of the most important
effects are next considered. -

Quantization noise. The conversion of an
analogue signal into digital form intro-
duces a degree of distortion as a result of
representing.the sampled voltages as fixed-
point binary numbers. This distortion
effectively adds on error signal known as
Quantization noise to the original signal, as
illustrated in Fig. 2. The level of this un-
wanted roise signal is determined by the
wordlength available and the dynamic
range allowed for the analogue signal i.e.
its expected maximum and minimum
.voltages. It may be shown that an n-bit
a.nalogue-to-digital conversion (with n>4)
results in a quantization noise signal of
r.m.s. value A/2V3,A=(Viyar—Vimin)/2%,

is known as the quantization step. In
theory, the noise is spread evenly over the
frequency spectrum 0 to fy/2. For a zero-
mean input of r.m.s. value o, the signal to
quantization noise ratio is

20log10(2V30/A)
=201log10 (2V30.2%/2V )
~6n+ 10.8+20}oglo(de) dB.

iFor this formula to be valid, input signal
‘must not exceed the prescribed dynamic
range. Ensuring that o < Vp,,/4 achieves
this to reasonable accuracy for noise-like
signals, giving a maximum s-n ratio of

6n+10.8+20log;0(0.25)=6n—-1.2 dB

This formula may be used as a rule-of-
thumb for a wide range of different types
of input signal although higher ratios may
be obtained by reducing o/Vp,x for
specific signals such as sinusoids. Clearly
the maximum value depends on the
number of bits in the digital representa-
tion, and increasing this number improves
the figure by 6dB per bit.

Data wordlength. With fixed pomt
number systems both the range and preci-
sion of the numbers which can be repre-
‘sented is limited. For convenience it is
‘usual to think of all the signals within a
digital filter-as being in the range —1 to 1.
Such signals require only one bit in front
of the binary point, this being used as the
.sign bit to differentiate between positive
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.quantization step size of 27!
.must therefore be rounded to the nearest

‘number likely to be generated is within

‘and negative numbers. The precision of
‘the number representation is determined
by the number of bits available for storing

data. A sixteen-bit data word, for example,
with one bit used for the sn§n gives a
All data

integer multiple of 2~'%. In practice it is

-difficult to determine exactly how many

bits are needed to satisfy particular per-
formance requirements. The present gen-

‘eration of special-purpose signal process-

ing devices employ basic wordlengths of
between 16 and 25 bits.

Coefficient quantization. When a digital
filter is implemented in real time its coeffi-

_cient-values as well as its samples must be

quantized and stored to limited precision.
The effect is to degrade the frequency res-

'ponse as illustrated in Figure 3. A

wordlength of about 12 bits is typically
used for coefficients. The second program

‘listed calculates the amplitude-frequency

response of a digital filter with original

‘unquantized coefficients and with quan-
‘tized values as they would be represented

in the filter. The maximum difference over
the relative frequency range 0 to 0.5 is

'printed out as a measure of the degree of

degradation suffered.

.Dynamic range limitations. Signal over-
flow, which occurs when the result of an -

addition or multiplication within a filter is

.out of range, will cause incorrect opera-

tion. The errors generated can cause self-
sustaining oscillation of large amphtude

‘which are highly undesirable. The sim-

plest way of avoiding overflow is to
multiply the input to each biquadratic sec-

‘tion by a suitable scaling factor S. The aim

is to reduce the input signal level suffi-
ciently to ensure that the largest internal

range. For a sinusoidal input, S may be set

.equal to 1/Gp,; where Gy, is the maxi-
-mum gain between the unscaled input and

any point in the second-order section. This

.ensures that no internal signal exceeds the

input in amplitude. In practice, it is suffi-
cient to examine only the overall gain of
the section G(w), and the gain G;(w) be-
tween the input and the internal signal W.
It can be shown that

Gm,.{ 2max{G(w), Gl(m)} 2M

(IE05=7

with G(w)=|Hj(e”)|=
1+aje 10+ay e~ 4
1+bje o+ bze_zi“’

1
l+b1e"“’+b2e'2’“’

and Gl((l)) |

M may be calculated by evaluating G(w)
and G;(w) over the range 0<w=<n and
.searching for the maximum modulus.

A Basic program for doing this is pro-
vided, see third listing. Choosing S=1/2M
iwill eliminate the possibility of overflow
for sinusoidal signals, and in practice will
normally prove satisfactory for other types
‘of signal. In many cases this result may be
unduly pessimistic and larger scaling fac-
tors S may be used depending on the parti-
.cular filter being implemented and the

"type of arithmetic used. If G, is signifi-
cantly greater than the maximum value of
'G(w) (overall gain) it may be necessary to
scale up the output of a section to bring the
overall passband gain to unity. Scaling
factors are often approximated to the near-
est power of two so that the required
multiplication may be carried out by sim-
ply shifting the signal representation an
appropriate number of bits to the left or
right.

Example. Consider the scaling required
for the first section of the bandpass filter
whose impulse response is shown in the
‘panel opposite. The coefficients aj, a;, by,
‘b, for this section are —2, 1, —1.0524,
:0.6232 respectively. By means of the
program the maximum values of G(w) and
Gi(w) are found to be 2.57 and 3.56 and
.hence GmsZM 7.12. A suitable scaling
factor is therefore 1/7.12~0.1404. Thxs
would often be appmxmated to 273, the
‘nearest power of two, requiring the mput
to be shifted three bit positions to the

;right. As Gj(w) is greater than G(w) in this -

'example, it would be necessary to scale up

the output signal if a maximum gain of

_unity were required for the whole section.

Microprocessor implementation
_In addition to its filtering task, a micropro-
cessor may be required to control a-d and
d-a converters, or alternatively interface
.with other digital devices as a means of
signal input and output. When controlling
converters it is necessary to provide some
‘means of accurately maintaining a fixed
sampling frequency.

The choice of microprocessor type de-
pends mainly on the required sampling
rate. The present generation of general
‘purpose eight-bit microprocessors can pro-
vide digital filters with sampling frequen-
cies of at most a few hundred hertz; the
_more powerful 16-bit microprocessors! en-
ables this to be increased to about 5 kHz.

Original signat

). \\\\t:/
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l}lz fo aE

k-A/z l ® - o~

[Fig. 2. Conversion of an analogue signal
into digital form produces an error signal
l(quantization noise) which, in effect, is
,added to the original.

ERROR
SIGNAL
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For the real-time filtering of audio band-
width signals at sampling rates of about
8kHz and above, it has until recently been
necessary to employ bit-slice microproces-
sors 2 or custom-designed hardware cir-
cuits which incur a high component count
and circuit board complexity. The intro-
duction in August 1980 of a microproces-
sor specifically designed for digital signal
processing, the Intel 2920, significantly
changed this position and marked the start
of a new trend in digital signal processing.
This is now being continued and em-
phasized by the mtroduct:on of a digital

sxgnal processor by NEC? and the fad®, an -

ls.i. digital filter designed by Brmsh
Telecom. Details of other microprocessors
intended for d:gxtal signal processing have
been published” by Texas Instruments and
Bell Laboratones.

The Intel 2920 incorporates both a-d
and d-a converters on-chip and when pro-
grammed as a typical eighth-order digital
filter has a sampling rate of approximately
30kHz. As such, the device can be used

simply as a one-chip replacement for au-

dio-bandwidth analogue filters. More re-
cent devices differ from the Intel 2920 in

‘that they do not incorporate the convert-
ers, but provide the means for interfacing

with external converters. These provide
more powerful arithmetic facilities than
the 2920, including fast high precision
multiplication. Large program and data
memories are provided by the NEC, Texas
and Bell devices which should allow them
to implement not only fixed filters, but
also adaptive digital filters which automat-
ically modify their frequency response as

the characteristics of the input signal

change.

The Plessey/British Telecom fad (filter
and detect) is not strictly a microprocessor,
but sacrifices flexibility for simplicity of
operation. It contains on one chip all the
circuitry necessary to implement the bi-
quadratic filter section shown in Fig. 1.
Used as a single second-order section, the
device can operate at‘a sampling rate of
64000 samples persecond, with each i input
and output sample being up to 16 bits in
length. The fully programmable filter
coefficients are supplied in serial form by
external memory. As an alternative to act-

8-bit coefficients
) el 13-bit coefficients
& {Intel 2920)
Ideal response
— -5
[s0)
-
7=
< -0
=
_15 {—
-20 _ ;
005 010 015 020
FREQUENCY

Fig. 3. Amplitude response of an eighth-
order Butterworth bandpass filter shows
effact of coefficient quantization.
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Fig. 4. Intel 2920 is basically a high-speed microprocessor connected to a nine-bit d-to-a

converter, with eight multiplexed output channels under software control.

ing as a single second-order section, by
using on-chip memory, the fad can be used
in a multiplexed fashion to implement a
cascade of eight second-order sections,
providing a sixteenth-order filter with a
sampling rate of 8000 samples per second.
Cascades of between two and seven
second-order sections can be implemented
by modifying external connections.

To illustrate the full capabilities of
microprocessor-implemented digital filters
and to demonstrate how the techniques
described may be applied to their design,
consider in more detail the use of the Intel

. ¥

2920. This device is now generally avail-
able, at gradually decreasing cost, and may
be programmed by Intel users with a
knowledge of digital filters without re-
course to expensive design packages.

Intel 2920

Shown schematically in Fig. 4, the Intel
2920 consists basically of a high-speed
microprocessor connected to a 9-bit d-to-a
converter. The output is connected to a
one-to-eight line multiplexer which is un-
der software control. Eight signal output
channels are therefore available. The out-

Program to implement fourth-order
digital filter on general-purpose
| computer used in example on page 47

1@ | 4Tk URDER OIS ITHL FILTEE
28 UIN X{2@).'Y{2n
3@ FOR

1. To 28 Tv MO1r=0

40 NEXT o @ Xc@r=1
Sa FOR J=1 TO 2
69 1CJ)=0 B WE(I= @ NENT J

toa Blf3'—-A1FF5 & B2(2>=.534%
118 Aa=, @27

129 | START FEEDING IN Hi2e)
138 FOR I=9 TO 28

140 ¥=¥i1)

158 FOrR J=1 TO 2

168 GOSUE 200 @ X=7Y @ NEXT J
178 Y¢Ia=Y%¥AG & PRINT ¥C(I>

18@ NEXT 1

138 STOP

o8 ! BIQUADRATIC SECTICN J

205 WeX-BloJoXxl1CIN-B2CJI2kH2(.0)
19 Y=W+A1CI2XWL CIN+RA1IIRNZ I
15 W2CJo=W10JD

28 WicJr=W

25 RETURN

5 DIsSF "Al,R2,B1.B2 ?"

16 IMPUT Al.RZ.B1.,B2@ A=1

15 GOSUB 35

26 DISP "MAX GAIN GikW) =":G
2% DISF "MA¥Y GAIN GliW> =";G1

35 G=-1 B Gl=-1

40 FOR F=8 TD .5 STEF .01

45 W=2XPI%F @ W2=2%UW

5@ R2=COSCWzY B I1==1%SINCH)
55 [2=-1%SIHCW2) @ R1=COSCW)
60 N@=A+R1XA1+RZ¥A2 @ N=A1XI1
65 M1=N+A2%I2 R D=1+B1XR1+B2*R2
7@ D=0 @ G1=BlX*I1+B2%I2

75 | NUM=CNB+J N1)

30 ! DEN=«(CB+.J D1>-CYT TO ELL
85 N=NO¥NO+N1XN1 2 N=SQR(N>

16 DIM FPolees, RC1Rg)

2@ PRINT “MO. OF SECTNS";

38 INPUT W

48 PRINWT “IDEAL COEFFS:*

S0 GUSUE 178

6A FOR I=a TO 160

70 PCII=QCI> & NEXT I

%@ PRINT “QUANTISED COEFFS:*"

S0 GOSUB 17@

199 PRINT "FREQUENCY IDEAL Ac
TUALCDEY> " & M=83

112 FOR I=9 TO 180 @ F=1,200

128 PRINT USING "0D.0DD.7D.20.&0.
20" ;3 F.PCID, QD)

130 M1=ABSCPCId=-QCIDD

140 IF M1>M THEN M=M1

B NEXT I ® PRINT “"MAX DIFF=".M

-]

8 FOR J=1 TO N & K=J+J

B PRINT J.;": AL,A2.E1.BZ="

8 INPUT C1C¢K=1>,C2¢K-17,C1CKD,
C2CKE@ NEXT .2

@ FOR I=9 TO 160

B W=FIXI /1860 @ Q(I>=0

@ FOR J=1 TO 2%N

B ¥=C1+C1¢J>XCOSCWI+C2CI>XCASC

2XWII~2+CCLCIDXSINCHI +C2C IO %

SINC2%XW) ) ~2

248 IF K¥<1.E-20 THEN X=1. E-2@

250 QCIY=QCIo—(=1>~JX1@XLLT (KD

260 NEXT 4 @ NEXT I © RETURN

36 D=DO%0D8+D1%D1 B D=SGRC(DD>
95 HB=N-D B H1=1/D

188 I[F He>G THEN G=H@

185 IF H1>G1 THEM G1=H1

118 MEXT F

115 RETURN

Program left compares responses of
recursive filter with ideal and with
limited wordlength coefficients. That
above calculates maximum values of
G(w) and G;(w) for a biquadratic
section.




=

—_—

put is also connected to one input of a
signal comparator, the other input being
derived from a sample and hold network
driven by one of four multiplexed analogue
input channels. This arrangement-allows
up to four analogue inputs to be sampled
and converted to digital form using the
converter and the comparator under soft-
ware control.

The microprocessor section of the de-
vice contains an eprom with space for 192
processor instructions, 40 words of ram
and a specialist arithmetic unit. The basic
‘wordlength of the arithmetic unit and the
ram is 25 bits. All arithmetic operations
provided, which include add and subtract
but not multiply or divide, are performed
in two’s complement form. A special fea-
ture of the device which allows coefficient
multiplications to be performed efficiently
without a multiplication instruction is the
binary shifter (sometimes known as a bar-

References
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* rel shifter). Before being loaded into the

arithmetic unit, one of the operands in an

. add or subtract operation passes through

the binary shifter, which can be pro-
grammed to shift the number up to two
places to the right or up to thirteen places
to the left in one operation. Hence, a ‘shift
and add’ process which can be used for
programmed multiplication is combined
into one instruction. Other features which
simplify the programming of the device
include a fixed instruction execution time

(600 or 800 ns depending on device) and’

the absence of conditional jumps which are
replaced by conditional operations. The
latter ensures that there is only one path
through the program and hence that the
program execution time is constant. An
‘end of program’ instruction is:included,
which causes program execution to trans-
fer to the first instruction in memory,
providing continuous repetition of the

high-precision number crunching, by K.
McDonough et al, Electronics, 24 February
1982, pp. 105-10. ;

Bell System Technical Fournal, September 1981,
vol. 60, part 2 (various papers).

6.92920 Design Handbook, Intel Corporation
1980.

References in June article

1. Oppenheim A. V. and Schafer, R. W. Digital
Signal Processing, Prentice Hall, 1975.

Terrell, T. J. Introduction to Digital Filters,
Macmillan 1980.

Peled, A. and Liu, B. Digital Signal Processing

" Theory, Design and Implementation, Wiley,

1976.

September 6-9

Enrolment for course for the Radio Amateurs
examination. Brixton College for Further
Education, Brixton Hill, London SW2.
September 6-10

Microcoll 82: Seventh Colloquium on
microwave communication. Budapest.
Sponsored by the International Union of Radio
Sciences and the Hungarian Academy of
Sciences. Details from Microcoll, 1252
Budapest, 114, PO Box 15, Hungary.
September 7-10

6th International conference on computer
communication. London. Details from ICCC
82, PO Box 23, Northwood Hills, Middlesex
HA6 ITT. .

September 7-8 -

Semiconductor 82: Exhibition at the Bingley
Hall, Birmingham. V

September 7-9

Compec Scotland: Exhibition of computers,
systems, peripherals and software. Sponsored
by Computer Weekly. City Hall, Glasgow.
September 9-10

Microprocessors and their applications.
Symposium at Bristol Polytechnic, Ashley
Down Road, Bristol BS7 9BU.

September 9-12 g

The 5th Personal Computer World Show.
Barbican Centre, London.

September 8-10

Eurographics *82: International congress for
computer graphics. UMIST. Conference details
from Andrew Yates, University of Manchester
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one third of the sampling frequency. g
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Appendix to June article

To calculate Vx where x=a+ijb.
Convert x to Euler form x=re®, where
r=Val+btZ, O=arctan b/a. _

Take square root Vx="r %2,
Convert Vx to Cartesian form
Vx=V1(cos 8/,+] sin 6/3).,

Institute of Science and Technology, PO Box 88
Manchester M60 1RD.
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12th European solid state device research
conference, Munich. Details from Dr Zerbst,
Siemens AG, Otto Hahn Ring 6, D-8000
Munchen 83, FRG.
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12th European microwave conference,
Finlandia Hall, Helsinki, Details from
Microwave Exhibitions, 43 Dudley Road,
Tunbridge Wells, Kent TN1 1LE.

September 14-16

ElectroWest; West of England electronics
‘exhibition, Bristol. Exhibitions for Industry
Ltd, 157 Station Road East, Oxted, Surrey RH8
O0QF.
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Computer Fair; Prestatyn High School PTA,
Prestatyn, Clwyd.
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OBL.

September 19-24 -
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course at the Department of Human Sciences,
University of Technology, Loughborough.

September 19-24

Industrial digital and microprocessor-based
control systems. IEE vacation school at Baliol
College, Oxford.
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Hangover, a rather
loose term to describe
the stored energy
resonance in a
loudspeaker, the
principal cause of
colouration that
immediately tells you
youre listening to a
loudspeaker.

Take it away and
there’s a new world -
the loudspeakers have
nothing more to say —

instead there’s just the

orchestra and the
magic of the music./
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Nohangover!

If musicis an
important part of your
life, then a pair of
ESL-63 loudspeakers
could be the best invest-
ment youve ever made.

Perhaps even
something to
celebrate about.

WW — 009 FOR FURTHER DETAILS

For further details
and the name and
address of your nearest
Quad ESL-63 retailer
write or telephone -
The Acoustical
Manufacturing Co. Ltd,,
Huntingdon, Cambs,,
PE18 7DB. Telephone:
(0480) 52561.

ey

QUAD <

for the closest approach
tothe original sound
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EPROM EMULATOR
PROGRAMMER

EP4000

- The microprocessor controlled EP4000 will
emulate and program all the popular
EPROMs including the 2704, 2708, 2716(3),
2508, 2758, 2516, 2716, 2532 and 2732 de-
vices. Personality cards and hardware
changes are not required as the machine
configures itself for the different devices.
Other devices such as bipolar PROMs and
2764 and 2564 EPROMs are programmed
with external modules, :

The editing and emulation facilities,
video output and serial/parallel input/out-
put provided as standard make the EP4000
veré flexible to allow its use in three main
modes: '

— As a stand alone unit for editing and
duplicating EPROMs.

items pictured are: @ EP4000 Emulator
Programmer — £545 + £12 delivery; @
BSC buffered simulator cable — £39; @
MESA 4 multi EPROM simulator cable —
£98; @ 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64;
@® 2564 Programming adaptor — £64; @

DISTRIBUTORS REQUIRED @

— As a slave programmer used in con-

junction with a software development

system or microcomputer.
— As a real time EPROM emulator for

program debugging and development

. _(standard access time of the emulator
is 300ns).

Data can be loaded into the 4k x 8 static
RAM from a pre-programmed EPROM, the
keypad, the serial or parallel ports and an
audio cassette. Keypad editing allows for
data entry, shift, move, delete, store,
match and scroll, and a 1k x 8 RAM allows
temporary block storage. A video output
for memory map display, as well as the
built-in 8 digit hex display allows full use
of the editing facilities to be made.

BP4 (TEXAS) Bipolar PROM Programming
module — £190 :

Also available (not shown): @ VM10 Video
monitor — £99; @ UV141 EPROM Eraser
with timer — £78; @ GP100A 80 column
Printer — £225; @ PI100 interface for

EP4000 to GP100A — £65.
VAT should be added to all prices

_ ) EXPORT ENQUIRIES WELCOME
GP Industrial Electronics Ltd.

Unit E, Huxley Close,. Newnham Industrial Estate, Pl‘ymouth PL7 4JN

Tel: Plymouth (0752) 332961
Telex: 42513

WW - 023 FOR FURTHER DETAILS
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MICROCOMPUTER
LINE PRINTER

This is the second of two articles describing an interface for driving a 40-column dot- .
matrix printer mechanism from Z80 signals. With the mechanism, addressing and
interrupt sections covered, the author explains the controller i.c., power circuits, running

' the printer and modifications required to drive a 12V mechanism. ‘

Turning now to Fig. 3, the rest of the
controller circuit can be considered. IC; is
a bidirectional buffer designed to isolate
the controller-board internal data bus from
any noise on the system data bus, and vice
versa.It is enabled only when the controller
board is addressed, and the direction in
which it passes data is determined by the

~ WR line buffered by IC;, and ICs,. To

reduce noise problems, IC), is a Schmirtt
trigger, and similar buffers are used on the

other control bus lines. 1

The control bus is connected to the prin-
ter controller chip, ICj4, and through
three-state buffers, IC,3, to the status out-
puts of the controller i.c. It is also connec-
ted to IC,, the interrupt reply byte circuit.
Note that DO from IC,, pin 18, should go
to DO on IC;, pin 2, and so on up to D7,
pin 9 on IC to pin 9 on IC;.

A 6.0MHZz clock for the controlleri.c. is
provided by an HCI8/U or HC25/U
crystal, XL,. IC)4 contains the character
generator for the printer, and the output

_8

Internal deta bu~

by P. L. Woods

- for the currently selected character appears

on PS1 to PS7 (pins 27 to 33 respectively).
High-voltage open-collector line drivers,
ICj¢ and IC,7, are used to send the signal
to the solenoid drivers. i
Two additional signals have to be sent to
the printer; one is a paper advance signal,
FS (at pin 21 of IC,4), the other is to turn
the drive motor on and off, MT (pin 34).
Three status signals are needed back
from the printer for correct operation. The
first of these comes from a timing coil
which allows the controller to correctly
space the dots for each character. If no

Fig. 3. Controller i.c. and buffers. Mr Woods

. informs us that the controller, IC14, is not

the DPC-2 as given here and in last month’s
parts list, but is the DPC-4.

s l

timing pulses are found within 0.2s after
the motor is turned on, the circuit assumes
that the motor has stalled, so an error
status is set (Error at pin 22), and the
motor stopped to prevent it from burning
out.

The second signal is from a reed relay
which indicates when the printer carriage
has reached the ‘home’ position, and that
the motor may be stopped as it has finished
printing a line.

The third status line is from a normally-
closed pushbutton, connected to ground,
which serves two functions. If the switch is
depressed (open) when the Reset line goes
high then the controller enters a test mode
and prints lines of characters until the¢
switch is closed. Otherwise, pressing the
switch when the printer is idle advances
the paper through the mechanism.

Solenoid and motor drivers
Figure 4 shows a solenoid drive circuit.
Seven of these circuits are required for the

i 8 mos
) 13 12
) 9y 7415367 s, 24433 8 1 2 8 e =E5IS clerioid
7___12_ Xé 8 e 13 ¢ 55:, oc. - -drivers
it BN A [ B 17 3 bl 3 4 oc B e facn
Deta bus : X heias g 12PN [
t0Z80cpu. 3 15 18 als L 5 F R ET 5 6 oimn o
16 4 415 | | iy oc. ,
(W 3
D 18 2
§_ D ' 3712
19 1 5 4
H
~_(\]1 I Timing
e oil
Bus A - - 14 coi
enable g b,c 74LS1 l
WR 1»2 1>2 10§ . n e e
To Zao 4 . RS
C.pu. 3 4 3\ 4 8 — 1)
RD —fﬁ’ﬁ FSW
Ry <’ Reed
ey N— y switch
\Reset——i&oé—s->46 1 freend NE_{I\Z/&(\,_—
IC3gpe 76LS04 e Xy X
Port select il 6 37 |12 13
orT setec
) Vee R X . Paper
iy 1% —I K advance
D= 6MHz (Normally-closed
1k C3.. ormally-close!

Note:I1Cq,

Ve (5V) -5,9,26,40

Gnd -7, 20

T‘-zz,: CI.T 2p

Cise mLsmu c7~=1=- 10n | switch, to ground)

No connection - 11, 24,25, 36
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& +26V
D101 % mvwoot
D, 6v2 X101
102¥%, 1w solenoid
Ry o1§ .
Line
feed
£ Fo—de TIP 120
s
Solenoid

drivers

Fig. 4. Eight of these solenoid driver
circuits are required, one for each of
the seven needle drives and one for
the line-feed solenoid. Tryp; is a power
Darlington transistor.

‘wired to. & 5P S
solenoid* 2 b 6 7

£ DR o z
Pin:10987?5632
Use: + - e

Motor: iming

tor P:E; ming pocd

feed switch

solenoid

Fig. 7. Edge connector diagrams for the
printer mechanism.

head solenoids and one for the line-feed
solenoid. '

As the circuit consists of only one Dar-
lington transistor, it needs no discussion..
One point worth mentioning though is
that, should the circuit’s input become
open, as happens when the cable between
the interface and printer board is discon-
nected, the solenoid is turned on. The
effects of this will be explained later. No
heat sink should be needed because, al-
though the peak current is high (3.2A), the
duty cycle is low. Diodes Do and Dy, are
used to protect the transistor.

The driver for the motor is shown in
Fig. 5, and is a little more complex because
dynamic braking (through TRyq) is used
to stop the motor at the end of each line. A
Darlington transistor, Trys, is used to
power the motor and will need a small heat
sink. As with the solenoids, the motor will
be turned on when the circuit’s input is
open. :

Printer power supply

The circuit diagram for the two power
supplies needed is shown in Fig. 6. Careful
separation of the interface logic from the
needle drivers has the advantage that each
part of the circuit requires only one power
rail. That for the interface logic (Figs 2 and
3) is' 5V at about 300mA, supplied by a
7805 voltage regulator, IC3q.

The 24V supply requires a little more
explanation. A voltage doubler circuit is
used because I only had a 12V, 2A trans-
former; a 24V, 1A transformer used with a

54

o - +26V

R 1R
201 3, lTiP120
1
01 J2n3m2 3 5 N
Motor e =
10k 150

Fig. 5. Motor-drive circuit. Dynamic
braking, provided by Trap4, is required to

stop the motor at the end of each line. Trzpz

should be mounted on a heat sink.

lbﬁ
] [0 TIP4L2A o,
02

2N3702 M

O+ 5V
O
D305
[ Pl—o © ——O+2Y
IN5402 %
R
303 < 1k
12V
2A St 160
. 37
R
301 < 100k 7 E306'_ 500
Tr301 T
C 6800 D
305 == 58 Y | 307 L )
0 A 20V
306 BL109
—— -

1NS602 ) R302 390 %
Link to enable p.s.u. = ’
{ via cable fo controller Fig. 6. Power supplies. The 24V supply is
board) switched by a logic signal to prevent

K

brilcllge rectifier would perform equally
well.

If the action of Trsg is ignored, then the
circuit is an op-amp, ICsq;, connected as a
voltage regulator, with Tr3g; as the series
pass element. The purpose of Trsg; is to
shut down the 24V rail should the control

- cable from the interface board to the sole-

noid drivers become disconnected, As
mentioned above, in this event all the sole-
noid drivers, together with the motor
driver, turn on. The resulting prolonged
30A current demand is sufficient to des-
troy the rectifier diodes, as happened dur-
ing testing of the prototype.

So the link to enable the 24V rail is not
on the supply board, but on the interface

overloads when the solenoid and motor
driving circuit inputs are open. The author
had a 12V transformer in his ‘junk box’,
hence the voltage doubler. Heat sinks are
required for IC39; and Trsga.

ter’s cards. The solenoid and motor drivers
were built on a second board which, to-
gether with the 24V supply, was mounted
in the base of the box containing the prin-

_ ter mechanism.

board, and two of the wires in the connect- -

ing cable are used to connect the link be-
tween the base of Tr3q and ground. Using
a multipole connector ensures that if the
flying lead is not plugged into the interface
board, then the link will not be made, so
turning off the 24V supply. Both IC3¢; and
Tr302 will require heat sinks.

Construction

The circuit was constructed in two parts:
the first is the interface board which was
built to fit into a slot in one of the compu-

The interface board should be carefully
laid out, i.e., with a good ground mesh,
and with the ground pin of each i.c. con-
nected to that of the i.cs around it. A
decoupling capacitor is needed for each
i.c., 10pF tantalum-bead capacitors alter-
nating with 10nF ceramic disc capacitors
being suitable.

The layout of the driver board is a little
more difficult as it carries both t.t.l. sig-
nals and the heavy currents associated with
the solenoids. Because of the solenoid
surge currents mentioned earlier, a
substantial cable is needed to connect the
emitter of each driver transistor to the
ground side of the 24V power supply. To
avoid noise caused by the solenoids getting
back into the interface, the digital ground
return should be separate from the 24V-
supply return, although it need not be as
heavy. Once again, everything should be’
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Table 1: Program to display printer char-
acter set. This program was written to
demonstrate the operation of the printer,
and act as a confidence test for it. It is
loaded at location 4000 (hex.) in memory,
and should be entered, after the stack
pointer has been sst up, using a CALL in-
struction. This listing was produced on the
printer described in this article, as was its
result, shown in Table 2.

LISTING ONE.

DISPLAY PRINTER
5 CHRRACTER SET.

H

3 COPYRIGHT.

3 PL WoODe., 1982,
M

AIN:  EQU  4udeH
ORE  MAIN
LOAE MAIN

sy
?

5 PRINTER PORT RUDR.
PRT: EQU  11H
3 RESET PRINTER
CALL RESET
VALUE OF FIRST
CHERACTER TO PRINT.
Lk R.32

4@ CDSE4D

—e e

»
=
&
(=]
(2]
m
[ ]
=

PRINT 14 LINES. ERC
BESIHING WITH THE
UALUE OF THE CHAR

R TR NG P © 0w~ oS W=

tam wm ue we

25 # IN HERW. - EACH LIKE
26 $ COWSISTS OF FOUR

27 3 GROUPS ERCH OF FOLR
28 3 CHARHCTERS.

29 44@5 BeEE Lo B.14

38 4o@y CD3149 LIHE: . CAHLL FRTHEX
31 4v8n CDES4D CALL SPACE

32 d 5 SET UP FOR GROUPS.
33 4pah CS © PUSH &

34 400E BéRd L E.4

35 4@i@ CD£548  GROUP: CALL SPRACE
36 3 SET UP FOR ERCH

Table 2: The printer's character set. This’

listing shows the result of running the
program in Table 1. The first four lines
(values 20 to 5F inclusive) are an upper
case ASCIl character set, while the last six
lines (from AQ to FF) are a Kata Kana (Japa-

nese) character set. The middle four lines’

are not specified for the controller chip
used and so represent ‘noise’.

28 LD {7 PG D S
38 #1233 4567 891 (=32
4 QREC DEFG HIJK LMNO
54 PRRS TUUW ¥%¥ 2L ¥1*_
6B 25N svwd RatY REdH
76 R3&EN FUE ASER SRR
80 A2 gy ALLE FERH¥ LFE A
M ETEHN YAhs RUSE &S
F Re U o o o g% s ed Gl Bl 6
Be -74% IANF NA3Y BREY
e SFwWF FFoLR XTIk ITHER
DB 4<% P133F YbitDn 7oLC
@ x4%t- FYLOD ATHZI ATB
FB zt9s Fwik FoFi . Jok?

well decoupled for best performance,
using 20uF, 36V electrolytic capacitors
connected between the 24V side of each
solenoid and ground. |

Connexions to the matrix printer itself

-are through a pair of non-reversible

connectors, the mating halves of which are
suppled with the printer. One of the
connectors is 14 way and supplies the sole-
noids, while the other is 10 way and carries
the motor, paper feed and timing signals
(Fig. 7).
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37 . 5 CHRRACTEF.

38 4813 CS FUSH EBC

39 4aid 9en4 Lk B4
40 4aie CDES49  CHAR:  CALL SPACE
41 f FRINT CHARACTER.
42 4ai9 CDICA8 CALL PUTPRT
43 t HEXT CHRRACTER.
44 4810 3C IMC R

45 Y EHD OF SROUFS

46 4810 16F7 G LJIHZ CHAR
47 3 EHD OF LINE?

48 4aiF Ci FOF  BC

49 4820 19EE [JHZ GROUP
b=1%] + TERMIHATE LIHE.
91 4822 Che2?48 CALL HEMLIN
52 3 BLL LIHES [iOHE™
93 4825 Ci ) FOF BC

54 4@ze 180F DLIHZ LIHE
35 :

56 ' ALL DONE.

S7 4828 9 RET

58 H

99 © 5 START A HEW LINE.
&0 4029 FS HEWLIN: FLSH RF

61 482A 3E@A L+ H.8RH

62 4820 (D4C4a CALL FUTFRT

63 48ZF Fi FOF AF

64 4938 C9 RET

65 H

66 3 PRINT *R* RS TWO
&7 3 HEX DIGITS.

68 4821 FS PRTHEX: FUSH AF

69 3 HIGH BIGIT. -

70 40832 oF RRCH

71 4833 @F RRCR

72 4034 9F RRCH

73 4835 ©F RRCA

74 4836 CLIE4R CALL FRTHX
79 3 LOW DIGIT.

76 4839 Fi FOF  AF

77 463R CDIE4D CALL PRTHX
78 4030 C9 RET

79 H

88 5 PRINT LOW 4 BITS OF
81 5 A’ RS A HEX DIGIT.
82 4@3E FS PRTHH:  PUSH AF

83 5 MASK BITS

84 403F EcaF AHCr  BFH
85 4041 BY R AR

86 3 'COMUERT TO RSCII
87 4@42 27 " OAA

88 4843 CeFa ALl RH,@FEH

89 4843 CE4@ Al A, 346H
98 4847 CL4C40 CALL FUTFRT
91 4@4A Fi FOF FAF

92 4848 L9 L RET

93 - %

94 } PRINT THE CONTEMWTS.

95 i OF THE *R’ REG.

96 4B4C FS PUTPRT: PUSH AF

97 5 LODP UNMTIL PRINTER

98 ¥ REARDY.

99 404D [Bi1 FRLF: 1IN R, (PRTJ
iea + CHECK ERROR STHTUS.
191 4@4F CB&Y BIT  4,R
162 4851 2808 JR  &,PRTERR
143 3 BUSY BIT. {

184 4853 CBS? BIT 2:R.

- 165 4855 26F6 Jr HZ,FRLF
146 ! 5 SEND CHRRACTER. -
197 4857 Fi POP  AF 4
168 4952 D311 i OUT (PRT2.A .
189 485A C9 RET
118 H :

111 3 HERE IF THERE IS
112 5 R PRINTER ERROR.
113 405k 76 PRTERR: HALT

114 485C 18FD JR  PRTERR
115 H

116 3 RESET PRINTER

117 ¥ COMTROLLER.

118 4@SE FS RESET: FPUSH AF

119 4@5F 3Eil L  A.1iH
128 4861 D311 0uUT  (FRT):A
121 4863 Fi POF  AF

122 4ae4 C9 RET

123 B

124 3 PRINT A SPACE.
125 41€5 FS SPRCE: PUSH AF

126 48€c JEZ@ L A
127 462 C04C40 CALL FUTFRT
128 4@eE Fi POF AF
129 460 C9 RET
139 EHD

CHAR 4816 GROUF 4818 LINE 4867
MAIN 4903 NEWLIN 4929 PRT aail -
PRTHEX 4831 PRTHX  4@ZE PUTPRT 4@4C
PRLF 4240 PRTERR 4@SE RESET  4BSE
SPACE 4863

s ]
e et "o o

The two boards (interface board and
driver board) were interconnected by
multi-core cable and sub-miniature 25-way
‘D’ connectors. The precise allocation of
the pins to the various signals does not
matter too much provided that there are
ample ground-return lines. Cable length
should not matter too much either, as the
signals are all relatively low in frequency,
but anything over 1m in length could cause
noise problems. The screen of the connect-
ing cable should be earthed to improve
reliability.

Demonstration program
Table 1 is a program, written in Z80 as-
sembly language, which is designed to test
the printer by causing it to display its com-
plete character set. The results of this
program are shown in Table 2. The
program is loaded into memory at 4000
(hex.), a convenient location in my system,
and is entered from a system monitor
which first sets up the stack pointer (SP
register), and then pushes a return address
-ionto the stack (e.g. by the use of a CALL
4000 instruction). The test program exe-
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Soler_wid driver board. Mounted in the base of the printer box is a driver for each of the
matrix needles, the paper advance relay and motor. There is also a 24V power supply.

‘cutes a RET instruction when finished.

This article is not the place to introduce
assembly language programming, and so

_instead of a detailed description of the
program, notes are given to assist those
wishing to use all, or part, of the program
for their own purposes.

The port address of the printer is de-
clared in an EQU pseudo instruction at
line 14. This address must correspond
with the address used by the hardware.

. There are three interface driver routines
of interest, namely RESET, PUTPRT and
NEWLIN. Starting at line 118 is a subrou-
tine called RESET. The purpose of this is
to ‘set’ the printer controller should a
previous program error have left it in an
unacceptable state. The same effect may
be achieved by using the RESET bus sig-
nal. As good practice, a CALL to RESET
should be made at the start of each
program which accesses the printer. No

registers are modified by this subroutine.

The second subroutine of note,
PUTPRT at line 96, may be regarded as
causing the character sent to it from the ‘A’
register to be printed. PUTPRT waits un-
til the printer is ready, then transfers a
character from the ‘A’ register to a print
buffer in the printer controller i.c. If the
printer error bit is set, the subroutine will
halt at address 405B. Normally this point
would contain a code to alert the operator
to a printer problem. If there is no error
the subroutine returns, leaving all registers
unmodified.

The third and final subroutine to inspect
is NEWLIN, at line 60. The purpose of
this is to cause printing of the line in the
controller print buffer, which it does by
sepd.ing an OA character (line feed) to the
printer. Once again, this routine does not
change any registers. It should be noted
that this subroutine must be called at least
once every 40 characters to avoid the print
buffer becoming full, in which case, over-
flow characters will be lost.

Conclusion
In this article it has been shown that it is

~ possible to build a low-cost printer for a

hpme-computer system. Although this de-
sign was originally intended as a means of
printing programs from a Z80-based
system, it may easily be adapted to make it
compatible with any popular microproces-
sor and for use in any application where a
permanent printed record is required,
such as data logging. That the controller
only allows upper-case graphics characters
to be printed is not a problem for the
‘majority of applications. e (=

R e e e

Computing

From Hardware to Software

by Graham Lee

454 pages, paperback/hardback

MacMillan, £8.95/£16.00

This is an introductory text, albeit an extremely -
thorough one, and covers both equipment and
programming at a level suitable for A level or
first-year university courses. The author has
used a computer model — the Simple Digital
Computer — throughout, with which to illus-
trate his points more generally than would have

[been possible with a commercial design.

Advanced 6502 Interfacing

by J. M. Holland

190 pages, paperback

Prentice-Hall, £9.05.

Thi§ book is practical in its approach to the
subject of persuading 6502 microprocessors to
perform useful functions in timing, control,
data acquisition and high-current load driving.
It is written for those who are already familiar
with microprocessors.

Introduction to 6800/6802 Microprocessor
Systems

by R. J. Simpson and T. J. Terrell

238 pages, paperback

Newnes £6.95 -

For readers who may not be versed in the
language of logic and binary arithmetic, the

aut!lors have included a useful first chapter on

basics before embarking on a description of the

6800/6802 devices and their use. This is fol-

lowed by chppters on programming and on in-

put/outppt signals, the practical approach being

the province of the final two chapters on the
MEKG6802D5 evaluation system, with some

investigations to carry out with its help.

Microcomputer Data Communications
Systems

by F. J. Derfler, Jr.

129 pages, paperback

Prentice-Hall, £9.70

Microcomputers can serve as terminals in a data
communication network to provide information
at home, as an alternative to what the author
calls the ‘time tyranny’ of radio, television and
newspapers. The book describes such systems,
including sections on modems and terminals,
and going on to show how Apples, TRS-80s and
others can be employed in this way. There is
also a piece on using the CP/M disc operating
system with S-100 bus computers and others.

Video

Video-Tape Recording

by J. F. Robinson, revised by S. Howe

362 pages, hardback

Butterworth, £12.00

The third edition of a well known text, this
covers the whole field of professional and
domestic video tape recorders from the engi-
neering point of view. New information is pre-
sented on the helical B and C formats, and the
domestic type of machine, with additional cove-
rage of timebase correction, Those familiar with
television engineering are led easily into the
subject by the way of a first chapter on tape
recording in general terms.

Video Techniques

by G. White

299 pages, hardback

Butterworth, £10.95

Although the blurb says that this is for the
engineer or technician in television or ancillary
industries, it hardly seems detailed enough for
that purpose. It is a descriptive book, which is
well suited to readers in other fields who want to
obtain a working knowledge of television, both
broadcast and recorded, studio equipment,
transmission, reception (including teletext and
viewdata) and digital techniques.
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BRITISH HI-FI

I’m informed by John Crabbe of Hi-Fi
News/Record Review that the Acoustical manu-
facturing company’s claim that the QUAD FM4
brings ‘Home the world’s best broadcasting
system at the touch of a burton’ is ethically
justified, as Acoustical, in contributing to the
support of the Philharmonica, helps to pay the

piper.

Most other British high fidelity manufactur-
ers do not, and subsist upon music making of all
kinds parasitically, and thus have no prestige or
reputation internationally amongst serious con-
sumers of reproduced music. :

By and large, British high-fidelity products
are not materially competitive or competitive in
terms of dazzling or convenient features. But
they are perhaps more competitive qualitatively.
Unhappily, however, recognition of their qual-
ities is pretty well reserved to engineers, techni-
cians, and ‘hi-fi fans’, Most serious consumers
of reproduced music, here and abroad, don’t
know about them, and have precious little op-
portunity to learn.

Thus, while the programming and technical
quality of the world’s best broadcasting system
is revered — and envied — internationally,
British high-fidelity products are known about
and coveted only by. the membership of tiny
audiophilic cults, here and abroad.

I have at hand No 1 of the 1982 Edinburgh
Festival newsletter. It’s publication was
apparently entirely supported by the advertise-
ments of hoteliers, restaurant-keepers, one or
two insurance companies, and a bank or two.
Many people who will attend Festival events, or
wish to, and many who — due to privation or
remoteness — are dependent upon broadcast
reception and recordings for musical enjoyment
during most of the year, will remain in ignor-
ance of the products of Linn, Syrinx, Strath-
clyde Transcription Devices, the makers of the
Systemdek, and even Tannoy — not to mention
KEF, B&W, Sugden, Castle, Celef, Mitchell,
Acoustical, Naim, Riga, C&J] Walker, MB
Creek, Boothroyd, Stuart-Meridian, and even
Wharfedale, south of the border.

It would be too charitable to say that the
British high-fidelity industry has its head in the
'sand. A harsher but more appropriate judge-
ment would suggest that it is contemplating its
own navel from the inside, is unwholesomely
involved and beguiled subjectively by its own
entrails. Y i
John F. Withey
Pollockshields
Glasgow

SCIENTIFIC COMPUTER

Please could you note in your records that I am
the new Editor of The Sci. Comp. 80 monthly
newsletter for users of the scientific computer
designed by John Adams, M.Sc., details of
,which were published in your magazine.

Any of your readers who built the SC80, who
are not members of the group, would find it well
worth joining. Back issues, still available, con-
‘tain a plethora of hardware, software and
firmware. Mr Adams contributes articles

monthly, and has developed no less than five’

versions of the BURP high level language, an
excellent 64K d.o.s. (CP/M compatible), a stan-
dard Basic interpreter and some excellent
hardware improvements. These include a 32K
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dynamic memory expansion, 64K mapping cir-
cuits, interrupt vector circuits, ASCII character
generator modification and a floppy disc
controller p.c.b. Details of all these are in the
newsletter. One year’s subscription is £6.50 for
U.K. members, £8 for the continent, and £8.50
for elsewhere. Cheques sent to the address be-
low.

I would like to take this opportunity to thank
Mr Philip Probetts for the past two years of

excellent newsletters under his editorship. I

hope I can do as well.
John Hodson
189 Trent Valley Road

Oakhill
Stoke-on-Trent, ST4 SLE

AMATEURS AND CB

C. G. Howard’s comments in the June issue of
WW under ‘Amateurs and c.b.’ highlighted the
indifference of the Home Office towards illegal
¢.b. amateur operations. But what about the
specific identifiable violations where the Home
Office attitude is downright irresponsible?

1 am referring to the illegal pirate radio sta-
tions that flagrantly operate in the v.h.f./f.m.
broadcast band. There are a number of them,
but two examples serve to illustrate the general

case — ‘Thameside Radio’ and ‘Liberation

Radio’.

I asked British Telecom why these stations
were not closed down and imagine my surprise,
as a legal broadcasting operator, when I was told
that the Home Office would not give the neces-
sary authorization for British Telecom to do so.
Must a campaign be mounted, privately to en-
sure that the law of the land is upheld when a
government department refuses to do so? Con-
tinual violation of the law in this way is a form of
anarchy, in principal every bit as bad as other,
more subversive, movements.

The Home Office, in supporting the violation

.of statutory laws by its non-action is encourag-
ing further escalation. This is yet another of a

growing number of examples of where govern-
ment legislation controls the actions of responsi-
ble citizens but not those who chese to flout the
law of the land.

H. Clayton

Northwood

Middlesex

CARTRIDGE
ALIGNMENT

Referring to P. E. Cryer’s letter in the June 82
issue, I found some difficulty in understanding
the layout instructions in his second paragraph
together with the associated diagram on the next
page. However, it is of course quite true, as he
says, that it makes no difference to the geometry
whether you think of the stylus traversing over
the record, or the record traversing under the
stylus; all that matters is the relative moment of
the two. _

Two or three points seems to warrant com-
ment: firstly, there is nothing particularly new
or useful in finding out that the proportion of
tracking angle errors depends on the choice of
setting radii — of course it does. It is necessary,,
in the interests of minimizing tracking error
distortion, for the angular error to vary inversely
with radius, and as Cryer’s figures indicate, this
is exactly what does happen. The relationship of
tracking angle errors at both outer and inner
radii to the error at the radius for minimum

angle (my Rpyip) depends on the amount of dip
in the curve of angle across the record, as is
obvious from my Fig. 1. v

Secondly, I cannot understand Cryer’s state-
ment that my own factors “would place B on the
other side of the datum line”. If the datum line
is defined as a line through the two points where
the stylus cuts the circles having radii p and q as
in his diagram, then obviously the intersections
at both inner and outer record grooves (his B
and A) must necessarily lie on one ‘side of the
said datum line, and none of my ‘factors’ can
alter this condition.

Thirdly, Cryer’s roundabout method of cal-
culating p and q as described in his last
paragraph, cannot work. The expression
pa/p=(p+q)—p, is meaningless, a mere iden-
tity which reduces to q=q. Obviously it cannot
be used to separate q from p when (q+p) is:
known. The whole point of my final paragraph.
in the Oct ’81 issue, was to show that one did:

~ not need to go through the whole procedure

based on formula 4(b) every time, in the light of
the linear y=a+bx relationship ascertained at
middle of paragraph. The final outcome, which
cannot be simplified or improved, was to
evaluate p and q (my to and Rg), from the
empirical expression Rg=79+hC/84 and
ro=12+hC/71 or ideally L?—C%*R,. For the
recommended overhang value of h=2600/C,
this reduced further to Rg=110 and rg=49
(ideally 48.81, but the 0.19 discrepancy is insig-
nificant in practice).

If one uses a protractor, or my sctting gauge,
as in the November 1981 article, there is no
need to evaluate the offset angle O (my B), but if
desired it can be very easily obtained, within
about 0.1° accuracy, from my empirical expres-
sion 4380/C.

R.J. Gilson
Winchester "
Hampshire ‘

HERETIC'S GUIDE TO
MODERN PHYSICS

I was delighted to see you are still providing a
forum for open and conmstructive criticism of
modern theory. -

That Dr Murray should need to assure his
colleagues that he has “no wish to cause you

_offence” is a sad comment on the state of phy-

sics. Doubtless his article is the result of a long
and critical investigation of modern theory, and
he would welcome any constructive criticism of
his article. Equally doubtless, a few of his col-
leagues know his investigation is a deliberate’
attempt to revive the flat earth theory and Max-
well’s wave theory of light — an insult to
Newton’s corpuscular theory of light.

I predict Dr Murray will soon learn to appre-
ciate the truth of the supreme investigator,
Michael Faraday’s bitter response to the hos-
tility to his theories of the self-satisfied mathe-
maticians of ‘his day — “A man who makes
assertions, or draws conclusions, regarding any
given case, ought to be competent to investigate
lt-”

Many Nobel prizes were awarded for contri-
butions to the basic premise of relativity ~ ‘that
nothing in the universe can travel faster than the.
speed of light. Cerenkov received the 1958 prize
for his experimental proof that “when charged
atomic particles pass through water or other

“media at a speed in excess of that of light itself, a

bluish light is emitted.”
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- Aspden, Dingle, Essen, MacCausland and
other critics of relativity are dismissed as cranks
and crackpots by the Establishment. Is there
any member of the Establishment competent to
investigate the strange case of why the crank
Cerenkov received a Nobel prize?

M. G. Wellard
Kenley
Surrey

'WALSH FUNCTIONS

I write with respect to the recent articles on
Walsh Functions by Mr T. Roddam (WW Dec.
1981, pp 31 et seq. and WW Jan. 1982, pp 47 et
seg.) to raise the following points.

The Rademacher functions, shown in Fig. 4
of this series correspond to Wal (1,8), Wal
(3,8), Wal (7,8), Wal (15,8) . . . The associated
intermediate Walsh functions may be derived
by “exclusive Or” processing all combinations
of the Walsh functions. Thus, for example re-
ferring to Fig. 3, the Wal (2,8) function is de-

rived from Wal(3,0XPWal(1,0) and should be -

inverted in the Figure. Several other derived

Walsh functions have been inverted in Fig. 3. A

correctly-signed set is enclosed for reference.
There is also an error in Fig. 5.

Wal(5,0)=Wal(2,0)dWal(7,8)

which does not hold for this diagram. I enclose a

modified diagram which will satisfy this re-

quirement. Incidentally, the paper by Barratt,

Gordon and Brammer also contains these errors.
I mention these slips since many people seem

to be becoming interested in these functions

that valuable introductory articles, such as Mr

" Roddam’s are worth these small corrections in

the interests of accuracy.

R. T. Irish

Swindon,

Wilts.

Mr Irish enclosed an amended set of functions,

which we have regretfully been obliged to omit

for reasons of space. They can be obtained from

this office — Ed.

FUNCTION OF
FUNCTIONS

With reference to Mr Sutherland’s letter (June),
I think that the view of sidebands as mathemati-
cal fiction is not entirely unfounded. I believe
that a periodic complex waveform and it’s
Fourier series expansion are not one and the
same thing in the sense of somehow being freely
interchangeable without the active involvement
of suitable physical devices to perform the com-
plex series and conversion and vice versa. On
this view a modulated radio transmission propa-
gates in its complex form and there is no need
to postulate any sidefrequencies at the transmit-
ter end. The sidefrequencies are generated at
the receiving end by tuned circuits. These have
the capability to store energy and thus perform
integration, thereby generating the continuous
waves known as Fourier series components or
sidefrequencies. The physical process by which

a sidefrequency is generated can be understood -

by considering the following experiment:

Suppose that a high “Q” tuned circuit is
adjusted for resonance at 110kHz and placed
near a 100kHz oscillator. Clearly, the tuned
circuit will not begin to oscillate since any such
oscillations would move in and out of phase with
the oscillator, thus receiving just as much help
as hindrance. However, should the amplitude of
the oscillator be decreased whenever out of
phase with the tuned circuit and increased when
in phase, then the tuned circuit would receive
more help than hindrance and would build up
oscillations. It would oscillate at 110kHz whilst
receiving it’s energy in burst of 100kHz. As-
suming a very high “Q”, the inertia of the tuned
circuit would be large enough to smooth out any
amplitude variations and it would appear to
receive a continuous wave input (i.e. one of the
sidefrequencies). In fact it would be generating
the continuous wave. 1

For the above process to take place the ampli-
tude of the oscillator would have to be altered
(i.e. modulated) at 10kHz which is, of course,
the appropriate modulating frequency for the

—_— wal {0,8)
Clock ro(6) r(©) ro ©)
e +2 =2 «2 wal {1,6)
r3(0) 3
@ wal (2,0)
=wal (3, 9)
® wal (1, 8)
@ —  wal (3, 6)
- wal (4, O
=wal{3, O)@wal{7, ©)
Q
wal {5, 6)
=wal(2,8/@wal {7, 6)
@
wal (6, 6)
=wal(1,8)®wal (7, 8)
wat {7 ©)
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110kHz sidefrequency.

It is interesting to note that it would not be
essential to alter the amplitude of the oscillator
in order to generate the 110kHz response. The
same effect could be achieved by alternating the

" phase of the oscillator at 10kHz, which suggests

how sidefrequencies are generated in the case of
suppressed carrier, frequency and phase mod-
_ulation systems.

So, although the sideband concept is a very
useful, even essential part of radio theory, it is
not necessary to assume that sidefrequencies
have physical existence prior to the complex
waveforms arriving at the receiving equipment.
As explained by the Wireless World contributor
Cathode Ray (September 1955, under the
heading “Fourier — Fact or Fiction”) contin-
uous sinewaves are not the only possible form
into which complex waveforms may be “decom-
posed”, and hence it makes sense to assume that
‘the sine form occurs simply because of the sine-
wave nature of oscillations in tuned circuits at
the receiving end of transmitter — receiver link.
G. Berzins
Frimley
Surrey

REMOTE CONTROL FOR
HI-FI

I read Mr. Kirby’s article on a remote control
hi-fi system (WW, March 1982) with some in-
terest, as I was at that time busy designing a
similar system. I too used the Mullard voltage-
controlled potentiometers for control of the au-
dio signal path, but found a much simpler and
cheaper remote control system.

The major drawback of Mr Kirby’s system
seem to be the fact that the Plessey receiver (ML
922) only has three analogue control outputs;
hence the need to use a ‘stepped’ volume
control. The Motorola remote control system
(MC 14497 — transmitter and MC 6203 —
receiver) has four analogue channels and a host
of other useful features. For example, toggle
action volume mute and a single button opera-
tion which sets three of the analogue channels to
50% and the fourth to 30%.

This system is the same as that used on Grun-
dig remote control television and so the modifi-
cations for hi-fi applications are quite simple. I
wondered whether Mr Kirby was aware of this
possibility and if not, and he was interested, I
could send him some details.

D. F. Lovely,
Bioengineering Unit,
University of Strathclyde.

The author replies: ]

It seems from Dr Lovely’s comments that we
are heading in opposite directions. I regard the
use of the two analogue outputs on the Plessey
ML 922 as a necessary evil! I would much rather
have used all digital tone level setting controls.
The reason I did not was my inability to design a
stereo bass and treble control circuit using less
than four of the Analog Devices AD7110 chips.
These cost around £8 each and the extra expense
compared to the use of the Mullard analogue
tone control i.c. seemed unwarranted.

I chose the Plessey remote control chip set
‘(after looking at several alternatives) because of
the analogue and digital outputs available on the
ML922, and their use of an infrared photodiode
to logic level integrated preamp, which saves
much trouble with discrete high gain amplifiers.
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Also a whole family of receiver chips are avail-
able, including one with a 5 bit latched output
for a microcomputer interface, all operated by
the same transmitter.

There is a toggle output on the ML922; this is

-used to switch the loudspeaker headphones re-

lay, a quite effective mute control. In practice
the 3/8. full scale normalised level of the anal-
ogue outputs is not a disadvantage; I rarely alter
the tone by more than 1/8 of the scale.

My choice of the AD7110 was for the relative
simplicity of driving it from a single chip
microcomputer (the Zilog Z80), which can be
programmed in Basic, as well as machine code.
Then the interface between the controlling com-
puter, and the controlled preamp/tuner/record
deck can be some simple buffers. All the decod-
ing from the received codes to the sequences
necessary to drive, say, a synthesising tuner
could be handled in software. This would make
it easily adaptable to the various units commer-
cially available. The prom decoding and se-
quencing logic used in the published design are
an interim solution. .

D.C.INPUT ORR.F.
OUTPUT?

In “Amateur radio” for June, 1982, Pat Hawker
laments the replacement of “d.c. input power”
regulations by new limitations on “dBW carrier
power” in the revised Amateur Licence
Schedule. While I tend to agree that the dBW is

not particularly welcome, the change to an “r.f.

output” criterion is long overdue.

“D.c. input” was firmly rooted in the days of
valve transmitters and constant-carrier modes,
when both h.t. voltage and anode current were
metered, and the meter needles would stay still
to be read! For most radio amateurs — like it or
not — those days are gone. Either our transmit-
ters tend to be solid-state and have only r.f.-
output metering, or they are primarily designed
for s.s.b. In both cases it makes more sense to
measure r.f. output, and this can be done with
acceptable accuracy for the Amateur Service. At
low powers, the accuracy requirement is
minimal (at least for regulatory purposes), and
at higher powers either commercial power
meters can be used, or extremely simple home-
made equipment, such as an existing s.w.r.,
meter can be calibrated accurately by transfer.

Although a d.c.-input limit does encourage
high-efficiency amplifiers, is that what we really
need? In today’s crowded bands, the most im-
portant characteristic of a signal is its quality,
and an r.f.-output limit allows amateurs to
operate their transmitters in a more linear,
though less efficient, manner.

The demise of d.c.-input limits is a welcome
advance, but other relics of the past remain in
the new Schedule: for example, the 6dB dif-
ference between the power limits for c.w.
(A1A/B) and for s.s.b. (J3E). Can anyone ex-
plain how a c.w. signal with a well-shaped key-
ing waveform differs significantly in interfer-
ence potential from an s.s.b. (J3E) signal of the
same peak envelope power, and why the power
limits for the two modes should not be the
same? The 6dB penalty against c.w. is a legacy
of the transition to s.s.b. from plate-and-screen
modulation, and has no current relevance. In
any further revisions of the Schedule it deserves
a decent burial, alongside d.c. input limits.

Ian F. White, G3SEK o
Abingdon
Oxfordshire

WIRELESS WORLD AUGUST 1982

www_americanr?c{iohistorv ocom

THE NEW

ELECTRONICS

It is at least eight years since I shared the res-
ponsibility for selecting graduates for employ-
ment in an electronics development laboratory,
and I read with interest and dismay Mr Jaques’
article in the January issue.

I was interested in that some of Mr Jaques’
questions were similar to the ones I put to in-
terviewees, and dismayed because the responses
he obtained mirrored so closely those that I
obtained all too often. True, my own efforts
were rewarded by the occasional interviewee
who did understand some of the principles with
which he had been presented and could perhaps
even describe his final-year project clearly and
accurately! Indeed a few such went on to be-
come much respected colleagues.

However, it is not Mr Jacques’ article which
prompts the writing of this letter, but rather the
contradictions and inconsistencies in the letters
about this article which appeared in the March
and April issues. In a letter of reasonable length
I can only draw attention to a few of these.

There is much to agree with in Mr Graham’s
letter — I too would reach for my text books to
deal with Tensor analysis etc., etc., etc., and
must agree entirely with his reference to “learn-
ing by rote” — but what is the relevance to Mr
Jaques’ article? ¢

Mr Jaques®’ questions are all of an elementary
nature — for example, surely a qualified
electronics engineer might reasonably be ex-
pected to derive the expression for the gain of
the amplifier configuration in thirty seconds
flat, even if didn’t remember “—R/R;”. Does
it really require a text book on op-amps to deal
with this? (Why does it have to be an op-amp
anyway?)

Perhaps Mr Graham would tell us — I really
would love to know — which text book does he
reach for when he wishes to remind himself
about Ohm’s Law?

Surely the point is that an elementary under-
standing of circuit theory and device fundamen-
tals is all that is required to answer most of Mr
Jaques® questions? That is, are they not nearly
all designed to avoid testing the mere ability to
recall tabulated data from the candidate’s
memory?

Even if a graduate cannot recall a precise
expression governing the current/voltage
relationship for a semiconductor device, is it not
reasonable to expect him to understand that it is
a function of temperature, for example?

On the subject of final year projects, my ex-
perience was that students got involved in much
too complex systems without any hope of fully
understanding them in the limited time avail-
able! Whilst I am sure that Exeter students have
written many good final year reports, does Mr
Graham really believe that the result of a few
weeks project work is to produce an ‘“‘expert
specialist”?

Turning to Mr Wehner’s letter, I will ignore
the first part as being totally irrelevant, and in
any case, highly suspect. However, he goes on
to make my point for me very well. He takes Mr
Jacques to task for not drawing his (Mr Wehn-
er’s), “standard” amplifier circuit. One might
quibble with the precision of Mr Jaques’ “the
gain between X and Z” but there is no ambigu-
ity. Mr Wehner wants to define the gain re-
ferred to some point not even present in the
circuit — why? Even if “input impedance” is
not given its normal meaning, the circuit shown
does have an infinite “source” impedance — so

why the complication?

Whilst I do not see any ambiguity in Mr
Jacques’ Figure 2, surely a graduate might be
reasonably expected to spot and question any
such ambiguity?

It is my own belief that extraordinary
progress in electronics has led to the very thing

“ that Mr Graham objects to: learning and exam-

ination by rote. Inadequate emphasis is given to
understanding and applying fundamentals. This
may not matter for certain systems “designers”.
However, one would hope that some of the
electronics engineers we are educating might
actually be capable of designing the “guts” of
those fascinated multilegged black boxes we all

love so dearly. New processes, new devices, new K
circuits, all require an understanding of, and an

ability to use, the fundamentals of which Mr
Graham is so scornful — or have we already left
it to the Americans and the Japanese?

Whilst writing this letter, I asked my son
(who graduated with first class honours in
Electronics Engineering and Physics about five
years ago), to read and comment on your contri-
butor’s article and letters as I thought it appro-
priate to obtain a perhaps more modern view

than my own. (Although I do not actually qual- -

‘ify for Mr Graham’s unnecessary reference to
“Grandpa.) My son’s reaction was not incon-
sistent with my own, but I feel inclined to give
him the “last word”’. He recalled a comment he
made to his examiners — “I could have done
better if I had spent more time simply memoriz-
ing information rather than trying to under-
stand it all . . . the examination questions all too
often merely required the regurgitation of
chunks of lecture notes . . . a computer pro-
grammed to do the same in response to a few
key words, could have got a degree.”

C. W. Ward,

Yelverton,

Devon

THE DEATH OF
ELECTRIC CURRENT

After Dermond O’Reilly’s second blistering at-
tack, May 1982, perhaps Ivor Catt should slink
away with his tail between his legs.

When discussing a TEM wave, it is common
practice to use the formula O’Reilly objects to,
E/H=Ve. See for instance Bell, Wireless
World, August 1979, page 44, and also A. F.
Kip, “Electricity and Magnetism”, page 332,
equation 12.34. Kip uses the popular conven-
tion, where vectors are written in bold type and
the amplitudes of vectors are written in faint
type. In Wireless World, July 1979, page 73, the
diagram immediately above my equation (a) that
O’Reilly objects to makes it clear that ampli-
tudes are being discussed.

Para. 3. Where is it said by anyone but
O'Reilly that a wave is called transverse EM
because displacement current flows across dt?
On the contrary, a wave is described as TEM
because E (not dD/dt) and M are transverse.
dD/dt has nothing to do with it, and will not
even exist in the case of a steady TEM signal.
‘O’Reilly 'makes this very point earlier in the
same paragraph, that the bulk of a steady TEM
wave contains no displacement current.

Following your publication in the December
1980 issue of my article ‘Death of electric cur-
rent’, you published a letter by R. T. Lamb and
my reply to his letter, both in the March 1981
issue. The following quotations from my reply
show that I found Lamb’s letter muddled;

’
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LETTER

“I think Mr Lamb has reversed physicists
and engineers.”

“Lamb seems to call Theory N ‘the current
model’ and Theory H ‘e-m theory’.”

Lamb himself wrote, among other things;
“This is a broad generalization and, like all
such, has exceptions, so please don’t rush to
quote them at me!” i

You then published R. T. Lamb’s reply to
my reply in September 1981. Here the plot
really thickens. For instance, I have no idea
.what “principal assertion” he refers to in his
first sentence:

I was pleased to note that Ivor Catt, in his
reply to iy letter (March issue), gave yet
another example of the truth of its principal
assertion.” )

Presumably he is promoting a particular
philosophical position in the matter of theory,
fact, hypothesis, truth and so on. If he is, then
he should give us references to the originator of
his philosophical view, or if it originates with
himself, he should state it clearly.

Which model of Kepler’s is he discussing in
his second paragraph, September 1981, when he
says:

“Kepler’s problem was that the central con-
struct of his model . . .”?

There should have been more information, or
reference to the literature where the particular,
activity of Kepler is discussed. Lamb may be
talking about the ellipse, or the Harmony of the
Spheres, or something else. Again, we see
Lamb’s ability to pitchfork confusion into a
discussion.

In the December 1981 issue, you published
my reply to Lamb’s September letter. Then in
April 1982 you published his reply. Again,
Lamb confuses the issue. Even though in my
latest reply, December 1981, I wrote, “If Lamb
thinks (unlike me) that a mere model is in
dispute, why the tenacity?”, Lamb comes back
with the reply, April 1982; “ . . . [Ivor Catt]
seems to acknowledge that we are discussing
models of reality and not reality itself.”

A dialogue, or debate, between two parties is
of little value if the debaters ignore what the
other man is saying.

Lamb’s apparent assertion in paragraph three
thit it can be experimentally established that
RC discharge current does not continue for ever
I find astonishing. Also, in the last sentence of
that paragraph, what does he mean by “an e.m.
wave model”? Is that phrase yet another
misnomer for a theory of mine? I don’t know., I
always name my theories clearly.

In his second paragraph, April 1982, it is
unacceptable, because muddling, if he does not

. clearly specify which “other correspondents”

have shown that the “ ‘insurmountable diffi-
culties’ introduced by p and J exist only in Mr
Catt’s mind.” No one has retrieved classical
electromagnetism from the death-blow dealt to
it by the question in my letter of August 1981, It
is of crucial importance to establish whether
classical electromagnetism collapsed in August
1981, so I am sending a personal request to each
of the following experts to submit an answer to
Wireless World; Professors Mott, Dirac, Salaam,
Brown, Lindsay, Bleaney, Gosling and Mr G.
G. Scarrott.

The internal contradiction in classical electro-
magnetism is contained within this set of ax-
ioms;

1) A transverse electromagnetic wave (TEM)
travels without change at the speed of light
in a vacuum, guided by two perfect conduc-.
tors.

2) Lines of electric flux terminate on electric
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charge. (This is one of Maxwell’s equa-
tions.) "
3) Electric charge cannot be created or des-
troyed.
4) Electric charge travels slowly in a conductor
significantly slower than the velocity of
light in a vacoum.

Now consider a TEM voltage step t.ravelling‘

to the right between two perfect conductors.

Behind the step, the D lines from the upper
(more positive) conductor terminate in
electrons, n per cm length of conductor, in (on)
the Jower conductor. These electrons are in
addition to the electrons, m per cm, which neu-
tralise the holes in the molecules of the lower
conductor.

-
S
x
=z
I@
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S

y
—~— n+m electrons —-—~—'-—- m electrons ——=
per cm per cm

Ahead of the voltage step, m electrons per cm
length of lower conductor are present, neutralis-
ing the holes. During the next Y40 nanose-
cond, the voltage step moves forward by 1 cm
(approx.), so that n new electrons appear in this
section of the lower conductor, to terminate the
newly appearing tubes of D flux between the

two conductors. Where do they come from? Not
from the upper conductor, because by defini-

-tion, displacement current is not the flow of
electrons. Not from somewhere to the left, be-

hind the voltage step, because such electrons

would have to travel at the speed of light in a

vacuum.
Ergo, classical electromagnetism, which for

this purpose includes both Theory N and’

Theory H, is dead.
Ivor Catt

C.A.M. Consultants
St. Albans

AMATEURS AND
BAND 1

My attention has just been brought to the fact
that the BBC is intending to use band I frequen-
cies, channels Bl and B2, for schools broad-
casting. As a radio amateur with a keen interest
in the 50MHz band I find this very unsettling.
It leads me to believe that there really is some-
thing wrong with the way frequencies are allo-
cated in the UK, since if the whole 88 to 108
MHz band were available for broadcast, the
BBC could have far more suitable channels tu-
nable on existing receivers with existing anten-
nae.

I had very much hoped that radio amateurs in
the UK would eventually get an allocation at
50MHz. We would not require a band MHz
wide; 50 to 50.5MHz would be quite adequate.
If, however, the BBC intends to use these fre-
quencies, I would ask that they leave a “listen-
ing hole” from 50.0 to 50.2 at least, and
50.5MHz if possible, since these frequencies are
of scientific value.

I and many others have spent a lot of time,
money and effort in the study of this most in-
teresting part of the spectrum, and propagation
there is not confined to the sunspot maximum:
only the other week I was able to hear the
PYZAA beacon in Brazil for the first time.

Therefore it would be very sad indeed if all of

our efforts were to come to nothing and we were_
unable to even listen on SOMHz in future.
BBC please take note.
Mr G. M. Pheasant
Great Wyrley
Walsall .

BLUMLEIN AND
STEREO

I have followed with interest the correspon-
dence in your columns relating to the invention
of stereophonic disc recording. !

It now seems that the earliest existing stereo-
phonic discs are by Arthur Keller at Bell labs in
America made using dual groove techniques in
December 1932.

The earliest known orthogonal monogroove
stereophonic discs were cut at EMI for A. D.
Blumlein in 1933 and early 1934. This work was
covered by his classic patent 394.325 which was.
applied for in December 1931.

On recording this document I was drawn to
the conclusion that Blumlein probably had car-
ried out research on stereophonic disc recording
before its application was made. As a result I
have made some effort to find whether work was
done by Blumlein before the merger of the
Columbia Gramophone Co and the Gramo-
phone Co to form EMI in 1931. Unfortunately I
found that his co-workers at Columbia are no
longer with us and EMI were unable to confirm
or deny the possibility of such earlier work.
There are however to my knowledge seven re-
ferences to such work and among these there are
which I feel are important.

One by James Moir was based on a discussion
between Moir and Blumlein during World War
IT and the other by Clark, Dutton, Vanderlyn

who were co-workers of Blumlein. H. A. M.

Clark worked with Blumlein at Columbia from
1929 and was therefore in a position to write
with authority.

I have found it most frustrating that the work
of probably Britain’s finest electronic electronic
engincer is not proclaimed to the world at large
and that his long promised biography has not

yet appeared.
It does no credit to EMI that they have done

so little to publicise the work of Blumlein whose

efforts so enriched our knowledge in such fields
as sound recording, television, radar, mea-
surements, and electronic circuitry that we still
make use of his ideas forty years after his tragic
death.
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. infra-red

METEOSATHIGH-
' RESOLUTION IMAGES

Enhancements for receiving high-resolution pictures from Meteosat Il on a home-built
station. The original weather-satellite receiver, designed for Tiros-N high-resolution
images, was described towards the end of last year.

This article describes additional equip-
ment required to receive Meteosat primary

. data on the basic Tiros high-resolution

receiving system outlined in a recent arti-
cle.! Meteosat-2, which is in geosynchro-
nous orbit at zero degrees longitude,
transmits digital data in shared time with
the analogue Wefax service.

The Wefax service transmits data by
means of an amplitude modulated 2400Hz
f.m. subcarrier, and the reception of this
has been described before. 2 It is, however,
important to understand how the Meteosat
system as a whole operates, and how each
service fits in. The spacecraft has a mirror

- radiometer similar to that used in the Tiros

series, but because of its stationary posi-
tion, the mechanics of the scan system are
different. The spacecraft spins about its
vertical axis at a rate of 100 rev/min. The
radiometer looks out of the side of it and
thus the spin provides the line scan. The
frame scan is obtained by tilting the mirror
from south to north over a period of about
25 minutes, There are five sensors; two are

infra-red, two are visible-light sensitive,,

and one is sensitive in the water-vapour

band. Their spectral bands are
visible (vis.) 0.4 to l.lum
infra-red (i.r.) 10.5 to 12.5um

water vapour (W.v.) 5.7 to 7.lum

Since the amount of data that may be
transmitted in 25 minutes is limited, only
one of each type of sensor, or one infrared
and two visible-light sensors may be used
at once. The basic image format is

2500 lines X 2500 pixels
water vapour 2500 lines x 2500 pixels
visible 2500 lines X 2500 pixels or
5000 lines x 5000 pixels
This data, called the raw image, is sent

_in digital form to the Meteosat ground

computer system at the European Space
Operations Centre (ESOC) at Darmstadt
in West Germany. Here it is stored and
certain processing carried out, such as the
registration of the two visible channels.
The images are then sectored and
retransmitted using Meteosat’s S-band
transponders as analogue Wefax data for
secondary data-user stations (s.d.u.s), and
as full-resolution digital data to p.d.u.s.
There are two types of digital images
sent from ESOC — ‘A formats’ which
cover the full earth disc, and ‘B formats’
which cover the eastern Atlantic and
Europe. Both A and B formats are sent at
regular times throughout the day accord-
ing to the current Meteosat dissemination

Feedback Instruments Ltd
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by M. L. Christieson

schedule? and contain, at various times,
data from all the sensors. The transmis-
sions are coded on the schedule by A or B
followed by the sensor data that they con-
tain; for example Al contains full-disc
infra-red data and BIV contains the secto-
rized data from the infra-red and both
visible sensors. BIVW contains infra-red
and only one visible channel because the
water-vapour image is also transmitted.

Transmission duration varies, de-
pending on the amount of data being sent,
from a few minutes to 29 minutes. The
shortest format at present is BIW and the
longest AV. In general terms BIV and Al
are sent every half hour during daylight,
with water vapour replacing visible during
darkness. AV is sent four times a day. This
schedule is however subject to changes.
These transmissions can occupy up to six
consecutive four-minute slots in the
schedule and normally take place on only
one of the transponder channels. The gen-
eral characteristics of the p.d.u.s. trans-
missions are shown in Table 1.

Antenna and receiver design

The basic receiver described for a.v.h.r.r.
is used with some modifications.! The fre-
quency is very close to that of the h.r.p.t.
from NOAA-6, and in the prototype sta-
tion the down-converter and demodulator
are common to both systems. Suitable
crystals are used to retune the down-
converter to either of the Meteosat fre-
quencies. Both frequencies are available
because an s.d.u.s. demodulator is used to
receive Wefax formats in addition to the
p.d.u.s. data. It is useful to have the We-

fax facility in order to receive ESOC ad-
ministration notices.

A completely separate antenna and pre-
amplifer are used and system selection is
by means of a coaxial relay at the input to
the down-converter. The preamplifier de-
sign is similar to that used on the h.r.p.t.
system, except that the combiner section is
not required since a single dish antenna is
used. Due to the removal of combiner loss,
the noise figure can be reduced to around
1dB. This corresponds to a noise tempera-
ture of 75K. The antenna noise tempera-
ture is the same as before, 70K, so the
value of the system noise temperature,
Tsys, is approximately 70 + 75 = 145K.
The recommended G/T for a p.d.u.s. is
11.5dB/K, so the antenna gain, G, should
be21.6 + 11.5 = 33dB.

The gain of a parabolic dish is given by
approximately

G=47AE
AZ

where A = aperture area, E = efficiency
(usually about 0.5) and A = wavelength.

Rearranging this, to obtain a gain of G
(expressed as a real number), the required
diameter is

GM
En?

or for this frequency, approximately
0.0766' VG metres. For a gain of 33dB this
.gives a diameter of 3.4 metres.

This size of dish is recommended for
commercial use, but a significantly smaller
one may be used without a large increase in
error rate. The prototype uses a 2.1 metre
dish, which gives a gain of about 29dB,
(G/T = 29 — 21.6 = 7.4dB/K).

The exact design of the prime feed for

Mranispission frequ

* Table 1. Generoi cherastaristios o the p.d
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2 on the right.

the dish will depend on the focus-to-diam-
eter ratio which determines the beam
width that will fully illuminate the dish,
but without spill-over. Figures 1 and 2
show a design which was optimized for a
f/d ratio of 0.33. A smaller ratio presents
an almost impossible design problem. A
square section wave guide was used rather
than a circular one because a slightly wider
beam width can be obtained before the.
wave guide becomes too small to support
wave transmission. If a dish with a larger
f/d ratio were used a suitable circular sec-
tion, sometimes known as a ‘beer can feed’
could be used. Construction of the pre-
amplifier is identical to that used on the
Tiros h.r.p.t. station except that the small
receiving element is connected immedi-
ately before the first chip capacitor. The
length of the element is adjusted, by means
of the brass screw in the top, for optimum
noise performance by pointing the wave-
guide, without the dish, in the general
direction of Meteosat and adjusting it

Table 2. P.d.u.s. frame format. The first three words of each 364-word frame

are always the same.

Fig. 1. Sketch of a prime feed designed for
a focus-to-diameter ratio of 0.33. The brass
rod is mounted centrally in the waveguide.
Details of the preamplifier are given in Fig. -

| | Waveguide
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/4 7
%-—a— ’ ’ 96
Approx. ) p
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Ground plane
secured to waveguide
 with screws

;\2 Stage pre-amp

(see fig.2)

S

_All dims. mm_

using the s.d.u.s. transmissions. A usable
but rather noisy facsimile picture could be
obtained on the prototype.

The dish mounting may be rigid because
the beam-width is not narrow enough for
the satellite to move off beam during its

daily movement of about two degrees. A

reasonably unobstructed view of the sky
must be available and the direction may be
estimated from a nomograph or calcu-
lated.* Once the signal has been acquired,

. final adjustment of direction, focus and

polarization may be achieved.
Conversion to 10.7MHz is by the same
converter system used for h.r.p.t. which

“was in turn based on one for Meteosat

s.d:u.s. Careful adjustment of the interdi-
gital filter is needed if it is required to pass
h.r.p.t., as well as the Meteosat transmis-
sions, without significant differences in
performance on the four frequencies.

If the maximum benefit is to be gained

from the lower bandwidth of the Meteosat
transmission, the i.f. bandwidth should be

3 words 1 word 25 words
/ o\ S Y o N -
F Frame Spare ™
Sync, ?;:‘:: number Label 40 words in'A Data
0000 8words in'B”
Sync. F?Je":,?f - 0001 Data, radiance vatues sent m.s.b. first - %
~ = sE
(=]
etc. efc. 0010 Data =
@ Further data in A formats
€] 2, 00t Data 202words | 458 words grid in B E
allE S ' fé
L = . PRy
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Diecast box 171x121x55

reduced to about Il MHz. The simplest way
to do this is to remove the 2.2kQ) damping
resistor across the tuned circuit in the
mixer mosfet drain. The remainder of the
wideband i.f. amplifier may be used with-
out modification. ;

Phase demodulator '

The method of modulation and the mod-
ulation index are identical to those used on
the h.r.p.t. transmission and so the phase-
locked loop demodulator may be used
without change. The base bandwidth of
the p.d.u.s. signal is considerably lower

than the h.r.p.t., for which the post-detec-
tion filter was designed, and therefore a-

further filter must be added before the
signal is applied to the p.d.u.s. decoder.
This filter is placed after the existing filter
output, in parallel with the existing
connection to the h.r.p.t. decoder, and has
a 3dB cut-off point of 280kHz, Fig. 3.

Data decoding
At this point in the system it is convenient
to separate the p.d.u.s. chain from the

‘h.r.p.t. system because the differences be-

tween the two become progressively more
extensive. As before, the next step is to
convert the s.p.l. data to n.r.z. and clock,
in a manner that avoids most of the noise.
The principle of s.p.l. decoding was cov-
ered before and the same definitions apply
here. The h.r.p.t. system uses a digital
integrator as a bit conditioner, and al-
though this method could have been used
again, because of the lower data rate a
more conventional analogue implementa-
tion was used. Far simpler methods could
be used to decode s.p.l., but it is well

worth making the extra effort at this point

because the decoder and front-end per-
formance determines the overall error rate.

A complete circuit diagram of the de-
coder is shown in Fig. 4, and it operates as
follows. Raw s.p.1. data is divided into two
chains, one of which is clipped, and both
positive and negative transitions used to
regenerate the clock by pulsing a tuned
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Table 3. The 24-word frame label
broken down.

| Word number * Meaning
182 Number of frames per subframes
384 Number of subframes in fransmission
586 Lurrent subframe number
749 Image line number { headers are zera)
9-12 Image number from mission start
13 Format indicator, A=Q0 B = FF (hex)
L Yisal indcoton } ggi ?sﬁ:rﬁuT?tliEr:;Er::enf
15 Vis 2 ndicotor OF = 2nd. half lne present
16 1R ndicator ) 00 = Dato not present
17 WY indicaor } FF = Data present
18 Grid, 00 = No grid present
19 Reserved {00 on current operations)
20 Scan direction (normally 00 = S-N/E-W)
21-2 Spare (dll zeras)

circuit at twice the data rate. Two c.m.o.s.
phase-locked loop i.cs provide logic level
clocks both in phase, and at 90° to the
s.p.l. ‘bits’. Two D-type flip flops generate
clocks at data rate both in phase and at 90°
to the incoming data. The two clock divid-
ers can be initialized externally by the
clock-error signal which goes high if a
phase error is detected by the frame
synchronizer. The clock signals are gated
to produce the enable and reset pulses that
operate the integrators and sampling cir-
cuits. At the end of each data bit the inte-
grated values of both associated s.p.l. bits
are held at the inputs of a comparator, the
output of which is clocked into a further
D-type flip flop. This forms the n.r.z.
output. Both 180° and 90° clocks are used
by the sync. detector. The waveforms
marked on the circuit diagram are timed
over a single data bit.

P.d.u.s.-frame format

Like the h.r.p.t. from Tiros the data
stream is divided into blocks of words
called frames. Each frame consists of 364,
eight-bit words and the first three words of
each frame are always the same; they form
the synchronizing sequence. The transmis-
sion is structured as a number of sets of the
frames, each set containing four frames in

a B format and eight in an A format. These

* WIRELESS WORLD AUGUST 1982
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;\ b
One of eight registered primary data users, Mike Christieson, at his station. From left to
right are colour-display electronics, computer-terminal and v.d.u. with colour monitor

above it showing p.d.u.s. full-disc image, and the PDP9 mini-computer with four tape
drives. The white panel below the tape drives is the satellite interface.

ecewmg_
element
(see fig.1)

=

Ground plane fixings

Fig. 2. Details of the two-stage preamplifier shown in Fig. 1. This is a slightly modified
version of the one designed for receiving h.r.p.t. using the signal from NOAA-6, as
described in the November 1981 issue of Wireless World.
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Fig. 3. Post-detection iilter for p.d.u.s with 3dB cut-off point of 280kHz.
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Fig. 4. Complete circuit of

sets are rather confusingly referred to as

subframes. There are three types of sub-

frames .

@ heading, which contain identification
and interpretation information

@ data, which contain the image, and the
grid-coastline bit map

® conclusion, which are similar to heading’
subframes but may contain updated
information.

Table 2 shows the construction of a data

subframe for both A and B formats. Each

subframe has a ‘label’, consisting of 24

64

Mg
e 4066
—
~loop
15k 172V 3140
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10k
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A depression in the
eastern Atlantic
scanned by one of
the satellite’s two
visible-light sensors

words, and its contents are shown in Table
3. The data from one line of infra-red or
water vapour is sent in one subframe, but
one line of visible data requires two con-
secutive subframes. When formats con-
taining more than one image are sent the
!ines are interleaved in the following prior-
ity

—infra-red line one

—visible line one

—visible line two or water-vapour line one
—infra-red line two .
—visible line three, etc.

the decoder. The overall

 error rate is determined
by this circuit and the
front end so no
compromises have been
made here.

Note that when both visible channels are
scheduled and only one channel is avail-
able, lines are duplicated.

All digital transmissions are preceded by
a series of frames containing random data
(with the label zero) to synchronise the
receiver. The heading is then repeated 42
times in an A format and 84 times in a B
format. Data then follows and the sequ-
ence is ended by one or two conclusion
sub-frames. There is insufficient space
here to describe fully the contents of the
identification and the reader is referred to
the ESA publications for this essential in-
formation, 36,78,
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Communications crisis

A pressure group, consisting members of
companies and associations connected with
the communications industry, has been set
up to try and persuade the Government to
speed up their liberalization of telecom-
munications. Many of the companies have
invested money in anticipation of the
liberalization and are now suffering finan-
cial hardship. The group calls itself the
Communications Crisis Committee and its
members include; Professor Lou Schnurr
of the Chelmer Institute of Higher Educa-
tion; The Mobile Radio Trade Association
(MRTA); The Independent Telephone
Supplies Association (ITSA); The Federa-
tion of Communications Services (FCS);

The Mobile Radio Users’ Association and -

the National Committee for the Legaliza-
tion of Citizen’s Band Radio (NATCOL-
CIBAR).

They have put their opinions together
into a document called the Report of the
Communications Crisis Committee which
consists of contributions from each of the
corporate members of the Committee.

Professor Schnurr sets the scene by de-
crying the self-perpetuating monopoly of
the present system. Even where free enter-
prise agreements exist, they are bound by
licensing and technical approvement
procedures. A particular area for discon-
tent is the allocations of the radio-fre-
quency bands, especially the constraints
on commercial development of the spec-

trum “‘controlled by an organization insen-
sitive to market demand and without the
philosophy of optimizing available spectral
bandwidth for the purpose of services de-
velopment. So long as such practices are
contained within the moated walls of
establishment privilege and internal deci-
sion making, the marriage of telephony
and wireless cannot exist”’. This, he im-
plies, impedes the whole of the diffusion of
information technology throughout com-
merce.

Contributions from the other committee
members also press for the liberalization of
the use of British Telecom’s network; to
give access to mobile radio users, so that
advanced data services for communication
to mobile traffic. MRUA suggests that mo-
bile services should have access to frequen-
cies below 1,000MHz, frequencies above

' that being reserved for radio location and

navigation. They also press for private net-
work communications which would also
have access to the public switched net-
works.

In a specific case study, Godfrey Wilson
of Digital Paging Ltd bitterly complained
about the inability to gain from BT the
exchange facilities required for direct dial-
in capability, available on his companies
paging service. The unrealistic pricing of
BT’s radiopaging service; the “extortio-
nate delays in obtaining services, and ser-
vicing from BT; excessive delays from the

Home Office in obtaining frequencies.”
Wilson feels it is unacceptable to-be forced
to compete with the body that issues the
licences. ’

In conclusion, the committee puts for- -

ward several points for “direct, immediate
action”: Government departments should
be asked to take steps to break the cycle of
“time wasting tactics by BT and the Home
Office Radio Regulatory Department;
licensing powers should be transferred
from BT to the Department of Industry;
BT management to give fair and equitable
access to BT competitors of the same facili-
ties enjoyed by BT’s own services and at
the same price; require BT to set up self-
accounting in all areas where there may be
competition, ensuring public account-
ability. Pending the division of such areas,
BT should suspend further commercial
development; The Cabinet Office should
take action to allocate some 60MHz of the
radio frequency spectrum below 960MHz
for private sector mobile radio services in
conformity with the allocations of the 1979
WARC. There should be support and
_funding available to a private sector coor-
dinating group. This would assist the ad-
ministration and allocation of radio com-
munications services, enabling medium-
term commercial development of informa-
tion technology and telecommunications
services.

-r Y ’,‘H A

- (f)‘ y iy

- T RSP =

Arthur C Clarke, on the right, is receiving the Marconi Fellowship Award for 1982 from

HRH Prince Claus of the Netherlands. Arthur Clarke was awarded the prize particularly
for his pioneering ideas in the field of satellite communication. He originated proposals
for the use of ‘Extra-terrestrial relays’, first published in an article in Wireless World in
October 1945. Since then he has worked in similar proportions in both science fact and

science fiction.
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Old brain,
new hat?

First announced as long as two years ago,
the “hand-held” Newbrain personal com-
puter emerged recently under the new
parentage of Grundy Business Systems.
Following Newbury Laboratories
‘dropping of the project in 1980 — itself
then only three years old — Bob Smith and
-colleagues left to seek new backing, ending
up with a Grundy:BTG share arrangement
of 70:30%. At the same time, the specifica-
tion of the machine was improved so that
Grundy now claim it is designed for “busi-
ness, scientific and educational use as well
as home computing”. Now with its resi-
dent random-access memory increased to
32K (plug-in modules of 64, 128, 256 or
512 can take it to 2M) and 28K of read-
only memory, it is designed to operate
with a range of interchangeable and expan-
pandable program modules, or firmware.
The hand-held claim is based on the built-
in 16-character 14-segment vacuum
fluorescent display together with optional
one-hour battery module of the AD ver-
sion, designed chiefly to occupy minimum
desk space. But an MDB model with on-
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board nickel-cadmium cells will allow
display in its editing mode for four hours
and preserve memory for 20 hours and
should be available in six months time.
The cheapest version, model A at £199 +
vat, comes without this display but with tv
and monitor ports instead, as well as dual
cassette port, RS232/V24 printer and bidi-
rectional ports. The screen display can
provide, unusually, 40 or 80 characters per
line and a resolution of 250 dots vertically
by up to 640 dots, and may be mixed with
a separately scrollable character-mode

display. The 512 character fount includes

viewdata mosaics, upper and lower case
Greek letters, arc, and line drawing graph-
ics, as well as the 96 ISO printing charac-
ters.

Firmware consists of interchangeable
modules, communicating via hardware-in-
dependent interfaces, and may be ex-
panded without interference with the
hardware. The enhanced-ANSI Basic
allows for user proofing of programs,
direct interrupt handling, device-indepen-
dent i/o, chaining and external calls. The

screen editor claims novelties for a
microcomputer: backwards scrolling,
multi-screen ability and direct cursor
addressing. The operating system provides
for peripheral device drivers to the proces-
sors — the cassette device involves a
second processor which uses a learning
algorithm to accommodate tape speed fluc-
tuations. Additional rom slots are available
in a buffer expansion module that accepts
280 assembler, Comal structured Basic,
statistics and text processing packages.
The buffer module also has memory pag-
ing circuitry, parallel i/o ports, analogue
ports, two multi-speed V24 ports, as well
as rom space, which will be included on-
board in the M models available later.
Proprietary software packages may be used
from cassette or via disc under control of
the CP/M module, available September. A
communications module, also available
September, contains 32 V24 ports to give
flexibility in sharing peripheral devices
and connecting computers together. Un-
fortunately, a videotext module takes only
low priority, and is planned for ‘“‘some
time next year”.

Meeting Grundy’s price targets meant
adopting n.m.o.s. circuits instead of the
more expensive ¢.m.o.s. types. Switch-off
circuitry was incorporated to keep the cir-
cuits cool and power consumption within
reasonable limits. “Other machines do
have problems in this respect,”” says Grun-
dy’s Mike Wakefield, who is pleased to be
able to claim a 0 to 45° C temperature
range.

Welsh Dragon

The Dragon 32 computer is the first pro-
duct of a new company, Dragon Data Ltd,
a subsidiary of the toy manufacturers,
Mettoy. Aimed at the first user, Dragon
Data have concentrated their publicity in
marketing a ‘family home computer’
where the children might use it for learn-
ing and games playing while the parents
can compute family budgets, or index a
collection. ,

The Dragon 32 is based on a Motorola
6809E which has an internal architecture
s0 designed that it needs far fewer instruc-
tions to operate it than many other
microprocessors and is very fast. It has a
16K rom with extended Microsoft colour
Basic, which gives high-resolution graph-
ics of up to 256 x 192 pixels: there is a
modulated output to a domestic tv and
there is also a monitor output. The basic
computer includes a Centronics-type in-
terface, so a ‘professional’ printer may be
plugged in directly, The keyboard is
similar to that used on DEC equipment
and offers typewriter-style keys, guar-
anteed for 20 million key depressions.
There is a 32K ram with the ability to
expand to 64K. In addition there is a
games cartridge slot with sockets for two
joystick controls for the playing of games;
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The Dragon 32 home
computer, made in
Wales.
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cartridges for the more popular amuse-
ment arcade games, space invaders, a ‘Pac-
man’-type game and others, are available.
Programmes may be stored on cassette
tape. Dragon Data say that they have paid
particular attention to the cassette in-
terface so that the computer will work with
a wide range of cassette recorders.

Some software on cassette is already
available, particularly the Dragon Special
Selection tapes which are games programs
which explain how they work and so give
some insight into their programming.

Especially useful for educational
programs is the ability to switch sound
from a cassette player through to the tv
sound. Program and a sound commentary
can be included on the same cassette. A
language lesson could show the words on
the screen while they are spoken through
the speaker. The Dragon can also generate
sound with five octaves of musical notes
with selectable duration and volume.. This
too comes out through the tv speaker.

Future expansions and developments in-
clude a disc operating system, an RS232
port, a second microprocessor and an
operating system together with Prestel and

teletext facilities. Other operating lan-
guages can be added, including Pascal, ‘C’
and Basic compilers. ) .

Program cassettes and cartridges are
planned for a wide range of applications.
The Dragon is all British, designed by
Dragon Data with the co-operation of the
PATs Centre, and Motorola, whose chips,
manufactured in Scotland are used in the
computer.

Comparisons are always difficult but the
nearest competitor to the Dragon is the
Sinclair ZX Spectrum. The Dragon 32 has

more memory and a particular advantage -

in having a ‘professional’ keyboard. The
Centronics interface is also a big advan-
tage. The Sinclair has more colours avail-
able at high resolution and the big (so far
theoretical) advantage of the Microdrive;
the miniature, low cost disc memory.
However, there is a big difference in ‘feel’
with the ZX Spectrum feeling like a toy
computer and the Dragon and its keyboard
with the touch of a ‘real’ computer.

The Dragon 32 is in production at the
Mettoy factory in Swansea, it will be on
sale in the High Street early in August for
just under £200.

Banking on
video

Barclays Bank has found that the best way
to keep their staff informed is through
video programmes, shown on tv sets at the
place of work. They have invested in a
£1IM recording studio and insist that their
programmes should be of the highest qual-
ity both in content and presentation. So
they have hired tv producers and popular
tv performers to make the programmes
look as much like the programmes the staff
might watch at home, as possible. Such
subjects as ‘How to spot fraudulent use of
Barclaycard’ or the implications to the staff
on the opening of the banks to the public

-on Saturday mornings, have been pro-

duced and are examples of the training and

information functions. In order to generate |

enough copies of the video films for distri-
bution, Barclays have a computer-
controlled copying suite with quality mo-
nitoring also controlled by computer.

The next phase of the video network is
to extend it to 2,300 outlets. Barclays have
awarded a £3.5M contract to Soundcraft
Network Video to install 700 additional
Type 5 Sony U-Matic video cassette re-
corders and 1,900 Trinitron monitors, and
to maintain the whole system.

Mike Pogson, the managing director of
Soundcraft, told us that his company had
made considerable investment in provid-
ing servicing back-up for such a system.
He described the lack of fully-trained
‘broadcast engineers who were necessary to
diagnose as well as rectify any faults in the
field. He saw the role of his company as
-removing all the technical problems from
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the client’s shoulders so that they can ‘get
on with producing and distributing the
programmes’,

The Soundcraft deal is claimed to be the

biggest contract by a corporate organiz-

ation in Europe.

New technology
and the graduate

The Department of Education and Science
has approved the co-operation between the

Science and Engineering Research Council'

and the Open University for a series of

_ programmes of ‘technological topping-up’

courses. It is intended to provide a re-edu-
cation for those graduates who have been
working in industry for periods of 5 to 15
years. The SERC became aware of a need
for such courses and have commissioned
the OU to produce them.

The courses will use the OU’s tech-
niques for home study with tutorial
support and study centre facilities for
practical work. Two areas in particular
have been identified for priority treatment,
which are computer applications (includ-
ing real-time monitoring and control
systems), and manufacturing.

The computer applications course is ¢x-
pected to consist of a ‘foundation’ module
on software engineering, computer
systems architecture, and operating
systems. This would be followed by a
number of ‘core’ modules on monitoring
systems, systems modelling, control
systems and project management. There
would also be optional modules on robot-
ics, man/machine interactions, and com-
puter-aided design. The full course will be

| subsequently to be

the equivalent of one year’s full time
study. Certificates would be awarded for
each module of the course and a diploma
for the successful completion of the whole
course. Students may then be able to un-
dertake a further project in a related area
which would lead to an M. Sc.-level qualifi-
cation. i

Telecom showcase

British Telecom’s new exhibition centre is
not a museum, stressed Peter Benton, the’
Deputy Chairman of BT, although it does
trace the history of telecommunications
from the early days of telegraphy. The
centre’s full title is Telecom Technology
Showcase and in addition to the historical
aspect which is well covered with many
working examples of, for example, a
Strowger telephone exchange of 1940s
vintage, there is an exhibition of BT’s
latest equipment and techniques. Cur-'
rently these include many digital tech-
niques, displays about optical fibres and
satellite telecommunications with
examples of some of the latest equipment.
It is planned to change the displays regu-
larly to keep them up-to-date.

The Showcase is situated in Queen Vic-
toria Street, London, in part of BT’s Bay-
nard House and is next door to the Mer-
maid Theatre. Lord Miles, formerly Sir

‘Bernard Miles, officially opened the show-

case and pointed out the role that the Mer-
maid’s Molecule Club had played in edu-
cating young people in science and
technology. He hoped that the Showcase
would also contribute towards the edifica-
tion of the young. He also looked forward
to the micro revolution which he felt
would release us from the ‘work ethic’ and
allow us to get on with living, without the
.encumbrance of work.

- Projects Editor ,
- Wireless World needs a Projects |
- Editor, who will be responsible |
forrunning the laboratory. |
- The work consists of design and |
~development of equipment

j described-in |

| Wireless World, commissioning |
‘articles on construction and
 testing pieces of commercial
| equipment, Bl
- The successful applicant wil be
| experienced in both analogue
| and digital techniques and will
‘be able to express himself
clearlyinwiriting.
 If the ‘post appeals
- please write to t

" Sutton, msg R
telophono 016613128, |
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Extended addressing
for the 280

Current 40-pin memory-mapping i.cs are
expensive and difficult to obtain. As this
circuit shows, it is possible to extend the
addressing capability of a Z80 to more than

16 bits using readily available 745189, 64-

bit t.t.1. rams.

The microprocessor’s four most signifi-
cant address lines are not used for memory
access, but instead address one of 16 stores
of eight or 12 bits which are used as most
significant address lines; in essence the
same function as carried out by dedicated
memory-mapping i.cs.

Each store is loaded using an OUT(C),r
instruction which, with the Z80, results in
the contents of the B register being placed
on the upper half of the address bus. To
load a particular store, the program has to
put the eight address bits into the A (or D,
E, H or L) register, the store addressing
the top four bits of B, then load C with the
Vo address of the mapping circuit and issue
an OUT(C),A (or D, E, H or L) instruc-
tion. If 12 address bits are to be generated,
the top four bits must also be placed in the
bottom four positions of B.

Sixteen different stores are used so that
various parts of the program can be allo-
cated one or several locations, allowing
each store to work on its own ram. For
example, interrupt routines may be run
without upsetting background pointers.

Flip-flop 2]

0y O fromrrm s g
-0, i Qg —rehyy
b3 78189 s 3
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Hp decoder

Initially, bistable IC4 disables the stores,
whose outputs are held high by resistors
until a switch-on signal is generated using
a spare i/o line. This gives a fixed value on
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%
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145189

start up while the initializing program
loads the 16 stores.

Brian Dillon

Dublin

Low-current voltage
regulator

Standby consumption and output rating of
this low-power regulator are SOpA and
greater than 10mA respectively. Current
limiting is included, brought about by
gate-to-source voltage starvation in the
4007, and the output is short-circuit proof.
Components used are cheap and readily
available. :

With the components shown, the output
voltage is 12.78V, given by

Vour=VereTri)+ VR
where VR=Vs—Vrand Vy=1.5V. And
Vra=Vron+Verry— VT

such that Vy,=Vgra+Vrae. In this case,
assuming a typical BC109 breakdown
voltage of 8.2V for Trj, a forward voltage
for Dy of 0.4V and a threshold voltage of
1.5V, VrRa=7.1 and Vrg=5.68. Therefore
Vour=VRa+ VRs.

With a maximum input voltage of 20V,
with Vg at around 4V, the c.m.o.s. device
will be operating at around 16V which is
inside its rating.

D. Roffey
Bromley
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Programmable
frequency divider

The 74163 4-bit binary counter may be
used to divide the clock frequency by N,
where 2< N=< 16, by applying binary
(16-N) to the data inputs and connecting
the load input to the inverted carry output,.
N. H. Sabah

American University of Beirut

Clock 2
A 3
Data |B——=>t
inputs sl 74163

LT —
o =5

9 - H15 =N

2<N<16
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Variable-pulse control using t.t.l. i.cs is
not unusual, but most circuits use non-
retriggerable monostables since they are
less prone to false triggering from noisy
supply lines and stray signals. However,
when a 100% duty cycle is reached, output
jitter occurs and above 100%, the pulse
repetition frequency is reduced.

This circuit uses separate retriggerable
monostables and is not prone to false trig-
gering. Jittering near the 100% duty cycle
does not occur and at and above 100%, an
Le.d. lights and the output becomes static
Further stages may be added.

A. R. Millichope
Birmingham
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SR RPN

- Window discriminator

Two op-amps and numerous close-

. tolerance resistors used in conventiopal
. window discriminators are replaced by this

_circuit at the expense of convenient adjust-
ment, . .
Designed to lift the pen of an X\ re-

control-voltage input to trim the trigger
level. A potential divider was used at the
input to change the voltage range to be-
tween 0.4 and 3.6V. Predictable operation .
is ensured by tying the threshold input 10
the positive rail and if a 1.t.l. output is -

required, the open-collector output, pin 7,..

can be used in the conventional mannet
R. M. Jones ;
County Durham
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~¢corder when the Y input exceeded the
~ range 0.5 ¥0 4.5V, the circuit uses the §55%s




Howard Hughes

I watched the recent two-part EMI film on
Howard Hughes (BBC 2) with interest —
though it seemed a great pity that so much
emphasis was placed on his extraordinary
idiosyncrasies, so little on the remarkable
contributions made to technology by the
companies controlled by his secret tele-
phone calls in the middle of the' night.
Hughes was undoubtedly the fruitiest of
fruit-cakes — though if he had been born
in Chipping Sodbury, rather than Hous-
ton, Texas, he might have passed as the
last of the great eccentrics. Fruit-cake or
eccentric he has the distinction of being
one of the few men ever to take on and
defeat the European telecommunications
“establishment’” led by the British Post
Office.

Wireless World has always been proud of
the fact that the potential of the geostatio-
nary orbit as a unique parking place for
microwave and broadcast relay stations
was first pointed out in its columns in 1945
by Arthur Clarke. But the means of imple-
menting this in 1963 by a transfer orbit
and position-keeping jets were entirely the
work of the Hughes Aircraft team led by
Harold Rosen, Tom Hudspeth and Don
Williams. An equally difficult job was to
convince the Post Office. BPO were
ranged solidly behind the concept of a
series of station-keeping satellites some
12,000 miles above the Earth, involving all
the problems of tracking and hand-over.
The Post Office engineers attacked the
geostationary orbit on the grounds of ex-
cessive time delay and pointed out the
impracticability of conversation between
two nervous speakers reduced to a hope-
less tangle by the delays. Indeed the first
transAtlantic call I made over Early Bird
(Intelsat 1) in 1965 did seem to bear out
their gloomy prognostications — it was
only later, when they had virtually admit-
ted defeat, that it emerged that the real
villain of the piece was the inadequate de-
sign of echo-suppressor then in use. It is
often forgotten that it was not until well
after the launching of Early Bird in 1965
(following the experimental ATS series)
that Intelsat/Comsat became firmly com-
mitted to the synchronous orbit. In the
struggle, which lasted some 3-4 years,
Hughes Aircraft was not adverse to using
the lavish hospitality that had earlier
brought Howard Hughes before a Con-
gressional Committee. I have to declare an
interest as I was a bemused member of a
party of European journalists taken to Cul-
ver City, Los Angeles and the fabulous
Hughes Research Laboratories out at Ma-
libu Beach — a trip that remains indelibly
in the memory as one of the most lavishly
endowed press parties of all time! I can
plead only that it was not the trip that
subverted me to support the geostationary
orbit but a previous more modest meeting
with Harold Rosen, at the conclusion of
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one of his many efforts to convince
European PTT organizations that their
future was to be found 22,300 miles above
Earth.

No mention was made in the EMI film
of communications sateilites or lasers
though the dying recluse was shown
playing with a model of the CIA-backed
Global Explorer, the remarkable deep-sea
recovery ship which came very near to
success and which one day may itself be
recognized as contributing to the tech-
nology of reaping a richer harvest from the
sea bed. In his later days Hughes was close
to madness — but as an old-style entrepre-
neur he did more to advance communica-
tions and aviation technology than whole
battalions of eminently sane bureaucrats!

Easily nicked
The emphasis on lightweight, microminia-
ture complex equipment in communica-
tions and broadcasting is not without its
problems. High-cost equipment that can
be easily carried, can easily be carried away
by other than the rightful owners. It is not
without reason that e.n.g. (electronic news
gathering) television equipment has earned
the sobriquet “easily nicked gear’’. During
the past few years several crews have re-
turned minus many thousands of pounds
worth of equipment. Nor is it only porta-
ble electronic gear that vanishes. In April a
BBC crew in South London lost £25,000
worth of film equipment from the back of
an estate car while taking a lunch break in
Stockwell. Another anonymous company
has been advertising (under a box number)
for information on a loss of a complete
Sony e.n.g. unit including BVP330P cam-
era, BVU110P recorder, battery charger,
radio microphone, etc. This was not the
first e.n.g. unit to disappear in the UK.
Communications equipment — profes-
sional, amateur and c.b. — has become
very vulnerable to car thieves. But the
thieves need to be careful in their choice of

_vehicle. I heard of a case recently where

what looked like a standard broadcast car
radio was taken from a Special Branch
police vehicle. It was in fact a disguised
control unit for a. boot-mounted two-way
radio!

Stable at s.h.f.

Although semiconductor devices, including
Gunn diodes and Impatt diodes, make pos-
sible relatively simple self-excited oscilla-
tors at s.h.f., it remains essential for many
applications to provide some form of stabi-
lization. A good deal of effort, for example,
has been put into developing cavity resona-
tors, including low-cost types that can be
used in association with the front-ends of
12 GHz satellite receivers where the circuit
elements may take the form of punched
out metal sheet.

Recently much interest is being shown

in small dielectric resonators which can be
used in connection with cavity resonators
to improve greatly the temperature charac-
teristics or, for example, to stabilize mono-
lithic GaAs fet oscillators.

In conjunction with a conventional cav-
ity it is claimed that commercially available
dielectric resonators using a disc of doped
barium titanate in the cavity can reduce
the temperature drift of a 10 GHz cavity-
stabilized oscillator from 3 MHz per °C to
only 3 kHz per °C. A new Mullard range of
dielectric-stabilized oscillators within the 4
to 16 GHz frequency range includes the
facility to tune over 1 per cent of the lowest
frequency limit without degrading stabili-
zation, or 8 per cent when rather lower
stability and higher noise is acceptable.

A French team at Laboratoires d’Elec-
tronique et de Physique Appliquée (LEP)
has reported (Electronics Letters, April 15,

1982 Vol 18 No 8, pp 345-347) the de-

velopment of a monolithic X-band GaAs
fet oscillator stabilized by means of a
barium titanate dielectric resonator which
delivers more than 30mW output power at
10.8 GHz with a frequency drift better
than 1 p.p.m/K from -20°C to 80°C, and a
maximum chip efficiency of about 20 per
cent. The oscillator chip measures 1.2 by
1.4mm? with a chip thickness of 300um.
lIt can be used as a voltage-controlled oscil-,
ator.

Long waves, high power

The BBC is currently carrying out a £2-
million refit to the Droitwich 200 kHz
(1500. m) long-wave station at Droitwich,
taking the opportunity to increase
transmitter output power from 400 kW to
500 kW. The transmitters now in use are
two of the four 200 kW units originally
supplied by Marconi for the special war-
time 800 kW station near Hull. The use of
the Marconi “Pulsam’ high-efficiency
technique will make the higher power
units more economical to run.

500 kW is a long way from the first long-
wave (1600m) BBC station at Daventry.
This was completed in 1924 and had a
power of 25 kW following tests on a Mar-
coni 15 kW long-wave transmitter in the
Chelmsford factory. At that time the inten-
tion was to supplement the local regional
transmitters (1.5 kW plus 0.12 kW relays)
by a single transmitter providing “a
reasonable field strength over most of the
British Isles” — as indeed it appears to
have done at a time when most listeners
used outdoor aerials, electrical interference
was reasonably low and there were none of
those infuriating signals emanating from
the line time-bases and switched-mode
power supplies of colour television sets.
Indeed in the 1930s it was firmly recog-
nised in the UK that high-power stations
of the order of 500 kW “‘may be a doubtful
blessing”.
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American broadcasters, who have never
used the long-wave broadcast band, have
been limited even on medium-wave “clear
channels’ to a maximum of 50 kW and yet
have traditionally achieved extensive and
excellent night-time coverage using direc-
tional aerials to minimize mutual interfer-
ence,

However this coverage is now under
severe threat from Cuba who have stated
an intention to install two 500 kW trans-
mitters with omnidirectional aerials, plus
over 180 other transmitters of various
powers — and have withdrawn from a key
Region 2 planning conference. It could be
argued that the Americans have brought
this problem on themselves by their inten-
tion to transmit programmes to Cuba on
medium-waves — yet another example of
how it is often external broadcasting for
government agencies that has been the
prime cause of the transmitter power race
and excessive interference.

AMATEUR
" RADIO

Satellite scene

Several of the balloon flights being orga-
nized this year by the South African Radio
League as a preliminary to an amateur
sateflite project have been completed
successfully, including two flights to
100,000 ft with simple recovery beacons
and a 10-hour flight to this height carrying
a linear transponder as well as telemetry
and recovery beacons. During the flight
about 20 amateur operators had s.s.b. and
morse contacts through the beacon over
distances of several hundred kilometres. A
later flight will be aimed at keeping a

transporter at 100,000 ft over an extended’

period with power derived from solar
panels. The whole project is enjoying the
full co-operation of a number of universi-
ties and electronics firms.

During April, a false command initiated
by the main computer on board the Uni-
versity of Surrey’s UOSAT satellite inad-
vertently switched on both the 145 MHz
and the 432 MHz beacons at the same time,
resulting in desensitizing both command
receivers so that the satillite was no longer
under ground control. The normal fail-safe
software in the computer had previously
been temporarily over-written, with the
result that the malfunction persisted for
an extended period.

Ron Broadbent, G3AAJ, secretary of

Amsat-UK, has complained of the many

demands directed to the society, stemming
not from radio amateurs but from school
and university staffs seeking detailed in-
formation on what they regard as a
“British Schools Satellite”.
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Vintage valves

A few months ago the turning over by
Mullard Ltd of their Blackburn factory
from the manufacture of domestic valves
to other products led to nostalgic back-
ward glances to the heyday of the “red”
EF50 of wartime radar, the EF39 used in

.many communications receivers, and other

once familiar small-signal valves.

Across the Atlantic the process of clos-
ing down production lines of “vacuum
tubes” has been going on for several years,
without many tears being shed. But surely
a note in QST will touch the hearts of
every old-time amateur and professional
communications man: RCA have disconti-
nued manufacture of a further batch of
glass-envelope transmitting valves includ-
ing such famous types as the 807, 811A,
813, 829B — valves that found their way
into innumerable transmitters since they
were first introduced well over 40 years
ago — and still do yeoman service in many
transmitters even today, although pre-
sumably the demand for replacements has
dipped. Transmitters needed to be large to
accommodate them and the ceramic types
with (often noisy) forced-air cooling were
‘displacing them, years before the semicon-
ductor era began to deliver the knock-out
blow. The 813 needs a hefty 5 amps at 10
volts just to keep the filament energized;
but was — and remains — a magnificent
workhorse for Class C service. Show me a
transistor that will provide a comfortable
300 watts r.f. output at 20 MHz with a
similar freedom from parasitic oscillation
and ease of design — but until then many
will regret the gradual passing of the ther-
mionic era. "

Perhaps not quite passing — Mullard,
for example, tell me they have no plans to
discontinue their range of transmitting
valves, including near equivalents of a
number of the axed RCA types. Indeed I
hear rumours of European manufactured
valves being sent across to the States and
then returning to find sockets in European
transmitters.

Here and there

The regulations introduced by the FCC on
January 1, 1981, limiting the amount of
r.f.i. generated by new computing devices
marked for the home to limits calculated
not to interfere with broadcast reception
are having an effect on manufacturers. Al-
though initially many manufacturers ap-
plied for waivers, the regulations must be
complied with by October 1983, and re-
cently the FCC laboratory has been reject-

‘ing less than 15 per cent of devices com-

pared with 25-30 per cent in early 1981.
FCC are now investigating the amount of
interference produced by other digital de-
vices including digital clocks using synthe-
sized speech.

A number of candidates who took the

Radio Amateur’s Examination in ‘May
appear to have been less than happy with
the multichoice paper and support the
view, expressed on a number of previous
occasions in this column, that the City &
Guilds Institute should carefully consider
updating the aims and scope of the exam-
ination — and contributing to the reduc-
tion of the administrative .time it takes in
the UK to sit the exam and acquire a
licence.

With the help of a small grant from the

‘Science Research Council, the R.S.G.B.

Propagation Studies Committee is to assist
in the collection over the next four to five
years of data on Sporadic E propagation on
frequencies above 100 MHz. North/south
propagation paths on 50 MHz were open
on many occasions during March and
April 1982. An unusually large number of
South African stations were received in the
U.K. on April 12.

In brief

The boom in walkabout audio tape cassette
players has encouraged the marketing in
Japan of miniature 50 MHz “walkie-
talkie” units, such as the Standard
“Talkman” with headphones and minia-
ture boom microphones. In future some-
one “talking to themselves” in the street
may or may not be a first sign of madness
. . . . David Adams, VE3BHF (G4NWA)
of Sutton West, Ontario has been walking
the length of Britain, from the Scilly Isles
to the Orkneys with a backpack that in-
cludes a 144 MHz hand-held transceiver
. . . Callsign of the 70.05 MHz beacon
transmitter on Harpur Hill, near Buxton,
Derbyshire has changed from GB3SU to
GB3BUX as part of the plan to use two-
letter GB callsigns for repeaters and three-
letter ones for beacons. Similarly, for
example, the beacon high on the IBA’s
concrete aerial support tower at Emley
Moor, West Yorkshire has changed from
GB3EM to GB3MLE. . . Tropospheric 10
GHz contacts across the English Channel
to amateurs in France and Holland con-
tinue to be reported over distances up to
about 250 km . . . A “very slow rise” in
membership is reported by the R.S.G.B.
who state that of members resigning “the
vast majority gave the present economic
climate and unemployment as the main
reason”. . . Forthcoming mobile rallies in-
clude: July 25, Anglian Mobile Rally,
Stanway School, Colchester; Scarborough.
A.R.S. at Spa Ocean Room. August 1,
R.S.G.B. National Mobile Rally at Wo-
burn. August 8, 25th annual Derby Mo-
bile Rally, L.wer Bemrose School, off
Derby Ring Road. August 15, Preston
AR.S. at Walton-le-Dale County High
School, Brindle Road, Bamber Bridge,
Preston. August 22, Bromsgrove A.R.C.
picnic at Avoncroft Art Centre, Broms-
grove. PAT HAWKER, G3VA
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NETWORK ANALYSIS
WITH A ZX81

Extensive insertion loss and group deIéy computations of ladder filters are faster with an
inexpensive microcomputer than with a programmable calculator

The specification of the ZX81 reveals that
it is also potentially a ‘super-calculator’
capable of handling much more extensive:
programs at a far higher computing speed
than, for example, the Texas TI59. The
9ls-digit accuracy is admittedly less but

nevertheless perfectly adequate for a wide'

range of practical problems. The program
described was written not only to fulfil a
professional requirement, but also to test
the capabilities of the ZX81 fitted with the
16K ram. .

The menu it provides is as follows.

— Compute and display the insertion loss
and group delay of a passive ladder
network with up to 10 branches, ex-
cluding the terminations. For a fre-
quency base in MHz the group delay is
computed over an increment of 1kHz.

— Each branch can consist of a single
inductor or capacitor, or a series or
parallel tuned circuit. More complex
structures can be handled by means of
a simple device.

— A chosen value of dissipation can be
assigned to the components.

—~ Component values entered can be
listed and corrections made before
computation starts.

— At the end of a calculation, individual
frequencies and element values can be
modified without re-starting the
program from the beginning. This is
invaluable for estimating the effect of

component tolerances or for ‘zooming

in’ on any particular area of the net-
work response.

— Up to five group-delay equalizer sec-
tions can be added and the total resul-
tant delay displayed. The display is in
the form of the zero-frequency delay,
followed by the differences from that
value at the other points.

— Because the group delay values of the
network are held in an auxiliary array,
re-computation of the group-delay res-
ponse after changes to the equalizer
parameters is fast.

— Added loss due to dissipation in the
equalizer can be displayed.

To give an idea of the running time, the
ZX81 in the fast mode displays the inser-
tion loss and group delay of a seventh-
order elliptic-function filter at 15 points in
around 75 seconds. Each successive at-
tempt at group-delay equalization takes

-around 12 seconds, not including the time

taken to enter values. .
Because many users will not need the
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by L. E. Weaver

‘group-delay equalization routine, the

procedure for use is conveniently divided

‘into two portions.

Computation of network
response

First some general remarks. As I am prin-
cipally concerned with video filters, the
units chosen are , uF, pyH, MHz and ps.
These can be replaced by any other self-
consistent set, but obviously minor
changes to the print statements will be
needed.

It is assumed that the network is unba-
lanced and contains no bridged-T sections.
The group-delay equalizers are dealt with
quite differently. The branches are
numbered from the input to the output,
and the component values are entered in
the same order so that for example, the
fourth branch will contain 1.(4) and C(4),
or perhaps L(4) or C(4) alone. As shunt
and series branches alternate in a ladder
‘network it is only necessary to specify the
nature of one of these. This is chosen to be
the branch facing the input termination.

The dissipation is expressed by D,
which is the reciprocal of the Q factor, and
must be specified at some frequency. This
will often be the cut-off frequency or pos-
sibly one of the points of nominally infinite
rejection. Because of the simplification in
the expressions for the impedances, the
standard device is employed of assuming
that both the inductors and capacitors have
the same dissipation, and that in a resonant
circuit D is the sum of these. However,
experience shows that provided D is less
than about 0.02 (Q>50) the individual
dissipations do not need to be equal. It
follows that if the capacitors can be consid-
ered as dissipationless, D can be taken as
one half of the value which would
otherwise apply. This may not sound very
satisfactory but in practice it works sur-
prisingly well.

With such a long program and only 16K
of storage the display prompts necessarily
have to be kept very short, so it seems
desirable to set out the procedure in detail.
Each input will, of course, be followed by
NEW LINE.

Prompts Inputs

FO? Starting frequency

FM? Maximum frequency
DF? Frequency step

D? Dissipation constant

FD? Dissipation frequency (if

D=0 then a nominal po-
sitive value must be en-

tered)
RI? Input termination
RO? Output termination
NO. OF ‘
BRANCHES? Total excluding termina-
tions
L+C?N=1 YES for a resonant cir-

cuit, NO for a single re-
sistor or capacitor

SER ORPAR? When previous input was
YES, input SER for a
series and PAR for a

parallel resonant circuit
L?N=1 Enter I(1)
C? Enter C(1). If only one L
or C the other must be
entered as zero

L. E. Weaver, B.Sc, M.I.E.E. is the
author of three well-known works on
television measurements, and of a
number of monographs and papers
both on that subject and on aspects of
network design. Now a television
engineering consultant, he was
previously head of the measurements
laboratory in the BBC designs .
department. While in that position he
also used the experience previously
gained in network design at STCs
transmission laboratory to produce
high-quality video filters, some of
which have been commercially
manufactured on a considerable scale.
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This process will continue until the last
branch has been entered. Then

SHUNTIN?  YES for a shunt input,
NO for a series

9/695 GOTO CHECK. This
: will then list the entered
values. Modify by, for
example, LET L (4) =
5.25. Do not enter RUN
or CONT. When satis-
fied enter GOTO LOSS,
which starts computa-
tion. After completion
values can be modified
and the network re-cal-
culated by again using
GOTO LOSS.

Group delay equalization

The insertion loss of a filter is usually
required over a frequency range wide
enough to cover both the pass and stop
bands, but with delay equalization the
situation is totally different. As a rough

guide the important area in that instance -

lies between zero frequency and the 6dB
point for a lowpass network, and between
the 6dB points for a bandpass. It follows
that a new set of frequencies must be selec-
ted up to the allowable total of 15,
achieved by entries such as LET FM = 6
and LET FD = 0.5. The initial computa-
tion is then repeated by means of GOTO
LOSS, which takes very little time as the
component values do not have to be re-
entered. The read-out must be completed,
indicated by a 9 code.

The program allows for one first-order
equalizer section followed by up to four
second-order. Alternatively, up to five
second-order sections may be used. Each is
defined by a resonant frequency and a
shape factor K, which must be made zero
for the first-order section. The first-order
section, if present, must be entered before
the others.

The procedure is then as follows.

Prompts . Inputs

9/1590 CONT "

v? Total number of sections

FR?’M=1 Resonant frequency of

: first section

K? K-parameter of first sec-
tion

FR? M=2 Resonant frequency of
second section

K? K for second section

As soon as the parameters for M=V have
been entered the computation sta.ts.

The initial attempt is not likely to be
successful, so it will then be necessary to
modify the equalizer parameters by inputs
of the form LET F(2) = 2.2 and LET K(3)
= 1.2. This must be followed by GOTO
EQU, which repeats the calculation with
the new values. »

At the end of the equalization process,
GOTO DISS will provide a read-out of the
equalizer dissipation corresponding to the
value of D. This does not need to be the
same as the D used for the insertion loss
but may be re-entered before calling up the
DISS routine. '
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Flg. 1. Component values of a 5SMH elliptic function lowpass filter in the form
recommended for program entry. Suggested initial parameter values are included for a

three-section group delay equalizer.
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Flg. 2. Use of a dummy shunt branch where a series arm contains more than two

components. Values shown are for a 10MHz bandpass filter with midband frequency 12MHz

and rejection points at 6 and 24MHz. Original configuration at (a), dummy shunt branch

inserted at (b).
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Fig. 3. Use of a dummy series branch where a shunt arm contains more than two
components, Values shown correspond to a 3MHz bandpass filter with midband frequency
2MHz and a single rejection point at 0.8MHz. Original configuration at (a), dummy series
branch suitable for bandpass structures only (b) and universally applicable dummy series

branch (c).

In the absence of enough ram to run an
optimization program, a graphical method
has been found effective. This consists in
plotting the combined group delay res-
ponses for successive parameter changes
from some initial set of values, taking care
not to try to deal with too many simul-
taneous changes. Some of these will in-
evitably be in the wrong direction, but one

quickly gets a feel for the way in which
moves have to be made. Remember that
the aim must be to minimize the absolute
error, that is the positive and negative de-
viations must tend to equality, subject to
the condition with video filters that the
error may be allowed to increase with fre-
quency. The display provides the devia-
tions directly, which saves a great deal of
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Fig. 4. Pair of
o canonical two-

terminal reactance
arms.

O

" tedious plotting especially in the earlier

stages of the process, since it is simple to
note the maxima and minima at each stage
without drawing the complete curve.

A brief guide to the shape of the delay
equalizer responses may be found useful.
The first-order network provides a group
delay which falls steadily starting from the
zero-frequency value. On the other hand,
there is a very useful analogy between the
response of a second-order section and the
amplitude response of a parallel tuned cir-
cuit. The parameter K performs much the
same function as the Q in the last-
mentioned case, and the delay maximum
roughly corresponds with FR.

The seventh-order elliptic function
lowpass filter given in Fig. 1 may be found
useful for a trial run. The loss is about 4dB
at SMHz. The delay equalizer parameters
do not represent an optimum, but merely a
suggestion for an initial trial. The compo-
nent values are listed in the order of inser-
tion into the program, with the capacitors
provided in exponential notation, thus
avoiding strings of zeros.

Before leaving the subject of insertion
loss calculation, one still has to deal with
the problem of network branches con-
taining more than two reactances such as
may be encountered in bandpass filters. In
fact it can be very easily solved by the use

of dummy branches as the following

examples will make clear.

Fig. 2(a) shows a bandpass filter with a
bandwidth of 10MHz, a mid-band fre-
quency of 12MHz, and rejection frequen-
cies at 8 and 24MHz. The series arm has
the form of two parallel tuned circuits in
series, i.e. a total of four reactances,
usually the maximum number likely to be
met with. The device in this instance is to
add between points A and B a shunt induc-
tor of such a magnitude that it cannot
possibly have any practical effect on the
loss and delay responses, Fig. 2(b). The
original three-branch network is now
converted to a five-branch ladder which
can easily be handled by the program.

A shunt branch yields to similar treat-
ment, as is illustrated by the bandpass
filter of Fig. 3(a). This has a bandwidth of

3MHz with a mid-band frequency of
2MHz and a rejection frequency at
0.8MHZz. Because it has a bandpass charac-
teristic it is possible to employ the anal-
ogue of Fig. 2(b), that is the series inser-
tion of a very large capacitor, Fig. 3(b).
The resulting five-branch ladder can now
be treated normally, In this instance, there
is an alternative which applies equally to
lowpass structures, that is the insertion of

‘a parallel tuned circuit with a zero-valued

inductor and a capacitor of any nominal
size, Fig. 3(c).

It is worth stressing that the dummy
branch technique can always be applied,
subject to the limitation of a total of ten
branches imposed by the present program.
The justification for this is the theorem
that a two-terminal reactance arm can al-
ways be transformed into one of the two
configurations of Fig. 4 (ref. 1), for which
reason they are sometimes called canonical
networks. Of course, not all of the induc-
tors and capacitors have to be present, so
the two examples given above are ob-
viously included. It will sometimes involve
the transformation of one configuration
into another, but this is comparatively
simple prov1ded a reference table of equi-
valent circuits is available?.
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To be continued.

Communications crisis—a reply

On our news pages this month is a criticism of
the Government’s liberalisation programme for
the telecommunications industry. John
Butcher, the Parliamentary Under Secretary of
State for Industry has made the following reply,
listing the progress made to date.

A licence was granted in February to Cable
and Wireless PLC on behalf of the Mercury
Communications Limited to run a telecommu-
nications system in the UK the first indepen-
dent system of its kind outside North America.
By the middle of next year the first subscribers
should be connected to Mercury, surely an as-
tonishing achievement in the time.

On the liberalisation of attachments progress
has been remarkable. Already some 50 attach-
ments, including about 25 telephones, 20 mo-
dems and five telex teleprinters can be supplied
competitively which under the old regime
would either have been completely unavailable
or supplied only through BT.

November 1981 — Interim approved scheme
for extension telephones from BT’s special
range. The latter have been added to since then
and all of BT’s special range telephones can now
be supplied in competition with BT. The first
approvals under this interim scheme have now
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been made and more will follow shortly.

May 27 — An extension of this scheme to
include callmakers, repertory diallers and appa-
ratus incorporating integral modems. The De-
partment is now considering applications for
further evaluation. Now that BSI’s new
laboratory can undertake some of the test work,
it shoule be possible to deal with more tele-
phones more quickly.

March 31 — Orders made requiring appara-
tus to be marked to tell customers whether or
not it is approved for connection to BT’s net-
works. This is vital information for users if they
are to choose apparatus that will not cause
damage and produce inferior service.

Six draft standards have been written and
made available for public comment in record
time and further drafts will follow shortly. So
far all standards are meeting their target dates.

May — The British Approvals Board for
Telecommunications (BABT) was incorporated
and will begin to accept applications for ap-
proval when the first standards are published.

The Department and BT have agreed on ar-
rangements allowing BT’s present suppliers of

telex teleprinters to supply the models they now -

sell to BT direct to customers. This makes five

models available competitively if the manufac-:

turers wish to take advantage of this arrange-

_ ment.

“The Government has a duty” he continued
““to make sure that apparatus connected to BT’s
network does not endanger consumers who use
this equipment or BT’s engineers and doés not
impair the quality of service that the network is
able to provide to all. Much of the preparations
that have been made over the past 12 to 18
months have been aimed at avoiding such dang-
ers.

“In many cases little of this progress is visible
to the outside observer but all of it is necessary if
liberalisation is to be fair and to work. Critics do
not do justice to the immense amount that has
already been achieved.”

“Since April private operators have been able
to apply to the Department of Industry for a
licence to provide services over the network.
The provision of these value added network
services (VANS) will help to satisfy the demand
more quickly than at present and encourage the
growth of a wider range of services, providing
jobs and helpmg business in Britain to become
more competitive.
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The populanty of Rod Cooper s 1gnmon
circuit design, published in the March is-
sue, led to many requests for a component
location diagram. In response, here is a
component layout — regrettably held out
of the last issue <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>