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Synthesized tv modulator

Testing microprocessors at home

rId

Australia A$ 3.0¢
Danmark DKr 34.50
Garmany Dm 7.00
Greece Dra 220.00
Holland DFL 8.50
haly L 3800
Norway Nkr 29.2¢
Singapore M$ 5.5C '
Spain Pts  340.0C :
Switzerland SFr 7.0C

US.A. $ 3.7¢ y

RO . b




The range includes sine-square oscillators,
b synthesized signal generators, function generators and pulse generators.

Designed and manufactured in Britain,
all instruments in the range are backed by the Farnell reputation
{ : for value for money performance.
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Competition award

Microprocessor-based ultrasonic
pulse-echo-system depicted on
cover is described elsewhere in
this issue by Tony Heyes.

NEXT MONTH

Pausaid, a training aid for
sufferers from certain motor
speech disorders. This device
won second prize in Wireless
World’s recent design
competition.

Variable-speed video playback
begins a series on combining
servo head tracking with
digital timebase correction
that allows playback to
broadcast standard over a
wide range of speeds.

Dr Murray chose to avoid
criticising Relativity Theory in
his recent Heretic’s Guide. He
makes good the omission by
drawing attention to one of
Einstein’s rare but crucial
mistakes.

Designer of WW Scientific
Computer, John Adams,
describes another computer
design, this time a disc-based
CP/M-compatible system.
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SEMICONDUCTORS BDI32 048 gg; g?ﬁ“ ico gélzem ;gg 2;2 2 5L &8 R T
. d ! . d b 2. ) 2N1893  0.32
AALI9 010 ASZ1S 120 BCI73 011 | BpI3S  0.40 0.28 GMO0378A 1.75 2.50 2.50 35; 2N2147 400 %2;3%2 823
: 110 | BC177 028 | Bp13 040 |. 0.34 KSI00A  0.45 250 | OCP7I 200 0.05 2N2148  3.75 ON3865  1.00
: 1.00 | BCI78 028 | BpI137  0.40 0.33 MJE340  0.60 400 | ORPI2  1.00 0.09 2N218 032 N304 017
b 230 | BCI79 0.28 BDI38 0.48 0.36 MJE370  0.73 3.00 | R2008B  2.00 0.06 IN2219  0.32 2N 017
s 2.50 | BCl82 0.11 BDI39  0.48 4.00 MJE371  0.71 1.00 | R2009 2.25 0.06 2N2220 0.20 IN396 017
b 2.50 | BCis3 0.1 BDI40  0.50 2.25 MJES20  0.47 150 | R2010B  2.00 0.06 2N2221 0.20 INH0SS 0.20
i 3.00. | BCl84 0.11 BD144 2.00 0.20 MJES21  0.73 200 | TIC44 0.27 0.07 2N2222 0.20 IN40SS 020
k 0.13 | BC212 0.11 BDI81 1.20 0.20 MJE2955  1.30 200 | TIC226D 120 0.09 2N2223 425 4060 0.16
k 0.15 | BC213 0.11 BDI83 080 097 MJE3055 1.10 150 | TIL209 0.1 0.11 2N2368 .25 IN4061 016
! 0.10 | BC214 01l | BP2137 0.4 0.96 MPFI02  0.35 1.50 TIP29A  0.43 0.12 2N2369A  0.25 N4062  0.16
. 011 | BC237 01l | Bpy3g 054 0.30 MPF103  0.35 0.90 | TIP30A 045 0.07 IN2484  0.25 4124 016
0. 0.10 | BC238 011 | gpxio 091 0.30 MPFl04  0.35 0.90 | TIP3IA 033 | IN4148  0.04 2N2646  0.50 N4126  0.16
ACI4IK 035 | BAWE2  0.05 | BC30I 033 | BDX32 200 | BFX87 030 | MPFI05 035 | OCs3 150 | TIP32A 036 | IN5400 0.3 | 2N2904 032 IN4286 015
ACl42 0.28 BAX13  0.06 | BC303 034 | BDY20 1.50 | BFX88  0.30 MPSAO6 026 | OC44 0.85 | TIP33A 054 | INS401 013 2N2905 032 IN$2E8  0.18
ACI42K  0.35 BAX16  0.06 | BC307 0.11 BDYS0 275 BFYS0 025 MPSAS6  0.28 0OC45 0.65 | TIP34A 067 | 1544 0.04 IN2906 021 IN4289 018
AC176 0.30 BC107 0.16 | BC308 0.1 BF115 0.35 BFYS1 0.25 MPSUOL 053 | OC7I 055 | TIP4IA 0.4 | 15920 0.08 2N2907 021 IN#400 011
AC187 0.28 BCl08 016 | BCR7 0.12 | BFIs2 0.16 | BFYS2 025 MPSUO6  0.65 | OC72 1.00 | TiP42A 042 | 18921 0.09 2N2924  0.26 IN4401 o1l
ACI88 0.28 BCI09 0.16 | BC328 0.12 BF153 0.16 BFY64 030 MPSUS6 069 | OC73 1.00 TIP29SS  0.70 | 2G301 1.00 2N2925  0.22 IN4402 011
ACY!7 130 BCl113 015 | BC337 0.12 | BFj54 0.17 BEY%  0.95 NESSS 045 | OC74 070 | TIP3055 0.5 | 2G302 1.00 2N2926 0.1 INS4ST 032
ACYIZ 115 BCl14 0.15 | BC338 0.12 | BFI59 0.17 | BSX19 027 NKT401 350 | OC7S 0.65 | TIS43 043 | 2G306 1.00 2N3053  0.26 INS458  0.32
ACY19 110 BC11S 0.18 | BCY30 125 | ppjep 0.17 BSX20 027 NKT403 2,50 | OC76 1.00 | ZS140 0.25 | 2N404 1.30 2N3054  0.55 IN5459  0.32
ACY20 110 | BCite 019 | BCY3l 130 | grg7 924 | BSX2! 029 | NKT44 220 | OC77 100 | ZS170 021 | 2Ne9%6 032 | 2N30SS 065 | 35017 10,00
ACY2] LIS | BClI7 023 | BCY32 150 | Bri73  ¢30 | BTI06 120 | OAS 120 | OC8i 0.65 | ZSI78 054 | N697 032 | 2N3440 070 25019 12.00
ACY39  2.50 BCl18 0.18 BCY33 L10 BF177 0.35 BTY79/400R OA7 0.60 0C31Z 1.20 Z5271 0.23 | 2N698 0.32 2N3441 085 25026 25.00
ADI49  0.75 BCI125 0.18 | BCY34  1.00 | pyy7g 0.35 2.00 0A10 0.55 | OC82 090 { 75278 0.57 | 2N705 1.25 2N3442 125 25103 1.50
ADI161 0.35 BCI26 0.18 | BCY39 3.40 BF179 0.35 BU20S 1.3¢ OA47 0.12 0Cs3 1.00 ZTX107  0.12 | 2N706 0.25 2N3614 220 28302 2.00
ADl62 035 BC135 0.15 | BCY« 280 | gpjgo 0.28 BU206 1.50 0A70 0.25 | OC84 0.80 | ZTX108 0.12 | 2N708 0.25 2N3702 0.1 25303 1.50
AF106 0.35 BC136 019 | BCY&2 030 | pgpjg 0.28 BU208  2.00 OAT79 012 | OCI22 275 ZTX109 012 | 2N930 0.25 2N3703 0.1 28322 350
AF114 0.75 BC137 019 | BCY43 030 | ppjg 0.30 BY100 0.40 0A8] 017 | OCI23 200 ZTX300  0.13 | 2Nj13)  0.30 2N3704 0.1 28324 350
AF115 0.75 BC147 012 | BCYS8 019 | ppgy 0.28 BY126 0.13 OA8S 017 | OCl39 300 ZTX301 014 | 2N1132 030 IN3705 011 25701 2,00
AF116 0.75 BCl48 0.2 | BCY70 017 BF184 0.28 BY)27 0.14 OA% 0.08 | OCl40 4.00 ZTX302 018 | 2N1302 120 2N3706  0.11 257454 0.95
AF117 075 | BCI49 013 | BCY7I  0.18 | gpjgs 030 | BzX6l 017 | OA9l 008 | OCI4I 425 | ZTX303 0.8 | 2NI303 080 | 2N3707 0.1 25746a 095
AF139 033 | BCIS7 013 | BCY72 017 | BEigs 014 | Series OA9S 008 | OCI70 125 | ZTX304 020 | 2N1304 1.20 | 2N3708  0.10
AF186 100 | BCIS8 013 | BCZIL  L75 | Brlgs 012 | BZYS8 0.0 | OA20 015 | OCI7I 125 | ZIX3N 013 | 3N130e 160 | 2N3709 o1
AF239 039 | BCIS9 013 | BDIIS 042 | Bpigq 013 | Series OA202 015 | OC200 150 | ZTX314 025 | 2N136 150 | 2N3710  0.10 CV Devices
AFZIl 400 | BCl67 011 | BDI2L 170 | BFlo7 014 | CRSI40 0.60 | OA211 150 | OC20] 250 | ZTXS500 014 | 2N1307 1.0 | 2N3711  0.10 Large stocks
AFZ12  4.00 BC170 0.11 | BDI23 280 | ppypq 040 | CRS340 075 | OAZ200 150 | OC202 275 | ZTXS0l 014 | 2N1308 175 | 2N3771  1.40 Prices on
ASY26 140 BCI71 0.11 | BDI24  2.00 | BEy4 025 | CRS360 0.90 | 0AZ20l1 1.50 | OC203 3.00 ZTXS02 018 | 2N1309 120 | 2N3772  1.60 application
ASYZT 090 BCI72 011 | BDI3} 044 | BF244 028 | GEX66  3.00 | OAZ206 1.50 | OC204 300 | ZTX503 019 | INl1sl3 032 | 2N3773 180
E130L  18.50 | EF8S 175 | GUSI * 2000 | OD3 250 | QY365 9.8 | UF4l 200 | 42504 80.00 | 6CG7 2.50 | 12AX7 175 | Se42 9.00
VALVES | Esocc 1050 | Erss L75 | GXUI 1535 | OZ4 350 | QV3l2s esso | UF42 210 | 44004 8700 | 6CHE 1300 | 123Y7A 400 | 3654 3.00
EISOF 1020 | EF89 250 | GXU2  30.00 | PC86 250 | Qv4250 e8.00 | UF80 L75 | 4p32 20000 | 6CL6 375 | 12B4A 350 5651 4.45
Al834 9.00 | EIS2CC 13.25 | EF9l 295 | GXU3  25.40 | PCs8 2.50 | QY4400 74.20 | UF8S 175 | 435 78.00 | 6CW4 8.00 | 12BA6  2.50 5670 4.50
A2087  13.50 EI8F 1150 EF92 6.37 GXUa  44.50 PC9s 1.75 QY'5-500 175.00 UF89 2.00 4CX250B 45.00 6D2 1.50 12BE6 2.50 5675 28.00
A2134 17.50 Ei88CC  8.91 EF93 1.50 GXUS0  20.00 PC97 1.75 QYS-3000A UL4l 3150 CX350A 73.00 6DK6 3.00 12BH7? 2.75 5687 6.00
A2293  16.00 | E280F 2251 | EFM 250 | GYs0l 3.00 | PC0O 1.75 420.00 | UL84 1.75 | 4X150A  60.00 | 6] 475 | 12BY7  3.00 5696 4.50
A2426 2150 E283CC  12.00 EF95 5.99 GZ32 4.00 PCC84 1.50 QZ06-20 32.70 UMB80 2.00 4X150D  $6.00 6EAS 3.00 12E1 20.00 5718 7.50
A2521  25.00 | E288CC 17.50 | EF98 200 | Gz33 475 | PCC8S 150 | RI0 00 | UY4l 2.25 | SB2S4M  35.00 | 6EB8 2.50 12E1ITT 28.00 5725 5.50
A2900 15.00 | EA52 3225 | EFI83 200 | GZ34 3.00 | PCC88 2.0 | R17 3.00 | UYS$S 2.25 | SB2SSM  35.00 | 6EW6 225 12E14  65.00 | 5726 11.37
A3343 4500 | EA76 2.50 | EF184 200 | GZ37 475 | PCCBY  L75 | RI8 3.00 | VLS631 1500 | 5C22  160.00 | 6F6 3.00 13E1 170.00 | 5727 7.05
AZ3] 2.75 EABCS0  1.25 EF804S  12.00 KTé1 5.00 PCCI89  2.50 R19 9.24 XG1-2500 55.00 SJIS0E 1650.00 | 6F23 1.60 19H4 27.50 5749 2.50
AZ4] 260 | EACS] 350 | EF805S 1500 | KTes  12.00 | PCC80S 1.60 | R20 250 | XG2-6400 SRAGY  3.50 | 6F28 1.60 IHS  47.50 | 5751 4.00
BK448 114.90 | EAF42 250 H90 175 | KT77GoldLion | PCC806 1.60 | RG3.250 32.68 4190 | SU4G 3.00 | 6F33 3350 | 24B9 67.25 | 5763 4.50
BK484 155.35 | EAF801 2.00 | EK9 1.50 9.00 | PCES2  2.00 | RG3.250A 32.68 | XGS5-500 26.60 | SU4GB  2.50 | 6HI 1400 | 30CIS 200 | 5314A 4.00
BS9%0 58.00 | EB4l 400 | EL32 2.50 | KT88 1500 | PCF80  2.00 | RG3-1250 59.50 | X(2-6400 V4G 250 | 6H2N 2.75 0C17 2.00 | 5840 4.00
BS8l0  60.00 | EBSI 150 | EL33 400 | KTWél 250 | PCFS2 150 | RGL1250 61.60 16200 | 5YIGT  2.50 | 6H3N 275 | 30C18 2.00 | 5842 12.00
BTS $8.95 | EBC33 250 | EL34MUI 3.00 | KTW62 250 | PCF8¢  2.50 | RG4-3000 9945 | XRI-1600A 5Z3 4.00 | GH6 3.00 | 30F5 160 | 5876A  31.50
BT17  151.00 EBC41 2.50 EL36 2.50 KTW63 2,50 PCF87 2.00 RR3.250 40.00 53.75 5Z4G 250 | 6J4 5.50 30FL12  1.38 5879 5.00
BTI19 44.05 EBC31 1.50 EL41 2.80 M8079 1234 PCF200 3.2 RR3-1250 45.75 XR1-3200 81.97 SZAGT 250 | 66 8.93 30FL12  1.80 5886 15.00
BT29  349.15 EBCY% 1.25 EL42 2.50 MB080 8.25 PCF201  3.25 SI11E12  65.00 XR!-3200A 6-30L2 L75 | 67 4.75 30FL14 200 | 5963 2.50
BT69 35480 | EBF80  1.50 | ELS1 5.28 M8081  9.82 | PCF80) 250 | §130 6.00 | XRI-6400 6AB4 175 | 6K4N 2.50 | 30L! 150 | 5965 3.50
BT$S 12990 EBF83 1.75 ELS3 6.00 MB082 9.69 PCF802  2.50 S130P 6.00 102.00 6AB7 3.00 | 6K6GT 275 30L15 2.00 6005 2.25
CBL31 4.00 EBF89 1.50 EL84 225 MB8083 8.58 PCF805  1.70 STV280-40 YD1i20 395.00 6ACT 3.00 | 6K7 3.00 30L17 2.00 6021 4.50
CL33 400 | EBL3I 400 | EL8 275 | M8091 1043 | PCF806 1.70 14 YDi240 450.00 | 6AF4A 425 | ¢Ks 300 | 30P4 250 | 6057 10.23
CY3l 3.00 EC%0 1.25 EL% 225 MB8096 6.80 PCF808  1.70 STV280-80 7759 25.00 6AG7 3.00 6KD6 7.00 30P19 2.50 | 6058 12.34
CIK 20.00 EC91 8.00 EL91 9.69 M8097 8.10 PCL82 2.00 21.00 ZM1000  8.00 6AH6 5.00 6L.6G 3.00 30PL1 3.00 6059 6.00
C3A 2200 EC92 175 | EL9S 2.00 M8098 615 | PCL83  3.00 | Sy4I 500 | ZMI100I 8.00 | 6AKS 599 | 6L6GA  3.00 | 30PLI4  1.80 | 06l 6.00
CIja 22.00 | ECIS7  380.00 | ELIS6  30.00 | M8099 800 | PCL84 200 | sU42 10.00 | ZMI020 9.00 | 6AK6 250 | 6I6GC  3.00 | JOPLIS 180 | c063 375
DA41 2500 ECC33 4.50 EL360 8.50 M8100 9.52 PCL.85 2.50 TD03-10 35.00 ZM1021 9.0 6ALS 1.50 6L6GT 3.00 35w 100 6064 8.58
DA42 18.70 ECC35 4.50 EL500/504 3.00 M8136  10.23 PCL86 2.50 TD03-10F 35.00 ZM1022 9.0 6AM4 4.00 6L7 2.50 50CS 1.50 6067 10.23
DAF91  L75 | ECC40 450 | ELS09  7.00 | M8137 1023 | PCL80S/85 2.50 | TTIS  50.00 | ZMI023 9.00 | 6AMS 9.69 | eN2P 250 | 7581 6.05 | 6072 6.00
DAF% 1.75 ECC81 1.75 EL821  13.00 M8140 6.00 PI>500 6.00 TT21 23.00 ZM1040 1936 S6AME 6.02 6N3P 2.50 75C) 4.50 6080 14.00
DET22 3500 | ECCE2 175 | EL822 1397 | M8141  6.50 | PEG6-40N 45.00 | TT22  23.00 | ZMI041 1666 | 6ANS 475 | 6N7 300 | 85Al 7.50 | 6097A  235.00
DET24 49.00 | ECC83 175 | EM34 5.00 | M8142 875 | PFL200 250 | TTI00 60.00 | ZMI1042 17.77 | 6ANSBA  3.50 | 6125 4.00 | 8572 435 | 6097B  200.00
DF91 L.75 ECC84 175 EM80 2.50 M8144 7.50 PL36 2.50 TY2:125 65.00 1B3GT 3.00 6AQS 2.25 6Q7 3.75 90AG 12.96 6146A 8.25
DF% 175 | ECC85 175 | EMS8I 250 | M8l49 650 | PL8I 175 | TY4400 75.00 | 1B2¢ 2500 | 6AS6 8.66 | GR7 325 | 0AV 129 | 6146B 8.25
DKS91 175 ECC86 2.50 EMsg4 2.00 M8161 9.35 PL8IA 2.00 IY4.500 98.35 iB35A  48.00 6ASTG 8.7% 6SA7 3.00 90C1 6.00 61598 19.00
DK92 2.00 ECCss 2.10 EM85 2.75 MB162  10.40 PL82 1.50 I'YS-S00 201.50 1B63 64.00 6AT6 1.25 65C7 2.75 90CG 14.54 6189 9.50
DK% 175 ECC89 2,00 EMg7 2.50 MB163 8.25 PL83 2.50 TY6-800 196.50 IRS 1.7% 6AUSGT  5.00 | 6SF7 2.50 90CV 15.45 6201 11.40
DL92 2.00 ECC91 8.93 EN32 17.46 M8190 5.00 PL84 2.00 TY6-5000A 185 175 6AUS 2.50 6SH7 3.00 92AG 12.96 6442 20.00
DL94 1.75 | ECCI89 2.0 | EN91  €7.05 | M8195 1085 | PLS04'S  2.50 490 1T4 LIS | 6AVSGA 450 | ¢3f7 325 | 92AV 1296 | es83h 8.25
DL% 175 ECCg07 1.7% EN92 6.96 MB19%6 7.50 PL508 2.50 T'Y6-5000B 2AS15 11.50 6AVE 1.50 6SK7 3.50 95A1 8.45 6973 4.00
DLSI0  14.00 | ECC808 3.00 | EYsI 275 | M8204  7.05 | PL50Y 6.0 39 2CI9A 6000 | 6AXSGT 3.00 | 6SK7GT 300 | 15082 6.50 | 7025 300
DLSIS 1250 | ECF80 155 | EY81 2.50 | M8212 1137 | PL5SI9  6.00 | TY6-5000% 2C43 7000 | 6B7 325 | 6SN7GT  3.00 | 15083 835 | 7551 6.25
DLSI6 1250 | ECF82 150 | EY83 2.50 | M8223  6.00 | PLBO! 1.50 2D2 3.25 | 6B8 325 | 6SQ7 340 | 150C2 325 | 7586 12.00
DLSI9 1250 | ECF8 250 | EY84 9.24 | M8224 630 | PL802 6.00 | TY7-6000A 2E26 8.25 | 6BA6 150 | 6SR7 400 | 150C4 6.00 | 7587 18.50
DM70 2.00 ECH35 3.00 EY86 1.75 M8225 4.50 ry3 2.50 2j42 98.00 6BA7 5.00 6587 2.75 211 35.00 7609 56.00
DM71 2.00 ECH42 3.50 EY88 175 M8248  14.03 PY8I 1.50 TY7-6000W 2J55 175.00 6BASA 4.00 | 6USG 3.50 | 723AB  125.00 7868 6.00
DMI60 475 | ECH81 300 | EYSOOA 3.00 | MD2901 11500 | PYS2 1.50 303.60 | 2J70A  383.00 | 6BC4 400 | 6UBA 225 | 803 25.00 | 7895 12.00
DY87 150 | ECH83 2,50 | EY802 L75 | MUI4 250 | ryss 250 | TZ40 2500 | 2J70B  336.00 | 6BE6 150 | eveGT 225 | 805 45.00 | 8005  110.49
DY$02 150 | ECH84  2.50 | EZ35 175 | MXI19 55.00 | 1Yysg 2.00 | UI8-20 350 | 2K25  125.00 | 6BH6 250 | gXd4 2.00 | 807 375 | 8068 14.00
ESSL 45.00 ECL80 1.50 EZ40 2.50 MX123  72.00 PYSO0A  4.00 u19 13.78 3400Z  85.00 6BJ6 2.25 | 6XSGT LTS 811A 18.33 8122 90.00
E80CC 881 | ECL8I 175 | EZ4 250 | MX145  56.70 | PYB0O 150 [ U2 250 | 35007 85.00 | 6BK4 450 | 7B7 250 | 8124 1833 | g13¢ 2.50
ESOCF  11.27 ECL82 1.50 EZ30 1.50 MX151  17.25 PY801 1.50 26 2.50 375 300 6BL6 85.00 l 7CS5 4.00 813 125.86 8417 6.00
ESOF 1419 | ECL83 300 | EZ8I 150 | MXIS2 131.25 | QF4s! 8250 | U37 12.00 | 3B24 11.00 | 6BL7GT 4.50 | 7Cs 2.50 | 833A 19316 18042 11.53
EROL 1373 | ECL84 150 | EZ% 200 | MXlel 152,25 | QQVO26 3050 | UABCSO 125 | 3128 1535 | 6BM6  115.00 | 7117 4.00 | 866A 20.03 18045 10.49
ESICC 800 | ECL8  1.50 | FW4500 3.50 | MXl63 2025 | QQ\03-102050 | UAF42 250 | 3B29 20,05 | 6BN6 2.00 | 7R7 425 | 872A 20.00 [

IL 1327 | ECLB6 175 | FW4800 350 | MXIe4 2552 | QQV03-204 UB41 3.00 | 3B240M 17.50 | 6BQJA 350 | 757 350 | 922 6.00 Tested
E82CC 810 | EF37A 500 | GI371K 35.00 | MX166 147.00 48. UBC4l 225 | 3B24IM 17.50 | 6BR7 6.00 | 7v4 225 | 931a 18.50 Ex-Equipment
E83CC 840 | EF39 275 | GSSIK  12.00 | MX168 $0.00 | QQVO06-40A UBFEY  1.50 23 2500 | 6BRSA  3.50 | 774 200 | 1624 4.00 4CX 2508 6.50
E86C 825 | EF40 5.00 | GIR0.2M 17.50 | N7y 15.00 65.34 | LG8 175 | 3C45 2450 | 6BS7 6.00 | 11E3 §5.00 | 1625 3.50 CV Devices
E88C 8.25 EF41 3.50 G240.2D 12.00 0A2 325 QQV07-50 68.60 LCCss 1.85 3CX100AS 6BW6 6.00 12AH8 5.00 | 2050 7.50 Large stocks
E88C 842 | EF42 450 | G400.1K 17.50 | OA3 2,50 | QQZ06-407 UCF80  2.00 47.00 | 5BW7 150 | 12AT6 150 | f212E 30000 | Prices on
ECC 947 | EFS0 2.50 | GNd4 9.00 | OA4 6.00 6220 | UCH42 250 | 3E29 45.00 | 6BXIGT 500 | 12AT7 1.5 | 42120 300.00 | uppication
E9OF 9.90 EFs4 5.00 GN4A 9.00 OB2 4.35 U37 12.50 ucHsl 250 354 2.00 6BZ6 2.75 12AU6 250 | S84 81.97
ESIH 6.25 EF55 3.50 GS16 16.00 OB3 2.50 QV03-12 6.8 LCL.82 1.75 3V 1.75 6C4 1.25 12AU7 1.75 | 3545 102.00
E92CC 8.75 EF80 1.75 GTIC 15.00 02 4.35 VO+T 350 UCL83 2.75 4654 60.00 6CB6A 2.50 12AV6 2.50 s551A 114.99
E®F 9.10 { EFs3 400 | GUSO 2000 | OC3 250 | QV08-100155.70 41254 60.00 500 | 12AV7 350 | 55524 155.35

INTEGRATED CIREUITS 7950731 7aE6 08I [ a5 L | TBASINQ 2.30
;43(, gaé | ;J}H 0.89 4176 116 | TBASI0  1.98
2400 016 | 7423 0.33 0 0.18 497 A 4 230 | 74178 1.36 | TBASH0Q 2.3
BASES CRTs SADPL 3500 | VCRSI7B 1000 | 7y 017 7455 0.30 ;3?0 038 | 74100 154 | 74143 260 | 74179 1.36 TBA“OUS 3,23
P, g50 | SCPI 10.00 | VCR517C 10.00 | 745 017 | 7477 030 | 7472 033 | 74107 0.45 | 7414 260 | 74180 1.20 | TBASKOCQ 3.22
i ’ Cr1A - 40.00 7403 017 | 7428 043 | 7473 038 | 409 073 ) 74145 100 | 74190 1.90 | TBA6™3 220
B7G unskirted  0.25 | 2BP1 900 | SEPISA  15.00 7404 018 | 7430 017 | 7474 038 | 74110 051 | 74147 200 | 74191 1.90 | TBATW 1.5
B7G skirnted 0.35 | 3BPI 1200 | s(p7 25.00 7105 0.18 7432 0.30 7475 054 | 74111 0.71 74148 1.76 74192 1.90 TBA720Q 2.30
B9A unskirted 0,25 | 3DPL 500 | DGrs 6332 2 043 | 7433 0.40 1476 042 | 7416 185 | 74150 180 | 74193 190 | TBA750Q 2.07
B9A skiried 0.35 | 3EG] 19.00 | 13G7.3] 5807 | Tube Bases 7407 043 7437 032 7180 056 | 74118 1.00 4151 0.94 74194 125 | TRABOO 120
Int Octal 0.3s | 3FP7 6.00 | 1,57.3) 5807 | Priceson 7408 0.20 7438 032 7482 0.75 | 74119 1.54 74154 1.80 74195 1.20 | TBA920 2.90
Loctal 0.55 | 3GP) 600 | DG7.36  65.00 | application 7409 020 | 7430 037 | 7483 Lo | 74120 0.83 | 74155 0.90 3196 135 | TRA920Q 2.90
Nuvistor base 2.0 | 3JP1 8.00 | priz9r 5683 7410 017 | 7401 090 | 7484 1.05 4121 0.43 | 74156 0.90 | 74197 135 | TBAY0Q 2.90
8 pin DIL Texas 0.10 | 3IP2 8.00 | DH7i1 11312 2412 029 | 7442 072 | 7486 03 | 74122 0.62 | 74157 875 | 74198 270 | TCA270Q 2.90
14pin DIL Texas 0.10 | 3]P7 10.00 | yCR97  12.00 413 032 | 7447AN 117 | 74s0 060 | 74123 L18 | 74159 220 | 74199 230 | TCA760A 138
16 pin DIL Texas 0.10 | 3KI'i 15.00 | vCR13: 12.00 7416 032 7450 0.18 7491 0.82 | 74125 0.58 74170 2.40 TAAS70 230
Valve screening 3!%7];]1 33% | VCR1384 12.50 7417 032 7451 0.18 7492 0.60 | 74126 058 | 74172 4.40 | TAA630S 3.50
cans all sizes 0. 20.00 | VCRI39A 8.00 7420 0.18 7453 018 7493 0.60 | 74128 0.63 74173 1.42 1AA700  3.90
7422 0.20 7454 0.18 | 7494 082 | 74132 0.72 | 74174 1.60 TBA80Q 1.84
Terms of business: CWO. Postage and packing valves and semiconductors §0p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. X . . Telex 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. E.&O.E.
Account facilities available to approved companies VV'lth minimum order charge £10. Carrlége and packing £1.50 on credit orders. Open to callers Monday-Friday 9 a.m.-5 p.m.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. A
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Philips * Fluke
Hameg ¢ Ice
Test Equipment

Full Colour Catalogue
Send for your free copy now.

- v = =
. . Hameg HM103 10MHz Oscilloscope £158 \ =
g""'Es PM3207 15MHz Oscilloscope £325 This small oscilloscope has been designed i -
¢ O'P |a°t' portable. lightweight oscilioscope designed specifically for field service personnel and "i A
9'_’;]\'/9 %22:2“‘%0" .(Ts\?g‘:,;se'tg?MHér?an?WIdth ":]'th advanced electronic hobbyists. Single trace, -
annal wnth a\é‘ stabl El‘” ol Q;%% r? L r°mt$" fr 10MHz bandwidth with 2mV sensitivity. TV and auto b (st ©0%
nann [ e level. Add and invert facilities triggering with adjustable level. Internal graticule and = £ |
and X-Y mode. Large screen with internal graticule. in-built companent tester M X

st

Hameg HM203-4 20MHz Oscilloscope £264

Designed for general purpose applications in

industry and education. Versatile triggering

performance to at least 40MHz.Oual trace X-Y

operation, TV triggering. add and invert mode and

component tester make the price/performance
ratio of this scope most attractive

Philips PM3217 S0MHz
Oscilloscope £850
High 2mV sensitivity, dual trace. 8 x 10cm display
with small spot size. high light output and iluminated
graticule, auto trigger mode, TV triggering on line and
frame. Full X-Y display facilities. Comprehensive
second time base facility Compact cimensions and
low weight.

Philips PM 3215 Single time base £695
3 il _ _ i S . il S -

Philips PM3219 Storage

Oscilloscope £2675

Provides comprehensive, cost effective storage
of single-shot transients and low frequency
events. Variable persistence and variable
storage. Auto erase between 1 and 10 seconds,

’_.'—-—‘ﬁ
LS
Hameg HM204 20MHz Oscilloscope £365 o Wl
High performance scope with peak value triggering . . =
up to 50MHz. Versatile triggering facilities and - <3
variable hold off contral. Dual trace. delayed sweep ; a g
mode, Z modulation, X-Y operation. internal e Lo
A !:tyﬁ

g:

L

and read button facility. Auto store up to iluminated graticule and component tester complete ¢
1 minute. up to 24 hours in ‘baby sit' mode the attractive specification.
oo

2mV sensitivity at 5S0MHz

T—— == ”W ""

Philips PM3256 75MHz

Oscilloscope £1245

Tough, ight-weight ruggedised unit, with
shoulder strap, that can be used in harsh service
environments. Fast trigger circ ats to over
100MHz TTL triggering is stardard. Trigger
view third channel and full X-Y display. Dusltrace
with 2mV ser sitivity and delayea time base
Phitips PM 3254 Single time base £1145

e

—a o

- e
Hameg HM605 60MHz Oscilloscope £487
Outstanding performance with versatile
triggering to 80MHz. Sensitivity TmV to 30MHz
and 2mV above. Bright display from 14kV CRT
Switchable 1kHz/1MHz probe calibrator. Dual
trace, delayed sweep. X-Y operation, Z
modulation. internal luminated
graticule and component
tester

Phifips PM3267 100MHz

Oscilloscope £1250 i
- Hameg HM705 70MHz Oscilloscope £588 9 »
ggc:igff;g;ﬁg:ggﬁﬁzﬁ;?ﬁg %iS'gp:g;c'r General purpose scope with muititude of operatiing modes 13
main and delayed time base controls w‘i)th and trigger facilities. Extremely bright and well defined -
Compr‘ehenswye trigoering facilities and trigger displays, with 8 x 10 cm. screen and internal illuminated (-3
view third channelg[%ual tgrace EmVasensiggity graticule TV triggering. Z modulation, X-Y dispaly . JLEEA
full X-Y display, Z modulation and internal facilities and sweep delay mode. Dual trace G anEn g | -6ws- §
: 1 N
.

Wluminated graticule
1]

o o - )|
! E - I ﬁ m - l 5 ¥ 1 5 ADD 15% VAT TQ ALL PRICES Carriage and Pack ing extra i la-0l 28
L]
L]

s el ::-4 = = | Electronic Brokers Ltd., 61/65 Kings Cross Road,
Flectronc Brokers | = = | == = | == London WCIX 9LK. Tei 01-833 166. Telex 298694
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CABLE T.V. HEAD END AND REPEATER AMPLIFIERS

SINGLE CHANNEL AUTOMATIC GAIN CONTROL AMPLIFIERS

CHANNEL CONVERTERS

TCUU UHF-UHF Single channel converter. Gain adjustable +2dB—16dB. Maxi-
mum output +26dBmV. Crystal controlled oscillator. Power requirement
14V 25mA. {Quote Channels required).
As TCUU except UHF to VHF converter. {Quote Channels required).
As TCUU except VHF to UHF converter. {Quote Channels required).

TAG4863
TAG4063
SINGLE CH.
TSS4663
T583062

Gain 48dB, maximum output 63dBmV. Regulator + or — 8dB. Power
requirement 14V 210mA.
Gain 40dB, maximum output 64dBmV. Regulator + or — 16dB. Power
requirement 14V 210mA.

ANNEL AMPLIFIERS
Gain 28-46dB adjustable. Maximum output 63dBmV. Power requirement
14V 170mA.
Gain 12-30dB adjustable. Maximum output 62dBmV. Power requirement
V 26mA.

DRIVER AMPLIFIERS

TS1030FM
TS1030B3
TS1030UHF
T$10408

FM driver amplifier. 10dB Gain. Maximum output 30dBmV. Power require-
ment 14V 10mA.

Band I driver amplfier. 10dB gain. Maximum output 30dBmV. Power
requirement 14V 10mA,

UHF driver amplifier. 10dB gain. Maximum output 30dBmV. Power require-
ment 14V 10mA.

Single channel UHF driver amplifier. 10dB gain. Maximum output 40dBmV.
Power requirement 14V 10mA. {Quote channel required).

DISTRIBUTION AMPLIFIERS
TE2042

TE1638

152046
TS2846
TS2845

TS2054
TS2060
T85565

Domestic distribution amplifier. 1 input, 1 output. Gain 20dB. Maximum

output 42dBmV.

Domestic distribution ampiifier. 1 input, 2 outputs. Gain 16dB. Maximum

output: 2 at 38dBmV.

40-860MHz. Gain 20dB UHF. 18dB VHF. Maximum output 46dBmV.

40-860MHz. Gain 28dB UHF, 22dB VHF. Maximum output 46dBmV.

fgfgra\}e UHF/UHF inputs. Gain 28dB UHF, 22dB VHF. Maximum output
m

40-860MHz. Gain 20dB UHF, 18dB VHF. Maximum output 54dBmV.

40-860MHz. Gain 20dB UHF, 18dB VHF. Maximum output 60dBmv.

Gain 55dB UHF, 55dB VHF, 42dB FM. Maximum output 65dBmV.

REPEATER AMPLIFIERS

TSC3660
TSC3665
TSC3060

Repeater. Gain 16-36dB UHF, 10-30dB VHF. Maximum output 60dBmV.
Repeater. Gain 16-36dB UHF, 10-30dB VHF. Maximum output 65dBmV.
Repeater. Gain 10-30dB VHF. Maximum output 60dBmV.

QUALITY AT LOW COST

TAYLOR BROS (OLDHAM) LTD
LEE STREET, OLDHAM - TEL. 061-652 3221 - TELEX 669911

WW — 044 FOR FURTHER DETAILS

DESIGNERS AND MANUFACTURERS OF
HIGH QUALITY CCTV CAMERAS & SYSTEMS

> 3

This self-contained black and white camera has been developed for use in situations where space
is at a premium but the need for high quality 1s of paramount importance. Features include:

@ LOW POWER # UNPROCESSED VIDEO @ EXTERNAL LOCK

INSIGHT
VISION

SYSTEMS CONSUMPTION OUT TO EE LENS @ HIGH RESOLUTION, LOW
# AUTOMATIC VIDEO @ INBUILT IRIS DRIVE SERVO NOISE PICTURE
LIMITED BLACK LEVEL @ 10 TO 32VOLT DC OPERATION @ PLUG ON BATTERY AND
Unit 1, Merebrook, % MOTORISED VIDICON @ EDGE ENHANCEMENT REMOTE CONTROL
Hanley Road. Malvern., RACKING CORRECTION MODULES

Worcs WR13 6NP, England
Tel (0684) 310001
Telex 334480 INSIGT' G’

We believe this is the smallest self-contained black and white TV camera available .
Contact Andrew Smith on (0684) 310001

WW — 063 FOR FURTHER DETAILS

AC/DC Electronic Components

3 Ny
< P.&R. COMPUTER SHOP %

BIG VALUE RESISTOR PACKS Mnfrs Device Price
4 Watt Carbon Film 1r-10mg 10/Values 720 {g(RA 2;7!5?62\3LPEIALEVE:& o1 200 £0.20
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T. R Atk e et e e e £200
Range 960 Resistors.... ... ... £25,00 T CSF 470pf 50V DISC E'ISES péarFIl,UOO £10.00
INITERPAISE RO GOLANIIL I & Hdns Mnf Device Price " ??&pfSOUVDEper £10.00
CENTRONIC 779 PRINTERS — £200 + V.AT. OF?CrSA OPB 8150PT0 each . £1.00 MUL 344 0022mf 400V Polyester
CENTRONIC 781 PRINTER — £225 + V.AT. LMDA  PMD 11K 80 Power Darlington Per250... .. £5.00
EQuE I IO D e = 240 T 2 oanen 10 18 KILSPEC .o Yo 400V Folyester Ax per 50
FANS, PCBs, KEYBOARDS AND LOTS MORE & pdall WY W LD £1.00 | PLESSEY 0dimf 250V X' Fadial Poly
8-INCH BURROUGHS FLOPPY DISC DRIVES MUL  RW153Peach.. .. . £5.00 each.... o £0.28
Tl 2N 1302 NPN GE TOS each . £0.48 R }gggoﬁf\l B&z\sld T(?(;‘rtn%e'(‘i?gd'é £10.00
COME AND LOOK AROUND i n §Z%é g::n%?é%’g?leeai%:o e @GR T el T
T 2N 5838 NPN 3 E—
SALCOTT MILL, GOLDHANGER ROAD Lo ey PN Fower T FREE caratocue
HEYBRIDGE, MALDON, ESSEX M&T MC 14433 each ... ) .. £5.00 Sent to every customer
PHONE MAL'DON (062‘i) 57440 TCSF  27pf 63V CER Plate per 1000. .. £10.00
Hours: Mon-Fri. 9am to 5pm. Sat. till 1pm Terms: C.W.0. + 75p p&p

Dept. WW, 45 Church Street, Enfield, Middlesex
WW — 066 FOR FURTHER DETAILS
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Electronic Brokers are Europe’s largest specialists in quality second user test equipment, computers and associated peripherals. All second user
test equipment offered by Electronic Brokers is calibrated to meet the original manufacturer’s sales specifications and guaranteed for
12 months. Our latest catalogue contains full details of our extensive inventory. Contact us for your free copy now.

HEWLETT PACKARD Storag TEKTRONIX
Oscilloscope ﬁ Logic Analyser - — f
|

1744A 7D01 with DF1.

100MHz Dual Trace 16 Stored Channels, up to
Portable 1024 words deep. State
1800 cm/us and timing with up to
Variable Persistance 100MHz sample rate.
Superb Condition Price: £2,00
Price: £3,000

(R XXX TR

! ;; LK Tigan
llustrated with 7603 x T '!-““é'é""
Mainframe (Extra) ’ A0

BRYANS SOUTHERN RACAL-DANA
XY/T Recorder 29300. Counter/Timer 9514

These units are unused. i ' 0.100MHz Counter Superb Condition
A4 size. High sensitivity : Illii . 100nS to 10° Sec Period Price: £850
0.25mV/cm and fast z |EEE Interface

slew speed - better »

than 70cm/second.
Price: £1,000

1744A 100MHz Variable Persistance Hewlett Packard 1613 Fiter £400.0C
HAI“IAttLPYE EdRs Stora%e £3,000.00 214A Pulse Gen £950.00 Datalabs
3§ZVA8D % at grAn yser  £1.200.00 1809A 1T00MHz 4 Chanr el Plug in 11720A Pulse Modulator  £1,950.00 DLS01 Transient Recorder £750.0C
R A T »200. £2,000.00 B8004A Pulse Gen £450.00 Fluke
Miers ?‘gg:essgryBgsed 1821A Timebase Plugin ~ £1,000.00  80711A 01 Pulse Gen £695.00  515A Portable Calibrator  £1,750.00
Syst % S £3.000.00 Philips 80138 Pulse Gen £€750.00 8010A-01 3% digit DMM with built in
358V15A8V”\“/ Anal £1'800 00 PM3232 Dual Bean 10M+4z £495.00 8620C Sweeper battery pack £150.00
Tektronixave MEIEEP , : PM3244 50MHz Mainframe £2,100.00 B8050A X‘ > Digit DMM £200.00
AABOT opt 01 Distort: .4 channel £€1,500.00 862408 Sweeper Plug In 2-8 4GHz 8502A DMM £1,200.0C
e O1DOOKH istortion Tektronix £4,200.00 931B Diff VMeter £1,000.00
L z y UZUU‘ w g1 212 500KHz Dual Trace 8640A Sig Gen £€2,750.00 2020A-3-6 Printer £500.00
to Less than J QU256 450.00 Mimiscope £850.00 B8B40B opt 1.2.3 AM/FM Sig Gen 8921A DMM £695.00
BB EIDS iUV 0 Legi s 335 Dual Trace 35MHz 05 1024MHz £4.950.00 Hewlett Packard
4 Gl ; 71‘6,1 00.00 Small portable Marconi 481A Amp 20/40DB 1KHz-150MHz
isplay Formatter For 7D £50 with delay T'Base £1,300.00 TF2002B AM/FM Sig Gen 10KHz £120.00
oEE e ——— 500.00 455 100MHz Portable £1,250.00 BBMHz with TF21708 Synchroniser 467A Amplifier £725.00
N ?rtab e anne rf*z Qata 475A 250MHz Dual Tracz £1,750.00  415E VSWR Meter £950.00
agaalvser, og & 2} 00.00 Portable £3,300.00 TF2008 Sig Gen £€3.000.00 3556A Psophometer £850.00
50’?& 5960 Dec"'“mc,‘”g s((]er 475 200MHz Dual Trace TF2015 Sig Gen £1,350.00 3552A Trans Test Set £1,500.00
oz e o ,000.00 Portable £2,500.00 TF2015/1 5ig Gen £€1,350.00  4B815A Vector Impedance Meter
L ODEB a rac Ier ) 7313 100MHz Storage Nainframe TF20186 AM/FM Sig Gen i £3,850.00
gnd L3 (aput plug in as £2,225.00 10KHz-1 20MH2 £950.00  7035B X-Y Recorder £995.00
20Hz B A ,800.00 7503 100MHz Mainframe £1,950.00  TF2120 Waveform Gen £850.00 58308A HP1B Timing Generator
7L12 S'J)ectrum nalyser 7740A Scope DC-200MHz Mainframe £300.00
IO VB £6,000.00 £2.850.00 TEKTRONIXPLUGINS wmarconi
7L1 KHSD?C[-%EFT EIER £7.500 7613 Smr,?,ﬁﬁ Scope Mainframe We stock a complete range of Plug 2438 520MHz Counter/
7 SZ ZA | ,500.00 DC-100 z £3,250.00 Ins for use with%DDD and 5000 Timer £795.00
L11 8 E‘ectrum nalyser 5 7844 Dual Beam 400MH 7z Mainframe series Mainframes. TF131A LCR Bridge £775.00
5GHz-60GHz 3,950.00 £8,000.00 TF2603 Rt Millivoltmeter £750.00
TR503 Tracking Generator C12 Camera POA TEKTRON'X TM500 Racal
(for 492/496 semes) £3,250.00  Tetequipment ERI 9514 Counter/Timer IEEE £850.00
7001 18 Channel 100MHz D34 15MHz DT Battery Fortable SERIES 3304 SOMHz Counter/Timer £325.00
Sample Rate £1,500.00 €350.00 Westocka verY wide range of these Tektronix
7D02/017 Logic Analyser  £3,950.00 gT71 Curve Tracer £550.00 versatile modular equipments 106 Square Wave Generator 1nS
ould rnisetime 10Hz TMHz without
OSCILLOSCOPES 0S4000 10MHz Digital S-orage MISCELLANEOUS accessories £175.00
?'3*5"2'7\‘&'32%"5’3'..% CRT Display £995.00 ‘I\‘A‘é%eu T - £80.00 27%1 Step A%ecnua;g&amo 7‘%13;100
ulti rs b B steps to z o
96x178cm E1.250~00 SIGNAL SOURCES 7 Electricians Multmeter £65.00 WE mowpsrocp( A RANGE OF
1741A 100MHz Variable Persistance E HLlabs Bruel & Kiaer HEWLETT PACKARD COMPUTERS
£2,850.00 1398 Pulse Gen £950.00 2203 Sound Level Meter £850.00 AND CALCULATORS.

ADD 15% VAT TO ALL PRICES

| |  Electronic Brokers Ltd., 61/65 Kings Cross Road,
Brokers | == = | == = | >«  LondonWC1X9LN.Tel:01-278 3461.Telex 298694
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SINEWAVE
INVERTERS

—FROM CARACAL 200-1000 VA

VAC ACE DE-SOLDERING UNIT

Powerful suction. Built-in vacuum
pump gives 600mm Hg suction.

No clogging. Solder remains moiten
until reaching filter.

Functional gun-type Construction.
Trigger-switch controls pump.

Easy clean and filter replacement.
Ceramic heating element.

Safe with LSI and MOS devices.
Easily interchangeable. Long-life
nozzles-4 sizes. Costs under £280.

Light Soldering Developments Ltd
97/99 Gloucester Road,
Croydon CRO 2DN 01-689 0574

Caracal offer you the U.K.'s widest range of high-quality
static inverters. Our inverters are used in many countries
throughout the world wherever a reliable and stable source
of A.C. power is needed for computers, communications,

instrumentation, etc. They are also frequently used for WW — 059 FOR FURTHER DETAILS
mobile or marine applications where only a D.C. source is
available.
Caracal inverters employ modern pulse width modulation METAL FILM BESISTOBS
technolo?y which is replacing obsolescent tuned-type (ferro-
resonant) inverters, by giving higher efficiency throughout —an>- 1% Tolerance, Ya Watt
the load range, very low standby current, and lower weight. 100R Ok 00k High quality, British made 89 (E24)
110R |k1 ‘Hk
T, p&
We have a large range of models and options, at competitive 15oR " iE E values, °”'.Vn§f’u§?v°: VAT pEP
prices, to suit your exact requirements. }ggg }:g }g: }gg: |
180R 8 18K 180K SPEE'AL “FFER
200R 2k 20k 200k
220R 2k2 22k 220k .
240R 24 24k 240k 5ofeach 445 resistors
270R 27 27k 270k
300R 3k 30k
330R 3k3 33k 330k £1 2.60
360R 3k6 36k
- P B ‘ ‘ ;
: # & B oe | SPECIAL ‘POP’ PACK
oo sk 5ok 560k 50 pcs: 100R, 1K, 4K7, 10K, 47K, 10%
M. 25 pcs: 330R, 470R 1K5, 2K2, 3
. SR ne ek oak 22K Total 500 pes. £11.50.
820R Bk2 82k B20k
i 910R 9k 91k M Extra special 1 of each kit £22
4 ORION SCIENTIFIC LTD - 16 Orange Street - London WC2H 7ED

WW — 046 FOR FURTHER DETAILS

METER PROBLEMS?

19-INCH RACK MOUNTING

Now all inverters are also available in 19-inch chassis form
for rack mounting.

Export
m é)nquiries 137 Standard Ranges in a variety of sizes and stylings available
welcome for 10-14 days delivery. Other Ranges and special scales can be

made to order.

CARACAL POWER PRODUCTS LIMITED Full Information from:
42-44 SHORTMEAD STREET, BIGGLESWADE, BEDFORDSHIRE HARRIS ELECTRONICS (London)
Telephone: 0767 260997 138 GRAY'S INN ROAD, W.C 1 Phone: 01-837 7937

Telex: 892301 HARTRO G

WW — 050 FOR FURTHER DETAILS
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THE POWERFET
SPECIALISTS

echnic

OEM USERS

Pantechnic present the most adaptable high-powered amplifier ever.

_— FeTr SYSTEM amp

@ HIGH POWER up to 1.2kW (single ended)
® LOW VOLUME. %15 Cubic foot inc. Heatsink
@® VERSATILE. Delivers more than 1kW into 2to 8 ohms
OR 2 x 600W into 2 to 8Q2
OR 4 x 300W into 2 to 4Q2 (200W into 82}
1 X 600W into 2 to 8Q2
OR { 1 % 300W into 2 to 42
1 x 150Winto 4 to 8()
Eic., etc.

Heving been closely involved in a wide variety of OEM applications of tkeir amp
bcards. Pantechnic became aware of numerous implementation problems often
left untackled by other amp board manufacturers. These problems specilically of
size and thermal efficiency became particularly aggravated at high powers and
considerably lengthened OEM product development time.

By including thermal design in the totality of board design it has been pcssible to
reduce the size of the electronics, and increase the efficiency of the trar sistor to
heatsink thermal circuit. The combined effect of this has been to dramatically
increase the volumetric efficiency of the amplifier/heatsink assembly. The SYSTEM
Amp offers 1.2kW of power in a space of 180mm x 102mm X 77mm, excluding PSU
and Fan.

Tte basis of this considerable advance is the PANTECH 74 Heat Exxhanger,
designed and manufactured by us. By eliminating the laminar air flow lound in
conventional, extruded heatsinks, heat transfer to the environment is greatly
erhanced.

Tt e flexibility of the 1.2kW amp stems from its division into 4 potentially separate
arplifiers of 300W each (downrateable with cost savings to 150W). Thess can be
paralleled, increasing current capability or seriesed (bridged in pairs) Joubling
vcltage capability. In consequence a large variety of amplifier/load strategizs can be
irr plemented

As ever Pantechnic offer a full range of customising options including DC coupling,
ul-ra-high slew, etc. Contact Phil Rimmer on 01-361 8715 with your particular
agplication problem.

P.5."Specs, as ever, are exemplary.

A wide range of other amplifiers and other modules available.

RPOOL L25 5NH -
) 28 848
WW — 062 FOR FURTHER DETAILS

a selection fromour BT snmm 1
huge stocks. All items ""‘\"'I\LOGug84
reconditioned unless our

A Send for your
otherwise stated. gt

Happy Memories

Part type 1off 2599 100up
4116 20008 ..o 1.25 1.15 1.10
4164 200ns ..... . 495 440 4.20
2016 150NS oo 420 375 3.60
6116 150ns Low power ... o Call Call Call
6264 150NS ..o . Call Call Call
Z116450nS 5 VOt oo 385 345 330
2732 450ns Intel type........ccocooooiiiinn 420 375 3.60
2532 450ns Texas type ... 3.85 3.45 3.30
2764 25008 ..o Call Call Call
27128 300NS ..o Call Call Call

Z80A-CTC... .£2.98
7812 reg........£0.50

Z80A-CPU ....£2.99
€522 PIA ... £3.70

Z80A-P10......£2.99
7805 reg......... £0.05

20 22 24 28 40

Low profile IC sockets:  Pins 8 14 16 18
416 18 22 24 27 38

4
Pence 12 131

Soft-sectored floppy discs per 10in plastic library cass:
£inch SSSD£17.00 5inch SSDD£19.25 5inch DSDD £21.00
5inch SSQD £23.95 5inch DSQD £26.35

74LS series TTL, large stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or phone for | st

Please add 50p post & packing to orders under £15 and VAT to tolal
Access & Visa welcome. 24 hr phone service on (054 422) 618
Government & Educational orders welcome, £15 minimure
Trade accounts operated, ‘phone or write for details

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

DEC 11/23
SYSTEMS
1/23AB CPU 5 %" Chassis
128KB MOS Memory
D1 4-line Interface
RXv21 Dual Floppy Disk Orive
Cabinet

YT100 Console £5,795

DEC 11/03
SYSTEMS
11/03N CPU § U Chassis
64KB MOS Memory
011 Serial Interface
RXV1t Dual Floppy Disk Orive
Cabinet
LA36 Console

£3,500

DEC DISK DRIVES
RKOSF VB fixed : £695
RK05J 2.5MB £975
RKOG 14MmB £750
RK07 28MB £1,500
RLV22 RLOZ and

1/23+ ctl NEW £4,500
RM02 67MB £5,750

DEC

CONTROLLERS
RH70
RH/80
RKBEA
RK11D
RKV110A
RK611/RK711

£1,500
- £750

DEC MODULES

HUGE STOCKS OF OPTION
MODULES FOR VAX, UNIBUS.
GBS AND OMNIBUS

0Py now,

DEC TERMINALS
V178 WP Terminal. £495
VT100. from £775
V1102 £1,100
LA34 from £425
£275

from £295

L
LA180PD
LP05 300 lpm
15120,

OTHER TERMINALS
HAZELTINE
1410 VDU.
1420 VOU
1500 VDU. .
ESPRIT VDU
ANDERSON JACOBSON
AJ832 0/Wheel KSR
AJBBO 120cps Matrix
I7353I\ITH0NICS

737

DATA PRODUCTS
M200

DIABLD

1345A RO D/Wheel
1620 KSR D/Wheel
1640 KSR D/Whee!
1650 RD 0/ Wheel.
QUME 55/55 D/ Wheel

TEXAS 745 Portable
Rutishausen Sheet Feeder £375
TEKTRONIX
GRAPHICS
6068 Monitor £950
4006 Terminal £1,525
4010/1 Terminal £1,995
4015/1 Terminal £7,250
4027A Colour Terminal
401 Desktop Computer
4052 Desktop Computer
4114 Terminal.
4662 Plotter
4952 Joystick.

£4,950
£10,500
from £1,995
£275

TEKTRONIX
COLOUR GRAPHICS

Ex-Demonstration Stock
in Original Manufacturer's Packaging

Colour Graphics Terminal Model 4027A

Providing full colour
graphics and
alphanumerics. Plot 10
compatible. 8 displayable
colours from pallette of
64. Full screen crosshair
cursor 34x80 display
(2720 characters). 120
user-defined patterns.
RS232 Interface with

up to 9600 baud
transmission.

Original List Price £9,500
Our Amazing Price

Only 51,995

WIRELESS WORLD APRIL 1984

ADD 15% VAT TO ALL PRICES

Carriage and Pack ing extra

Electronic Brokers Ltd.,61/65 Kings Cross Road,

London WC1X SLN. Tel:01-278 3461. Telex 298634

(s Rl R Rl s |
| | == =

Electronic Brokers

I




Marconi TF20028 10KHz-88MHz Signal Generator £795 P M to M PO N E N I S L I D
::u:e gsoo: 4ﬂ digit giqilal Multimeter. £150
uke 8020A 372 digit Digital Multimeter (Unused) £60
Coto'or ka2 (used ii2 wiwtm| VALVE & COMPONENTS SPECIALIST
I
Sullivan AC Test Sets £150
Philips 26224 Digital Muitimeter £145 X
Sanwa Multi S| e £10
A e s = INTEGRATED CIRCUITS | spois 728 | maass, o2 | ronzss 18
Ol lampmetears . - -
Houston DP10 Incremental XY Piotter . AN124 250 MC1351P 150 STK433 7.95 TBAS50Q 145 TDA2530 1.95
twatsu 20MHz. Dual Trace Oscilloscope AN2140  2.50 MC1352P 1.2 STK437  7.95 TBAS60C 1.45 TDA2532 1.95
Advance 0S1000B 20MHz. Dual Trace Oscill AN240P  2.80 MC1357 2.35 STK43g  7.95 TBASS0CQ 1.45 TDA2540 1.25
Leader LB0 510B 4MHz. Single Channel Oscilloscope {New) AN612  2.15 MC1358 158 TA7061AP 3.95 TBA570 1.0 TDA2541 2.15
Leader Lfr 5600 Freq y Resp Recorder AN7140 350 MC1495  3.00 TA7108P 1.00 TBAB41A12 TDA2560 2.15
J.J. lLlov';i PL100 X-Y Plotter with spare lifi :m7145 3.50 mg}zg?oeptzfv ¥2;1§g; :gg — %.‘5)3 ¥gz?’g:} gg
Hewlett-Packard 9815A Desk Top Ci with manual; 7150 2.95 E B -
Hewlett-Packard Directional Couplers 840-1900 MHz. (New). BA521  3.35 7.95 TA7146 2.95 TBA720A 2.45 TDA2593 2.95
Systron Donner 6250A 50MHz. Timer Counter CA1352E 1.75 MC1723  0.50 TA7176AP 2.95 TBA750Q 2.85 TDA2600 5.50
Systron Donner 7344A 42 digit DMM IEEE Interfaced CA3086 0.48 MC3357 2.75 TA7203 295 TBAB00 089 TDA2610 2.50
Pecker 5000A Prom Programmers ETT6016 250 ML231B 175 TA7204P 2.15 TBAS10AS 1.65 TDA2611A 1.95
Tektronix 191 Constant Amplitude ors ; HA11377 3.50 ML232B  2.50 TA7205AP 1.50 TBABIOP 1.65 TDA2640 2.60
Tektronix 106 Fast rise time Pulse Generators................................ HA1156W 1.50 MSM5807 6.75 TA7222AP 1.80 TBAB20M 0.75 TDA2680A 2.75
;e:rgnix Amplitude Calibrators HA1339A 2.95 gﬁsz& " ggg K;g%: :gg gﬁgggﬂ ;;g ;g:gggg 2.45
L . SMAF 300MHz. AM/FM Signal Generator HA1651  2.95 A - 3 5.50
Hewlett-Packard 181C Storage Oscilloscope with 1803A and 1821A ... .. . . £295 LA1230 115 SAA1025 7.25 TAT313AP 2.95 TBA920 185 UPCE66H 2.95
DEC PDP8-1 Computer in racE with tape reader and Cartrifite £195 LAd102 295 SAAS010 6.35 TA7321P 225 TBAS50/2X 2.35 UPC575C2 2.75
DEC PDP8 Computer £100 LA4250 295 SAS560S 1.75 TA7609P 3.16 TBA970  2.95 UPC1025H 2.50
Tektronix 7603 100MHz. Mainframe £750 415 SAS570S 1.75 TA7611AP 2.95 TBAS90  1.49 UPC1028H 1.95
Tektronix 7A18 Dual Trace 75MHz. Plug in £195 LA4420 1.95 SAS580  2.85 TAAB50 0.25 TBA1441 215 UPC1032H 1.50
Tektronix 7853N Ti Plug in £225 LA4422 250 SLI01B  4.85 TAA570 1.95 TCA270 1.10 UPC1156H 2.75
Tektronix 7B50A Timebase Plug in £115 LA4430 250 SL9178  6.65 TAAB21AXI TCA2705Q 1.10 UPC1158H 0.75
Tektronix 7[%01 Logic Analyser Plug in £995 LC7120 328 gﬂg;g :Bg VYT ?;g }g:ggg g?g UPC1167C2
Tektronix DF1 Display Formatter £399 LC7130 350 -1 B . 1.15
Toktronix 7313 25 MHy. Storage Mainframe £895 LC7131 550 SL1327Q  1.10 TAA700  1.70 TCAS40 1.6 UPC1181H 1.25
Mitsubishi Dual Density Dual Sided Disk Drives 54’ As new £150 LC7137 550 SN76003N 1.95 TBA1208 0.95 TDA440  2.20 UPC1182H 2.95
Mitsubishi Dual Density Dual Sided Disk Drives B As new .......... LM324N 045 SN76013N 1.95 TBA120C 1.15 TDA1001 1.95 UPC1185H 3.95
HPneyweu ZOMegabzte Disk Drive with interface board. .. LM380¥ 0.95 ga;gggg: :,gg g::%ga :% }gﬁ]%ﬁ ggg u;c1 5213 ;gso
5Va’" Winchester Disk Drive 20 Megabyte LM383 2.95 3 B - UPC1350C 2.
Telequipment $54 10 MHz. Single ghannal Oscilloscopes M51513L  2.30 SN76110N 0.89 TBA231 125 ToA1010 2.15 UPC1353C 2.45
H.P.P.I's for 52450 Counter — 5267A, 5265A, 5263A, M51515L 2.95 SN76115N 1.25 TBA395 150 TDA1035 250 UPC1365C 3.96
Telequipment D61 10 MHz. Dusl Trace Oscill M51521L  1.50 SN76131N 1.30 TBA396 0.75 TDAY037 1.95 UPC2002H 1.95
Wavetek VHF/UHF Sweep Generators 950MHz. MB3712  2.00 SN76226DN 2.95 TBA44ON 2.56 TDAY170 1.95 0.35
Telonic 1006A Sweep Generator MC1307P 1.00 SN76227N 1.05 TBA4B0Q 1.25 TDA1190 2.15 556 0.42
Texscan Sweep Generators MC1310P 1.50 SN76533N 1.65 TBAS10 250 TDA12700 3.95 723 0.50
Telequipment D52 Dua! Channel Oscilloscopes. MC1327  0.95 SN76544N 1.95 TBA510Q 2.50 TDA1327 1.70 741 0.35
Telonic 121 12"’ Digplay Oscill MC1327Q 0.35 SN76570N 1.00 TBA520  1.10 TDA2002 1.95 747 0.50
Leader 150MHz. AM Signal Generator (New) MC1330P 0.76 SN76650N 1.15 TBAS20Q 1.10 TDA2020 2.45 748 0.35
Leader Audio Signal Generator {(New) 'l\\dd((::1 343F 1.20 SNZGGSON (7132 122?380 ::g ;gﬁ%ggg %350 7805 0.60
Leader Video Head Checker VHS or Beter (New) 1350P 0.95 SVK014 : . -
Avometer Model B Mark & with leads and case 80233 0.35 R T
Avometer Model 7 waih ace. o 0098 SEMICONDUCTORS | 5pz22 03 | srner o2e | Teeee ors
Model V8 Megger with case....... o fs0 AAY1Z  0.25 BC182  0.10 BD236  0.45 BFR8E  0.30 TIPAIC  0.45
Hewlett-Packard 141A with 1410A and 1425A Sampling PIug iNs....................... ..., AC127 0.20 BC182LB 0.10 BD237 0.40 BFRI0 1.50 TIP42C 0.47
Racal-Dana 9905 Timer Counter ﬁgggx g.gg BC183  0.10 ggﬁ? g-“g gﬁg; ;;3 ;:Ego g.gg
Hewlett-Packard BOO2A Pulse Generator s . BC183L  0.09 - b .
Hewlett-Packard 182C with 1801A and 1821A Plug ins............ .. ACl41  0.28 BC184LB 0.09 BD242 050 BFT43  0.28 TIP125  0.85
! A o3 | BEENe 013 | Bbae o3 | SR o | Thee im
i iti i . 8C2078  0.13 . . 1
Catriage additionsl. All prices exc. VAT, ) AC176 0.22 BC2088 013 BD410 0.55 BFXB4 0.26 TIP161 295
AC176K  0.31 BC212 0.09 BD434 0.55 BFX85 032 TIP2955  0.80
TlM EBASE o :CWB o.gs BC212L  0.09 g%g; g-gg BFX86 0.30 pgaoss 0.55
i C187 025 BC212LA 0.09 . BFX88  0.25 1S91 0.20
94 ALFRISTON GARDENS, SHOLING, SOUTHAMPTON S02 8FU :gggx g.za BC213  0.09 ggggg g.ig Bgso 0.21 l ;x;gs/gz 1.;:
: .25 BC213L  0.09 . BFYS1 021 19 0.
. ) TELEPH9NE. 431323 .(070?) N ACI88K  0.37 BC214  0.09 BD520  0.65 BFYS2 025 2N2905  0.40
Callers b Barclaycard: Telep your order AD142 079 BC214C  0.09 BD538  0.65 BFY90  0.77 2N3053  0.40
AD143 082 BC214L  0.09 gggg; g-zg BLY48 1.75 %xaos‘t g.gs
AD148  0.70 BC2378 0.09 . BR100  0.26 3085  0.52
WW — 032 FOR FURTHER DETAILS AD161 039 BC238  0.09 BD69S  1.10 BR1OT 049 2N3702 012
AD162  0.39 BC233  0.12 BD707  0.80 BRC4443 0.85 2N3703  0.12
AD161/2 0.90 BC251A 012 BDX32  1.50 BT100A/02 2N3704 0.2
- F114 1.50 BC252A  0.15 SFDY‘ISEZ “I)gg 0.7% 2N3705  0.12
d ¥ i AF124  0.65 BC258  0.25 1 . BT106 149 2N3706  0.12
QERG LOW-PROFILE 14-PIN DUAL IN-LINE I.C. SOCKET, manufactured from glass AF125 038 gczoaoiss BF119 065 BT116 120 IN3708 012
filled Polyester to UL94V-0. £7 for 100, £31 for 500, £56 for 1,000, £256 for 5,000, AF126 0.32 8C284 0.30 BF127 0.24 BT119 235 | 2N3773 195
£460 for 10,000, £2,100 for 50,000, £3,700 for 100,000. Sample 10 sent for £1.20 + AF127 0.32 BC300 0.30 BF154 0.12 BT120 185 2N3792 135
3(':)}: P&P (£1.37 inc. V.A.T.). A:139 0.40 BC301  0.30 g:‘gg g.g BUI0S 122 | zxun 150
BERG LOW- W - C. AF178 19§ BC303  0.26 1 . BUI08  1.69 2N44as  1.15
- G LOW-PROFILE 16-PtN DUAL IN-LINE I.C. SOCKET as above, £8 for 100, £36 for N B My o By 63 B oNs25a 8 Ta2
500, £65 for 1,000, £295 for 5,000, £530 for 10,000, £2,390 for 50,000, £4,300 fot
¥ AU106 3.2% BC327 0.10 BF173 0.22 BU125 125 2N5296 0.48
g S ST i et i WS R EE M Em A g | Em o
BC107A 0.1 BC337  0.10 BF178  0.26 BU204 155 2N6496  0.65
BLADES, spring loaded with moulded red p.v.c, handies. gg]g;B g.}a BC338  0.09 g:};g 3-23; ggggs :.go %géz;g gg
T oa A X 8C347A  0.13 4 8 -33 -
Cutting and stripping adjustable up to 6mm®. Overall BC108A 0.1 8C4s1 035 | BFIB] 029 | BU20BA 152 | 25C4%6  0.80
length 135mm, weight 64grm. 10 for £15, 25 for £34, 50 8C1088 042
b i b BC478  0.20 BF182 0.29 BU326  1.20 25C1096 0.80
for £63, 100 for £116, 500 for £525, 1,000 for £1,000. BC109 0.10 BC527 0.20 BF183 0.29 BU407 124 25C1106  2.50
Sample pair sent for £1.75 + 25p P&P (£2.60 inc. V.A.T.). BC109B  0.12 BCS547  0.10 BF184 0.28 BUSOD 225 i 2SC1172Y 2.20
F:IGH-P WER SILICON BRIDGE RECTIFIERS, 25 amp 600v. Single-hole fixing 250 gg}?ﬁc g.:i BCWA 0.10 g:}gﬁ g~ﬁ Sg%ga :;g %gg};gg :.‘1’:
in.), - i . . BC549A  0.08 . . d
g/t ; push-on connector terminals, manufactured by IR. £20 for 10, £90 for 50, BC116A 015 e W B8F135 o1 s 5 3281305 150
175 for 100, £800 for 500, £1,450 for 1,000. Special quotation for larger quantities. BC117 0.19 8C887 008 BF196 o MJE 040 2561364 0.50
Sample sent for £2.50 + ZS&P&P (£3.16 inc. V.A.T.). o BC119 0.24 BC5578  0.08 BF197 0.11 MJEG20  0.48 25C1449 080
METAL FILM RESISTORS FZ4. Manufactured by C.G.S. Semi-precision with a stan- B8C125 0.25 BC558 0.10 BF198 0.16 MPSA13 0.29 25C1678 1.25
dard to;erance of *+ 2% and a temperature coefficient of better than 100 ppm/oc. We gg}ig gg? BCY33A 1.60 g;;gg g-l: mRPFS/;gi 102%3 [ %gg:?g ;:g
havi ngei . i . BD115 0.30 g 4/ i .
valueea ull range in stock from 100R to IMO. All bandoliered. £2.50 for 1,000 any one gg“; 035 eoireIRoisc SE%‘}; g.;g MRF4E3 1759 2381323 095
i . 14; 0.21 X b X 25C1957  0.80
WIRE WOUND RESISTORS. Manufactured by E.R.G. Type 16 ES with a standard 8C143 0.24 SB]%?P 8_;’3 BF256/LC 0.28 m::ﬁ?g 2;_?,2 25C1969 195
tolerance * 5% of nominal resistance value. All values in stock, 3-watt Series £3.50 B8C147 0.09 BD132 03§ BF257 0.28 MRF477 10.00 25C2028 1.15
per 100 any one value, + £1 P&P (£4.83 inc. V.A.T.). 6-watt Series £6.50 per 100 any gg}%g 3'83 BD133  0.40 8:258 o.gs 8623 4‘;'20 ;gg%g;g :23
one value, + £1 P&P (£8.63 inc. V.A.T.). 10-wa ries £10.5 r on. | d BD135 0.30 BF259 0.28 C42 .55 d
B1PAP (L1323 ne v AT, ) SISEeD GBIV ) CLO ol S48 003 | i o30 | Byl 02 | OCw 075 | aSCaos oms
BRITISH-MADE TRANSFORMER. (nput 240v at 50Hz, output 12v-0-12v, ¥ amp with Beis7. oz | SoI3nedz BRI Oan ||| 9us 95% | Zeeatidl 4t
buitt-in thermal overload cutout. P.C. mounting £25 for 10 + V.A.T., £115 for 50 + BC158 0.09 BD133 032 BF337 0.29 0oc71 0.55 2SC2314 0.80
VAT, £210 for 100 + V.A.T., £950 for 500 + V.A.T., £1,700 for 1,000 + V.A.T. BC159 0.09 BD140 030 BF338 0.32 ocs1 0.50 25C2371 0.36
Sample sent for £3 + 75p P&P (£4.31inc. V.A.T.). B8C160 028 BD144  1.10 BF355 0.37 R2008B 170 | 2301234 252
LESLIE TREMOLO SPEXKER SYSTEM. A two-speed rotating baffle system which Sg%a g'fg gg}gg 2'23 ?,Eggg 8'33 :gg;ga ;';g gsé‘;s o’?o
when used as part of an organ, hi-fi or disco system produces the famous Leslie BCt71 0.09 BD166  0.55 BF371 0.20 R2323 0.66 3SK88 055
effect. The unit comes complete with a 50-watt 8 ohms speaker at peak output, two BC171A  0.10 BD179 0.72 BF334 0.19 R2540 248
220/240v 50Hz motors with central drive to rotating horn/baffle. This gives a three- 8C1718 °‘}3 BD182  0.70 g:ﬁg; gf_g ;g::gggg g-:g |
way sound effect, i.e. normal tremolo sound when stationary, wraparound sound BC172 0. 8D201  0.83 b d
when revolving at 1 rev. per sec. and supersound at 7 revs. per sec. Baffle size gg:;gg g'}g ggggg g-?: S;gg g'gg ?E,Eg: w2 |
485mm x 395mm. Overall depth from speaker magnet to central boss of rotating BCi736  0.10 BD204 070 BF467 0.68 TIP2SC 042
horn/baffle 300mm aPprox. £200 for 5, £360 for 10, £825 for 25, £1,500 for 50, £2,700 BC174  0.09 BD222  0.48 BF535 0.23 TIP3OC  0.43
for 1'80. gam le sent for £45 + £5 P&P (£57.50 inc. V.AT.). BC174A 0.02 BD223  0.48 g:g% g.zg ;:}gg;g g.az
TWIN KEYBOARD AND FRAME. Two 44-note ‘F’ to 'C’ keyboards mounted on a BC177. 0.1 BD225  0.48 -2 32
lr(natal frame hinged for easy adjustment. Keyboards offset by one octave with EC17S 0N S BC232 035 BFR40T 02301 TIR33BE o7 = N
eyboard separator giving simulator wood effect, clipped between the two key- | BY199 0.40 IN4004  0.05
boards. Manufactured overall dimensions: width 1,027mm, height 131mm, front DIODES | g\\;zoe oog-;; IN4005  0.05 CRT TUBES
and back 369mm; keyboard separator approx. 1,094mm. £202.50 for 5, £372.50 for AA119 0.08 BY%?(B)-SOO o :24006 g-gg —
10, £838.35 for 25, £1,545.35 for 50. Sample sent £45 + £4 P&P £56.35 inc. V.A.T. BA10Z 017 8Y223 - 0.90 INaSer 296 | A selection available.
ORGAN PEDALBOARD. A high-quality 13-note ‘C’ to ‘C’ pedalboard. Notes are BAV5 013 BY298-400 0.22 INsaa8 010 | Prices onrequest
manufactured in a hardwearing plastic covering steel levers. Contact switch fitted gﬁ;jg M BY299-800 0.22 IN5401 .12 P13 b OGH £43
to each pedal unit 380mm x 250mm. £108 for 5, £198 for 10, £822 for 50, £1,513 for BAIsa o0oe | BYXI0 020 | INsdg2 o34 | 3BPI £13.50 D10-21 35
100. i % BYX36-150R IN5403 012 | DG7-32 £42 DH7-9% £59
L Samgle sent for £24 + £4 P&P, £32.50 inc. V.A.T. BA155  0.13 0.20 iN 01z | op £ P71 £
SWELL PEDAL incorporating the latest technology. Volume controlied by photo- BA156  0.15 BYX38-600R |N545 ‘005‘ 013 7§P £35 D i 1 £ 35
electric cell. Designed to be mounted in a console. Detachable metal mounting BA157  0.30 0.60 INB408 013 SEdM 7 145693 7 135
plate with roller stop for easy installation. Size 250mm x 120mm, matt-black finish, BAXIZ 004 | mvxs5e00 030 | Ns40? 016 MESICY £220
£56.25 for 5, £103.50 for 10, £238 for 25, £428.20 for 50, £788 for 100. Sample sent BB1058  0.30 3‘2'5975‘6%%0 ‘1;';2 :%5:28 8‘1)2 I
£12.50 + £4 P&P, £18.98 inc. V.A.T. gmg; g_zg OAGT 0.09 ey Hn TV SPARES
SPRINGFIELD HOUSE BY127 01 8:8? gfgg 1712002 019 | We now have available from
BY133 0.15 0AZ5 o006 | stockarange of popular TV
TYSSEN STREET, LONDON, E 8 BY164 045 f M
0A202 0.10 74LS SER) spares including: line output
I.Ecllkn"": u“IPME"I n. TELEPHONE: 01-249 5217 ga;g ;'gg :m9‘81 g-o‘ P,ic':fs transformers, tuners, triplers,
TELEX: 9853906 EEC0.G BY182 055 IN£02 oﬁ% available etc
WW—060 FOR FURTHER DETAILS AT R T e o, 1 ST CHICELISTAVAILABLE
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0474 813225

PHONE

P. M. COMPONENTSLTD TELEX

SELECTRON HOUSE, WROTHAM ROAD
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3O

966371

Qy PMCOMP

%

92AG 12.50
92AV 12.50
95A 1 6.50
108C1 1.50
15082 6.95
150C2 150
150C4 2.1
155UG  25.00
185BT 1.50
274A 15.00
307 5.00
328A 15.00
388A 17.50
425A5 8.00
431U 2.00
5728 3500
T05A 8.00
708A 8.00
715A 6.00
716C 45.00
725A  275.00
803 14.95
805 39.00
807 1.60
810 55.00
811A 12.95

13 18.50
813USA 59.50
833A  115.00
866A 350
872A 19.00
873 60.00
884 5.50
930 9.95
954 1.00
955 1.00
958A 1.00
1299A 0.60
1619 2.50
1625 3.00
1626 3.00
2050W 9.50
2050 700
3545 4.00
4313C 4.00
43280 9.00
5642 8.50
5651 2.50
5654 1.95
5663 1.95
5670 3.26
5672 4.50
5675 23.50
5687 4.50
5692 350
5696 350
5704 3.50
5718 650
5725 2.50
5726 2.50
5727 250
5749 2.50
6750 2.00
5751 3.50
5763 4.95
5814A 3.25
5840 3.50
5842 11.00
5879 3.90
5894 39.50
5899 4.50
6963 2.00
5965 225
5993 8.00
6005 1.95
6012 16.00
5021 3.95
8057 250
6059 3.7%
6060 225
6062 450
6063 2.00
6064 325
6067 1.95
6072 4.20
6080 478
6080WA  8.50
6096 2.85
6132 10.00
6136 2.50
61468 7.50
6157 2.50
6201 6.95
6211 250
6267 1.50
6350 2.00
6360 5.50
6386 14.50
6545 8.50
6550A 8.00
6870 11.50
68838 9.95
6973 3.75
7025 250
7027A 4.65
7032 2.00
7059 2.50
7189 250
7193 7.50
7198 3.9%
7247 2.00
7360 950
7475 5.00
7551 575
7558 1150
7586 1180
7591A 5.50
7609 47.00
7868 3.95
8012 15.00
8042 45.00
8136 1.00
8245 107 .50
8298 4.95
8417 5.95
3001 0.90
90N6 0.90
18042 10.00
18045 10 00

HL92 1.50 PCL80O 0.80 | RPL16  12.00 w729 1.00 3D21A 2950 | 6BW7 150 | 888 250
A SELECTION FROM OUR HLI3/OD 350 | PCLE0S  0.90 ! RPYI3 250 | W33 150 | 302z 1950 sBws 400 8FQ7 1
4.00 PD500  3.50 RPY43 250 x24 1.00 4 I r :
STOCK OF BRANDED VALVES HYS0 1.00 PD510  3.65 | RPY82 250 X66L 495 4B5518 115.00 | 6BX7GT 350 | 10C2 0.70
HVA2 3.00 PEN4DD 200 | RR3-250 37.00 X76M 195 4-65A  59.00 | 6BZ6 250 | 10D2 125
A1714 1850 | EABCS80 0.70 EF812 0.65 K331A  95.00 PEN25 200 RR3-1250 65.00 XC24 1.50 4-250A 65.00 | 6B27 295 | 10F1 0.75
A1998 1150 | EAC91  2.50 EFL200 150 K3118  85.00 PEN4ODD 2.50 RS613  45.00 XC25 0.50 4BQ7A 175 | 6C4 110 | 10GK6 195
A2087 1150 | EAF42 120 EH90 0.72 KR6/3  45.00 PEN45 3.0 RS685 54.95 XFW47 150 4c27 2500 | 6C5 195 | 10P14 250
A2134 14.95 EAF801 3.50 EK90 0.72 KT8C 7.00 PEN4SDD 3.00 RS688 5215 XFWS0 150 4cz8 25.00 6C6 0.50 10P18 0.78
A2293 650 | EB34 150 EL32 0.95 KT33C 350 PEN46  2.00 S6F17 595 XG2-6400 4CX250B1.7.7. 6C8G 150 | 10LD11  1.00
AZ521  21.00 | EB41 3.95 EL33 4.00 K136 2.00 PFL200  1.25 S6F33  28.95 35.00 3750 | 6C13 250 | 10LD12 065
A2599 3750 | EB9) 0.60 EL34 225 KT44 4.00 PL21 250 S11E12  38.00 XG5-500 22.50 4CX2508 6C15 250 | 11E2 16.50
A2900 1150 | EBC33 250 EL34 Philips KT45 4.00 | PL36 0.95 S30/2K 12,00 XL1-5V  1.50 EIMAC 58.00 | 6C18 250 | 11E3 55.00
A3042 2400 | EBC41 1.95 350 K161 4.00 PL38 1.50 $104/1K 10.00 XL628FT 750 4CX2508 6CA4 0.60 | 12AGB 150
A3283 Y EBC81 1.50 EL36 150 | KT63 2.00 PL81 0.72 $109/1K 15.00 XNP12 250 surplus ex- 6CA7 450 | 12AL5s 100
AC/HL/DD 4.00 | EBCS0  0.90 EL37 9.00 KT66 OSRAM PLBIA 072 $130 5.95 XP1002  29.00 government 6CB6 195 | 12AT6 065
AC/THI 400 | EBC91  0.90 EL38 6.00 10.50 PLB2 0.60 S130P 595 XR1-1600A 1250 | 6CD6GA 450 | 12AT7 115
ACT22 69.75 | EBF33 250 EL41 3.50 KT66 USA 7.15 pLe3 0.52 SC1/800 5.00 49.50 4CX2508 6CF6 150 | 12AT7WA 2.50
AC/VP2 4.00 | EBFB0  0.65 EL42 2.00 KT66 GEC PLB4 0.78 SC1/1200 5.00 XR1-3200A tested ex- 6CH6 1035 | 12AU6 150
AC/S2PEN 850 | EBFB3  0.65 EL8Y 6.95 14.95 pL8S 1.00 $C1/2000 9.00 . equipment 6CL6 350 | 12AU7 055
AH221  39.00 | EBF8S  0.95 EL82 0.58 KT77 Gold Lion PL95 175 SD6000M XR1-6400A 600 | 6CL8A 200 | 12AV6 _ 0.80
AH238 3900 | EBFBY 070 EL84 0.75 9.50 PL302 1.00 45.00 99.50 4CX350A 71.50 | 6CM5 160 | 12AX4GT 1.00
ALE0 6.00 | EBF93 095 EL8S 4.50 K781 7.00 PL345 1250 sP2 1.50 Y63 1.50 4D26  75.00 | 6CS6 0.75 | 12AX7 065
AN1 14.00 | EBLY 250 EL86 0.85 KT88 USA 8.00 PL500 1.10 SP41 5.00 Y65 6.95 4GS7 225 | 6CW4 7.25 | 12AX7WA 2.50
ARP12 070 | EBL21 200 EL90 150 KT88 Gold Lion PL504 1.15 SP42 3.00 Y602  12.00 4GV7 225 | 6CYS 100 | 12AY7 395
ARP34 125 | EC52 0.75 EL91 6.00 15.95 PL508 1,95 SS501  35.00 YD1100 75.00 4J52 75.00 | 60C6 295 | 124274 195
ARP35S 200 | EC70 1.75 EL95 070 KTW61 250 PL50S 485 ST11 150 YJ1060 265.00 | 4JC6A 295 | 6DK6 115 | 12B4A 350
BL63 2.00 | EC80 950 EL153  12.15 KTW62  2.50 PL519 4.95 STV280/40 YL1020 29.00 4X150A 25.00 | 6DQ5 335 | 12BA6 150
BS450 67.00 | EC81 7.95 EL1B3E  3.50 KTW63  2.00 PLBO2 5.95 1. YL1070 115.00 5A152M 9.00 | 6DQ6B 250 | 12BE6  1.05
8S810 5500 | EC86 1.00 EL1B3P  3.50 KTZ63 250 PLBO2T  3.50 STV280/80 YL1071 109.00 5A163K 10.00 | 6EA8 250 | 12BH7A  1.80
83814 55.00 | EC88 1.00 EL360 7.95 L63 150 PLE20 295 19.95 n 1.20 5A170K 6.25 | 6EB8 175 | 128L6 1.75
CIK 16.00 | EC90 1.10 EL500 1.40 L102/2K  6.95 PLESST  29.50 SU42 4.95 Z302C 12,00 5A-180M 9.00 | 6EU8 175 | 12BY7A 275
C3JA  16.00 | EC91 5.50 EL504 1.40 L120/2K 12.00 PY32 0.60 TB2.5/3000 2359 9 5A-206K 10.00 | 6EW6 150 | 12CX6  1.20
C1108  54.95 | EC92 1.25 EL509 5.25 LS98 6.95 PY33 0.50 60.00 25055 15.00 SAMS 215 | 6F1 200 | 12E1 17.95
C1112G  70.00 | ECS3 150 EL519 6.95 M5024  95.00 PY81 0.70 TB2-300 45.00 2520M  4.00 5ANS 120 | 6F6G 2.00 | 12E14  28.00
C1134 3200 | EC95 7.00 ELB02  3.65 M537A  95.00 PY82 0.70 TD1-100A Z521M  8.00 5AR4 200 | 6F12 150 | 12GN7  3.95
C1148A 115.00 | EC97 1.10 EL821 8.50 M5143  155.00 PY83 0.70 25.00 Z700U  3.00 5AU4 150 | 6F13 300 | 12HG7A 395
C1149/1130.00 | EC8010 12.00 EL822 1295 M8079  6.00 PY88 0.65 TD03-10D 2749 0. 5B.110M 10.00 | 6F14 1.00 | 12J7GT 070
C1150/1135.00 | ECC32  3.50 EM1 9.00 M8082  7.50 PY5004 195 X 2759 19.85 5B-254M 14,50 | 6F17 275 | 12K5 1.00
C1534 3200 | ECC33 350 EMa4 9.00 M8083  3.25 PY800  0.79 TDO03-10E Z800U  3.00 5B-255M 19.50 | 6F21 250 | 12K7GT  0.60
CCA 2.60 ECC35 350 EMB0 0.70 M8091 7.50 PY801 0.79 28, 2803U  18.95 5B-256M 9.00 6F22 0.70 12K8 1.10
CCaL 0.90 | ECC81 115 | EMSI 0.70 M8096  3.00 Q13-119BA TDO3-10F ZA1000 1250 5B-257M 9.00 | 6F23 0.60 | 1207GT_ 0.50
CL33 200 | ECC82 055 | EM84 1.65 MB098  5.50 47.50 28.00 ZA1001 150 5B-258M 14.50 | 6F24 125 | 12SA7GT 1.00
CV Nos Prices ECC83 Brimar/ EMB85 3.95 M8039  5.00 QB3-30D 30.50 TD3-12  4.00 ZA1002 150 5C22 40.00 | 6F25 1.25 128G7 4.75
on request Mullard  1.35 EM8? 250 M8100  5.50 QEO3-10 3.50 P25 1.50 2C1040  8.00 5R4GB  2.80 | 6F28 125 | 12SH7  1.00
D63 1.20 | ECC82 Philips EN10 §.00 M8136  7.00 QEO08-200 TSP4 7.00 ZM1001 500 | S5R4GY  2.80 | 6F32 125 | 125K7  1.00
DAF1  0.70 1.50 EN32 1350 M8137 550 145.00 ™ 150 ZM1005  8.00 5T4 5.95 | 6F33 1700 | 12SJ7 060
DAF96  0.65 | ECC83 065 EN91 1.10 MB181  6.50 QF40  65.00 TTI5 3495 ZM1020 895 504G 1.00 | 6FGS 195 | 12SN7GT 1.85
DC70 1.75 | ECC83Philips EN92 4.50 M8162  5.50 QP25 1.00 TY2-125A 60.00 ZM1021  8.00 5U4GB 250 | 6GH8A  0.80 | 12SQ7GT 1.50
DC90 1.20 1.95 ESUB72 25.00 MB163  5.50 QQE03 12 6.50 TY4-400 70.00 ZM1023  7.95 5V4G 125 | 6GKS 150 | 1303 3.20
DCX4-1000 ECCB4  0.50 EY51 0.80 M8190  4.50 | QQE03-20 TY7-6000A ZM1041 1400 | 5Y3GT 080 | 6GKe 200 | 1307 3.20
12 ECC85  0.60 EY81 1.50 M8195 650 27.00 365.00 ZM1050 14.00 | 5Z4GT  0.85 | 6GV7 250 | 13DR7 295
DCX4-5000 ECC86 275 EY83 1.50 M8196 550 QQEOE-40 TY8-600W ZM1082  9.00 6/30L2 070 | 6GW6 250 | I13E1  115.00
25 ECC88  0.85 Y84 5.95 MB204  5.50 39.50 36 ZM1084 10.00 6A/203K 9.00 | BH3N 110 | 1457 1.00
DET16 28 ECCO1  2.00 EYB6/87 0.50 M8223  4.50 QQV0z 61275 TYS2/250 ZM1177  9.00 6A8G 150 | 6H6 1.35 | 17EW8 095
DET18 2850 | €ECC180 072 88 0.55 M8224  2.00 QQV03-105.50 375.00 ZM1202 55.00 6AB8 066 | 6H6GT 120 | 1728 2.75
DET24 39 ECCI88  0.78 EY91 5.50 M8225  3.50 QQvoz-20 U18-20  2.75 ZM1263  4.00 6AC7 2.00 4 110 | 18D3 1.60
DET25 22.00 | ECC801S 3.50 EYS00A 150 ME1401 29.50 18.50 u19 11.95 ZM1612  3.00 6AF4A 250 | 6J4wWA 315 | 19G3  17.00
DF91 0.70 | ECC803S 3.50 EY802 070 | ME1402 2950 QQv03-208 u24 2.00 1ACS 120 | BAF9 415 5 195 | 19H4 2395
DF92 0.60 | ECC804 0.60 EZ35 075 | ME1501 14.00 . u2s 0.90 1B3GT 195 6AGS 150 | 6JSGT 1.50 19H5 33.50 |
DF96 065 | ECC807 250 EZ40 275 MH4 3.50 QQVOE-40A u26 0.90 1B5 2.50 6AG7 195 | 6J6 0.65 1906 9.00
DF97 1.00 | ECC2000 12.00 £241 2.15 ‘ MHLDE  4.00 19.50 u37 9.00 1822 1000 | 6AH6 150 | 6JB6A  3.95 | 20A2 1050
CH63 120 | ECF80 0.8 EZ80 0.60 MLA 450 | QQv07-50 u41 6.95 1824 14.95 ‘ 6AJ4 2,00 | 6JEEC 395 | 2001 0.70
CH77 090 | ECF82 085 £281 0.60 MS48 5.50 63.50 U50 200 1B35A  29.50 6AJ7 200 | 6JS6C  3.95 | 20D4 1.75
CH79 056 | ECF86  1.70 EZ90 1.35 MU14 150 QQz03-20 us2 3.0Q 1C1 1.20 ) 6AKS 1.00 | 6J7 4.15 | 20LF6 3.50
CH149 200 | ECF200 185 F6064 295 N37 12.50 42.50 U191 0.70 1C6GT .00 6AK6 2.00 | 6K7G 070 | 20U 0.95
CK91 0.90 | ECF202 185 FWa/800 295 N78 985 | QQZOE40A U192 1.00 105 1.00 6ALS 0.60 | 6K8Y 395 | 20P1 0.55
DK92 120 | ECF80) 0.85 G1/371K 30.00 0A2 0.85 45.25 U193 0.65 1FD1 090 | 6AM4 325 | 6KD6 550 | 20P3 0.60
0K96 250 | ECF804 6.00 | GS5/1K  9.00 OA2WA 150 QS72/:0 1.50 U251 1.00 1G3GT  1.00 | 6AMS 6.00 | 6L1 250 | 20P4 1,05
oL3s 100 | ECF805 250 | G180/2M 9.00 0A3 250 QS75/40 3.00 U801 0.75 L4 060 | 6AMSG 150 | 6L19 395 ‘ 20P5 1.15
oL63 100 | ECFB06 10.25 G240/2D 9.00 0B2 085 | QS92/°0 5.00 UABCBO  0.65 L6 1.50 6ANS 395 | 6L6GC 295 | 21LUs 250
oL70 250 | ECH3 250 G400/1K 14.00 OB2WA 125 | QS95/°0 4.85 UAF42  1.00 1LA6 1.00 6ANBA 295 | 6L6GT 115 | 24B1 3950
L3 250 | ECH4 3.00 GC108 1750 0c2 250 | QS108/45 4.00 UBF80  0.60 INSGT 250 6AQ5 150 | 6L7G 075 | 25L6GT 175
DL9Y 150 | ECH35 215 GC10D 1750 oc3 1.50 Q515015 6.95 uBC41 175 182 0.55 6AQ8 085 | 6L020 060 | 25BQ6 175
oL92 060 | ECH42  1.00 GC10/4B 17.50 003 1.70 | QS150°30 1.15 uUBCa! 150 174 0.70 | 6ARS 495 | 6LF6 450 | 29C1 19.50
D93 110 | ECH8)  0.65 GC10/4E 17.50 OM4 100 | QS150/45 7.00 UBFBS  0.60 1U5 100 | 6ARS 2.00 | 6L06 450 | 30C17 0.40
DL94 250 ECH83 0.78 GC12/4B 17.50 OMS5B 3.00 QS1200 3.9 usL21 175 1X28 1.40 6AS5 1.50 6N7 250 30C18 148
DL96 250 | ECH84 069 GDB6W  6.00 oMeé 175 QS1202 395 uce2 1.20 287 1.50 6AS6 150 | 6N7GT 150 | 30F5 0.95
DLS10 1350 | ECH2000 1.50 GDT120M 5.00 ORP43 250 | QS1203 415 uccssa 070 2C21 100 | 6ASIG  7.50 | 6P15 1.50 | 30FLY 100 |
DLS16 10.00 | ECLSO  0.60 GE10 9.00 ORP50 395 QS1205 395 ucces 060 2C39A 2350 6AT6 075 | 6P25 4.00 | 30FL2 1.35
DM70 195 | ECL82 065 GN4 6.00 P61 250 | QS1206 105 UCF80  1.00 2C39BA 3950 | 6AT8 175 | 6P28 200 | 30FL12 095
DM160 275! ECL83 250 | GN10_ 1500 P41 250 | QS1207  0.90 ucH21  1.20 2C40 3700 | 6AU4 200 | 6Q7 y20 | 30FL13 110
0Y51 1.50 ECLB4 0.74 GR10G 4.00 PABCBO  0.50 QS1208  0.90 UCH41 1.20 2C40A  55.00 B6AUG 0.95 6Q7GT 1.20 30FL14 1.25
DY86/87 065 | ECL8s  0.69 GR10J  4.00 PC86 075 | QS120% 200 UCH42  1.35 2C42 2950 6AVE 0.75 | 654A 150 | 30L1 045
DYB02 072 | ECL86  0.80 GS10C 1650 PC88 075 | QS1210 150 UCHB1  0.65 2C51 0.75 | 6AWBA 295 110 | 30L15 0.60
EBOCC 850 | ECL805 0.69 GS10H  12.00 PC92 350 Qs121i 150 UF85 1.20 2C53 32.00 688G 150 | 6SA7GT 1.00 | 30L17 0.60
EBOCF 1100 | EF37A 200 | GS12D 12.00 PCY7 110 | QS121: 320 UFa1 1.15 2CYS 150 | 6BA6 095 | 65C7 150 | 30PAMR 1.00 |
EBOF 1350 | EF39 1.10 GTIC 1400 PC800  1.10 | QS1213  5.00 UF42 115 2D21 095 | 6BA7 450 | 65G7 120 | 30P12 1.00
EBOL 11.50 EF41 3.50 GT1CS$/S13 00 PC900 1.25 Qs1215 210 UF80 0.80 2D2'W 250 6BABA 350 B6SH7 120 30P18 0.60
EBICC 350 | EF42 3.50 GTE175M 8.00 PCCB4 040 Q81213 5.00 UF89 250 2E26 7.95 6BC8 1.00 | 6SJ7GT 1.20 | 30P19 100
ES8IL 12.00 | EF50 250 ‘ GTR150W 1.00 PCC85 0.54 Qui? 9.50 uLdl 3.50 2J42 93.00 68D4 150 | 6SK7 080 | 30PLI 2.50
£82CC  3.50 | EFS5 4.95 GU20 3580 PCC88 070 1150 uL84 0.85 2K25 2495 | 6806 100 | 6SK7GT 120 | 30PLI3  0.60
E83CC 350 | EF71 150 | GXU1 1350 PCC89 0.70 Qv03-12 495 uus 250 2K26 95.00 6BE6 072 | 6SL7GT 085 30PL14 175
E83F 550 | EF72 1.20 GXU3 2400 PCC189  0.70 Qv0os5-25 1.75 uu? 8.00 3A/107B 12.00 6BF5 1.60 | 6SN7GT 0.69 3I3A/158M
E86C 950 | EF73 100 GXUS50SS PCC805 0.70 | Qv06-20 29.50 uus 9.00 3A/708A 9.00 | 6BG6G  3.00 | 6SQ7 0.80 19.50
£88C 795 | EF80 0.55 1450 PCC806  0.80 Qv08-100 uy41 350 3A/109B 11.00 6BH6 195 | 6SS7 1.95 35A5 4.50
E88CC  3.50 | EF83 350 GYS501 1.20 PCE82  0.80 145.00 uyss 070 3A/1108 12.00 6BH8 150 | 6U4GT 175 | 35L6GT  2.00
E90CC 850 | EF85 0.50 GY802 100 | PCF80 0.65 QY3-125 49.50 V235A/1K 3A/141K 11.50 6BJ6 120 | 6USG 1.50 35W4 c70
ESOF 795 | EF86 1.25 GZ30 1.00 ‘ PCF82 0.60 0Y4-250 65.00 3A/147) 760 6BK4. 400 | 6UB 0.85 3523 1.85
E91H 450 | EFB6 Special G231 1.00 PCFB4  0.65 QY4 400 71.95 V240C/2K 3A/167M 10.00 68K7A 195 | 6UBA 150 | 38HE7T 450
E92CC 3.95 | quality 250 GZ32 1.00 PCF86 120 R10 4.00 y 3A2 3.95 6BM8 058 | 6V6GT  0.85 40KD6 5.50
E99F 6.99 | EF89 0.85 GZ33 4.50 ‘ PCF87 0.40 R16 12.00 V241C/1K 3A3A 395 6BN4 165 | 6X2N 1.00 47 6.00
€130t 19.95 | EF91 1.50 GZ34 215 PCF200  1.80 R17 1.50 195.00 3A4 1.10 6BN6 165 | 6X4 0.96 50B5 150 ‘
£180CC 650 | EF92 250 GZ37 450 PCF201  1.80 R18 250 V246A/2K 3AL5 0.95 6BN7 450 | 6X5GT 0.55 50C5 095
E182CC  9.00 | EF93 0.95 HAA91 1.00 ‘ PCFB00  0.40 R19 2.50 315.00 3AT2 3.35 68N8 275 | 6X5GTY 1.00 50CD6G  1.15 |
E180F 650 | EF94 095 | HABCS8O 090 PCFB01 135 R20 1.20 V339 350 3AW2 335 6BQ5 075 | 6X8A 2.2% 50JY6 295
E186F  B50 | EF95 100 | HBCOO 075 | PCFB02 060 | R1169  §5.00 VLS631  10.95 382 3.00 BQ7A 072 | 7A7 2.00 | 52KU 2.00
E280F  19.50 | EF97 030 | HBCY1 0.80 PCFB05  1.26 RG1-125 495 VP48 4.50 387 450 6BL7GTA 395 | 7AD7 1.75 61SPT 450
E283CC  10.00 | EF98 0.90 HF93 0.7 PCF06  1.00 RG1-240A vP133  2.00 3826 24.00 68L8 065 | 787 280 | 758! 250
E288CC 1350 | EF183 065 | HF9d 150 | PCF808 125 | 1450 | VR75/30 3.00 3828 1200 | 68RS 070 | 7C5 300 | 75C1 2.95
EB10F 1850 | EF184 0.65 HK90 1.05 PCH200 1.50 RG3-250A 3.50 VR101 2.00 3C4 1.00 68R7 4.95 | 7C6 250 84 3.00
E1148  1.00 | EF730  1.80 HL2K 350 | PCL82 085 | RG3-1250A VR105/30 1.50 3C45 2400 | 68R8 215 | 7H7 200 | 85A) 6.50
E1524  6.95 | EF731 1.80 HL23DD 4.00 | PCL83  2.50 ‘ 52.50 VR150/30 1.15 3CN3A 250 | 6BRBA 215 | 7J7 3.50 | 85A2 1.50
EA50 100 | EF732 180 HL41 350 | PCLB4 085 | RK2KZ5 6250 V152 250 3CS6 095 | 6BS7 550 | 707 2,00 | 90AV  10.00
EA76 195 | EF800  11.00 HL41DD 350 PCL8S 0.80 | RG4- 100 10.00 vu29 4.50 3CX3 250 6BS8 250 | 787 3.00 90C1 270
EA79 195 | EF805S 13.50 HL420D 350 PCL86 0.85 RK-20A  12.00 VU39 150 3CYS 1.50 6BW4 150 | 7v7 415 | 90CG 13.50
EAA91  0.60 | EFB06S 14.50 HL9O 070 PCL200 160 | RL16 150 w77 5.00 3D6 450 | 6BW6 535 | 7Y4 195 | 914G 9.00
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The FAST eprom programmer

EANG-OF-EIGHT | ‘

i or remove when
}l ed Hghl 1500

Ug

When manufacturers’ recommended Fast Programming
Algorithms can be used. GANG-OF-EIGHT IS FIVE TIMES
AS FAST AS A STANDARD PROGRAMMER. This means
you can program a set of 27128's in 2 minutes — not 14
minutes. Or 2764's in 1.25 minutes instead of 7
minutes.

GANG-OF-EIGHT will program all single-rail devices from
2716 to 27256 with FAST or NORMAL algorithms. All
possible levels of programming voltage are covered — even
the latest 10.5 and 12.5 volt levels.

FAST THROUGHPUT
GANG-OF-EIGHT has SINGLE-KEY OPERATION, which
makes life very easy for the operator. It always performs
VERIFY and BLANK-CHECK operations automatically: it
won't let you program the same EPROMS twice, or program
EPROMS which are not blank. In the FAST programming
mode, GANG-OF-EIGHT can produce several times the out-
put of a standard programmer.

FAST DELIVERY

At the time of writing, DATAMAN has more than enough
stock to meet the expected demand for GANG-OF-EIGHT. If
you want confirmation before sending your cheque, please
telephone us with an order number and a GANG-OF-EIGHT
will be packed and set aside for you.

GA NG'OF‘ E IG HT, including instruction card, power supply and carriage £395

+ VAT (= £454.25)

FAST MONEY BACK
GUARANTEE

Part of our value-for-money deal is the REFUND
GUARANTEE: if you don’t want your GANG-OF-EIGHT
you can return it within a fortnight and we’ll send your
money back immediately, less the cost of postage. We
realise that this is like operating a free hire service, but
we believe that most engineers are straight. We will be
most surprised if we get any GANG-OF-EIGHTS
back.

FEATURES

* CONVERSATIONAL LIQUID CRYSTAL DISPLAY

* NINE INDUSTRY — STANDARD TEXTOOL ZIF
SOCKETS

* SWITCH-SELECTION OF EPROM TYPE (NO
MODULES TO BUY)

* PROGRAMS ALL SINGLE RAIL EPROMS
INCLUDING 27256

* USER CAN CHOOSE NORMAL OR FAST
PROGRAMMING ALGORITHM

* SINGLE KEY OPERATION

* WORKS FASTER THAN STANDARD
PROGRAMMER

* INTELLIGENT OPERATION TRAPS OPERATOR
ERRORS

* SAFETY FEATURES BUILT-IN

* LOW-COST DESIGN

Lombard House, Cornwall Road,
Dorchester, Dorset, United Kingdom

Telephone: Dorchester (0305) 68066.
Telex: 418442
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programme and set and forget it
| the clock will do the rest. £39-00

f HOME CONTROL CENTRE Y REMOTE CONTROL KITS w
This kit enables you 10 FOR A DETAILED BOOKLET ON REMOTE

CONTROL - send30p + 8 x 9" S.AE.
These kits have been designed to enable intra-red remote
control 10 be incorporated into wirtually any application
1rom s anching car locks of alarms to cont ofting Hi-Fior TV
The exact application will determine the (1terface eircutry
Inat supplied) between the receiver and the device to be
controlied. In many cases this could by a relay or tnac.
General instructions and applicat:ons are supplied with te
kits. The kit are coded and provide a hign degree of noise
immunity and security.

MK18 Transmittar Kit. For use with MK1*MK12 Receivers
and MK9/10/13 keyboards. Requires P23 battery. Size
8x2x1.3cms. Range approximately 601t 6.80
MK11 Receiver Kit Mains powered Provides 10 latched
plus 3 analogue outputs. deal for controling audio
amplifiers. TV or ighting circuits where control of lamp

control up to 16 differ
ent appliances by
means of coded
pulses in the mains
wiring which may be
decoded by special receivers anywhere
in the house. The transmitter may be
controlled manually or by the computer
interface enabling your favourite micro
to make your coffee in the morning,
switch lights anywhere in the house, or
your electric blanket in your bedroom.

: brightness is required £13.50
Just  think of the - MK12 Transmittar Keyboard £4.35
possibilities — and no MK19 DC Controlled Stereo Amplifier Zit. f control of
wiring! stereo amphfier s required. the MK® may be used.

The Kit comprises a
transmitter with pre-
driled box and two
receivers. XK112 £42.00

LEDs far remote selection of programme or channe!. May be
connected between the pre-amp and power amp sections
of almost any audio amplirer. £10.70
MK12 Receiver Kit

——— providing for remate contral af base, trebwe and volume lar
I balance). This kit also Includes a one of 10 decode: mith

XK1 MK12 istate latched or

; momentary] £13.50
(?dd'l MK 4-way Transmitter
tional Keyboard £1.90

receivers) MK10 16 way “ransmitter
£10 Keybosrd £5.40
MK15 Dual Latched Solid Stat.

Relay £4.50

MICROPROCESSOR XK 114
CONTROLLED OPTIONAL

MULTI-PURPOSE TIMER RELAY KIT

Now you can run your central heating, lighting, hi-fi system and iots more £3.90

with just one programmable timer. At your selection itis designed to control
four mains outputs independently, switching on and off at pre-set times over
8 seven-day cycle. eg. to control your centra
heating fincluding different switching times
for weekends). Just connect 1t Lo your system

Kitinctudes one relay, PCB 1o
accommodate up to four
relays, terminal blocks. eic.
to fit inside CTB000 box
Provides up 10 four 3amp
240V changeowver contacts

Additionalvelays £1.65 each.
Add 66p postage & packing +15% VAT to tota | s
———

Overseas Customers; COMPUTER SHOWROOM
Add £2.50 (E 3, €8.00 (elsewhere) for plf
SondS AE toriurmer STOCK oETals. | EN] TOP HARDWARE, LATEST SOFTWARE
Goods by return subject to availability PERIPHERALS, ACCESSORIES AND
OPEN om0 som ibon e F MUCH, MUCH MORE!

FAST SERVICE - TOP QUALITY- LOW LOW PRICES

H No circunt 1S complete without acallto

ELECTRONICS

11-13 Boston Road  TeL: 015678910 0RDERS

01:579 9794 ENQUIRIES »
London W7 3SJ 01.579 2842 TECHNICAL arTes st
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Transformers

With 40 years’ experience in the design and manutacture of several hundred
thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOUNAMEIT! WEMAKEIT!
OUR RANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner ttansfor-
mers. Input and Output transformers, Direct Injection transtormers for Guitars,
Multi-Secondary output transformers, Bridging transformers, Line transtormers,
Line transformers to G.P.O. Isolating Test gpeciﬁcation, Tapped mpedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amplitiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transtormers (from a few watts up to 1,000 watts), 100 volt line
transformers to speakers, Speaker matching transtormers (all powers), Column
Loudspeaker transtormers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensibie.

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciaity and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
Send for our questionnaire which, when completed, enables us to post quota-
tions by return.

E. A. Sowter Ltd.

Manufacturers and Dasigners
€.A. SOWTER LTD. (Established 1941) : Reg: No. England 303990
The Boat Yard, Cullingham Roed, ipswich IP1 2EG, Suffalk
P.O. Box 38, Ipswich. IP1 2EL, England
Phone: 0473 52794 and 0473 219380
Telox 987703G Sowter

WW - 045 FOR FURTHER DETAILS

WIRELESS WORLD APRIL 1984

Keithley's130A &136.

[ 130a DW@ITAL MULTIMETER

pairof hands.

Ready and willing to give you the accuracs and flexibility
you'we come to expect from all handheld DMM’s.

Or the one hand, the new 130A has the design and
perfcrmance of our most popular 130 medel but with
greaer basic DVC accuracy —0.25% and'the need to
calibrate only once every two vears — all this at no increase
inprece.

Or the other, there is the new unbeatable value 136,

a high performance full autoranging 4%z Jdigit DMM
perrr itting precise measurements in 22 ranges of AC/DC
voltage, resistance AC/DC current including 10A capability.

If you could use an extra pair of hands, or would just like
to find out about our complete range of DMM'’s —phone
0734 861287 or contact a Keithley distributor now. Prices
startat £69.00

KEITHLEY

Berksaire (0
Essex

Keithley Instruments Limited
1 Boulten Road

Reading Berkshire RG2 ONL
Telex 847047

Glasgow 02367) 28170
London (01)6390155
(0287) 32397

Cleveland
Hertfordshire (07073) 38623
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This list contains only a fraction of
CRICKLEWOOD'S stock. Please add
60p p&p & 15 VAT to all orders.

Official orders from schools, colleges,

Govt. Depts. etc. welcome,

RE sl\“‘Hb

5% NI STAB
LOW NDISE

2WE24

ens
AXIALS (Wites
each end)

PRICES SUBJECT TO

ALTERATION, PHONE
FOR LATEST PRICES

AND DELIVERY

THE TELEPHONE
& MAIL ORDER

SPECIALISTS

J\Amp 0220

2N2219
2N2219A

LONDON NW2 3ET
-452 0161/01-450 0995 Tlx 914977

ZTX 500
ZTX501
2TX502
Z7X503
ZTX 504
2TX510
2TX530
27X531
2Tx650

6 amp type

Square with hole
PWO1 11001 95p
'W021200) 99p
'W04 {400)1.30
PWOB (60011 39

25amp type
Metal clad with
hole

KO111001 2.62

)OD

40 CRICKLEWOOD BROADWAY

\oo x 180 210
100 = 220 2.80
203 x 114 2.40
233 x 220 5.20
Doubte Sicted
100 = 160 220
100 « 200 280
203 « 114 290
233 x 220 5.90
Developer for

12

www americanradiohistorv com
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BY USING A m'DwICH
D I Ac R o M RICKINGHALL HOUSE, HINDERCLAY ROAD, RICKINGHALL, SUFFOLK [P22 1HH. TEL.DISS (0379) 896781
BBC Microcomputers 6500 Familg SN75454BP 0.24
Model B 4826 | 6502 3 4.40 | SN75468N 1.08
Model B +Disc Int 43321 | 6502A D3 467 | SN75491AN 046
NB Credit cards are not accepted in payment for 8520 D1 267 | SN75492AN 0.61
4 BBC Microcomputers B520A Dl 280 | TLOLOCP 038
ZSSZZZZA D5 glg TLOBICLP 0.%8
q D5 44 TLO62CP 047
BBC Micro Econet v 6532 D2 533 | TLOS4CN 089
Full range of products available. Installation 65324 Dz 587 | TLOBBCP 028
. service available TLO71CP 028
M;nu/acrured in F_rance i i i Linear & Interface| TL072CP 047
British Patents applied for BBC Compatible Disc Drives Do TLOTACN 0.91
Cased dnves, limshed to match the BBC Micio are 6402 6 TLOSI1CP 024
pplied complete with cor gcables, manual | Ay3.1015 D2 292 TLOB2CP 0.41
No other cleaner has all these advantages:— and utibties disc AY3.1270 650 | TLOBACN 0.85
All single cased drives may be expanded to dual AY3-8910 D6 448 TLO91CP 0.41
1. Only 100% pure. natural diamond grains are utilised configuration by the addition of the appropnate AY5-3600 D2 7.37 TLO92C! 0.60
uncased mechanism DP8304 D1 192 | TLOMCN 137
2. Blades are treated with hard chrome 1o reinforce the setting of the diamond grairs, 0 . . 1203 0s0 | TL48TCP 0.55
obviate ioosening or breakaway during use. This process also prevents clogging of the lDEBlE :g_FucﬂY lsstggil; ZDS‘T%IS {-’3‘65[;)““1 LF398 317 | TL483CP 0.55
diamonded surface by residues resulting from use 400K 40/80TDS. 26435 47915 215 00 LM301 AN 0.24 | TL4MCN 1.66
o LM308AN 073 | TL4%CP 030
3. All diamonded blades are rectified to ensure an absoiutely smooth surface by eiiminating Trade/quantity discounts are available LM308N 047 CP 1.02
diamond grains which may rise above the surface. This eliminates all excessive BBC3 Disc Interface 8495 IM31IN 0.84 ZN450E 525
scratching during use. Plocse send for our BEC Micro price it Fullrangeot [ LM319 2.23 %ﬁiﬁiﬁn o e
4. All di : accessories avarlable. LM324N 032 K A
b iamond grains are rigidly calibrated to ensure a pertectly unitorm grain size of either LM338N 037
200. 300 or 400 Memories Regul LM348N 053 | DIL Socket
gulators ockets
N Q.
8. The chrome gives a very weak co-efficient of friction and the ngidity of the nylon handle 1s %1 }éLl-ZO g% ?-92 ';BLO.'% 8%2 mg%N gg P"s" g‘l% %%l‘d vg/;év
calculated to permit proper utilisation and yet piiant enough to avoid undue pressures on 116-15 05 8L1 LM725CN 133 14 ' 28 '77
° 4116-20 D2 0.88 [ 78L1S 026 012 028 0
highly delicate releys 411815 Dl 375 | 7805 033 | LM74ICP 018 1 16 013 032 086
; . 4i64-15 Dz 433 | 7812 03 | LM747CP 048 | 18 016 032 108
@ Grein size 200. thickness 55/100 mm. both faces diamonded For quick cleaning of industriat 4164.20 D2 395 | 7815 033 LM748CP 0.22 20 017 04! 123
relays 8nd switching equipment. etc 4416.20 Dz 660 | 7905 0.46 MC1413P Dl 086 22 017 048 131
@ Grain size 300 thickness 556/100mm  both f2ces diamonded For smaller equipmunts, like 4564-15 525 | 7912 0.46 C1416 D! 066 2% 020 063 144
telephone relays. computer relays. etc 5516.25 773 | 7915 046 | MC1458CPL 0.26 28 023 057 159
@ Grain size 400 thickness 25/100 mm. une face dismonded. For sensitive relays and tiny 6116-3 DI 372 | LM30SK 098 Mci‘gglﬁ gég 40 033 089 196
contacts. Two close contacts facing each other can be individually cleaned. because only one 6116-LP3 D2 467 | LM3L7K 1.92 m(c:ﬁzap 032
tace of the spatula is abrasive 2532-45 D2 3.50 | LM320K 4.58 MC3242A 525 ZIF Sockets
o . . 2708.45 Dz 325 | LM33BK 521 | MC3HZ3 3B %pn 580
Sole Distributors for the United Kingdom 22:’,{222 g{ 3?8 ;gggsggc g%g MOIUP 197 Z,apm 6.3?)
. g g 0 Pi 8.4,
SPECIAL PRODUCTS (DISTRIBUTORS) LTD gies DI Ax|7mizec 04 MR o3|
.81 Piccadilly, London W1V OHL. Phone: 01 -629 9556 71345 DI 375 | 78540PC 250 | MCMAE 240 ] Datashesinare
As supplied to the M.0.0., U.K.AEA., C.EG.B. British Rail and ather Public Authorities; e Dl 392 ME447P B cxvmicxbdlBon itema
also major industrial and electronic users throughout the United Kingd 2764-250NS T1 392 | 6800 Family MC3448AP DI 332 T
2764.250NSBBC 585 Prices are as follows
UK and Export Agents: DIACROM, 17 Hancock Nunn House, London, NW3 2564.30 Dz 600 | 53%0 ny o R bs 22| pio7s Ds 2%
WW — 064 FOR FURTHER DETAILS 71830 DZAN | gen5c 2% | Mcag7p DI 150 | D2 100 De 3.0
Buffers 6809 D6 712 | MClali DI 852 | D3 128 D7 4.00
B1LSS5 0gs | 6810 Dl 125 | MCladl2 187 | D4 200
811506 0g | s821 D3 131 | NESSSP 0.19
81L.597 085 40 D4 392 | NE5SS6CP 045 | Atull range of the
11598 0.85 6843L 2088 | RO3-2513L DI 782 | following products is
§T26A (6880AP) 078 6845 D5 588 | RO3-2513U D1 782 | camiedinstockandis
8T28A (5889) 0.78 6850 D2 1.31 [ SN75107BN 058 | listed in our FREE
§T95 (6885) 078 6862 000 | SN75110AN 068 | catalogue
T SR ool dme S
EEEy 078 | a7 713 | SN75159N 119 | *ALSSenes TIC
68B00 D7 430 | SN75160AN 215 * eries
Data Convertors | sapos D6 936 | SN75IGIAN 235 | % TI Bipolar Memones
Kohoz DI a5 | 6882l D3 188 | SN75162AN 331 | # 9900 Series Micros
ks Dl 313 | 68810 Dl 180| SN75172NG 164 | * Crystls
CNieEs DI 167 |68B40 D4 550 | SN75173N 121 | % IDC, CardEdge &
ZNA427E-8 DI 5’75 68B50 D2 183 | SN75174 164 D Type Connectors
7N428E-8 D] 433 | MCB8BS4P 7.75 | SN75175 121 | *Diplumpers
7N429E.8 Dl 133 SN75182 062 | w Monochrome &
Y0 Dizswm | 280 Family SN75183 062 |  Colous Monitors
Niar 0. Dligss | 2s0Acpu Dz 24z SNTHES 044 | (NECSKAGH)
ZN433CJ-10  Di2098 | Z80B CPU Dl 778 SN75189 044 prom Programmers
o DL | Z0AcTc DI 220| SN7M4SIBP 024 |  &Exasers
o DL4T4 | ZORCIC D1 778 | SN7oASZER 024 | # Custom Cable
N ot DL 670 | JB0ADART DI 50| SN754538P 024 |  Assembles
= RS BR|EADE B
TSI E Al 32K UPGRADEKIT £24 95
TO BECRYSTALCLEAR Crystale | 80500 D4 20| Carnnge Ordereup ol 199resenby sl
3 A AllZA LoogMitz 342 | ZBEIO0 D2 B e 0 1 00-E1 351 55 £200-+ 5 00by Secuncor
- - Al13A 1 8432M] .88 b
Tel' 029 34 535 Telex 871ﬁ ero G AllBA ZAS'ISMHi 100 | ZBOASIO-1 D4 900 Prices quoted (+ cumugel:hurges)t:xe exclusive
y Al69A 3.6864MHz 155 | Z80B SIO-1  D42978 of VAT and are subject to change without notice
MOD approved CAA approved AR SeeEAMI: (e | 280102 DA 8%0 | Guariity Discountsareavalable n mony
280A SIO-2 D4 9.00
R}%ﬁ g:ﬁt [l] g 280BSIO-2  D429.78 products, please nng for deta:ls
WW - 038 FOR FURTHER DETAILS AL73A 9.8304MH: 1.40 | MK3886 700 | Oificial Orders are welcome from Education
A182A 19.6608MHz MK3886-4 8.00 | Establishments, Govemment Bodies and Public
2. Companies
8080 Family Gredit Accounts are available to others subject
f1 500 MH R 1 0 PRESCALER %5%&?{“1&3’; ggegA B4 307 | o status Payment is due stctly nett by the 15thof
— z 1 1.50 the th.
Z—~ UMIZ338MHz 3.5 | 8216 137 ce:;:c J dlh Vit
24 ards are accepte: CCess ant 18Q) 107
% 150-1500 MHz FREQUENCY R ANGE Floppy Disc s 192 [ i ohone and postal orders and NO SURCHARGE
% COMPATIBLE WITH ANY FREQUENCY Controllers g5 Ds 20| ST
8271P 5333 | 8253 333 Out of stock items will follow automancally, at our
COUNTER FDI771P D521.25 | 8255A D5 250 | discretion, or a refund will be given d requested
% 12 VOLT D.C. OPERATION min B
D7 DSHI00 SPECIAL TELEPHONE NUMBER FOR FAST
T FD1785 D6 2435 ﬂ b
DON'T THROW AWAY YOUR FREQUENCY COUNTER! el Dz é I)lgll;’l:in’}?:: SERVICE, TELEPHONE YOUR
This 1500MHz prescaler, MMD1500P, will adapt any existing frecuency counter WD2143.01 D2 790 DISS (0379) 898751

High speed ECL technology is incorporated, and an input sensitivity of better than .+ FREE CATALOGUE post to Midwich Computer Company Limited
100mV RMS over the range 150-1500 MHz is specified. . Faad, Rucking i VAT
The unit is fitted with 50 ohm BNC sockets for input and output connections and exclude VAT and Rucknghall House, Hinderclay Racd, Rckunghall Suolk IPZ2 HE
requires a 12 volt DC power supply at 200mA,

The prescaler is housed in a highly durable black diecast case and all circuitry is
constructed on high quality glass-fibre pcb.

AVAILABLE FROM STOCK AT £85 + VAT — p&p £1.25

carriage. Please add I |
Name

these to your order. - ===

All prices correct at Address ] l

time of going to press.

[ ]
VISA Telephone
[ |

MICROWAVE MODULES LTD
BROOKFIELD DRIVE, AINTREE, LIVERPOOL L3 7AN
ENGLAND
Telephone: 051-5234011 Telex: 628608 MICRO G

WW - 019 FOR FURTHER DETAILS

[

|
covering up to 160 MHz, to accept frequencies in the range 150-1500 MHz. ‘ - T — —— — — —
\ Prices: all prices l r

WW — 027°FOR FURTHER DETAILS
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TDS90O

FORTH COMPUTER ey

Build
the TDS900

’ into products.
Programme it with a VDU
and your forecasts become fact.

Software costs are significant in all industrial applications of
microprocessors. They cannot be amortised over the large quantities
associated with personal computers and electronic games This C-MOS
embedded computer card aims at resolving this problem by including
FORTH high level language programming and developmental facilities The
software can be written quickly and made to work correctly at lowest possible ;
expense. Using a high level programming language rather than assembler -
gives a fast reaction time to market opportunities. Production products use
the same board as employed in the prototypes

No microprocessor development system is needed since the card
contains a screen editor working with simple visual display units (VDUs). It
also has the compuler for the FORTH source code. Debugging 1s inherent in
the FORTH language and once the code is working. this can be output to a
PROM programmer.

Use of C-MOS throughout has brought the power
consumption down to 28mA , making the TDS900 especially
suitable for portable and battery-driven applications.

Triangle Digital Services Limited
1002 Wood Street, Watthamstow, London E17 3HX Tel: 01-5200442
“ vvux ors 10 our laboratones al are welcome by appointment

WW - 034 FOR FURTHER DETAILS

e

44 HP SWEEP 0SC HO1-694B. 7-12.4gHz . £350
PHILIPS P2000 DAISY WHEEL PRINTER RS232 £375 ea 45 HP VHF SIG GEN 6080 10-480MHz €150
s T . ) 48 HP WAVE ANALYSER 302A. 20Hz-50kHz _£%5
S A GO RIS £100ea | 43 BaK GEAT FREQ OSC 1032 20Hs-200ke €300
TRANSTEL DOT MATRIX PRINTER. Compact Serial 51 B&K LEVEL RECORDER 2305, solid state. . .. £400
Interface 230V. With into --E658a | 57 BAK LEVEL RECORDER 2305, valve, .. .. £200
T S ) P 53 B&K MICROPHONE AMPLIFIER 2603. £100
Resged Rszag 2 [Priner, Keyboard. Punch Jo0 | 54 BEKRANDON NOISE GEN 1802 Ee
) 56 B&K RMS AUDIO VOLTMETER 2410, .. ... £40
CREFD 75 TELEPRINTER. Very good condition... .£256a | 59 B&K MICROPHONE 4111 with stand and cable.. . . £%
97 MONITOR. Cased. Non-standard. withinfo . £20ea | 61 B&K AUDIO FREQ SPECTROMETER 2108 with Ieve};&;
12 MONITOR. Cased Non-standard, wihinfo £15ea | gy SOOI o cnaan oo ety
AZTEC 20" Black and white MONSTOR. Video In £50 ea 64 TEK SQUARE WAVEvgrE{g lmalg%zélEMaszzqegArkal;..(.. £95
- 65 WAYNE KERR UNIVERSAL mater
ms;yll: 0 e ack sngwhig £30 62 indicator) with low imp adaptor Q221 Mk3 .. ... £175
67 WAYNE KERR UNIVERSAL BRIDGE B221 with low 1mp
adaptor 0221.... P — . ]
ftem 68 WAYNE KERR COMPONENT BRIDGE B521. .
No 69 WAYNE KERR VHF ADMITTANCE BRIDGE B801..
OSCILLOSCOPES 70 WAYNE KERR AF SIG GEN S12) 10Hz-120kHz .. ... _£40
71 AOVANCE SIG GEN SG628 150kHz-220MHz CW/Mod £60
} TEK 454A dual race 150MHz delay sweep . . _£1.000 72 ADVANCE PULSE GENERATOR PGS28. . . .. .
2 TEK 453A dual trace 50MHz delay sweep -£575 74 ADVANCE DUAL STAB DC PS PP3 0-30V0-1A twice.

4 TEK 647A dual trace 100MHz delay sweep £315

5 SOLARTRON/SCHLUMBERGER CD1740 dual trace 75
50MHz dual TB detay sweep £225 78

6 TELEQUIPMENT D66 duat trace 25MHz s

COSSOR COU120 dual trace 50MHz delay sweep

10 COSSOR COUI50 dual trace 35MHz detay sweep

14 SOLARTRON CD1400 dual beam 15MHz

15 TELEQUIPMENT D43 dual beam 15MHz

16 SOLARTRON CD1014 duai beam 5MHz

STORAGE 0SCILLOSCOPES el
18 PHILIPS PM3234 dual beam 10MHz £1.200 3(75

MOHOOBY .o e s oo rm
SOLARTRON DVM A223 AC/DC/Ohm 412 digit ...
AVO MULTIMETER CT471A {Ex-Ministry) .

78 AVO MULTIMETER 7X ... b
80 AVD MULTIMETER 8s from ... . PR { |3
AVD TRANSISTOR TESTER TT169 with leads. As new
(P&P £2} . - S
82 AVO VALVE CHARACTERISTIC METER VCMI63 g";

data ... oo e 4. i o

FARNELL STAB PS TSV30/5EC 0-30V 5 amps. ....£60
FARNELL STAB PS TSV30/2EC 0-30V 2 Amps ... . ...£40
FARNELL LF SINE/SQUARE OSCILLATOR IH1-1mk£H1.

P PER]

row deviation 5 ... E250 . — . £28
28 MARCON! UNIVERSAL BRIOGE TF1313 025% .. .£250 g5 GREEN TRANSMITTER OUTPUT ANALYSER T62400 £400
29 MARCONI UHF SIG GEN TF1060:2 450-1200MH; i':;g 97 GREEN SYNTHESISED DIGITAL SIGNAL GENERATDR
style . - in/! .£600
31 MARCONI UNIVERSAL BRIOGE TF866 range £60 ST R
32 MARCON: WIDE RANGE OSC TFI370A  10Hz-10MH;

13 TELEQUIPMENT OMBA dual trace 10MHz £450 Solid state 5
20 TEK 549 with 1AT plug-in, dual tiace 30MHz dual T8 S04 sta MOOULATION METER 210 3-300MHz AM/FM
delay sweep. .. £400 £150
2 HP SIGNAL ANALYSER 54808 memory display with 9% BRANDENBURG POWER SUPPLY 374SEL 0
DENBURG POWER SUPPLY 374SEL 0-1000V . £75
54868 and 54654 Piug-ins cw A ) BRANDENBURG POWER SUPPLY PM2500/R 0.2 Bkv
23 MARCONI CIRCUN MAGNIFICATION METER TF1245 S £125
with TF1245 - £300 TRANSISTOR AC VOLTMETER TM2A 1.5mV-500v
24 MARCONI WAVE ANALYSER TF2330, 20H2-50kHz . €350 2 ﬁxﬁﬁtatﬁﬁfﬂfﬂ] CYOLTMETERTMY, £18
25 MARCONI SIG GEN TF2002A/S 10kHz-72MHz AM/FM 93 LEVELL TRANSISTOR AC MICROVDLTMETER TM3B 15
7 £475 microVolt - 500V full scale ... e 45
27 MARCONI SIG GEN TF995A5 15-220MHz AMFM Nar- oo TAVI R INSULATION TLSTER 130C 500VMax (PA

Sine; 10H:-100kHz square £95 EXECUTIVE TELEPHONES ~ PUSH BUTTON
B m«ﬁ?ﬁ:l OEVIATION METER TF7910/M 4'10“”2:"510' Many functions including 10 number memory; repeat
34 MARCONI SIG GEN TF995.35 1 5-220MHz AMFM 150 | S2/ing;etc Wil connect 0 GPO System Brand New
36 MARCONI AF POWER METER TFB93A 20Hz-35kHz .. . £75 |
38

MARCON! SENSITIVE VWM TF2600 10Hz-10MHz 1mv-
300V " . .E75
4) HP PULSE GEN 222A. Repetition rate to 10MHz . £150
42 HP PULSE GEN 214A 200 watt pulse power .. £250
43 HP MULTIFUNCTION VOLTMETER 410C up to 700MHz

£150

STEWART OF READING :
== 110 WYKEHAM ROAD, READING, BERKS R66 1PL =y
Telephone: 0734 68041

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive

SAMPLE GF STOCK  SAE or talephone for LISTS

Please check availability before ordering Carriage all units
£7: VAT 1o be added to total of Goods and Carrisge

WW -036 FOR FURTHER DETAILS
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HENRY'S

COMPUTER
SHOP

OPEN 6 DAYS A WEEK - ORDER BY POST OR PHONE

CALL IN AND SEE FOR YOURSELF

SOFTWA

80- BUS
MULTI-BOARDS

BUILD ACUSTOM SYSTEM
FROM SCRATCH or expand
your GALAXY or NASCOM

1=~ f ;
==X Demonstraticns for callers
GMB11 CPY £125.00
6M812IVC £125.00
GM SVC £195.00
GMB29 FDC/SASI £145.00
GMB13 CPU/64K RAM £225.00
EVB14 1€EE 488 CONTROLLER £140.00
GMB02 64K DYNAMIC RAM £125.00
GMB2787 KEY KEYBOARD £85.00
GMB39 PROTOTYPING £12.50
MPB26 STATIC RAM £185.00

GMB16 MULTI-I/Q £125.00
10 828A SUPER PLUTO COLDUR GRAPHICS
PROCESSOR 192K RAM £499.00
EMB33 RAM-DISK 512K £450.00
UK C/P & export extra at cost)

REePERIPHERALS e MULTI-BOARDS

- SOFTWARE
MODIS (C) INTELLIGENT
DISASSEMBLER
For all CP/M based muhéne:

50.00
IVC HI-RES (C} For Gemini and
others |please enquire|. Provides Pseudo high

resolution graphics £15.00
DISKPEN(C) Version 3. Low cost word
processor for Gemini and others

|please enquire) £50.00

Plus (arge range or overtays for Diskpen.
HENRYS CP/M UTILITIES DISK (C}

41 Programs for the CP/M Systems programmer
5% format £15.00
8" format £17.35
Ask for details on all of above. WHEN DRDERING
PLEASE SPECIFY FORMAT REQUIRED.

Contact Computer Dept. if uncertain.

(C} Copyright Cubegate Ltd - all rights reserved.
All above available to retailers and distributors -
contact Computer Dept. lor defails.

ALSO IN STOCK — MOTHER BOARDS. FRAMES.
CABLES. POWER SUPPLIES. KEYBOARDS.
SOFTWARE elc.

FULL LEAFLETS/DETAILS OF SUITABLE
PERMUTATIONS - SEND LARGE SAE

COMPUTER POWER SUPPLY
Switched mode. Stabilised. Self protecting.

S$/C protected. etc. 220/240V AC. +5V 3.3A. + 12V
2.4A 40% cycle. -5V 0.54. - 12V 0 5. Suitable

We can advise also with terminals and p
Galaxy computers with monitors and Disks ready

Apple repl £50.00
[UK C/P£1.50)

fo use

NASCOM - 2

Available in both kit and built form. Featuring
Microsoft Basic. NAS-SYS monitor. full QWERTY
keyboard ol the highest quality. 4MHz ZB0A
processor. full RS232 1/0 and parallel 1/0. One of
the most flexible computer cards around.
expansion cababilities are impressive using the

COMPUTER FANS
CU7983 115V 50/6DHz

12/13W Impedance protected
(use 2 in series for 230V)

4 x4y x 1"

Twofor £8.70 (UK C/P 70p}
220/240V “as new’ only £4.78 (UK C/P 50p) each

NASBUS and compatible BO-BUS expansion
cards. Expansion includes hi-res colour graphics
Iull CP/M disk system and much more.

Send SAE for full {eaftets.

NASCOM 2 kit £225.00
NASCOM 2built £265.87
ITT 2020 <

CABINET
. Professional computer case
18" x I15%" x 4'," [Front slopes)
As previously advertised £23.91 |UK C/P£2 10)

TOROIDAL TRANSFORMER
7 100 watts isolations

230/ 240V AC plus B-D-8Y 4A

15-0-15V 0.6454 30V 0.16A

<.\, THERMAL
= \_PRINTER

COMPLETE WITH FULL
HANDBOOK. 3 ROLLS PAPER

£60.83

(UK C/P £1.00]
SUITABLE FOR: TANDY - BBC - ORIC - NASCOM -
GEMINI - ACORN - NEW BRAIN - DRAGON - ETC.
ETC {interface unit with leads £13 — state model)
{your enquities invited)

size approx 4" dia x 17,

£6.91 (UK C/P 75p)
PRESTEL KIT

CHERRY KEY PAD ]

16 button key pad non-¢ncoded
£5.17 |UK C/P 30p)

Complete set of PRESTEL adaptor cards. Con-
sisting of main processor card with battery
backed RAM. modem card. direct line coupler and
keypad. Dutputs are composite monochrome and
separate RGB Suitable for use with colour

mingtors or suitable TVs. (P/S +/— 12v
and +5V) £60.83

ASCH

Computer keyboards. >3

All models brand new

QWERTY {UK C/P£100)
All models +5V and - 12y

1 AmpP/§ £7.78 {UK C/P 60p)

698D5 Exclusive Speclal Purchase. Compact
64 key (hall effect] +5 function keys -ve/+ve
strobe. Normal ASCI! but all definable Steel frame
Al facilities complete with plugs £30.43
SMK 69 Key general purpose. steel plate.
Redefinable output. Neg strobe pulse. 4 user
definable keys. shift and controf keys etc.

£37.35

MODEM CARDS/
COUPLER

Brand new. tested. answer and originate 300
BAUD uncased acoustic modem card by flamous
manufacturer. RS232 input/output. Power supply
+/- 12V at 180mA. Requires 2 magnetic
earpieces. 2 switches, 2 LEDs and connectors to
comptete. Circuits and connection data supplied.
Card only £34.74
Card and remainder of small components £39.09
Telephone Direct Line coupler type LTU 11 MKII.
Suitable for direct coupling PRESTEL adaptors
and the above acoustic modems. Integrat Line
select and autodial relays requiring TTL inputs.
Circuits and connection data supplied.

LTU 11 Coupler £13.00
1200 BAUD receive 75 BAUD send direct coupted
modem for PRESTEL Requires +5V supply with
TTL inputs lor data. line select and autodial

LTU 11 direct coupler required. See above.
Connection data supplied

PRESTEL modem card £13.00

With connector
Computer /calc.. etc. keyboard bargains for calters

Discounts for quantities - please enquire
nU ALWAYS KEYBOARD BARGAINS

COMPUTER SHOP

404-406 Edgware Road, London W2

ORDER BY POST OR PHONE

01-402 6822

€NRY'S

STOCKISTS FOR Printers Paper. Thermal. Daisy-
wheel Disk Drives Boxed. Chassis also Winchester
Monitors Green.Orange. White. Colour Micro's BBC.
Electron. Nascom. Galaxy. Plus others. Cables.
plugs. blank disks & tapes. software. books. etc.

Official orders welcome.
{Subject to contirmation)

Please add 15% VAT
(UK only)
Export orders allow

adequate CIF

Detalls avallable
most modets send SAE

WW - 041 FOR FURTHER DETAILS
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HENRY'S AUDIO ELECTRONICS
UNICATIONS - COMPUTERS [l ]

CLTTAEN TEST EQUIPMENT - COMPONENTS - COM

A WEE

FREQUENCY COUNTERS SIGNAL GENERATORS 0SCILLOSCOPES
P
. EEEE Q . . o~ Full specification any
I \.m model Send SAE
ST UK C/P- &ins

s All models BNC sockets : 2207240V AC (UK C/P &ins £1.00) Singletrace Dualtrace

DIGITA |. Bench portables (UK C/P £1.00) Bench portable all sine/square/triangle/TTL/elc. Carrier £260 Carrier £350
(PFM200A pocket counter [C/P 6551 Extornal sweep mode. N cor  fm® oo o
MULTIMETERS METEOR SERIES FUNCTIOI]I’ o 0 ) 25‘:“:"'_‘:‘0"“"3"” Securicor £13.00
(UK C/P &ins Bench type £1.00. UK made, 0 1HZ resolution. B digit, LEQ dlsplay. Thandar T6101+ 0.02HZ to Z00KKZ varions K
Hand held 65p) mains operated 220/ 240V AC. switchable gate times. ITa'c‘I;Il"I;:" Y6102+ 0.2H7 to 2MHZ various 10500 uzx&g Single Irace. 10MHZ

PROFESSIONAL SERIES MET1000 2 range SHZ 1o 100MHZ (120MHZ facillties ’ £155.00 | 2mv.6x7cm ﬂiwlly.u!us :
Thandar Banch Portables : typicall £89.00 | gonvronicsS200A 0.1HZIoZMHZ  £239.00 | componen!ester  £158.00
TM385+ 3% ﬂ'g‘n LED 29 ranges 10A AC/0C MET600 3 range 5HZ T0 G00MHZ [7T00MHZ Thandar Pulse Bench portable HM203 0ual Irace 20MHZ ZmV.
2 Map ohm - 0504 basle typical) £115.00 | y6 054 5HZto SMHZ Various lacifities  £105.00 | Algebraic add. 7 Mod. plus
TM386» 314 digit LCO 27 ranges 10A AC/0C MET1000 3 range SHZ to |GHZ {1.2GHZ * Optional carry case £5.95 | component tester (Optional carry
20 Meg ohm - D.25% baslc £95.00 | typical) £159.00 AUDIO : case £21.50) £264.00
TM351* 4% ‘"f," LCD 28 ranges 1DA AC/0C {Optional 6 x nicads £9.85) Leador LAG27 5 band sine/square 0/P 0/5V AMS HM204 0ual trace 20MHZ.
20 Mg tin - 0. balic o £11500 | SABTRONICS . ' 0lst 0.05% 10HZ to IMHZ £83.00 | sweep delay 2nV. plus =
ll’h?lprl:“ gv’g;.?';rﬁhllu New models. LED display. switchable gate limes. 00 Leader LAG12DA 5 band 1DHZ to |MHZ 1o 0-3V component Eester joptional carry t
huriby ane 8110A Bdigit 2047 ta 100MHZ £ AMS Into 600 ohm 0.05% diat, sine/square £145.00 | case £21.501 £365.00
20 & e e 100 resoluton 56008 0a1a 10K 0 e F199.00 | Luader LAG125S band IDAZ i INHZ s 03V A Tt CAL
ot requncy messuromentp MWZAC/C | BS00BS it upto 1GHE £239.00 | AMS oo 800 otm aine/square/burstslgmit, o, o foeultai;:llar:!l:.alr':‘yvl.::s':'::Z?(I:?)'ﬁtl:m

mps THANDA : : D
150G3Ha * 43, digit LCD as above but 0.03% UK made LCO displays wilh bavteries. _ gg-?ﬁ&?z‘mé 3'/%‘,2%"10%““2‘ o "::9% HITACHI £487.00 e
LT £175.00 | TFO40 B digit IDHZ to AOMHZLCD. THZ resalution TRID AG203 5 band 1DHZ to 1MHZ. D.1% dist All el Smy (1my using x5 |

Y, digh LCD Trus AMS verslon  £185.00 40mV sensitivity, 2 gate limes with batteries £120.00 0/7V AMS 078 - magnilier)
19052 5’%5'?" Intelligent multimeter 1vA TF200 B digit 200MHZ LCO. 2 ranges resolution lppm. | o £138.00 All models complete wilh
resolution 0.015% basic £325.00 10mV RHS sensitivily. 5 gate times with batteries - TRIO $6402 6 100KHZ to J0MHZ RF 0.1V AMS 2 probes
At B s o | Mosss e oz ooy |0
X80 x m ry 3 Dptional carry case £5.95. AC mains adaptor £6.95.

MXS22 3 dipl LED 21 rangs 10K AC/0C PFm200A Pockel B digit 2047 to 200MHZ. 2 band Lasder LE&17 6 band 10KIZ L 1 Smh L e Sk brp.
2 Meg ohm Basic 0.5% £67.00 | LeDdisplay with battery 0.1HZ resolution. 10mV AF "(“Zo'" "' lon"“cz‘lx Vo |£‘3m' £65.00 £295
M 00O o UANCIE, g g | SR we9s0 e e

o 2% n PRESCALERS ;
MXS63 Trus AMS S‘Z)ﬂlnlt. 30nnnun 10A AC/DC, Suitable for most types of counters to extend range DIGITAL CAPA CITA NCE ;'a';,.‘.]f,"r"s" n a"'{;a"
20 Meg ohm. 20HZ to 30KHZ 0.1% baalc £155.00 | {Thandar) BNC sockets METERS V302F 30MHZ. dual trace

MX575 4% digh True AMS. 21 ranges 10A AC/OC. TPG0O0 40MHZ ta BBOMHZ. 10mV AMS. direct
up to SOKHZ, 0.05% basic £175.00 powered by counter
HAND HELD MODELS TP1000 100 to 1000MHZ complete with AC

laboratory portable. 5', CAT
£369

¥422 Qual AOMHZ. portable

Controls: S- Slide R=Rotary PB = Push button adaptor P/S. 25mV AMS sensitivity £65.00 with OC offset and alternate
AT ters AC/DC volts, DC amps (many with ACamps) | Optionai prove kits - suitable for all models amplifier £510.00
:‘ﬂ‘:ﬁ&gtgwﬁglennvcu( X £6.30 Xio  £8.26 S i e V203F Dual 20MHZ lab portabie with sweep detay

A ng ete ‘ 5 CRAT £355.00
KBZSG 12 range 0.2A 0CZ Mag ohm () e2443 | VARIABLE POWER SUPPLIES | DM6013 Pocket/mench Brange 0.Ipt to 2000mtd VE50F Oual GOMHZ [ab portable with dual time base
KD305 14 range 10A DC 2 Meg ohm (S) 4.30 Szﬂigil 0.5% wlih battery (UK C/P 65p) £52.13 £750.00
KD30C 26 range 1A AC/QC 20 Meg onm (] £28.13 CM200 Bench model 4'; digit 0.2% 1pl to Also In stock V134 storage.VC6015 digital storage scopes.
(':lﬂ'il 3000 30 range 10A AC/0C 20 Meg Mgsam - TQ = 2500mid 6 ranges (UK C/P BSp) £89.00 | gartary/Mains Scopes. Vector & TV monltor avallabie

s - CROTECH =

6010 28 rane [0A AC/0C 20 Meg ohm (PB] £33.00 | = DIGITAL THERMOMETERS |~ || 3030 Singie trace 15MHZ Smy.
KD35C 28 range 10A AC/DC 20 Meg onm [R) £34.74 ‘gt Pocket size LCD thermometers complete with [

> i g5mm CAT plus component
220/240V AL inpul D €154
3132 Dual 20MKZ 2mV. 5 CRT

KD615 18 range 10A OC 2 Meg ohm plus Hie battery Accep! any type K probe (UK C/P 65p1

testor (R £34.74 | PP241 single meler A/Vswitch. 0/30V 1 amp £30.43 H301 5 oY) > tuti
7030 As 8010 but 0.1% basic (PB) £41.30 | PP2433amp version £45.65 :n:?n:::gcouglf Tse e mniugg?w Algebraic + /-.'7 mod. plus
n"mc‘"m"““ F'“H‘ cont. tester 18 range 230N Twin meter 0/30V 1A £83.00 | TH302 LCD -40 C 10 1100 C Cent/Fahrenheit | component comparator and 0C
10A AC/D! Mz Meg ohm (R £43.44 | 330N 3 amp version £142.00 | ({1 and I' resolution with thermocouple  £79.50 | source outputs £283.00
DM2350 Minl autarange plus cont. tester 18 range [UK C/P above models £1.00} Range of various probes in stock£17.50 to £25.00 3034 Battery/mains dual trace S
‘SOKA AC/D(L[ZIBA me,Z Mep n|hm IPB'I st Z:!t‘..'M.'I:! PL Laboratary series - LED readout - QM0 versions 15SMHZ.5mV. 95mm CRT. algebraic +/- £400.00
6330 De-luxe autorange plus cont. tester range senes/garallel etc a
TNAG/0G. D5 Map s P9 £78.00 | PL31030VIA £118.00 PLIIOQMO £259.00 COMPONENTS - ACCESSORIES | im0
PLIONIZA £14500  PL3Z0OHD £315.00 TOOLS , L 0B Single trace
LOGICPROBES — o [UCrinericd oy e s e vt | SOk Sk Sy
et oo gy | ANALOGUE MULTIMETERS o aries CS1562A Dualtrace 10MKZ.
DLP50 50MHZ £43.44 N ;\1 » | General range (xmirvor scae) ; ) 130':n2m C:bT. 10mVv. li’gg;:;' 4
[UK C/P either model £1.00] with 2 proves :
wéac!/rsﬁﬁglnn 8 pocket 10K/ Volt OT“ER EQUIPMENT IN STOCK CS1566A Dual 20MHZ, 140mm
ANALOGUE | e oh g8 poc = | Send SAE lor tull specilications CRY. 5mv. 0.5 microsec, with
‘- MULTIMETERS 200 30 range 20K /Volt 20KHZ £ (*UKC/PEI50 - UK C/P£1.00] 2 proves £332, —
oo, - D rehase £8.65 istorice£19.00 LHC 9098 VHS/BETA video head tester  £45.00 | THANDAR
. Metrix (ITT) paclal gurchase £8.85 (st price OM358- Scope multipiexer. 35MHZ. expands any 2 years warran!
1 Prof x ' HM102BZ» 22 ranpe 20K/¥ol1 10A OC plus conL scope to eight channels £169.00 SEIIOA 10MHZ batisry bench
rofessional range Buzzer. 10 Meg ohm £11.74 LTC905+ Scape add-on semicon curve ortable. 10mV 32 x 26mm
(UK C/P 659 Size 110 45 x (B5mm | TMKSOOw 23 ranga bench. 30K/Volt 12A OC Plus thices £99.00 | Rinplay Size 265 1 150 x S0mm
MX130 25 ranges 5000 ohms per volt | cont. buzzer. 20 Meg ohm £20.83 LCTO0GA + Transistor tester fall types| ~ £109.00 ’ £165.00
7DC V0.1t 1000,5AC V 1DV to 1000, 6 DC Amps NHSGR# 22 range 10K/Volt 8 Meg ohm  £10.39 LTCS07+ Transistor tester. signal injectar (Optional carry case £5.95, AC
100uA to 30A, 5 AC Amps 3uA to 30A 2 ohms B30A « 26 range 30K/ Volt 10AC/0C: tracer £178.00 | adaplor/charge £6.95) Rech Nicad £11.00
u( ;.g%ng 20Vol 100mY 0 1000 ﬁgséeo %; :"mza range banch, 100K/ Vot lrge ¢ 5.20-83 LVI""IZ' FET/VOM/transislor tester £143.00
ranges ol mV to b . . . LCR740+ LCR bridge: cap. ind .
10 1000V A 50uA to 1DA DC.3uA 1o 1A AC oy e w1 Mg E3A74 | histance wanczand o | EDUCATIONAL: W
1K to 1D Mg ohm £59.00 | AT2100% 31 range do luxs }00K/ Volt e Gistortion meler 204210 20kkz £310.00 | MIXED. QUANTITY
MX430 32 ranges 40K/ Volt OC 4K/V AC 1DA AC/0C: 100 Meg ohm £2913 | (FG1300+~ Sweep D.3% lunctlon generator & EXPORT DISCOUNTS
10mV to 1500V OC, 5V 1o 1500V AC 255A to 15A OC. AT1020% 18 rangs de luxe 20K/Volt plus He 0.002HZ 1o 2MHZ £395.00
1A to 15A AC 50 shm and 500 ohm (linsar scale} tester. 5 Meg ohm £18.26 TCA40* VHE/UHF FM and TV lield strength meter We would be pleased to quote. Contact sales office at 406
2000K ohm and 20 Meg ohm £80.00 | YN3BOTR+ 19 range 20K/ Voit plus Hiw taster Battery operated with carry case £177.00
| Mog ohm £12.13 MC321¢ UK PAL TV colour pattern generator TRANSISTOR TESTER
“IG“ VOLTAGE METERS ;a" 1+ Rang doubler 35 rangs taal £222.60 Direct reading PNP/NPN and diodes.
Dirsct meter raading K/Volt 1DA DC 20 Meg ohre £17.35 MC32B- As abave but Secam B-G-H £222.60 | Hie. leakage etc. General purpose TC! -
LHMBOA D/40KV  £23.00 ST303TR * 22 rangs 20K/ Volt plus Hia taster DMBO1+ 700KHZ to 250MHZ Dip meter inductive/ £19.96 (UK C/P65p) b ¢ °
KHP30M 0/30 0/45KV £3‘.74 ; 12A DC | Meg ohm £15.61 cap res freq. measurement, etc. £62.00 2 \'l -
UK C7P sther model £1.00) ——— CHART RECORDER )00mV (2mA) Panel moun! PROBE KITS 2e
ELECTRONIC e 240V Ag - £149.00 | In wallets with adaptors etc. BNC (Ittings
- - 1l L s, L ra efc.
AC CLAMPMETER < | INSULATION TESTER | ] | ffwesaon wowsmatrnener & o0 | o™ “X/XIDSwicnbie £10.00
0/300A. 0/600V AC 0/1K shm 500V/0-100 Meg ohm with carry case. : MZ65+ Scope add on companent tester £2400 |Xi0 £8.28 Demodulator £16.00
Total 9 ranges with carry case and feads elc. m LTCOtOA* CRT tester/rejuvenator for b/w X100 £16.00
Jeads ST3D0  £26.04 (UK C/P 650} YF501 £58.13 (UK C/P B5p| and colour £175.00 | (UK C/P iree with other item or 65p par | o 3kits)
Official orders welcoma. | Ptease add 15% VAT (UK only]
. ° ° oR "
RETAIL> MAIL ORDER  EXPORT+ INDUSTRIAL  EDUCATIONAL it b comimaion | Diportsow ateauste G -

9,
snop IVENIRY"S 402406 Edgware Rua, London. W2 omcnar O o rSTOn | CATALOGUES
Computers 01-402 6822 « Equipment 01-724 0323« Components 01-723 1008 = gcgglfnp“‘?m - da.
Shop nUD|O eLGCTRonlcs 301 Edgware Road. London; W " Order by Post wiin CHEQUES/ACCESS/ F;l!l:‘&d:ilchl
Test Equipment. Audio, Communications 01 -724 3564 ““‘;;;‘;;;;,;‘;;‘;;;;;:;;;’"‘ ggggj:fw"egesmmm‘
MI mai| to Cubegate Ltd, 1st Floor, 406 Edgware Bad, London W2 1ED avallable through Lombard Tricity Finance | Export free on written request
WW — 041 FOR FURTHER DETAILS
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AFFORDABLE
PERIPHERALS.

Opus peripherals are the best buys in the whole all over the country to carry OPUS brands.
peripherals market—bar none. WH Smith, for example, carry the 3" microdrive,
Just compare the prices below with anything else while John Menzies carry our 5401 5%" drives and
in this magazine. And note just what our prices include: JVC colour monitors. Spectrum dealers have the 5401
VAT, all necessary leads, carriage and a full one year's and 5402 drives.
guarantee. All products offered here,—and many more, are
All products are suitable for use with the BBC and on display in our showroom. Trade enquiries welcome
most other leading Micros. And all are of the very highest and discounts are available for Government and
quality—a fact endorsed by the enthusiasm of dealers Educational authorities.
OPUS 3" MICRODRIVE.

Opus 3402 Double Sided 40 Track Drive ¥2 Megabyte Unformatted.
e Twice the capacity on line of other available drives
e 200K Single Density—400K. Double Density
e Ex-stock delivery e 3ms. access time
» Lowest power consumption—direct drive
e Includes case, leads and utilities disc

-~ e Totallv compatible with 544" drives
SingleDrive. =~ £229.95
- i Dual Drive. N . £459.95

5v4" JAPANESE DISC DRIVES. SINGLE DRIVE.
Opus 5401 Single Sided 40 Track-250k. Unformatted. Formatted:

100K. Single Density. 200K. Double Density. £179.95
Opus 5402 Double Sided 40 Track —S00K. Unformatted.
Formatted: 200K. Single Density. 400K. Double Density: £229.95
Opus 5800 Double Sided 80 Track: 1 Megabyte Unformatted.
Formatted: 400K Single Density. 800K Double Density. £259.95
Opus 5802 Double Sided 80 Track—1 Megabvte Unformatted.
Formatted: 800K Single Density, Switchable 80/40 Track. £299.95

e 2 Height e Includes case, leads and utilities disc e Fast access time e State of the
Art Technology e Ex-stock delivery e Low power consumption.

DUAL DRIVES.
All Dual Drives are metal cased with separate power supply.
Opus Dual 5401D. Single Sided 40 Track.
200K./400K. on line. - - £379.50
Opus Dual 5402D. Double Sided 40 Track.
400K./800K. on line. o . . £459.95
Opus Dual 5800 Double Sided 80 Track.

800K./1.6 Megabyteonline. - - . £499.95
e el Opus Dual 5802D. Double Sided 80 Track.

| Opus. i 800K/1.6 Megabyte on line. Switchable 80/40 Track. . £599.95
FLOPPY DISCS. DOUBLE DENSITY FILING SYSTEM.
3" Cartridge £5.75 each or £25.95 for S.
54" Discs with full 5 vear warranty + free plastic library case. 8" Discs.
S/SS/D £19.95 for 10, S/8 80 Track £29.00 for 10. S/SS/D £21.50 Double Density
S/SD/D £23.95 for 10. /S 80 Track £31.95 for 10. S/SD/D £28.50 filing svstem.
D/SD/D £26.95 for 10 D/S/D £29.95 £120.00

WIRELESS WORLD APRIL 1984



14" RGB JVC COLOUR MONITORS.

High Resolution (580 x 470 pixels) and

Medium Resolution (370 X 470 pixels) Models available.
Robustly constructed

Handsome Cream Casing

RGB Analogue/TTL input

80 Characters X 25 lines

EHT: Min: 19.5kv MAX 22.5kv

Supply—220/240v 50/60Hz

High Resolution Model
Medium Resolution Model

£279.39
£187.39

4 12"MONOCHROME MONITORS.
| Superb units, optimised for high resolution and excellent geometry.
e Sturdy lightweight metal frame
e Easily accessible boards and modules
[}
[}

Composite video input e Video response 24MHz
800 lines horizontal at centre

' o EHT13.0kv e Supply 220-240V.

- GreenScreen .

Amber Screen

£89.95
£99.95

PRINTERS.
EPSONFX80F/T

\%‘EPSON FX 100

\ EPSONRX80F/T

o JUKI 6100 Daisywheel

i Parallel printer leadstoBBC

£410.00
£549.00
£315.00
£435.00

£13.50

THE ORGANISER DESK.

Top shelf for Monitor/Printer

Large Desk Top Area

Lower shelf for Paper/Book Storage
Teak Finish e On Castors

Self Assembly

Ample room in front of the shelf for
you to sit comfortably

o Assembled Dimensions: H.31" W. 40%" D. 26" Only £59.95

THE BUSINESS DESK RANGE.

Opus produce a range of 10 Business desks ideally suited for

education, home or the professional user. Illustrated is the Model

10 desk.

e Units are finished in cream and brown

e Sturdy steel underframes e Castors have lockable brakes

e Different models are available to suit many leading computer
systems.

Allare ondisplay in our showroomandare available from us or dealersthroughout the UK.

For further details please telephone. Prices start from £100

OPUS SUPPLIES LTD. 158 Camberwell Road, London SES OEE. GOVERNMENT & EDUCATION DISCOUNTS

@ 01-7018668. Opening hours: 9.00-6.00 Monday-Friday. GIVEN. QUANTITY DISCOUNTS GIVEN.
"IV 01-7036155.  9.00—1.30p.m. Saturday. DEALER ENQUIRIES INVITED.

To: Opus Supplies Lid., 158 Camberwell Road, London SE5 OEE. Please lencloscachequefor&e

l rush me the following:

(ALL PRICES INCLUDE VAT & CARRIAGE.)

Description

Price

|
|
|
|
|

Quantiny
t

WIRELESS WORLD APRIL 1984

Or please debitmy creditcard
accountwiththeamountof&
My Access/Barclaveard (please tick) No. is

Name - l
Address - = ‘

pus.

. — . Opus Suppliesld.
e o (WW_N'))_‘
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FORMULA ONE
Word and Formula Processor

FOR COMMERCIAL AND TECHNICAL TEXT
TYPESET WORK FROM YOUR TYPIST

FIRST FOR SIMPLICITY

;“‘!u". il
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ADVENT DATA PRODUCTS Ltd

text of word processing with a diffare
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The new Formula One system
makes it easy to create complex
scientific notation and quite simple
to select and display different
typestyles or arrange text in a
complex format. To obtain
superscripts, subscripts, a different
typeface or enhancement no
commands are required to be
embedded in the text.

Formula One is a new and simple
approach to word and formula
processing made possible by the
development of a very high
resolution full page display. It is
possible to prepare text in a
number of different typefaces
which can be in various paint sizes
and styles coupled with a wide
range of technical symbols.

The display is an exact replica of
the printed output. This includes
true on-screen proportional or
monopitched typeface representa-
tion and spacing, part line shifts
and character enhancements. At
last it is possible for the word
processing operator to feel
confident that if the text is correct
on the screen, it will be correct
when printed.

Formula One the most powerful
and flexible system available.

O
Ba%
m:m ]

L&

w | —

Il
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= advent

data products Itd

Merlin Way, Bowerhill, Melksham,
Wiltshire SN12 6TJ. Tel: (0225¢ 706289.




You win every time!

When you get this NEW & FRE_E_projeqt from GSC

NEW: an exciting range of projects to build on the EXP300 breadboards.
NOW anybody can build electronics projects; it's as easy as A.B.C. with G.S.C.!

EXPERIMENTOR BREADBOARDS

The largest range of breadboards from GSC. Each hole is identified
by a letter/number system. EACH NICKEL SILVER CONTACT
CARRIES A LIFE TIME GUARANTEE. Any Experimentor breadboard
can be ‘snap-locked’ with others to build a breadboard of any size.

1. EXP 325 £2.00 The ideal breadboard for 1 chip
circuits Accepts 8. 14. 16 and up to 22 pin ICs Has 130
contact points including two 10 point bus-bars

2. EXP 350 £3.45 Specially designed for working with up
2 to 40 pin ICs perfect for 3 & 14 pin ICs Has 270 contact
points including two 20 point bus-bars

3. EXP 300 £6.00 The most widely bought breadboard in
the UK With 550 contact points. two 40 point bus-bars
the EXP 300 will accept any size (C and up t0 6 » 14 pin
DIPS. Use this breadboard witn Adventures in
Microelectronics

4 EXP 600 £7.25 Most MICROPROCESSOR projects in
m(.)agazmes and educational books are buit on the EXP
600

5. EXP 650 £4 .25 Has 6" centre spacing so is perfect for
MICROPROCESSOR applications

6 6. EXP 4B £€2.50 Four more bus-bars ¥n “snap-on’ unit
PROTO-BOARDS

The ultimate in breadboards for the minimum of cost
Two easily assembled kits

7. PROTO-BOARD 6 KIT £11.00 630 contacts. four 5-
way binding posts accepts up to six 14-pin Dips

8. PROTO-BOARD 100
KIT Complete with 760
contacts accepts up to ten

14-pin Dips, with two Al /
binding posts and sturdy A o -
base. Large capacity with 4l
kit economy %

£14 25

® r’v..’tl

For further details of our FULL
PROTO-BOARD RANGE, please

—
G.S.C. (UK} Limited, Dept. 7B, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex cB11 I«IAO-.—l
Prices include P. & P. and 156% V.A.T.

FREE project:
AUTO-DICE

Liven up your board games with this sophisticated electronic dice
circuit! When the ‘throw switch is pressed, a numerical display
flashes up rapidly changing numbers. After a few seconds, the
‘rolling” stops. and the final result is displayed: any number, randomly
selected, from 1 to 6. A few seconds later the display turns oft to
conserve your battery. letting the games go on uninterrupted for
weeks!

HOW DO YOU MAKE IT?

Our FREE project sheet gives you a large, clear diagram of the
components layed out on an EXP 300 breadboard. Each component
is labelled, and the values are given in a component listing. Even the
‘row and column’ lettering of our EXP 300 is shown to make the
location of the correct holes, in which to push the components, easy
to find There's no soldering involved. it couldn’t be easier! As an
extra bonus, there's a full circuit description, and the details of a
regulated power supply on the other side of the sheet

“Clip the coupon” and get your FREE project sheet with each EXP
300 bought. AND a free catalogue' Just ask about our other free
projects too

send for our free catalogue.

GLOBAL SPECIALTIES CORPORATION

P —
[1 ﬂ~—12EYL3
£3.16 |~ |£483

aty|
£17.53

arv] |, fary Tgy arv[ [_lery]
28.05]4 Eg,zzjo{sg_ssmﬁte £373 _7|£13.50_L8

Address

o1 o—

G.S.C. (UK) Ltd. Dept. 78

Unit 1. Shire Hill Industria! Estate.
Saffron Walden. Essex CB11 3AQ
Telephone: Saffron Walden (0799) 21682

|
|
|
|
|
: Name
|
|
|
|
|
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| enclose Cheque/P.O. for £
American Express card no.

or debit my Barclaycard/Access/
expiry date

FOR IMMEDIATE ACTION - The G.S.C. 24 hour. 5 day a week service For FREE
Telephone (0799) 21682 and give us your Barclaycard, Access, American catalogue |
Express number and your order will be in the post immediatety tick box o

020 FOR FURTHER DETAILS

www americanradiohistorv com
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EPROM EMUILATOR
PROGRAMMER

- EP8000

The new microprocessor controlled
EP8000 Emulator Programmer will
program and emulate all EPROMs up to 8k
x 8 sizes, and can be extended to program
other devices such as 16k x 8 EPROMs,
Bipolar PROMs, single chip microproces-
sors with external modules.

Personality cards and hardware changes
are not required as the machine configures
itself for the different devices.

The EP4000 with 4k x 8 static RAM is still
available with EPROM programming and
emulation capacity up to 4k x 8 sizes.

@® EP8000 8k x 8 Emulator Programmer —
£695 + £12 delivery @ BSC8 Buffered emu-
lation cable — £49 @ SA27128 Program-
ming adaptor — £69 @ SA25128 Program-
ming adaptor — £69 @ EP4000 4k x 8
Emulator Programmer — £545 + £12 de-

R
L 2 gy Hittanzyy/

& g 7

FEATURES

B Software personality programming/emulation of all
EPROMs up to 8k x 8 bytes including 2704, 2708,
2716(3), 2508, 2758A, 2758B, 2516, 2716, 27C16,
2532, 2732, 27C32, 2732A, 68732-0, 68732-1, 68766,
68764, 2564, 2764, 27C64. Programs 25128, 27128
with adaptors.

No personality cards/characterisers required.

Use as stand alone programmer, slave programmer,
or EPROM development system.

Checks for misplaced and reversed insertion, and
shorts on data lines.

Memory mapped video output allows full use of
powerful editing facilities.

Built-in LED display for field use.

Powerful editing facilities include: Block/Byte move,
insert, delete, match, highlight, etc.

Comprehensive input/output — RS232C serial port,
parallel port, cassette, printer O/P, DMA.

Extra 1k x 8 scratchpad RAM for block moving.

livery @ BSC4 Buffered emulation cable —
£39 @ BP4 (TEXAS) Bipolar PROM Module
— £190 @ Prinz video monitor — £99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to all prices

DISTRIBUTORS REQUIRED ~ @ EXPORT ENQUIRIES WELCOME

GP Industrial Eleclroni(:s Ltd.

Tel: Plymouth (0752) 332961
Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WIRELESS WORLD APRIL 1984




P8000 — THE PRODUCTION PROGRAMMER

THAT HANDLES ALL NMOS EPROMS

Checks, Programs, Compares up to 8 devices simultaneously
Handles all EPROMS up to 128K with no personality modules
or characterisers — See list

Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

RS232C interface supplied as standard

Powered down sockets

Cost effective price — £695 + VAT

2704
2108
2716(3)
2508
2758A
27588B
2516
2116
27C16
48016
2532
2132
27C32
2732A
68732-0
68732-1
68766
68764
2764
27C64

2564
MK2764

25128
27128
EXPORT ENQUIRIES WELCOME

g el
Tel: Plymouth (0752) 332961

GP Industrial Electronics Ltd.  +icx'2s13

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

‘@ Available from stock

Write or phone for more details

n_mmums REQUIRED @

WW — 070 FOR FURTHER DETAILS
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Hot stuff
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The mind-forg’d manacles

The affair at Government
Communications Headquarters earlier this
year goes much deeper than the question
of banning union membership. Certainly
the ban and its implications for civil
liberties may well be a serious matter to
some of our readers who work at GCHQ as
engineers or technicians. But this dispute
is only one immediately obvious sign of a
more general and widespread process: the
technicization of society — a process that
threatens not only liberty but the very
existence of democracy in what we call the
free world.

If “technicization” only meant gadgets
and machines to make life and work easier
it would be welcome. But here we mean
not just the hardware/software itself but the
characteristic mode of thinking and feeling
that determines the way the machines and
systems are designed, the way they are
used and, more recently, the way that
people and machines have to interact in
complex systems of command and control.

This mode of thinking and feeling is an
iron in the soul of technocrats everywhere,
East and West: the iron of technical
necessity. Given an apparent “problem’ in
which certain constraints, factors and
other data are fixed, there are certain
options which can be clearly defined.
Rational judgment shows one solution to
be measurably superior to the others. Itis
objectively inescapable and therefore
necessary. It has nothing to do with
morality, wisdom, compassion or any
other such human foibles. It is the “right”
solution within its own terms of reference.

Sir Geoffrey Howe said that GCHQ
“must provide a service which can be
relied on with confidence at all times.”
Given the political and military premises
from which this intelligence gathering
system has arisen, Sir Geoffrey’s “must” is
a technical necessity. And the equally
inescapable conclusion is that any people
involved in this system must be prevented
from interfering with the service it
provides, regardless of their motives.

From this, a perfectly rational expedient
could emerge: reduce the dependence of

the system on human beings. Systems like
GCHQ could probably be made less
vulnerable by increasing the ratio of
machine intelligence to human
intelligence. With modern information
technology, and expert systems and “fifth
generation” computers not far off, this
outcome is more than likely.
Responsibility would be centred in the
smaller group of people left in charge.
They, necessarily, would be absolutely
loyal to, and identified with, the system.
Like “company men”, they would feel a
threat to the organization as a threat to
themselves.

This kind of process is already
happening within the organizations of
modern industrial states. It is clearly
dangerous. The small number of
technocrats in real control of these
organizations always have better, more
specialized knowledge of what is
happening than have the legislators and
representatives of the people who are
supposedly making the rules that
determine our lives. As specialists they are
only expected to offer guidance, but this
guidance increasingly takes the form of the
already-prepared decision, the logical
outcome of technical necessity, which the
lay legislators cannot reasonably refuse to
endorse.

Representative democracy is being
undermined by the information-power of
technocrats who are not answerable for
anything beyond the technical
effectiveness of their systems.

Britain, like other industrialized
nations, is no longer instinctively
understood as a human, geographic and
historic entity. In the minds of many it is
an economic machine designed to produce
a yield, the more efficiently the better. The
beginnings of this mental transformation
were discerned two centuries ago by
William Blake. In his poem London, after
speaking of the “charter’d” streets and
Thames — places reduced to legal
definitions — he exclaims: “In every
voice, in every ban, The mind-forg’d
manacles I hear.”
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Narrow-channel tv

Ever since the early experiments in provid-
ing video telephone services in Germany in
the mid-1930s, including the use of 90-line
mechanical scanning, the cost of providing
the necessary bandwidth has been daunt-
ing. Even when a “permanent” Berlin-to-
Leipzig tv-telephone service opened in
May 1936, public interest was less than
expected. With two tv-telephone offices in
Berlin and one in Leipzig the cost for a
three-minute call was 3.50 Reichmarks,
but one suspects the service was heavily
subsidized.

When Bell introduced their public Pic-
turephone service a decade or so ago it
proved a commercial disaster and led most
telecommunications authorities to limit
their interest to teleconferences for busi-
ness purposes rather than video tele-
phones. Broadcast-quality television
signals need as much bandwidth as about
960 telephone circuits, though a video tele-
phone showing talking heads can make do
‘with about 1.5MHz bandwidth as an anal-
ogue signal. British Telecom has been de-
veloping a 313-line colour system that uses
digital transmission at 2.048Mbits/s, in-
cluding speech, as part of the European
COST 211 project. Analogue transmission
of IMHz analogue 313-line pictures is pos-
sible over audio-pairs of telephone lines up
to distances of about 1.5km without in-
termediate repeaters.

A new American system of narrow-band
tv has been developed by Widcom Inc. of
California. This makes use of extremely
sophisticated bandwidth compression to
squeeze the video signal into a data stream
of 56kilobits/second (i.e. bandwidth about
28kHz) which is slow enough to be
transmitted over the standard digital tele-
phone circuits proposed in the USA or
with BT’s System X. The aim is to provide
a system that has video transmission
charges no greater than for speech trans-
mission.

Developed under American defence
funding, the system provides colour pic-
tures of talking heads, graphs and eng-
ineering drawings to a quality standard
comparable with that of many consumer
video cassette recorders, although quality
degrades sharply if the picture is panned,
since the system will not cope with fast
motion.

The codec can provide bit reduction
ratios as high as 1440:1 on video digitized
initially at 80Mbit/s. Compression to 1.5
Mbit/s is achieved by removing spectral
and spatial redundancy from the bit
stream. Further compression uses tempo-
ral redundancy by frame skipping, in-
terpolation and conditional replenishment.
Compression thus makes use of five
processes: filtering and subsampling of ch-
rominance components gives 2.5:1 reduc-
tion; a 2:1 sub-sampling in each direction
yields 4:1; 2d cosine transform coding for
pixel-to-pixel decorrelation yields 6:1;
frame skipping and interpolation 3:1; and
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conditional replenishment 8:1. The cur-
rent design is based on special Schottky
t.t.l. and low-power Schottky t.t.]. de-
vices, since arithmetic and logic operations
up to l4-million/sec are required. The
56kbit/s systems are claimed to be already
in production for Government and com-
mercial applications. A smaller, lower-cost
model is reported under development.
Whether the cost of complex processing,
together with picture origination and
display equipment, could be reduced to
the level needed for public video telephone
applications remains to be seen.

Home video pay-tv

The first pay-tv system based on the use of
video-recording during the down-time of
broadcast transmitters has been launched
in Chicago by ABC’s “TeleFirst”. The
idea is to provide overnight transmission of
films in scrambled (encrypted) form for
play-out by the subscribers at convenient
times. The service aims to provide viewers
each month with four major new films,
some months before these are released to
cable operators, plus 16 to 20 “early re-
lease™ films at roughly the same time as
they are available on film cable channels.
Monthly subscription fee is $25.95, but
subscribers can claim a $2 credit for any
early-release film they do not wish to
record.

Home video nets of this type have been
advocated as alternatives to cable and DBS
by Sony who are supplying the addressable
decoders for the Chicago service ($40 per
home or $75 installed). Chicago at present
has about 17 per cent of homes with video
recorders. TeleFirst are selling VHS and
Betamax recorders from about $400 with
credit facilities.

Meanwhile cable tv continues to grow in
the USA. Home Box Office is the major
pay-tv film channel offered on some 5200
cable and MDS (microwave distribbution
system) networks with 13,500,000 sub-
scribers by the end of 1983, a 59% increase
since May 1982. Showtime had 4.75 mil-
lion subscribers on 2900 systems (up 58%
in 18 months) with Cinemax on 2000
systems and 2.7-million (up 87%) sub-
scribers.

Of the “basic” cable programmes, Ted
Turner’s WTBS-Atlanta channel can reach
27.65-million homes on 5717 systems but
has been overtaken by the entertainment
and sports ESPN channel on 7074 systems
having 28.5 million subscribers. Cable
operators have been gaining about 400,000
subscribers a month to reach a total of over
34-million or 40.5% of all US television
homes.

Twin-oscillator amplifier
M. Nakahma and J. Ikenoue of Kyoto
University have proposed a system of
linear amplification using a coupled system
of two synchronized oscillators with a hy-
brid element. Experimental verification
has been achieved using two 9GHz Gunn

oscillators, but the Japanese engineers be-
lieve the technique could be applied at
optical frequencies using two laser diodes.
In the absence of an external signal, the
two oscillators are mutually synchronized
in antiphase state and output is cancelled
at one port. When external signal power is
fed from the port, the oscillators change
towards an inphase state so that combined
power appears at the port in accordance
with the input power.

Satellites and insurance
Disastrous successive failures of the
booster engines on the two communica-
tions satellites launched from the Chal-
lenger space shuttle in early February
seem bound to have significant knock-on
effects on the costs of systems based on
geostationary satellites. Insurance pay-out,
including loss of revenue elements, has
been estimated at well over £150-million.

In the 1960s, during the planning of the
Intelsat system, a rule-of-thumb estimate
was one failure in five, and this figure
continued to be reflected up to about 1980
when, for DBS planning, insurance premi-
ums to cover two launches and in-orbit for
two satellites for five years were estimated
at about £20-million for a £100-million
project.

Insurers, however, are by nature a cau-
tious community and it seems doubtful if
today it would be possible to obtain cover
on either Space Shuttle or Ariane opera-
tions at such a rate. Potential operators and
insurers for DBS must also be concerned
at the sparsity of in-flight life-data for
high-power travelling-wave-tubes, and the
relatively small number of vulnerable
transponders.

Military and experimental satellites nor-
mally do not carry insurance and it is diffi-
cult to ascertain what percentage of
satellites, particularly in higher orbits,
successfully fulfil their missions. But it is
claimed that for 12 commercial launches in
1983 no insurance claims were made.

OECD before ITU?

The American administration is seeking to
involve the Organization of Economic Co-
operation (OECD) in the planning of inter-
national telecommunications policy and re-
gulation of the radio-frequency spectrum.
The aim appears to be primarily to counter
the increasing politicalization of the Inter-
national Telecommunications Union by
providing a planning forum at American,
Japanese and Western European countries
could discuss radio regulatory planning
and policy in advance of the ITU meet-
ings. However this ignores the major dif-
ferences between telecommunications
administration in Europe and the USA and
involves the risk of a further polarization
of the attitudes of Third World and East-
ern European bloc countries.

The FCC is currently preparing the way
for the extension of the American medium-
wave broadcasting band between 1605 and
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1705kHz. American radio amateurs will
use 1900 to 2000kHz, with those commu-
nication services currently using 1605 to
1705kHz moving up in frequency. A prob-
lem for listeners is that many existing
broadcast receivers do not extend up to
1705kHz.

FCC as part of its “deregulation” policy
is withdrawing from any disputes over the
allocation of call-letters to broadcast sta-
tions and will no longer insist that the
callsigns should be in “good taste™.

Of the 5000 comments filed with FCC
during 1983 on the proposal to issue “no-
code” v.h.f. amateur radio licences, only
about one in 20 was in favour. The propo-
sal has now been dropped.

Sweepers and creepers

In 1959, two Americans, N. C. Gerson and
W. H. Gossard at Palo Alta, California
reported the discovery of a new form of
“atmospherics” that they have termed
“sweepers”. They described these as
sounding like “clicks, tweeks, hisses and
swishes” sweeping through parts of the
b.f. band. Their paper (. Atmos. Terr.
Phys., vol. 17, 1959, pp.82-4) speculated
that these were in some way connected
with Type I or Type III solar bursts. In
1977 two Indian engineers reported (¥.
Inst. Electron & Telecommun. Eng (India)
vol. 23, no. 1, 1977, pp.19-21) detailed
observation of sweepers between 20 and
25MHz, again ascribing the signals to a
natural phenomenon. In 1978 I drew the
attention of radio amateurs to these
sweepers (Radio Communication January
1978). One result was a series of careful
observations, including tape recordings,
made by Ted Cook, ZS6BT in Johannes-
burg.

Subsequently a careful analysis was
made on professional equipment in the
UK of the South African recordings.
These proved conclusively that the 25MHz
sweepers were not natural phenomena but
resulted from long-distance propagation of
signals from unstable industrial r.f.
heating equipment, nominally operating in
the industrial, scientific and medical (ISM)
frequency bands.

I see that Norman Fitch, G3FPK has
recently reported similar interference in
the 14MHz amateur band. There is little
doubt that this originates from 13.5MHz
-industrial equipment, again proving that
powerful r.f. generators such as welding
equipment can cause interference many
‘miles distant without being converted to
.an aerial. One of the clues that led to iden-
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tification was Ted Cook’s observation that
few sweepers were heard in South Africa
during the European lunch-hour!

Current industrial equipment includes
12 and 25kW r.f. generators nominally on
13.56MHz and used for such industrial
processes as rapid curing of synthetic resin
adhesives in the wood industry, etc. It
seems surprising that more care is not
taken to ensure better frequency stability
and/or absence of parasitics with such
high-power “transmitters’’.

Grenada aided military
As further details emerge of the activities
of 22-year-old Mark Bareliella, KA20RK,
at the Grenada medical school last October
it has been admitted that his transmissions
“inadvertently aided US troop move-
ments”. His transmissions were widely
monitored by the media and did much to
reassure the parents of the American stu-
dents. The first American amateur he
contacted during the invasion reminded
him that the USA had no third-party ama-
teur-radio traffic agreement with Grenada.
This was waived by FCC but broadcasters
were not permitted to conduct over-the-air
interviews with him on the grounds that
amateur radio rules strictly prohibit the
use of the band for business communica-
tion. The all-news station, WTOP in
Washington D.C., claimed a two-hour
“scoop’’ in reporting that the evacuation of
the medical students was about to take
place, based on monitoring the transmis-
sions from KA20RK. FDC has subse-
quently endorsed these activities with
James McKinney, chief of the Mass Media
Bureau, claiming: “I have not heard an
ounce of criticism from anyone about the
way the amateurs conducted those opera-
tions. Grenada constituted one more shin-
ing hour of Amateur Radio public service
for the benefit of all Americans.”

Is “amateur”’
derogatory?

Last year I reported the feeling of some
radio amateurs that the University of Sur-
rey’s Uosat project had been directed pri-
marily towards scientific rather than
amateur-radio experimentation, and had
taken advantage of the facilities of the in-
ternational amateur satellite service while
at the same time had shown surprisingly
reluctance to be associated with ‘amateur
radio’m The reason, it later appeared, was
that the university disliked the ambiguity
of the term, pointing to the dictionary
definition of ‘‘amateurish’ as inexpert,
lacking professional skill. The RSGB
which has existed to serve “amateur radio”
for so many years, now appears to agree
with the views of the university to the
extent where it is suggested that it may run
a competition to find a better name! Since
the Society already frowns on the long-
established term ““ham’’ and dislikes being
confused with Citizen’s Band activities,

and since the term ‘‘community radio” is
already spoken for, the search may be a
difficult one.

Meanwhile the University of Surrey is
pressing forward with construction of Uo-
sat-B for an early launch. Again its objec-
tives are largely scientific, and not tele-
communications. It would be welcomed
more enthusiastically by British amateurs
if the university were less inhibited in ad-
mitting that the satellite will operate as
part of the “amateur’’ service.

GaAs on 144MHz2?

The superior low-noise performance of
gallium-arsenide devices compared with
silicon devices is well-established at
microwave frequences. But in recent years
the reduced cost of some dual-gate GaAs
fet devices has led a number of amateurs
into using these at the relatively low fre-
quency of 144MHz, claiming exceptionally
good strong-signal performance. This
claim is disputed by Chris Bartram,
G4GDU, of MuTek, who has found that,
on measurement, the GaAs devices have
third-order intercept points of the order of
OdBm, roughly the same as for good sili-
con devices. They also have a “bath tub”
noise characteristic that results in noise
figures at 144MHz slightly higher than at
430MHz. He believes that the idea that
GaAs devices provide exceptionally good
dynamic range is largely a myth, although
one that is already influencing a number of
enthusiasts.

In brief

During the flight of the Columbia space
shuttle Dr Owen Garriott, WSLFL,
recorded identifiable calls from 290 sta-
tions including about six in the UK. The
number of real-time two-way contacts
however was Vt is hoped that amateur
radio operations will be repeated in some
future flights. . . . Problems arising from
leakage of cable television signals on fre-
quencies within the 144MHz band have
been reported from the British Telecom
installation at Milton Keynes. . .. The
death occurred last December of Eric
(“Bill”’) Yeomanson, G3IIR, former presi-
dent RSGB, who did much to establish the
Raynet emergency network and to popula-
rise the use of amateur r.t.t.y. ... The
DTI has confirmed that the installation of
transceivers by short-wave listeners is legal
provided that they do not use the transmit-
ting facilities. . . . Mobile railies at the
University of Leeds on April 1, and at
Pavilion Gardens, Buxton and Patti Pavi-
lion, Swansea on April 8. ... RSGB
National Convention 1984 at NEC, Bir-
mingham on 28-29 April will include tech-
nical sessions and an h.f. convention. . . .
A new edition of “The AMSAT UK Guide
to amateur satellite operation’ is available
to non-members of AMSAT for £1.25 in-
cluding postage (AMSAT-UK, 94 Heron-
gate Road, Wanstead Park, London E12
SEQ). PAT HAWKER, G3VA
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The Sonic Pathfinder is designed to give
the independent blind traveller informa-
tion relating to objects in and to the side of
his path. It presents only that information
relevant to safety and efficiency, and
displays the information in an easy to un-
derstand format. The device does not aim
to provide a surrogate for vision, rather to
provide a limited amount of supplemen-
tary information over and above that ob-
tained from the user’s other senses. In
common with all previous electronic travel
aids for the blind the aid is not able to
provide protection against holes in the
ground; consequently, this is a ‘secondary
aid’ to be used in conjunction with a cane
or adog.

General description

During the last fifteen years many
electronic guidance aids have been de-
veloped by engineers and physicists and
introduced to the blind. They have met
with almost total failure. In response to the
problem so created — namely, that devices
which clearly are capable of providing the
blind user with much of the information
denied him because of his handicap are,
nevertheless, found to be unacceptable —
the Medical Research Council and the De-
partment of Health and Social Service
jointly created the Blind Mobility Re-
search Unit and placed it in the Depart-
ment of Psychology at the University of
Nottingham. Over the years this unit has
developed evaluative procedures capable
of giving objective measures of a user’s
performance with any aid, thus enabling
us to highlight the shortcomings of exist-
ing aids and to achieve an understanding of
the informational requirements of the in-
dependent blind traveller. The Sonic Path-
finder is an attempt to embody, within a
practical device, the many insights gained
during the work at Nottingham.

The aid is an ultrasonic, pulse-echo
device, mounted on a spectacle frame, and
with an auditory display: Fig. 1 shows the
aid being modelled by the author. The
prime function of the aid is to detect and
indicate the distance of any obstacle which
lies directly in the blind pedestrian’s path.
In the absence of any obstruction ahead, it
reverts to its secondary function of indicat-
ing the presence and range of obstacles to
the left and right of the travel path. Like
the simpler hand-held Nottingham Obsta-
cle Detector!, the aid represents the
distance of the nearest object in terms of
the notes of the musical scale — one note
being assigned to each of the one-foot-
range zones. Again, like its predecessor,
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A programmable guidance aid for the blind

by Tony Heyes
B.Sc., Ph.D, M.Inst.P.

the aid is a digital device, no attempt being
made to provide an analogue signal to give
textural information. This is done to avoid
information overload. Moreover, if a blind
user really wants to distinguish between a
tree and a lamppost he can reach out and
discover this by touch.

The user listens to the display through
two small earpieces, one mounted on each
side of the spectacle frame in close proxim-
ity to, though not actually in contact with,
the ear. Time division multiplexing is em-
ployed between the three receivers and the
two earpieces so that the distance of any
object which lies, within range, to the left
of the main travel path is signalled only in
the left earpiece whilst an object to the
right is signalled only in the right earpiece.
An object which lies directly ahead pro-
duces a signal at both earpieces and, in this
way, creates a central sound image. In the
absence of any obstacle within the area
viewed by the aid the display is totally
silent.

With the aid in use, the pedestrian is
able to walk parallel to the inner shore line
— the hedge or wall — by keeping the
repeating note at the ‘inner’ ear at a con-
stant pitch. He is at the same time able to
tell when he passes a tree or lamppost on
the outer shore line by the interposition of
the occasional note in the other ear; such
objects are vital landmarks for the blind. If
he encounters an object lying directly
ahead, the side information is no longer
provided and information relating to the
central hazard is presented to both ears. As
an addiuonal ‘attention grabber’ the cen-
tral display is arranged to have a repetition
rate four times that for the side informa-
tion — some 16 times a second. Only when
the hazard is circumnavigated does the aid
revert to giving side information.

Early prototypes of the aid were made
using c¢.m.o.s. integrated circuits. A
number of these prototypes have been
evaluated using blind volunteers? and the
results have been most encouraging.
However, some shortcomings were iden-
tified during the evaluation. For example,
although users were advised to switch the
aid from long range to short range — from
8 ft. down to 4 ft. — when trying to nego-
tiate narrow openings, they tended not to
do so. By changing to a microprocessor-

wWWwWw_americanradiohistorv com

Fig. 1. Dr Heyes wearing a prototype of the
Sonic Pathfinder.

based system it has been possible to de-
velop software information processing al-
gorithms and thereby achieve an automatic
adjustment of the range. These techniques
are discussed later.

Circuit description

Use has been made of the Intel 8048 family
of microprocessors’. Referring to the cir-
cuit diagram shown in Fig. 2, it is seen
that, for convenience of programming, the
prototype devices use the 8035 version of
the microprocessor in conjunction with an
external memory, the 2716, and associated
latch, the 741.S373. When the software has
been finalized, the program will be masked
into the internal memory of the low-
power, ¢.m.o.s., version of the 8048. All
outputs are taken from port 1. Those for
the two transmitters, T and Ty, and that
for the display output, are buffered via a
Darlington driver. Outputs P11 and P12
are used as control lines for the c.m.o.s.
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two-pole analogue switch, the 4052. One
pole of this switch is used to select the
current receiver transducer and the other
to short out one of the earpieces when the
side receiver transducers are in use, or
neither earpiece when the centre receiver
transducer is in use. The analogue receiver
in Fig. 3, is based on the LS404 quad
amplifier and is designed to have a peak
response at 40kHz. I am indebted to Allan
Greaves of B.T. Research for suggesting
the design of this stage. The output of the
amplifier is inverted using one of the Dar-
lington drivers before being fed to input
Ty of the microprocessor. Other inputs to
the microprocessor are T0, the short/long
range switch, and the higher half of port
P2 which usually sits high but may be
connected to earth via a hex. switch, which
is used to select various software options.
All timing is derived from the micropro-

Fig. 2. Main circuit diagram of the guidance
aid.

cessor’s internal clock, controlled by a
6MHz crystal. Self starting or. switch-on is
achieved by shorting pin 4 to earth via a
1uF capacitor.

The whole action of the aid is deter-
mined by the program, all the necessary
delays and frequencies being derived from
software timing loops. Many novel fea-
tures are included, as will be seen from the
following description.

Program

The design involves the use of cheap, read-
ily available transducers. In order to pro-
vide a suitably wide beam, two splayed

Fig. 3. 40kHz analogue amplifier. Amplifier
i.c. is LS404.

transmitters are used, convergently rather
than divergently splayed to avoid the ‘hole
in the middle’. Unfortunately, using two
transmitters at the same frequency pro-
duces a diffraction pattern resulting in the
aid having ‘corridors of insensitivity’. This
is overcome by reversing the phase of one
of the transmitters at appropriate intervals.
The multiplexing and transmitter phasing
is controlled by a single register, named
MULTI, such that:

00000000 look left, out-of-phase
00000001 Ilookcentre,out-of-phase
00000010 iookright, qut-of-phase
00000011 lookcentre,out-of-phase
00000100 lookleft,in-phase
000001 01 Ilookcentre,in-phase
00000110 Ilookright,in-phase
00000111 Ilookcentre,in-phase
00001000 RESETTO
00000000 lookleft, out-of-phase
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For each step of MULTI the transmit-
ters are activated for a 0.5 ms burst of
40kHz. Precise frequencies, both in-phase
and out-of-phase, are obtained from soft-
ware loops controlling the appropriate bits
of the output port.

During the transmitter pulse and for a
short time afterwards the receiver must
remain off. This, the ‘dead time’ is neces-
sary to prevent the receiver from triggering
due to cross-talk. For short range pulse-
echo systems it is necessary to set this time
to a minimum value. However, this
minimum is ciitically dependent upon
component and wiring layout and is
therefore difficult to pre-set. Using the
microprocessor it has been possible to
write a software routine which uses the
first twenty four transmission pulses after
switch-on to ‘dynamically’ determine and
set the minimum usable ‘dead time’.

The elapsed time between the transmit-
ter pulse and the receipt of the first echo
determines the musical note displayed to
the user. The notes are obtained from a
software timing loop, the parameters of
which are obtained from a ‘look-up’ table.

Interference from other ultrasonic
sources has been largely eliminated by the
inclusion of a software-controlled digital
filter: the processor has a cycle time of
2.5us. The output of the analogue receiver
amplifier is sampled every 4 cycles until a
change is detected, confirmatory samples
then being taken every 5 cycles, provided
each one is the inverse of its predecessor; if
not, after a 3-cycle delay, the 4-cycle sam-
pling is resumed. This mixture of 3, 4 and
5-cycle sampling ensures that any 40 kHz
waveform is detected, no matter what its
phase relationship to the internal clock of
the processor. By requiring nine successful
samples before an echo signal is regarded
as genuine, the digital filter has an
effective bandwidth of 6kHz cycles. This
is more than adequate to cater for the
Doppler shift introduced in the frequency
when the user is approaching the object
from which the echo is received. For
example, at a walking speed of 5 mile/h the
received frequency is 40.SkHz.

Priority is given to objects in the centre
of the user’s path — Centre Echo Priority
— by failing to increment MULTI when a
central echo is detected. And, if after a
period of repeated central echo an echo is
not detected, bit 2 of MULTI is comple-
mented and one last ‘look’ is taken in the
centre, this time with the opposite
transmitter phase inter-relation, before the
aid reverts to its lefuright scanning mode.

Information-processing
algorithms

The difficulties encountered during the
evaluation by users trying to negotiate nar-
row gaps may be illustrated with reference
to Fig. 4. The figure depicts a plan view of
a subject standing still and facing an open
doorway leading onto a corridor. Very
small rotations of the head produce three
different musical notes: a note of low pitch
corresponding to the distance to the near-
est doorpost dl, a note of higher pitch
corresponding to the distance to the corri-
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dor wall w, and a note of intermediate
pitch corresponding to the distance to the
far doorpost d2. The centre-echo-priority
algorithm ensures that these notes are pre-
sented to both ears, giving no obvious im-
pression of the existence of a gap.
Furthermore, very small head movements
produce a jangling sound which is very
difficult to interpret. (The user will only
realize he is facing a gap when he notices
that one of the notes has a higher pitch
than the other two!) How much better the
information display would be if the aid had
a maximum range greater than d2 but less
than w! If this were the case small head
rotations would produce a note of low
pitch corresponding to distance d1, a note
of higher pitch corresponding to distance
d2 and a middle position in which these
two notes are presented alternately to the
left and right ears, giving an unambiguous
indication of an opening in the centre.

It has been found possible to achieve
this desirable display by the introduction
of an algorithm which 1 have named the
Ratchet. Essentially the action of the Rat-
chet is to reduce the range of the aid to that
of the nearest object in the central region
and to maintain this limited range for a
certain time, the Ratchet hold time. In
order to avoid numerous undesirable side-
effects certain constraints must be placed
on the Ratchet algorithm. For instance,
referring to Fig. 4, a crude Ratchet with a
hold time greater than, say, 2 seconds
would result in the near doorpost — the
note corresponding to the distance dl —
alone being displayed. This seems inap-
propriate, since the far doorpost —
distance d2 — is sufficiently close that it
could be encountered within the 2 second
hold time, even if, as in this case, the
subject is moving from a standing start.
Consideration of walking speed, accelera-
tion and reaction times have led to the
action of the Ratchet being restricted to
the four outer zones of the aid. Thus the
Ratchet never reduces the range of the aid
to less than 4 feet.

A careful choice of Ratchet hold time is
crucial if other undesirable side-effects are
to be avoided. In the above example a
Ratchet hold time of 2 seconds was chosen,
a duration long compared to the time taken
for the user to make head rotations but
short compared to the time required to
negotiate the doorway and move into the

The author

Tony Heyes is a Senior Research Fellow
with the Blind Mobility Research Unit,
Department of Psychology, University
of Nottingham. Trained as a physicist,
Dr Heyes went blind while researching
into crack propagation at the Cavendish
Laboratory, Cambridge. After eight
operations the sight of one eye was
saved and a new research interest
created. Dr Heyes received a Ph.D. in
Physics from Cambridge in 1967 and a
second Ph.D. in Psychology from Not-
tinghamin 1978.

comparative open space of the corridor.
Although in these circumstances the
choice of 2 seconds for the Ratchet hold
time is appropriate it does, however,
produce one unfortunate consequence. If a
user is using the side signal of the aid in
order to maintain a travel line parallel to
the shore line at a distance of say 3 feet,
and if he were momentarily to rotate his
head towards the shore line, the Ratchet
would immediately be invoked and the
range of the aid set to 4 feet. (4 feet, not 3,
because of the restriction described
above.) Thus from that moment, for the
duration of the Ratchet hold time the user
has only the protection of an aid with a
range of 4 feet. In these circumstances this
is serious because he is not moving from a
standing start and may be travelling at 4
mile/h! The solution is to use a Ratchet
hold time proportional to the time the
invoking object remained in ‘view’. Thus a
quick ‘glance’ towards a near object would
produce a hold time considerably shorter
than would a prolonged ‘stare’. It does,
however, remain necessary to limit the
Ratchet hold time to some maximum value
— 2 seconds seems to be appropriate.
Having made the Ratchet hold time dy-
namically determined one has, in effect,
produced an aid, the range of which is
governed by the walking speed of the user.
That is to say, instead of an aid with a
range of 8 feet, we have an aid with a range
of 2 seconds! Rather an odd concept.
However, given the information-proces-
sing demands inherent in independent
blind travel* and the moment-to-moment
problem solving nature of blind travel® it
would seem highly desirable to have an aid
which was limited to providing informa-

Fig. 4. Plan view of user approaching open
doorway.

Fig. 5. User about to pass through open
doorway.
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tion solely about those objects which
would be encountered during the next 2
seconds of travel.

Figure S illustrates what may happen
when our blind subject takes a pace for-
ward. Large head rotations are now re-
quired to bring the door posts into the
central region of the aid and there is a high
probability that the Ratchet will be re-
leased before the doorway is negotiated.
When this happens the aid returns to hav-
ing an 8 foot range and the Centre Echo
Priority algorithm ensures that the musical
note corresponding to the corridor wall is

Initialise —I

displayed rather than the side information
about the door posts. The undesirable
effect may be eliminated by yet another
information processing algorithm — the
Clamp.

The Ratchet can only be invoked and
sustained by signals received in the cen-
tral, forward facing receiver. The Clamp,
on the other hand, may be invoked and
sustained by any signal received in the
nearest zone of the aid (zone 1) whether

Fig. 6. Flow chart showing information
processing in Sonic Pathfinder.

No

Is bit 2
of “multi”

=17

Yes

left, right or centre. The Clamp operates
for a fixed duration (1.2 seconds) and has
the effect of reducing the aid to a single-
zone device. By increasing the length of
near zone to two feet and reducing the
ranges of the other zones so that the overall
range of the aid remains equal to 8 feet the
Clamp provides an effective solution to the
problem described with reference to
Fig. S. The presence of one or the other
door post in the side regions of the near
zone prevents the far corridor wall from
being perceived no matter how slowly the

continued on page 62
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WIRELESS WORLD APRIL 1984

If "zone’=1 then inc.
clamp hold time.
If centre echo and “zone’
="last zone™ then inc.
ratchet hold time
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Designing with the

68008

Mmicroprocessor

A member of the 68000 8/16/32 bit processor family, the 68008 has an interna'/ 32-bit
architecture and an eight-bit external data bus. This second article shows hovy itis used
with other microcomputer components — rom, ram and peripheral devices.

Interfacing the 68008 to memory, peri-
pherals and other microcomputer devices
is straightforward. The examples shown
here are practical circuits using the
popular 74LS z.t.l. family. When the
separate examples are brought together to
form a complete system numerous circuit
rationalizations can be made. In the case of
very high volume designs f.t.]. tends to be
replaced by custom circuits.

68000 with rom

A practical minimum 68008-based system
could employ one 8kbyte rom to contain
program code and reset vectors. Fig. 3
shows the 68008 interfaced to an 8kbyte
rom, MCM68764. The eight-bit data bus
and the low-order address lines of the
MPU are connected to the rom on a one-

N R . ) ot T et
by A. J. Barth

to-one basis. The high-order address lines
are used to allocate different portions of
the one megabyte address space to various
memory and peripheral devices in the
system. A 741.S138 1-0f-8 demultiplexer is
driven by these lines to generate a chip-

Fig. 3. 68008 interfaced to rom.
Asynchronous data bus enables the bus
cycle time to be ne-tuned to the speed of
the currently accessed memory or
peripheral.

Date bus

select signal for each device. The demulti-
plexer is enabled by the 68008 address
strobe signal (AS) which indicates when a
valid address is on the address bus.

During a read operation on the rom the
m.f.u. sets up the read/write signal (R/W)
and places the appropriate address on “he
address bus. Signal AS is activated by the
processor enabling the demultiplexer to
chip-select the rom. As part of the asynch-
ronous bus cycle, hardware must activate
data-transfer-acknowledge (DTACK), to
indicate to the processor that data from the
rom will shortly be valid on the data bus. A
74LS175 quad D-type flip-flop acts as the
DTACK generator for the rom. The rom
chip-select signal EROM/CS releases the
flip-flops from their cleared state which
allows a logic zero to propagate from one Q
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Oata bus

output to the next on successive rising
edges of the 8MHz clock. The fourth Q
output generates the active low DTACK
which signals the 68008 to read the data on
the data bus and to terminate the bus
cycle. The DTACK delay time is governed
by the number of flip-flops and the fre-
quency of the clock, and is chosen to suit
the rom access time (approximately 450ns
in this case).

In this example the R/W signal and all of
the high-order address lines have been in-
cluded in the rom chip-select logic. This
enables the detection of illegal operations
such as writes-to-rom and access to some
unused memory space. In a price-sensitive
product this may be considered a luxury
and the invertor and the five-input or-gate
could be omitted.

68008 with ram
Interfacing the 68008 to static ram is
similar to the rom case except that the
read/write signal connects directly to the
ram or rams and is not included in the
chip-select logic. Dynamic ram interfacing
is more complex because they require ref-
reshing and address multiplexing logic.
Fig. 6 shows the 68008 connected to eight
MCM6664 64kbit dynamic rams providing
64kbytes of read/write memory. The D
input and Q output of each dram are con-
nected to a different 68008 data line —
only one dram is shown in Fig. 4 for
clarity. The 16 low-order address lines are
.multiplexed together using two 74L.5257
quad two-input multiplexers to form the
row address and column address needed
-by the drams.

Like the rom circuit a 741.S175 quad D-
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Fig. 4. 68008 interfaced to ram. High-
density rams require the m.p.u. address to
be multiplexed into a column and row
address

type flip-flop is used as DTACK genera-
tor. Where the ram and rom, or any other
device used, have the same data access
time a single generator may be used for
these devices. If a single generator is
shared among several devices having dif-
ferent access times much of the benefits of
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an asynchronous bus are lost since the
processor executes an unnecessarily long
bus cycle for the faster devices. However,
in a very price-conscious design where
minimum device count is paramount, this
may be an acceptable engineering compro-
mise. As well as generating the ram
DTACK the 741.S175 also provides the
dram control signals, row address strobe
(RAS), column address strobe (CAS),
write (W), and the switching signal SEL
for the multiplexers. AS, R/W and data
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Fig. 5. 68008 dynamic ram refresh controlier. The MCM6664 64K drams use a simple pin-1
refresh technique. Here the m.p.u. operation is temporarily suspended while a block of

eight internal memory rows are refreshed.
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Fig. 6. 68008 with M68000 type peripherals have on-chip DTACK generators which provide
the return handshake signal for the asynchronous data bus.

strobe (DS) are used to ensure the
DTACK waveform is generated correctly
for the three types of 68008 bus cycles —
read, write and read-modify-write.

Refresh requirements for the MCM6664
drams are modest, which makes them ideal
for a low-cost 68008-based system. The
refresh row address counter is on-chip and
refresh may be performed by providing a
pulse on pin 1 (REF) to refresh the next
row of memory elements. A dynamic ram
refresh controller is shown in Fig. 5. The
technique used is to temporarily suspend
processing by requesting the 68008 bus.
Eight successive rows within the drams are
refreshed before allowing the 68008 to
continue. Block refreshing in this way
affects the longest possible interrupt la-

tency time, the time between an interrupt
occurring and the mpu entering its in-
terrupt handler. A block refresh of eight
rows is acceptable for most applications.
The 68008 bus arbitration, controlled by
bus request (BR) and grant (BG), is used
to suspend processing. When BR is activ-
ated by external logic the 68008 makes BG
active as soon as possible, usually directly
after internal synchronization. Once BR is
removed BG is deactivated and the 68008

Fig. 7. 68008 with non-M68000 type
peripherals. Special m.p.u. control lines
allow straight forward interfacing to these
peripherals with minimal hardware. The
m.p.u. performs a synchronous bus cycle
when accessing such devices.

resumes processing. In Fig. S the multivi-
brator (1/2 MC3456) produces a clock
REFCLK at the required refresh rate
(about 9kHz). The rising edge of signal
REFCLK triggers the first D-type flip-
flop (1/2 741.S74) which generates the bus
request to the 68008. When bus grant is
received AS and DTACK must be moni-
tored to determine the end of the current
bus cycle

This condition, detected by the four-in-
put nand-gate, is clocked through the
second D-type flip-flop. The Q; output
goes high enabling a stream of negative-
going pulses to appear on the REF inputs
of the drams. And simultaneously, the
7418161 counter is allowed to count. After
eight refresh pulses have been generated
the counter clears the first flip-flop. This
in turn removes the bus request, and disa-
bles the REF pulses and stops the counter.
The 68008 removes the bus grant and
continues normal processing. This state
continues until the next rising edge of
REFCLK.

68008 with M68000-type
peripheral

Many M68000 peripheral devices have 8-
bit data buses and some may be configured
for eight or 16-bit buses. In these cases the
data bus lines Dy-D7 are connected on a
one-to-one basis with the 68008 data bus.
For the few peripherals with only 16-bit
buses, a 16-bit interface can be constructed
using two octal transceivers and a couple of
gates.

Fig. 6 shows a typical interconnection
between the 68008 and the 68230 parallel
interface/timer (PI/T). The PI/T register
select inputs (RS,) are controlled by the
low-order address lines A;-As. Note that
address line A is not used in this example.
While it is quite acceptable to use Ag,
making it a “‘don’t care” places the byte-
sized internal registers of the PI/T on 16-
rather than eight-bit boundaries in the
memory map. This preserves complete
software compatibility with programs
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Fig. 8. 68008 interrupt interface logic. M68000-type peripheral (68230) uses the vectored
interrupt scheme where it provides the vector number (0-255) on the data bus. Non-68000
type peripheral 6850 uses the auto-vector scheme.

written for the 68000 m.p.u. (which does
not have an external A, signal).

M68000-type peripherals have an on-
chip DTACK generator so the DTACK
pin is connected directly to the 68008
DTACK, and may be or-wired with the
DTACK signal from other peripherals.

The interfacing of interrupt signals is
described later.

68008 with non-M68000-type
peripheral

Non-M68000-type peripherals do not have
on-chip DTACK generators and are
usually accessed synchronously using the
M6800-peripheral signals enable (E) and
valid peripheral address (VPA). Fig. 7
shows the interconnection of the 68008
with a 6850 a.c.i.a. Each time such a de-
vice is accessed during a m.p.u. bus cycle,
the 68008 VPA input is used for the re-
turning handshake instead of DTACK.
VPA signals the 68008 to perform the cur-
rent bus cycle synchronously. Data trans-
fer is made on the falling edge of the E
clock which the 68008 provides for the
peripheral. A J-K flip-flop (1/2 74LS73)
generates VPA whenever any M6800-type
peripheral in the system, such as the
a.c.i.a. is chip-selected. A second flip-flop
provides a valid memory address (VMA)
used by many of these devices.

68008 interrupt logic

Fig. 8 shows the interrupt connections for
a typical small system. A M68000-type
peripheral (68230 PI/T) uses interrupt
priority level 7 for its parallel interface and
level 5 for its timer. A M6800-type peri-
pheral (6850 ACIA) uses level 2. The three
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interrupt request signals (PIRQ, TIRQ
and ACIAIRQ) are priority encoded by the
741.S148 priority encoder which generates
a three-bit binary number corresponding
to the interrupt level. Two bits of the
three-bit number are presented to the
68008 via its interrupt priority level inputs
IPL1 and IPL0/2. These input pins indi-
cate the encoded priority level of the peri-
pheral requesting an interrupt. The 68000
uses three pins to encode a range of 0-7 but
due to pin limitations only two pins are
available on the 68008. By connecting the
IPL0O/2pin to both the IPLO and IPL2
inputs internally the 68008 encodes values
of 0, 2, 5 and 7. Level zero is used to
indicate that there is no interrupt de-
pending and level seven is a non-maskable
edge-triggered interrupt. Except for level
seven, the requesting level must be greater
than the level contained in the processor
status register before the 68008 will ack-
nowledge the request.

Interrupt acknowledgement (IACK) is
indicated by the processor function code
outputs FCy, FCjand FC; all logic high.
The address lines A}, A; and A; contain a
three-bit binary number corresponding to
the interrupt priority level being acknow-
ledged. In Fig. 8 a 74LS138 1-of-8 de-
multiplexer decodes the individual IACK
for each peripheral device (IACK,). For
M68000-type peripherals IACK, is con-
nected to an input pin on the peripheral for
this purpose (e.g. PIACK or TIACK on
the 68220 PI/T). When this input is activ-
ated the peripheral places the vector
number (binary 0-255) on the data bus and
then it activates the DTACK signa]. The
68008 reads the vector number and uses it
to nd the start address of the required

interrupt handler from its interrupt vector
table. Non-M68000 peripherals, not cap-
able of this vectored interrupt method,
need hardware to provide the v.p.a. signal.
Asserting VPA during IACK signals the
m.p.u. to use one of the autovectors to find
the appropriate interrupt handler. The
nand-gate J-K flip-flop used as VPA gen-
erator here is the same as that in Fig. 1

Other circuit elements

No special multi-phase clocks are required
by the 68008. An 8MHz t.t.1. clock gener-
ated from a crystal and several inverters is
sufficient. A double-frequency master
clock is wuseful for producing certain
timings such as those for controlling dy-
namic memories. A watch-dog timer
should be used in asynchronous micropro-
cessor systems to detect attempts by soft-
ware to access non-existant memory. It
may be constructed in similar fashion to
the DTACK generators shown but con-
nected to the 68008 bus error input
(BERR). Its time-out period should be
longer than the slowest memory or peri-
pheral device in the system. Power-on re-
set logic could comprise a 555 timer and
several invertors.

Microcomputers as 68008
peripherals

Low-cost single-chip microcomputers, like
the MC6805 family, may readily be cus-

continued on page 41

Motorola peripheral devices

6821 PlA Peripheral interface adapter

6822 A industrial interface adapter

6829 MMU Memory management unit

68356 CRTC Mask programmed c.r.t. controller

6840 PTM Programmable timer module

6844 DMAC Direct memory access controlier

6845 CRTC CRT controtler

6847 VDG Video display generator

6850 ACIA Asynchronous communications
interface adapter

6852 SSDA Synchronous serial data adapter

6854 ADLC Advanced data link controller

68120 IPC intelligent peripheral controlier
68153 BIM  Buss interrupter module
68230 PIT Parallel interface and timer

68440 DDMA Dual direct memory access
controlier

68450 DMAC Direct memory access controlier

68461 MMU Memory management unit

68452 BAM Bus arbitration module

68454 IMDC [ntelligent multiple disc controlier

68459 DPLL Disc phase-iocked loop

68488 GPIA General-purpose interface adapter

68561 M P C Muliti-protocol communications

o] controtler (I
68562 DUSC Dual universal serial communica-
G tions controtier
. 68564 SIO  Serial input output
68590 LANCELocal area network controlier for
Ethernet
68652 MPCC Multi-protocol communications
controiler
68653 PGC Polynomial generator and checker
68661 EPCI Enhanced programmable commu-

nications interface
68681 DUAR Dual universal asynchronous re-
T ceiver transmitter
68802 LNET Local area network controlier
68901 MFP  Multi-function peripheral
14442 Ato D Microprocessor compatible a-to-d
convertor

146818RTC  Real time clock +ram
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Serial data-frame
converter

My requirement was for converting eight-
bit serial RS232 data into seven-bit data
serial data. Input to the first uart is
converted to t.t.l. level by a 7400 i.c. in-
stead of the usual 1489 receiver to save
money. I wanted a fixed data rate of 300
baud but simple switching on the 4702
generator inputs allows other data rates to
be selected.

21

Serial data enters the uart on the left at

input RRI; this uart is set for eight-bit
serial data words. Parallel data passes from
this uart to the second one under
handshake control between the data-re-
ceived output, DR, and transmitter-buffer
register load input, TBRL, and between
the data-received reset input, DRR, and
transmitter-register empty output TRE. A
74121 monostable i.c. is included to com-

ply with timing requirements. The second
uart is set for seven-bit serial data words
and transmits through a 1488 driver at
output TRO. Inclusion of switches allows
data frames to be set to any combination
and the circuit is easily modified for two-
way communications.

Stephen Evans

Cradley Heath

West Midlands
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Reducing op-amp
crossover distortion

Crossover distortion in op-amp push-pull
outputs operating in class AB mode wor-
sens when driving low impedance loads at
high frequencies. But fortunately the out-
put can usually be forced to work in class
A mode, as shown here where an op-amp
connected as an inverter has an external
current sink. Operating mode of the op-

AN ——
10k

+12V

Tout

amp is changed considerably. The n-p-n
output transistor Tr) is forced to carry a
quiescent current equal to I, while p-n-p
transistor Tr, is switched off as long as
IoutB"Im-

Bearing in mind that 741 output current
is limited at about 16mA, Tr, continuous
current should be set so that maximum
undistorted output swing I, is less than
8mA. Advantages are absence of crossover
distortion, reduction of other forms of

—— +V
761 ’7-

p
20pa  Try llm

ki

g 27
® 6 out
)
<Z7
< S0k
]"_f—‘ =1
From — - lmo
driver
4
——-V

distortion due to higher operating current
of Tr; and increased phase margin of the
whole amplifier since slow lateral p-n-p
output transistor Tr; is removed from the
signal path. Disadvantages are an increase
in quiescent current and reduced output
swing. Distortion reduction using this
technique ranges from 20 to 40dB.
Giovanni Stocchino

Rome
Italy
! 20KkH2
)
.
[ S SN e Saduiuite
__-_g___o__-- 10i(Hz
o 20kHz T
2
o |
-
, MHZ
0-014—= i
~===Without current sink
— With current sink
0-00 : : .
0 1 2 3

Vout Pk-pk, 300ntoad

Alternative biasing for
valve amplifiers

In this configuration, i.c. voltage regula-
tors allow accurate setting of quiescent
current and maintain the setting for the life
of the valve. Another important feature is
the absence of d.c. in the transformer
primary winding which minimizes core
distortion. Regulator input current is

Iin =Iou+ Iq = Vout/RL + Iq

Quiescent current drawn by the regulator,

- +V

$
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Iy, is typically around 7mA for a 7805
regulator and varies by only between 1 and
1.5mA for a 20V input change. Cathode
current is the same as the regulator input
current and is solely determined by output
voltage and load resistance, both of which
are constant. Values shown are those used
to convert my Leak Stereo 20 amplifier.

Precise single pulses

Referring to D. A. Haines’ circuit in the
November 1983 issue, precise single pulses
equal in width to the clock period can be
obtained using only two D-type bistable
i.cs.

A. Dhurkadas

Cochin

India

20 20

]. S. Spicer

Melbourne

Australia

(157902 N [ [
1k 1CLR 4
Vee

PR 1574674
10

20LR V27474

ZPRZCK 2Q ———Single pulse
out

Trigger l 1

Clock

Clock I |
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Centronics-to-teletypewriter interface

In this final assembly-langua
interface for driving a teleprinter from a microcompu

ge application, Picotutor’s processor is turned into a low-cost
ter. But you don’t need to know

anything about assembly-language to use this simple circuit.

Bringing concepts introduced in previous
articles together, this final application
example is a larger project for driving a
Creed teletypewriter from a Centronics
parallel interface such as found on most
microcomputers. Software for the in-
terface was developed on the Picotutor
assembly-language trainer. If you have a
later version of this kit, software for the
interface is already programmed in; those
of you with earlier versions can have your
processor reprogrammed for a small
charge. For readers just interested in the
interface hardware the preprogrammed
processor may be obtained separately.

Teletypewriters — used by British
Telecom for the Telex service — have been
around for many years and have remained
almost unchanged in design. Many find
their way on to the amateur-radio surplus
market and are widely used by amateurs
for ‘radio teletype,” often known as
r.t.t.y. Being readily obtainable and
cheap they represent an ideal low-cost
printer for a home computer. A Creed 7E
teletypewriter was used to design the
prototype but other models should be just
as easy to adapt. Printing is on 216mm-
wide plain paper in roll form.

There are two main design problems
when interfacing a teletypewriter to a
microcomputer. For compatibility with

a1 I

e U L

O B

Acknowledge

L

Fig. 1. Centronics interface timing diagram.
Eight parallel data lines carry ASCll-coded
signals from the computer under control of
these signals. Data strobe, when low, tells
the printer that there’s a character on the
data lines. Busy and acknowledging
signals are sent to the computer by the
printer to give ‘handshaking’.
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by R. F. Coates

signals transmitted over telephone lines,
teletypewriters are designed for use with
high-voltage drive signals. Secondly, se-
rially-transmitted data used to control
teletypewriters, called Baudot, is quite dif-
ferent from ASCII code sent in parallel
form (i.e. more than one bit at once, in this
case eight) through the Centronics in-
terface. The first problem is a hardware
one and easily solved by replacing the
original drive circuit in the teletypewriter;
both RS$232 and t.t.l. levels are accepted
by the circuit presented. The second prob-
lem is taken care of by the MC68705P3
single-chip microcomputer used in Picotu-
tor.

Printer interface

The Dragon Computer printer interface on
which the prototype was based is a Cen-
tronics type, devised by printer manufac-
turer Centronics Data Computer Corp. It
sends characters to the printer one at a
time under control of ‘handshake’ signals.
Timing for the data transfer is shown in
Fig. 1. The computer first places the AS-
CII code for the character to be sent on the
eight data lines. Only seven lines are re-
quired to select one of the 128 ASCII codes
so the adaptor software ignores data-bit
seven. The printer then receives a nega-
tive-going data strobe pulse from the com-
puter to tell it that there is a character
waiting for it on the data lines. Upon re-
ceiving this pulse the printer reads the
character on the data lines and sends an
‘acknowledge’ pulse to the computer to
indicate that the character has been read
and that another character may be set up
on the data lines. A ‘busy’ signal is also
sent to the computer to stop it sending
further characters while those already re-
ceived are being printed; characters are
normally printed a line at a time. When
printing is finished, the ‘busy’ signal
ceases and the computer is allowed to send

www_americanradiohistorv com

"

1 [4-—-Five data bits stop Next
start] p p oy p ﬂ bits start
bit | 3 % | (min} bit

0——1 2
A
20ms

Flg. 2. Teletypewriter serial data is similar
in form to that usually sent down R§232
links, and travels at 50 baud.

1
.
T

the next ‘data-strobe’ pulse if there is
another character to be printed.

Baudot code

Character code used by the teleprinter is in
five-bit serial Baudot form. Only five bits
means that there are only 32 possible com-
binations yet we need to send more than
this. Letters of the alphabet and numbers
0-9 alone add up to 36 characters. Baudot
code solves this by having two modes,
letters (LTRS) and figures (FIGS). LTRS
and FIGS are two unique codes which set
the receiving teleprinter to the appropriate
mode. With the exception of ‘space,” ‘car-
riage return’ and ‘line feed,’ all other codes
will print one of two different characters
depending on the mode set, i.e., either a
letter or a number/puncutation mark (see
‘Nanocomp teleprinter interface,” P. C.
Barton, October 1983 issue).

For instance, letter Q and figure 1 both
have the same five-bit code — which one is
printed depends on which ‘mode’ charac-
ter was sent last. Data is sent serially down
a single pair of lines and the format, shown
in Fig. 2 is similar to the RS$232 serial
code. When no transmission is taking
place, the signal line remains in the ‘mark’
state, which in the case of this modified
teleprinter interface is zero volts. A charac-
ter to be sent is preceded by a start bit,
which puts the signal line into the ‘space’
state (+5V) for one dara-bit period.
Length of the data-bit period is deter-
mined by the data rate, which for a
teleprinter is normally fixed at 50 baud (50
data-bits per second so one data-bit period
is 20ms). The five data-bits are then sent
and finally a stop signal which is the ‘mark’
state for at least one and a half bit periods.
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Converter

The adaptor is divided into two sections —
the ASCII to Baudot parallel-to-serial
converter and the teletypewriter t.t.l.
driver interface. The converter consists of
the Motorola MC68705P3, suitably pro-
grammed, and a few passive components.
This section performs most of the work.
Its job is to read ASCII characters from the
computer, convert them to equivalent
Baudot code, send out a LTRS or FIGS-
mode code if necessary and send the char-
acter out serially at 50baud to the
teleprinter; the hard work is all done in
software.

Converter software

Software flow is shown in Fig. 3 and the
relevant part of the Picotutor-monitor in
assembled form, see over. This program
list was produced by the development
system used to write the software for Pico-
tutor. Such a list is produced when the
source code is assembled by an assembler

Start

[ Initialize ports

{
Send LTRS code,
set LTRS flag

Put input character
in tndex reg. (CHIN)

Convert to Baudot
in acc and CHAR

Carriage return ?

Send (R code
(TPROUT) No

I No

: Line feed ?
wait for

sending of code

L Yes

Send LF code
{TPROUT)

[ wait for

sending of code
J

Yes
/‘\\
Yes LTRS flag &
set ? ~_ € ear/-

Send character
{TRROUT) _J

program, to provide the object code for
programming into the 68705 eprom. The
assembly-language source program, i.e.
what is written by the programmer and
typed into the development system, is be-
low and to the right of the source-line page
heading. Everything to the left of this is
produced by the assembler. Column
headings are

LOC — the hexadecimal address (loca-
tion).

OBJECT - object code, the result of as-
sembling.

M — not used with this type of program.
STAT - the statement number of each
line. Comment lines begin with * and are
not allocated a statement number.

E — column holds an error code if there is
an error in the line.

LINE - line number.

Note that hexadecimal numbers are
preceded by an H and enclosed by single
quotation marks in assembly language
used with this development system. Sim-
ilarly, binary numbers are preceded by a
B; if there is no prefix or quotation marks
then the number is assumed to be decimal,
or a label.

The first function of the converter soft-
ware is to set up the 68705 peripheral ports
and initial states required. Circuit diagram
Fig. 4 shows that all eight lines of port A
are used for parallel data input from the
computer, so these are set to inputs by
CLR PORTAD which sets the port A
data-direction register, d.d.r., to all zeros
(inputs). Port B is not used, but three of
the four port C lines are used as outputs.
as these require different treatment.

Carriage return. For carriage return, the
subroutine TPROUT sends the character
in CHAR to the teletypewriter. The
teleprinter takes a long time to send the

Fig. 3. Flow diagram of ASCll-to-
teletypewriter code conversion software
(see over).

Yes

Space ?

No

LTRS No
character?

~

LTRS flag S\ Yes

o Ve

’ Send LTRS code ‘ Send FIGS code, ]
set LTRS flag clear LTRS flag _]

—
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heavy carriage from one end to the other,
so a delay loop is introduced before going
on to the next character. Also, when the
Dragon sends a carraige return signal, it
really means carriage return and line feed
(or new-line) so after carriage return line
feed is sent in a similar way. Note that with
the BBC micro, whether carriage return
with line feed or just carriage return is sent
is determined by software. It should be
configured to send just carriage return,
which is the dafault setting.

Line feed. This is sent to the teleprinter
as before but a further shorter delay is
inserted. The program then branches back
to get the next input character.

Space. This code is sent out and the
program branches back to get the next
input character.

If the code isn’t one of these three then it’s
one which requires the teleprinter to be in
the appropriate mode. Testing bit seven of
the code indicates the mode required, and
testing the LFLG, BITSTR bit flag indi-
cates which mode the printer is in.

Bit manipulation instructions need the
bit number within the byte and the byte
address. Flag LFLG is equated earlier in
the sourse file (not shown) to give the bit
number, and similarly BITSTR is equated
to a ram byte address. If the teleprinter is
not in the correct mode, then the appropri-
ate subroutine, LTRSET or FIGSET, is
called to send the mode code and alter
LFLG,BITSTR. The character code is
then sent and the program then loops back
to CHIN where the BUSY line is cleared,
acknowledgement of receipt of the last
character is sent, and the next character
waited for.

Characters or mode codes are sent to
the teletypewriter by calling subroutine
TPROUT. This first sends the start bit by
setting PCy high (serial-data out) for one
data-bit period (20ms) by calling subrou-
tine WAISOB which loads the accumulator
with value eight and passes to subroutine
WAIT which executes a 2.5ms-delay loop
for the number of times indicated in the
accurnulator, and then returns from the
subroutine. On return, the five data-bits
are sent one at a time, bit zero first, by a
loop which sets PC; according to the state
of each bit of the data code in turn and
Port C d.d.r. is set up by writing FF (all
ones or outputs) to it. These three outputs
also have to have an initial value; C-port
line PC; is set to (+5) to indicate busy, PC,
is set to one, the normal state for the ack-
nowledge line and PCy, the serial data out-
put, is set to zero. To ensure that the
teletypewriter is in the LTRS mode, an
LTRS code is sent and an LTRS flag in
ram is set. Both of these functions are
performed by the LTRSET subroutine.

The main loop of the program is now
entered, the BUSY signal is released and a
pulse is sent to acknowledge receipt of the
last character — if there was one. Next the
program waits for a character to be sent by
repeatedly testing the data-strobe line for a
negative pulse. The data strobe line from
the computer is connected to the 68705
interrupt input, but the line is not used as
an interrupt in this application. At power-
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up the interrupt mask bit (I in the condi-
tion-code register is set and interrupts are
ignored until this bit is cleared, which it
isn’t in this program. The state of the
interrupt pin tested by using branch-if in-
terrupt-low/high instructions. Instruction
BIH CHIN]1 branches back to itself until
the data strobe goes low. On the low
strobe, the program proceeds by reading
the data character into the index register
from port A and setting the BUSY line.

ASCli-to-Baudot conversion
Converting ASCII to Baudot code is
simple. The ASCII character set consists
of 128 characters, represented by hexade-
cimal values of 00 to 7F. There is a 128-
byte table in the program (TABLE) which
contains a byte with the Baudot equivalent
for each ASCII code. Five bits of each byte
in the table represent the character (bo-bs)
and bit seven indicates whether the charac-
ter requires LTRS (b7 high) or FIGS (by
low) mode. Instruction LDA TABLE,X
loads the accumulator with the Baudot
equivalent of the ASCII code in the index
register. The accumulator is loaded with
the contents of a memory location in the
table. This address is an offset equal to the
ASCII value in the index register added to
the starting address of the table. For
example, ASCII code for letter A is 41.
This value is added to the address of
TABLE, 62D, to give the address in the
table of 66E which contains Baudot code
for A, 9C. Bit 7, being high, indicates that
LTRS mode is required. The Baudot code
is also stored in ram register CHAR for
later use. Tests are made on the code to see
if it is a space, carriage return or line feed
waits for one data-bit period. Finally a stop
bit is sent which is a logical zero for one
and a half bit periods, calculated by the
assembler at LDA £DLY50B*3/2. Label
DLYS50B is the one-bit period delay value
required by subroutine WAIT and is de-
termined early in the list by assembler
directive DLY50B EQU 8. The rest of the
operand field tells the assembler to
multiplay that value by three and divide by
two.

Converter construction

The teletypewriter software must be in the
68705 eprom. Recently distributed ver-
sions of Picotutor include this software but
earlier versions will need reprogramming
(note to follow). To find out which soft-
ware release you have, examine memory
location D9; if it holds 00 you don’t have
the teleprinter software, if it contains 12
then you do.

The converter can either be constructed
as a stand-alone unit or Picotutor can be
used. Connection details for adapting a
Picotutor are shown in Fig. 4, and those
for a stand-alone unit in Fig. 5. Note that
with both of these circuits, additional
driver gates are not used on the 68705
outputs, but strictly speaking they should
be. Inputs on a Centronics interface nor-
mally have 1kQ pull-up resistors to +5V.
This means that the driver must be capable
of sinking at least 6mA, which is outside
the specification for PC; and PC; outputs
of the 68705. However, the BBC micro
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uses 4.7kQ pull-up resistors and the
Dragon 10k{} which it will drive satis-
factorily. If you have a computer that re-
quires drivers, Fig. 5(a) may be used.
This simple circuit is easily constructed on
Veroboard. Power to drive the 68705 can
be taken from the Dragon through the
interface cable. With other computers it
may be necessary to provide a separate
+5V supply.

The printer interface connector used on
the Dragon is not a standard Centronics
one, presumably for reasons of cost, but is
a 20-way ribbon cable insulation-displace-
ment socket. Looking into the Dragon
connector on the side pin 1 is at top right
and numbers on the circuit diagram refer
to the conductor number of the assembled
socket and cable, counting conductors
from pin 1. If the adaptor is to be used
with another type of computer, the
connections may need to be altered to suit
(details should be given in the manual).
The BBC microcomputer uses the same
connector as the Dragon and pin numbers
are the same except that all even pin
numbers are connected to ground. This
means that the BUSY signal is not used
and an alternative SV source of +5V will
have come from inside the computer.
Conductors at the other end of the ribbon
cable are taken to the appropriate pin of
the 68705 and unused conductors cut off.
Insulate these well. The ribbon cable
should be shorter than 30cm if buffers are
not used. Output from the adaptor to the
teletypewriter can be any twin flex; length
here is not too critical.

Fig. 5. Excluding a small circuit for raising
the signal driving the teletypewriter, this
microprocessor used in Picotutor is the
complete Centroncs-to-teletypewriter
interface. Buffers, shown separately, may,
be needed to feed the inputs of some
computers (see text).

Teleprinter interface

To enable the teleprinter to accept t.t.l.
level signals sent by the converter, some
minor modification is required. If your
teleprinter has a separate terminal unit and
interconnecting cable, these are not re-
quired and can be discarded. The motor is
driven from 240V a.c. mains. This input is
taken to the input of the mains filter on the
far left of the teletypewriter, underneath.
The electromagnets are to be driven by the
input from the adpator and they move an
actuating arm one way or the other de-
pending on the state of the input signal.
This movement is passed on through the
mechanical print mechanism to decode the
character and print it.

All original connections to the electro-
magnets should be removed and the circuit
shown in Fig. 6 constructed and connected
to them. The electromagnets are on the
right-hand side of the unit, on top, but,
the connecting block for them is un-
derneath, directly below. It consists of
four connectors as shown in Fig. 7.
Original connections should be removed
and the middle two connected together
and the outer two taken to the interface
circuit board. This board can be con-
structed on Veroboard from the circuit in

.Fig. 6 and can either be mounted in space

underneath the teleprinter or in a separate
box. Which way round the electromagnet

Computer printer-
socket connections
T 74 < +5v7T
% = [ '
22k I

3 p le B % DY %15"

F’B1 Timer VPP Ve Xtat i 2 )N 1:: fte Srobe
PCZ 10 m\(.BUSy*F
pcy 2 LB - mrowiede
PA 20 l 3 D

[+} - 0
21 | s~
e o
MC68705P3 2 | ¢
23 9
C
24 1
T\
P 25 Be
2 cl
PA;1 27 1 o
g, PB, V, :
ss  Reset B

6 1516171815 | lze
L, ,

I Beow

* For BBC computer, PEZ output (pin 10) is not connected

T For Dragon computer only. For other computers, see text
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20-0-20V _4& Py First check that the electromagnets have
6VA been connected up correctly. With every-

connections are made is important, but is
best found by trial and error as described
later.

The circuit of Fig. 7 was designed to
accept either RS232 or t.t.]l. levels and so
the first section converts the input to 0 and
+5-volt levels. This then drives three logic
gates which give complementary signals to
drive the two Darlington transistors. One
or other is on according to the input state
thus sinking current through one of the
2.7k(1 resistors and coils, giving a reversal
of current through the coils for a change of
input state.

Setting up
The adaptor can now be connected to the
computer and the teletypewriter interface.

t

Centronics-to-teletypewriter
I interface

Programmed microprocessors and kits
| of parts including p.c.b. and mains
transformer are available from Magenta
Electronics Ltd, 135 Hunter Street, Bur- |
ton-on-Trent, Staffordshire DE14 28T
for £24.98 and £12.97 respectively, in-
cluding vat. Case and hardware cost a
further £3, and postage is 50p for each
order.

For those who already have the Pico-
tutor or any 68705s of their own and
require the latest software release or
wish to use a crystal instead of resistor
osciltator, the 68705 can be re-pro-
grammed by the author for an inclusive
cost of £2 by sending it to 57 Dalebrook
Road., Burton-on-Trent, Staffs DE15 |
0OAB. State whether a crystal or resistor
clock is to be used. |

The program for the teleprinter in-
terface is included in the latest version
of the Picotutor monitor (version 1.2}
which also has some minor modifica-
tions to the monitor and the software
for the teletypewriter interface and
mini-organ {November 1983 issue}. The
mini-organ runs from address ‘0A4" or
alternatively will run automatically at
switch-on if PB, is tied to ground and
PBp to +5V. This turns Picotutor into a
stand-alone organ

thing connected up, switch on the compu-
ter and teletypewriter. If you are using
Picotutor key in go 0Al to run the
program. The stand-alone version auto-
matically runs the program at power-up. If
the electromagnet connections are correct,
the teletypewriter motor should run and
nothing else happen, but if it clatters away
seemingly trying to print something, but
not actually doing so, then the two connec-
tions from the interface board to the
electromagnets should be reversed.

The printer is now ready for trying out,
but the variable resistor on the adpator
may need adjusting before intelligible re-
sults cacn be obtained. This resistor sets
the clock speed of the 68705. Data rate
timing depends on this resistor. Using Pi-
cotuter, R;;7 will need either to be replaced
by a 22k} variable (or a selected fixed
resistor). If you are using a crystal for
timing (the eprom has to be reprogrammed
for this, see December 1983 issue) a crystal
of 3.2768MHz should be used, which will
give the correct data rate without adjust-
ment.

Enter a line or two of text into the com-
puter and then send this to the teletypew-
riter, using the LLIST command in the
case of the Dragon. The teletypewriter
should now attempt to print something.
Adjust the wvariable resistor until the
printing becomes intelligible; the setting is
not critical.

Conclusions

One difficulty with this arrangement is
that not all ASCII characters are available
in Baudot. In most cases, a space is printed
where there is no Baudot equivalent, with

Fig. 7.
Electrcmagnet
connections on the
teleprinter. These
may need to be
changed in some
cases (see text).

flectromagnets

Le &3 o

To
interface
board

these exceptions.

By altering the table, any character can be
made to print as you wish, so it is possible
to alter this to suit your needs. I mentioned
earlier that if you are using Picotutor you
need to key in the program start address,
but a stand-alone unit will run the printer
adaptor at switch-on using PBy. When the
68705 1s powered up, all peripheral pins
are programmed as inputs. On Picotutor,
all port B lines are pulled up to +5V by the
2700 resistor network (see circuit dia-
gram, December 1982 issue) but in Fig. 5
(stand-alone circuit) PBy is tied to ground.
At switch-on, or when reset is pressed, the
monitor program tests the PBy input. If it
1s one, it runs the monitor program, if it is
zero, it jumps to the computer/teletypew-
riter adaptor program and runs that.

For those following the ‘Assembly lan-
guage programming’ series, I hope that
this description of a real application of the
6805 and the software listing will help to
show some of the techniques of program-
ming. When learning to program it is ex-
tremely useful to look at programs other
people have written to get ideas and for
this reason the complete source listing for
the Picotutor monitor is available if re-
quired and is advised if full use of the
facilities on the Picotutor is to be made.
Unfortunately, because of its size (about
25 pages) it is not possible to publish it but
copies may be purchased through Magenta
Electronics (see box). \VVV/
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Designing with
68008

continued from page 33

tomized as intelligent peripherals having a
68008-type interface; the interface being
emulated by m.c.u. software. Some of the
m.c.u. /o ports are used to provide the
peripheral data bus Dy-D7, chip-select
(CS), read/write (R'W) DTACK, IACK,
and register select (RS,) lines. Port lines
programmed as inputs (CS, R’'W and RS,)
are monitored by the on-chip software to
determine 68008 accesses. And with the
port lines used for Dy-D7;, DIACK and
IACK, the m.c.u. may be programmed by
the 68008, and provide vectors during in-
terrupt acknowledgement cycles. To the
68008 the m.c.u. behaves just like any
other M68000 family peripheral. \VVVVI

41



Matched filters for
radar and satellites

Surface wave, charge transfer and digital v.l.s.i. devices enable complex and powerful
matched filters to be made. Geoffrey Robinson describes some examples that illustrate

A fundamental building block of radar and
communication systems, the matched
filter is used in radar receivers as the main
signal processing circuit to detect weak
echoes returned from a target, and in
synchronization and detection circuits of
digital communication systems. Matched
filters have nothing to do with the concept
of impedance matching between filters for
maximum power transfer. They are, in
fact, filters that are matched to a particular
signal. They can be either entirely passive
or active and range from the simplest two
component capacitor-resistor low-pass
filter to complete sub-systems of thou-
sands of amplifiers, logic gates and asso-
ciated circuits.

A filter is said to be matched to a signal
if its impulse response is the time-reversed
replica of that signal. The filter matched to
the signal x(t) shown in Fig. 1(a) would
therefore have an impulse response h(t) as
shown in Fig. 1(b). Mathematically the

x(h ©)
,

hit) ®
t

yih ©

to

relationship between the two waveforms,
which defines a matched filter, is
h()=kx(t,—t) (N

where Kk is an arbitrary constant and t; is a
fixed time delay. The transfer function
H(w) of the matched filter is the Fourier
transform of h(t)

H(w)=kX*(w)exp(—jwto) @)

where X*(w) is the complex conjugate of
X(®), the Fourier transform of x(t). The
frequency response H(wm) of the
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their different forms and uses.

RN 3 S R S ot e L S

by G. N. Robinson B.Sc.

Since graduating from Salford
University in 1975, Geoff Robinson has
worked for Marconi Avionics on the
AEW Nimrod project, and for Marconi
Communication Systems where he is
currently a principal engineer in the
space and microwave division. During
this time he has also spent three years
at Leeds University working on an
experimental spread spectrum system
which will form the basis for a Ph.D
thesis.

matched filter is therefore the same as the
amplitude spectrum | X(w) | of the signal
to which it is matched. The output of the
filter, y(1), is found by convolving x(t) with
h(t)

y(O)= _[X(T)h(t—T)dT 3

From Fig. 1(c) the matched filter has
caused considerable distortion of the input
signal x(t). This distortion is typical of all
matched filters which in general produce a
‘peaked’ symmetrical output, similar to
y(t), when their matched signal is the in-
put. Substituting equation 1 in equation 3
gives

y(O= _[X(T)'kx(to—t+r)dt (4)
or
y(O=R(t—19) 5

The output therefore is the autocorrelation
function R(1) of the matched signal. This
often serves as an alternative definition of a
matched filter: i.e. one whose output sig-

www americanradiohistorv com

nal is the autocorrelation function of its
input signal.

The ‘peaked’ output obtained from a
matched filter is exactly the type of res-
ponse needed to detect the presence of a
signal buried in noise. The matched filter
is, in fact, the optimum device for detect-
ing weak signals and it is therefore no
surprise to learn that it forms the basis of
many radar and digital communication
receivers. In digital communications,
matched filter considerations generally
only arise when transmitter power 1is
limited, such as in the case of satellite
communication.

Before discussing the use of matched
filters in satellite earth stations it is neces-
sary to review some of the fundamentals of
digital transmission. Digital information,
whether computer generated or from some
other source such as p.c.m.-encoded voice,
is usually available prior to transmission in
the form of an n.r.z. rectangular wave-
form, as shown in Fig. 2(a). To transmit

O]

[ |
o1 0 1 0 0

®

©

such a waveform without distortion would
require an infinite bandwidth in theory.
The waveform can be considered to be
made up of the sum of individual pulses as
in (b) which are confined to a time interval
t seconds. If the n.r.z. waveform is filtered
to limit the bandwidth, the effect on the
individual pulses is to stretch them so that
they are no longer entirely contained in
their original time slot.

The effect of one particular low-pass
filter is shown in Fig. 2(c). If the filtered
n.r.z. signal is sampled at the points shown
the tails of the individual pulses will affect
the sample values in the nearby time slots.
This effect, known as intersymbol interfer-
ence (i.s.1.) can be avoided if the filtering is
performed in accordance with Nyquist’s
vestigial symmetry theorem. This theo-
rem, put forward by Nyquist as long ago as
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1928, states that the zero crossings of the
waveform in (c¢) occur at the sampling in-
stants (giving no intersymbol inteference)
if the filter is either an ideal ‘brick-wall’
low-pass filter or an ideal ‘brick-wall’ low-
pass filter with a transition band modified
to give odd symmetry about the cut-off
frequency. The theorem also requires the
original n.r.z. waveform to be converted
into a sequence of impulscs so that the
spectrum at the input of the filter is flat
over the filter bandwidth. A class of widely
used filters which satisfy this theorem are
the raised-cosine filters. The amplitude
response of the raised-cosine filter with
various values of excess bandwidth or roll-
off factor o are shown below. A linear

a=0%

[HiAt

f/2 fs

phase characteristic up to the zero trans-
mission frequency is also required. In any
bandwidth-efficient data transmission
system with no intersymbol interference,
overall channel filtering should therefore
be as shown or equivalent to it for an r.f.
modulation system.

Satellite data transmission
Although the overall channel response for
interference-free data transmission has
been specified, the apportioning of this
response between the various transmitter
and receiver filters is a complicated prob-
lem. It is true, however, that if the trans-
mission medium is linear between the
transmitter and the receiver then the opti-
mum split of the overall response is an
equal division of the filtering between the
transmitter and the receiver. The fre-
quency response of the identical transmit-
ter and receiver filters is therefore the
square root of the response shown. This
filter, known as a root cosine roll-off filter,
is therefore only 3dB down at half the
signalling frequency as opposed to 6dB in
the diagram.

The equal division of the overall Nyqu-
ist response results in a matched filter at
the receiver. This then simultaneously
combats both intersymbol interference and
the effects of noise. Although most satellite
channels are non-linear due to the opera-
tion of transmitter high power amplifiers
at or near saturation, the matched filter
concept is still used in many earth station
designs. A number of major satellite
operators have specified this type of
system including Intelsat who have made
root 40% cosine roll-off filtering manda-
tory for their 120Mbiv/s t.d.m.a. traffic
service through the Intelsat V satellites.
The earth station receiver filter mask
specified by Intelsat is illustrated next,
being nominally a root 40% cosine roll-off
filter.
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The actual filters used to realise these
responses are generally based on standard
filters such as Butterworth, Chebyshev or
elliptical filters. The filter shown below
consisting of a sixth-order Butterworth
filter followed by a stage of delay equaliza-
tion realises a root 100% cosine roll-off
low-pass filter.

Radar

Most radar receivers use matched filtering,
although prior to about 1960 this was rela-
tively trivial and merely involved the opti-
mizing of conventional i.f. bandwidths.
The usefulness of a matched filter, from a
radar designer’s viewpoint, is directly
proportional to the time-bandwidth pro-
duct of the filter, obtained by multiplying
signal duration by filter bandwidth. Un-
fortunately the complexity of a matched
filter is also proportional to its time-band-
width product. The type of matched filters
previously discussed in relation to digital
communication generally have time-band-
width products of the order of unity and
are consequently not considered to be
complex. In radar, however, the designer

W[WIWIF'T"H
[ ]

is not restricted by considerations of in-
tersymbol interference and as a result has
virtually an infinite variety of waveforms
and corresponding matched filters to use
for his signal processing functions. Cur-
rent state-of-the-art in radar matched filt-

1 Fast

fourier
transform

A-to-D

ers provides a time-bandwidth product in
the range 10,000 to 100,000.

The main motivation behind the early
matched filter development which led to
the invention of the pulse compression
radar was the need to obtain good range
resolution with limited peak powers. Long
range detection requires a large pulse
energy which with a conventional power-
limited radar means increasing the pulse
duration. This causes a direct reduction in
range resolution and accuracy. If instead of
increasing the pulse duration the pulse
bandwidth is increased, an improvement
in range resolution in proportion to the
time-bandwidth product is obtained.

The most well-known pulse compres-
sion technique uses the frequency chirp
waveform shown next together with its
dispersive delay-line matched filter. The

AN A
VUV

matched filter output, which is the com-
pressed pulse, is shown below. The sin
x/x-shaped pulse has a peak which is VBT
times larger than the original chirp signal
amplitude. Dispersive delay lines, that is

BT

-m L J
2/8

delay lines with a delay proportional to
frequency, are today generally fabricated
using acoustic surface wave technology
and a wide variety are currently available
‘off the shelf’.

The more complex matched-filter re-
ceivers which have also to satisfy the addi-
tional requirement of being able to process
many different waveforms often resort to
digital techniques. Bottom diag. is a flex-
ible arrangement which performs matched
filtering by multiplication in the frequency
domain, rather than by convolution in the
time domain, as in the previous filters
discussed. In this method the signal is first
sampled at a very fast rate, anything up to
200MHz, and then passed through an a-to-
d converter. Blocks of digitized samples
are then converted into corresponding
blocks of frequency samples by a fast
Fourier transform circuit. Then next these
samples are multiplied by stored coeffi-
cients which represent the conjugate spec-
trum of the signal. Finally the transform
circuit is re-configured to perform an

inverse transform on the samples. VAR
Stored
reference
spectrum
Inverse
b ¢ fourier [rot——
oS transform
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Testing
microprocessor-based
systems at home

Though the design of microprocessor systems is not particularly difficult, testing is not so
simple for the first-time builder without access to logic analysers or emulators. Here are
some simple procedures that highlight hardware and software problems.

The design of simple microprocessor
systems is not a particularly difficult task.
rovided that one adheres to the correct
oading rules for both current and capaci-
-ance, the design can be as easy as putting
oy building bricks together. However,
esting that the system - hardware or
software — works is not so simple for the
umateur or first-time builder who does not
\ave access to logic analysers or plug-in
nicroprocessor emulators. This article
dentifies some simple procedures to high-
ight both hardware and simple software
sroblems. The discussion is based around
he 8085 microprocessor but applies to
qrtually any microprocessor having a
-eady input.

Developed in the mid-seventies by Intel,
he 8085 is an update for the 8080 chip set.
decause the device has only 40 pins, Intel
nultiplexed the lower eight address bits
vith the eight data bits on lines designated
ADy.7, Fig. 1. Figure 2 shows typical
iming for the 8085 during a memory read
ind illustrates how ADj_;7 are multiplexed.
T'he 8085 produces a clock output that is
1alf the frequency of the source at X and

,; the timings of all the other signals

Cloc { Xy CK T Clock out
source L4, 50‘51 2 yore
RD }—
—]TReP WRH— }Bus control
Interrupt _{3‘_ AT o
e —4 INTR iNTA [nterrupt

i acknowledge

eset input RESET RST }— Reset out
8085
Hotd
old input ——4 HOLD HLDA b— icknowledge
eral imput —SI0 San — Serial output
—3 +5V ALE }—— Address latch
Power «{ 8 Gpper
- A1 address hits
eady nput —ROY ADO-? Multiplexed
data and
lower address

Fig. 1. Pin-out of the 8085 indicates the
difficulty in using only 40 pins.

by Colin Carson
e —— e

— ) ra—T—»

(KoLt l I | l |
ALE
[ Address L

AUy-ADy Teaqned

Ag-Ac [ valid address [

RO | [
Indeterminate i.e low, high ortristate

Fig. 2. Bus ADy_; is multiplexed between
address and data by ALE.

produced by the microprocessor are re-
lated to its edges.

Shortly after the start of T}, the lower
eight bits of the memory address appear on
lines ADy.7 and are guaranteed to be stable
before the negative edge of ALE, generally
used to latch the address into an eight-bit
buffer such as a 741.§373 (see Fig. 3). As

this is a transparent buffer, the address
will be passed through the buffer
whenever ALE is high, and latched on the
negative edge. The address is stable some
time before the latching and the use of a
transparent latch ensures that the address
is available early in the read cycle, so that it
can be used by other circuitry such as chip
select logic. This is a great advantage when
using fast microprocessors.

Around the start of T;, the memory
address bits are removed and ADy.; goes
tristate, waiting for data to be read in dur-
ing T;.

Figure 3 shows how this might be
achieved in hardware terms. Some de-
signers add an additional latch on the
upper eight address lines, which can glitch
when certain instructions are executed.

During a write cycle the multiplexing of
ADy.; follows in a similar fashion, address
being valid before the trailing edge of ALE
and valid data long before the rising edge
of WR.

Ready

The 8085 has a ready pin which can be
used to extend the length of read or write
cycles to compensate for slow peripheral
chips or to handle devices not always avail-
able such as dual-ported memory. Figure 4
shows how the ready pin is sampled by the

+5V ]
ok | L Chic select
'~> e " 3
* To/M o
T —
RESET A8—1S LS373
~
Ifm, el ]
8085 ALE First
rom
10 P
P
— ~A—fROY 4Dy, Ls3”3 § OE/! |
i 1
e (N t:‘0 7

10k - —j 1#‘*

Fig. 3. TTL latches to

demultiplex the address
from the bus.
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Fig. 4. READY is sampled during T; and any
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8085 in the middle of T, although it must
be stable for a period before the sampling,
the set-up time. If ready is low when
sampled then on completing the T, cycle,
the 8085 produces another T, cycle rather
than going on to T3. This will repeat until
the ready pin 1s sampled high.

The test procedures mentioned here
make use of the ready pin, and the fact that
signals such as RD, WR and ADg ; remain
unchanged during the not ready period.

Reset

After the 8085 is reset, it reads the
contents of the memory location whose
address is 0000. It then continues to read
from consecutive locations, decoding and
executing them until instructed to jump to
a different adgress. However if the ready
pin is forced low before the 80835 is reset
the microprocessor sits doing repetitive T,
cycles with the address 0000 at the outputs
of the latches, RD low and waiting for
valid data. This valid data should be the
contents of the first location in prom and
will invariably be the first byte of the three
byte instruction LXI SP which sets-up the
internal stack pointer.

First test procedure
1. Check that the Hold input is not
being driven high. Hold will force
many of the 8085 outputs tristate.
2. Pull the ready input low, taking care
not to damage any chips driving this
pin. If necessary remove the 8085 from
its socket and bend the ready pin so
that it does not make contact on re-in-
sertion. Then using a crocodile clip and
lead ground the ready pin.
3. Reset the 808S.
4. Using a logic probe or oscilloscope,
check the address lines are all low.

Seven-segment

displays
D Dz D3 | Da Ds ' \De
l 1 L J ! |
I, 16 I¢y
LS373 LS373 LS373
? l
1 |
e J l
|

2085 ALE ——D——D@—J
1504

-2

Fig. 6. Provided there is adequate bus during capability, seven-segment displays can be used
to follow address and data.

LS00

Clock
LST4

LS00

From
single step
latch

Fig. 7. Multiple step function can easily be incorporated, as shown.

5. Check the address pins on the prom
are all low.

6. Check the chip select logic is driving
the chip select pin on the prom low.

7. Check that RD is driving the output
enable on the prom low.

8. Check the correct eight bit data for
location 0000 is present on ADj 7.

By following this step-by-step procedure
simple hardware faults can be highlighted
but because all the address lines are low,
this will not show up shorts between them.
To further exercise the hardware and trace
simple software faults a single step facility
is required, such as that in Fig. 5.

+5V —@ &
| b— I -
2 2 10k
< 10k L, R 10
RDY
K LST%
8085
ip— BC107
-~ s, 10k
l ALE
ov ov '\\Am/J
+5V LS00
< 10k

LS04

Fig. 5. The 8085 can easily be single-stepped by using t.t.I.
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Single step

The next stage is to step the microproces-
sor through instructions, monitoring the
data and address buses until something
unexpected happens. When the circuit is
on, the flip flop and hence ready can be
either low or high. After the power-on
reset, the 8085 produces an ALE to latch
the lower address bvte 00. Signal ALE is
inverted by Gj clearing the flip flop and
ready goes low. This condition will con-
tinue until the push switch S, is depressed,
which after debouncing by G, and G,
clocks a high through the flip flop. Ready
goes high and the 8085 completes reading
the first instruction and issues the address
for the next byte. Once again the flip flop
is cleared and the microprocessor waits for
S;. In this fashion S; can be used to single
step the 8085 through each bvte of each
instruction. Take care to ensure that G;
does not overload the ALE line, which can
drive a maximum of five normal LS t.t.].
loads.

Using this circuit the microprocessor
can be stepped through its program in
prom until something goes wrong. Often it
will only take a few instructions to high-
light shorted address or data lines, al-
though the tester will obviously need to be
able to spot certain 8085 op-codes such as
jumps, calls, interrupts and returns. The
beginner to the 8085 should learn a lot

continued on page 49

45



vnthesized
television modulator

As well as providing 5.5 and 6MHz sound, this modulator can be accurately switched

There are a variety of television modu-
lators currently available for inclusion into
video games, pattern generators etc. Such
modulators have a tuning characteristic
with a very wide tolerance, and a long-
term and therma! frequency stability that
leaves a lot to be desired. These problems
are being highlighted by the introduction
of frequency synthesis to domestic tele-
vision receivers. These precision tuning
systems still require provision for fine
tuning and a.f.c. It seemed obvious to us
that frequency synthesis should also be
applied to the television modulator, and
this article describes such a design.

The objective then was to provide a
television signal at r.f. whose frequency
could be adjusted with confidence to any
one of the recognized u.h.f. television
channels. Frequency synthesis would be
used, the channel being loaded by
thumbwheel switches, and the whole
system being under the control of a
microprocessor. The diagram of Fig. 1

Fig. 1. Block diagram of complete tv
synthesizer.

to any desired u.h.f. channel

by R. Wilkins & L. Cergel

shows a basic phase-locked loop whose
programmable divider ratio is supplied
from the microprocessor.

Microprocessor

The MC6805-P2 m.p.u. is an eight-bit
microprocessor with a built-in software
capacity of 1Kbyte of rom, 64 bytes of
ram, and twenty t.t.l./c.mos-compatible
bidirectional input/output lines. Eight
of the lines are l.e.d-compatible. The
microprocessor is designed for low-cost
high-volume applications; normally the
makers of the device would produce a rom
pattern from the customers software, and
manufacture at least several thousand
parts. For the one-off however, there is an
eprom version that can be loaded with
software and if necessary erased and
loaded again many times over and the
MC68705-P3 version was chosen for this
application. Its task is to take in the
channel number from the two b.c.d.

Video

- === 5 - = o = e T |
! b

|
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[ oscillator
| |
| |
, ¥ tune 64 |
| |
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thumbwheel switches, do the necessary
calculations and send the division ratio to
the programmable divider. However, as
the information sent to the programmable
divider is latched into the divider the
microprocessor unit need only send the
information when it needs changing. This
has the advantage of keeping radiation
from the microprocessor to a minimum,
which is essential in r.f. applications.

As the microprocessor is only checking
the thumbwheel switches most of the time,
it can be given additional work to do.
Firstly, if the requested channel is less
than 21, the microprocesso.‘}aresumes that
the user has made a mistake, lights a lamp
and sends the data for channel 21 to the
programmable divider. Similarly, if a
channel greater than 68 is requested, the
light comes on again and channel 68 is
sent. Secondly, as sound may well be
required as well as vision, the micro-

Roger Wilkins’ schoolboy interest in
radio was complemented by an HND
from Kingston Polytechnic and lead him
into a career in consumer electronics.
For the last 15 years he’s been involved
in the design of colour television
receivers in London, Bradford, Geneva
and now Gosport. His previous job was
as an applications engineer with
Motorola in Geneva, which is where this
project was completed. Working now
for Thorn EMI Ferguson on chroma and
video circuits, his original interest in
radio is still alive, with emphasis on
receivers and amateur radio.

Lubomir Cergil, born and educated in
Czechoslovakia, now lives in Geneva.
Well qualified academically, his early
career was in pure research, firstly at
the Czechoslovak Academy of Science
and later as a visiting scientist at CERN.
He then worked for Motorola in Geneva
on c-mos and e.c.l., and now specializes
in eight-bit c-mos microprocessors.
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Fig. 2. Restructuring of the ELC1043 tuner to turn it into a modulator.

processor can control a second phase-
locked loop, synthesizing either a 5.SMHz
or a 6.0MHz sound carrier.

Modulator
In Fig. 1 the circuit blocks that are
enclosed by the broken line were the result
of heavily modifying a Mullard ELC1043
television tuner. But as the purpose of this
article is to decribe the application of
frequency synthesis, only an outline of the
necessary modifications to the tuner are
given. The changes, shown in block form
in Fig. 2, follow an original article by
Trundle (Practical Television, April 1975).
Three further changes were necessary
beyond the circuit described by Trundle.
Firstly, the length of the oscillator tuning
line was increased so that the whole u.h.f.
band could be covered by the oscillator.
Secondly, a + 64 prescaler was fitted
inside the tuner box and coupled up to the
oscillator output. Thirdly, the original
black-level stabilizing circuitry was
improved. The result of the modifications
was a tuner box that required and
produced the signals shown in Fig. 3.

Phase-locked loops

Fig. 4 shows the contents of a UAA2000
which is the device chosen for both phase-
locked loops in this application. The
crystal frequency chosen was 4MHz, and
is used as a clock for the microprocessor as
well as the second UAA2000. In both
phase-locked loop circuits, the output
from the reference divider is 976.5625Hz,
the frequency that the u.h.f. oscillator
must be divided down to. For example,
channel 44 is 655.25MHz, and this must
be divided by 670975 to make it equal the
reference frequency. Part of the division
ratio is fixed at 64 by the tuner pre-scaler
and there is an additional fixed =2 in the
UAA2000. The programmable divider
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must therefore divide by 5242 to obtain the
correct result. Calculation of the ratio
provided by the programmable divider is
done by the microprocessor.

The UAA2000 accepts data in serial
form made up of 18 bits. Data are
transferred into the shift register on
positive-going edges of the clock, and
latched into the programmable divider
after the enable signal goes high. The
required waveforms and their timings are
depicted in Fig. 5, together with the
format of the serial data word. The first
four bits are used in v.h.f./u.h.f. operation
and are all zero in this application. The last
14 bits are the binary equivalent of the
division ratio, with the first bit, bit five,
being the most significant. Fig. 6 shows
the data, clock and enable waveforms for
channel 44. This requires a programmable
division ratio of 5242 which has a binary
equivalent of 0001010001111010. The
order of the binary number is reversed
however to satisfy the requirements of the
UAAZ2000 shift register.

For the sound channel modulation, the
microprocessor sends the binary
equivalent of 2816 for 5.5MHz or 3072 for
6.0MHz.

Circuit description

The complete circuit diagram is shown in
Fig. 7. The incoming video has its sync.
tips clamped to a voltage adjusted to match
EL.C1043 a.g.c. characteristic.

A sound carrier is generated using a
Hartley oscillator tuned by an MV2112
diode. Its output frequency can be either
5.5MHz or 6.0MHz depending on the data
fed into the phase-locked loop divider.
The sound carrier output, as well as being
fed back to the UAA2000 to complete the
loop, is added to the video via an 18pF
capacitor. A locally generated 700Hz tone

frequency modulates the sound carrier,
though an external modulation may be
connected. The correct 50us pre-emphasis
is provided by the 2.2nF capacitor
connecting the audio to the Hartley
oscillator. An ever-increasing frequency
response is prevented by the 10k() resistor
limiting the maximum amplitude at about
15kHz.

The two phase-locked loops have the
same circuit but different filter time
constants. Values used for the calculation
of the loop filters are

Ky = 0.8 voltrad
K, = 84.5 x 10 rad/s/volt for vision
and K, = 571 x 10 rad/s/volt for sound

Both UAA2000s share the same data and
clock, but have different enable signals for
obvious reasons.

Software description

Because there is no hardware or timer
interrupt used in the system, the software
is organized as depicted in Fig. 8.
Initialization. After power is applied or
the reset activated, the microprocessor
starts with the initialization subroutine.
The following operations are performed.
Input/output relations are established on
ports A and B. Port A is configured as
eight input lines, on port B only the line
PB; is configured as input; all remaining
lines are outputs. The UAA2000 circuits
are set into the starting conditions, in that
the input VDR, DATA, CLOCK are set
into logic state 1. The starting address of
the program — which is the initialization
— is stored under the reset interrupt
priority. The MC6805P2 or MC68705 can
be reset three ways: by initial ‘power-up’,
by the external reset input (RESET), and
by an optional low-voltage detect circuit.
Input data for vision. In this subroutine
the switches are read and debounced. The
value is read in b.c.d. and compared to the
value previously read. If there is no
difference, no further action is required

YLOmV

_r— +12V

ELC 1043
= 6b
Prescaler
L2648
: Tuning
- Videg _voltage

|

18v

Fig. 3. Signal levels to be found around the
modified ELC1043 tuner.
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Fig. 4. Simplified block diagram UAAZ2000 showing the parts necessary in this application

taken from Motorola data.

Last bit
shitted

First bit
shitted

B‘Lumber[18|17|16]15]1L|13]12|11|1o]9|e‘7‘6‘5[1.[3[2[1J

lsb

t l
m‘s.tJ.'|

————— Division code

Enable
{ VDR %

Band code

Data

Fig. 5. Motorola UAA2000 data format and timing diagram.

and the program execution is diverted to
the next subroutine. If there is a
difference, the b.c.d. is transformed into
the n.c.b. value. The result of the
transformation is compared to the value
for channels 21 and 68. If the new value is
lower than that for channel 21, the value
for channel 21 is considered correct. On
the other side of the scale, if the new value
read is greater than 68, the value for
channel 68 is considered correct. In both
cases the lamp is switched on, signalling an
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incorrect value read from the switches.

In the next step, the division ratio for
the UAA2000 circuit is calculated. The
result is 14 bits long and stored in two
registers. Input data format for the
UAA2000 is 18 bits long and consists of
the band code, which is four bits long and
the input frequency division code, which is
14 bits long. High-to-low transition on the
v.d.r. allows an access to the new data.
The new data starts with the band code
first, followed by the input frequency

Copies of the software listing and printed
circuit board and component layouts are
available from the editorial office at
Quadrant House, The Quadrant, Sutton,
Surrey SM2 5AS, in return for a stamped
and addressed envelope.

division ratio code, most significant bit;
first. During this operation the timing:
must be guaranteed, as required by the:
data sheets for the UAA2000.

Data input sound. Information about the
sound frequency is on the pin PB;. The
input frequency division code for the
sound is altered only if there was a change
with the previous reading. The values that
are to be sent to the UAA2000 for sound
are stored in the same registers as the
vision values, and the same routine for
code generation is used as for the vision
code. At this stage the program is returned
to the reading of the possible new data for
vision and the process continues. \VVVV

Initialization

‘.

input data
tor vision

Send data

Input data
tor sound

Send data

L |

Fig. 8. Software flowchart for both sound
and vision loops.
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Fig. 7. Full circuit diagram of synthesized
television modulator.

Performance

P‘Vmon camer power +87dBuV
-Sound carrier power +50dBuV
Residual f.m. on vision carrier +3kHz
Vision/sound intermodulation -50d8
 Vision bandwidth -448 at 5MH:
. -8dBat10MHz
ln settling from channel 40 to channel
- 41, the software processing time is
43ms, foliowed by a p.L.1. settling time
of 11 m§.

Testing microprocessor-based Systems o son page 45

about its operation by making practical use
of this circuit.

Displays

Examining the address and data buses with
a logic probe or oscilloscope for a dozen or
so instructions starts to prove rather te-
dious and if serious use is intended then it
is worthwhile adding some displays and a
high-speed multiple step.

Data and address can be displayed on
individual l.e.ds or more expensively on
seven-segment displays. Either way, the
addition of displays must load the 8085 as
little as possible and certainly via buffers.
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One approach is to wire the buffers etc to a
40 pin i.c. clip that fits over the 8085.
Figure 6 shows an array of seven-seg-
ment displaysD;to Dg. Displays D; and
D, register the upper address byte and are
driven from a 74L.5§373 latched on a buf-
fered version of ALE so that it only pre-
sents cne LS load. Each display is a
TIL311 which includes the relevant de-
coder. Other displays can be used although
not all can display the hex codes A to F
sausfacrorily, or alternatively single l.e.ds
could be driven from each bit. Consider-
ation must also be made of the extra power
consumption this type of circuit requires.
Displays D3 and D4 show the lower

address byte and Ds, Dg the data. And IC;
can be either a straight buffer such as an
811895, or a latch clocked by RD or WR
so that either can be monitored. Note that
this circuit loads ADg.; with two buffers.

Multiple step

A multiple-step facility can easily be incor-
porated, as shown in Fig. 7. The capacitor
value can be varied to suit personal choice.

There are many other enhancements
that can easily be made, however the cir-
cuits and notes described here have to be
found quite adequate for simple hardware
and software debugging. VWV
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TEM-WAVE PHYSICS

Lest the fierceness of Mr Catt’s response to Mr
Dalton (February 1984 issue) obscures what he
said, could I diplomatically support all that was
contained in his letter while at the same time
describe a situation where E and H are 90 out of
phase. This should please Mr Dalton.

But first let me remind Mr Dalton that the
opposite of “static” is “dynamic” and not “os-
cillatory”. The last is just one of many modes of
motion which need not even be periodic. This is
particularly important because the example 1
propose to give for E and H being 90° out of
phase is static. This should please Mr Catt.

Starting from Maxwell’s equations it is easy to
derive equations of wave propagation for E and
H, the solutions of which are

E=f(x—ct)
and H= b f(x—ct)
cu

where f can be any function, not just sinusoidal
or even periodic e.g. a digital (level) change, a
single pulse — square or any other shape.

The variation (f) of H matches precisely the
variation of E (also f) whatever whatever f hap-
pens to be. There is no delay between E and H
or, in the case of f being sinusoidal, no phase
difference. As Mr Catt states there is no causal-
ity between E and H. However, and this may be
part of the origin of Mr Dalton’s error, there is a
rotation of 90° from E and H which is right
handed about (not along) the direction of propa-
gation. Thus if f is sinusoidal E and H are in
phase but at right angles to each other in space,
not time.

If the equations above are divided one into
the other then

E I o

where Z, is the wave impedance of free space
(about 375 ohms) which is independent of f.

If E and H were sinusoidal and 90° out of
phase as Mr Dalton suggests, then Z, would be
the tangent i.e. from minus infinity to plus
infinity. This would make it difficult for a wave
to propagate. At the very least it would imply
causality if one knew which occurred first and at
worst would mean changing the title of your
illustrious magazine.

This brings me to the example of E and H
being out of phase and possibly the other half of
Mr Dalton’s confusion.

Suppose that a sinusoidal wave described by

EEEn {%(x——ct)}

has superimposed on it an equal wave but
travelling in the opposite direction, say by ref-
lection, described by

E;=Eqsin [2: (x+ct)}

Some trigonometry reduces the sum of these

to
2nx 2nct

E;+E;=2Esin 3 -0s .
or 2Eg sin Z%IX Cos @
Similarly H,+Hy=—2H, cos 2’;" e

This results in the well-known standing wave
where the nodes of H correspond with the peaks
of E and vice versa i.e. 90° out of phase. When E
is a maximum, H is zero everywhere. Then H

50

grows and E decreases until it is a maximum and
E is zero, and so on cyclically. Thus the
standing wave has all the appearance of
transforming itself from an entirely electric
form to an entirely magnetic one and vice versa.
But it is just an illusion, for as Mr Catt states,
there is no causality between E and H for a
single wave, still less is there any between two in
which we only observe their interference pat-
tern.

This, I hope, explains the source of Mr Dal-
ton’s confusion.

Finally I would like to disagree with Mr Catt
(only in a very minor way) concerning his refer-
ences. Carter in his book “The Electromagnetic
Field in its Engineering Aspects” pages 266 to
276 is quite specific about there being a delay
(or phase difference in the sinusoidal case) be-
tween E and H, both in his diagrams and. text,
and of which the above is, I trust, an accurate
paraphrase. They correspond, though in dif-
ferent words, with the views expressed by Mr
Catt.

E. O. Richards
Hitchin
Herts

PS: For those who share Mr Catt’s disgust with
sin and cos I commend a closer look at Walsh
functions, an introduction to which appeared in
these pages in January 1982. An excellent book
on the subject is “Walsh Functions and the
Engineering Applications”.

OPERATING FORTH

The articles by Brian Woodroffe and Roy Eas-
son on the description and applications of the
Forth language have been admirable and must
have done much to popularise this elegant little
computer language. In particutar Mr Easson’s
introductory paragraphs are as concise an expla-
nation of Forth as I have seen anywhere.

Of all the features of Forth the one which
seems to be over-emphasized is the manner in
which it is extensible, i.e. that new words, de-
fined by the user, can be added to the dictionary
thereby extending the language. This mechan-
ism is not unique to Forth. Most languages
especially the so-called block-structured ones
have similar features. In Algol, Pascal and Coral
66 the section of code which carries out one
small well-defined task can be isolated, called a
procedure and then given a unique name.
Thereafter, whenever that particular little job
needs to be done, the controlling program
merely calls that procedure by name. Similarly
the procedure can be incorporated into bigger
procedures and so on. Most large operating
systems with a job control language have a
stmilar arrangement. Sequences of commands
are put into a named file (a macro) that can then
be considered as an extension to the j.c.l. since
invoking it causes the machine to obey the com-
mand sequence it contains. That macro may
also be incorporated in further macros. Where
Forth scores 1s surely the simplicity with which
its new words are defined.

It is this simplicity and conciseness which are
its real advantages. Forth is not just another
language. It is also a complete miniature operat-
ing system. In size, it requires much less
memory than most compilers would require as
their workspace.

In implementation it means that Forth can be
installed on most machines quickly and econo-
mically, especially if the FIG-Forth model is
used. In operation, it means that a new user can

sit down at any keyboard and use Forth without
needing a week or more to learn how to drive
the host computer first (the problem that ADA
is striving to beat). Time on development is
saved and, due to the structures of Forth, so is
time and effort in testing. Any project manager
on a tight budget will tell you how valuable
these savings can be.

I don’t wish to eulogise Forth, for it is not the
perfect language by any means. But its more
unusual virtues are very real and deserve re-
cognition. It comes much closer than any other
so far to my personal ideal of a Universal Assem-
bler Language that I can afford.

L. J. Smith
Barnet
Herts.

‘CURRENT DUMPING’

Readers may be interested in the basis on which
‘current dumping’ is founded. In the Wireless
World for January 1973 and October 1974 1
published two contributions on ‘error take-off’,
as I now call it, which preceded P. J. Walker’s
AES lecture on current dumping in March
1975.

However, Vanderkooy and Lipshitz have
very clearly shown in the FAES (Jan./Feb.
1980, Fig.6) the connection, reproduced below.
It may well help others who wish to develop
error take-off circuits, of which current
dumping is a successful example.

A. Sandman
London NW3
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Fig. 6. (a) Sandman’s "‘ervor take-off * ponciple, in which any
errons (including pain errors as well as nonlinear distortions)
caused by A, appear at its viral ground summing point O and are
thus available for amplification by the auxiliary amplifier A, and
subsequent subtraction from the output signal. (b) The circuit
rearranged to make use of an operational amplifier for A;. (c)
Showing how ““current dumping’ ™ is derived from (b). The resis-
tor R, has been removed, and A, can derive its input signal from
the output of 4, If A, has a large gain then there will be no
distorvon in ¢, if 2,2, = 2,2, ]
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FORTH COMPUTER

Although James Kidd and I agree about what
makes the 6809 so sutable for FORTH, I dis-
agree with his rankings: 1 data stack access 2
NEXT 3 control stack access. As NEXT is
executed every time any code fragment finishes
it is executed as often as all other fragments put
together. Hence it is the most critical piece of
code in any FORTH implementation. It is the
execution frequency and not the static fre-
quency of occurance that matters (i.e. those
things at the centre of loops matter more than
those outside). Conversely the execution time of
80% (or is it 66%?) of the code has minimal
effect on the overall performance. Hence the
fast execution of infrequently encountered in-
structions (e.g. divide, string search versus add,
move etc) is almost irrelevant and hence the
RISC argument. It is a mistake to make a virtue
out of anything that extends NEXT not only
because NEXT is time critical but also because
error correction and program testing in a high
level interactive environment should be done
with the tools of that environment and not with
the aid of single step debugging.

The FORTH primitives DOCOL and
SEMIS are the most commonly executed. Im-
plementers of FORTH on processors which do
not support two stacks should investigate the
potential of making the control stack the proces-
sor “normal” stack and maintaining the data
stack via a user pointer. This should benefit the
8088 for the common control stack operators
(DOCOL, SEMIS) only push and pop values.
This would leave BP free to access the data stack
using indexing modes as noted by J. O’Connor.
The 8088 BP register is used for the control
stack in the FIG model.

The 9900 series memory to memory architec-
ture appears to be peculiarly unsuited to compu-
tation and FORTH for most operations involve
the time penalty of three data accesses to
memory whereas more normal architectures
(e.g. 6800/8080 etc) seldom require more than
one. Texas have dropped their 99/4A home
computer (9995 based) and their latest personal
computers incorporate more mainstream pro-
ducts. However, the 9995 by virtue of its own
on-chip memory that could be programmer
maintained as an instruction cache could be an
interesting prospect for FORTH. Caching is a
method of keeping frequently accessed data (or
instructions) in fast on-chip memory which
makes the whole memory system look faster. It
is similar in concept to paged virtual memory
between disc and main memory which FORTH
has. I leave it to the interested reader to follow
this up. (The Z800 with genuine on-chip cache
looks especially interesting in this respect.)

Mr Bacon goes on to castigate me for trying to
make some allowance for the processor’s re-
quired memory speed. In any design with a half
decent size of memory the cost of that memory
will be more than that of the processor (in my
case 4:1 approximately), hence it is reasonable
to make some allowance for higher cost of faster
memories. Hence my crude attempt to rational-
ize processor speed with memory access time.
As James Kidd points out access time does not
linearly scale with clock rate (especially if wait
states are used). However, some allowance must
be made. Also as James Kidd points out my
design should use 350ns eproms, although I still
use 450ns parts with a standard 6809 running at

We assure Mr Woodroffe and his readers that
the reprinting of his correspondence was
entirely inadvertent! — Ed.
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1.SMHz. As the read/write control signals (MR,
WE etc) are conditioned by the processor clocks
there is no problem if the chip selects glitch
upon an address change.

The on-chip memory used as a program cache
is the main reason why Texas were able to show
the 9995 running the Intel benchmarks faster
than the 8088. One would expect the 9995’s
performance to be less good if the program
could not fit the cache. So there are problems
about the suitability of the benchmark as a per-
formance indicator for the target application.
Similar reservations should be borne in mind
when looking at the Seive of Eratosthenes re-
sults. If your application is scientific (floating
point operations dominate) then the Seive re-
sults will not be a good indicator. You should
think in terms of a processor that supports a
numeric co-processor (i.e. a newer 16-bitter or a
mini), but if you want to run FORTH then in
most any environment the 6809 takes a lot of
beating.

It is not true that ‘in most high level lan-
guages most time is spent pushing garbage’.
Today’s compiler technology is such that an
optimizing compiler will produce more efficient
code than a human can. Not only will it be done
correctly every time but also the computer is
much better at taking a global picture. Hence
reasons why neither Inmos (Occam for the
transputer) nor Xerox (for the Mesa system)
issue details of the machine instruction set, for
the compiler will produce optimum code. To-
day most operating system kernals are written in
compiled code (e.g. Unix in C). High-level lan-
guages are accepted as the means to get
programs to work more quickly and thus save
programmers’ time. No matter how fast a
program runs, unless it runs correctly, it is
wasting programmers’ time.

Dr Croker of Woking has written to me
pointing out that the FIG model for the 8088 is
coded sub-optimally. NEXT can be shortened
to the four byte macro ‘LODSW; MOV BX,
AX; JMP [BX]’ improving NEXT’s speed by
about 40%. It is not true that as originally coded
there have to be multiple copies of NEXT for
the JMP NEXT is coded as a short jump
(+-32k bytes) and not a near jump (+—127
bytes) as Martin Bacon supposes. Second, by
keeping the top of data stack in a register (e.g.
DI), many data primitives can be improved
(e.g. @ becomes MOV DI, [DI] etc). This
technique can be applied to any simulation of a
zero address machine. I looked into this when I
coded my 6809 (top of stack in D) but I felt
the disadvantages to the branch primitives
(OBRANCH, (LOOP) etc) would outweigh the
benefits to the data primitives (@, + etc).

Mr Carter of Nottingham has also written to
me showing that my method for producing a
11us data transfer routine can be improved. He
points out that as the transfer loop does not
affect 1he carry flag then it can be cleared upon
loop entry. This is then tested for upon possible
loop exit and in the normal case it will loop
back. However when the sector transfer is com-
plete the NMI interrupt occurs to set the carry
flag in the saved context hence letting the
processor exit the loop. As the interrupt does
not cause the loop exit but only flags for it there
is no need to have differing interrupt vectors.
He also points out that if the WD1793 exhibits
an interrupt latency near its maximum rather
than typical value my data transfer loop could
fail, requiring a re-try (t; 500ns typ, 3000ns
max).

Further failings in my proof readings have
been detected by constructors. The full list of

errors appears to be:

— pins 39/40 of the 6821p,.i.a. are shown re-
versed June page 36.

— power supply op-amp is MC3405 July page
61.

— power supply op-amp pins 5/6 shown re-
versed July page 61.

— 6809 interrupt pins are irq 3, firq 4, nmi 5
May page 56.

— LS122 for pin 9 read 11, for pin 11 read 13
May page 56.

— dot clock oscillator 51pF connects to IC;4 pin
9 not 8 June page 56.
— Some constructors’ computers hang upon
producing the log on message. I have been
unable to reproduce this. It is apparently
cured by pulsing an interrupt low.

— LS139 see corrections in June issue, page 58.

— LS138 pin 15 label ‘v’ not ‘u’ June page 56.

A source listing is also available.
Brian Woodroffe
Edinburgh

PRECISION PREAMP

I should like to thank Mr Armstrong (Letters,
January) for the interest he has taken in my
latest preamplifier design. Unfortunately I am
in the position of having to contradict virtually
everything he says. At the end of my article I
expressed the pious hope that anyone wishing to
dispute points of the kind raised by Mr Arm-
strong would arm themselves with objective evi-
dence (i.e. actual measurements). Sadly, he has
not done this.

I was not surprised that I failed to convince
everyone that tone controls could actually be
useful; although it is less than ten years since a
preamp without them would have been un-
thinkable, since then fashion and dogma have
been invading a field in which the technical
challenges have largely been overcome. Omit-
ting the tone controls will not save a lot of
components, as you must retain not only the
high-impedance buffer, but also the tone-
control op-amp, in order that the balance
control can be retained. This also keeps all ins
and outs in phase. I should like to emphasize
that with the comtrols set centrally the signal
undergoes no spurious phase shift or detectable
degradation. Nonetheless, here are the details
for a no tone-control version.

(a) Delete Ry, and Cjg to Cz;, and also the
treble control.

(b) Replace Ry and the bass control with
short circuits, and change Rjg, 19 to 1.7k.
This should be satisfactory, though I must
emphasize that I have not tested it exhaust-
ively.

I do not believe that I have neglected any of
the important parameters of electrolytic capaci-
tors. They are quite adequately reliable when
operated with no polarizing voltage; only the
application of a reverse bias greater than 1V is
likely to cause breakdown of the dielectric film.
This of course cannot happen when an electroly-
tic is being used as an audio coupling capacitor,
because the voltage across it does not change
significantly during any cycle of normal audio
frequency: if it did then it would act as a low-cut
“filter”. Of course, no-one in their right mind
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This printed circuit board, accommodating
a stereo version of D. Self’s precision
preamplifier (Wireless World, October
1983} is available from its designer, P. A.
Joiner, at Glensuie, Lybster, Caithness
TW3 68S, for £13 inclusive of postage.

The preamplifier uses the recently
introduced NE5534 op-amp circuit.
Measurements on Mr Self’s prototypes
gave a sinal-to-noise ratio on the moving-
magnet disc input of 81d8B (referred to a
5mV r.m.s. input at 1kHz). Distortion on the
line inputs for a 100mV signal was 0.005%
{1-20kHz).

would attempt to define a critical time constant
using a wide-tolerance electrolytic, though I do
wonder quite how well Mr Armstrong under-
stands this point.

It should also be unnecessary for me to point
out in a journal of WW’s calibre that the reason
op-amps do not saturate themselves with their
own offset voltages is because they have d.c.
negative feedback, not despite it.

Mr Armstrong’s next point surprises me; if
any preamps have been built using nothing but
non-polar electrolytics, then I should think they
were very expensive and bulky. All a waste of
money too, because this faled “electrolyuc
capacitor cross-over distortion”, which is, I as-
sume, what he means, simply has no existence
in reality. Any old electrolytic will pass an audio
signal with less than 0.001% harmonic distor-
tion (the limit of my Sound Technology
testgear) and no questions asked. I fully under-
stand that many people will consider sinewave
testing hopelessly unhip, and will claim that this
alleged audio degradation mechanism, like so
many others, is only audible on critical listening
to music of a specified genre. However, like
many engineers, I find it hard to believe in a
degradation mechanism that is intelligent
enough to tell the difference between music and
sinewaves, and only mangle the former. I can
imagine that a complicated circuit could be de-
vised with this property — a “pathological am-
plifier”, but I do not see how such an inevitably
complex mechanism could lurk inside a humble
capacitor.

Similar objections apply to the mysterious
failings in non-gold connectors. While it is in
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theory possible for a rectifying contact to be set
up, in practice it just doesn’t happen; if it did it
would be instantly audible as gross distortion. It
is instructive to set up the above-mentioned
testgear, with the oscillator output returned to
the analyser input via the connector under test,
and to attempt to generate distortion (even
0.001% would do) by loosening or maltreating
it. Having failed to produce a convincing recti-
fier from a series of ancient connectors, and
various scraps of oxidized wire, I was eventually
driven to using a rusty iron nail as one contact.
This was capable of generating some second-
harmonic distortion, but while it may be rele-
vant to crystal sets it has nothing to do with hi-
fi.

There is no point in worrying about electroly-
tics or connectors in the signal path. Not only
are they normally harmless, but any signal your
hi-fi system is likely to encounter will have al-
ready passed through hundreds of both in the
recording process. The complexity of modern
mixing desks and multi-track recorders is such
that only real, rather than mythical, engineering
considerations are given house-room.

Mr Armstrong, like all too many hi-fi enthu-
siasts, has come on strong with assertions but
without a single shred of objective evidence.
D.R. G. Self
London E3

XY PLOTTER

I was most interested in the article on construct-
ing a cheap X-Y plotter in the January issue of
Wireless World and in the follow-up letter on
drawing straight lines in the subsequent issue.
You may be interested that a complete straight
line drawing program is to be found in the
Sinclair ZX81 BASIC Programming manual on
page 121. This is the first edition dated 1980 —
I have not checked that it is still in there in any
subsequent reprints. I have implemented this
program in machine code on the Wireless World
Nanocomp, two of the 7-segment displays being
used to indicate the rotation of the stepper
motors.

I understand that this is an implementation of
a Digital Differential Analyser algorithm (it in-
tegrates a constant). It would only need a second
routine with an invertor to draw circles or parts

wWWwWw_americanradiohistorv com

of circles, this being a digital equivalent of a
sine/cosine generator using two integrators and
an invertor (I am an analogue computer enthu-
siast myself). Maybe there is someone out there
who may like to investigate!

M. D.J. Foreman

Department of Computer Studies

Bristol Polytechnic

FUEL LEVEL SAFETY

I am concerned about the safety of the “Fuel-
level indicator” Circuit Ideas, (January 1984).
When used with liquids like petrol, precautions
to prevent a static discharge from the tank to the
“outer copper tube’” should be taken. The
connections to the copper tunes comprising the
sensing capacitor should be in a vapour-free
region, lest a mechanical failure occurs while the
circuit is live.

C. D. H. Williams

Durham University

PREFERRED HISTORY

I’'m afraid that both Watson (November 1983)
and Scott (January 1984) impute too formal a
construction of the preferred value series. It
has, by the way been variously called the
stepped incremental series, logarithmic and ex-
ponential series. Many laws could no doubt be
fitted closely to the values but that is not how
the system was designed.

At the outbreak of the 1939-45 War, the stan-
dard series for resistors was 10, 15, 20, 25, 30,
35, 40, 45, 50, 60, 75, 100. From these 35, 45
were frequently omitted by manufacturers.
These omissions were of academic interest only,
since designs called for almost any value re-
quired viz. 140 or 2300 or 37500, which values
were generally found by selection.

However the rapid build up of sophisticated
electronics in 1940 to ’45, saw industry being
slowly choked by demands for large quantities
of outlandish valued resistors. The process of
selection had been passed back from the user to
the manufacturer, and action had to be taken to
relieve the situation. The same of course was
happening in other components, particularly
valves.

In October 1941, the MAP, MOS, and Ad-
miralty set up the Inter-Services Component
Committee. With representatives in the design
establishments, it was intended to control the
supply of components, and to prevent wastage
of manufacturing effort. One of its aims was also
to standardize on components, to simplify
stockholding by the Services supply branches,
and to simplify servicing. One of its early tasks,
through its technical committee ISCTech.C was
to try to devise a value series, and at the same
time reduce the number of values in the basic
(20%) series.

A number of draft proposals were made in a
memorandum sent to the Design Estab-
lishments, TRE, ADRDE, RAE and ASEE, as
well as equipment manufacturers. There were
many uncomplimentary remarks thrown around
concerning what many considered to be in-
terference, until it was realised that (a) the ISCS
meant business and (b) ultimately standardiza-
tion would be in the interest of designers as well
as the War effort in general.

The initial series hinged around the R x 1.5
sequence. When expanded this gives a reason-
able series at the lower end of the scale: 10, 15,
22.5 (rounded to 22) 33, but from here, the scale
widens 49.5 (rounded to 49), 73.5 (rounded to
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73) and 109.5. Clearly the range should fit into
the decade better.

Possibly a disproportionate amount of effort
was put into the problem, remembering that we
were in a crucial stage of the War, and that if
any real benefit was to come out, the solution
had to be found quickly, as otherwise it would
be too late to affect production within the
foreseeable future. In the meantime vast
numbers of new equipments were being de-
signed using the decimal series.

One event however concentrated the minds
wonderfully. A ship carrying a bulk consign-
ment of resistors from the USA was sunk. Many
equipments were intended to be totally provi-
sioned by this consignment, but one of them
was the GL3 (AA No 3 Mk2) which required
over a million resistors mainly for the Presenta-
tion (display) Unit. Immediately, The Gramo-
phone Co. (EMI), who were responsible for the
PU and already resistor manufacturers on a rela-
tively small scale, set up a vast crash programme
to produce not only those components they
themselves required, but also to satisfy other
manufacturers. They used the spiralled carbon
process and I enclose some samples of the resis-
tors made at that time, including also some
wirewound ones (on glass).

In expanding production the company pro-
duced preferred series of their own for use by
their own designers, arguing that any decimal
value could be satisfied within its tolerance by the
nearest preferred value. Their series was 10, 15,
23, 32,47, 68, 100 in which the values 23 and 32
could equally have been 22 and 33: they were
simply the nearest whole numbers to 20, 25 and
30-35 respectively. Similarly 47 is the near equi-
valent of 45 and 50, and 68 that of 65 and 70.
The important thing however is the recognition
that it is possible to build a series built on
tolerances.

In the meantime other thoughts had also
turned to the use of tolerances to delimit the
series, using the tolerance limits to touch or just
slightly overlap. Thus any value resistor as
manufactured could be assigned a unique value,
within its tolerance. If we consider the 20% series
the following are the possible figures:

10 15 22 33 49 73 100
49 72
48 71
48 70
47 69
47 68

In most cases however, the +20% tolerance
of the higher choices (69-73) exceeds 80
(=100—20%) by substantial amounts. If the
tolerance band overlaps are minimized and
equalized, the most likely series becomes 10, 15,
22, 33, 47, 68, 100. Similar methods can be used
to fix the 10 and 5% series.

The preferred value list was promulaged in
late 1942 or early 1943 and was published in
WW and other periodicals in March 1943 (WW
vol. 49 no. 3 page 71). The scales were not so
much mathematical, but were good old compro-
mises born of the necessity to simplify manufac-
ture. They were, even so, too late to have a
significant effect during the War. They became
however lastingly effective for resistors, but al-
though capacitor lists have quoted the standard
values since the 1950s, it is only in the last few
years that they have become almost universal.
Though there were still continued murmerings
about different scales (see for instance Bowen,
WW vol. 50 no. 8 August 1944 page 253).

The arguments about the basic structure of
the E series have flared from its early days, but
one of the most effective explanations came
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from ‘Cathode Ray’ in WW in 1952 ‘Why 47’
(vol. 59 no. 2, page 77).

Donald H. Tomlin

Malvern

Worcs

GPIB/IEEE488 INTERFACE

It was with great interest that we read the article
by A. G. Ray in your February issue, entitled
“An IEEE488 Interface for the BBC Micro,”
and we totally agree that the BBC machine with
an IEEE488 interface is a powerful combination
for automated testing and measurement.
However, we were most surprised to learn that
this was the first IEEE 488 interface available
for the BBC Micro, since we have been manu-
facturing and marketing such an interface for
more than six months!* Our interface, the CST
Procyon, has been extensively featured in the
electronics press, and Wireless World itself has
carried advertisements for it. So it was some
shock to learn that Mr Ray was unaware of its
existence.

From the information give in his article, it
would appear that Acorn’s design philosophy
has been different from our own in that we have
tried to make our interface easy to use. To
appreciate the difference between the interfaces,
it is only necessary to compare the article’s
example program with an equivalent one for our
own interface.

10 *DISC

20 result%=OPENOUT(*“RESULTS”)

30 *IEEE

90 siggen%=7

100 dvm%=3

110 FOR frequency%1000 to 10000 STEP 100

130 PRINT#siggen%,“‘0.1V,”=STR$
(frequency%)+ “Hz”

160 INPUT#dvm%,reading$

180 response=20*LOG(VAL
(reading$)/(0.1*0.7071))

190 *DISC

200 PRINT#result%,frequency%,
response

210 *IEEE

220 NEXT frequency%

250 *DISC

260 CLOSE#result

There are three principal areas in this example
where the CST Procyon Interface is simpler to
use than the Acorn.

1. When the interface is initialized, the Procyon
makes sensible default assumptions — these
make it unnecessary to include lines 60 to 80 of
the Acorn program.

2. The organisation of channel and file handling
is different: the Procyon handles all device
addressing automatically, so, when a string is
sent to a device, the interface unaddresses any
previous listeners and then addresses the target
device to listen. This removes the need for a
separate command channel and lines 40, 50,
120, 140, 150 and 170 in the Acorn program are
unnecessary.

3. The Procyon provides simplified file handles
for use with devices with single primary
addresses. These are automatically opened
when the interface is initialised and may be used
without further use of the OPEN command

*We understand from Mr Ray that prototypes
of the Intelligent Interfaces design, complete
and with software in rom, reached Acorn as long
ago as November 1982. No changes were made
for the production units, the first of which were
delivered to Acorn in November 1983. — Ed.

though it is perfectly valid to do so. This simpli-
fication allows us to eliminate the OPEN and
CLOSE commands in lines 90 and 100, 230 and
240.

These simplications will make programs con-
siderably shorter and much easier for the un-
itiated to understand.

Polling is another area in which the Procyon
is far simpler than the Acorn: serial and parallel
polls are both easily and quickly done using the
BGET# command on special channels allocated
by OPEN.

For a serial poll: (of device 7)

serial poll = OPENIN(*‘SA7”)
response = BGET # serial poll
and for parallel poll: (of all devices)
parallel poll = OPENIN(“P”")
response = BGET# parallel poll

The Procyon interface also allows all bus
commands to be sent individually. Here, we use
a different operating system interface — the
“*Commands” or command line interpreter
OSCLI. We also use the mnemonics recom-
mended by the IEEE488 standard, rather than
the cumbersome Acorn command strings:

Acorn — PRINT #cmd%, “LOCAL
LOCKOUT”

CST Procyon — *LLO

Many powerful operating system features of
the Procyon can be used because of its similarity
to other filing systems. The commands
*“*LOAD” and “*SAVE” may be used to move
blocks of binary data, with a maximum rate of
over S0 kilobytes per second; the “*SPOOL”
and “*EXEC” commands and the DFS utilities
“*DUMP”, “*TYPE” etc. may be used in the
same way as other filing systems.

Users who wish to use the interface as a
simple talker/listener are given full scitware
support rather than being left with the vague
advice to PEEK/POKE into hardware registers.

The Procyon uses secondary addresses to
select between the various functions which are
implemented. One selects the filing system on
the device and this can be used for transferring
programs and data between BBC machines and
other computers. It is both faster and more
standardised than the RS432 interface.

Another secondary address sends incoming
characters to the v.d.u. driver routines, allow-
ing the device machine to be used as an inexpen-
sive graphics display screen for another
machine. Software support is also provided for
passing control of the bus from one controller to
another.

Assembler programmers have a choice of
using the standard filing system calls in the
“usual” way, which is sufficiently straightfor-
ward to be worthwhile in the Procyon system,
or they can use a low level interface correspond-
ing to the mnemonic star commands, but
accessed through calls to Osbyte 139 (*OPT).

The Procyon interface is available in a special
version optimized for use with CBM discs as an
alternative to the disc filing systems and allows
for use of CBM hard disc units. Support is also
provided for the widely used Torch Z80 second
processor within the standard interface. A bus
analyser rom will also be released shortly.

The many features of the Procyon Interface
are fully explained and documented in a 130
page manual, which includes a tutorial section
to help the novice user through the first steps of
setting up an IEEE488 system.

Guy Jennings

Procyon Research Ltd

Martin Baines

Cambridge Systems Technology.
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GPIB combiner

Up to six standard g.p.i.b. controllers can be simultaneously connected to a set of
standard peripherals. A typical application is the sharing of one disc unitand one printer
between several CBM Pet computers.

The GPIB, HPIB, IEEE-488 or IEC625
bus is well known and widely used be-
cause of the ease with which it may be used
to interconnect many peripheral devices.
GPIB-compatible devices are made by
many manufacturers and range from prin-
ters and disc units to industrial power
controllers, network analysers and digital
multimeters. A dozen or so of these de-
vices are simply attached to one computer
or controller using the specially designed
connectors which can be plugged into each
other. The 24 wires which make up the
bus simply run in parallel from one device
to the next. The main disadvantage of the
bus is that only one controller may be
connected to the string of peripherals at
one time. However, with the GPIB com-
biner described in this article, up to six
controllers can be linked via separate 24-
core cables. A single 24-core cable leads
from the combiner to the peripherals
which are ““daisy-chained” in the usual
manner.

The prototypes for this design have been
in use for over three years where a varying
number of CBM Pet computers have
needed to be connected to a varying
number of printers and disc units. They
have been very successful and the users are
rarely aware of the existence of the com-
biners. However, the Pet does not use all
of the functions which are provided for in
the IEEE definition of the bus (in particu-
lar the serial and parallel poll sequences)
and I cannot guarantee that the combiner
will work with controllers built by other
manufacturers.

Table 1 shows the designations of the 24
lines which make up the bus. The 16 signal
lines all use negative logic, i.e. zero volts is
logic one. At each device on the bus, each
line is driven by an open-collector buffer
and at each buffer there is a two resistor
arrangement to pull up the line to about
+3V when the transistor is off (Fig. 1). In
this way all lines of the bus are nodes of a
wired-or gate. That is, any device can pull
a particular line low, but it is only when all
devices are not pulling a line to zero that it
floats high. The high state is also the idle
state for all lines.

The operation of most of the lines of the
bus is not altered by the functioning of the
combiner and so a full description of the
‘bus is not presented here. An accurate and
readable description of the working of the
bus is given in the references.

The bus functions by entering various
modes in which different devices have
control over different lines. For most com-

by David J. Greaves

munications, only four states are used.
These are:

@ Idle mode: this is the quiescent state
which must exist before any communica-
tions can occur. All lines are high except
possibly for remote enable (DEN) which is
hardwired low is some systems. In particu-
lar both NDAK and NRFD are high, a
state which can always be used to detect
the idle mode.

® Device talker mode: in this mode the
controller is receiving a string of bytes
from a device connected to the bus. The
bytes are transferred along the bus on the
eight data lines DAy-DA7. Handshaking is
performed using the three wires NDAK,
NRFD and DAV. The talking device
drives DAV while the controller drives
NDAK and NRFD. When the talker
comes to send the last byte in the string, it
also pulls EOI (end of identify) low. EOl is
normally high. The controller recognizes
this signal and will then prepare to termi-
nate the data transfer and return to idle
mode.

Table 1. GPIB line designations

Pin

name Type Mnemonic Name
1 Data DA Data 0 (least
significant)

2 Data DA, Data 1

3 Data DA, Data 2

4 Data DA, Data 3

5 Control EOI End of identity

6 Hand-
shake DAV Data valid

7 Hand- Not ready for
shake NRFD data

8 Hand- Negative data
shake NDAK acknowledge

9 Control {FC Interface clear

10 Control SRQ Service request

11 Control ATN Attention
12 Control REN Remote enable
130orA Data DAy Data 4
140rB Data DAg Data 5
150rC Data DAg Data 6
160rD Data DA, Data 7 (most
significant)
170rE GND Ground
18orF GND Ground
190rH GND Ground
200rJ GND Ground
210rK GND Ground
22o0rlL GND Ground
230rM GND Ground
24o0rN GND Ground

@ Device listener mode: this is similar to
the talker mode except the controller and
device swap control of the lines NRFD,
NDAK, DAV, DAy-DA; and EOI. Hence
bytes are transferred from the controller to
the device. (Many devices such as printers
are listen-only devices.)

@ Command mode: it is likely that more
than one device will be connected to the
bus, and so before communications can
take place the controller must transmit
information to select one (or possibly
more) of the devices present. Also, many
physical devices have several logical regis-
ters within them and these too must be
distinguished. The solution is to give each
physical device a distinct device address
(or device number). The different registers
within a device are also given a number —
the secondary address. Both halves of the
total address are integers in the range 0 to
30. It is this information that is sent in
command mode. Command mode can al-
ways be identified by ATN (attention)
being low.

A typical transaction

A transaction is the complete sequence of
events from leaving to returning to idle
mode. Table 2 shows the steps of a typical
sequence — the reading of one line from
an open disc file or a paper tape reader.
Ten separate events have been identified
starting in the idle mode at event one. For
each event shown, the lines DAV, NRFD
and NDAK complete one handshake cycle
and the byte shown on DAy-DA7 is trans-
ferred from one device to another. The
byte on DAy-DA7 is true when DAV (data
valid) is low. All transactions start when
ATN goes low as in event two.

Event 2: the controller puts ATN low to
wake up all devices and command mode is
deemed to have been entered. All devices
have to respond at this point since they do
not yet know which of them is to be
addressed in the coming transaction. Each
device temporarily enters device listener
mode (although this is more properly
called acceptor handshake).

The controller now sends out a com-
mand byte selected from Table 3. In this
example the transaction will be data com-
ing from a device to the controller, so the

Fig. 1. In full circuit of the combiner only »
one control section is needed but a
separate interface section is needed for
each user.
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upper three bits of the command byte are
010. Since the device number that data is
being read from is eight, the other five bits
are 01000. This byte is communicated to
all devices on the bus using a standard
DAV, NRFD and NDAK handshake.
Event 3: this event occurs only when a
secondary address is needed. Again a com-
mand byte is selected from table three, but
this time the top three bits are 011. This
tells the device that the low-order five bits
are the secondary address to be used for
the forthcoming data transfer. Only the
device which recognized its device number
during event two will need the secondary
address, but all devices handshake the bus

while ATN is still low — they are watching

out for their own device number. It is
because more than one device can be
handshaking the bus at one time that the
open collector, wired-or structure is used.

At the end of event three the controller
puts ATN high and the remainder of the
devices which were not selected return to
idle mode.

Event 4: since this is an example of a

device talking to the controller, the
controller is now waiting for the first data
byte from the addressed device. It sets up
NRFD and NDAK and waits for DAV to
go low signifying that the byte is present
on DAy-DA;. If DAV does not go low
within a reasonable length of time then the
controller can only assume that device
eight is broken, switched off or non-exist-
ent.
" Events 5-8. The controller goes on read-
ing bytes for as long as it likes. The device
sourcing the data cannot stop sending
bytes even if it has run out of data — it
must pad with nulls. However it can indi-
cate that it would like to stop with the EOI
line. On the CBM Pet the Basic variable
ST is set to 64 when an EOI is detected. If
the program then continues fetching
further data with, say, an INPUT# or
GET# statement then ST is set to 2.

Event 9: when the controller has had
enough data it again puts ATN low to re-
enter the command mode. All devices set
up NRFD and NDAK in order to receive
a command byte. The controller sends
SFH which is the untalk command.

Event 10: finally, the controller puts
ATN high. All lines are now in idle mode
ready for the next transaction.

Logically connected transactions
Consider the case where a program has
been written on the controller to transfer a
file from one device to another, one byte or
line at a time. This might be the case when
listing a disk file on a printer. In the
original IEEE488 standard there is provi-
sion for such a process to be set up by the
controller and run as a single transaction.
However, the average user will not bother
to consult lengthy texts to find out how to
do this. Instead he will write a simple
program such as

40 INPUT#1,A$
SOPRINT#2,A$
60 GOTO 40

This uses two separate transactions for
each line of the file and although this is not
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particularly undesirable, it does cause the
bus to pass through idle mode many times
during the execution of the program.

From the point of view of the combiner
the only way that it can detect that a user
has finished with the bus is the presence of
the idle mode. However, in this example,
the user has not finished and will be im-
mediately submitting another transaction.
It is undesirable that another user should
interrupt and gain control of the printer
(say) during an idle period half-way
through the first user’s job.

The combiner overcomes this problem
by providing a special re-admit period.
This is an interval of about 1.5 seconds
after a particular user has finished a
transaction during which that user alone
can submit further transactions. If he has
no further work to do then the next
controller that is queued is allowed to
proceed; or if there is none, the bus be-
comes free.

There is a disadvantage of the re-admit
period: when two users are quite separa-

tely using two peripherals it works out that
one of them is continually waiting for a
1.5s gap in the other’s transaction stream.
Only then can they swap roles.

Circuit description
The combiner consists of eight sections:
six interface sections, one control section
and a power supply. The sections are in-
terconnected by an internal bus and most
of this bus also leads directly off to the
peripheral devices. Figure 1 shows one
interface section, the control section and
the internal bus.
- The interface sections are very simple as
a]l except two of the signal lines from the
controller lead directly through it to the
internal bus. DAV and EOI are only con-
nected through to the internal bus when a
particular interface section is enabled by
the control section. EOI must normaily be
isolated because of a limitation on the early
Pet computers. To prevent excessive
flicker on the Pet screen when scrolling
was taking place, a programmable output
pin was connected so that the screen could
be blanked, under software control, dur-
ing scrolling. Unfortunately, when ail of
the outputs from the computer’s three ver-
satile interface adaptors (v.i.as) had been
assigned, there was none left to use for this
blanking signal. Instead, the pin that con-
trols EOI on the g.p.i.b. connector was
used for this purpose as well. The two
consequences are that the screen some-
times blanks when using the bus and that
the computer produces an extraneous EQI
pulse every time the screen scrolls. The
EOI half of the interface section is
therefore provided to stop these spare
pulses from interrupting other users’
transactions.

The DAYV half of the interface section is
provided so that the combiner can pull a

Table 2. Typical sequence of bus events making reading up a bus transaction:
reading the line BLUE <CR> from device 8, register 4, in this example.

Control of
Event Mode DAV,EOl NRFD Dataon ATN EOl Comments
DA,DA, NDAK DAyDA,
1 idle = - 00-ali high high high Quiescent state
2 command controller all devices 48H low high Controller requests
that device 8 should
talk
3 command controller all devices 64H low high ‘Secondary address 4’
4 talker device 8 controlier  42H high high Data
5 talker device 8 controlier  4CH high high transfer L
6 talker device 8 controlier  55H high high U
7 tatker device 8 controlier  45H high high E
8 talker device 8 controller  ODH high * return
9 command controller all devices 5FH low high Controller commands
UNTALK
10 idle = = 00 high high

*If this were the last byte in a file, EQOl would be low.

Table 3. Command byte meaning

DA; DAg DAs DA, DA; DA, DA; DA, Interpretation

0 1 0 n n n n n
0 1 0 1 1 1 1 1
0 0 1 n n n n n
0 0 1 1 1 1 1 1
0 1 1 n n n n n

Cause device nnnnn to go into talk mode
Untalk command

Cause device nnnnn to go into listen mode
Unlisten command

Use secondary address nnnnn

Note:- ‘nnnnn’ is a five-bit binary number in the range 0 to 30. Device number 31 is illegal.
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Table 4. Integrated circuit list

ic Type +5V GND Usage
1 NE555 8 1 Clock
2 74L502 14 7
3 74L5161 16 8 ‘Which controlier?’ counter
4 74L5138 16 8 ‘Which controller?’ counter
5 74LS00 14 7
6 7415161 16 8 ‘Re-admit’ timer
7 74121 14 7 ‘End of transaction’ monostable
8 745138 16 8 Bus command detector
9 741520 14 7 Completion bistable

10 74LS00 14 7 Direction bistable et al.

1 74LS10 14 7

controller’s DAV line low without pulling
the DAV line of the internal bus low. The
interface section holds this low unless it is
enabled, in which case it connects it to the
internal bus. When a controller wants to
use the bus, the first thing it does is to test
its DAV line to see if it is high. If the
controller finds it low, it sits in a software
loop until it does go high. This loop or
“hang” is the basis of the combiner’s
queueing system. Because the interface
sections are not normally enabled, when a
controller wants to start a transaction it
normally finds DAV low and goes into a
hang.

Circuit IC; in control section is the mas-
ter clock and runs at a few hertz. Assum-
ing the busy bistable (ICs, and ICsy) is
clear, clock pulses are transmitted through
IC;, into ICs. ICs is a four bit counter and
is decoded by IC; so that the interface
sections are each enabled in a “round-
robin’ fashion. If a particular controller
has a transaction ready it will see DAV go
high as its interface section is enabled and
put ATN low (event 1). ATN is connected
to ICsq and this sets the busy bistable,
stopping IC; at its present count.

Some Pet users have effected the facili-
ties provided by this combiner purely by
modifying the g.p.i.b. handling software

_?_ +5V

within their computers. However, this ap-
proach has a number of drawbacks, among
which is the problem ICsy is designed to
solve. What can happen is that the soft-
ware checks that the bus is in idle mode
(i.e. not being used) and then starts its
transaction with the assertion of ATN.
Meanwhile, on another user’s machine the
same software can be running just a few
microseconds further on. Because time
must elapse between the execution of the
idle mode check and the execution of the
instructions which assert ATN, both
controllers get the impression that the bus
is free and both assert ATN at once. On
the combiner described here, there is a
safety period of one clock cycle after an
interface section has been enabled and
then disabled during which the controller
can still assert ATN and gain control of the
bus.

The buffers in the interface sections are
bidirectional and need to know whether it
is a controller or a peripheral device which
is driving DAV and EOI. This information
is sent along the TX lines which are
controlled by ICg, in the control section of
the combiner. If ATN is low then it is
command mode and the controllers drive
DAV and EOI. ICg is a 3-to-8 line demult-
plexer and provides a simple way of re-
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cognizing the command bytes that the
controllers send. In fact it is a bit too
simple since it does not work with device
numbers in the range 16-30! A more com-
plex detector must be used instead of ICg if
it is desired to use these device numbers.
The direction bistable (ICo. and ICjoq) 15
set depending on whether a talk or listen
command byte is detected and when ATN
again goes high at the end of the command
mode (event 3 in the example) the TX lines
take up the information from this bistable.
All the circuitry in the combiner re-
mains passive until the command mode is
again entered at the end of the transaction.
When either the unlisten or untalk com-
mand byte is sent, ICg detects it and sets
the completion bistable (ICy, and ICqy,).
IC¢, another four bit counter, and ICp
together form a retriggerable monostable
capable of high duty cycles. Whenever
ATN goes low, ICq is reset, and when it
goes high, clock pulses from IC, feed
through ICy, causing it to count up until it
reaches 15. This takes about 1.5 seconds
and provides the re-admit period after
ATN has gone high and the bus finally
returned to the idle mode. If no new
transactions are started by the enabled
controller during this period, then the
completion bistable will still be set and the
busy bistable will be cleared. The circuitry
which does this is ICs. and IC;. However,
continued on page 62

Fig. 3. (a) Alternative circuit for the
interface sections using the MC3446
integrated circuit (b) which is specifically
designed forluse with the g.p.i.b.
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Plymouth satellite tv
system bounces back

Despite the setback of being rejected by
the Part report, the direct broadcasting by
satellite system developed at Plymouth
Polytechnic has just been successfully
demonstrated. The development team
from the Polytechnic’s communications
engineering department is led by Dr
Martin Tomlinson. At the time of the Part
report, Dr Tomlinson said “Given the
funds, I have no doubt that we could meet
the deadline [1986] and offer the UK a
system that could put us ahead of the
world in satellite tv broadcasting long into
the future. Most of the technology
required for our system already exists.”
He has kept his word; funds have been
obtained from an undisclosed US source,
and the successful test was carried out
using a NATO satellite. This makes a
nonsense of the Part rejection of the
system which found it ‘“elegant and
ingenious” but claimed that there was not
enough time to meet the deadline. There
are two years left for ‘fine tuning’.

Part selected the IBA’s Multiplexed
Analogue Component (Mac) system. A
licence to operate two channels of d.b.s.
was granted to the BBC, but they have
been unable to reach an agreement on
standards with other European broad-
casters and have virtually abandoned the
project.

Details of the system were described by
Dr. Tomlinson in our issue of January
1983. In essence it separates chrominance
and luminance signals and transmits both.
Each signal is quantitized into sixteen
amplitude levels and coded into a digital
signal. At the same time an error signal
from the quantitization process is gener-
ated. Sound channels are transmitted
separately as a 2Mbit/s stream digital
signal and there is an additional 2Mbit/s
data stream provided. The luminance,
chrominance, sound and any data signals
are time-division multiplexed into a
composite 60Mbivs digital stream. The
analogue Qquantitization error signals are

also time-division multiplexed and are
then phase modulated onto the carrier at a
low level along with the digital bit-stream
so that analogue and digital components
are all transmitted together, using the
same carrier. As the analogue modulation
is at a low level, no error is caused in the
digital information. At the receiver fairly
simple demodulating and demultiplexing
circuits recover the signals and they are
converted back to analogue form with
the quantitization error signal, used for
correction, reimposed on the signals. The
system offers, it is claimed, very high
bandwidth and signal/noise ratio on both
luminance and chrominance with no
crosstalk between them. Encryption for
subscription tv services may be easily
provided. Dr Tomlinson is now confident
that this is by far the best system yet
devised and has high hopes that it will be
accepted internationally.

Dish antenna allows denser satellite

spacing

A smaller dish aerial with an improved
performance will enable more countries to
use more communications satellites,
according to British Telecom, who de-
signed it. The 5.5m-diameter dish is based
on the geometry of an optical telescope
invented by James Gregory, a 17th century
Scottish mathematician, and the design is
known as Offset Gregorian. The tradi-
tional design of earth terminal aerials has
been based on Cassegrain geometry, with a
parabolic dish, a convex subreflector and a
feed usually placed symmetrically in the
centre of the dish. This works well for
large, 8m or more, diameter reflectors but
the performance falls off as the diameter is
reduced. The Gregorian design uses a shal-
lower paraboloid dish, an offset concave
subreflector and an offset feed to give a
performance at least as good as that of
larger diameter Cassegrain aerials.

Placing the subreflector and its support-
ing structure to one side eliminates the
block to power caused by the subreflector.
It is possible to achieve a narrower beam
with reduced sidelobes. This will become
important if plans by Intelsat are put into
operation. At present there is a limit to the
number of satellites which can be placed in
equatorial geosynchronous orbit. A slot is
provided every 3° allowing a maximum of
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120 positions. The proposal is that the
angle be reduced to 2°, creating an extra 60
locations. This would reduce the distance
between satellites from 2 200 to less than
1 500km and would require earth station
antennae to produce narrower beams to
avoid interference between satellites. The
new design meets these requirements.

The 14GHz up-link has a 5dB beam
width of 0.27°, which means that when it
reaches the satellite the beam is only
336km wide. Radiation at angles greater

than 1° from the beam axis is at,least 10dB
less than from a conventional antenna. The
offset design also gives a lower angle of
elevation for a given beam angle. In the
illustration, the beam angle of elevation is
30° while the dish elevation is only 20°.
This helps to reduce wind loadings and
makes it less obtrusive. Erected on the roof
of a BT building in Ealing, London, the
first use of the antenna will be on a trans-
atlantic digital transmission service, Sat-
Stream.

Is European electronics beaten?

“Common Market countries will have to
regard each other as friendly partners,
rather than foreign threats, if they are to
have any hope in catching up with their
non-European competitors in the electron-
ics industry,” says Ian Mackintosh, head
of the market research organization that
bears his name. Each nation,” he said at a
recent conference in Milan, ‘“must create a
national strategic plan for electronics,
which is fully in tune with the overall in-
terests of the European Community. Only
then can the European companies have any
hope of fighting back to a position of parity
with such competitors.

“QOver the last 20 years or so, the
electronics industry in Europe has in-

creasingly fallen behind the rapid pace set
by companies in the US, Japan and some
parts of SE Asia, so that today, with only a
few honourable exceptions, Europe’s
electronics companies are no longer leaders
in terms of either market share or innova-
ton.”

Dr Mackintosh pointed out that al-
though there were potentially formidable
resources of finance and talent, these.had
been dissipated by management failure
and financial caution, compounded by
governmental indifference. Looking at a
ten-year forecast of worldwide markets
and production, he predicted an electron-
ics trade deficit in the European Commu-
nity of $16 billion by 1992.

Operated by voice-entry terminal, microcomputer, disc drive and voice synthesizer, this
voice-activated domestic appliance demonstration system cost about £3000 to build,
though it is expected that production systems could be sold for under £1000. A vocabulary
search is made prior to using the voice print which is built up over a period of training
sessions. Initiated by Mal Hyams for the DTl travelling exhibition ‘The Concerned
Technology’, the system was constructed in six weeks by Voice Input Ltd of St Ives,

Cambridgeshire.
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Ultrasonic eye
probe

An ultrasonic data imaging and recording
system for an eye scanner has been
developed at Harwell for use in the
Moorfields Eye Hospital. The scanner was
originally developed in the mid-70s and
has been used in the clinical diagnosis of
eye disorders. In operation a low-energy
pulsed beam of ultrasound is scanned in a
raster movement across the eye; the
reflected signals may then be recorded and
processed to give an image of the interior
of the eye.

The new system can display the images
directly on to a standard tv screen and they
may be recorded using a standard video
recorder. Theﬁmage processing equipment
consists of a dual memory unit through
which the captured data is transferred to a
temporary store. Subsequent processing
involves co-ondinate plotting and trnasfer
of the data to a picture store for
manipulation | and display. The system
makes extensive use of programmable
circuits which allow variations of scan and
of picture presentation to be made by
simple changes in software. It is built
around an LSI-11 computer.

A key element of the system is the
development of video synchronization
techniques which will ensure that the
processed data emerges as a genuine video
signal, compatible with any standard
unmodified v.c.r. This development
overcomes the main criticism of ultrasonic
inspection methods, that they were very
inconvenient to use. The system has
applications in industrial non-destructive
testing. Indeed it was the NDT Centre at
Harwell that developed the system. For
on-site testing the raw scanning data can
be recorded an a v.c.r. for later processing
and display.

Coax centenary

Just one hundred years ago, Werner
Siemens described a new method for
constructing an induction-free cable. “It
consists of individual conductors covered
by a sheath which forms the common
return conductor,” he wrote to Ludwig
Liffler. The concept was patented in
Germany on March 27, 1884, as a solution
to the problem of “induction-free cables of
lightweight design.” It was not until the
Berlin Olympic Games in 1936 that a
coaxial cable was put to a practical use
when a link was set up between Berlin and
Leipzig. By|using a carrier wave it was
found possible to transmit 200 telephone
calls and a tv signal simultaneously.
Current techniques using an 18-core cable
permit the transmission of 100 000 calls
and 18 tv signals.
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Repeaters for amateur tv

Licences have been granted for five amateur tv repeater stations to be established in the UK.
As they are all set in the 1.2 to 1.3GHz allocation, jt is thought that this will lead to a much
wider use of the band and preserve it for the amateur service.

Vision freq. (kHz)  Sound freq. (kHz)

Callsign Location Channel in out in out
GB3GV Leicester

GB3UT Bath } RMT-1 1276.5 1311.5 1282.5 1317.5
GB3TV Luton

GB3UD Stoke-on-Trent RMT-2 1249.0 1318.5 1255.0 1324.5
GB3VR Worthing

Repeaters on channel RMT-1 will receive a.m. or f.m. signals and retransmit them on a.m.
only. RMT-2 channels are likely to be f.m. only. Vision transmissions are 625-line, negative-
going video with positive-going synchs. F.m. signals are limited to a 6.5MHz deviation with
CCIR pre-emphasis. Sound frequencies shown in the table are for a.m. systems. F.m.
systems will contain a 6MHz sound subcarrier. Aerial polarization is horizontal. It is
expected that GB3GV, GB3TV and GB3VR are to be operational almost immediately.
Further details may be had from the British Amateur Television Club, Telephone: 0533

600108.

Extra-long play
compact disc

A new performance of Beethoven’s Choral
symphony, lasting 71 minutes, has been
issued on one side of a compact disc.
Although designed to last for up to 74
minutes, the discs have mostly been made
with a playing time of less than one hour.
One reason for this stems from the
difficulty of achieving precision moulding
in the outer areas of the disc (readers will
recall that the disc is scanned from the
inside outwards). Less-than-perfect
mouldings can cause birefringence, a
double refraction phenomenon that
scatters the light from the pick-up’s laser
and makes signal detection virtually
impossible. The discs are injection
moulded from the centre which is why it is
difficult to get the right degree of accuracy
at the outside edge. Denon engineers at the
Kawasaki plant of Nippon Columbia Co.
near Tokyo, investigated varying the
temperature of the mould and the plastics
and also the injection speed and pressure,
and adjusting the thickness of the stamper.
They believe that this will not only
increase the playing time of the digital
discs but also increase the overall precision
and quality of the recordings.

Farewell
Westinghouse?

A system by which railway train brakes are
actuated electrically rather than by air is
being tested by British Rail. Proving trials
are being held and an electric actuator has
been mounted in the bogie of a passenger
coach in regular use between London and
the West Midlands where it will be subject
to all the normal shocks and vibration
experienced by rolling stock. The actuator
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is being operated against a dummy load
and plays no part in the braking of the
train. Brake callipers are applied through a
large step-down gearbox from a small d.c.
electric motor. The motor is powered from
a battery which is constantly recharged
through the train’s power supply. The
motor has been designed to withstand the
actuating current when in a stalled
condition with the brakes applied. As with
the air system, invented by George
Westinghouse in 1872, a fail-safe approach
means that the brakes are automatically
applied in the event of a system failure.
The electronic control of the system offers
a stepped degree of brake pressure,
switching a current to the acutator. o

The system has worked successfully
on the test bench and for 12 000km on a
test train so the current experiment is
designed to test the longer term durability
of the actuator and of the battery charging
circuit. A special controller applies and
releases the brakes through a series of
timed cycles and the currents, voltages and
the brake application force are all cont-
inuously monitored and recored.

IGCHQ

Save telecom
industry say unions

Trades unions in companies manufactur-
ing telecom equipment are joining the
British Telecom Union in pressing par-
liament to adopt key amendments to the
Telecommunications Bill that would
protect British industry. They see their
jobs at companies like Plessey, GEC, and
STC as being at risk. The companies
themselves have certain misgivings and
Lord Weinstock, chairman of GEC, is also
pressing for amendments in the House of
Lords. The amendments would stop over-
seas manufacturers selling telecom equip-
ment in Britain while the markets in their
countries are not open to British manu-
facturers. To open the British market to
foreign competition without any reciprocal
agreement would be catastrophic, accord-
ing to a spokesperson for the various tele-
communication workers unions.

Videoconference on
videoconferences

Appropriately enough, the International
Teleconference Symposium, to be held on
April 3 to 5, links participants from four
continents by satellite. In the first-ever live
link-up on such a scale, those taking part
will be able to see and hear each other from
conference centres in London, Tokyo,
Philadelphia, Sydney and Toronto. The
London centre will be the Royal Lancaster
Hotel, which will be fitted with large
projection tv screens. Also at the hotel will
be an exhibition of equipment and
services. The symposium will be taking
full advantage of the digital compression
techniques developed in the UK which
only transmits changes in a picture rather
than the whole frame. The symposium also
heralds the transatlantic teleconferencing
services which will soon provide a link to
Canada and later in the year to the USA. A
service within Britain will also commence
this year.

__,
_____/i]/

Despite their problems they can still join a union!

WIRELESS WORLD APRIL 1984



AmPAL — replacement
for the NTSC system

Following the decision by the FCC to phase out the current 525/60 NTSC system, American

broadcasters have been looking at PAL to see if its colour fidelity can be achieved without

the drawbacks of the eight-field sequence. This report — leaked from the working party
studying the competing systems — details the system most likely to be adopted.

Since the introduction of the PAL colour
broadcast system, it has become clear that
it does successfully overcome the major
failing of the NTSC system, i.e. sensitivity
to chrominance phase errors, but that a
penalty is paid in the complexity of broad-
cast equipment designed to handle it. The
major problems with PAL arise because of
the quarter-cycle difference between sub-
carrier and line frequencies necessary to

make up the chrominance spectrum
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Line averaged U

spreading caused by the V-switch in-
terleave with the luminance sidebands.
This causes the PAL structure to have
four-line groups of burst phase, whereby
the sequence only repeats every eight
fields. This causes difficulties in video
editing where a four-field edit causes a
180° phase jump in the video, which
timebase correctors convert into a picture
shift to restore subcarrier phase to refer-
ence. A further difficulty is that the
original PAL specification did not define
the subcarrier H phase relationship, with
the result that video tapes from different
sources will not colour frame without ad-
justment to equipment.

The criteria by which the system has
been designed are

— colour accuracy as good as or better
than PAL

— four-field sequence length maximum

— use as many existing components as
possible

— eliminate drop-frame time code.
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It was decided that a phase-alternating
system was mandatory to equal the PAL
colour accuracy and eliminate the NTSC
hue control. A novel approach has been
used whose performance can exceed that of
the PAL system. In AmPAL® the RGB
camera signal is converted into the PAL U
and V colour difference signals as normal,
but the alternating line principle is
achieved by interposing U and V on alter-
nate lines. On even lines, U is horizontal in

Fig. 3. Subcarrier phases shown
correspond with the AmPAL® definition of
subcarrier H phase for video signals
recorded on tape.
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the phasor diagram and V is vertical,
whereas on odd lines V is horizontal and U
is vertical (a). Fig. 1(b) shows the resultant
phase az as broadcast on successive lines,
and (c) shows the signal az’ as received
with a phase error. This is decoded to ab,
on the even line, and V is too small because
of the phase error. On the odd line,
however, az’lbecomes ad, and V becomes
too large because of the phase error. Line
averaging, as in (d), gives an almost correct
V signal. Similarly, the line averaging of U
gives an almast correct signal. As in PAL,
the phase error becomes a saturation error
not a hue error.
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The saturation error can be calculated
from the difference between odd and even
line U and V signals, which determines the
phase error, and from the U and V signals
themselves which determines the desatura-
tion due to the error. It is possible to com-
pute a correction signal which largely
eliminates the residual saturation error,
which gives this system its superiority over
PAL. A custom Isi chip has been designed
which includes a digital cosine look-up
table to perform the correction at low cost.
In urban America with multipath prob-
lems caused by skyscrapers and frequent
aircraft, the system has been tested and
found to give better results from any other.

The result of the U and V interchange is
to cause a pair of chrominance sidebands
to appear which are at + Y fy from
subcarrier. These sidebands are alternately

occupied by U and V energy, as shown in
Fig. 2(a). Optimum interleaving of lumi-
nance and chrominance spectral energy
occurs when subcarrier is an odd multiple
of half line rate as in (b). The subcarrier is
suppressed of course. The result is that,
like PAL, there is no energy at half line
intervals, but the subcarrier has a half
cycle offset, rather than a quarter cycle, so
the sequence simplifies to two lines, and
repeats every four fields to meet the second
criterion, Fig. 3. The actual subcarrier
frequency chosen is 283%2fy + 25Hz. The
25Hz term gives cancellation of residual
subcarrier on alternate fields.

The 625 line system gives a better bal-
ance of horizontal to vertical resolution
than 525 lines, and it is proposed to use
625 line transmission. As the current field
rate of NTSC, 59.94Hz, is not locked to 60

cycle power, it has been decided that the
advantages of S0Hz field rate, i.e. compati-
bility with European standards, ease of
televising movie film, etc., outweigh the
improved flicker performance of 60Hz. As
60 and 50Hz have a simple relationship,
synchronizing to 60Hz equipment would
be easier than using drop-frame time code.

As the line period is unchanged, tv re-
ceivers can be made for the new system
using existing line output transformers and
scan components.

In this election year, the White House
anxiously conveys the message that thisis a
genuine move to improve television qual-
ity, since some minority groups are already
implying that it will become a rich versus
poor issue and are demanding subsidies for
low income groups to purchase new re-
ceivers. JRW

sonic pathfi nder continued from page 29

subject moves. Only when he steps
through the doorway is the user informed
of the existence of the corridor wall. In-
deed, it is only then that this information
becomes relevant.

After introducing the Clamp it became
necessary to reduce the maximum Ratchet
hold time to 1.5 seconds.

The existence of the Ratchet and the
Clamp will not be perceived by the user
during normal use of the Sonic Pathfinder.
The various durations used in the algo-
rithms have been chosen to correspond to
those involved in human movement. Con-
sequently the user does not, contrary to
what might appear to be the case from the
above description, experience objects leap-
ing in and out of his perception. There is
only one weird side-effect; all objects

disappear if the user walks backwards!

Since the aid uses only readily available
components it is capable of being made
relatively cheaply; current estimates sug-
gest £50, leading to a final selling price of
some £250. The final device would be
powered by a 9 volt rechargable battery
and the user would have to plug in the
charger for an overnight charge once a
week. Training in the use of the aid would
be provided by Mobility Officers of which
there presently exists some 120 throughout
the UK. Current experience suggests that
some 15 hours of training will be neces-
sary.

The work described in this paper was
funded by the DHSS and carried out un-
der the general supervision of Professor C.
I. Howarth. Special thanks are due to the

Unit technician, Carl Espin, who has
helped in the assembly of numerous proto-
types.
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if a new transaction does start, either a talk
or listen command will occur and reset the
completion bistable. Then, when the
readmit period completes, nothing will
happen.

Because the re-admit period and “round
robin” polling of the controllers both use
similar circuits, there is an average latency
of half the re-admit period on all one-off
transactions, even if the bus is completely
free. To overcome this, on one prototype a
second NES55 counter was fitted running
at about 150Hz. This was connected into
IC;, instead of IC, thereby increasing the
response time. The colossal disadvantage
of this is that the pretty display caused by
the interface section l.e.d.s flashing in turn
is completely lost.

The two push buttons are termed clear
and reset. Pushing “reset” generates an
interface clear signal (IFC) and resets all
devices on the bus. If any old-style Pet disc
units are connected then they will need re-
initializing. Pushing “clear’ is generally a
good way to get rid of a “‘bus-hogger”.

Alternative interface sections
An alternative circuit for each of the six
interface sections, Fig. 3(a) uses the
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MC3446 integrated circuit of Fig. 3(b).
The MC3446 contains four-line driver-re-
cetvers specifically designed for interfacing
with the bus, their equivalent circuit being
exactly as shown in Fig. 1. The driver
transistor is guaranteed to sink 48mA and
an absolute rating of 150mA is specified.

If very long lengths of cable are to be
used, then buffers similar to those already
on EOI and DAYV can be made up for the
other lines of the bus. These extra buffers
must still be enabled only when the enable
line from the control section is low and
must buffer in the correct direction de-
pending on the TX signal. That is, DA-
DA; always go in the same direction as
EQI and DAV, NDAK and NRFD always
go in the opposite direction, ATN and
REN always go from the controller to the
peripherals and SRQ always goes from the
peripherals to the controller. IFC is best
neglected.

When one user is performing a large
transaction such as printing a listing on a
printer, other users who are queued and
awaiting access to the peripherals may
change their minds and decide to do some-
thing else that does not use that peripheral.
In this case some means of exiting from the
queue or “unhanging” their controller is

required. In the case of the Pet computer,
pressing buttons on the keyboard is to no
avail, the only solution being to unplug the
g.p.i.b. connector from the rear of the
computer. To reduce connector wear, it
may be preferable to fit four pole push-to-
break buttons in series with the lines
NDAK, NRFD, DAV and ATN. Opera-
tion of this switch has the same effect as
removing the connector. The controller
sees that DAV has gone high, asserts
ATN, finds that NRFD and NDAK are
both high (an error condition) and aborts
its transaction.

References:

Fisher, E. Jensen, C. W., The Pet and the
IEEE 488 bus. Osborne/McGraw-Hill.
Jackson, P. J., IEC/IEEE data transmission bus
interfaces, Mullard Technical Communications,
vol. 14, no. 138, April 1978, p.290.
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Improving colour
television decoding

We regret that David Read’s final articles des-
cribing a one-line PAL comb decoder have been
postponed due to pressure on space. In the
meantime you may be interested to read of the
new PAL modifications proposed for North
America, described on the previous page.
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Dig

oscilloscopes

According to one market study digital storage is the fastest growing segment of the
oscilloscope market. In 1982, digital storage represented 13% of the oscilloscope market
and is expected to represent 33% by 1987.

In recent years faster i.cs have led to the
introduction of more and more oscillo-
scopes using semiconductor memory to
store the waveform in digital form. In
terms of flexibility, digital-storage tech-
niques offer much more than is possible
using an oscilloscope with a storage tube.
They also allow extremely slow waveforms
to be displayed, and indefinite storage.
However, high-quality storage-tube in-
struments allow persistence of the screen
to be varied, they are faster and they gen-
erally offer higher resolution. If waveform
capture is the only facility required over
the functions of a normal oscilloscope,
storage-tube instruments can work out
cheaper than digital ones; storage tubes
and their drive circuits are complex but
developments over many years have
brought prices down.

Concepts of digital storage
In the digital storage oscilloscope, an anal-
ogue-to-digital converter changes the sig-
nal from the input amplifier into binary
words which are stored in memory. Some
manufacturers call this device a digitizer.
The number of binary words produced in a
given time — the sampling rate — is gov-
erned by an accurate timebase clock signal
and determines horizontal resolution of the
stored waveform (not necessarily the
displayed waveform). This same clock
drives a counter which steps through the
addresses of memory locations to put each
word sampled sequentially in the memory
bank.

Vertical resolution of the stored wave-

form is determined by the number of bits
in each binary word. Converters used in
oscilloscopes are usually eight, nine or ten-
bit devices giving a resolution of 256, 512
or 1024 steps respectively. Generally
speaking, the more bits the converter has,
the lorger the conversion time, but there
are ways of shortening conversion time by
using two converters and sampling them
alternately.

Once in memory, the stored waveform
in binary form can be displayed by feeding
it to a digital-to-analogue converter to
drive the tube vertical amplifier. For each
binary word clocked out of memory, a
counter driving a further d-to-a converter
is incremented. Output of this second
converter forms a ramp which drives the
tube horizontal amplifier. The waveform
only has to be clocked out of memory fast
enough to stop screen flicker so these

Essentials of a digital storage oscilloscope.
As shcwn, the tube drivers, d-to-a
converters and c.r.t. would have to be as
fast as the input circuits but in practice, the
stored waveform only needs to go from
memory to the tube fast enough to stop
screer flicker. Most digital-storage
oscilloscopes use fast tubes and circuits
though so that the storage section can be
bypassed and the instrument used as a
conventional real-time analogue
oscilloscope. Waveforms from the a-to-d

converters are made up of dots and many

instruments use interpolators to join the
dots together. Digital-storage
oscilloscopes with at least an optional
interface for computer control are
common.

converters, the tube amplifiers and the
tube need not be high speed unless the
oscilloscope has an analogue mode.

In practice, things are usually a lot more
complicated than this because processing
circuits are invariably included to improve
fidelity of the reproduced waveform and
the digital circuits lend themselves to the
inclusion of many enhancements. Using
just a d-to-a converter as described above,
the display consists of a number of dots
but as frequency of the input signal rises,
the dots become further apart. With fast
periodic waveforms this can result in a
confusing display through a phenomenon
called perceptual aliasing, i.e. one’s mind
tends to join the wrong dots together.
About 25 dots for every cycle of a sinewave
are needed | to present a recognizable
display. To |avoid this, interpolators are
often includéd to join the dots. Interpola-
tors are optimised to work best with either
pulses or sinewaves, not both.

Due to the sampling method, trying to
store and djsplay signals at frequencies
higher than the time-base setting permits
gives strange and misleading results
through aliasing. The simplest demonstra-
tion of this is to imagine a sine wave being
sampled at periods exactly equal to one
cycle of the sine wave. All the samples
would be exactly the same and the interpo-
lator would produce a tidy straight line.
Shift one of the frequencies slightly and
the results are even more confusing. To
avoid this the sampling rate should always
be twice as fast as the highest frequency in
the signal. Anti-aliasing filters (similar to
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bandwidth limiters but with a higher roll-
off rate) may be used but obviously, these
obscure part of the signal.

Triggering
One of the main features of a digital-
storage oscilloscope is pre-triggering — the
ability to trigger after or in the middie of
an event rather than before as is the case
with a conventional oscilloscope. Before
triggering occurs in pre-trigger mode, the
memory is constantly updated with the
current input signal. When triggering
occurs, the memory is frozen if the pre-
trigger is set to 100%, or otherwise allowed
to run for a set interval after triggering so
the one can see what happened both before
and after the trigger point.

There are many unpredictable types of

fault that can be detected by a storage
oscilloscope that can’t be detected by any
other means because of this feature. What
happens just before a failure is usually
much more important than what happens
just after but the failure itself is the only
trigger source. Pre-triggering also lets one
see the initial section of a transient that is
lost on a conventional oscilloscope because
of the trigger-level setting and response
time. ’

Digital triggering by setting the trigger
level as a binary value and comparing it
with the value at the a-to-d converter out-
put is often used. This results in stable and
repeatable triggering. Some oscilloscopes
allow trigger hysteresis to be set and/or
have a bi-trigger mode for use when one is
not sure whether the transient to be cap-
tured is positive or negative.

Time base

Being governed by a crystal oscillator, the
digital storage oscilloscope’s time base is
far more accurate than the one found in
most conventional oscilloscopes, i.e. one
derived from jan analogue ramp generator.
Short and long-term stability and horizon-
tal linearity are also greatly improved upon
through use [of a crystal-controlled time
base. Some iigital oscilloscopes allow the
time base to be switched electronically
from one setting to another during capture
so that part of the waveform may be stored
at a higher l}orizontal resolution than the
rest.

Memory

Size of an os¢illoscope’s memory is usually
expressed in/ terms of words rather than
bytes becausp many of the converters used

Digital-storage oscilloscopes
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Analogic WW500
D6000 o - - - 56K - - —64/512 Many [ J ® O O O 6500 Extensive wavefarm processing facilities,
disc drive option |
610 P 2 01 14 - 100k [ ) = = - - - — = — 2400 Externalclock
611 P 4 0.1 14 - 100k [ J - = - — - - — = 3255 Externalclock
620 P 1/2100/50 8 - 20M 20M @ - - - — — - — - 6200 Externalclock
Farneli WW501
DTS12 0 1/2 0.5 8 1K  12M100k/50k @ 5 ® - - - OO0 - 825 Analogue mode
Gould WW502
051400 [0} 1 2 8 1K 20M ® 10/- 10 1095 Analogue mode
0S1420 [0} 2 2 8 2K 20M ® 10/- 2 @ @] 1550 Analogue and cantinuous sampling modes
5110 0 2 0 8 2K 100M [ J == 8 - © 006 00 8400 Microprocessor controlled, menu selection
084020 [0} 2 2 8 4K 10M ® 50/- 2 0 O O 2575 General purposs, live and stored trace
display
0854040 [0} 2 10 8 5K 25M ® 60/- 14 0 O O 3980 Automatic operation, trigger window
0S4200 O 2 08 10 4096 ® 50/ 2 @ O 0 2490 High senstivity, XY display
4030 [0} 2 20 8 2K 20M ® 10/- 2 0 [ J 2290 One converter/¢channel, stores and expands
video waveforms
4500 o} 2 100 8 2K 35M ® Yes 200 @@ ® ® ® ® 16250 Disc option, d.m.a., one converter for each
channel
Hitachi WW503
V6015 (0] 2 1 8 2K 10M 150k @ 2 [ J 1295 Analogue mode, general purpose industrial
V6041 o} 2 40 8 8K 40M5M/10M @  Yes 4 [ N J (O ) 3890 Analogue mode with delay, roll mode for
slow waveforms
Hewlett-Packard WW504
1980 (o} 2 005 10 500 100M 25k 2 o000 10949 Extensive waveform-prqcessing facilities,
digital plotter output, 4-channel option
Iwatsu WW505
555802 0 2 8 4K 10M [ J [ BN ) 2095 External clock
DMS6430 O 2 1.25 8 4K 250k @ 64/16 4 [ ] [ el | 4195 Microprocessof controlled, external clock
DMS6440 O 2 05 12 4096 100k ® 654/64 4 [ J ®eCe 4950 Microprocessor‘controlled, external clock
Kikusui WW506
DSS6522 O 2 2 8 4K 300k ® 100/- 4 (O ) 1685 Roll mode for slow waveforms
Nicolet | WW507
4094 O 2/4 - - 3K - - - 256 32 ® O ® O 4500 Signal procesang, optional disc storage and
disc maths routines
4851 P 2 01 15 32K 50k 10k @ = = ® ® - - - - 490 Externalclockt bandwidth limiting, time/
4562 P 2 2 12 32K 650k 400k @ - - ® ® - - - - 3950 | pointsetting, trigger view, data move/
subtract facility, remote control
3091 0 2 1 12 8000 300k 200k @ 60 4 o ® O ® ® 3750 Bubble memary option, general purpose
portable indust. oscilloscope
4175 P 2 50 8 32k 100M oM @ — = ® @ - - - - 6950 High-speed, features as 4851
Philips | WW508
PM3310 [0} 2 80 8 1K 60M ® 25/5 40 ®eCe 3795 Roll mode for slow waveforms, up to 8 traces
displayed, tv tfiggering
PM3311 (o] 2 125 8 1K 60M 30M @ 25/5 4 @ [ BNON ] 4250 As above
PM3305P O 4 2 8 4K 3B5M 250k @ /40 4 ® O 2750 External clock, glitch-detection, converter
output
Tektronix WW509
7854 o 2 0.5 10 1024* 400M 50k @* Yes 40 o000 13050 Extensive waveform processing facilities,
wide range of plug-in options
7020 P 2 40 8 6K 70M oM @ 10/5 6 o000 7661 Extensive waveform processing facilities,
control settina)storage
5223 o a* 1 10 1024* 10M 100k @*10/10 4 (O 4296 Roll mode fbr slow waveforms, external
clock, wide range of plug-ins
5010 P 2 1 8 - 100k 100k @ 6 [ ® [ J 2410 1% accuracy, waveform processin
468 o 2 25 8 512 100M oM @ 1000 O O 5571 Analogue mdde, envelope mode for glitch,
frequency drig and aliasing detection
336 o 2 1 10 16384 50M 140k @ 10/- 16 0 eCeo 3797 General-purpose portable instrument with
envelope mode
* Depends on plug-in — Not applicable @ Fitted as standard O thional
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Division

5mV/d|v Sensitivity over the Entire Bandwidth.

4 OMHZ +5mV/ Di

m Addition and Subtraction of Waveforms.

m Bright, High Resolution Display.
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are either nine or ten-bit devices, rather
than eight. A 4K-word memory in an
oscilloscope using a ten-bit converter is
larger than a 4K-word memory in an in-
strument using a nine-bit converter, or at
least it should be.

Memory segmentation is usually pos-
sible, which means that more than one
waveform can be stored at the expense of
resolution (or stored at the same resolution
at the expense of part of the waveform
depending on how you look at it). Using
512 words of memory to store a waveform
means a horizontal resolution of 512 steps
which will give a good reproduction of the
original waveform when the memory sec-
tion is displayed in full. The reason why
most digital oscilloscopes allow much more
memory than this to be used for a single
stored waveform is that they invariably
have a zoom facility which allows one to
look at a part of the waveform in detail.

Flexibility

Memory output can easily be converted for
viewing on the c.r.t., but it can just as
easily be fed to a digital plotter or a compu-
ter or a disc drive for permanent storage,
provided that the instrument has the right
interface circuits and outputs. Digital cir-
cuits used for the storage process, trigger-
ing and time base also lend themselves to
computer control, and hence many digital
oscilloscopes have at least an optional
GPIB (IEEE488) interface for this purpose
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Digital-storage allows one to see what
happened before the trigger as well as
after. On triggering in pre-trigger display
mode, memory holds information
gathered before the trigger so events
leading up to say a circuit failure can be
recorded using a failure-warning lamp as a
trigger.

Resolution and accuracy

Resolution is not synonymous with accur-
acy. Imagine a 10V ramp signal driving a
100% accurate eight-bit a-to-d converter
and driving the converter binary output
word from zero to full scale (255). For each
0.039% increase in the ramp, the binary
output value increments by one. If the
ramp now represented as a series of binary
numbers is converted back to analogue
form by a digital-to-analogue converter, d-
to-a, it becomes a staircase waveform with
256 steps; lower amplitude input signals
give a decreasing number of steps but reso-

Kikusui’'s DSS6522 with roll mode for
looking at slow waveforms (top) and the
Nicolet 4094 with 4562 plug-in and disc
drive (bottom).

— one or two even have built-in disc
drives. Computing within the oscilloscope
often allows things other than just a wave-
form to be displayed. Cursors to allow, say
sections for zooming or trigger levels to be
set are the most basic addition but instru-
ments that display crucial front-panel set-
tings, waveform timing and voltage levels
are not uncommon. These readouts are
particularly useful if the only means of
obtaining hard copy is a camera.
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When the speed limit of a digital-storage
oscilloscope is approached, false readings
are unlike those displayedon a
conventional instrurnent and more difficult
to spot unless|special features are
available. Aliasing occurs when the
converter sampling rate is too low for a
given frequency component. In the bottom
waveform, line interpolation is used to join
the dots resulting from a sampling rate
which is too slow. One-off and random
waveforms suffer most because in periodic
waveforms, rapeated samples can often be
overlaid.

lution remainE within 0.39% of full scale.
Resolution therefore defines the degree of
change in the converter input value that
can be represented in the binary output
signal.

As far as accuracy is concerned no
converter is absolutely linear, even under
static conditions. As the rate of change in
the input signal increases, linearity wor-
sens and a point is reached where output
codes that shauld appear are skipped. In a
digital-storage oscilloscope, the dynamic
transfer function of a converter is impor-
tant in determining the fidelity of repro-
duction of waveforms which have fast
components. Non-linearities and missing
codes at various frequencies are parame-
ter's well worth looking at. If accuracy was
determined by resolution alone, a 10-bit
converter would offer an accuracy in the
region of 0.1% but in practice, digital sto-
rage oscilloscope accuracies are usually in
line with similar quality conventionai anal-
ogue oscilloscopes as far as amplitude
measurement ,is concerned. Cursors used
on many digital oscilloscopes though re-
duce human and paralax errors when mak-
ing comparisons. \WWi
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SAMSONS

{ELECTRONICS) LTD.
9-10 Chapel Street, Marylebone
London NW15DN
21-23 Bell Street, London, NW1
01-262 5125 & 01-723 7851

CREDIT CARDS
ACCEPTED FOR
TELEPHONE
ORDERS

Ewith e

AVOMETERS
Wae have in stock a limited quantity of excel-
lent quality AVOs.
AVO 8 £59.95 inc. VAT AVO 7 £37.50 inc VAT,
AVO MINOR £20 inc. VAT. Callers only, or ring
for special delivery.

SPECIAL OFFER. CLAUDE LYONS VOLTAGE
STABILISER. Input 210-270V a.c. Qutput 240V,
8.c. + -5%IIl Rated at 2.9kVA. Ideal &r stabi-
lising computer supplies
£195 inc. VAT. Carriage £12
Hurry — only a few left

SPECIAL OFFER HIGH-GRADE
ISOLATION TRANSFORMERS
Open frame terminal block connsctions
€2950, carr. £4, VAT £5.02. Pri 240V, Sec
240V, 250 watts, open frame type tag connec-

MEGGERS
Special offer!! 250V and 500V metrohms at
give-away prices. Buy now while stocks last.
£35 + VAT. Callers only or ring for special
delivery.

GOULD ADVANCE P.S.U.s. 13.8V 30amp d.c.
supplies. Great for linearsi{l ONLY £85 Inc.
VAT. Carriage £3. Limited offer

12°* BLACK AND WHITE MONITORS

Wa are stockists of the complete range of “DOUGLAS" transformers.

Please ring or send S.A E. for details.

DISC DRIVES
Disc drives by magnetic peripherals including
8" floppy disc single sided. without control
card. Circuit diagram can be obtained from

MARCONI TF 1370
Wide range Oscillator sine/square,
10 ¢/s to 10 meg. Very nice condi-
tion £160 inc. VAT and carriage.

OLIVETTI TE3000
TELEPRINTERS
With stand Only £99 inc. VAT
Ring for carriage details

OSCILLOSCOPES
TEKTRONIK §45A

£1
TELEOUIPMENT D67A 25meg dusl
beam scope, in first class condition.
Special offer Price £299 inc. VAT
Callers only or ring for
special delivery

manufacturer. Excellent value at £27.50 inc.
VAT and carriage.

Made by leading USA firm, will handle 80
columns. suitable for most makes of compu
ters. £28.50 inc VAT, Caliers onl

HIGH POWER ISOLATION TRANSFORMER.
FANTASTIC OFFERI! 240V input, 240V output
at a hefty 30 amps!|
Ideal for large electronic workshop, computer

SWITCH MODE
POWER SUPPLIES
By Gould Advance
5V 40 amp £35. 5V 20 amp £25. 10.5V 20 amp
£30. Inc. VAT and carriage.

WODEN HEAVY DUTY
TRANSFORMER
Pri 220-240V Sec 2 5V 35A 4-5-6.3V
12A. Both secs 10KVAC WKG £30
inc. carriage and VAT

CONSTANT VOLTAGE
TRANSFORMERS
Gould Advance
Typ 240V output + 1%

150W.. £15.00 carr £2.95
250W.. £39.50 carr £3.75
500W.. £85.00 carr £7.50
3000W £295.00 carr £20.00

All prices inc. VAT

room or recording studio, one only so don't
delay. ONLY £250 inc. VAT. Ring for delivery

tions, £10, P&P £2, VAT £1.80. Pri 100-110-200-
210-220-230-240-250V, Sec 220-230-240V
600W, can be used in reversed open frame |
type terminal block connections, £15, carr.
£2.80, VAT £2.67.

PARMEKO NEON TRANSFORMERS
PRI tapped 200-220-230-240-250V. Size 7000V
55 M/A. Totally enclosed in wall mounting
steel case. Size 9V2x81/2x4 V2in.

£17.50inc VAT and carriage
PRI tapped 200-220-230-240-250V. Size 5000V
20 M/A. Totally enclosed in wall mounting
steei case. Size 7x6x5in.

£12.50 inc. VAT and carriage

HIGH GRADE LT TRANSFORMERS
ALL PRIMARIES 240v

OPEN FRAME TOP PANEL CONNECTIONS
No 1 tapped 2-3-4-5-6-7-8-9-10-11-12-13-14-
15v 8A £10. No 2 12v 8A £7.50. No 3 tapped
13-12-10-8v 8'/2A £9. No 4 Sec 6.3v 2A 6.3v 2A
and 32-0-32v 280 m/a £4.75. No 5 Sec 37v
1.5A, 16v 12A, 9v 50 m/a £3.95. No 6 Sec 14v
2A £3.95. No 7 Sec 27.5:0-27 5v 1.2A and 7-0-
7v 750 m/a £3.50. All prices include postage

NEW TRANSFORMER
BARGAINS
By famous makers
No. 1. Pri 115-230V Sec 21V 3A +

PAPER BLOCK CAPACITORS
8MFD 2500V WKG DC .
10MFD 350V WKG DC
8 MFD 400V WKG DC
4MFD 1000V WKG DC..

and VAT,

VAT and carr.

details
HENGSTLER COMPUTER GRADE
Low voitage resettable counters, 52 ohms 6- LT TRANSFORMERS
12v DC 6 digit. Compact size. Only £3.25 inc BY FAMOUS MAKERS

ALL PRIMARIES 220-240V

E.H.T. TRANSFORMERS
High-grade E.H.T. Tranny, PRI 240V, sec.
10,000V, 18 M/A. Probably used for boiler igni-
tion but with 101 other uses!!|

£5 inc. carr. & VAT,

PARMEKO OP TRANSFORMERS
Pri 6000 or 80000 or CT Sec 3.75 or 150 Ser/
Par for ELB4x2 12.5W £4.50. Pri 5000 for EL84
3W Sec £3.75 or 150 Ser/Par £2.50. Pri 30-45-

PARMEKO LT TRANSFORMERS
Open frame type top panel connections,
prices include postage and VAT
No 1 12-18-32V 2A (DC rating} and 12-18-32V
12A {DC) £9. No 2 12-18-32V 1A (DC} and 12-
18-32 1/aA £5. No 3 12-18-32V 124 (DC) and 12-
18-32V 100 m/a £3.95. No 4 12-18-32V 14A

40V300M/A .. £5.25 1 MFD 1000V WKG DC..

No. 2. Pri 220-240V Sec 17.5V 1A 3 All prices inc. VAT and carriage
times ... . £5.75

No. 3. Pri 220- 240V Sec 29-28-27-0-

27-28-23V 0.3A . .. £4.00 FANS

No. 4. Pri 220 240V gec 6.3V 5ACT MUFFIN 412" 110V ...

63V2ACT ... .£5.00 WOODS 6" and 8" 240V.
No. 5. Pri 220- 240V Sec 40V 3A Tangential Blowers 240V approx
.£6.25 3'x15" vent. Very powerful. £11.

AII pnces inc. VAT and carrlage All prices inc. VAT and carriage

(DC} and 12-18-32V Y4A (DC) and 12-18-32V 50
m/a (DC} £2.50. No 5 32V 100 m/a (DC} and
32V 25 m/a DC £2.50.

SPECIAL OFFER!!!
‘SERVALCO SERVOMOTORS

We-have a fimited amount of pnmed d
motors in first-class condition Spec: 6
5.5 Amps-continuous forque 140 oz in 34" dia

AUTO STEPDOWN TRANSFORMERS
FOR AMERICAN EQUIPMENT

240/110 Volts. 80-2250 watts Regular stock line. Types 80-1500 watts are fully
shrouded. Fitted with American two or three pin socket outiets and 3 core 240V
mains lead. Types 1750 and 2250 watts are steel cased with two American socket
outlets Neon indicator, three core mains lead and carrying handle. Send SAE for
price list and further details. American sockets, plugs, adaptors also available.

output shaft Overall dimensions 212" x 712
rpm 2350. £29.95 inc VAT and carr

INSTRUMENT CASE BARGAIN!
FANTASTIC OFFER

Stylish aluminium case in dark blue finish,

with-integial carrying handles and mbvable
front legs for tilt facility. Fitted with IEC mains
socket and 20mm fuse carrier. Comes com
plete with mains lead with 13 amp plug and
IEC plug. Size: 20%28x33cm. £13.50 inc. VAT
and carr.

60-90 to 1 also 90TOI for push/pull Sec 3.750
£2. All prices include postage and VAT.

PRICES INCLUDE POSTAGE AND VAT

No 1 Sec 43V 3A £6.95. No 2 Sec 40V 3A £6.95.
No 3 Sec 65V 1A and 18-24V 2A £5.95. No 4
Sec 25V 2A £4.50. No 5 Sec 24V 2A £4.50. No 6
Sec 27.5-0-27.5V and 7-0-7V 0.75A £5.25. No 7
Sec 13-0-13 Aand 12VA £ . No 8 Sec 60V
112A £4.95. No 9 Sec 40V 112A £4.50. No 10
Sec 10-7-0-7-10V 12A and 29-21-0-21-29V 370
m/a, c core £4.25. No 11 Sec 55V 12A £3.75. No
12 Sec 24V 3A and 110V 12A £7.95. No 13 Sec
28V 172A and 24V 1'2A £5.50. No 14 Sec 36V

AC WKG CAPACITORS
MFD ACwkg Price MFD  ACwkg Price
025 1500v  £1.50 § 360v 1.5
015 440v £1.00 5 440v £2.00
1 400v €150 4 800 £2.00
25 360v  £1.50 [ 300v £200
7 v LTS 8.4 250v £1.50

Alf prices include postage and VAT

ELECTRO APACITORS
22,000 63V DC wkg. 33,000 40V DC wkg. 3,000
50V DC wkg. 20,000 45V DC wkg. 6,500 50V DC
wkg. All £4 each inc VAT and carr.

10H 250m/a 20H 75m/a

SH 250m/a 10H 75m/a £2. %
SH 180m/a s 75H 60m/a £250
,2.5H 500m/a £595 15H 120m/a £.95

25
27

2.5H 250m/a 50H 10m/a
20H 120m/a . 25H 60m/a
All prices include postage and VAT
HEAVY-DUTY L.T. CHOKES
C core type 10 m/h 25 amps £10 carr. £3, VAT

V2A £3.50. No 15 Sec 20V 2A £3.75. No 16 Sec
12-25V 2A £3.75. No 17 Sec 24-0-24V 1A and
6.3V 1A £4.95. No 18 Sec 24V 4A £5.50. No 19
Sec 12-15-20-24-30V 1A £4.75. No 20 Sec 4.5V
5A twice £4.50.

PARMEKO HT TRANSFORMERS

ALL PRIMARIES 220-240V
POTTED TYPES
No 1 Sec 500-0-500V 120 m/a 6.3V 5A 6.3V 3A
5V 3A £8.50, inc postage and VAT. No 2 Sec
300-0-300V 60 m/a 6.3V 2A CT 6.3V 1A £6.50
inc postage and VAT. No 3 400-0-400V 180
m/a £6.50 inc postage and VAT. No 4 Sec 400-
0-400V 150 m/a and 150-0-150V 20 m/a £6.50
inc postage and VAT. No 5 Sec 350-325-0-325-
350V 120 m/a £6.50 inc postage and VAT. Gre
sham Pri 220-240V, Sec 250V 80 m/a 6 3V 4 5A
15V 1.2A £5.95 inc postage and VAT Pri 230-
250V, Sec tapped 190-210V 24 m/a 6V 1A
£3.95 inc postage and VAT. Pri 220-240V Sec
300V 200 m/a 30V 100 m/a 6.3V 5A half
shrouded, sub chassis mounting £6.50 inc

postage and VAT Pri 220-240V Sec 370-390-
410V 6 m/a £2.75 inc postage and VAT. wquj
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114 Wardour Street, London W1V 3LE Englarid.
Telephone: 01-434 3344 & 0]-4371892. Telex: 21624 ALOFFD G.
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SATELLITE RECEIVING
EQUIPMENT

1.9M, 2.5M and 5M Harrison Dishes. Sat-Tec R5000
4GHz Receivers. Avcom COM-2B 4GHz Receivers.

California Amplifier 4GHz LNAs.
Horns. Harrison Feed Horns.

Demonstrations by appointment only.
Dealer enguiries welcome

r further details contact:

Harrison Electronics,
22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX.
Telephone: Southend (0702) 332338.

Chaparral

www americanradiohistorv com
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Double Forth

One particularly useful feature of
the Microkey 4500 computer is that
it can accept input from two
independent keyboards and display
the results on two monitors. This
means that for program
development or for text
manipulation it acts as two
computers. The ability to drive two
monitors can have many uses. For
example it is possible to have one
screen displaying a control program
while the other shows the results.
The computer is based around the
6502 processor but may be
alternatively fitted with a 6809 with
no hardware modifications. In this
configuration it can run the Flex
operating systems. An add-on
68000 second processor extension is
planned.

The ‘native’ language for the
computer is an extended
combination of Forth-79 and FIG-
Forth with an assembler and a
screen editor. Being developed is a
Logo-type extension to Forth, a
database system and a power
systems engineering package.
Through Flex a number of other
languages may be used including
Pascal and C.

Some clever techniques are
employed to make maximum use of
ram. Screen information may be
written to the video display
memory which occupies the same
memory area as the rom which may
be accessed during a read cycle;
thus the video ram is ‘invisible’ to
the user. All 128K ram and 32K
rom may be accessed to allow
maximum use of the memory,
though the ram may also be divided
into two distinct areas of 64K each
for the two-user mode.

High-resolution graphics are
possible with 640 by 200 elements
in 16 colours. In monochrome, it is
possible to produce 1280 by 200
dots. There are three bidirectional
parallel ports and a full RS232
communications port as well as an
expansion bus using a similar pin-
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out to Apple computers. One or
two Sony 3.5in disc drives may be
fitted into the computer and up to
two more may be added. A
Winchester drive will be available.
The designers see their computer
being of most use in educational,
industrial, scientific and medical
fields and are willing to offer a wide
variety of hardware and software
configurations to suit specific
applications. The basic system
without a monitor or disc drive (but
including a disc interface and a
high-quality professional keyboard)
costs £650. Microkey Ltd, 98a St
James Street, Brighton, Sussex,

BN2 ITP. WW301
More than a
multimeter

Claiming to offer more measuring
facilities than any multimeter, the
Philips PM2519 is called a ‘digital
measurement centre’. Apart from
all the volt, ohm and amp
measurements with an accuracy of
0.1%, it includes a counter to
measure frequency up to 1MHz,
dB may be measured on both a.c.
and d.c. voltage ranges, and there
are 16 reference values built in to
provide relative measurements.
Included in the display is

logarithmically scaled bar graph
which indicates some digitally
displayed values, providing a
virtual analogue display for the easy
setting of null values. The bar
graph may also be used in the
relative reference mode, enabling
rapid and simple adjustment to a
specific value, held in the internal
non-volatile memory.

The PM2519 has a self-test
facility and in the event of a fault,
the built-in signature analysis fault
finding technique ensures fast
detection and repair. The meter is
available in two versions; with an
IEEE488 interface bus to enable
computer-controlled testing at
£495, or without for £285. A
battery back-up pack is available to
make the instrument fully portable.
Pye Unicam Ltd, York Street,
Cambridge CB1 2PX.

WW302

Build your own
computer

A high-resolution-display
computer, based on the MC6809E,
is a British design from Micro
Concepts of Cheltenham. The
Microbox offers a minimal cost
approach so that functions may be
added as required. But the designer
stresses that this is a ‘no
compromise’ approach which
equals or even exceeds the
capabilities of the best personal
computers. These include 60K of
main system ram, disc controller
for two 5.25' 40 or 80-track drives,
two RS232 ports, a Centronics
printer port and a parallel keyboard
input port. An additional 128K ram
is reserved for display and for
‘silicon disc’. The ram-based silicon
disc looks to the system like a
conventional floppy disc with a
capacity equal to a 40-track single-
sided, single density disc; however
the access time is a lot faster. The
same principle is applied to the rom
area; eprom cartridges, called
‘discs’ in this context, will accept
up to four 8, 16, 32 or 64K eproms

www_americanradiohistorv com

each, up to a maximum of 256K.
These slot into a port that is fully
buffered and isolated so that the
rom discs may be changed while the
system is powered. A built-in
eprom programmer is included in
thi design.

The display offers several
alphanumeric formats including
108 columns by 24 lines and 128
columns of 72 lines. Use of the
NEC 7220 graphics controller chip
gives a 768 by 576 element display
with high-speed drawing through
the inbuilt vector generation. Such
facilities as points, lines, rectangles,
circles, arcs and the ability to fill an
area are provided.

For disc operation, the Flex
system was selected because it is
hardware independent and a
considerable range of software is
already available. Implementation
is taken care of by the auto-
configuring boot program which is
included in the supplied system
support monitor so there is no need
for any knowledge of hardware or
sofsware to get the system going.
This 8K rom contains all disc,
console and graphics drivers plus
27 diagnostic and utility
commands.

The start-up kit consists of a
bare through-hole plated p.c.b.
measuring 305 by 241mm, a 76 by
100mm eprom carrier board, the
system support eprom, system
utilities on a 5.25in disc,
constructional notes, operational
documentation, and a list of
components and suppliers. All for
£95 from Micro Concepts, 8
Skillicorne Mews, Queens Road,

Cheltenham, Glos GL50 2NJ.
WWwW303

Commodore

enhancement

A plug-in rom for the Commodore
64 home computer adds nearly 100
Basic commands to its operation.
Particular areas of improvement are
in the high resolution display
facilities, the organization of
sprites, colour text displays, sound
commands have been improved to
give synthesizer capabilities. There
are many new commands to
improve the ability to program in
machine code and to give the Basic
more of a structured approach.
Input and output control has
several new commands and there
are many others. One of the
criticisms of the Commodore 64 has
been its inadequate Basic and this
toolbox addition seems to be very
useful in correcting this. Known as
BC Basic, the rom comes with an
82-page manual for £57.50
(incﬁusive) from Kuma Computers
Ltd, Unit 12, Horseshoe Park,
Pangbourne, Berks RG8 7]W.
WWwW304
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Massive Eprom

By combining a number of eprom
chips onto a ceramic substrate, it is
possible to get eproms with up to
256K bits of storage into a standard
d.i.l. package. Included on the
substrate is decoupling capacitors
and decoding to provide the
configuration so that externally it
behaves as a single unit with pin
functions conforming to JEDEC
standards. 32Kbyte versions are
available in n.mos and ¢.mos, with
a 16Kbyte version in c.mos only. A
16K by 16 version will become
available soon. Electronic Design
Europe Ltd, Shelley House, The
Avenue, Lightwater, Surrey GU18
SRF.

WWw309

Single-chip modem
A single-chip c.mos f.s.k. modem
has been produced by TI. It
incorporates filters which conform
to the CCITT V23 standard, having
a transmit modulation at 75, 150,
600 or 120baud and receive
demodulation at 600 or 1200baud.
It offers full duplex operation up to
1200baud receive and 150baud
transmit or half duplex at 1200baud
both ways. It operates from a single
4 1o 6V supply with a consumption
of only 30mW and is ideal,
according to Texas, for
communications by telephone
between home/personal computers,
intelligent terminals, credit card
readers, viewdata terminals etc.
Texas Instruments Ltd, Manton
Lane, Bedford MK41 7PA.
WWwW310

Video filters

A range of 22 filters from Barr &
Stroud has been designed to cover
all known current requirements for
both analogue and digital video
processing applications. The range
consists of nine luminance low pass
filters, four chrominance low pass,
three luminance/chrominance YUV
filter combinations, four sub-

70

carrier band pass and two sub-
carrier band stop filters. The sub-
carrier filters, used to isolate the
chrominance and luminance
information in colour tv systems,
are available in NTSC and PAL
versions. In addition to the
standard range, the manufacturers
are willing to provide a made-to-
measure service. Barr & Stroud
Ltd, Melrose House, 4 Savile Row,

A and D i/o board for
IBM PC

A single board containing both
analogue and digital inputs and
outputs is available for the IBM
personal computer. Costing £495
(less in 0.e.m. quantities), the
DT2808 includes an on-board
prammable clock and its own
processor. It provides 16 channels
of a-to-d with 10-bit resolution and
two channels of d-to-a with 8-bit
resolution, there are also 16 lines of
digital /0. The board is intended
for use in industrial control, data
logging, product testing, and
quality assurance. Energy
management and security systems
are also among the applications.
The on-board processor acts as
interface between the board and the
host computer. It controls all the /o
functions on the board and includes
self-test functions it may be
programmed through its internal
microcode, or through a special
software package available from the
manufacturers, Data Translation

WW306
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Ltd, 430 Bath Road, Slough, Berks
SL16BB. WW312

Connect 36

Strips of 0.025in square pins and
receptacles, made in straight and
right-angular form have beryllium
copper contacts. With a standard
0.lin pitch, the makers say that
they are ideal for mother/daughter
module connectors. They come in
standard lengths of 36 connectors
and are notched to break off a
desired length. Robinson Nugent
Ltd, 74 London Road, Riverhead,
Sevenoaks, Kent.

WwWwili3
Polyester decoupling

A new range of metallized polyester
Smme-lead-pitch capacitors has been
designed to replace the more
expensive multi-layer ceramic types
used in decoupling. The small size
allows high density packing on a
p.c.b. and with this in mind the
makers have printed the value,
from 100pF to 1.0uF, on the top
for easy identification. Leads are
ready-cropped and are provided
with mounting ‘feet’. Sufflex Ltd,
Risca, Newport, Gwent NP1 6YD.
WWw314

Reference diode

A 2.5V reference diode offers a
tolerance of SmV or 0.2%. The
LT1009 is a precision trimmed
shunt regulator diode, with a
temperature drift of less than
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Bart & Srowd

VIDEO FLTER

25ppm/°C. It operates over a wide
current range; from 400uA to 10A,
with a dynamic impedance of 0.6(}.
A third terminal is supplied to
allow the reference voltage to be
altered by 2% to calibrate out any
system errors. Dialogue
Distribution Ltd, Watchmoor
Road, Camberley, Surrey GU15
3AQ.

WWw3l15s

Spectrum interface

A printer interface for the Sinclair
ZX Spectrum includes both RS§232
and Centronic interfaces. Itis able
to implement the Copy command
which allows the printing of a high
resolution screen image. This is
available for a number of popular
printers including Epson, Star and
Seikosha and will give a full colour
image with the Seikosha GP700
printer. The ZX Lprint III costs
£34.95 inclusive from
Euroelectronics, 26 Clarence
Square, Cheltenham, Glos GL50

2U].
WW3lé

Ribbon-cable cutter
The KT80 ribon-cable cutter is
made from steel with plastics-
covered handles. It has a hollow
ground hardened steel blade which
is provided with a toggle-lever
action so that all conductors are
cleanly cut at the same time. The
g.r.p. anvil has a built-in guide to
ensure that a cut is made at right
angles. The blade and angle are
replaceable and spares are
included. Klippon Electricals Ltd,
Terminal Works, Power Station
Road, Sheerness, Kent NE12 3AB.
Ww3l7

If you would like more
information onany of the ftems\
fea.turea{ here, enterthe - -

Overseas cards require a stan D
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performance, reliability, value
and immediate delivery!
Hitachi Oscilloscopes provide the qualityij and performance that vou'd

expect from such a famous name, with a ndwly-extended range that repre
sents the best value for money available anywhere.

@ Hitachi Oscilloscopes

V-212 20MHz Dual Trace V-209 20MHz Mini-Portable
V-222 20MHz (illustrated) V-509 SOMHz Mini-Portable
V-203F 20MHz Sweep Delay V-1050F  100MHz Quad Trace
V-353F 35MHz Sweep Delay V-134 10MHz Tube Storage
V-422 40MHz Dual Trace VC-6015 10MHz Digital
V-650F 60MHz Dual Timebase VCi6041 40MHz Digital

Prices start at around £300 plus vat including 2 probes and 2 year warranty.
We hold the range in stock for immediate delivery.

ApreTage OEOLIOCOVE V 18w

For colour brochure giving specifications and prices ring (0480) 63570
Thuriby-Reltech, 46 High Street, Solihull, W. Midlands, B91 3TB

WW - 033 FOR FURTHER DETAILS

Add 8 channels to your ’scope

New Thurlby OM358 multiplexer £169-vat

The Thurlby OM358 gives any oscilloscope an 8 channel display. Observing
many waveforms simultaneously can be essential when analysing sophisti-
cated equipment. Application areas include micropracessor based products,
data transmission systems, A to D converters, frequency synthesizers etc.
The OM358 is ideal for digital equipment (it can often solve problems that
would otherwise need a fast logic analyser) but, unlike dedicated logic test
instruments, it is equally suited to analogue waveforms.

The OM358 has a bandwidth of 35MHz and 3% calibration accuracy. Each
input has an impedance of IM$ - 20pF and accepts signals up to £6V. An 8
channel, 4 channel, or single channel display can be selected with triggering
from any channel. Colour data sheet with Sull specifications available.
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Th lb SNgZ& Thurlby Electronics Ltd OM358 with two BNC
uriby 2N New Road, St.lves, Cambs. cables £197.80
designed and built in Britain  PE17 4BG Tel: (0480) 63570 (inc P & P and VAT)

WW — 022 FOR FURTHER DETAILS

For the comm Jnications industries worldwide, the Unitec Kingdomis
currently a focus of attention.
There’s so much accelerating change — in telecommunications

15-18 May 1984 i Sramer St

services, in the increased use of mobile and cellular radio, in the re-cabling
of the country, and in the spread of information technology and electronic
office systems.

Your prime opportunity to renew {and make) contact with the people
and organisations at the heart of these developments is at
COMMUNICATIONS 84.

Once again, the latest presentation of this established event has
attracted hundreds of companies — from the world over — who market
communications products and services.

They are there to discuss how their organisations can help
your business.

Whatever aspect of communications is your concern, you can view
and compare the alternatives —comfortably, cost-effectively and conveniently
under one roof.

Attend the associated ¢
your visit.

The time and place are right, so make a date. Communicate with the
communicators at COMMUNICATIONS 84.

WIRELESS WORLD APRIL 1984

onference too, and add further to the value of

[[]
¥
Communications 84 is organised by Industrial & Trade Fairs Limited, R L
Radcliffe House, Blenheim Court, Solihull, West Midlands BS1 28G
England & 021705 6707 Telex 337073

Communications

INTERNATIONAL EXHIBITION OF TELECOMMUNICATINS, RADIO
AND INFORMATION TECHNOLOGY PRODUCTS AND SERVICES.

-mw-—--h---m-

r Please send me the visitor information pack for COMMUNICATIONS 84, which
includes details of the conference programme, easy travel arrangements, and
free registration card for the exhibition.

Complete and send to Department PS1 at the address st lc;wn. WWV?2

Company

I Name
Address

WW - 014 FOR FURTHER DETAILS
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Temperature-Controlled Soldering?
LITESOLD haveit-toaDegree!

For the closest temperature control, easiest
adjustment and fastest heating/recovery, you
need the LITESOLD ETC-4 Systems.

Using a special 5-transistor and op. amp.
circuit, the power unit provides a controlled low-
voltage dc supply to the plug-in lightweight
soldering iron, in response to a thermocouple
sensor located inside the bit. Spiking, RFI, hum
and magnetic effects are totally avoided. The
metal power unit case and the soldering iron
shaft are earthed for screening and static
elimination.

Temperature selection, between 180°C and
400°C, is by potentiometer (with calibrated
scale or digital display) or by tamper-proof
selector plugs (in 7 temperatures). Proportional-
band control ensures rapid heating and
prevents swing, with idling temperature held
typically within 1°C.

Soldering irons are interchangeable without
re-calibration and are simple and inexpensive to

service. Burnproof 4-wire leads are fitted and
non-seize iron-plated bits are available in 16
shapes/sizes. So get your degree in

temperature-controlied
soldering — with LITESOLD. k‘ r‘/‘
P\ \

A British Product

LIGHT SOLDERING DEVELOPMENTS LTD

97/99 GLOUCESTER ROAD, CROYDON, SURREY CR0 2DN. TEL: 01-689 0574. TELEX: 8811945
WW - 058 FOR FURTHER DETAILS

INVERTERS
TRANSFORM ERS EX-STOCK 12724V DC in. 240V 13A U NISELECTO RS
MAINS ISOLATORS 50/25V or 25-0-25V 30/15V or 15-0-15v  Skt. AC out. Cont. Rated
Pri/Sec 120V x2 2x25V Tap Secs. 5, 7,8, 2x15V Tap Sec. Volts W....
VA Price P&P 10, 13,1517, 20, 25, 30, 3,4,56,8,9, 10,12, 15,
*20 5.82 160 33,40,20-0-20 0r 250-25V 18, 20, 24, 30 or 15-0-15V
60 9.49 180 S0V 25V Price P&P 30V 15V Price P&P >
100 11.08 200 05 1413 140 05A 1319 120
200 15.69 225 2 4 0863 184 1 2 432 140 CONSTANT VOLTAGE
250 18.97 264 3 A 6 1036 190 2 4 693 160 TRANSFORMERS
350 n4a7 270 4 w8 1410 212 3 6 810 185 Spike-free stable mains
500 2923 295 6 p 12 1801 220 4 A 8 967 190 1
750 4128 370 8 s 16 2452 270 5 M 10 1195 200
1000 5300 400 10 20 3023 300 6 P 12 1352 200
1500 6837 470 12 24 318 320 8 S 16 1810 226
2000 82.27 5.10 10 20 2088 2.26
o owmE P hEms
000 . . .
*115 or 240V sec only 60/30V 0r 30-0-30Vv 20 40 3564 483
200440V ISOLATORS o1 2120V, 230V Tap AUTOS AVOs & MEGGERs
400/440V ISOLATORS  Secs 6, B, 10, 12,16, 18, 105 115, 220, 230, 240 8 MK5 (latest) £140.70
400/440 to 200240V CT 70, 24, 30, 36, 4D, 88, 60, Foy step-up or down 73 £78.90 Unisel . .
VA Price PP 240.280r300-30V. T O o b MMS Minor  £52.00 niselectors are designed to meet the requirements
oot e 2 g“sv 30‘{ P"';; ':&5'3 80 484 140 BﬁﬂétEB Efssg.ssg for mechanisms having long life and dependability.
¥ g g g g 150 6.48 1.60 o Y]
W 1es 225 2 715 150 30 1181 200 DAT17 Autorange They are approved by British Telecom and used
% ma 20 5 A g 13?1’ JO 50 13 224 kACD o ng.% extensively by them.
! ¥ g : 1000 2270 280 Megger Gen £116. H A A N
20 B3 2% 4 M o5 1515 20 gy a1y 320 BariMegger E85.50 Uniselectors can be supplied with double-ended
000 821 S0 3 S 13 oyee Gh 20 AU 400 AVO 2001 £9160 wipers giving two appearances of 25 points per revo-
W0 1953 0A 5 15 W 100 s w480 PRPEZVATISY lution. 4, 6, 8, 10 and 12 level uniselectors can also be
SUCREZZE S C2 9 B B30 case AuTos supplied with single-ended wipers, connected in adja-
AV 0r 12012 = U (. cent pairs which give 2, 3, 4, 5 and 6 complete circuits
SRELER L % 791 180 deliveries.  Small of 50 points per revolution respectively. Wipers may
038 15 241 90 MINIATURES N batches 10-14 days. be bridging or non-bridging and can be adjusted for
1 5 319 120 D d i a
i T 13 secv A PiP&P 250 WI3 200  ELECTROSILTRS 5% position on bank contacts independently of mechan-
4 2 491 160 303 o8 311 X oz 10 RESISTORS E1100 ism adjustments.
6 3 7638 160 8 - b d 12, 20, 33, 47, 75, 390, 430, i . ini A
8 A 4 B9 160 909 1 259 90 2000 6047 450 5ipq 560, Tk, 1K1, 1k3. Also in stock: Mlmat_ure Umselecto_rs, 3000 Type Re-
oMo s.g }38 g;)z(z gixzz g;; ‘.gg CUSTOM WINDING ués, 18, 2K, 3k, 3k9, 15k, lays, Carpenter Polarised Relays, High Speed Relays,
1 P 10. d 5 : . . 16k, 24k, 27k, 39k, 56k, -
6 b 5 12w 2y 89x2 1Ax2 477 14 SERVICE o G B B ]’ransformers, 2000 and 4000 Type Selector Mechan
go 10 ;7.46 244 :%212 géxz gﬂ .gg iXQS-EK\F/:QS?g'IiSEgeS 130k, 150k, 200k, 220k, isms, etc.
1 A 64 bl 3 d . B~ R
B D M I 0x2 3x2 339120 brototypes M0 days 2 0% 300k P&P 20p As one of the few remaining suppliers of Strowger
83 41 5120 450 20120 PLEASE ADO 15% components in the U.K. we would welcome your
1220 9 413 130 EXPORT ENQUIRIES VAT TO ALL ITEMS nguiri dl k f d di . d
96/48V. Pri 2120V }glggzz 15AX22 233 I'gg WELCOMED AFTER P&P enqg 1es an 00 orward to ISCUSSING your needs.
Secs 2x36/48V 21X2 .5%2 483 1
72°9- 15,27 x21A%X2 7.30 1.60 L d
P e e e BARF < = | Cynpex Lt
A e SO CCON Unit 211, Stratford Workshog Telecommunication component factors
8 . or . PRI - -
I BRI IR e ACWANOR B rford Road, Londg Unit 3, Argyle Way, Stevenage, Hertfordshire SG1 2AD
5 p 10 3223 320 759 12 15V. Ratings | i Telephone (0438) 352497/352326. Telex 825617
6 g 12 8036 350 y'5y5 369 12 25VA
8 16 44.03 3.75
WW - 067 FOR FURTHER DETAILS
WW - 009 FOR FURTHER DETAILS
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WHAT RESOLUTION
FOR ONLY £230.

Our RGB high resolution colour monitors
(580 % 470 pixels) sell for £229.95 (excluding VAT)—a
saving of over £100 compared to other leading monitors
of similar specifications.

That's a bargain we guarantee you won tsee from
any other micro retailer.

We 've managed to acquire the sole distribution
rights enabling us to offer these superb monitors at this
unbeatable price.

And just because you re saving on price doesn't
mean youre sacrificing quality. Here's what Personal
Computer News had to say about our monitors.

“There is no doubt that the JVC range of

most other leading micros.

And naturally there’s a years full guarantee.

Another one of our commitments is to make
certain we deliver your monitor by courier within ten
days of receiving your order. l

You can order by filling in the coupon below and
posting to: Opus Supplies Ltd., 158 Camberwell Road,
London SES OEE. Or by telephoning 01-701 8668 quoting
vour credit card number. Or, of course, you can buy at
our showroom between 9.00-6.00pm, Monday—Friday
9.00—1.30pm, Saturday:.

Now available from John Menzies.

ECM colour mo.nltors = t.:xcelleflt valu.e for [ To: Opus Supplies Ltd,, 158 Camberwell Ruad, London SES OEE. l
money...there is noloss in quality of picture after { Please send me: ‘
long periods...remember as more and more High Resolution Colour Monitor(s) at
resolution is available with new micros, the need } £229.95 each (ex.VAT). |
for a better display will be that much greater.” Medium Resolution Colour Monitor(s) at
) i . . A149.95 each (ex VAT).
For those who only require medium o el e
. - ; . “onnection lead(s) at.£6.00 each.
resolution we also have a model (370 X 470 pixels) at l R = i i : o
g ) LAt Ao TR understand carrigge per monitor will cost an extra £700. '
&139-95 (excluding VAT) whichiis equally excellent value (N.B. AHigh Resolution Monitor including VAT, lead, and carriage
for moneyv. ‘ COsts £279.39. A Medium Resolution Monitor including VAT lead i
Botl units have a 14" screen and are suitable for and carriage costs £187.39).
the BBC Micro, Spectrum QL, Lynx, Oric, Apple, IBM and } lenclose achequefor & Or please debitmy credit card \
account with the amount of & My Access/Barclayeard
‘ (please tick) no. is ~
MODEL REFERENC] L 1302 2 High Resolution ;13021 Medium Resolution Please state the make of vour computer
| RESOLUTION [ s80x470 Pixels [ s7ox470 pivels ] ’
(ERYS R - | = Name
_\’QI’LY _ - | .37.3() 240v. S50, (1(&7 o 2200 240v i()'(ﬂAFI[/ |
EHT 1 Minimum 19.5kv Mimmum 19 Skv } ‘
- i o 1 id'.l:ximum ZLSkv ~Maximum 22.5kv Address
| VIDEO BAND WIDTH 10MIz B oMtz B -
DISPLAY ) B _j‘i) ]tllr\’iga:lus hv_ ?gimiuun by
| SLOTPITCH | 041mm - * 0osmm ) . ‘
L U R As
SYNC Separate Syncon R.G.B Separate Sync on RG.B } ‘ Telﬁ‘PhOnC‘: & Opus Supplies Lud. )
| - B _i_Pos_ni_\'cnr Negative | Positive or Negative ]
exEmaLcontions | O | wwiz|

WW — 043 FOR FURTHER DETAILS
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- 01-4521500 'Tecunomaric Lo 01-450 6597

Software from ACORNSOFT/
PROGRAM POWER/GEMINI in
stock

BBC Micro Computer System
OFFICIAL DEALER

Please phone for availability

BBC Model B £348

B + Econet £389

B + DFS £409

B + DFS + Econet £450

Carr £7

Model A to Model B

Upgrade Kit £75

Installation £15

LANGUAGE ROMs

BCPL Rom + Disc + Manual £87
PASCAL-T Rom £44

WORD PROCESSOR ROMs

VIEW 16k Rom £52

WORDWISE 8k Rom £32

Carr £1.50

UTILITY ROMs

BBC Ultracalc £65, Toolkit £20
EXMON £20 Disc Doctor Rom £28
FXDump £15  Graphics Rom £28
Termi Rom £29

FLOPPY DISC INTERFACE
£84 & £15 installation

BBC COMPATIBLE DISC DRIVES

These drives are supplied with manual, form disc and
cables.

Single Drive: 100k £150; 200k £180*; 400k £195.

Single Drive with PSU: 100k £185; 200k £260; 400k £240.
Dual Drive with PSU: 2 x 100k £330; 2 x 200k £400*;
2 x 400k £420

*These drives are switchable between 40/80 tracks.
40/80 Switch Module for | x 400k and 2 x 400k Drive
£32.

DISKETTES: In packs of 10. W = Wabash, M = 3M

40T SSSD, W: £15, M: £17.50; 40T DSDD M: £22

80T SSDD, W: £24, M: £26; 80T DSDD, W: £26, M: £30
Carriage £2/box.

FLOPPICLENE Drive Head Cleaning Kit £14.50
Phone or send for our BBC leaflet

CASSETTE RECORDERS |

SANYO DR101 Data Recorder £34 + £2.50 car-
riage

B8BC Tape Recorder £28.50 + £2.50 carriage
Cassette Lead £3 + £1 carriage

HOBBIT Floppy Tale £135 + £2.50 carriage
HOBBIT Zero Memory Option £25 + £1 car-
riage

Computer Grade C12 cassette 50p each. £4.50
for 10 £1 carriage

MONITORS

MICROVITEC 1431 14" RGB Std Res £210
MICROVITEC 1431P 14’ RGB/PAL Std Res £249
MICROVITEC 1451 14" RGB Med Res £320
MICROVITEC 1441 14’ RGB Hi Res £440
MICROVITEC 2031 20"’ RGB Std Res £287
KAGA VISION 12'' RGB Hi Res £230

KAGA VISION |1 12" RGB Hi Res £260

KAGA VISION Il1 12" RGB Super Hi Res £385
KAGA 12" GREEN Hi Res £106

SANYO DMB112CX 12" Green Hi Res £99
All leads included. Carriage £7

TORCH Z80 DISC PACK

Your BBC computer can be converted into a business machine with the
addition of a TORCH 280 disc pack. The Torch pack with twin disc drive
and the 280 processor card greatly enhances the computer's data
storage and processing capability. ZBO card comes complete with 64K
RAM and a CP/M compatible operating system. In addition to BBC
owner's user guide and a systems disc the package is supplied with
PERFECT software package comprising of DATABASE, WORD PROCES-
SOR & SPREADSHEET and COMANEX, an interactive business manage-
ment game. Complete Package for £730 + £8 carr.

PRINTERS & PLOTTERS

[

EPSON FX80 £325. EPSON RX80 FT £250
EPSON FX-100 £555

NECPC80 23BE-N £310

SEIKOSHA GP 100A £170
SEIKOSHA GP 250X £190
SEIKQOSHA GP 700A Colour £375
JUKI 6100 Daisy Wheel £365

MSP 40 Col Printer/Plotter £109
Colour Graphics Plotter A3 size £270
GRAFPAD Graphics Tablet £125
Carriage £7.

ACCESSORIES

Parallel Printer Lead £10 + £1 carriage
Serial Printer Lead £8 + £1 carriage

Epson Serial Interface 2K £40 + £1 carriage
Epson Serial Interface £25 + £1 carriage
NEC Serial Interface £42 + £1.50 carriage i
Epson Paper Roll Holder £17 + £1.50 car-
riage

FX80 Tractor Attachment £37 + £1.50 car-
riage

Paper Fanfold 2000 sheets £13.50 + £2.50
carriage

‘TIME-WARP’
BBC REAL-TIME-CLOCK/CALENDAR

A low cost unit that opens up the total range of
Real-Time applications. With its full battery backup,
possibilities include an Electronic Diary, automatic
document dating, precise timing and control in
scientific applications, recreational use in games,
etc — its uses are endless and are simply limited by
one’s imagination. Simply plugs into the user port

no specialist installation required — No ROMS.
Supplied with extensive applications software. £29.

BBC EPROM PROGRAMMER

program 2516, 2716/32/32A/64/128 single rail Eproms.

% Personaiity seiection is simplified by a single rotary switch.

% Programming voltage selector switch is provided with a safe position.
% Warning indicator to show programming in progress.

addresses on the EPROM.
% Simple menu driven software supplied on cassette (transferable to disc).
% Full editor with ASCII disassembler.

+ £2 p&p

A fully self-contained Eprom Programmer with its own power supply, able to

% Programmer can read, blank check, program and verify at any address/

Programmer complete with cables, software and operating instructions: £89

PRODUCTION PROGRAMMER: P8000

times. £695 + £6 carriage.

PB000 provides reliable gang programming of up to 8 EPROMS
simultaneously with device sizes up to 16k x 8 bytes. Devices
supported range from 2704 to 27128 in single and three rail ver-
sions. Simple menu driven operation ensures easy eprom
selection and reliable programming in minimum programming

BOOKS (no VAT; p&p £1)

Advanced User Guide (£2p & p)
Assembly Lang Prog. for BBC R
Assembly Lang programming on BBC
Micro by Ferguson and Shaw
Basic Prog. for BBC
BBC An Expert Guide ..
Easy Programming on BBC .
Further Programming on BBC
Introducing BBC Micro...
Programming the BBC
30 Hour Basic..............
35 Educational Programs..
BBC Sound & Graphics
Creating Adventure Programs
Discovering Machine Code.....
Structured Programming
The Friendly Computer Book BBC
Beyond Basic BBC

Large number of other titles stocked

EPROM ERASERS
UV1T Eraser with a built-in timer and mains
indicator. Buiit-in safety interlock to avoid
accidental exposure to the harmful UV rays.
it can handle up to 5 eproms at a time with
an average erasing time of about 20 mins.
£59 + £2 p&ip.
UV1 as above but without the timer £47 +
£2 p&ip.
UV140 up to 14 Eproms £61.
UV141 as above but with timer £79.

Y ATTENTION %

All prices in this double page
spread are subject to change with-
out notice.

This IEEE 488 standard interface is a general pur- ¥ 1 :
pose system for exchanging digital data between a ID CONNECTORS ;{UR“’MMPCEMR L'(E"AGDS AMPHENOL RlBBON
number of devices in a local area. The interface {Speedblack Type) WELIDUAUD LT LTED
complies with the [EC 625-1 standard and can be Noof Header Recep- Edge 14-pin 16-pin 24-pin 40-pin CONNECTORS CABLE
connected to up to 14 other devices. Interface ways  Plug  tacle  Conn. ;’"g ;:3" ;gg" g:g" gj‘g" Solder IDC (Grey/meter)
board is supplied complete with software in ROM, ;8 1229 12?2 :ggv ends B s B L 36-way plug Cemromg 25 £5.25 10-way “0p
interconnecting cables, IEEE cable for connection P P P 'R R o - 16-
to an external device and a comprehensive manual. 28) 175p  150p  240p 2 RIDDOT‘ Cable with Sof:ke(s \ 36-way socket Centronics Zg-::; :g:
£282.50 + £2.50 34 200p  160p  320p 20-pin 26-pin 34-pin 40-pin £5.50 £5.50 56 20
d W&o 40 220p  130p  340p 1end 160p 200p 280p 300p 24-way plug IEEE  £5.00 £4.75 BTy P
50 235p  200p  390p 2ends 290p 370p 480p 525p -way piu - . way 160p
24-way socket IEEE  £5.00 £4.75 g-wav ;%D
D CONNECTORS Ribbon Cable with D. Conn. PCB Mtg Skt Ang pin i B
-way 280p
SMARTMOUTH Mo of weys  25-way Male 500p Female 550p 24-way £6.00. 36-way £6.50
9 18 25 37 T — ~
SPEECH SYNTHESISER FOR BBC wae RS 232 JUMPERS EURO i EDGE
Ol P 0 R older 250
The ‘infinite vocabulary’ self-contained § Xigiea 150p 210p 2505 365p Toove CONNECTORS CONNECTORS
speech synthesiser unit. Uses only 5-10 FEMALE 24" Single end Male 500 | DIN41617 Plug Skt aF AEF
bytes per word — no ROMs required — Solder  105p 160p 200p 335p | 24" Single end Female. €525 | 21wey 1800 1850 | 246-way (Commodorel 300p
simply plugs into the user port. (Has Aux. Qggj;sd ‘ggp Zggp 233" :‘ng g:”::v?a!&-f:fmsla cggo D‘m’rm 2 P | x10-way  (Commo-

? ! 4 p 85p 90p 100p " Male- N 50 d -
Audio output skt.). Supplied ywth Demo/De- IDC 15-way plug 340p. Socket 400p | 24" MaI:FearnBale £950 | 2x32-way St.Pin 230p  275p zrf;»way 1Vic 20} 350p
velopment programs and Slmple software IDC 25-way plug 385p. Socket 450p g:gg-wavé{n . Pin %ggp gggp ;xlzg-waylzxs“ . 140p
. . - R — | -wWa in P x23-wa
instructions, £37 + £2p. & p. TEXTOOL ZIF X35 weyAng Pin_ 375p  400p | 2xZoway o

oc 4o £5.75 DIL HEADERS 1D Skt R B2TSpA+ CIS0p | 2x28 way (Spectruml  200p
SOCKETS 24-p !
BT @ 28pin£8.00 4pin€9rs | Soldor Type  [0C Type IF:gr (ZA BERTEy g;ease specify spac l ?ﬁéwvg:y ﬁ -
——— 14pin P e — i
Nf‘x EOMP“LEEHESNESA‘E CAJ#%,%‘I‘(‘:’E lfs"r‘“l' DIL SWITCHES 2ain s 1o | TESTCLIPS | By =,
BLE — P A ND F E 4- 704 B8-way 130p | 40pi 2 225 4-pin 375 16-, 1x77-way 400p 500p
\ & way 100 10-way15ap | P B ol PINSTR ping1030 P 0% | 2s0wayISi00conn]  600p
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WRLCIEN | 7ae 1200 | 74779 A6 LINEARICs COMPUTER COMPONENT CCUES S

7400 25p 7415283 ~ Mtz UriF 375
7401 25p ;§§§§ ?,35 7415290 AD?7581  £15 p | SFFI6364 800p 8288 £11 CRT 8795/6  90p gMHz UHF ’
7402 250 | 74285  160p | 74L5292 ADC0808 990p SN7648aR800p) 8755 LR controLien B TIRA 450
7403 25p | 74286 160p | 7415293 AN103  200p p | SN76489 400p 9901 £3 B1LS95/7 160p
7404 25p | 74290  150p | 7415295 AY1-5050 $9p SN76495 400p 9902 £3 cmssa; 900p | B1LS98  120p
a0 b | 74293 90p | 7415297 Av3210) 500 GRU2EEALZINN TMS4s00 £14 | CRTSOZ] £18 o gg :
7 8 b P TMS99 5037 £18
7407 POA ;‘}ggﬁ }gg;'; 7:'[§§§g AY3-8910 400p | LM394CH 300p | TA7120 Zsop"; ! 32,?, EF9365 9637AP 160p 32'758'(”1100;:
7408 25P | 74365A  48p | 74LS321 AY3-8912 500p 36p Z80AP10 350p | EF9366 = £36 | ZN425E-8350D | 00y, 325p
7409 250 | 74366A  48p | 7415323 200p AY5-3600 600p 50p Z80CTC  300p | MCEB45: 650p | ZNA2GE-8 350p | mn0cp,  375p
7410 25p | 74367A  48p | 74LS324/624 CA3019A 80p 70p 280ACTC 350p | MCEB45SP o os i
7411 25p | 743684  48p 150p CA3028A 120p | LM725C  300p ZBOADART - 750p | ZN42BE-8 450p
7412 25p | 74376 100p | 7415348 140p M73 75p U5 850p | MC6847| 650p
7413 40p | 74390 90p | 7415352 20p ZB80ADMA £10 | P8 €27
7414 80P | 74393  150p | 74LS353 70p 80p 280S10/1/2 €9 i
415 PO | 74490 120p | 7dLS356 CA3080E 80P 205 ;
7420 Z5p SR CA3086  60p 150p 225 o~ 8
7421 25p | 74LS00  27p | 74US365A 4Sp CA3J089E 250p 300p 2102 160p 9
7422 30p | 74LS01  27p | 741S366A 45p CA3090AQ 250p NTERFACE
;gg gg: ;:tggg ;;p LR ) CA3130E ggg; E 2
7426 30p | 741504 305 32t§§$§‘ oo 500p | TCAS40 175p | INSBO60 -
7427 30p | 74LS05  20p | 7415374 350p | TCA965 120p | TMS1601 ADSS8BCY 775p
7428 30p | 74LS08  30p | 7415375 200p | TDA1004A £4| TMS9980 4027-3  300p | Apsgiy €20 | FD1797 443 125p
7430 25p | 740809 27p | 7408377 75p | TDA1008 320p | TMS9995 4116-15 1400 | Am25S YD 380p | FD2793 4608 250p
7432 60p | 74LS10  30p | 7415378 50p | TDA1010 250p | 28 411620 120p | Am75L 52521 FD2797  £42 | 49152  250p
7433 25 | 74LS11  27p | 7415379 120p | TDA1022 500p | Z80 41183 450p 250p | TMS9909 £12 | 50 175p
7437 25p | 741512 27p | 7415390 160p | TDA1024 120p | Z80A  400p | 4164-2  450p | Amg) 31 WD1691 £15 | 6.0 150p
7438 100p | 74LS13  40p | 7415393 120p 350p | TDA1170 300p | 2808 £11 | 4164-15  500p 160p | WD2143 €8 6144  175p
7439 36p | 74LS14  50p | 7415395A 4044 350p | TDA2002 325p | EVTTLLERN | 441615 500p | amzeLsh2 70 150p
7440 25p | 741815 27p 100p 350p | TDA2003 325p 453220 250p 1 CHARACTER HIRSCRNERLL
7441 70p | 74LS20  27p | 7415399 120p 110p | TDA2004 300p | IS | 4816AP-3 4500 | ny002  asop 80 175p
74424 60p | 74US21  27p | 7415445 100p 230p | TDA2006 350P | Hg5y £12 | 8101 300p | pacso  £28 | QALLLMMD | 5867 175p
7444 0p | 74LS22  27p | 7413465 150p 500p | TDA2020 320p| 3727 so0p | 2218 850p | DMg13l 275p 100 175p
7445 %0p | 74526 27p | 74LS468 150p 200p | TDAT000 3500 | 3045  ssop | 81163 5500 | ppgags s0p | ROI 2513 1050 2509
7446A  90p | 74527  30p | 7415467 150p 400p | TLOGICP 40p| geso  2agp | S116LP-3 850P | ps3ger  3s0p | VS 750 | 1070 200p
74474 75p | 74528 27p | 748450 130m 150p | TLO62 6P| gis0 3100 | 626415 £35 | poggan qa0p | G 0% | 170 3009
7448 90p | 741530 271 75p | TLOSS 100 P | 651445  200p DMgesed £12
P P | 74LS540 120p P Pl 65224  550p DS8831  150p | \Mceg760 750p | 120 150p
7450 25p | 741532  POA | 7403541 150p 0p TLO71 38p| ge35  esop | oold 120p | pgge32 | 150p P | y40 175p
7451 25p | 741533 27p | 7418608 700p | 4054 100p [ TLO72  50P| gogy 8s0p | 295189 150 | DSgs3a3 2250 | FYRLRILDY | 4318 175
7453 25p | 74LS37  27p | 74LSe10  £19 350p | TLO74  100p| ga5y 200p | 249201 350p | psggas  150p 14756  250p
7454 25p | 741838 60p | 7418612 £19 70p | TLOBT 32| ggpa  z20p | 05289 150p | psgaag ENCODER JIEEX) 200p
7460 60p | 74LS40  30p | 741Sp24 150p 200p | TLOB2 5P| gg29  £1250 333:;5 600p | pSgERY  170p 16.0 200p
7470 60p | 74LS42  45p | 74/5626 150p 50p | TLO83 75p | 6840 375p | ooi25, 800 | 1F13201/ 450p | AY5-2376 950p | 150 200p
7472 40p | 74LS47  60p | 74/G628 150p C3403  65p | TLOB4 9P| £3840  600p 31422 950p | Mc1488| 100p | 74C922  420p | 18432  150p
7473 36p | 74LS48  60p | 745629 150p 360p |TL094  200p| ggey 200p | X720 TBA | MC1489| 100p | 74C323N 500p | 19965  150p
7474 40p | 74LS51 30p | 7405640 200p 900p | TL170 S0P | ggms0  220p MC3418 950p 200 200p
7475 40p | 741554 30p | 74156401 790p | TL430C 70| g5y 250p ROMs mc3ase 250p | NELUDEIAN | 240 300p
7476 a0p | 741855  30p 250p 800p UA1003-3935P| gazs  700p MC3459 450p | NENLTSOLH] | 480 175p
7480 48p | 74LS73A 30p | 74LSe41 200p MM57160 620p | UA2240 120p| gggeq  g5op PROMs MC3470 850p 116 300p
7481 120p | 74LS74A 60p | 74136421 MM6221A UAA170 200p| gg75  s70p MC3480 850p | MC1a411 7000 | pyq1000 TBA
7482 120p | 74LS75  36p 250p ULN2003A 3154  9sop | 149188  140p | \sc3ag5| s00p | COMB116 800P
7483A 75p | 74LS76A 27p | 7415643 200p 100p | gigg 450p 745287 200p | \C3487  300p | 47028 750p
7484A  120p | 74LSB3A 46p | 7415643-1 ULN2004 75p| gygg 350p ;42528 ;gp MCa024  325p
7485 p | 741585 75 250p ULN2004A 8205 225p | 143387 2%5p Mcaoui 325p UARTs
7486 36p | 74LS86  36P | 7415644 200y 100p| g512 P | MC14412 750p :
7489 170p | 74LS90 320 | Jai3e4s 200p ULN2068 290p| g312  j20P 75107 gop | AY31015F MC6818P 550p
7490A  45p | 741591  60p | 74106451 LM308CN  75p ULN2802 200p | 3204 1308 75110/12 160p | Ay 300p | MBB174AN
7491 60p | 741592  40p 250p LM310  120p 150p | ULN2803 200p | g35¢ 280, 2532 450p | 75114/13 160p -5-1013P
P 300p 800p
7492A 50p | 74L593 32p 74L5668 70p LM311 Op 140p | ULN2804 200p| g55g 27 2532-30  700p | 75121/22 140p 2RS
4 Op COMB017 300p | MSMS83:
7493A 45p | 74LS95B  50p | 7415669 70p P 150p 360p | UPC575 275p| goa3 280p | 2564 600p | 75150P  120p 350,
7494 90p | 74LS96  60p | 74US670 120p 160p 360p | UPCS92H 200p| 5357  300p | 2708 400p | 75154 | 1agp | 1Ac40Z  360p D
7495A  48p | 7415107 40p | 748674 S50p < 160p 75p [UPCTIS6H £3| g723  30gp | 2716 350p | 75159  220p ( [F002  300P | geeymrnn
7496 60p | 74LS109  40p | 74 Se82 350p 30p 200p | UPCI18SH €5| goo  3g00 | 2732 450p | 75365  150p | B
7497 200p | 74LS112  40p | 741 Se84 400p 90p 180p | XR210  400p| go5g £36 | 2732A €7 | 75451/2 72p W DECODER
74100 120p | 74LS113  40p | 745687 450p 140p | NES534P 120p | XR2206 400p | gocy 400p | 2732A-35 650p | 75453/4  72p | (TEXTOOL) SAA5020 600p
74307 45p | 74LS114  40p 40p | NES534AP 200p | XR2211  §75p| g5gq 400, 2764-25 800p | 75491/2 65p | 24pin 575p | SAAS5030 700p
74103 45p | 7415122 60p 65p| PLLO2A 500p [ XR2240 120p| g255  4aon | 27128-25 €22 | 8726  120p | 28pin  Boop | SAAS041 E£16
74110 80p | 745123 120p | 74S00 45p 60p | RC4136  60p | ZNd14 80p| gogg 350p | 27128-30 £18 8T28 120p | 40pin  975p | SAAS050 S00p
e, | e = e e—
3 P P 3
74118 120p | 7415125 S0p | 74505 60p 40 LM381AN 180; SAD1024A ZN424E  130p LOW PROFILE SOCKETS BY T
74119 100p | 74US126 50p | 74508  60p LM382  120p 1150p | ZN425E  350p > . " -
74120 100p | 74LS132 42p | 74S10 45p ZN426E 300p| 8pin Sp 18pin 16p 24pin 24p in  30p 18pn 50p 24p
74121 40p | 74LS133  40p | 74S11 50p ZN427E 600p| 14pin 10p  20pin 18p 28 pin 26p 4pin 42p 20pi, 66p 28pin 100p
74122 45p | 74LS136 48p | 74520  45p

2 %NAZBE 450p| 16pn 11p  22pin 22p 40pin 30p 16 pin  45p 22pin  75p 40 pin 130p
74123 S0p | 7415138  60p | 74522  50p N429E  210p el 2

24125 S0p | 745139 60p | 74530  45p ZN4B0E  750p g;;gg 1%9 TIP32C  40p | 2N3054  S5p | 40595  120p TRIACS
S B5E B EE % ZNA59CP 300p P | TIP33A  70p | 2N3055  50p | 40673 75 PLASTIC

74128 70p | 74L5147 120p | 74537 60p

]
ZN1034E 2 BFX30 27p | TIP33C  80p | 2N3442 140p |40871/2 *20p
ZN1040E e% BFX84/5 40p | TIP34A  90p | 2N3553 240p

74136 45p | 74LS151  50p | 74574  75p ZNA134) 23| BEX86/7  27p | TIP34C  120p | 2N3584 250p 3A 400V 60p
74141 70p | 74LS153 p | 74585  250p ZNA234E 950p| BFX88 27p | TIP35A 120p | 2N3643/4 48p 6A 400V 70p
74142 175p | 74LS154 200p | 74S86  90p 18V 50p BFX89  180p | TIP35C  140p | 2N3702/3 10p 6A 500V 88p
74143 200p | 74LS155 50p | 745112  90p 24v O] BFYS0 ~ 30p | TIP36A  140p 2N3704/5 10p 8A 400V 75p
74144  200p | 74LS156 50p | 745113  90p 5V 100mA 78L05 30p BFY51/2  30p | TIP36C  150p | 2N3706/7 10p BAS00V ~ 95p
74145 90p | 74LS157 45p | 745114  90p 6V 100mA 78LO6 30p AD161/2 BFY56  33p | TIP4TA  S0p | 2N3708  10p T3 124400V 85p
74147  120p | 7415158 50p | 745124 300p 8V 100mA 78L08 30p 79112 50pi BC107/8 BFY90 80p | TIP4IC  S5p | 2N3773  200p . 12A 500V 105p
74148 120p | 74LS160A 75p | 745132 110p 12v100ma 78L12 30p 7972 O0P 45p | TIPA2A  60p | 2N3B19  30p | gyipy  qpp | 164400V T10P
74150 150p | 74LS161A 75p | 745133  60p 16V 100mA 78L15 30p P BSX19/20 24p | TIP42C 65p | 2N3823  30p | pyx3p300 20p 16A 500V 130p
74151A  60p | 74LS162A 75p | 745138 110p . HER BUl04  225p | TIPS4  160p | 2N3866 | 90P | 5a47 1op Y2800D  130p
74153 60p | 74LS163A 90p | 745139 120p B BUI0S  190p | TIP120  75p | 2N3902 700p | Gago/er  gp| 1G2060 80
74154  150p | 74LS164  60p | 745140  60p BC1 BUT08  250p | TIP12)  75p | 2N3904  15p | Gage sp| TIG226D 7P
74155 55p | 74LS165A 78p | 745151 180p LM309K 1A 5V 140p 78P05  900p BU10S 225 | TIP122  80p | 2N3%06  16p | naz00 an)] ILG23SDRLI0P
74156 §5p | 74LS166A 745153 180p LM317K T03  250p 78H12  850p BU126 ~ 150p | TIP125  75p | 2N4036  B5p | 5aZp2  10p

74157 55p 120p | 745157 250p LM317T 100p 78HGKC  600p BU180OA 120p | TIP126  B0p | 2N4037  65p | {Ng14 AW THYRISTORS

74159  150p | 74LS168 140p | 745158 195p LM337T 225p 78HOSKC 650p BU20S  200p | TIP142  120p | 2N4123/8 27p | 1Ng1g 75

74160 70p [ 74LS169 110p | 745163 300p LM323K 3A 5V 450p 78GUIC  200p | B BU208  200p | TIP147  120p | 2N4125/5 27p | 1Najas  4p| A 900V 45
74161 70p [ 74LS170 100p | 745174  250p LM350T 350p 79GUIC  225p BU406  14Sp | TIP2955  78p | 2N4401/3 25p | ynNag01/2  Bp | S4B0OV 180p
74162 70p | 74LS173A 745175 320p LM723N 30p 79HGKC 700p 6p BUXBOC 600p | TIP40S5  70p | 2N4427 © 90p | \Nago3/a  ep | 12A 400V 160D
74163 70p 120p | 745188 150p TL4%4 300p ICL 7660 250p BUY6SC 350p | TISS3 30p | 2N4B71 | 50p | 14005 6p 16A 100V 180p
74164  60p | 74LS174 60p | 745194 300p | 4e43 300p LM305AH 250p E310 S0p | VNTOKM 50p | 2N5087  27p | {Ngooe/7  7p | LOAA00V 220p
74165 75p | 74LS175 80p | 745195 300p 225p SG3624  300p | BC MJ413  250p | VN66AF 90p | 2NS0B9  27p | 1Nsap1/2 12p C106D 45p
74166 90p | 74LS181 120p | 745196 300p : MJB0Z - 400p | VNBBAF  £1 | 2N5172 27 | 1NS403/4 14p 36,

74167  200p | 74LS183 120p | 745200 450p . MJ2s01 2250 | ZTx108  12p | 2N5191 | 90P | yNsagas5 14p

74170  150p | 74LS190 60p | 745201 320p 2N5777  agp | TIL32 MJ2955  90p | ZTX300 13p | 2N5245  40p | 1nNc4p477 19p

74172 250p | 74LS191  60p | 745225 650p OCP7t  180p | TIL78 55p MJ3001 226p | ZTXd52 45p | 2N5401 | 60p | gq9n %

74173 65p | 7415192 60p | 745240 250p ORP12  120p | TILIIA  120p MJ4502 400p | ZTX500 15p | 2N5459  30p

MJE340  60p
MJE2955 100p | ZTX504  18p | 2N5485 36p
MJE3056 70p | ZTX552 S5p | 2N5875 250p

MPF102 40p | ZTX652 60p | 2N6027  30p

MPF103/4 30p | ZTX752 70p | 2N6052 300p BRIDGE

MPE10S ~ 30p | aNGo7  25p | 2Neoss | 325p | FITgRIEE
P

A 50V 13p| Gor12vDC
MPSA13 S0p | 2N708  30p | 2N6254 130p | | p "

MPSAZ0 50p | 2N918  4Sp | 2N6230  68p 14 100V 206 | CollSEDTIA
MPSA42 50p | 2N930  18p | 25C1306| 100p | 13 £O0V 2P| 24VOC A
MPSA43  §0p | 2N1131/2 36p | 2SC1307' 150p 4 ol

74174 60p | 74LS193  60p 745241 300p
74175 60p | 74LS194A S0p 745244 400p
74176 55p | 74LS195A S0p 745251  250p
74177 50p | 74LS196 60p | 745257 250p
74178 90p | 74LS197 S4p 745268  250p
74179 80p | 7415221 90p 745260 70p
74180 55p | 74LS240 120p 745261  300p
74181 140p | 7415241 120p 748283 300p
74182 50p | 74L5242 75p 745299 550p
74184 120p | 7405243  75p 745373  400p

ORP&0 120p | TILB1 120p
ORP61 120p | TIL10O 75p

&
ILD74 130p | TILITT - 70p
MCT26  100p | TIL112  70p
MCS2400 190p | TILT13  70p
MOC3020 150p | TIL116  70p
La7a 180p | 6N137 o
| 0 13

MAN72  140p

0125 MAN74  140p

2A 50vV 30p | Coil DPDT5A
il 47 4 MPSAS6 32p | 2N1613  25p | 2SCt957 90p 4 | |

ey e |7acass 105 | 73573 saen TiL209Red 10p | MANSESS 2000 MPSA70 50p | 2N1711  25p | 25C1969) 150p-| 24 100V 3 | 2avDC
74193 745249 70p | 745573  500p TL211Gr 12p | pen T TP MPSA3 40p | 2N2102 J0p | 25C2028 80p | 2A 400V 4Sp | 240V AC 200p
74134 s0p | 74LS251 45 TIL212 Yol 15p (4 MPSU06  63p 25C2029 3A 200V 60p | 6or12VDC

2 (S 4000 CMOS TIC730  140p 3A 600V 72p | Coil SPDT 10A
74195 S0p | 74LS253  45p 0.2" NSB5881 570p 4A 100V 95p | 24VDC
74196 48p | 74LS256 200p | 4000 z2p TIL220Red 10p | TIL311  600p 4A 400V 100p | 240V AC 225p
74197 48p | 74LS257A S0p | 4001 2p T2226r 12p | TI321/3 1308 A T bR
74198 120p | 74LS258A 4S5p 4002 25p TIL228 Yel 15p | TIL330  140p 6A 100V 100p m
74199 120p | 74LS259 120p | 4006 70p Rectangular 7750760 200p 6A 400V 120p
74221 100p | 74LS260  40p | 4007 25p LEDs (R.G.Y 30p | Bargraph 225p 10A 400V 200p | 2.7V-33V
74251 74LS261 80p 4008 55p P 25A 400V 400p 400mW 9p
e Tarsa%s 140 | 4930 o | vy 250p L D
74 P | 6-wa 1
Az 7415275 175p | 4011 25 | 10.way LN 13; BFR80/1  25p| TIP32A 2N3053  30p | 40361/2 75p

PLEASE ADD 50p p&p & 15% VAT

Tecunomaric Lo SEADD 50p pbip &

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED Orders from Government Depts. & Colleges etc. welcome,

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10.
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)
305 EDGWARE ROAD, LONDON W2

Detailed Price List on request.
Stock items are normally by return of-post.
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LINSLEY-HOOD
300 SERIES AMPLIFIERS

30 Watt Complete Kit ... ...
35 Watt Complete Kit. MosFet O/P .
45 Watt Complete Kit. MosFet O/
Reprints of 30 Watt Article from ‘Hi-Fi News’
Reprints of MosFet Postscript to above.......

LINSLEY-HOOD 109-WATT MOSFET
POWER AMPLIFIER

The very latest amplitier design, published in 'Wireless World’
by the renowned John Linsley-Hood. This may fow be taken as
the standard by which the rest are judged! Our kit, approved by
the designer, has massive heat sinks and power supply and
includes ail components needed to build Case size 412mm
wide, 254mm deep and 145mm high. Automatic switched
speaker protection 1s included as standard. Cost of alt parts is
over £120 Our complete stereo kit price £105.50.

SOLENOID CONTROLLED Hi FI/DIGITAL
CASSETTE MECHANISM

Front loading deck with full solenoid control of -all functions
including optional read in fast wind modes. 12 volt oparation.
Fitted 3-digit memory counter and Hall IC Motion Sensor. Stan-
dard erase and stereo R/P Heads. Cheapest prics ever for all
these features. Only £38.90 plus VAT. Full technical specification
included

THIS MONTH'S SPECIAL OFFERS

HIGH-SPEED DIGITAL CASSETTE RECORDER

A reslly super buy for the computer enthusiast. These decks,
made by Burrou?hs. use a capstaniess cassette mechanism
to record and replay data at 10 and 30 inches per second The
read after write head uses an NRZ system with separate
tracks for clock and data. Power supplies of 5v, —12v and +12v
are required. Front pane! is 137mm square and the unit is
200mm deep including rear connector. Offered in good ex-
equipment condition at a fraction of original cost. ONLY
£44.50 inc. VAT and postage. Data inc circuits and layouts of
PC8s £3.50.

DOLBY "B’ NOISE REDUCTION IC LM1011
Marvellous opportunity for home experimenters, build your
own noise reductvon sys(am Supplled complsts with cicruit
showing typu: 11 price only
£3.50 for two inc. VArT and pon

COMPLETE STEREQ CASSETTE DECK
Brand new high quality top-loading Cassette Deck complete
with Record/Play electronics. Supplied with connection data
and circuit diagram. Automatic chrome/ferric switching. Only
needs Sv DC supply. Total price only £18.34 inc. VAT and
post.

COMPLETE STEREO TUNER MODULE
Three band LW/MW/FM Stereo Tuner fully assembled on PCB
165 x 85mm. Supplied with Ferrite rod aerial and band switch
fully wired. Facility provided to drive tuning meter and stereo
LED. Only needs 12v DC supply. FM sensttivity 2 5uV. Price
only £7.99 inc. VAT and post.

HALF HEIGHT 5Va” FLOPPY DISK

Latest MPU controlled 80 Track Drives, support single or
double density. Fully compatible with Teac, Shugart anc
many other full and half height drives

80 Track. Single side.

80 Track. Double side

Full manual for each type £14 50 No VAT

£179
£225

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads couid restore performance
to better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actual importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppliers and seel
The fotlowing is a fist of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.
HC20 Permalloy Stereo Head. This is the standard head hned as
N?maueqmpmemon most decks 1
90 High Bete Permalloy Head. A hard-wearing, hlgher per
formance head with metal capability £8.06
HS16 Sendust Alloy Super Head. the best head we can find
Langer life than Permalioy. higher output than Ferrite, fantastic
frequency response
HQS551 4-Track Head for auto-reverse or quadrophonic use, FuII
specification record and playback head £9.7:
Please consult our list for technical data on these and o(her
Special Purpose Heads

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing noise
on playback £4.54.
Curved Pole Type for inaccessible heads £4.85

COMPONENTS
We now fist a wide range of individual components many of which
are not available elsewhere Send for your copy of our latest list
which also gives further information on our Kits.

Please add part cost of post, packing and insurance as follows:

INLAND

Orders upto £10 - 50p
Orders £10t0 £43 €1
Orders over £50 - £1.50

ALL PRICES EXCLUDE VAT
UNLESS STATED

OVERSEAS
Please send sufficient to cover
Surface or Air Post as required

Personal callers are always very welcome but please note that we
are closed all day Saturday

(0691) 652894

FREQUENCY COUNTERS

The brand new Meteor series of 8-digit Frequency Counters offer the lowest cost professional performance avaiable anywhere.

Measuring typically 2Hz — 1.ZGH¥ *

Sensitivity <50mV at'mi *

Setability 0.5ppm *

High Accuracy *

3 Gate Times o "
PRICES (Inc. adaptor/charges, Wik Paind VAT)
METEOR 100 (100MHz)  £104.36
METEOR 600 (600MHz) - - £134.26
METEOR 1000 (1GH2) )

Designed and

manufacturad
in Britain

1.ow Pass Filter

Battery or Mains

Factory Calibrated

1-Year Guarantee

0.5 easy toread L.E.D. Display

Illustrated colour brochure

with technical specification

HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

NIV USRS 0
ity Qe @ik

and prices available on request.

Black#Star

WW —.030 FOR FURTHER DETAILS

BLACK STARLTD, Dept. WW, 9A Crown Street, St lves
Huntingdon, Cambs PE17 4EB, England
Tel: (0480) 62440 Telex: 32339

24 hour telex service

A vital service for
continuous operation
and maintenance
of your electtonic
installations

1days a week
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ELECTRONIC « WORLD-WIDE

EXPRESS SERVICE

@ ELECTRON TUBES —

KLYSTRONS — MAGNETRONS - TW.T s
@ LEADING BRITISH, AMERICAN & EUROPEAN BRANDS.

@ MANUFACTURE OF SOLID STATE BIRECT REPLACEMENTS
FOR OBSOLETE ELECTRON TUBES & POWER TRANSISTORS.
@ WORLD-WIOE EXPRESS SERVICE FOR AMERICAN ELECTRICAL
& ELECTRONIC SPARES FOR CIVIL & MILITARY AIRCRAFT.

& TEST & CERTIFICATION TO GOVERNMENT STANDAROS.

B.S.L.EXPRESS SERVICE LTD.

Handrail House, Maygrove Rd, London NW6 2EG, England.

Tel:

WW - 017 FOR FURTHER DETAILS

wWWwWw_americanradiohistorv com

01-328 2111 Telex: 298655 (BSLLDN). Cables: Sarozal London.
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COPEX 14D10V
VITAL FOR VIDEO

A high sensitivity (2mV) oscillo-
scope with an advanced digital de-
tay system for TV line selection

| -
providing an exceptiorally stabie ’
and inherently jitter-free display SAREL S
from inherently unstable mechani- '
cally reproduced video recording
sysiems, whether tape or disc. The § 8000 SERIES
digital counting system operates #§
on line numbers iselected by a 10-
turn vernier delav control), not on ET THE
elapsed time thus guaranteeing jit-
ter-free traces even after a delay of
almost a full fieid. D
Designed primarily for the video

service market,t he 14D 10V with its @ Protects against ingress of dust and liquids IP55

large screen and advanced facili- AR e Vg

ge £ id ble id ® |.5 and 1.75mm steel bodies and 2mm steel doors.

ties aiso otiers o n§| erabte aas ® Smaller sizes fitted with advanced polyurethane

vantages to Technical Colleges gaskets. Larger sizes (600 X 600 and above) fitted

and Polytechnics for demonstrat- Yfanpsoprane gasios, i

s ® Wide range of chassis systems including plates DIN

ing modern TV metholds an(.j for rail, telequick and gland plates.

work on video, text and digital ® Standard finish is textured beige polyester powder
i paint.

techmqugs. : 5 ® Glazed doors — wide choice from stock.

Outstanding value at -only £365

olus VAT. Send for full specifica-

tion details today. British de-

signed and made. Agents

| Think big - think Sarel

nY . Sarel Limited
requi fed worldwide. Cosgrove Way, Luton, Beds. Tel: Luton 20121
B T W Ty T e = |
Please send me full details of how Sarel’s 8000 Series ‘
‘ROPEX ; i of cabinets and accessories set the standard. I
the osclioscope peopb_ ' I Name l
SRS (| | Position. I
Scopex Electronics Limited [ diaie. q
63-65 High Street, Skipton ' | Address L3
North Yorkshire BD23 1EF ¥2 I Sarel Limited, Cogrow:fWay, -lIJetL::n. Beds WWa4/84 l
Tel: Skipton {0756) 69511 3P s ST e e =

WW —061 FOR FURTHER DETAILS
WW - 057 FOR FURTHER DETAILS
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B. BAMBER ELECTRONICS

o ) , SURPLUS & EX-EQUIPMENT
Rohde & Schwarz Enograph Type BN 18531, £60. Digital Decwriter 11 Printer with keyboard, £100. 'ALVES 5AUG £1.00
Rohde & Schwarz Sweep Signal Generator Type BN 4242/2, 50 kHz to 12 Rohde & Schwarz Z-g Diagraph Type BN 3562, 300 to 2400 MHz, £8S. A2293  £6.50 5AVE  £1.
MHz, £85. Marconi V.H.F. Alignment Oscilloscope Type TF 1104/1, £150. DAd1  £21.50 o e
Rohde & Schwarz UHF. Signal Generator Type BN 41026, 1000 to 1900 Tektronix Sampling Oscilloscope Type 661 with 452 plug in. £120. DEsl - £4.00 ELB2I £8O0 col o
MHz, £125. Avo Valve Tester Type CT160, £30. Y10 £900 EL822  £1200 6BHG {,ﬁg
Rohde & Schwarz Group Delay Measuring Equipment Indicator, £50. Advance Oscilloscope Type 0S25A, DC to 3MHz, £120, E1EJCEIRE) 00 RN T 110 68J6  £120
Rohde & Schwarz Group Oelay Measuring Equipment Modulator/Demodu-  Telequipment Oscitloscope Type 043, DC to 10 MHz, £100. e GRG) GE f150 6BQ7A  £1.00
iator. £50. Telequipment Oscilloscope Type $43, OC to 10 MHz, £85. EACS1  £250  EYse £6.50 6BW6  £5.00
Rohde & Schwarz Power Signal Generator Type BN 4105, 30 kHz to 300 Telequipment Oscilloscope Type S51, £75. D D mEm 60B6  £150
MHz £125. Telequipment Oscilloscope Type $324, DC to 3 MHz, £65. EC88 £1.00  GZ34 £2.00 6CHE  £10.00
Rohce & Schwarz U.H.F. Millivolt Meter Type BN 1091, 20mV to 10V, £50. Tektronix Rack Mount Oscilloscope RM17, DC to 10 MHz, £85. o, B S 0% e B35
Airmec Modulation Meter Type 210, 3 to 300 MHz, £95. Tektronix Oscilloscope Type 317, DC to 15 MHz, £120. fCCx B M 0% ke ©350
Hewdett Packard S.H.F. Signal Generator Mode! 618 B, 38to 76 GHz, £120.  Marconi R.C. Oscilloscope Type TF1101, £65. o MKTEdE AR 6F5G  £2.00
Hewdett Packard Square Wave Generator Model 211 A, £60. Airmec Millivolt Meter Type 301A, £75. ECCEEINE (0 R 16 R £14.100 6J5 £2.00
Pye 12V Power Unit Type AC 15, £25, Advance Audio Generator Type H1, £20. ECCOI 202 Rl 6507 120
Wandel Golterman Carrier Frequency Level Meter, Type TFPM 76, £60. Tektronix Oscilloscope Type 543A with Type B plug in, £160. ECFB0  £1.00 pis2 100 6SL7 £1.00
Rohce & Schwarz Video Skop Type BN 4241, £250, Tektronix Oscilloscope Type 531A with Type H plug in, £160. ECF82  £1.00  QQV03-10 6Us £.|'7
Schemantol Frequency Meter Type FD1, 30 to 900 MHz, £50. Sander Oscillator Type CLC 2-4, 210 4.5 GHz, £95. ECHEDIgte 00 e 6V6 H'ZQS)
Tekt-onix Delay Cable Type 113, £50. Bruel & Kjoer Microphone Amplifier Type 2604, £50. ECL80  £1.00 QQV03-20A 6X4 H'Zl)
Bruel & Kjoer Vibration Meter Type 2502, £50, Bruel & Kjoer Microphone Amplifier Type 2603, £50. EClez  £1.00 £0500 B R
Advénce Pulse Generator Type PG 54, £40. EMI Oscilloscope Wide Band Amplifier Type 7/1, £25 EF39 £1.00  QQV05-40A 12477 £1 'w
Systron Donner LF. Spectrum Analyzer Model 805, 200 Hz to 1.6 MHz, £550.  Airmec Sweep Signal Generator Type 352, 20 Hz 10 200 kHz, £45. Ersi R 220 3 120U6  £2550
Ministry Oscilloscope Type CT 436 Dual Beam D C. to 6 MHz, £85. Belix Variable Power Unit, 0 to 50V at 2 amp, £40. EG8 125 JQvos gL 0 12807 €14
Marconi Signal Generator Type TF 995A/3/S (CT402), £95. BTR Silvertown Anti-Static and Conductive Footwear Tester, £25. EF9I £125 Q70620 £15.00 124V7 ﬁ'g
Marconi 100-Watt 7dB Attenuator Type TM 5280, 150 to 185 MHz, £40. Dawe True RMS Valve Voltmeter Type 6124, £20. Eha2 EZ S0 250 124X7  £1.00
Pye Aerial Tuner Unit Type ATU 4, 2to 9 MHz, Pre-set, £15. Rohde & Schwarz Power Signal Generator Type BN41001. 0.1 to 30 MHz, EF9S £100 SNET2 £13.00 1284 £150
A.l M. Electronics Pulse Generator with Clock Generator, £65. £75. EE1S Qe 00py003 240 12BH7  £180
Marconi V.H.F. Signal Generator Type TF 1064B/5M, £125. Marconi Oistortion Factor Meter Type TF142F, £85, ERTSZ 1 SORSB I A2 50 12BY7  £275
Marconi Tx & Rx Output Test Set Type TF 1085, £85. Marconi A.M. Signal Generator Type TF144H/4S, £125. EKSORIN £ OO g 75 BRENZ 50 1261 £17.00
Marconi %% Universal Bridge Type TF 1313, £220. Tektronix Time Mark Generator Type 180A, £125. EL34 £225 5R4G £2.80 2BL6GT  £2.75
Tektronix L-C Meter Type 130, £65. Marconi F.M. Signal Generator Type TF 10668/1, £280. EL37 £9.00 sv4 £1.25 85A2 £2.00
Heathkit Harmonic Oistortion Meter Type 1M-12U, £20. Marconi F.M. Signal Generator Type TF 1066B/6, £300. el 25005V SGTFT 00 90C1 £270
Rohde & Schwarz Polyskop 11 Type BN 425/50, £350. Marconi Carrier Deviation Meter Type TF 791D, £95. Eel  £675 BAGS  £150 S
A EW. Process Cycling Oven, £600. Airmec Modulation Meter Type 409, £120. ELEY £100 6AGEG £2.00 5763 £4.00
Twin Clothes Lockers, nests of 2 with keys, £20. Marconi Universal Bridge Type TF 868, £50. ELBs S 5965 £225
Louvred Lin Bin Panels, 4' 6 x 4'6'", £20. Marconi AM./F.M. Signal Generator Type TF 995A/5. £230. EL86 £1.00 6ANS  £395 5080 £5.75
Kodak Roll Film Orying Cabinet with Hangers, £150. Marconi R.F. Power Meter Type TF 1020A/4, 300W, 75 ohm, £65 Etg? ggg gﬁg% 3553 6146 £7.00
Potter Line Printer Type LP 3000, £150. Marconi R.F. Power Meter Type TF 1020A/1, 100W. 50 ohm, £65. 1360 £1.75 6ALS f100 6216 £420
P. & P. or Carriage and V.AT. at
PYE POCKETFONE PF1 BREAKING TEK 545A SCOPES RADIOSONDE RS21 15% on total must be added to all
UHF RECEIVER FOR SPARES METEOROLOGICAL BALLOON - orders. .
440-470 MH3, Single Channel, int. CRT type T543 P2 £12 each. Mains TRANSMITTER allers very welcome, strictly be-
spesker and aerial. Supplied complete Transformers T601 £15. High Volume ! . tween 9 a.m. and 1 p.m and 2 and
with rechargeable battery and service Transformer T801 with valves £25. Also ;:‘Cv::l?:: SA;“;‘S?‘:? ﬁa'tserly& 5‘07:‘3'2; 5 p.m. Monday to Friday inc.
! : d , oli e,
manual, £6 each plus £1 p.p. plus V.A.T. %z{;ﬁw;k_'(nomr Fans, Capacitors and P T o (AT {JIXT sta Barclaycard and Access taken
Official orders welcome ~ ww2?

5 STATION ROAD, LITTLEPORT, CAMBS CB6 1QE

PHONE: ELY (0353) 860185

WW - 073 FOR FURTHER ETAILS

ACCess

COLOUI

7 COLOURINK JET
—— Logic seeking in |
dot address mode |

———

PRINTER

——

£499 . var

With Centronics parallel interface
and free BBC Micro dump listing

also: prints OVERHEAD
TRANSPARENCIES

Options available

® Buffered RS232/Viewdata
interface

® Apple II & Ile interface

® IBM pc dump

Specifications:

1280 dots/line in double res. mode

37cps in full colour

Friction feed roll paper and single sheet
feed A4

Ink cartridges 4 million character life

Portwood Inthtrial Estate, Church Gresley

INTE nEx L“V“TE Burton-on-Trent, Staffs DE11 9PT e .
Burton-on-Trent (0283) 215432. Telex: 377106 ™
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#COMPUTER WAREHOUSE %5+
THE ' ALADDIN'S' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
HARD DISK DRIVES HOT LINE DATA BASE COMPUTER ‘CAB’ gt

Full refurbished DIABLO/DRE series 30 2.5 Mb disk drives it mputer
DEC RKOS. NOVA. TEXAS compatible. Allinfonejqualitylcompy
Front load. Free stand or rack mount  £550.00
Exchangeable type {via lid removal)  £295.00

cabinet with integral switched
me3028 PSU uni for 2 drives £125.00 THE ORIGINAL FREE OF CHARGE dial up data base.

mode PSU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC PDP8 computer
DIABLO/DRE 44-4000A/B 5+5 ex siock from £995.00 § 1000’s of stock items and one off bargains.
1000's of spares for S30, 4000, 3200, HAWK ex stock.

system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will delivera
Plus in house repair, refurbishing service.
Call for details or quotation.

ON LINE NOW - 300 baud, fullduplex CCITT tones, 8 bit massive +5v DC at 17 amps, +15v DC at 1 amp and —15v

word, no parity. 0 ’ 79 ’888 DC at 5 amps. The complete unit is fully enclosed with

- s removable top lid, filtering, trip switch, ‘Power and 'Run’
:o‘lo : ‘ :w, ” : MA l” IL » LEDs mounted on Ali front panel, rear cable ent[ueg fetc
. . d etc. Units are in good but used condition - supplied for

Matchbox size solid state switch WFe IR D2402 Cure those unnervinghang ups and data glitches caused 240v operation complete with full circuit and tech. man.

enables on off control of 240 V AC loads up to by mains interference Give your system that professional finish for only

600 watts, direct from your micro etc. Fully isolated SD5A As recommended by ZX81 news letter, matchbox £49.95 + Carr. Dim. 19" w1de 16" deep 10.5" high

3-32 v DC input with zero voltage switching. size up to 000 watt load £5.95 Useable area 16"w 10.5 5'd,

Complete with data £6.99 + pp L2127 compact completely cased unmit with 3 pin fitted Also available LESS psu with FANS etc. Internal dim.

250,000 other relays EX STOCK call for detailss A ocket Up to 750 watts £9.99 19"w. 16"d. 10.5"h. £19.95. Camage & insurance £8.50.
COOLING FANS AVE JIDEO MONITOF

Keep your hot parts COOL and RELIABLE /£2so "

wnthl our'range of BRAND NEW professional a‘;ﬂlgﬁo Superb Imlﬁ ugn mad((ejtf)y
Co0l In ans. in ergonimcally designed free
ETRI 99XUOI Dim. 92 x 92 x 25 mm. \ A" o"'cs 739'2 standing case. Very high definition will isplay
'Mmlature 2;02v equipment fan complete with r w E" small@bté%roeadable LB |cfolumnts) Iwndg! 12v Di
inger guar o opp ma, so ideal for mobile use.

8 L% JB-3AR Dlm 3" x 3" x 2.5" compact The “Do Everything Printer” at a price that will Supplied in AS NEW condition complete with

very quiet running 240 v operation. NEW £6.958
BUMLER 69.11 32, 816 v DC micro : ORGarelielintertace for direct connection to RECi || CRT£45.00 or Green CRT£5.00
miniature reversible fan. Uses a brushless » 5 = pm‘ addressable graphics and 4 type fonts plus %’r'rélll'gég:oraade by the British KGM Co.

servo motor for extremely high air flow, y
almost silent running and guaranteed 10,000 ™ ' HIGHODDEEFf:)r:u’lg)NDIntegrélEl;RS%l;Oal;Eg:tﬁ;?xHEsg Designed for continuous use as a data

hr life. Measures only 62 x 62 x 22 mm. i colum A r rroll h display station, unit I1s totally housed in an
Current cost €|32100 '?hUR PRICE ONLY o  much mg‘é_ﬂ'&g!ﬁﬂ‘:% Sfy?fg,i‘g.s%._ﬁa [Ea‘\:ndhng‘plus attractive brushed aluminium case with ON-
::‘1 2F9F?Nc%’£ 'I!ATJ:!’ s dg“d 44" x 1.25" at the ridiculous price of ONLY £199.00 + VAT Complete with | OFF, BRIGHTNESS and CONTRAST
far?su I-ied ested E)S( %nQJIrPME:JT 2’20-\{ 2 full manual etc. Limited quantity —Hurry while stocks last. controls mounted to one side. Much
£6.25 %?1 10 v at £4.95 or BRAND NEW 240 v Options. Interface cabte sspecify for BBC, ORIC, § attention was given to construction and
at £10.50. 1000's of other fans Ex Stock. DRAGON or CENTRONICS 36 way plg £12.50. Spare ribbon § reliability of this unit with features such as,
all for Details. Post & Packing on all fans £1.6 ~' 23 00 each. BBC graphics screen dump utmty program £8.50. J internal transformer isolated regulated DC
rriage and Insur supply, all components mounted on two

ibre glass oards - which hinge out for
8” Wl”cﬂssrsks Amgsltvez«igag!(egelﬁzgk I/O Asms r\é\\ fela)segolf sera(c::g lr)nang|nter:11alhcto]nt?ols 1<;r

R A e et o linearity etc. The monitor accepts stsagd%rg
3 mb 8" winchester dis printer -terminals enables us to offer you 75 ohm composite video signal via SO2
drive. Complete unit consists of sealed these quahg 30 cps printers at a SUPER FROM £195 + CAR + VAT ' / socket on rear panel. Bandwidth of the unit
cavity with 3 x 8” plattens and CPU based PRICE against their original cost of Fullyﬂed%‘ed industry standard ASR33 data  isestimated around 20 Mhz and will disptay
control logic on 3 pcb's. Multiplexed i/o over 21000 Unit comprises of full QWERTY, § terminal. Many features including ASCII most high def graphics and 132 x 24 lines.

with the BASF “DISK BUS"” interface is via § e'ectronic keyboard and printer mech with keyboard and printer for data I/O auto data B Units are secondhand and may have screen

NEVER be repeated. Standard CENTRONICS R qata’ Composite 75 ohm vid i mp Black & White

a single 40 way cable. Units have been print face similar to correspondence quality § detect circuitry. RS232 serial interface. 110 f burns. However where burns exist they are
carefully removed from believed working tyrf’:t‘)‘lv”'e"-uvaf‘maﬁ'f f°"t"'s1"sa§1°1'2”"" " baud, 8 bit paper tape punch and reader for § 5nly apparent when monitor is switched off.
equipment - but at the staggering price of gape,eﬁp“e:v_' IoaaEa o sfanda%?é)slérgg oft line data preparation and ridiculously Although unguaranteed ali monitors are
ONLY £125.00 are sold without guarantee. | Dans| iforiace. intornal vortioal amd cheap andreliable data storage. Suppliedin § tested prior to despatch. Dimensions
Supplied complete with 200 + p. ge tech [ horizontal tab settings, standard ribbon good condition and in working order approx. 14" high x 14" wide by 11" deep.
manual. Addltlonal +5V DC, -12V adjustable baud rates, quiet operation plus | Options: Floor stand £12.50 + VAT Supplied complete with circuit. 240 volt AC
+24VDC £68 many other features. Supplied complete KSR33 with 20ma loop interface£125.00 + | operation. ONLY £45.00 PLUS £9.50 CARR.

Carriage & Ins £10.00 with manual. Guaranteed working £ 130.00 or Sound proof encl m
untested £85.00, optional floor stand £12.50 proct enclosure £22.000 VAT a,‘.‘m gﬁ.ﬁﬁg; 2322"8'2?33 1b5t Tr?oﬁ?g/r‘. co

som z Carr & ins £10.00. PRO’ESSIO”‘L KE"O‘RD o’fER Originally used fbr large screen data

An advantageous putrchase of brand new surplus allows a great QWERTY, full travel, display. Very compact unit in lightweight
The amazing SOFTY 2. The complete“toolkit” chassis kegg)oard offer at fractions of their on%mal ot alloy case dim. 19" Hx 17" D x 22" W. All
for the Gpen heart software surgeon Copies, ALPHAMERIC 7204/60 full ASCH €0 key, upper Iower + control key, parallel TTL silicon electronics and composite vndelob
Displays, Emulates ROM, RAM and € PROMS output plus strobe. Dim 12" x 6" +5 & ~12 DC. input make an ideal unit for schools. cku S,
of the 2516,2532 variety. Many otherfeatures DEC LA34. Uncoded keyboard with 67 quahty, GOLD, normally open switches on shops etc. Supplied in a used but working
include keyboard, UHF modulator. Cassette standard X, Y matrix. Complete with 3 LED indicators and i/0 cable — ideal micro condition.
) . conversions etc, pcki DIM 15" x 4.5'' £24.95. Carriage on keyboards £3. ONLY £55.00 PLUS £9.50 CARR & INS.

sumz DEAL? NO — SUPER STEALY| SEMICONDUCTOR

units costing 7 times the price! Only
The FABULOUS 25CPS TEC Starwriter
Mixed Semls amazing value coments

£169.00 pp£1.95 Data sheet on request
Ew AT ONLY£4 + VA T include transistors, digital, linear, 1.C's triacs,

Join the communications revolution with our ~3°B diodes. bridge recs. etc, etc. All devices
‘ J ? uaranteed brand new full spec. with manu-
w a

x

T

range of EX TELECOM data modems. Made to  Made to the very highest
most stringent spec and designed to operate J| spec the TEC Starwriter cturers markings, fully guaranteed,

for 24 hrs per day. Units are made to the FP1500-25 features a 50+£2.95 100+ £5.18.

CCITT tone spec. With RS232 i/o levels via [ heavy duty die cast TTL 74 Serles A gigantic purchase of an

a 25 way 'D' skt. Units are sold in a tested chassis and DIABLO type “across the board” range of 74 TTL series
and working condition with data Permission print mechanism giving 1.C's enables us to offer 100+ mixed

may be required for connection to PO lines. superb registration and “mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally

MODEM 2B "Hackers Special” fully fledged | Prnt quality. Micro-
> cost to buy. Fully guaranteed all 1.C.'s full

up to 300 baud full dupiex, ANSWER or CALL [ Processor electronics
modes. AUTO ANSWER. Data 1o via offer full DIABLO/QUME \ a fl'act spec. 100+ £6.90 200+ £12.30 300+ £19.50
standard R$232 25 way ‘D' sacket. Just 2 wire fcommand compatability lOn of its grias =
connection to comms line. Ideal networks etc. fjland full control via CPM Wordsta_r etc. Orlglna] co
Comple(e with data, tested, ready to run ata Many other features include bi directionar = ~e——_— st. } ! Dsc cORNER

NEW SUPER LOW PRICE of O#LY £65.00 + printing, switchable 1C or 12 pitch, full width 381 mm paper handling with upto -
VAT + Carm. 163 characters per ling, friction feed rollers for singie sheet or continuous paper. MOSTEK CRT 80E Brand new dual
MODEM 20-1 Compact unit for use with internal buffer, standard RS232 serial interface with handshake. M8 eurocard, Z80 based VT100 PLUS
MICRONET, PRESTEL or TELECOM GOLD § Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel emulator with graphics etc £499.00
etc. 2 wire direct connect. 75 baud transmit and dust cover. Order NOW or contact sales office for more information. 2= BA11-MB 3.5" Box, PSU, LTC £385.00
1200 baud receive. Data /o via RS232 D’ Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed DLV11-J 4 x EIA interface £310.00
ﬁgé)eég;gaznégrendeggr;g% gg{';gfafg 95 140.00. Spare daisy wheel £3.00. Carriage & Ins. (UK Mainland) £10.00. RKO5-J 2.5 Mb disk drives £650.00
receive 1200 baud transmit. £130.00 %f 11 1\,2? gg‘é oial:nit' /0lete Ez‘;gz

LA36 Decwriter EIA or 20 ma £270.00

, ELECTRONIC
DATEL 4800 sync service. RAGAL type 66 0/ Dlsco UN T COMPONENTS
PS;?OO ?\)‘(I' LECOM good condition. 0 EQUIPMENT

;(‘Iig.E.IAPlF_)’l'FJ’P BBasync i/o £175.00
NEW DSL2123 Multi Standard modem Due to our massive bulk surchasin hich bl b h 8 Bootstrap option £75.00
g programme which enables us to bring you the best possible

selectable V21 300-300 bps, V23 75-1200, bargains, we have thousands of 1.C s, Transistors, Relays, Cap’s, P.C.8.'s, Sub-assemblies, 3;'58&30100 RKOS LSI 4 x RKOS d"g:;

V23 1200-75 full duplex. Or 1200-1200 half
duplex modes. Full auto answer via modem or

Switches, etc. etc. surplus to our requirements. Because we don't have sufficient stocé(; o(()?cny
P one item to include in our ads. we are packing all these items into the "BARGAIN PARCEL OF A
grogeé%aﬁgggléngg}r%mo?éﬁf%g% LIFETIME". Thousands of components al giveaway prices' Guaranteed to be worth :
202. Housed in ABS case size only 2.5" x 8.5" | at least 3 umes what you pay. Unbeatable value'! Sold by weight.
£ RS T, on s exsTOCK | ZEKISEAZS 4 pR €125 T Blds £8.90+ €180 <5

modems contact sales oflice. 10kIs £10.25 + pp £2.25 20 kis £17.50 + £4.75 Call for details. Alltypes of Computer
equipment and spares wanted for prompt

: Carnage on all modems £10.00 + VAT. mcns PLUS VAT 1 CASH PAYMENT

¥ " g . ®e : : AIIpncesquomdareforU K Mainland, paid cashwith orderin F‘oundsSnrhngPLUSVAT Minimum ordervalue£2.00, Minimum Credit
M Card order£ 19.00. Minimum BONA FIDE account orders from Government depts., Schools, Universities and established companies

LAXX-NW LA180 RS232 serial mterface
and buffer option 230.00
LAX34-AL LA34 tractor feed sns 00
1000’s of EX STOCK spares for DEC
PDP8 PDP11 PDP15 & periperhais.

iy
&

J

£20.00 Where post and packing not indicated please ADD £1.00. + VAT Warehouse open Mon-Fri 9.30 - 5.30. Sat. 10.156-5.30.
We reserve the right to change prices and.specifications without notice. Trade, Bulk and Export enquiries welcome.

T‘_'l 'Nll 32 Biggin Way, Upper Norwood, London SE19 3XF
FNUIHTL 5- Telephone 01-679 4414 Telex 27924 N ﬁ
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STEEL DISHED T3 \
WASHER ——— O
= A\ i
OUTER
INSULATION 4
The toroidal transformer is now accepted ‘as the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to - ‘
i i in si i i = NEOPRENE
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY i R
field and, thanks to I.L.P., PRICE. WINDING 7z
. 1 Vs
Our large standard range is complemented by our SPECIAL DESIGN INSULATION | | R
section which can offer a prototype service within 7 DAYS together | 3 —
with a short lead time on quantity orders which can be programmed PRIMARY
to your requirements with no price penalty. WINDING END CAPS
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 46mm 2.2Kg 140 x 60mm 4Kg Wh .
Regulation 19% Regulation 13% Reguiation 11% Reguistion 7% Regulation 4% M & Toro'fi? i
SERIES SECONDARY AMS 2:010 646 a6 4x010  6+6 1000 6:012 12412 938 8x016  25+25 1000 Smaller size & weight to meet
No Volts Current 2x011 9+9 277 ax011 99 666 6x013 15+15 750 8x017 30430 833 modern ‘slimline’ requirements.
2x012 12412 208 a4x012 12412 500 6x014 18418 625 8x018 35435 714 *  Low electrically induced
0x010 646 125 2x013 15415 166 4x013 15415 400 6x015 2222 511 8x026  40+40 625 .
0x011 9+9 083 2:014  18+18 138 ax0ud 18418 333 6x016 25425 450 8x025 45445 555 noise demanded by compact
0x012 12412 063 2x015 22422 113 4x015 22422 272 6x017 3030 375 8x033  50+50 500 equipment.
0x013 15415 050 25016 25425 160 4x016 25425 240 6x018 35435 321 8x042 55455 454 = High efficien abli
0x014 18418 042 2x017 30430 083 4x017 30430 2.00 6x026  40+40 281 8x028 110 454 gn efficiency enabiing
8!0‘5 gg*;g 0 g‘ 2x028 110 045 4x018  35+35 174 6x025 gs'as ;go 8x029 220 227 conservative rating whilst main-
x016 o 030 2x029 220 022 4x028 110 109 6x033 0-50 5 8x030 240 208 ini A
0x017 30430 025 2:030 240 020 4x029 220 054 CZ0Z g 625 VA :3lnll-nogwselfeogcei\r/:{::‘aggf;nperamre
41030 240 050 x029 1 .
{encased in ABS plastic) w0 80 VA : b 160 VA 62030 240 093 140 ; 75,:-".,‘ 4%57(9
30 VA x 30mm Kg egulation
i 110 x 40mm 1.8Kg 300 VA Why ILP?
70 x 30mm  0.45Kg Regulation 12% Regulation 8% 110 x 50mm 2.6Kg 9x017 3030 104} *  Ex-stock deli § m
| 18% : x-stock delivery for sma
Regulation 10 646 664 Regulation 6% 9x018 35435 892 S
X010 646 250 ] 444 g e 8% rota 3:026 40440 781 | quantities.
x - X + %01 15415 10 00 45+ 4 694 - 1 i
X011 949 166 3x012 12412 333 2x013 15415 533 %014 18418 k3 g:ggg 50:53 ok Gold service available. 21 days
1x012 1212 125 3:013 15415 266 5x014 18418 444 7x015 22422 682 9x042 55455 568 manufacture for urgent deliveries.
1013 15415 100 3x014 18418 222 5x015 22422 353 X016 25425 600 9x028 110 568 » .
1x014 18418 083 g*g:g §§'§§ :g“) 5x016 25425 320 7x017 30430 500 9029 220 284 5 year no quibble guarantee.
1015 22422 068 L M 5x017 30430 266 7x018  35+35 428 9x0 240 0 * Realistic deli for
1:016 25425 060 3x017  30+30 133 5x018  35.35 228 72026 40-40 375 x030 28 . ealistic delivery for volume
1x017 30430 050 3x028 100 072 5x026  40+40 200 7x025  45.45 333 orders.
3x029 220 036 5x028 110 145 7x033  50-50 300 * No price penalty for call off
3x030 280 033 5x029 220 072 7x028 110 272 orders
5x030 240 086 7x029 220 136 )
7x030 240 125
Prices including P&P and VAT Mail Order — Please make your crossed .
va sfe g Mman cheques or postal orders payable to ILP Post to: |LP Electronics Ltd., Dept. 3
15 0 7.43 160 5  12.90 Electronics Ltd. Graham Bell House, Roper Close,
g ; 13?% 5(2)8 ‘75 }ggg Trade — We will open your credit account Canterbury, Kent. CT2 7EP
80 3 1081 500 8§ 2573 immediately upon receipt of your first Tel: {0227) 54778 Telex: 965780
120 4 1173 625 9  31.63 order.
For 110V primary insert "0 in place of " X" in type number.
For 220V primary {Europel ins. ‘inplace of "X in type number.
For 240V primary {UK) insert ''2”" in place of "' X" in type number.
IMPORTANT: Ragulation - All voltages quoted are FULL LOAD. .
Pleass add regulation figure to secondary voltage to obtain off load voitage.
ELECTRONICS LTD..

EZIEEEEoEoIEe REErEErREREERREREEEEERERERAERERRERRLR
2738335850755 BRSO BENRERETR0 22825205 2ESRREET
[--2-] = Fal = R XX
SR L L R T e T {' RADFORD
ZEzzzassscessszaaaaanszesaasanssassEaRaRARRRRRRRR
StescosraasidssdaasaoNnnddNETYIER  senagRgcasssRzs ) )
Audio Measuring Instruments,
oe SO -~C00NPeRE~-000000COR0O0000000000000000DESaR ] M &
§5aGRaEaEEES s HEEERERERa ao  RERRRRRRRERRRTRAR GRS Audio Amplifiers, Loudspeakers and
Zeonsussssnessoseooooesnooas oo roanaNEEEEREEAE S Loudspeaker Components for the
EREEEEEER R EEEPEECEE i R RS R e ] ;
professional and enthusiast
AR R
S558RcYEsaNEER
SobHied aRnny RADFORD AUDIO LTD.
355558:8228028R%5 10 BEACH ROAD
WESTON-S-MARE, AVON BS23 2AU
SoHEhbbRbaREEzEE DRz R RERERE Eaaasesbhbasinad TEL. 0934 416033
segseege 53 gssRssessRcsses Przsizizisiz ogens 22
§§§§§§§§ 2§ 3E3THSUsUENEgRsE SEIEaTEEavE: 85583 I8 WW — 037 FOR FURTHER DETAILS
2F3227F &
BB ww s nn s OO “"4=20OOO~00000 O0O0000O““O«=0 SO—O0G OO
|sesaaaas 33 BEEEEEbEEEE3SREE 2iBhsbacbsBs bEEds &3 »
8935539050000 0R N RN NN REN NP PR R e 22
g z>> ngb >>ggg )))g Egmmgm ;;‘l
o * 7| ERERESEE:ZERERIAIRERARARSILIEGE g
- Qm =3 8 g
[ 3 32 3 PPo--“opoooEcOO0O000O00000OO0R00 20
gé;; 332 : FzBNaEEEEEREERNARLEA R0 ESEE BE DC-AC Inverters
gEmY> 5938 ©[2733333333395339553553533333393998
i‘gﬁg 3335 B gégd33gssa3:332 ::§::s:a§zss§uw§§§ . (30W up to TkW)
36'302 3si,g| oEf SFSETEIREAS =CEECZEE Power Unit Sine wave or square
ggggc ?§5§§§ esevecesceacepoopoocneap000e00BR000 nqwava"ahle wave OUtDUt 3
§ESE)> | ilgo1® EERMEEESSRGERESEARECECRRRIIARNGIE: with three GG PO T
BB = (3:iit |3z o2 poyempmpmaaveneanaenes o variable Frequency changers
§§m§> t5asid |85 Ba GoayPRERBRAISSERRRRRCEARNY ° outputs Eﬂ;%?nesncvsta”d-bv
zgz% 6328 ¢ y
_f-’o'_ 552 A ow OP CEOWPOOPOCCO-OONEONOOOSO00000 © No-breaksystems
ag;a §§ §' :‘:; 38 BE SS!g§§i§§§§§§§§§§§§i§§i§§§ 8 » Crysta|contr0||ed units
&00 32 < 233 Z2ddy IJu=cgRS |ZzZzZZZZZZZTZZIZZ v
& |z P |55k RESSE REERRGE Lrpxiirerieciiss POWER LIMITED
§ 2 32 A K. INTERNATIONAL BUILDING
mme mpses somepl |peseeeseeespesss LAWRENCE ESTATE, GREEN LANE
By sagaR EEEEE gagsn=cs=3BRE22ERE HOUNSLOW, MIDDX. TW4 6DU TELEPHONE: 01570 5622
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MICROBOX |l

A NEW MICRO CONCEPT

Do you remember the days when people built their own computers? Well they are back with a vengeance. MICROBOX, the most
advanced design ever offered as a build-it-yourself system, offers every facility imaginable to the home constructor. Just look at

the amazing specification of this easy-to-build project:
% MC68BOIE 8-/16-bit microprocessor

64K main system ram + 128K alpha/graphic/simulated

disc ram

72 rows
True high-resolution graphics with 768 x 576 resolution

*
% Alphadisplay of 108 colums by 24 rows of 128 columns by
*

High-speed hardware vector generation using NEC 7220
graphics controller. Point, line, rectangle, circle, arc and

area fill facilities.
High-speed ram disc for fast data access
Up to 256K silicon disc eprom on plug-in eprom carrier

commands
Integral eprom programmer

* %

‘FLEX*, which is supported by MICROBOX, is a well-proven, industry standard, disc operating §ystem with a wealth of available
software packages. Basic, Forth, Pascal, PL9 and C high-level languages as well as assemblers, word processors and electronic
spreadsheet are currently available. Clever programming techniques have permitted the inclusion ip the system monitor of a
boot program that automatically loads and configures the operating system to the MICROBOX ha,mwg, ‘

The on-board ram and eprom discs are seen by the operating system as conventional dis¢ drives. The ram disc has the capacity
of a 40-track single-density disc but with an access time 10 times that of a floppy disc. Eprom discs are supported by way of a
plug-in eprom carrier which has provision for four 8, 16, 32 or 64K eproms into which can be prég'fammed the operating system
and any other often used programs by way of the built-in programmer. '‘FLEX’ supports up.t9 faur disc drives which in
MICROBOX can each be allocated as floppy, ram or eprom types so providing, if required, a completely silicon configuration.

A startup kit for the advanced MICROBOX system is available and consists of: Bare PCBs, 8K system support monitor, 'FLEX’
system support disc, constructional notes, system documentation, component supplier list.

PRICE: £95 + V.A.T.
'FLEX’ disc operating system for MICROBOX, including editor and assembler: £75 + V.A.T.

8 SKILLICORNE MEWS - QUEENS ROAD
CHELTENHAM - GLOUCESTERSHIRE GL50 2NJ
Telephone: Cheltenham (0242) 510525

Send cheque to:

Micro Concepts

8K system /O support monitor plus added utility and boot

b2 20 2 2 o 23 B S

»

Floppy disc controller for two 5.25-inch 40- or 80-track
drives

Battery backed realtime clock/calendar

Battery backed ram for storing system startup parameters
Two serial RS232 1/0 ports. 50-19200 baud under software
control

Centronics compatible printer output port

Parallel keyboard input port

Composite video and separate video/sync outputs
Buffered expansion buss for user added enhancements
Auto configuring ‘FLEX’ disc operating system boot
program in monitor . .
12x9.5in. through hole plated main PCB; 3x4in. eprom
board.

jguirements.
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PAN & TILT HEADS were used for CCTV cameras heavy duty weight about 75Ibs
provide 360’ pan & tilt as two 240v reversible motors, will adapt to take dish
aerial, note ext paintwork in poor condition. £45 FREQ CONV /P 24Dv O/P 115v
400c/s 1 phase 100 Va sine wave, new. Solid State. £75. TAPE RECORDERS
MOD/EMI two chan, 712/15"", takes up to 8’’ spools, in table case 21x8x15'" int
mon spk, two chan valve units with book. £65. RADIAC SIMULATORS hand held
Geiger Counter responds to RF signal on 40.68Mc/s as meter cal in Rontgens
transis superhet circ 5Uv I/P for .1 on meter, with aerial will adapt to HP7/PP3
batteries. £13.50. ARMY AERIAL KIT with 30ft 1"’ mast 10 section, 2x16ft whips,
plus accs, can be used as 46ft vert aerial or 30ft mast good cond. £46. ELEC BELLS
6" dia 24v DC new cond. £11.50. S BAND OSC pulse mod var O/P for 240v mains
in neat case, new cond. £25. UPX-6 Rx TUNER 1080 to 1130Mc/s with 1N21 new.
£5.50 ARN-52 A/C L band IFF transponder with crystals 1 only. £95 H.F.Tx Army
L556 2/16Mc/s 50/100 watt CW/SgB/DSB solid state, valve in P.A. req ext P.U.
these req some mech attention. £75. BENCH P.U. 240v, O/P 28v DC at 15 amps
size 16x7x7'' semi stab, ground P.U. for ARC-52. £38. RESISTANCE MATTS size
13%x15"" approx 500 watt, available in 490, 320, 95 & 29 ohms ex new equip.
£4.50. UPM-6 Bench T.S. comprises W.M. Sig Gen, Demod etc 960/1125Mc/s
ground IFF T.S. for 115v 50c/s some info. £45.

Above prices include Carr/postage & VAT,
Goods ex equipment unless stated new, List 33/1 available on request.
A.H. SUPPLIES

122 Handsworth Road, S:1EFFIELD S9 4AE.
Tel. (0742) 444278
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Lynwood GD1 VDUs: Intelligent Green micro

controlled, RS232, printer port, 101 key k/b. Full Video
enhancements. ONLY £149 + £15 P&P (S/H)
Burroughs MT686/7/TD710: Intelligent Green 12’ VDU

o == Ay

with 3 micros and 64K store. RS232. Programmable.

Only £199 new or £149 S/H + £15 P&P

Videocom Apollo VDUs: Stylish 15" Green Z80

controlled VOU with printer port and lots of very ad-

vanced features. Only £399 new or £249 S/H + £15 P&P

Centronics 306 Line printers: Professional fast (120

cps), superb quality, 80 column printer. Parallel i/f.

ONLY £149 + £17.50 P&P

Computhink Act 800 Computer system. Dual floppies (2.4Mb) with
Qume Sprint daisywheel and lots of business software ONLY £1,200.
-Diablo 630 Daisywheel printer. RS232, NEW £599 + £15 P&P.

Diablo Hitype 2 Daisywheel, Tractor unit, S/H £399 + £15 P&P

BECKENHAM PERIPHERALS LTD
01-778 3600
124 Lennard Road, Beckenham
Kent BR3 1QP

SAE for LIST

Callers welcome = 3
ahd enquiries

by appointment
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WITH OUR COMPLETE ‘METEOSAT' WEATHER
SATELLITE RECEPTION SYSTEM

THESYSTEM. . .

‘METEOSAT' is a geostationary satellite located 22,500 miles above the equator,
transmitting invaluable weather information in both visible and infra red format.
The picture image of the earth is transmitted in 24 segments in the case of visible
pictures, and 9 segments in the case of-infra red. Transmissions from the satellite
are virtually continuous and are updated hourly so that the user can see the
changing patterns in the weather.

Our PA5500 system, as pictured above, provides a live display of this information
on a video monitor, at the lowast price sver for such a comprehensive system. A
unique ‘zoom’ facility allows the user to enlarge any segment should he so
desire, 10 provide more detailed information, and a version having colour en-
hancement is also available, Qur system, which is complete from antenna to
video monitor, starts at £2,885.

Please contact our sales dept. for further information

THE COMPANY . . .

Microwave Modules Limited, formed in 1969, is a wholly independent British
company operating from modern purpose-built premises, and is an established
supplier of radio communication equipment and systems to a world-wide market.
The equipment described abov.e‘}orms part of an extensive range of proven
designs in the communications field.

MICROWAVE MODULES LTD

BROOKFIELD DRIVE, AINTREE, LIVEKPOOL L9 7AN, ENGLAND
Tetex 628608 MICRO G

Telephone: 051-523 40

81
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ESTABLISHED 30 YEARS.

UK RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

FAMOUS LOUDSPEAKERS

RECORD DECKS 240 volt AC. Post £2 MAKE MODEL SIZE WATTS OHMS PRICE POST
Make Drive Cartridge Price AUDAX WOOFER sin 25 8 £1050 £1
BSR R0 Rim Eeramic 2 GOODMANS  HIFAX Taxav 100 46 £30 €2
GARRARD 6200 i e e GOODMANS HBWOOFER 8n 60 8  £1250 £1
BSR p207 Rim eramic 8 WHARFEDALE  WOOFER 8in 30 8 f950 £2
BSR P32 Bett Magnetic e CELESTION  DISCO/GROUP 10in 50 816 £21 £2
BSR £200 galf Magnetic GOODMANS  HPG/GROUP  12in 120 815 2950 £2

AUTOCHANGERS 240 VOLT GOODMANS  HPD/DISCO  12in 120 815 £2950 £2
BSR Budget  Rim Ceramic £18 GOODMANS  HP/BASS 15in 250 8 £ £4
ggg gE{uxe g!m CMeram'g g GOODMANS  HPD/BASS 18in 230 8 £84 £4
o e Gm  Gwemc @2 | [ ICSSTRECWEAMPNT lhud et pg g |
THE “INSTANT" BULK TAPE ERASER £11.50 Post95p and PC Board. Can be ganged for multi-channel Post 65p
Suitable for cassettes and all sizes of tape reels. AC mains
200/250v. Hand held size with switch and lead (120 volt to order). MAINS TRANSFORMERS Post
Will also demagnetise small tools. Tape Head Demagnetiser £5. 250-0-250V 80mA, 6.3V 3.54, 6.3V 1A £7.00 £2

ALUMINIUM CHASSIS. 2%in. deep 6x4 £1.75; 8x6 £2.20, 10x7

350-0-350V 250mA,
250V 60mMA, 6V 2A

220V 25ma 6V lamp £3.00

6.3VBACT

£12.4
220V 45ma 6V 2 Amp £‘ 00 E1

00 £2
00 E£1

| BAKER AMPLIFIERS BRITISH MADE
PA150 Watt MICROPHONE VOCAL AMPLIFER £129

4 channel mixing, 8 inputs, dual impedance, S0K-603 ohm,
volume, treble, bass. Presence controls on each channel. Master
volume control, acho send return socket. Slave sockets. Post £3.
150 Watt MIXER AMPLIFIER 4 Inputs £99
Discotheque, Vocal, Public Address. Speaker outlets for 4, 8 or
16 ohms. Four inputs, 20 mv, 50K ohm. Individual vulume controls
“Four channel” mixing. Slave output. 16''x8'x5%'". Wt —
14lb: Master volume control. 240V A.C. Post £2.

100 Voit Line Moded, 150 watt £114. MONO SLAVE, 150 watt £80.
Baker Stereo Slave 150 + 150 watt 300 watt Mano £125. Post £4.
BAKER MOBILE PA AMPLIFIER. All transistor, 60 watt RMS, 12v
OC & 240v AC, 4 inputs 50k. Aux + 2 mics

+ 1phono. Output 4-8-16 ohm + 100 volt line. £89 Post £2

WATERPROOF HORNS 8 ohms. 25 watt £20. 30 watt £23. 40 watt
£26. 40W plus 100 volt line £32. Post £2.

£2.75: 12x8 £320; 14x9 £3.60; 16x6 £3; 1610 £3.80; 12x3 £2.20;
14x3 £2.50; 13x9 £2.80.

ALUMINIUM PANELS. 6x4 55p; 8x6 90p; 14x3 90p; 10x7 £1.15;
12 x 8£1.30; 16 x 6 £1.30; 14 x 9£1.75; 12 x 12£1.80; 16 x 10 £2.10.
ALUMINIUM BOXES. 4x4x 1% £1.20. 4x2%x 2 £1.20. 3x2x1 £1.20.

6x4x2

£1.90. 7x5%3 £2.90. 8x6x3 £3, 10x7 %3 £3.60. 12x5x 3 £3.60.

12x8x 3£4.30;9 x 4 X 4£3.
POTENTIOMETERS 5k/2meg. LOG or LIN. /S 50p. DP 90p. Stereo us

£1.10.D

P £1.30. Edge Pot 5L. SP 45p.

MINI-MULTI TESTER £7.50 Postsop
Pocket size moving coil instrument. 4000 o.p.v. 11
ranges: DC volts 5, 25, 250, 500. AC volts 10, 50, 500,
1000. DC amps 0- 250u.A 0-250mA, Ohms 600K.

43R

De Luxe Range Doubler MULTI-METER
50,000 0.p.v. 7x5x2in. 50 Micro Amp £19.50

anges, 1,000V, AC-DC, 20 MEG 10 amp DC  Post £1

BAKER PORTABLE DISCO 150 watt. Twin console + amplifier +

| PANEL METERS 50ua, 1004a, 500ua. 1ma,

5ma, 50ma, 100ma, 500ma, 1 amp, 2 amp, 25 volt, VU
2ax2x1a. Stereo VU 3%ax 1%8x 1in. £5. p.p. 50p

RCS SOUND TO LIGHT CONTROL BOX
Complete ready 0 use with cabinet size 33X 5in. £27
3 channel, 1000 watt each. For home hi-fi o disco

OR KiIT OF PARTS £19.50 Post £1

BATTERY ELIMINATOR Mains to 9 voit D.C. 400MA.
Stabilised, safety cutout, 5x3Vax2%in, £5. Post £1.

" DIs

4 channel stereo, 5 band graphic, red + green LED. VU
display, headphone monitor.
Deluxe Model, 5 channe! 7 band graphic. £118.

CO GRAPHIC MIXER EQUALISER £108. Post £2.

Step-Down  115v 10 240v 150w £9. 250w £12. 500w £14 €2 mike and headphones + twin speakers £330. 300 watt £399. Carr.
gENERAL PURIPbOSE LOW VOLTAGE , Eg Console + decks + pre-amp £95. Carr. £12.
apped outputs available rice Post PA CABINET SPEAKERS, Complete. 8 ohm 60 watt 17X 15x9in.
328 0,12, 76, 18,20, 24 30, 36, 30,43, 60 ag | £27. Post £4. 4 or 8 or 16 ohm 75 watt 23X 15 1in. £52. 90 watt
gamp 6. g :8 1§ :5 18, go §4 gg gg 40, 48, 60 §}°""° 8 | 3215 11in, £71. 150 watt £80. Carr. £10. Black vinyl covered.
amp. 6, 12,16, 18, 20, 24, 40, 48, 60 2.50
53"11‘51sv T2amp €250 £1 0.812V.5amp 00 €1 BAKER LOUDSPEAKERS
oY) 6@*’1";; am £2/00 615 0c1 5V Milac R £ 0041 MODEL INCHES OHMS WATTS TYPE  PRICE POST
p £3.50 £1  150-15V. 2amp £5.00 £1 T e &
V. 400m £150 €1 20V.1amp £4.00 £1 MAJOR 12 4816 30 HI-F 1
V. Jamp £4.00 £1  20-0-20V. 1 amp £3.50 £1 SUPERB 12 8-16 30 HI-FI 26 f2
g—gg\\;. ?Oma g.go E} g-u-zgv. 2amp g.gg 8 WOOFER 12 8 80 HI-F4 25 £
- .1amp .50 0-40-60V. 1 am)| d -
10010V, 20mp  £4.00 €1 25025V 2amp.  £5.50 E1 egggg:‘gu" » ‘31155 ﬁg :lAnofer gz g
10-30-40V. 2 amp £5.50 £1 24v.5 amp Twice £12.00 £2 £20 €2
12V. 100ma £150 £1 30V 172amp £5.00 £1 DG 75 2 4816 75 PA
12V. 750 ma €250 £ 30V.5ampand GROUP 100 12 B-16 100 PA 26 f2
12V.3amp £4.50 £1 17-0-17 2a £4.50 £2 DISCO 100 12 8-16 100 Disco £26 £2
12-0-12V. 2 amp £4.50 £1 35V.2amp £4.00 £1 GROUP 100 15 8-16 100 PA £3% £2
500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 80p. DISCO 100 15 816 100 Disco £35 f£2
1000mF 12V 20p; 25V 35p; 50V 50p; 100V £1.20. REPAIR service to most Baker loudspeakers. SPEAKER COVERING.
2000mF 30V 42p; 40V BOF 100V £1.40; 1500mF 100V £1.20. Samples S.A.E. CABINET WADDING 18in wide 35p ft.
2500mF 50V 70p. 3000mF 50V 65p; 4700mF 40V £1. [ MOTOROLA PIEZO ELECTRIC HORN TWEETER, 3%n. s
, . square  £5
CAPACITORS WIRE END High Voltage 100 watts. No crossover required. 4-8-16 ohm, 73x3%in.  £10
.001, .002, 003, .005, .01,.02, 03, .05 mfd 400V 10p. HORN BOXES, complete 200 watt £30. 300 watt £35. Size
224": ;ggg\;:g G%g\é\}ggp1?gggv 38;: 1750V 60p. 16x6x6in. Black vinyl covered with handle Post £4.
“4TMF 150V 105 400V 25p. 630V 30p. CROSSOVERS. TWO-WAY 3000 c/s 30 watt £3. 60W £3.50. 100W £4.
HIGH VOLTAGE ELECTROLYTICS THREE-WAY 950 cps/3000 cps. 40 watt rating. £4. 60 watt £6. 100W £8.

2/500V  45p  32+32+16/350V 90p 8+16/450V  75p LOUDSPEAKER BARGAINS. Please enquire, many others in stock.

4 ghm, 5in, 7 x4in, £2.50; 6%in, 8x5in, £3; 8in, £3.50. 6'21n 20W, £7.50.
16/450V  45p 100+100/275V 50p 16+16/350V 80p g gnm' 254in 3in, £2: 5x 3in, 6x4in, 7 &in, 5in, £2.50; 3in, 10W £4
20/500V  75p 150+200/275V S0p 32+32/350V  85p gy giy' £y gin, £4.50; 10in, £5; 12in, £6. 8in 25W £6.50. GOW £12.50
32;350v 32+32+3g/450V 95p §§1§5§§SS¥ 5§2 15 ohm, 2/4in, 3%in, 5 3in, 6 din, £2.50.6%in 10W £S. 8in £4. 10in £7.
32/500V  95p go+50+5 /350V 95" ohteg a0V aop 25 ohm, 3in, £2; 5% 3in, 6x4in, 7x 4in, £2.50. 120 ohm, 3%in dia. £1.
125/500V  £2 +8/500V P M1 13%x8in. Bass & Tweeter 4 or 8 ohm 10 watt £8 pp £1.

RADIO COMPONENT SPECIALISTS o wireutase aoas cnovoon

Books and Components Lists 32p stamps. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT

WW - 016 FOR FURTHER DETAILS

SPECIFICATION
ﬁEEtgﬂ,C&Eg':L HC1015 ANALOGUE
% DC Voitage: 0.25, 2.5, 25, 250,

: ]BO{’;\;T:D, Agi/nD?e Y CLR. (67 1,000 Volts, 10,000 Ohms/Volt

230 hr\;- 9 a 5 % AC Voltage: 10, 50, 250, 1,000
* Dimensions: 170 x 89 x 38mm * \égltéu?rgg??h{gsé\éggA
: \I(/Ivglc?ems:e?ggtg ;,rLcs'r?gﬁf{gn +* Resistance: 0to 1 MegOhm in 3
* ACDC Current: 200pA to 10A e
* AC Voltage: 200mV to 750V )
% DC Voltage: 200mV to 1000V X She BWeight: 105 % 63 x
: |Resistlance: 2002 to 20MQ / ARMON ELECTRONICS LTD. 3o 1soggr '

nput Impedance: 10M(} o0/ '
% Display: 3% Digit 13mm LCD Dept A", Cottrell House, 53-63 Wembley Hill Road 19 RANGES COMPLETE WITH
* O/load Protection: All ranges Wembley, Middlesex HA9 8BH BATTERY AND TEST LEADS
% Accuracy: 0.5% DC Volts Telephone: 01-902 4321 {3lines). TELEX No. 923985
28 RANGES, EACH WITH FULL Please add 15% to your order for VAT, P&P free of charge. Payment by cheque H
OVERLOAD'PROTECHON. BATTERY with order. Offer applicable to mainland UK only. - —_—
& TEST LEADS INCLUDED TRADE ENQUIRIES INVITED. FULL RANGE OF METERS ON APPLICATION Please atlow 1§ days for delivery. J
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IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-

TIES OF COMPONENTS BECOME REDUNDANT. WE ARE THI%UI.INE® Directional Wattmeters

CASH PURCHASERS OF SUCH MATERIALS AND WOULD TERMALINE® R coaxial Load Resistors

APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. TENULINE® ?nenuatokrs and accessories
rom stoc

WE PAY TOP PRICES AND COLLECT.

BHoAnFlElns & MAYco DISPGSALS The exclusive UK representative for 8ird Electronic

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner 2/3 Kildare Close, Eastcote, Ruislip
Middlesex HA4 9UR
Telephone 445 2713/0749 Tel: 01-868 1188 Tlx: 8812727

Electronic
Corporation

Aspen Electronics Limited
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TELEDIGITAL COMPUTER

Member of the PCML Group
COMPARE OUK PRICES

COME T0 US LAST!!!

CDC DISKETTES AT CRAZY PRICES!

Code Type

TD15%’ " 40 TRK single sided ...
TD2 5%’ 40 TRK double sided..........
TD35%' 80 TAK singie sided ...
TD4 5%’ 80 TRK doubte sided.........
TD58" 40 TRK SS-SD

TD6 8" 40 TRK SS-DD

TD7 8" 40 TRK DS-SD

TD8 8’ 40 TRK DS-DD ...

10 per box. Prices per diskette quoted. Discounts for quantity
ADD 15% VAT + £1.50 P&P

LARGE RANGES OF LISTING PAPER
AND RIBBONS AT GREAT PRICES

Code Typ £
T08 11"'x8'2"" 60 GSM Plain. . per 1000 £3.75
TD1011"'x9%2"" 60 GSM Perf'd Margins
TD1111"'x14%2" 70 GSM Music Ruled
TD12 11"'x450mm 60 GSM Music Ruled.
RIBBDNS: 10 off EPSON FX-80.. .. ...
10 off EPSON FX-100. .
{Refill for metal cartridges)

ADD 15% VAT + £1.50 CARR. PER ITEM (PAPER)
OR BOX of 10 RIBBONS.

MANY MORE AVAILABLE — PHONE FOR DETAILS NOW!
01-965 0627

ECONOMICAL
DRIVE POWER

Very powerful and versatile, from Rade
Systems the R150 multiprocessor SBC
£385! (ex. VAT + carr). Amazing spec.

Look what you get: Z80A at 4MHz with §

64K RAM 5%/8"' disk controller, Z80A

CTC, Z80A DMA, Z80A P10, memory

mapped VDU uses M6845 CRTC 25x80

® char display, you can use all the TD8 op-

#® tion cards to build your own powerful
system, or build your own TD8! Suitable
power supply £95. Keyboard from £85.
Cased Video Monitors from £95. Supplied
with full technical documentation. De-
mand for this excellent machine is high!
Order now! Power requirements: +5V @
1.5A, +12V @ 25A. —12V required for
RS232 option — available on our stan-
dard PSU. Uncased drives also available
with/without PSU.

o

EXCLUSIVE OF VAT & CARRIAGE

WIRELESS WORLD APRIL 1984

Dual 250KB

CHOOSE YOUR SOFT-
WARE F/RST THEN Base |Il, Personal Pearl, MBasic,
COMPARE
HARDWARE . Cobol, C, Cardbox, FMS, Datastar,

Sales Office:

42 Gorst Road, Park Royal
London NW10 6LD, UK

DON'T WASTE MONEY!
ON OTHER COMPUTERS: COMPARE THE TD8
WITH OTHERS — COME TO US LAST!!

(EXFﬂgmfggﬁm) For dual 250KB disk system with 25x80

PHILIPS 12" VDU 25x80 char.  char. VDU, 93-key keyboard, user defi-
display nable char. set, 128KB RAM {no upper
limit to expansion, due to our unique

bus structure. This also allows CPUs to

be mixed). 4KB ROM with M/C monitor,

bootstrap, dual RS232 ports to 19.2K

baud, software controlled. Unique

‘stackable’ option modules allow easy

and cheap expansion of your system —

the first rational development from S-

£149 100 bus based machines!

TD8 SYSTEM

PROC! SSOR

Dual Serial .
Ports

CP/M80 £139. CP/MB86 £225. 8086/7 with

128KB £495 extra gives you THE most

i powerful machine in its class. You

“ could spend £6,000 for a machine of this
specification.

£995  (Other options include: 64KB RAM ex-

5 pansion £135. 192KB RAM £249. |[EEE488

{ £97.50. Sync comms £78. Dual Parallel

Drives Ports £59. Dual RS232 £59. 68000 CPU

£TBA. 16032 CPU £TBA. Ato D and D to

X A converters, high res. graphics, floppy

and hard disk controllers and drives,

% tracker ball, real-time clock/calendar

TD8 Keyboard with BBU and more on the way!

SOFTWARE: WordStar, Maiimerge, D
OUR CBasic, Pascal 2, MT+, Fortran, CIS

CalcStar, Supercalc, Mathemagic,
Peachtree Sales Nomunal, Purchase
Ledgers, Inventory Management,
Payroll, etc., ADA, Charger, Ratfor, Act
80, Act 65, 68, 69, 86/88, Tran8, Catchum
and much more!

PHONE TO ARRANGE DEMO
01-965 0627

24 HOURS — SEVEN DAYS

Ashn

Compiete TD8 system (as illust.) with Keystar, Epson
RX-80, disk tiling box, EPIIIIl z.zuand WordStar, VDU and
eyhoar

ONLY £1895!
OR with HR15 Daisy Wheel — £1995

EXCLUSIVE OF VAT & CARRIAGE

NEW!

PERSONAL
TYPE SETTING

For use with your CP/M 80, CP/M 86,
MS-D0OS, and most other systems.

Provide you with the ability to produce
customised letter heads, invoices,
delivery notes, price lists.

Do you own printing on your EPSON or
compatible printer. No modifications to
hardware. PRICE includes
comprehensive MANUAL and
MASTER DISK.

Call us now to receive some sample
output of . ..

FANCY FONT @

your personal typesetter
£150 exc. VAT & CARR.

WW — 075 FOR FURTHER DETAILS
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Telephone: 01-965 0627 Telex: 24708
and Telephone: Esher 67282

INCREDIBLE!
A high quality daisy wheel printer with RS232 interface,
3KB character buffer, and a host of other features like
full WordStar function support dual colour {red/black}
printing

ONLY £395

FREE DATA CABLE WITH EVERY BROTHER HR15!
Use this printer with the low-cost TD8 micro for the
ultimate in low-cost WP systems

DATA CABLES

Made to your specification
0ff shelf from £12
Exclusive of VAT & CARR.

The most

ECONOMICAL VIDEO
MONITOR

you can buy ...

PHILIPS 12"" 25 x 80 character, green
phosphor anti-glare screen, attractive case

ONLY £69.95
Exclusive VAT & CARR.

CASED DRIVES WITH PSU

BBC COMPATIBLE SINGLE DISK DRIVES

TD 100 5% x SS 40TK 100K
TD 2005% x SS 80TK 200K ...
TD 400 5% x DS 80TK 400K

BBC COMPATIBLE DUAL
DISK DRIVES

TD 200 2 X 5% SS 40TK 208K
TD 4002 x 5% SS 80TK 40K ... £
TD 8002 x 5% DS 80TK 800K

BBC COMPATIBLE DUAL
SWITCHABLE DISK DRIVES

TD 400S 2 x 5% SS 80TK 400K £457
TD 800S 2 x 5% DS 80TK 800K £510

The drives include connecting cables,
user manual, disk formatter ex of VAT &
CARR.
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RADIOCODE CLOCKS 32 us

ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT
N e - = ‘71( ('NEW PHASE-MODULATION SYSTEMS )
‘ ! ,l 1

B. ‘- i
5 ". o 1 PP B;.'? D

Until recently, atomic time and date information was only available on v.1.f.
transmissions using amplitude modulation. The RCC 8000AM series of
equipment uses these transmissions to offer high noise immunity and high
accuracy, particularly at very long range.

r—— The new RCC 8000PM series of equipment uses, for the first time, phase

| - modulated tranmissions with massive radiated powers of up to 2 Mega-
Watts to offer long range, excellent noise immunity and no scheduledJ

HASOODDS CLEON REC BOOO —— ——_

g ok Thesd n
So00 CA

kmaintenance periods.

- RADIOODSE CLOOK RO 8000

—»ar ~%86 i
0 goe -

.h . BANCOOR GLOCK ROT S0 —— _
|

( NEW PRODUCTS

The AM and PM series of Radiocode Clock equipment has been further
expanded to include seven new models {from top) 80008 — combined
clock, frequency standard and optional stopclock. Internal standby power
supply — with dual rate constant current charger. Time-event log — prints
A hours, minutes, seconds, milliseconds and day of year, on receipt of a log

= 1 - : . ‘ f
'i T — a_',,o A= pulse. Speaking clock — time announcement or audio recording. Slave
see 2 Hf°
1 e o . .
- -

i controller — total control of single-standard master/slave systems ie one
- pulse/sec. Dual standard slave controller — total control of two different
and independent slave systems, ie. one pulse/sec and one pulse/half min.
Slave distribution amplifier — maximum flexibility for the largest

[ RACIOOOE CLIXE( REC BO00 - . L A O ] . A
-3.- " A s o 2 master/slave installations requiring dual standard operation, multiple cir-
= - 900 cuits and complete master/slave backup.
H goo NN 0" J
o eee e HE;
-m- = sl T & A - o - A continuously expanding range of fully integrated software and hardware
* 6% T P W -8 is available for both series of Radiocode Clock equipment. Standard op-
i ST EESOREE T £ e or
ol precision serial o/p ime code generators
| o0 *— o - -..- ® ® RS232/V24 1mS resolution @ Intelligent sglave systems
. : b - ® General purpose parallel o/p @ Standard frequency outputs
= T == = @® FSKrecord/replay system ® Stopclock operation
ﬂ' sy g T P Ty Wiy el o ey @ Keypad entry of alarm times [ ] (;alibrated systems for
i ST @-00000000000600000]| 0@ @ Keypad entry of time/date increased accuracy )
H';.wﬂn"nvnn*u' Radiocode Clocks Ltd*
[ X ) o® [ X7 ( X J ® Unit 19, Parkengue, Kernick Road Industrial Estate
J' - Q_ _3& _’Q_— e __-_,% - 2, _:'L_. Penryn, Falmouth,gCornwaII.TeI: Falmouth {0326} 76007

(*A Circuit Services Associate Co.)

Drien
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2mV ~20V/cm

20MHz Baridwidth

Algebraic Add, Invert

Variable Sweep Delay

Variable Hold Off

HM 103 Peak Auto Trigger to 50MHz

Single Trace X-Y

2mV — 20V/cm Single Shot
10MHz Bandwidth Z Mod
Component Tester Component Tester

£158 S L

HME05

RRHNMNQRREEIIR

e i e
HM 203.4

Dual Trace [4 60MHz Bandwidth

2mV — 20V/em [ 5mV — 20V Sensitivity at 60MHz

20 MHz Bandwidth [4 1mV Sensitivity at 30MHz

4

&

)

Algebraic Add, Invert Timebase Range 5ns — 2,6s/cm

X-Y Reliabie Triggering to 80MHz

Normal and Peak Value Triggering

Alternate Triggering

£264 Variable Sweep Delay
14kV Rectangular CRT %

Y — Qutput |

1kHz/1MHz Calibrator {4 |
Component Tester [4 I

Prices U.K. list ex. VAT £487

-t For free data sheets of the full range contact:
=] HAMEG LTD. 74—78 Collingdon Street, Luton, LU1 1RX. Tel: (0582) 413174 Telex: 825484 |

WRHNNNEC
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RAEDEK ELECTRONICS

DISTRIBUTORS FOR RICHARDSCNS CETRON AND NATIONAL ELECTRONICS

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 0TB
TEL: 021-474 6000

VALVES — National, Varian, Mullard, RCA, ITT ...

A2426 850 EF80 135 NL5441 2150 2AS15A 2110 BAZB 3.0 6J8 220 40KG6A 575 5750 1.90 71B3A 240
AH 708.00 EF85 165 NL5550 90.00 2C39A 48.00 6BAB 180 BJGA 300 42ECA 4.00 5751 33 nes 420
AH211A 85.00 EF86 1.78 NL5553B 375.00 2C39WA 33.40 8BASA 275 6J85 400 %C1 280 5763 4.50 7208 (NAT) X350
AHZ21 4800 EFBY 230 NL5750 {NIXIE] 23.80 00 280 6BE6 130 6JB6A 365 83A1 12.00 579 29.50 7203 (M) 4300
AH238 35.00 EFs1 295 NLBS44A 20.50 %286 1.50 6BHE 200 6JCBA 350 90Ct 350 5814 3.00 133 6.75
AHZ1 90.00 EF32 220 NT2 250 242 9550 6BJ6 185 6JEGC 495 90CG 1200 5822A 300.00 1234 75
AH2532 3150 EF33 1.60 PCLB0OS 1.85 2155 500 6BK4C 415 6JGBA 385 1420 5847 12.00 24 320
AJ2256 150 EF94 180 PL509 5.50 2K25 114.00 8BL6 68.50 BJHB 35 15082 6.50 112.00 1262A 26.00
BD512A 3150 EF95 3% PL51% 575 3-4002 B2.00 BBLIGTA 380 6JK6 220 150C2 310 5857A 120.00 7289 300
BK66 90.00 EF183 200 aavoz-6 1950 3-5002 950 145 6JME 395 150C3 495 5868 170.00 7308 1.50
BK448 110.00 EF184 200 Qaves-10 550 3828 15.00 BBMB 93.95 6JS6C 39 150C4 4.50 5869 4000 nn 604.00
BK482 485.00 EFL200 29 Qavo?-50 1200 3BS2A 300 8BM8 150 6KEGT 275 212€ 170.00 5870L 20.00 7380 9.00
K484 144.00 EK90 1.90 Qaves-12 4.50 3BW2 300 6BN8 245 6K2 485 290A 1150.00 5870ST 20.00 JA86AL 80.00
BK486 37500 EL34 150 Qy3-65 5250 k] 375 6BQ5 1.60 BK11 255 350A .50 5876A 21.60 7527 1330
BK48BA 52500 EL36 230 Qay3-12s 49.00 3C45 U50 6BR8A 29 6KD6 590 350B 250 5879 3.80 1527TA 140 00
BK7703 250.00 EL38 4.95 Qv4-230 59.00 3CX100A5 39.00 68X6 1.35 6KDB 200 404A 12.00 10,00 50
BLTHS 320.00 ELBY 10.95 R11E9 80.00 3CX1000A7 49500 6876 2.50 6KES 3.90 5728 2950 4125 7543 200
BTS 51.50 ELB3 6.00 A63-1250 35.00 3CX150047  350.00 6C4 185 BK136 6.00 575A 35.00 5894B 45,00 7551 5.50
BTSB §1.50 EL84 1.60 15.50 4-85A 52.50 6CA4 165 6KM8 350 615 18.50 5920 8.50 7558 9.50
BT17 14200 ELBE 1.95 RG4-1250 48.00 4-125A 57.00 6CA? 350 6KN8 550 no 23.90 5963 1.80 7581A 18.25
BT17A 142.00 EL91 9.10 RG4-3000 90.00 4-250A 76.00 8CBGA 130 6KX8 8.00 740L 80 5965 .20 7586 1150
BT19 36.00 EL360 195 RM126 1360.00 4-400A 80.00 8CF6 180 350 760P 103.50 5991 20.00 7587 19.00
BT69 295.00 EL500 280 RR3-250 15.00 4-4008 1330 6C67 2.5 68 METAL 1500 805 42.00 190 7591A 5.00
BT9S 129.90 EL503 39.00 RR3-1250 3450 4-400C 66.00 995 495 807 290 6011 2390 TIZBNE 28.65
BT125 1250 ELS05 6.00 S866A 12,00 4832 3450 6CJ3 2.30 BLNS 200 B10 5000 5012 9.90 1735A 26.00
8T127 95.00 EL519 875 54075 195.00 4C3I5A 85.00 6CJ6 1095 6LOS 495 811A 14.90 6014 2000 T815AL GE 4500
CIK 200 ELBO3 995 54076 225.00 4CX250B 6CKS 6.00 6M11 480 812A 19.90 6021 370 7815R AL 4800
c3J by €L803S 995 54092 195.00 (EIM/AMP)  43.00 6CLE kk MU 350 813 (NAT) 28.50 6058 10.50 420
C3JA 2080 ELB21 995 S4102 240.00 ACX2608  {NAT) BCM5 230 san 2.55 813 (RCA} 65.00 6063 370 7903 11500
3L 30.00 EM84 2.00 $4113 220.00 3950 8CNB 495 6SA7 300 8298 17.20 6065 125 7905 1350
c16J 120.00 EN32 16.25 SC1/400 5.00 ACX350A {EIM] 70.00 5C06 ¥ 6SL7GT 1.95 833A 6150 6073 550 7984 13.50
CK1907 11.70 EN91 280 SK410 ns ACX350A {AMP) 6CW4 6.50 6SN7GTB 285 843 10.00 6080 920 8008 1880
CK568TWA 410 EN92 33 SK600 46.50 68.00 B6CWS 195 BSR7 380 845 48.30 6083 72.00 8020 35.00
DLS16 18.00 1.85 SK600A 485 ACX350F 7200 6CY5 380 6Us 150 8578 708.00 6084 13.10 8032 1420
04 31.50 EZ4 245 SK606 150 4CX 15004 440.00 6CY7 300 BUSA 200 856A 1550 6085 860 8056 15.00
DR2010 480 EZ80 1.95 SK650 32.00 4CX15008 370.00 6CZ5 315 BV4 1.95 868 24.00 6094A 420.00 8068 13.00
DR2100 150 £Z81 1.65 SP41 380 ACX100000 6DAS 230 6VBGT 195 872A 19.00 6101 220 8072 69.20
DR2110 9.00 2.00 SSR-13 12.00 785.00 6DC8 245 6X4 2.00 922 1250 6130 2450 8117 16500
DX453 42.00 FG17 245 Ti60L 2350 40 57.00 6DC8 150 BX56T 1.85 87 17.80 6146A 150 8121 90.00
DX453A 45 FG105 9500 T2888HDG 589.00 4D 64.75 60J8 170 300 930 1470 6146B 150 8122 90.00
DXS55 96.00 GXU1 15.00 TB2 5300 112.00 4PRSOC 250.00 BOKB 395 BY9 2% 931A 18.50 6155 48.00 8163 8200
DYs1 185 GXU4 30 TY5-500 22500 4X150A 42.50 60T5 230 bz 9.50 9318 2500 6156 59.00 8164 238.00
ESSL 44.00 GXU5 120.00 uus 5,00 5-500A 22500 6DW4B 2.3 €7 1085 934 18.80 61598 1250 8233 4400
€BOCC 8.60 GZ34 350 YLSE3 14.50 5AR4 350 BES 420 8CG7 200 935 35.80 6201 6.50 8278 39.00
€8OF 1310 KT66 6.90 VRTS 545 SAS4A 250 BEAB 245 8FQ7 2.00 10510 110.00 6227 1295 8298A 7.50
EBOL 1295 K177 8.75 VR150 495 58254M 24.00 BEHS5 1.65 95P4 88.00 10528 144.00 6267 175 8321 (EIM) 7000
£81CC 320 KT88 15.95 Xxen 1.30 §C22 128.00 BEHY 200 12AT6 1.70 2050 285 6293 14.00 8321 (AMP) 68.00
€88CC 390 Kur2Z 280.00 XG61-2500 51.50 5CX1500A 635 BEJ7 200 12AT7 1.60 2050A 285 6360A 5.50 8416 1570
EBOF 9.25 L5047 890.00 XG2-500 36.00 5022 76.00 BEL4A 415 12AU6 2.00 45320 250.00 6426 1690.00 8417 5.55
E90CC 850 M8223 5.50 XG2-6400 152.00 6.00 6ESB 210 12AU7A 1.60 48330 215.00 6442 18.00 8422 2000
£92CC 6.50 MB224 9% XG5-500 24.50 SRAGYA/B 375 BEVT 285 12AVH 200 4848 25.00 6484 4200 8438 80.00
E130L 35 MD190Y 10.00 XQ1275 237.00 Wi 1780 BEWS 1.50 12AX7 1.80 48750 21500 6528 48.00 8541 k<
E180F 850 ML78B15 96.00 xaiare 2%9.00 5SR6 6.00 BFGS 2.00 12AXTWA 480 5617 14.50 6550A 1.25 8552 14.20
E188CC 150 MLB536 220.00 XR1-1600A 25 50468 250 6FHB 16.50 12B4A 290 5544 1250 6668 850 8553 280.00
£5070 2150 MLB741 215.00 XR1-3200 7250 5UP1 40, 6FQ2 25 128A6 200 5545 95.00 6689 9.25 8608 2150
€891 1.95 MU7235 66.00 XR1-5400 95.00 SVAGA 275 6FS5 25 12BA7 3.00 5551A 110.00 6693 90.00 8643 86.70
EBCYY 1.30 NL604 M50 Y6028 69.40 52467 1.90 6685 2.80 12BES 1.90 5552A 144.00 6779 19.50 8754 17.35
EBFB9 1.50 NLS0AL 50.00 803U 1950 BAHE 350 6GES 230 12BM7A 2.50 5557 5 5250 8794 2330.00
EC90 185 NLBO6L 66.50 non 250 6AJB 250 6GF5 210 12BY7A 240 5559 51.50 6857 £6.80 23.00
ECC32 250 NLGGAL 130.50 2ZD100551 13.50 BAKS 390 6GHBA 180 12826 370 5581 16.85 6858 99.20 8874 165.00
ECCAD 295 NLB76 162.00 ZM 1000 18.15 BAKSW 290 BGJSA 3.00 12DK8 1.50 5582 24.00 6859 103.50 8906AL 55.00
ECCI0 370 NLT14 880 ZM1001 18.15 BAKB 195 86J7 1.85 120W7 4.5 2065 68838 1420 8908 10.50
ECC81 160 NL740 5250 IM1020 1585 BALS 1.95 6GKB 1.95 1261 25.00 5632 22.50 6922 330 3.50
ECCB2 160 NL740P 66.80 310 BALSW 1.80 BGWE 1.10 12F08 12.00 5636 1.00 6939 19.50 9001 6.00
ECC83 160 NL760 93.20 DAZWA 550 BAMS 9.10 66X6 3.00 12GN7A 4.00 5642 8.20 6973 370 9%77M 31.00
ECC85 20 NL760L 103.50 0A3 545 6AMSB 295 6GY6 300 12K76T 180 5644 17.00 6975 66.00 9BAUA 420.00
ECCs8 170 NLBAO 11.35 B2 395 BANBA 270 6HE 3.00 1251767 395 5651 285 7014 M50 9950 40.00
ECCI1 3.00 NLB43 1770 0B2ZWA 5.95 BAQSA 195 BHAS 3.05 1361 155.00 5654 2.90 7015 50.00 16411 11800
ECC189 210 NL1022A 300 00 B3 250 BAQSW 1.90 6HBE 3.05 20PEN 25.00 5665 120.00 1017 66.50
ECFBO 1.45 L1036 150.00 0C3 250 6AQ8 20 BHES 400 20PE13A 21.00 5670 275 7018 18.50
ECF86 250 NLI052A 144 00 X] 495 BARS 285 GHF5 385 20PE14 2500 5684 80 7022 66.80
ECFa0t 1.85 NL10520 144.00 1B214A 100.00 BASE 550 BHG5 195 20PE15 2000 SBBANE 39.50 703 103.50
ECHBY 250 NL1053A 48500 1B35A 38.00 BAS?IG 120 6HGA 250 20PE19 25.00 5696 330 7025 250
ECLB2 1.50 NL1082S 244.00 1B63A 62.00 BAUSGT 450 BHSE 395 20PE20 21.50 5718 8.20 7027 4.60
CLB3 2.50 525.00 1638 58.00 BAUBA 180 BHZE6 275 21428 340 5726 1.80 7034 4250
CL8E 1.70 NL5440 19.20 1P21 104.50 VE 1.30 6JS 315 30KD6 5.00 s 2.00 7056 250
F40 850 NL5440A 2330 1P28 3000 BAWSA 265 8J5GT 295 40KGE 5.50 5749 250 13¥% 175.00
R. F. POWER TRANSISTORS — Many other types available on request soio2 750
D1212-4 6
2N3375 9.20 25C644 0.25 25C1178 18.00 25C1967 15.00 BFRI1 2.00 MRF245 30.00 MRF648 33.00 PT9847 16.00 SD1212-7 4.00
2N3553 2.00 25C684 0.28 2SC1209D 064 25C1968 17.50 BRF96 2.00 MRF247 30.10 MRF750 6.50 SD1005 8.20 SD1214 8.70
2N3632 10.00 28C703 36.00 2S8C1213A 040 25C1968A 22.00 BFYS0 1.50 MRF260 5.00 MRF846 46.00 SD1006 210 SD1216 11.00
2N3733 13.20 28C710 0.45 28C1213C 0.40 25C1969 1.50 BLw29 10.00 MRF264 11.00 MRF901 2.75 SD1012-3  10.00 SD1219 18.00
2N3866 0.85 25C710D 0.28 28C1239 2.50 25C1970 1.50 BLWSOC 15.00 42.00 MRF304 2.95 SD1012-4 1050 SD1219-4  18.00
2N3926 11.26 25C715D 040 25C1241 15.00 28C1971 4.00 BLWGOCF  15.00 MRF316 55.00 MRF311 2.50 SD1013 10.00 SD1220-1 9.50
2N3927 11.82 2SC715E 0.40 25C1251 10.00 28C1872 11.00 BLWH4C3  65.00 MRF317 73.00 MRF5175  22.50 SD1014-6  10.50 SD1222-5 11.00
2N4416 0.75 2SC717P 0.38 25C1260 1.11 28C1978 7.50 BLW78 61.80 MRF321 35.00 MRF5176  30.00 SD1015 17.50 SD1222-STUD
2N4427 0.75 28C730 4.10 25C1303 5.00 28C2001 0.45 L W80 10.25 MRF323 35.00 MRF5177  43.00 SD1018-6 13.00 11.00
2N50%0 13.90 28C731 3.95 28C1306 1.00 25C2026 0.75 BLWS1 14.90 MRF326 63.00 2.00 SD1019 24.70 SD1224-2 13.00
2N5109 2.00 25C732 0.25 28C1307 1.50 28C2053 0.80 BLWS0 13.00 MRF327 70.00 PT3134A 1.50 SD1019-5 24.70 SD1229-F1 10.95
2N5160 4.80 25C741 2.50 28C1311 0.40 28C2097 36.00 BLWS8 110.00 MRF32% .06 PT31348 2.75 SD1020 1.50 SD1229-STUD
2N5130 1.50 28C821 6.60 2SC1311E 0.32 C2 15.00 BLX39 13.75 MRF412 18.51 PT3134C 12.00 SD1074 16.10 10.85
2N558% 6.00 25C288 0.30 28C1314 25.00 2SC2100 24.00 BLX65 2.45 MRF421 36.85 PT31340 12.50 SD1076 18.50 SD12446 1275
2N5590 8.50 28C298 0.25 25C1318 0.40 28C2103 18.00 BLX67C 9.50 MRF422 42.00 PT3134E 30.00 SD1077 1.60 SD1256 6.95
2N5591 8.90 2SCBY0 8.50 25C13688 1.00 28C2105 15.00 BLX67CF 9.50 MRF426 23.00 PT3161A 1.75 SD1078 26.50 SD1262 15.00
2N5643 13.00 25C891 18.00 25C13838 0.50 28C2116 1.60 BLX68C3  10.00 MRF427A  21.00 PT31618 1.75 D1080 1.65 SD1270 375
2N5913 2.50 28C800 0.18 28C1424 1.35 28C2118 9.00 BLXB8CF  10.50 MRF428 57.00 PT3161C 8.50 SD1080-6 7.50 SD1272 10.95
2N5945 8.95 2SC900F 0.19 25C1509 6.00 28C2221 5.50 BLX69A 20.00 MRF42BA  75.00 PT3161D 14.00 SD1080-7 7.50 SD1272-2 1085
2N5346 15.63 C908 450 28C1546 045 28C2233 0.90 BLX94A 36.00 MRF433 16.21 PT3161F 30.00 SD1088 26.00 SD1278 13.75
2N6080 6.00 2SC911A 18.00 28C1568 0.45 25C2237 16.00 BLX98 132.00 MRF449A 1495 PT3503 6.95 SD1089 28.50 SD1278-1  13.75
2N6081 8.75 25C945 o1 28C1589 5.00 28C2281 13.00 BLYB7C 7.50 MRF450 11.90 PT4261A 16.00 SD1089 40.10 SD1285 .75
2N6082 9.00 28C945R 021 28C1622 0.33 28C2283 9.00 BLYB8C 11.00 MRF453 11.90 PT42618 24.00 SD1115-2 7.50 SD1300 1.25
2N6083 12.00 25C952 0.60 25C1623 0.30 25C2287 11.00 BLYBSCF 11.00 MRF453A  16.90 PT4261C 60.00 SD1115-7 2.10 SD1303 2.50
2N6084 13.20 25C982 0.30 25C1688 19.80 25C2289% 12.50 BLYBIC 13.00 21.00 PT4316C 12.00 SD1127 2.50 SD1316 2.10
2N6094 8.00 25C9%4 2.50 28C1674 0.25 28C22%0 27.50 Y90 45.00 MRF454A  24.00 PT4316D 18.00 SD1131 3.25 SD1317 8.00
2N6095 B.50 25C998 3.90 28C1675 0.20 25C2347 0.30 BLY3ICF  11.00 MRF455 16.00 PT4316E 25.00 SD1133 9.50 SD1405 21.00
2N6255 345 25C1001 9.90 28C1678 1.25 25C2369 2.00 LY94 45.00 MRF455A  21.00 PT4316F 30.00 SD1133-1  10.00 SD1407 27.50
25C382 0.65 25C1011 15.00 25C1729 18.00 25C2370A 18.00 MRF208 12.00 MRF458 19.95 PT5661C 14.00 SD1134-1 2.50 SD1407MP 55.00
25C458 0.22 25C1070 115 28C1730 0.25 28C237% 15.00 MRF212 12.00 MRF466 2450 PT8751 24.00 SD1134-2 10.00 SD1410 21.06
25C4588 0.36 2SC1096L 0.90 28C1740Q 0.20 25C2395 15.00 MRF221 12.05 MRF472 4.40 PT8820 15.00 SD1134-8  10.00 SD1410-1  21.00
25C458C 0.22 2SC1096M  0.90 25C1765 775 28C2407 1.00 MRF229 3.50 MRF475 2.00 PY8831 275 SD1134-STUD SD1410-3  21.00
SC460 0.25 25C1117 £1.50 2SC1B15Y  0.28 28C2420 18.00 MRF231 12.36 MRF475 225 P78837 10.00 7.60 SD1412 36.00
25C4608 0.25 28C1120 12.50 2SC1906 0.33 25C2494 16.00 MRF232 13.50 MRF477 12.50 PT8838 15.00 SD1135 10.25 SD1412-3  24.00
25C4618 0.25 28C121 24.00 28C1807 0.30 25C2509 6.00 MRF233 14.30 MRF492 2750 P188548 18.00 SD1135-3  12.00 SD1413 18.00
25C535 0.38 2sC1122 18.00 25C1945 210 28C2531 1.30 MRF234 16.00 MRF497 18.50 PT8861A 15.00 SD1136 12.50 SD1414 36.00
25C535A 0.38 28C11628 0.90 28C1946 18.75 25C2538 1.10 MRF237 240 MRF515 3.90 PTB8B4A 30.00 SD1143 9.45 SD1416 33.00
25C535B 038 28C1165 6.95 2SC1946A 16.50 28C2538 15.00 MRF238 12.60 MRF517 3.60 PT8874 18.00 SD1143-1  10.00 SD1418 30.00
28C535C 0.35 28C1169 485 25C1947 9.88 28C2540 24.95 MRF239 20.00 MRF620 18.00 PT9795 12.50 SD1144-1 2.50 sD1421 36.00
25C540 2495 28C1176 14.00 25C1955 7.20 2SC2545E 0.29 MRF240 24.50 MRF644 27.50 PT9797 14.00 SD1158 7.95 SD1428 24.00
25C608 0.75 25C177 17.25 25C1966 11.00 BRF90 1.50 MRF243 35.00 MRF646 28.00 16.00 SD1201 7.35 SD1423 1598

TERMS: C.0.W. POSTAGE/PACKING: Add £1 to order under £50 value. VAT: All prices are excluding VAT, please add 15% to order and postage. GUARANTEE: All goods are of
current production and sold with manufacturer’s warranty. ENQUIRIES: Are welcomed for other types/brands of valves. Please send SAE

WW — 076 FOR FURTHER DETAILS
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4. MARCONI SIGNAL
i X " GENERATORS %

TF2002A/S (illustrated}) 10kHz-
2 72MHz. AM/FM. £750
% TF2002. As above but AM only.

£450
MARCON| TF10688. AM/FM Generator. 10-
470MHz. 0 2uV-200mV output. FM Deviation up to
+100kHz.
MARCONI TF995A/5. AM/FM Generator. Narrow
deviation model 995 covering 1.5-220MHz. £450.
TF2015 10-520MHz. AM/FM. TF144H. AM 10kHz-
T2MHz £295.
MARCONI TF1064B/5. AM/FM Signal generator
covering in three ranges 68-108, 118-185 and 450-
470MHz. FM fixed devistions of 3.6 & 10kHz. AM
fixed 30%. £225

1 8 0 8.2 8.8 48 84 4 41

222 2R R 22 R R

% ‘DOLBY’ NOISE WEIGHTING FILTERS

£40 each {+£1 p&p).

Cat. No. 98A. Noise weighting filters for CCIR/ARM
signal-to-noise ratio measurements. As new units.

BECKMAN TURNS COUNTER DIALS

Miniature type {22mm diam.). Counting up to 1%

P. F. RALFE ELECTRONICS

TEL: 01-723 8753

—
‘OSCILLDSCOPES'
TEKTRONIX 453. Dual-trace SOMHz.

%% TEST EQUIPMENT % %

MARCONI TF1245 Q-Meter
MARCONI TF1313 Ya% LCR Bridge
MARCONI TF868 LCR Bridge

% COMPUTER PERIPHERALS

1.6MB 8’ FLOPPY DISC DRIVES -
New Stock

After our recent sell-out of the DRE 7100 FDDs we
are pleased to offer another bargain package as
follows: BRAND NEW ‘MFE CORP' type M-700.
Distributed in this country by Eicomatic, Glasgow.
MASSIVE STORAGE CAPABILITY UP TO 16
MEGABYTES — REPEAT 1.6MBytes. Double (or
single) sided, double (or single) density. Smallest
most compact IBM-compatible single/double sided
FDD available. Power requirements: +5V DC at
1.2A and +24V DC at 1.1A. List price is currently
£315+VAT. OUR PRICE JUST £175+VAT including
manual worth £15. SECURICOR CARRIAGE +
£10+VAT.

turn “Helipots”. Brand new with mounting instruc-
tions. Only £2.50 each.

RFI RECEIVER
Stoddart Model NM52A. RF Noise & Fisld intensity
measuring receiver. 375MHz-1GHz c/w power
supply unit.

KAY SOUND SPECTROGRAPH
Model 6061B with Amplitude Display, scale magni-
fier. 85Hz-16kHz. Complete sound spectrograph in
excellent condition.

%% STEPPER MOTORS * %

Brand new stock of ‘"ASTROSYN' Type 20PM-

1GHz. 10w fsd £350.

ponent Bridge £250.

MARCONI TF2701 In-Situ Universal Com-

MEGGER-5KV Insulation Tester. Hand-crank.

MARCONI TF2343A Quantization Distortion Meter £150.
HEWLETT-PACKARD 3450A Multi-Function Digital Multi-Meter.
ROHDE & SCHWARZ ‘SDR’ AM Signal Generator 0.3-1GHz.
TEKTRONIX 2901 Time-mark Generator.

GOULD J3B Signal Generator £150.

ROHDE & SCHWARZ Resonance Frequency Meter 470MHz-2.5GHz.
HEATHKIT AW1U Audio Power Meters 5mW-50W £25 pp £1.
METROHM 500V Insulation Testers Transistorised £40 pp £1.50.
BRUEL & KJAER Heterodyne Voltmeter 0.5-240MHz.

AIRMEC Dispiay Oscilloscope 279, 4-trace, 14x10’’ CRT £195.
RIKADENKI 3-channel Chart Recorder, Model B-341.

MARCONI TF2604 Electronic Multi-Meter A 4000-SERIES HARD DISK DRIVES

MARCONI TF893A Audio Power Meters Data Recording Equipment 4000-Series exchange-
£85. : able IBM-type 5440 Disks. Units available ex-stock
MARCONI TF2502 RF Power Meters. DC- \M and BRAND NEW. Please ca!l us for our lowest ever

quotation.

+ DISK CARTRIDGES *
Surplus BASF 12-Sector RKO5 cartridges available
_. small quantity only remaining at £15 each. Car-
riage each £1.50.

% SWITCHING POWER SUPPLIES *

The following DC power supplies are available now
from stock in limited quantities. All fully tested and

guaranteed,
35V gOLDOYT €15 5V@ 10Amps......
5V @ 20 Amps........ £20 5V @ 40 Amps.

5V @ 60 Amps......... £40 19V @ 30 Amps

AQ55 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque @ 100PPS. Body length 2%,
diameter 2'', shaft '’ diam x 4V’ spirally
threaded. Weight 16oz. Price each £15 {p&p
50p). Connections supplie:

S MILLIVOLT MEASUREMENT, MNALIGBE 4

MARCONI TF2600. Twelve ranges 1mv-300v | [221£58 VAT Corriage oach * £4

v AVO SIGNAL GENERATORS AFM2 +

We have in stock a8 quantity of AVO type AFM2 signal
generators supplied in fully tested working condition
complete with accessories. Spec as follows: 0.46MHz-
225MHz in 8 bands, AM all bands pilus FM on two bands
covering 20-100MHz. Output TuV-50mV and 200mV High
O/P setting, m/c set level meter, scale shift for accurate
frequency calibration, variable mod etc. PRICE EACH

+15V, —12V & +5V @ 11A, 4A and 40A ...£50
Ali prices + VAT please. Carriage ~ £2 eac

% CENTRIFUGAL BLOWERS

‘TORIN’ Type U62B1. 230V Cap’Start (supplied),
very powerful (200W. 3,000rpm} centrifugal fans
for large rack cooling or enclosure extraction appli-
cations. Overall dimensions 20x12 cms, outlet 6x4

FSD. Wide-band to 10MHz.

% SWEEPERS #

cms. BRAND NEW. Surplus stock. £15 each inc.

MARCONI TF2603. Frequency range 50kHz-
1.5GHz. High Sensitivity from 300uV.
MARCONI  TF2604. Electronic Multi-meter.
AC/DC 300mV Full scale to 300V (1kV DC). Re-
sistance ranged. AC Frequency range 20Hz-
1500MHz.

% CONSTANT VOLTAGE TRANSFORMERS % %

TELONIC ~ Sweep _ generator * EACSIMILE UNITS
system type 2003. Fitted with | MyFAX ‘COURIER’ facsimile re-
Marqu, attenuator, Detector plug- ceiver type K441-CH and transmit-
in units and Generator covering ters K400 AMCH in stock in excel-
800-1500MHz. £325 lent condition £250 per pair.

VAT, pp £1.50.
* PP

PLEASE NOTE. All the pre-owned equipment shown has been carefully
 tested in our workshop and reconditioned where necessary. It is sold in

ROTRON INSTRUMENT
COOLING FANS

Supplied in fully tested excellent condi-
tion, as follows:

115V, 4%2x4%x 1%’ £5. 230V same size
£5.50. 115V 3x3x1%"" £4. 230V 3" size,

‘ADVANCE VOLSTAT; Type. Model MT140A.
Mains input 190-260V AC. Output 230V AC @ H ol
150W. Price each £20 + VAT + £2 carriags. epairs and servicin

ADD 15% VAT TO

WW - 071 FOR FURTHER DETAILS

first-class operational .condition and most items carry a three months’
uarantee. For our mail order customers we have a money-back scheme.

?-to all squipment at very reasonable rates. PLEASE
PR .

brand new £6. Also small quantity 115V
4% size, brand new £6. Postage each +
50p please. WWI10

L8 8.8 8 8 ¢ & 4
L 3.8 3 8 8.4 4.4

In these testing times
.~ theminutes

o count... o8
o Q N

: POLIBR

The new

RTT comtest
ensures testing and calibrating
to the highest specifications
demanded by modernradio
communications systems.
Interactive instruments,

semi automatic in operation,
ensure faster, more efficient

RTT comtest
is designed, manufactured and
serviced by RTT, a Division
of amajor UK Electronics
Group with 30 years experience
of manufacturingto
Government quality standards.
New enhanceable features are

systemn testing, reduce servicing continually being added
costsand downtime whilst which ensure the system
improving communications never becomes

quality and reliability. outdated.

Features include: ® 1.7 GHz version ® Selcall / Pilot Tone Testing
® 300W Power Meter ® Sinad Meter ® Full Duplex Testing
® Fully protected ® Small/Lightweight/Portable
® 12V for field use ® Automatic Tuning
® Off Air and Adjacent Channel Power Measurement

& =] (27 comtest
Rl Tomorrow's World -Today

RTT Division of Hanworth Enterprises Ltd, Enterprise House, Central Way,

North Feltham Trading Estate, Feltham, Middx. TW14 ORX. Tel 01-844 1811.

WW - 010 FOR FURTHER DETAILS
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E.M.S. POWER
SYSTEMS

I

Solve all your Power Problems by contacting
E.M.S.

E.M.S. specialise in systems to eliminate your
power problems.

Products range from 35VA switched square wave

Power Packs to 1KVA fully uninterruptible sine
wave systems.

E.M.S. also manufacture chargers which range up
to 60 amps.

For further details please contact:

E.M.S. Manufacturing Limited
Chairborough Road
High Wycombe
Bucks
Tel: (0494) 448484

WW — 029 FOR FURTHER DETAILS
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* BETTER VALUE MAIL ORDER SUPPLIES FOR YOUR MICRO *

(TDK DISKS

High grade flexible disks trom one ot the
world’'s most tamous suppliers. 5" and 8°
disks, in boxes of 10

5.25" DISKETTES

M10-S S$/8.D/D, 48 TPl £24.30
M2D-S D/S.0/D, 48 TPt £34.80
M2DX-S D/S,D/D, 96 TPI  £45.50

48 TP1 surable for 35 or 40 track operation
96 TPI suntabie for 77 or 80 track operation

1

(DATALIFE DISKS )

From Verbatim, the world's leading diskette
manutacturer. Full 5 year warranty. All
minidisks are certified for double density
recording. and are fitted with hub ring
reinforcement as standard
Prices per box of 10 disks.

5.25"' DISKETTES

MD525 S/8.D:D.48 TPl £18.25
MD550 D/S,DiD, 48 TPI  £27.15
MD577 S$/6.D:D. 96 TPI  £25.55
MD557 D/S.D:D, 96 TPI  £34.20

48 TP suitable for 35 o 40 track operation
96 TPl suitabie for 77 or 80 track operation
10 and 16 hard sectored versions available
at same prices

(XIDEX DISKS

The new premier quality standard. against
which all other manutfacturers witl have to be
judged All products certifhed for double
density recording. Now with a lifetime
warranty. Unreservedly recommended
Prices per box of 10 disks

5.25 "' DISKETTES

5012-1000 §/8,0/D. 48 TPt £19.55
5022-1000 D/S,D/D, 48 TP £27.55
5012-2000 $/8,0/D,96 TPl £27.75
5022-2000 D/S.0/D, 96 TPl £35.80

48 TP! suitable for 35 or 40 track operation.
96 TP suitable for 77 or 80 track operation
10 and 16 hard sectored versions available
at same prices

~

You know the name and the quality's the
same.15- mlnulecompulergradecassenes
for optimum performance in all standard
mlcrocompuler cassettedrives. In boxes ol
o

(TDK CASSETTES)

(DISK DRIVE
HEAD CLEANING
KITS

Helps to protect your valuable data. and
minimise expensive downtime and repair
costs. Consists of a Hexible jacket, which
receives a pre-saturated cleaning disk
Each disk is sealed within a foil sachet to
ensure that it contans the nght quantity of
cleaning fluid when used After use the disk

DISKETTE
STORAGE
BOXES

Protect your diskettes and vafuable data
from external contamination. Lockable,
portable and secure Two part box made

(CTI-CP80

PRINTER

Features: —

Friction and tractor teed as standard
80c.ps.

Bi-directional logic seeking

13 x 9 dot matrix giving true descenders.
Sub and superscripts.

ltalic printing and auto underlining.
Condensed, emphasised. expanded and
'double strike printing {can be mixed in a
ine)

Paraliel interface fitted as standard.

TDK PC15 £5.90

8" DISKETTES 8 DISKETTES ByOISK ES

FD34-9000 $/8.8/D £26.10 8012-1000 $/8.0/D £26.40
F1-8128 $/5.8/D £27.60 FD34-8000  S/S. D/D £26.60 8022-1000  D/S.D/D £31.90
;;B’fgﬁ 024 g;g g;g 5;?8 DD34-4001  D/S D/ £30.95 32 hard sectored versions available at same

' 32 hard sectored versions available at same prices.
prices
— J \ VAN \ _J
==, ~ x

Suitable tor use with dot matrix printers Lifts
printer sufficiently to enable continuous
stationery to self-stack. Pamnted steel unit.
Dimensions: 39¢m wide

x 2Bcm deep

x 10cm high

1s disposed of. and the jacket is kept for i
future use from anti-static ABS plastic. Price includes 12 month warranty f:,m’:_" package which also
Suitable for single or dual head drives dividers and index fabels. Capacity B0 disks. i
Piease specity 8™ or 525" disks Print sample available on request 200 sheets continuous stationery
A5 Storage box (for 8" disks) £32.00 . q 1x9% binder

STARTER KIT €170 A6 Starage box (for 525 disks  £22.00 | | CP-80 PRINTE L2850 ! x highhghter pen

(contains jacket and two cleaning disks) Optional RS-232 interface £40.00 choice of rubber feet/sticky pads

i i PRINTER STAND £19.95
REPLACEMENT CLEANING KITS  £14.80 Special VIC20/VIC 64 interface  £46.00
{pack ot 10) J J

FURNITURE

Suitable for use with all leading personal
computers Features a top shelf for monitor/
printer, lower shelf for books, paper and
Eeneral storage. large desk lop surface at

eyboard height. attractive teak finish, and
castors for mobility

U.K. Manufacture. Comes in flat pack tor
self assembly - tull instructions provided.

A further range of more sophisticated units
is available - please ask for details

THE ORGANISER

(COMPUTER )

(PRINTER STAND )

To: DISKPOST, FREEPOST, WEST MOLESEY, SURREY, A/l prices inclusive of delivery and insurance on British

Company Orders

ESS.OOJ

\\ for your accounts department to pay agamst

I1 ou are unable to raise cheques without an invokce, piease post or
telephone your order to us. We will then forward a pro-forma invorce,

Credit Card Orders
We welcome Visa, (Barclaycard), Mastercharge, (Access). Diners

to our saies office.

Club and American Express.
Either write your card number on your ocder, o teiephone your order

is no credit card surcharge.

* NEW1984 PRICES

DISKPOST" is the mail order division of the BF| Electronics Group
Europe’s largest independent diskette supplier.

WIRELESS WORLD APRIL 1984

DISKPDSY M

FREEPOST West Molesey
Surrey KT8 0QF. Tel: 01-941-4066

WW — 078 FOR FURTHER DETAILS

KT8 0QF. Tel: 01-941 4066 mainiand.
| Product Price YOUR NAME
' [ ADDRESS
' [
I [
l £ Tel. No.:

Sub Total [ by Please charge to my Vlu/Muurchargo/Amodcm
l Express/Diners Club account.
Delivery/Inaurance £ FREE
l My card number is
VAT, Coccninne

| DINERS CLUB |

TOTAL VALUE OF CHEQUE PAYABLE INTERNATIONAL
I TO DISKPOST [ ey T e = I

J
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Saturday 28th April 10am to 6pm Sunday 29th April 10am to Spm
FEATURING

Lectures on.Propagation, / & Forum for VHF and
VHF and Microwaves. o Repeater Enthusiasts.

/’ Intrgduction to Amateur 4 RSGB stand with book
? Radio for Beginners ‘ sales and representation by

/ w Annual RSGB HF - many of the Society’s
; Convention committees.

4% Major Exhibition of // Bigger Flea market as a
@ - Amateur Equipment & 3~ result of last year’s
Components. success.

Entrance Fee £2 (Children V2 price) Car Parking Free

Organised by the Radio Society of Great Britain

You need Control?-Data Acquisition? Monitoring or Datalogging?
AND you need fast development? If these are your
) reasons, you need the Essex System!

+ Powerful NSC Tiny Basic « FAST Software
Development « Low Cost Hardware + Accurate
Analogue Interfacing « Eurocard System x Full
Documentation « Proven Industrial Record

rocessor Card - Basic interpreter, up to 8K RAM /32K ROM,
RS8232C, 48 1/0 lines, Eprom Programmer. 12 Bit Analogue Card -
16 channels A-D plus 2 channels D-A. Opto-isolator Card - 12
inputs, 12 outputs at 3A/50V. Buffer Timer Card - 24 inputs, 16
outputs, 4 timers. Memory Card -24K battery backed RAM, 24K
ROM, Real Time Clock. ‘Alex’ - Assembler, disassembler, text editor
& monitor in a ROM. ‘Tiny Turbo’ - compiles programmes to run at
twenty times normal speed. VDUs, Memory Modules, Cases,
Backplanes.

Please send for full information

leenhoe Park, Colchester, Essex CO4 3SQ
Telephone Colchester (0206) 865089

WW — 053 FOR FURTHER DETAILS
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To obtain further details of any of
the coded items mentioned in the
editorial or advertisement pages
of this issue, please complete one
or more of the attached cards
entering the reference number(s).
Your enquiries will be passed on to
the manufacturers concerned and
you can expect to hear from them
direct in due course. Cards posted
from abroad require a stamp.
These service cards are valid for
six months from the date of

publication.

Please use capital letters

If you are way down on the
circulation list, you may not be
getting the information you
require from the journal as
soon as you should. Why not
have your own copy?

To start a one year’s subscription
you may apply direct to us by
using the card at the bottom of
this page. You may also apply to
the agent nearest to you: their
address is shown below.

OVERSEAS SUBSCRIPTION
AGENTS

Austraiia: Gordon &
Gotch (Australasia) Ltd,
380 Lonsdale Street,
Melbourne 3000, Victoria

Belgium: Agence et
Messageries de 1a Presse,
1 Ruede la Petite-ILE
Brussels 7

Canada: Davis Circuiation
Agency, 153 St. Clair
Avenue West, Toronto 195,
Ontario

Cyprus: General Press
Agency Ltd, 131 Pro-
dromou Street, P.O. Box
4528, Nicosia

Denmark: Dansk
Bladdistribution,
Hovedvagisgade 8,
Dk. 1103 Kobenhavn.

Finland: Rautakirja OY,
Koivuvaarenkuja 2,
01640 Vantaa 64, Finland.

France: Dewson-France
S.A., B.P.40,F-91121,
Palaiseau

Germany: W. E. Ssarbach
GmbH, 5Koln 1,
Follerstrasse 2

Greece: Hellenic
Distribution Agency,
P.O.Box 318,248
Syngrou Avenue,
Nea Smymi, Greece.

Holland : Van DitmarN.V.,
OQostelifke Handelskasde 11,
Amsterdam 1004

India: International Book
House, Indisn Mercantile
Mansion Ext, Madame
Cama Road, Bombay 1

iran: A.D.A., 181 Khisban
Sorays, Yehran

tsrael: Stelmatzky's
Agency Ltd, Citrus House,
P.O. Box 828, Tel Aviv

Japean: Western Publica-
tions Distribution Agency.
170 Nishi-Okubo
4-chome, Shinjuku-Ku,
Tokyo 160

Lebanon: Levant Distri-
butors Co.. P.O. Box 1181
Makdesi Street, Halim
Hanna Bidg, Beirut

Malaysia: Times
Distributors Sdn. Bhd.,
Times House,

390 Kim Seng Road.
Singapore 9, Malaysia.

Masita: W. H. Smith
Continental Ltd,
18a Scots Street, Valleta

New Zealand: Gordon &
Gotch (New Zealend) Lid,
102 Adelaide Road,
Waellington 2

Nigeria: Daijly Times of
Nigeria Ltd, 3 Kakawa
Street, P.O. Box 139,
Lagos

Norway: A/S Nartvesens
Kioskompani, Bertrand
Narvesens vei 2, Oslo 6

Portugal: Livaris
Bertrand s.a.1.1
Apariado 37, Amadora

South Africa: Centrai
News Agency Ltd, P.O.
Box 1033, Johannesburg

Spain: Comercial
Atheneum s.s. Consejo de
Clento, 130-136 Barcelons
16

Sweden: Wennegren
Williams A B. Fack §-104,
28 Stockhoim 30

Switzerland : Naville &
Cie SA, Rue Levrier 5-7,
CH-1211 Geneve 1
Schmidt Agence AG,
Savogelstrasse 34,
4002 Basle

U.S.A.: John Barios,
Busi Press International,

ftaly: in H
s.a.s. Via Veracini 9,
20124 Milano

205 East 42nd Street,
New York, N.Y. 10017

Postage Do not affix Postage Stamps if posted in
will be Gt Britain, Channel Islands, N Ireland
paid by or the Isle of Man

Licensee

BUSINESS REPLY SERVICE
Licence No CY258

&
Wirelé$SWorld
Reader Enquiry Service
Oakfield House
Perrymount Road
Haywards Heath
Sussex RH16 3DH
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BUSINESS PRESS INTERNATIONAL Ltd.

*Also subscription agents

B R T P P P P P PP P P PP PRI PP TP

Company Registered No: 151537 {ENGLAND}
Registered Office: Quadrant House, The Quadrant, Sutton, Surrey SN2 5AS



An ICOM remote-
control receiver,
its what the
wireless wotld's
been waiting for.

The IC-R71E, latest HF

receiver from ICOM. with.remote control. @
Thanet Electronics

143 Reculver Road, Herne Bay, Kent, England.
Telex:965179 Tel:(02273) 63859/63850
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HAVEN'T HEARD OF US?

THEN PERHAPS YOUR COMPETITOPS HAVE!

MONITOR RECEIVERS
We can supply a wide selection of monitor receivers to cover frequencies from 15kHz
to 500mHz for portable mobite or fixed station use. Models inctude pocket portable
synthesised monitors for 141-180mHz FM and 110-140mHz AM, both fitted with
rechargeable batteries.

VHF PORTABLE TRANSCEIVERS

QOur latest 2 watt 6 channel FM VHF portable is proving very popular where low cost
and simplicity is a requirement. It can be supplied to cover frequercy bands in the
range 140-180mHz. Other models available to meet most requirements.

HF COMMUNICATIONS
We can provide a wide range of products for HF communications whether it be
transceivers, aerials, tuning units, RF power and monitoring equipment

RF TEST EQUIPMENT

As importers and distributors of the famous WELZ brand of products, we can supply
RF power and VSWR measuring equipment for frequencies from 1.5mHz to 1500mHz.
Products include RF transmission switches, dummy loads, power meters, in-line RF
power measuring equipment, etc., etc. Send for details.

PLUGS, SOCKETS, ETC.

We supply many of the popular communications plugs and sockets in small or large
gquantities. Let us have your requirements.

WATERS & STANTON ELECTRONICS

18-20 MAIN ROAD, HOCKLEY, ESSEX

TEL: (0702) 206835. TELEX: 995895

WW - 09 FOR FURTHER DETAILS
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M I INDUSTRY STANDARD

New Low Prices
in OEM Quantities
From Stock

R5630 Full-duplex 300 baud, 103

compatible filter in 16 pin DIP.

R5631 Full-duplex 200/300 baud, V.21
CCITT compatible filter in 16 pin
DIP, pin-for-pin compatible with

R5630.

R5632 Full-duplex 1200 baud, 212/V.22

combo filter.

R5633 General purpose programmable
filter array for full-duplex 103,

V.21, DTMF and Videotex.

R5626 Mask programmable to your

specification.
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IReticon also provides a wide variety of other stan- I
dard and specialised custom filters and signal

|processing devices using Reticon’s proven NMOS

| Switched-Capacitor Technology. |

I Contact us on your needs at Chicago (312) 640- I
§ 7713; Boston (617) 745-7400; Japan 03-343-4411; |
| England (0734) 788666; Germany (089) 928-060.

ECIF

STAND 779
HALL A UPPER

AES

N EGzG RETICON

34/35 MARKET PLACE, WOKINGHAM, BERKSHIRE RG11 2PP
Telephone: Wokingham (0734) 788666 Telex: 347510 EGGUK

ww
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SOUTH MIDLANDS =~ —
COMMUNICATIONS

s AI.E of TEST

EOUIPMENT

1/, PRCE!

YC1000L

DATA PROCESSOR
OBSERVE & RECORD:
FREQUENCY PERIOD
PULSES
TEMPERATURE
VOLTAGES & TIMES

£36 +15% VAT

+£5 Securicor

The YC1000L is a laboratory grade instrument with versatile
microprocessor control. It includes: a frequency (10Hz-600MHz, 0.02
ppm), a period {0.1S to 0.1uS), and a pulse counter {0-99,999,999, TTL
level), a voltmeter (AC or DC to 999V, 3 ranges), a thermometer
(remote sensor —29.0 to +99.9°C) plus a precision timer (24 hour
clock providing; event or period, (local or remote) and alarm func-
tions). Display Is via 8 large fluorescent green digits and/or the inbuilt
5X7 (20 characters line 2 line second) Dot Matrix thermal printer.

You will wonder how your laboratory or workshops

ever coped without “

VSWR-POWER

METER
INTERNAL 500
LOAD

LCD MULTIMETER
3% DIGIT PV ASOlAH OSCILLOSCOPE 4
| HANDHELD e 0/150“7 20 MHz DUAL TRACE
{Auto range/pol) 35 models stocked (DT520 5" £229+}
KD200 F5800 DT420

+15% VAT

£25 +£1 postage £gg :‘Ess%p(\),s‘::gs £1 g
IR

~~."8.M. HOUSE, TOTTON, SOUTHAMPTON 504 4DP, ENGLAND
Tel: SOUTHAMPTON [+44] {{0]703) 867333. Telex: 477351 SMCOMM G

+15% VAT
+£5 Securicor

WW — 074 FOR FURTHER DETAILS

ELECTRONIC POWER UNITS
FOR XENON ARC AND MERCURY ARC LAMPS

UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS.

Lamp housings and lens systems manufactured as standard off the shelf models or to
specific design

®5c0

"
 iIKEM
K. T. Manners Design Ltd.

P.0O. Box 936, London, W4 4NW Telephone: 01-994 7155. Telex: 28604 J

WW — 077 FOR FURTHER DETAILS

ELECTROVALUE

POLYESTER LAYER (Sie-
mens} B.32509 Smm PCM
1®% tolerance 63V. In 13
values from 0.0047 to 0.47uF
B.32510 7.5mm PCM 1(P%
tolerance 100V min. In 7 vak
ues from 0.0047 to 0.47uF
B.32512 15mm PCM 1%
tolerance 100V 1,F 2.2uF
B32560 75mm PCM 26
types 1% tolerance 400V
0001 10 0.0068,F

Pb tolerance from 0.0082 to

CERAMIC PLATE

Above 1000pF, in E£6 values
to 4700pF

C.333 100Vdc 1.8-4700pF - 10

types

B.37448 63vdc 25mm PCM
0.01-0.68pF - 5 types
B.37449 63Vdc 5mm PCM
0.047, 0.68, 0.1,F

CERAMIC DISC

1nF-10nF, 300Vac
ELECTROLYTIC

Axial in 48 values from 1 to
10000F, 10 to 63Vdc
Canned in 9 values from
2000 to 220000F, voltages to

GAPAGIT()RS

of all preferred types

S

Reversible from 2 to 100uF
Low Leak, Almnm 0.1-100.F,
17 values, 6-50vVdc

Radial 15values 1-1000uF, 16-
63vdc

TANTALUM BEADS

in 18 values from 0.1-100uF,
6.3-35Vdc

POLYSTYRENE {Siemens)
39 values 5pF to 18nF,
160vdc.

The above ranges should
meet the majonty of current
requirements Mention P.W
when sending for our latest
A-Z list showing very many

(2 (AL 2
i N )
MM E.L Quick, neat and easy! ‘

It's so easy and tidy with the Easibind binder to fite your copies away. Each binder is designed
to hold six issues and is attractively bound and blocked with the WIRELESS WORLD logo.

Price UK. £4.30 including postage, packing and V.AT

Overseas orders add 35p per binder

Nat Giro No. 5157552.

Please allow 3/4 weeks for fulfilment of order

Payment by ACCESS/BARCLAYCARD/VISA. Send coupon below detailing credit card no and
signature

Wghv not place your order now? Send the completed coupon below with remittance payable to

Easibind, 42 Hoxton Square, London N1 6NS e
I GE B B BE BN &N

Order Form WIRELESS WORLD

tenclose P.O./cheque value . for ..

Name.
Address

Years required . -5
I BLOCK LETTERS PLEASE

90

0.68uF in 400, 250 & 100V 350 more types

BRITAINS LEADING QUALITY COMPONENT

SUPPLIERS - SEND FOR FREE 32 PAGE A-Z LIST
ATTRACTIVE DISCOUNTS-FREE POSTAGE-GOOD SERVICE & DELIVERY

ELECTROVALUE LTD JEEretones
Surrey TW20 OHB. {0784)

33603. Telex 264475, (Callers only) 680 Burnage Lane M/ ¢ {061-432 4945)
EV Computing Shop. 700 Burnage Lane, Manchester (061-431 4866}.
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reprints

If you are interested in a particular article/
special Feature or advertisement published in
this issue of

WIRELESS WORLD

why not take advantage of our reprint service

Reprints can be secured at reasonable cost to
your own specifications providing an attractive
and valuable addition to your promotional
material. (Minimum order 250 )

For further details contact

Michael Rogers, Electrical-Electronic Press. Phone 01-

g6|1 3457 or simply complete and return the form
elow.

e I I I — .
To Michael Rogers, Reprints Department:
Quadrant House, The Quadrant

Sutton, Surrey SM2 5AS

| am interested in copies of the article
advertisement headed featured in

WIRELESS WORLD
on page(s) in the i1ssue dated
Please send me full details of your reprint service by
return of post

Name
Company
Address

WIRELESS WORLD APRIL 1984

wWww_americanradiohistorv com



i
VA LVES Minimum VALVES VAT ]
Order £1 IS INCLUDED [ { |
A1065 140 | EF89 160 | PFL200 110 | Z801U  3.75| 6BW6 620 | 11E2 1950
42293  8.80 | EF91 150 2.80° [ 2803U 1600 6BW7 1.8 | 1246 1.00
A2900 1375 | EF32 2.90 | PL36 1.10 | 2900T 245 | 6C4 08| 124T6 070 [ @ ©
ARB 075 | EF95 0.65 | PLB 085 | 1A3 1.40 | 6C6 055 | 124T7 085 ‘
ARP3 070 | EF36 060 | PLB2 0.70 | L4 050 | 6CH6 820 | 12AU7  0.60
ATPA 060 | EF183 080 | PL83 0.60 | 1R5 080 | 6CL6 275 | 12av6 095
B12H 390 | EF184 080 | PL84 095 | 154 0.45| 6CW4 853 | 12AX7  0.65
CY31 140 | EF812 075 | PL504  1.00 | 155 0.45 | 6CX8 380 | 12846 0.90
DAF96 070 | EFL200  1.85 | PL50B  2.40 | 1T4 0.45 | 6CY5 115 | 12BE6  1.25
DET22 2850 | EH90 085 | PL509 565 | 1Ud 0.80 | 606 07312807 195
DF96 0.70 | EL32 110 | PL519 5380 | 1X28B 1.40 | 6F6 163 | 1261 18395
DH76 075 | EL34 1.80 | PLBO2(SE) 2.95 | 2X2A 250 | 6F6GB 1.1 | 12J5GT 065
DL92 0,60 3.50* | PY80 070 | 3a4 070 | 6F7 28) [12K7GT 070
DY86/87 0.65 | EL37 520 | PY81/800 0.85 | 3AT2 240 | 6F8G 0.85 | 12KBGT  0.80
DY802 070 | EL82 070 | PY82 065 | 3828  12.00 | 6F12 15) | 12Q7GT  0.60
E92CC 280 | EL84 0.80 | PY88 0.60 1950° | 6F14 115 | 12SC7  0.65
E180F  7.70 | EL86 0.95 | PYS00A 210 | 3D6 050 | 6F15 13) | 12SH7 065
£182CC  6.25 | EL90 1.00 | QQV03/10 3.20 | 3629 19.00 | 6F17 32) (12557 070
EA76 225 | EL91 4.20 7.60° | 354 0.60 | 6F23 075 (12507 145
EABCBO  0.80 | EL95 0.80 | QQV03-20A 4832 18.25 | 6F24 175 | 125Q7GT 0.85
£891 0.60 | EL504 170 | 2150 | SR4GY 180 | 6F33  105) | 124 0.70 @
EBC33 15| ELS09 395 | QQV03.25A | 5UG 075 | 6FHB  125) | 1303 280
EBC0 090 | EL821  8.20 3650 | 5V4G_ 075 6GAB 195 | 13D5 090
EBFS) 060 | ELB22  9.95 | QQV06/40A | 5Y3GT  0.95| 6GHBA 195 | 19AQ5  0.85 s
EBF83 060 | ELLBO(SE) 2.80 19.50 | 523 150 | 6HB 164 [19G3 1150 d
EBFB9  0.80 | EMB0  0.85 | QV03-12 4.20 | 523G 075 | 6JU6 585 | 19G6 8550 3
EC52 065 | EM87 130 | SP6I 1.80 [ 524GT  1.05 | 6J4 135 [19H5 3955 3
ECa1 440 | EY51 095 | TT2t 2300 | 6/30L2 090 | 6J4WA 208 | 2001 0.80
EC32 085 1 065 | TT22 2300 |6AB7 070 | 65 2.30 | 20E1 130 .
ECCBY  0.85 | EY86/87 0.60 | UABCS0 0.75 | 6AC7 195 | 6J5GT  0.9¢ | 20P1 0.65
ECC82 060 | EY88 065 | UAFa2 120 |6AG5 0560 | 6J6 065 | 25L6GT  0.95
ECC83  0.65 | EZ80 070 | UBFBO 070 |6AM6 115 6J6W 098 | 2524G 075 3
ECCB4 060 | EZ81 070 | UBF89  0.70 | 6AKS  0.65 | 6K7 088 |35W4  0.80 @_ (o N —
ECCB5  0.60 | GMd4 6.90 | UCCB4  0.85 | 6AKS 0.60 | 6KD6 458 | 8542 1.40 °~
ECC88 080 | GY501 130 | UCC8S  0.70 | 6ALS 060 | 6L6M 288 2550
ECC189 095 | GZ32 105 | UCFB0  1.30 |6AL5W  0.85 | 6L6GC  3.78 | 807 1.90
ECCROs 090 | Gz33 420 UCMaz 185 |6AMS 420 6LEGT  18s 813 1932
ECF80  085| G234 275 | UCH8T 075 | 6AM6 150 | 6L18 078 68.50°
ECF82 065 | GZ37  3.95 | UCL82 095 |6ANBA 250 | 6LD20  0.78 | 8298  24.00 DlRECT ETCH KIT
ECFB0Y  1.05 | KT66  11.20® | UF4) 135 (6AQ4 340 | 607G 138 | 8324 5.90
Eg:g«; 225 | KTes 1050 uFs0 0.95 gﬁggw 100 ggé; 182 | sben 3.80 COPY DIRECT FROM MAGAZINE or OWN DESIGN.
. 80* j ’ 1,50 | 866E i ) : i
ECHg! 070 | MLa 280 | uiss 095 |6AS6 115 | 657 158 |031a 1900 Simple system- Complete kit containing PCB, Pattern Tranﬁfer&
ECH84  0:80 | ML6 2.80 0 090 | 6ATG 190 | 65K7 140 | 954 120 i i
ECL80  0.70 | N78 990 [ UMB4 070 |6AU6 060 | 6SL7GT 0.8 | 955 120 Etch Resist Sheets, Tray & Etchant, Copper Cleaning Block,
ECL82  0.75 | OA2 070 | UY82 0.70 | 6AV6 0.85 | 6SN7GT  0.8C | 956 120 Gloves & full instructions. F
ECL85  0.80 | OB2 080 | UYB5 085 |6AX4GT 1.30 | 65Q7 0.9t |8763 480 HB/1 £18.00*
ECL86 090 | PCLB2  0.95 | VR105/30 1.25 | 6AX5GT 130 | 6V6G 15 | 6060 1.95 :
EF37A 215 | PCL84  0.90 | VR150/30 1.35 |6BA6 070 | 6V6GT  0.9¢ | 6080 530
EF33 150 | PCL86  0.75 | X66 0.95 | 6BE6 060 | 6X4 0.9 |6146B 680
EF80 0.65 | PCLB05/850.95 | X61M 170 | 6BG6G 160 | 6X5GT  0.6¢ |6360 285
EF83 1.75 | PD500/5104.30 | 2759 1900 | 6BJ6 130 | 6Y6G  0.9¢ |6550 8.05
EF85 0.80 2748 075 [6BQ7A 085 | 624 07¢ “
EF86 075 28000  3.45 | 6BR? 4.80 | 906 2.¢ [
VALVES AND TRANSISTORS FIELD TELEPHONES TYPE “J“.
Tele?hone enquiries for valves, transistors, etc: TFODICGI, in metal cases.
retail 749 3934, trade and export 743 0899. RH . \
FIELD TELEPHONE, CABLE TYPE D10 10-line MAGNETO SWITCH
HARNESS “A” & “B” CONTROL UNITS “A" “R” BOARD. Can work with every
“J¥* ~J2.” Microphones No 5, 6, 7 connectors, type of magneto t(Elephones'
frames, carrier sets, etc. PRICES MAY VARY Hi i
i .
POSTAGE: £1-£3 45p; £3-£5 55p; £5-£10 60p; £10-£15 80p; £15-£20 100p. ”'-: HEH
e i LS
[TEE I
COLOMOR (ELECTRONICS LTD.}170 Goldhawk Rd,London W12 S
. - 3
Tel. 01-743 0899 or 01-749 3934.0pen Monday to Friday 9 a.m.-5.30 p.m. ww-20 i hes

o
PHOTO RESIST KIT

A compact mains-powered unit with one

1 n ouTl balanced input and ten a.c. and d.c. iso-
lated floating line outputs.

* Exemplary R.F. breskthrough speci-

fications giving trouble-fres operation

in close proximity to radio telephones

IFIER 3 and links
* Excelient figures for noise, THD, static
. D

3 and dynamic (M
2 IRIFLLY ST AR FI RMPLIFLER 3 i * Any desired number of outiets may be
provided at microphone lsvel to suit
certain video and audio recorders
used at press conferences
* Meets IEC65-2, BS415 safety and
1.B.A. 'signal path’ requirements
Also available as a kit of parts less the
case and all XLR connectors for one or
ten outlets,
Broadcast Monitor Receiver 150kHz-
30MHz W Stereo Disc Amplifier 3and 4 ¥
Moving Coil Preamplifier J lHuminated
PPM Boxes W PPM Drive Boards and
Ernest Turner Movements ¥ Stabilizer
and Frequency Shifter Boards & Peak
Deviation Meter % Programme and De-
vistion Chart Recorders &« PPM5 20 pin
'l_)lL hybrid % Stereo Microphone Ampli-
er.

SURREY ELECTRONICS LIMITED
The Forge, Lucks Green
Cranleigh, Surrey GU6 TBG
Tel: 0483 275397

FILTERS

Custom-built to YOUR requirements
Solent Electronic Services Ltd. specialize in the custom design and
manutacture of L/C and crystal filters inthe 0-40 MHz range (0-1000
MHz under development).

Filters are designed, built and tested to meet the highest specifica-
tions, including those for telecommunications and defence
Production is specifically geared to small quantities - from single
units to small batches - at relatively low cost.

Phone or write for further information

15 Apshot Ciose Titchfield Common
Fareham Hants PO14 41.2

Tel. 04895-82094

b

Complete kit containing artwork PCB, and all the necessary
process materals. HB/2 £29.00*

DIY UV EXPOSURE UNIT

Perfect results everytime. Kit contains: Lamp, Holder & Shade
together with full instructions for DIY Unit which offers PCB,
Precision Photo, Lable & Panel manufacture. UV/1 £27.00*

FRONT PANELS &
PHOTOGRAPHY

FOTOTOOLKIT \‘ =

Containing artwork, film and all the necessary process materials
required for professional quality labels and panels. CAN ALSO BE
USED TO PRODUCE PRECISION PCB PHOTOMASTERS.
HB/3 £27.00*

UV EXPOSURE UNIT AND ARTBOX.
(Ref: UV2)

A portable ready made unit containing two 8 watt UV tubes giving
a6” x 9" exposure area which may also be used as a light box with
the UV filter supplied. UV/2 £64.00*

These are introductory kits and all materials are available
separately. Full catalogue £1.50 refundable with 1st order over £10

Solent Electronic Services Ltd.

WW — 047 FOR FURTHER DETAILS
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*Prices inclusive of VAT, carriage 60p in U.K. Overseas orders
please add extra carriage to published prices

fi Lo ol .| adivision of
’ﬂ-“—x:‘ J‘“f“-“j.,,J\k'l}'u.;hw KELAN ENGINEERING Ltd BJ

Hookstone Park
Harrogate, N. Yorks

complete P.C.B. workshop

WW — 069 FOR FURTHER DETAILS
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Advertisements accepted
up to 12 noon Tuesday,
April 3, for May issue
subject to space available.

DISPLAYED APPOINTMENTS VACANT: £17 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £3.50 per line, minimum £25 (prepayable).

BOX NUMBERS: £5 extra. (Replies should be addressed to the Box Number in the advertise-
ment, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS).

:PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE)

Chegques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.

'FOR TOP ELECTRONIC
APPOINTMENTS

£7,000-£22,000

% Where does your interest lie: Graphics; Comms; Robotics; Simulation;
Image and Signal Processing; Medical Automation; Avionics;

Acoustics; Weapons; Radar; Opto and Laser?
% Experienced in: Microprocessor Hardware or Software; Digital and

Analogue circuitry; RF and Microwave techniques?

% There are hundreds of opportunities in: Design; Test; Sales and

Service for Engineers and Managers

% For free professional guidance: Call 076 384 676/7 (until 8p.m. most

evenings) or send your c.v. (no stamp needed) to:
ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

Freepost, Barkway

Royston, Herts SG8 8BR

Philip Drake Electronics Ltd is a growing, successful company that has established itself as a leading supplier

of studio communications equipment, programme qua

t Industry.

designs to the Broad

lity sound distribution modules and special “one-off”

Our continuing expansion has led to a requirement for suitable people to fill the following positions which
have bacome vacant or are being created to handle our increasing business.

As well as attractive salaries, the Company offers a pension scheme and BUPA membership and the new
premises being constructed will provide a pleasant working environment when completed.

PROJECT ENGINEERS

We have vacancies in the Projects Department for
both senior and junior engineers. The department
deals primarily with system design of studio
talkback and intercom equipment. in addition to
this, the department undertakes one-off designs to
customer’s requirements and modifications to au-
dio and control equipment. The work involves liai-
son with customer engineers, detailed system
design, preparation of production and handbook
documentation and technical support for sales,
manufacturing and test departments.

Applicants for the senior projects engineering posi-
tions should have a recognised electronic engi-
neering qualification and at least two years’
experience of system/project engineering of pro-
fessional equipment.

Junior engineers would initially assist on major
projects but would be expected to tackle small
systems as experience is gained. A suitable engi-
neering qualification and some practical exper-
ience could be advantageous to enable the
successful applicants to progress within the Com-
pany.

Applications in writing and including an up-to-date cv

ANALOGUE/DESIGN ENGINEERS

We have vacancies for experienced engineers to
join our Development Department. Candidates
should have a relevant degree and will probably
have worked in a design environment. The person
will be responsibie for all aspects of development
from initial concept to production, and will
therefore become involved in a variety of tasks. An
ability to produce innovative but practical designs
with minimum supervision is essentiai.

JUNIOR DRAUGHTSMAN

A junior draughtsman is required to join our De-
velopment Department. The work involves close
liaison with engineers to produce metalwork, cir-
cuit and wiring drawings for both manufacture and
customer documentation. The ideal applicant will
be self-motivated and capable of adding the finer
details to the work passed on by the engineer.

TEST ENGINEERS

We are looking for suitably qualified test engineers
with experience in testing analogue (preferably au-
dio) circuits, who will be involved in varied testing,
from small batch produced modules to complete
communication systems, and who are able and
willing to adapt to digital technology as this is
introduced by the Company.

should be addressed to The Personnel Officer, Philip

Drake Electronics Ltd, 37 Broadwater Road, Welwyn Garden City, Herts AL7 3AX, or phone Jill Humphreys on
Welwyn Garden City (07073) 33866 for an application form.

(2533}

(1926)

~Analo e—\
’a%sign

£8K
to £14K
WEST COUNTRY
* Graduate Engineers
* 2 yrs + Experience
* Generous Relocation
* Superb Coastal Region
* Career Progression

Call Mat Henshall today
AB Executive (Bristol) Ltd.

4o K { < o272 426631

WHO CAN SUPPLY

complete know-how for

production of portable
X-ray system?

BOX NO. 2494

LOGEX
ELECTRONICS
RECRUITMENT

Specialists in Fieid & Customer Engineering appoint-
ments, all focations and disciplines.

Logex House, Burleigh, Stroud
loucestershire GL5 2PW

0453 883264 & 01-290 0267

{24 hours)
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Electronic Test
Engineers/ Technician

Racal Radar Defence Systems part of the Racal
Electronics Group is undergoing a period of rapid
growth. To meet our increasing production demands,
we need to recruit a number of Test Technicians and
Test Engineers at the following locations in Surrey -
New Malden, Chessington and Hersham, and at
Leicester.

The Company manufactures a wide range of
products aimed principally at the Defence Industry
including radar early warning and guidance systems,
military displays and ECM and ESM systems.

Applicants should be educated to HNC/HTC
standard and have practical knowledge or experience
of radar and/or microwave systems.

Conditions of employment are excellent including
a competitive salary, five weeks holiday, and company
pension and life assurance scheme.

Interested? Then phone me on: 01-397 5281
or alternatively write with brief details of qualification
experience and current salary to:

Mr P N Willis,
Senior Personnel Officer,

The Test Department is responsible for the test and
diagnostic functions on a wide range of complex radar

Racal Radar Defence Systems Ltd.,
Davis Road, Chessington, Surrey.

equipment using high quality manual and automatic

test equipment.

Racals people are Racals success

"

IO

Then change your job!
1) Satellite Communications

Senior test eng s with a
digital and analog or radar techniques. Circa
£10,000. Surrey/Middx./S. Coast.

2) Test Engineers

With experience of analog and digital tech-
niques 1o test and fault find complex automatic
test equipment. To £10,000. Middx.

3) Profassional TV Broadcast
Equipment

Design Engingers to work on audio, video and
micro-processor control systems. To £10,000.
Berks.

4) Service Personnel

(RAF, RN, ARMY)
We have many clients interested in employing
ex-Service fitters and technicians at sites
throughout the U K. Phone for details.

5) £600 per week

We are paying very high rates for contract
design and test engineers who have a back-
ground in RF, Microwave, Digital, Analogus or
Software, at sites throughout the UK.

Hundreds of other Electronic
and Computer vacancies to £12,500

Phone or write:
Roger Howard, C.Eng.,, M.EE, MIERE.

CLIVEDEN CONSULTANTS

Tol: 0344 489489 11640)

_CLIVEDEN _

T.V. ENCRIPTION

Large concern seeks

designer/manufacturer for off

air PAL T.V. signal coder and
subsequent decoder.

Box No. 2499

WIRELESS WORLD APRIL 1984

Solid State Logic

Stonesfield - Oxford - England

We are the world leader in the design and manufacture of computer assisted
sound mixing consoles for the record and broadcast industries. We are

looking for:
GRADUATE
ELECTRONIC ENGINEERS

The problems we are solving are difficult:
DIGITAL AUDIO
HIGH SPEED SIGNAL PROCESSOR DESIGN
DESIGN FOR RELIABILITY AND TESTABILITY

Although we don't necessarily expect experience in this tields, we do require
a good theoretical background, combined with practical engineering ability.
Whether you have just graduated or have one-two years’ experience, you will
need to be one of the best. Most of the problems with which we are faced
have not been solved before; inventive design and a professional attitude are
required.

At our Research and Development Department in rural Oxfordshire you will
join a small, enthusiastic, friendly team, using computer-aided design, manu-
factlure and test to create original high performance hardware of the highest
quality.

Please write to John Wilson and enclose your cv

(2497)
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Electronics
Engineers
£9561

Communications
Design in
High Tech Country

-

o

At HM. Government Communications Centre we're
using the very latest ideas in electronics technology to
design and develop sophisticated communications systems
and installations for special Government needs at home
and overseas.

With full technical support facilities on hand, it’s an
environment where you can see your ideas progress from
initial concepts through prototype construction, tests and
evaluation, to the pre-production phase, with a chance to
influence every stage. Working conditions are pleasant,
the surroundings are attractive, and the career prospects
are excellent.

Ideally we're looking for men and women who have
studied electronics to degree level or equivalent and have
had some experience of design, whether obtained at work
or through hobby activities. Appointments will be made as
Higher Scientific Officer (£7149-£9561) or Scientific Officer
(£5682-£7765) according to qualifications and experience.

For further details please write to the address given
below. As our careful selection process takes some time, it
would be particularly helpful if you could detail your
qualifications, your personal fields of interest and practical
experience, and describe the type of of working
environment most suited to your career plans.

The Recruitment Officer, HMGCC, Hanslope Park,
Buckinghamshire MK19 7BH. —_—

APPLICATIONS ENGINEERS
CUSTOMER SUPPORT ENGINEERS

Zehntel ..

AUTOMATIC TEST EQUIPMENT
£ NEG MILTON KEYNES

Due to rapid growth, ZEHNTEL are again looking for additional APPLICA-
TIONS ENGINEERS and CUSTOMER SUPPORT ENGINEERS to be based
at their Milton Keynes office.

ZEHNTEL are world leaders in in-circuit technology, and as such, require
quality people to assist with further expansion plans.
The ideal candidates would be:

W Aged between 20 and 40.
s Qualified to Degree level or equivalent.
* Background/experience in software & hardware engineering.

Above all, we are looking for self-motivated people, who want to be a part
of a progressive team.
The benefits package includes an excellent salary and bonus scheme,
private health insurance and genuine career prospects. Company car
commensurate with position.
Please write in confidence, enclosing cv to:
The Personnel Manager
ZEHNTEL LTD
Sentry House
500 Avebury Blvd., Saxon Gate West
Central Milton Keynes MK9 2NJ

{2507)

Brompton Hospital

Medical Physics
Technician Il

ELECTRONICS

A vacancy exists for a technician with hospital
experience to join the team of technicians in the

Department of Medical Electronics. The
Department provides a comprehensive
maintenance and development service to two busy
cardiothoracic hospitals. The technician will be
based initially at the Brompton Hospital, SW3, but
he/she must be willing to also work at London
Chest Hospital, E2.

For further information contact Mr P. Butler, Chief
Technician, 01-980 4433, Ext 340.

For a job description and application form contact
Miss J. A. Jenks, Group Personnel Manager,
Brompton Hospital, Fulham Road, London SW3

6HP. Tel: 01-352 8121 Ext 4357. 2501

F-------- ---------‘

CAPITAL APPOINTMENTS LTD
THE UK's No. 1 ELECTRONICS AGENCY

A If you have HNC/TEC or higher qualifications and are
looking for a job in design, test, customer service, tech-
nical sales or similar fields:

Telephone now for our free jobs list
We have vacancies in all areas of the UK
Salaries to £15,000 pa

01-637 555(‘214?r 0)1 -636 9659

CAPITAL APPOINTMENTS LTD
29-30 WINDMILL STREET, LONDON W1P 1HG

{291}

4

--wm--------m--md

ELECTRONIC§ RESEARCH

att
UNIVERSITY OF ESSEX

Graduates who have (or final year students who expect to obtain) a first or
upper second class honours de?ree are invited to apply for research leading
to a higher degree (M.Sc., M.Phil. or Ph.D.) in the following areas:

Acoustic Noise and Vibration Cancellation (adaptive microprocessor-
controlled system}; Audio Engineering (high-precision digital signal process-
ing, system transparency, stereo); Circuit Design Smdlu?circuittheory, fault
diagnosis, sensitivity effects, CAD, filter realisations}; Digital Transmission
for Telecommunications (data transmission filters, pulse shaping and chan-
nel coding techniques, local digital access); Interactive Systems (handwrit-
ing analysis, computer %raphics, speech, personal databases);
Microcomputer Systems (embedded microcomputer applications, micro-
programming, architectures); Microwave and Millimetre Wave Engineering
(scattering from precipitation particles, space frame radomes); Optical Com-
munications (detectors, noise processes, signal design, switching); Picture
Coding and Processing (data reduction, adaptive filtering, motion estimation,
feature extraction); Satellite Communication Systems (business systems,
protocols, data and video services); Tel ication Switching Systems
and Software (computer control, software production, teletex and viewdata,
information system performance engineering); Visual Displays and Televi-
sion Engineering {computer graphic input systems, stereo, colour and high-
precision displays).

Further information and application form available from: Dr. G. J. Ritchie,
C_halrman, Department of Electrical Engineering Science (ref JAN/2), Univer-
sity of Essex, Wivenhoe Park, Coichester CO4 3g0.

(2612)
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DEVELOP YOUR ENGINEERING CAREER AND

, SHAPE TOMORROWS
B COMMUNICATIONS

Up to £18,000 S.E. ENGLAND

To cope with the increasing demand for their expertise,
this go-ahead Company seeks to recruit further high calibre
professional engineers who have an engineering degree or
HND and at least 2 years experience in communications or
related technology for:

Microwave/R.F., I.F. and Baseband Design;

Antenna Design;

Real-Time Software Design;

System Design; Systems Definition;

Advanced Systems Studies;

Technical Management — Group and Section

Leadership; Project Management.

Opportunities also exist at less senior levels for

We are now
able to offer you
the challenge of
TT— / developing your
career in the exciting
and fast moving world
of high-speed communi-
cations in a highly successful
company. The client enjoys a world-wide reputation for the
design and implementation for some of the most advanced
space, microwave, tropo-scatter and RF communication
systems, as well as being highly sought after for its akility to
handle every aspect of modern communications projects.

You will have the opportunity to be fully involved in total
systems, from RF to Baseband, including system configuration,
advanced studies or original hardware design. You will also
enjoy an up-front position in some of today’s most prestigious candidates with HNC/H. Tech. qualifications or graduates
communication projects which include advanced data yet to gain experience.
networks and next-generation satellite ground stations. - J

TO FIND OUT MORE and to obtain an early interview,
please telephone FRED JEFFRIES C.Eng. MIERE in complete
confidence on HEMEL HEMPSTEAD (0442) 212655 during
office hours or on (0442) 49909 evenings and weekends (not an

With an attractive salary package, the opportunity for
overseas travel and full company benefits, including five weeks
holiday and generous relocation package, these important
positions present a major opportunity for the engineer set to
really make his mark in world-wide communications.

answering machine). Alternatively write to the address below.

@ Executive Recruitment Services

THE SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS. COMPUTING AND DEFENCE INDUSTRIES

29-33 Bridge Street, Hemel Hempstead, Herts., HP11EG.

UNIVERSITY OF OXFORD

OXFORD ORTHOPAEDIC ENGINEERING CENTRE

ELECTRONICS ENGINEER
OR PHYSICIST

This post offers an opportunity for an engineer or physicist with a definite
interest in medical engineering. The appointee would be responsible for
maintaining an extensive range of computing and electronic equipment,
and would design and construct a wide variety of instruments for bioeng-
ineering research. Projects currently include a range of microprocessor-
based patient monitoring systems. The appointment will involve working
with medical and scientific staff in both the Nuffield Orthopaedic Centre
and the Department of Engineering Science of the University of Oxford.
Candidates should possess a degree in electronic engineering or physics.
Appropriately qualified candidates would have the opportunity to
undertake original research,

Appointment to this post would be for an initial period of three years,
renewable subject to the contractual arrangements for the Centre.

The salary range is £6,310-£11,615, depending on age, qualifications and
experience.

Further details are available from:

J. D. Harris, Director

Oxford Orthopaedic Engineering Centre
Nuffield Orthopaedic Centre
Headington, Oxford OX3 7LD

Tel: 0865-64811, Ext. 514/510

Applications should be submitted by 2nd April, 1984. (298)

CAMBRIDGESHIRE COLLEGE OF
ARTS AND TECHNOLOGY

ARE YOU MAKING THE MOST OF YOURSELF
Have you considered furthering
your training in Electronics?

We offer:

CNAA BSc in
ELECTRONIC ENGINEERING

A four-year part-time degree course for mature students in
industry, involving attendance for one full day each week of the
academic year. The course is based upon modern electronic
engineering with a strong computing theme.

Entry qualifications: HTC or equivalent in Electrical and
Electronic Engineering or Applied Physics.

BTEC HND in
ELECTRICAL AND ELECTRONIC ENGINEERING

A two-year full-time course which combines an up-to-date
;echnologw_al education with a considerable ‘hands on’ exper-
ience of a wide range of modern equipment and techniques.

Entry qualifications: One pass at ‘A’ level in an appropriate
subject, or a BTEC Certificate or Diploma or equivalent.

For further details contact the Department of Engineering,
ggmb;i{_igeshire College of Arts and Technology, Cambridge
11PT.

Telephone (0223) 352973 or 352979,

(2514}
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TRAINEE
RADIO OFFICERS

First-class, secure career opportunities

A number of vacancies will be available in 1984
for suitably qualified candidates to be appointed
as Trainee Radio Officers.

If your trade or training involves Radio Operat-
ing, you qualify to be considered for a Radio
Officer post

Candidates must have had at least 2 years’ radio
operating experience or hold a PMG, MPT or
MRGC certificate, or expect to obtain this shortly.

On successful completion of 35 weeks’ specialist
training, promotion will occur to the Radio
Officer grade. Registered disabled people may be
considered.

SALARY AND PROSPECTS:

Trainee Radio Officer: £4,579 at 19 to £5,481 at
25 and over. On promotion to Radio Officer:
£6,270 at 19 to £8,182 at 25 and over. Then by 4
annual increments to £11,182 inclusive of shift
working and Saturday and Sunday elements.

For full details please contact our Recruitment
Office on Cheltenham (0242) 32912/3 or write

Recruitment Office, Government Communications Headquarters,
Oakley, Priors Road, Cheltenham,

Gloucestershire, GL52 5AJ. (2412)

TEST EQUIPMENT
DESIGN ENGINEERS

Rediffusion Consumer Manufacturing design and manufacture
a full range of advanced speclfication colour television
receivers and monitors.

We are looking for experienced Electronic Design Engineers
to help us maintain our industry lead in sophisticated
computer controlled test gear for production testing of our
products. Future test equipment will be an interesting mix
of digital and analogue circuitry almed at increasing the
automation of the production testing operation.

If you are able to concelve,design and implement production
test equipment with minimal supervision, we'd like to hear
from you.

These positions are based in our Chessington Engineering
Centre but some visits to our factories in the North East and
Lancashire will be required at infrequent intervals. Salaries
are obviously dependent on qualifications and experience, but
will reflect the importance of future test gear projects to the
Company's long term development.

Interested ? ... Then write or phone:

Harry Brearley,
Rediffusion Consumer Manufacturing Ltd.,
Fullers Way South,

Chessington, Surrey. KT9 1HJ.

) REDIFFUSION __

9

BRITISH ANTARCTIC SURVEY

Radio Operators/
Electronic Technicians

The Survey requires RADIO OPERATORS/ELECTRONIC
TECHNICIANS who have experience in the maintenance and
operation of HF and satellite communications to work single-
handed at its stations in the Antarctic.

Responsibilities of the postholders include:

The efficient operation of Inmarsat satellite communications
installations, VHF and HF transmitters, receivers, and peri-
pheral gear and its routine maintenance; logging of all traffic
schedules; carrying out operational communications
schedules; and maintenance of scientific electronic equip-
ment.

Because of the isolated situation of Antarctica the ability to
work on their own initiative is essential; they will be solely
responsible for all aspects of communications. Ability to
operate MRGC standard with some knowledge of maritime
procedures is also necessary. Appropriate training on
specific equipment will be given if required.

The period of employment will be from 2nd July, 1984, until
spring 1987 which entails working in Antarctica for two con-
secutive winters.

Applications are invited from single men who are physically
fit and aged between 22 and 35 to work mainly overseas.
Salary: from £7,255 per annum plus annual increments.
Accommodation provided whilst overseas. Clothing, mess-
ing and canteen are provided free on base and free messing
on voyage.

For further details and an application form please write to:
The Establishment Officer, British Antarctic Survey, High
Cross, Madingley Road, Cambridge CB3 OET. Please quote
ref: BAS 6. Closing date: 11th April, 1984.

NATURAL ENVIRONMENT RESEARCH COUNCIL

Sianel Pedwar Cym

SENIOR ENGINEER

S4C is consolidating its post production
facilities and urgently requires a
Senior Engineer, experienced in

broadcast operations and qualified in
electronic to H.N.C. or equivalent
standard. Based in Cardiff
Salary: £11,091
Further details and application
form from:-
Vince Flanagan, Chief Engineer,
S4C, Sophia Close, Cardiff
(0222) 43421

Inner London Education Authority
LEARNING RESOURCES BRANCH

Assistant Vision Engineer
(Lighting) ST1/2

An Assistant Vision Engineer {Lighting) is required to work as part of a team taking
responsibility for the quality of television pictures recorded. The assistant vision
engineer will be particularly concerned with the rigging, adjustment and maintenance
of lamps and operation of telecine.

Candidates should have suitable technical qualifications and a good working
knowledge of appropriate equipment.

The current salary range is £5,617-£8,316 plus £1,347 LW.A.
Application forms and further details are available from: The Education Officer,
EQ/Estab. 18, Room 365, The County Hall, London SE1 7PB.
The closing date for the receipt of completed application forms is 16th April 1984. This
post is suitable for job sharing.
ILEA is an equal opportunities employer

(2517)
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ARTICLES FOR SALE

SITUATIONS VACANT

Classified

WORLD RADIO
TV HANDBOOK

1984 ed. £12

1984 THE RADIO AMATEUR'S
H/Bby A.R.R.L. Price £12.50
BEGINNER'S GUIDE TO INTE-
GRATED CIRCUITS by I. R. Sin-
clair Price £4.50
ELECTRONIC PROTOTYPE CON-
STRUCTION by S. D. Kasten
Price £15.95
UNDERSTANDING ELECTRONIC
SECURITY SYSTEMS by M. D.
Lamont Price £2.30
UNDERSTANDING DIGITAL
ELECTRONICS by G. McWhorter
Price £4.30
INTRODUCTION TO
ELECTRONIC SPEECH SYNTHE-
SIS by N. Sclater Price £8
ELECTRONICS FOR HIGHER
TECH by S. A. Knight  Price £10
DOMESTIC VIDEO CASSETTE
RECORDERS. A SERVICING
GUIDE by S. Beechin%
rice £15,50

SEMICONDUCTOR DATA BOOK

by A. M. Ball Price £7.50
* ALL PRICES INCLUDE
POSTAGE *

THE MODERN
BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American
Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Telephone: 01-402 9176
Closed Saturday 1 p.m.
Please allow 14 days for

reply or delivery
(2245)

B&T ELECTRONICS

13 TANNERS HILL
DEPTFORD, LONDON, SEE.8
TEL: 01-692 1401
1,000s ELECTRONIC, ELECTRICAL
MECHANICAL ITEMS

Xenon Tubes. Type XBLU 50/00 Eclatron £2.50
each. P&P 60p. Quantity discounts. P.0.A.
Xenon Flashers. Complete panel with dual flash
rate, 12-18 volts DC, inc. Tube, Base, Fuse +
Holder, 10 metres connecting wire. Full instruc-
tions. 3 months’ guarantee. Complete package
only £10 + £1.80 P&P Discounts. P.0.A
Enamelled Copper Wire. 090, 080, 180 MM £5
per 1kg Reel + £1.80 P&P
AV0O 8 Movements. Mk 3 pius spares, plus
damaged Meters. P.0.A. Will sell as one lot.
£400.

Measured Pressure Transducers £25 each
SAE. LISTS.

Meters Mcoil, dc plastic, as used in Japanese
and 10 units, app. size 5.5mmx4.5mm. We have
Power W. V.U. Signal, or Battery level. 100 or
200 micro amp fsd. £1.50 each P&P 60p.

K.E.F. CONSTRUCTOR LOUDSPEAKER
UNITS. Specialist in all models including cross-
overs. Construction details available. Send large
s.a.e. stating models of interest. Also available
replacement units for older models. Tel. 01-952
3238. Planet Hi-Fi & Video (Dept. W.W.), 88
High Street, Edgware, Middlesex HA8 7HE (2529

)

AVO 8 SERIES. Fully refurbished and calibrated
Avo 8 Mark 3, 4, 5. Price including Avo type
leads, prods, crocs and VAT £70. Also digital
meters from £29. Telephone for details Bela
Electronic Designs, Bedford 857171. (2521)

VALVES, PROJECTOR Lamps, 6000 types, list
75p, world wide export. Cox Radio (Sussex) Lid.,
The Parade, East Wittering, Sussex. Phone (024
366) 2023. (1991)

RADIO MORSE READING PROG. FOR

SENIOR TV ENGINEERS

VISIONA“

ﬂ

/

-CHNOLOGY

Since 1982, Channel Four has been broadening the scope of
British television with an ever-widening selection of different,
distinctive programmes.
We have an equally visionary approach to broadcasting
technology. Behind the scenes, a high calibre engineering team
installs, maintains and operates suites of some of the world’s
most advanced digital television equipment.
To operate and maintain these facilities we require
additional Senior Engineers who have extensive related
experience particularly in Video Tape and Telecine techniques.
We offer a highly attractive salary and benefits package,
progressive working environment and career prospects.

Please apply, with full C.V. including
current salary, to the Personnel Department,
Channel 4 Television, 60 Charlotte Street,
London WI1P 2AX, quoting reference EGI13.

Channel Four Is an equal opportunities employer
Applications are welcomed from candidates regardless of
mantal status, race, nationality, ethnic or national ongins or
EREN o andfom registered disabled people.

CHANNEL FOUR TELEVISION

ZX81, unexpanded memory. Prints trans!

Morsc Code on screen with spaced scroll action,
casy to read. Variable speed. £7. Spectrum
version £8. Pinehurst Data Studios, 69 Pine-
hurst Park, W. Moors, Wimborne, Dorset
BH22 OBP. (2532)

ENCAPSULATING EQUIPMENT FOR coils,
transformers, components, degassing silicone
rubber, resin, epoxy. Lost wax casting for brass,
bronze, silver, etc. Impregnating coils, transfor-
mers, components. Vacuum equipment, low cost,
used and new. Also for CRT regunning metallis-
ing. Research & Development. Barratts, Mayo
Road, Croydon CRO 2QP. 01-684 9917.  (9678)

WIRELESS WORLD APRIL 1984

LINSLEY HOOD DESIGNS

75Watt and 100W amps
Audio Signal Generators

75Wattamp p.c.b. .. e £2:30
100Watt Mosfet p.c. b ...£4.00
p&p 50p
S.AE.forleaflets
TELERADIO ELECTRONICS

325 Fore Street, London N9 OPE
(1762}

ARTICLES FOR SALE

DATABASED? We supply the ideal stand alone
compact Prestel terminal with autodial, keyboard
port, etc. One off only £175 + VAT. Discount for
quantity. Futronics Tech. (UK) Ltd. Tel: 01-368
5188. (2508)

SERVICE SHEETS. C.T.V.wMusic C £3
others £2 plus l.s.a.e. Repair data including all
circuits — any named 1'V or video £9.50. L..s.a.e.
for quotation, {ree SOp mag and service shect, etc.
World’s largest service/repair manual stockists.
[TISW W] 76 Church St., Larkhall, Lanarkshire
ML9 IHE. (For fast quotes phone 0698 §83334)
2414

www_americanradiohistorv com

MULTITURN
CERMET TRIMMERS % INCH
Make Allan Bradley 100
Type 94P non transparent £22p
Type 95P transparent f22p
Values 10-470R, 2K-500K, 1M, 2M, 2MZ, 18 pln
low profile I.C. socket 10p
Please phone or telex
DIW MARKETING

3 Whitney Avenue, liford, Essex
Tel: 01-445 6645/550 4774
Telex 896 559 Att. DIW

1K+
18p

7p

(23241
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Classified

SITUATIONS VA 1 [ ARTICLES FOR SALE.

| RACAL COMMUNICATION RECEIVERS

500Kc/s to 30Mc s IN 30 BANDS 1Mc/s WIDE  RAY? MK
£100  RAVZL (150  RANMIE  £225 NEW METAL LOU-

. VERED CASES FOR ABOVE £25 EACH ALL RECEIVERS ARE AIR
" TESTED ANOD CALIBRATED 'N OUR WORKSHOP SUPPLIED
WITH MANUAL AND DUST COVER IN FAIR USEQ CONDITION
| RACAL SYNTHESISERS (DECADE FREQUENCY GENERATOR}
MAS08 SOLID STATE FOR USE WITH MA79  RATIT
RAZIT  RAI2IT ETC £100 10 €150  MA250  16Mc/is TO
[ 316Mc s £100 to €150 MA259G PRECISION FRE-
QUENCY STANOARD SMc/s 100Khz £100 to £150
o [ ) E0DYSTONE RECEIVER TYPE ECOS47K  SOLID STATE
SINGLE CHANNEL ~ SSB  MAINS OR BATTERY POWERED
1610 275Mc s AND 400 535Khz  £100 WITH MANUAL
AEDIFON SSB RECEIVER TYPE R493 SOLID STATE 10
FIXED CHANNELS RANGE 15 TO 30Mc/s AND 255Khz TO
575Kh;  POWER MAINS OR BATTERY ~ COMPLETE WITH
1SB ADAPTOR ARUI0A  £100 WITH MANUAL REDIFON TT10
OR TT11 AUDIO TELEPRINTER CONVERTOR  SOLID STATE
[ ) TESTED WITH CIRCUIT  £25 CREED TYPE 75 TELEPRINTER
50 AND 75 BAUDS FOR USE WITH ABOVE CONVERTOR  £25
| OSCILLOSCOPES
| CT436 DUAL BEAM OSCILLOSCOPES  6Mc/s  £48
TEKTRONIX 647A  100Mc s DUAL TRACE  SOLID STATE
£350 WITH MANUAL MARCONI TF3%5 SIGNAL GENERA-
TORS FROM ZMc:s OR 15Mc s TO 220Mc/s AM FM AZM
£80 A3, €80 AS £150 WITH MANUALS TF2606 DIF-
FERENTIAL DC vOLT METER 0 TO 1100 volts €100 TF2002
AM SIGNAL GENERATOR 10Kes 10 12Mos £300

Here at Marconi Electronic Devices, our Microwave Tr22AS m;ﬂvr:;%*g,g,eg;\;;;;g;;g;g@,,‘;gx,;;o;g

Development team is dedicated to the achievement O 1D AT, 30 Taes CIGU MACNIFCATION
METER AND TF1246 O_SE LLATOA  £200 M P SIGNAL GENER-

. o oo . . £70 B'2A 450 \ZQJMU £200 MARCONI AF WATT
Our products and indeed the whole division is built AL R T T g ot e
around people, creating an environment packed with all the 15 0ms 100K Ohms N 48 STEPS_ 65, TRISTOR 1557

|
of excellence. ATORS 6208 770 11GIGS £150 608 10 420Mc's
WATTS N 10 RANGES SWITCHED 2150 Ohms  £45
|
. (3 . . . |
technical resources you'll ever need. We don't just believe in ‘ o o 1 WARD COPY T TR LSE Wit

TFOS3A  AF WATT METER | MILLIWATT TQ 10 WATTS
ABOVE €150 BOTHW UNITS FOR  £500 RACAL DIGITAL

our engineers, we believe in supporting them with every SOUNTERS VPG M 1Z5Mc s (50 RACAL 636 COUN-
R TER 35Mcs  £50

means at our d|sposa|_ VAT AND CARRIAGE ON ABOVE ITEMS EXTRA
We want to talk to Microwave Engineers who will be B SR BN o e WoR (A b1

able to put these resources to good use. Your experience | e “""”"”"‘m;wm

could be in any of a number of areas — SAW Devices, RF “"ﬁ?:&:.ﬁ%}?‘;‘mﬁi’;‘;ﬁ‘}tﬂ st

. . . . 10274]

System Integration, FET Amplifiers, Mixers, Switches, etc. , wANTED _ seouNOANT .l‘u‘én?“”"’:‘i{ﬂs Jecne
It's a rare chance to influence the future direction ] SOCKETS SYNoHAOS ETC 48]

of microwave technology, providing an innovative input - -

on projects at the very forefront of component and

sub-system tec hnology. ’ ‘Iwo essentials for every video test enginem
So call Chris McDonnell on 0522 693389 during | VIDEO LINE SELECTOR

conperls vour cheap scope into a video
waveform monitor.

PATTERN GENERATOR
\ ALSO 12 VOLT ADAPTIONS OF

normal working hours or any evening between 7.00pm and
9.00pm on 0522 752244. Alternatively send brief career
details to him at: Marconi Electronic Devices Ltd.,
Doddington Road,

Lincoln LNé 3LF. IKEGAMI 9" & 12" MONITORS

Contact Andrew Smith

INSIGHT VISION SYSTEMS LTD

Unit 1, Merebrook. Hanley Road. Malvern
\Worcs WR13 6NP. Tel (0684) 3 IOl)Ol\_ﬁ@

WAVEGUIDE, Flanges and Dishes. All stan-
arcoei

dard sizes and alloys (new material only) from
stock. Special sizes to order. Call Earth Stations,
01.228 7876, 22 Howie Swreet, London SWI11
4AR (2099)

e

ffae “1 - - f;' h ' j Dl Au-v
-/ Electroni¢ Devices e
MICROWAVE TECHNOLOGY-THE ULTIMATE COMMITMENT e iy Mo meters Dnamorme.

INTEGRATED CIRCUITS-HYBRIDS-MICROWAVE -POWER DEVICES ters. KW' meters. Oscilloscopes. Recorders. Sig-
- nal generators sweep, low distortion, true
l i F-L i WL o e i l RMS, audio, FM, deviation. Tel. 040 376236.

THE HOSPITALS FOR SICK CHILDREN

Great Ormond Street, London WC1N 3JH CUT TH ls O UT !

BIOMEDICAL ENGINEERING DEPARTMENT requires Clip this advert and you can stop hunting for your next

1. A SENIOB TECHNICIAN [MPT “) appontment We have a wide selection of the best

involving development of medical and laboratory electronic, appomntments in Digital_Analogue. RF. Microwave M
mechanical and computing equipment, together with repair and processor. Computer. Data Comms and Medical Ele
maintenance responsibilities. Candidates should have a tronics and we re here to serve your nterests
minimum of two years’ NHS experience as an MPT Il and Call us now for posts in Design. Sales. Applications or
practical experience which should include some machine shop Field Service. at all levels from £6.000-£16.0(

practice and electronic circuit design. Familiarity with small
computers, nuclear medicine, X-ray, ultrasonic and laboratory Cl h 1(’
equipment would be an advantage. Salary scale: £8,428 rising )i ¢C ,(IIIQI/IR]a[

IO £10,254 p.a. InC Hkl’l(vf“l( cCHNted corntfrhent

2. A TECHNICIAN (MPT Ill)

mainly involving the repair and maintenance of a wide range of
hospital and laboratory equipment, with occasional construc-

tional work and some potential for development. Candidates ANGEL HEG“RDING STunlns

should possess at least an HNC or equivalent and should have MAINTENANCE ENGINEER

three years’ technical experience which should include the re- ) IR ] - .
pair of current hospital equipment. Salary scale: £7,174 rising to { With pleasant and enthusiastic personality required to work in

11 Westbourne Grove. [ ondon W2 Tel 01 229 9239

£8,968 inc. friendly surroundings in top studios. If you have at least two
L . | years' experience and are prepared to work occasional long
Sppll:tatlontforrgﬁ T&g fguzr(‘)tger ?gtﬁaﬁ:ls from the Group Personnel hours then an excellent job and salary could be yours.
epartment on 91- ex ’ (2526} If interested contact Sheean on
\ 354 2525 12504)
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ARTICLES FOR SALE

COMPONENT SCOOP
PURCHASE

ONE MILLION C283 MULLARD PHILIPS POLYESTER CA-
PACITORS. Ideal for the trade or manufacturing. 001 to
0.47 mfd. 100v wk. Assorted values £10 per 1,000 fot..
p.p. £1. 1,000 of one value £12.50, p.p. £1. 5,000 assorted
£42, p.p. £2. Pleasa add VAT. MAINS TRANSFORMERS
Famous manufacturer. TYPE 1. Midget clamped type
input 200-250v. 250 ¢.s. Output 250-0-250 60 m.a. 6.3v at 2
amps, £250 each, pp. £1.50. Ten transformers £17.50,
cnrriagze £4. TYPE 2. Mains input Output 35V at 174 amp.
Price £2 25 each, carriage £1.50. Ten for £16, carriage £6.
Larger discounts for larger quantities. Ten thousand
vaives, 1925 to 1975, modemn and obsoiete types. Send
80p (refundable). VERSATILE BENCH POWER SUPPLY
UNITS. Contains high quality transformer made to exact-
ing specifications giving one 20v output and one 20-0-20v
output D.C. output fused at 3 amps but will easily give 5
amps. Input AC 110 250v 50 cs. Bridge rectfication.
Contained on metal chassis with robust compact case
size 7x5x4. Easily modified to give 40v and 60v. Makes
ideal variable powar supply. Usual cost around £60. Our
price as new with circuit £8 50 each, p.p. £3. Two units
£20 post free. XENDN FLASHER UNIT§ Complete panel
with dual flash rate {slow/fast}. 12v to 18v D.C. Includes
tube, base, fuseholder, 10 metres of connecting wire. Full
instructions and guarantee. As used on police vehicles
Ideal for boats anc cars. Should be £40 each. Qur price
£12 each, p.p. £1.5C. Two units £23 post free. ideal emer-
gency beacons for doats and cars.

DEPT. WW, MYERS ELECTRDNIC DEVICES
12/14 Harper Street, Leeds LS2 7EA Tel: 452045

7-track portasle recorder, four head
blocks £65. Car/van/lorry gas conversion
kit £89. Flann microwave attenuator £35.
50kV regulated, variable EHT supply
(Brandenburg) £89. Microgen laboratory
rojector £53. Binocular, prismatic
aboratory microscope £145 (mechanical
stage). Fibreoptic laboratory light source
£35. Braun Hobby professional
electronic flash (rechargeabte batteries)
£39. Heavy duty multiple output power
supplies. Star-Deita starter box £25. Al-
ternator control unit £35. Single to three
phase converter. Vacuum pump and
motor £35. Compressor £39. Standard
Reference Inductors £7.50 ea. Variac
20.A £49. 2KW 340/110 transformer,
three outlets, £39. Rank wow/
flutter meter £75. Polaroid back £15.
Grunther CH1 servicing, testing and re-
activating Unit £40. 20A variable resis-
tance £20 (metal case). Mullard H.S.
valve tester. Avo valve charactetistic

™ 040-376236
(2016)
YUASA NP6-12
12v 6 Amp/hr
6" x2" x3%"’

YUASA 12v fully sealed lead
acid batteries
For sale NP6-12
6 amp/br
6" x 22" x 312"
Less than half price £3 each
in lots of 50

Leasure Products Electronics
Leen Gate
Lenton
Nottingham NG7 2ND

(2435)

When replying to classified
advertisements, readers are
recommended to take steps
to protect their interests

before sending money
(2519)

SCOPES

repaired and recalibrated
All makes, all models
Scopex, Safgan Older TEK & TQ

MENDASCOPE LTD.

Otter House, Weston Underwood
Olney, Bucks MK46 5JS

BEDFORD (0234) 712445

WIRELESS WORLD APRIL 1984

Classified

Electrical/
Electronic Engineer

Assessment of Health Service Equipment

This opportunity is in the Scientific examination in appropriate subjects or have
and Technical Branch which provides the an equivalent (including overseas) or higher
scientifiz, engineering and other professional  acceptable qualification and have an
services essential to the provision of medical  aggregate of at least 5 years recognised study

apparatus, instrumentation and supplies to and professional training. Candidates
hospitals. qualified to the same level in related techno-
The Engineer will join a London-based logical disciplines may be considered if they

Section which is part of a group responsible  also offer particular relevant experience.
for all medical diagnostic imaging modesand ~ Those with qualifications at a lower level

radiotherapy. He/she will have a wide may be considered if they have extensive

variety of duties in connection with the experience in working with medical X-ray

supply cf X-ray equipment, films and equipment. All candidates should be familiar

associated accessories to NHS hospitals. The ~ With the specification, design, construction

Section maintains records of equipment and testing of electrical and electro-

available; formulates technical conditions mechanical equipment. They should also

to be ap slied to contracts for supply and have high ability in the use of written and

installation; examines representative spoken English.

installations; carries out assessments of Salary £8425-£10,930 (including £1250

manufacturers; investigates reported Inner London Weighting) with starting

incidents pointing towards serious defects salary according to qualifications and

in equipment and determines the corrective ~ experience. Promotion prospects.

action; maintains close liaison with the RELOCATION ASSISTANCE MAY BE

industry, users and regulatory bodies; and AVAILABLE.

provides general advice on X-ray equipment. For further details and an application

The successful cand.|date may be employed form (to be returned by 6 April 1984) write

onany o these duties, which could involve to Civil Service Commission, Alencon Link,

considerable travelling in the UK. Basingstoke, Hants, RG21 1JB, or telephone
Candidates must have a degree in Basingstoke (0256) 68551 (answering service

electrica engineering or have passed the operates outside office hours).

Council of Engineering Institutions Part 2 Please quote ref: T(13)85.

Department of Health and Social Security

The Civil Service is an equal opportunity employer.

Engineer '
- fibre optics systems instrumentation
Greenwich

High speed PCM communications demand the most advanced available instrument
ation, right now we are looking for a Senior Engineer to work in our Test Equipment
Section ‘

The Section is a key part of the submerged repeater manufacturing unit and your
work there on the installation, calibration and servicing of automatic test equipment wil
cover a wide range of digital and analogue techniques, from d.c. to u.h.f.

To be considered, you should desirably have an appropriate degree or diploma
and some programming skill with micro computers and ideally, experience in repairing
instruments down to component level. However, if you are well grounded in the fundamentals
of electrical measurements and circuitry with practical capability, we can offer suitable
training in communications and the requirements of our submarine cable systems.

Starting salary will be attractive and the range of benefits is appropriate to a large
progressive organisation.

For further information, contact Alan Wild, Personnel Manager,

Standard Telephones and Cables plc, Christchurch Way,
Greenwich SE10 OAG. Tel: 01-858 329 1. Ext 403. H |||||||lm|||| i
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SITUATIONS VACANT

" Field Service
Engineers

Middlesex Car Salaryc.£8,000

Do you have:-

Minimum Higher TEC or equivalent?
5 years electronics experience?
Communication skills?

Self motivation?

If so, we can give you the opportunity for varied and interesting work
with high technology.

Linotype-Paul needs high quality people to install and maintain a wide
range of sophisticated mini/micro based phototypesetters, peripherals
and systems in the U.K. and overseas.

Part of the international Linotype Group, Linotype-Paul is a marketing
and sales company at the forefront of communication and printed word
technology, combining electronics with optics to produce quality
typesetting.

We offer interesting work with career advancement opportunities,
attractive conditions and a company car, which is available for private
use. We will assist with relocation costs if necessary and will provide full
product training.

If interested, write to: Gerry Smith, Personnel Services Manager,
849 Harrow Road, Wembley, or tel. 0242 518288 (day) or
after 7.00 pm on 01-441 5228 or 0923 776950 or 06846 3167.

\_db & Linotype-Paul

‘SERVICES

FOR THE BEST PCB SERVICE
AVAILABLE

+# Circuit Design & Development
Digital and Analogue

# Artwork Layout
Work of the highest standsrd by experienced
draughtsmen. No minimum charge.

+# Board Manufacture
Prototype to semi-production, excellent rates,
24-hour prototype service from filmwork.

# Wiring & Assembly

Full test faciliti ilabl

PCB assembly, wiring and cable forming by
qualified staff.

One or all services avail-

able. no order too small. 3
Please telaphone Chelms- (

ford {0245) 357935, or write 4
to HCR Electronics, The In- ,

dustrial Unit, Parker Road,

# Test
Chelmsford. (1169)

Luilligrms
P.C.B. Artworks
FAST TURNROUND

Cost effective specialist layout
and master artwork
WILLIAMS ARTWORK
GRAYS LANE, MORETON-IN-MARSH, GLOS.
Telephone 0386 832152 — to 9 p.m,
(1971}

Thamescity Limited

Electronic {Analog and Digital}, efect/o pneu-
matic and'control systems, R. & D. facilities for
long or short run assembly and test to your
design o purs at our new Maidstone facility

- 5

48 Southwark Street
London SE1 IUN -,
Tel. 01-407 7441
Telex; 3954665

e {2287}

KOSTADIN LTD
offers services in comput-
ing and microprocessor

applications
@ Circuit design @ System software design
@ Special instrument design @ Simulation
@ Numerical analysis @ Graphics
We at Kostadin are probiem solvers and
whatever your technical problem we will find a
practicable soiution
Phone 01-874 7362 or write to Kostadin Ltd
35 Clonmore Street, London SW18 SEU( 5]

1

Technical Manager
Media Services

Ashridge, one of the largest independent management centres in Europe, has a vacancy for a
manager to lead its media resources technical support team.
Applications are invited from men and women who have the following:

Qualifications in electronics to the level of City and Guilds FTC, Higher TEC or HNC.
At least ten years’ experience in the field of educational television/media resources.

"

Proven ability to manage an audio-visual support team in an educational setting.
Good interpersonal skills and the capacity to work constructively with others.
Commitment to the provision of a high quality professional service for our tutorial staff.

Salary scale: £9,500 to £11,500

Please telephone or write to the Personnet Department at the following address for further
details and an application form: Ashridge Management College, Berkhamsted, Herts., HP4 1NS.
Telephone Little Gaddesden (044 284) 3491.

- _Ashridge

e Management

ol |'-m

7 College

wWWwWw_americanradiohistorv com

Totonley Times

FREE Mail Order newspaper of
Bargains. Relays; Diodes; Thyris-
tors; Capacitors; Resistors; Bridge
Rectifiers; Cable Straps; High
Speed Fuses and Mechanical
Components.
Harehill, Todmorden, Lancs. OL14 5JY
Tel. Todmorden {STD 070 681) 4931
{2530)

DESIGN SERVICES. Electro..  design de-
velopment and production service available for
digital and analogue instruments. RF Transmit -
ters and receivers, telemetery and con rol
systems. 20 vears’ experience. R.C.S. Electronics,
Wolsey Road. Ashford, Middlesex. Phone Mr
Falkner 53661 (8341

SMALL BATCH PCBs, produced from your art-
work. also DIALS, PANELS, LABELS. Camera
work undertaken. FAST TURNAROUND. De-
tails: Winston Promotions, 9 Hatton Place, London
ECIN 8RU. Tel. 01-405 4127/0960. (9797)

TURN YOUR SURPLUS Capacitors, tran-
sistors, etc, into cash. Contact COLES-HAR-
DING & Co., 103 South Brink, Wisbech, Cambs.
0945-4188. Immediate settlement. We also wel-
come the opportunity to quote for complete fac-
tory clearance. (95

P.C.B.s & PANEL LABELS to your require-
ments. Design — Prototvpes — Production.
G. N. SLEE CUSTOM PRODUCTS, 78 Derry
Grove, Thurnscoe, Rotherham, Yorks. $63 0TP.
Telephone: (0709) 895265. (2401

PROFESSIONAL DESIGN SERVICE. Anal-
ogue/RS circuivsystem design. Specialising in
microwave amplifier, oscillator and network de-
sign. MOTOROLA 6805/6809 series micropro-
cessor design/development capability. All work
carried out to a high standard by competent pro-
fessional engineers. Trontech, Electronics Design
Services, 81 Finchampstead Rd., Wokingham,
Berkshire. Tel: 0734 790103. (2439

ELECTRONIC SERVICES. Design and de-
velopment. Repair, test, PCB assembly. Equip-
ment prototypes and production. 14 years’
experience since 1970. Young Electronics Ltd,
Southgate, London NI4. Tel: 01-886 67(5)?5
(24
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7 . SITUATIONS VACANT W4

Electronic Engineers -
What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £5000-£15000.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.
All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware
of your application.

9GS VHIPOHDI OGS

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,
12 Mount Ephraim,
Tunbridge Wells,

Kent. TN4 8AS.

Please send me a TJB Appointments Registration form:

Tel: 0892 39388

(24 Hour Answering Service)

DESIGN AND CONSULTANCY of micropro-
cessor, digital and analogue equipment. Complete
service from feasibility and design 1o prototy pe
and commissioning. Advice on test and design of
dedicated test equipment or ATE. DPM
Electronics, 24 Timbermans View, Basildon,
Essex. Tel. 0268 558831, (2295

CITY OF COVENTRY

The City Engineer invites tenders for the
SUPPLY AND INSTALLATION OF
MOBILE RADIOS
during the two year period commencing

1 May 1984,

Tender documents and specification, by
written application only, from the City
Engineer, 4th Floor, Broadgate House,
Coventry CV1 INH.

Completed tenders must be returned in
the envelope provided, not later than
16.30 hours on 13 April 1984,

(2496)

SERVJCES. .

LOGIC TRANSFER INDUSTRIAL
ELECTRONICS ELECTRICS. Installations
and Servicing including N/C/MC Tools. Control
panels built to your spec. 7-day, 24-hour
breakdown service. Tel: Brookwood 04867 4972
4018. (2511)

AIRPORT TECHNICIAN - Maintenance and
Repair of VHF — UHF - CRDF - TwrX
Radar Plessey ARl — Decca 424. Knowledge of
rwy lighting and airport circuits desirable — GEC
equipment. Monthly staff appt. Pension scheme,
etc. Write: Southampton Atrport Lid., South-
ampton SO9 1FQ. (2509)

UESIGN AND DEVELOPMENT. ANAL-
OGUE, DIGITAL, RF AND MICROWAVE
CIRCUIT AND SYSTEM DESIGN. Also PCB
design, mechanical design and prototype/small
batch production. — Adenmore Limited, 27
Longshot Estate, Bracknell, Berks. Tel:
Bracknell (0344) 52023. (656)

VIDEO ENGINEERS

Rediffusion Consumer Manufacturing Ltd ic seeking
an intermediate and a senior video engineer with OND,
HND or similar qualifications, together with a
knowledge of modern consumer electronics circuitry

techniques, to joln a small team looking after

ACOUSTIC SIGNAL
PROCESSING
SPECIALIST

London

Rediffusion’s mammoth investment in domestic video PuEaal

recorders and video disc players.

In addition to analysis of performance and long term
reliability factors, assessment reporting is an
important part of the team's function and the ability
to express oneself verbally and in writing is 2ssential.
Our laboratories are situated at Chessington within

easy commuting distance of the Surrey countryside.

Attrzctive salaries and the usual big company
benefits, which include assistance with relocation
expenses, are offered to suitably qualified and
experienced engineers. If you believe you can make
a significant contribution to our video projects please

write to or phone:-

Harry Brearley,

Rediffusion Consumer Manufacturing Ltd.,
Fullers Way South,

Chessington, Surrey. KT9 1HJ.
Telephone: 01-397-5411.

REDIFFUSION

(2407)

An expcrienced graduate electronics or computer
hardware specialist is required to join a team working on a
variety of challenging projects.

Activities involve the design, specification and use of
electronic and computer equipments to process acoustic
data; technical liaison with Government R& D establish-
ments and with industry; and the provision of advice to
non-technical personnel.

Applicants should be under 30, hold a good Honours
Degree or equivalent in Electronics or Computer Systems
Technology. and be familiar with the acoustics/
communications/signal processing field. An ability to
liaise effectively with senior technical staff is essential.

The starting salary will be in the band £7,000 to
£11,000 per annum, depending on qualifications and
experience, and the post will initially be based in London,
although career progression may take you to our
Communications Centre at Hanslope Park.

For an application form please write to Dr. D. Orr,
Recruitment Officer, HMGCC. Hanslope Park, Hanslope,
Buckinghamshire MK19 7BH.

=
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Ready for

arole in
Project
Management?

if you are, then now’s the time
to think about a career with Lucas
Electrical Electronics & Systems.
We're poised to become the worid
leader in advanced automotive
instrumentation and engine
management systems, using the
latest electronic technoiogy, and
we’re now looking for the following
highly talented engineers (male or
female) for our site at College Road
in Birmingham.

Project Team Leader
Engine Management Electronics

You'll be leading several
project teams involved in the design
and development of electronic
modules for ignition and fuei control
systems, from concept to production
— guiding and advising engineers,
and controlling the administrative
aspects of the development section.

Educated to degree level, you
must have experience of the latest
electronic techniques including
custom/semi custom and
microprocessor designs, ideally
gained on the design, proving and
product introduction of electronic
modules. Although some software
ability would be an advantage, the
ability to manage a mixed software/
hardware team is of the utmost
importance.

Project Engineer

Electromagnetic Compatibility

Working in our Radio
Interference Laboratory, your brief
will be to provide an electromagnetic
compatibility advisory and
measurement service for companies
within the Group — a wide ranging
role involving such elements as the
planning and supervision of
development work surrounding
radiated ignition interference from
vehicles, the compatibility and
relative susceptibility to interference
of electronic circuits and the
corrective actions necessary.

You should be educated to
degree level in Electrical/Electronic
Engineering, with experience in
Radio Engineering and its
application to electronic circuitry
and/or instrumentation.

We offer attractive salaries to
match the responsibility and
seniority of the posts involved,
together with awide range of large
group benefits.

Please write enclosing full
career history to Graham Plumley,
Personnel Manager, Lucas
Eilectrical Electronics & Systems
Limited, Coliege Road,
Kingstanding, Birmingham B44.

Lucas Electrical

ELECTRO-MEDICAL

AIR STUDIOS LONDON
Qualified experienced

TECHNICAL
ENGINEER

urgently required

Must be conversant with
Neve, S.S.L. Q Locks etc.

Aged preferably 24-34
years. Salary negotiable

Tel: 01-637 2758
Mr Atkin
(2524}

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and quan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Leeds LS1 4BB
0532 435649

(9956)

WANTED

Test equipment, measuring
instruments, redundant stock,
manufacturers’ surplus, etc.
Any quantity, large or one-off
Please write or phone with details:

RALFE ELECTRONICS

10 CHAPEL STREET
LONDON NW1 5DN
Tel: 01-723 8753

(2522)

SURPLUS

We offer good prices for test equipment,
components, redundant computers,
PCB’s connectors. Immediate settle-
ment.
TIMEBASE
94 Alfriston Gardens
Sholling, Southampton SO2 8FU
Telephone: {0703} 431 323
(1832)

WANTED

SURPLUS ELECTRONIC
COMPONENTS AND
EQUIPMENT

We also welcome the opportunity to quote for
complete factory clearance
B. BAMBER ELECTRONICS
5 STATION ROAD, LITTLEPORT, CAMBS.
Phone: Ely (0353} 860185
{2483}

SALES ENGINEER

required for Midlands area by leading physiotherapy equipment
manufacturers.

Rewarding job for self-motivated person (with HNC or equiva-
lent in electronics) able to work from home without supervision.

Car pfovided. Salary/commission negotiable.

NEW KITS

ELECTRONIC SCALES
Microprocessor-controlled, 3 memory maps for kitchen and bathroom scales, many other applica-
tions. Instantly converts from kilograms to pounds and ounces and back again. Absolutely complete
with 4x0.5’" LEDs, MPU and transducer — only £9.95 inc. VAT P&P

MODEMS
High performance transdata modem, 300 baud with echo suppress — onty £29.99 inc. VAT P&P
(Also limited quantity of blank P.C.B.s for the modem) — only £4.25 each inc. VAT P&P

Apply (with cv) to: Send cheques, postal orders, etc. to:
Mr lan C. Greenham, Managing Director SPECTRONICS
ELECTRO-MEDICAL SUPPLIES (GREENHAM) LIMITED 6-8 STATION ROAD, LOWER rn(\gzig’rons, POOLE, DORSET BH14 8UB.
Tel: 123454

Wantage, Oxfordshire 0X12 7AD oz
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CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering
Service.

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAM\VORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

(1391)

ARTICLES FOR SALE

1 TO MANUFACTURERS, WHOLESALERS { |
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND

ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCIURS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE
CABLES, SCREENED WIRE, S'\EIEEFI‘E%NS NUTS, CHOKES, TRANSFOR-
, etc.

ALL AT KNOCKOUT PRICES ~ Come and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713

BROADFIELDS & MAYCO DISPOSALS

21 Lodge Lane, North Finchley, London, N.12

(5 minutes from Tally Ho Corner]

(1613)

CLEARANCE - Universal Frequency Counters

Due to the introduction of new lines we are clearing a limited quantity of

24 500 and 700 MHz direct measuring laboratory standard Counters, 9

digits. Accuracy 1 part per 10 million/12 months. 3 channels 10 mV Sens.

Price £240.35 inc. VAT (r.r. £782 inc. VAT). Send SAE for full spec. or
telephone (0202) 736640

SWITCH MODE POWER SUPPLY UNITS
We are producing a new range of low cost S.M.P.S.U.s up to 250 VA and
above. Telephone your requirements on (0202) 723454

PRONTAGRAM LIMITED

6-8 STATION ROAD, LOWER PARKSTONE, POOLE, DORSET BH14 8UB ENGLAND ‘

FAST, EFFICIENT SERVICE
CONFORMANCE TO NATIONAL
STANDARDS

Scopecal/ \| b ereiommen ssrews i

ANALOG COMPUTERS LIMITED
CAPACITY NOW AVAILABLE FOR:

chartpak
stockist

Design & Development, Complete Artwork Service, Camera
Work, Prototype thru to Production PCB Manufacture/Assy.

5 Cork Street, Eccles, Maidstone, Kent, ME20O 7HG
TELEPHONE (0622) 79987 TELEX 965633

(2348)

CAPACITY AVAILABLE

PCB/ELECTRONIC TW ELECTRONICS LTD
ASSEMBLY THE PCB ASSEMBLERS

% Circuit Design & Devetopment More and more companies are investi-

Prototypin gating the advantages of using a profes-
* typing sional subcontractor. Such an undertak-
Y Pre-production Consultancy

ing requires certain assurances.
W Full Production Capabitity

TW are able to satisfy all of them
Y Component Sourcing & Stocking quality, competitive pricing. firm delivey
% Complete Test Facilities

and close co-operation with the cus-
tomer.
STAGEC;!@;]TA&I&SJ:SEJCS)LTD Assembled boards at 100% inspected
Acton Central, W3 6BH before flow soldering and reinspected
Tel: 01-993 18'52/3660 after automatic cropping and cleaning.
Every batch of completed boards is is-
sued with a signed centificate of confor-
mity and quality — our final assurance.

For further details, contact us at our new
works:
Blenheim Industrial Park
Bury St. Edmunds
Suffolk IP33 3UT

Telephone: 0284 3931 (1466)

{2203)

FREE PROTOTYPE of the finest quality with
EVERY P.C.B. artwork designed by us. Compe-
titive hourly rates, and high standard of work.
Halstead Designs Limited. Tel: Halstead (0787
477408. (2126

®
used in advertisement

@ Box No. Allow two words plus £5

®

Cheques, etc., payable to “IPC Business
Press Ltd.”” and cross ‘& Co.”

—CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
To “Wireless World" Classifled Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

@ Rate £3.50 PER LINE. Average six words per NAME..........
line. Minimum £25 (prepayable)
Name and address to be included in charge if ADDRESS

REMITTANCE VALUE ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION ...

NUMBER OF INSERTIONS..................
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COMPUTER APPRECIATION

PDP 11/03 SYSTEM comprising LSI 11/2 processor with EIS/FIS, 64KB memory, PERTEC Model 3000 20MB
front loading disc drive (fully RK-05 compatible}, DILOG Model DQ100 disc drive controller, DLV11, LPV11,
LEAR Siegler Model 200 180cps bidirectiona! matrix printer (with serial & paratie! interfaces), HAZELTINE
Model 1552 VDU (24 x 80, VT-52 compatible), with RT-11 operating system & 6 cartridges. . ... £1950
DICOLL PDP11/03 SYSTEM comprising L51/11 processor with E15/FIS, 64KB memory, dual double density
Hoppy disc drives, DLV11-J Contained in attractive portable box and RT-11 operating system . ... £985
PDP11/03 with 48K memory. MXV-11 multifunction card {including 2 serial interfaces) GENERAL ROBOTICS
floppy disc interface (for SHUGART compatible drives) in NEW BA-11 8 SI0t BOX .. . s .£575
DIGITAL EQUIPMENT Model PTS100 SYSTEM. PDP11 processor with 64KB memory & twin 8'' floppy disc
drives & two R$232 interfaces in compact desk-top case. BRAND NEW B e . £1250
DIGITAL EQUIPMENT Modet BA1MF 8 siot backplane for Q-bus PDP11 with switch pa
LS111/1 processor. BRAND NEW

16 Walton Street, Oxford OX1 2HQ - Tel: Oxford (0865) 55163

MANNESMAN/TALLY Model MBOMC matrix printer. With microprocessor control, 200 c.p.s. bidirectional
printing with U/L case, self test, all electronics on single card (30 ics) heavy duty mechanism for serious
commercial use. Original cost in excess of £1200. BRAND NEW & Boxed. For 110V mains (a suitable
transformer is available at c.£15 from Samsons) ... o et s e 250
ITT Model 3510 TELEFAX MACHINES. Group It facsimile machine manufactured 1981 BRAND NEW &

£350

boxed. A T = ’ a 9
COPYER Mode! SELEX 75SC plain paper PHOTOCOPIERS. Modern microprocessor controlied copier with
no warm up originalty retailed at £1200 ..., S . B4
CENTRONICS Model 150-2 150 C.P.S. matrix printer with paraltel interface. Current model retailing at £650

DEC SB-114 slot Q-bus box & PSU ...

DEC startup box comprising, NEW BA11-MF B slot box, 22 bltLS1‘I1/23processorwrlh

PERTEC Model PCC 2000 SYSTEMS.

& with 64KB memory. With operating system...

BRAND NEW machine with 8085 processor, P100 bus, detached
keyboard with numeric & function pads, 64KB memory 24x80 green display, twin 8'' double density floppy
disc drives, RS 232 interface, CENTRONICS interface. Price includes, BRAND NEW NEC Model 6500 SPIN-
WRITER (55¢.p 5. heavy duty daisy wheel printer); CP/M, BASIC & WORDSTAR . ... e
PHILIPS Model P2000M MICRO-COMPUTER SYSTEMS, comprising 2.5 MHz Z80 processor unit with integra!
keyboard & DIGITAL mini cassette drive, 24x80 green monitor, twin 5Va'* dual density floppy disc drive, 25
¢.p.s. daisy wheel printer. Compiete with world processor ROM Pack & either NEW or EX-DEMO . £995
TEXAS INSTRUMENTS Model 711 Microcomputer System with green 24x80 display, keyboard & integral
Sitent 700 type thermal printer & Model FDBOO dual floppy disc drives. Based on TMS9900 16 bit processor

£1450

rice £3500......

* All prices are exclusive of VAT &

CENTRONICS Model 152-2 parallel matrix printer ... e . .£32%
COMMODORE Model 8027 daisy wheel printer for PET IEEE interface BRAND NEW... . .£350
COMMODORE Model 8024 high speed matrix printer for PET IEEE interface. BRAND NEW .£375
1BM ‘Golfball’ printer with Z80 based controller for PET ... .. £150
CENTRONICS Model 779 150 c.p.s. matrix printer 120 col. EX. DEMO £160

GENERAL DATACOMM Mode! LDM-1 Modem & Model TDM 1240 line mul
loopback etc. microprocessor controlied multiplexor. We have 4 sets i
FACIT Model 4020 High Speed Tape Reader. With paraliel interface ...
TRANSTEC Model 1200 12 green screen monitor. BRAND NEW ...
HITACHI 12’ metal cased monitor. BRAND NEW . .. EYRT.— 8 .
TEKTRONIX Model 4601 hard copy unit for 4000 Series graphics terminals "
GOULD-BRYANS Model 50000 ‘COMPUGRAPH’ A3 plotter with intelligent RS
lay. (With a 'mm wide burn at

TEKTRONIX Model 611 graphics disg o £200
arriage. * Visitors by telephonse appointment, please

> - £1
tiplexor. Modem unit self tast &
£385

|
1abl

per set

& bottom

WW - 054 FOR FURTHER DETAILS

INDEX TO

ADVERTISERS

Appointments Vacant Advertisements appear on pages 92/103

AC/DC Electronic COrp ......cuvuiirriiimnaieniiiaiieinnes
Advent Data Products Ltd g
Aero Electronics (AEL) Ltd.
A&H Supplies
Antex Ltd
Armon Electronics Ltd
Aspen Electronics Ltd ...

Audio Electronics..........ccoocveeenienn

B. Bamber Electronics
Barrie Electronics Ltd ...
Beckenham Peripherals .

Black Star Ltd ........... 76
Broadfields & Mayco 82
BSL Express Service Ltd ..........cocooooeininnn .76
Caracol Power Products ...........cccoooiiiiiiiiieiinns 6
Carston Electronics. ..........coocoiiiiiiaiiniiiiieens 64
Colomor Electronics .. .91
Computer Appreciation . 104
Cricklewood Electronics 12
Cynpex Ltd

Dataman Design ...
Diskpost (BFI)
Display Electronics

Easibind ...............oons .90
Editorial Feature Wireless World ... 66
Electronic Brokers................ 3,5,7
Electronic Equipment ..., 8
Electrovalue............. 1]
EMS Manufacturing .. . 86
Essex Electronics ........ . 88
Farnell Instruments Ltd ... Inside Front Cover
Future Film Development.... 68

PAGE

Global Specialities Corporation
Gould Instruments
GP Industrial Electronics .
Grandata Ltd

Hameg
Happy Memories ........

Harris Electronics (London) ...
Harrison Bros Electronic Dist ....

Hart Electronics Kits .76
House of Instruments

H/W International .............ocoooiniiiiinns

ILP Electronics Ltd . 80
Industrial Trade Fair ..... .71

Insight Vision Systems Ltd...

| CN T4 {2 SO PP 78

Keithley Instruments ...
Kelan Engineering Ltd ...

Langrex Supplies Ltd (RST) ..o 2
Light Soldering Development

Manners, K. T. ..............
Micro Concept.........
Microwave Modules..
Midwich Computer Co Ltd..

Opus Supplies Ltd
Orion Scientific Products ...

PAGE

Pantechnic
P.M. Components Ltd .
P&R Computer Shop

Radford Laboratory
Radiocode Clocks Ltd ..
Radio Component Spec...
Radio Society Great Britain. ..
Raedek Electronics
Ralfe Electronics (PF) ..
Reticon (EG&G)
RTT Division of Hansworth .

Samsons Electronics Ltd .
Sarel Electric Ltd ...
SCOpeX......ocoounnnn-t
Solent Electronics Services Ltd....
South Midland Communication ...
Sowter Ltd (EA) ..................
Special Products Distribution....
Stewart of Reading

Surrey Electronic Ltd..

Taylor Bros (Oldham) Ltd...
Technomatic Ltd
' Teledigital Computers....
Thanet Electronics Ltd
Thurlby Electronics....
Timebase ..........
TK Electronics...
Triangle Digital Services ...

Valradio Power Ltd

Water Stanton Electronics

OVERSEAS ADVERTISEMENT AGENTS .
France & Belgium: Norbert Hellin, 50 Rue de Chemin Veat,
F-9100, Boulogne, Paris.

Hungary: Ms Edit, Bajusz, Hungexpo Advertising Agency,
Budapest XIV, Varosliget.

Telephone: 225 008 — Telex: Budapest 22-4525

INTFOIRE

ltaly: Sig C. Epis, Etas-Kompass, S.p.a. — Servizio Estero,
Via Mantegna 6, 201564 Milan.
Telephone: 347051 —~ Telex: 37342 Kompass.

Printed in Great Britain by QB Ltd., Sheepen Place, Colchester, for the proprietors, Busi

Japan: Mr. Inatsuki, Trace Media — IBPA (Japan), B.212.
Azabu Heights, 1-5-10 Roppongi, Minato-ku, Tokyo 106.
Telephone: (03) 585 0581.

United States of America: Jay Feinnan, Business Press Inter-
national Ltd, 205 East 42nd Street, New York, NY 10017 —
Telephone {212) 867-2080 — Telex: 238327.

Jack Farley Jnr.,, The Farley Co., Suite 1584, 35 East Walker
Drive, Chicago, lllionois 60601 — Telephone (312) 63074.
Victor A. Jauch, Eimatex International, P.O. Box 34607, Los
Angeles, Calif. 90034, USA — Telephone (213) 821-8681 —
Telex: 18-1059.

Jack Mantel, The Farley Co., Suite 650, Ranna Building,
Cleveland, Ohio 4415 — Telephone (216} 621 1919.

Ray Rickles, Ray Rickles & Co., P.O. Box 2028, Miami Beach,
Florida 33140 — Telephone (305) 532 7301.

Tim Parks, Ray Rickles & Co., 3116 Maple Drive N.E.,
Atlanta, Georgia 30305. Telephone (404) 237 7432.

Mike Loughlin Business Press International, 16055,
Memorial Ste 119, Houston, Texas 77079 — Telephone {713}
783 8673.

Canada: Colin H. MacCulloch, International Advertising
Consuitants Ltd., 915 Carlton Tower, 2 Cariton Street,
Toronto 2 — Telephone (416) 364 2269.

* Also subscription agents.

ness Press International Ltd., Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS. © Business Press

International Ltd, 1984. Wireless World can be obtained abroad from the following: AUSTRALIA and NEW ZEALAND: Gordon & Gotch Lid. INDIA: A. H. Wheeler & Co. CANADA: The Wm.

Dawson Subscription Service Ltd., Gordon & Gotch Ltd. SOUTH AFRICA: Central News Agency Ltd.: W

14th floor, 111 Eighth Avenue, New York, N.Y. 10011.

104

illiam Dawson & Sons (S.A.) Lid. UNITED STATES: Eastern News Distribution Inc.,

WIRELESS WORLD APRIL 1984



THE NEW ANTEX TCGSU-D

ternperature control digital soldering unit
as joined the Antex range

advancing the science of soldering

With the New Antex TCSU-D High-Value, high-performance L e e T R T T AP T ]
unit. Its simple design incorporates an LED display and a unique ULA 1 Please send literature and price list to:  Made in England.
integrated circuit, custom-built for Antex by Ferranti. | Name Our products are

Tight temperature control can be maintained by setting the station — | Address W't?elw d'ISC”bUCSd by

wholesalers an

then removing the knob, preventing any further alteration, for
laboratory, for workshop, for prcduction-line. Joins the most
sophisticated range of soldering equipment. Irons, bit, kits, stands, units
and accessories — each at the forefront of soldering technology. It's just
one more advanced from Antex.

retallers throughout
I the UK. Please try
| Telephone your local dealer.
Excluding V.A.T. (15%) and ,
Postage & Packing date w1l th WW4_|

For the very latest in the science of soldering send for a to = MCATAC
catalogue now. e and keep ”ucf)jf soldering
the science NTEX
( from A
- . TCSU1 Soldering Station
NI For safe 24 volt temperature-controlled

miniature soldering iron, variable tip
temperature 65-430°C, antistatic

h / AN y r
LDERI
80 G IRON earth connection, with XSTC or CSTC jron.

How te Saiter R.R.P. £52.50
Camment Sander?
Witz |

5T4 Stand
RRP. £1.75

Model C

— 15 Watts
Stainless steel
shaft only.

240 and 115 volts
RRP. £520

50 and 24 volts

\ .‘-_ R.RP. £5.40
~
3 =

..
SK5 Soldering Kit
Contains model
CS230 ron and the
ST4 stand
R.RP. £7.00
SK6 Soldering Kit
Contains made!
XS230 iron and the
ST4 stand
R.RP. £7.25 -
gc'zfdse-r?rg i?tdsSKG-Bp TCSU-D Model XS Mo1d7e:/625
Heeed WithisaRRgRITTE. temperatyfe cantrol digital e Ia240  Availsble for 240
SK5-BP kit A.AF. £7.80 and 115 volts and 115 volts
SK&-BP kit RRP. £8.00 ARP. £540 RRP £520
»” 50, 24 and 12 volts 50, 24 and 12 volts
TCSU-D temperature control digital RRP. £560 R.RP. £540
soldering unit Model XS-BP Model CS-BP
® Temperature range — ambient to — 25 Watts — 17 Watts
495°C. @ Bit temperature maintained E Fitted with safety Fitted with safety
to £ 5°C. @ Zero crossing switching @ plug 240 volts plug 240 volts
Detachable sponge-tray and includes the RRP £6.20 RRP. £6.00

world-famous ANTEX Iron. RRP. £67.50

ANTEX (Electronics) Ltd.,
Mayilower House, Plymouth, Devon. Telephone: 0752 667377 Telex: 45296

WW 002 FOR FURTHER DETAILS



" GOULD OSCILLOSCOPES SET A HIGHER STANDARD

Standard Realtime 'Scope: Two independent channels,
TY or XY. 20MHz bandwidth from 2mV/icm to 25V/cm.
‘ADD’ and ‘INVERT’ controls for baseline compensation
and differential voltage measurements. Fully variable
sensitivity.

Transient Waveform Capture Unit: Captures information
occurring prior to trigger point. Waveform can be

Typical 0S1400 Series
application environments.. ..

Design & Test Systems Division

Gould Instruments Limited,

Roebuck Road, Hainault, Iiford, Essex IG6 3UE, England
Telephone: 01-500 1000 Telex: 263785

10782

WW-003 FOR FURTHER DETAILS
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expanded after capture.

Electronic Chart Recorder: Waveform rolls across
display at 50s/cm to 50us/cm and can be frozen from
automatic or manual trigger.

Storage ’Scope: Permanent retention of waveforms up
to 20MHz. Displays new with previously stored waveform.
Automatic analogue output for pen-recorder.

GOULD

Electronics




