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SPECIAL FEATURE

TRANSISTORISED
OSCILLOSCOPE

In this oscilloscope the o1ly
thermionic device is the
cathode ray tube

ALSO
FEATURED
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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown

This is the simplified insurance you have been waiting for. (or § units after the first) up to a maximum of five. So
Not just cover on the contents of your home but a simple. So easy. Apply to your Broker, Agent or local office
package of personal protection you and your family need. of a General Accident company.

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
policy to issue instead of nine! And remember — as you buy more possessions just add
You can build up to the cover you need by additional units more Home Units at any time.

THE GENERAL AGGIDENT FIRE & i ..... ... tuiver pasicutsrs of |
LIFE ASSURANGE CORPORATION LTD | e tioms unitinsurance.

Metropolitan House, 35 Victoria Avenue, : Name. ... e i :
Southend-on-Sea, Essex, SS2 6BT | AGDress. ... i

I v eveCee B o0 et oA ATt At e s e a e I

K pays tobe protected bya/General ! |

pany | 209468 |
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THIS IS THE FIRST PAGE

OF THE GREAT BI-PAK SECTION

DECEMBER 1972

Component Lists for mail order available on request.

BRAND NEW FULLY GUARANTEED DEVICES Moy PRGN pWEn  4p
p 2N 1926( P 2N 4
AC 107 20p AD t49 S0p BC 143 30p BD 131 S0p BF 179 30p C 444 8 2G 301 19p 2N 1889 12p 2N 3010 70p 2N 4059 |o:
AC 113 20p AD 161 1p 8C 148 4sp BD 132 s0p BF 180 30p C 450 22p 26 302 19p 1N 1890 45p 2N J011 14p IN 4060 12p
AC 115 3p AD 162 Vip BC 147 10p 8D 13) 65p BF 181 30p MAT 100 19p 2G 303 19p IN 1893 3p 2N 2083 7P RaNE06] 11p
AC117K  20p AD 161 and BC 148 10p BD 135 40p BF 182 40p MAT 101 20p 2G 304 up IN 2147 1p IN 3054 44p IN 406, 12p
AC 122 11p AD 162(MP) $Sp BC 149 12p BD 136 40p BF 18) Op MAT 120 19p 2G 306 wp IN2148 S7p 2N 105S SOp 2N 4284 17p
AC 125 $7p ADT 140~ 50p BC 150 18p 8D 137 45p BF 184 8p MATI21  20p 2G 308 35p IN21S0 &0p IN 3391 14p 2N 4285 17p
AC 126 17p AF 114 24p BC 151 0p BD 138 50p BF 185 30p MPF102  4p 2G 309 3p IN 2192 8p IN 9IA  fep 2N 4286 i
AC 127 17p AF 11 4p BC 152 17p BD 139 $Sp BF 188 40p MPF104  37p 1G 3319 0p 2N 2193 Bp IN29L t4p N7 12p
AC 128 1Tp AF 116 4p BC15) 8p BD 140 40p BF 194 f1p MPF 105 p 26 119A 165 IN 2194 I8p 2N 3395 14p IN 4288 17p
AC 12 14p AF 117 24p BC 154 30p BD 155 80p BF 195 12p OC 19 Ip 2G 344 18 N2 12p 2N 3394 14p IN 42689 170
AC 134 14p AF 118 35p BC 157 18p BD 175 s0p BF 196 145 oC 20 83 1C 48 1ep N 218 20p 2N 3395 17p 2N 4290 170
AC 137 14p AF 124 30p BC 158 12p BD 176 s0p BF 197 14p OC 2 38p 2G 371 16p IN 2219 20p N 3402 Np 2N 4191 17p
AC 141 14p AF 125 5p BC 159 12p 80 177 65p BF 200 45p OC 2) ap 1G37iB 1zp N2 p NI 1p INOR tTp
AC14K  17p AF 126 28p BC 160 “p 8O 178 &5p BF 12 955 OC 24 Sep 2637 17 N2 20p 2N 3404 8p 2N 4293 17p
AC 141 t4p AF 127 8p BC 161 50p 8D 179 70p BF 257 4sp OC 25 38p 26 174 17p IN 22 dp B ) DI 12p
AC 142K 17p AF 139 3p 8C 167 12p BD 180 70p BF 258 60p OC 26 85p 2G 317 30p IN 2368 17p 2N 3414 15p IN 5457 31p
AC 151 15p AF 178 50p BC 168 t2p BD 185 65p BF 259 sp OC 28 s0p 2G 378 1ep 1N 2369 IAPRINDISIS 15p IN 5458 32p
AC 154 p AF 179 50p BC 169 12p BD 186 6Sp BF 262 $sp OC 29 s0p 2G 381 16p IN 23694 14p IN Ia16 18pRINLASE “p
AC 155 20p AF 180 50p BC 170 12p 8D 187 10p BF 263 ssp OC 3% a2p 26 82 16p N 2411 24p IN H17 18p 25301 $0p
AC 156 20p AF 181 4sp BC 1N 14p BD 188 0p BF'270 I8p OC 36 50p 2G 401 Jop IN 2412 Up IN1S2S 5p 125 J02A 42p
AC 157 24p AF 186 45p BC 172 14p BD 189 75p BF 271 30p OC 41 20p 2G 414 wp N 2646 4Tp IN Q646 9p 25 302 4p
AC 165 0p AF 239 37p BC17) t4p BD 190 75p 8F 272 80p OC 42 24p 26 417 18p N p N 4702 10p 25 303 5p
AC 166 20p AL 102 65p BC 174 14p BD 195 85p BF 273 35p OC 44 15p 2N 388 isp IN 2712 p 2N703 10p 2 304 0p
AC 167 20p AL 103 €5p BC 175 2p BD 19 85p BF 274 38p OC 45 12p IN3BBA  ssp IN2I4 2Mp ANITO4 H1p 26305 LD
AC 168 24p ASY 26 28p 8C 177 19p BD 197 9%p BFW 10 60p OC 70 10p 2N 404 0RO N PR 23705 10pR P06 D
AC 169 14p ASY 27 30p BC 178 19p 8D 198 90p BFX 29 mp OC 71 10p IN 404A  28p IN2904A  2p IN 3706 D Y 4P
AC 176 0p ASY 28 2850 BC 179 199 BD 199 95p BFX 84 1p OC 72 14p 2N 24 azp IN 2908 21 pR2Np20) Lpgaspal pep
ACIT? p ASY 29 Bp BC 180 24p BD 200 95p BFX 85 30p OC 74 14p IN 527 49p IN905A  21p 2N 3708 Tp 2512 4p
AC 178 28p ASY 50 255 8C 181 24p BD 205 80p BFX 85 2p 0C 7S 15p 2N $98 ap IN 2906 15p IN 1709 9p 25224 4p
AC179 28p ASY 51 25p BC 182 10p BD 206 80p BFX 87 4p OC 76 15p 2N 599 asp IN2906A  18p 2N 3710 9 25323 Sép
AC 180 17p ASY 25p BC 182L 10p 8D 207 95p BFX 88 np OC 77 2p IN 696 12p N 2907 20p 2N 111 9 28 324 9
AC180K  20p ASY 54 25p BC 183 10p BD 208 95p BFY 50 0p OC 81 1Sp 2N 697 G guaily  op DD Lp H i 207
AC 181 17p ASY 5¢ 25p BC 183L 10p BDY 20 £1.00 BFY §1 20p OC 81D 15p 2N 698 24p IN 2923 14p 2N 3820 sop 25 326 10p
AC1BIK  20p ASY 56 28p BC 184 12p BF 115 24p 8FY 52 20p OC 82 15p 2N 699, 3sp 2N 2924 14p 2N 3821 38p 25 317 %
AC 187 Lp ASY 57 25p 8C 184L 12p BF 117 4Sp BFY §3 17p OC 82D 15p 2N 706 sp NS 14p 2N 3323 28p 25 701 42p
ATIBIK  20p ASY S8 25p BC 186 8p BF 118 0p BPX 25 8s5p OC 8) 20p N 706A 9p IN2926(G) 1lp IN 3903 18p 40361 4op
AC 188 1p AST N 40p BC 187 p BF 119 T0p BSX 19 15p OC 84 0p 2N 708 12p IND926(Y)  11p 2N 3504 30p 40362 “sp
:2;&:87:( ggp 251% 9p BC 207 t1p BF 12t 45p BSX 20 15p OC 139 20p IN 711 wp N 2926(0)  10p IN 3905 8p
p BC 1 9 BC 208 11p 8F 123 S0p 85Y 25 15p OC 140 0p 2N 717 3
ACY 18 20p BC 109 10p BC 209 12p BF 125 4sp BSY 26 1sp OC 169 8p N 718 24 DIODES & RECTIFIERS
ACY 19 20p BC 113 10p BC 212L 11p BF 127 50p BSY 27 15p OC 170 Bp INTIBA  SOp AA 119 8 BY 130 16p OA 47 1
ACY 20 20p BC 114 15p BC 213L 11p BF 152 sSp BSY 28 15p OC 171 2Bp IN 726 Bp AA 120 8p BY 133 Mp OA 70 7%
ACY 21 10p BC 115 1Sp BC 2141 14p BF 153 45p BSY 29 15p OC 200 28p IN 727 2p AA 129 Bp BY 164 50p OA 79 1p
ACY 22 16p BC 116 15p BC 225 28p BF 154 45p BSY 38 18p OC 201 Wp INT4 20p AAY 30 9p BYXIBJ0  42p OA 8! i3
ACY D) t8p BC 117 15p BC 226 3Sp BF 155 70p BSY 39 18p OC 202 28p IN 744 0p AAZ 1} 10p BYZ 10 I8p OA BS 9p
ACY 28 19p BC 118 10p BCY 30 24p BF 156 48p BSY 40 28p OC 203 25p 2N 914 14p BA 100 10p BYZ 11 30p OA 90 bp
ACY 29 35p BC 119 30p BCY N 2bp BF 157 $Sp BSY 41 2p OC2 28p 2N 918 30p BA 116 Mp BYZ 12 30p OA 91 op
ACY 30 8p BC 120 80p BCY 32 30p BF 158 55 BSY 95 12p OC 205 35p 1N 929 p BA 126 p BYI N 28p OA 95 »
ACY 31 p BC 125 12p BCY 33 p BF 159 60p BSY9SA  11p OC 309 40p 2N 930 2p BA 148 14p BYZ 16 “0p OA 200 op
ACY 34 Mp BC 126 18p BCY 34 25p BF 160 40p Bu 105 £2.00 P 346A 20p 2N 1131 20p BA 154 11p BY2 17 35p OA 202 Tp
ACY 35 p BC 122 12p BCY 70 14p BF 162 40p C 11E sop P 397 alp INVIR 225 BA 155 14p BYZ 18 35p SO 10 sp
ACY 36 18p BC 134 185 BCY 71 18p BF 163 “0p C 400 3p OCP 71 43p N 1307 14p BA 156 13p BYZ 19 8p D 19 5p
ACY 40 17p BC 135 11p BCY 72 14p BF 164 “0p C 407 8p ORP 12 43p 2N 1303 14p BY 100 15p CG 62 IN 34 7
ACY 41 18p BC 136 15p BCZ 10 20p BF 165 40p C 424 20p ORP 60 40p 1N 1304 17p 8Y 101 12p (Eq} OA N Sp IN 34a Te
ACY 44 35p 8C 137 15p BCZ 11 Bp BF 167 12p C 428 50p ORP 61 0p N 1305 17p BY 105 7o CG 651 (Eq) IN 914 6p
AD 130 38p BC 139 40p BCZ 12 2p BF 173 12p C 426 I5p ST 140 12p 1IN 1306 Up BY 114 11p OA 70-OA79 ép IN 914 bp
AD 140 48p BC 140 30p 8D 121 BF 176 Ip C 428 Wp ST 141 17p 2N 1307 Up BY 126 14p OA S 38p IN 414B bp
AD 12 48p 8C 141 30p BO 123 65p BF 177 35p C 44 30p TIS 43 30p 2N 1308 23p BY 127 15p OA SSL p 1500 10p
14 8p BC 142 3p BD 124 &0p BF 178 0p C 442 30p UT 46 Mp 2N 1309 13p BY 128 15p OA 10 38p 15 951 s
NEW COMPONENT PAK BARGA'NS JUMBO COMPONENT PAKS THE NEW S.G.S. EA 1000 AUDIO AMP
MIXED ELECTRONIC COMPONENTs | MODULE Guar. 3 Watts RMS.
Pack L . Exceptionally good value G d n
No Qty. . Description Price Resi . | ""1‘"‘;}2"3_ 9 25
C 1 250 Resistors mixed values approx. 0.50 esistors, capacitors, pots. electro- | Qty. 1—9 £2.63; 10
count by weight lytics _and coils plu? many other £2.28. Price 'egch. 4
C2 200 Capacitors mixed values approx. 0.50 | useful items. Approxpmately 3Ibs in Larger quantities quoted
count by weight weight. Priceincl. P. & P.£1.50 only on request. Full hook-up
c3 SO Precision Resistors .19%, .01% mixed 0.50 d":".m? :"d. ‘°m9'“d~
palues BRAND NEW POST OFFICE | (sciMicd catd suppice
C4 75  4th W Resistors mixed preferred values 0.50 | TYPE TELEPHONE DIALS ree W'A' b e "I
cs 5 Pieces assorted Ferrite Rods 0.50 o g & °"m‘"' able separately
ce 2 Tuning Gangs, MW/LW VHF 0.50 NLY 35p each | ac{0p each.
c7 1 Pack Wire 50 meters assorted colours 0.50
cs8 10 Reed Switches 0.50 SYSTEl'I |2 STEREO
c9 3 Micro Switches 0.50 . . A
C10 15 Assorted Pots & Pre-Sets o050 | Each kit contains two amplifier modules,
C11 S Jack Sockets 3=3.5m 2 — Standard
Swireh Topes oso | 3 Watts RMS, two loudspeakers, 15 -
[} 40 Paper Condensers preferred types 050 | OH MS' The pre-am p“ﬂer' trans-
mixed values
€13 20 Electrolytics Trans. types oso | former, power supply module,
C14 1 Pack assorted Hardware — 0.50 R
Nuts/Bolts, Gromets, etc. front p?lnel and oth;:lr accesscc;nes
C15 4 Mains Toggle Switches, 2 Amp D/P 050 | as we as an illustrate
C16 20 Assorted Tag Strips & Panels 0.50 . .
c17 10 Assorted Control Knobs 0.50 stage-by-stage Instruction
c18 4 Rotary Wave Change Switches 0. SO :
C19 3 Relays 6 — 24V Operating oso | booklet designed for the ONLY
C20 4 Sheets CopperLaminate approx.10” X7~ 0. SO begmner, Further FREE
Please add 10p post and packing on al} component q H
packs, plus a further 10p on pack Nos C1 . C1, €19, c20, | details available - P&P

on request.

NOW-TURN OVER FOR MIORE FANTASTIC OFFERS
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The largest selection

NEW LOW PRICE TESTED S.C.R.'S. }ElUkAlITV TESTED SEMICONDUCTORS
) ack Description Price £
A x“ ;:ss ;";“ ;’;‘8 ;“’:s :;s "1;“8 KING OF THE PAKS Unequalled Value and Quality gx 20 Red spot transistors PNP . 8p
2 16 White spot R F. trnnn tors PNP 80p
0.25 035 035 047 050 053 2115 NEW BI-PAK UNTESTED Q3 4 OC 77 type transiat X 50p
033 047 047 050 058 063 £1.40 Q & Matched tran: lmm 0044/45/51/515 50p
0.37 049 057 061 078 £1.60 SEMIGONDUCTORS gg g%’"’ Leene &
0.47 056 067 075 0.9 2175 . . a Q7 4 AC
ot ot o1t ow ooms Satisfaction GUARANTEED in Every Pak, or money back. & ke m
070 080 030 2120 2150 £4.00 8‘]‘0 7 OC 71 type transistors m
Pak No. £ Qi 2AC 127128 Comp. paire PNPINPN 30
SILICON RECTIFIERS—TESTED Ul 120 Glass Sub-Min. General Purpose Germanium Diodes 60p 813 S e iransistors g:
300mA 760mA 1A 15A  3A 10A 30A U2 60 Mized Germsaium Tranmstors AF/RF 50p Q4 30C171 HF. type tranastors .. ... 50p
n': 0 05 5& olog’ llp lﬁ 1“91 U3 76 Germanium Gold Bonded Sub-Min. Like OAS, GAYT_ .. Sop glg ;él‘::%% %nl Ewly&-m md coloun s0p
0. 0. X 0.4 021 0 4 Fasn ke OCBT ACIZ® ¢ 1 T80 low notee Gorm. trane. ... 80p
004 006 005 015 016 033 076 86 gg’oms‘*:;““‘s‘q“’" umk:docax ACIZ = Q7 5NPN2xST.141 and 31 ST, 1 s0p
005 008 006 014 020 026 1.00 Us 60 200mA Sub-Min. Silicon Diodes Sop QI8 4 MADT's21 MAT 15082 MAT 120 50p
006 013 007 020 0% 037 15 Us Planer Trans. NPN like BSY9%4, ZN706 50p Qs 3MADTs2:MAT101& 13 MATIZL 30
007 0.6 010 038 0.34 045 1.88 U7 16 Sil. Rectifiers Top Hat 750mA Vltg. Range up to 1,000 Q20 OC 44 Germanium transistors A.F. . 50p
000 017 011 035 037 088 200 U8 608il. Planar Diodes DO-7 Glass Z50mA like OA00/202. __b0p a2 2;;‘&.}2" i Lassiat S 507
il 0 0l 030 04 088 Tao U9 2 Mixed Voltages, 1 Watt Zener Diodes sop an nox zs{g’.‘.‘,‘:;‘;.’;wd.. e [0
0.33 0.3 087 0.7 U0 20 BAYSU charge storage Diodes DO-7 Glass 50p Q24 8 OAB1 diodes | sop
U1l 2 PNP Sil. Planar Trans, TO like ZN1132, ZN2904_ 50p 9% 13 iNse Silicon diodes T6PTV 76mA . 50p
TRIACS FULL ~RANGE OF |  U12 12 Silicon Rectifiers Epoxy 500 mA up to 800 PIV B @ 8 Qbey Gormanum diodes submin
YBOM2A 6a  1oa §ZENER DIODES U13 30 PNP-NPN Sil. Transistors OC200 and 25 104__ Qz1 2104 600 PIV Si rectifiers IS4 b9h
TO-1TO-86 TO-A8 v 400my (D07 Ul4_ 160 Mixed Silicon and Germanium Diodes . __H)E Q2 2 Silicon power rectifiers BYZ 13 80p
4 gp f Case) 180 en. 1jW (Top- U6 25 NPN Sil. Planar Trans. TO-6 like BFY61, ZN697 “s0p R e Eonh BRESTES, D DELEG .
50 7 Hat) 18p ea. 10W (30-10 Ul 10 3Amp Silicon Rectifiers Stud Type up to 1,000 PIV S0p Q0 7 Sll switch transistors 2N706 NPN 50p
Btud) 2p ea Al fully Ul7 30 Germanium PNP AF Tr TO-6 like ACY 1722 . 50p Q31 witch transistors 2N708 NPN 50p
80 90 Juested 0% tol and U188 6Amp Silicon Rectifiers BYZ13 Type up to 600 PIV sop Q32 O 122N1132 80p
9 1-10 f marked. Biate voltage U182 Silicon NPNT e % Q33 3Silicon NPN transistors 2N1711. . 50p
required lm—lzu;::; NN Tranmasor ‘Iro; ‘fﬂt e oET gg Q781 NPN wrans 2N2365, 600MHs
. con Rectifiers J code P sop
DIACS L0 wmp POTTED BRIDGE U21 30 AF. Germanium Alloy Transistors 2G300 Series & OCT1_50p Qs 3Sil PNP’I‘O—& 2x2N2904 & 1x2N2906 80p
For vsE  with | gecmisie Y ‘ U233 MADT'x like MH Series PNP Transiators = s0p Q86 7 2N3646TO 18 plastic 300 MHz NPN' 80p
RECTIFIER on heat sink. (54 2 Germanium 1 Amp Rectfers GIM Serses U 1o 300 PIV_$0p Q7 32N NPNSlhrc‘on transistors. .. p
n =8 & sermanjum Amp Bectiess UM Serieallpto £330V u 43 2N3703, 3 x 2N3702. .
amoo (D32) 37p each [| 100 PIV 90p cach U25 25 300 MHz NPN Silicon Trans . BSY27. 839 7 NPN trans. § s IN3704, 3 1 2N3T05. m
U2 3 Faat Switching Silicon Diodes like gw TNEN "WN‘?&“J% 3 12NTI08. . 80
e = ] — re TC 41 Istic 1 o
FREE DENLISE UZ 12 NPN Germanium AT Tranmuators > Q42 6 NPN tranistors 2N6172. o
One 50p Pak of your f Plastic cncapsulated 2 RO lAmp &A Q43 7 BC107 NPN transistors 50p
own choloe ree with | amp Bridie Rects U3 16 Plastic Silicon Planar Trans. NPN 2N2926. Q4 TNPNtrans. 4 1BC 108,31 BC109 . 50p
erdors valoed 84 or over. T3] 20 Sil. Planar Plastic NPN Trans. Low. Noise Amp ZN3707 ﬁ Q45 3 BC 113 NPN TO-18 transistors s0p
e ——— 50 v RMS 32p cach U322 Zener Diodes 400mW DO-7 case 3-18 volts mixed wp Q46 3 BC 115 NPN TO-5 transiztors sop
BRAND NEW TEXAg | [0V RMS3Tpeuch U33 16 Plastic Case 1 Amp Silicon Rectifiors INAODD Serics.___ 50p Y ORI B COREn BO BeIgT, o
GERM. TRANSISTORS 400 v KMS 46p each U4 30 Silicon PNP Alloy Trans TO-b BCY26 25902/4 ~ s0p Q48 ¢ BCY 70.PNP transistors TO-18 . 60p
Coda:‘u:d Gusrantesd Size 15 6 U35 25 Silicon Planar Tr PNP TO- 18 2N2906 8453 ; g‘s*’y ""»‘Féﬁ x BFYs), 2x B@H 30p
vr \ze 15 mm x 6 mm switch trans. TO-1R o
AT ol RLIUNCTION U3% 26 Silicon Planar NPN Transistors TO-5 BFY50/61/52 ) Q51 7BSY 95A NPN trass 300MHz >
8 11374 or cqvt.  IN2648 U37 __ 30 Silicon Alloy Transistors $0-2 PNPOC200, 28322 . 80p Q52 8 BY100typesilicon rectifiers .£1.00
8 1216 0C8ID W,,,ﬁ;:,~ BEN300G 036 20 Fast Bwitching Silicon Trans. NPN 400 M Hx 2N8011 50p Q53 26 Sil. & germ. trans. md all m..u new£1.60
8 203RIT 70 each, 25-9% £5p U% 3 RF. Germ. PNP Transstors 2N1308/6 TO- 6 )
8 20:382T Tob UP 20p. T 16 Transistors 6 lead TO-6 IN20E0 - ELECTRONIC SLIDE-RULE
g. g:g:;: Ust 25 RF Germanium ,OCAB, NKT72. . The MK Shide Rule. designed to simplify electronic
8 2G378 CADMIUM CELLS 10 VHFGem-mumPNPhnnnoanWl AFILT calculations features the following scales:
s B e B BC Conversion of Frequency and Wivelength. Calcu.
N 1302 ORPI2 43, T 2660 Plastic TO-18AF. BCIISIIE . 80p
g | ° p T %6 = BETE op lation of L, C and fo of tuned circuits. Reactance and
A1l '80n wach RP60, ORP61 40p each  Trana. ’0'6 e NPN self inductance. Area of circles. Volume of ¢y linders.
| AT R i 3 U& 7TIABCR TOSupo®O PIV ... £1.00 l['()eslit:]nce of conductors. Weight of conductors.
—————Cme——— e ecil calcuintions. Angle functions. Natural
ESFN(‘SI%;(CAONNS 51\!:)1’:‘5 Logs. & ‘e’ functions. Multiplication & division.
283080 WPK gIL. DUAL g b - Squaring. cubing and square roots. Conversion of
TRANS. CODE Dicse § SIM. TO 2N706 8, BSY27 kW and H
TEXAS. Our price 25p W”“-f‘"‘l}:dhl?"\"W*’- Cotde Nos. mentioned ahove are gaven as o garde to the type of device | A must f°f5v"‘ electronic engineer and enthusiast,
sach. ?‘i %E’;; Ig;,s“:;r;,g}r;‘u":‘ in the Pak The devicos themselves are normally unmarked 2;1:’136;,“}‘;0‘;% e aahicaslantinatcy
L ————— |*} m. to N 2906,
120 VOB MIX(EDRIVER | BCY70. When ordering SILICON PHOTC  TRAN-
ARANSISTOR. Sim. fplease stute preference 3y sl- TO-18 Lens end DTL & TTL INTEGRATED CIRCUITS
B8X21 & C407. 281293 | NPN or PNP NPNBIm.to BF 23 and P21
FULLY TESTED A¥D £ 100For 175 o, S D O INTEGRATED CIRCUIT PAKS
CODED ND 120, 1.4 ¥ : svailable. Fully guaranteed
17p each. TO5 NP~ |20For050 S00For 750f  Qur 124 lbalmup e Fal Oute” N o
25 up 15p each 50 For 1.00 1000 For 18.00 Tica each 48p Manufacturers “Fal Outs whlﬁ include Functional and part Functional Units.
These are classed as “out-of spec” from the maker's very rigid specifications, but are
————  §I], @.P. DIODES $p FET’S ideal for learning about 1.C's and experimental work.
8. trans. suitable tor § 300m 30..080 e . .
P.E. Organ, Netal TQ-14 | 40PIV(Min) 100..1-80 2N3R19 Pak No. Contents Price Pak No. Contents Price Pak No. Contents Price
Eavt. 2TX300 8p each | Bub-Min. 600 800 f 2N3k20 UICO0 12 x 7400 50p  UIC46 5 < 7416 30p  UICB6 5 - 7486 50p
Any Qty. Full Tested 1,000..$-00 § 2N3821 UICO1 12 » 7401  50p  UIC47 5 . 7437 50p  UIC0 5 - 7480  50p
Tdeal for Organ Builders. § 2N3823 UICO2 12 x 7402 50p  UICs#8 5 7448 B50p  UIC91 5 - 7491 50p
;::::g 8{((:83 12 T3 500 81850 12 7450 50p  UICS2 5 - 7492  50p
- 74 50p IC51 12 » 2451 50p  UIC93 5 - 7493 50
POWER TRANS BONANZA! | srw o UICO6 12 - 7405 50p  UICS3 12 . 7453  50p  UICS4 5 - 7493  50p
T 5 p— — MPF108 glgos g ” 7;0!75 50p glcsa 12 - 7454 50p UIC9s 5 x 7495  50p
ENERAL PURPOSE GERM. IC07 8 x 7407 50 IC60 12 - 7460 50 UICs6 5 « 74 50
Coded GP100. BRAND NEW TO-3 CA8E. POSS. UIC10 12 - 7410 50p  UICTO & 7470 50p uig?&) M 50p
REPLACE.: -OC25 28 28-30-35-36. NKT 401-403- NEW EDITION 971 UIC13 8 x 7413 50p UIC72 8 - T472  50p uUlc121 5 - 74121 50p
404-403-408-430 451 452433, T13027-302R, zmso;\ TRANSISTOR  EQUIVALENTS 1C20 12 < 7420 50p  UIC7d 8 - 7473 s0p  UICI4l 5 - 74141 50p
INASEA 43TA43RA, 2N31) A & B 2G220-222 BOOK. A complete crosa reference UIC30 12 - 7430 50p  UIC74 8 - 7474  50p  UICI51 5 < 74151 50p
;Omla;)o 80V VCEO 30V IC 10A PT. 30 WATTS R and Squivaienta book for Earnpean. &gﬁ 12 . 332? %: 8{8;2 g ;4;2 %0 8}815‘ 5 Tilsa s0p
merican an - LA 4
PRICE 1-24 25-99 100 ap | tom Exclasive :o"'ﬁ'fp,;r{'"x, UlCs2 5 - 7442 50p  UIC& 5 . 7480 50p VIG5 x 14199 s0p
i 43y each 40p_each My eachd o.oh Hed cover edition. UIC43 5 - 7443  50p UICB1 5 . 7481 50p UIC X1 25 Asst.
SILICOR High Voltsxe 250V NPN UIC44 5 - 7444  50p UICB2 5 « 7482  50p 74’8 £1.50
TO-3 case. G.P. Bwitching & Amplifier 2"3055 UIC45 5 - 7445 S0p  UICB3 5 - 7483  50p
Applications. Brand new Coded R . S
d ; A LARGE RANGE OF TE b . o
FChotugivero ool aha watia 0 o BN ANG N GEIOH IR GHNICS Packa cannot be aplit. but 25 assorted pieces (our mix) is available as PAK UIC X1.
OUR PRICE EACH : rowzn wPw{ AVAILABLE EX STOCK SEND

1-24 26-99
50p Aoy

100 up P
sop. | 50° EACH

FOR FREE LIST

ADI61/ADI62 srx

M/P COMP

GERM TRANB.

OUR LOWEST PRICE
OF 55p PER PAIR.

SILICON 80 IC 10A. HFE type
MATCHED IPIIPIP 100/t 3mHZ,
BIP 19 NPN TO-3 QUR PRICE PER
Plastic. PAl
BIP 20 PNP. Brand 1-24 23-99 100
new. prs. pra. Pra
0y ) Sop

VCBO 100/YCEO 30/

www americanradiohistorv com

BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE RANGE OF
ELECTRONIC COMPONENTS AND ACCESSORIES AT COMPETITIVE PRICES
18, BALDOCK STREET (A10), WARE, HERTS. TEL: 61593.

OPEN MON.

SAT. 9.15 a.m. to 6 p.m. FRIDAY UNTIL 8 p.m.

All Mail Orders please add 10p post and packing.
Send all Orders to Bi-Pak P.O. Box 6, Ware, Herte.

RADIO & ELECTRONICS CONSTRUCTOR
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-the lowest prices!

74 Series T.T.L. 1.C’S

Bi-Pak Still Lowest in Price. B/" PA K DO ,T A GA ,N .,
Full Specification Guaranteed.
Alt Famous Manufacturers, f 0 W
1 % 100 + 1 5 lm: ‘ A ' ( I\ 'I )
g:7«n gl: g.“ g.li gt‘l;‘r ‘0.67 0.64 0.56 pk 25 R S
740t .1 .14 12 INT491 100 0.96 090
X 3] Q
Bhm G ofn otk oM g g om 0.1% DISTORTION
404 ok 14 012 N74f . 04 0468
swes 0w o o Bum  on o4 3% HI-FI AUDIO AMPLIFIER
BIN7406 0.3 0.31 02 BN74t00 £186 £1.60 £1565
87407 038 031 028  SN7atde 097 X 088
S THE AL50
SN1410 o8 ok oiz SN FA B
(i % oM 9B s 0% 053 080
S22 - - ¢ SNTaIL £125  £115  £1LIO * Frequency response 15Hz
sy om o oaw o om SN 0RO o to 100,000 - 1dB ONLY
E%]'j:i g:: 2% 3:3; BNI4121 040 037 03 ’ £ 3 2 5
4. 1 14 0.1
i e < e * Load - 3,4, 8or 16 ohms. £ 3. £ I} each
B i 8 B gponos
Nialte  £300  £200 2%  Distortion - better than 4 Supply voltage 10
grm  om o oow ow s L@ ox o 1, at 1KHz Vol
SNT42 045 042 0« SNIM £180  £170 £60 * = olts.
SNT43 080 075 070 . . . q
Shn SM @ 0% avaw  mw nw o» % Signal to noise ratio xOverallsize63mm
VR T R L 80dB x 105mm x 13mm
SNl 067 08 08 gNineo £ 0 16 o °
8N74161 £1 80 £1.70 £160 . . . . .
ENR S S Tailor made to the most stringent specifications using top quality
i o 05 4R S o8 68 5 components and incorporating the latest solid state circuitry and
o Gr R g e A Ak oo ALSO was conceived to fill the need for all your A-F. amplifica-
e a0 F B D R 6 3R tion needs. FULLY BUILT - TESTED - GUARANTEED.
IN74175 £160 £1.50 £1 40
ENTY 015 014 012 N74176 £2.50 £240 £23
SNrest ET R A
ENT480 015 ou o1z SN Be B S
SNt 0m 0% 0N gNram 550  £500  E475
it B 0®m U sNum i200 180 £i60
8 % - SNT4184 £3.50 £315 o0
ENITs on o om 0B sNnaw £19  £19%  EL8S
Bk DAL AR AR STABILISED POWER
553“?’ 3 &l 110 SN 200 £180  £175
£ 1] 120 1.1 1.1 INT4L K20 4
I MODULE SPM80
ENTU £1.00 .06 090 SNT4196 £1.80 £1.70 £160 . .
:mm :gso £350 :gg g:nm £1.80 gz ﬁ 60 . APS0 ia especiaily designed to power 2 of the ALS0
486 32 0.3t SNTA198 £550  £5 50 Amplifiers, up to 15 watt (rms) per channel, simul-
e taneously. This module embadies the latest components
and circuit techniques incorporating complete short
LOGIC DTL 930 SERIES circuit protection. With the addition of the Mains Trans-
0 ] c:’ former MT80, the unit w11l provide outputs of up to 1-5 ampe
LINEAR I.C's— - i 38 volua, Size: 62mm 1 106enm 2 o
ese units enable you to build Audio Systems of the highest
ROCK BO TTOM PRICES gunln’g‘-t a hitherto unobtainable price. Also ideal for many other apphications incl::i-
FULL SPEC. Tyve Prios ing: Dsco Systems, Public Address, -Intercom Units etc. Handbook available 10p.
Wo. li:: ulzo lmn‘ PRICE 239
BP0 »
VT o (- TRANSFORMER BMTS80 £1.95 p. & p. 25p.
»
21C—8 Sp Wp dp BPISS i is 1
Bb 7o1c_Stro16 6p  Sop p BPo3s 1 11y TERE -
pemc SioiC s we dp | pee  im in STEREO PRE-AMPLIFIER, TYPE PA100
BP 102—72702 1 1y 11p Built to a specification and NOT a price, and yet still the greatest vaiue on the market,
83p Sp 40p BP345 8 ) -l the PA100 stereo pre-amplifier has been conceived from the latest circuit techniques
BP 708—72708 38p Mp Mp RP948 i 2' 2 Deasigned for use with the AL50 power amplifier system, this quality made unit incorporates
BP 709F—pAT700C  38p 4p 0p g‘;::‘ m lﬁ' no less than eight mlicon planar transistors, two of these are specially selected low noise
BP 71072710 “p up  0p Bese] w f‘.: NPN devices for use in the input stages.
BP 711—pAT11 4p 43p  40p BPOOOY @y 0 by Three switched stereo inputs, snd rumble and scratch filters are features of the PA100,
BP 74172741 RP9094 Wy 33 e which also has a S’FERI‘? 0/MONO switch, volume, balance and continuously variable
Top  60p  S0p BPOO9T 40 35 bass and treble controls.
uA 703C—pAT03C  p 8p Up BP9099 Wy W SPECIFICATION
}:ﬁ AA% Jop m % Devices may be mized to qualify for L ﬁequent{)‘Ruponu
TA A350 1”’ quantity price. Larger quantity prices om Harmonic Distortion
Top Uty 1My application. (DTL 930 8ertes only) Inputs: 1. Tape Head
2. Radio, Tuner
3. Magnetic P.U. 1.5 mV into 50K .
NUMERICAL INDICATOR TUBES i e s o an ot S o 2 . s
to RIAA curve within + 1dB, from 20Hs to 20KI m
MODEL CD66 |GR 116{3015F s Frivens ammbla (Hreh Basg) © Joogls Ul #1048 @ 20KI
Anode = Seratch (Low Pass) 8KHs
v:d voltag 17,0 175 5 o ¥ Signal/Noise Ratio better than — 66dB
(Vdc) min min All indicators Input overload + 26dB Supply + 35 volts @ 20mA
- A Dimensions 202mm x 82mm x bmm
Cathode cur'nt(mAy 2.3 14 0'9 + Decm'l‘al Price 211.98
point: All side
INumeral h’ght (mm 16 13 9 |viewing: Full SPECIAL COMPLETE KIT COMPRISING
- 1 3 AL50's, 1 SPM80, 1 BMT80 and 1 PA100 ONLY £33.00 FREE p & p.
Tube height (mm) 47 32 22 |data for a "
types available Aii prices quofed 11 new peace Grro No. 388-7006
Tubediameter (mm 19 13 12 lon request. Pleasesead atl.orders direct-to,warehouse and despatch depariment
L.C. dri ] BP41 | BP41 LR
. C. driver rec or 141 | or 141 BP47
PRICE EACH £1.70 | £1.55 | £1.90

DUAL IN LINE SOCKETS
14 & 16 Lead Sockets for use with DUAL
IN-LINE 1.C.’s. TWO Ranges PROFES-
SIONAL and NEW LOW COST
Prof. Type No 124 2599 100 up P O BOX WARE. ER S
e el . O. 6, HERT
L:?lg pllnNtyw =D MD Pastaye and paching ada 10p.Overseas add extra for airmail
BPS e Minimum order 5Up. Cash.with order please

it T, Guaranteed Satisfaction or Maney Back

RTL MICROLOGIC CIRCUTTS

Price cack
lllro’;g ;Oéﬂ case  1-94 25-99 100 up
- nfler 23
wL914 Dual 21/p 0 L0 &b

3

gate [l
uL923J-K Rip-Rop S0p 47p 48p
Date and Circuita Booklet lo' 1Ce
Price 7p.
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Comprising
768 pages
plus index

NOW AVAILABLE

AUGUST 1971
to JULY 1972

LATEST
BOUND VOLUME

“The Radio Constructor”
FOR YOUR LIBRARY

PRICGE £2.00 P&P 29p

No. 25

of

BOUND VOLUME NO. 23 (August 1969 to July 1970)
BOUND VOLUME NO. 24 (August 1970 to July 1971)

PRICES Volume 23 £1.88 Postage 29p Volume 24 £2.00 Postage 29p

Limited number of these
volumes still available.

Available only from

DATA PUBLICATIONS LTD.,

We regret all earlier volumes are now completely sold out.

57 MAIDA VALE, LONDON, W9 1SN

Vary the strength
of your llghtmg witha

-

The DIMMASWITCH is an attractive and effic-
ientdimmerunit which fitsin place of the normal
light switch and is connected up 1n exactly the
same way. The white mounting plate of the
DIMMASWITCH matches modern eiectric fite
tings. Two models are available, with the bright
chrome knob controlting up to 300 w or 600 w
of alt lights except fluorescents at mains voltages
from 200-250 v, 50Hz. The DIMMASWITCH has
built-in radio interference suppression:

600 Wate £3.20. Kit Form £2.70

300 Watt  £€2.70. Kit Form £€2.20
All plus 10p post and packing.
Please send C.W.O. to:

DEXTER & COMPANY

7 ULVER HOUSE, 19, KING STREET,
CHESTER CH1 2AH. Tei: 0244-25883.

As supplied to H.M, Government Departments.

280

SAVE TIME
AND MONEY
ce B85 | Re

PRICE

£y

|

fa lfa 1'1 f
Pi s

T

.,_
T PO 6]

Ilrl-|1 Aflddalis ﬂn{_i"g

S

to SCHOOLS, TECHNICAL

COLL GES SHOPS OFFICES AND INDUSTRY
Silver grey stove enamelled steel cabinet thh
48 tr styrene d fitted with
handles and label slota. Dividers can be supphed
at an extra charge to enable each drawer to be
sub-divided into six compartments. Transparent
drawers allow swift selection of components at a
glance and eliminates duplication of stock. A
really first class time saving unit. Size of cabinets
214" x 113° x 6}°. Size of drawers 6" x 2§"x 14"
Other sizes available.
Callers welcome Mon.-Sat. 9 am.-
6 pm. NEW as illustrated OUR PRICE 0 LY
u 84 plus 35p carriage on orders less than £10.

ne back arantee. SEND FOR FREE

UR BROCHURE.

TRADE AIDS

(DEPT.RC3) M CHILTERN DRIVE,

BERRYLANDS, SURBITON, SURREY
01-399 4383
100 yds. Berrylands Railway Station

-
H 1
R

=% LOUDSPEAKER

O ovons
Fane Pop 100 watt 18° 8/15 ohm £19.50
Fane Pop 60 watt 156° 8/15 ohm £11.15
Fane Pop 50 watt 12° 8/15 ohm £ 925
Fane Pop 25/212 25 wati 8/15ohm £5 40
Fane Pop 1612° 10 watt 8/15 ohm £4.00
Baker Group 2512° 3.8 0r 15 0hm £6.60
Baker Group 3512° 3.8 or 15 0hm £8.00
Celesuon PS8 for Unilex £2.35
EMI13x8 3.80r150hm £2.25
EMI13x8,380r150hm £2.60
EMI13x Btwin/tw. 3.8 0r 15 ochm £3.60
EMI 13 x B1ype 350 15 watt 8 ohm £8.00
Richard Allan8°3 8 or 15 ohm £2.35
Richard Allan 12° dual cone 3 or 15 ohm £2.50
Fane 8 d/cone 808T 8or 15 ohm £2.85
Fane 8°d/cone. roll surround, 807T 8 or 15 ohm £3.50
Elac9x 5 59RMLOI 15 0hm £2.70
Elac 9x 5 59RM114 8 ohm £2.70
Elac 64" dual cone 8 ohni £2.25
Elac 64" d/cone. roll surround 8 ohm £3.50
Elac 4" twester 8 ohm £1.50
Crossover for above (p & p free) €1.50
Goodmans 8P Bor 16 ohm £4.75
Goodmans 10P 8 or 16 ohm £5.25
Goodmans t2P 8 or 16 ohm £10.50
Goodmans 15P 8 or 15 chm £17.00
Goodmans 18P 8 or 16 ohm £27.00
27,24 or3°80ohm g .85
Philhps 5”8 ohm £1.95
Tx40r8 x5, 3or8ohm £1.50
10°x6°3.80r 15 ohm £2.00

FREE with orders over £600
enclosures” book.

“Hit loudspesker

All urits guaranteed new ¢nd perfect.
Prompt despatch P & P 25p per speaker.

Send for our free booklet "Choosing & speaker”.

WILMSLOW AUDIO
(Dept. RC)

10 Swan St., Wilmslow,
SK9 1HF, Cheshire

wwWw americanradiohistorv com
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PRECISION
POLYCARBONATE CAPACITORS
Fresh Stock — Fully Tested and Guaranteed

Close tolerance professional capacitors by well-known manufacturer.
Excellent stability and extremely low leakage. All 63V D.C.

0.47uF: +5% 30p: +2% 40p: +1% 50p
1.0 yF: +5% 40p; +2% 50p; +1% 60p
2.2 pF: +5% 50p: +2% 60p; +1% 75p
4.7 pF: £5% 70p: +2% 90p; +1%115p
6.8 pF: +5% 95p; +2%115p: *1%150p
10.0 pF: £5%110p: +2%140p; +1%180p
15.0 pF: +5%160p; +2%210p. +1%270p

NEW! — TANTALUM BEAD CAPACITORS
Values available .22, .47,1.0, 2.2, 4.7, 6.8pF at 35V, 10pF
25V, 15uF 20V, 22uF 15V, 33pF 10V, 47uF 6V, 100pF 3V.
All at 9p each; 6 for50p; 14 for £1.00. Special pack, 6 off
each value (72 capacitors) for £6.00.

TRANSISTORS: BC107; BC108; BC109 (please state which),
all at 9p each. 6 for 50p; 14 for £1.00; May be mixed to qualify for
lower price. All brand new to full manufacturer’'s specification.
POPULAR DIODES: IN914 - 7p each; 8 for 50p; 18 for £1.00
IN916 - 9p each; 6 for 50p: 14 for £1.00. 1S44 - 5p each; 11 for
50p; 24 for £1.00. All brand new and marked.

400mW ZENER DIODES : Values available 4.7, 6.8, 7.5, 8.2, 9.1,
10,11, 12, 13.5, 15 volts. All new and marked. All at 10p each; 6
for 50p; 14 for £1.00.

RESISTORS: Carbon film 3 watt 5%, Range 2.20-2.2M Q E12. Series
i.e. 10,12, 15,18, 22, 27, 33, 39, 47, 56, 68, 82, and their decades.
All at 1p each. 8p for 10 of any one value; 70p for 100 of any one
value. Special development pack 10 off each value 2.2Q to 2.2MQ

Mory? A FAST EASY
WAY TO LEARN BASIC
RADIO & ELEGTRONICS

Build as you learn with the exciting
new TECHNATRON Outfit! No mathe-
matics. No soldering—you learn the
practical way.

Learn basic Radio and Electronics at heme - the fast,
modern way. Give yourself essential technical ‘know-
how’ - like reading circuits, assembling standard com-
ponents, experimenting, bunldmg - quickly and without
effort, and enjoy every moment. B.LE.T.s simplified
study method and the remarkable TECHNATRON Self-
Build Outfit take the mystery out of the subject, making
learning easy and interesting.

Even if you don’t know the first thing about Radio now,
you'll build your own Radio set within a month or so!

. . . and what's more, you A l4-year-old could.understand
will understand exactly what and benefit from this course -

(730 resistors) for £5.00.

440V A.C. CAPACITORS:
0.25uF: Size 13" x 3", 30p each
1.0 pF:Size 27

X 3”7, 45p each

Suitable for use on C.D. ignition, 250V A.C. motors, etc.
5p post and packing on all orders below £5

V.ATTWOOD, Dept C.5.,P.0. Box 8, Alresford, Hants.

0.1uF: Size 13" x 1", 25p each
0.5pF: Size 13” x2
2.0pF: Size 27 x1”,

~, 35p each

75p each

THE ‘PLUS’ CATALOGUE

. Technical data -

)

Countless bargains

+ Discounts

you are doing. The TECHNA-
TRON Outfit contains every-
thing you need, from tools to
transistors - even a versatile
Muitimeter which we teach you
to use. All you need give is a
little of your spare time and
the surprisingly low fee, pay-
able monthly if you wish. And
the equipment remains yours,
so you can use it again and

again,

You LEARN —-butit'sas
fascinating as a hobby.
Among many other interesting
experiments. the Radio set you
build - and it's a good one -
is really a bonus. This is first
and last a teaching course,

but it teaches the real thing. The
easy to understand, practical
projects — from a burglar-alarm
to a sophisticated Radio set —
help you master basic Radio
and Electronics — even if you are
a ‘non-technical’ type. And, if
you want to make it a career,
B.LLE.-T. has a fine range of
courses up to City and Guilds
standards.

Specialist Booklet

If you wish to make a career in
Electronics, send for your FREE
copy of “NEW OPPORTUNI-

TIES”. This brand new booklet ~
just _out - tells you all about
TECHNATRON and B.LE.T.s”
full range of courses.

+

25p
REFUND VOUCHER

The Electrovalue Catalogue
now costs 25p (post free,
surface mail) and is well
worth it for its technical
information. But we include
with it a 25p refund voucher
for spending on orders for
£5 or more. You will find
this catalogue a great
money saver in every way.

96 Pages. (4th printing)
Transistors, with technical specs.
1.Cs with working diagrams
Resistors, capacitors, components
Diagrams, tables, information
GENUINE DISCOUNTS

ELECTROVALUE LTD. X

28 St. Judes Rd., Engleﬁeld Green, Egham, TW20 0HB
9-6 daily: 1.0 p.m. Sat. Telephone Egham 3603

DECEMBER 1972

but the training is as fascinating
as any hobby and it could be the
springboard for a career in Radio
and Electronics.

FREE

BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY

Dept. B9, ALDERMASTON COURT, READING RG7 4PF
Accredited by the Council for the Accreditation
of Correspondence Colleges.

POSFWBCCHJPONFOHFREEM
I'-_-—-_-—- B91

(BLOCK CAPITALS)
f ADDRESS oot s, |

SUBJECT OF INTEREST . cvurvtiueiimrmiiiimrirartieeissrriiaaiais

-—-—_—_—_——J
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c HOBBYIST - AMATEUR - DOMESTIC SURPLUS -
JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - PAY US A VISIT
OR SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON YOUR REQUIREMENTS
VALVE BASES KITS lard ca26, Tee, CRL. CoL
. . o Mullar b . CRL, CCL, HUNTS, STC
Chassis or printed circuit B8A —B7G .. 3p Plans separate 10p [SUB MINIATURE, ETC.
Chassis UX7 — B5 — UX5 — B9G - a 3p
MFD Voit MFD  Voit
Shrouded chassis B7G — B9A .. bl 4p . .
Wide band signal 16 50 ) 20 12
Octal chassis .. 2 aa 4p iniector 85 4p
j P[260 12 500 6
B8A chassis .. . Ot . 5p each
B12A tube base 3 PO 100 25
ube ae = § . P 1 Car12vto0-9v 100 18 100 6
TAG STRIP cassette or radio 125 10 6 3 2p h
6way  2p Single  1p supply £1501 8 50 5p 8 6 eac
12 20 each 25 6.4 3p
14 glass fuses— 250 m/a or 3 amp (box of 12) 6p| 10 20 250 18 7p
3"tape spools . . . 4p 8.2 20 400 16 6p
FX2236 Ferrox Cores : 5p| 50 25 400 40 10p
PVC or metal clip on M.E.S. bulb holder . 3p 25 64 8 500 9p
All metal equipment Phono plug . 2pf 25 25 | 100 200 10p
Bulgin, 5mm Jack plug and switched socket (palr) . 20p
12 volt solenoid and plunger . 25p EOUDENSEHS 1OEEPIIN5%PEA“:|3§PF
250 RPM 50 c/s locked frequency miniature mains motor 50p MFD  Volt '20 ’h
200 OHM coil, 14" long, hollow centre 10p 0.005 500 p eac
Relay. P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 60p | 0001 1,250 TRIMMERS
R.S. 12 way standard plug and shell . . - 50p [3:3PF 500 { 2p 30 PF Beehive
500 PF 500 (each | 12PFP.T.F.E.
SWITCHES T 2,200PF 500 2.500PF750v b 10P
Pole Way Type o 3,300PF 500 33PF MIN. each
4 2 Sub. Min. Slide 10p |g—a—3 watt 1p o1 350 AIR SPACE
6 4 1 watt - 13p o4 500
1 11 Upto 10 wattwire 8p [ 25 150
4 3 Lwafer Rotary 12p each |15 watt wire 0.056 TMFD 350 volt ~ 10p
3 7 wound 10p 10.061 3p 5MFD 150 volt  40p
2 5 SKELETON 0.066 { 5% each
1 3 + off Sub. min. edge  10p PRESETS 0.069 UCRIFD TE0velR - &
; :23 13 amp small rotary 12p {5K or 500K 3p [0.075 | 350V 0.0312volt 2p
Locking with 2 to 3 keys 0.08 470PF 500 voit 2
ol SARTYENS 1017 vs00 s o
2 1 2 Amp 250V A.C. rotary 20p ' 0.25 350 [ each
0.5 350 5p 8MFD 800 volt
DIE CAST 0.22 250 5p electrolytic 75p
VALVES — NEW AND BOXED ALLY BOX 0.25 500 5p
43 x 33 x 2g with
DYS86 44p | EMS87 90p | PL84  46p| lid . 50p WIREWOUND POTS
EB91 26p | EL84  36p | PY8T 40p - 250, 350 OHM, 1K, 4 watt, 10K, 20K,
ECC82 36p | EYS86 46p | PY82  42p |5K switched volume | 50K, all at : -10p each
ECC83 36p | E280  30p | PY88  52p |control 15p RECORD PLAYER CARTRIDGE
ECH81 44p | PCC84 50p | UABC80 58p [ 5K Log Pot 10p ER 5XME Mono, with turn over stylii,
EABC80 46p | PCC89 62p | UCL82 50p |1meg Tandem Pot 18p | ™ oo hole fixing . . 35p
EBF89 44p | PCFB0 38p | ULB4  50p GREEN INDICATOR
ECL82 44p | PCF82 50p | UYs5 42p| BSR TD2 TAPE |r,.cmechub . 10p
ECL86 56p | PCL82 38p | UM84 32p| MOTOR UNITS CONNECTOR STRIP
EF80  36p | PCL84 50p | UCH81 44p |[With record- Belling Lee L1469, 12 way polythene. 5p each
EF85 44p | PCL85 64p | 6BA6  26p | playback- CAN CLIPS
EF86 44p | PCL86 56p eraseheads £2.50 17 or 13" or 3 ) 2p
EF91 52p | PL36  78p MANY *1.0.5 HEATSINKS
EF183 40p | PL81  72p | OTHERS |STEEL BOX WITH |10 154 high conductivity 5p
EF184 44p | PL83  S6p 10 x5 3}'9 PAXOLINE
x 54 x 3" grey 3 ” L
RESETTABLE COUNTER hammerfinish ~ £1 3?’;4. ;‘f‘ or3xZyxse” " o 122
English Numbering Machines LTD. 220K 3 v?att resistors 2p
MODEL 4436-159-989 6 vort Zif)lLeAJo heavy | VALVE RETAINER CLIP, adjustable 2p
6-14volt, 6 digit, illuminated, fully enclosed. £2.50 : OUTPUT TRANSFORMERS
Y v duty contacts 80P | g1, miniature Transistor Type .. 20p
SMALL ORDERS. ENCLOSE SUITABLE
THE RADIO SHACK
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 LARGié’s’}%@}s'“@gfnfh’g?cﬁg FOR
Open 10 a.m. till 8 p.m. Monday to Saturday Phone 01-223 5016 ' ' .
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HOBBYIST - AMATEUR - DOMESTIC SURPLUS
l Mp “ NI INDUSTRIAL - BULK OFFERS

JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - PAY US A VISIT
OR SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON YOUR REQUIREMENTS

cul ced bSE[\I\//]IIﬁ)OdNDtUC’\;II'ORSth . N PHOTOCELLORP12 . .. 43p
ull spec. marked by Mullard, etc. Many other types in stoc
E.T.N. .. 40
AC127 11p| AF116 ~ 14p| BFYS2 I kol s Bl LA B
AC187 - 14p | AF117 . 14p| BCY40 . 4sp THYRISTORS
s 14p1 gc107 7p | 2N706 gp | P VN
AD149 p ' B =~ Pl 400 CRS1/40 . .. 30p
AD161 .. 27p| BC108 -~ Tp| 2N2407 - 15p |4 240  BTX18-200 . 30p
AD162 .. 27p| BD131 .. 50p| 2N3055 - 35p |1 240  BTX30-200 .. 30p
Matched pair .. 50p | BD135 — 25p | T.0.3micawasher 2p |1 700 BT106 .. . . 85p
TRIAC 6 Amp 400 volt BT110-400 plast|c ' . . 75p |3 400  CRS3/40 - 72p
DIAC BR100 . . . - .. 30p|65 300 BT102-300R .. 80p
6.5 500 BT102-500R . 90
BRIDGE RECTIFIERS P
6.5 500 BT107 .. . 90p
Amp Voit Amp Voit 5 00 BT108 90
3 1,600 BYX10  30p | 2 30 LT120 30p(8° O . : e
1 140 OSHO01-20030p | 0.6 6-110 EC433 6.5 500 BT101-500R . .. 90p
1.4 42 BY164 35p | Encapsulated with built-in G5 B0 BUIEESTR - %0p
Plastic types heatsink . .. 15p 20 600 BTW92-600RM . . . £1.25
WIREWOUND
UNMARKED — TESTED PAPER BLOCK CONDENSER SLIDER
AC128 6p | OC44 6p 150 Ohm, 250 Ohm 5K
ACY17-20 8p oc7 Gp 0.25MFD 800 volt L. L. . 30p 4p each
BC179 10 1TMFD 400 volt . . .. 15
b Cy30.34 10p Oz < Pl InDICATORS
BY127' 8" 0C200-5 6p | 2MFD 250 volt - T . 20p |12 volt red or mains
P 2N2926 5p neon amber. push fit
3ZY88seriesbp | Germanium IFD U=DL5 - < ’ o -~ 50p round, chrome bezel
DA200-5 6p diode 3p | 15MFD 150 volt o o 25p 15p each
Rotor with neon in-
BNC 50 ohm free plug (UGBBD‘{(L)’; Phillips Iron Thermostat .. 15p | Cinch standard 0.15 gicaftor, as used in
pitch edge socket 8 eafarer, Pacific, Fair-
BNCSOOBmsquaresocket 40 Bulgin 2-pin flat plug and way 20p |way cepth finders
(UG290A/V) .. x P socket . . . 10p 20p each
1” Terryclips, black plastic do PP108 8 d )
coated, of chrome finish .. 4p | M¢Murdo way edge U.E.C.L. 10 way pin [100MFO 250/275V
plug o 15p | connector 2B6000 electrolytic can 20p
i . i OA1P10 .. 20
Cinch 10-way terminal block  15p 300 ohm moving coil insert P CEE PLUG
Palr of LA2407 Ferrox cores s 13%8232212”%8 McMurdo DA15P 15
ith adjust . 25 1deal mike or [F s U.E.C.L. 2 i .
with adjuster £ communicationwork .. 25p coErﬁaé-tor v ey Pl way chassis plug  20p
Chrome Car Radio facia . 156p 2A60000A1P20 30p
Rubber Car Radio gasket .. 10p Fairway 18009 Coax.
. WE socket . 5p
DLI Pal Delayline . . He £2 UECL 10 way pin —
Relay socket 12p BUY socket 2B606001 2(1)’0) ol TIE”(l:LIES o
ylon self locking 3%
Take mlmatureZPCO relay SURPLUS 1n:772m z
B9A valve can .. . 2p
EOMECNERIIS U.E.C.L. 20 way pin CINCH 150
0-30 in ‘5 segments, black socket2B60800A1R20 |4 d ket
pvc, 360" dial, silver digits, G 30p |2 WAV edoe sodkel
self adhesive, 41" dia. .. 15p

SMALL ORDERS, ENCLOSE SUITABLE
STAMPED ADDRESSED ENVELOPE

(RGP e BT AR 161 ST. JOHNS HILL. BATTERSEA, LONDON S.W.11
POSTAGE. INSURANCE. ETC. Open 10 a.m. tili 8 p.m. Monday to Saturday Phone Q1-223 5016.
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DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

Our components are chosen by Technical Authors and Constructors throughout
the World for their performance and reliability, every coil being inspected twice
plus a final test and near spot-on alignment as a final check.

Our General Catalogue showing full product range o 18p |
DTB4 Transistor & Valve circuitry for D.P. Coils - 18p |
DTBY Valve Type Coil Pack Application circuitry .. 18p |
MD.1 Decoder Circuitry for Stereo Reception s 21p

All post paid, but please enclose S.A.E. with all other requests in the interests of
retaining lowest possible prices to actual consumers

gaLL BOOK

\g73 Editio”

soc
o0
SRR
o ¥
s
o aat

met
e et

These are just four of a complete
range of technical publications, log bodks
and maps for the Radio Amateur.
Send s.a.e. for complete list

RADIO SOCIETY OF GREAT BRITAIN

35 DOUGHTY STREET, LONDON, WCIN 2AE TEL: 01-837 8688
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A COMPLETE
<\ TELEPHONES

& ™ Normal household type

\’d) as supplied to the Post

k) Office, ex. G.P.O. Only
98P each. p. & p. 35
each.

TELEPHONE DIALS

Standard Post Office type.
Guaranteed in working order.

ONLY 23p

p. & p. 15p.

&

TESTED AND GUARANTEED PAKS

YA ReTwTieTe S0p
4TS Sop
10 S e e 50p
200 S, M Sop
MO0 Jien, fined, S S0P
M40 yomalaren 0 50p
w ARl TS0
M 20 S Tosen  S0p
o 20 nidl . S0p
FIEI00 g0 SN Sne S0p
_— Unmuked =y ~ -
r:l_]o znf’(":a"ﬁ.:.;:' tors, NPN 7509
M0 S s S0P
Mo 20 Yo Iy N 50p
UNMARKED UNTESTED PACKS
150 ST s0p
200 [N e S0p
—
=100 i SunSoN S0P
100 PSS e S0P
S0 USRI SO0p
1N706A BSY9SA, ecc =
Bl 50 NPAFAFF“ __Sop
R4 T e Se S0P
HI4 5 h""ﬂ“&-’l.’:::“!‘(;") ?NP—C.‘.r:\ sop
20 L 50p
30 J e 50p
T .‘:::::'.T::‘;.':J.:.‘ B S0P

supplied

BY126/7 Type Silicon Rectfiers
I amp plastic. Mixed volty 5op

Wl 30

MAKE A REV COUNTER
FOR YOUR CAR

The 'TACHO BLOCK' Th.-
encapsulsted block will cur
0. ImA meter into s linesr lnd
sccurste rev. counter for any
car with normal co)l igntion

£1 each
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BI-PRE-PAK LTO

OVER 1,000,000
TRANSISTORS
IN STOCK

fully marke:

teste

600.000.. .

high quality

o of remarkabl

Audio NPN to ZTX300. 2 8 789.B L

NPN and Switch

; NPN

d when arde

30.000 for £40 00

15e state type of or reg

ALL AT 500 for £3.00 1,000 for £500

OUR YERY POPULAR 3p TRANSISTORS
TYPE “A” PNP Silicon alloy, TO-S can.
TYPE “B"” PNP Silicon, plastic encapsulation.
TYPE “E" PNP Germanium Af or RF

TYPE “'F" NPN Silicon plastic encapsulation.
TYPE “G" NPN Sihicon. simifar ZTX300 range
TYPE "“H" PNP Silicon, similar ZTX500 range.

POWER TRANSISTOR
PRICE BREAKTHROUGH!

PLASTIC CASED SILICON POWER TRANSISTORS OF
LATEST DESIGN 40 WATTS and 90 WATTS PNP & NPN
TYPES

ALL TYPES AVAILABLE AT THE MOST SHATTERINGLY,
LOW PRICES OF ALL TIME ALL ARE FULLY TESTED.
MARKED AND GUARANTEED!

1-12 1325 26-50
W NPN 0p 18 tep
W PNP Up 199 1%p
OW  NPN 4p 2 Wp
W PNP 1p  Lp  p

PAK  PAKS of complementary pairs
MP 40 4OW 40W Sip  48p  4p
MP90 9OW 90W 60p  S8p  Sép

A CROSS HATCH
GENERATOR
FOR £350 11!

YES, a complete kit of parts including Printed Circunt
Board. A tcur position switch gives X-hatch, Dots,
Vertical or Honizontal lines. Integrated Circuit design tor
easy construction and reliabiity. This 1s a project ¢ the
September edition of Practicat Television

This complete kit of parts costs £3.50, poet
paid.
A MUSTY for Colour T.V. Alignmaent.

Our tamoue P1 Pak Is still leading in vaiue for
money

Full of Short Lead Semiconductors & Electronc Com-
ponents, approx. 170 We guarantee at least 30 reaily
righ quably factory marked Transistors PNP & NPN,
and a host of Diodes & Rectifiers mounted on Punted
Ciccuit Panels. tdentification Chart supplied 1o give some
information on the Transistors.

Please ask for Pak P1, only 50p
10p P & P on this Pak
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FREE CATALOGUE
FOR

TRANSISTORS,
RECTIFIERS,
DIODES,
INTEGRATED
CIRCUITS,
FULL PRE-PAK

RELAYS FOR

VARIOUS TYPES
P. & P.25p.

LISTS.
VARIOUS TYPES

POST & PACKING 25p
INTEGRATED CIRCUITS

THE LOWEST PRICES OF ALL FOR YOUR DTL

LOGIC 111
8MCIN 0p 18p tép
BMC932  12p tip  10p
BMC9)3 tlp tip 10p
BMC934 t2p  11p  10p
BMCYIS  11p  f1p  t0p
BMC936  12p  11p  tOp
BMC9)T  12p  Up  10p
BMC938  25p 1p p
B8MC9I% Bp 13p Hp
BMC940  12p  itp  10p
BMCI4 120 tip 10p
BMC942  20p t8p  1ép
Ex. 2/4inputPower BMC944  12p  11p  10p
Clocked Flip Flop BMC94s Wp 18 Tép
4,2 Input Nand GateBMC946 1p  10p 9
Clocked Fiip Flop BMC948  0p  18p  1ép
4/2 Input Nand Gate BMC949 ip  tip 10p
Pulsed Trig Binary  BMC950  20p  18p  1ép
Monostable Malt vib.  BMC9$1 Bp  Wp  p
Dual I/K Flip Flop 8MC953 Wp  18p  Mep
Dual $/K Fhip Flop BMC9SS 20p  tep  tep
Dual K Fup Flop BMC956 0p Vg V6p
Quad 2-input Power  BMC958 12p 11 10p
2/4-nput Gate BMCE961 12p 11p 10p
3,3-input NAND Gate BMC962 11p  Y0p (79

Ciocked Flip Fiop
Ex 2/4nput Bufler
2'41nput Expander
Hex. Inverter

Hex. Inverter

Mex Inverter

Hex tnverter
Decade Counter
Div. by 16 Counter
Hex_ Inverter

Hex loverter
Type O up Flop

33-nput NANC Gate BMC9  t2p  11p  10p
Audio Amp, J-watts  SLOID  (1.50 (1.40 (134
Linear Op. Amp 709C Wp  Wp 1S

SN4%0  eSp  e0p  SSp

Decade Councer

LOW COST DUAL IN LINE 1.C. SOTKETS
14 pin type at 15p each

16 b ype 2t 16p each. NOW new lom profile ¢ype

BOOKS

We have a large seleccion ol Reference and

Technicat Books 1n stock

These are just two of our popular hnes

B8P Transistor Equivalents and
Substitutes, 40p

This iacludes many thousands of Bricish

U S A European and C ¥V equivalents

The liiffe Radio Valve & Transistor

Oata Book “th Edition P 8 P 21p 15p

Characteristics o1 3.000 valves and tubes.

4,500 Transistors, Diodes. Rectifiers and

integraced Circuts

Send for l1sts of these English publications

Pieore send me the FREE B.-Pre-Pon Cotalogue

NAME

CASH WITH ORDER
ordar

MINIMUM  ORDER  $S0p
PLEASE Add 100 poit and Paching per
OVERSEAS ADD EXTRA FOR POSTAGE

ADORESS .

DEPT. C, 222-224 WEST ROAD. WESTCLIFF-ON-SEA, ESSEX; SS0 9DF
TELEPHONE: SOUTHEND (0702) 46344
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HOME RADIO (Components) LTD , Dept RC, 234-240 London Road, Mitcham CR4 3HD . Phone 01-648 8422
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= ZCANSLATION WIASE W00
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’ 2 sz LoaFr
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(FAILIVG THAT, ABLOK OF HEEXE)
2 7Aoo

33

L BoTrLE aF Pac Kosse S

n L HOAIE RIDIO CATRLIGUE

AL NE THAT A SO0 TELEPHNE Mt BeK) )3

For the benefit of those who have a scientific rather
than a literary bent, may we explain? Omar Khayyam was
a Persian Tent Maker who lived in the 11th Century.
He was also a Poet. Philosopher and Astronomer. Thanks
to the fine translation by Edward Fitzgerald, his best
known work is the exqdisite °‘‘Rubaiyat.”” it was first
produced in England as a pamphlet and offered at sixpence.
It didn't sell and was reduced to twopence. As there are
only three known copies left in existence you may imagine
what they are worth todayl

One of the best known verses runs as follows:

‘Here with a loaf of Bread beneath the Bough,
A Flask of wine. a Book of Verse and Thow
Beside me singing in the Wilderness

And Wilderness is Paradise enow.’

Home Ranio 4

g COMPONENTS
& N
Our “‘new look’ catalogue * )
is hot off the pressl Larger 3 "~
pages, many new items and & i
pictures. Now., more than
ever, it is a ‘“‘must” for

every keen constructor.

Full details of our popular
Credit Account Service are
given in the catalogue.

=
-
-
D

d

iy

)
1

b=V

POy
¥ e ras s me-

We hope that throws some fight on our cartoon. !f vou
read the poem you are bound to come to the conclusion

that O.K. Ijked his tipple — obviously a thoroughly

“‘good type.’

What's all this to do with Electronics? vou mav well
ask 111

Nothing really, but after all this is the Christmas
Number, so we should be able to let our hair down. In
any case we are suré you must already know that we
produce an excellent Components Catalogue which will
make interesting holiday reading for vyou, listing as it
does some 6,785 items (over 1,750 illustrated) and costing
only 75p including postage and packing, {only 55p if you
collect it). It aiso contains 10 vouchers (each worth
5p when used as directed). Are you convinced? No?
Well you'd better go out and buy Omar’s ‘‘Rubaiyat’’ instead!

POST THIS COUPON with your
cheque or postal order for 75 pence

] —_---—-—-q

Please write your Name and Address in block capitals

ﬁ}l

The price of 75g applies
only to catalogles pur-
chased by customers in the
U.K. and to BFPO addresses.
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USING THE F.E.T.

by
M. Harding

N e e e e e o o e o e o e e
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Some notes on the functioning of the field effect transistor,
together with a typical circuit application in which it may be
employed.

NE OF THE FIRST THINGS THAT ONE LEARNS ABOUT

the field effect transistor or f.e.t. is that it has

properties more like those of the thermionic valve
than those of the ordinary transistor.

The fe.t. is a voltage controlled device unlike the
conventional transistor, which is current operated. One
of the most important properties of the fe.t. lies in its
very high input resistance, although there are some other
useful features which will be brieily discussed.

The f.e.t. is by no means a new device, for if one goes
back to 1933 reference can be found to a patent taken
out by J. E. Lilienfeld concerning a field eftfect device
from which, in 1952, W. E. Shockley was able to
develop the first practical f.e.t.

INTERNAL CONSTRUCTION

In order to get to grips with any device it is necessary
to briefly consider its internal construction together
with its characteristic behaviour. In almost all accounts
about the f.e.t. various terms turn up which tend to give
the device a slight aura of mystery. Such terms are

‘depletion layer’ and ‘enhancement mode’. A brief

explanation of these aspects of the device will be given
in order to cnable the reader to make fullest use of the
device.

Fundamentally there are two types of f.e.t. in common
usage, these being

(a) the jugfer or junction gate fle.t.

(b) the igfer or insulated gate f.e.t.

This latter device is more commonly called the mosfer
or metal oxide silicon f.e.t., and therefore throughout the
288

rest of this article ‘mosfet” will be used to describe the
insulated gate type of f.e.t. For the most part we will be
concerned with the jugfet and will conclude with a
practical design for an a.f. buffer stage which illustrates
the way in which the f.e.t. characteristics may be
exploited. However, comparisons will be made with the
mosfet because of the importance of the latter device.

PRINCIPLES OF OPERATION

Fig. I(a) illustrates the basic structure of the jugfet.
Just like the ordinary transistor there are three electrodes,
but this time they are called the gate, source and drain.
The so-called channel is formed by the region of
semiconductor material connecting the source and
drain. In the diagram this is shown as being composed
of n type silicon and the device would be referred to as
an n channel fe.t. In fact just as we have p.n.p. tran-
sistors to complement n.p.n. types, reverse polarity or
p channel f.e.t.s also exist.

As shown in the diagram, with an n channel fe.t.
the gate region is p type silicon, and in this article only
n channel devices are considered.

It should be noted that both drain and source
contacts are non-rectifying or ohmic contacts and
therefore the current flowing between them is propor-
tional to the applied voltage across them.

As a useful guide it can be said that in general the
source is the common electrode, the gate the input
electrode and the drain the output electrode.

Like the thermionic valve the majority current
carriers in an n channel fe.t. are electrons and they

RADIO & ELECTRONICS CONSTRUCTOR
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Drain

Source p-n junction

n type channel

p type gate region

p type semiconductor substrate

(@)

Drain

n type drain region
Source

AN p type substrate

n type source region

L)

Fig. 1 (a).Basic construction of an ntype channe/
junction gate f.e.t.

(b).The n channel depletion mosfet

flow between source and drain - these electrodes being
very aptly named. It is interesting to contrast this situa-
tion with the ordinary transistor which uses two types
of current carrier, i.c. electronsand holes. inconscquence
the f.e.t. is often referred to as a unipolar device in
order to distinguish it from the ordinary transistor
which is then referred to as a bipolar device.

In normal operation the gate to source junction is
reverse biased and therefore the input impedance ¢an
be very high indeed, some hundreds of megohms. With
certain mosfets the figure can reach a million megohms:
The basic structure of a mosfet is iliustrated in Fig. 1(b).

To return to the jugfet we find that when the gate-
source bias is increased the so-called depletion layer,
in the region of the junction, extends into the channel
and effectively reduces its width. (A short discussion on
the depletion layer is included at the end of this article.)
Accepting that this depletion layer is encroaching into
the channel, the result 1s going to be a higher channel
resistance and therefore a smaller channel current flow
for a given potential between source and drain.

DECEMBER 1972

Ip
Drain
current
mA

Vps ( Drainfsource Voltage.."

Fig. 2.Typical drain current-voltage characters
istic curves for ajugfet .

His from this behaviour that the device gets its name,
since changes in the transverse clectric field of the
junction region produces changes in the channel
resistance. And so, we have a device which acts as a
voltage controtled resistance. If we put a load resistance
in serics with the drain we have a direct current
amplitier.

It is useful at this point to consider a graph showing
the relationship between drain current Id and drain-to-
source voltage Vds for three values of gate voltage. The
result for a wypical n channdl fe.t. is shown in Fig. 2.
Valve men will at once see the similarity between the
graph of Fig. 2 and the transfer characteristics of the
pentode. The graph relating the drain current to gate-to-
source voltage is shown in Fig. 3. For those with
mathematical inclinations it can be shown that this
characteristic has a square law relationship. This poirit

vp - Vgs (qﬁte /source .vo_n:agc)
( pinch off ) i

voitage )

Fig. 3.Curve showing drain current against gate
: voftage a
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is of som.e importance when the f.e.t. is used as a mixer
because it gives the device an excellent cross-modulation
characteristic. This graph is also useful in showing the
value of gate to source voltage required 10 completely
cut off the source to drain current. This last parameter
is called the pinch-off voltage Vp and varies, from device
to device, from between as little as 3V to about 10V,
Of note is the fact that some jugfets are symmetrical,
i.e. the drain and source are interchangeable, and the
appropriate circuit symbol is shown in Fig. 4(a).
However is should be noted that this symbol is some-
times used for a non-symmetrical jugfet and one should
not take too much for granted in this respect. Fig. 4(b)
shows the symbol which is normally used for a non-
symmetrical jugfet. Both Fig. 4(a) and 4(b) show n
channel devices. The arrow on the gate electrode is
reversed for p channel devices. The symbol commonly
used for the mosfet is shown in Fig. 4(c), a fourth lead
being attached to the substrate. Fig. 4(d) shows the

ORAIN
“ATE

SOURCE

(@)

DRAIN
SOURCE

(b}

DRAIN
SUBSTRATE
SOURCE

<)

DRAIN
CATLE SUBSTRATE
GATE

SOURCE

(d)

GATE

GATE

Fig. 4.Commonly employed circuit symbols.
Those in (a) and (b} are for symmetrical
and non-symmetrical jugfets respectively.
A mosfet is shown in (c) and a 2-gate
mosfetin (d). All devices are n type channel

symbol used for the dual gate mosfet, which has par-
ticular application in r.f. stages.

It should be realised that up to now we have been
discussing the depletion layer type of jugfet. The
depletion mosfet functions in the same manner as the
depletion jugfet. A thin channel of n material appears
between source and drain, and is affected by gate
potential in the same way. However, using the mosfet
technology it is also possible to produce an f.e.t. in
which the channel is not present between source and
drain until the appropriate gate bias is applied. This
type of f.e.t. is called an enhancement device and has
the useful property that it is normally non-conducting,
i.e. with zero gate voltage no source-to-drain current
flows. In fact it has to be turned on by the application
of suitable gate bias. The main field of application is in
the realms of logic circuitry because of the switch-like
characteristics coupled with the fact that in manu-
facture many hundreds of these devices may be crammed
onto a single chip of silicon. This means that complex
functions such as large shift registers, which are
encountered in computer engineering, may be built in
a single package. Medium Scale Integration (M.S.1.)
using bipolar transistors is, of course, already well
established but mosfets offer the possibility of producing
nearly all the electronics of say a digital voltmeter in
a single multilead package. This is called Large Scale
Integration (L.S.I.) and it is in this field where the
enhancement mosfet is really coming into its own, but
that's another story.

The proper symbol for the enhancement mosfet is
shown in Fig. 5(a) and a simplified versien of the same
thing, which is commonly encountered, is shown in
Fig. 5(b).

DRAIN
GATE J
1
SOURCE
(a)
DRAIN
SUBSTRATE
GATE
SOURCE
(b)

Fig 5 (a). Symbol for an enhancement mosfet
(b) Another symbol employed for this type

of f.e.t. An arrow may be added to the

substrate connection to indicate chan-

nel polarity, as in Figs. 4 (c}) and (d)
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SOME COMPARISONS

A lengthy discussion of the various attributes of the
two basic types of f.e.t. and ordinary bipolar devices
would be out of place but some important points must
be brought out.

It has already been pointed out that the f.e.t. has a
high input impedance which can be anything from 100 to
100,000 M shunted by 1 to 10 pF. The f.e.t. has an
output impedance similar to that of the bipolar tran-
sistor but, of course, the input impedance of the latter
device is more typically 1kQ shunted by a higher
capacitance. For a typical jugfet type MPF105, an input
capacitance of 4.5pF would be representative.

Looking at the mosfet we note that the device is
capable of handling large positive and negative input
swings without degredation of the input impedance due
to diode current loading——this is very useful when
a.g.c. is involved. Indeed the mosfet can offer a useful
low noise amplification up to 250MHz. ‘A typical
R.C.A. device type 40603 has a 24dB power gain at
100MHz. The reverse transfer capacitance for a mosfet
is typically 0.02pF compared with the jugfet 1.5pF.
Because of these features, together with the advent of
the dual-gate mosfet which features two separate
channels each having an independent control gate, the
mosfet is an attractive r.f. amplifier and mixer. Indeed
the dual-gate device has applications as product detec-
tors, balanced modulators and in colour demodulation
circuitry, and as a bonus no neutralisation is required.

On a practical note, static charges produced when
handling the device can cause permanent damage to the
mosfet gate insulation although most modern devices
have protection diodes connected to the gate to prevent
damage.

We can see that mosfets are an attractive proposition
to the designer of v.h.f. front ends and the like. Why do
we not see the jugfet in common usage as a Class A low
level amplifier more often than we do? If we consider
a widely used jugfet such as the 2N3819, then without
selection of devices one would have to compensate for
a 10 to 1 variation in drain current which, with a
self-biasing stage, is a bit tricky.

If we turn back to the jugfet’s high input impedance,
however, we find a very useful feature indeed. In general,
with very large values of source resistance the noise
performance of an f.e.t. can be better than that of a
transistor. From this it will be realised that with
transducers such as the ceramic or crystal pick-up type,
the f.e.t. could offer some useful advantages.

Armed with this information we will look at a practical
circuit for a buffer amplifier for use with a ceramic
cartridge.

PRACTICAL CIRCUIT

The simple circuit of Fig. 6 uses the jugfet in a source
follower configuration which is similar in many ways to
the emitter follower configuration given with bipolar
transistors. The input impedance is substantially
constant at 2M Q from 15Hz to beyond 20KHz and the
output impedance, with the 10uF coupling capacitor
C2, is 500Q at 1KHz. The voltage gain is just a little
less than unity and the stage will handle signal swings
of up to 2V peak to peak. The current consumption of
the stage is some 1.5mA but will vary somewhat with
individual f.e.t.’s dependent on manufacturing spreads.

The circuit is useful as a buffer stage between any
high impedance transducer such as a crystal microphone
DECEMBER 1972
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Fig. 6.Buffer amplifier for coupling a crystal
microphone or a crystal or ceramic pick-
up cartridge to an amplifier

or a ceramic cartridge. It is quite well known that these
devices need to operate into a high impedance if the
low frequency response is not to suffer. Because the
circuit of Fig. 6 is so sxmple the entjre array of com-
ponents may be assembled in close proximity to the
transducer; with a crystal microphone often within the
case of the mlcrophone itself. A simple Veroboard
layout is shown in Fig. 7 and, as can be seen, using the
0.15 matrix board, the entire circuit less the battery only
occupies a square inch or so.

+ 9V ]

veroboard (O+15” matrix)

Fig. 7. The components for the buffer amplifier
may be mounted on a piece of Veroboard
about 1 .in. square. This diagram shows the

component side of the board
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The output impedance is low, as already stated, and

therefore the output signal may be passed along quite
. a long length of cable without hum problems.

On a practical point, it should be noted that the
usual heat shunt was applied when soldering the f.e.t.
into circuit and, as an added precaution, the iron was
unplugged from the mains supply to ensure that high
static voltages were not inadvertantly applied to the
gate. This is a ‘rather be safe than sorry’ tactic and with
jugfets is usually unnecessary.

DEPLETION LAYER

Before, concluding, let us deal briefly with the all-
important depletion layer, since this facet of transistor
physics is not always fully understood.

What happens when p and n type materials are in
close contact? If we take separate p and n type crystals
and make their sufaces as flat as possible and then press
them together the desired results expected of a p-n

junction are not obtained. Instead both parts have to-

be grown in one crystal and opposite impurities intro-
duced so as to form zones with a junction between them.
With no external connections made to the zones,
electrons in the n zone cross the junction into the p zone,
which is almost void of electrons. Similarly holes in the
p zone diffuse into the n zone. Both of these migrations
form a conventional positive current flow from p to n.
A so-called ‘potential barrier” is formed and a balance
is established when the barrier is just sufficient to
counteract the tendency to diffuse. The important bit is
that we now discover that the migrating charges un-
cover, as it were, fixed ions—the atoms of impurities in
the crystal lattice which have an electron each too many
or too few. Therefore, at the junction a thin layer with
fewer mobile charges than elsewhere exists. In conse-
quence in the neighbourhood of the junction there is a
small surplus of fixed charges which constitutes the
depletion layer. In a conventional bipolar transistor the
layer is only thousandths of a millimetre thick but in
the f.e.t. it is the growth of this layer into the channel
which gives the device its fundamental properties. W

SWITCH

ABBREVIATIONS

There is, inevitably, a continual
flow of newcomers to the hobby
of radio construction, and it behoves
the more experienced amongst us to do
the courteous thing every now and
again and explain points that to the
initiated are obvious, but which are
nevertheless very confusing for the
novice.

One of the matters which perplex
beginners has to do with the abbrevi-
ations employed for switches. These
components are often referred to by
the abbreviations *d.p.s.t.” and the like,
and for those who are not in the know
these references can be mystifying, to
say the least.

The four switch descriptions which
are presented in abbreviated form are
‘s.p.s.t’, ‘sopdt’,  ‘dops.t”  and
‘d.p.d.t.’. The letters ‘s.p.s.t.” stand for
‘single-pole single-throw’ and they
refer to a switch which has two con-
tacts only. On one position of the
switch these contacts are open whilst
on the other position of the switch
they are closed. That simple on-off

.

electric light switch on the wall is an’

s.p.s.t. switch.
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The abbreviation ‘s.p.d.t.” means
‘single-pole double-throw’. This app-
lies to a switch whose arm (the moving
contact) connects to one fixed contact
in one position and to another fixed
contact in the alternative position. A
switch of this nature is also frequently
describéd as a ‘changeover’ or ‘c.0.’
switch.

Some switches have two separate
arms insulated from each other which
move together as the switch is actuated,
and these are the double-pole types.
The contraction ‘d.p.s.t.’ stands for
‘double-pole single-throw’. In one
position the two arms connect to two
separate fixed contacts whilst, in the
other position, both sections of the
switch are open. Finally, ‘d.p.d.t’
refers to ‘double-pole double-throw’.
A d.p.d.t. switch is merely two s.p.d.t.
switches ganged together, as it were.

‘These abbreviations are normally
applied only to toggle and slide
switches. They may occasionally be
applied to simple 2-position rotary
switches if these carry out the corres-
ponding switching action. Normally,
however, rotary switches offer more
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complex functions, and these are
referred to by such terms as ‘3-pole
4-way’ and so on. A 3-pole 4-way
rotary switch has 3 moving arms and
4 positions.

A very popular type of switch is the
miniature rotary model having 12
fixed contacts. These switches are
mass-produced and individual versions
have variations in the moving arm
section and in the stop mechanism
which limits spindle rotation. All
versions of the switch have the 12
fixed contacts, whereupon the switches
are made up to employ all these and
arc available as 1-pole 12-way, 2-pole
6-way, 3-pole 4-way and 4-pole 3-way.
Because of their low price it is often
economic to employ miniature rotary
switches in circuits where not all the
poles (or arms) are used. Thus, if one
required a 2-pole 4-way switch, one
could use a 3-pole 4-way miniature
rotary switch and merely make con-
nections to two of the poles and their
fixed contacts only. The remaining
pole and fixed contacts are simply
ignored. -

RADIO & ELECTRONICS CONSTRUCTOR

.


www.americanradiohistory.com

P.C.B. MARKING PENS

Decon Dalo P.C.B. Marking Pens, until now sold in dozens, and there-
fore restricted more to the larger electronics companies, are now available
in half-dozens and single units, making them ideal for the smaller
engineering department and laboratory engaged in small-scale and
prototype p.c.b. production, and for the home amateur.

Model 33PC is a nylon-tipped marker pen that applies an etch-resist
ink to copper laminated board, in line thicknesses down to 4 in.
A spare nylon tip in the body of the pen can be trimmed by blade for
even finer work. The attractive point about this method of working is
the time and trouble it saves — no masking or taping is necessary. Simply
draw the desired circuit, and after a few minutes drying time the ink
tracks are impervious to ferric chloride and all normal etchant solutions.

‘The new small-quantity prices are £3.85 including postage for a box
of six pens; £1.00 post-paid for single orders (cash with orders for one-
off). Decon will quote separately for larger orders and can now arrange
to print customers’ own names on the pen barrel, making them an ideal
agency line or Christmas gift. Details from Decon Laboratories Ltd.,
Ellen Street, Portslade, Brighton, BN4 1EQ.

DEMAND FOR NEW BRAND OF COMPACT CASSETTES

Fraser Peacock Associates Limited, the Wimbledon

-

based audio-visual organisation have announced that
demand for the range of compact cassettes which the
company launched three months ago has ‘“exceeded
everyone’s most optimistic forecasts”.

The cassettes are available in 60, 90 and 120 minutg
versions.

David Tuckman, a director of Fraser Peacock
Associates, said: "It was a logical development for us
to go into our own brand compact cassettes since an
increasing part of our business over the last few months
has been in the tape duplicating field. Our cassettes
do have a tremendous price advantage, and they are
also fully guaranteed™.

ELECTRONICS KIT FOR STUDENTS

Limrose Electronics have announced their new
Electronics Kit which has been specially developed to
meet the requirements of the Nuffield ‘A’ Level Physics
course,

The kit consists of a number of modules which can
be plugged into each other in any order and carry their
own power rails. Some of the modules can accept other
modules in both directions which is particularly useful
in setting up large experiments. Electronic components
are mounted on the front panel so that students can see
how the circuits they are using have been constructed.
The modules can be supplied either in kit form or fully
assembled. The modules are housed in sturdy wooden
cabinets and are robust enough to withstand considerable
misuse both electrically and mechanically.

All modules measure 12dmm x 124 mm x 50mm
and require 4mm patch leads fro making interconnections.

In addition to the Basic Unit, Lamp Indicator, Switch
(contact-bounce free), AND Gate, Multivibrator, Bistable
and Beam Splitter Modules required to make up the
Nuffield Starting and Working Kits, a number of
extension modules such as Digital Readout, Triple
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Lamp and Binary Counter are available.
Prices are from £2.00 for the Lamp Indicator module
to £7.50 for the Digital Readout module in kit form.
Further information from Limrose Electronics Limited,
8-10 Kingsway, Altrincham, Cheshire, WA14 1PJ.

o
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D.C.

VOLTMETE

by G. A. FRENCH

HE DEVICE WHICH FORMS THE
T subject of this month’s ‘Suggested
Circuit’ article is a d.c. voltmeter
having a sensitivity of 200kQ-per volt.
This is, of course, a much higher sensi-
tivity than is provided by a standard
testmeter, and it corresponds to a
current, at full-scale deflection, of S5pA.
A feature of the circuit is that it can be
made up, in one version, with standard
5% resistors in the input section. It
incorporates a readily obtainable inte-
grated circuit operational amplifier.

CIRCUIT PRINCIPLE

To appreciate the basic manner in
which the voltmeter functions it will be
helpful to commence by examining
Fig. 1(a). This diagram shows an
operational amplifier, depicted by the
triangle, with connections applied to it
under theoretical conditions. The in-
verting input is identified by a minus
sign and the non-inverting input by a
plus sign, whilst the output appears at
the right-hand apex of the triangle. R2
is a resistor applying negative feedback
to the inverting input of the op-amp
and R1 is a resistor in series between
this inverting input and the input’ to
the complete circuit. It is assumed that
the source of input voltage has zero
internal resistance. Under these con-
ditions the voltage gain offered by the
complete circuit is R2 divided by R1.

In Fig. 1(b) we use the circuit of
Fig. 1(a) to function as a voltmeter.
Across the output from the op-amp
is connected a current reading meter
in series with a pre-set variable resistor,
the pre-set resistor being set up such
that the meter reads full-scale deflec-
tion when the voltage at the op-amp
output is 1 volt. R2 and RI are given
the values shown. Since both these
resistors have the same value, R2
divided by R1 becomes equal to unity,
and the voltage gain of the complete
circuit is similarly unity. If, therefore,
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Fig. 1 (a). Basic operational amplifier circuit with feedback
(b). Amplifier circuit offering a voltage gain of unity
(c). Anamplifier whose voltage gain is one-half
(d). Here, the voltage gain is one-quarter

(d)
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we apply a voltage of | volt to the
input, the output will also be 1 volt,
and the meter will read full-scale
deflection. The polarity of the input
voltage is such that the upper input
point is positive. Since this point is
coupled to the inverting input of the
op-amp, the op-amp output will be
negative. This output polarity corres-
ponds with the polarity ascribed to
the meter in Fig. 1(b).

We turn next to Fig. 1{c), in which
the conditions are the same as before,
except that R1 has been increased to
400kQ. R2 divided by R1 and, hence,
the voltage gain of the circuit, is now
one-half, and it follows that an input
voltage of 2 volts will causc an f.s.d.
reading to be given in the meter. In
Fig. 1(d) R1 is increased to 800kQ,
whereupon the gain of the complete
circuit becomes equal to one-quarter.
The input voltage which produces f.s.d.
in the meter is now 4 volts.

It will be obvious that we have, in
Figs. 1(b), (c) and (d). an embryo
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voltmeter having a sensitivity of 200kQ
per volt. As has been demonstrated,
the voltmeter is capable of giving an
f.s.d. reading for any input voltage
provided that the value of RI, in
kilohms, is 200 times that voltage. A
further point which may now be taken
into consideration is that the inverting
input of the op-amp is a ‘virtual earth’,
since its potential varies by a negligible
amount despite large shifts in the
input voltage applied to the complete
circuit. The circuit becomes, in con-
sequence, a true voltmeter because the
right hand end of R1 terminates in a
point which is, to all intents and pur-
poses, connected to the lower input
terminal by zero resistance. The circuit
responds, nevertheless, to the current
which flows in R1, and this current is
the applied voltage divided by R1.

It is assumed here that, for zero
input and zero output voltage, the
inverting input of the op-amp is at the
same potential as the non-inverting
input. In practice there is a small
offset voltage but, with the integrated
circuit which is employed in the practi-
cal version, this is of the order of a few
millivolts only, and should not notice-
ably influence circuit operation.

Brief mention of a minor point of
detail may be included here for the
benefit of newcomers to voltmeters of
this nature. It was said, when Fig. 1(d)
was discussed, that an applied voltage
of 4 volts results in an f.s.d. reading in
the meter. An input voltage of 2 volts
will result in a half f.s.d. reading, and
an input voltage of 1 volt will give a
reading of a quarter of f.s.d. Thus, the
arrangement of Fig. 1(d) is capable of
measuring all voltages up to 4 volts.
Similarly, the arrangement of Fig. 1(c)
can measure voltages up to 2 volts and
that of Fig. 1(b) voltages up to 1 volt.

Returning to the main theme, we
may next consider R2. At first sight it
might appear that this needs to be a
close tolerance component, but such is
not the case and a standard 59 resistor
will be quite suitable here. If the
resistor employed happens to be, say,
on the upper limit of its tolerance, at
210kQ, all the gain figures shown in
Figs. 1(b), (c) and (d) become muiti-
plied by a factor of 210 divided by 200.
This discrepancy is taken up, quite
simply, by adjusting the variable
resistor in series ‘with the meter
accordingly. The variable resistor now
becomes a ‘Calibrate’ component. The
circuit of Fig. 1(b) could then be used
to set it up, a known voltage of 1 volt
being applied to the input of the com-
plete circuit and the variable resistor
then adjusted to give an f.s.d. reading
in the meter. The circuit will still, under
these circumstances, give its 200k per
volt performance. It is possible, even,
to dispense with close tolerance
resistors in the R1 position, the
variable resistor in series with the meter
being again adjusted to take up any
discrepancies introduced thereby. This
point is discussed at the end of the
article, when a second version of the
input circuit is discussed.
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A final design point is concerned
with that fact that it has been assumed
up to now that the device, functioning
as a voltmeter, gives an f.s.d. reading
in the meter when the output voltage
from the op-amp is nominally 1 volt.
This assists in the explanation because
it enables simple figures to be em-
ployed. But it would be possible to
adjust the variable resistor in series
with the meter to a setting which gave
an f.s.d. reading for 0.5 volt, 2 volts,
5 volts or any other voltage, within
reason, at the output of the op-amp.
The complete circuit would still be
capable of functioning as a voltmeter
although, of course, it would then be
necessary to recalculate the value of
R2 to obtain an input sensitivity figure
of 200k Q per volt. It so happens, how-
ever, that in addition to easing the
description of circuit operation, the
nominal | volt figure represents a
satisfactory practical value to work to,
and it also enables a simple meter
protection circuit incorporating two
silicon diodes to be employed.

WORKING CIRCUIT

The full working circuit of the
voltmeter is given in Fig. 2. In this
diagram R1 of Fig. 1 is replaced by
whichever of R1 to R4 is switched in
by the Range switch St. R2 of Fig. 1
reappears in Fig. 2 as R7. The pre-set
variable resistor and meter are now
given by VR2, R8, R9 and ML The
two silicon diodes just mentioned are
D1 and D2.

The integrated circuit is an ML741C
and the numbers around ite outline
correspond to the 14 pin dual-in-line
tag layout shown in the inset. Pin 4
of the i.c. is the inverting input and pin
5 the non-inverting input. Pin 11 is the
connection for the positive supply and
pin 6 is the connection for the negative
supply. The similarity with Fig. 1
becomes very noticeable when it is
remembered that the only major
change introduced in Fig. 2 is the
introduction of the battery supply
which, of course, the i.c. must have in
any case if it is to operate. The non-
inverting input at pin 5 is not now
returned to the ‘zero line’ as in Fig. 1,
but to the potentiometer given by R5,
VR1 and R6 connected across the
supply lines. VR1 is the Set Zero
control and it is adjusted for a zero
reading in the meter when there is no
input voltage at the test terminals,
thereby causing the circuit to be
balanced and taking up such things as
differences in the voltages of the two
batteries.

S1 provides four ranges, these being
0-1V, 0-2.5V, 0-10V and 0-25V. The
corresponding series input resistors
have values of 200kQ, 500k, 2MQ
and 5MQ respectively. These values
are each 200kQ multiplied by the f.s.d.
voltage figure of the corresponding
range. Should it be desired to have
ranges in the series 0-1V, 0-3V, 0-10V,
etc., the series resistor for the 0-3V
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741 8-pin DIL.
(top view)

Fig. 2. Complete working circuit of the integrated circuit voltmeter

741 14-pin DIL.
(top view)

range would be 600kQ. Any other
ranges within reason can be incor-
porated by employing the appropriate
multiplying factor for the series resist-
ance required. In this version of the
input switching circuit the series
resistors should all have a tolerance
of 1%.

In the meter section, djodes D1 and
D2 provide protection when the
voltage across the meter and R9
approaches the voltage at which
forward conduction in the diodes takes
place.

The ML741C integrated circuit was
obtained from Henry’s Radio, Ltd., by
which firm it is advertised as a ‘741C
(DIL)'. This i.c. has the 14 pin dual-in-
line pin configuration shown, the
rectangular identifying point between
pins | and 14 being replaced by a paint
dot. Other integrated circuits of the
741 type, such as SN72741, nA741,
etc., could be employed instead, but it
should be mentioned that the author
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has only checked the circuit with the
i.c. obtained from Henry’s Radio.
Some versions of the 741 are available
in 8 pin d.i.l. and the tag layout of this
type is included in Fig. 2. Note that
both tag layouts are top views, with the
pins pointing away from the reader.
The 741 is a development from the
earlier 709 op-amp, and it is a particu-
larly useful i.c. for amateur experi-
mental and constructional projects
since it has its own internal compens-
ation and does not require any external
capacitors to maintain stability. (‘Com-
pensation’ defines the process where
capacitance is employed to prevent
instability in an i.c. due to excessive
amplification at high frequencies). As
will be seen from Fig. 2 it is necessary
to make only five connections to the
i.c. Also, the only components external
to the i.c. are those which are directly
involved in voltmeter operation. It is,
incidentally, possible to obtain fine
control of offset voltage by suitably
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connecting a potentiometer to the two
‘offset null” pins, but this is not
needed in the present design and no
connections are made to these pins.

COMPONENTS AND
CONSTRUCTION

Of the components, the series input
resistors and the integrated circuit have
already been discussed. VR is a panel-
mounted potentiometer, whilst VR2 is
a pre-set skeleton component. S2(a)
(b) should be a double-pole toggle
switch. The current drawn from each
battery is 2mA only, and any small 9
volt batteries can be employed. They
should be of the same type and both
should be discarded at the same time
when exhausted. The voltmeter should
not be operated with one battery new
and the other nearly exhausted.
Diodes D1 and D2 can be any small
silicon diodes or rectifiers. The author
employed 1N4002’s, which happened
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to be on hand. e

All the components may be housed in
a small case with VR, S1, S2, M1 and
the test terminals on the front panel.
Wiring layout is not critical provided
that R7 is fitted close to the i.c., and
the i.c. output lead does not too closely
approach the wiring to the two ic.
inputs. The connection between the
junction of R8 and RY and the junction
of the positive lead-out of DI and the
negative lead-out of D2 should be of a
temporary nature, as it is broken
during the process of calibration. The
author found it helpful to employ a
d.i.l. holder for the i.c., wiring this up
first and then inserting the i.c.

Calibration of the completed unit
consists of checking it against another
voltmeter, using the method shown in
Fig. 3. In this diagram, the potentio-
meter should have a value which
causes some 5 to 10mA to flow
through its track. Thus, with a 12 volt
battery the potentiometer could have
a value of 2kQ. Any suitable range is
selected by S1 and the i.c. voltmeter is
then switched on with VRI slider at
mid-track. VR1 is next adjusted for
zero reading in the meter with the two
test terminals short-circuited, The test
terminals of the i.c. are then applied to
the potentiometer shown in Fig. 3,
after which that potentiometer is
adjusted to give the f.s.d. value of the
range selected, as indicated by the
monitoring voltmeter. VR2 is then
adjusted for f.s.d. in the i.c. voltmeter.
After one range has been set up in this
manner, all the other ranges will be
correct.

Next, the i.c. voltmeter is switched
off and DI and D2 arc disconnected
from RY and M1 as indicated in Fig. 2.
The i.c. voltmeter is then switched on
again. If the meter gives the same
reading as before, all 1s well, and no
further action is required other than
the permancnt connection of DI and

2 into the circuit. If on the other
hand, the meter gives a higher reading
with DI and D2 disconnected, the
value of RY will have to be reduced
experimentally until D1 and D2 have
no effect on meter reading. Each
change in the value of R9 necessitates
a re-setting of VR2. The check with D1
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Monitoring voltmeter

Fig. 3. The set-up required
for calibration
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v
and D2 is desirable because a few
0-100pA meters have relatively high
internal resistance, and the ‘voltage
dropped across the meter and Rl
may conceivably just fall within the
level at which some diodes commence
to pass forward current. It is im-
probable that this effect will be present
in most units made up to the circuit,
but it is worthwhile carrying out the
check nevertheless.

ALTERNATIVE INPUT CIRCUIT

As was mentioned earlier, it is
possible to dispense with close toler-
ance resistors in the input circuit, as
discrepancies from the nominal resist-
ance can be taken up by adjustment of
the Calibrate potentiometer, VR2. An
alternative input circuit employing 5,
fixed resistors is illustrated in Fig. 4,
The three pre-set potentiometers in
this circuit may all be skeleton types.

The circuit of Fig. 4 is set up by

voltage range, since this means that
the pre-set potentiometers will then,
assuming a reasonable choice of
ranges, be required to have values of
IMQ or less.

1t should be mentioned that it may
be a little difficult to obtain close
tolerance 1°, resistors having values
higher than IMQ, whereupon some of
the resistors in the input circuit of
Fig. 2 will need to be made up of a
number of single close tolerance resis-
tors in series. The alternative input
circuit of Fig. 4 may, in consequence,
be more attractive than that of Fig. 2,
even though it does require three pre-
set potentiometers.

The experienced constructor with a
good stock of resistors may be able to
make up the lower range series resistors
in Fig. 4 by experimental selection, if
necessary ‘trimming up’ individual
resistances by inserting small value
resistors in series. This process dis-
penses with the pre-set potentiometers.

S5Mn

AAAAA
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U | 5
W 390kn  250kn
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Fig. 4. An alternative input circuit which does not require close
tolerance resistors

To IC.pin 4

Sy ranges: | O-iV
2 O-25v
3 0-10V
4 0-25v

selecting Range 4 and connecting the
unit to a source of voltage, monitored
by another voltmeter as in Fig. 3,
which is equal to f.s.d. value (i.e. 25V)
on this range. VR2 is then set up for
full-scale deflection in the meter. The
test voltage is then reduced to the f.s.d.
value for Range 3, Range 3 is sclected,
and the pre-set potentiometer in the
Range 3 input circuit adjusted for an
f.s.d. reading. The process is repeated
with Range 2 and Range [. after which
the setting of the voltmeter is complete.

With the input circuit of Fig. 4, the
input resistance of the i.c. voltmeter is
not exactly 200kQ per volt but only
nominally so. If it should happen that
the 5MQ resistor is on the lower limit
of its tolerance, at =59, then the input
resistance is 200k —-5¢, per volt.

If ranges other than those shown in
Fig. 4 are to be used, the values shown
in this diagram may be changed
accordingly. The single fixed series
resistor in the input circuit should be
that which is selected on the highest

www americanradiohistorv com

RESULTS WITH THE
PROTOTYPE

The prototype circuit gave an
acceptable performance with good
linearity over each range. It was found
that the Zero Set control did not
have to be re-set frequently, this being
particularly the case when the batteries
had settled down to a steady voltage,
as opposed to the high voltage given
in the brand-new state. Although it is
preferable to have the test terminals
short-circuited when adjusting the
Zero Set control, it was:found that
this was not essential and that the
meter reading remained at zero after
the short-circuit had been removed.
This indicates a high level of basic
stability in the circuit, a factor which
is not always evident in what are
sometimes described as ‘electronic
voltmeters’. .

As was stated earlier, the current
drz?wn from each battery was 2mA
only.
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EMI LOCIC PROBE CHOSEN AS STANDARD TEST DEVICE FOR

The LP 500/1 probe is pictured here
in use during final testing of the data
processing units at the division’s
Hayes, Middlesex, plant.

Following its introduction 18
months ago, EMI’s 5 volt logic probe -
the type L.P.500/1 - has now entered
service with the Royal Navy under
NATO number 6625-99-119-2584.
The probe has been specified as stand-
ard test equipment for use with data
processing equipment fitted in RN
ships.

Both the probes and data processing
units are being manufactured by EMI
Electronics’ Radar & Equipment
Division, Hayes, Middlesex, and form
part of a special purpose range of
equipment covered by contracts with
EMI totalling over £1 million.

Designed for testing DTL and TTL
circuitry, the LP.500/1 probe can
detect seven different types of logic
signal, including the important ‘open
circuit’ condition, which are identified
by the lighting sequence of the probe’s
opal lame. The 18cm long device
enables rapid functional tests to be
carried out without the need for
expensive test equipment such as

ROYAL NAVY USE

oscilloscopes. In many instances, the
probe can be used to trace faults in
less time than by employing an
oscilloscope.

The EMI probe distinguishes be-
tween logic |, logic 0, open circuit,
+ve going pulses, —ve going pulses,
square waves below IMHz approx
and pulse trains (including square
waves) with a pulse recurrence fre-
quency above IMHz approx. It can
be powered by the equipment under
test, from a 4.5V battery or from a
standard bench power supply.

To check that the probe is operating
correctly, the ‘open circuit’ indication —
a steady light for a.c. mode and a
flashing light for d.c. - remains on
until effective contact is made with the
circuit under test. The device is pro-
tected against overload from input
voltages up to + 100V and no damage
can result from supply polarity
reversal.

NEW SOUND LEVEL

- A Code of Practice for reducing
the exposure of employed persons to
noise has recently been announced
by the Department of Employment.
To coincide with this important
publication, which affects every noisy
factory and office in the country,
Dawe Instruments Limited, the lead-
ing British Manufacturer of noise
measuring equipment, announce a
new instrument, the Type 1405C
Sound Level Meter, as a further
addition to the already established
and widely accepted Dawe range.
The Sound Level Meter Type
1405C provides a direct reading of
sound level over the range 34dB to
130dB(A). The instrument consists of
a ceramic microphone, weighting
network, attenuators, high-gain am-
plifier, and an indicating meter. The
highly stable and robust microphone
is substantially non-directional ; ageing
-and temperature effects are negligible.
The internationally standardised
A-weighting frequency response is
used because it provides measure-
ments which correlate best with sub-
jective noise ratings and is widely
recommended for measurements rele-
vant to hearing conservation and noise
annoyance checks.
The instrument is battery powered,
giving a typical operational life of

80 hours. The complete unit, with _
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battery, weighs less than 2Ib and may
be easily held in one hand. A carrying
case is available as an optional extra.
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IEE TRAVELLING
SCHOLARSHIP

An IEEE travelling scholarship of
£300 is offered for visit(s) to foreign
electrical or electronic research or
manufacturing establishments by a
postgraduate student.

The purpose is to promote an
exchange of research and technological
ideas and to foster a closer relationship
between young engineers in different
countries.

Candidates must submit a pro-
gramme for their visit(s) by 3lst
December 1972, and the award will
be made to the candidate whose
programme is judged most likely to
promote the objects of the scholarship.

The scholarship is financed by the
UK and Republic of Ireland Section
of the Institute of Electrical and
Electronics Engineers, which is acting
in collaboration with the Institution of
Electrical Engineers and the Institution
of Electronic and Radio Engineers.
Entrants must be Student or Graduate

Members of one of these three
institutions.

Further informaiion and entry
forms from:

Prof. C. W. Turner

Dept. of Electrical & Electronic

Engineering
King’s College
Strand

London WC2R 2LS.

RADIO & ELECTRONICS CONSTRUCTOR
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COMMENT

ELECTROVALUE EXPANDS

David Longland started Electro-
value seven years ago, running his
business from his home in Ascot.
Before long he moved to comparatively
larger premises, where in a partitioned
off corner of somebody else’s work-
shop, he took on staff and produced
his first catalogue. Business increased
and when a butcher’s shop in Engle-
field Green became vacant, he moved
in. More staff was taken on, and a
teleprinter and a microfilm system
were then installed. Now orders are
individually microfilmed and the cus-
tomer’s original order returned with
the goods for him to check for himself.

Electrovalue next installed an elab-
orately programmed full-size com-
puter, programmed to provide stock
control and processing information
for instant stock position details and

forcasting forward renewal require-
ments. Now with Electrovalue’s latest
catalogue packed with thousands of
different items, the computer’s services
have become vital.

Electrovalue’s latest 96  page
catalogue, No. 6 already in its 3rd
printing, is typical of the thoroughness
with which the company operates. It
includes 1.C. circuit and connection
diagrams, semi-conductor outlines and
considerable technical information, it
is a most useful handbook for the
home constructor as well as full time
electronics worker; the catalogue now
includes a purchase refund voucher
for the 25p it costs to buy. Everything
is brand new and sold in accordance
with manufacturers’ specifications.

Today, Electrovalue service custom-
ers all over the world, and behind the

facade of what appears to be a little
village shop at 28 St. Judes Road,
Englefield Green, Egham, TW20 OHB,
is a complex specialist organisation
geared, by use of some of today’s most
modern methods, to give good service
to everyone.

UK 2M BAND PLAN

A special meeting of the RSGB VHF Committee
was held on 11th October at which The Short Wave
Magazine and the RSGB Raynet and Mobile com-
mittees were represented.

Subject to the approval of Council of RSGB, it was
agreed to recommend that the following band plan
be adopted:

(a) the existing UK 2M band plan as published
should be retained i.e. with specified geographical
Zones and Mode frequencies.

(b) the following FM channels should be added to
the band plan: '

Zone A FM Working 144.40 MHz
Zone B FM Working 144.80 MHz
Zone C FM Working 145.20 MHz
Zone D FM Working 145.60 MHz
FM Calling — National 144.48 MH:z

It was agreed to leave open the question of repeater
channels until the end of the one-year experimental
period with GB3PI currently operating on 145.15/
145.75 MHz in conformity with the Region1 Band Plan.

Those who have submitted views to the Committee
are thanked for their valuable contributions. These
were used as the basis of the discussion.

QUOTE

“The BBC is an institution — a great institution,
which can still to-day both inspire deep loyalty and
provoke strong criticism. It has moved a long way
from ‘the Reith Era’, ‘the Golden Age of Radio’ and
the days of ‘Auntie’. It has even moved on from
pastures ‘greene’ and is tackling new horizons in this
immensely challenging age.” —Sir John Eden

DECEMBER 1972

IN BRIEF

® A new “Guide to Enthoven Solders & Fluxes" is
now available upon application, from Enthoven
Solders Ltd., Dominion Buildings, South Place,
London, EC2M 2RE. It is designed as a “Pocket
Guide” for reseach and production engineers.

@ Following full stability tests, the Post Office has
accepted the Ferranti microwave telecommunications
equipment linking the Isles of Scilly with the mainland.
@ Levell Electronics Ltd of Moxon Street, Barnet,
Herts, have added to their range of portable electronic
instruments a D.C. Microvoltmeter type TMIO0.

@ A.P.T. Electronic Industries Ltd, of Byfleet, Surrey,
have produced a two-page leaflet on their new TRU
range of d.c. power supplies.

@ A new inexpensive magnetron announced by
Mullard has been developed for use in low-cost,
small-boat radar equipment. Type YJ1390, it operates
with a low anode voltage of only 2kV.

CoNSTRUCTOR
SOLD
HERE

o _

No Sir, as far as | know there is no publicatioh
called Radio & Electronics Destructor
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HIGH-GAIN SILICON
REFLEN RECEIVER

by
G. W. Short

A sensitive 2-transistor receiver which requires few components
and which can be adapted for a wide range of speaker impedances -
and battery voltages.

FEW YEARS AGO THE ‘RADIO CONSTRUCTOR’ PUBLISHED
A the writer’s design for a simple but effective reflex

t.r.f. receiver using silicon planar transistors. This
proved to be a reliable circuit with a good performance.
Several modifications have appeared, including a low-
consumption version for use with a crystal earpiece and
a version with an f.e.t. input stage.*

The receiver described here is a new and improved
version of the original circuit. Like the original, it has
been kept very simple and straightforward. Nevertheless,
it has proved possible to obtain a very useful increase
in r.f. gain, and to provide enough audio output for
low-volume loudspeaker listening indoors. The new
circuit works from a 3 volt battery and is easily adapted
to other voltages. :

CIRCUIT DETAILS

Referring now to the circuit diagram, which is shown
in Fig. 1, the heart of the receiver is a 2-stage amplifier
with direct coupling between stages and d.c. negative
voltage feedback to stabilize the operating conditions of
the two transistors. Each transistor operates as a
common-emitter amplifier to both a.f. and r.f. signals,
giving very high overall gain.

R.F. signals picked up by the ferrite rod aerial L! are

* G. W. Short, “Silicon Transistor Reflex T.R.F.”, The
Radio Constructor, January 1968; G. W. Short, “Milli-
watt’ Silicon Reflex T.R.F. Receiver”, The Radio
Constructor, September 1969; A. W. Whittington,
“F.E.-T. Reflex Receiver”, The Radio Constructor,
August 1971.

300

stepped down and applied to the base of TR1 via L2,
whose lower end, in the circuit diagram, is earthed to
r.f. by C2. At the output of the 2-stage amplifier the r.f.
signals are picked out and stepped up in voltage by an
r.f. transformer (L3, L4) and applied to the detector D1,
this being a point-contact germanium diode. The audio
signals which appear across the detector load R4 (which
is also the volume control) are fed back to TR! and are
then amplified by both transistors before application to
the directly driven 75Q loudspeaker.

A d.c. bias is applied to the diode by RS, which bleeds
a little of the emitter current of TR2. Negative feedback
at d.c. is taken via R4 from the emitter of TR2 to the
base of TR1.

CONSTRUCTION

There is nothing special about the ferrite rod aerial
and tuning capacitor C1. The prototype employed, a
300pF Jackson Bros. ‘Dilemin’ tuning capacitor. This
covers the medium wave band when LI consists of
about 70 turns of 5/46 litz wire close-wound on a paper
former at the centre of a 4in. by #in. ferrite rod. The
secondary winding has 4 turns of insulated wire wound
over the earthy end of L1. The precise gauge of wire is
not important. (A suitable rod is available from Ama-
tronix Ltd., 396 Selsdon Road, S. Croydon, Surrey,
CR2 0DE. The same company also stocks wound rods .
to suit a 300pF tuning capacitance, but the secondary
has too many turnsfor this receiver and six turns shoiild
be removed.) e

The r.f. transformer L3, L4 is made by winding 50
turns of 32 s.w.g. enamelled, silk or cotton insulated
wireon top of the existing winding of a 2.5mH r.f. choke,

RADIO & ELECTRONICS CONSTRUCTOR
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/-:ig. 1. The circuit of the high-gain silicon reflex receiver

COMPONENTS

Resistors :
(All fixed values 15 watt 10%)
R1 3.3kQ
R2 1.2kQ
R3 68Q
R4 10kQ potentiometer, log track
RS 22kQ :
Inductors
L1,L2 Win)dings on 4in. X 3in. ferrite rod (see
text
L3 Overwind on L4 (see text)
L4 R.F. choke type CH1 (Repanco)
Semiconductors
TRI SFI115
TR2 BC169C
Dl 0A90

Capacitors

Cl

Tuning capacitor, to suit L1 (see text)

C2 0.1uF

C3 0.1uF (see text) .

C4 320uF electrolytic, 2.5 V.Wkg.

C5 0.01uF ]

C6 125uF electrolytic, 4 V.Wkg. (see text)
Switch

S1 s.p.s.t. switch (may be ganged with R4)
Loudspeaker

LS1 75Q approx. (see text)
Battery

BY1 3 volt battery

DECEMBER 1972
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Overwind: 50 turns
32 swg e.ss. wire
(L3)

Original RF. choke winding
(La)

Ferrite core

Leads dressed for connection
Fig. 2. Making up the r.f. transformer. L3, [ 4

Repanco type CHI1. See Fig. 2. Do not use a different
kind of choke — it may not be suitable for the present
purpose. The gauge of wire used for the added 50-turn
winding is not important and any moderately fine
insulated wire may be used. The winding may be
‘scramble-wound’.

A wiring diagram is given in Fig. 3. Apart from L1,
L2, all the components may be fitted to a small piece of
insulating material fitted with a front panel, on which
are mounted C1, R4 and S1. The components may be
anchored to metal pins or tags at the positions indicated.
For clarity, the transistors are omitted. The layout of the
circuit should follow the circuit diagram and it is most
important, in view of the high r.f. gain, to keep the
output clear of the input or else screen the relevant
portions.

A convenient means of providing the 3 volt supply
consists of employing an Eagle battery holder type BH2,
in which are fitted two U7 cells.

OVERCOMING INSTABILITY

The receiver is wide open to two quite distinct forms
of instability, fortunately both easily cured. First, there
is a chance that a.f. will break through the r.f. trans-
former and set up a continuous howl. This is cured, if it
occurs, by reversing the connections to L3. Secondly,
it is inevitable, unless the r.f. transformer is put into a
screening box, that it will couple with the ferrite aerial.
This may cause positive feedback and instability or
negative feedback and loss of sensitivity, depending on
the winding directions. To minimise such undesirable
interactions, the transformer should be kept as far
away from the rod as possible, and it should be so
oriented that the ferrite core of the CH! choke is
pointing broadside off to L1 (like the down stroke of a
capital T). Before connecting up L3, L4, dress the leads
of the r.f. choke as shown in Fig. 2, sothat the twoendsof
the leads can be soldered into circuit close together.
This enables the choke to be twisted so as to re-orient it
with respect to the ferrite aerial rod. In this way a
position can be found where the coupling is zero or
perhaps just slightly positive so that a useful improve-
ment is obtained in selectivity. Varying the position of
the ferrite aerial can also be helpful.

No other setting up adjustments are required. It will
be found however that a sort of false instability occurs
when the receiver is tuned in to a strong station with the
volume too high. This is merely an overloading effect
and the remedy is obvious — turn down the volume.

A simple test that the d.c. conditions are correct can
be made by measuring the voltage drop across R3. This
should be in the range 0.65 t0 0.75V.

If desired, the on-off switch, S1, may be ganged to the
volume control.

o Conne/ction points \

N
S|
+ i
| [ 3v

Fig. 3. A suitable component layout

302

RADIO & ELECTRONICS CONSTRUCTOR

wwwW americanradiohistorv com


www.americanradiohistory.com

LONG WAVE RECEPTION

The circuit will work on long waves given a suitable
ferrite rod with long wave windings. (There is not room
on a 4in. rod for both medium wave and long wave
windings.) Alternatively, a singie long wave station
could be received by switching a suitable fixed capacitor
across L1 and using C1 for fine tuning, as shown in
Fig. 4. For reception of the Radio 2 transmission on
200kHz the added capacitor should be 2,200pF. A
polystyrene film or silvered mica capacitor should be
used.

LW.eE oMW

U

Added
capacitor T

Fig. 4. Reception of a single long wave trans-
mission is possible by switching an added
capacitor across C1

OTHER SUPPLY VOLTAGES AND LOADS

In this direct-drive circuit it is essential to use a high
impedance loudspeaker. The preferred impedance is 70
to 80Q but speakers of somewhat different impedance
may work: it depends upon how sensitive they are. A
transformer may be used to match speakers of low
impedance.

The voltage across R3 is stabilized at about 0.7 volt
irrespective of the battery voltage. This makes it easy to
set TR2 to take some particular collector current. At
present, with R3 at 680, TR2 takes a little over 10mA.
If it were required to set the current at ImA to suit an
earphone of around 500Q impedance in place of the
speaker, R3 would be 680Q.

With a 75Q speaker, some increase in volume is
obtainable by using the present resistor values but
increasing the supply voltage to 4.5 volts. The circuit
will go on working quite happily at higher voltages, up
to 9 volts, but 75Q is not then the optimum speaker
impedance. (This rises to about 800Q at 9 volts.)

Some constructors will want to use 3Q speakers,
which must be matched with a transformer. It is then
useful to tailor the current in TR2 and the supply
voltage to suit the load and transformer ratio. Allowing

DECEMBER 1972

1 volt for the drop across R3 plus the d.c. drop across
the transformer primary, we are left with 1 volt less than
the battery voltage across TR2. This voltage, divided
by the transformed speaker impedance, should equal
the collector current. Suppose we have a 3Q speaker
and a 10:1 transformer, giving a load impedance of
30002, With a 3 volt supply, the optimum current in
TR2 is then 2 volts divided by 300Q, which is 6.7mAs
The required value of R3 is 0.7 voit divided by 6.7mA,
or 1060}, and we could use 100Q, the nearest standard
value.

Again, if we have a 20:1 transformer and a 5Q
speaker, the transformed speaker impedance is then
400 x 5=2,000Q. With a 3 volt supply the optimum
current is 1mA, but since the power input to TR2
would then only be 2mW the audio power output
cannot exceed 1mW, which may well be inadequate.
The remedy is to use a higher battery voltage. With a
9 volt supply, the optimum current becomes 8 volts
divided by 2,000€, or 4mA, and the d.c. input power to
TR2 32mW, giving a possible 16mW of audio output
(and a likely 8mW, assuming 509, transformer effici-
ciency). The value of R2 for 4mA is 0.7 volt divided by
4mA, or 1752, so the appropriate standard resistor in
this case is 180€2.

When a high load impedance is used it may be
necessary to reduce the value of the r.f. bypass capacitor
C3, to avoid cutting the treble. Values down to 0.01pF
may be used.

When working with supply voltages much above 3
volts it may be heipful, in the interests of battery
economy, to reduce the current in TR1. This is done by
in-reasing the value of R2. The voltage drop in R2 is
held, by the d.c. feedback, at 1.4 volts less than the
battery voltage, and a current in it of 1 to 2mA is
adequate.

The working voltage of C6 must be increased for
supply voltages greater than 3 volts. Constructors who
intend experimenting with different supply voltages will
find it useful to initially fit a capacitor here of 10 V.Wkg.

SEMICONDUCTORS

It is essential to use silicon planar transistors. The
types specified have been carefully selected to give a
good performance. {The SF115 transistor can be ob-
tained from Amatronix Ltd., as can the other semi-
conductors and components.) Other transistor types
wil probably work, but less well. The input transistor
must be an r.f. type with a low feedback capacitance and
the SF115 specified has the added advantage of low a.f.
noise as well. It should be possible to substitute BF115,
which is the same transistor in a metal case. The BF167
will also work in this position.

The requirement for TR2 is rather different. This
transistor may have to handle peak currents of 20mA
or more, which rules out some r.f. types. It should have
a low input capacitance and a fairly low feedback
capacitance as well, to avoid putting too great a stray
capacitance across R2 and so reducing the r.f. gain.
Fortunately the BC169C has these features, and also
the added one of very high hfe: some other high-gain
audio types are much worse in the matter of capacit-
ances.

In principle any point-contact diode will be satis-
factory for DI, but here again some are better than
others, and the OA90 is very suitable.

: | |
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The

WYVERN’

160 Metre

Solid State
Transmitter ...

by
John R. Green, B.sc., G3WVR

The second article in our 3-part series which describes the con-
struction of a comprehensive transmitter design incorporating
semiconducto.s throughout.

N LAST MONTH’S ISSUE THE OVERALL DESIGN OF THE

transmitter was described as also, in detail, were

the v.f.o., the wideband driver section and the
doubler and driver stage. This month’s article covers
the power amplifier stage and the power supply. The
concluding article, to be published next month, will
deal with the modulator, VU meter driver and general
assembly and testing.

POWER AMPLIFIER

The circuit diagram for the p.a. stage is given in
Fig. 11. This diagram also includes the power switching
around St(a) to Sl(e).

The heart of the stage is the BD123 transistor, which
has been chosen for three reasons:

(a) the frequency response cut-off fT, of 85mHz
gives a more than adequate performance at 2mHz,

(b) the power dissipation capacity of 45W gives a
safeguard against overheating and damage,

(c) the VCE (collector-emitter maximum voltage) of
60 volts gives a reasonable safety margin since on
modulation peaks the collector to emitter instantaneous
voltage (peak) can be as much as four times the normal

*supply voltage, i.e. 48 volts.
304

The drive to the base of the BD123 is controlled by
RV1, which is mounted on the front panel of the
transmitter. TR7 is pulsed on by positive-going r.f.
half-cycles. The consequent pulses of collector current
passing through the 2 turn winding of 1.4 are shaped
by the 20 turn tuning winding before radiation. Both
windings are close-wound, direct on the rod using
20 to 24 s.w.g. enamelled wire.

Loading and tuning adjustments for the p.a. are
as for a conventional valve transmitter, with the
exception that the loading setting is far less critical,
particularly if the aerial is not quarter wave resonant,
and final loading adjustments are carried out by
means of the drive potentiometer.

It is important to note that all drive components,
re. RVI, L2 tuning and L3 tuning, are normally set
for maximum p.a. current; whereas the p.a. tuning is
adjusted for minimum p.a. current.

Always begin tuning operations with RV turned
up only sufficiently to draw, say, 500mA of current
through the p.a. meter, and then perform initial tuning
and loading. Gradually increase the drive given by
RVI until the legal maximum (830mA at 12 volts) is
achieved, then make final fine tuning adjustments.
Failure to follow this procedure could cost an output
transistor (about £1).

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 11. The p.a. stage. Shown also are the Net, Receive and Transmit switching circuits ard the modulation

Lead-outs

S, -5pole. 3way

\
Tune’ capacitor

insulated from

chassis

transformer. T1

Resistors

stated)
R26
R27
R28
R29
R30
R31}
R32
R33
RVI

Capacitors
C23
C24
C25
C26
C27
C238
C29

Inductors
TI
T2

L4

COMPONENTS

(Al fixed values } watt 109, unless otherwise

102

0.50Q | watt

1kQ2

22kQ

1k€2

1kQ

220Q

0.250 1 watt, see text

500Q2 potentiometer, wire-wound

100pF electrolytic, 6 V.Wkg.
1,000pF variable

1,000pF variable

1uF plastic foil

1,000u F electrolytic, 25 V.Wkg.
2,000uF electrolytic, 25 V.Wkg.
100uF electrolytic, 25 V.Wkg.

Speaker matching transformer, 8Q and
16Q or 8Q and 15Q, minimum rating
10 watts

Mains transformer, secondary
0—12-15-20-24-30 volts at 2 amps,
Douglas type MT3AT

P.A. output coil, wound on ferrite rod
6ins. by }in. diameter

Semiconductors
TR7 BDI123
TRS BFYS0/2N3053
TRY 2N3053
TRI10  2N3250/2N3905/2N3702
TRI11 2N3055

DI1-D4 Silicon rectifiers, 2A 100 P.LV.

ZD2, 3 6.8V 200mW zener diodes
Switches
Si 5-pole 3-way, wafer
S2 s.p.s.t. toggle
Meter
MI 0-2A meter
Neon ]
NEI1 Panel-mounting neon assembly with
integral series resistor
Fuses
Fi1-3 2 amp anti-surge, with holders
Miscellaneous

Ferrite lead

2 coaxial sockets
4-way tagstrip

3 pointer knobs
Printed circuit board
16 s.w.g. aluminium
Coaxial cable
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The ferrite rod, on which is wound the output
coil, is clearly visible here. The component to the
left of the rod is the modulation transformer

4-way tag strip H.F. parasitic bead
Tag Chassis bracket
7z No 2
Supply + via
2A meter and /,G"°"“""'
slc_,.-//
P
,///’s Fig. 12. Physical layout of the
T p.a. stage. The parts are
Dritel i mounted on Chassis Bracket
No 2
RV, //
N
= d ‘ [‘ , Ferrite rod
Grommet Chassis efrite ro |
6”x 2*dia ToCaq4  Slot - ™ e
.’1’ v
(AR -
Hole to take /2°rubber L\ =
grommet ‘ "
1 2’
,j o
Chassis bracket No2 TR on insulating
(t6swg_aluminium) l\\ washer

Fig. 13. Details of the Chassis Bracket No 2

Tag strip
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Do not attempt to increase the p.a. efficiency (which
is about 60Y%,) by increasing the number of turns on
the collector winding of L4, as this will cause ‘jump
tuning’ and poor output waveform, resulting in TVI.

Also, do not use a smaller ferrite rod for L4 or
saturation of the ferrite may result, destroying the
transformer action. If desired, use a larger ferrite rod
but do ensure that it is suitable for operation at 2MHz,
as many ferrite grades are not. The rod used by the
author is 6ins. long by }in. diameter, and was obtained
from G. W. Smith & Co. (Radio) Ltd., 3 Lisle St.,
London, W.C.2.

The construction of the p.a. stage is shown in Fig. 12,
The output transistor is fitted to Chassis Bracket No. 2,
the dimensions of which are given in Fig. 13, The
transistor is insulated from the bracket by means of the
usaal mica washer and insulated mounting bushes,
and its body is on the opposite side of the bracket to
the ferrite rod. The latter is secured by two brackets
with slots in the holes through which the rod passes.
The slots prevent shorted-turn action. The earthy end
of the 20 turn winding is that which is closer to the
collector winding. A 4-way tagstrip is also mounted
on the bracket.

Fig. 11 also shows the switching carried out by
Si(a) to (e). This is quite simple and straightforward
and the circuits controlled at each switch position can
be readily traced through. The modulation transformer
T1 is a speaker matching transformer having taps at
82 and 16Q. A transformer having taps at 8Q and
152 could alternatively be employed if this should
prove easier to obtain. Whatever transformer is
employed must have a power capability of at least
10 watts audio handling.

As will be illustrated in greater detail in next month’s
article, in which the general assembly will be dealt

e iy N . o b wi e
A view of the power supply board. This is partly
obscured by the mains transformer

with, switch S1, driver potentiometer RV and meter
M1 are all mounted on the front panel of the trans-
mitter. So also are C24 and C25, the ‘Tune’ and ‘Load’
capacitors. The frame of the “Tune’ capacitor is in-
sulated from the chassis by mounting it on a sheet of
Paxolin. The frame of the ‘Load’ capacitor is bolted
direct to the panel. In practice both capacitors con-
sist of 2-gang 500 + 500 pF components with the two
sections in parallel.

The modulation transformer, TI, is positioned
between the v.f.0. box and Chassis Bracket No. 2.

POWER SUPPLY
The circuit diagram of the power supply is shown in

Fig. 14. The design incorporates the simplest form of
regulation for the 12 volt supply, using zener diodes

Ra3 Dy
Y [
LA =¥
Dp |
R32 L
s Rog Z ik
TR0
Dy
L
TRg <$ Eq |
12V regulated to ]
T and § ~
| and 514 Rag ZD2']E' D,
6.8V 14 E
i Cog —————————;
| TRg Cas L,
:f_ D34 Wm ci1Ca7
68V
= [
b £ F.
¥ ebc ech giies A 2 TRg - BFY50/2N3053
. Do, TRg - 2N 3053
BYF 50 2N3053 2N 3905 2N3702 2N3055 22Vt TR0~ 2N3250/2N3905 / 2N3702
modulator R - 2N30
2N3250 Lead-outs Lead-outs Lead-outs via § TRy - 2N30s5
Lead-outs e
Fig. 14. The circuit of the power supply. This offers both regulated and unreguiated outputs
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. 5
22V unreguiated to
Sje via Fp \
_Oj | TRio \O
TRy f c — Ol |
collector o —v® )R32 r) lR (f_ C .*\/*. T,
— _y
OV ta 2
% i A Fig. 15. The power supply
&R 3 printed circuit board, as seen
-T2 from the component side.
TRy & | 30V tap
¢mitt¢(
T2
ATV |
TRy; base
12V reg.to

Ty and Sq via Fy

ZD2 and ZD3 and. the emitter followers TRY and
TRI11. Overload protection is given by TR10 and TRS.
If the current drawn through R33 causes a voltage to
appear across it which is sufficiently high to allow
base current to flow in TR10, this transistor becomes
conductive. Its collector current flows in the base

Chassis bracket No3
(16swg aluminium)
.

Power supply board

Component side

Fig. 16. Fitting the power supply board to Chassis
Bracket No 3

308

Chassis

circuit of TR8, whereupon TRS causes a reduction
in the voltage across ZD2 and ZD3 and, in consequence,
in the regulated output. The current limit is 2.5 amps.

A 22 volt unregulated supply is also provided for
the Class B modulator.

The mains tranformer, T2, has a number of second-
ary tappings, of which only the 0, 15 and 30 volt
tappings are employed here. The 135 volt tapping
becomes the earthed centre-tap in this arrangement.

The use of fuses in the mains input and regulated
and unregulated output circuits is recommended, and
they can be located in any available space in the
transmitter. A neon mains indicator lamp with integral
series resistor may be fitted, if desired.

The printed circuit board for the power supply is
reproduced, full size, in Fig. 15. The view is from the
compoenent side of the board. In the prototype R33
is made up of two § watt 0.5( resistors in parallel and
two resistors are shown, in Fig. 15, in the R33 position.
The board is mounted, with spacing stand-off washers
to Chassis Bracket No. 3, which is jllustrated in Fig. 16.
The bracket also acts as a heat sink for TR11, the body
of which is on the opposite side of the bracket to the
board. TRl is insulated from the bracket by a mica
washer and insulated mounting bushes.

The whole power supply (both 12 and 22 volt outputs)
may be replaced by a car battery or other 12 volt
accumulator (but nor by dry batteries, which cannot
supply the current required). The author’s transmitter
incorporates additional sockets and switching to
achieve this. It should be pointed out, however, that
when running from a 12 volt supply the modulator
will not supply the output required for 100% modula-
tion. Incidentally, the 22 volt output from the mains
power supply will, of course, drop in voltage under
load but this is not detrimental to the modulation
quality unless excessive bass frequencies are present.

(To be concluded)
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~ TRANSISTORISED

OSCILLOSCOPE

Part 1
by R. A. Penfold

In this oscilloscope the only thermionic device is the cathode ray
tube. The present article describes the mechanical construction of
the instrument, the power supply and display section, and the X
amplifier module. The remainder of the circuit will be covered in a
concluding article, which will be published next month.

N OSCILLOSCOPE IS PROBABLY THE MOST USEFUL
piece of test equipment an electronics enthusiast
can possess (with the exception perhaps of the

multi-range meter), even if it is only a very simple
instrument. Unfortunately, an oscilloscope is also one
of the most expensive pieces of equipment to buy. The
instrument which is the subject of this article is quite
inexpensive when compared with the cheapest commer-
cially manufactured oscilloscopes, but it has to be
pointed out that quite a considerable amount of work Is
involved in building it.

It is suitable for most applications, except very
specialised ones such as television servicing, where a
very wide bandwith is required. As the instrument was

! designed mainly for audio work, a high sensitivity was
considered to be more desirable than a wide bandwidth,
although as shown in the specification table, the useful
bandwidth of the oscilloscope stretches to beyond
2MHz.
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METALWORK

The unit is housed in a home-made case, the outside
dimensions of which are 14 ins. deep by 6 ins. wide by
9 ins. high. The accompanying photographs will assist
in demonstrating how the parts of the case are
assembled together. Construction of the case should
commence with the front and rear panels, details of
which are given in Fig. 1. The material is aluminium
and the exact gauge is not critical, although a fairly
thick gauge should be used for all parts of the case. The
aluminium employed for the front and rear panels of
the prototype was 20 s.w.g.

For those without the proper equipment for bending
the metal, it will be found easier if a slightly thinner
gauge of aluminium is used, although this will mean
sacrificing some of the stiffness of the case.

On the front panel the holes for the control bushes
should have diameters of # in. with the exception of the
holes for S4 and S1, which are toggle switches. The hole
marked “T/B’ is for a flush-mounting coaxial socket,
and the two pairs of holes marked *X’ and ‘Y’ take 3mm.
insulated sockets. Note that VRS is fitted on the rear
panel and that this also requires a #in. hole. The rear
panel mains lead hole should be fitted with a rubber
or p.v.c. grommet to prevent damage to the lead. The
method of mounting the other parts fitted to the rear
panel will become clear when these are discussed.

In Fig. 1 the front panel is seen from the front and the
rear panel from the rear. In both cases the 1in. sections
at top and bottom are bent down away from the reader.
The %in. side sections shown in dotted outline are
optional and, as is explained shortly, are only
incorporated if a cover different to that used by the
author is employed. They should also be bent down,
away from the reader.

The bottom of the case is made next, and this is
shown in Fig. 2. The two lin. flanges are bent up,
towards the reader. Fig. 2 also shows the positioning of
components and circuits which will later be fitted to the
bottom. The lower flanges of the front and rear panels
pass under the case bottom_ and are secured by 4BA
bolts and nuts fitted at the holes marked *X’ in Fig. 2.

To ease assembly the corresponding holes in the front
and rear panel flanges are best marked out from those in
the bottom after all the bending has been carried out.
The holes in the top flanges of the front and rear panel
can be 4in. from thé flange edge and 1iins. from each
side; They are drilled to take self-tapping screws for
securing the cover. If the side flanges on the front and
rear panels are incorporated, they may also have holes
drilled to take self-tapping screws. Four rubber feet
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Fig. 1. Constructional details of the front and rear panels
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are fitted to the bolts at the holes marked “X’.

An outer casing is very desirable to prevent dust from
entering the unit and to improve appearance. With the
prototype, the casing was made from a single sheet of
aluminium suitably bent, but this was found to intro-
duce a magnetic field to the c.r.t. from the mains
transformer, resulting in a wider trace than was other-
wise obtained. If the tube were fitted with a magnetic
screen this effect would no doubt disappear. On the
prototype it was eliminated by glueing thin pieces of
steel sheet at strategic points on the inside of the case.

Alternatively the outer casing could be constructed
frem a non-metallic substance such as Perspex or
Formica. It would be necessary to use three separate
pieces, and this would require the addition of the two
extra flanges on the front and rear panels shown in
dotted line in Fig. 1.

For the best appearance the cover should overlap the
front and rear panels by about § to }in. The outer casing
is fastened in place by ten self-tapping screws (eighteen
if it is made of three separate pieces). With the outer
casing added the unit will have greatly increased stiff-
ness.

C.R.T. MOUNTING

The c.r.t. mQunting comprises three sections, a metal
tube fastened to the front panel into which the front of
the c.r.t. is passed, a bracket which fits around the tube
base, and an L-shaped bracket fixed to the bottom of
the chassis to which the second bracket is coupled. All
parts are made from 22 s.w.g. aluminium.

The metal tube holding the front of the c.r.t. is
illustrated in Fig. 3. A piece of alummium measuring
12 by 2ins. is bent round to form a tube with an internal
diameter of 3iins. To prevent the metal from opening
up once it has been bent to shape, two {in. 6BA counter-
sunk bolts, with the heads on the inside, are passed
through the holes illustrated. A small angle bracket,
made from a piece of aluminium lin. by lin., is mounted
on one of these bolts, and a second by means of a
countersunk 6BA bolt at a hole on the opposite side
of the tube. The holes in Fig. 3 are not dimensioned as it
will probably be found best to mark them cut with the
aid of the actual parts. The hole in each half of the
angle brackets is central. The tube is fitted to the front
panel at two holes, which are next drilled for it. These
are two of the holes diagonally opposite each other
which are shown outside the 24in. hole in Fig. I. When
these holes have been drilled, the remaining two
diagonally opposed holes may be marked up to balance
them and drilled out also.
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Fig. 4. The sections which form the rear mounting for the c.r.t.

Fig. 4 gives details of the mounting arrangement at
the rear of the tube. A piece of aluminium, 11 by 1}ins.
is drilled as shown and bent to shape. The L-shaped
bracket is next made, from a piece of aluminium
measuring 74 by l}ins. The first bracket is fitted around
the c.r.t. base and loosely bolted to the L-shaped
bracket. A 2in. 6BA bolt is passed through the holes
marked ‘Y’ and is tightened until the bracket holds the
c.r.t. base firmly. It is advisable to wrap a couple of
bands of sticky-backed foam rubber or foam plastic
strip (sold as draught-excluder) side by side around the
c.r.t. base, as this will assist in causing the base to be
held firmly by the bracket. Care must be taken not to
overtighten the 2in. 6BA bolt, as this could damage the
c.r.t. The L-shaped bracket is bolted to the chassis by
two 6BA screws at the point which allows the c.r.t. to
take up acorrect position. The tube should be orientated
such that its pins 8 and 9 are uppermost.

To prevent the c.r.t. from being damaged through
vibration, several layers of the foam rubber strip should
be wound around the front of the c.r.t. on the area
between the phosphor and graphite coatings. A couple
of layers should also be wound around the inside of the
metal tube at the extreme front.

Whean the c.r.t. is mounted finally, the two brackets of
Fig. 4 are bolted securely together. Obviously, great care
must be taken when handling the c.r.t. during these
operations. It should be removed from its mounting
after the positioning of the mounting parts has been
satisfactorily established, and placed on one side, since
further drilling operations have to be carried out on the
chassis.

VISOR AND GRATICULE

In strong lighting conditions, a visor to shield the
screen from external light is a decided asset. A suitable
visor is quite easy to construct and may be made from
a piece of aluminium having the dimensions shown in
312

Bent up at 90°
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Fig. 5. The visor. before bending, and the
graticule holder

Fig. 5. After cutting out, this is bent round to have a
diameter slightly greater than the 23ins. hole in the front
panel. It is secured to the front panel by a single 6BA
bolt in a hole which is marked out from the visor itself.
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On the prototype, the visor was left with a natural
finish, but it can be made more efficient by being painted
matt black. The visor is fitted after the escutcheon which
holds the graticule (next to be described) has been
mounted.

When using the oscilloscope to measure signal
voltages a graticule is required. This is merely a piece of
transparent material such as Perspex which is marked
with the X and Y centre axes. Graticules also have
lines parallel with these axes, and these are usually
marked off at Imm. intervals with heavier lines at lcm.
intervals.

A suitable graticule can be constructed by cutting a
piece of Perspex 2%ins. square. This is then marked as
required by scribing it as deeply as possible with a sharp
pointed instrument. To calibrate X and Y axes at Imm.
intervals by hand is extremely difficult, and it is very
much easier if 2 or 2.5mm. divisions are used.

The graticule is held in place by an aluminium
escutcheon, details of which are given in Fig. 5. This is
bolted to the front panel by four 6BA bolts, two of
which are already present as part of the tube mounting.
The graticule is trapped between the escutcheon and the
front panel. The four mounting holes for the escutcheon

correspond with the four holes already drilled in the

panel. A fifth hole, not shown in Fig. 5, takes the bolt
which holds the visor in position.

POWER SUPPLY

The circuit of the power supply section is shown in
Fig. 6. This circuit provides four voltages, these being
approximately 500 volts e.h.t., 124 volts stabilized,
12 volts stabilized, and 6.3 volts a.c. for the tube heater.

The 250-0-250 volt secondary of the mains trans-
former has the chassis connection made to one end,
causing it to provide 500 volts. This is of course 500
volts r.m.s., and the peak voltage is in the region of
700 volts. In consequence, despite losses in the half-wave
rectifier and smoothing circuit given by D1, D2, R2 and
C2. 500 volts is still available at the output. It should be

A view inside the oscillascope. Most of. the
components are wired wp on small printed
circuit modules

noted that this output is negativ