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BENTLEY ACOUSTIC
CORPORATION LTD.
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS Telephone 01-722 9020

SAVE POSTAL COSTS! CASH AND CARRY BY CALLERS WELCOME

OAS 5/9 6B80 2/6 6P25 12/- I2AT7 3/9 30L1 613 A3042 15/-
OB2 6/- 6BA6 4/6 6P26 12/- 12AU6 4/9 30L15 13/9 AC2PEN
084 4/6 68E6 4/9 6P28 25/- 12AU7 4/6 30L17 15/6 19/6
IA3 4/6 68/16 7/6 6Q7 8/6 12AV6 6/6

30P4
AC2PEN/181-

1A5 6/- 61136 8/6 6Q7G 6/- 12AX7 416 3OP4ME DD 19/6
1A7GT 7/3 68Q6 4/9 687 11/- 12AY7 9/9 17/6
105 4/9
1D5 7/8
1D6 9/6

6BQ7A 7/-
6897 15/9
6BR8 12/6

61170 7/-
68A7CT 7/-
68.4791 7/-

12BA6 6/-
128E6 6/9
12BH7 6/-

30P12 18/9
30P19 12/-
30PL1 18/9

A0044 23/6
AC/PEN (7)

11,1)1 6/6 6887 25/- 68C70T 616 12E1 17/- 30PL13 15/6 AC/T/11
1 FD9 4/8 6BW7 13/- 6807 6/- 12.17GT 6/6 30PL14 15/- 10/-
106 6/- 61326 6/- 68117 8/ 12135 10/- 30PL15 15/- AC/TP 1916
1H5GT 7/- 606 3/9 6037 6/6 121370T 6/9 35A3 10/- AC/VP210/6
1L4 2/6 6C9 14/8 6SK7GT 4/6 12Q7GT 6/- 35A5 115/- ALSO 15/6
1LD5 6/- 6CD6G 22/- 613N70T 4/6 128A7GT 35135 12/6 ARP3 7/-
1LN5 8/- 60116 7/- 68Q7GT 7/6 8/- 35L6GT 8/6 ATP4 218
1N5GT 7/9 6CL6 8/6 6U4GT 12/- 12E307 5/- 35W4 4/6 AZ1 8/-
1R5 5/6 6CW4 12/- 6070 10/6 12807 4/6 3523 10/- AZ31 9/6
184 4/9 6D3 7/6 6V6G 8/6 128137 8/- 35Z4GT 4/9 AZ41 10/8

6136 3/- 6V6GT 6/6 121337 4/6 3525GT 6/- B36 6/6
104 129 6F1 12/6 614 4/8 128E7 4/9 5085 7/- CL33 18/6
21)21 6/6 6F6 18/6 6115GT 5/- 128Q70T8/- 6005 8/8 CV6 10/6
3A5 10/- 6F60 5/- 6Y70 12/6 14117 9/8 60CD6043/8 CY1C 10/6
3B7 5/- 6E12 8/8 7B6 10/9 1487 15/- 50L6GT 9/- CY31 7/6
3D6 3/9 6F13 8/6 7B7 7/- 19AQ5 4/9 72 6/6 5/-
3Q4 7/ 6 6F15 10/- 706 6/- 19111 40/- 85A2 1177 218
3Q5GT 6/- 6F18 716 7F8 12/6 2001 13/- 61A3 8/- DAM 7/-
384 5/9 6F23 14/8 7137 6/6 20134 20/6 90AG 87/6 DAF91 4/3
9V4 6/3 6F24 13/6 7117 18/- 20F2 14/- 90AV 67/6 DAF96 6/6
5114GY 10/6 6F25 13/- 7V7 6/- 20L1 20/- 90CG 84/- 00090 10/-
5040 516 6F28 14/- 9BW6 7/- 20P1 17/6 90CV 88/6 DD4 10/6
1V40 7/6 6F32 8/- 91/7 15/6 20P3 18/- 90C1 16/- DF33 7/9
5Y3GT 5/6 0160T 3/- 1001 25/- 20P4 18/6 5082 14/6 DF91 2/9
523 9/- 6,150 3/0 10C2 10/- 20P5 20/- 15002 5/9 DF96 6/6
5240 7/- 10D1 8/- 25L6GT 5/6 301 20/- DF97 10/-
6/30L2 12/- 6370 4/9 10132 14/7 2585 6/- 302 16/6 DH63 6/-
6A80 6/6 MGT 6/6 10F1 15/- 25Y561 8/6 303 15/- 131176 5/-
6AC7 3/- 6870 2/- 101,9 9/- 25840 8/- 305 16/6 D1377 4/-
6AG5 4/- 6K7GT 9/6 10F18 7/- 5525 8/- 306 13/- DH81 10/9
6AK5 5/- 6880 4/- 1OLD1110/- 25Z60 8/6 807 11/9 011101 25/-
6AK6 6/- 6L1 19/6 10P13 18/- 3001 6/6 956 2/- 01310717/11
6AL5 2/8 6L6GT 7/9 10P14 20/- 30C15 13/- 1821 10/6 DK32 7/5
6 AM6 8/8 6L7GT 12/6 12A6 12/6 30017 16/- 5763 10/- DK40 10/-
6AQ5 5/6
6A116 20/-
6 AT6 4/-

6L18 6/-
6L19 27/6
6LD20 9/6

12AC6 7/8
12AD6 7/6

30018 14/-
301,5 18/-
30FLI 18/9

6060 818
7193 10/6
7475 14/-

DK91 6/6
DK92 9/-
DK96 7/-

6AU6 5/- 6N70T 6/6 12AE6 12/6 30FL12 16/- A1834 20/- DL33 6/-
6AV6 5/6 6P1 12/- 12AT6 4/6 30FLI4 14/6 A2134 1916 DL35 4/9

DL94 8/8
DL36 7/-
DLS10 9/6
DM70 6/-
D1171 7/6
1)314/3508/6
DW4/5008/6
DY36 519
DY87 5/9
E811F 24/-
E83F 24/-
E88CC 12/-
E180F 19/-
E12C,C 22/6
81948 10/8
E.660 1/6
EA76 13/-
EABC80 6/6
EAC91 5/-
EAF42 10/-
21134 8/-
8841 4/6
EI311 8/4
EB041 9/6
EBC81 8/6
11/3090 4/-
EBC91 5/6
EBF80 6/9
DBF83 8/-
EBF89 6/8
8111.21 12/-
EC.53 12/6
EC64 10/-
EC70 4/9
EOM 12/6
EC38 121-
EC92 6/6
ECCS1 15/6
ECC32 4/6
80033 31/6

ECC34 29/6 EH90 7/6 KT41 19/6 PCL84 7/6 R16 34/11 1/18/20 15/-
ECC40 11/- EL32 3/6 KT44 20/- PCL86 9/- 1(17 17/6 U19 84/6
ECC81 8/9 EL33 12/- KT61 12/- PCL86 8/8 1118 10/- U22 7/9
ECC82 4/8 EL34 10/6 KT63 5/- PCL88 15/- R19 7/6 U26 18/-
80083 9/6 EL37 17/3 KT66 17/8 PEN36C R20 11/9 026 11/9
ECC84 6/8 81.41 11/ - KT74 12/6 15/- 1352 7/6 U31 6/-
ECC85 5/6 EMS 10/6 KT76 12/6 PEN45DD 111334 7/6 U33 29/6
ECC86 8/- EL81 10/- KT88 84/- 15/- 8P42 12/6 1135 16/6
80088 7/- EL83 7/6 KTW6112/6 PEN46 4/- BP61 8/8 1137 84/11
ECC189 9/8 EL84 4/9 KTW6212/6 PEN453DD TH4B 10/- 1.146 15/6
ECC804 12/- EL85 8/- KTW63 6/- 19/6 TH233 7/- 1147 18/-
ECC807 27/- EL86 8/- L63 8/9 PENA4 19/6 TP2620 8/9 U49 11/9
ECF80 6/6 EL95 6/8 LN152 7/- PEN/DD UABC80 6/6 1.160 5/6
ECF82 8/8 EM80 7/6 LN309 10/- 4020 17/6 1TAF42 10/8 U52 5/6
ECF86 91- EM81 7/6 LN319 18/9 PFL20011/9 UB41 8/6 U76 4/9
ECF804 EM84 6/6 LN339 18/9 PL33 19/6 UBC41 9/- U78 4/5

42/- 81185 11/- LZ329 6/6 PL36 9/8 UBC81 7/- U107 18/3
ECH21 12/6 EM87 7/6 118162 12/6 PL81 9/6 UBF80 6/9 0191 12/6
ECH35 6/9 EY51 7/6 ME140014/9 PL81A 10/6 UBF89 6/9 11251 14/6
ECH42 12/9 EY8I 7/- MIEL4 12/6 PL82 6/6 UBL21 9/- U281 8/-
ECI181 5/9 EY83 11/- MIELD612/6 PL83 6/6 11C92 5/6 U282 8/-
ECH83 8/- 8284 10/- /dU12/14 4/- PL84 6/6 UCC84 11301 11/-
801184 7/6 8886 6/6 11140 12/6 PL302 111/- UCC85 7/8 U329 14/6
ECM° 7/- EY87 8/6 N78 40/8 PL500 18/- UCF80 8/3 U403 6/6
ECL82 8/6 EY88 8/6 N108 27/10 PL504 18/8 UCH21 9/- U404 7/6
ECL83 9/- EY91 8/- N308 17/6 PL305 28/9 1101142 12/- 0801 19/6
ECL84 12/- 8835 61- N339 25/- PL608 27/10 UCH81 6/4 U4020 7/6
ECL86 11/- EZ40 7/6 P61 10/6 PL609 28/9 UCL82 7/- VP4B 10/6
ECL86 8/- 8241 8/6 PABC80 7/8 PL802 15/- UCL83 10/- VP13C 7/-
ECLL800 8280 4/6 PC86 10/8 P7484 7/9 11741 10/- VP41 7/6

80/- EZ81 4/9 P088 10/3 PX4 28/6 UF42 9/- VR75 241-
EF22 12/6 8290 4/3 PC95 8/3 PX25 23/6 UF80 6/9 VR106 6/-
EF36 3/8 FW4/500 PC97 8/6 PY32 10/- UF86 6/9 VR160 6/-
EF37A 7/- 15/- PC900 7/6 PY33 10/- UF86 9/- VT61A 7/-
8E39 5/- GZ30 7/- PC)C84 6/3 PY80 6/- UF89 6/9 VU111 7/8
EF40 10/- 0832 9/- PC085 6/6 PY81 5/3 UL41 10/4 VU120 12/-
EF41 10/- 0233 12/6 PCC88 9/9 PY82 5/3 UL46 12/6 VU120Al2/-
EF42 3/6 0Z34 10/- PCC89 9/6 PY83 5/9 UL84 6/6 VU133 7/-
EF54 12/6 0237 14/6 PCC189 10/6 PY88 6/9 UM80 6/11 W76 6/9
EF73 6/6 HABC80 PCF80 6/6 PY301 12/6 URIC 10/4 W101 26/2
EF80 4/6 15/- PCF82 6/8 PY800 7/6 7/- W107 8/-
EF89 0/6 HL41DD PCF84 8/- PY801 6/9 UU8 14/- W729 12/-
EF85 5/8 19/6 PCF86 10/- PZ30 9/6 UU9 7/6 X41 10/-
EF86 6/8 13114213137/- PCF20018/3 QQVO3/10 UU12 4/9 X61 5/9
EF89 6/- /3N309 27/4 PCF801 7/- 24/- UY1N 9/- 3165 10/-
EF91 8/3 FIVR2 10/6 PCF802 9/- Q875/20 UY21 9/4 166 10/-
EF92 2/6 IIVR2A10/6 PCF80514/- 12/6 UY41 7/11 X.101 30/6
EF97 10/- IW3 5/6 PCF80611/6 QBI50/15 UY85 5/9 XE3 45
EF98 10/9 IW4/350 5/6 PCF80814/6 12/6 U10 9/- XFY12 9/6
EF183 6/- 1W4/500 6/- PC/120012/3 QV04/7 12/6 1112/14 7/6 Y111.5 9/6
8E184 6/- KT2 5/- PCL82 7/8 1110 15/- 1.116 16/- 2329 16/-
EFP60 10/- KTS 84/6 PCL89 10/- R11 19/6 U17 5/- 8759 60/ -

All goods are new and subject to the standard 90 -day guarantee. We do not handle manufacturers'
seconds, nor rejects, which are often described as "new and tested" but have a limited and un-
reliable life. Business hours Mom -Fri. 9-5.30 p.m. Bats. 9-1 p.m.
Terms of business. Cash with order only. Post/packing 6d. per Item. Orders over 15 post/
packing free. Same day despatch by first class mall. Any parcel insured against damage In transit
for only 6d. extra. Complete catalogue of valves, transistors and components with conditions of
sale, price 10d. post free. No enquiries answered unless S.A.E. enclosed for reply.

EX -RENTAL TELEVISIONS
TWO-YEAR GUARANTEE

FREE ILLUSTRATED LIST OF
.-..-....-..-_--__________,,_TELEVISIONS , :L.

17" SL1MLINE10
0
405 only r - -

LI 1
19" SLIMLINE 405/625

39 gns.
17"-19^-21"-23"

WIDE RANGE OF MODELS.
SIZES AND PRICES

DEMONSTRATIONS DAILY
Carriage and Insurance 30/ -

., ,
1 !

e

Ust

i;

TWO -YEAR GUARANTEED TUBES 100% REGUNNED
Slim Line Tubes 110° 17" and 19" 109/6, 21" and 23" 029/6.
Normal Tubes 70° and 90° 17" 99/6, 21" 119/6, 14" and other sizes 79/6.

SPEAKERS 10/-, 24" 817, 31" 250. RECORD PLAYER CABINET
4" 100, 3" x 5" 80, 7" x 4" 3n. 8^ x 49/6.
3" 317. BRAND NEW. P. & P. 2/-.

/.Transistors: Mullard matched output .-

kit 7/6, 0081 D-2 0081s. P. & P.
FREE. AF 117, AF 114, 0C44, 0C45,
0071; 2/6 each
Ferrite Rods 3/6: 6" and 8" complete

...._

with LW/MW Coils. P. & P. FREE.
Transistor Cases 4 for II.
SIZE. 91 x 68 x 31 P. & P. 9/6.
STRIP LIGHT TUBES 3/9 each.
110 (284 mm.) 230/240 volts, 30 watts. Cloth covered. Size 161" x 141" x
Ideal for cocktail zabinets, illuminating i Takes any modern auto -
pictures, diffused lighting, etc. changer. P. & P. 7/6.
6 for El. P. & P. free.

DUKE & CO. (LONDON) LTD.
611/3 Romford Road, London, El 2 Tel. 01-4786001/2/3

REBUILT TUBES!
YOU'RE

SAFE

WHEN YOU

BUY FROM

RE -VIEW I

HERE IS WHAT YOU PAY:
I2in. .. £4.15.0 I9in. E5.15.0
I4in. .. ES. 0.0 2I in. a. 5.0
I5in. £5. 5.0 23in. £8.10.0
I7in. £5. 5.0 I9in. Twin Panel 87.10.0

23in. Twin Panel £I0.0.0
Cash or cheque with order, or cash on delivery

Discount for Trade
* Each tube is rebuilt with a completely new gun

assembly and the correct voltage heater.
* Each tube comes to you with a guarantee card

covering it for two years against all but breakage.
* Each tube is delivered free anywhere in the U.K.

and insured on the journey.
* Each tube is rebuilt with experience and know-

how. We were amongst the very first to pioneer
the technique of rebuilding television tubes.

RE -VIEW ELECTRONIC TUBES
237 London Road, West Croydon, Surrey.

Tel. 01-689/7735
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SEMICONDUCTORS BRAND NEW GUARANTEED
DIODES 283704 8/6 9E178 12/6
18914 1/6 2N3707 8/- 9E179 14/6
194007 4/6 284058 8/6 9E180 7/-
BA100 8/- 285172 8/- 9E184 6/8
BA102 4/6 28006 151- 9E194
BA110 7/- 28020 87/6 9E196 5/8
BA116 1/6 40361 9/8 BF196 8/6
BA141 6/- 40362 11/6 9E197 8/6
BA142 6/0 AF118 12/6 BF200 10/8
BA144 1/6 AF189 7/6 MJ480 19/6
BA146 6/- AF239 8/8 31.7481
BALM 4/6 AITY10 110/- MJ490 20/-
BY128 8/- BC107 8/- 143491
BY127 8/6 BC108 8/- MPF103 7/6
BYZ10 7/- BC109 11/- MPF104 7/6
BYZ13 6/- BC140 7/6 MPF105 7/6

BC164 8/6
TRANSISTORS
29918 6/-

BC169C
BCY71

11/-

8/6
INTEGRATED
onwuns

281711 5/- BD118 22/6 CA3012 19/6

2N1893 8/6 BD121 18/- CA3018 19/-
2N2118 8/8 BD123 16/6 CA3048 42/6
282287 21/6 BD124 12/6 CA3062 23/-
2N2297 6/- BDY17 87/6 MC1709CL 19/-
283053 5/5 BDY19 68/6 TAA310 26/-
2930154 11/- BDY20 22/6 TAD100 39/6

2N3055 16/- BD7118 19/6 TAD110 89/6

293670 25/- 9E115 5/-
283071 27/6 BF168 4/6 DATA SHEETS
2E3672 17/6 9E169 19- R.C.A. 2/-
2N3702 2/6 9E167 5 - Motorola 1/-
283703 2/8 BF173 6/6 Millard 1/ -

Many more semiconductors and associated components in stook. Please send 2/6 for
comprehensive catalogue and price lists. Post and packing 1/6 per order (U.K. only).

041711.737 A. MARSHALL & SONS Ltd. 81432
TELEX

28 CRICKLEWOOD BROADWAY, LONDON. N.W.2
CALLERS WELCOME 9 - 5.30 SATURDAY 9 -5

VALVES SAME DAY SERVICE
NEWT TESTED I GUARANTEED!

I SETS 181:05,018:, floTra1
8/

864., irie9AirAti,Dalia.D1311146D, 14.9f20,,D819/-4.:

1478T 7/8 25U4011116 DL94 0/9 EM34 14/0 P07L86 9/- UB2719 6/91H6GT 7/8 80C1 6/8 DL96 7/8 EMS° 8/8 POL86 8/8 UCC84 7/-
1NOGT 7/9 30016 18/- 0788 5/9 EM81 818 PCL88 14/6 UCCill 7/8196 5/9 30017 16/- DY87 5/9 EM84 6/9 PCL80015/6 UCF80 7/8
185 4/8 30018 18/6 &LEOS° 195 EM87 7/6 PENA4 8/8 IICH42 12/6
174 2/9 30E5 16/- EAF42 10/- 2761 7/8 PFL20011I9 IfOR81 6/6
384 6/9 30FL1 12/9 EB91 2/8 EY86 6/8 P236 9/0 IIOL89 7/-374 6/9 30E112 14/6 E9033 81- &Zee. 6/- PL81 9/8 UCL88 11/9

Y3GT 5/9 30E114 14/8 EBC41 10/8 EZ41 5/- P 0741 10/8Z40 7/8 30L1 6/6 EBF80 6/9 EZ80 4/0 PL83 6/6 UM 6/9
/3012 1818 30115 8/- EBF89 68 EZ81 4/9 PL84 6 17F89 69

30L17
1
15/8 ECC81 8//0 GZ39 8/9 P1600 18/-/8 111.41 18//-61150 2/9 80P4 12/- ECC89 4/9 0334 9/9 P1.504 15/0 151,44 801-

011Q0 5/8 80P12 13/9 BOOM 7/- ICT41 15/6 PL508 23/6 UL84 9/-6A88 8/- 50P19 12/- ECC85 6/9 KT61 9/9 PM84 7/8 ITM80 5/ -AV: 4/8 30PLI 12/9 E13050412/- KT136 16/9 PX96 28/6 UM84 4/6BA6 4/8 30E113 14/5 ECF80 6/6 LN329 14/8 PY82 10/- 0741 7/8
BE8 4/9 30E11414/- ECF82 6/0 N78 17/6 PY38 10/- ITT86 6/96936 8/8 36L66T 8/9 WHIM 6/- P61 10/- P781 6/3 VP4B 15/06C00 4/9 35W4 4/8 &Caen 12/9 PABC80 7/- P782 5/3 W77 8/6714 9/- 35Z4GT 5/- ZOMBI 5/9 PC86 10/8 P788 5/9 W119 7/-
723 14(2 807 9/- ECH83 8/8 PC88 10/8 PY88 6/9 Z77 4/6725 12/6 6063 12/6 ECH84 7/0 P098 9/6 PY800 7/0350 4/9 AC/71'2 15/8 241.80 7/- P097 9/- PY801 7/0 Transition0K70 2/6 AZ31 9/6 ECL82 6/9 PC900 7/8 R19 6/6 AC107 8/68K80 8/9 B349 18/- ECL86 8/- PCC84 6/0 RIO 12/- AC127 9/668870T 4/8 B729 12/6 EF37A 0/6 P0086 5/- 81.72150A AD140 7/6
V6G 5/8 CCH35 18/6 EF89 4/9 PC088 9/- 12/6 A1116 21-
V6GT 6/0 CL83 18/6 EF41 11/9 POO89 9/8 1325 13/- AF118 8/-14 4/9 0731 8/9 EF80 4/6 P0C189 9/9 026 12/- AF117 4/-6150T 5/9 DAC32 7/8 EF85 6/8 PC0800 18/- U47 18/6 AMU 3/0

10F18 7/- DAF91 4/8 EF86 6/2 PCF80 6/6 U49 12/- AF127 3/6
10E13 12/- DAF96 7/8 EF89 6/5 ECM 6/8 U78 4/9 0028 5/-
12AT7 8/9 DE33 7/9 9E91 2/9 PCF86 9/6 17191 18/6 0044 5/612A116 4/9 DF91 2/9 11E183 5/9 P07800 15/6 U193 8/6 0041) 8/6

2AU7 4/9 DF96 7/8 EF184 6/0 PCF801 6/9 0251 14/6 0071 6/6
24_17 4/9 DH77 4/8 EH90 6/2 PCF802 9/- 75301 10/6 0072 5/6

12K80T 7/8 DIC32 7/6 ELM 9/9 PCF805 12/8 U829 14/6 0075 2/019906017/5 DK91 6/9 EL34 9/6 P07806 11/8 U801 19/0 0081 8/6
20F2 13/8 DK92 8/6 EL41 11/- P07808 14/11 15A13080 6/6 00810 11/0
20P3 11/9 DK96 7/3 EL84 419 PCL82 7/8 IJAF42 10/3 0082 2/6
20P4 18/8 DL35 6/- EL90 5/8 PCL83 12/- UBC41 10/8 0082D 2/0251.60T 6/- DL92 6/9 EL600 12/0 PCL84 7/6 UBF80 5/9 0C170 4/0

READERS RADIO
85 TORQUAY GARDENS, REDBR DGE, ILFORD,

ESSEX. Tel. 01-550 7441
Postage on 1 valve 911. extra. On 2 valves or more, postage 6d. per

valve extra. Any Parcel Insured against Damage In Transit 6d. extra.

Learn at home...
First Class Radio
and TV'Corses

eptineta u

cstel
After brief, intensely interesting study -
undertaken at home in your spare time -
YOU can secure a recognised qualifi-
cation or extend your knowledge of
Radio and TV. Let us show you how.
FREE GUIDE
The New Free Guide contains 120 pages
of information of the greatest import-
ance to both the amateur and the
man employed in the radio industry.
Chambers College provides first rate
postal courses for Radio Amateurs'
Exam., R.T.E.S. Servicing Cert., C. & C.
Telecoms., A.M.I.E.R.E. Guide also
gives details of range of certificate
courses in Radio/TV Servicing. Elec-
tronics and other branches of engineer-
ing, together with particulars of our
remarkable terms of
Satisfaction or refund of foe
Write now for your copy of this valuable
publication. It may well prove to be the
turning point in your career.
Founded 1885 Over 138,000 sue ssssss

CHAMBERS COLLEGE
(Incoro. National Inst. of Engineering)
(111ept. 1144V) 148 Holborn, Leaden, E.C.I.

DIMMASWITCH

This is en attractive dimmer unit which
fits in place of the normal modern light
switch. The ivory mounting plate
matches modern fittings and the control
knob is bright chrome. An ON/OFF
switch is incorporated to control 40-600
watts of all lights except fluorescents at
mains voltages from 200-250V, 50 Ha.

Competitive products sell at 84 19 6d -our price is E3 4.. We also offer at
82 14s. a complete kit of parts with
instructions enabling you to build this
dimmer yourself.
The circuit uses a miniature RCA triac
and a diac triggering device to give
complete reliability. Radio interference
suppression is included.
Post end Packing 1/6d. extra.
Please send Cash with Order to: -

DEXTER & COMPANY
ULVER HOUSE, 19 KING STREET

CHESTER CHI 2AH
Tel: Chester 25883

As supplied to H.M. Government Depart-
ments, Hospitals, Local Authorities, etc.

NEW RANGE U.R.F. - TV - AERIALS
All U.R.F. aerials now fitted with
tilting bracket and 4 element grid
reflectors.
Loft Mounting Arrays. 7 element,
419.; 11 element. 47 / 6: 14 element.
551.; 18 element. 62/6. Well Mounting
with Cranked Arm. 7 element, 60/-:
I I element. 67/6: 14 element. 75/-: 18
element, 82/6. Mast Mounting with
2in. clamp. 7 element, 4216: II element.
551.; 14 element, 62/-;18 element,
70/-. Chimney Mounting Arrays, Com-
plete 7 element. 72/6: 11 element. 801.:
14 element. 87/6: 18 element. 95/-.
Complete assembly instructions with
every unit. Low Loss Cable, 1/6 yd.
U.H.F. Pre -amps from 76/-. State
clearly channel number required on all
orders.

BBC - ITV AERIALS
BBC (Band D. Loft
25/-. External S D, 30/-.
"H", 82.15.0.
ITV (Band 3), 3 element
loft array, 30/-. 5 ele-
ment. 40/-. 7 element.
50/-. Wall mounting. 3
element. 501.. 5 element,
55/-. Combined BBCIITY,
Loft 1 + 3. 40/-; 1 + 5.
50/.; 1 + 7, 601; Wall
mounting 1 + 3, 60/-:
I + 5, 70 /-; Chimney
I + 3, 70/-: 1 + 5. 80/-.
VHF transistor pre -amps.
75/-.

COMBINED BBC 1-ITV-BISCI
AERIALS 1+3+9. 701, I + 5 + 9.
80/, 1 + 5+14, 90/-. 1+7 + 14. 100/-.
Loft mounting only.
F.M. (Band 2). Loft S D, 17/6. "H",
351., 3 element, 57/6. External units
available. Co -ax, cable. 8d. yd.
Co -ax. plugs. 1/6. Outlet boxes, 5/-.
Diplexer Crossover Boxes. 17/6.
C.W.O. or C.O.D. P. & P. 6/6. Send
6d. stamps for illustrated lists.

CALLERS WELCOME
OPEN ALL DAY SATURDAY

K.V.A. ELECTRONICS (Dept.P.T.)
40.41 Monarch Parade

London Road, Mitcham. Surrey
014411 4884

A
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NEW LINE OUTPUT TRANSFORMERS
ALBA 655, 656, 717, 721 75/-. 890-895, 1090, 1135, 1195, 1235, 1395, 1435 118/-.
BAIRD. Prices on request. From model 600 quote part no. normally found on TX base plate.
BUSH TV53 to TUG69 40/-. TV91 to TV139 95/-. TV141 to TV176 Rewind 90/-.
COSSOR 904 to 957 Rewind 90/-. C717000 to CT2378A 118/-.
DECCA DM1, DM3C, (90°) 78/-. DM4C (70°) 78/-. DR1, DR2, DR121 90/-.
DEFIANT 7P20 to 7609 Rewind 95/-.
DYNATRON TV30, TV35 55/6. TV36 70/-.
EKCO T231, T284, TC267, T283, T293, T311, T326, T327, T330 55/6. TMB272 68/6. T344, T344F, T345, TP347 7348, T348F,

TC347, TC349, TC356, T368, T370, TC369, T371, T372, TP373, TC374, T377A, T393, T394, 433, 434, 435, 436, 437 all at 70/.
503, 504, 505, 506 95/-.

FERGUSON 306T, 308T 55/6 each. 406T, 408T, 416, 436, 438, 506, 508, 516, 518, 536, 546, 604, 606, 608, 616, 619, 636,
646, 648, 725, 726. 727, 3600, 3601, 3602, 3604, 3611, 3612, 3614, 3617, 3618, 3619, 3620, 3621, 3622, 3623, 3624, 3625,
3626, 3627, 3629 80/-.

FERRANTI T1001, T1002, T1002/1, T1004, T1005 55/-. T1023, T1024, T1027, T1027F, TP1026, T1071, 71072, 71121, TC1122,
TC1124, T1125, TC1126 70/-. 1154, 1155 95/-.

G.E.C. BT302, BT342 62/6. BT454DST-456DST, 2010, 2013, 2014, 2012, 2000DS. 2001 DS, 2002DS 85/-.
H.M.V. 1865, 1869 55/6. 1870, 1872. 1874, 1876 1890, 1892, 1894, 1896 80/-.
KB OV30, NF70, NV40, PV40, QV10, PVP20 90/-. Featherlight 90/-. Chassis No. VC1-VC2-VC3-VC4 90/-.
PETO SCOTT. Prices on request.
PHILCO 1019, 1020, 2021 82/6. 1029, 1030, 1035, 1036, 1040, 1050, 1060 82/6.
PHILIPS 11TG190 to 247301 118/-. 1768U to 2196U Rewind 95/-.
PILOT PT450, 452, 455, 650, PT651, P60A, P61 70/-.
PYE V200, V400, 200LB, 210, 220, 300F, 3005, 310, 210S, 410 70/-. PYE 11 U-P/No. AL21003 70/-.
REGENTONE TV403 90/-.
R.G.D. RV203 90/-.
ULTRA 1770, 2170, 1772, 1782, 2172, 1771, 2171, 1775, 2175, 1774, 2174, 1773, 2137, 1980c, 1984c, 100c, 200c, 2380, 2384, 1984,

1985, 1986, 1980, 1980a, 1780, 2180, 2181, 2183, 2182, 1871, 1783 80/-.
We can rewind most LOPT 95/-.

LINE OUTPUT TRANSFORMER INSERTS ONLY
BUSH TV92-TV93, TV94-TV95-TV96-TV97 TV98, TV100, TV101, TV103, TV104, TV105, TV106, TV108, TV109, TV110, TV113,

TV115, TV115R, TV115c, 123, 125, 128, 55/-. Complete with heater windings. TV75, TV85 551-.
DECCA DR95, DR100, DR101, DR202, DR303, DR404, DR505, DR606 55/-.
EMERSON E700, E701, E704, E707, E709, E710, E711, Portarama 37/6.
FERGUSON 204T, 205T, 206T. 214T, 235T, 236T, 244T, 245T, 246T 40/-
FERRANTI 1472, 14TC, 1413F, 1474, 14T4F, 1475, 1476, 17K3, 17K3F, 1773, 17T3F, 17K4F, 17K6, 17SK6, 1774, 17T4F,

1775, 1776, 21 K6, 21 K6V, 37/6.
INVICTA 1118, T119, T120 50/-.
KB PV40, MV100, OF100, PV100, NV40, NF70, OV30, QV10, QV30 40/- pair.
PETO SCOTT 1416, 1418, 1419, 1422, 1423, 1716, 1719, 1720, 1922, 1723, 1724, 1725 29/6.
PYE V4, VT7, CTM4, TCM7 50/-.
REGENTONE 10-4, 10-6, 1021, 17-18, 10-12 35/-. T176, TT7, 191, 192 37/6.
R.G.D. Deep 17, The 17, 590, 600, 606, 611, 710, 723 35/-.
Guarantee. Post and Package 4/6. C.O.D. 6/-.

NEW REPLACEMENT L/OP/TX.

MURPHY 118/- 4/6 P.P.
V310 ONWARD

OPEN (SKELETON) PRESETS
Open type controls with mounting lugs to suit printed circuit boards.
Vertical Flouncing 2/6 each
K Ohms 5, 10, 25, 100, 150, 250, 500, 680.
M Ohms. 1, 2, 2.5.
Horizontal Mounting .. .. 2/6 each
K Ohms 100, 250, 500, 680.
M Ohms I, 2.2, 3-3.
NEW ROTARY TRANSISTORISED UHF TUNERS, £6 10s. P.P. 4/6.
BRAND NEW VHF TUNER. Uses PC97-PCF805.

Less valves 45/-. P.P. 4/6
SCAN COILS MURPHY 470, 480, 490, 500 .. 90/-..
SCAN COILS DECCA DRI etc. .. .. .. 90/, P.P. 4/6.
SCAN COILS 850 FERGUSON 90/-... .. ..
IRON DUST CORES .. .. .. 8/- Dozen. P.P. 6d.
Dimensions: L.5" die. 6mm (normal thread), hexagon centre hole.
Trimming Tool for adjusting 6mm cores as above I/- Each, P.P. 4d.
10 -oz. tin Switch Cleaner 9/-. Aerosol Switch Cleaner 17/6.
REPLACEMENT DROPPERS
Philips Type 30 +125 +2.85 12/6.
Ferguson, H.M.V., Marconi, Ultra 800 & 850 Series (Convertible)
37 + 31 + 97 + 26 + 168. 12/6. P.P. I Id.
As above 850 Series (Dual Standard) 14 + 26 + 97 173 12/6 each.
P.P. 1/,
E.H.T. CAPACITORS
Single O.B.A. Stud Mounting. 001 of 20kV
High Voltage Pulse Ceramics.
10, 15, 22, 33, 68, 82, 100, 120, 140, 155,
REPLACEMENT CONTROLS
Philips 5k, S.P. Model Nos.: LIG, 30T,
50T, ST425A, 426, 431, 13RLI61, 13RL2
T.V. CANNED ELECTROLYTICS
64-100. 450v. 22/6 each. P.P. 2/6.
100.200. 275v. 18/- each. P.P. 2/6.

10/6 each. P.P. 2/6.

180, 220, 250pf.

41 T, SIT, 52T, L2G 37T, 47T,
65 8/6. P.P. 6d.

1/6. P.P. 6d.

T.V. CANNED ELECTROLYTICS
100-200. 350v. 22/6 each. P.P. 2/6. 150-100-100-100-150.
100-200-60. 320v. 39/9 each. P.P. 2/6.

300v. 22/6 each. P.P. 2/6. 200. 350v. 15/. each. P.P. 2/6.
100-300-100-16. 200-200-100.

275v. 27/- each. P.P. 2/6. 350v. 31/6 each. P.P. 2/6.
100-400. 275v. 19/- each. P.P. 2/6. 300-300. 300v. 37/9 each. P.P. 2/6.
100-400-16. 125 e 200 +100 +32-275V 28/-.

275v. 26/- each. P.P. 2/6. 400+400-350V 44/3.

POWER RESISTOR SECTIONS
These wirewound sections enable you to build up any Mains Dropper
to your requirements. A central 2B A. hole is provided for mounting.

.. 3/10 each.

.. 4/9 each.

.. 3/10 each.

.. 4/9 each.

.. 3/10 each.

.. 4/9 each.

.. 3/10 each.

.. 4/9 each.

Ohms 7, 9, 10, 12, 14, 17-5, 20. All at -7A .

Ohms 22, 25, 28, 30, 33, 36. All at .7A . .

Ohms 40. 47, 52, 56, 60, 63, 66, 75, 87. 100 at .3A.
Ohms 120, 140, 160, 180, 200, 220, 250, 270 at 3A...
Ohms 300, 350, 400, 470, 560, all at I2A.
Ohms 726 at I5A. .

K Ohms, I K ohm at 1A.
K. Ohms, 2 (.07A) . . .

Postage each section 6d.
PARTS FOR THE CONSTRUCTOR 625 RECEIVER
T.2. .. 35/.. P.P. 4/6.
L.3 Scan Coils - . 90/, P.P. 4/6.
T.3 Line Output TX .. . 80/-. P.P. 4/6.
T.4 Audio Output .. .. 21/, P.P. 2/6.
Electrolytic 100+100+300+16 .. 27/.. P.P. 1/-.
DI to D4 .. .. .. .. 6/- each. P.P. 6d.
D5, D8, DIO, DI I, 013 .. . 2/6 each. P.P. 6d.
D9, DI2 .. .. . 2/7 each. P.P. 6d.
C35, Pulse Ceramic . 1/6 each. P.P. 6d.
I3SX 21 .. .. . 9/-. P.P. 6d.
AC 127 .. .. .. 6/6. P.P. 6d.
27 Way Tag Strip .. .. S/6 for 3. P.P. 1/-.
VAI015 Thermistor 3/6 each. P.P. 6d.
Fuse Carriers 20mm. .. . 5/9 each. P.P. 6d.
S.W.I switch . 8/3 each. P.P. 6d.
Ceramic valveholders 139A . 1/6 each. P.P. 6d.
Ceramic valveholders Octal .. 1/7 each. P.P. 6d.
E.298E DA258 E29822/06 3/- each.
3 Ohm Elliptical speaker .. . 34/10 Inc. 6/10 tax. P.P. 3/6.
Complete set of 9 Potentiometers . 43/8. P.P. 4/6.

CALLERS WELCOME. But to avoid disappointment please phone to check that the items you require are in stock.
All new components inserts are guaranteed for three months from the date of invoice subject to the breakdown being due to faulty

manufacture or materials. S.A.E. all enquiries.

Dept. "R" D. & B. TELEVISION (Wimbledon) LTD.
80 MERT01-540ON HIG

3
H STRE01E-540T, S.W.I9

513 3955
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RENT OR BUY?
The UK has a much higher proportion of rented to
individually owned TV sets than any other country.
In fact the TV rental shop is today something of
a high -street institution. It's worth however
asking from time to time whether this predominant
position of renting is justified, and Which? in a
recent report has done just this.

It's unlikely that the newly -marrieds of today will
be aware of the very real worry that the thought
of a new TV tube caused a few years ago. Tubes
and servicing were expensive and sets none too
reliable. Renting, with servicing the responsibility
of the rental organisation, was an obvious answer
and caught on.

But there have been underlying changes in the
situation. Company taxes have changed and
overheads increased, and as a result there has
recently been a tendency for rentals to edge up.
Also, takeovers have reduced the number of
rental organisations and hence the competition.
On the technical side the situation has a nice
touch of irony: the rental organisations, most of
whom handle their parent company's sets, demand
reliable and easily serviced chassis-but since
the same chassis are offered for sale the individual
buyer also gets the benefit! The modern chassis
is very much more accessible than those of years
ago, and with the latest single -standard ones we
seem to have reached a state of very welcome set
reliability.

These are probably the facts underlying
Which ?'s conclusion that if you want a new black-
and -white set today and are not going to want
colour for a while "you would do better to buy."
Which? goes further and concludes that main-
tenance contracts for monochrome sets, costing
up to £10 a year, are not worthwhile since yearly
servicing costs for monochrome dual -standard
sets average £2-0.

On colour Which? decided that renting a single-
standard set was the best course. The reliability
of colour sets has greatly increased, but it can be
expensive if things go wrong. Will the position
change for colour as well in a few years' time we
wonder?
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VIDEOTAPE COLOUR ADAPTOR

Ampex have adapted the FAM (frequency -amplitude
modulation) system for a colour adaptor for use
with their 1 in. helical -scan videotape recorder. The
unit costs about £625 and provides an add-on colour
facility for systems which are otherwise suitable for
only black -and -white due to restricted bandwidth
and poor phase characteristics.

The encoder which produces a coded signal for
recording accepts an RGB input. After the usual
matrixing to obtain luminance and colour -difference
signals, low-pass filters are used to limit the U (B-
Y) and V (R-Y) colour -difference signals to 0-0.7
MHz while the luminance signal is limited to 0-2
MHz. The V signal then frequency modulates a

2.65MHz carrier which is subsequently amplitude
modulated by the U signal. The frequency -amplitude
modulated carrier is then added to the luminance
signal, giving a coded signal with a bandwidth of
3MHz.

To decode the signal on playback a 2.1-3.9MHz
bandpass filter separates the chroma signal while
a delay line notch filter with maximum rejection at
2.65MHz removes the chroma signal from the
luminance channel. The chroma signal is fed to
separate a.m. and f.m. demodulators which recover
the original U and V signals. These are matrixed
with the sharpened (to improve resolution) luminance
signal to provide RGB outputs. No phase -sensitive
circuits are required in the decoder.

The frequency of the carrier used for the colour -
difference signals is not related to the line frequency
and so is independent of the line and field standards
used. The FAM encoded signal is not compatible,
i.e. it cannot be replayed on a black -and -white only
videotape recorder.

IMPEDANCE -COMPENSATED UHF AERIALS

The Labgear Colourmatch range of u.h.f. aerials
now incorporates what Labgear call a " compensated
collector assembly". This consists of a specially
shaped and positioned first director element in their
Yagi, array. They point out that the optimum
spacing of the first director in a multi -element Yagi
array for greatest gain is not necessarily the same
as the spacing required to give optimum matching
to the feeder (especially necessary for good colour
reception). The design of the first director in the
" compensated collector" arrangement has been
tailored to meet these two requirements-best gain
and matching-giving good signal pick-up, a clean
polar response and reflection -free matching. There

are three models, the CMT11, CM14 and CM18, for
the A, B and CD aerial groups respectively. Further
details from Labgear, Cromwell Road, Cambridge
CBI 3EL.

CCTV SYSTEM FOR f45

The CCTV system being demonstrated.

The latest constructional project to be produced
for schools and other teaching establishments by
the Mullard Educational Service is a closed-circuit
TV camera which can be built for as little as £45.
The camera uses a lin. vidicon tube and employs
extremely simple circuitry. Given reasonable lighting
conditions, the camera will provide an output signal
of 1.0V peak -to -peak into 75Q. The prototype was
housed in r. length of 2 -fin. domestic plastic tubing,
and a simple home-made lens system can be used.
Although this project is primarily intended for
schools, we hope to publish fully comprehensive
constructional details in TELEVISION when the design
is finalised.

View of the inside of the prototype camera.
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MECHANICAL -FILTER IF BANDPASS
COUPLING

The US Zenith Corporation has been experimenting
with the use of a mechanical filter for bandpass
coupling in TV receiver i.f. stages. The device
consists of a piezoelectric lead zirconate plate to
which " transmit" and " receive" electrodes are
attached. The signal is fed to the transmit electrode
which stresses the ceramic plate, causing mechanical
waves to travel along its surface. These create a
varying electric field which is detected by the receiving
electrode. The electrodes are comb -shaped, the
comb spacing affecting the frequency response of
the device. A complete colour receiver i.f. strip has
been built using four of these filters (called surface
wave integral filters) together with i.c.s. on a 2 x lin.
thick -film circuit with a ceramic substrate.

STATIONS NOW OPERATING

BBC -1 and ITV programmes are now transmitted
on u.h.f. from Pontop Pike. BBC -1 is on channel
58 and ITV channel 61. A group C aerial installed
for horizontal polarisation is required. The BBC -1
u.h.f. service from Waltham on channel 58 (horizon-
tal polarisation, group C aerial) and the BBC -2
service from Rosemarkie on channel 45 (horizontal
polarisation, group B aerial) have also started. The
ITA has been authorised to advance the timing of the
construction of a new main u.h.f. transmitter at
Stockland Hill near Honiton Devon. It is hoped
to bring this station into operation in the Autumn of
1971, radiating Westward Television on channel 23.

The ITA has also now brought into operation its
v.h.f. relay stations at Ballycastle Northern Ireland-
on channel 13 with horizontal polarisation-and
Newhaven-on channel 6 with vertical polarisation.
The opening of these stations marks the completion
of the ITA's network of 405 -line v.h.f. transmitters.

COLOUR FROM A MONOCHROME RECORDER!

The German Korting firm has demonstrated how a
low-cost monochrome video recorder can be used
to reproduce colour on a colour TV set with the
aid of a signal generator. The technique used is
the FAM system described elsewhere, in these notes.
Korting have adapted their colour television signal
generator for this purpose, and are now offering
it as a standard item. The generator will be
marketed in the UK by Decca Radio and Television
who handle other Korting test equipment in this
country. Korting consider the main application of
the technique to be in education and advertising
in stores, where for example several ordinary colour
receivers could be used as monitors in a low-cost
set-up.

LATEST SETS & TRADE NEWS

Much news this month from the Philips/Pye group.
First a new single -standard colour chassis, the 08,
to be used initially in the Philips 22in. Models
G22K250/02 and G22K250/06. The chassis is the
first UK produced one to feature " electronic tuning "
by means of varicap diodes (five of them) in the
u.h.f. tuner. The channel -selection buttons operate

switches which select different preset bias potentials
for the varicap diodes, thus altering the tuning.
The chassis uses modular construction and is all
solid-state except of course for the c.r.t. itself. Four
i.c.s., one for stabilising the power supply for the
electronic tuning system, one for the intercarrier
sound channel, one for the luminance preamplifier
and sync stages and one as PAL switch and synchro-
nous demodulator are used. It is understood that
later versions will use a further i.c. for colour signal
matrixing and preamplification. The chassis uses
RGB drive to the c.r.t., and a stabilised thyristor
power supply circuit. A.F.C. is applied to the tuner
along with the varicap diode biasing. There are
five new monochrome Pye models. The 93, a 24in.model at £92, and the 94, a 20in. model at
£83.10.0d, are dual -standard models fitted with the
368 chassis. Single -standard models fitted with the
169 chassis are the 24in. Model 95 at £82.16.0d,
the 20in. 'Model 96 at £74.10.0d and the Model
92 "Rambler", a 17in. model designed for the
second -set market and fitted with a loop aerial-it is
expected to sell at around £73. The other news
from the group is that there are to be no more
Ferranti sets, the group now having relinquished the
right to use the name. Spares will continue to be
available for the same periods as for other brands
marketed by the group (7 years for TV sets and
5 years for radio receivers from the date of pur-
chase).

The ITT-STC group have introduced two new KB
models, the 20in. Model SV043 at £71.15.0d and
24in. Model SV143 at £80. These are de -luxe versions
of the other two recently introduced models, and
all are fitted with their new VC200 single -standard
printed -circuit chassis.

A new model in the National range is the TR419
" Pana-Pana", a 9in. portable for battery or a.c.
mains operation. It is fitted with a loop aerial and
earphones for personal listening and has a recom-
mended price of £69.10.0d. It is of course a single -
standard model. National models are handled by
Unamec Ltd., United Africa House, Blackfriars
Road, London, SE1. Rediffusion now have a
26in. square -screen colour model for use with their
wired TV system.

An interesting new u.h.f. set -top aerial, the
MCA1 1, has been introduced by Panorama. This
is a wideband seven -element log -periodic aerial, with
recommended price of 53/-d. Unusually for log-
periodics, all the elements are dipoles. (Panorama
Radio Co. Ltd 73 Wadham Road, London SW15).

The latest BREMA figures, for June, show colour
TV set deliveries up once again, at 38,000. This
means that UK setmakers have now delivered half
a million colour sets to the market since the colour
service was started in 1967. Over half of these have
been delivered in the last nine months. There has
been a further slight slackening in the deliveries of
monochrome receivers, with figures of 133,000 and
124,000 for May and June respectively. Deliveries
of single -standard monochrome receivers have
increased and these are now estimated to account
for 40% of the monthly deliveries of monochrome
sets. The six -monthly figures show radio deliveries
down slightly, radiogram deliveries up slightly, and
record player deliveries up by the striking figure of
42%.
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M. L. MICHAELIS

THE complete theoretical circuit of the i.c. millivolt -
meter is shown in Fig. 1 and is simple to understand
in the light of the detailed discussion of operational
amplifiers given in the August issue. A high input
impedance is required so the voltage from the input
bleeder network is taken to IP. VR3 is RFB and
its ratio with respect to R19 determines the operat-
ing gain factor which is adjustable with VR3 to set
the overall sensitivity of this electronic voltmeter.

Since the input voltage to be measured is tied to
chassis and moreover we cannot tolerate back -injec-
tion of voltages into the circuits being measured,
offset compensation with VR4 is applied to III, not
to IP. The range of VR4 has been made sufficient to
reach full scale deflection of the meter in either
polarity with no input voltage, so that half -scale
deflection can be set to give centre -zero facilities
when aligning f.m. discriminators, or large zero -point
suppression can be used to measure small changes
of large voltages. The component values around
VR4 have also been chosen so that the criterion
for exhausted batteries is that full scale deflection
can no longer be reached with VR4 in one or both
polarities.

MEASURING RANGES
The i.c. operational amplifier permits lowest ranges

with much smaller f.s.d. voltage values than were
realisable previously with straightforward valve or
transistor voltmeters. Stable ranges with acceptable
residual zero point drift are possible down to an
order of magnitude above the offset voltage, i.e. down
to 20mV f.s.d. Transistor and valve voltmeter cir-
cuits give trouble below 1V f.s.d. on account of
temperature -dependent and sample tolerance varia-
tions of threshold voltage or grid current respectively.
The i.c. operational amplifier is thus superior by
nearly two orders of magnitude in comparable cir-

cuits. In fact a further two orders of magnitude
could be obtained by slight circuit refinement amount-
ing to stabilisation of the power supply, because the
residual zero point drifts of the present circuit are
almost entirely due to drifts across VR4 with ageing
batteries, not due to imperfections of the i.c. The
latter are determined by the temperature coefficient
of the offset voltage, which no longer lies in the low
millivolt region but down in the microvolt range.

We have however set out to devise the simplest
possible circuit with attractive performance. We
have made no attempt to stabilise the battery voltage
which varies through its own order of magnitude in
the course of battery life. Consequently the milli-
volts sample of the battery voltage stepped down
across VR4 for offset compensation also varies but
the resulting zero point drift is acceptable if the
required input voltage for f.s.d. output voltage is an
order of magnitude greater. The zero point of the
meter then drifts by only a few percent of f.s.d.
through the battery lifetime. The zero point drift
over a few hours' continuous operation is quite
negligible as long as the batteries are still healthy.

FULL SCALE DEFLECTION
The typical input offset voltage of the MC1709CG

is 2mV so the input voltage required at IP for full-
scale meter deflection was fixed at 25mV (approxi-
mately). R21 and R26 convert the 1mA meter into
a 2.5V f.s.d. voltmeter, so VR3 must be set to give
an operating gain factor of 100. All component
tolerances are taken into account by adjusting with
respect to known input voltages as described below.
An input voltage of about 25mV is required on all
ranges for f.s.d. This means that about 1,1A must
be injected into the 271(0 resistor R18, fixing the meter
sensitivity at 1M12/V for all ranges. The large input
impedance at IP ensures that R18 dominates, and
the accuracy is not impaired by tolerances or uncer-
tainties of the actual input impedance at IP.

INPUT NETWORK
The purpose of the input network is to make the

current into R18 equal to 1µA when the nominal
f.s.d. voltage is applied to each respective input
terminal.

C6 shorts any a.c. or hum components so that
d.c. readings can be taken in circuits in the presence
of signals and unscreened test leads may be used.
Diodes D1 and D2 protect the i.c. if excessive input
voltages are applied. The voltage applied to IP can
never exceed, the silicon threshold of these diodes,
i.e. + 600mV maximum. This cannot damage the
i.c. The lowest available range has been made 50mV
f.s.d. instead of 25mV f.s.d. because it is necessary
to insert series resistance VR2 to limit the current
through DI and D2 in case of excessive applied
voltages. VR2 is set to about 251d2 so that even if
the f.s.d. value of the highest range (100V) is applied
to the 50mV input, only 4mA will flow through the
diodes Dl and D2. This is harmless.

The ranges up to IV f.s.d. require the trimmers
VR1 and VR2 because their total series resistances
with respect to R18 are not large enough to make
R18 negligible. Such trimmers are not necessary for
the higher ranges, but several resistors are used in
series to improve insulation on the printed circuit
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Resistors:

Sk 10 Black

R1 -R13 10M52
R14 1MS1
R15 1 Mi1
R16 1001a2
R17 1001W
R18 27kO
R19 4.7kS2
R20 1 .5k0
R21 2.21(0
R22 151a2
R23 15kit
R24 6811
R25 6852
R26 3300
R27 100U
R28 10052
All IW carbon 10%
(R1 -R18 preferably 5
or 1%)

DI
BYY
32

Cl 0.1

VR3
1M

Lin

C2

4700p

-=e2 1
IP

IP03

ICI
Motorola
MC1709
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R20
1.5k

R22
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Si
R27 On -off
100

R28
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R21
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0
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e
9V
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C7

RIB C6
27
k

VR4
1k Lin

R24 Set zero

68

Potentiometers:
VR1 1MC2
VR2 50ki1
VR3 1M12
Lin., miniature skeleton
types
VR4 1k1-2 lin.

47/Chassis

R23
15k

R25
68

MI
R26 Meter
330

D31mA

.-- BAY20
D4

BAY20

S2
polarity

to chassis

3
2

6
Nose 7

ICI
Looking on to pins

from below

5

Fig. 1: Circuit diagram of the i. c. millivoltmeter. The basic
principles of using operational amplifier i.c.s were

explained in the August issue.

Miscellaneous:
B1, B2 Miniature 9V personal portable

batteries
M1 Moving -coil meter, panel mounting,

1 mA f.s.d., internal resistance should
be much less than 30011

S1 D P.S.T. toggle switch
S2 D.P.D.T. toggle switch
Sk1 Transmitter -type coaxial socket
Sk2-9 Red insulated wander plug sockets
Sk10 Black insulated wander plug socket

board, or in parallel in other positions to avoid
non -preferred values.

The set of ranges up to 100V f.s.d. is adequate
for working with all normal transistorised circuits.
A 1kV range is required too for valve circuits. This
calls for a total series resistance of 1,000M52 which
would involve insulation problems on the printed
circuit board. Thus a well -insulated coaxial socket
has been strapped to the 10V range socket, behind
which 10MS2 are already present. The 1kV probe
to extend the range consists of a piece of well -

insulated coaxial cable ending at the bottom end of
a plastic tube containing a series chain of any com-
bination of resistors totalling 990MO, with the prod

Capacitors:
C1 0.1µF microfoil 100 or 250V
C2 4700pF microfoil 250V
C3 10pF ceramic, 250 or 500V
C4 100p.F 15V electrolytic
C5 100p.F 15V electrolytic
C6 1pF microfoil 60 or 100V
C7 0-1p.F microfoil 100 or 250V

Semiconductors:
D1, D2 Any small silicon I.t.

rectifier, lA
D3, D4 Any small silicon

signal diode
IC1 MC1709CG Motorola

at the other end. The tube should be filled with
good quality insulating wax.

OUTPUT CIRCUIT
DI and D2 limit the amplifier input voltage to a

safe maximum value but this still slams the amplifier
output to + battery potential, a full 9V being applied
to the meter circuit. Diodes D3 and D4 in con-
junction with R26 limit the meter current to some-
where between f.s.d. and twice f.s.d., safeguarding
the meter under all circumstances. S2 permits polarity
reversal so that SklO may be left clipped to the
chassis of equipment being tested and voltages of
either polarity observed.



8

10

9

8

Mean terminal
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Hours continuous operation without rest
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Fig. 2: Battery life, current drain and zero drift of the Lc.
millivoltmeter.

This electronic voltmeter is foolproof in that it
cannot be damaged by applying any voltage up to
f.s.d. of the highest range in either polarity to any
lower range including the lowest. The meter will
slam hard to full scale or back against the bottom
stop, but cannot be damaged.

POWER SUPPLY
Two miniature 9V batteries are used. C4 and C5

preserve stability with batteries approaching exhaus-
tion. R27 and R28 limit surge currents into C4 and C5,
protecting the contacts of Si. These resistors also
afford a convenient means for measuring load
currents for checks and adjustments by using another
meter to measure the voltage drop across them.

The nominal current drain is 2.25mA per battery
with a fresh battery, so the voltage drops across R27
and R28 should be 225mV each. Note that the
current drains imposed on the two batteries are equal
only if the meter is set to electrical zero. As shown
in Fig. 2 the current drains from both batteries
increase for negative -polarity measurements, but the
negative battery current drops and the positive
battery current rises for positive -polarity measure-
ments. Thus to preserve battery life keep the
meter zeroed during idle periods and do not
unnecessarily leave inputs connected for long times,
or a centre zero setting. And use positive polarity
in preference to negative polarity. These considera-
tions are not critical however and merely make the
difference whether 70 or 100 total operating hours
will be obtained per battery set.

The meter is ready to operate at once upon
switching -on, without any zero crawl during warm-up,
so that it may be switched on briefly only when
taking actual voltage readings. A continuous opera-
tion test has been made and the results are also
shown in Fig. 2. Even if the meter is switched on
by the service engineer each morning at the start of
work and off again in the evening it will take at
least a fortnight before it is necessary to renew the

batteries. The batteries should last almost their shelf
life of 1 to 2 years with average intermittent amateur
use of the instrument.

The exhaustion test in Fig. 2 was run with the
meter zeroed and a furl check -through made each
time a zero drift was just perceptible through
battery ageing (about 12 hour intervals). The drift
was corrected with VR4, but noted for plotting.
The instrument was never once switched off through-
out the soak test of over 100 hours. The per-
formance criterion was taken to be as still correct
reading of exactly full scale with an external
accurately stabilised 100V source connected to
Sk2. The meter was set up as described below with
quite fresh batteries so that after correct zero setting
with VR4 the 100V reading was exact in both
polarities. For each check, the meter was first
exactly zeroed again and then the stabilised 100V
source applied in both polarities in turn. Finally the
battery terminal voltages were measured on load
with a separate precision voltmeter. All results are
plotted in Fig. 2.

ZERO DR/FT
The 100V readings in both polarities were exact

and did not change visibly for 30 seconds, after
which time exact zero reading was restored as soon
as the voltage was removed, throughout the range
of time marked " excellent throughout" up to 90
hours total. For the next 10 hours readings began
to creep slightly, i.e. the 100V f.s.d. reading changed
by a few per cent over half a minute and exact
zero did not return at once when the voltage was
removed. The creep was acceptable however. It
became quite intolerable in the region beyond 100
hours, marked "exhausted".

The reason for this creep is that the batteries
were then so far discharged that the slight differences
of current drains with readings changed the e.m.f.s
and thus the offset cancellation appreciably. This
could be compensated with diodes across R24 and
R25, but that would inject the temperature instability
of such diodes into the amplifier. The creep effect
is negligible before 90 hours.

Note that the cumulative zero drift is also very
slight indeed over long periods of time, rising sharply
only when the batteries are close to exhaustion.
With the given component values the point where
VR4 could no longer be set to give full scale meter
deflection was reached between 90 and 100 hours, so
this is a very good criterion for exhausted batteries.
The batteries which were exhausted to the 110
hour point in one stretch without a rest did not
recover again to a pre -90 -hour performance point
even after 10 days idle. Thus batteries exhausted
at one stretch are absolutely exhausted. But if
rests are interposed earlier than the 90 hour point
the total operating lifetime will probably be very
much in excess of 100 hours.

SETTING UP
Adjust VR4 for meter zero after checking the

mechanical zero setting whilst the instrument is
still switched off. Then apply exactly 100V or some
other exactly known voltage giving near f.s.d. to
the appropriate terminal Sk2 to Sk5 (not the lower
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ranges). Trim VR3 for correct meter reading. Now
apply an exactly known voltage to Sk6 or Sk7 and
adjust VR1 for correct meter reading. Finally apply
a third exactly known voltage from a very low -
resistance source to Sk8 or Sk9 after first shorting
this terminal to Sk10 and readjusting zero with VR4.
Adjust VR2 for correct meter reading. The setting
up adjustments must be made in this order.

OFFSET SHIFT
There is an inevitable offset shift effect on the

lowest two ranges, i.e. the electrical zero setting
with VR4 is different with the input open -circuit
and short-circuited. This is because the offset current
condition demanding equal source resistance at IP
and IP cannot be satisfied in this simple circuit. It
is impossible to make R18 equal to R19 without
either sacrificing input sensitivity or running into
unacceptably large values for VR3 giving incurable
parasitic oscillation.

Now normally the current offset is perfectly stable
and compensated with VR4 together with the volt-
age offset. Whenever the input of the instrument
is short-circuited on any range the top end of the
corresponding part of the input network is placed
in parallel with R18 thus altering the ratio of the
two input source resistances and hence the degree of
current offset. The resulting change of IP resistance
is negligible for all higher ranges because shorting
them merely places many megohnis across R18
which is only 27k11. Thus there is no significant
offset shift. The percentage change of IP resistance
is larger however if the 50mV or 100mV range is
shorted, giving an offset shift of some 5 to 10 per
cent f.s.d.

This is nevertheless acceptable on the following
considerations. The meter resistance must be at
least ten times the resistance of a circuit being
measured to avoid false readings due to loading.

®

1737-1 sk0
50mV

Sk6
100mV

Sk7
500 m Vp

Sk6

S k 5

5V

S k<@toy)170:

50 V

Ski

Sk2

boo v ,O)

eteaD
MC

SktO MC
A

C MC

Chassis solder ng tag under fixing bolt
Fixing stand-off bolts for printed circuit board
Connections to printed circuit board

Fig. 3: Rear view of the front panel assembly. The panel
is approximately 4 x 6 in.

Thus the maximum acceptable circuit resistance for
the 50mV range is 5k12 which is virtually a short-
circuit for the meter input. Consequently the offset
shift error is reduced to negligible proportions if the
50mV or 100mV range is first shorted and VR4 re-
set for electrical zero in the shorted condition before
taking readings in these low ranges. The meter will
of course move back below zero in between taking
readings but the readings are nevertheless correct.
For all the ranges from 500mV upwards a common
zero setting holds regardless of the input circuit
impedance and the meter reads zero on open -
circuit. Bearing these points of operating procedure
in mind, the instrument is capable of giving readings
with normal accuracy down to a few millivolts d.c.

PARASITIC OSCILLATION
Speaking generally, there is a danger of parasitic

oscillation in any amplifier with negative feedback if
the gain has not dropped below unity for the fre-
quency at which the inevitable strays produce a
180° phase shift in the negative feedback loop so that
it has become positive feedback causing regeneration
at this frequency.

FREQUENCY COMPENSATION
The trouble will obviously be more severe the

heavier the applied negative feedback, i.e. the larger
the open -loop gain is and the greater the factor by
which we reduce this gain with negative feedback in
the wanted operating frequency range. Thus the
problem will be particularly acute with operational
amplifiers, calling for so-called frequency compensa-
tion to ensure overall stability. It is important to
bear in mind the paradoxical fact that the tendency
towards instability, calling for heavier frequency
compensation, is the greater the smaller we make
the operating gain factor - because this calls for
heavier negative feedback. There is also a normal
tendency towards instability due to excessive gain
in the open -loop state, so that optimum stability,
requiring the least frequency compensation, is given
at medium gain, usually the highest usable opera-
ting gain factor for a well -designed device.

The purpose of frequency compensation is to make
the loop gain roll off more rapidly than the phase
shift increase above the cut-off frequency. In a
multistage amplifier such as these i.c. operational
amplifiers it will be necessary to compensate more
than one stage independently. This is effected with
C2, R20, for the input stage and with C3 for the
output stage of the i.c. in our circuit.

OUTPUT LAG
The output compensation is usually called output

lagging and the pin to which a sample of the output
voltage is capacitively fed back (pin 5 here) is the
output -lag pin. The operation is essentially that of
a Miller integrator, i.e. capacitive feedback from
collector to base of a transistor, as can be seen from
Fig. 3, the i.c. internal circuit, shown in the August
issue. This causes a delay between the injection
of an input signal and the appearance of its effect
at the output, so that there is a drastic reduction of
gain for all frequencies above a certain threshold
determined by the delay (Miller time -constant). The
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the board to the front panel.

input compensation between pins 1 and 8, which
are provided solely for this purpose, is similar in
principle but milder because resistance is included in
series with the Miller capacitance.

Some i.c. operational amplifiers are marketed with
internal frequency compensation, claimed to be a
desirable feature of quality. This is doubtful because
it tends to restrict the range of applications. The data
sheets for general-purpose i.c. operational ampli-
fiers list values of external frequency -compensation
components and output -lag capacitor values for
various gains and circuit arrangements, and inspection
of the wide range of variation of these component
values according to circuit configuration with one
and the same i.c. shows the importance of being able
to modify these few components externally.

INPUT STAGE COMPENSATION
Output -lag compensation is usually much less

critical than input -stage compensation. The exact
behaviour differs according to the circuit design of
the operational amplifier and this may depart con-
siderably from the MC1709CG. However, the parti-
cular circuit used by the MC1709CG usually operates
well in most arrangements with a few pF for C3
and a value for C2 ranging from 100pF for large
operating gains to some 4700pF for low operating
gains approaching unity.

Cl reduces the high -frequency operating gain to
unity (to prevent too sudden slamming of the meter
on overloads) so that C2 must be chosen for the
unity gain condition. If Cl is omitted so that the
a.c. gain is also large C3 can usually be reduced to
3pF. The author has found that grossly excessive
values for C3, e.g. 4700pF, can reduce the d.c.
gain, which is rather a curious result because it is
not readily understandable why a purely capacitive
coupling should affect the d.c. conditions. This is
probably an attribute of the particular circuit used

by the MC1709CG, in which excessive output lag
may well interfere with proper pull-up of the totem -
pole output stage.

CHECKING THE STABILITY
It is not readily possible to check an i.c. opera-

tional amplifier for stability with an oscilloscope
because the oscillation frequency normally lies in the
shortwave band and may thus be well outside the
bandwidth of the oscilloscope and, more commonly,
the mere act of connecting an oscilloscope may pro-
voke instability which was not present before or
silence oscillation otherwise present. I.C.s are
extremely small so that a few picofarads change of
circuit strays (sometimes even a fraction of a pico-
farad suffices) may profoundly alter the stability.

The best way to check the stability of this i.c.
millivoltmeter is to adjust VR4 very slowly from
zero to full-scale deflection in both polarities. If
there are no abrupt jumps of the meter needle at
any stage and if a given input voltage chosen to
produce nearly full-scale deflection leads to precisely
the same reading in each polarity setting, the circuit
is definitely stable. If any of these conditions are not
satisfied increase the value of C2 until complete
stability is obtained. Proceed in a similar manner
with any other circuit using this device. There is
no need to expect difficulties; it is a simple matter
to make proper operational amplifier frequency com-
pensation once one has got the feel of it.
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The above BBC map shows the approximate service area of the Dover
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LETTERS . . .
As a reader for some 20 years of what I like to call
"our" journal, I have read with the greatest
interest all your very lucid articles on colour tele-
vision, and although I have never had the back off
a colour set I am confident that I could successfully
fault -find given essential data, equipment, time and
solitude. But . . . After servicing monochrome sets
since 1950, on site if a valve change or something
simple like a new dropper section etc. is required,
or in my workroom if more detailed tracing is neces-
sary, I know full well the tribulations of a service
engineer in the field. I refer, amongst other things,
to the unrestrained little boy trying to get his head
inside the set, delving into my tool box, removing
tools, trying my hat on for size and so on, while a
teenager's transistor blares out "pop" in another
room.

I understand that, due to their weight, manhand-
ling a colour set is a two -man job. Indications are
therefore that nearly all servicing should be carried
out on site. As a "loner", whipping the set from its
stand and making off with it to my private fastness
there to pore and probe is clearly out of the question.
A horrible vision presents itself to me. This includes
the conditions previously mentioned together with
trying to guard my crosshatch generator, signal
generator, oscilloscope, Avo 8 and Multiminor from
the sticky-fingered investigations of, in some cases,
more than one little boy: and all this whilst wrestling
with colour symptoms and their diagnosis.

I think I will forgo colour television until the sets
get a bit lighter!-G. H. R. Doubtfire (Isle of Wight).

YOUR PROBLEMS SOLVED

You say in the August Your Problems Solved that
the 0.01µF S -correction capacitor C98 on the Thorn
950 chassis should be checked for lack of width on
625 lines. The value of this capacitor, however, is
0.1p.F, not 0.01µF. This capacitor can short, causing
a narrow 625 -line picture.-R. Reid (Hull).

Our apologies for this slip. Editor.

In Your Problems Solved for August you recom-
mend a reader to check for low h.t. or faulty i.f.
alignment as a cure for noises on sound with a
Murphy Model V430. I would also suggest replace-
ment of the screen grid decoupling capacitor on the
sound i.f. amplifier valve. This is a 1,000pF colour -
coded component marked brown -black -red and is
frequently responsible for poor sound on this and
related models. Paralleling it with a Radiospares
polyester capacitor of the same or greater value
usually completely clears the trouble-N. McLeod
(Strichen, Aberdeenshire).

AGC MODIFICATION

I have been doing some experiments with the
surplus i.f. strip used in Keith Cummins's single-

standard receiver and have found that a very simple
modification enables the original a.g.c. circuit to be
changed to a sync -tip system (for 625 -line only
operation of course). The circuit is shown in the
accompanying diagram. R14 in the original circuit
is replaced with an 0A5 diode (this happened to be
handy: many types will do provided their reverse

Junction
L11, L13

14V rail

Contrast

AGC &
Intercarrier=

det.

R12
27k

C27

C32
10

OAS

Peak
=== detector

(replaces
R14.)

6MHz Sound

10M

10k

4700p 10

Tr 7
Rest of cct
left as on 10k
original panel

resistance and capacitance are such as to prevent a
significant amount of video appearing at the output)
connected as shown and a 10M12 resistor is added
from the 0C45 base to chassis, the a.g.c. amplifier
and contrast control circuit being as in the original
manufacturer's model. The diode added acts as
peak detector.

I subsequently found that removing C32 results
in a quicker change of a.g.c. on tuning to a weak
signal.-D. Robinson (Nottingham).

BEFORE BUYING A NEW TUBE

I hope the following tale will help other readers
to avoid a pitfall from which I am just emerging.
The set is an old Pye Model VT4. The picture
was beginning to darken and I was thinking of
fitting a new tube. However, there weren't the
usual symptoms of failing emission, simply a dark
picture with poor contrast but fully filling the screen.

I tested just about everything there was to test
and concluded that all was apparently well so that
the tube must be on the way out. I keep an
emergency tube handy and decided to try this in
the set. This tube however is faulty, due to a mis-
aligned gun, but proved the set to be OK so that
it seemed a new tube would have to be obtained.
I then replaced the old tube and decided to give
the works a good blow out and the tube a clean
before reassembly.

Imagine my surprise when on switching on the
picture came in brilliant and without fault! I sat
back to try to work this out. Nothing had been
done on the set other than the usual voltage and
capacitor/resistor checks. Only one thing was now
different-there was no longer a layer of dust stuck
to the back of the tube. I hadn't even cleaned the
front protective perspex screen this time as I have
found a way of removing this from the front and
often clean it this way. I had however completely
cleaned off with petrol the accumulated dirt stuck
to the back of the tube, regreased the areas around
the e.h.t. terminal and ensured that the earthing
clips were soundly connecting with the graphite tube
backing.

It seems clear that although the e.h.t. could pro-
vide a good spark, once on the tube it was being
lost-or my earthing clips were poor. Either way
the lesson was clear: before doing a marathon
circuit check make sure that these simple points are
in correct working condition. I imagine that many
enthusiasts are like me unable to check the e.h.t.
accurately and so tend to assume that without a
cracking good e.h.t. leak being visible all is well.
The moral of this is of course that a new tube
might have been unnecessarily bought.-M. H. 0.
Hoddinott (Chester).
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PAL

THE basic technique of R-Y signal phase reversal
on alternate lines in the PAL system has been covered
not so long since in these pages (see PRAcricAL
TELEVISION June 1970). In this article we are
concerned primarily with the various different ways
in which the R-Y phase reversal line -by-line re-
quired in a PAL receiver is carried out. First how-
ever a recap for newcomers to the subject.

Principles
The transmitted chroma signal consists of two

quadrature-modulated colour -difference signals, B-
Y and R -Y. Quadrature modulated simply means
that there is a 90° phase difference between the
B-Y and R-Y signals, i.e. that one is delayed by
90° of the subcarrier frequency with respect to the
other. The effect is similar to stereo recording
where two signals, left- and right -channel, are modu-
lated on to a common groove in such a manner that
they can be easily separated again.

In addition to this in the PAL system the phase
of the R-Y signal is inverted, i.e. shifted by 180°,
on alternate lines. This technique enables spurious
phase changes, which can occur anywhere in the
transmission path and which can lead to the recep-

R-Y

0' Chroma

-(B-Y)ArAgnalB -Y
90'

180'

-(R-Y)

+ve

1-111
Lr-u

Squarewave
outputs

Tr2

JulTriggering
pulses

Fig. 1: Basic PAL Fig. 2: Basic bistable switching
principle. circuit, using transistors.

tion of incorrect colours since the exact phase of
the signal denotes the colour at a particular point
on the pioture, to be cancelled at the receiver.

These factors are brought out in Fig. 1 where it
will be seen that the R-Y and B-Y axes are 90°
apart. Suppose that the chroma signal at any
moment is A. This means that it consists of pro-
portions of R-Y and B-Y, both positive. The
effect of inverting the phase of the R-Y signal in
the PAL system is that on the following line the
chroma signal will be at B. The signal shifts to
the next quadrant because although the R-Y
component has been inverted by 180° the B-Y
component is unchanged: hence the composite signal
obtained by adding the two together will be in
position B.

Need for Receiver PAL Switch
Spurious phase changes are cancelled in this sys-

tem because they have complementary effects on
alternate lines and these cancel out when the lines
are added together (as they are in the PAL delay
line circuitry). In a PAL decoder the delay line
circuitry separates the B-Y and R-Y signals so
that they can then be separately detected, but as a
result of the phase inversion of the R-Y signal as
transmitted the R-Y output from the delay line
circuitry is + (R - Y) and - (R -Y) on alternate
lines. The phase inversion must therefore be
reversed in the receiver or different colours will be
displayed on alternate lines.

There are two ways of going about this R-Y
The synchronous

detectors used to demodulate the colour -difference
signals are fed with two signals, one of the received
colour -difference signals after its separation from
the other colour -difference signal in the delay line
circuitry, and a signal at the subcarrier frequency
from a local reference oscillator in the decoder.
To get the right R-Y output from the synchronous
detector we can invert either of these inputs on
alternate lines-the effect is the same at the synchron-
ous detector output. Both techniques are in use:
in one case we are inverting a relatively wideband
low -amplitude signal while in the other we are
inverting a narrowband large -amplitude signal.

Basic Switching Arrangements
The circuitry used to bring about alternate line

R-Y signal inversion is generally and aptly called
the PAL switch or 180° switch. As we shall see
there are many varied designs, but all use a trans-
former with a centre -tapped primary or twin primary
or secondary windings and a double -diode or diode
ring switching arrangement to change the direc-
tion of the 'applied signal. The principle involved
is that reversing the transformer primary supply or
coil winding direction reverses the core flux and
thus the secondary voltage polarity.

The switching diodes control the routing of the
signal through the inverting transformer, and have
in turn to be alternately switched on and off. This
is generally done by means of a triggered bistable
circuit using a pair of transistors which produce
anti -phase squarewave outputs at their collectors
since they are alternately driven fully on and fully
off by line -frequency trigger pulses (shaped flyback
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pulses are used for triggering to synchronise the
bistable circuit with the line scanning).

Bistable Circuit
Now a property of a bistable circuit is that the

squarewave outputs at each collector are at half the
frequency of the trigger input pulses (the circuit
divides by two). Thus with line -frequency trigger
pulses we get two half -line -frequency output square -
wave trains. This will be clear if we look for a
minute at the basic bistable circuit shown in Fig. 2.
When this circuit is first powered either Trl or Tr2
will conduct and its partner will be cut off, due to
slight asymmetry in the components used in the
circuit. Say Tr2 is on and Trl off. A negative -
going squarewave appears at Tr2 collector and a
positive -going squarewave at Trl collector. Suppose
next that we are using positive -going line -frequency
pulses to trigger the circuit. When the first pulse
arrives it will trigger on the non -conducting transis-
tor Trl (assuming npn types as shown) and the
circuit will then reverse, Tr I conducting and Tr2
being cut off because of the fall in its base voltage
due to the resistive cross -coupling. Nothing more
will happen till the next pulse arrives, which will
switch Tr2 on again. It will be noted that the pulses
do not switch the transistors on and off, just on or off.
One trigger pulse alters the conditions at the two
collectors, a second one is required to restore the
conditions to the initial state. Thus the squarewave
outputs are at half the frequency of the trigger pulses.
These can be used to switch on and off alternately
the switching diodes used in the inverting trans-
former circuit.

The bistable circuit must be synchronised to the
correct R-Y signal alternation phasing. If it is
not, there is an even chance that it will lead to the
+(R-Y) instead of the -(R -Y) lines being phase
reversed, with the result of incorrect colours on the
screen on all the lines. To synchronise the bis-
table an extra input, the ident signal derived from the
burst signal which alternates +45° as a result of the
phase alternation of the R-Y component of the
chroma signal, is fed to the bistable circuit. This
inhibits the switching action if it is not in the correct
R-Y phase.

Representative PAL Switch
A representative circuit for carrying out phase

inversion of the reference oscillator feed to the R-Y
synchronous demodulator on alternate lines is shown
in Fig. 3. This is used in the Decca CTV25 series.
The 4.43MHz signal from the reference oscillator
is fed via a buffer emitter -follower to the primary of
Tl. The two secondaries are wound so that equal
but opposite phase voltages are induced in them (for
the secondary outputs to be in opposite phase it is
only necessary to reverse the connections to one of
them). Which secondary winding on Ti feeds T2
primary is determined by whether Dl or D2 is
conducting. These diodes are switched on and off
alternately by the antiphase squarewave outputs from
the bistable circuit. When Dl anode is held positive
D2 anode is held negative, so that the former diode
is conducting while the latter is reverse biased.
Therefore the signal fed to T2 primary is via either
Dl and consists of the signal induced in TI secon-

Ret osc. feed to R -Y
synch. det. phase inverted

on alternate lines
560 A

Anti -phase half- Sec

line -frequency
squarewave
trains from
bistable circuit
LI-1f

560

022_ 1k

a T1

D
T2

D1

-10tr-

4.43MHz
signal from
local ref.
osc. via
emitter -
follower

/Th7
Fig. 3: Representative PAL switch, used to reverse the

local oscillator feed to the R-Y synchronous detector.

dary (a) or via D2 consisting of the signal induced
in Ti secondary (b). As shown in the small inset
instantaneous waveforms, secondary (a) diode feed
polarity is opposite in phase to that obtained from
secondary (b). The net effect is just as if the refer-
ence oscillator signal fed to T2 primary is changed
over at line frequency by a mechanically -operated
reversing switch.

Ring Modulator Circuit
Most PAL switches are similar to the Decca

circuit shown, although in many the primary is
centre -tapped and the two secondaries are in phase,
phase reversal occurring because of the centre -tapped
primary winding. In at least two chassis however a
circuit often called a ring modulator is used in place
of the pair of switching diodes. We will look first
at this type of circuit as used in the Beovision 3000
series.

The circuit is not used for modulation of course
in this application. The term ring modulator arises
from the fact that this type of circuit is widely used
in the modulator circuits of suppressed-sideband
transmitters. So far as we are concerned however it
is just another PAL switch.

The basic circuit is shown in Fig. 4. It will be
seen that the signal from the reference oscillator
is applied to the primary of Tl. This results in
equal but opposite phase voltages appearing across
each section of the centre -tapped secondary wind-
ing. Ti secondary is connected to the centre -tapped
primary of T2 by two pairs of diodes. The pairs
Dl and D4, and D2 and D3, are switched on alter-
nately line -by-line by the squarewave outputs applied
to the two centre -tapped windings from a bistable
circuit. The reference oscillator signal route during
any line period is determined by which pair of
diodes is conducting. For correct operation of all
such circuits incidentally the switching potentials
must always be in excess of the maximum reference
oscillator signal excursions to ensure that the diode(s)
switched off by the reverse switching bias are not
accidentally switched on by the peak signal excur-
sions.

Now for a diode to conduct its anode must be
positive with respect to its cathode. Thus when, in
Fig. 4(a), the left-hand squarewave is negative -going
and the right-hand one positive -going, diodes D2
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4.43 MHz
signal to R -Y
synch. det.
reversed in
phase line -
by -line

7.8kHz squarewave
switching waveforms $ 15V

( a )

b

T2

Output
rvi

DI Cl
56p111--(-

443MHz
signal
from
ref. osc.

a

b

I TI

(b) Input and output in same phase

b
DI

a

Input
J

TI

Input

(c) Input and output in opposite phase

Fig. 4: (a) Ring modulator circuit used as the PAL switch
in the Beovision Model 3000. (b) and (c) show how
inversion of the signal occurs through reversing the

direction of current flow around the circuit.

and D3 will conduct. Fig. 4(b) shows the result:
the signal path is such that the secondary terminal
(b) of TI secondary is connected to terminal (b) of
T2 primary while terminal (a) of T1 secondary is
connected to terminal (a) of T2 primary. As a
result the reference oscillator signal is transmitted
from TI primary to T2 secondary in the same phase.
When however on the succeeding line the centre
tap on T2 primary is positive -going and the centre
tap on Ti secondary negative -going, D2 and D3 are
reverse biased and D1 and D4 conduct instead. Now
terminal (a) of TI secondary is connected to terminal
(b) of T2 primary while terminal (b) of T1 secondary
is connected to terminal (a) of T2 primary. As a
result of this the phase of the reference oscillator
signal is reversed at T2 secondary. The basic
arrangement of the two transformers is similar to
that of a push-pull amplifier: the input is phase -
split at T1 while T2 acts as a push-pull output
transformer. The switching diodes alter the direc-
tion of the current flowing in the circuit.

ITT -KB Circuit
In the two circuits so far described it is the phase

of the reference oscillator signal to the R -Y syn-
chronous detector that is inverted on alternate lines,
but as previously mentioned the same result so far
as detection is concerned is obtained by inverting

igui..41#13Trclii5

7.13kHz
Amp

3.3k

R -Y signal from
chroma delay line

DI

C3 C4
=1

80p

17177

C5
a 1.2 120p

)II

b

Line -by-line
phase in-
verted R -Y
signal to
synch. det.
via driver
stage

Fig. 5: A diode ring circuit is also used in ITT -KB models
This however is switched by the high -amplitude iden

signal and is used to invert the R -Y chroma signal.

the R -Y signal itself on alternate lines prior to its
application to the R -Y synchronous detector.
Amongst the receivers using the latter technique
are the KB -ITT colour chassis, both single- and
dual -standard. These models also dispense with a
bistable circuit, using the half-line frequency ident
signal to control the switching diodes directly (as
also, in a rather different manner, does the BRC
3000 chassis, see page 76 in the November 1969
issue). The circuit is shown in Fig. 5.

Trl is the ident amplifier which produces a high -
amplitude 7.8kHz output across the centre -tapped
secondary winding of Tl-thus in this circuit the
switching is controlled by a pair of anti -phase sine -
wave signals instead of squarewave trains. The
R -Y signal is applied to the centre -tapping on T2
primary, the transformer which carries out the R -Y
signal phase reversal. Across this winding are two
pairs of diodes, each pair series -connected but the
two pairs connected in opposite polarity. As in
the Beovision circuit the diodes are connected in
the ring formation, i.e. anode to cathode, but in
this KB circuit different pairs of diodes are con-
ducting each line. If the 7.8kHz sinewave induced
in T1 secondary is positive -going at (a) and
negative -going at (b) due to the centre -tapping,
diodes DI and D2 will be conducting while D3
and D4 are reverse biased. On the next half -cycle
of the sinewave (a) will be negative -going and (b)
positive -going so that diodes D3 and D4 will con-
duct while DI and D2 are cut off.

The R -Y feed is taken from the chroma PAL
delay line and fed to T2 primary winding centre tap.
When DI and D2 are biased off the signal can only
pass through the lower section of the primary,
through D4, C4 and D3, C3 to chassis. On the
succeeding line when the 7.8kHz half -cycle polarity
is reversed D1 and D2 are made conductive and
D3 and D4 are biased off. The R -Y signal can then
only travel through the upper section of T2 pri-
mary and via 131, C3 and D2, C4 to chassis. As
a result of this the R -Y signal induced in T2 secon-
dary will be reversed in phase line -by-line.

The idea of using sinewaves for switching may
seem odd. As however the 7.8kHz signals are of
high amplitude the diodes become forward or

-continued on page 21
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CHARLES RAFAREL
OH dear! What can 1 say this month about DX
conditions except that they were very bad. 1970
must go into my records as the worst July I have
known in some 10 years of DX -TV, and I am sure
other DXers have had the same lamentable experi-
ence. June was a far from ideal DX month but did
at least show some promise for better things in
July. On the contrary however there was a serious
drop in results and I hesitate to make any prediction
for August!

All this is of course most depressing and if it
is due to the high sun -spot activity, as we suggested
last month, then we are in for poor SpE reception
for the rest of 1970. The predicted sun -spot num-
bers for the coming months are as follows: August
94, September 92, October 90, November 88,
December 86. These are pretty high numbers so
the SpE outlook is not good: on the other hand the
figures are not high enough for F2 reception.

This gloom however does not mean to say that
there was no SpE DX about during July. There has
been something about each day but I have had to
work very hard to get it! So here's the log for the
period 1-31/7/70:
1/7/70 Poland RI, Sweden E2.
2/7/70 USSR R1, Poland R1, Sweden E2, E3 and

E4, Norway E2, E3 and E4, Iceland E2,
Spain E2.

3/7/70 USSR RI, Poland RI, Czechoslovakia R1
and R2.

4/7/70 USSR .R1, Poland RI.
5/7/70 USSR R1, Poland 121 and R2, Italy IA

and IB, Spain E2.
6/7/70 USSR R1, Czechoslovakia R1 and R2,

Poland R1, Italy IA and IB, Sweden E2,
Iceland E3 and E4.

7/7/70 USSR R1 and R2, Czechoslovakia R1,
Poland R1 and R2, Hungary R1, Yugo-
slavia E4, Spain E2 and E3.

8/7/70 Czechoslovakia R1, Austria E2a, Sweden
E2, Portugal E2.

9/7/70 USSR Rl.
10/7/70 USSR R1, Hungary Rl.
11/7/70 USSR RI, Yugoslavia E3 and E4.
12/7/70 USSR Rl.
13/7/70 Poland R1, Sweden E2.
14/7/70 USSR R1, Norway E2 and E3, Spain E2.
15/7/70 USSR Rl.
16/7/70 USSR RI.
17/7/70 USSR R1, Spain E2.
18/7/70 Norway E2, Sweden E2.
19/7/70 Poland R1, Sweden E2, Spain E2.
20/7/70 USSR RI, Spain E2 and E3.
21/7/70 USSR R1, Hungary R1, Czechoslovakia

R2.

The 1970 TVE Spain test card.

22/7/70 USSR RI, Czechoslovakia Rl.
23/7/70 USSR RI, Austria E2a, Spain E2.
24 / 7 / 70 USSR R1, Czechoslovakia Rl.
25/7/70 USSR Rl.
26/7/70 USSR R1 and R2, Czechoslovakia R1,

Sweden E2.
27/7/70 Spain E2 and E4.
28/7/70 USSR R1, Czechoslovakia R1, Austria

E2a, Sweden E2 .and E4, Switzerland E2,
Yugoslavia E4, Italy IB, Spain E2 and E4.

29/7/70 Czechoslovakia R1, Austria E2a.
30/7/70 Poland R1, Norway E2.
31/7/70 USSR R1 and R2, Czechoslovakia RI,

Poland R1, Sweden E2, E3 and E4,
Norway E2, E3 and E4.

The Trops have been far from good, the deteriora-
tion in the weather towards the end of the month
certainly being the main reason. There were open-
ings to France on the 13th, 17th, 28th and 31st and
even to Holland (rare for me) on 28th.

F2 was also still with us, with the USSR Forward
Scatter Network (sound only) stations about on
many days. At times Russian speech could be heard
well above 40MHz. This is unusual and the trans-
missions appeared to be in connection with the
Russian Cosmos series of space shots.

A little more news about the new Austrian elec-
tronic test card as printed in our August 1970 issue.
This was inadvertently noted as being on channel E2
in the caption. It is of course on E2a. I think the
trouble arose because the actual photo was marked
as E2 on the back before it was positively identified
as Austrian. Incidentally this test card has now
also been seen on Ch.E4 from Patscherkofel as well.

At last we have a good printable photo of the
new 1970 TVE Spain test card, thanks to Garry
Smith of Derby (this is an official photo as issued
by TVE) and we have great pleasure in publishing
it with our grateful thanks to him. TVE Spain has
been one of the best signals received here in past
years but has been irregular and only too often
weak in the current SpE season.

We have news of Finnish TV via our good friend
S. J. Pirhonen of Lahti, but first for any DXer who
may wish to contact the Finnish DX Club the
address is: Soumen DX, Kuutelatry, Box 10454,
Helsinki, Finland. He goes on to give us informa-
tion we have not previously published. There

continued on page 31
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PART 2

RIP

the bottom face fall out. The blowlamp in any
case should not be left heating one part of the
chassis, but kept moving to and fro, playing over
the chassis until it is hot enough. The blowlamp
can then be put to one side while the individual
soldering of the capacitors is carried out.

Coil Construction
When the feedthrough capacitors have been fitted

construction can commence in earnest. It is best
to start at the input end by fitting the input coaxial
socket. A logical sequence then follows. The coils
can be wound and fitted as each is completed. The
method of construction is shown in Fig. 5. The

for the constructor igzi I NS

LAST month we dealt with the technical considera-
tions affecting the design of the i.f. strip. Now we
come to the practical part, which involves care and
patience since some fine work is required in confined
spaces. It is strongly recommended that besides the
normal complement of tools, i.e. screwdriver, side -
cutters, pliers, etc., the following additional items
should be available: surgical tweezers, crocus paper,
bench vice, blowlamp and a brick. Two soldering
irons, instrument size and large, should also be
available.

Fitting Feedthrough Capacitors
The first phase of construction, when the drilled

chassis box is to hand, involves fitting the feed -
through capacitors which have to be soldered to
the metal of the box. It is impossible to fit the
capacitors using a soldering iron only, since the
cooling effect of the box is too great. The correct
procedure is shown in Fig. 4. A small ring of cored
solder is slipped around the body of the capacitor,
which in turn is fitted through the hole in the i.f.
strip chassis. The i.f. strip is stood on 'the brick
with the capacitors along the top edge, and heated
with the blowlamp to a temperature a little short
of the solder melting point. Application of the
soldering iron then produces enough heat to easily
melt the solder and an excellent soldered joint results.

The above method may seem rather dramatic,
but in fact it is very easy indeed and much less
tedious than attempting the soldering using a
soldering iron on its own.

When the capacitors have been fitted to one face,
the i.f. strip chassis is inverted and the procedure
repeated for the other face. Care should be taken
not to overheat the chassis so that the capacitors on

Soldering iron
provides final
heat for soldering

Blowlamp heats
chassis to just
below solder melting point

of solder
Surface rubbed down
with crocus paper

Fig. 4: Method of soldering feedthrough capacitors.

coil is wound on its former, then wrapped with
tin. p.v.c. tape to hold the turns in position. Special
care should be taken with L6, which is a bifilar-
wound coil providing tight coupling from Tr4 to
the detector diodes, to ensure that the ends of the
primary and secondary do not become confused.

The enamel is removed from the leads to each
coil by rubbing down with crocus paper. This
method is preferable to scraping with a penknife or
side -cutters since the risk of breaking off an end
is greatly reduced. The ends can next be tinned
ready for connection into the circuit. On comple-
tion, each coil should have its core fitted. It is
much easier to fit the core at this stage than when
the coil is fitted into the chassis.

Winding Details
LI 12 turns 28s.w.g. enamelled wire.
L2 7 turns 22s.w.g. tinned copper wire.
L3, L4, L5 10 turns 28s.w.g. enamelled wire.
L6 12 turns 28s.w.g. enamelled wire bifilar wound.
L7 See Fig 5(e) 4 turns.
L8 See Fig. 5(f).
L9 27 turns 28s.w.g. enamelled wire.
L10 15 turns 28s.w.g. enamelled wire.
L11 31 turns 28s.w.g. enamelled wire.
L12 See Fig 7.

General Assembly
Figure 6 shows the physical layout of all the

components. It will be seen that the circuit is three-
dimensional and some assembly has to take place
near the bottom of the compartments of the chassis.
It is here that assembly is greatly simplified by the
use of surgical tweezers, which reach easily into
awkward corners. Certain components (for example
transistor biasing resistors) can be assembled
together with their associated decoupling capacitors
before the whole group is introduced to the chassis.
It will be seen that a proportion of the circuit is self-
supporting, and tags are not provided for all com-
ponent junctions. The assembly is nevertheless
mechanically stable and should not present difficulty,
provided the construction is, tackled methodically.

When transistors are being fitted it is useful to
bend the ends of other components to which they
are connected into eyelets, so that the.transistor leads
may be pushed through and soldered. The transistor
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(a) Coil Wound on former (b)Coil wrapped with PVC tape

10- -41-1200-
1.47011 resistor (R4, R9 2. Nicks are made in 3. Ten turns 28 swg

or R16) is wrapped the PVC tape at wound on, anchored
with PVC tape to a each end as shown in nicks and
diameter of 1/4" soldered at ends

IC) Special method of constructing L3, L4, L5
- PRI

SEC

Twelve turns of both
primary and secondary

PRI

SEC

(d) Bifilar winding of L6

Last turn looped around
holds turns in position

28 swg
enamelled

(e) Choke made by threading wire
through ferrite bead

LB
L8 and L9 assembled thus, L8
being cemented in position

(f) L8 Is wound from 20 turns of 28 swg
enamelled copper wire pile wound on 14
mandrel the last turn serving to wrap
the coil together

Fig. 5: Methods of constructing the coils.

may then be easily unsoldered for checking if
necessary. Note that the BF167 has four connections.
Counting clockwise from the tab, these are base,
emitter, collector and screen. The transistor con-
nections are shown in Fig. 6. The screen is either
connected to emitter or earth.

Video Choke
It has been found advantageous to use a series

video choke L12 in the output from the i.f. strip
(this was not shown in Fig. 2 last month). This
consists of two pile -wound sections of 50 turns each
wound on a in. former as shown in Fig. 7. The
coil cannot- be fitted in the i.f. strip so it is built on
to the plug and socket carrying the video signal out
of the strip. The choke should be fitted as near
to the i.f. strip as possible and this simple arrange-
ment satisfies this condition. Because of the excellent
video response within the i.f. strip and the action of

81

MC

C43-

Ski

C40
MC

Cu Sk6
R23

S MC C C25

the video choke L12, cathode compensation in the
video amplifier valve V1(a) on the main chassis is

Stiff wire
S0 t

To Sk2 To main chassis
nuts bolts and tags

Fig. 7: Video choke: use 28 s.w.g. enamelled wire.

not required and C7 is therefore removed. Retention
of C7 produces an undesirable video overshoot.

Revised AGC Circuit
Because a stage of video preamplification is

included in the i.f. strip in the form of Tr5, BC107,
a smaller a.g.c. signal appears at the output of DI
than occurs at its counterpart in the original i.f.
strip used in the 625 -line receiver. As a result it has
been necessary' to modify the a.g.c. circuit to provide
more d.c. amplification.

The revised circuit is shown in Fig. 8. Note that
D13 and R32 have been deleted and the values of
R29, R30, R31, C21 and VR7 changed. The action
of the circuit is as follows. D.C. amplifier Tr2 has
the buffer transistor Trl as its emitter load. Tr2
conducts to an extent determined by the setting of
VR7, the contrast control. An increase of signal
causes the output from the diode DI in the i.f. strip
to become more positive. This signal is conveyed
via Trl to the emitter of Tr2 which conducts less,
since its apparent base current is reduced. The signal
from the collector of Tr2 is conveyed to Tr7 in the

Fig. 8: Modified
a.g.c. circuit for use
with the con-
structor's i.f. strip.
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Fig. 6: Component wiring and layout for the constructor's i.f. strip. Note that in order to show the wiring clearly it has
been necessary to reduce the size of the components in relation to the box -chassis, i.e. they take up much more space
than shown here. The shield connections of the BF167 are as follows: with Trl, Tr2, Tr3 and Tr6 the shield is connected to

the emitter, with Tr4 the shield is taken to an adjacent tag (on L6 upper securing bolt).
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AGC to Tr 7 in IF strip

12V

AGC from
DI in IF strip

c Tri

Fig. 9: Modified a.g.c.
circuit layout.

i.f. strip which in turn conducts less. Its collector
voltage is thus negative -going, increasing the bias
applied to and the forward current through the gain -
controlled transistors Trl and Tr2. C30 in the i.f.
strip charges to the sync -tip amplitude. C20 and
al in the a.g.c. circuit are hum and antihunt
filter capacitors. Fig. 9 shows the new physical
layout of the a.g.c. components.

Tuners and Mounting
Where a two -transistor tuner is employed a.g.c. is

not applied to the r.f. stage so components R24, R25,
D12 and. R27 (see main chassis circuit, page 302,
April issue) may be removed. With a two -transistor
tuner and the constructor's i.f. strip fitted, there is
no requirement for h.t.+ to be conveyed to either
the contrast control or R27, so this h.t. lead from
the smoothing capacitor may be removed. The tuner
only needs a +12V supply from the line feeding
the i.f. strip.

Where a tuner of the original type is to be used
with this i.f. strip the r.f. gain control arrangements
remain unaltered and the a.g.c. lead to the tuner is
connected to the collector of Tr7 in the i.f. strip.
R24, R25, R27 and D12 are fitted on a tagstrip as
originally described, and R26 is increased in value
to 10052.

For those readers living in proximity to a
channel 1 transmitter a 41.5MHz absorption trap is
shown in Fig. 10. This can be built into the input
selective compartment of the i.f. strip, with L13
mounted mutually at right angles to Ll and L2.

When the i.f. strip has been constructed, it can
be bolted on to the side plate of the receiver. The
side plate must be drilled to accept the two 6BA
fixing bolts of the i.f. strip. It will be found that
the i.f. strip fits above the mains transformer. It
should be set in fin. from both the top and rear
of the plate, with the input end at the top. The
leads from the main chassis should be terminated in
plugs to fit the sockets in the i.f. strip, with L12
mounted on the video plug as previously described.
As the i.f. strip is bolted to the main receiver this
also provides earthing.

Testing and Alignment
Before switching on, the +12V rail in the i.f.

strip should be checked with the Avo to ensure that
there are no short-circuits. Then VR1 should be
set to maximum resistance.

If the remainder of the receiver has not been
previously checked the procedure described in the
July issue should be followed. For the purposes of
alignment-depending upon the type of tuner used-
it may be best to leave the tuner unmounted but
electrically connected to the receiver so that easy
access to the i.f. strip is possible. Various types of

tuner are available, both rotary and push-button,
and the mounting arrangements are best left to the
constructor to resolve as seems most appropriate.

The receiver should first be run up with the +12V
supply to the i.f. strip disconnected, taking care that
the -j-12V plug does not accidentally short to
chassis. When as previously described a raster has
been obtained the +12V supply to the i.f. strip can
be connected and the contrast control turned to
maximum.

VR1 should next be adjusted for maximum noise,
i.e. "black snow", on the raster. L6 is then adjusted
in the same way. If a 41.5MHz trap is fitted, its
input capacitor should be disconnected. An aerial
is then connected to the u.h.f. tuner and the tuner
adjusted until a signal is received. At this stage, the
line and field hold and contrast controls can be
adjusted. The tuner is adjusted to provide as good
a 'picture as possible.

It should be appreciated that adjustment of the
tuner effectively moves the received signal spectrum
relative to the i.f. response curve. Adjusting for
optimum definition involves two basic variables at
this stage, the tuner (i.e. local oscillator frequency
in effect) and LI. Using one hand to tune the tuner
and the other to adjust Ll, it is possible to adjust
the receiver to provide a well-defined test card which
suffers from sound -on -vision effects. L2 can then
be adjusted for minimum sound -on -vision and the
vision alignment can be considered complete except
for the adjustment of the 41.5MHz trap if fitted.
If 41.5MHz signals are in evidence the tuner should
be disconnected and a piece of wire hung from the

present it will be strongly received and can be tuned
out using the trap.

The presence of sound -on -vision at the earlier
stage of lining up indicates that a sound signal
should be available, and some kind of sound signal
may well have been heard during the process of
lining up the vision side of the i.f. strip. Leaving
the vision side running correctly, alignment of the
sound section can be commenced.

First the Avo should be connected to measure the
voltage across C42, using the 10V d:c. range. L9,
L10 and L11 are next adjusted for maximum
voltage, while L2 is finally adjusted for minimum.

It is quite probable that good sound will now be
heard, although intercarrier buzz may be in evidence.
VR2 is adjusted for minimum buzz. A quite sharp
null will be found. Finally, adjustment of Ll 1 is
carried out for optimum results. If the sound is still
not satisfactory and the buzz cannot be completely
cancelled, adjustment of the coupling loop around
LIO and L11 will provide the answer. The loop
should be moved along the coils slightly and the
procedure repeated. Normally, the loop lies over

47p
To IF input ~J1 or

47paa.

Fig. 10 (left):
41.5MHz trap.

,1-13

5 turns 22 swg
tinned copper

Fig. 11 (right):
Ratio detector C36, etc

coil details. Collector Tr6,etc

LIO

Loop earth

Coupling
loop
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the centre of L11 and in proximity to the earthy
end of L10, as shown in Fig. 11.

If the i.f. strip has been correctly constructed the
foregoing alignment instructions should enable a
first-class picture to be received. If difficulty is
experienced it is probable that a fault exists, for the
i.f. strip is not really difficult to set up. Note that
VR1 can be used as a sensitivity control.

If the i.f. strip seems completely dead check the
voltages on the transistors. The collectors should be
near the 12V rail potential with an emitter -base
voltage of around 0.6V. The emitters of Tr3, Tr4,
Tr5 and Tr6 should all lie in the region of 1.5 to
2.0V, while those of Trl and Tr2 should vary with
the contrast control setting.

Other points to watch out for are open -circuit
end connections on L3, L4 and L5 and reversed con-
nections on the bifilar-wound coil L6. Attention
should be paid to the security of earthing tags and
also the integrity of soldered connections in general,
particularly at coil ends and earth tags.

With the screening provided, and the use of fixed
tuning coils, the strip cannot fail to operate if it has
been correctly constructed and all components are
good. So we emphasise again the need for patient,
careful construction as the means to a successful
conclusion.

The Complete Project
Subjective viewing of the completed receiver, using

the constructor's i.f. strip, has shown that consistently
excellent results are possible. It has been our inten-
tion to provide details of a television receiver which
can stand critical appraisal by technical and non-
technical viewers alike, is reliable, and represents a

-49-68A7F
MOD

t1"-..1

realistic project reflecting the current state of the art.
Those readers requiring a two -transistor u.h.f.

tuner can obtain both push-button and continuous
types from Stephens Electronics, who advertise in
this magazine.

Before concluding the current series of articles on
the 625 -line receiver we would like to mention some
problems which have been sent in by readers. One
fault condition reported by several readers was briefly
mentioned last month. It produces reduced width,
striations on the left of the picture with foldover
as well as hum ripple and excessive h.t. current con-
sumption. It is caused by the 625- and 405 -line out-
put tags on the line transformer having been trans-
posed in manufacture. Transferring the lead from
C34 and C35 from tag 3 to the adjacent tag marked
" not used " on the line transformer (see page 302,
April issue) will clear the problem. Another cause
of reduced width with apparent stretching of the
raster at the sides (which actually is compression at
the middle) is a C34 short-circuit, so this should also
be checked.

Some readers have had difficulty obtaining the
E298ZZ/06 Varistor. These are stocked by: Gurney's
Radio, 91 The Broadway, Southall, Middx.

Another matter which has worried some con-
structors is the brightness of the valve and tube
heaters at the instant of switch on. The tube itself
has only 6.3V applied to it, even at switch -on, since
a transformer is used, but the manufacturers allow
for a 9.5V surge across the heater. It follows that
any surge present is well below the manufacturer's
limits. Also, no evidence exists to suggest that valve
life is shortened by the switch -on surge on this equip-
ment.
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\,LD EFFECT

J.I.SIM
THE field-effect transistor (f.e.t.) combines the advan-
tages of the solid-state device (low power consump-
tion, mechanical ruggedness and small size) with an
extremely high input impedance. The well-known
bipolar transistor depends on the interaction of the
two types of charge carriers-holes and electrons-
whereas f.e.t.s are unipolar devices, their operation
depending on only one type of charge carrier-
holes in a p -channel f.e.t. and electrons in an
n -channel f.e.t.

There are two basic forms of f.e.t. The first type
uses a reverse -biased semiconductor junction as the
control electrode and is called the junction -gate type
of f.e.t. (j.u.g.f.e.t.). This was the first type to
become available. In the other type of f.e.t. the
control electrode is separated from the semiconductor
channel by an insulating oxide layer. This is called
the insulated -gate type (i.g.f.e.t.) or metal -oxide -
semiconductor transistor (m.o.s.t. or m.o.s.f.e.t.) since
the gate is metal and is separated from the semi-
conductor by the oxide insulating layer. We shall
consider the junction -gate f.e.t. first since this is the
type more commonly found in television and r.f.
applications.

Junction -gate f.e.t.s.
The junction -gate f.e.t. consists basically (in the

case of alloy -junction construction) of a bar of
doped semiconductor material with an electrical
connection at each end (Fig. 1). These connection
points are known as the source (s) and drain (d),
and applying a voltage across them causes a current
Id to flow through the device. The two junctions
at each side of the bar are of the opposite polarity
to the bar. They are externally connected and
termed the gate (g). A reverse -bias potential applied
between the gate and source will produce a depletion
region (region in which there are few charge carriers
present to form a flow of current) at each of the
pn semiconductor junctions and the extent to which
this depletion region extends into the bar depends
on the reverse gate -source bias applied. The unsym-
metrical shape of the depletion regions is due to the
influence of the drain -source bias on them.

The depletion regions are effective insulators so

Id

Fig. 1: Alloy n -channel junction -gate f.e.t.

(I)
TizisiANSIST\o'

that an increase in their size reduces the cross-section
of the bar as far as current flow through the bar
is concerned. The larger the gate -source reverse
bias, the larger the depletion layer and the smaller
is Id. An a.c. signal at the gate will therefore vary
Id in sympathy so that gain is obtained, the variations
in gate potential being much smaller than the
resultant drain -source voltage variations. Since the
gate -source pn junction is reverse biased (unlike the
base -emitter junction of a bipolar transistor) the gate
input impedance is very high-typically 1-1040,
with an input capacitance of 4-10pF. The voltage
on the gate at which /d cuts off is called the pinch -
off voltage Vp.

A group of typical characteristics is shown in
Fig. 2 and it can be seen that they have a pentode -
like shape with a gm of between 2 and 6mA/V.
Noise in the device is low, noise factors of 2.5 and
3dB being typical.

Id

Drain
Vgs

11 Drain -gate breakdown

Vds
Drain -source

voltage

Fig. 2: Typical set of j.u.g.f.e.t. characteristics.

Gate

(a) (b) ( c ) (d)

Fig. 3: Junction -gate f.e.t. circuit symbols. (a) and (c)
n -channel, (b) and (d) p -channel types.

As with npn and pnp transistors, the bar material
in a junction -gate f.e.t. may be of p or n type (with
the gate always of the opposite polarity) to suit
supply rail polarities. These are distinguished as
n -channel and p -channel f.e.t.s. Fig. 3 shows
common symbols for the junction -gate f.e.t.

A practical form of diffused n -channel junction -
gate f.e.t. is shown in Fig. 4(a). An n -type region
is first diffused into the basic opposite -polarity sub-
strate to give the source -channel -drain region, a
second diffusion establishing a p -type gate region to
provide the gate -source pn junction.

Insulated -gate f. e. t. s.
Figure 4 (b) shows the basic difference with an

insulated -gate f.e.t. The source and drain regions
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Gate
Source Drain

Substrate Channel

Substrate
(a)

Oxide insulating
layer

(b)

Induced
channel

Id

Fig. 4: (a) Diffused n -channel Junction -gate f.e.t. (b)
N -channel insulated -gate f.e.t., with biasing.

are separate (though a lightly doped channel may
exist between them). Suppose now that the gate is
made positive with respect to the source. Electrons
in the p -type substrate will be attracted towards the
gate. The metal gate with its insulating layer in fact
operate with the semiconductor substrate as a capaci-
tor. Thus the positive bias at the gate establishes
a negatively charged region on the opposite " plate "
and this serves as a channel between the source and
drain regions.

Enhancement- and Depletion -mode
Clearly increasing the bias on the gate will enable

an increased source -drain current to flow (thus
giving us amplification). This mode of operation is
termed enhancement -mode operation since increasing
the bias enhances Id. The mode of operation
described above with the junction -gate f.e.t. is termed
depletion -mode operation since in this case increasing

(a) (b) (c) (d)
Fig. 5: Insulated -gate f.e.t. symbols. (a) and (c) n -channel,

(b) and (d) p -channel types.

the bias decreases Id. Some circuit symbols used
for i.g.f.e.t.s are shown in Fig. 5.

The Unijunction Transistor
A further related device, the unijunction transistor,

appeared in these pages recently _(see Time -Delay
Techniques, August 1970, Fig. 8). Like the junction -
gate f.e.t. this also has a single pn junction-see Fig.
6(a) --but its operation depends on the injection of

minority carriers into the bar. Also, it is a switching
device, not a linear one. The n -type semiconductor
bar has connections-known as the base 1 and
base 2 connections, hence its original name the
double -base diode-at each end with a p -type emitter
region at the side.

Suppose that B 1 and B2 are biased as shown in
Fig. 6(b)-which also shows the unijunction transistor
circuit symbol. Current will flow through the device
and a proportion of the voltage developed across it
will appear between the emitter and B2 since the
device in this respect acts as a simple potential
divider. If now a voltage greater than this pro-
portion of the base -to -base voltage Vbb is applied
between the emitter and B2 the pn junction will be
forward biased and holes will be injected into the

N -type Base
bar 1

Emitter

P -type
emit -ter
region Base

2

(a) (b) (c)

Fig. 6: The unijunction transistor, (a) construction,
(b) principle of operation, (c) basic oscillator circuit.

base region. These will flow to the B2 connection
and will virtually short the emitter -B2 section of the
device. Removal of the emitter -B2 forward bias
restores conditions to the original situation.

The practical use of the device-as an oscillator-
is shown in Fig. 6 (c). Capacitor C charges via RI
and when its upper plate is sufficiently positive the
unijunction transistor will fire, rapidly discharging
C via R3. Thus we get a sawtooth waveform across
C and a pulse output across R3. R2 limits the
current through the device to a safe value.

PAL SWITCHING TECHNIQUES
-continued from page 14

reverse biased very shortly after the sinewaves start
rising from the zero point and well within the
blanking periods at the end of each line.

Decca Single -Standard Circuit
Decca in their latest single -standard colour

chassis, the Bradford chassis, is another setmaker
dispensing with a bistable circuit and using the
ident waveform directly to control the R -Y phase
inversion. They also invert the R -Y signal itself
rather than the reference oscillator feed to the R -Y
synchronous detector, so there seems to be a swing
towards this technique. Their very simple PAL
switch circuit is shown in Fig. 6. The R -Y signal
Switching
waveform
from ident.
amp.

R -Y input
from chroma
delay line

+ve

470p BC148

150p

To R -Y
synch
demod.

Fig. 6: Simple Decca PAL switch circuit.

from the PAL delay line is applied to the junction
of two diodes D1 and D2 which are switched on
and off alternately by the ident signal. When DI is
conducting the R -Y signal passes direct to the
BC148 emitter -follower. When the other diode D2
is conducting the signal is fed to the BC148 via the
180° inverting transformer.

So with these apparently simple circuits, as in
so much colour television receiver circuitry, we find
a wide variety of ways of going about things not
only possible but in actual use.
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UNDfRNfAiN
TFE DIPOLE
THERE were grim expressions on the faces of some
of the backbenchers in the House of Commons that
night in August 1954 when legislation was agreed
for the constitution of commercial television in the
UK. The majority was 27 for television that was
intended to be competitive as well as being com-
mercial. So was born the patchwork quilt of organi-
sations, authorities, consortia, corporations and
companies which today make up Independent TV.

ITV'S START-HOUSE OF COMMONS

In the Committee stages of the Television Act,
1954 the constitution, of the Independent Television
Authority was shaped. It was given technical con-
trol of all the transmitters and powers to select the
subcontractors who were to produce and supply the
television programmes and sell advertising space in
approved timed spots slotted into the programmes.
The American system of direct sponsoring of tele-
vision programme material by advertisers was for-
bidden. Thus was evolved the strange mixture of a
national form of communication-television-opera-
ted by a public corporation and a number of private
enterprises. Competition between the fifteen com-
ponent television companies and the BBC has resulted
in the highest standard of artistic and technical
qualities in world television. It is interesting to
recall how independent television started, from the
practical point of view, nineteen years (and a war)
after the BBC's television opening at the Alexandra
Palace in 1936, with studios and transmitters all
together in the same tower of the building.

HOW IT STARTED-IN PRACTICE

In September 1955, only thirteen months after the
passing of the Television Act, an efficient (but some-
what temporary) ITA transmitter mast and aerial
array were operating on high ground at Croydon,
with programmes from Associated Rediffusion (week-
days) and Associated Television (weekends) plus
nightly news clips from Independent Television News.
It was a race against time. Rediffusion converted
the 20th -Fox film studios at Wembley into television
studios and also took over the Granville Theatre,
Walham Green (formerly a music hall). Associated
Television started by converting music halls at Wood
Green and Hackney into TV studios, as well as
making use of the existing Highbury film studios (see
PRACTICAL TELEVISION, December 1969). The High -
bury Studios had been occupied by High Definition
Films Ltd. who had developed a unique electronic

process for making cinema films using Pye Photicon
TV cameras to scan the pictures sequentially-instead
of with interlace-at 600 to 1,000 lines per frame,
24 frames per second-the present motion -picture
standard. The resultant picture was presented on a
high -quality TV monitor to the lens of a rather
special motion -picture camera. This camera recorded
on 35mm. film a good -quality picture recording of
a full frame. The flyback on the monitor occurred
during the period when the fast film camera pull-
down mechanism shifted to the next frame.

TURN OF THE TIDE

The first couple of years of independent television
were financially difficult, particularly during the first
few months when Associated Rediffusion and ATV
had to carry on alone with a limited number of
advertisers for advertising slots in the programmes
which could be seen by only the limited number of
viewers then owning Band I/III sets and aerials.
Millions of pounds were lost over the first year or
so and it was not easy then for the ITA to find
backers to run the provincial areas as programme
contractors.

The tide literally turned when the soap and deter-
gent manufacturers decided to take up this form
of advertising in a big way, followed by the tooth-
paste, cosmetic and cigarette makers. It wasn't the
advertising however that led to the scramble by
viewers for Band I/III receivers or channel conver-
ters; it was mainly because of a few compulsive
attractions such as Sunday Night at the London
Palladium, Coronation Street, some unusual
shows, and cliff -hanging detective and hospital series.
The competition for TAM -ratings between the ITV
companies and the BBC became, and still is, fierce
and led to rapid improvements both technically and
artistically by both groups

NOW COMMERCIAL RADIO

How will independent radio compare with the
progress of independent TV? The Local Radio
Association, which has been in existence for six or
seven years, hopes to see about 300 radio stations
all over the country on medium -wave as well as on
v.h.f., the former during the hours of daylight only.
The main intention is that communities with popu-
lations of between 50,000 and 250,000 should have
their own local station-provided the people come
within an area that can be served by low -powered
transmitters with a range of about ten miles. Like
independent television their revenues would come
from advertising slots.

There is no doubt that the Government White
Paper and lengthy committee debates in the House
of Commons when the Television Act of 1954 was
being set up will be studied again carefully by poli-
ticians of all parties. The Queen's Speech at the
opening of Parliament after the General Election
indicated that an independent local radio service
would be evolved, but just how " local " will be
the subject of much political debate.
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IN
SERVICING44,
television
receivers

1
L. LAWRY-JOHNS

PYE 40F AND RELATED MODELS

WHEN preparing a servicing article for this series it
is often difficult to decide which basic model to
deal with and which of the near relatives to include :
rather like drawing up a list of who should be
invited to a wedding. We have selected the 40F
as the basic model because it combines many of
the features of the 36 series with many of the
later 67 and 368 series so that with a little bit of
luck we may be able to kill a couple of dozen birds
with two or three stones (or something like that)!

This is not to say that the layout of the 40F is
the same as that of all the other models-far from
it. We shall do our best to include as much infor-
mation as possible, but can't this time give each and
every circuit change in the series and all the minor
layout variations. The, accompanying notes are
intended as a guide in diagnosing the faults which

L

R98

La 1

L21

H.T.

CHOKE

0

1Aatr111 / C101

C670

K20660_/

SKI
0 0
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0 0

El

R94

CI

C

84
1:1

C62

C63

rrQ

L24

DI2

may arise. The layout of the valves and components
differ widely between the 40F and the 67 and 368
series but the functions are the same. On the other
hand the layout of the 36 series is similar to the
40F but the functions differ. If this seems compli-
cated, add the equivalent Ekco, Ferranti, Invicta
Pam, etc. brand names using the same circuits and
it is easy to see why it is as well to obtain the correct
service sheet for any particular model.

In preparing this article however we are fortunate
to have had the tuner unit and i.f. strip adequately
described in detail by Keith Cummins in his admir-
able series of articles upon the construction of a
single -standard 625 -line receiver. Readers are urged
to study the diagrams and text of these articles
particularly as far as the tuner unit and i.f. strip
are concerned. Thus if the reader feels that this
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Fig. 1: Pye 40F main chassis layout-shown hem in lowered position.
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Fig. 2: Circuit diagram of the Pye Model 40F. The system switching is shown in the 405 -line position. The mains fuse f
at minimum and all other controls set for normal operation and the set switched to 405, using an Avo Model 8 (20,00052IV;
signal and contrast control at maximum. In early models CIA, C1B, C73A, C34A and R79A were not fitted, L24 wa

2511F, R79 470142, or not fitted, R84 1 MO, R102 331d1 and R112 75141. We have in this diagram fol
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article leaves a lot unsaid about these items he
should refer back to his earlier issues for more
detailed description of the layout and mechanical
handling (mainly the June -July issues this year). The
writer would like to take this opportunity to raise his
hat (or glass) to Mr. Cummins for his very fine and
painstaking effort.

Polarity Differences
It is most essential to remember that the 40F and

36 series used a positive supply line to the i.f. strip
and tuner unit (derived from the heater circuit) and
that in the later 67 and 368 series the heater circuit
rectifier was reversed to supply a negative line to
the i.f. strip. Thus the voltage readings can be
expected to be completely different as will be the
type of transistor fitted in any particular stage.
For example the AF186 r.f. amplifier fitted in the
40F tuner unit is replaced by a BF180 in the 67
tuner and the feed line is negative.

Beware Storms!
We particularly mention the r.f. amplifier transistor

because this is the one most likely to be found
faulty. The usual complaint is "It went funny on
the night of the storm ". The symptoms vary from
no signal to a very weak and grainy picture and
much reduced sound. An artificial aerial touched
to the collector will produce a better signal than
the normal aerial input.

There is no particular difficulty in replacing the
transistor. Use the right replacement and fit it
exactly as the original and no trouble will be
experienced. If in doubt don't tackle the job at
all but leave it to an experienced person or obtain
an exchange tuner. The circuit and layout of the
tuner appeared on page 444 of the July issue. This
is the 36 and 40F tuner using an AF186 r.f. tran-
sistor.

The majority of the other tuner troubles will be
found to have a mechanical origin and can usually
be traced by closely observing the action of the
switch contacts.

Usual Faults
The impression may have been gained from the

above comments that it is the tuner which is usually
at fault. This is not at all the case. The majority
of faults occur on the main panel and are concerned
with the valved stages. Before discussing these
faults, however, it is essential to understand the
valve functions. This is not so obvious as it looks,
particularly when one is out on a job without the
correct service sheet for the model.

The confusion arises over the function of the
PCL85. The pentode section is obviously the field
output valve. The triode section is not however
the field oscillator. The triode section functions
as a phase splitter for the line sync circuit in the
40F, 67 and 368, and as the line oscillator in the
36 series which do not have a flywheel -controlled
line timebase. The point about this is that it is
surprising how often the triode section of a PCL85
becomes faulty without the pentode section being
affected. In the majority of receivers this results
in field collapse anyway since the triode is most
often used as the oscillator and therefore replace-

ment of the valve restores normal height. In
these Pye, etc. models an ECC82 functions as
the field oscillator so that this valve as well as
the PCL85 is suspect in the event of a narrow
white line across the screen to denote total field
collapse.

Field Timebase Faults
As the field timebase is practically the same in all

models from the 36 to the 368 we will discuss this
first. The only practical difference is in the hold
control circuit where the 50k12 resistor R113 is
changed to 2501d1 and R112 deleted in later models.

Probably the most frequently encountered fault
is insufficient height with an even gap top and
bottom. Quite often there is enough adjustment
on the vertical scan amplitude control to compensate
for this loss but this is not really the answer. The
resistor R109, 1.2M12, is often at fault. It is placed
between the control and the ECC82 pin 1 (anode).

If this is not at fault check the PCL85 and if
necessary the ECC82. If the PCL85 is at fault and
a replacement restores normal height, don't leave
the issue there. The bias resistor may have contri-
buted to the failure of the valve and may impart a
similar early fate to the new one. Check R103,
47012 1W.

If the trouble is more one of low boost voltage
at the vertical amplitude control check R156, 1M12.
This can rise in value.

Non -linearity
Lack of height should not be confused with

bottom compression or other signs of non -linearity
of the field scan. The first suspect here is the
POL85, its bias resistor and the electrolytic capaci-
tors C87 and C86 (in that order). Bridging the
suspect capacitor with one of similar value and
voltage rating will usually prove the point. This
however must not be done with the bias resistor.
The only effect this will have is to lower the effec-
tive value still further and thus worsen the condi-
tion. Generally speaking if the bias resistor still
retains its original bright colours (yellow -mauve -
brown) it is unlikely to have changed value. On
the other hand a charred appearance usually
denotes a change of value. A little time spent
checking these points can save time -wasting repeat
calls.

Loss of Field Hold
If the trouble is loss of hold with the control

at one end of its travel check the condition of the
hold control and its series 47kS2 resistor (75k12 on
early models) R112. If these are damaged change
the control to 250k12 and delete R112 as in later
models. If the control is in order check the series
2.2M12 resistor R111 and the ECC82 valve V17.
C92 could be art fault but this is less likely.

Total Field Collapse
The symptom of total field collapse, as evidenced

by a single line across the screen, should direct
attention not only to the PCL85 and ECC82 valves
but also to the boost line supply to the vertical
amplitude control R110. The circuit is through
R156 to the vertical scan equalise control,
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Fig. 3: Layout of the timebase printed panel, viewed from the print side.

decoupled by C116 which can short to chassis thus
removing the supply from the controls (the feed
arrangements differ on the 368 series).

If it is found that the h.t. supply to pins 6 and
7 of the PCL85 is absent, check the resistor R101
which can be damaged by a faulty P0L85 or a
shorted C86 electrolytic (this does not often
happen). If however it is found that the voltage
on pin 7 is present but pin 6 is very low, check
the field output transformer which will probably
have an open -circuit primary winding.

A fault which could well occur although the
writer has not encountered it in this series so far
is a short in C91 (0.001p,F). This would cause the
field scan to collapse with very low voltages on pins
1 and 6 of the ECC82.

If the picture cannot be held although the hold
control is not at either end of its travel, i.e. loss

PC L 82

of sync pulses, check the interlace diode D18.
This is an M3. It can often be brought back into
service by pinching in the cover with a pair of
cutters (to improve the internal contact). This
should not be confused with weak sync which only
occurs on say -625. Here the trouble should be
looked for in the video stage. Check electrolytics
C69 and C70 (C69 is not fitted in the 368 series
video stage).

Audio Stages
The PCL82 does not give much trouble apart from

the odd occasions when it develops grid -cathode
leakage causing distortion and overheating of the
cathode bias resistor. It is necessary to check the
insulation of C79 as this may be the true cause
of the trouble.

CONTINUED NEXT MONTH

132 'r 134 106
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iiGHTNESS-COMPENSATION

M.A.HARRIS B. Sc. CIRCUIT RECEIVERT
THE circuit described in this article is used in a
number of Rank -Bush -Murphy models and first made
its appearance about three years ago in the Bush
model TV165, one of which is in the writer's pos-
session. I have yet to see a better picture on a
domestic television set than the one this displays.
In the Bush models this circuit refinement is called
a " black -level clamp " while in the Murphy equiva-
lents it is referred to as a " contrast -compensator
circuit ". Neither of these terms is strictly accurate:
the circuit would perhaps be best described as a
brightness or black -level compensation network.

Most dual -standard domestic television receivers
employ mean -level a.g.c. This is a simple and
effective form of automatic gain control but has the
drawback that the control potential is proportional
to the picture content rather than, as it ideally
should be, the transmitted signal strength. It is
however a lot cheaper and more reliable than the
more accurate gated a.g.c. circuits that have been
used in the past. In combination with a.c. or
partial a.c. coupling between the detector and the
c.r.t. cathode (common forms of a.c. coupling in
video circuits are shown in Fig. 1) it means that
the contrast and black level will alter in accordance
with the picture content. Not surprisingly, mean -
level a.g.c. has come to be known as " always grey
control "! Various circuits have in the past been
devised to overcome this shortcoming, but most
require an extra valve at the very least. The Bush -
Murphy circuit however requires no valves or
transistors, no 1.t. or h.t. power supply and is
physically small so that it can be squeezed into the
most compact television set. The arrangement is
shown in block schematic form in Fig. 2.

Theory of Operation
The negative -going output from the detector is

a.c. coupled (via a phase-splitter or emitter -follower
stage in the actual Bush -Murphy models using the
circuit) to the grid of the video amplifier Whose
anode is d.c. coupled to the c.r.t. cathode. The
sync pulses at the c.r.t. cathode are positive -going.
The video signal is as usual also applied to the sync
separator which provides negative -going sync pulses

at its anode. The two waveforms-video with
positive -going sync pulses and the negative -going
sync pulse train-are fed to a matrix circuit which
produces an a.c. voltage proportional to picture
content only since the positive- and negative -going
sync pulses cancel out (readers familiar with 405-
line only models will recall that the same idea was
used in the " sync -cancelled a.g.c." system). The
important feature of the a.c. voltage at the output
of the matrix is that its peak value is the black level
of the signal. This is rectified and fed back to the
grid of the video amplifier, altering its standing bias
to keep the black level substantially constant. Clearly
a shift in the black level at the grid, due to the
a.c. coupling and a change in the signal strength,
will result in an antiphase shift in the black level
at the anode, and this is fed back to provide the
required black -level correction.

Practical Circuit
The full circuit of the system as used in the

Bush -Murphy TV161U/V1910U series of models is
Shown in Fig. 3. R7, R8, R10, C6 and C7 form the
matrix network. If this circuit is used with a valve
other than the PFL200 the values of R7 and R10
may have to be altered, but the sum of R7 and R10
should be kept to approximately 270k11. If a
'scope is available adjust the values so that at the
junction of the resistors the sync pulses just cancel.
If a 'scope is not available the results should be
good enough using the values given.

In the original Bush -Murphy circuit a BA144 gold -
bonded diode is used as the rectifier. Any good
diode however can be used. The writer has tried
OA8ls and OA200s, the silicon diodes being better
than the germanium devices.

Cathode Circuit
It will be seen that contrary to common practice

in dual -standard models the video amplifier cathode
bias (Fig. 3) is not switched between standards. If
the experimenter's set uses a PFL200 as video,
amplifier and sync separator the cathode circuit may
be rewired as shown in Fig. 3. Otherwise disconnect
from the standards switch and leave the cathode

Fig. 1: Common forms of
a.c. coupling in video
stages.
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Fig. 2: Block diagram of the brightness -compensation
system.

circuit permanently wired in the 405 position.
Some sets have a 3.5MHz trap in the cathode

circuit as shown in Fig. 4(a) This would of course
detract from the quality of the picture on 625
lines. The trap can be shorted out with a short wire
link across the coil. Unless the fine tuning is very
accurate however this will result in a mosaic type
of patterning on the screen caused by the sound and
vision carriers beating together. This occurs on 405
only of course. A better arrangement therefore is
to re -arrange the circuitry as shown in Fig. 4(b),
leaving the bias the same on both standards and
using the switch simply to put the trap into or out
of circuit.

Using the Black -level Circuit
The black -level compensation circuit requires only

a few components and can thus be mounted on a
small piece of Veroboard next to the video amplifier.
When adding this circuit the following steps should
be taken.

Remove any a.c. coupling or h.t. bleed networks
from the c.r.t. cathode and make sure that there is
only one wire from there direct to the video
amplifier anode (or cathode if a cathode -follower

Negative -going video
from detector
(via phase splitter)
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===

C2

47p

C3
0.01
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3-3k
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to c.r.t
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Video
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47 :Valve

RI
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lkp
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330k

R2
330k

R6
270 C5

3

HT

R12
56k

RIO 180

Sync
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R11

470k

To AGC circuit
R8
150k

Fig. 3: Video stage (Bush -Murphy) incorporating a
brightness -compensation circuit. 01 is type BA144 in

the Bush -Murphy chassis.

(a) (b)

Fig. 4: Video amplifier cathode circuit with 3.5MHz trap.
Typical component values shown.

is used in the set).
Ensure that the video amplifier grid is a.c. coupled

to the video detector output (if the c.r.t was
originally a.c. coupled the coupling capacitor can
be used for this purpose). If not, use a capacitor
of 0.22p.F, 150V working or thereabouts. Also fit
a grid stopper (R3) if one is not already fitted. Use
a 4752 resistor and wire it as close to the valve grid
pin as possible. This may entail cutting the printed-
circuit board.

Ensure that the video amplifier cathode bias
is not switched when changing line standards. If a
PFL200 is used the cathode circuitry may be rewired
as in Fig. 3. If another valve type is used, leave
the bias set in the 405 position by disconnecting
from the standards switch or modifying as pre-
viously suggested where a 3.5MHz trap is
incorporated.

We have mentioned rewiring the cathode circuit
where a PFL200 is used in the set: where the stage
has extensive frequency response compensating cir-
cuitry however it is preferable merely to ensure
that the cathode bias is kept at the 405 value on
both standards.

If the black -level compensation circuit has been
built up on Veroboard or something similar only
four more connections are needed, to the video
amplifier anode and grid, sync separator anode and
chassis.

Brightness Control Range
The range of the brightness control may require

altering if the set originally had a.c. coupling to the
c.r.t. cathode. If there is insufficient brilliance add
an extra resistor across the one between the top
end of the control and h.t.-start with something
like 1001a2 -1-W. Conversely too much brilliance
requires the extra resistor across the brightness
control itself.

When viewing with a set incorporating this black -
level compensating circuit a great deal more enjoy-
ment will be had from the programmes, the black
level staying where it should be and there being
no tendency for streaking or contrasty captions. 
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Insufficient Brilliance
THERE was a dark picture on an 1 lin. KB portable
even with the brilliance control fully advanced. On
removing the aerial it was found that the raster only
just became visible at 'maximum setting, but rotating
the tuner produced quite bright streaks across the
screen so it was obvious that the tube was quite
good but excessively biased. We also noticed 'that
there was a distinct lag between turning the brilliance
control to maximum and raster appearance.

When a c.r.t. is d.c. coupled from the video pen-
tode there will be insufficient raster brilliance if the
valve Pails to pass normal current so increasing the
c.r.t. cathode voltage above the normal value. How-
ever in this model as in other KB-RGD receivers the
c.r.t. is a.c. coupled so that a video stage fault could
be ruled out, implying that the tube's d.c. biasing
circuitry was holding the cathode voltage too high
or the grid voltage too low.

On removing the cabinet shell we found the cathode
voltage close to normal but the 'grid voltage very low,
producing only a small meter deflection at maximum
brilliance setting. Due to the high -value feed resis-
tors employed it 'is rarely possible to 'make accurate
voltage checks to the tube grid, first anode and focus
electrodes. In this model the h.t. feed to the first
anode is via a 4.7MS/ resistor from the boost h.t.
rail while the grid potential is via two medium -value
resistors from the 0.5M12 brilliance control which is
fed from the boost rail via another 4.7MS2 resistor.
Boost HT rail 750V

Video amplifier
anode circuit

Video in
C68
0.25

Even the best moving -coil meters on high -voltage
ranges will give readings below the voltage present
before test prod application, so considerable voltage
reading deviations do 'not necessarily imply a circuit
fault.

In this KB portable the c.r.t. grid voltage should
range from 12-130V but the readings we obtained
on an Avo Model 8 were so low that it became
obvious something was wrong with the feed to this
point. The possibilities were (a) that one of the
feed resistors had increased in value or (b) that a
decoupling capacitor was slightly leaky. The definite
time lag however 'between advancing the brilliance
control to maximum and raster appearance suggested
that a decoupling capacitor was taking increased
time to charge due to increase in the value of a feed
resistor.

Studying the circuit indicated that R161 was the
most likely culprit and on test we found that although
there was normal boost rail voltage at one side
there was very little voltage at the other. We then
stabbed an equivalent across this resistor and
obtained full raster brilliance 'at a midpoint control
setting. This didn't necessarily imply that the
original was 'high -resistance since paralleling another
resistor across it would halve its value and reduce
the effect of any slight capacitor leak. The only
conclusive test was to measure its resistance, but
being of such 'high value it was necessary to unsolder
one end otherwise conduction around the circuit
would increase the ohmmeter deflection. On test
the resistor proved to have a value approaching
7M12 and on fitting a replacement we obtained
normal brilliance.

Unstable Line Hold
THE 'phoned complaint was "lines on BBC" and on
arrival we found an unconverted 23in. Philips
receiver with a grossly over -contrasted picture and
intermittent line tearing on BBC while on ITA the
picture was fairly stable although it lacked contrast.
On turning back to BBC and reducing the setting of
the rear -mounted contrast control the line tearing
disappeared but the line hold was distinctly edgy.
Clearly the excessive signal strength had contributed
to the complaint.

As the field hold was good we first replaced the
ECL80 V400. The triode section of this forms
half of the line generator with the line output stage
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Fig. 1: The c.r.t circuit of
the KB Featherlight 11 in.
portable receiver. Note
that this is an early ver-
sion and several modifications were introduced.
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Compare for example, with the circuit on page 23, October 1969.
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while the pentode section is a line sync pulse clipper.
There was a marked improvement but the line hold
still remained edgy while horizontal bands across
the picture tended to shift slightly one way or the
other. We therefore replaced the ECL80 sync
separator and also the PL83 video output pentode
but without any noticeable improvement. It
appeared therefore that we had a component failure
in the receiver but before getting too involved we
decided to replace the PL36 since this acts as line
oscillator together with the V400 triode.

As there was no improvement we commenced
voltage checking and although the sync separator
voltages were almost as specified the anode voltage
of the line pulse clipper was 32V instead of
24V. This naturally suggested a reduction in the
value of the single 391(0 anode feed resistor or a
decrease in grid bias. As the valve was without
cathode resistor, developing autobias on signal appli-
cation, we first checked the anode resistor and found
that it was only about 321a2. On replacing this
component the anode voltage was closer to the
specified figure but we then found that R402 (22kO)
in the grid circuit had also reduced in value thereby
decreasing the self -bias and attenuating the input.
After replacing this resistor we obtained perfect
line lock with complete freedom from the horizontal
picture shifts.

Finally we replaced the PCC89 r.f. amplifier to
improve the gain on ITA and were then able to
reduce the contrast control from its former maxi-
mum setting so that both programmes were received
with about equal strength and without the previous
over -driving on BBC which had accentuated the weak
line lock. The owners paid they never adjusted the
rear presets and had apparently accepted the over -
contrasted BBC picture as good reception compared
to the originally weak ITA picture. One more
instance of how viewers can get accustomed to the
most deplorable TV reception!

Inspect First: Meter Later
INTERmrrrEmr crackling with coincident screen flashes
had culminated in complete loss of sound and picture
with a smell of burning on a Thorn 850 convertible
chassis. A burning smell is generally caused by an
over -run resistor so we first looked for visual
signs, especially around the PCL84 video pentode
since internal shorts in this type of valve crop up
occasionally and usually result in cathode, screen
feed and even the detector load resistor becoming
burnt up if d.c. coupled. All resistors round this
valve were in good condition however but the
several years' accumulation of dust and dirt over
both chassis panels made complete inspection
difficult.

At this point since the short-circuit was not heavy
enough to blow the fuse and the over -run resistor
would need replacing anyway many service engineers
find it quickest to switch the set on, keep a close
watch on the chassis and let the overheating resistor
identify itself before smartly switching off. Although
the overload h.t. current must be comparatively small
-otherwise the fuse would blow-the main objection
to this practice is that prolonged excessive heat from
an over -run resistor can damage and/Jr loosen
printed circuit wiring and make further service work
necessary.

As the highest proportion of TV h.t. shorts are

valve interelectrode short-circuits-with i.f. pentodes
figuring high in the probability list-we next con-
nected an ohmmeter from the h.t. rail to chassis
and noted if the reading reduced as we removed
each of these valves in turn. As the h.t. rectifier
was a low -resistance silicon type we first took the
precaution of removing the c.r.t. base connector so
that ohmmeter current could not flow through the
rectifier and then through the heater chain to chassis
to give an erroneous short-circuit reading.

Removing the valves had no effect but on taking
out the EF183 common i.f. amplifier we could see
that the 33k0 resistor feeding the screen grid was
badly discoloured. Slight pressure from a screw-
driver blade completely disintegrated the component
and reference to the circuit diagram showed that
only the 1,000pF screen decoupler could be at fault.
On replacing both these components normal results
were restored.

We have since had several other instances of i.f.
decouplers going short-circuit so that the associated
feed resistor(s) bum up. As with so many faults,
looking for visual evidence and applying light pres-
sure to suspects generally proves far quicker than
tracing with a meter.

At one time ,PCL83s and PCF8Os had a high
incidence of internal shorts, generally from control
to screen grid, but such failures now seem to be
quite rare.

TO BE CONTINUED

DX -TV
continued from page 15

appear to be delays in the commissioning of the
TV2 transmitters at Sippola Ch.49 (600kW) and
Jyvaskla Ch.25 (600kW). These will not now be in
service until February 1971. Also the TV2 trans-
mitter at Helsinki Ch.24 is at present operating with
a power of 10kW only.

At least four DXers-R. Bunney at Romsey,
H. G. Adams and A. Thynne at Birmingham and
R. Roper at Saltash-have in addition to myself
now managed to get Iceland on Ch.E3 from Stykkis-
holmar in the North-West of the island. It looked
for a while as if this was just not on, but it can be
done although the signal here was weak. Just for
the record E4 Skalafell has been pretty good at
times this year, so if you want a new country I
recommend you to turn your aerial array to the
North-West and watch out for the test card, even
after 22.00. Weather maps of the island have also
been seen (by R. Roper) and these provide a positive
means of identification when all else fails-as alas
can so often happen on programmes.

R. Finch of Birmingham has an excellent June -
July log with just about all European countries via
SpE. He even got Denmark Ch.E3 (this one has
eluded me so far this year). He queries the origin
of a "cartoon like a cat's face " with the letters
DTCA below it on Ch.R1. Has anyone any idea
who uses this?

Garry Smith of Derby has, reported some very
interesting Trops, with WDR Langenberg Ch.E9 and
Cologne Ch.E1 1 from W. Germany, Wavre Ch.E8
and ElO from Belgium and Holland Lopik Ch.E4.
Apart from these he too has a very impressive log of
SpE reception including most European countries:
he too has managed to get Denmark on Ch.E3.
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TUNER UNITS -1
IN this new series 1 propose to explore the circuits
which are to be found in contemporary colour
receivers. The plan is to look not only at the
circuits themselves but also at the basic design
problems as a means of highlighting the techniques
which are adopted to resolve them. In common
with my previous series dealing with waveforms
(Waveforms in Colour Receivers) I shall start at
the aerial side of the set and work through the
small -signal circuits to the luminance and colour
circuits and conclude with the timebase and power
supply circuits. This first article therefore is mostly
concerned with the so-called front-end.

Small -signal Stages
The small -signal circuits are designed to have

phase -linear bandpass characteristics with filters to
provide the required amount of signal rejection
at certain frequencies within and outside the pass -
band. These things happen essentially in the inter-
mediate -frequency (i.f.) stages. At the front is the
tuner or tuners. Some of the first dual -standard
models were equipped with two tuners, one for
the v.h.f. channels and the other for the u.h.f.
channels. Later dual -standard models adopted the
"integrated" or "all -band" tuner, a single unit
capable of tuning over Bands IV and V as well
as Bands I and III. Recent single -standard models
of course have just one tuner capable of responding
to the u.h.f. signals in Bands IV and V.

Although colour is transmitted only in the u.h.f.
channels and on the 625 -line standard there will
have to be some references to v.h.f. signals and
the 405 -line standard because dual -standard colour
sets contain circuits to process them. However,
since it is likely that the majority of readers of
these articles will already be fully conversant with
v.h.f. and 405 -line circuit techniques in mono-
chrome receivers I propose to give them only
passing attention, especially when they are not
directly concerned with the u.h.f. 625 -line aspects of
the circuits under discussion. If I was writing
this series about five years hence I would probably
be able to forget all about v.h.f. and 405 lines as
most of the country would by then be covered
by three u.h.f. channels on 625 lines. As it is
at the moment however quite a number of dual -
standard colour receivers are in use and there are
still some being produced. Most of the current
colour sets being manufactured though are single -
standard models, which could almost be termed
"second -generation" colour receivers.

Tuner Requirements
Early v.h.f. and u.h.f. tuners used valves as the

active devices. The performance of these tuners
is significantly below the latest versions in which
transistors are used as the active devices. However

RECEIVER
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there are some areas in which valves win even
today! The design problems connected with colour
receiver tuners rare common to those of monochrome
receiver tuners. To obtain optimum signal transfer
from the aerial downlead to the r.f. stage the tuner
input circuit has to receive special attention, with
particular reference to its noise figure. The front-
end must also have the best possible crossmodula-
tion and intermodulation performance, factors which
can conflict with the low -noise requirement. The
input impedance must present a good match to the
75 -ohm coaxial aerial downlead and conversely the
downlead must present a correct load to the tuner
over the u.h.f. spectrum. The radiation from the
local oscillator section must not exceed a certain
specified maximum value and the tuner overall
should be capable of operating over a relatively
wide dynamic range of input signal levels without
calling for external signal attenuation or difficult
adjustments.

In some respects the front-end of a colour receiver
is more demanding than that of a monochrome
receiver. For example on the 625 -line standard
intercarrier sound is employed. One advantage of
this in black -and -white receivers is that slight drifting
of the frequency of the local oscillator signal can
go unnoticed since the intercarrier frequency is
"locked" to the frequency difference (6MHz)
between the sound and vision carriers. In colour
receivers however such drift can affect the colour
display by modifying the relative level of the colour
subcarrier on the i.f. characteristic. Thus it is
becoming more common for the u.h.f. tuners of
colour receivers to incorporate automatic frequency
correction (a.f.c.).

Representative U.H.F. Tuner
Let us now have a look at the circuit of a u.h.f.

tuner. That shown in Fig. 1 is used in the Rank -
Bush -Murphy CTV25 and CV2510 dual -standard
models. For the v.h.f. channels there is a separate
tuner. The circuit shown in Fig. 1 has much in
common with recent monochrome u.h.f. tuners in that
it features two transistors and a four -section tuning
gang. Each seotion of the gang has the job of
resonating a quarter -wave tuning line, and the
circuits are trimmed so that the four tune in step.
The main tuning lines are 4X3 aerial, tuned by 4C3A
and trimmed by 4C1, 4X4 with 4X5 for the r.f.
output and mixer input in a bandpass coupling
tuned by 4C3B and 4C3C and trimmed by 4C6 and
4C9, and 4X7, the local oscillator circuit, tuned by
4C3D and trimmed by 4C12.

Tr 1 is the r.f. transistor and Tr2 the frequency
changer (i.e. self -oscillating mixer) transistor. Both
of these are operated in the common -base mode. The
input signal from the aerial down -lead is coupled to
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Fig. 1: U.H.F. tuner unit used in the Rank -Bush -Murphy dual-standard colour chassis (a separate tuner is used for v.h.f.).
A modified version of this tuner is used in the later single -standard chassis.

Tr 1 emitter via the aerial coupling loop 4X1 and
the untuned line 4X2. This scheme gives the input
a fair degree of selectivity which was at one time
considered to be absolutely essential to tame possible
crossmodulation problems with the advent of multiple
u.h.f. channels. We shall see in a minute however
that a tuned selective circuit like this tends to impair
the noise performance, and in view of this at least
one main manufacturer uses untuned coupling to the
emitter of the r.f. transistor and hence only three
tuned quarter -wave lines, considering that optimum
noise performance is more important than designing
for an unnecessarily large crossmodulation margin.

The base of Tr 1 is earthed signalwise by 4C4 and
4C5 and the amplified signal is generated at the
collector across 4X4. 4L1 is a hold -off choke in the
feed to the collector and is decoupled by 4C7. The
signal across 4X4 is inductively -coupled to 4X5, the
two circuits in unison, being critically coupled, pro-
viding the bandpass characteristic mentioned earlier.

Tr2 oscillates at a frequency determined by the
tuning of 4X7 and at the same time the amplified
and tailored aerial signal is applied to its emitter
via the untuned line 4X6 which picks up signal from
4X5. Tr2 base is effectively earthed from the signal
point of view by 4C11 while 4L3 is another hold-
off choke which blocks signal but passes bias to
the base. The operation of a self -oscillating mixer
is to produce sum ana difference frequencies, the
required i.f. signal being taken via the filter 4L4
and 4016 to the i.f. coil 4L5. The output from
4L5 is fed to the mixer stage in the v.h.f. tuner,
which provides additional i.f. amplification on u.h.f.,
via 4C17, and the 12V supply for the u.h.f. tuner is
fed in at this point.

The r.f. amplifier is biased at its base by 4R2
and 4R3, with 4R1 acting as the emitter bias resis-
tor, while the self -oscillating mixer is biased at its
base by 4R6 and 4R7, with 4R5 being the emitter

bias resistor. Since the two transistors are npn
types the supply is positive relative to the emitters.
4R4 is merely a decoupling resistor which works in
conjunction with the various feedthrough capacitors.

Although the circuit of a u.h.f. tuner may appear
to be fairly simple, the design is far more complex
since at u.h.f. even the shortest length of wire has
an inductance that can impair the amplification,
conversion efficiency and stability unless properly
taken into account. Even the positioning of wires
is highly critical, so for these reasons any servicing
operations must be handled with extreme care. It
is generally undesirable to attempt u.h.f. tuner ser-
vicing. It is far better to acquire a replacement unit
from the manufacturer via a dealer, for very few
dealers have proper facilities for realigning a tuner
to optimum after a servicing operation.

All -Band Tuner
The circuit of an all -band type of tuner is shown

in Fig. 2. This is from the BRC 2000 series colour
chassis. The u.h.f. section incorporating transistors
Trl and Tr2 is similar in general design and opera-
tion to the u.h.f.-only tuner just described. How-
ever, in the oscillator circuit there is a capacitance -
diode (W1) providing a.f.c. which I shall be dealing
with when I investigate the tuner of the BRC 3000
series receivers later.

All -band tuners commonly use two more tran-
sistors than u.h.f.-only ones, making a total of
four as in Fig. 2. Here Tr3 operates solely as the
v.h.f. local oscillator while Tr4 operates as the
mixer on 'the v.h.f. channels and as an extra i.f.
amplifier on the u.h.f. channels, the latter boosting
the tuner gain on the u.h.f. channels to match more
closely that on the v.h.f. channels.

Although there is a five -gang tuning capacitor in
this tuner only four sections (C10 trimmed by C9,
C23 trimmed by C22, C27 trimmed by C26 and C35
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Fig. 2: All -band tuner unit used in the BRC 2000 dual -standard chassis. Si shown in u.h.f. position. Contacts 2, 3 and 6, 7
closed on Band Ill, 3, 4 and 7, 8 closed on Band I.

trimmed by C34) operate on the u.h.f. channels, just
the same as in the tuner in Fig. I. The fifth section
is C52 trimmed by C51 which tunes only the v.h.f.
local oscillator. It is noteworthy that sections C23
and C27 not only tune the quarter -wave lines on
625 lines but also the v.h.f. circuits in the upper part
of the diagram on 405 lines. A system of change-
over switches is ganged to the set's standard -change
switch. In the tuner this changes from one tuning
arrangement to the other.

To summarise, therefore, Trl is the r.f. amplifier
on u.h.f. and on v.h.f., Tr2 is the self -oscillating mixer
on u.h.f. only, Tr3 is the local oscillator on v.h.f.
only and Tr4 is the mixer on v.h.f. and an extra i.f.
amplifier on u.h.f. The ganged switches also mute
the stages that are not required on the standard
selected.

Ses fitted with the BRC 2000 series chassis have
automatic degaussing which operates not only when
the set is first switched on but also when the
standard is changed at the tuner. This is worked
by a switch ganged to the tuner band changeover
switch SI. The a.g.c. applied to the r.f. transistor
is also modified by the action of a switch ganged
to the main changeover assembly.

The tuner is powered from a 30V stabilised supply
and since'tkie transistors are npn types the supply
is positive relative to the transistor emitters. For-
ward a.g.c. 11s applied to Trl base.

The block diagram Fig. 3 brings out the functions
of the transistors on the two systems. On u.h.f. the
i.f. selected by L25 in Tr2 collector circuit is coupled
via the changeover switch to Tr4 emitter, this tran-

sistor then working
oscillator frequency
diode WI which is
line via loop L24.
varied by a reverse
the a.f.c. circuit in
a later article).

as an i.f. amplifier. The u.h.f.
is controlled by the capacitance -
coupled to the oscillator tuning
The capacitance of the diode is
potential which is derived from
the i.f. section (the subject of

On v.h.f. Trl is again the r.f. amplifier with a.g.c.,
but the aerial input circuit this time includes the
static discharge resistor R25 and the high-pass filter
composed of Cl, LI and C2 which attenuates all
frequencies below Band I. An i.f. rejector is formed
by C3/L2 and C5/L4, while rejection at Band III
frequencies is provided by the switched low-pass
filter consisting of C14, C15 and L9. Finally in the
aerial circuit is a Band I rejector made up of C6,
C7, L5 and L6.

The appropriate bandpass and oscillator coils are
selected by the changeover switch sections and as
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Fig. 3: Block diagram of the all -band tuner used in the
BRC 2000 chassis.
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Fig. 4: U.H.F. tuner used in the BRC 3000 single -standard chassis.

already noted during v.h.f. reception the tuning lines
do not function as such but merely make the
required connections between the tuning coils and
the sections of the tuning gang.

BRC 3000 UHF Tuner
Figure 4 shows the complete circuit of the u.h.f.

tuner used in the latest BRC 3000 series single -
standard chassis. This differs from the other circuits
in that only three tuned lines are employed, L2
and L3 in a bandpass coupling and L5 in the local
oscillator department. The gang sections are CIO
trimmed by C9, C12 trimmed by C11 and C17
trimmed by C16. This tuner is designed for maxi-
mum noise performance, for which reason the aerial
signal is coupled direct to the emitter of Trl via
C5. The "pad" at the aerial socket end of the
screened (coaxial) cable provides mains isolation and
static build-up protection, the capacitors for the
former and the resistors for the latter. Choke LI
also helps to prevent transistor damage due to
transients on the mains or coming in through the
aerial.

The impedance of the emitter circuit is optimised
for maximum signal current transfer from the aerial,
an action which ensures the best input signal-to-noise
ratio. This also makes the input stage virtually wide
open to unwanted signals outside the selected chan-
nel. About 70 per cent improvement is possible
by the use of a tuned selective circuit, but BRC
believe that the more important performance feature
is noise and not crossmodulation. Hence this
particular design.

From tests it has been discovered that the worst
possible crossmodulation situation in practice is when
the aerial signal due to one of the three transmissions
of a local group is just at the minimum noise -free
level, the other two possibly 10dB adverse. Under
these conditions the r.f. gain control would be at
maximum which, in the case of the 3000 series
tuner, corresponds to the most critical crossmodula-
tion state. Even so, when the tuner is correctly
aligned and fault -free it can accept a signal of some

F T2

L9

R11

27

LB

C2/16

10p1

10mV level from the wanted station of the group,
with the other two also active, before exhibiting
signs of crossmodulation (i.e. patterns on the
picture). In fact it has been calculated that with the
existing three -channel system a crossmodulation per-
formance of about 3mV is satisfactory. Thus in
spite of the 3000 series u.h.f. tuner only having three
tuned lines and no pre-r.f. stage tuning it still has a
reasonable crossmodulation margin.

It will be seen from Fig. 4 that the gain of the
r.f. stage is adjustable by a potentiometer in its base
circuit. This adjusts the transistor emitter current
and hence its gain. Amplified signal is developed
across the first line L2 coupled to Tr 1 collector
circuit. This line is bandpass-coupled to line L3
from whence signal is coupled to Tr2 emitter via
the untuned line L4. Tr2 is the self -oscillating mixer,

Fig. 5: The u.h.f. tuner wired into a recent Decca single -
standard colour receiver.
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Fig. 6: Inside view of the BRC 3000 series tuner.

tuned by line L5, and inductively -coupled to this is
the capacitance -diode WI which gives the a.f.c.
action.

Any junction diode in reverse conduction exhibits
capacitance across its two terminals. Capacitance -
diodes are designed to exploit this effect with the
least losses (i.e. without severe loss of Q). The
capacitance decreases as the reverse -bias applied to
the diode is increased; that is as the potential barrier

at its junction widens. Thus by biasing the diode
from a discriminator placed towards the end of the
i.f. channel, incorrect tuning is reflected as a plus or
minus increase in bias on the diode. As a result
there is an increase or decrease in capacitance across
the oscillator tuned circuit thereby automatically
correcting the tuning provided the vision carrier
remains within the discriminator passband. In
practice the diode bias is adjusted for correct oscil-
lator tuning when the a.f.c. discriminator output is
zero, this condition also corresponding to the correct
tuning on the capacitor gang (i.e. C17). Any change
in oscillator frequency therefore shifts the carrier
within the discriminator response causing a plus or
minus output which changes the capacitance of the
diode in such a way as to restore the tuning. I shall
be having more to say about the a.f.c. discriminator
when we look at the i.f. stages.

The i.f. output in Fig. 4 is developed across L8
and then conveyed to the i.f. channel.

Fortunately if u.h.f. tuners get into trouble they
can be replaced quite easily in the latest sets. Fig. 5
shows the u.h.f. tuner in the latest Decca single -
standard set while Fig. 6 shows the inside of the
BRC 3000 series tuner. The three main tuning lines
can be seen and the gang sections appropriate to
them; also the line coupling the capacitance -diode in
the local oscillator department, and the i.f. coil.

Next month I shall be continuing with the u.h.f.
front end, looking at some more interesting though
very important features.

REDRUTH UHF TRANSMITTER Horizontal polarisation; receiving aerial
group B; maximum vision e.r.p. 100kW.

N

EID 734/SR 11-69

Predicted service area I

The above BBC map shows the expected service area-the boundary is approximate and there may be pockets of poor
reception too small to be shown. Channels: ITA 41; BBC -2 44; BBC -1 51.
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RECORDING the sound from a TV set may at first
seem to be pretty easy-until you have actually
tried it. The simplest way is of course to hold the
microphone near the loudspeaker, but this has the
disadvantages of (a) picking up extraneous sounds
and (b) poor quality due to reverberation etc.

Tapping off the audio from the secondary of the
ouput transformer greatly impro-ves the quality but
this is dangerous since one side of the loudspeaker
is usually wired to chassis which is live. The output
is also very high at very low impedance, causing
matching problems. In addition many people rent
sets and the rental companies are not too happy
about their customers dabbling with the innards
however competent they claim to be.

By far the best method is by using the little unit
described here. It can be built in a matter of
minutes and can be used for recording not only
from TV but from any loudspeaker.

Magnetic Pick-up
The unit makes use of the magnetic fields pro-

duced around the loudspeaker which of course vary
at the same rate as the signal. By detecting these
the audio signal only is picked up with no extrane-
ous sounds. A telephone recording pickup is used
and although the system is very simple the quality
achieved is excellent.

Preamplifier
The output from the pickup is rather low for

most tape recorders so a simple preamplifier will
usually be required. A suitable circuit is shown
in Fig. 1. All the components can be mounted on
a piece of paxolin and fitted inside a small plastic

C1

10
12V

SW1

C2
10

12V

BC109
BC169
BC184L
2N2926 etc.

Fig. 1: Suggested preamplifier circuit.

"r
9v

box which also holds the battery and on/off switch.
Construction is simple as the layout is in no way
critical. The screened lead from the pickup coil can
be wired directly on to the circuit board and the
output taken via a second screened lead to the type
of plug used on your recorder-DIN, phono, etc.

Some recorders have a very high input sensitivity
and it may therefore be worthwhile trying the
system first without the preamplifier.

Obtaining Best Results
The pickup coil should be held near the centre

of the loudspeaker for best results. If this proves
difficult a small piece of tape can be used to hold
it in position. When recording make certain that
the fine tuner on the 'TV receiver is correctly set-
various buzzes that are not objectionable when
viewing because you have got used to them will mar
any recording.

Suppliers
Suitable telephone pickup coils are available from

Henry's Radio and G.W. Smith costing around 10s,
while the miniature on/off switch shown in the
photograph is available from G. W. Smith at Is 3d.

NEW TV EQUIPMENT
Two new items have been introduced by Aston
Micro -Electronics Ltd., Vapery Lane, Pirbright,
Woking, Surrey. The first is a vision mixer, type
TVM2, intended for educational and semiprofessional
use. It is an A/B mixer for cutting, fading and mix-
ing the pictures from five cameras and one videotape
recorder. A mixed sync output is also provided to
enable other signal sources to be synchronised with
the main A/B mixer output. Two rows of preview
buttons enable any two vision sources to be viewed
before transmission, while automatic interlocks pre-
vent accidental mixing of the videotape recorder out-
put with the camera signals. The mixer is designed
for monochrome use but its 8MHz bandwidth is
adequate for colour use and PAL encoded signals
have been successfully mixed. The second item is
a TV waveform generator, type SPG5, for pro-
viding fully -interlaced field drive, line drive, mixed
blanking and mixed sync pulses to the 525/60 ane
625/50 line/field standards.
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BUSH TV128
After switching on the sound and raster appear
almost immediately but with a very faint picture.
After 10-15 minutes a tap on the top of the set will
bring the picture to normal except for a slight pull
to the left of the screen-C. W. Bailey (Chesterfield).

Check the picture tube heater voltage (approxi-
mately 6V a.c. across pins 1 and 8). If this is about
3V at first going to 6V when the tube is tapped the
tube is at fault. If this is not the case check the
upper left video amplifier valve PCF80 and the
101a2 anode load resistor to pin 6.

EKCO CT102 COLOUR RECEIVER
The a.f.c. was cut out and the set properly tuned
for colour, but on releasing the a.f.c. button again
the colour tuning was off, i.e. correct tuning with
and without a.f.c. ceased to correspond. Some time
after when properly tuned for BBC -2 sound and
vision the colour suddenly disappeared and did not
return. The manual colour control makes no
difference but when the set is tuned away from
breakup (i.e. away from the sound side) a weak
colour picture with noisy colour, poor field hold and
noise but no signal on sound is obtained. The
colour control is then operative. The set is normal
on both 405 and 625 in all other respects.-T. J.
Hall (Aberdeen).

Make sure that the system switch is making fully
on all contacts as your trouble suggests narrow band-
width on 625 lines. Failing this your i.f. strip must
have its alignment carefully checked.

GEC BT302
The sound is perfect but there is no vision and

the U25 e.h.t. rectifier does not light up. As soon
as I pull the top cap off the U339 boost diode the
picture appears but only on the left-hand side of
the screen. The picture on the left-hand side is
good.-R. Brown (Come).

The boost reservoir capacitor is shorted. This is
the 0.1p.F capacitor on the left side above the
screened section. Use a capacitor rated at over
600V for the replacement.

)1(i IOL1 I11 I InS
SOLVED

Requests for advice in dealing with servicing
P problems must be accompanied by a 2s.
postal order (made out to IPC Magazines Ltd.)
the query coupon from page 40 and a stamped,
addressed envelope. We can deal with only one
query at a time. We regret that we cannot supply
service sheets or answer queries over the telephone.

PYE V210
There is cramping at the bottom and the top is

stretched. The capacitors between the oscillator and
output stage (C47 and C48) have been replaced, and
the PCL82 and PL81 changed, but with no improve-
ment.-A. Pateman (Leicester).

Double-check C47 and C48, which must have no
leakage. If these are OK check the field output
transformer.

PETO-SCOTT TV960
The set worked well on BBC -2 for several years,

in fad an aerial attenuator was necessary to enable
the preset contrast balance control to be set correctly.
The BBC -2 picture however went very "thin" with
marginal field hold-the single field hold control
now needs a different setting on each system. With
the u.h.f. aerial attenuator removed and the con-
trast set at maximum the BBC -2 picture is only just
stable but is free from noise. The BBC -2 sound
appears to be unaffected by the reduced picture
strength. MI the valves have been tested and are
OK and the u.h.f. tuner shows no sign of damage.-
R. G. Privett (Croydon).

The trouble is in the PCL84 video output stage
where the value of some of the resistors is suspect-
they tend to change value in this Plessey chassis.
Check the 2.2kf2 screen feed resistor R123, and the
101(11 and 8.21a2 stabilising resistors R124 connected
between the screen (pin 9) and the cathode circuit.
Note the effect of connecting a 100kf2 resistor from
pin 1 of the PCL84 (grid of the triode a.g.c. ampli-
fier) to chassis, i.e. check R127.

EKCO T402
There is a strong signal from Mendip but I cannot

get sound or vision on u.h.f. The raster is quite
clear when the coaxial lead which connects the u.h.f.
to the v.h.f. tuner is removed, but when I replace
it the raster goes black with a lot of white spots but
no sound or picture.-B. A. Yule (Devizes).

The u.h.f. tuner appears to be inoperative. Check
the supplies to it, then suspect a faulty PC86 mixer
valve.
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DECCA DR2
There is a full but poor picture on 405 and a

vertically folded picture on 625. Also the line output
transformer is getting hot. Another, but used, trans-
former was tried with the same results. It occurs
to me that the scan coils are at fault. Do you
agree?-A. J. Price (Stoke).

The best way to check whether the coils are the
cause of the trouble is to disconnect one connection
to them and allow the receiver to run like this for a
time with the brightness reduced to prevent screen
burn. If the line output transformer does not get
hot then the coils are at fault. If it does then the
coils are cleared. If the coils are OK check the
boost reservoir capacitor (C134, 0.1iLF), the PY800
boost diode and that the boost volts at the junction
of C137 and R165 are 800V.

BAIRD M683
The sound on the u.h.f. channels fades to a whisper

within a few moments of switching on from cold.
The sound is clear and undistorted but very low
even with the volume control fully up and the set
tuned for best sound. The picture quality is good
and on v.h.f. both sound and vision are good with
ample sound volume.-W. Redrup (Borehamwood).

We have found that the fault you describe is
usually due to an alteration in the value of the
resistors in the screen (pin 8) supply to the second
sound i.f. stage.

BUSH TV125
The PL36 line output valve glows like a lamp.

The sound is OK but there is no raster.-J. Allen
(Oldham).

Check the PCF80 line oscillator and note the effect
of unscrewing the preset trimmer (preset line hold
control). It is common for this control to develop
a short between its plates. Also check the PL36
itself.

SOBELL ST288DS
I have fitted a u.h.f. tuner and although I get a

fair picture and good sound the width is short by
about an inch each side on u.h.f.-everything is
normal on v.h.f. The valves in the line output stage
have been replaced. On checking the voltages I
find that the h.t. drops by about 20V on switching
to 625 while the boost voltage falls by about 200V.-
J. Hegarty (Bristol).

There is a correction coil on the line output
transformer which is in circuit on 625 lines only.
It appears that this winding has shorted turns.

EKCO T326
On switching on, the sound and vision are OK

but after a few minutes the picture fades almost
completely and breaks up. This is accompanied by
a blue glow in the e.h.t. rectifier. This valve has
been changed but the results are still the same.-
P. H. Parsons (Launceston).

Your trouble could be a faulty line output trans-
former, especially if its case is buckled. However,
check that the linearity choke is not shorting to
chassis.

TELEVISION
OSCILLOSCOPE PREAMPLIFIER
A further feature in our series on i.c.s for the
constructor. This preamplifier uses two MC-
1709CG i.c.s and is primarily intended for
increasing the sensitivity of oscilloscopes though
it can also be used as a general-purpose
accessory, for example as an r.f.f..f./a.f. signal
tracer. It provides stable voltage gain up to 200
and when used with the P.TV. Videoscope
MV3 boosts the basic sensitivity from 100 mV/
cm. to a maximum of 0.5 mV/cm.

FLASHOVER PROTECTION
Tube flashovers cannot be avoided, especially
with the high voltages used with modern-in
particular colour-receivers, and some tubes
are much more prone to flashovers than others.
Flashovers can cause considerable damage to
the associated circuitry-unless precautions are
taken. We shall be looking at the basic flashover
action and the safety arrangements adopted in
modern sets.

PAL CHROMA DETECTION
Continuing our detailed examination of the hows
and whys of colour receivers, we shall in this
article see exactly how the PAL -encoded chroma
signal is processed in the receiver to obtain
separate colour -difference drive signals for the
c.r.t.

625 CONVERSION UNIT
Some well-built 625 -line conversion units by the
original Murphy firm are currently available on
the surplus market. The kit includes valves and
u.h.f. tuner and is therefore a complete u.h.f.
receiver unit. David Robinson describes the unit
and suggests ways in which the constructor can
adapt it for his own purposes.

PLUS ALL THE REGULAR FEATURES

ORDER YOUR COPY ON THE FORM BELOW

I TO
(Name of Newsagent)

Please reserve/deliver the NOVEMBER issue
of TELEVISION (3/6), on sale OCTOBER 23rd,
and continue every month until further

notice.

NAME

ADDRESS
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GEC BT302
I have two of these sets and both have the same

fault-there appear at intervals two black lines at
the top of the picture and two at the bottom. The
PL84 and N308 valves have been replaced without
improvement. Sometimes the lines do not appear
for hours, whilst at others they are on for hours.-
J. Hamnett (Wolverhampton).

The type of lines you describe are usually due
to an improper contact in the height control. Check
this and all other points of poor contact in the
field output stage.

PHILIPS 19TG170A
The picture has a great deal of intermittent dis-

tortion and very black bands stretch across the
screen from any white object. All valves have been
tested and a dud PFL200 replaced. After making
this replacement the picture completely disappeared
giving a bright screen with a 3in. black band at
the top. A further PFL200 was tried with the same
results.-C. Warnett (Burton).

It seems to us that coil L232 is open -circuit. This
is the 405 3.5MHz trap coil in the grid circuit of
the PFL200, in series with R262.

BUSH TV135U
A replacement e.h.t. winding has been fitted to the

line output transformer. The picture is perfectly
good on 405 but on 625 a series of broad vertical
bands, about seven in all, straddle the screen, and
linearity is affected. This effect, which I assume to
be due to ringing after flyback, cannot be cured
by adjusting the flue linearity control.-G. A.
Sergeant (Walton -on -Thames).

Check the 4.7k12 resistor 3R49 connected across
the linearity coil to provide damping, and the 100pF
capacitor 3C34 connected across tags 7 and 8 of the
line output transformer to provide tuning of the
primary.
VS IMP IME IMINI I= 11= ISM
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QUERIES COUPON
This coupon is available until October 23,
1970, and must accompany all Queries sent
in accordance with the notice on page 38.

Don't forget the 2/- postal order!

TELEVISION, OCTOBER, 1970
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95 Each month we provide an interesting case of
television servicing to exercise your ingenuity.
These are not trick questions but are based on actual
practical faults.

A Bush Model TV125 had a vision fault where-
by the picture brightness gradually deteriorated

 during a period of several hours running, giving
the impression of a picture -tube fault. It was noticed
that the contrast also fell in sympathy with the
brightness, so that the contrast ratio remained fairly
consistent in spite of the brightness diminishing.

As this kind of fault has been encountered on
previous occasions as the result of a short In the
heater of the picture tube, an a.c. voltmeter was
connected across the tube heater and the voltage was
monitored during the period that the fault occurred.
The reading remained substantially constant however.
It was thus concluded that the tube was not
responsible.

The next possibility with a fault like this lies in
the video amplifier, so the PCF80 was replaced and
the set run again. This time there was far less
deterioration in brightness but it was noticed that
with time the contrast ratio tended to increase

accompanied by reducing bandwidth (picture
definition) as shown by the test card.

What critical component has been overlooked and
why should a fault in this increase the contrast and
reduce the bandwidth? See next month's PRACTICAL
TELEVISION for the solution to this problem and for
a further item in the Test Case series.

SOLUTION TO TEST CASE 94
Page 571 (last month)

The adjustment made was to the preset control
which sets the colour -killer threshold. The colour
killer is in effect a biased -off stage in the chroma
channel, and is biased -on by rectifying the ident
signal which is of course present only when a
colour transmission is being received. The rectified
ident signal is the turn -on bias, and in this way the
chroma channel becomes operative only on colour
and is open -circuit signalwise on black -and -white.
The threshold preset sets the level at which the
chroma channel is biased -on. If the control is
adjusted on a chroma signal so that the chroma
channel only just switches on, it is possible that it
will fail to switch on during some transmissions.
This is because the +10??, tolerance in the burst
signal amplitude (allowed by the BBC and ITV)
might have been on the plus tolerance during the
adjustment and at the minus tolerance on a different
transmission or even camera change.

The plan is, therefore, to adjust the threshold
control on a transmission (Test Card F is best)
just to the "chroma-on" point and then to turn it
slightly beyond this to satisfy the tolerance. It
should not be turned too far beyond the threshold
point otherwise the chroma channel will be triggered
on by noise signals and the screen will then possibly
show coloured snow on a monochrome picture.

Published approximately on the 22nd of each month by IPC Maguines Limited. Fleetway House, Farringdon Street. London. E.C.4. Printed in England by FleetwayPrinters, 17 Sumner Street. London. S.E.I. Sole Agents for Australia and New Zealand-Gordon and Gotch (A/sia) Ltd.; South Africa-Central News Agency Ltd.;
Rhodesia and Zambia-Kingstons Ltd.; East Africa-Stationery and Office Supplies Ltd. Subscription Rate (including postage): for one year to any part of theworld, C2 Ss. pd. "Television" is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been
given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent,resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade, or affixed to or as part of any publication or advertisingliterary or pictorial matter whatsoever.
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REBUILT AND NEW TUBES -TWO YEARS GUARANTEE
RE -BUILT BRAND NEW A FEW SAMPLE TYPES, REMEMBER WE STOCK EVERY
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II"

17" @ L4 14 6 a 10 0
CM E1702, AW43-80, CRM173, MW43-80, M W43-69.,

CI
CRMI72., AW43-88, AW43-89, CMEI705, CMEI703, CI7AF,

7SM etc.

19" L4 17 6@ L5 19 0 CME I 903, CME I 902, CME I 901, AW47-90, AW47-9 I, A47 -14W
CI9AH, CI9AF, CI9A.

21" L7 5 0@,£13 10 0 cME2101, AW53-88, AW53-89, CRM211", CRM21r, MW53-
20*, M W53-80*.

23" @ L7 5 0 £13 19 0 CME2303, CME230I, AW59-90, AW59-91.

ALL PRICES ARE NETT.

ZIVLS 19" ki.417E-139W6 } £10

 NEW ONLY. NO REBUILDS

1 0 23" ,;1514;33?,v6 1 £14 I 0

EVERY TUBE IN STOCK INCLUDING 11", 12., 16- PORTABLES, PANORAMA & RMGUARDS + Philips Tvette
and KB Featherlight etc. TERMS: CASH WITH ORDER. CARRIAGE ANYWHERE IN GT. BRITAIN 10/6 per Tube

CARBON FILM RESISTORS
} watt and I watt.

The following values are packed in
cartons of six of each value. Price
2/6d. per carton.
10 ohm 1.2K 150K
12 1.5K 180K
IS I .8K 220K
18 2.2K 270K
22 2-7K 330K
27 3.3K 390K
33 3.9K 430K
39 4.3K 470K
43 4.7K 560K
47 5.6K 680K
56 6.8K 820K
68 13.2K IM
82 10K 1.2M
100 12K 15M
120 I5K 1.1311

150 I 8K 2-2M
180 22K 2.7M

220 27K 3.3M
270 33K 3.9M
330 39K 4.3M
390 43K 4.711
430 47K 5.611
470 56K 6.8M
560 68K 8-2M
680 82K 10M
820 100K 1211
I K 120K 15M
All the above values are available in
both i watt and I watt versions.
Special for Philips TV's:

8.2M 2 -watt, 4/6d. per pack.

SUB -MINIATURE
ELECTROLYTICS (3's)

I mfd
2mfd
4mfd
Smfd
8mfd
lOmfd
I 6mfd
25mfd
32mfd
50mfd
100mfd
200mfd

8v.
8v.
8v.
8v.
8v.
8v.
8v.
8v.
8v.
8v.
8v.
8v.

/8d.
/8d.
/8d.
/8d.
/8d.
/8d.
/8d.
/8d.

I/10d.
I/10d.
I/10d.
2/3d.

THERMISTORS (3's)
Miniature 1/6d.
TH I 2/4d.

RECTIFIERS
Silicon Mains (3's)
Westinghouse SIOAR2
BYI27 Mullard
BY105 Mazda
BY327

6/6d.
5/3d.
7/0d.
5/6d.

VOLUME CONTROLS
Standard spindle with flat.
Double pole switch 4/7d.
Without switch 3/6d.

(One per pack)
5K, 10K, 25K, 50K, 100K, 250K,
500K, 1 meg, 2 meg.

L.O.P.T.'s
LINE OUTPUT

TRANSFORMERS
ALL MAKES SUPPLIED

EXCHANGE UNITS AND
NEW REPLACEMENTS

EVERY MAKE SUPPLIED
(EXCEPT MURPHY OIL -FILLED)

REWIND SERVICE FOR
OBSOLETE MODELS

FRAME OUTPUT, SOUND OUTPUT AND
MAINS TRANSFORMERS REWOUND

Please note: Components are sold in packs, quanta es per pack
are shown under each headieg. Prices are per piece of each
value.

TUBULAR CAPACITORS BIAS ELECTROLYTICS (3's)
(3's) 25mfd 25v. I/6d.

00 1 400v. 9d. -Omfd 25v. I/8d.
.0022 600v. 9d. 100mfd 25v. 1/11d.
0033 600/1500v. 9d. 250mfd 25v. 3/0d.
0047 600/1500v. 9d. 500mfd 25v. 3/8d.

01 400v. 10d. 1000mfd 12v. 6/0d.
.022 600v. I Id. I000mfd 30v. 5/9d.
.033 600v. I Id. 2000mfd 25v. 7/0d.
047 600v. I Id. 2500mfd 30v. 9/0d.I 600v. 1/-d. 3000mfd 30v. 9/6d.
22 600v. 2/-d. 5000mfd 30v. 10/0d.
47 600v. 2/10d. 25mfd 50v. I/8d.
01 000v. I/Id. 50mfd 50v. 2/0d.
022 000v. I/Id. 100mfd 50v. 2/6d.
047 000v. I/8d 250mfd 50v. 3/8d.I 000v. I/8d. 500mfd 50v. 4/6d.

22 000v. 2/8d. 2000mfd 50v. 9/0d.
-47 000v. 3/8d. 2500mfd 50v. I0/6d.
001 500v. I /6d. SMOOTHING
WIRE -WOUND RESISTORS

ELECTROLYTICS
Wire ended, 450v. working.

(3's) I mfd I/6d.
10 watt rating, suitable for mains 2mfd I/6d.
dropper sections. 4mfd 2/3d.
I Ohm /9d. 8mfd 2/6d.
10 Ohms /9d. I 6mfd 3/0d.
13 ,. /9d. 32mfd 4/6d.
25 RP /9d. 50mfd 5/0d.
33 PR /9d. 8/8mfd 4/0d.
50 9. /9d. 8/I6mfd 5/0d.
87 ,, /9d. 16/I6mfd 5/Od.
100 ,, /9d. I 6/32mfd 5/0d.
150 .. /9d. 32/32mfd 5/0d.
220 /9d. 50/50mfd 8/0d.
330 ,, /9d. 50/50/50mfd 10/0d.
IK /9d.

CANNED ELECTROLYTICS,,
2.2K /9d.99

3.3K /9d. 100/200mfd 2/6d.,,
4.7K /9d. 100/400mfd 6/6d.,'

200/200mfd 6/0d.
200/200/100mfd 8/6d.
200/400/32mfd 8/6d.

New VALVES 100/300/100/16
100/400/32mfd
100/400/64/16 21/0d.

8/6d.
8/6d.

331 plus 13% SKELETON PRE-SETS (3's)
25K Vertical /4d.
50K 9. /4d.

plus quantity 100K Pt

250K Pt

500K

/4d.
/4d.
/4d.

I meg /4d.

discounts 6% 2 meg
500K Horizontal

/4d.
/4d.

680K /4d.
I meg /4d.

TRADE & SERVICE ENGINEERS ONLY SUPPLIED
Cash with order. 10% MAY BE DEDUCTED FROM THE ADVERTISED
PRICES EXCEPT FOR NETT ITEMS, C.O.D., OR TUBES
All orders must exceed 50/0d. in value otherwise postage and packing
will be charged at 5/0d. per invoice. Components must be ordered
in multiples as packed.
SEE WHAT YOU SAVE AT WILLOW VALE, THE SERVICE
DEPT. WHOLESALERS, 4 THE BROADWAY, HANWELL,
LONDON, W.7. 01-567 5400/2971, 01-579 3582.
Send 2/6d in loose stamps for our comprehensive catalogues listing
valves, components, tubes, transistors, mikes, aerials, Line output
transformers. BY RETURN SERVICE ANYWHERE.

Tel: 01-567 5400/2971 HOT-LINE ORDERS
TRADE ONLY
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ELECTRONICS,2NI6CS,

P.O. BOX
AYLESBURY, BUCKS.

SEND S.A.E. FOR LISTS
GUARANTEE

Satisfaction or money
refunded.

GUARANTEED VALVES BY THE LEADING MANUFACTURERS BY RETURN SERVICE
I YEAR'S GUARANTEE ON OWN BRAND, 3 MONTHS' ON OTHERS

AZ31 10/- ECF80/2 916 EL803 17/- PY83 10/- UL41 11/6 6A25 6/0 '6227 6/6 0807 6/6 121328 616 30P18 7/-AZ50 12/- EC 88 11/- 21821 11/- PCC88 14/- PY88 6/8 UL84 111- 8AR6 6/11 62.17 7/- 88.87 7/6 1211117 6/6 80719 16/-CBL1 16/- BC1135 18/6 ELL80 15/- PCC89 12/8 P7500 201- UM80/4 9/- 6.885 7/- 6EW6 18/- 68117 6/6 12877 10/- 90811 16/6CBL31 17/- ECH42 18/8 2234 16/-' PCC189 18/8 8E30 16/- V741 8/- 6.8870 161- 671 14/- 68L70T 6/6 12115 10/- 30PL13 18/-C731 7/- 20881 10/8 2271 18/6 PCF80 10/8 QQ1,02-6 42/- 11785 6/9 6AT6 9/- 685 8/- 68270T 6/- 122712T 71- 80P114 171-DAF91 8/3 20183 8/- EM80 8/ - P01182 10/6 QQV03-10 1725 16/- 6AU6 5/9 6860 5/- 68Q7 8/- 12Q70 5/- 85A8 10/-DAF96 8/8 20884 9/6 EMS! 8/6 PCF84 9/6 NV - U26 15/- 6.176 6/- 6811 6/6 68117 7/6 12807 5/- 35.85 11/-DF91 9/- ECL80 81- 2284 7/6 PC586 16/8 Q703 -12 18/- U191
18/8

6BA6 9/6 6812 4/6 6T8 6/6 12807 7/- 36115 18/-DP98 9/- E01.82 9/9 2287 11/- PCF200/1 16/8 219 18/- U193 68E6 12/- 6818 71- 617407 12/6 12887 5/- 3505 7/-D K91 WS 140183 11/6 EN91 6/6 PCF801 12/8 220 15/- U301 17/- 6/1/16 8/6 6814 12/- 6178 7/- 128J7 5/- 351)5 1St-D K96 11/6 ECL86 9/9 EY51 8/- PCF802 12/8 8112150A 15/- W729 11- 65(36 8/6 6815 11/- MGT 6/6 128E7 8/- 36L8GT 9/6DL92
DL94

7/6
7/6

ECL L800
E739

80/-
10/6

11780
EY81

9/-
8/-

PCP805
PCF806

18/-
12/3

7721
TT22

48/-
50/-

Z759
0A2

24//6
6/6

68117A
6818

10/-
71-

6818
6822

8/-
6/6

6X4
6XISGT

51-
5/6

128L70T
1288707

8/-
8/-

35W4
3523

11/-
11/-DL96 9/8 EF80 8/- EY83 11/- PCF808 12/6 018/20 18/6 0A3 9/- 6BN5 8/6 88'23 15/6 6X8 11/- 128Q7 8/- 36Z4/11 5/-DM70 6/6 EF83 10/- 8786 8/- PCH200 14/- 1320 13/6 OB2 6/6 61126 8/- 8724 18/6 6Y60 12/- 12887 6/6 357.12GT 7/6DY88/7 3/- 2885 8/8 E787 8/6 PC132 10/8 U25 15/- OB3 10/- 6BQ5 51- 6826 15/- 7Y4 12/- 1487 16/- 50.85 16/-D7802

Eb5L
8/0

55/-
EF86
EF89

18/5
8/-

E788
EZ35

8/6
5/6

PCL89
PCL84

12/8
10/8

1726
1381

16/-
9/-

003
01)3

7/-
6/6

6BR7
613118

16/-
19/-

6526
6828 14/-7/- 910 B6C7

8/6
10/-

20121
20L1

9/- 5085
5005

7/-
7/-E88CC 81- EF91 8/6 EZ40 9/- PCL86 10/6 1737 80/- 5Q4 8/- 6BW6 16/6 F6729 6/6 101)1 8/- 201.1 10/- 50160T 8/-E130L

EI8OF
90/-
19/-

EF92
EF93

10/-
9/6

EZ41
EZ80

9/-
5/6

PCL86
PD500

10/8
80/6

U50
U62

6/-
6/-

384
3V4

7/-
81-

6BW7
62X6

18/9 6830 7/-
9/6

101)2
1071

13/-
18/-

20P8
201'4

12/-
80/-

83A1
85A2

181-
7/6EABC80 10/8 EF94 15/6 EZ81 5/6 PFL200 14/9 1776 5/- 92407 11/- 6BZ6 6//6- 6350T634 6/- 1089 10/- 20P5 20/- 90AV 48/-EAF42 10/- 2595 12/6 EZ90 81.36 18/9 61740 6/- 604 6/- 637 8/- 2505 91- 9001 12/-EBC93

EBC41
111-
9/6

EF183
EF184

111
7/-

418100
07501

100/-
16/-

PL98
P181

18/-
10/3

17191
0201

15/-
7/-

6174GB
5740

7/6 60507
60D60

7/-
28/-

62607
627

10/-8/5

6/6

11 01118

1OLD11
8/-ll/- 25L6GT

25Z40
7/6
6/-

9007
807

25/-
9/6EBC8I 6/6 E280F 421- 0Z30 7/6 PL81A 18/6 13281 8/- 5730T 6/- 60A4 6/6 6K80 6/- 10P18 11/- 25E6GT 10/- 811A 80/-EBC90 916 E8'800 20/- 0231 6/- PL82 7/8 II282 5Z8 91- 60.87 10/6 6223 10/- 10P14 SW- 80.85 5/ - 812A 65/-EBF80 8/- 10'804 20/- 0Z32 9/6 PL83 10/8 U301 11/6 5Z40T 8- 6CBC 5/6 61125 15/- 12AB5 10/- NABS 8/- 818 75/-EBF83 8/- EF811 16/ - 0Z33 16/- 8184 8/8 17403 10/- 6/8012 15/1- 6CD6GA 1111/- 61.607 91- 12.806 7/6 30015 16/- 866A 14/-EBF89 8/- ELM 10/6 0E34 11/- PL500 16/6 U404 716 6AB4 6/6 6007 9/- 6L7 6/6 12AD6 7/6 80017 16/- 6642 18/-EB91

EC53
EC88
EC88

6/8
10/-
12/-
12/-

EL38
8141
EL42
EL81

9/6
11/-
11/6
10/-

111190
11192
E1194
ET66

6/6
71-
8/-

27/6

PL604
PL505
8L608
P1509

17/-

20/-
30/9

UBOl
TJABC80
11BF89
1TBC41

80/-
10/6
8/-
9/9

6AF4A
6A(17
6AH6
6AJ8

9/6'
7/6

10/-
5/9

MI6
60L6
6CW4
6CY6

11/-
10/-
12/6
8/-

6118
611)20
6N70T
6P1

68//11 -

7/-
12/-

61 12%5
12AT6
12AU6

8/-
8/-
5/-

15/-

30018
3075
30711

15/-
17/-
15/-

6080
6146
6146B
6267

87/6
30/-
47/6
6/6EC90 6/- EL83 8/8 2T88 MU - PL802 17/8 170086 9/8 6A115 /- 6077 DV- 6P25 81/- 12AV6 6/- 30812 18/6 6360 25/-EC92 6/6 EL85 8/6 278 81/- PL805 17/3 1701142 1819 6A28 161/6 61)3 8/- gpgg um 12AV7 9/- 30FLIS 10/- 6939 42/-EC93

ECC81
ECC82/3
ECC84/5
ECC88

9/6
8/-
8/6
8/6

Ill -

EL86
2190
EL91
2195

3/6
6/6
5/-
71-

PAB080
PC86/8
PC95
PC97

8/-
10/3

7/3
8/8

P738
PY80
PY81
PY800
P7801

12/6
8/6
8/9
8/8
8/8

1701181
ucura
1701.83
UF41/2
UF80/5

10/9
tom
11/8
11/-

7/6

6AL3
6AL5
6AM5
8AM6
8AQ5

8/6
8/8
5/-
4/6
6/6

61)06
6D26
61:26/3
61/84

18/6
8/6

12/-
151-

6Q7
6R70
682
694A

7/5
7/-
8/-

11/-

12AX7
12A77
12B4A
12BA6

6/-
1316
10/-
6/6

3081.14
3011
30115
80L17

16/6
7/-

17/-
17/-

7199
7360
7586
900'2

15/-
26 -
25 -

6'8
E880 12/6 ELMO 23/-PCC84 9/8 P782 7/-11789 8/8 6AQ6 10/-62A8 11/- 66A7 7/6 12BA7 6/6 30P12 161-9003 10/ -

SEMICONDUCTORS
BRAND NEW  MANUFACTURERS' MARKINGS  NO REMARKED DEVICES

2N388A
2N404

12/8
4/6

222193A
2142194A

10/-
4/6

283055
283133

16/-
6/-

283854
2/7384A

5/6
5/6

265176
2146232A

9/-
6/-

40315
40916

9/6
12/6

AF106
AF114

8/6
6/-

BC117
BC118 6/67/9

BCY54
BCY58

6/6
4/6

BF238
BF257

6/6
9/6

B6X20BB= 8/6
7/828896 4/- 2102217 5/6 223134 6/- 283855 5/6 2145245 18/6 40317 9/6 AF115 8/- 20121 4/- BCY59 46 BF22A 9/6 118)126 9/-28697 4/- 2N2218 6/6 223135 5/- 283855A 6/- 2145246 12/6 40319 18/6 AF116 5/- BC122 41- BCY60 19//6 8FX12 4/6 118X27 9/62N698 6/- 2N2219 6/6 2573136 5/- 223856 6/- 225249 13/6 40320 9/6 AF117 6/- B0125 11/- BYC70 4/- BFX13 4/6 1381128 8/62N699 12/6 222220 5/- 2/43340 19/6 2143856A 71- 226249A 18/6 40323 8/6 AF118 18/- BC126 11/- BCY71 8/6 BFX29 7/- 1383160 16/62N706 2/6 222221 5/- 2N3349 26/- 2143858 5/- 285265 65/- 40324 11/6 A7119 4/- 20184 11/6 BC772 8/6 BFX43 7/6 B8X61 12/828706A 2/6 2N2222 6/- 223390 7/0 2N3858A 6/- 2145366 55/- 40326 19/6 AF124 4/6 20140 7/6 BYEIO 5/6 BFX44 7/6 B8X78 4/828708 8/- 2N2287 21/6 223391 4/- 263859 5/6 2N5267 52/6 40329 7/- A8125 4/- BC147 8/6 BC211 716 BFX68 18/6 B8X77 51828709 12/6 282297 6/- 229391A 6/- 223859A 6/6 285305 7/6 40344 7/- AF128 4/- BC148 11/- BD116 22/6 BFX84 6/- B8X78 5/62N718 5/- 222368 8/6 283392 4/- 2/43860 6/- 2145306 8/- 40347 8/6 A7127 8/6 BC149 2/6 BD121 18/- BFX85 7/- 88710 5/62N718A 6/- 2512389 8/6 223393 4/- 283866 20/- 225307 7/6 40348 12/6 AF139 7/6 BC152 2/6 BD123 16/6 BFX86 6/- 138711 518251726 6/- 222869A 4/- 2/43394 4/- 2143877 8/- 2N5308 7/6 40380 111- AF178 9/- BC157 4/- BD124 18/- BFX87 6/- B8724 3i-2N727 6/- 222410 8/6 2N3402 4/6 2N3877A 8/- 2N5309 12/6 40361 12/6 AF179 9/- BC158 8/8 BD1S1 19/6 BFX.88 6/- B8725 8/-2N914 8/6 222483 6/6 223403 4/6 2/03900 7/6 225310 8/6 40362 18/6 AF180 10/6 BC159 4/- BD182 196 BFX89 12/6 B8726 8/62N916 8/6 2142484 6/6 2/43404 7/6 283900A 8/- 2N5354 5/6 40370 7/6 AF181 8/6 BC180 12/6 BD710 27//6 BFY10 6/6 B8727 .8/628918 6/- 2N2539 4/6 223406 91- 223901 19/6 225355 5/6 40408 14/6 A8186 18/4 BC167 SI- BDY11 87/6 BFY11 8/6 118128 8/62N929 4/6 2N2540 4/6 223414 6/6 223903 7/- 225356 6/6 40408 12/6 AF239 8/6 SC16813 2/9 BDY17 87/6 BFY17 4/6 88729 8/628930 5/6 2142613 7/- 223415 5/6 223904 7/- 285385 9/6 40467 16/6 A8279 9/6 BC168C

8/9
BDY18 49/6 BFY18 6/6 88732 5/-2N987 10/6 2672614 61- 223416 7/6 223905 7/6 2N5366 8/6 40467A 14/6 A8280 12/6 BC169B BD719 62/6 5(7719 6/6 B8136 5/-2N1131 5/6 222646 11/6 223417 7/6 2143906 7/0 2145387 11/6 40468A 14/6 AFZ11 6/6 801690 8/- BDY20 80/6 BFY20 18/6 88737 5/-281132 6/6 282696 6/6 2143439 261- 2144058 5/6 285457 7/6 AC107 6/- A8I/26 5/- BC170 8/6 BDI/138 19/6 BF721 8/6 B8798 4/6281302 316 222711 6/- 263440 19/6 224059 6/- 28005 15/- AC117 1.18- A8727 7/0 BC171 816 BDY60 98/- BFY24 9/- 88739 4/62N1303 8/6 2572712 6/- 2N3570 17/6 324060 6/- 28020 87/6 AC126 4/- A8728 5/6 BC172 816 BDY61 BFY25 5/- 161740 6/8221304 4/6 2N2713 5/6 283572 17/6 284061 4/6 28102 6/6 AC127 5/- A8129 6/6 BC175 5/6 21)162 27/6 BF728 4/- 88751 6/6281305 4/6 6/- 2513605 5/6 284062 4/6 28103 6/6 AC128 4/- A2736 5/- BC182 4/6 B5115 5/- BF729 10/- B8152 6/6261308 IV- 2572885 18/6 2143606 5/6 264244 9/6 28104 6/6 AC154 4/6 A8750 5/- BC188 4/6 BF117 9/6 BFY80 10/- B81153 7/82101307 5/- 282904 7/- 2143607 4/6 264245 8/6 28501 5/6 AC178 5/- A8751 6/6 BC184 4/6 BF169 7/- BFY41 10/- B8754 8/-2101308 6/- 2N2904A 8/- 2N3662 7/6 2144254 8/6 28502 6/6 AC187 12/6 A8753 5/- BC182L 4/- BF167 5/- BF743 12/6 28156 18/-281309 6/- 2142905 8/- 2573663 7/6 2674255 8/6 28509 ' 5/6 AC188 7/6 A8754 5/- BC183L 8/6 BF173 6/6 BF750 4/6 B8778 9/82101507 6/6 282905A 9/- 2103702 3/6 2N4284 8/6 9689 87/5 ACYI7 5/6 A8762 5/- 801841 4/- BF177 6/6 27751 4/6 118779 9/-261613 5/- 2102906 6/- 2/03703 4/6 2514285 8/6 32128 13/5 ACY18 5/- A6763 8/6 BC187 5/6 BF178 - BFY52 4/6 138782 10/62101631 8/6 2142906A 8/6 2N3704 4/6 2N4286 8/6 32140 19/6 AC719 5/- A81772 5/- BC212L 4/S BF179 174//8 BF753 4/6 B8790 11/62N1632 8/6 25/2907 8/- 2/03705 4/- 2N4287 8/6 3N141 1916 AC720 5/- A8783 5/- BC213L 5/4 BF180 7/- BFYS6A 11/6 B81/95A 2/62N1837 8/6 2829023 8/6 283706 4/6 224288 8/6 32142 19/6 ACT21 6/- A8786 6/6 BCY10 5/6 BF181 6/6 BFY75 6/- B8W41 8/62N1688 7/6 2/42924 3/6 2N3707 4/- 224289 3/6 32143 17/6 ACl/22 4/- A8220 7/6 BCY12 5/6 B5184 al - Br776 8/6 118W70 5/62N1639 7/6 222925 8/6 2173708 8/6 2514290 8/6 310152 29/6 ACl/28 4/- ABM/ 8/6 BC730 5/6 BF185 8/6 BFY77 ll/6 D16P1 7/6281701 32/6 2/.12926 383709 8/6 224291 8/6 B.C.A.: ACY40 4/- AUY10 80/- BCY31 5/ BFI94 4/6 BF790 18/6 D16P2 8/-281711 5/- Green 8/9 2513710 4/- 2N4292 2/6 40050 18/6 ACY41 5/- BC107 8/- BC732 7/66 BF195 5/4 1339.758 5/6 D18P3 7/62N1889 6/6 yellow 8/6 2N3711 4/- 265027 10/0 40250 101- ACl/44 8/- BC108 8/- BCY33 4/- BF196 8/6 BYW59 5/- D18P4 8/-261893 8/6 Orange 8/6 263713 801- 2N5028 11/6 40251 19/6 AD140

109
3/- BC734 4/6 BF197 6/4 Bygg60 5/- 0ET102 6/-

282147
2N2148
262160

14/6
18/6
11/6

283011
283014
223053

6/-
6/6
5/6

2103714
283819
283823

35/-
7/-

88/6

225029
2105030
265172
265174

9/6
8/6
3/-

10/6

40309
40310
40311
40312

8/-
11/6

9/6
18/6

.81)149
AD150
AD161

'

12/6
7

B0B0113
BC114

BC16

Bun116 s

5/6
7/6

12/6
6/6

BC738
BCY39
BCY40
BCY42

4/6
8/6
7/0
8/-

BF198
BF200
BF224
8E225

8/6
714
6/-
6/-

BBpPxX2925

BP710

87/-

85/-

GET113
0ET114

0GEBT7111198

4/-
4/-

44/F.-2102193 9/6 2573054 11/- 2101824 6/- 2105175 10/6 40314 9/6 AD162 7/6 BCI lfiA 7/6 BCY43 2/-BP297 616 887/19 8/6 0E7120 10/6

ADD Sd. PER ITEM FOR POST AND PACKING FOR ORDERS
UNDER 24 PIECES.

TERMS, CASH WITH ORDER ONLY. POST & PACKING
PAYABLE ON ORDERS UP TO EC AFTER THAT FREE
EXCEPT C.R.T.'s.
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SEMICONDUCTORS
continued

STYLI'
ACOS Sapphire Diamond

0ET873 8/6 NKT773 6/- GP59 2/6 7/6
GET8130 6/- NKT781 6/- GP65 2/6 7/6
GET887 4/- NKT10339 8/6 GP67 2/6 7/6GET889
0ET890

4/6
4/6

NKT10419 6/-
NKT10439 7/6 G P73- I 6/6 9/6

0ET896 4/6 NKT10619 6/8 GP73-2 6/6 9/6
0ET897 4/6 NKT20329 9/6 GP79 2/6 7/6
0ET898 4/6 NKT80111 GP81-I 2/6 7/6
MATIO0
MAT101
MAT120
MAT121

6/-
81-
6/-
8/-

16/6
NKT80112

19/6
NKT80113

GP91-I
GP9I-2
GP9I-3

6/6
6/6
6/6

9/6
9/6
9/6

MJ4
M.142000

21/6
99/6 NKT8021192/8

G P91- 1 Sc
GP9I-3Sc

6/6
6/6

9/6
9/6

513421
M.7430

911/5
90/8

18/6
NKT80212

HGP37 2/6 7/6
MJ440 19/- 18/6
MJ480 19/5 NKT80213 B.S.R.M3481
MJ490

25/-
20/- NKT8021418/6 BSR CI (ST3) 66 96

51.1491 97/6 18/6 BSR TC8H . 2/6 7/6
MJ1800 43/8 NKT80216 BSR TC8M 2/6 7/6
MJE340 18/6 18/6 BSR ST8 66 96
MJE620 17/6 NKT80216 BSR ST9 6/6 9/6513E521
HPF102
MPF103

17/6
8/6
7/6

18/8
OC20 15/-
0022 10/-

BSR STIO
BSR XIM

-
6/6

9-
9/6

MPF104 7/6 0C23 10/- BSR XIH 66 96
MPF105 7/8 0C24 11/6 BSR X3M 6/6 9/6
21P133638
NKT0013
NKT124
NKT126

8/8
9/6
8/6
5/8

0025 10/-
0028 8/8
0C28 18/8
0029 15/-

BSR X3H
BSR X5H
BSR X4H

6/6
6/6
6/6

9/6
9/6
9/6

N141'126 5/6 0035 8/-
NKT128
NKT135

5/6
5/5

0036 18/11
0341 4/6 COLLARO

NKT1137 6/6 0042 5/- Collaro Studio '0' .. 2/6 7/6
NKT210 8/- 0044 4/- Collaro-Ronett TX88 2/6 7/6
NKT211
NKT212
NKT213
NKT214

6/-
6/-
8/-
4/8

0045 2/6
0046 8/-
0070 81-
0071 2/8

Collel SKI ..
Dual CDS2/CDS3 (DN2)
Dual CDS/320 (DN3)

2/6
66
6/6

7/6
96
9/6

NKT216 4/6 0072 8/6 ELAC KST9 (PE10) 66 96
NKT216 7/6 0074 6/6 ELAC KST9 (PE I B) 6/6 9/6
NKT217 8/6 0075 4/6 ER5MB 6/6 9/6NKT219
NKT223
NKT224

8/-
5/6
6/-

0076 4/8
0077 5/5
0078 5/-

ERSMX
ER5 SB

2/6
6/6

7/6
9/6

NKT225 4/6 OCE11 4/- ER60 Stereo .. 6/6 9/6
NKT229 6/- 0081D 41-
NKT237 7/- 0083 5/-
NKT238 5/- 0084 5/-
NKT240 5/8 00139 6/6
NKT241 6/6 OC140 6/8
NKT242
NKT243

4/-
12/5

00169 4/8
00170 5/- CARTRIDGES

NKT244 3/6 00171 6/-
NKT245 4/- 00200 6/6
NKT261 4/- 00201 9/5 Inc. P.T.
NKT264 8/- 00202 9/6 ACOS each
NKT271 00203 6/6 GP79 12/6N KT272
N KT274
NKT276

4/-
4/-
4/-

00204 8/6
00205 8/8
00207 18/8

GP91-ISC - I

2- I 1

21/-
17/9

NKT281 4/- OCP71 8/6 12- 49 15/6
NKT401 17/6 P346A 4/6 50-500 .. 13/6
NKT402 18/- T1834 12/6 GP91-2SC As aboveNKT403
NKT404
NKT406

15/-
18/6

T1843 3/-
11844 2/6
T1/346 8/6

GP9I-3SC
Suitable to replace TC8, etc.

.

. As above

NKT406 18/5 1I846 8/6 GP92 26/5
NKT461 18/5 11847 8/6 GP93-I 24/9
NKT452 18/8 T1848 8/6 GP94-I 31/-NKT453
NKT603F

9/0
8/6

11649 8/6
11860 4/8 G P94-5 36/-

NKT613F 6/5 11831 3/6 GP95 24/9
NKT674F 8/- 11652 3/8 GP96 31/6
N21T677F 6/- 11853 6/- Acos 104 I- 10 41/10
N21T713
NK1717
NKT734

51-
8/5
5/8

T1860 6/-
T1.861 6/-
T1.1129A 13/6
T1P30A 15/-

II- 25
25- 50
51-499

39/9
38/3
35/5

NKT736 7/- T1P314. 16/6

GARRARD Sapphire Diamond
EV26 Stereo 2/6 7/6
GC2 .. 2/6 7/6
GC8 .. 2/6 7/6
GCE12 2/6 7/6
GCS10/1 2/6 76
GCSIO/2 2/6 7/6
S 1-2-3 6/6 9/6
TSI .. 6/6 9/6
TS2 .. 6/6 9/6
TS3 .. 6/6 9/6

GOLDRING
CM50 .. 2/6 7/6
CM60 .. 26 7/6
MXI .. 2/6 7/6
MX2 .. 26 7/6
Stereo CS80 2/6 7/6

PERPETU UM EBNER
PE188 6/6 9/6

PHILIPS
AG3016 2/6 7/6
AG3063 2/6 7/6
AG3306 66 9/6
AG3310/3306 6/6 9/6
AG3400 2/6 7/6

RONETTE BINOFLUID
BF40 2/6 7/6
DC284.. .. 2/6 7/6

SONOTONE
2T .. 6/6 9/6
3T .. 6/6 9/6
8T4A 6/6 9/6
9TA 6/6 96
9TA/HC 6/6 9/6

26 76
20T .. .. .. 2//6 7/6

The Diamond Tip is .007 in. radius, thus making
it compatible to play stereo records on mono
equipment without damage to the record; and
of course full stereo.
BRITISH MADE
EXPORT ENQUIRIES WELCOMED

CATHODE RAY TUBES
New and Budget tubes made by the leading British manufacturers. Guaranteed for 2 years. In the event
of failure under guarantee, replacement is made without the usual time wasting forms and postage expense.

Type New Budget Type New Budget
1 S 1 1

MW36-20 4/10/- A50-120W/R 051E2013 10/17/-
51W36-21 4/10/- AW53-80 8/18/8 8/5/
MW43-89Z CRM171 AW53188 CME2101 8/18/8 6/5/-

CR11172 6/12/- 4/18/5 AW59-90
MW43-80Z CEM173 6/1111- 4/111/6 AW69-91 CME2303 9/11/8 7/4/-
AW43-80Z 04121702 8/12/- 4/19/6 A59 -15W CME2301

0121703 8/12/- 4/12/8 CME2302
01121706 6/12/- 4/19/6 CME2303 9/11/8 7/4/ -
C17AA 6/12/- 4/18/6 A29 -11W 0312306
Cl7AF 8/18/- 4/12/5 A59 -13W CME2306 18/13/- 10/19/6

AW43-88 CMEI705 6/12/- 4/19/8 .A.69 -16W CME2306 18/18/- 10/19/8
AW47-90 A59 -23W CME2305 111/12/- 10/10/-
AW47-91 A47 14W 7/18/4 5/7/8 A59-23W/R 12/18/- 10/10/-
A47 14W CME1901 7/18/4 8/7/6 PORTABLE BET TUBES

CME1902 7/18/4 5/718 T8D217 6/15/-

A47 13W
A47 -11W

CME1903
C19AH
CHE1906
CME1905

7/13/4
7/18/4
10/5/6
8/17/8

5/7/6
5/7/8

13110/-
7/-1-

T8D282
A28 -14W 9/3/4

6/15/-
Not

supplied
A47 -26W 0121905 8/17/8 7/15/- 01EE1601 7/15/-
A47-26W/E CME19132 9/8/8 CME1602

A discount of 10% is also given for the purchase of 3 or more New tubes at any one time.
AU types of tubes in stock. Carriage and insurance 15/-.

B.S.R.
X3M
X3H
X5M
X5H
SX5M
SX5H
SX5M
SX5H
X4N

RONETTE
105 ..
106 .. S/S
DC400.. S/S
DC400SC S/S
105 .. D/S
106 .. D/S
DC400.. D/S
DC400SC D/S

SONOTONE
8TA D/S
9TA D/S
9TAHC D/S

S/S
S/S
S/S
S/S
S/S
S/S
D/S
D/S
D/S

S/S

Inc. P.T
each

27/9
27/9
27/9
27/9
36/3
36/3
39/11
39/11
27/3

19/10
19/10
I4/-
14/-
22/4
22/4
16/9
16/9

25-
35//10
35/10

TRANSISTORISED UHF TUNER UNITS
NEW AND GUARANTEED FOR 3 MONTHS

Complete with Aerial Socket and wires for Radio and Allied TV sets
but can be osed for most makes.
Continuous Tuning, 80/-; Push Button, 100/-.

PLUGS
Jack Plugs and Socket. Co -Axial Plugs
Standard Plugs 3/10 Belling Lee (or similar type) 1/3
Standard Sockets 8/8 Add 6d. per don. p. a p.

DE BANKS MAGNETIC RECORDING TAPES
POLYESTER
Length Spool Mae In. Price

Standard Play
600 ft. 5 10/-
850 ft. 54 18/8

1200 ft. 7 14/-
Long Play
210 ft. 3 5/8
450 ft. 4 8/8
900 ft. 9 14/-

1200 ft. 51 17/-
1800 ft. 77 20/ -
Double Play
1200 ft. 5 17/6
1800 ft. 51 22/-
2400 ft. 7 26/ -

EMPTY TAPE REELS CASSETTES
31n. 1/6 Boxed in Plastic Library Packs
4 in. 1/10 C60 10
5 in. 2/8 C90 12/48
al fa. 2/8 0120 17/8
7 in. 2/7 P. a P. 1/6 on all orders.
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TELEVISION CLASSIFIED ADVERTISEMENTS
The pre -paid rate for classified advertisements is 4/- per line (minimum order 12/-), box number 1/- extra.
Semi -display setting £2 10s. Od. per single column inch. All cheques, postal orders, etc., to be made
payable to TELEVISION and crossed "Lloyds Bank Ltd." Treasury notes should always be sent registered
post. Advertisements, together with remittance, should be sent to the Classified Advertisement Manager,
TELEVISION IPC Magazines Ltd., Fleetway House, Farringdon Street, London, EC4, for insertion in
the next available issue.

SERVICE SHEETS

SERVICE SHEETS. Radio, TV etc.
8,000 models. List 2/-. S.A.E. enquiries.
TELRAY, 11 Maudland Bank, Preston.

SERVICE SHEETS with Free Fault
Finding Chart, 4/6. S.A.E. Lesmar, 15
Conholt Rd., Andover. Hants. (Mail only).

SERVICE SHEETS
(1925-1970) for Radios, Televisions,
Transistors, Radiograms, Car Radios,

Tape Recorders, Record Players, etc. By

return post, with

FREE FAULT FINDING GUIDE

PRICES FROM 1/ -

Over 8,000 models available.
Catalogue 2/6

Please send stamped addressed envelope
with all orders and enquiries.

Hamilton Radio
54 London Road, Bexhill, Sussex.

TRADER SERVICE SHEETS
5/- each plus postage

We can supply Trader Service Sheets for
most makes and types of Radios, Tape
Recorders and Televisions-Manuals for some.

Cheques end open P.O.s returned if sheets not
available.

OAKFIELD ENTERPRISES
LIMITED

30 CRAVEN STREET STRAND
LONDON WC2

Make Model Radio/TV

1970 List now
available at 2/ -
plus postage

From

If list is required
indicate with X

Address

enclose remittance of
(and a stamped addressed envelope)

S.8.0. with enquiries please
MAIL ORDER ONLY (August PT)

SERVICE SHEETS (continued)

LARGE SUPPLIER
OF

SERVICE SHEETS
(T.V., RADIO,

TAPE RECORDERS,
RECORD PLAYERS,

TRANSISTORS,
STEREOGRAMS,
RADIOGRAMS,
CAR RADIOS)

FREE. Fault Tracing Guide or
TV list on request with order.
5/- each, Manuals from 10/ -

plus large S.A.E.
(Uncrossed P.O.s please, original
returned if service sheets not

available.)

C. CARANNA
71 BEAUFORT PARK

LONDON, N.W.11
We have the largest supplies of
Service Sheets (strictly by return
of post). Please state make and

model number/alternative.
Mail order only.

RADIO TELEVISION over 8,000 Models.
TV List 1/6; Fault Finding Manual, 8/6;
Obsolete Valves. S.A.E. Enquiries. 743-
8441. John Gilbert Television, 1B
Shepherds Bush Rd., London, W.6.

RADIO & TV SERVICE SHEETS 4/-
s.a.e., Service manuals 12/6 each. P.P. 1/6.
State make and model no. to: Bell's
Television Service, Albert Place. Starbeck,
Harrogate, Yorks.

AERIALS

BAKER AND BAINES
UHF Aerials BBC and ITV 625

10 ele 42/-, 14 ele 47/, 18 ele 65/-, 22 ele 75/-,
Double 22 ele 160/-. All aerials have composite
reflector and tilt clamps which take up to a
2 inch mast.

BBC Aerials
Dipole 35/-, X 43/., H 48/-.

ITA Aerials
5 ele 39/., 8 ale 34/, II ele 66/-, Double 5
array 913/., 8 129/-, I I I61/-.

Combined Aerials
Dipole plus 5 34/, H plus 5 82/, X plus 5 90/,
Supplied with I" or 2" clamps. Loft Dipole
plus 5 42/-. This aerial is supplied with loft
pole, joist bracket and universal joint.
Di plexers-Triplexers--Matched UHF/VHF
Diplexers.
VHF and UHF Pre Amps from 75/-, postage 3/-.
Poles, Lashings, Clamps, Couplers. etc.
Co -Ax at la and 2/3.
Postage paid on all' aerials inland. Accessories
postage extra.
PLEASE STATE CHANNELS WHEN

ORDERING-MAIL ORDER ONLY.
SAE for full lists.

II Dale Cows, Topton, Chesterfield

MISCELLANEOUS

ENAMELLED COPPER WIRE
S.W.G. Per }lb. reel Per Ilb. reel
18-22 I I/3d 16/6d
23-30 I I/9d 17/6d
31-35 12/3d I 8/6d
36-40 15/0d 24/04
41-44 I7/9d 29/6d
Orders despatched by return of post. Please

add If- per item P. & P.
Supplied by:

BANNER TRANSFORMERS
84 Old Lansdowne Road.

West Didsbury, Manchester, 20
TRADE ENQUIRIES INVITED

FOR SALE

VALVE CARTONS at keen prices. Send
1/- for sample and list. J. & A. BOX -
MAKERS, 75a Godwin Street, Bradford 1.

625/405 VHF/UHF IF Panels. B.R.C. 850
series. Ideal for components, I.F. trans-
formers and switching, P/C Valve bases or
repairs to this Thorn receiver. 35/- each
plus 4/6 p.p. WILLOW VALE, 4 The
Broadway, Hanwell, W.7.

Ex Rental Televisions
300 19" £5 each. 200 17" Slims
£3.0.0 each. Many working. (Min.
order 6.)

Indoor/Outdoor Aerials
E.G. rods 7/6 and 9/6. Quality B's
12/6; 625 12/6. 10 Element with
fittings 21/- each.

Quality Transistor Radios
Earn 100%. 1 W/B. 32/6. 2 W/B.
72/6. 3 W/B. + VHF Bat./Mains
£8.16.0.

TELEBAR
47 Goldhawk Road,

London, W.12. 01.749 1656

LARGE QUANTITIES of used TV
spares for both modern and obsolete
models. Lopts, Tuners if strips,
scan coils, frame and sound transformers
etc., etc. S.a.e. for quotations, C.W.O. to
TV Dismantlers, Foxhole Whitstone,
Holsworthy, Devon.

WANTED

CASH PAID for New Valves. Payment
by return. WILLOW VALE ELEC-
TRONICS, 4 The Broadway, Hanwell,
London, W.7. 01-567 5400/2971.

SERVICE SHEETS purchased, HAMIL-
TON RADIO 54 London Road, Bexhill.

WANTED! New valves especially TV
types. Cash waiting. Bearman, 6 Potters
Road, New Barnet, Herts. Tel. 449/1934.

WANTED, Newnes Radio & T.V. Servicing
1961/62, 1963/64, 1964/65. Ormston ,
45 Crescent Court, Blackpool, FY4 1ST.
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SETS ft COMPONENTS (continued)

TELEVISION TUBE SHOP

BRAND NEW TUBES AT
REDUCED PRICES

A28-I4W El I. 0.0
A31-I8W E12.10.0
A47 -11W 19.19.6
A47- 13W E11.15.0
A47-I4W E7.12.6
A47 -26W E10.15.0
A50-120WR L12.10.0
A59-1IW L12.19.6
A59 -13W L15.10.0
A59 -I 5W E9.19.6
A59 -I 6W E14.15.0
A59 -23W E14.15.0
A61-120WR E15.10.0
AW2I-11 110.10.0
AW36-20, 21 E5.12.6
AW36-80 ES. 7.6
AW43-80 E6.17.6
AW43-88, 43-89 E6.12.6
AW47-90, 91 17.10.0
AWS3-80 f8.17.6
AW53-88, 53-89 18. 5.0
AW59-90, 59-91 E9.10.0
CI7LM, PM, SM £6.12.6
CME1201 E12.10.0
CME1101 111.19.6
CME1601 110. 5.0
CMEI602 E12. 0.0
CME1702, 1703 E6.12.6
CME 1705 E7.12.6
CMEI901, 1903 L7.10.0
CME2013 112.10.0
CME2I01, 2104 18. S.0
CME230I, 2302 E8.15.0
CME2306 E15.10.0
CME 2413 EI5.10.0
CRM93 E5.10.0
CRMI24 E5.10.0
CRM141, 2, 3, 4 E5.12.6
CRMI71, 2, 3 E6. 7.6
CRM2I I, 212 E8.17.6
MW36-24, 44 f5. 2.6
MW43-64, 69 16. 7.6
MW43-80 16.17.6
MW53-20 18.17.6
MW53-80 E8.17.6
7405A E6.12.6
TSD217, 282 E14. 0.0

All tubes tested before despatch and
guaranteed for 12 months.

Fully rebuilt tubes available-prices on
request.

CARRIAGE & INSURANCE 15/ -

COLOUR TUBES
(Carriage & Insurance 40/-)

A49 -I IX, A49 -191X E66. 0.0
A56 -120X E72. 0.0
A63-1 IX E77. 0.0

TELEVISION TUBE SHOP
48 BATTERSEA BRIDGE ROAD
LONDON, S.W.I I. BAT 6859

WE GIVE GREEN SHIELD
STAMPS

GRAINGER & YOUNG
TV Services Et Electronics

VERY HIGH GRADE REPLACEMENT
TUBES 2 YEARS GUARANTEE £ s d

17" AW43-88 CME 1703 4 15 0
AW43-89 CME 1705

19' AW47-90
AW47-91
A4714 -W

CME 1901 4 17 0
CME 1902
CME 1903

Rimguard type
19" A47-26 WR CME 1905 6 0 0

A47-11 W CME 1913

21" AW53-88 CME 2101 6 15 0
AW53-89 CME 2104

23" A59 -15W CME 2303 6 10 0
AW59-90 CME 2301
AW59-91 CME 2302

Rimguard type
23' A59 -11W CME 2305 7 10 0

A59-23WR CME 2313

Carriage and Ins.: Great Britain 15/ -

Standard sound output transformers
replacement for most TV's 10/- plus

2/6 p.p.

AERIALS: 625 -UHF
B.B.C.2 and I.T.V.2 Colour, Black and

White
8 Elements 27/-

10 Elements 35/- Price incl. Postage
18 Elements 47/ -

Please state channels required

TERMS-CASH WITH ORDER

Phone Enquiries MBRO 43859

42 Borough Rd., Middlesbrough,
Teesside.

VALVES, VALVES, VALVES
Any ten of your choice 14/6d., post 1/-.

100 £5 10s. Od., post paid.
EF85, EF80, EB91, EBF89, ECL80,
EF183, EY86, PCF80, PCC84, PL36,
PY81, PCL82, PCL83, PCC89, PY33,
PY82, PY800, PY801, PY88, PCL84,
30F5 6BW7, PY801.

BOB'S,
2 St. James Street, Rawtenstall

Rossendale, Lancs.
Mail order ONLY.

TOWER BY LTD
For Line Outputs and Deflector Coils

We have the Country's largest stock of Manu-
facturer's Original (or Authorised Replacement)
Line Output Transformers for many "difficult"
makes, including Ambassador, Baird, Cossor,
Dacca, Dynatron, Ekco, F G E C ,
H.M.V., K.B., Masteradio, Pato-Scott,
Philips, Regentone, RGD, Sobel!, Ultra,
etc. Also deflector coils output and oscillator
transformers, inc. Alba, Bush, Murphy,
Examples, L.O.P.T. Murphy 350/410/540/659/
759, 147/-; Bush TV80, TV95, TV96, 147/-;
Cossor 950, 77/6; Ferguson 306/308, 79/6;
Philips 1768U L.O.P.T. assembly, 135/-; Ultra
1984-200c, 101/3.
Rewind most L.O.P.T., 90/-.

SPECIAL OFFER
Ekco improved type for Models T221, 231, 310,
all at 45/-; Ferranti 14T4 series inserts, 25/-;
Philco 1019/1021, 52/6. Terms: C.W.O. or
C.O.D. (3/6) post/packing 6/-; 2 or more
L.O.P.T.s post/packing free.
All enquiries answered but regret no lists
available. Same day delivery on most types.

TOWER BY LTD
MAIL ORDER DIVISION OF T.C.S. LTD.

70 STREATHAM HILL, LONDON, SW2.
Tel: 01-674 2185.

GREATEST TUIBE OFFER EVER
all with 12 months guarantee,

we can supply all types of tubes
including:

Twin Panel or Panorama: any size up to 19".
46.10.0; 23" L8.10.0.

And we Regun Colour Tubes:
19" L28.10.0, 22" 133, 25" 437.10.0.

We will Regun your Colour Tube. Send old
tube for prices as above.

Carriage on black and white 15/- per tube.
Carriage and Insurance on colour 40/- per tube.

THRIFTYS
Green Lane Farm, Green Lane,

Chsssington, Surrey.

New c19/10ap cathodean 19 in twin
panel tubes £9-15-0.
405 Line output transformers No. T748856
50/-.
UHF integrated transistor 6 push
button tuner with IF panel £10-0-0.
19 in clear implosion masks 35/-.
Scanning coils No. 782742 30/-.
TCC electrolytic capacitors 1000-
1000uf for printed circuits 9/6.
PYE 625 line chassis complete less L.O.P.
Hundreds of new components £3.
UHF tuner units with geared drive unit
less valves 50/-.
T/V cabinets 19 in & 23 in Pye assorted
models 50/-.

TRANSISTOR LTD.,
82, Junction Road, Edmonton, N.9.

Hoddesdon 65561

SOUTHERN VALVE COMPANY
NEW I (Mostly BVA Valves)

DY86/7 7/6 PCF80 (small) 8/- PY800/1 7/- 30L15 12/6
DY802 9/- PCF86 10/6 U25 12/6 30L17 14/6
EB91 3/- PCF801/2 9/9 U26 11/6 30P12 12/6
ECC82 7/6 PCF805 10/- U191 12/6 30PL1 12/6
ECL80 7/6 PCF808 12/6 U193 7/6 30P4MR 17/-
EF80 5/- PCL82/4 7/6 U251 12/6 30P19 11/6
EF183/4 7/6 PCL83 10/6 6/30L2 11/6 30PL13 14/6
EH90 9/- PCL85 9/- 6BW7 12/6 30PL14 14/6
EY51 7/- PCL805 9/- 6CD6G 19/- NOTE
EY86/7 7/6 PL36 10/6 6F23 13/6 BY127 (BY100)
PC86/8 10/- PL81 7/9 20L1 19/- with 33 ohm res
PC97 8/- PL84 10/- 20P4 15/- 10 watt is 3/111
PCC84 6/9 PL500/4 12/6 30C15 12/- Valve data books
PCF80 (large) 6/6 PY81 7/- 30FL1 /2 12/- 4/-

POSTAGE 6d. per valve, £3 and over, post free.
44 Earls Court Road, London, W.8. (Mail order only)
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R & R RADIO
51 Burnley Road, Rawtenstall

Rossendale, Lancs.
Tel.: Rossendale 3152

VALVES BOXED, TESTED &
GUARANTEED

EF80 31- PCC84 3/- PY82 3/-
EBF89 3/6 PCF80 3/- U19 I 4/6
ECC82 3/- PCF82 3/6 30F5 2/6
ECL80 3/- PCL82 4/- 30LI5 51-
EF80 1/6 PCL83 4/- 30PI2 4/6
EF85 3/- PL36 5/- 30C15 5/-
EY86 4/- PL83 4/-
E Z40 4/6 PY33 5/-
E BC41 4/6 PY8 I 3/6

POST: ONE VALVE 9d. TWO TO SIX 6d.
OVER SIX POST PAID.

EX N.E.V. C.C.T.V. Camera and Monitor
Circuits, S.A.E. for list. LOWE, 29 Vanner
Point, Hackney, London, E.9. 5AX

WITWORTH
TRANSFORMERS LTD.

Dept. P.T., 26 All Saints Road,
North Kensington, W.I I

Telephone: 01-229 9071. 9 a.m. till 5 p.m.

TELEVISION LINE
OUTPUT

TRANSFORMERS
PRACTICALLY ANY MAKE OR MODEL

SUPPLIED OR REWOUND

EKCO, FERRANTI, DYNATRON
Replacement cases LI-0-0d. each, please state
model.

S.A.E. for return of post quotation.
TERMS: Cash with order or C.O.D., please
add 4s. for postage.

C.O.D. orders will be charged 6s.
Transformers fully guaranteed. (98

CONSISTENT LARGE QUANTITIES OF
EX -RENTAL T/V's

Ideal for Slot or Re -sale
DELIVERY CAN BE ARRANGED

Ring: 061-872 3709 and 061-445 9091

GUARANTEED TUBES AT
REDUCED PRICES

We are the area stockists for Display Elec-
tronics Re -manufactured Tubes. These tubes
have a complete new gun assembly, the glass
is the only re -conditioned part and that can't
wear out. We invite enquiries from the trade
or the public.
Daily 9.30-5.30. Fri. 9.30-8. Closed Monday.
TELEVISION CITY
50 Richmond Road, Kingston, Surrey.
Tel. 01-546 3961 (100 yds. from station).

TELEVISION SALES, 77-79 Victoria
Road, Warminster, Wilts., Phone War-
minster 8156. Valves, boxed, tested and
guaranteed. PCF80, PCC84, PL81, PY81,
EY86, EF80, 30F5, EB91, ECC82, PCL83,
30FL1, ECL80, PCL82, PY82, PCL84,
6-30-L2, you select 8 for 20/-, p. & p. 2/-.
S.A.E., other types, several CRTs cheap,
tested, for callers only.

AERIAL BOOSTERS 59/- EACH

Three types of high gain transistorized
pre -amplifiers to work off PP3 battery.

I. U.H.F. 625 Type L45 this will tune the
complete U.H.F. band.

2. V.H.F. 405 Type LI2 with separate tuning
for band I and III. Please state band I

Channel No. required.

3. F.M. V.H.F. Radio Type LI I with
bandwidth for the complete band. All
pre -amplifiers are complete and ready
to use. Size 3+ x 31 colour Ivory.

VALVE BARGAINS
Any I-2/-, 5-9/- 10-14/-, 10045.10.0.

EB9I, EBF80, EBF89, ECC82, EY86, EF80,
EF85, EF183, EFI84, PCC84, PCC89, PCF80,
PCF86, PCL82, PCL83, PCL84, PL36, PL8I,
PY32, PY33, PY800, PY80I, 3OPLI, 30FLI,
30F5, 6F23, 6-30L2, IOF I.
Many other types in stock. BY100 Type

Rectifiers 2/6 each
Guaranteed valves 4/- each. Any from the
list above (except valves in bold type) selected.
tested, boxed and with three month written

guarantee. S.a.e. for leaflets.
P. & P. on all goods 1/6.
Money refunded if not satisfied, if returned

within 7 days.

VELCO ELECTRONICS
62 Bridge Street, Ramsbottom, Bury, Lancs. Tel. 3036

150 NEW ASSORTED Capacitors, Re-
sistors, Silvered Mica, Ceramic, etc.
Carbon, Hystab, Vitreous 1-20 watt, 15/-.
Post Free. WHITSAM ELECTRICAL, 33
Drayton Green Road, West Ealing,
London, W.13.

TELEVISION SPARES. All makes and
models, new and used. Send S.A.E. for
your enquiries. Used Tested Valves 4/ -
each, postage 6d. Thriftys, Green Lane
Farm, Green Lane, Cbessington, Surrey.

NEW BVA VALVES! Huge range by return postal service well known to the trade.
Brief list of television types herewith, full list S.A.E. All types ex stock I
DY86/7 8/- PCF86 12/3 PY82 7/- 20L1 19/6
EB91 5/- PCF801/2 12/3 PY800/1 8/3 20P4 20/-
ECC82 8/6 PCF805 13/- R19 13/- 30C15 13/9
ECL80 8/- PCF808 13/6 U25 15/- 30C17 16/9
EF80 8/- PCL82 10/3 U26 15/- 30F5 16/6
EF85 8/3 PCL83 12/3 U37 15/- 3OF L1 12/9
EF183/4 11/3 PCL84 10/3 U191 14/6 30L15 15/3
EH90 10/3 PCL85 10/6 U193 8/3 30L17 14/8
EY51 7/6 PCL86 10/3 U251 17/3 30P12 15/6
EY86/7 7/9 PL36/8 12/9 U301 17/-

30PL1 12/9PC86/8 10/3 PL81 10/3 U801 24/-
PC97 8/3 PL83 10/3 6/30L2 15/6

30P4MR 20/-

PC900 10/3 PL84 8/3 6AT6 9/9 30P19 12/9

PCC84 9/3 PL500 16/6 6BW7 13/9 30PL13 18/6

PCC89 12/3 PL504 17/- 6CD6G 28/- 30PL14 18/6

PCF80 10/3 PY81 8/3 6F23 15/6 etc. Trade prices
POST FREE OVER £3 -LATEST 13Y100/127 type & 33 ohm 10 watt res, 4/-1

Imported PCF80 6/61 Note. Ask for separate components lists.

LOOK ! Nearly every type in stock now ! !

NEW TELEVISION TUBES !
TWO YEAR FULL REPLACEMENT GUARANTEE

SEE THE DIFFERENCE A NEW TUBE CAN MAKE TO -YOUR VIEWING -
LATEST SCREENING TECHNIQUES INCLUDING TINTED SCREENS ON

MOST 19" & 23" TYPES
Large stocks by Cathodeon Et other leading manufactwers so why buy

ordinary rebuilds? Colour 25" £601 Seconds £40!
Special offer) 19" rebuilds, 2 year guarantee £5 10s.I 23" £7 10 0.

12" £10 0 (not 110°) 20" Mullard. 14" to 16" (not 110°) £4 15 0
17" £5 17 6 A50/120W £10 17 0 19" 1901 Er 19AH £7 10 0
Other 19" mono tubes -all £6 17 6. Carriage all 12/-. All 21" mono
tubes -£7 17 6, 23" mono tubes £9 10 0. Carriage 15/-
RIMBANDS, 19" £8 10 0; 23" £11 10 0 Carriage
TWIN PANELS, 19" £9 17 6; 23" £14 0 0 20/ -

Bulk enquiries welcomed, special terms.
PAY BY GIRO. Our No. 34.361.4006.

PHILIP H. BEARMAN
(Suppliers to H.M. Govt. etc.)

6 POTTERS ROAD, NEW BARNET, HERTS.
Closed Thurs Er Sat afternoons TEL. 449/1934 (Robophone)
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NEW! Continuous range high -gain pre -
Amplifier, 40-900 MHz! Television, Radio,
Stereo, all Bands, all Channels, VHF, UHF,
Colour! Precision made, built-in power
unit, totally enclosed, neat case. Fixed in
seconds back of set, no mods, aerial
connection only. Superb value at £7.12.6d.
post paid to any address in U.K. Send
S.A.E. for leaflet: Johnsons (Radio), St.
Martins Gate, Worcester, WR1 2DT.

TOP PRICES PAID
for new valves and components

Write:

KENSINGTON SUPPLIES,
(A), 367 Kensington Street,

Bradford 8, Yorks.

SITUATIONS VACANT

ENGINEERS. A TECHNICAL CERTIFI-
CATE or qualification will bring you
security and much better pay. Elem. and
adv. private postal courses for C. Eng.,
A.M.I.E.R.E., A.M.S.E. (Mech. & Elec.).
City & Guilds, A.M.I.M.I., A.I.O.B., and
G.C.E. Exams. Diploma courses in all
branches of Engineering-Mech., Elec.,
Auto., Electronics, Radio, Computers,
Draughts, Buildings, etc. For full details
write for FREE 132 page guide: BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY, (Dept. 171K), Aldermaston
Court, Aldermaston, Berks.

RADIO AND TV Courses by
Britain's finest home study School, Coach-
ing for Brit.I.R.E., City and Guilds Ama-
teur's Licence, R.T.E.B., P.M.G. Certificate
etc. Free brochure from British National
Radio School, Russel Street, Reading.

EDUCATIONAL

BECOME "Technically Qualified" in your
spare time guaranteed diploma and exam.
Home -study courses in radio TV servicing
and maintenance. T.T.E.B. City and
Guilds, etc., highly informative 120 -page
Guide-FREE. CHAMBERS COLLEGE
(Dept. 858K), 148 Holborn, London, E.C.1.

TV and RADIO, A.M.I.E.R.E., City &
Guilds, R.T.E.B., Certs., etc. on "Satisfac-
tion or Refund of Fee" terms. Thousands
of passes. For full details of exams and
home training courses (including practical
equipment) in all branches of Radio, TV,
Electronics, etc., write for 132 -page Hand-
book-FREE. Please state subject.
BRITISH INSTITUTE OF ENGINEER-
ING TECHNOLOGY (Dept. 172K),
Aldermaston Court, Aldermaston, Berks.

TRAIN FOR SUCCESS
WITH ICS

Study at home for a progressive
post in Radio, TV and Electro-
nics. Expert tuition for City &
Guilds (Telecoms Techn's Cert.
and Radio Amateurs') R.T.E.B.,
etc. Many non -exam courses incl.
Colour T.V. Servicing, Numerical
control & Computers. Also self -
build kit courses - valve and

transistor.
Write for FREE prospectus and find out
how ICS can help you in your career.

ICS, DEPT. S60, INTERTEXT HOUSE,
STEWARTS ROAD, LONDON S.W.8.

TECHNICAL TRAINING

CITY & GUILDS (electrical, etc.) on
"Satisfaction or Refund of Fee" terms.
Thousands of passes. For details of
modern courses in all branches of electrical
engineering, electronics, radio, TV, auto-
mation, etc., send for 132 -page handbook-
FREE. B.I.E.T. (Dept. 173K), Alder-
maston Court, Aldermaston, Berks.

PADGETTS
RADIO STORES

OLD TOWN HALL,
LIVERSEDGE, YORKS.

Telephone:
HECKMONDWIKE 4285

Amplifier Units Type A1418. Complete with 5Z4
and 6V6GT Valves 230/250 Volt 50 cycles Trans-
former Clean Condition Untested 26/- Carriage
B.R.S. 15/-.

Airmileage Unita. Complete with 24 Volt Motor and
Gears, etc. Less Relay. Clean condition. Untested
15/-. Carriage B.R.S. 15/,

Panel with Two Miniature Relays and One Carpenter
Relay with Base Ex Unite 7/6 post paid.

Panels of Resistors and Condensers Ex Equipment
8/- l'er Doz. l'oat Paid.

AW 43/80 Tubes. Reclaimed with 6 month guarantee
25/-. Carriage 15/,

AW 43/88 Tube. Reclaimed with 6 month guarantee
02. Plus carriage 16/-. MW 43/69 80/-. Plus carriage
15/,

Speakers P.M. All 3 Ohm perfect condition ex T.V.
Sets. Postage and packing on any Speaker 4/-.
5' Round 8/-, 6 x 4 8/-. 7 a 4 5/-, Slot Speaker

x 20 3/-.

Special Offer Bush 17' T.V. Sets Series 76, 12
Channel Complete and Tested with good tube
26/10/0. Plus carriage and Insurance passenger train
(1.B. only 85/-. Cabinet condition fair.

Complete untested 17" T.V. Sets 12 Channel 50/-.
Carriage 11.

Top Grade Mylar Tapes. 7' Long Play 14/-,
Standard 11/8, 5' Long Play 10/, 5" Standard 7/9.
Post and packing on any Tape 1/9.

VALVE LIST EX EQUIPMENT
3 months' guarantee. Single Valves.

ARP12 1/6 PCC84 2/- PL36 5/- 688 1/6
EB91 9d. PCF80 2/- PL81 4/- 68W7 2/6
EBF89 3/- PCC89 3/- PY81 1/6 6U4 4/-
ECC82 3/- PCL85 5/- PY800 3/6 20D1 3/-
ECL80 1/6 PCL84 4/- PY82 1/6 20P1 5/-
EF183 3/- PCL82 4/- PY33 5/- 20P3 2/6
EF184 3/- PCF86 4/- U191 4/- 30PL1 5/-
EY86 4/- PCL83 3/- 6F23 4/- 30P12 4/6

30F5 2/9

PLEASE MENTION

TELEVISION
WHEN REPLYING

TO

ADVERTISEMENTS

NEW VALVES
Guaranteed and Tested
24 HOUR SERVICE

1115 6/6 EBF89 8/- PCF805 18/9
186 4/8 ECC81 3/6 1'CF806 11/-
1T4 2/9 ECC82 4/- PCL82 6/9
384 5/9 ECC83 4/9 PCL88 10/3
3V4 8/6 ECH35 6/6 PCL84 7/-6/30L2 11/6 ECHO! 5/9 P0125 We
OAQ5 5/- ECL80 7/- POL86 81-6F25 12/- ECL82 6/8 PFL200 WO
695170T 4/- ECL86 7/6 PL36 11/525L60T 4/6 HESS 4/6 PL81 9/8
30C18 18/9 EF80 418 PL82 5/9
30FL1 12/6 EF85 6/9 PL83 8/5
30L15 12/9 EF86 0/8 PL84 6/-
30P4 11/9 HESS 4/9 PL500 111/930PI9 11/9 EF91 2/6 PL604 18/8
30PL1 12/8 EF183 516 PY33 10/-
30PL13 14/- EF184 6/- PY33 10/-
30PL14 13/6 E1190 8/- PY81 51-
35Z4GT 4/6 EL33 9/8 PY89 5/-
CCI135 18/- EL84 4/9 PY89 6/8
DA032 6/9 EM34 13/9 PY88 8/8
DAF91 4/8 EY51 7/- PY800 7/-
DAF96 7/- EY86 8/8 PY801 7/-
DF33 7/8 EZ80 4/8 R19 8/8
DF91 2/9 EZ81 4/8 U26 Mg
DF96 7/- KT61 9/8 5536 11/0
DHSS 8/9 KT66 18/6 U191 19/-
DK91 6/8 N78 17/- U251 14/-
DK92 8/8 PC86 9/9 U329 14/-
DK96 7/8 PC88 9/9 UABC80 0/-
1/L35 4/9 PC97 7/8 URF89 8/8
DL92 5/9 PC900 7/- UCC85 7/8
DL94 8/6 P00134 8/8 UCH81 8/6
DL96 7/3 PCC89 9/8 UCL89 6/9
DY86 5/3 PC0189 9/6 U2'89 8/-
DY87 6/8 PCF80 5/11 UL84 818
EABC80 8/3 PCF86 9/- UY41 7/-
EB91 2/- PCF801 8/6 UY85 8/8
EBC33 7/9 PCF802 8/9 Z77 3/6
Postage on 1 valve 9d. extra. On 2 valves or more.
postage 6d. per valve extra. Any parcel Insured against

damage in transit ad. extra.
Office address, no cllers.

GERALD BERNARD
83 OSBALDESTON ROAD

STOKE NEWINGTON
LONDON, N.16

A MAGAZINE
THAT MORE
THAN PAYS
FOR ITSELF..
Treat yourself to a regular copy
of PRACTICAL MOTORIST and
save money! How? Well, this is
the motoring magazine that shows
you exactly how to tackle routine
maintenance and repairs yourself
-and save ELEs on garage costs!
Hurry for the colourful October
issue on sale now-and see what
you can save with PRACTICAL
MOTORIST-the monthly maga-
zine that helps you to cut
motoring costs and get maximum
pleasure from your days at the
wheel.

PRACTICAL

1111
OCTOBER ISSUE ON SALE NOW 3/- I
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If you can put
aTes' in every box,
you might
just make a
RADIO TECHNICIAN
in Air Traffic Control

An all -consuming interest in
telecommunications

At least one year's practical experience
in telecommunications, preferably with
'ONC' or 'C and G' technical
qualifications

A highly developed sense of
responsibility

Willingness to undergo a rigorous
programme of training

Aged 19 or over

To the right man, the National Air Traffic
Control Service offers the prospect of an
interesting and steadily developing career as
a Radio Technician in air traffic control.

The work involves the installation and maintenance
of some of the very latest electronic equipment at civil
airports. radar stations and other specialist
establishments all over the country. Important today.
the job will become increasingly vital as Britain's air
traffic continues to grow, and prospects for promotion
are excellent. -Starting salary varies from £1044 (at 19)
to £1373 (at 25 or over). Scale maximum £1590
(higher rates at Heathrow). The annual leave
allowance is good, and there is a non-contributory
pension for established staff.

If you feel you can meet the demands of this :.ather
special job-and you have a strong determination to
succeed-you are invited to complete the coupon
below.

Send this coupon for full details and application form
To: A J Edwards, C Eng, MIEE, The Adelphi,

IRoom 705, John Adam Street, London WC2,
marking your envelope "Recruitment-.

Name .

Address .. .

 - - ----PTT/G1

Not applicable to residents outside the United Kingdom

I NATCS
National Air Traffic Control Service

4111E IMM

who wants a£2,000+p.a.
opportunity in the dynamic
new computer industry?
In only 4 weeks you're in - and only
the incredible Eduputer can make it
possible.
Now for the first time anybody can train outside the computer
industry for a lucrative career as a computer operator, with
actual experience on an Eduputer.
Who created Eduputerl The internationally famous company
Programming Science International. They developed it to the
specific requirements of the massive New York city training
board and its practical results have been one amazing success
story.
We are proud to have been selected as the only commercial
training organisation permitted to use the Eduputer in the U.K.
Thanks to Eduputer, nine out of every ten can learn to
operate the most advanced computers in only four
weeks. Unlike Computer Programming, no special
educational qualifications and no maths required. Just
you and the incredible Eduputer!
Jobs galore! The moment you qualify, our exclusive computer
appointments bureau introduces you to computer users every-
where with good jobs to offer (up to £40 a week full-time, £50
a week as a temporary). More than enough to go round, too-
because 144,000 new operators will be needed over the next
five years alone.
This is your big opportunity to get out of a rut and into the
world's fastest -growing industry. And remember-LCOT is the
only commercial computer school to have Eduputer. It means a
lot to employers.
Telephone: (01) 437 9906 NOW!
Or post the coupon today for full details FREE and without
obligation.

London Computer Operators Training Centre,
89 Oxford House, 9/15 Oxford Street, London W.1.
Telephone : (01) 437 9906.
127/131 The Piazza, Dept. B9 , Piccadilly Plaza, Manchester 1.
Telephone : (061) 236 2935.
Please send me your free illustrated brochure on exclusive
Eduputer "hands on" training for computer operating.

Name

Address

1111111111 INI ill Ell III MOM= MI



LAWSON BRAND NEW TELEVISION TUBES
SPECIFICATION: The Lawson range of new television tubes are designed to give superb
performance, coupled with maximum reliability and very long life. All tubes are the products of
Britain's major C.R.T. manufacturers, and each tube is an exact replacement. Tubes are produced
to the original specifications but incorporate the very latest design improvements such as: High
Brightness Maximum Contrast Silver Activated Screens. Micro -Fine Aluminising, Precision Aligned
Gun Jigging, together with Ultra Hard R.F. High Vacuum Techniques.

IDIRECT REPLACEMENTS FOR MULLARD-MAZDA BRIMAR GEC, ETC.

A47 -I 1W (P) MW53/20 (M) C21/AA (M) CME2 104 (M) 7504A (Ni)
A47/ 13W (T) MW53/80 (M) C21 /AF (M) CME230 I (M) 7601A (M)
A47 -14W (M) AW47-97 (M) C21 /KM (M) CME2302 (M) 7701A (M)
A47 -17W (P) AW53-80 (M) C2 1 /SM (M) CME2303 (M) CRMI21 (M)
A47/ I 8W (P) AW53-88 (M) C23/7A (M) CM E2305 (P) MW3 1-74 (M)
A59-1 I W (P) AW53-89 (M) C23/IOA (M) CM E2306 (T)
A59- I 2W (P) AVV59-90 (M) C23/AK (M) CME2308 (M)
A59 -13W (T) AW59-9 1 (M) C23/AKT (T) CRMI73 (M)
A59 -14W (T) C17/IA (M) CMEI402 (M) CRM2 12 (M)
A59-15W(M) C17/5A (M) CMEI702 (M) CRM2 1 1 (M)
A59 -16W (T) C17/7A (M) CMEI 703 (M) 23SP4 (M)
AW36-80 (M) C17/AA (M) CMEI705 (M ) 171K (M)
AW43/80 (M) C17/AF (M) CMEI706 (M) 172K (M)
AW43-88 (M) C17/FM (M) CMEI901 (M) 173K (M)
AW43-89 (M) C17/SM (M) CMEI902 (M) 212K (M)
AW47-90 (M) MW/53-80(M) CMEI903 (M) 7205A (M)
AW47-9 I (M) C19/IOAP (T) CMEI905 (P) 7405A (M)
MW43-69 (M) C19/AK (M) CME1906 (T) 7406A (M)
MW43-64(M) C21/IA (M) CMEI908 M) 7502A (M)
MW43-80 (M) C2 1 /7A (M) CME2I 01 (M) 7503A (M)

LAWSON TUBES
18 CHURCHDOWN ROAD,
MALVERN, WORCS.
Malvern 2100

2
YEARS' GUARANTEE
FULL TUBE FITTING
INSTRUCTIONS

Tubes are despatched passenger
train, road or goods taking far too
long for customer satisfaction.

REBUILT TUBES
LAWSON RED LABEL CRTS are
particularly useful where cost is a vital factor, such

as in older sets or rental use. Lawson "Red Label"

CRTS are completely rebuilt from selected glass,
are direct replacements and guaranteed for two

years.

Brand Red
New Label Carr.

Tubes Rebuilt Ins.
12-14" mono (M) E4.I 0.0 L4. 0.0 10/-

16-17" .. L5.19.0 C4.12.6 12/6

19" £6.19.0 £4.17.6

21" ., £7.19.0 C6.10.0

23" £9.10.0 £6.12.6 15/-

19" Panorama (P) 0.10.0 15/-
23" Panorama £11.10.0
19" Twin Panel (T) L9.17.6

23" Twin Panel E13.10.0
20" Panorama 110.15.0

2 NEW "TELEBOOSTERS"
THE M4
DUAL BAND
V.H.F. UNIT

KING . . .

the name you
can depend on.

* Boosts all Band III and any specified Band I
Channel simultaneously.

* Still higher gain ... nominally 17-18 d.B. both
Bands.

* Very low noise third generation passivated
transistor.

* Fitted fly lead ... installed in seconds.
* Quality Case 31" x 31" X 1 r Cork base.

Specify Band I channel when ordering.

THE NEW UM4 UHF "COLOURBOOSTER"
Channels: -Group "A" Red Spot. "B" Yellow Spot,
"C" Green Spot. Prices: Both types: -75/- Battery
Model OR £5.17.6 Self Contained Mains Model.

P/P 2/6d.

TRANSISTOR DEVICES LIMITED
Bridge House, NEWTON ABBOT, Devon.

Literature on request.

UHF, COLOUR AND TELEVISION SPARES
COLOUR Leading Brit. maker. surplus T.B. unite incl. frame line, EHT, 27.10.0
( less va Ives 25.0.0) p.p.10/... SCAN COILS 70/- p.p. 6 /.. CONY COILS 55/- p.p. 4 /6.
INTEURATED TRANSISTD. DECODER UNIT including circuits 27/- p.p 2/-.
UHF/625 conversion kits and tuner. at reduced prices. Lists available.
UHF integrated tranaistd. 6 position push button tuners, leading Brit. maker
surplus. 24.10.0, p.p. 4/6.
MURPHY 600/700 series UHF conversion kits in cabinet plinth assy, can be
used as separate UHF receiver 17.10.0, p.p. 10/'. 625 IF amplifier incl. 5 valve.
and circuit 58/6. P.P. 6/,
SOBELL/GEC dual 405/625 IF amp. and co/p chaesis incl. circuit 32/8 ULTRA
19800 to 2384 625 IF amp. chassis and switch incl. circuits 25/-, p.p. 4/6.
UHF TUNERS valve type 58/8, transIstd. had. 8/M drive or P.B. 25.5.0, p.p. 4/6.
TV SIGNAL BOOSTER UNITS Hens. gain all stations. PYE/LABCEAR trans'cl.
BB l/ITA or UHF Battery "plus in", 75/- UHF Masthead incl. power unit 29.15.0.
FIREBALL TUNERS. Ferg., HMV, Marconi new 37/6, others salvaged 18/6.
PUSH BUTTON. Plessey. Ekco valves 58/8, RGD612 (used) 30/- p.p. 4/6.
TURRET TUNERS PETO SCOTT 980, COSSOR 1964, DECCA DR 95, 101/606
38/6 CYLDON C 20/- ERCO 283/330 25/- AB dual standard suitable Ferguson,
Ell, Baird etc. 25/-. Pye CTM 17 25/-, P.p. 4/6. Large .election ch. coils.
LINE OUTPUT TRANSFS. Popular types available, brand new replacement. fully
4uar. A selection which can be supplied, p.p. 4/6, C.O.D. 3/6.
PHILIPS 17TG100 range, STELLA 1011/1029
BUSH TV53 to 69 32/8, 95 to 135 ..
ER00 221 to 331 (152.5 or U26 types) ..

d0/ -
90/-
42/6

LOPT Insert. D.P. 2/ -
Alba 855, 858 ..

FERRANTI 1001 to 1019 (U25 or U26 types) 42/6 Bush TV32., 48, 48 451-
EKCO :342 to 394 FERRANTI 1021 to 1069
EKCO/FERRANTI 418, 1093, etc, ..

75,-
62/6 Cossor 933 to 950

DECCA DM17, 3, 4 (70') DR95, 101/606 .. 78/8 Ekco TP808 .. 351 -

FERG 303 to 436, 42/6; 505 to 727 Emerson 700 range .. 35/ -
FERO HMV MARCONI ULTRA PHILO° Ferguson 203 to 246 .. 35' -
3600, 2500, 4600, 6600, 1100 ranges, Jellypot
KB QVP20, QV20/1 to SV20

75/ - Ferranti 14T5 to 21K6.. 351 -

KB PVP 20 VC1 to VC1I 78/- KB, NF70, OV30, PV40,
MARCONI VT157 to 172 55/ - PVP20, QV10, 20, 30 .. 35/.
GEC 302 to 346, 45/-; 448, 2000 series ..
HMV 1865/9, 1870, 42/6; 1890 to 1924 ..

98113
55 - KB/RGD Featherlight.. 50/-

PYE CTM/CW series (print circuit) 17/21, KB/ROD VC1, 2. 3, 4 .. 35/-
17/8, 110 to 510, 700, 830, 111J to 40F .. 6216 PETO SCOTT 733/738.. 85/-
PAM INVICTA equiv. LOPTS to above Pye 62/6 Philco 1961, 1030 series 85/ -
PETO SCOTT 1419 to 1725, 35/-; 733 to 738
SOBELL/MeMICH TP8173, 180, T23, 24, 178

50/-
Philips 17T0100 range.. 85/ -

274, 8024, 270, MP17, 18, M72, 74 Pre, VT4, VT7 . .. 42/6
T1'8781, T279, 8C34, 370, M1'27, M75, 76, 93 65/- RGD D17, 590 to 819 .. 35/-
195, 282, 1000, 762, 3000 series
PHILCO 1010 to 1021 ..

9813
45' - REG 10-4, 10-17 to 192 35/-

ULTRA 1770 to 2384, PILOT PT450 to 650 72/6 Ultra 1770, 1780 range 36/ -

MANOR SUPPLIES
172 WEST END LANE, LONDON, N.W.6.

(Near W. Hampstead tube sin; 28, 59, 159 Bus Routes) 01-794 8751

MAIL ORDER: 64 GOLDERS MANOR DRIVE, LONDON, N.W.II
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VALUABLE NEW HANDBOOK

Farr
TO AMBITIOUS

KEE ENGINEERS
Have you had your copy of "Engineering Opportunities" ?

The new edition of "ENGINEERING OPPOR-
TUNITIES" is now available-without charge-
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new "ENGINEERING OPPOR-
TUNITIES" should be in the hands of every
person engaged in any branch of the Engineering
industry, irrespective of age, experience or train-
ing.

On  SATISFACTION or
REFUND of FEE' terms

This remarkable book gives details of examina-
tions and courses in every branch of Engineering,
Building, etc., outlines the openings available and
describes our Special Appointments Department.

WHICH OF THESE IS
YOUR PET SUBJECT ?
TELEVISION ENG.
Advanced Television Eng.-
Gen. Television Eng.-Tele-
vision Servicing and Main-
tenance.

ELECTRONIC ENG.
Advanced Electronic Eng.
Gen. Electronic Eng.-
Applied Electronics-
Practical Electronics-
Radar Tech.-Frequency
Modulation-Transistors.
MECHANICAL ENG.
Advanced Mechanical Eng.
Gen. Mechanical Eng.-
Maintenance Eng.-Diesel
Eng.-Press Tool Design-
Sheet Metal Work-
Welding-Eng. Pattern
Making-Inspection-
Draughtsmanship-
Metallurgy-
Production Eng.

RADIO ENG.
Advanced Radio-Gen.
Radio-Radio Servicing-
Telecommunications--
Sound Recording-Auto-
mation-Practical Radio-
Radio Amateurs' Exam.
ELECTRICAL ENG.
Advanced Electrical Eng.-
Gen. Electrical Eng.-
Installations-Draughts-
manship-Illuminating
Eng.-Refrigeration-
Elem. Electrical Science-
Electrical Supply-Mining
Electrical Eng.
CIVIL ENG.
Advanced Civil Eng.-
Municipal Eng.-Structural
Eng.-Sanitary Eng.-
Road Eng.-Hydraulics-
Mining-Water Supply-
Petrol Tech.

THIS BOOK TELLS YOU
* HOW to get a better paid, more interesting

job.
* HOW to qualify for rapid promotion.
* HOW to put some letters after your name

and become a key man . . . quickly and
easily.

* HOW to benefit from our free Advisory and
Appointment Dept.

* HOW you can take advantage of the
chances you are now missing.

* HOW, irrespective of your age, education
or experience, YOU can succeed in any
branch of Engineering.

164 PAGES OF EXPERT
CAREER -GUIDANCE

PRACTICAL INCLUDING

EQUIPMENT TOOLS

Basic Practical and Theore-
tic Course for beginners in
TV. Radio. Electronics etc.
A.M.I.E.R.E. City & Guilds
Radio Amateurs' Exam.

R.T.E.B. Certificate
P.M.G. Certificate

Practical Radio
Television& RadioBervicing

Practical Electronics
Electronics Engineering

Au tuil at ion

The specialist Elec-
tronics Division al
B.I.E. T.
NOW offers you u
real laboratory train-
ing at home with
practical equipment.
Ask for details.

B.I.E.T.

You are bound to benefit from reading
"ENGINEERING OPPORTUNITIES",
and you should send for your copy
now-FREE and without obligation.

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS
INCLUDING CHEMICAL ENGL. AERO ENG.. MANAGEMENT.
INSTRUMENT TECHNOLOGY, WORKS STUDY, MATHE-
MATICS, ETC.

Which qualification would increase your earning power?
B.Sc. (Eng.), A.M.S.E., C.Eng., A.M.I.E.R.E., R.T.E.B., A.M.I.P.E.,
A.M.I.M.I., A.M.I.E.D., A.R.I.B.A., A.I.O.B., P.M.G., A.R.I.C.S., M R.S.H.,
A.M,I.Mun.E., CITY & GUILDS, GEN. CERT. OF EDUCATION, ETC.

British Institute of Engineering Technology
445A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

O IMO

POST COUPON
TO B.I.E.T., 445A ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE

Please send me a FREE copy of "ENGINEERING
OPPORTUNITIES." I am interested in (stale subject,
exam., or career).

NAME
ADDRESS

WRITE IF YOU PREFER NOTTO CUT THIS PAGE

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD


