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Beforeyoubuilda Heathkit
sendaway for a free

bookful of encouragement.
The new Heathkit catalogue.
In it you'll find the whole range of Heathkit

electronic kits. The world's largest range, in fact.
Every one of which you can build yourself.

Easily. And quickly.
And, if you're not convinced, we're sure a quick

glance through our catalogue will soon encourage
you to try.

You'll probably surprise yourself.
Because, even if you've never used a soldering

iron in your life, you can build a Heathkit.
The easy to understand assembly manual and

Kit Builder's Guide you'll get, see to that.

Start with something comparatively easy
perhaps. Like our very popular digital
alarm clock-the one on the front
cover of the catalogue. It should only
take you about three enjoyable evenings.

After which you may like to try your hand at the
AR -1214 stereo receiver. Beautifully finished and

delivering 20 watts music
power a channel, it's
ideally suited to form
the basis of a

complete stereo system.
Or, if you want something to drag you away

from watching television all night, we have just the
thing: a television.

The GR-9900 to be precise. A 12" solid-state
black and white television designed for mains or 12V
battery operation.

So you can use it in
the boat or caravan as well
as at home.

Yet it's so straight-
forward to build that even
a first time kit builder
will probably be switching on
after only a few short evenings of absorbing work.

Send us the coupon now and we'll send you your
free catalogue. Or, if you happen to be in London or
Gloucester, call in and see us. The London Heathkit
Centre is in Tottenham Court Road (where else?) at
number 233.

The Gloucester showroom is next to our factory
in Bristol Road.

At either one you can be sure you'll get a lot of
encouragement.

Heath (Gloucester) Limited, Dept TV -974,
Bristol Road, Gloucester, GL2 6EE.

Telephone: Gloucester (0452) 29451.

r The newHeathkit catalogue. Out now. FREE
To: Heath (Gloucester) Limited, Dept TV -974, Gloucester, GL2 6EE. Please send me my free Heathkit catalogue.

Name Address

Remember easy terms are available with the Heathkit Monthly Budget Plan Schlumberger
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BENTLEY ACOUSTIC
CORPORATION LTD.
7a GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX
All prices inclusive of V.A.T. Telephone: 6743

1)42 0.40
()B2 0.40
cm 0.47
143 0.45
14501 0.50
(.1701 045
11130T 0.50
11)5 1.00
11)6 040
1(16 1.00
11150T 015
11.4 0.20
11.1)5 1.00
I LN5 1.00
1150T 0.65
Ills 045
164 0.33
165 0.30
1U4 0'40
I U3 0.75
21)21 0.40
212 0.50

21125 0.55
3.14 0.50
387 1.00
31)6 0.40
3(44 0.60
3(43(11 015
364 0.35
4C86 0.55
50(18 0.55
5 R40 Y 0.75
51740 0.35Mu 0.54
5130T 0.45
5Z3 0.70
57.40 0.35
5240T 0.45
6 301.2 040
6.460 1.25
6407 049
04115 017
64146 040
6425 0.75
64145 0.34
6426 0.60
64091 0.55

18 040
641.35 0.42
6 ARS 0.55
6486 1.00
8.4T6 0.38
64116 0.30
6.416 0.33
640 84 0.65
64/4 0.75
6890 0.30
6846 0.28
6208 0.60
68E6 042
68060 1.05
68146 0.70
68.16 0.55
6R674 0.60
611Q5 0.23
611(471 015
61187 1.00
68(68 0.85
61107 1.40

68116 0.90
660 7 046
6 BZ6 0.49
604 0.30
606 0.40
609 1.25
6012 040
6017 1.00
60864 0.40
60060 1.00
600/44 0.75
6026 010
601.6 0.55
6CL84 0.80
60117 0.75
6005 0/5
60414 140
41)3 040
61)F.7 0.75
61)1.64 0.75
6E416 0.75
663 1.00
6F1 0.70
6F6(1 0.40
.4'13 045

6F14 0.75 4170 140 14117 0.55 35L601 55
6FI3 0.65 717 1.00 1437 0.80 330'4 010
6E18 0.55 766 0.75 19AQ5 0.50 35Z3 0.75
61,23 040 767 0.70 1906 1.40 237.40T .55
61,24 0.85 71,8 1.00 19(11 2.00 35Z5LIT .75
61,25 1.00 7H7 0.75 201)1 0.55 42 0.50
61,24 0.60 7117 0.80 201)4 2.00 3085 0.85
61,32 0.65 7V7 1.00 201,2 0/5 5003 0.45
6060 0.75 714 0.65 20L1 048 500060145
60116A 0.75 7Z4 0.80 20P) 0.55 30E03 0.55
6025 045 911416 045 20P3 0.80 501.60T 65
60117 0.75 91)7 045 20P4 140 72 0.33
61460T 0.25 1002 065 20P5 1.30 77 043
6.1541T 040 1613E7 0.55 25A6(1 0.38 8542 040
6.16 0.25 10F1 0.50 231.601 8513 1.00
6270 0.30 I OF9 015 2315 0.80 901(1 313
627(31) 0.45 10E18 0.55 25156 0.70 9000 2.40
6.11184 0.75 10L1)11 70 253:5 0.80 900V 1.63
614711 0.25 10P13 0/0 25z6cT 70 9001 0.75
6K80 0.45 10P14 2.00 281)7 1.00 15082 0.75
61.1 2.00 1216 1.00 3045 0.65 907 0.59
61.601 0.58 12406 0.65 3001 0.33 4033X 6.00

CY6 043
CV63 0.53
011C 1.00
CY31 0.45
1)63 015
114.F96 0.44
DC90 040
1)1)4 1.00
DF91 0.30
DF96 0.44
1)1063 010
11H77 0.38
01(81 0.75
D K40 0.70
01(92 0.70
DK96 0.60
1)L33 0.55
01.96 045
DM70 0.44
1)5671 2.00
Dw4,5n0 81
1)107/6 040

EBC41 0.65 E F80 0.26 F114/800 81 PCF200 67
EBC81 045
68090 043

E F83 0.95
171,03 0.34

01501 0.76
07.30 045

PCF801 48
PCF802 .50

EBC91 013 EP% 0.30 0632 044 PCF805 73
EBF80 049 E F89 0.27 (17,33 1.00 PCF806 .56
ERF83 0.43 EF9 I 0.37 0234 045 PCF808 70
EBF89 040 6F92 040 GZ37 047 PC11206 70
EBL2I 2.00 EF97 0.80 HABCSO 60 PC1.82 0.35
EC52 1.00 EF98 0.80 H1.231)1)75 P01.83 044
2053 1.00 EFI93 0.29 01.411)11 PCI.$1 048
6034 140 11F184 0.32 141.4201.70 PCL805/85
EU% 0.70 E1,804 1.20 H\ 309 110 0.55
E088 0.70 EFP60 2.00 111112 140 PCL86 0.47
EC92 045 6.1190 0.43 HY R2 k E1 PC1.88 0.80
20032 1.50 EL32 0.50 1%14/330 6.1 P1)500 144
60033 1.50 61.34 0.54 1%14/500 61 PEN41)1)
60035 0.95 61.35 2SO K T2 0.50 2.00
EcC40 1.00 EL37 2.50 KT8 2.00 116143 0.80
E0C8 I 0.34 F.1.41 0-60 KT41 013 P6145101
EcC82 0.28 ELIO 0.60 1(144 1.00 040
ECC83 0.28 61.83 0.55 KT63 0.40 PE146 040
E130811 0.30 61.94 043 K T66 2.40 PEN4331)1)
ECCR5 016 21.85 0.44 KT8i 2.00 2.00
ECC86 015 EL86 0.38 KT%161 1-00 PENA4 048
ECC88 044 P.1.91 0.40 21(162100 PENG) 0/
600189 65 E1.360 1.20 KT1163 140 4020 240
600904 80 21.506 0.85 1,8162 1.00 P1.33 010
ECC8071.00 ELL60 0.80 M1{1.4 0.75 PI.36 0.65
ECF80 044 EM80 0.45 MH1.06 81 P1.81 0.44
ECF82 048 EM81 0.65 MX40 110 P1.81A 0.65
ECF86 0.75 EM83 015 N339 540 PI.82 040

VALVES ALSO REQUIRED FOR CASH. LOOSE OR BOXED, BUT MUST BE NEW. OFFERS MADE BY
61.7 0.50 12414 0.65 30015 0.75 5702 0.80
61.18 0.55 124E6 0.65 30017 040 6057 1.00
61.19 2.00 I2AT6 0.38 30018 0.73 6060 1.00
61.1)20 0.75 124T7 0.34 30F5 0.80 4067 1.00
ON7GT 0.60 124 U6 0.45 30FLI 0.75 7193 013
6P15 013 12A07 0.28 30FL2 0.75 7475 1.00
6147114 0.50 12416 0.50 30/0.12 1.00 41934 1.00
6(47(M1 0.55 124X7 0.28 30FL13 55 A2134 048
6Q70T 0.50 121146 0.40 30FL14 70 43042 0.75
6117 0.75 1211E6 0.50 30L1 040 402/PEN
6870 0.60 1211H7 0.50 30L115 0.75 0.98
6847 0.44 12E1 3.00 301.17 0.70 AC6PEN .38
66070T .33 171250T 33 30P4 M It AC2/PEN.
6007 0.44 12.170T 65 1.00 DI) 043
64E17 0.44 121(5 140 30P12 0.60 AC/ PEN (7)
6627 0.55 12K7GT 45 30P16 010 0.98
66670T .44 12Q7OT 45 30P181 AC/TF[1140
68Q7OT 45 126470T.55 30P4 0/5 41.60 140
61140T 0.70 12607 0.50 30PL1 0.66 ARP3 0.35
61770 0.75 128117 040 30P1.12 .35 ATP4 0.40
6V60 047 126117 045 301.1.13 75 AZ) 040
616(1T 0.45 12627 0.44 30PL14 80 AZ31 0.60
664 0.40 12617 040 30P1.15 90 A641 0.65
61501 0.40 126Q7GT65 3543 0.65 111.63 200
616(1 0.75 12.+1:7 0.75 3505 0.75 ('117 1 50

RETURN.
01802 0.33 ECF804240 EM84 0.40 P61 0.50 PI.83 0.45
68000 145 601121 2.00 EM85 140 PABC80 38 P1.84 043
ESOP 140 E0H35 1.25 EM87 0.70 P006 0.60 P1.504/500
F.83F 1.20 E0H42 0.70 EM M803 62 PC89 0.60 047
E88CC 140 201481 010 6Y51 0.40 PC95 0.75 PL505 145
E92CC 1.00 ECH83 044 EY81 0.40 PC97 048 PI.508 040
EVIOCC 95 E01484 0.44 1, .183 0.54 PC900 015 PL509 1.15
EI8OF 1.00 ECL80 0.40 EY84 0.70 P0064 010 PI.802 045
E 182CC 1.00 ECL/12 0.34 6187;6 .33 PC085 0.44 P5684 0.60
E1148 0.53 ECI.83 017 6188 0.40 PCZ813 040 P13319 60
EA50 0.27 ECIA4 0.60 6191 0.58 PC089 0.50 PY80 048
EA76 1.00 ECI.85 040 EZ40 0.55 PCC189 0.53 P181 011
EABC80 88 E01.86 040 EZ41 0.75 PCC805 0.75 P182 0.30
EAC91 0.75 EF22 1.50 EZ80 0.28 PCA;1106 0.70 PY83 045
EAF42 040 EF40 0.75 F,Z81 0.27 PCF80 0.33 P188 018
EAF801 75 EF4I 0.70 FC4 1.00 PCF82 0.35 P1301 0.70
EB34 0.25 EF42 0.65 P6141300 PCF84 0.59 PY500 0.86
E1191 045 61,73 1.50 1.00 PCF86 0.55 PY5004 85

PY800 0.35
P 1801 045
P630 0.4111
QQ103/10

1.75
Q473/201.00
Q695/10140
(48150/15

140
Q10417

1.00
11 16 1.75
It17 0.88
RIR 0.70
1(19 0.38
RIO 060
R52 0.35
2234 100
TH4B 140
TH233 048
TP22 100
TP.25 140
TP2620 98
IJABC80 40
IJA F42 040
UBC41 0.53
ITBC81 OAS
U BF/10 0.38
UBF89 0.40
U131.21 0.77
LIC92 0.45

U0084 0.75
UCC85 0.45
UCF80 045
UCH21 2.00
UCH42 0/0
UCH81 0.38
1101.132 0.38
UCL83 0.55
UF41 0.70
U F42 0.70
CFR° 0.35
11F85 0.44
11P66 1.00

F89 0.38
111.41 0.65
1'1.84 0.42
115180 044
URIC 140

005 1.00
UU9 045
UU 12 0.27
13141 0.49

183 0.38
1'10 1.00
1'1214 1.00
i I,) 1.00
i'17 0.35
1'18/20 1.00
1'19 1.73
1'22 0.50
1'23 0.80
1'26 080
031 0.33
1'33 1.50
035 1.50
1'37 1/5
1'45 0/8
1'47 0.80
049 040
1'50 045
1'76 0.55
1'78 040
1581 0.80
1'191 0.70
1'193 0.35
1'251 0.80
0281 0.55
1'282 0.55
('301 0.58

1'403 0/5
1'404 0.49
1'801 0.85
1'4020 0.65

P13C 0.35
% P29 0/5
%. P41 0.75
% TRIA 0.35
111111 0.44
1'U120 0.60
1171204 60
111133 045
0'107 140
0 729 1.00
X41 1.00
/63 1.25
X66 1.25
X0/1.6 48

All goods are unttaed, boxed. and suhjec to the standard 90 -day guarantee. Cash or cheque with
order. Desna ch chargesi-Ord ere below LT, add 109 per order unto three Rams, then each additional
Item 39 extra. Orders between ZS and 410 add 259 total. Orders over 410 poet free. Same day des-
patch. An)' pared' insured against damage In transit for only Op extra per parcel. Terms of
huaineas free on request. Please enclose S.A.E. for a reply to any correspondence. Many other
types in stork ton numerous to list.

TV LINE OUTPUT TRANSFORMERS
ALL MAKES SUPPLIED PROMPTLY by our

RETURN OF POST MAIL ORDER SERVICE
All Lopts at the one price

£4.95 TRADE £5.50 RETAIL (INCLUDING V.A.T.)
Except Post and Packing 30p COD 33p
BUSH MODELS TV53 to TV101. HMV MODELS 1876 to 1878, 1890 to 1896, FR 20.
EKCO MODELS TC208 to TC335, TV407 to TV417. MURPHY MODELS V280 to V330, V420, V440, 653X to 789 OIL -FILLED.
FERGUSON MODELS 305 to 438, 506 to 546. REGENTONE MODELS 10-4 to 10-21, 1718, R2, R3, 191, 192.
FERRANTI MODELS 1084 to 1092. RGD 519-621, 710, 711.

ALL AT £2.75 30p P&P

EHT TRAYS SUPPLIED -MONO & COL.
All Lopts NEW and GUARANTEED for SIX MONTHS

E. J. PAPWORTH AND SON Ltd., 01-540 3955
80 MERTON HIGH ST., LONDON, S.W.19 01-540 3513
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TRANS STORS Type Price (f)1 Type Price (E) Type Price (1) Type Price (£) Type Price (E) Type Price (t) Type Price (i) Type Price (E)

Type Price (E) Type Price (E)BD132 0.50:BF596 0.70 OC8ID 0.30 2N3790 4.15 BA154 0.13 TAA435 0.85 ECC82 0.41 PCL82 0.50

AC107 0.35 BCI35 0.15 8D135 0.401BFT43 0.55 0C139 0.28 2N3794 0.20 BAI5S 0.16 TAA450 1.85 EF80 0.41 PCLB4 0.54

AC I 17 0.24 BC136 0.20 BD136 0.46 BFWIO 0.55 0C170 0.25 2N38 I 9 0.35 BAI56 0.15 TAA550 0.49 EF183 0.53 PCL85 0.58

AC126 0.25 BC137 0.20 BD137 0.48 BFX29 0.30 OC171 0.30 2N3823 1.45 BA157 0.25 TAA570 1.39 EF184 0.53 PCL86 0.58

AC127 0.25 BC138 0.20 BDI38 0.50 BFX30 0.35 ON236A 0.6S 2N3904 0.16 BAXI3 0.06 TAA611 0.73 EH90 0.55 PFL200 0.74

AC128 0.2S BC142 0.30 BDI39 0.55 BFX84 0.25 R2008B 2.05 2N3905 0.18 BAXI6 0.07 TAA630Q 3.29 PC86 0.67 PL36 0.80

AC141K 0.27 BC143 0.35 BDI40 0.62 BFX85 0.26 R2010B 2.10 2N3906 0.15 BBIO5B 0.45 TAA700 3.30 PC88 0.76,PL84 0.61

AC I 42K 0.19 BCI47B 0.13 BD234 0.75 BFX88 0.24 TIP3 I A 0.65 2N4036 0.52 BBIO5G 0.35 TAA840 1.64 PCC89 0.58 PL504 0.80

AC154 0.20 BC I 48 0.12 BDX32 2.55 BFY50 0.25 TIP32A 0.67 2N4046 0.35 BRIO0 0.50 TAA861A 0.49 PCF80 0.47'PL508 0.95

AC176 0.25 BC149 0.14 BDYI8 1.78 BFY5I 0.23 TIS43 0.30 2N4289 0.20 BY100 0.15 TAD100 1.42 PCF86 0.5131PL509 1.44

AC187 0.25 BC152 0.25 BDY20 0.99 BFY52 0.23 2N706 0.12 2N4291 0.18 BY126 0.16 TBAI20 0.68 PCF801 0.581PY81 0.45

AC188 0.25 BC I 53 0.20 BFI I5 0.20 BFY90 0.70 2N706A 0.15 2N4292 0.20 BY127 0.17 TBAI20S 0.99 PCF802 0.63IPY88 0.52

AC193K 0.30 BC154 0.20 BFI21 0.25 BPX25 1.65 2N916 0.20 2N5296 0.37 BY133 0.23 TBA240A 088
AC194K 0.32 BC157 0.15 BF123 0.28 BPX29 1.60 2N918 0.42 2N5298 0.38 BY164 0.55 TBA480Q 1.24 MASTHEAD AMPLIFIERS
ACY39 0.68 BCI58 0.13 BFI25 0.25 BPX52 1.90 2N1304 0.21 2N5457 0.30 0A47 0.07 TBA500 1.99 Labgear type CM6000 corn -
AD I 40 0.50 BC159 0.15 BF127 0.30 BRY39 0.40 2N1305 0.21 2N5458 0.35 0A81 0.10 TBA5000 2.00 piece with mains power unit
AD I 42 0.52 BCI67B 0.15 BF158 0.25 BSY54 0.50 2N2646 0.53 2N6027 0.65 0A90 0.08 TBA5I0 1.99 CM600I/PU
AD149 0.50 BCI68B 0.13 BF159 0.27 BSY56 0.80 2N2904 0.22 40250 0.60 0A91 0.07 TBA520Q 2.72 Groups A, B or C/D 69.87

AD I 61 0.38 BC169C 0.13 BF160 0.22 BT106 0.99 2N2904A 0.26 40361 0.48 0A95 0.07 TBA530 1.98
SPECIAL OFFERS

AD162 0.38 BCI70 0.15 BFI61 0.45 BU 105/02 1.95 2N2905 0.72 40362 0.50 0A200 0.10 TBA530Q 1.99
AF 14 0.25 BCI71 0.15 BF163 0.45 BUI08 3.25 2N2926G 0.13 IN914 0.07 TBA540 2.20 (until Sept. 1st only)

DIODESAF 15 0.25 BC172 0.14 BF167 0.25 BU126 1.93 2N2926Y 0.12 IN4148 0.05 TBA540Q 2.21 TAA550 i.c. 50+ 40p each
AF 16 0.25 BC173 0.20 BFI73 0.25 BU204 1.98 2N3019 0.75 Type Price (£) IN4448 0.10 TBA550Q 3.29 100+ 31p each
AF 17 0.20 BCI76 0.22 BF177 0.30 BU205 1.982N3053 0.21 AAII9 0.09 TV20 1.20 TBA560C 2.71
AF 18 0.50 BC177 0.20 8FI78 0.33 BU207 3.00 2N3054 0.55 AA129 0.20 TBA560CQ 4A Rotary Mains Switch

1 NTE.
AF 39 0.35 BC178 0.20 BF179 0.33 BU208 3.15 2N3055 0.60 AA213 0.30 2.72 I+ 26p, 50+ 20p, 100+ 15p

AF 47 0.35 BC179 0.20 BFI80 0.35 BU209 2.55 2N339I A 0.23 BAI02 0.25
GRATED
CIRCUITS TBA570 1.17 Full range of vdr's, ntc and

AF
AF

78
80

0.55 BCI82L
0.55 BC183

0.11
0.11

BF181
BFI83

0.33
0.44

CRSI/40
ME6001

0.45
0.16

2N3706 0.10
2N3771 1.70

BA I IOU 0.30
BAII5 0.12

Type Price ,
pe Price

CA30657 1.90'

TBA64I 0.76
TBA673 1.80

ptc resistors available -
please see lists.

AF239
ALIOO
AL102

0.400.11
1.10
1.10

BCI84L
BC186

0.13
0.25

BF184
BFI85
BF194

0.26
0.26
0.15

ME6002
ME8001
MJE340

0.17
0.18
0.68

2N3772 1.90
2N3773 2.90

BA145 0.17
BAI48 0.17

tic 1307F, lis,
MCI310P 2.94'MC135IP 0.75

TBA700 1 90
TBA720Q 2.20
TBA750Q 1.54

PAL Subcarrier Crystals
(wire -ended): 35p each

ZENER DIODES
(400m W) (I W)AL103

AU103
1.10
1.40

BC187
BC2 I 2L

0.25
0.12

BF195
BF196

0.15
0.15

MJE341
MJE370

0.72
0.65

MCI358PQ
1.85

TBA800 1.75
TBA920Q 3.29

PAL Chroma Delay Lines:
Type DLI £1.40

AU 110 1.10 BC2 1 3L 0.12 BF197 0.17 MJE520 0.85 12p each 18p each mc3031p 0.58 TBA990 3.29 Type DLIE 11.65
BCBCvergence07

08
0.11BC2I4L
0.12 BC261

0.15 BFI98
0.28 BF199

0.20
0.25

MJE521
MJE2955

0.95
1.20

3.0-33V 3.3-68V
(STANDARD VALUES)

MFC4000B 43
MFC4060A .70

TBA990Q 3.29
TCA2700 3.30

RCA (UK) Deflection Con-
Coils: £4.85

BC
BC

09
09C

0.13IBC263
0.141BC300

0.25 BF200
0.58' BF222

0.35
1.08

MJE3055
MPFI02

0.74
0.40

MINIATURE
BRIDGE RECTIFIERS

SL9I7B 3.80
SN76013N 1.75

VALVES
Type Price (I) P. & p.: UK £0.08 per Order

BC 13 0.1318 C303 0.60 BF240 0.20 0C28 0.65 PIV 2A 4A 6A SN76023N DY87 0.39 Overseas: At cost
BC 14 0.20 BC308 0.10 BF241 0.20 0C36 0.55 50V 0.35 0.38 0.43 1.75 EB91 0.30 PLEASE ADD 10% for V.A.T.
BC 15 0.20,BC309 0.15'BF244 0.18 0C44 0.15 100V 0.38 0.43 0.49 TAA300 1.46
BC
BC
BC

16
17
25

0.20
0.201BCY33

0.22I 8D115

0.95 BF256
0.36 BF257
0.65 BF258

0.45 0C45
0.49 0070
0.66 0071

0.15
0.15
0.15

200V 0.41 0.48 0.60
400V 0.45 0.60 0.71

TAA320 0.94
TAA350 1.54 EAST CORNWALL

All items advertised ex -stock on mag-BC 26 0.20 80123 0.98 BF259 0.9310072 0.15 COMPONENTS
BC 32 0.15 BDI24 0.80 BF263 0.70 0075 0.25 azine copy date. All prices subject to
BC 34 0.20180131 0.45 BF337 0.35 0081 0.25 availability. Please send S.A.E. for lists.CALLINGTON - CORNWALL PL17 8PZ

THE MARK TWO GENERATOR

'7-4Adtery

off

on

synch.

video
output

Cross hatchimeterotor

Ready built unit only £10.92
Kit only £8.72
Above prices include V.A.T. and
p. Ft p. but do not include batteries

This is our Mark Two, vastly
improved Cross Hatch
Generator
* With plug in I.C.'s and a more

sensitive sync. pick-up circuit.
* Virtually unbreakable -designed

with the engineers tool -box in
mind. Size 3" x 5+" x 3".

* Supplied to large T.V. Rental
companies for service engineers

rPlease send me the NEW free B I -PR E- PAK
I Catalogue

Please send me complete ready built
Mark Two Cross Hatch Generators
Please send me kits of Mark Two

BI-PRE-PAK LTD
I Cross Hatch Generators

I enclose cheque/P.O./M.O. for
Co Reg No 820919

Dept. G 222.224 WEST ROAD, WESTCLIFFON-SEA, ESSEX. Name

TELEPHONE: SOUTHEND (0702) 46344. I Address

I

I

I
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T.V.'S TO THE TRADE

BBC 2 from £2.00
Others: G.E.C. 2000 from £6.00; 950's Mk. II and

Mk. III £6.00; Baird 660's £5.00; Bush 141 U
£4.50; Style 70's £6.00; Baird P/B Tuner
£9.00; Thorn 1400 P/Button 8. Rotary
£12.00; Integrated, i.e. Pye, Ecko, Ferranti
(Olympics, Europa, etc.)

Bush 170's, Philips 210 Series, etc. £12.50

To the Trade only we will undertake to supply all
Spare Parts Free.

Discount for Quantity, deliveries anywhere in the
country.

Colour: Bush -Murphy 19"-25"
G.E.C. 19"-25"
Decca 19"-25" from £40.00
Philips 25"
Baird 25"
Thorn 19"-25"

Alberice 10p Slot Meters from £1.50

Please note that there is V.A.T. on
all items mentioned

MAIL ORDER SERVICE
(Stamped addressed envelopes appreciated

for your queries)

T.V.'s Tested Working 19" at £8.50
Untested 19" at £4.00 plus p Et p £1.50Tested Working 23" at £10.50 r
Untested 23" at £5.00

Tubes any 19" £3.00-23" £4.50 plus p Er p £1.50
ALL TUBES IN GOOD WORKING ORDER
L.O.P.T.'s from £2.00 plus 50p
UHF Tuners P/Button at £3.00 plus p 8 p 50p
UHF Tuners Rotary at £2.00 plus p Ft p 50p
Integrated Tuners at £4.50 plus p p 50p

Valves any at 12p plus p Er p 5p. (Free p 8 p for orders
of 10 or over)

Complete Working Panels for T.V.'s such as Philips
Style 70's, Bush 141 U, 170's

I.F. Panels for Integrated (Pye, Ekco, Olympic and
Europa models)

Spares for colour, i.e. for Baird, Bush, Murphy, Decca,
Philips G6. (includes Tubes (19" Er 25"), Panels,
Lopts, Tuners, etc.)

No connection whatsoever with any
other company

TRADE DISTRIBUTORS (I.M.O.S.)
5 COMMERCIAL ST., HARROGATE

Tel. Harrogate (STD 0423) 3498

"I MADE IT MYSELF"
Imagine the thrill you'll feel ! Imagine how impressed \
people will be when they're hearing a programme on a
modern radio you made yourself.

Now! Learn the secrets of radio
and electronics by building your

own modern transistor radio!
Practical lessons teach you sooner

than you would dream possible.
What a wonderful way to learn - and help qualify yourself
for a new, better -paid career! No dreary ploughing through
page after page of dull facts and figures. With this fascinating
Technatron Course, you learn by building!

You build a modem Transistor
Radio . . . a Burglar Alarm. You
learn Radio and Electronics by
doing actual projects you enjoy -
making things with your own
hands that you'll be proud to own!
No wonder it's so fast and easy to
learn this way. Because learning
becomes a hobby! And what a
profitable hobby. Because oppor-
tunities in the field of Radio and
Electronics are growing faster
than they can find people to fill the
jobs!

No mathematics,
no soldering - yet you
learn faster than you
ever dreamed possible.
Yes! Faster than you can imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you
how to: read circuits - assemble
components - build things -
experiment. You enjoy every
minute of it !

You get everything you need.
Tools. Components. Even a ver-
satile Multimeter that we teach
you how to use. All included in
the course AT NO EXTRA
CHARGE' And this is a course
anyone can afford. You can even
pay for it in easy payments - in
fact you could make extra cash
from spare -time work when you've
turned yourself into a qualified man
through B. I.E.T. training.

So fast, so easy,
this personalised course
will teach you even if
you don't know a thing
today!
No matter how little you know
now no matter what your back-
ground or education, we'll teach
you. Step by step, in simple
easy -to -understand language, you
pick up the secrets of radio and
electronics.

You become a man who makes
things, not just another of the
millions who don't understand.
And you could pave the way to a
great new career, to add to the thrill
and pride you receive when you
look at what you have achieved.
Within weeks you could hold in
your hand your own powerful
radio. And after the course you
can go on to acquire high-
powered technical qualifications,
because B.I.E.T.'s famous courses
go right up to City & Guilds
levels.

Send now for FREE
76 page book - see how

easy it is - read what
others say!
Find out more now! This is the
gateway to a thrilling new career,
or a wonderful hobby you'll
enjoy for years. Send the coupon
now. There's no obligation.

POST

TODAY FOR

FREE BOOK

Ii

To: BRITISH INSTITUTE OF I BTV 85
ENGINEERING TECHNOLOGY
Aldormaston Court, Reading 1167 IIF QH

Yes, I'd like to know more about your course. Please send
me tree details-plus your big, 76 -page 000k tnat tells
about all your courses.

NAME

ADDRESS 111110

IBIET
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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STRICTLY WHOLESALE ONLY

is as near as your phone
wherever you are .. .

by return dispatch .

Stockists of genuine manufacturers spares
for Rank Bush Murphy ... CES Pye
Philips ... Invicta . . Pam ... Ekco ... Ferranti ...
BRC .. Ferguson ... Ultra ... Marconi ... HMV ..
Stockists of TELEPART SPARES for Decca
KB . . . GEC ... Sobell Masteradio RGD etc.
Line output transformers ... EHT rectifier trays ...
Scan coil assemblies ... Frame and sound outputs ..
Dropper sections . . Entertainment valves ...
Transistors and integrated circuits . . . Components ..
Cathode ray tubes ... Meters ... Test equipment ...

The spea,44.Si whoksater

Setyke EnOteets.

willow vale
ELECTRONICS LTD

NO RETAIL ENQUIRIES PLEASE

4.5 THE BROADWAY - HANWELL
LONDON W7 01-567 5400 :01

74 MAXWELTON RD - PAISLEY
RENFREW 041-887 4949 #
42 WEST END - STREET
SOMERSET 045-84 2597

Ask for your free copy of
our 68 -page catalogue.
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SETTING STANDARDS IN SERVICING
It is easy for us to become so engrossed in the technical
side of television that we overlook the problems as the
user experiences them. If you were a customer who
knew nothing of the technicalities involved for example
you would depend very heavily on the expertise of a
service engineer when a fault occurs. In the case of
colour the need for expertise is much greater.

There are variations in the standards of fault location
and repair of course-it takes longer for one man than
another to diagnose trouble correctly. An engineer may
not make the correct diagnosis even, but it is important
that he should. In a parallel but more critical situation
there is public outcry when a doctor or surgeon makes
the wrong diagnosis of a patient's disorder since life is
at stake.

We like to think of the television set as another
patient with a life. Though human emotions are much
less involved the television set has a right to live from
the day it is created, and to provide the pleasure for
which the customer has paid.

We have heard reports of unqualified personnel
setting up in business to "service" colour television sets
without being able to follow even the most basic trading
standards. If they get into a mess and can't cope the set
is returned with the excuse that spares cannot be
obtained ! What can the customer then do but consult
the established high street shop for help, only to be told
that someone without any real knowledge of how the
set works has been tampering with it?

It is a sad but all too common situation. It also
creates an unfair image of the trade.

Some countries have taken steps to tidy up this
problem. It is interesting to note for instance that
West Germany has a register of qualified service
engineers. This makes it almost impossible for sub-
standard or clandestine firms to achieve the recognition
or confidence of the public at large.

In the UK the Radio, Television and Electronics
Examination Board has worked for some years to
maintain servicing standards, in conjunction with the
City and Guilds of London Institute. Now the Radio
and Television Servicing Course is to be replaced by
a Certificate of Competence in Colour Television
Servicing.

Whilst such measures are commendable they remain
very much a voluntary means of recognition and one
wonders whether the standards of servicing skill will
be high enough. There is also the problem of pay and
conditions of employment, highlighted in recent
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correspondence. Coming back to the non -technical
consumer, he pays for service and often complains. If
the standards were made higher, perhaps with special-
isation in products, the customer should have much less
cause to complain. RCA have tried to go some of the
way by offering servicing support facilities but so far
there has been insufficient demana to keep ,)em busy.
Could this be a good omen ?

-Editor

IPC Magazines Limited 1974. Copyright in all drawings, photographs and articles published in "TELEVISION" is fully protected and repro luction
or imitation in whole or in part is expressly forbidden. All reasonable precautions are taken by "TELEVISION" CO ensure that the advice and data
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All correspondence intended for the Editor should be addressed to Fleetway House, Farringdon Street. London EC4A 4AD. Address correspondence
regarding advertisements co Advertisement Manager, Fleetway House, Farringdon Street, London EC4A 4AD.
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TTI
CTV SERVICING CERTIFICATE

The Radio, Television and Electronics Examination
Board has since 1944 run the practical tests used in
conjunction with the servicing courses of the City and
Guilds of London Institute. The ability to pass these
tests has come to be recognised as evidence of practical
servicing ability throughout the trade. With the ending
of the Radio and Television Servicing Course and the
rapid growth in colour television the RTEEB has
decided to establish a Certificate of Competence in
colour television servicing. This will not be directly
linked to City and Guilds courses. The test will be open
to anyone who has passed the appropriate radio,
television or electronics courses run by the City and
Guilds of London Institute, to those in the forces who
have qualified in an electronics trade and to mature
candidates over 25 years of age, all of whom must have
had at least twelve months experience in colour tele-
vision servicing certified by their employer.

The test will comprise the location but not repair of
five faults on at least two different colour chassis; con-
vergence and preset control adjustments on another
chassis; and in the case of candidates who do not hold
the appropriate City and Guilds certificates a thirty
minute written paper.

Successful candidates will be awarded a certificate
which it is hoped will like its predecessors be recognised
by the industry as evidence of competence in colour
television servicing. A series of pilot tests is currently
being held at Skills Centres of the Training Services
Agency (the old Government Training Centres) and
once the scheme has been validated the first test of a
limited group of candidates for the certificate itself will
be held. Further details will be announced at a later
date.

MORE ON THE 20AX

Mullard have released further technical details of
their 20AX in -line gun, slotted shadowmask, vertical
phosophor striped screen tube which they now say is
expected to be introduced gradually into production
receivers towards the end of next year. Since the tube
with its associated deflection yoke is self -converging no
dynamic convergence assembly is required and the ab-
sence of this means that the tube is even shorter than the
present 110° tubes. A static correction assembly in-
corporating four easily adjustable ring -shaped per-
manent magnets for adjustment of purity, raster
symmetry and static convergence is clamped on the
tube neck behind the deflection yoke. Depositing the
phosphors on the screen in vertical stripes confers two
advantages over the dot triad system. First, beam

landing errors in the vertical direction have no effect
on colour purity, simplifying adjustment. Secondly, the
degaussing required in the horizontal direction is
reduced. The degaussing coils are fitted above and
below the tube instead of at the sides and the total
degaussing requirement is reduced from 500 ampere -
turns to 300AT (peak), enabling the material content
of the coils to be reduced by 60%. The degaussing
circuit is the same as that used with delta -gun tubes
with the addition of an 0.1p F capacitor across the coils
to short-circuit them at line frequency. In addition to
the saddle -wound scan coils a four -pole toroidal
winding to compensate for tolerances is mounted on
the deflection yoke core.

PROJECTION TV DEVELOPMENT

One of the things that has made projection TV an
expensive proposition is grinding and polishing the
lenses required. Mullard Research Laboratories have
now however developed a much cheaper and simpler
precision moulding process involving the use of a glass
base which carries a hard and durable plastic coating.
The surface of the plastic coating is profiled to obtain
the required lens characteristics and it is claimed that
a more consistently accurate profile giving improved
optical performance is possible. A number of lenses
have been made using the process, including an aspheri-
cal corrector plate specifically developed for large -
screen colour projection TV use.

REMOTE CONTROL SYSTEM FROM TEXAS

A couple of sophisticated integrated circuits which
together comprise a remote control system for television
receivers have been introduced by Texas Instruments.
A complementary m.o.s. device, the TMS3835, is used
for the control transmitter and has twenty channels.
There are a number of analogue channels for the
control of functions such as volume and brightness, and
digital channels for station selection. At the receiver
end a straight m.o.s. device, the TMS3700, is used.
An i.c. has also been introduced for use with touch -
sensitive tuners.

RELAY STATION OPENINGS

The following relay transmitters are now in operation:
Birch Vale (Peak Park area, Derbyshire) BBC -1

channel 40, ITV channel 43 (Granada programmes),
BBC -2 channel 46. Receiving aerial group B.

Heyshaw (North Yorkshire) ITV channel 60. Re-
ceiving aerial group C/D.
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Littleborough (Lancashire) BBC -1 channel 21,
ITV channel 24 (Granada programmes), BBC -2
channel 27. Receiving aerial group A.

Marlborough (Wiltshire) ITV channel 25 (Southern
Television programmes). Receiving aerial group A.

Morpeth (Northumberland) BBC -1 (NE Region)
channel 22, ITV channel 25 (Granada programmes),
BBC -2 channel 28. Receiving aerial group A. Note that
the transmitting aerial of this station is highly direc-
tional, tailored to its particular service area. It is not
intended to serve all those in sight of the transmitter.

Whitworth (Lancashire) BBC -1 channel 22, ITV
channel 24 (Granada programmes), BBC -2 channel 28.
Receiving aerial group A.

All these relay transmissions are vertically polarised.

COLOUR TV HISTORY

The accompanying photograph from RCA sums
up the progress that has taken place in colour receivers
since the commencement in the USA just 20 years ago
of colour television transmissions to the RCA/NTSC
standard. John Konkel who has been with RCA
throughout is shown with RCA's first production
model, the 15in. (round shadowmask tubes in those
days!) console Model CT100, and their latest all solid-
state XL100 chassis. Production of the CT100 started
on March 26th 1954 when it sold for about $1,000 and
employed a chassis using 37 valves. The XL100 chassis
is to be used in what is understood to be the first all
solid-state range of colour receivers to be introduced
by a US setmaker. RCA have now gone over to ex-
clusive production of all solid-state colour receivers-
the last RCA valve set was produced at their Blooming-
ton, Indiana plant last June 7th. The new XL100 chassis
consumes 22.5-52% (depending on c.r.t. size) less
energy than comparable valve sets.

The history of colour receivers-from RCA's first 1954
model to their latest all solid-state receiver.

It was 1967 before the percentage of homes in the
USA with colour receivers reached the present UK
level of 33% (UK colour transmissions started in late
1967-remember?). There was then what has been
described as a slight hiccup in the US market before
sales picked up again to reach 70% market penetration
this year. This compares with 33% penetration in the
UK, 24% in W. Germany and an astonishing 85% in
Japan. It has been estimated that in 1975 42% of sets
sold in the USA will go to first-time customers while
58% will be replacements.

In the UK a hiccup in the growth of colour TV has
certainly occurred this year, with the number of sets
delivered by UK setmakers during the first five months
13% down on 1973. This comes at an awkward time,
with new plant coming into production. Monochrome
production is also down-rather alarmingly so at 45 %.

Whilst on the historic kick it is interesting to recall
that Thorn/BRC adopted the all solid-state approach
to colour right from the start in 1967. They were
followed by Rank (Bush/Murphy) in 1969 and by
Philips in 1970 with their G8 chassis which also intro-
duced us to varicap tuners.

Looking ahead, Bernard Rogers of RRI predicted at
a recent RTRA/RRI conference that three-dimensional
TV using laser display techniques would be with us
sometime during the next 10-15 years.

LATE SHOW NEWS

Another colour set fitted with an in -line gun c.r.t.,
this time from Korting. This 20in. model is fitted with
a PIL tube and incorporates a chassis with 16 modules
(11 direct plug-in) and a thyristor line timebase. ITT
apparently have a 110° all -transistor colour chassis on
the way.

Two new all -transistor 110° colour models, the 4000
and 5000, have been introduced by Bang and Olufsen.
The single chassis is constructed on the modular
principle with the aim of making field servicing par-
ticularly simple. A circuit feature is what B and 0 call
PCT-permanent colour truth. The principle of this is
understood to be that the three c.r.t. beams are
monitored and balanced automatically at each field
blanking interval.

Next year's Radio and Television Trade Shows are
again to be held in London hotels, the dates being
May 18 -22nd. There are plans for a move to an exhi-
bition centre out of London-Birmingham's National
Exhibition Centre-in 1976. The exhibition would be a
combined radio/TV and appliances show.

Meanwhile Sony have announced the development
of 22in. 120° and 20in. 122° versions of their Trinitron
tube. And here's something that might cause confusion
some time in the future: it is understood that Decca
are to produce colour sets which will be marketed
under the Telefunken brand name while GEC are to
produce colour sets which will be marketed by Siemens.

OPTOELECTRONIC TV SET COUPLING

The use of an optoelectrical signal coupler to provide
a socket outlet for TV sets-for connecting to a video-
tape recorder for example-with the necessary safety
isolation is suggested by Hewlett-Packard who have
introduced a range of couplers with the required
electrical safety characteristics-tested for electrical
leakage at 2.5kV for one second and rated as suitable
for operation at 220V r.m.s.
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MODERN
TV
POWER
SUPPLY
CIRCUITS
IT was only a comparatively short time ago that the
design of power supplies for most monochrome and
colour receivers involved little more than routine care.
The circuits were simple, usually consisting of a diode
or two and one or more tapped dropper resistors for
obtaining the appropriate h.t. and heater voltages.
Matters have changed now and those days have gone
for ever-or for at least as far as we can see into the
future.

Most present-day receivers have stabilised h.t. lines
and some use quite complex circuits. A great deal of
care goes into the specification of all aspects of their
performance, and the choice and detail design of
circuitry has become a complex problem. Indeed the
h.t. and 1.t. supplibs are now so closely bound up with
the requirements of the line timebase that these two
parts of a receiver have to be considered almost as one
entity.

Clearly a great change has occurred in TV design and
in these articles we are going to try to establish why
this has come about and what new requirements have
arisen. We can then discuss the detailed specification of
a normal power supply, item by item, in order to high-
light the factors and compromises that govern the choice
of circuitry. Finally we shall see how the requirements
are met in the case of a typical stabilised power supply
design used in an up-to-date monochrome receiver.

Valve and Hybrid Receivers
To begin with let us consider the case of an all -valve

receiver, or a hybrid one fitted with a mixture of valves
and transistors. Hybrid chassis usually retain valves in
the high -power and high -voltage output stages-par-
ticularly in the line timebase-with transistors used to
varying extents in the small -signal and medium -signal
stages. There are two key points to bear in mind when
considering the power supply requirements. First, valves
are good at handling comparatively high voltages. Even
small -signal stages are happy up to about 250-300V,
and it is not too difficult to design valves for stabilising
e.h.t. voltages of 25kV. The second point is the problem
of stabilising the field and line scan amplitudes against
changes of h.t. line voltage caused for example by
changes in mains input voltage. Once again valves give
a satisfactory performance.

A line output valve for example will handle a high
voltage at a sufficiently high power dissipation to

E.J. HOARE

PART 1

enable the line scan amplitude to be stabilised by
applying a control voltage to its grid. If the h.t. rises
the extra power input to the line timebase is dissipated
as heat in the output valve. In practice the stabilisation
is not perfect, but the change in scan is reduced by a
factor of about three times and this is adequate for all
normal purposes-even in colour receivers.

Any voltages derived from the line output trans-
former will also be stabilised. If the field oscillator is
supplied from the boost h.t. line for example the field
scan will be stabilised and will track nicely with the
line scan.

We thus have a tidy state of affairs and can adopt a
high voltage/low current approach: the h.t. line does
not need to be stabilised because the line timebase is
stabilised instead. In the case of a monochrome receiver
the h.t. can conveniently be in the range of 200-250V
for a low-cost design. This leads to the very simple
power supply circuit shown in Fig. 1. Note that since
the power requirements are fairly small we can afford
to drop quite a large voltage across RI without dissi-
pating enough heat to cause embarrassment in a small
cabinet. This simple type of power supply circuit must
have been used in millions of monochrome receivers
over a period of many years.

Hybrid Colour Receivers
When we come to colour receiver design we have to

consider the needs of the c.r.t. drive circuits. Remember
that although the line and field timebases are stabilised
in the type of circuit being considered the h.t. line is
not. It will vary in sympathy with changes in the a.c.
mains input voltage therefore.

If we assume colour -difference c.r.t. drive-this was
almost universal practice in valve and hybrid receivers-
the luminance signal will be applied to the three c.r.t.
cathodes. With each individual c.r.t. the three drive

Rt

AC input

T T
Heat e_rs_n1 fiX1

HT

Fig. 1: A simple mains input circuit for monochrome
receivers using valves.
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COLOUR, UHF AND TELEVISION SPARES
"TELEVISION" CONSTRUCTOR'S COLOUR SET PROJECT.
NEW MARK II & MARK III DEMONSTRATION MODELS
WITH LATEST IMPROVEMENTS. TWO SETS WORKING
AND ON VIEW AT 172 WEST END LANE, N.W.6. TREMEN-
DOUS RELIABILITY SUCCESS OVER A YEAR. CALL, PHONE
OR WRITE FOR UP-TO-DATE COLOUR LISTS.
MAINS TRANSFORMER 280W, for Colour Set. Guaranteed to
give correct outputs under actual load conditions. Designed for
original power board. Includes C.R.T. 6-3V Htr. supply. In successful
use for over a year in completed sets £10.00 p.p. 70p.
SPECIAL OFFER I.F. Panel, leading British maker, similar design
to "Television" panel. Now in use as alternative incl. circuit, and
connection data, checked and tested on colour £13.80 p.p. 40p.
CROSS HATCH unit kit, new design £3.85 p.p. 15p.
PRINTED CIRCUIT BOARDS. Convergence 3 for £2.75 p.p. 30p.
Decoder .I.F. amp. Time Base £1.25, Power £1.50 p.p. 25p. R.G.B.
Varicap, C.R.T. Base 75p p.p. 15p. Complete Set £8.25 p.p. 35p.
Audio Panel & P.A. 263 £2.30 p.p. 15p.
PACKS (incl. p.p.). No. 2 £4.90. No. 5 £1.05, No. 9 45p, No. 12 31p,
No. 13 35p, No. 14 £10.50, No. 15 £2.48, No. 16 £10.95, No. 17 £2.95,
No. 19 £2.30. No. 21 £10.40, No. 22 £2.20, C.R.T. Base 30p, C.R.T.
Shields £2.25 p.p. 65p, Pack No. 23 £2.95. Pack No. 24 £1.25.
ELCI043 £4.50, p.p. 25p. AE Isolpanel 30p, TAA550 62p p.p. 5p.
PACK No. 18, Components £8.50 p.p. 35p, also "add-on" Stabiliser
Unit Kit for either 40V or 20V £3.00 p.p. 25p.
Field & Line Blanking Mod. Kit 30p, Beam Limiter Mod. Kit £1.30.
CABLE 7 x 0.2 mm Screened 10 yds for 60p. Colours, 15p p.p. 10p.
Line Osc. Coil 50p, 500 ohm Contrast 25p, 100 ohm W.W. 25p,
250 ohm 25W 30p, Slide Switches 15p, !dent Coil 45p. p.p. 12p.
G.E.C. 2040 decoder panels suitable for "Television" decoder
parts incl. DL20, crystal, ident coil, etc., £3.50 p.p. 35p
CRT HEATER TRANSFORMERS 6-3V IA £1.30 p.p. 25p.
PYE 697 Line T.B. for "Television" set parts £1.50 p.p. 35p.
GEC 2040 Field/Line T.B. panels for "Television" parts £1 p.p. 35p.
MULLARD at 1023/05 convergence yoke. New £2.50 p.p. 25p.
PHILIPS G6 single standard convergence panel, incl. 16 controls,
switches wtc., and circuits £3.75 p.p. 35p, or incl. Yoke £5.00.
PHILIPS G decoder panel part complete incl. I/C £2.50.
Field and Line Osc. Panels for spares 75p p.p. 30p.
BRC 3000 Triplers £6.60, BUSH CTV25/3 Quadrupl. £8.25 p.p. 35p.
KB CVO convergence control panels. New. complete £2.75 p.p. 35p.
VARICAP/VARACTOR ELC 1043 UHF tuner (for "Television"
colour receiver) £4.50. VHF Varicap tuners for band I & 3 £2.85.
Varicap tuners salvaged, VHF or UHF £1.50 p.p. 25p.
UHF/625 Tuners, many different types in stock. Lists available. UHF
tuners, transistd. £2.85. incl. s/m drive, indicator £3.85; 6 position
or 4 position pushbutton £4.50. p.p. 30p.
MURPHY 600/700 series UHF conversion kits in cabinet plinth
assembly, can be used as separate UHF receiver £7.50 p.p. 50p.
SOBELL/GEC Dual 405/625 1.F. amp and o/p chassis incl. circuit
£1.50 p.p. 30p. PHILIPS 625 I.F. panel incl. cct £1 p.p. 30p.
FIREBALL TUNERS Ferg. HMV, Marconi. New £1.90 p.p. 25p.
TURRET TUNERS. KB "Featherlight" VCI I, Philips 170 series,
GEC 2010 £2.50. AB Dual Stand, suitable Ferguson, Baird, KB, etc.
75p. Cyldon C 75p. Pye 110/510 -Pam, Invicta, Miniature, increm.
£1.00. Peto Scott 960, Decca 95/606 £1.00 p.p. 35p.
LINE OUTPUT TRANSFORMERS. Popular types available, brand
new replacements, fully guar. A selection which can be supplied
p.p. 35p, C.O.D. 28p.
BUSH TV92, 93, 105 to 186SS £4.90 SPECIAL OFFERS
DECCA DR95, 101/606, DRI BUSH TV5:','86 £1.00
2, 3, 121/123, 20/24, 2000 .. £4.90 BUSH TV95/99 .. £2.50ECK0

380 to 390 .. £1.00
EKCO 221/394 FERR 1001/1065 £4.30 EKCO 407/417 .. £1.00
EKCO, FERR. 418, 1093 series £4.40 FERR 1057 to 1068 £1.00
FERG, HMV, MARCONI, FERR 1084/1092 .. £1.00

FERG 546PHILCO, ULTRA, THORN 800, HMV 189
5060 to

to 189
.. £1.00

6.. £1.00
850, 900, 950, 1400, 1500 series £4.70 KB/RGD VCI, VCI I £2.75
GEC 302 to 456, 2000 series £4.90 P/SCOTT 1419 to
KB VC2/9, 51, 52, 53, 100, 200 £4.40 1725, 733 to 738 .. £1.00
MURPHY 849, 939, 153 24175 £4.90 REG 10-6. 10-17 .. £1.00
McMIC 762/765, 3000 series .. £4.90 REG 191/2, 17-18 .. £1.00

RGD 519, 606, 610,
P/SCOTT 960, COSSOR 1964 £4.70 612. 619, 620, 711 .. £1.00
PHILIPS 17TG100 to 19TG112 £4.40 PHILCO 1010/21 .. £1.00

..PHILIPS 19TG121 to 19TG156 £4.90 PHILIPS 1768 £3.90

PHILIPS 19TG170, 210, 300 £4.90 COLOUR LOPTS
PYE 110/510, 700, 830 series .. £4.40 BUSH CTV 182 Series
1 1 U, 20, 30, 40, 67 series .. £4.90 £6.60

GEC 2028, 2040 .. £7.45
PYE 169, 368, 569, 769 series £4.90 SOBELL 1028, 1040 £7.45
PAM, INVICTA, EKCO, MULLARD AT2055 £3.50
FERR. equivalents .. £4.90
SOBELL 195/282/1000 series.. £4.90 LOFT Inserts p.p. .. 17p

ALBA 655/656 .. £1.95STELLA 1011/1039 .. £4.40 KB/RGD VCI-9 £1.95
STELLA 1043/2149 .. 14.90 PHILIPS 17TG100.. 11.95
THORN 850 Time Base Panel, Dual Standard £1 p.p. 30p.
MULLARD Scan Coils, for all standard mono 110° models, Philips,
Stella, Pye, Ekco, Ferranti, lnvicta £2.00 p.p. 35p.

CALLERS WELCOME AT SHOP PREMISES

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

(Near W. Hampstead tube stn ; 28, 59, 159 Bus Routes) 01-794 8751
Mail Order: 64 GOLDERS MANOR DRIVE, LONDON, NAVA I

COLOUR 25 KV TRIPLERS

- £1.70+17p V.A.T.
* *

REPLACEMENT TRIPLERS
PYE CT72 SERIES
691, 693, EKCO CT103, CT120, CT105, CT125, CT121,
CT122.
GEC 2028, 2029, 2030
SOBELL 1028, 1029,
TS25, 11TAZ £3.00 +30p V.A.T.

DECCA CS1730 £1.00+10p V.A.T.

E.H.T. RECTIFIER STICKS
X80/150D 10p+1p V.A.T.

PYE TRANSISTOR TUNER UNITS
VHF, UHF. No push button assembly

£1 .50 +15p V.A.T.

PHILIPS UHF UNIT £1.50+15p V.A.T.

6 OR 4 PUSH-BUTTON UHF TUNER UNIT
PYE £3.00 + 30p V.A.T.

UHF AERIAL ISOLATING CO -AX SOCKETS
Er LEAD 30p+3p V.A.T.

22 MFD, 315V/W Condensers
25 MFD, 300V/W, 470M FD 35 V/W
10 MFD, 250 V/W,
1000 PF 8Kv 10p+1p V.A.T.

200+100 325 V/W 30p+3p V.A.T.

100 W/W Resistor £1.00 +10p V.A.T.
300 Mixed Condensers £1.00 +10p V.A.T.
350 Mixed Resistors £1.00+10p V.A.T.
40 Mixed Pots £1.00 +10p V.A.T.

COLOUR T/V COMPONENTS
MANUFACTURERS DISCARDED MATERIALS
VHF or UHF Varicap Tuners f1 .20 + 12p V.A.T.
Line o.p. Panels El .20 +12p V.A.T.
Decoder Panels £1.00+10p V.A.T.
G8 Type Yoke 50p +5p V.A.T.

Money returned if not completely satisfied

SENDZ COMPONENTS
2 WOODGRANGE CLOSE
THORPE BAY, ESSEX

P.P. PAID U.K. ONLY

Reg Office Only -No Personal Callers Please
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Marshall's
IN LONDON & GLASGOW

A. MARSHALL (LONDON) LTD
42 Cricklewood Broadway, London NW2 3HD
Telephone: 01-452 0161/2
Telex: 21492 Cable: Coninst London

also at 65 Bath Street, Glasgow G2 2BX
Telephone: 041-332 4133

Most of the components for projects in this
magazine are ex -stock

Colour Television
Complete kits for the following units:
Kit No. 1 -PAL DECODER
Kit No. 4-I.F. STRIP
Kit No. 8-R.G.B. BOARD
Kit No. 10 -TIME BASE

£8.42
£8.26
£6.66
£7.50

For Colour Television Project featured in this
magazine

'SCORPIO' Mk. II ignition system
capacitor discharge ignition system
(as described in'Practical Electronics March
1974) complete kit £12.50 incl. p & p & VAT

SPECIAL
TELE TENNIS KIT

We are now able to offer at special prices all the components listed
in the July 1974 Practical Wireless for the Tele Tennis Project. As
per parts list we can supply: -Resistor packs £1.00 + P & P
20p. Potentiometer packs £1.25 + P & P 20p. Capacitor packs
£3.10 + P & P 20p. Semi -conductor packs £17.50 + P & P
20p. IC Holders £4.50 + P & P 20p. Transformer £1.15 + P & P
20p. We offer a still further reduction in price with all packs
purchased together -£26.50 + P & P 30p. All prices are exclusive
of VAT.
Type Price Type Price Type Price Type Price
SN7400 16p SN7432 45p SN7482 87p SN74153 E1.09
SN740 I 16p SN7437 35p SN7483 £1.20 SN74154 E1.66
SN740IAN SN7438 35p SN7484 9Sp SN74I 55 E1.55

38p SN7440 16p SN7485 E1.58 SN74157 £1.09
SN7402 16p SN7441 85p SN7486 45p SN74I 60 E1.58
SN7403 16p SN7442 85p SN7490 65p SN74161 E1.58
SN7404 24p SN7445 £1.59 SN7491 E1.10 SN74162 £1.58
SN7405 24p SN7446 E2.00 SN7492 75p SN74164 E2.01
SN7406 4Sp SN7447 E1.30 SN7491 65p SN74165 E2.01
SN7407 4Sp SN7448 E1.50 SN7494 85p SN74167 E4.10
SN7408 2Sp SN7450 16p SN7495 80p SN74174 E1.80
SN7409 33p SN7451 16p SN7496 E1.00 SN74175 £1.29
SN7410 16p SN7453 16p SN74100 E2.16 SN74176 £1.74
SN741 I 25p SN7454 16p SN74107 43p SN74180 E1.44
SN7412 28p SN7460 16p SN74118 £1.00 SN74181 E5.18
SN7413 SOp SN7470 30p SN741I9 E1.92 SN74190 E1.95
SN7416 4Sp SN7472 38p SN74121 57p SN74191 E1.95
SN7417 30p SN7473 44p SN74122 80p SN74192 E2.05
SN7420 16p SN7474 48p SN74123 72p SN74193 £2.30
SN7423 37p SN7475 59p SN74141 £1.00 SN74196 £1.58
SN7425 37p SN7476 4Sp SN74145 E1.44 SN74197 £1.58
SN7427 45p SN7480 75p SN74150 £1.44 SN74198 £3.16
SN7430 16p SN748I E1.25 SN74151 E1.10 SN74199 £2.88

Most of the I/Cs for Television Game Projects are stocked
by Marshalls
Prices quoted are all exclusive of VAT
Post and Package 20p postage and package charges
Prices correct at September 1974

STORAGE
PROBLEMS?

POPULAR 54A
54 POLYSTYRENE DRAWERS
3" HIGH X 5%:WIDE X 11"LONG

STOREMASTER 20C
20 METAL DRAWERS
7"HIGH X B"WIDE X11" LONG

ASK FOR OUR LEAFLET ON
THE FULL RANGE OF OUR

DRAWER UNITS
1=1=11=1=1Eaoov N.C.BROWN

(STORAGE EQUIPMENT) LTD.
CUBAWORKS STUBBINS

RANISBOTTIDIVI LANCASHIRE
TEL 2924-5-6 TELEX 635028

ENGINEERS

ilETRTERFailAwm MORE PAY!
Do YOU want promotion, a better lob,
higher pay? "New Opportunities" shows
you how to get them through a low-cost
B.I.E.T home study course. There are no
books to buy and you can pay-aa-Yck-
learn.

The B.I.E.T. guide to success should be
read by every ambitious engineer.
Send for this helpful 76 page FREE book
now. No obligation and nobody will call
on you. It could be the best thing you
ever did.

MI IIMI  CUT OUT THIS COUPON E = MN MI ME
CHOOSE A ARANO NEW FUTURE HERE!

Tick or state eubject of Interest. Post to the address below.

General Radio and City & Guilds Radio,

I Radio Servicing, City & Guilds Electrical
TV Engineering 0 TV Electronics Mechanics

I Maintenance and Repairs 0 Engineering Practise 0 ITelevision Society of Engineers
I Maintenance and Servicing 0 (Electrical Engineering) 0

Colour Television 0 City & Guilds
Elec. Tech. -Primary

i Practical TV 0 General Electrical
Electronic Engineering 0 EngineeringI Practical Radio and Electrical Installations 0 IElectronics (Technatron) 0 and Wiring

IRadio Amateurs 0 Many other courses
To B.I.E.T. DEPT, TL94 Aldermaston Court, Reading RG7 4PF I--

NA ill Meat Glow Ms om)

TL94

I
I
I

ADDRISS

00m wash
Accreillted by C.A.C,C. Member of A.B.C.C.

I
o I

0 1

I
BRITISH INSTITUTE Of ENGINEERING TECHNOLOGY
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Fig. 2: Using this simple circuit, correct grey -scale tracking
is maintained despite changes of h.t. voltage.

voltages will have to be adjusted in the ratios that give
a correct black -and -white picture. This is the process
of grey -scale tracking and a typical circuit for the
adjustment of highlight tones is shown in Fig. 2.

Note that any change of voltage occurring at the
anode of the luminance output valve-whether an a.c.
or d.c. voltage-will be applied in the correct propor-
tions to the c.r.t. Hence changes in level caused by
changes in h.t. line voltage do not cause any discoloura-
tion of the luminance (black -and -white) picture: only
a change in brightness level, which is usually acceptable.
An unstabilised h.t. dine, although not theoretically
ideal, is capable of giving. a satisfactory standard of
performance therefore.

The colour -difference drives to the three c.r.t. grids
come from three separate output stages-one each for
R - Y, G -Y and B -Y. The only satisfactory way of
ensuring that these three stages track together in the
same way as the luminance drives is to clamp each
signal to a predetermined level. Thus three high -voltage
clamp stages are needed in addition to the three output
stages. These ensure that changes in the h.t. line will
have minimal effect.

For luminance drive a total voltage swing of the
order of 170V from peak white to the tip of the flyback
blanking pulses is required. The colour -difference
drives, having both positive and negative values, need
a larger swing however-usually in excess of 200V.
Thus an h.t. line of the order of 250-280V is needed.

In a colour receiver the line timebase can also be
conveniently driven from an h.t. line of 280V because
high-voltage/high-power valves are available.

From the foregoing discussion we can see that in a
valve or hybrid colour receiver it is permissible and
convenient from an engineering point of view to use
high h.t. values. In fact it was normal practice to use
the highest h.t. line voltage that could be obtained
by direct rectification of the peak of the mains input
sinewave. The power supply circuit could therefore be
the same in principle as was shown in Fig. 1. The value
of RI however was made as small as possible consistent
with not exceeding the peak current rating of the diode
at switch-on-the surge current into an uncharged
electrolytic smoothing capacitor has to be limited in
order to avoid damaging the diode.

We can see then that unstabilised h.t. supplies were
a normal result of using valves in the high -voltage
output stages. Any stabilising that was needed was
carried out very cheaply in the line timebase itself or
by clamp action. A stabilised h.t. line would have been
an unnecessary expense and would have resulted in very

little cost saving in other parts of the receiver. Thus
what at first sight might seem to be a somewhat crude
approach was in reality an example of efficient, cost-
conscious engineering.

Solid-state Receivers
When we turn to the problems involved in designing

an all -solid-state receiver we find that matters are
radically different. Again the key issue is the perform-
ance characteristics of the active devices-the transistors.

Transistors do not like high voltages. The limit for
high -power types is of the order of I -5kV, which can
be compared with 8kV or so for valves. If a certain
critical voltage level is exceeded the result is instant
death: there is no second chance.

The power dissipation level is also critical. Most of
us have seen with dismay a valve anode glow red hot,
only to find that the valve worked more or less
normally afterwards. No one has ever seen a transistor
glow red hot without it being totally destroyed in the
process!

The result of these limitations is first that circuits
have to be specially designed to take them into account
and secondly that great care has to be taken to ensure
that voltage and power limits are never exceeded-
however briefly.

Transistor Line Output Stages
We have already seen that the line timebase plays

a very important part in determining some of the key
features of a receiver's design. Let us see how design
is affected by using transistors in place of valves.

A line output valve or transistor is used as a switch.
In the case of a valve in a stabilised circuit it is alter-
nately switched between an off state (during the flyback)
and a particular value of anode voltage during the
forward scan. Thus a predetermined voltage is alter-
nately applied to and then disconnected from the line
output transformer primary winding. The steady-state
voltage generates a sawtooth current in the anode
circuit inductance during the scan: energy recovery and
the generation of a large voltage pulse occurs during
the flyback when the switch is turned off.

If a control voltage is applied to the grid of the
valve the voltage across the primary of the line output
transformer can be controlled at will-and thus the
peak -to -peak amplitude of the scanning current. This
means that the "switch" is never turned hard on, only
partially so, and the resultant small anode voltage
during the scan period causes appreciable power dissi-
pation. The circuit has to be carefully designed so that
good stabilisation of the scanning current is achieved
without exceeding the voltage or power ratings of the
line output valve.

Unfortunately the same kind of circuit cannot be
used with transistors-at least not at the present state
of the art. One of the reasons is that line output
transistors capable of switching high voltages and high
currents cannot be made to switch off as quickly as
valves. Or to be more precise, if you take a sample
batch of a particular type of transistor you will find
that some transistors switch off quickly whilst others
switch more slowly. The high voltage and currents
present in the collector circuit cause a large heat
dissipation in the junctions of the slower switching
transistors.

An electronic circuit which is going to be mass



492

produced must be designed to take into account worst
case conditions. Thus a transistor line output stage
must be so designed that the power handling capability
of the small proportion of line output transistors with
slow switching speeds and consequent high collector
dissipations is catered for.

Present day types of transistor are in practice limited
to collector dissipations of about 10W. Thus even
with fast switching more than one transistor would be
required to obtain the power handling capability needed
in a line timebase of the type used with valves.

We have to face up to the fact therefore that a
stabilised line scan is needed but that this cannot be
carried out in the line timebase itself. Incidentally the
reasons for wanting a stable scan current and e.h.t.
voltage are twofold. First because viewers have learnt
to expect their pictures to remain of a constant size
regardless of changes in mains voltage-it is particularly
useful to have this stabilisation at times of power cuts.
Secondly and perhaps more importantly good con-
vergence can be maintained only when the scan current
remains reasonably constant. Small changes of picture
size are nermissible, but larger ones cause convergence
errors. They can be corrected of course, but it is hardly
practicable to do this every time the mains voltage
changes!

Importance of HT Stabilisation
In all -solid-state receivers then the only way to

stabilise the line and field scans is to stabilise the h.t.
line from which the scan currents are derived. This
gives a number of subsidiary advantages but as we shall
see later there are some unexpected difficulties as well.
There is also an increase in cost.

The advantages are fairly obvious. Transistors of a
given type have quite large variations-or "spreads"-
in their performance characteristics. Furthermore as
we have already seen they are prone to instant death
if critical values of collector/emitter voltage or collector
dissipation are exceeded. This means that transistor
circuits must always be very carefully designed to have
large safety factors to ensure that the prescribed limits
are never exceeded, however briefly.

If the h.t. or l.t. voltages can rise when the mains
input voltage increases this clearly has to be taken into
account when choosing the safety factors. They have
to be larger than for nominal input conditions.

Conversely it becomes much easier to design tran-
sistor circuits if it is known that the supply voltage will
remain substantially constant. This is particularly the
case when integrated circuits are used. These have an
input current spread for a given operating condition of
typically two to one. If the supply voltage is not
stabilised it is likely to vary by ± 10% with changes
of mains voltage. When this is added to the i.c. spreads
life can become rather difficult for the designer.

Supplies to individual i.c.s can be stabilised by
using zener diodes, but this adds to cost and circuit
complexity. The importance of stabilising the input
voltage of integrated circuits lies in the fact that many
i.c.s are d.c. coupled to the following circuit. Part of
any change of input supply voltage is usually transferred
to the output, and the d.c. level of the output will thus
vary in sympathy.

To take a typical case, in a monochrome receiver
the video output of a jungle (or video processing) i.c.
is usually d.c. coupled to the base of the video output
stage. Any change of supply voltage will alter the d.c.

level of the signal and hence the black level. Thus large
changes of picture brightness would occur in an
unstabilised receiver with changes of mains input
voltage.

A further advantage of stabilising the h.t. line is that
depending upon how this is achieved there may be a
substantial saving on heat dissipation in the receiver.
In an unstabilised set a -'-10% change in mains input
voltage causes a 10% increase of both voltage and load
current, i.e. a 20% increase in total power dissipation.
Bearing in mind that the reliability of nearly all com-
ponents is seriously affected by any increase in operating
temperature it is clearly highly desirable to avoid any
extra heat inside the TV cabinet.

This is particularly important for another reason.
All modern receivers manufactured in this country are
being designed to comply with the requirements of the
British Standards Safety specification BS415:1972 (see
TELEVISION, March and April 1974). If heat generating
components produce 20% extra heat dissipation when
the mains voltage is at its +10% limit then the pre-
cautions against overheating of printed boards etc. are
going to be correspondingly more difficult to provide.
This extra amount of heat may cause the threshold to
be crossed whereby a simple problem becomes a
difficult one.

Power Supply Specification
From the foregoing it can be seen that stabilising

the h.t. supply confers important advantages on the
performance of the receiver, and upon the task of the
designer. Having said this, the next question is what
sort of stabilising technique should be adopted? What

the choice? In short, what
is the complete specification of such a power supply?
It is impossible to make an intelligent choice until all
aspects of the requirements have been considered and
given due weight. Let us take each item in turn.

The HT Voltage
To begin with, what h.t. line voltage do we have to

design for in an all -solid-state receiver? In the case of
a valve or hybrid receiver the choice was simple.
Valves are available specified, designed and manu-
factured to operate with an h.t. line of about 280V.
This can be obtained very simply by direct rectification
of the incoming a.c. mains supply.

In an all -solid-state design the choice of the main
h.t. line voltage is governed almost entirely by the
characteristics of the line output transistor. There are
several different types available, but a typical example
has a maximum collector/emitter voltage rating of
1,500V. This value must never be exceeded except
when a c.r.t. flashover occurs-the instantanious limit
is then 1,700V. So do we design the line output circuit
with a peak flyback voltage of 1,500V? The answer is
no, because this is an absolute limit never to be ex-
ceeded except during a flashover. We must also take
into account any variations that can occur in produc-
tion or during normal use.

We begin by considering spreads of h.t. voltage. It
has to be assumed that in a few cases the h.t. voltage
will be incorrectly set. It may be perhaps 3% too high.
This is an arbitrary figure but probably not too wide
of the mark. We must also assume that it will vary
somewhat with changes of a.c. input voltage. Say
another 3%. It is also highly probable that over a
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period of many years component ageing may result in
the h.t. voltage drifting upwards by a further 7 %. All
these changes may occur in the downward direction of
course, but the designer must cater for the worst case.

Now consider the production spreads of the line
output transformer, its associated components, and the
deflection coils. These may cause the peak flyback
voltage to vary by ± 10 %. Another factor to take into
account is that if the picture is not synchronised the
line oscillator will be running free and completely
uncontrolled. If it slows down, the peak line output
transformer currents will rise and the peak flyback
voltage will also rise. We must allow for an increase
of 10-15%.

These tolerances can be added up in a variety of
different ways depending upon the statistical basis
used. In a typical case however we can expect a nominal
flyback peak voltage of 1,100V to be chosen. It will
then be safe to assume that the transistor limit of
1,500V will never be exceeded unless some unexpected
and fairly drastic fault occurs.

If we then decide upon a flyback time for the line
output circuit of 11-12psecs the choice of h.t. line
voltage is settled. A peak flyback of 1,100V in con-
junction with a flyback time of 11-12psecs means that
the h.t. supply has to be of the order of 140V. There
will be a flashover protection resistor in series with
the supply to the line transformer however-this limits
the peak current and voltage after a flashover occurs.
The voltage drop across this resistor means that the
smoothed h.t. line must be about 160V, which is what
the stabilised supply must provide.

Having decided upon the line timebase h.t. supply
we have to consider what other h.t. voltages are needed
in the receiver. Most all -solid -stage designs use RGB
drive to the picture tube because this needs a lower
h.t. line than the colour -difference drive technique. This
fits in better with the needs of the line timebase and
makes the choice of drive transistors easier and less
costly. 160V is barely adequate even for RGB drive
however. Something has to be skimped a bit some-
where, and 180-200V is a much better choice for normal
types of colour c.r.t.

One way of overcoming the conflicting needs of the
video drives and the line timebase is to use the "anti -
boost" technique shown in Fig. 3. The 40V 1.t. supply
derived from the line timebase for the sound and field
output stages can be added underneath the line output
stage. The h.t. supply required then becomes 160+40=
200V and both parts of the circuit get the h.t. voltage
they need.

/00V HT

Line driver
transformer3
40V LT line

771

MA.
Flashover
protection

Line
erousitsptutor

TuninA

S -correction

Linearity and
DC block

Line

deflection

coils

200-40 - 160V across the
line transformer circuit

Fig. 3: Simplified transistor line output circuit using the
anti -boost technique.

We have discussed this matter of line timebase h.t.
supply in some detail partly because it is the key factor
and partly because it illustrates the way in which a
design engineer has to approach a problem of this
nature. It is the engineer's job to foresee what may
happen to his circuit in practical circumstances and
over a long period of time, and to act accordingly.
Any temptation to use book data at its face value in
order to make the design process easier has to be
sternly resisted. The design engineer must protect the
best interest of the customer he serves.

HT Current
The current drain from the power supply does not

usually present any particular problem. In a mono-
chrome receiver it will usually be of the order of
0-3-0.4A and in a colour receiver it will more likely
be 0.5-0 8A.

It is desirable to keep the current as small as possible.
There are two main reasons. A low current means a low
value of total power dissipation and hence less heat
inside the cabinet. This reduces the design problems
and improves the reliability. The second reason concerns
the h.t. smoothing arrangements.

With a low current a larger value h.t. smoothing
resistor can be used for a given voltage drop across it.
This in turn enables a smaller value h.t. electrolytic
smoothing capacitor to be used. Electrolytics are very
expensive and a reduction in value can save appreciable
cost-in addition to the saving in space and weight.
Large electrolytics mounted on a printed board can
sometimes result in cracks in the  board if there is
rough handling in transit.

Quality of Stabilisation
When designing any equipment it is important to be

quite clear about the standard of performance you need
in order to obtain a satisfactory product. In rare cases
this standard is impossible to achieve and a com-
promise has to be accepted. In other cases it can be
obtained quite easily and the engineer then has to make
a careful choice between different circuit techniques in
order to get the right overall performance at the
lowest cost.

In the case of a stabilised h.t. line it is tempting to
say that only the best is good enough and that we should
aim at near perfect stability with changes of mains
input voltage. In practice we can permit variations of
about ±3% without significant ill effects. This should
be maintained over a range of input voltage of ± 10%,
so the improvement factor is 3.3:10. If it so happens
that the circuits available to us give a better standard
of performance without any increase in cost this is a
bonus which we shall accept gratefully.

HT Source Impedance
We must also take into account the effect of changes

of load current upon the h.t. voltage produced by the
power supply. Another way of describing the same
problem is to specify the required source impedance
of the h.t. line. Do we want it to be high, low or of
some specified value?

To clarify this point a bit suppose that the load
current increases by say 50mA and the h.t. voltage
drops by 5V. The source impedance of the h.t. supply
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at its normal operating condition is given by R=
5+ 50/1000=100 0. So the source impedance tells us
how the h.t. supply will behave when changes of load
current occur. The same supply may of course have
a different source impedance if we use it to give
a much higher or a lower load current. We quote the
impedance at a particular working point.

Breathing
The choice of source impedance depends upon the

phenomenon known as "breathing". This is the effect
when the size of the picture changes as the brightness,
or total beam current, changes. Suppose the brightness
is turned up: the beam current increases, the e.h.t. falls
due to the voltage drop across its own internal source
impedance and so for a given scan current the picture
size increases.

If the e.h.t. source impedance is 5M0 and the beam
current in a monochrome set increases from 0 to 300pA
the e.h.t. will fall by E= IR=3001101x 5 x 106=
1,500V. If the unloaded e.h.t. is 18kV the fall of 1.5kV
is 8.4%. The picture size will therefore increase by half
this, i.e. 4.2%. This is quite a large change and the
effect is easily visible-indeed somewhat obtrusive.

The way to overcome this difficulty is to build some
source impedance into the h.t. supply. An e.h.t. current
drain of 300pA at 18-1.5=16.5kV is equivalent to
16,500 x 300/106=4-95W. If we can choose an h.t.
source impedance such that a power drain of about
5W results in the h.t. voltage falling sufficiently to
reduce the scan by 4.2% we shall achieve perfect
compensation and the breathing will in theory be zero.

In practice matters are a little more complicated.
The drop in h.t. causes an extra fall in the e.h.t. This
causes a degradation of picture spot quality, showing
up as less good focusing. So, as is often the case in
engineering, a compromise has to be accepted. An h.t.
source impedance in the range of 100-2000 gives a
good result in the case of a monochrome receiver.
A somewhat lower value is appropriate in colour
receivers because the change in h.t. load current is
much larger due to the higher value of c.r.t. beam
current. An impedance of about 400 is probably
typical of good practice.

BEAB Requirements
In order to obtain certification under the BEAB

safety scheme it is necessary to submit models of a
receiver for checking so as to prove compliance with
the requirements of BS415:1972. The choice of power
supply may well depend upon the cost of the pre-
cautions that have to be built into the receiver in order
to pass these tests. There is a large number of safety
requirements of course-these were outlined in the
articles referred to earlier. One of the more important
and comprehensive tests is to short-circuit and open -
circuit each component in turn: this includes all
electrodes of active devices.

In the case of a power supply the question that has
to be asked is: if any single component fails can the
h.t. rise to an unsafe level that causes any component
anywhere in the receiver to overheat? In addition, do
the resulting high voltages in the receiver cause any
insulation to be inadequate? Also, can X-ray radiation
limits be exceeded? When producing a power supply
specification we have to stipulate that it must, at an

economic cost, provide overvoltage protection that
takes care of these requirements.

Heat Dissipation
We have already referred to the difficulties caused

by excessive heat dissipation. When choosing a power
supply circuit one of the more important factors to be
considered is how much heat does it generate? There
is no simple answer to this question because it depends
upon the size of the smallest cabinet in which the
chassis will be incorporated, the amount of ventilation
provided, the form of the chassis structure (whether
horizontal or vertical), the types of heat sensitive
components used, and the skill of the designer.

Clearly extra heat causes all sorts of problems, one
of which is its effect on heat sensitive components in
the power supply itself. It is no good designing a power
supply which is very stable on the bench if it is found
afterwards that the h.t. voltage drifts upwards or
downwards as the circuit heats up inside the TV cabinet.
To overcome this problem special quality components
may be needed, or a suitable compensating network
may have to be added-at extra cost.

Disturbances on the Mains Supply
We must specify of course that the power supply

will be satisfactorily immune to effects caused by
disturbances on the incoming mains input voltage.
This may appear to be a fairly minor problem and
many viewers will be quite unaware that it even exists-
apart from the occasional flicker caused by a switching
operation on the mains distribution network.

In point of fact there are two types of disturbances
and although they do not occur very often it is im-
portant to take them into account when choosing or
engineering a power supply. One type consists of short
bursts of a few cycles of a signalling waveform at a
frequency of a few hundred hertz and an amplitude of
up to 20V. These signals are used by the electricity
authorities in a few areas of the country for remote
control of unattended equipment. They usually cause
a small momentary increase of the h.t. voltage.

The other type of disturbance consists of high -voltage
spikes superimposed on the normal 50Hz sinewave.
These spikes are of exceedingly short duration-in
some cases of less than five microseconds-but they
can exceed 1,000V above earth potential. They are
caused by switching surges on the high -voltage mains
distribution network, or occasionally by some form of
lightning discharge.

Clearly voltages as large as these spikes are capable
of passing through most types of stabilising networks
and of causing surges on the h.t. line. These may in
turn trip overvoltage protection circuits and shut down
the h.t. supply.

Generating Interference
Any circuit that stabilises the h.t. voltage by some

sort of switching operation-such as switch -mode or
thyristor supplies-generates high -order harmonics of
the fundamental switching frequency. These may inter-
fere with the operation of the receiver itself and may
also be fed back into the mains supply to interfere with
neighbouring receivers.

Interference within a receiver may require a variety
of precautions, such as careful layout of components
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to reduce to a minimum the size of loops carrying the
switched currents. The power supply and synchronisa-
tion circuits may have to be spaced well apart, and
great care is usually needed in designing the earth paths
of all the circuits involved. In some cases it may be
necessary to resort to screening, but this is expensive
and bulky and sometimes an admission of defeat-or
indicates the wrong choice of circuit technique.

The injection of interference into the mains is another
problem. Apart from harmonics of power supply
switching there will also be harmonics of the line out-
put transistor switching. All these harmonics get picked
up on the mains input leads and any components
connected to them. Once again it is important to avoid
loops in the input wiring, and any common earth paths.
Any h.t. or mains dropper resistors should be spaced
well away from the line timebase and the paths of
switched currents should be kept as short as possible.

These precautions are seldom adequate on their own
and nearly all receivers have a capacitor connected
across the mains input to bypass interfering currents.
Note that this capacitor has to be a special quality
component capable of standing up to the full mains
input voltage indefinitely.

Acceptible limits of mains born interference generated
by a receiver are specified in British Standard Specifica-
tion BS905, together with details of measuring
techniques.

Cost and Complexity
We have left cost and complexity until last because

up to a point it is almost too obvious to be worthy of
mention. It is the engineer's duty to the society in
which he lives to design equipment which represents
the best possible compromise between cost and per-
formance. The customer cannot judge this-or at least
he can do so only in the vaguest terms-thus the
engineer has to do it for him.

Obviously commercial motives such as profit making
enter into this matter, but the fact remains that the
engineer has a duty to perform, and in general he
discharges it well.

The object of the kind of specification we have been
drawing up-and the reminders of difficulties that lie
ahead for the designer-is to provide the right guide-
lines to enable the appropriate compromises to be
correctly chosen.

The engineer is always tempted to choose the circuit
which has the best performance, regardless of cost, but
he knows of course that he cannot do this. It would be
the easy way, but it cannot be adopted: he has always
to balance performance against cost. If a higher
standard of performance does not benefit the customer
significantly-and there are plenty of examples of this
-then a simpler and cheaper circuit is the right choice.

Greater circuit complexity does not always increase
cost, though it usually does. In any case extra com-
plexity should be avoided wherever possible. An
increase in the number of components usually reduces
the overall reliability of the equipment and may make
the task of the service engineer a lot more difficult.

Thus other things being equal a cheaper, well known
and simpler circuit is to be preferred to a complex,
new and more costly one which appears to have a
slightly higher standard of performance. It is instructive
to bear in mind that one of the best cars in the world
uses well proven techniques engineered to a very high
standard.

Continued next month

TELEVISION
SPECIAL-IN FULL COLOUR ! !
One of the most useful aids to the TV experi-
menter or service engineer is Test Card F. In fact
if your test equipment is limited it goes a long
way towards making up deficiencies. But what
you can get out of it depends on how much you
know about its ability to show up receiver
defects and give an indication of the performance
of the various parts of a receiver. A full colour
supplement in next month's issue gives a de-
tailed guide to getting the most from the test card.
DIGITAL TOUCH TUNER
There are considerable advantages to the use of
touch tuning-no mechanical parts of any kind,
so that optimum tuning stability is achieved.
Full constructional details of a simple digital
touch tuner will be provided next month. The
unit employs a single pair of touch contacts,
switching from one channel to the next each
time it is operated.
SOLID-STATE VIDEO
A major development in TV technology is the
solid-state image sensor which makes possible
small, cheap TV cameras. A new semiconductor
technology is employed-charge coupling. A
clear account of what is involved will be given.
Low -resolution solid-state cameras have been
demonstrated and high -resolution versions are
in the development stage.

SERVICING TELEVISION RECEIVERS
Next month Les Lawry -Johns describes the
common faults and the fault-finding procedures
required with the last of the wired chassis, the
ITT/KB VC100 chassis.

PLUS ALL THE REGULAR FEATURES

ORDER YOUR COPY ON THE FORM BELOW
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Please reserve' deliver the OCTOBER issue
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PART 6 Peter Graves

MOST CCTV equipment in this country operates on
a 625 -line, 50Hz field rate system though there is still
a fair amount of 405 -line, 50Hz field rate equipment
about. For reference, Table 1 shows the comparison
between the standard scanning systems in common use.
Other standards may occasionally be encountered for
special purposes-a very high resolution camera for
instance may use over 1,000 lines.

At this stage it is important to distinguish between
field and frame. In practice the two terms are often
used as if they were synonymous and for many purposes
the distinction is not important. In this and subsequent
articles we shall take a 625 -line, 50Hz field rate system
as our example. In this system the time of one frame
is the time taken to transmit 625 lines, i.e. the time
for the scanning beam, initially at the start of the
raster, tq return to that position. One complete frame
of information has then been transmitted: only about
585 lines convey useful information to the viewer
however as the remainder occur during the vertical
blanking period and are suppressed.

In standard television practice the frame is scanned in
two halves or fields (we shall see how this is done later).
This "cheats" the eye into thinking that the picture
is flickering faster than the actual frame rate. If, for
a simple example, a light is flashed on and off at a
variable rate it is found that above a certain flash rate
(the critical flicker frequency) the eye can no longer
distinguish individual flashes and interprets the flashing
light as being continuous. The exact critical frequency
depends on a number of factors such as the brightness

Table 1 : Comparison of Standard Scanning
Systems

System
Field

frequency
(Hz)

Line
frequency

(kHz)

Twice line
frequency

(kHz)

British 405 lines 50 10.125 20.250
American 525 lines 60 15.750 31.500
British 625 lines 50 15.625 31.250
French 819 lines 50 20.475 40.950

Notes:
(1) For a 2 : 1 interlaced picture, frame frequency = 4 field

frequency-e.g. for a 50Hz field frequency the frame
frequency is 25Hz.

(2) Field or 1

line duration = seconds,
Field (or line) frequency (Hz)

e.g. 1

at 50Hz the duration of one field= -seconds-- 20mS.
50

of the light, the ratio of the on to the off periods and
variations between individual observers. This charac-
teristic of the human eye is exploited in motion pictures
as well as television and for television use it is found
that a flicker frequency of about 45 flashes per second
is sufficient for a series of discontinuous fields to be
interpreted as flicker free and continuous. The low
flicker rate (about 16 flashes per second) of the early
motion pictures was what gave then the name "flicks".

The use of fields exploits this effect to double (in
a 2:1 interlaced system-see later) the picture repetition
rate (i.e. the flicker rate) without increasing the band-
width substantially. A similar method is used in pro-
jecting films where each frame is flashed on to the
screen several times by means of a multibladed shutter
so that the flicker frequency is increased without in-
creasing the number of frames that need to be shown
-an important economic consideration.

Interlaced Scanning
For 2:1 interlace (the most common method -

2 fields make 1 frame) the two fields are called the odd
or primary and even or secondary fields. Odd simply
means that in this field the odd numbered lines if
numbered sequentially from the top (ignoring the half
line) are scanned. Fig. 1 shows how a 5 line, 2:1 inter-
lace picture is made up: the even field follows the odd
field to make up a complete frame. The odd field is
then scanned again to start the next frame. This is not
the only way of obtaining a 2:1 interlaced picture
and Fig. 2 shows one of the alternative methods. The
disadvantage of this method is that additional informa-
tion must be transmitted to ensure that the field flyback
returns to the correct place at the end of each field
since electrically speaking the end of the odd field is
identical with the end of the even field. Extra circuits
are needed to process this information.

Additional information is not needed for the scanning
method illustrated in Fig. 1-the ends of the fields are
electrically dissimilar as there is a half-line period at
the end of the odd field and a full -line period at the
end of the even one. The positions of the field sync
pulses, one in the middle of a line, the other at the end
of a line, ensure that the beam is returned to the correct
position each time.

Whatever method is used each frame is "flashed up"
on to the monitor screen in two parts. If the entire
frame was scanned line by line from top to bottom-
i.e. non -interlaced or sequential scanning-there would
be only one "flash" per frame. To double the flicker
rate with this system would necessitate transmitting
twice as many frames per second and this would
entail a large increase in the bandwidth required-
undesirable both technically and economically. The
advantage of a 2:1 interlaced picture is that it has
twice the flicker frequency of a sequentially scanned
picture of the same frame frequency. As examination
of Fig. 1 will show, a 2:1 interlaced scan must have an
odd number of lines-Table I shows that all the
standard systems follow this practice.

There is no reason why an interlace of 3:1, 4:1 or
more should not be used, further increasing the flicker
frequency, but complicated circuits would be needed
to sort out the various fields. It is found that a 2:1
interlace with its simple circuitry combined with 50Hz
(60Hz in America) field frequency gives an acceptable
flicker rate.

Cameras used for specialized work may be scanned
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Odd field

Start
1

5

Line
flyback

Even field
,Start 5

2

Field flyback to start of pm field Field flyback to start of odd field

Complete frame (line flybacks omitted)

Odd field scanned,
followed by even field,
then process repeats

Fig. 1: 5 -line, 2:1 interlaced system, showing the build up
of the frame from two fields.

2

3

5

Odd field - lines 1, 3, 5
Even field - lines 2,4

Field flyback to start
of odd field

Field flyback to start
of even field

I985I

Fig. 2: An alternative method of scanning with a 5 -line
2:1 interlaced system.

sequentially and have no interlace. For instance the
space craft cameras used to send back pictures of the
other planets store the video information on magnetic
tape and send it back to Earth at a very slow rate
(a frame may take minutes rather than milliseconds)
in order to conserve transmitter bandwidth. No inter-
lace is necessary as the picture is not viewed until it
has been reassembled.

The field frequency is the same as the local mains
frequency. This is not a necessity-clearly not so in the
case of mobile equipment which (for general purposes)
uses a free -running oscillator at about 50Hz so that
a modified camera is not needed. However in monitors
(or broadcast receivers) that are powered from the
mains-as most are-there are many ways in which
stray a.c. can get into the signal circuits (e.g. poor
smoothing capacitors, pick up, etc.). If the monitor is
not locked to the mains any hum bars (broad horizontal
bands caused by modulation of the signal by the a.c.)
will drift up and down the screen as the relative phases
of the vertical oscillator and the mains vary. This is
extremely distracting to the viewer and may cause false
triggering of the vertical oscillator, giving rolling or
jumping pictures. If the vertical oscillator is locked to
the mains the oscillator and the mains have a constant
phase relationship and any hum bars will be stationary
and their annoyance value considerably diminished.

Sync Pulses
While discussing basic terms it is worth noting that

confusion can arise over the term synchronising (sync)
pulse. It can be used in two senses, first to describe
the pulses which are added to the video output signal
and are used to synchronise the monitor (strictly these
are "monitor sync pulses" and are only added in the

Monitor raster lines

Part of scene being viewed

(a) No timing errors-
lines in scene

can be distinguished

Part of monitor picture
(magnified)

(b) Small timing errors on
successive lines -

scene lines are blurred

Fig. 3: Small timing errors result in detail in the scene
viewed being indistinct.

camera for convenience), and secondly to describe the
pulses fed to the camera to synchronise the line and
field oscillators. In this latter case they are often
referred to as drive pulses or drives. It is usually clear
from the context how the term sync pulse is being used.

Resolution
It may not be immediately apparent that the resolu-

tion of the camera (its ability to discern fine detail)
depends on the accuracy with which the vidicon target
is scanned. Suppose that the camera is viewing a scene
consisting of fine, vertical lines (Fig. 3). The magnified
sections on the right show successive lines on the
monitor (which is assumed to be perfect) fed from the
camera. The upper section (a) shows no error in the
line scan timing. The lines in the scene can thus be
discerned. The lower section (b) shows the effect of
small timing errors on successive lines-the effect of
these errors is that the lines are slightly displaced. In
consequence the lines in the scene will not be seen-
there will be just a blur. In the case of a fine line
structure the errors need only be of the order of
fractions of a microsecond to produce an unresolved
blur. This illustrates the need for stable, accurate
scanning in order to get optimum pictures. Large
objects, say the side of a house, will have a ragged
edge if timing errors are present-only fine detail will
be completely lost. A compromise must be made
however between technical excellence and cost-a
simple camera used for shop lifter detection may cost
£150 whereas a sophisticated camera with a built in
sync pulse generator for providing high -resolution
pictures from a microscope may cost £1,500!

Camera Drive Pulses
The more complicated cameras are designed to be

able to work with a variety of drive pulses. The com-
plication of the circuits is caused by the cross -linking
necessary to route the pulses to the correct circuits.
Some drive modes employ pulses supplied from an
external source; in another mode the pulses are de-
veloped by the camera circuits. The mode selection
links are semipermanent (e.g. soldered links) since the
operating mode is seldom changed. Great care should
be taken when changing links to ensure that the
correct links and the correct links only are changed-
check against the manufacturer's information. It may
be necessary to add or remove terminating resistors
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Fig. 5: Block diagram of a camera operating in the random
interlace mode.

for external drives when changing to an alternative
mode. We shall be comparing the various methods of
driving a camera in later articles.

However the drive pulses are derived the camera
requires two sets of pulses, one to drive the vertical
oscillator and the other to drive the horizontal oscillator
-in the last analysis a free -running oscillator is one
which provides its own drive pulses. The two sets of
drive pulses may have some timing relationship or
there may be none. They may be generated entirely
externally to the camera, entirely internally, or by a
combination of these two techniques.

Random Inter/ace
For simple (particularly single camera) operation in

non -critical applications the random interlace mode is
used. This is by far the simplest method of driving a
camera: all the pulses required, including the blanking
and sync pulses for the video output, are generated
inside the camera.

The pulses to drive the field oscillator are derived
from the mains, or a free -running oscillator may be
used. Fig. 4 shows how suitable pulses at mains fre-
quency can be derived from a low -voltage secondary
winding on the mains transformer (T1). The low-
voltage (approximately 5-10V r.m.s.) a.c. input is
fed through a low-pass filter LI, Cl which removes
the higher harmonics of the mains frequency (100Hz,
150Hz, etc.) which could cause false triggering of the

field oscillator. This is followed by a simple common -
emitter amplifier using transistor Trl which is deliber-
ately overdriven so that the top and bottom of the
sinewave is clipped to give an approximate square -
wave. The time -constant of the following CR circuit
(C2, RI) is chosen so that the squarewave is differenti-
ated to give the pulse waveform shown. Clipper diode
DI removes the pulses of unwanted polarity depending
on which way round it is connected-in some cases
the unwanted pulses will have no effect on the following
circuit and DI can be omitted. Cheaper equipment may
also omit the filter LI, Cl.

The line oscillator (see Fig. 5) is free -running and
except for the power supplies completely separate from
the field oscillator. It is usually a blocking or crystal-
controlled oscillator (circuits and details of operation
next month) running at twice the line frequency
(31-250kHz instead of the 15.625kHz expected with a
625 -line system) and is immediately followed by a
divide -by -two circuit. This may sound illogical but if
the camera is required to operate in other modes a
twice line frequency output is necessary and this
arrangement avoids the need of a selection of crystals
or fiddling round with the frequency -determining com-
ponents. Fig. 5 shows a block diagram of a camera
operating in the random interlace mode for comparison
with other modes as they are covered.

In this mode there is no relationship between the
line and field oscillators, i.e. they are not locked
together or mutually synchronised in any way. Each
field consists of about the expected number of lines
but the lines in successive fields do not have the exact
timing relationship necessary for 2:1 interlace. if inter-
lace is achieved it is a transitory thing and purely
coincidental! Hence the term random interlace.

A characteristic feature of random interlace opera-
tion is a flickering white bar that appears along the
bottom of the picture displayed on the monitor-the
interlace bar. This is apparently due to charge build up
on the target layer. It is difficult to eliminate it com-
pletely without increasing the complexity of the circuits
-which defeats the simplicity and cheapness of this
method. The amplitude of the bar and hence its annoy-
ance value depend on tube type and age. It can be
minimised by careful attention to the setting up, par-
ticularly the beam alignment. The usual "cure" is to
increase the monitor height setting and thus drop the
bar behind the monitor tube mask.

Despite its apparent crudity the random interlace
system is widely used-in fact many cameras are designed
to work in this mode only. It is simple, cheap and
reliable. The resolution is not all it might be, but for
many purposes (and this is the real criterion) it is found
to be adequate. If two or more cameras are used their
oscillators will be working independently and switching
between them may result in monitor picture roll or
break up until the monitor sync circuits have settled
down to the new set of sync pulses. To overcome this
or to allow pictures from separate cameras to be mixed
together some form of inter -camera synchronisation is
necessary.

Derivation of the sync and blanking pulses for the
video output from the line and field drive pulses is
common to the random interlace mode and synchron-
ised modes and a discussion of the circuits used will be
left until a later article. Next month we shall be looking
at basic pulse generator circuits-and at how to make
a bistable circuit divide by some factor other than 2!

TO BE CONTINUED
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FOOTBALL
P BUSBY13Sc

otherGmus
ON THE TELEVISION SCREEN

PART
THREE

THIS month we deal with the ball control circuits for
a simple TV game. Readers wishing to construct the
more sophisticated football game to be described in
a later part should nevertheless read through this article
as the basic principles involved in both games are
similar.

The Simple Game
The simple game can best be described as tennis with

a remote -controlled ball. The ball travels with a
constant velocity component in the horizontal direction
and interception by a player reverses its horizontal
velocity. The vertical component of the ball's velocity
is controlled by the knob on the top of each joystick.
Once a player intercepts the ball he will have sole
control of the ball's direction which he can change in
flight. Once his opponent intercepts the ball however
the horizontal velocity component will be reversed and
control of the vertical velocity passes to the opponent.

Invisible boundaries at the top and bottom of the
screen reverse the vertical velocity of the ball and thus
bounce it back into play. Scoring involves getting the
ball past your opponent whereupon it goes out of play.
To regain the ball for the next match the losing player
presses the serve button on his joystick control. The
ball will then reappear from his side of the screen.

You should now have a picture of what happens in
the game, so we can go on to describe how this is
achieved. The circuit is shown in Fig. 14.

First we must be able to recognise when a player
intercepts the ball-i.e. when ball and player coincide
on the screen. This is quite simple as the pulses repre-
senting man and ball will then occur at the same time.
Thus all that is necessary is to feed the ball signals and
signals from one of the men into an AND gate and we
will get an output pulse when coincidence occurs. This
is done with NOR gates IC101 a and IC101b. As the
input signals are zero -going pulses these in fact act as
AND gates and produce positive -going output pulses at
coincidence.

These coincidence signals are fed into a second pair
of NOR gates ICIOlc and ICIOld which act as inverting
OR gates and give a zero output when either a coinci-
dence occurs or a serve button is pressed. The cross -
coupled NAND gates IC102a and IC102b form a latch

*I PC SERVICES LTD

which is triggered over by zero input to IC102a and
back again by zero input to IC102b.

Coincidence between the left man and the ball will
cause the output of IC102a to go positive: it will remain
positive until coincidence between the right man and
ball cause it to return to zero. The remaining gate
ICIO2d is part of the display circuitry. It combines the
men and ball signals before they are fed to Tr20, the
c.r.t. drive amplifier.

Ball Control
We will now deal with the ball motivation. This is

achieved with two precision integrators which produce
slow -speed ramps. IC103 controls the horizontal
velocity which is constant in either direction. Normally
a positive voltage at the input to the integrator (VR102)
produces a falling voltage at the output while a negative
input produces a rising output.

In the case of IC103 the input voltages are zero and
+4V from the logic (IC102a). To cater for this the
non -inverting input (pin 3) is taken to about +2V via
VR101. Integrator IC104 controls the ball's vertical
velocity, which is continuously variable from a fixed
positive value through zero to a fixed negative value
(by negative velocity we mean travelling in the opposite
direction). The dual potentiometer VR102 allows the
overall speed of the game to be varied by changing the
integrator time -constants.

When the ball reaches the top or bottom of the screen
it must reverse direction. The circuitry needed to achieve
this consists of the emitter -coupled bistable circuit-
transistors Tr102 to Tr107-and a pair of boundary
comparators-IC105, IC106. The boundaries are set at
the edges of the screen and correspond to voltages at
the output of IC104 of about -0.5V and -6V.

Comparator IC105 forms the upper boundary
detector, its output going positive when the input
(pin 3) exceeds the preset voltage of -0.5V at pin 2.
The lower boundary detector IC106 also gives a positive
output when the input at its pin 2 is less (more negative)
than the preset voltage of -6V at pin 3.

Diodes D102 and D103 form an OR gate allowing
the bistable Tr104, Tr105 to be triggered over when
the output of either IC105 or IC106 goes positive.
Transistors Tr102 and Tr107 are emitter -followers
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Photograph of the simple game board, showing the
component side.

giving a low output impedance to drive the joystick
potentiometers VR9 and VRIO The bistable circuit has
been designed to give symmetrical outputs of +8V and
-8V across VR9 and VR10.

If we ignore transistors Tr103 and Tr106 we can now
get an overall idea of this part of the circuit. VR9 can
be set at any value between +8V and - 8V, resulting
in a rising or falling ramp at the output of IC104. This
in turn causes the ball to travel up or down the screen
at a predetermined velocity. Should the ball trespass
over the edge of the screen one of the boundary com-
parator outputs will go positive and the positive -going
edge will trigger the bistable Tr104/Tr105 into its
other stable state. This change of state causes the
voltage across VR9 to be reversed and the vertical
velocity of the ball will also be reversed.

If we now return to the horizontal ball control we
see that the relay RL1 changes over the joystick control
each time a player intercepts the ball. In the circuit as
so far described however the bistable could be in either
state, meaning that the knob on the top of the joystick
could equally point in the opposite direction to the
direction the ball would take. To overcome this
transistors Tr103 and Tr106 are incorporated to preset
the bistable each time a man -ball coincidence occurs.

Construction
Construction is quite straightforward. The com-

ponents should be laid out on a piece of 0.1in. pitch
Veroboard, 3} x 71 -in., as shown in Fig. 15 and the
photograph. Relay RL1 should be a sensitive 12V type
with a coil resistance of 4700 or greater-the proto-
type used a Henry's Radio type 9B. The value of R104
should be about a quarter of the relay coil resistance.
Mount the game speed control VR102 on the front
panel. The board should be mounted along the side of
the case and all interconnections made except the out-
puts from the ball control integrators. The ball control
inputs to the man/ball circuit board should be wired
to the test potentiometers as outlined in the previous
article.

Testing
Check that you now have the ball and both men

together on the screen. Connect the horizontal ball
control only to start with. Check that a man -ball
coincidence reverses the ball direction and adjust
VR101 for equal velocity in each direction.

Also check the serve buttons: contacts S la and S2a
centre the ball vertically on the screen.

Boundary Reflections
The vertical ball control should also be checked

independently. Set the boundary reflections at the edge
of the screen with VR103 (top) and VR104 (bottom).
Next establish which joystick is controlling the velocity.
You should be able to reverse the ball direction in mid
flight and still get reflections from the boundaries. Test
the other joystick by moving the man over to intercept
the ball. The ball should move off with a new velocity
in the direction indicated by the knob.

Once the ball has undergone a reflection the knob
will indicate the opposite direction. Nothing can be
done about this unfortunately. It should not affect the
game adversely however as the ball does not undergo
more than one reflection in normal play. If either of
the joystick control knobs does not agree with the
initial ball direction simply reverse the connections to
VR9 or VRIO.

Football Game
This concludes the simple game project. In the next

two articles the football game will be described. This
game features reflection from four visible boundaries,
giving the ball interesting snooker like trajectories.
Other features are that the ball can be given any speed
and direction by kicking it with the player and the
ball velocity decays realistically with time. All this plus
the ultimate colour version!

CONTINUED NEXT MONTH
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Fig. 7: Circuit diagram of the TCEIBRC 1591 chassis, schedule C. The 1590 chassis differs as follows: R131 150k 0; C106 3,900pF; C115 fitted; C42 and R49 omitted. See also modifications on page 507.
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a resistor, again upsetting the bias conditions to
produce weak and croaky sound with the voltages
deviating from those specified.

It doesn't take long to remove a suspect capacitor
and check it on a meter where the circuit values are
such as to preclude testing in situ. If a capacitor
is suspected of being open -circuit it is easy to slap
another across it as a quick check. Leakage will
necessitate removal. Do not omit to check C54
which is the coupler from the i.c. to the volume
control.

Intercarrier Sound IC
The intercarrier sound i.c. is something you can't

do much about other than replace it if it is suspect.
The only tuning is the quad coil (L12) whose core
setting is fairly critical in order to get clear sound
free of buzz. The tuning is otherwise set by the
ceramic filter CFI.

The IF Strip
Fault finding in the i.f. strip becomes much easier

once the positions of the four transistors have been
established and also which parts of the print are
the emitter, base and collector connections. Check
these against the voltages given and the faulty stage
can usually be located in a very short time. Low
emitter voltage is not always an indication that a
particular transistor is defective however. The gain
of VT3 is controlled by the a.g.c. amplifier while its
emitter voltage controls VT2 base (via R12). So
get VT3 base voltage right first, and check the
electrolytics C17, C2 and Cl. Leakage through any
of these will upset the whole system.

VT4 has no emitter resistor: its base is biased by
R22 whose value is something which should be
checked. The stage is working correctly when there
is a voltage drop of some 12V across R23.

VT5 is the hard worker, having to handle fairly
large signal voltages. This is the transistor which 's
most likely to fail. Its base voltage is held at 3V
by R25 and R26 and this should produce about 2.5V
at the emitter if the transistor is in order. Replace-
ment type BF197 can also be used in the VT6 and
VT7 positions.

Video and Sync Circuits
From the detector diode W2 (0A91) the demodu-

lated signals pass to the video driver VT6 which
should have 5V on its base. If this voltage is low
check C36 which could well be leaky: this is far
more likely than R32 or R33 changing value.

The sync separator VT7 is fed from the collector
of VT6 whilst the video output transistor (VT9) is
driven from VT6 emitter (the feed to the gated a.g.c.
stage VT1 is also taken from VT6 emitter). There
should be 4.5V across R40.

The video output transistor is a high -voltage type
fed from a 95V line which is obtained from the line
output stage via W14 (reservoir C111). The voltage
drop across R51 should result in about 45V at VT9
collector. This voltage is dependent upon the signal
and upon the correct working of the driver stage,
also of course on VT9 itself.

The sync separator VT7 is followed by a phase
splitter stage (VT8). Field sync pulses are obtained

from its collector, antiphase line sync pulses from
its emitter and collector.

Field Timebase
Neither the field nor the line timebase has given

us much trouble to date (he said with his fingers,
legs and eyes crossed).

In the field timebase VT14 and VT15 form a mul-
tivibrator which produces a pulse output (positive
going) at VT15 collector: this drives VT17 and VT19
hard on and cuts off VT18 and VT20 to give the flyback
action. The scan is produced by C74 driving VT16. As
the voltage across R87 increases VTI8 and VT20 are
driven on while VT17 and VT19 are driven towards
cut off. The voltages throughout are interdependent
which makes fault tracing difficult. The writer pre-
fers to start with a quick check on the back-to-
front resistance of each transistor in turn, bearing
in mind the direct coupling which prevents a high
resistance reading being obtained when the test
leads are reversed and which transistors are pnp
and which are npn types. Readers who are unfa-
miliar with transistors in field timebases should read
Harold Peters lovely article in the April 1974 issue
-the present circuit is somewhat different to the
one described there however.

Line Timebase
Antiphase line sync pulses are fed to the discri-

minator diodes W9/W10 which also receive a reference
pulse from the line output transformer fed back via
C100 and integrated by R118/C95 and a d.c. control
voltage from the hold control R108. The discriminator
feeds the reactance stage VT23 which controls the
sinewave line oscillator VT24. Line hold troubles are
normally caused by the discriminator diodes becoming
unbalanced (compare the back-to-front ratio of each)
or by one of the electrolytic capacitors drying up or
becoming leaky. C96 is the primary suspect, more often
becoming open -circuit so that another capacitor bridged
across it will prove the point.

A driver stage follows the oscillator and is
coupled to the output transistor by transformer T2.
The output transistor itself rarely seems to fail in
this chassis (others may have had different expe-
rience, we can only speak for ourselves). We cannot
comment upon the fault symptoms caused by this
therefore. We have had to replace the boost diode
W11 however. This must be a fast -acting diode of
the type specified, Thorn D31 or two BYX70 in
parallel. Any other combination is likely to overheat.
An XK3017 can be used however if this type is
available, as can an F203. Ordinary silicon diodes
are quite unsuitable.

Supplies from the Line Output Stage
Windings on the lineoutput transformer feed

rectifiers which provide the video h.t. line, the c.r.t.
first anode and focus supplies and of course the
e.h.t. The video h.t. and c.r.t. first anode voltages
are decoupled by electrolytics. C110 (10µF) being
the first anode smoother and C111 (LuF) the video
h.t. smoother. A short in either capacitor will damp
oscillations and render the line output stage inope-
rative.

SERVICINGfr/ television
receivers

L LAWRY JOHNS
TCE 1590/1591 CHASSIS-cont.

Mixer Transistor
The irritating habit of the oscillator -mixer tran-

sistor VT352 (Thorn TVT2 or AFI39) is its reluc-
tance to oscillate at low frequencies. Thus a selected
button may tune in perfectly as it is unscrewed to
say channel 26 but when it is turned clockwise to
tune down to channel 23 the programme may start
to come in and then suddenly cut off as the correct
tuning point is reached. Alternatively it may tune
in for a time and then cut off. "Just when it was
getting interesting. I could have thrown the bloody
teapot at it. If it does it again I'll chuck it out of
the * * * * * * * window". Before trying a new tran-
sistor check the oscillator section tuning vanes to
ensure that they are not fouling with the stator at
this point. Fitting a replacement transistor is easier
in this position as the screening lead is unused and
is cut off short.

Audio Circuits
The main trouble spot on the printed panel is

neither the signal stages nor the timebases. Due
perhaps to the use of an unregulated supply for
the audio output stage it is the transistors here that
seem to fail. Our main circuit shows the original
design-later models can vary to a marked extent
and one should not be surprised to find an additional
transistor in the R66 position with a variable re -
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sistor to regulate the base current of the output
pair. The transistors may also be completely diffe-
rent from those shown and these are not interchange-
able therefore. The types fitted must be adhered to.

The normal complaint is that fuse F2 fails: ex-
amination may show that resistors R68 and R69
are discoloured. If the circuit uses a Thorn OP2A
(AC128) driver and OP7 output pair (matched pair
with equivalents VT12 AC176K, VTI3 AC128K)
the writer's experience has led him to observe the
following rule: if in doubt change the 128. If the
output pair have damaged their emitter resistors
therefore change them as a pair and also change
the AC128 driver which may well have caused the
trouble in the first place even if it reads right.

Faulty Capacitors
Faulty transistors are not the only things which

can cause trouble here however. The electrolytic
capacitors used can become defective in three ways.
First they can dry up or otherwise become open -
circuit resulting in very weak or no sound. Secondly
they can short thus completely upsetting the operat-
ing conditions of the transistors. Completely wrong
voltage readings on the output pair for example
are often due to C58 shorting, thus taking the base
of VTIO well down to cut off which in turn cuts
off VT11 and so on. The third defect is fairly heavy
leakage so that the capacitor behaves more like

VT27
TVT14

16.8V
unstabilised
(12.5V nominal)

470

01
2

Fig. 6: Audio circuit used in later versions of the chassis.
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Alternative Semiconductor Devices
If the Thorn specified semiconductor types cannot

be obtained the following Mullard equivalents may
be used.
VT8, 10, 17, 22, 23, 24
VT1, 14, 18
VT4
VT2, 3
VTS, 6, 7
VT9

BC147
BC157
BF194
BF196
BF197
BF336

VT11 AC128
VT12 AC176K
VT13 AC128K
VT21 AD149
W6, 7, 8 BY126
W13 BA148F

In the case of VT11, VT12, VT13, VT22 and VT25
see Fig. 6 and the modifications below however.

Modifications
As previously mentioned later versions incorporate

a redesigned audio circuit using silicon driver and out-
put transistors. The circuit is shown in Fig. 6. An extra
transistor (VT27) stabilises the output stage quiescent
current against temperature changes. Preset R70 is for
initial adjustment of the quiescent current-it should be
necessary to reset this only after replacing VT10, VT11,
VT12, VT13 or VT27. The procedure is as follows:
connect a meter in series with VT12 collector, turn R70
fully anticlockwise (viewed from rear of chassis),
switch on, turn volume control to minimum, then
slowly advance R70 for a meter reading of 4mA. With
the modified output stage it is not necessary to used a
matched pair of output transistors. These can be
replaced individually therefore.

The field timebase circuit used in earlier production
(schedule A and B) differed considerably-see Fig. 2
(last month).

In addition there have been a number of minor com-
ponent modifications as follows:

C38 reduced to 390pF to eliminate cogging under
certain video conditions.

C66 removed to improve the audio quality.
C80 reduced to 10pF to improve field linearity.
C111 reduced to 1pF to improve spot suppression at

switch off (was 33pF in the 1590 chassis).
C116 (1,000pF, 350V) added across boost diode W11

to eliminate line tearing under weak signal conditions.
C117 (0.1pF) added across C111 to eliminate stria-

tions due to the inductance of C111.
C118 (0.01pF) r.f. bypass capacitor added from VT21

base to chassis to overcome instability on battery
operation.

R3 removed and R6 reduced to 33161 to improve the
a.g.c. action.

R10 may be 1042 or 18k0 as necessary to provide the
correct i.f. response.

R32 increased to 8-2ki"1, R38 to 1.2k0 and R40 to
4700 to improve the video performance.

R48 changed to a fusible type for increased safety
and reliability.

R102 increased to 680 to improve the regulator
operation.

VT22 changed to type TVT21 (increased rating) to
improve reliability.

VT25 reclassified type TVT21 to include type BC337.

SERVICE NOTEBOOK
G. R. Wilding

Narrow Unmodulated Raster
An unmodulated 6in. wide raster and no sound was
the complaint with a 20in. model fitted with the ITT
VC200 chassis. In common with most other hybrid
single -standard models the 1.t. for the transistors in
this chassis is developed from a low -voltage winding
on the line output transformer. The absence of sound
and picture was the result therefore of the low line
output failing to produce sufficient 1.t. to make the
tuner's mixer stage oscillate.

A new PL504 line output valve and PY88 boost
diode did not improve matters so the next step was
to check the screen and control grid voltages of the
PL504-a short across the 1.t. circuit was ruled out
since there was no sign of any overheating anywhere.
-50V should be present at the control grid and
190V at the screen grid but on contacting the valve -
holder control grid pin with the meter lead full width
was restored together with normal picture and sound.
It appeared therefore that either the grid was not
returned to chassis or that excessive negative bias
was being applied, the latter being reduced by the
10M0 meter resistance (500V range at 20k0/V). The
width control was found to be o.k., as were the 1M0
resistors R153 and R154 (see Fig. 1), but on stabbing
an equivalent resistor across the print connections
to the 10M0 resistor R159 normal width, picture and
sound again appeared. On lowering the chassis it was
found that R159, shown as 10M12 on the circuit

diagram, actually consisted of two series -connected
1W resistors of 5,6MO and 4.7M0, clearly a maker's
modification.

Faults due to R159 are quite common on this
chassis. As the two resistors were mounted close to
the PL504 we decided to wire the replacements on
the print side of the panel to ensure cool running.
Generally speaking, the higher the value of a resistor
the more inclined it is to deteriorate under high
working temperature conditions.
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Fig. 1: ITT VC200 chassis line output stage.
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_D .10 TELEVISION
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IT is with pleasure that I start this month with startling
news of extreme reception! Veteran DXer Ian C. Beckett
of Buckingham has been active with TV -DX for some
16 years and has been very successful with all types of
reception. I feel he has really reached the ultimate this time
however. Readers may recall that on May 15th, 1974 at
1936-1959 BST (CET) he received on chs. E2, 3 a programme
consisting of a coloured gentleman giving a talk on medicine
-in English! Following Ian's research into a possible
source of the signals he has now received confirmation
from the Ghana Broadcasting Corporation that what he
saw was from the programme "You and Your Body" and
originated from the Kissi ch. E2 15kW and Jamasi ch. E3
15kW transmitters in Ghana. Our sincere congratulations
go to Ian on this quite magnificent and incredible reception.
The Ghana authorities also sent details of typical pro-
gramme timings for their network. These are 1745 to
approximately 2230 close with an earlier opening at 1600
on Sundays, all times local (GMT). Incidentally Ian also
noted a newsreader as floater over the above signal, on
ch. E3 at 1945! Nigeria? ? The signals were received on
Ian's main Band I array (four -element ch. B1-5 wideband)
and a new five -element ch. E3 -F4 array at only 15ft. height.

Returning to the European area we have news that the
Iraklion ch. A2 (system M) transmitter on Crete has now
been received in the UK. This first occurred on June 18th
at 2005 CET when Hugh Cocks (now in Devon, and of
Gwelo, Rhodesia reception fame!) noted on ch. A2/E3 a
weak signal with the field hold requiring resetting. The
programme was an old "Ironside" USA police drama which
ended at 2010 followed by a caption-a globe with white
lettering on black to the left-hand side of the frame. This
faded to be replaced again by "Ironside" at 2020. The signal
subsequently faded under World Cup football from JRT.
I feel that this is definitely the AFRTS outlet on Crete.

The second sighting of this transmitter (listed at 0.1kW!)
was by Garry Smith (Derby) who received the RETMA
test card "way off lock" on June 24th at 0844 BST. The
main difference is that the contrast grey -scale around the
card was blacked out.

Yet another possible reception occurred later the same
day when Keith Hamer, also of Derby (a good DX site?)
received a possible "Indian Head" test card. Keith noted
a card floating on ch. E3 and assumed it was RAI spreading
from ch. IA. It was then established however that RAI was
carrying programme at the time. The signal was weak (as
indeed were all the signals from Crete) and by the time further
action was taken had faded.

It is known that Crete is using the RETMA card but at
this stage we are uncertain whether the Indian Head card
is also in use there. We do know that station HZ22, ch. A2
Dhahran, Saudi Arabia uses the ,card and must consider
this a possibility although the time was rather late for their
radiation of such a card (received at 1625 CET). Again our
congratulations to all involved with these receptions.

The first part of June made me feel that the season had
already ended since several days passed-in fact nearly two
weeks-with very little of note! From about the 17th
however things were really alive, with a lull only during the
last two days. Sporadic E propagation has consisted mainly

ROGER BUNNEY

of longer hop signals from the south-east and east. Really
strong signals have been seen at times. The TSS (USSR)
signals on ch. RI during the early morning of June 25th
were so strong that they were spreading as far h.f. as ch. E3
on a narrow bandwidth receiver. The tropospherics also had
a lift, notably on the 16th and 22nd.

My log for the period is as follows, keeping to the "best"
days due to shortage of space this month.

4/6/74 Improved trops into ORTF (France) at u.h.f.
14-16/6/74 Improved trops including ORTF; WG (West

Germany); BRT (Belgium); NOS (Holland).
An interesting reception here was Liege ch. E3
via trops over the local ch. B3.

17/6/74 RAI (Italy) chs. IA, IB-SpE.
18/6/74 TSS (USSR) RI, 2; YLE (Finland) E3; SR

(Sweden) E2, 3, 4; NRK (Norway) E2-SpE.
20/6/74 TVE (Spain) E2, 3, 4; TVR (Rumania) R2-

SpE.
21/6/74 TVE E2, 3, 4; RTP (Portugal) E2, 3; RAI IA,

IB; JRT (Yugoslavia) E4-all SpE.
22/6/74 JRT E3, 4; RAI IA, IB; WG E2, 3; also un-

identified signals-all SpE.
23/6/74 TVE E2, 3, 4; RTP E3; JRT E3, 4; RAI IA,

IB; Albania IC; also many unidentified signals
-SpE.

24/6/74 TSS RI, 2; CST (Czechoslovakia) RI ; TVP
(Poland) RI, 3; TVE E2, 3, 4; RTP E3-all
SpE.

25/6/74 TSS RI, 2, 3, 4; TVP RI, 2, 3; DFF (East
Germany) E3, 4; MT (Hungary) RI, 2;
Switzerland E3; WG E4. On return in the
evening conditions were still open and remained
so until 2400. All SpE.

26/6/74 TVP RI ; WG E2-SpE.
There have been some unusual receptions though nothing

as dramatic as that reported above. The opening on Saturday
22nd at 1535-45 brought a male announcer wearing a fez!
The signal was weak and fading, under heavy interference.
The male announcer was replaced by a female and the
signal faded completely at 1545. Since I've never seen a
West European announcer on ch. E3 wearing a fez I suspect
that this may at last be my sighting of Jordanian TV! The
following day brought another dramatic sighting. At 1510
there appeared for a short time on ch. E4 a crosshatch/grid
floating under strong signals from JRT. The time corres-
ponds to the possible test period prior to the opening of
CLT (Lebanon)! I am making enquiries as to the opening
time of CLT on that day. In both cases the signals resembled
trop signals and came from the south east.

The 24th brought an unusual signal on ch. R2. The CST
electronic pattern was noted at fair strength, actually some-
what on the I.f. side of this channel as it could be tuned
separately from another signal on ch. R2. This was an
extreme amount for an offset. Did anyone else see it? The
time was 0740 and the pattern was preceeded by colour
bars. The identification on the pattern consisted of two sets
of letters.

Unusual sightings from other readers include the Swedish
test card, resembling the old colour card but with the
identification "TV1 Orego". Clive Athowe noted the T05
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Indian head test card as used and photographed from
station HZ22, Dhahran.

Fubk test card with SWF-3 identification.
Photo courtesy Dieter Scheibe

Television La Plata (Argentina) test card. Channel A2.
Photo courtesy Garry Smith

card from ORF (Austria) carrying a black bar just under
the lower centre-within the bar were the letters "ORF
FS1". TVR (Rumania) was noted with the usual EBU bar
and a differing identification "140574 TVR Bucuresti".
A new pattern too from TVE-a form of colour bars but
with the first bars from the left being black, white, black.
JRT was noted on ch. E3 with a pattern consisting of four
vertical bars-black, white, black, white-in the upper

West German news caption.
Photograph courtesy of Peter Vaarkamp

BRT-2 (Belgium) identification slide.
Photo courtesy Peter Vaarkamp

two-thirds of the field and a conventional sawtooth beneath.
The checkerboard was noted on TVE-2/RTP but with two
central squares missing making a double cross. TVE has
also been using a new clock-the clock being to the left
with a "TVE" identification to the right. Ryn Muntjewerff
noted the DFF (East Germany) test pattern carrying yet
another identification "DFF F/NTD". This is an abbrevia-
tion for a text which when translated reads "technical test
transmission, TV signal transmitted by DDR". The pattern
has also appeared on ch. RI with "DDR" on it.

News Items
Monaco: Tele Monte -Carlo changed on December 23rd

last from system E with 819 lines to 625 lines on ch. F10.
The other characteristics remain unaltered. Occasional
colour transmissions are radiated for test purposes. The
ch. F2 outlet is not in operation.

Middle East: Pye TVT have obtained a record contract-
a complete TV system for Oman. A studio centre is to be
constructed at Salalah-capital of Dhofar-with two colour
studios. Four transmitters (all in Band III) will cover Salalah
and the majority of the country-all are 10kW units. On
air day is scheduled for Oman National Day, November
1975.

The TV Centre of the Dubai Radio and Television
Service-commissioned in December last-will be opera-
tional this September. The service provides programmes
in Arabic/English-and in colour.
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The ORF (Austria) Jauerling TV mast-channels E2a and
E21. Photograph courtesy Keith Hamer

An interesting footnote to the Oman operation is that
a special studio is being established at the Sultan's palace
at Salalah. This will be linked to the TV Centre "so that
HM Sultan Qaboos Bin Saiid can be televised directly into
the network".

Czechoslovakia: We now have details of the main CST
u.h.f. transmitters, all second programme (courtesy Clive
Athowe).

R22 Pardubice 600kW
R22 Klatovy 100kW
R24 Prague -City 100kW
R25 Kosice 600kW
R26 Prague 1000kW
R27 Bratislava 1000kW
R29 Namestovo 100kW
R29 Brno 600kW
R30 Poprad 600kW
R3I Plzen 600kW
R3I Liberec 100kW

R31 Ostrava 600kW
R32 B. Bystrica 600kW
R33 Usti n.l. 600kW
R34 N. Jicin 100kW
R35 Susice 100kW
R35 Zilinia 1000kW
R35 Brno-Mesto 100kW
R36 Jesenik 600kW
R36 Cheb 100kW
R37 Frydek 300kW
R38 Sokolov 300kW

All transmissions are horizontally polarised.
The following second chain test transmission times have

been provided by Igor Hajek. Pettin ch. R24 Monday -Friday
0930-1300, 1300-1900 (colour bars), Saturday 0900-1300.
Ostrava, Liberec (Jested) ch. R31, Brno ch. R35 Monday -
Friday 0930-1300, 1300-1700 (colour bars), Saturday 0900-
1300. These are official times given in the CST programme

guide. Incidentally Pettin is a hill in central Prague with
a miniature "Eiffel Tower" mast on top-the site of the
Praha Mesto transmitter (Mesto means town). The main
transmitter is to the South of Prague atop the Cukrak Hill.
This serves central Bohemia. Jested is a mountain South of
Liberec (1012m. a.s.1.).

North America: WTAF-TV Philadelphia has brought into
operation on ch. A29 a 5MW u.h.f. transmitter. This is the
first station to provide omnidirectional coverage with such
a high power. The high -gain transmitting array is 108ft. tall
and is mounted atop a 1,082ft. high tower. EMI Sound and
Vision Equipment is to equip a new 1,805ft. high tower in
Toronto, Canada. This will be 57ft. taller than the Ostankino
TV Tower in Moscow. The transmitting arrays-over 300ft.
high-will be carried on a 220 ton steel structure and will
include arrays for chs. A29 and A19 at 1,695ft., ch. A9 at
1,635ft., ch. A5 at 1,572ft. and a master f.m. array with
11 channel capability at 1,513ft.

The European Broadcasting Union has published an
excellent book on the test cards and test patterns used in
Europe. The 40 page booklet (81 x 12in.) contains very clear
photographs (including colour) of the main broadcasters'
test patterns together with information on the transmission
standards used. Even the RAI test card numbers (transmitter
identification) are given. Countries in North Africa and the
Middle East are also included and there are short chapters
on the production of and reasons for test patterns, methods
of identification, transmission systems, lists of abbreviations
of the broadcasters, etc. The one drawback is the exclusion
of certain OIRT members, specifically TSS, TVP, TVR, CST
and MT. Apart from the latter point I fully recommend
this book to readers. It is priced at 80 Belgian Francs and is
available from: European Broadcasting Union, 1180 Brux-
elles. Avenue Albert Lancaster 32, Technical Centre,
Belgium. The book is entitled "Identification of Television
Transmissions in Europe", Tech. 3201-E.

"Beyond Shortwave" is the title of a booklet produced
by the WTFDA (World Wide TV FM DX Association).
It is basically a guide to the hobby of DXing in the TV, FM,
and public-service bands. Included in the booklet are a
number of charts which give very useful frequency alloca-
tion information. Chapters are included on propagation-
particularly good-aerials, receivers etc. Although intended
for North American enthusiasts it is of general interest and
can justify a place on our bookshelves. Priced at $1.50,
from WTFDA, PO Box 163, Deerfield, Illinois, 60015,
USA. The price includes postage (surface).

From Our Correspondents . . .

I have been surprised (and inundated) by the number of
letters this month describing reception. Unfortunately I can
mention only a few. N. Hanwell (Sheffield) sent an urgent
request for the address of Jordan TV-he received on ch. E3
a programme on elephants (being washed!) at 1650, June 3rd,
complete with Arabic subtitles. He has been using a wide -
band Band I array with a varicap tuner unit feeding into a
Sobell receiver (two i.f. stages plus the v.h.f. tuner as another
two -stage amplifier). Cliff Dykes (Sutton, Surrey) says he
is having a bumper year for DX-TV-he has noted most
countries, certainly for the longer skip distances. In common
with others he has found the shorter skip signals absent.
Cliff uses loft arrays (due to living in a flat) but has never-
theless received distant signals such as TVR. He has also
noted WG at u.h.f. Phillip Norman (Withywood, Bristol)
has received "all countries in Europe" excluding NOS
ch. E4-Bristol is rather shielded in this respect. He hopes
to install a 5.5/6/6.5MHz multi -standard sound i.f. strip

-continued on page 513
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J.B.DANCE MSc

AUDIO integrated circuits are being increasingly used
in television chassis and certainly represent the simplest
approach to improving the audio side of a TV set.
A number of such i.c.s have appeared during the last
couple of years: this article describes the use of two
fairly recent ones, the SGS-ATES TBA800 and
TBA8I0S. Both devices can provide reasonably high
outputs into a suitable loudspeaker-the TBA800 will
give up to 5W and the TBA810S up to 7W-the main
difference between them being that the TBA800 is a
somewhat higher voltage, lower current device. The
TBA800 is used in the current Grundig and ASA 110°
colour chassis while the Finlux 110' colour chassis
uses a TBA810. In each of these chassis the audio i.c.
is driven from a TBAI20 intercarrier sound i.c. The
TBA800 and TBA810S can also be used as the field
output stage in 110' monochrome chassis with c.r.t.s of
up to l7in. and as the field driver stage in larger screen
monochrome sets.

Using the TBA800
The TBA800 is designed to provide up to 5W into

a 160 load when operated from a 24V supply. It is
encapsulated in the type cf quad -in -line case shown in
Fig. I: the tabs at the centre are to assist in cooling the
device and must be earthed.

The TBA800 can be operated from power supply
voltages up to the absolute maximum permissible value
of 30V. It is best to regard 24V as being the upper limit
however in order to provide an adequate safety margin
and prevent possible damage during voltage surges. The
minimum power supply voltage recommended by the
manufacturers is 5V, but the power output is then less
than 0-5W.

The quiescent current taken by the TBA800 is
typically 9mA from a 24V supply-no device of this
type should draw more than 20mA. When an input
signal is applied the current increases considerably-
up to about 1 5A at full power.

Two circuits for use with the TBA800 are shown in
Figs. 2 and 3 and give comparable performance. The
circuit shown in Fig. 2 is somewhat simpler but that

shown in Fig. 3 enables one side of the loudspeaker to
be connected to chassis.

The input resistance of the TBA800 is quite high
(typically 5M0) but a resistor must be connected
between the input pin 8 and chassis otherwise the out-
put stage will not operate with the correct bias. In the
circuits shown the volume control VRI provides this
function: the bias current that flows through it is
typically 1 pA (maximum 5pA).

The average voltage at the output pin 12 is half the
supply potential. The loudspeaker must be capacitively
coupled therefore and the low -frequency response will
be worse as this capacitor is decreased in value.

The output coupling capacitor C4 in Fig. 2 also
provides the bootstrap connection to pin 4. In Fig. 3
an additional capacitor (C9) is required for this
purpose.

In both circuits the value of RI controls the amount
of feedback and thus the gain. The output signal is fed
back to pin 6 via an internal 7k0 resistor. If RI is
reduced in value the gain will increase but the frequency
response will be affected and the distortion will rise.

With the component values shown the voltage gain
of both circuits is typically 140 (43dB) which is quite
adequate for most audio applications.

R3 in Fig. 3 is necessary only if the power supply
voltage is fairly low (less than about I4V).
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Fig. 1 (left): Pin connections to the TBA800. The
TBA810S and TBA810AS are the same except that there

is no connection to pin 3.

Fig. 2 (right): Circuit for using the TBA800 as an audio
amplifier. The input signal should be coupled to this and
the other circuits shown via a capacitor of say 0.047pF-
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Fig. 3 (left): Alternative circuit with the loudspeaker
returned to chassis-this reduces hum problems.

Fig. 4 (right): Plot of distortion against power output for
the TBA800.
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C2 smooths the power supply input and Cl is
connected between pin 1 and chassis to provide r.f.
decoupling and help prevent instability. If mains hum
is present on the supply line with the circuit shown in
Fig. 3 capacitor C8 should be included between pin 7
and chassis.

The circuits shown have a level frequency response
(within ±3dB) between about 40Hz and 20kHz. If you
wish to reduce the upper 3dB level to about 8kHz C5
can be increased to about 560pF. The total harmonic
distortion provided by these circuits remains fairly
constant at about 0.5% until the power output reaches
3W: it then rises rapidly with power level as shown in
Fig. 4.

Mounting the TBA800
The TBA800 can be operated from a 13V supply to

feed up to 2.5W into an 80 load or from a 17V supply
to feed the same power into a 160 load without an
additional heatsink. If more output power is required
the cooling tabs must be connected to a heatsink. Two
methods of mounting the TBA800 are shown in
Figs. 5 and 6. In Fig. 5 the device is inserted into a
circuit board and a heatsink is soldered to the same
points as the tabs: this has the disadvantage that the
heatsink extends above the board though on the other
hand the whole board can be used for the construction
of the circuit. In Fig. 6 the tabs are soldered directly to
a suitable area of copper on the board: this method
has the disadvantage that about two square inches of
the board are not available for component mounting.

It is generally best to make soldered connections to
the pins of the device since this ensures good heat
dissipation with minimum unwanted feedback. Observe
the usual heat precautions when soldering. The pins
can however be carefully bent so that they will fit into
a 16 -pin dual -in -line socket.

The TBA810S and TBA810AS
The TBA810S has the same type of encapsulation as

the TBA800 and the connections are also as shown in
Fig. 1 except that there is no internal connection to
pin 3. An alternative version, the TBA810AS, has two
horizontal tabs with a hole in each (see Fig. 7) so that
a heatsink can be bolted on. Some readers may find it
easier to bolt a heatsink to a TBA810AS than to solder
the TBA810S tabs.

TBA810 devices can provide 7W of audio power to
a 40 loudspeaker when operated from a I6V supply.
Fig. 8 shows the change in maximum output power
with different supply voltages. As a 4.5W output can
be obtained with a 12V supply the TBA810 is much
more suitable than the TBA800 for use with battery
operated equipment. The TBA810 can provide output
currents up to 2.5A.

Audio Circuits
Two circuits for use with TBA810 devices are shown

in Figs. 9 and 10: they are very similar to the circuits
shown in Figs. 2 and 3 though some of the capacitor
values are larger because of the lower output impedance.
The two circuits have comparable performance but
that shown in Fig. 10 gives somewhat better results at
low supply voltages (down to 4V). In either circuit R2
may be replaced with a 100k0 volume control. The
bias current flowing in the pin 8 circuit is typically

( 979

Copper area 35,u thickness

P 11 n !n

tidy tiyy
TE3A800

Figs. 5 and 6: Alternative heatsink arrangements for the
TBA800 and TBA810S.
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4 8 12 16 20
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Fig. 7 (left): Outline drawing of the TBA810AS.

Fig. 8 (right): Maximum power output plotted against
supply voltage for the TBA810S/AS when a total distortion

of 10% at full power is acceptable.

Positive supply Positive suppi

CS
100
25V

'mu
signal

TBA810S 1.

TBA810AS 7

10

R3

Figs. 9 and 10:Alternative audio circuits using the TBA810S
or TBA810AS.

0-41.1A and the input resistance 5M 0 (the value of R2
must be much less however to ensure correct bias:..,7).

The gain decreases as the value of RI is increased
for the same reason as with the TBA800. The values
of RI, C3 and C7 affect the high -frequency response.
With the values shown the response is level within
±3dB from about 40Hz to nearly 20kHz. Fig. 11

shows values of C3 plotted against RI where the
frequency is 3dB down at 10kHz and 20kHz and C7 is
five times C3.

The output distortion with these circuits is about
0.3% for outputs up to 3W rising to about I% at 4W,
3% at 5W and 9% at 6W with a 14.4V supply voltage.

The voltage gain is typically 70 times (37dB). Al-
though this value is half that obtained with the TBA800
the input voltage required to produce a given output
power is about the same for both types. This is because
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Value of RI In)

Plate

Chassis

PC board

Ugl

Fig. 11 (left): Value of C3 needed for use with various
values of Al when a response 3dB down at 10kHz and
20kHz is required. It is assumed that the value of C7 is five

times that of C3.

Fig. 12 (right): One method of mounting the TBA810AS.

a smaller output voltage is required to drive a 40 load
at a certain power level than is required to drive a
160 load.

Mounting Methods
The TBA810S may be mounted in the same way as

the TBA800. One way of mounting the TBA810AS is
shown in Fig. 12. It is simpler however to bolt flat
heatsinks to the tabs.

Essential Precautions
Devices of this type will be destroyed within a fraction

of a second if the power supply is accidentally con-
nected with reversed polarity. When experimenting
therefore it is wise to include a diode in the positive
power supply line to prevent any appreciable reverse
current flowing in the event of incorrect power supply
connection. The diode can be removed once the circuit
has been finalised.

The TBA800 is likely to be destroyed if the output
is accidentally shorted to chassis. The TBA810S and
TBA810AS however are protected from damage in the
event of such a short-circuit even if this remains for a
long time (but note that the earlier TBA8I0 and

lOflV

2.2k 120

650

Drive from oscillator

Linearity feedback to
field charging circuit

DIE1

Fig. 13: Field output stage for 12-17in.
receivers, using the TBA810S.

Deflection coils
2.5A 4.7mH

0.4

monochrome

TBA810A versions did not contain internal circuitry
to provide this protection).

The TBA800 is not protected against overheating
but the TBA810S and TBA810AS incorporate a
thermal shutdown circuit. For this reason the heat -
sinks used with the TBA810S and TBA810AS can
have a smaller safety factor than those used with the
TBA800. If the silicon chip in a TBA810S or TBA810AS
becomes too hot the output power is temporarily
reduced by the internal thermal shutdown circuit.

As with all high -gain amplifiers great care should
be taken to keep the input and output circuits well
separated otherwise oscillation could occur. The de-
coupling capacitors should be soldered close to the i.c.
-especially the 0 1pF decoupling capacitor in the
supply line (this should be close to pin I).

Field Output Circuit
Fig. 13 shows a suggested field output stage for

monochrome receivers with 12-17in. 110° c.r.t.s using
the TBA8IOS. For safe working up to 50°C ambient
temperature each tab of the device must be soldered
to a square inch of copper on the board. The peak -to -
peak scanning current is 1.5A, the power delivered to
the scan coils 0.47W, power disspipation in the
TBA810S 1 8W, scan signal amplitude 4.IV, flyback
amplitude 5V and the maximum peak -to -peak current
available in the coils 1.75A.

DX -TV
-continued from page 510

for his DX work-in conjunction with a Thorn 850 chassis.
Finally an interesting letter from Anthony Mann in

Australia. He too has experienced aircraft -flutter signals
-usually ABSW5, BTW3 at 120 miles south and
ABCW4 at 60 miles east of his home at Applecross,
Western Australia. ABSW5 is received for approxi-
mately five seconds as a west -bound jet passes over his
house. More often the reverse happens. As a large jet
approaches the airport and crosses the line between the
station and the house shallow, rapid fading occurs with
a decreasing frequency of fading. Pointing the aerial at
90° to ABCW4 (minimum pickup) will give via a west-
bound jet ABCW4 first on approaching the house and
ABSW5 as it recedes. The Winter SpE season there was
an eventful one, with the strongest openings in three

years (another good sign for us in the UK?). Epic sight-
ings were WNTV-1 Wellington NZ at 3,400 miles, New-
castle NBN-3 at 2,000 miles and Wollongong WIN -4 at
2,000 miles. WNTV were using the PM5544 card and
the photograph shows an excellent, strong clear signal.
During this opening AKTV-2 (Auckland NZ) was also
momentarily seen. In February three Chinese ch. RI
stations were received via TE, also a Korean f.m. station
on 44.9MHz. This would coincide with the reception
in Cyprus of Gwelo ch. E2 mentioned in July-also via
TE propagation. A new aerial has been installed-a
Channel Master "Crossfire." It's a log -periodic with 11
active elements for Bands I and II, 9 Band III directors
with appropriate spacing ahead of each of the first 9
dipoles, and 8 directors with folded "wiskers" covering
Bands I, II and III in front of the log -periodic section
itself. The device is mounted at 26ft. and connected by
means of low -loss 30012 ribbon feeder. The stations
mentioned above are now regarded as local signals.
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BRC 3000/3500 powERswar
common faults

THE BRC (TCE) 3000/3500 single -standard colour
chassis was introduced some five years ago. A number
of modifications have been made since then. In this
article we will deal with the power supply section.
Since the circuitry is somewhat unusual we will start
with a description of how the power supply system
operates and then go on to report the more common
faults we have encountered.

Circuit Operation
There are two stabilised lines, also an unregulated

240V h.t. line which is used for the RGB output stages.
The 30V rail is stabilised by means of a simple emitter
-follower series transistor while the 58-65V rail is
regulated by means of a series chopper transistor. This
latter is driven alternately on and off by a monostable
circuit whose mark -space ratio is adjusted via a feed-
back amplifier as the rail voltage varies. Two electronic
trips are used, one operating in the event of excessive
current drain (dynamic trip) while the other (the
"crowbar") operates in the event of the 58-65V rail
rising to an excessive value-it triggers when the
chopper output rises above 72V. A cut-out trip is
connected in series with the mains supply in place of
a fuse (in some very early chassis there is a fuse instead,
in some chassis both).

Mains Transformer
Most of the supplies are derived from an auto -

transformer. This is not an isolating transformer of
course and the normal live chassis precautions must
be taken when servicing the chassis.

30V Supply
Taps on the autotransformer feed a full -wave

rectifier (W603/W604) which supplies the 30V line.
The output is smoothed by R606/C607 and then fed
to the emitter -follower stabiliser transistor VT601. The
operation of this is basically as follows (see Fig. 1).
The smoothed d.c., approximately 40-50V, is applied
to its collector while its base is held at 30V by zener
diode W605. This is operated in the reverse -bias mode
by the current through R608 which is fed from the
240V video h.t. rail. Since VT601 is a silicon transistor
its base -emitter voltage will be approximately 0.6V
when it is conducting. Thus the voltage across its
emitter load will be held at around 29.4V (30-0.6).

Chopper Action
The collector of the chopper transistor VT604 is fed

with approximately 300V obtained from the half -wave

PAUL E.SOANES

rectifier W602 and smoothed by R605/C606. The
chopper transistor is switched on and off at line
frequency by a squarewave signal from the driver
transformer T602. The squarewave signal is obtained
from the monostable multivibrator VT603/VT606 and
its mark -space ratio varies as the 58-65V rail voltage
varies. In this way the chopper transistor is switched
on for longer or shorter periods. Current flows round
the circuit when the chopper transistor is switched on
(see Fig. 2): when it is off the voltage across its
reservoir inductance L603 reverses and L603/W616
then act as an efficiency circuit, current flowing via
L603, W616, chassis and the load.

The Crowbar
The "crowbar" trip consists of thyristor W621 which

is connected across the input to the chopper transistor.
It will conduct, thus shorting the input, only when its
gate is positive with respect to chassis. Should the
chopper regulated supply rise above 72V zener diode
W617 will conduct and current will flow through R626.
The voltage developed across R626 as a result is applied
to the gate of W621 via R625. W621 conducts therefore
and the cut-out trip operates. The time -constant of
C618/R626 is arranged so that the crowbar does not
operate as a result of flashovers.

Delay Switch
The 30V supply must be present before the 58-65V

supply comes into operation. To ensure this condition
the delay switch VT602 is included in series with one
of the monostable multivibrator transistors. The base -
emitter junction of VT602 is in series with the 30V
stabiliser reference diode W605. When the 30V rail is
present both W605 and the base -emitter junction of
VT602 will be conducting. The purpose of this arrange-
ment is to ensure that the monostable circuit does not
operate if there is a fault condition on the 30V rail, for
example W605 being open -circuit.

Monostable Circuit
The monostable circuit is driven by pulses from the

line oscillator, which is powered from the 30V rail.
These pulses are fed via C613 and W608 to VT603 base.
W608 is included to ensure that only positive -going
pulses reach VT603 base. The stable condition of the
multivibrator is with VT606 conducting and VT603
cut off. The positive pulses drive VT603 on and this
in turn results in VT606 being cut off through normal
multivibrator action. After a period determined by the
time -constant of the CR cross -coupling between VT603
and VT606 the latter once more conducts and the
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240V rail

R608
40-50v V1601

30V

1111
W605

Fig. 1 (left): Operation of
the series emitter -follower
(VT601) which stabilises

the 30V rail.

Fig. 2 (right): Operation of
the chopper circuit which
provides the stabilised

58-65V "h.t." rail.

former is cut off until the arrival of the next trigger
pulse at its base. VT605 which drives transformer T602
conducts whenever VT606 is conducting.

Varying the Mark -Space Ratio
The time -constant of the CR cross -coupling network

in the monostable circuit determines the mark -space
ratio of the output waveform obtained from it and
hence the length of time that the chopper conducts
during each cycle of operation. The capacitors in the
cross -coupling network are C614 and C615, the latter
being returned via R621 to R637 which is the load of
the feedback amplifier VT608. VT608 samples the
58-65V output rail voltage, the voltage across R637
varying in accordance with any changes in the 58-65V
line. The voltage across R637 determines the charge
on C615. When VT603 is driven on by the trigger
pulse from the line oscillator the voltage at the cathode
of W615 falls below that at its anode and it conducts,
connecting C614 and C615 in parallel. Since the charge
on C615 varies as the 58-65V rail fluctuates this means
that the on/off time of VT606/VT603 varies and in
consequence the mark -space ratio of the waveform
used to drive the chopper changes.

Once the 58-65V line has been established C623
charges via R633. When it has charged to 30V W620
conducts, clamping the emitter of the feedback amplifier
VT608 at this stabilised voltage. The base of VT608 is
fed from a variable potential divider chain across the
58-65V rail. Hence any voltage fluctuation in this

W602 R605

Cut-
out

Mains

Mains
autotransfor riser

VT604
Cho er L603

Rt.

V1604 on
-ix VT604 off

supply will appear at VT608 base and result in a pro-
portional change in the voltage across its collector
resistor R637. As we have seen the voltage across this
resistor determines the charge on C615 and in conse-
quence the mark -space ratio of the output waveform
obtained at VT605 collector.

Protection Circuit
A protection circuit is included to ensure that the

mark -space ratio of the chopper drive waveform is at
minimum before the 58-65V supply is established-
this is done to ensure that the chopper transistor is
not overworked. The operation is basically as follows.
The time -constant of R633 and C623 is such that
following switch on VT608 is non -conducting, there is
no voltage across R637 and thus no charge on C615.
This means that the mark -to -space ratio of the chopper
drive waveform is at minimum and the chopper is
switched on for the minimum time during each switch-
ing cycle. W619 is included to rapidly discharge C623
on switch off or in the event of a sudden interruption
to the supply. Since the 58-65V rail voltage drops
rapidly when the supplies are removed this ensures
that on restoration of the supplies the chopper drive
mark -space ratio is at minimum.

Dynamic Trip
The dynamic trip consists of thyristor W622, the

circuit operating as follows. The chopper current is

240V to RGB output stages
f--txx

12V tuner supply240V DC
W601

12V stabiliser
VT609

R6081
30V stabiliser

VT601
IF amplifier, decoder,

line and field oscillators
vex

Mahs
autotransformer

30V DC
W603 W604 30V

Over-
load

cut-
out

0 0
AC

mains

300V DC
W602

Crowbar
(excess voltage)

trip V
W621

IC610

R610

Dynamic
(excess current)

trip
W614, W622

irR622

W605

Chopp
VT804

Moncetable &
chopper drive
VT603, VT605,

VT606

eser you
L603

Line, field and
sound output stages

Feedback
amplifier

VT608

C618

W617

R626

R625

Trigger pulses
from line oscillator

58-6r,

991

Fig. 3: Block diagram of the power supply arrangements used in the BRC/TCE 3000/3500 colour chassis.
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bypassed by C610 and R610, resulting in an a.c.
voltage being developed at the junction of these com-
ponents. If the current drawn by the chopper transistor
is excessive this voltage increases. The cathode of
thyristor W622 is returned via W614 and R611 to the
junction of C610 and R6I0. If the negative -going
excursions of the voltage at the junction of C610 and
R610 exceed the voltage at the gate of W622 the
thyristor fires, coupling VT605 collector to chassis via
R611 and R610 and thus removing the chopper drive.
If the overload is moderate the dynamic trip will reduce
the chopper drive and the set may continue to operate
in this "tripped" state but the 58-65V rail will be very
low

Miscellaneous Details
VT609 stabilises the 12V line that powers the tuner

-this supply must be stable in order to prevent
oscillator drift.

Protection is incorporated in the 240V line to the
RGB output stages by means of the fusible resistor
R602.

The block diagram (Fig. 3) is included to assist in
identifying the various sections of the power supply
circuit.

Cut-out Trip Operating
The cut-out will operate when a severe overload is

placed upon it. In most cases the reason is one or more
components going short-circuit. Shorted turns on the
autotransformer will of course have this effect and this
does occasionally occur. A far more common occur-
rence is that rectifier W602 or the chopper transistor
VT604 (type R2010B) goes short-circuit. If the chopper
transistor goes short-circuit it is worth checking W616
since if this is also short-circuit the replacement chopper
transistor will be damaged. If the chopper choke L601
has shorted turns, the crowbar thyristor W621 is faulty,
the 72V zener diode W617 goes short-circuit, C610
goes leaky or short-circuit or diode W615 in the mark -
space ratio control circuit goes short-circuit the result-
ant overload will throw the cut-out trip.

A fault in the feedback circuit can also result in the
cut-out operating if the feedback amplifier opens the
monostable mark -space ratio beyond its normal
operating point. A quick check that can be made to
prove that the fault is in this part of the circuit is to
disconnect one end of R621. On switch on the 58-65V
rail will be low due to the monostable operating at
minimum mark -space ratio (no charge on C615). The
fault is then isolated to a few components in the feed-
back amplifier circuit-quite often the transistor VT608
is the culprit.

No Results, HT at VT604 Collector
and F603 Intact

The symptoms of no results but h.t. at VT604
collector and fuse F603 intact can be due to a fault
in the 30V rail. Faults that we have experienced here
and are worth checking are C607 going open -circuit
giving low voltage at VT601 collector, VT601 going
open- or short-circuit and zener diode W605 going
open- or short-circuit. If W605 goes short-circuit
transistor VT602 will probably be damaged as approxi-
mately 35V will be applied to its base. Should VT602

go open -circuit its base voltage will rise to around 7V.
Faults other than those in the 30V supply can cause

the same symptoms. In this case an oscilloscope to
monitor the waveforms around the monostable circuit
is an asset. We have experienced faults in all three
transistors here, VT603, VT605 and VT606-possibly
the most common occurrence is the driver transistor
VT605 going open -circuit. VT604 can also go open -
circuit of course. The chopper driver transformer T602
sometimes has dry -joints around its connections-
frequently this causes intermittent troubles. Another
common place to find a dry -joint or broken connection
is on the driver transistor.

58-65V Rail Low
The symptoms when the 58-65V rail is low are lack

of width and field foldover. The fault can be due to the
feedback amplifier being inoperative or the dynamic
trip over-riding it. To ascertain which circuit is faulty
again disconnect R621 but this time connect an adjust-
able 9V d.c. supply to this resistor-negative to chassis.
By increasing this supply (monitor the output at F603)
the output from the chopper should be found to
increase. If this is the case the fault is in the feedback
amplifier therefore, the transistor itself (VT608) being
the most likely culprit. If the 58-65V supply does not
increase however the fault will probably be due to the
dynamic trip thyristor W622 or to W615 or C615
being faulty.

Ringing
Ringing in the power supply is a fault that frequently

occurs, often due to the electrolytic capacitor C619
going open -circuit. Similar symptoms can be traced to
either C631 or C616 being open -circuit or, on the odd
occasion, zener diode W6I8 being faulty.

Fuse Blowing
Under normal operating conditions the chopper

supply current is approximately 2A. Should this figure
be grossly exceeded F603 (2.5A) will blow. It is unusual
for the fault to be in the power supply but it may be
beneficial to check C617 and C619 in case they are
short-circuit. The fault is usually on one of the other
panels however. Common causes are a faulty line
driver transistor (VT503) or the c.r.t. first anode supply
reservoir capacitor (C523) being short-circuit. One
quick check to see whether the fault is on the field
timebase/sound panel is to operate the set -white switch
on the video panel to the set -white position: if on
switching on the fuse is intact the fault is on this panel.
The voltage, which should be about 1.3V, across R907
on the beam limiter board gives a quick indication of
the line output stage current consumption (this does
not include the driver stage).

Under normal conditions the current drain from the
30V supply is 400mA: should F602 blow W620 and
C624 are worth checking.

To Follow
We shall be following up with reports on the other

sections of this chassis in due course.

Complete Circuit ÷
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thyristor

THE massive demand for colour television receivers in
the UK last year brought about an influx of sets from
the continent. Many of these use the thin -neck (29mm)
type of 110° shadowmask tube. Scanning of these tubes
is accomplished by means of a toroidally wound de-
flection yoke (conventional 90° and thick -neck 110°
tubes operate with saddle -wound deflection coils). The
inductance of a toroidal yoke is very much less than
that of a saddle -wound yoke, thus higher scan currents
are required. The deflection current necessary for the
line scan is about I2A peak -to -peak. This could be
provided by a transistor line output stage but a current
step-up transformer, which is bulky and both difficult
and costly to manufacture, would be required. An
entirely different approach, pioneered by RCA in
America and developed by them and by ITT in Ger-
many, is the thyristor line output stage. In this system
the scanning current is provided via two thyristors and
two switching diodes which due to their characteristics
can supply the deflection yoke without a step-up trans-
former (a small transformer is still required to obtain
the input voltage pulse for the e.h.t. tripler). The
purpose of this article is to explain the basic operation
of such circuits.

The thyristor line output circuit offers high reliability
since all switching occurs at zero current level. C.R.T.
flashovers, which can produce high current surges (up
to 60A), have no detrimental effects on the switching
diodes or thyristors since the forward voltage drop
across these devices is small and the duration of the
current pulses short. If a surge limiting resistor is pro-
vided in the tube's final anode circuit the peak voltages
produced by flashovers seldom exceed the normal
repetitive circuit voltages by more than 50-100V. This
is well within the device ratings.

The basic thyristor line output circuit is shown in
Fig. 1. The scan diode D2 and thyristor TH2 provide
control over the current in the line coils (L3) during
the forward scan period while the commutating diode
DI and thyristor TH1 start the flyback and control the
deflection current during this period. Inductor L2 with
capacitors CI, C2 and C3 provide timing and energy
storage. The primary of the input transformer LI
provides a charging path for C2 from the h.t. line while
the secondary supplies the gate pulse which, shaped by
Cg, Lg and Rg, triggers the scan thyristor TH2. C2
also optimises the flyback time by resonant action
with L2.

The deflection cycle is best described as a sequential
process each stage of which involves a change in the
conduction state of some of the switching devices. In

operation
RICHARD COLLINS

the following description the functions of Cl and the
e.h.t. transformer TI with its associated capacitor C4
are ignored to start with in order to simplify matters.

Since scanning is a continuous process there is no
actual "start". It is necessary to break into the cycle at
some convenient point therefore, say time TO in Fig. 2.
At this time a magnetic field has been set up around the
line scan coils (L3) as a result of the circuit action
during the preceeding flyback. This magnetic field
decays, generating a decreasing scan current which flows
through D2 and charges C3. The current drops to zero
when the stored energy has been expended, i.e. at
time T2.

Whilst the current is decreasing, just before time T2
is reached, the scan thyristor TH2 is prepared for con-
duction by applying a positive pulse to its gate. TH2
does not conduct however until forward bias is applied
between its anode and cathode, i.e. during the second
half of the scan period. At time T2 capacitor C3 begins
to discharge into the deflection coils (see Fig. 3). The
circuit current reverses, D2 is reverse biased and cuts
off while the scan thyristor TH2, already primed by the
application of the gate pulse, is now forward biased
and conducts providing a path for the discharge of C3
into L3. C3 must be of adequate value to provide a
constant current so that the ramp current waveform
produced during the scan period is linear.

Just before the end of the scan period, at time T3
-see Fig. 4(a)-the commutating thyristor TH1 is
switched on by a gate pulse provided by the line
oscillator. C2 which had previously charged from the
h.t. supply then discharges through the commutating
coil L2 and thyristor TH1. The discharge current builds
up in the form of a half sinewave pulse because L2 and
C2 form a resonant circuit. When this commutating
current reaches a level in excess of the scan current D2
is once again forward biased, the forward voltage drop
across it reverse biasing the scan thyristor TH2 which
thus switches off. The situation is shown in Fig. 4(b).
This process occurs during times T4 -T5. At T5 the
commutating current no longer exceeds the scan current
and D2 switches off. Thus both elements of the scan
switch-D2 and TH2-are switched off.

The large amount of energy stored in the deflection
coils then forces a current through the commutating
circuit-C2, L2 and TH1 (see Fig. 5). This energy is
transferred to C2, reversing the polarity of the charge
held by it. The energy transfer takes the form of a
resonant oscillation: the current in the scan coils falls
to zero and once C2 has charged to its maximum value
(time T6) the current in the scan coils reverses, the
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Fig. 1: Basic elements of the thyristor line timebase used
with thin -neck 110 shadowmask tubes.

ib)

Fig. 2: (a) Output current waveform. (b) Current path
during the period TO -T2.

ib) 19701

Fig. 3: Condition of the circuit between times T2 and T4,
with TH2 conducting.

L2

lb)

C2

Fig. 4: Thyristor TH1 is triggered by a pulse from the line
oscillator at time T3. When the amplitude of the commuta-
ting pulse exceeds that of the scan current (time T4) D2

switches on again and TH2 is switched off.

L2 C2

972 1

Fig. 5 left): Between times T5 and T6 TH1 conducts while
D2 and TH2 are both cut off.

Fig. 6 (right): Between times T6 and TO D1 provides the
flyback current path.

charge stored by C2 flowing back again (see Fig. 6).
Commutating diode DI provides the return path for
this reverse current flow, the voltage developed across
Dl turning TH1 off. The voltage across C2 decreases

Fig. 7 (right): Condition of
the circuit at the change-
over from flyback to scan
(time TO), with D2 taking

over from Dl.

L2 C2

as the current in the coils builds up and at time TO the
voltage is insufficient to drive current through L2, C2
and the coils. The current then finds an easier path
(see Fig. 7) through scan diode D2 and we are back at
the start of the next forward scan period.

Once the conduction of D2 divorces the scan coil
current from the commutating circuit the commutating
current rapidly decays, the energy stored in L2 re-
charging C2 to its initial voltage-the transfer occurs
quickly since the resonant frequency of L2 and C2 is
high.

Summarising these actions then, D2 conducts during
the first part of the scan period, from time TO to T2,
TH2 taking over at time T2; at time T3 THI is switched
on and at time T4 D2 conducts again while TH2 cuts
off. At the beginning of the flyback time, T5, D2 cuts
off, TH1 conducting from T5 to T6 when DI takes
over until TO when D2 switches on again to start the
next forward scan period.

The input coil LI plays a vital role in supplying
energy to the commutating circuit and providing the
turn -on action for TH2. During the flyback period the
primary winding of LI is connected between h.t. and
chassis via either THI or DI. During the scan period
however neither TH I nor DI is conducting (till T3) and
this earth return path is open-cireuit. This enables the
commutating capacitor C2 to be charged by the energy
stored during the flyback period in the input coil. This
charging process continues during the scan period until
just before the flyback. The charge stored in C2 then
supplies energy to the scan circuit.

The waveform generated across LI primary as C2
charges is applied via the secondary winding on LI and
the shaping network (Cg, Lg; Rg) to the gate of the scan
thyristor TH2. The resulting pulse is timed to "prime"
the thyristor so that it conducts as soon as it is forward
biased-about half way through the scan period.

The purpose of CI is to help turn off TH2, speed up
the flyback time and provide an additional energy store.
While TH2 or D2 conduct Cl is connected in parallel
with C2. During the flyback time when TH2 and D2 are
off CI is effectively in series with C2 and L3: this
decreases the capacitance in the circuit, increasing the
resonant frequency and thus reducing the flyback time.

The e.h.t. transformer Ti is connected across the
deflection yoke via the coupling capacitor C4. The pulse
voltage produced by the fast collapse of the magnetic
field around the yoke during the flyback is transformed
to approximately 8 6kV peak. This is applied to an e.h.t.
tripler which provides the usual 25kV.

Practical circuits are somewhat more complex than
the basic circuit shown in Fig. 1, thought they are
readily recognisable. The main addition required for
practical use is circuitry to stabilise the e.h.t./width.
This consists of a feedback amplifier which senses the
h.t. and the amplitude of the flyback pulses developed
by the e.h.t. transformer and applies correction by
means of a transductor. This is generally used to adjust
the input to the circuit via LI. Waveform shaping net-
works to provide linearity correction are also required.
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EKCO T541
Although this is a new set there is considerable field hum
on sound. The field output transformer was very noisy
but I have managed to suppress this mechanical noise
by packing etc. The field hum on sound appears even
with the volume control at zero-I have established that
it is field hum by putting the field timebase in and out
of lock in order to distinguish between this and mains
hum. Sound comes on first, free of hum, and the hum
appears when the field oscillator starts.-K. Renfrew
(Ryde).

It seems that the 'buzz is getting back through the
h.t. smoothing, so the main smoothing block could be
defective (make sure that the connections are good as
well as the capacitance value). In recent production
C49 (16pF) and C50 (32pF) have been transposed to
improve the smoothing in the audio circuits. (Pye
769 chassis.)

FERGUSON 508T
The problem with this set is that resistors R31 and
R32 overheat and give off smoke. I found that by
disconnecting the tuner i.f. output lead from the i.f.
board the overheating ceased.-J. Check (Bolsover).

These two resistors on the i.f. deck provide the h.t.
for the pentode anode of the PCF80 frequency
changer in the tuner unit. This valve could be faulty
or the feedthrough capacitor C22 (10pF) defective.

DECCA CS2630
There is an intermittent fault on this set-a green
cast appears on the screen. Sometimes it appears for
only a few seconds, at others it remains until the set
is switched off. The other colours are not affected.
The fault does not occur every time the set is
switched on-in fact the set has to be on for about
an hour before it appears. The colour control has no
effect on the cast which is also present on mono-
chrome.-T. Stanson (Barking).

Since the inputs to the RGB output transistors are
d.c. coupled from the MC1327P chrominance de-
modulator/RGB matrix and preamplifier i.c. there is
not a great deal that could cause this problem. The
G drive/bias controls VR317/VR321 could be faulty,
as could the G output transistor TR216. Also check
for dry -joints in this area. (Decca series 30 chassis.)

YOUR
PROBLEMS
SOLVED

* Requests for advice in dealing with servicing
problems must be accompanied by an 11 p

postal order (made out to IPC Magazines Ltd.),
the query coupon from page 523 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.
We cannot provide modifications to circuits
published nor comment on alternative ways of
using them.

PHILIPS G20T322101
A problem we have had with some of these sets is
blown mains fuses for no apparent reason. In each
case no short-circuits could be traced and the mains
filter capacitor and bridge rectifier have been in
order.-J. Yardley (Cheam).

You could have been involved with early versions
of this chassis. Note that the bridge rectifier is
followed by a thyristor-in the now conventional
control loop-to rectify the 100Hz pulses from the
bridge. Early thyristors were black bodied and none
too reliable. The later, more reliable thyristor used
has grey encapsulation and does not require a heat -
sink. When this thyristor is used the mains fuse
should be changed to an anti -surge 1.6A type. We
suggest you make sure that the improved thyristor
and up -rated fuse are fitted. For greater reliability the
BY179 bridge rectifier could be replaced by four
separate BY126 rectifiers connected as a bridge.
(Philips 320 chassis.)

BUSH TV141
When the set is switched on there is a thin white line
across the screen though the sound is normal. After
about half an hour the picture opens out, giving
normal height, but after another hour and a half the
field again collapses and nothing will bring it back.
The PCL85 field timebase valve, field charging
capacitor 3C30 and field hold control have all been
replaced but the fault is still present.-R. Golding
(Birmingham).

You will almost certainly find that the trouble is
due to a faulty track on the vertical timebase board
from the PCL85 base upwards. We cannot say which
particular track is at fault but it should not be too
difficult to find it with a little probing and the appli-
cation of pressure. The actual track itself may not be
at fault: it is often the case that a blob of solder
that appears to be making good contact with a track
is not actually doing so.
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ULTRA 6811
The brightness on this set is very unstable. It is
difficult to obtain adequate brightness without a
series of bright, diagonal parallel lines appearing on
the screen and once the controls have been set to give
this result the brightness shortly after drops suddenly
to almost complete darkness. The display is more
stable if left too bright but this occasionally results
in rapid flickering.-G. Shaw (Otley).

The origin of the fault could be mechanical: the
large, flat plate chassis is inclined to have hairline
cracks in the print and also dry -joints. So check the
connections carefully with a magnifying glass, also
all interconnecting leads. The fault could on the
other hand be due to a valve, valve base, poor
decoupling or a faulty transistor. There is unfortun-
ately no "instant diagnosis" for a fault like this. The
diagonal lines could indicate that the field flyback
blanking pulse coupling capacitor C86 is faulty-
check this and also C87 in the blanking circuit. Check
the voltages at the c.r.t. base in case any variations
from the correct readings give a clue as to the area
in which the fault lies. The e.h.t. tray or the c.r.t. itself
could just possibly be faulty. (BRC 1500 chassis.)

KB 6B 701
This set gives perfect reception on BBC -2 and ITV but
on BBC -1 it spasmodically drifts or "flicks" from
colour to monochrome and back again. This happens
throughout the viewing time, even over a period of several
hours. In extreme cases there is loss of field hold and the
sound volume is reduced. The colour can be restored by
retuning, but the fault recurs. Often the fault starts with
a slight fluttering of the picture. The colour picture is
perfect between the unstable intervals. Thinking it might
be press -button switch trouble I tuned a spare channel
through all three station frequencies and found exactly
the same conditions-perfect BBC -2 and ITV, instability
on BBC -1.-E. Donaldson (Havant).

Problems do arise with this chassis due to the zener
diode (D11) which stabilises the 33V tuning line. It may
be one of two entirely different types, a large stud -
mounted zener fixed to the metal frame below the
sound output transformer or a small i.c. mounted on
the printed circuit board beside the i.f. preamplifier can.
Try a replacement, using the same type. If the fault
persists an exchange tuner should be fitted-no attempt
should be made to service the tuner. (ITT CVC5
chassis.)

RGD 619
Everything is normal for about ten minutes after the
set is switched on, then the picture starts to roll
upwards at about 100 to 120 flicks a minute. The
field hold control is set at its extremity. The field
timebase and sync separator valves have been
replaced without making any difference.-T.
Donovan (London SE12).

Note that the field hold control is connected
between the grid of one section of the multivibrator
circuit and a potential divider across the h.t. line.
The most likely cause of the fault is that the upper
resistor of this potential divider, R93 3.9MS2, has
changed value. We suggest you change it and if this
is not effective replace the associated grid coupling
capacitor C75 (0.04/AF).

FERGUSON 3641
The faults on this set have been present for some
months now without getting any worse. They are
that on first switching on from cold the height is too
great, though the height and linearity are correct
after this, and there is lack of width-about half an
inch at either side of the screen. The width control
is set to maximum and I have fitted new valves in
the field and line timebases. The h.t. voltage remains
at the correct figure at all times.-P. Logan (Mat-
lock).

It seems likely that the filter resistor 8127 (220W)
in the boost feed to the height control is changing
value. It would also be worth checking the associated
decoupler C100 (1/AF), R102 (330W) i series on the
other side of the height control and R133 (330W) in
series with the width control. (BRC 950 chassis.)

FERRANTI T1093
The problem with this set is field instability-the picture
rolls and can be locked with the field hold control but
soon starts to roll again. The setting of the field hold
control is quite critical-a mere touch either way is
enough to disturb it. There are sometimes white flyback
lines over all or part of the picture width when the
picture rolls. If left alone the picture will stabilise-at
present it rolls two or three times slowly, then remains
stable for a minute or so.-R. Skinner (Chesterfield).

The difficulty should be solved by replacing the inter-
lace diode (V16) which is near the preset vertical
amplitude control on the lower part of the panel.
Almost any small -signal silicon diode will do. (Pye 11U
series.)

PHILIPS 19TG171A
The trouble with this receiver is lack of brightness,
more so on 625 lines. On a blank raster a dark patch is
visible in the centre of the screen-about 4in. in diameter.
Thinking that the tube was faulty I fitted a new one.
The voltage at pin 3 of the c.r.t. is low but all else seems
to be in order.-T. Milne (Aylesbury).

The problem seems to be due to inadequate line
timebase output, especially as it is worse on 625 lines.
It is always worthwhile in these receivers checking the
two 8.2M0 resistors R427 and 8457 (grey -red -green)
in the width circuit. They are situated above the width
controls and tend to increase in value. After replacing
these, check the line output stage generally (valves etc.).
The low c,r.t. pin 3 voltage is likely to be the result of
its 0 05pF decoupling capacitor C108 being leaky.
(Philips Style 70 chassis.)

PYE 95
When the set is switched on the picture and sound are
normal but after two or three minutes the picture
begins to fade until there is no raster at all. At the
same time that the picture is fading a "short" starts to
build up in the DY802 e.h.t. rectifier-when the raster
has completely gone the "short" is more or less all
over the DY802. A new DY802 was fitted but made
no difference.-C. Young (Salford).

It seems that the heater supply to the DY802 is
dying. You will find a small 1.252 resistor inside the
DY802 base connector: this could be faulty or dry -
jointed. (Pye 169 chassis.)
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THE UM4
"COLOURBOOSTER"

UHF/625 LINE
CAN PRODUCE
REMARKABLE
IMPROVEMENTS IN
COLOUR AND
PICTURE QUALITY
IN FRINGE OR
DIFFICULT AREAS
WITH SIGNIFICANT
REDUCTION IN
NOISE (SNOW).

HIGH GAIN-VERY LOW NOISE
FITTED FLY LEAD-INSTALLED IN SECONDS
HIGHEST QUALITY COMPONENTS
IVORY PLASTIC CASE 3+ x 3+ x I+ CORK BASE
CHANNELS: Group A, Red code 21-33

Group B, Yellow code 39-51
Group C -D, Green code 52-68

EQUALLY SUITABLE FOR BLACK AND WHITE

Also the M4 DUAL BAND VHF UNIT
BOOSTS ALL BAND III and ANY SPECIFIED

BAND I CHANNEL SIMULTANEOUSLY
NOMINAL GAIN 16-18 DB BOTH BANDS

PRICES BOTH TYPES:

Battery model L4.I7 Mains version L6.50
Including VAT p/p 18p

TRANSISTOR DEVICES LIMITED
6 ORCHARD GDNS., TEIGNMOUTH, DEVON

Telephone: Teignmouth 4757

Learn to understand
electronics
for your hobbies
1. Lerna-Kit course

Step by step, we take you through all the funda-
mentals of electronics and show you how easily the
subject can be mastered.
(1) BUILD AN OSCILLOSCOPE.
(2) READ, DRAW AND UNDERSTAND

CIRCUIT DIAGRAMS.
(3) CARRY OUT OVER 40 EXPERIMENTS

ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK.

2. Become a Radio -Amateur
Learn how to become a radio -amateur in contact
with the wide world. We give skilled preparation for
the G.P.O. licence.

Brochure, without obligation to:

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL
P.O. BOX 156, JERSEY, CHANNEL ISLANDS.
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BUSH TV125
I am having difficulty obtaining flywheel line sync dis-
criminator diodes for this set. Are there any equivalents,
and what is the correct procedure for adjusting the
discriminator phase control 3RVI?-K. Hadley (Low-
estoft).

We suggest you use two BA144 diodes to replace the
flywheel sync discriminator block, ideally with a 15k0
resistor in series with each though this is not completely
necessary. To adjust 3RVI disconnect 3C9 so that the
sync pulses do not reach the flywheel sync circuit then
set 3RVI for a hovering picture. Reconnect 3C9 and
reset 3RVI for adequate line hold control pull -in range.

SOBELL ST196DS
The initial problem with this set was sound but no
picture. A replacement PY800 boost diode restored the
e.h.t. but the picture, though filling the screen, is very
weak. The e.h.t. rectifier has been replaced and the
voltages around the timebase panel all seem to be correct.
The sound is good.-H. Richards (Enfield).

We suggest you check the following voltages: video
amplifier anode (PCL84 pin 6) 140V; c.r.t. grid (pin 2)
0-100y (varies with brightness control); c.r.t. cathode
(pin 7) 90V; c.r.t. first anode (pin 3) 470V. The boost
voltage measured at the junction R127/C139 should be
770V with the set boost control PI I set near midway-
if this is very low suspect RI25 (470k 0) in series with
this control and R126 (IMO) connected to its slider.
Check R136 (470k0) in series with the brightness
control and C145 (0022pF) which decouples its slider.

BUSH TV145
The trouble with this set is dark vertical bands down the
left-hand side of the picture.-J. Smithers (Timperley).

The most likely cause of the striations on the left of
the raster is that the line linearity coil is ringing due
to its parallel damping resistor 3R28 (4 7k0) being
open -circuit or of changed value. The trouble could
also be due to a faulty valve or even an aerial problem
however.

PUBLISHER'S
ANNOUNCEMENT

Readers may have learnt by now of the diffi-
culties recently experienced in the printing
industry. We are aware of the inconvenience
that delayed publication causes our many
thousands of loyal readers and our advertisers
and sincerely regret this.

VAT
This issue was prepared before the revised
VAT rate was announced. Inclusive prices
shown in advertisements in this and previous
issues are based on the old rate therefore.
With effect from July 29th VAT was changed
to 8% on all taxable goods and services.
Allowance should be made as appropriate
by deducting an amount equal to 1/55 of the
10% rated inclusive price. Zero rated goods
are not affected.
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FERGUSON 3622
This set gives excellent reception on BBC -1 but on
BBC -2 the picture is very grainy and lacks definition
despite a good aerial being used. The sound is all right.
-T. Grainger (London W4.)

When the picture is grainy suspect inadequate aerial
input or a faulty r.f. amplifier in the tuner. First check
whether the coaxial downlead has come adrift any-
where as often happens and that the lead end is making
good contact with the aerial plug. Try connecting the
405 -line aerial to the 625 socket to see what results-
if any-are obtained. If BBC -2 then comes in fair or
even tolerable this suggests a defect in the 625 -line
aerial installation since the u.h.f. aerial should give
far better results on BBC -2 than the v.h.f. one. If you
are receiving both BBC -1 and BBC -2 on u.h.f. however
the aerial might need adjustment for optimum position
or could be a type with inadequate bandwidth. If
aerial problems are ruled out change the PC88 in the
u.h.f. tuner-also the PC86 if necessary-and make
sure that the h.t. supply to it is correct (approximately
165V at pin 5 of plug/socket 304). R168 (1-4k0, 1W)
in the h.t. feed to this socket can increase in value.
If the trouble is still present the u.h.f. tuner is probably
defective. (BRC 850 chassis.)

PYE 86
We were experiencing sound distortion on this set so a
new PCL86 sound output valve was fitted. This improved
the sound but there is still some distortion after the set
has been on for a while.-T. Dance (Grimsby).

The tuning of the 6MHz quadrature coil LI I near
the intercarrier sound i.c. is quite critical-try tuning
it for maximum undistorted sound (only slight adjust-
ment should be necessary). If the i.c. fitted is a TAA570
try fitting a 4.7k0 resistor between pins 5 and 6
(assuming that one is not already fitted). Since you have
found it necessary to replace the PCL86 it would be
advisable to check its 150 0 cathode resistor (R54).
(Pye 169 chassis.)

to
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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.

7 The symptom reported on a Bush Model CTV184S
was picture fade-out after a few minutes of normal

operation. Preliminary tests in the customer's home
proved this to be the case, the receiver operating normally
on both vision and sound for about three minutes after
switch -on from cold. The raster then suddenly evaporated,
leaving normal sound however.

The effect was that of line timebase failure and subse-
quent tests proved that the line oscillator ceased to operate
when the symptom occurred. The chassis employs three
transistors in the line oscillator circuit (see Fig. 4,
page 422, July). One of these transistors (5 VT3) is con-
nected via a 10051 resistor (5R20) between the base
circuit of the line oscillator transistor and chassis.

The three transistors were partially disconnected from
circuit and checked; all were normal, in terms of forward
and reverse conduction of their emitter and collector
junctions at any rate. It was then accidentally discovered
that by disconnecting 5R20 the line oscillator stage came
to life and the receiver then performed normally.

Further investigation revealed a miniature neon con-
nected on one side to 5 VT3 base through a 5.6k11
resistor (5R15) and on the other to a potenial divider
across the h.t. line. Reconnecting 5R20 and then dis-
connecting 5 VT3 base circuit also restored line drive.

What is the purpose of the neon in this circuit and
what was the most likely cause of the fault, bearing in
mind the conditions given above? See next month's
TELEVISION for the answer and for a further item in the
Test Case series.

SOLUTION TO TEST CASE 140
Page 475 (last month)

When the field synchronisation is affected by changes
in the overall brightness of the transmitted picture the
likelihood-in spite of reasonable line lock-is that the
sync separator is not working correctly. The tendency
however is to assume that the sync separator is normal
and to concentrate attention on the field sync inte-
grating, coupling and if used amplifying circuits.

In the case of the Ekco Model T530 attention was
ultimately directed back to the sync separator stage,
where careful tests with a high -impedance voltmeter set
to a low -voltage range showed that while the collector
voltage was normal the base voltage was slightly low-
just under 200mV instead of the correct 250mV, positive
with respect to chassis.

The circuit showed a 4.7M0 base bias resistor
which when measured out of circuit was found to have
a value more like 201%40! Replacement brought the
base voltage back to normal and produced very solid
field lock. The lesson then is not to overlook the sync
separator stage when a field sync fault is accompanied
by good line lock.

Published on approximately the 22nd of each month by IPC Magazines Limited, Fleetway House, Farringdon Street, London EC4A 4AD. Printed in England by
Fleetway Printers, Crete Hall Road, G d. Sole Agents for Australia and New Zealand-Gordon and Gotch (A/sia) Ltd.: South Africa-Central News
Agency Ltd. Publisher's subscription rate (including postage): for one year, L3.25 inland rate, L3.50 overseas rate. International Giro facilities Account No.
5122007. Please state reason for payment "message to payee". "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 thanthe 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 advertising, literary or pictorial matter whatsoever.



524

TELEVISION CLASSIFIED ADVERTISEMENTS
The pre -paid rate for classified advertisements is 8p a word (minimum 12
Semi -display setting £4.50 per single column inch. All cheques, postal orders,
TELEVISION and crossed "Lloyds Bank Ltd." Treasury notes should
Advertisements, together with remittance, should be sent to the Classified
VISION IPC Magazines Ltd., Fleetway House, Farringdon Street, London,
the next available issue.

words), box number 30p extra.
etc., to be made payable to

always be sent registered post.
Advertisement Manager, TELE-

EC4A 4AD, for insertion in
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One valve postage

DY86-87 3.21p
EB91 ibp
Wen 10p
ECC85 20p
ECL80 71p
EF80 71p
EFI83 10p

LIST
ALL VALVES

FOLLY TESTED

3p. Over
postage paid.

PC1,80 5,
peruu 15p
PCF805 25P
PCLM2 121p
£01513 121p
PCL84 121p
PC1.85 Mb

5 valves

61,23 15p
II 301.2 15P
301'5 10p
30811 Ma
30PL1 SOP
30PLI3 174P
MARY BOREMODEL TR1 FOR TRINITRON

HUTSON OPTICAL &
HUTSON (DEPT. T741110 ALPHA ROADBIRCHINGTON.KENT.U.K.

TUBES E173/ER MOORL FOR ONLY

ELECTRONIC DEVICES £1.50
I INC VAT et POST)

MAIL ORDER ONLY
CASH WITH ORDER

EFI84
E1190 15p
PCS6

PC900

109

PCtot SOlop

PC1.811 11p
PFL200 25p

PyL504 20p

25p

AV A ILA 13 LE
S. it W.

ELECTRONICS
114 Burnley

Road
Ratateastallr(POC8y2m4 751pp

PeCt613 15p

IPT1981111

171p Rosseadale
056 10p Lanes.

C. AND G. EXAM
Make sure you succeed with an ICS home
study course for C and E Electrical Install-

BETA DEVICES

TRAINING
ation Work and 111thnicians. Radio/TV/
Electronics Technicians. Telecommus
Technicians and Radio Amateurs.

COLOUR TV SERVICING
Make the most of the current boom! Learn
the techniques of servicing Colour and

TRANSISTORS
1C187 155

PR. 040
BC107/

BC108 0.06
B(31090 0.11
B0147 019 0.10
RCY70,71,720.18

LC',
7ifie TO.99 0 30
7090 D.I.L. 030
741C 70.99 0-86
741C D.I.L. o-ae
723C D.I.L. 080
7470 ILI.L. 0-85
7480 1/.1.L. 0.30

DIODES &RECT.
51 127 014
I54148 0.04
OA202 005
154001/2 0.05
15400314/3 0-06
154006,7 0-08

16 MONTHS' full-time practical and
theoretical training course in Radio &
TV Servicing (Mono & Colour) for

Mono TV sets through new home study
courses, approved by leading manufacturers

TECHNICAL TRAINING
Home study courses in Electronics and Elec.

5 ICE543/87/88
0.20

IIFY50 018
1-11,Y51/59. 0-12
0C20 0-45

5 WeLL Audio 1.C,

TBA "BB "IIDate fru with
every order.

re?: liklEgi

11'(I6 lA
600V 030

=NEW
beginners.

13 WEEKS' full-time Colour TV Ser-

trical Engineering, Maintenance, Radio.
TV, Audio, Computor Engineering and
Programming. Also self -build radio kits.
Get the qualifications you need to succeed.

35
5251064534

0-14040

253055 0.35
253442 8140

Dti!p.1.01.SOCEETS0.12

14 -Pin 012
18Pm

137.313r03°.03-
0091=6A

vicing course. Includes 100 hours prat-
tical training. Mono revision if necessary.

Free details from:
INTERNATIONAL

253773 11.2.20
40411 22 20
40636 11 00

Weis
include V.A.T.

ULM
209-Red 0 17
LE. D. Clip 0 02

Good electronics background essential.
CORRESPONDENCE SCHOOLS

Dept. 750T, lntertext House,
London SW8 4UJ. Or phone 01-622 9911

C.W.O. PLUS P.P. I p TO
BETA DEVICES, (Dept. T.)

263 THE RIDGEWAY, ENFIELD, MIDDLESEX

NEXT SESSION commences on
September 9th. WANTE D-contd.

Top 20 Plus Electronically Tested TV Valves

PROSPECTUS FROM:
London Electronics College, Dept.TT9
20 Penywern Road, London SW5 9SU.

SERVICE SHEETS purchased. HAMIL-
TON RADIO, 47 Bohemia Road, St. Leo-
nards, Sussex.

4
PC
PL50F801

118p5p PCL8430FL1/2

15p
10p

DY86/7 15p PCL82 10p
PL36 15p PD500/A 50p
PC88 15p ECC82 10pTel. 01-373 8721.

MANUFACTURERS Service Manuals. Good
condition: Ultra I984c, Murphy V300 to V700

PC86 15p EH90 10p
PC97 15p EY86 15p

series, "Service News". Bush TV90 to TV140
series. "Service Skill". D. Hazell, 36 Park Road

PCL805/85 15p
Colour Valves Fully Tested

WANTED
Northleigh, Witney, Oxon. (0993) 882238. PL509 40p PY500/A 30p

PL508 30p GY501 50p
PROPERLY PL802 40p PCF802 15paligned i.F. Strip required for
Practical Television's 625 -Line monochrome Many others available including
receiver. Bennett, 41 North Salts, Rye, Sussex. Mazda Types.

P. & P. 4p per valve, over 12 21p per valve,
TOP PRICES PAID for NEW
VALVES and TRANSISTORS
popular T.V. and Radio types

KENSINGTON SUPPLIES (A)

TELEVISION. September 1972. will exchange.
"Mazda PAL Receiver Servicing." Wilkinson,
16 Larkfield Close, Rochford, Essex.

orders over £4 post free.
Prompt service, S.A.E. for New free list

Mall order only.
L. & D. COMPONENTS LTD.,

71 Westbury Ave., London N22367 Kensington Street, Bradford 8,
Yorkshire. LADDERS

6SA.
Tel. 01 -US 2701.

LADDERS. 'Special Offer' 13'4" closed -23' 10"

NEW BVA valves of popular types. PCL805,
PY800/1, PL504, etc. Cash waiting. Bearman.
6 Potters Road, New Barnet. 449/1934-5.

extended. Unvarnished £17.25. Carriage £1.30.
Home Sales Ladder Centre (PTT2) Haldane
(North) Halesfield (I), Telford, Shropshire.
Tel: 0952-586644.

250-New Resistors well assorted }-2 watts.
Carbon-Hi-Stab Oxide etc. £1.00 Post Free.
Whitsam Electrical, 33 Drayton Green Road,
London W.13.
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COLOUR-COLOUR-COLOUR
19" DECCA £90.00
25" DECCA £100.00
25" RBM /PHILIPS £110.00
25" THORN £115.00
22" DECCA & PHILIPS single standard £130.00
Fully serviced, one month's guarantee. Delivery
and Terms can be arranged. Non -workers
available. S.A.E. Details please.

T.E.S.T.
P.O. Box 1. Kirkham, Preston. PR4 2RS

Telephone 077-48 2796 any time.

MAINS DROPPERS.
37-31-97-26-168 0 50p.
25-35-97-59-30 0 50p.
14-26-97-160 0 50p.
14-26-97-173 0 50p.
15-19-20-70-63-28-63 0 50p.
Post free. C.W.O.
Durham Supplies. 367 Kensington Street,
Bradford, 8, Yorkshire.

Components Galore. Pack of 500 mixed
components, manufacturers' surplus plus
once used. Pack includes resistors, carbon
and W.W., capacitors various, transistors,
diodes, trimmers, potentiometers etc. Send
£1 , lOp P. & P. C.W.O. To: Caledonian
Components, Strathore Road, Thornton,
Fife.

FOR SALE

"TELEVISION" Several Scan Coils for dis-
posal tape at 1023 + convergence coils (fig 2
Port 13) £7.00. Post Paid. Tunbridge Wells,
Std. 0892 20183 Evenings.

TAYLOR 88A Multirange test meter good
condition £15. J. C. Thompson. 16 South
Grove, Tottenham, London N15 5QD.

UNUSED at much reduced price. A Lahgear
Colour Bar Generator £55. Telequipment S54A
Oscilloscope £80.-Lutterworth 3602.

"TELEVISION" Colour Receiver, Decoder,
I.F. R.G.B.. Timebase, Audio, Convergence
Boards, Tuner/IF; etc., etc., all boards built
to high standard. Plus many items. Thousands
new components, also Hartley 13A Scope.
First Fair Offer accepted. Phone: Lord,
Lancaster 63588.

COLOUR Television Project. Decoder panel
wired complete. £20. J. C. Thompson, 16 South
Grose, Tottenham, London N15 5QD.

TEKTRONIX DC I 5M Hz Oscilloscope in
excellent condition. £60 or nearest offer.
Box 117.

AERIALS

WRIGHT'S AERIALS
Full range of J Beam and Antiference aerials
and accessories: Antiference Trucolour: TCIO
£4.00, TCI8 £5.30; J Beam high gain: MBM46
£6.90. MBM70 £12.10, 2MBM46 £17.75,
2M BM70 £28.40; New Antiference Extra Gain:
XG8 £7.75. XG14 £13.55. Also Aerialite SR 10
with grid reflector £2.75. Please state channel
group or transmitter if known. Coax: semi air -
spaced low -loss 12p per yard.
Prices include VAT and UK mainland postage.

We specialise in high gain aerials, amplifiers,
etc.: everything necessary for quality fringe area
installations. Send SAE for full list. Compre-
hensive information sheets and individual
advice supplied with order if requested.

Dept. I, 3 Cheltenham Rise, Scawsby,
Doncaster, Yorks.

Aerial erection service: Doncaster 69743/3080

GENUINE FULLSIZE
18 element TV aerial
as used by leading
TV companies

+43P Cart

ITV,
BBC1

A2B/W
Colour

Guaranteed

Perfect Pictures.
Save If,. We supply

this genuine LIAR
aerial for only E2.20. can

he lilted outside or inside.
Duality made technically

advanced design. Precision
grid reflector eliminates ghosting.

Complete with clamp, instructions

Tomo:7:Z, advice. Money Beck Refund.
Wall/C Bracket 25P. Best
Cable 12P per yard. Plug top 6 FREE
with order maps & chimp reference

of Radio & TV Transmitters.J SEND DIRECT TO DEPT PT ,0
219 Mansfield Rd. Nottingham.

IMPERIAL TRADINGlatissistTEA
the quality Aerial Specialists

J and A Tweedy Limited Incorporating
Baines High Frequency Aerials

Prices include VAT and postage on aerials
Multibeams: MBM 30 L4.70, MBM 46 L7.40,
MBM 70 L12.95. Parabeams: PBM 12 £3.60.
PBM 18 L4.60. Stereobeams: SBM 2 £3.15, SBM
3 L4.70, SBM 4 L5.15. SBM 6 L7.75. Amplifiers:
Masthead UHF L9.07. Rotators: AR 30 £27.50,
AR 40 L33.00. 2010 04.10. Log-perodic Aerial
L6.00. UHF low loss co -ax 12p, standard 7 p/m.
We stock a wide range of Amtron kits.
79 Chatsworth Road, Chesterfield, S40 2AP

Telephone 34982-863755 (evenings)

SERVICE SHEETS

SERVICE Sheets for over 6,000 models of
Televisions, Radios, Transistors, Stereo, Tape
Recorders, Record Players etc., at only 30p plus
S.A.E. with free Fault -Finding Guide. Over
50.000 sheets in stock for 10.000 models.
S.A.E. enquiries. Catalogue 20p plus S.A.E.
Hamilton Radio, 47 Bohemia Road, St.
Leonards, Sussex. Telephone Hastings 429066.

SERVICE. SHEETS, Radio, TV etc. 8,000
models. Catalogue 20p. S.A.E. enquiries.
Telray, I 1 Maudland Bank, Preston.

LARGE SUPPLIER
OF

SERVICE SHEETS
All at 40p each

(T.V., RADIO, TAPE RECORDERS,
RECORD PLAYERS, TRANSISTORS,

STEREOGRAMS, RADIOGRAMS,
CAR RADIOS)

"PLEASE ENCLOSE LARGE S.A.E.
WITH ALL ENQUIRIES & ORDERS"

Otherwise cannot be attended to
(Uncrossed P.O.'s please, original

returned if service sheets not available.)

PLEASE NOTE
We operate a "by return of post" service. Any
claims for non -delivery should be made within
7 -days of posting your order.

C. CARANNA
71 BEAUFORT PARK
LONDON, NWI1 6BX

We have the largest supplies of Service
Sheets (strictly by return of post). Please
state make and model number alternative.
Free T.V. fault tracing chart or T.V. list on

request with order.
Mail order or phone 01-458 4882

MISCELLANEOUS

Build the Mullard C.C.T.V. Camera
Kits are now available with comprehensive
construction manual
(also available separately at 80p)
Send 5" x 7" S.A.E. for details to

CROFTON ELECTRONICS
15/17 Cambridge Road, Kingston -on -
Thames, Surrey KTI 3NG

A.L.S. TECHNICAL INFORMATION SERVICE
10 DRYDEN CHAMBERS, 119 OXFORD STREET. LONDON W1R IPA

MAIL ORDER ONLY
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SITUATIONS VACANT

WIRELESS TECHNICIANS
There are vacancies at the Home Office Central
Communications Establishment and London Region
Depot both of which are situated at Headstone Drive,
Wealdstone, Harrow, Middlesex, also at Rochester Row,
London, SW1 for Wireless Technicians to assist with
the installation and maintenance of VHF and UHF
systems. Ability to drive a car and possession of current
driving licence is desirable.
PAY: inclusive of an optional interim addition is £1,370
(at 17) and £1,965 (at 25) rising to £2,309 (plus £110
Outer London Weighting at Harrow and £228 Inner
London Weighting at Rochester Row).
Generous leave allowance, good pension scheme and
good prospects of promotion.
QUALIFICATIONS: City and Guilds, Intermediate
Telecommunications Certificate or equivalent.
Vacancies also occur from time to time in various
parts of the country.

For further details phone or write to:
Mr. C. B. Constable
Directorate of Telecommunications
60 Rochester Row, LONDON SW1 P 1JX
Telephone Number: 01-828 9848 Extension 734

TV ENGINEERS -
COME AND JOIN ME IN

NEW ZEALAND
I'm Dave Smith and I'm a TV service en-
gineer in N.Z. I emigrated here from the
U.K. 2 years ago and I reckon it's the best
move I've ever made. The company I

work for-Dominion Television-is looking
for more TV engineers willing to escape
to the sun in N.Z. Dominion TV is N.Z.'s
leading TV rental organisation. They're a
great crowd-a member of the internat-
ional Thorn group. I get a great salary deal,
my own vehicle-and many fringe bene-
fits. The life in N.Z. is just fantastic for
me, my wife and the kids. The standard
of living is very high and there's always
plenty to do-whether you're in the pub
crowd or on a deserted beach. The great
thing is that there aren't the pressures on
me here that there were in England. That's
not to say there isn't plenty of interesting
work-but the Kiwi's attitude to life is so
much more pleasant and relaxed. If, like
me, you've got City and Guilds final with
colour endorsement, I'd strongly advise
you to consider a career with Dominion
Television in N.Z. You must have 4 years
experience in radio and/or TV. Interviews
will be held in the U.K. and sponsored
fares will be offered to successful candi-
dates. Contact :

Mr. N. R. Mortensen,
Dominion Television Services Ltd.,
P.O. Box 9206,
Newmarket, AUCKLAND, N.Z.

Perfect working order. Repolished
cabinets. Tube Guaranteed 6 months.
19" GEC £80
25" DECCA/BUSH/GEC £100
CASH and COLLECT PRICES VAT
EXTRA. 3 or over less 5% discount.
Mono UHF TVs
Sold unserviced with tube tested.
Valve tuner type inc.:-
BUSH 128. SOBELL 1000. GEC 2000.
THORN 900 Singles £5 each (add £2
delivery). 6 for £25 (delivery extra).
Transistorised tuner type makes inc.
THORN 950, BUSH 141, GEC 2010 to
2038. Philips style 70. Singles £10 each
(add £2 delivery).
6 for £50 (delivery extra).
SQUARE SCREEN PYE, EKCO. BUSH
Singles 20" £20. 24" £24. 6 for £100.
Southern.
Watling Street, Hockcliffe, 3 miles
N. of Dunstable. A.5.
Tel. Hockcliffe 768
Northern. 1043 Leeds Road, Bradford 3
Tel. Bradford (0274) 665670.
Scotland. Peacock Cross Industrial
Estate, Burnbank Road, Hamilton.
Tel. (06982) 29511.

TELEVISION TUBE SHOP
BRAND NEW TUBES AT

REDUCED PRICES

A31 -15W
A47 -11W
A47 -13W
A47 -14W
A47 -26W

[1250
L9 9S

[12'50
LB 25

00 75
A50-120WR /12 SO
A59 -11W [12'95
A -59-13W 03 SO'
A59 -15W L9 9S
A59 -23W 114 7S
A61-120WR 116'50
AW43-80 L6.9S
AW43-88, 43-89 16 7S
AW47-90, 47.91 L7.50
AWS3-80 17.505
AW 53-88, 53-89 /4 25
AW59-90, S9-91 19 00
CME1201 11250
CME1601 [1050
CME1602 112'00
CME1705 /7.75
CME1713/A44-120 114 SO
CME1901, 1903 L7 SO
CME1906 /12'50
CME1908 /7.75
CME2013 02 SO
CME2101, 2104 IS 25
CME2301, 2302, 2303 /9 00
CME2305 [1475
CME2306 113 SO"
CME2308 L9.95
CME2413R 116.50
MW43-80 16'75
MW53-20, 53-80 /7 SO
TSD217, TSD282 11400t
13BP4 (Crystal 13) L14 00t
190AB4 [9'25
230DB4 L11'25

* These types are fully rebuilt.
t Rebuilt tubes also, at 0.00 plus

carriage and old bulb.

COLOUR TUBES

19 Unprotected
A49-120 X
A56-120 X
A6 I-15 X
A63 -1I X
A66-120 X
A67- 120 X

NEW R/B
L L

25
45
72 48
78 52

- 52
82 55
85

SHOP-SOILED COLOUR TUBES
19', 22" & 26" NOW AVAILABLE
Brand new, with slight scratches.
rices from L20. Callers only.
Add Carriage and Insurances Mono-
chrome ?Sp, Colour MSC

ALL PRICES SUBJECT TO V.A.T.

TELEVISION TUBE SHOP
411 BATTERSEA BRIDGE ROAD,
LONDON, S.W.II. BAT 6855
WE GIVE GREEN SHIELD STAMPS
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PHILIP H. BEARMAN, 6 POTTERS RD., NEW BARNET, HERTS.
We offer one of the finest range of new or rebuilt makers tubes in the Country, tubes are tested before despatch.
Delivery usually ex stock and despatched daily securely packed; deliveries arranged world wide. Prices available.

Colour Tubes, 4 year warranty
17" @ 20" 90° types L55.00+cge
19" A49/1 I X & A49/120

A49/1 9 I X L53.90 + cge

22" A55/I 4X, A56/120X
A56/140X L58.30 cge

25" A63/I IX, A63/120X
A63/200X L62.70 cge

26" A66/ I 20X, A67/120X L64.90+ cge
Note 20" with I-yr. g'tee L48.00 ',cge

Mullard 22" A56/120X L55.00 cge

Mullard 26" A66/120X L57.00-tcge
Mullard 26" A66/140X L57.00 -I cge

All tubes tested before despatch.

We often have Mullard A56 & A66/120X
electrically perfect with very minor
screen marks from £40.00 upwards.
Availability etc. on application. Also
20° Toshiba similar seconds. All excellent
value, guaranteed.

TELEPHONE: 01-449 1934/5

TWO YEAR WARRANTY (with certain exceptions).
17" CMEI713 rimband LI4.30+66p cge
17" mono. all types except CMEI7 I 3 £6.46+66p cge
19" CMEI903, CMEI902, CME I 901, AW47-90, AW47-9 I, A47- I 4W, C I9AH

LI1.00+66p cge
(all tubes extra 99p for short sea journeys) SAE with enquiries.

19" A47/25W (CMEI905/7) fully rebuilt
20" A50/120WR (CME20 I 3) fully rebuilt
19" A47/I IW, A47/26W etc. NEW tubes..
19" Twin panels A47/l3W (CMEI906)
23" CME2303, CME230 I, AW59-90, AW59-9 I, A59 -15W,

CME2308 New
24" A61/120WR (CME2413) New ..
24" A61/120WR (CME2413) fully rebuilt

ALSO other types as follows:-
TSD282(217) I -year warranty
MW31/74 2 -year warranty
TSD290/CME1201 2 -year warranty
A31/120W (CME1220) 2 -year warranty
13BP4 I -year warranty ..
MW36/24 (36/44) 2 -year warranty..
CMEI601 2 -year warranty
CME 1602 2 -year warranty
CMEI713 2 -year warranty

L9.90 -1-71p cge
L10.45+71p cge
LI3.90+71p cge
LI4.30+77p cge

L11.00+77p cge
LI6.50+77p cge
E12.65+77p cge

L13.75+55p cge
L3.30+55p cge

LI1.00+55p cge
LI I.55+55p cge
LI5.40+60p cge
L5.23+55p cge

E10.45+60p cge
LI1.55+60p cge
L14.30+60p cge

PLEASE MENTION TELEVISION

WHEN REPLYING TO ADVERTISEMENTS

PHILIP H. BEARMAN
(VALVE SPECIALISTS) SSH MPGOVT.TEtc.

NEW valves by Mullard, Mazda, Telefunken, Tungsram
IMMEDIATE POSTAL DESPATCH, LISTS S.A.E., DISCOUNT PRICES

ALL PRICES SUBJECT TO ALTERATION WITHOUT NOTICE.

PRICES FROM 1.7.1974 (INCL. V.A.T.)
DY86/7 38p PCC84 40p PCL86 58p 6F23 80p ENQUIRIES
DY802
ECC8I

42p
38p

PCC89
PCCI89

52p
58p

PFL200
PL36

74p
80p

6F28
20P4

67p
88p WELCOMED

ECC82 40p PCF80 47p PL84 60p 30C1 47p ON
ECL80
EF80

60p
37p

PCF86
PCF200

62p
84p

PL504
PL509

77p
L1.45

30C17
30FL I

84p
67p OUR

EF183 54p PCF801 52p PL802 £1.20 30FL2 67p VAST
EF184
EH90

54p
56p

PCF802
PCF805

64p
83p

PY8I
PY800

40p
45p

30L15
30L17

86p
86p RANGE

EY51 66p PC F808 78p PY801 45p 30P12 87p
EY86/7 34p PCH200 96p PY500(A) 98p 30PL I 87p
GY50 I 70p PCL82 47p U25 80p 30PL13 95p BYI00/127 etc.
PC86 72p PCL83 52p U26 80p 30PL14 L1.10 all 17p each
PC88 72p PCL84 46p 6/30L2 80p 30PL15 94p with IOW
PC97 38p PCL805/85 58p 6BW7 74p ETC., ETC. resistor.

See separate Component, CRT and Transistor Lists. Many obsolete types available,
SAE with enquiries please. Please verify current prices

(Adjacent to Post Office) 6 POTTERS RD., NEW BARNET
HERTS. Tel: 449/1934-5 any time.

REBUILT
COLOUR TUBES

19" £22.50 22" £25.50
25" L28.00 26" L29.00

Exchange prices, subject to V.A.T.
Tubes supplied without exchange

glass at extra cost, subject
to availability.

Colour Tubes demonstrated
to callers.

Carriage extra
all types.

Full range of rebuilt mono
tubes available, Standard,
Rimband and Twin Panel

Complete new gun fitted to
every tube.
12 months' guarantee
17 years' experience in tube
rebuilding.
Trade enquiries welcomed.

N.G.T. ELECTRONICS LTD.
22-24, Anerley Station Road,

London S.E.20
Telephone: 01-778 9178/0528
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color TV
Fabulous 25" tube, Teak, COLOUR TVs
Working-Cash 'n Carry from our
warehouse NOW!
Non -working sets as available from £25.

MONO UHF TVs
Sold complete but unserviced with good
cabinets.
Valve tuner type include:

BUSH 128 SOBELL 1000
GEC 2000 THORN 900

etc., etc., one for C4.50 (add £2.50 carr.).
Transistor tuner type include:
THORN 950 BUSH 141 GEC 2010

PHILIPS '70
etc., etc. One for 09.50 (add £2.50 carr.).
Quantity Discounts.
Plenty of sets in stock. Pick your sets,
some available from 50p.
3 only -26" Colour Tubes with 4 year
guarantee. C60 each to callers only.
DL I (& DL IE)Delay lines at 25p +20p p& p

U.H.F. Tuners-brand new, untested
4 button, C4.50.

Add 10% VAT

:UMII::
1532 Pershore Road,

Stirchley, BIRMINGHAM B30 2NW
(Main A441 from City centre,

Look for the 'COLORCARE' sign)

REBUILT T.V. TUBES
FOR MEN OF VISION

Current types
17" £4.00 21" £5.00

19" £4.00 23" £5.00

Panorama & Rimguard types
19" £6.00 23" £8.00

Twin panel
19" £7.50

Cash or P.O. with order, no C.O.D.
Carriage 75p in England. Scotland. Wales.
Add t 1.25 for carriage Northern Ireland.
For all enquii tes please send S.A.F.
Each tube tilted ssith new electron gun
assembly. I ully guaranteed for tsso years
against any fault escept breakage.

k.s.t. ltd.
Prosidence (Slats, Viaduct St., Stanningls,

Nr. Leeds, Yorks. Tel. Puilses 78177

AERIAL BOOSTERS L3.30
We make three types of Aerial Boosters:
B45 -UHF 625, B12 -VHF 405, BI I -VHF

RADIO

VALVE BARGAINS
Any 5-50p, 10-75p, 50-L3.30:-
ECC82, ECL80, EB9I, EBF89, EF80, EF85,
EFI83, EFI84, EY86, PCC84, PCC89, PCC
PCCI89, PC97, PCF80, PCF86, PCF805,
PCF808, PCL82, PCL83, PCL84, PCL85,
PFL200, PL36, PL8I, PL504, PY33, PY82,
PY800, PY801, 30L15, EH90, PC86, PC88.

COLOUR VALVES
P7500/A PL508 PL509 25p each

Press Button U.H.F. Tuners -12.50.
Rotary U.H.F. Tuners-L2.00.

PLUGS-SOCKETS
Price per item, in brackets for ten

CO -AX PLUGS 6p (50p) Socket surface
7p (60p), Connectors 4p (3Sp).
D.I.N. PLUGS
2 pin, 3 pin and 5 pin 20p (L1.65).
JACK PLUGS. Standard 18p (L1.50),
3.5 mm 10p (80p), 2.5 mm 10p (80p).
All prices include V.A.T. p. & p. 10p
per order. Money back refund, S.A.E. for
leaflets.

ELECTRONIC MAILORDER
(BURY) LTD.

62 Bridge St., Ramsbottom, Bury,
Lancs. Tel. Rams 3036.

COLOUR TUBES

STANDARD
TUBES

METAL BAND
TUBES

TWIN PANEL
TUBES

Rebuilt with new Electron
Guns to British Standard
415/1/1967.

SUFFOLK TUBES
LIMITED

261 CHURCH ROAD
MITCHAM, SURREY CR4 3BH

01-640 3133;4,5

Britain's Largest Independent
TV Tube Rebuilder

REBUILT TUBES! YOU'RE SAFE WHEN YOU BUY FROM RE -VIEW!
HERE IS WHAT YOU PAY:

Mono Rimband 6 Twin Panel Colour
15-17" £5.00 19" £25.00

19" £5.50 23" £9.00 22" £25.50
21" £6.50 24" £10.00 25" £30.00
23" £7.50 26" £32.50

Exchange Basis
Carriage 75p INC. V. A. T. (carriage -ins. 81.501

Cash or cheque wilh order, or cash on delivery
* 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

Mono Tubes, two years against all but breakage.
* Each tube is 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. 01-6897735

SOUTHERN VALVE . Box 144
CO. BAR.ONET, HERTS.

All new and boxed, Mazda & Mullard wh possible. Lists sae. Mail order only
AZ3I 62p EZ80 35p PL83 45p 5Z4 50p
DY86/7 35p EZ8 t 25p PL84 45p 6,30L2 60p
DY802 405 G Y50 I 75p PL500 1 ..., 6AT6 30p
EB9I 15p G Z30 40p PL504, '''P 68W7 60p
ECC81 34p PC86 6 I p PL508 75p 6CD6G 80p
ECC82 28p PC88 6 I p PL509 81.40 6F2a 5 60p
ECC83 28p PC97 38p P L802 85p 6F28 60p
ECC85 36p PC900 45p PL8OS 82p 6K7,8 45p
ECC88 45p PCC84 33p PY3213 50p 6V6 45p
ECH42 70p PCC85 35p PY8 I 3 33p 6X4 30p
ECH8 I 34p PCC88 60p PY88 39p 6X5 40p
ECH84 50p PCC89 45p PY800113r1 35p 9D7 40p
ECL80 40p PCCI89 48p PY801113.1 35p 10C2 75p
EC.82 45p PCF80(Br) 38p PY500(A) 80p 10F I 45p
ECL83 57p PCF82 50p UBF89 35p 10P I 3 70p
ECL86 40p PCF86 48p UCC85 40p 12I3A6 40p
EF80 28p PCF200 I 70p UCH42 50p 20L1 8Cp
EF85 36p PCF80 I 48p UCH8 I 40p 20P3 80p
EF86 50p PCF802 50p UCL82 40p 20P4 80p
EF89 30p PCF805 70p UCL83 55p 20P5 95p
EFI83 35p PCF806 55p UF4 I 60p 30C I 38p
EF I84 35p PCF808 70p UF85 35p 30C15 70p
EH90 45p PCH200 70p UF89 35p 30C18 70p
E L34 58p PCL82 38p UL4 I 60p 30F5 75p
EL41 50p PCL83 45p UL84 42p 30FL I 68p
EL84 33p PCL84 45p UY4 I 35p 30FL2 68o
EL86 38p PCL85 1 UY85 30p 30L1 33p
EL90,' I 40p PCL805 , 55p U25 62p 30L15 75o
EL95 40p PCL86 48p U26 66p 30L I 7 70p
EM80/1 40p PFL200 70p U191 60p 30P12 70p
EM84 40p PL36(Br) 55p U193 35p 30P19 70p
EY51 45p PL8I 4Sp U404 40p 30PL I 60p
EY86/7 3Sp PL8 I A 48p U801 90p 30PL I 3 75p
E Z40/ I 40p P L82 37p 5Y3 50p 30PL I 4 80p

30PLI5 80p
30P4MR 88p
35W4 35p
ETC., ETC.

All prices sublect to
market fluctuations

P D500 L1.25

Service & Civility.
The above types.
and many others.
are in stock at
ci me of going to
press.
These are new
lower prices,
including V.A.T.
Transistor lists

All valves new
and booed but
we cannot always
guarantee any
specific make.
Post free over
E5.00. POST 4p

each valve.
Tel. (Office):

440 8641
Closed Thursday
& Saturday
afternoons.



How to qualify in your
spare time fora better job

Make yourself worth more and you'll earn more. It's as
simple as that. There are always plenty of people to do the
routine work - but, right now, key jobs are going begging for
lack of suitably qualified men to fill them. The basic qualification
is technical know-how. When you've got that, you're in demand
- out in front.

Are you ambitious - willing to set aside about 6o minutes a
day for home study ? If you are, B.I.E.T. can give you the technical
knowledge you need - change your entire future prospects.

It's easier than you think... I
Make no mistake about it - you could do it. Most people

have unused ability. A low-cost B.I.E.T. course helps you
- makes learning enjoyable and so

much easier than it used to be. The B.I.E.T. simplified study
system gets results fast.

We've successfully trained thousands of men at home -
equipped them for higher pay and better, more satisfying jobs,
steered them safely through City and Guilds examinations
- enabled many of them to put letters after their name.

With the help of B.I.E.T., you too could soon be on your III
way to better things.

f
OTHERS HAVE DONE IT - SO CAN YOU

Many of the successful B.I.E.T. students who get a recognised
qualification never thought they had the brains to do it. But you don't
need outstanding brain -power or talent - not even any special education.
With enthusiasm, a little determination and a B.I.E.T. home training,
ordinary, average ability will see you through. We've proved it over and
over - thousands of times, in fact!

BEST VALUE FOR MONEY HE EVER OBTAINED.
"Yesterday I received a letter from the Institution informing that

my application for Associate Membership had been approved. I can
honestly say that this has been the best value for money I have ever
obtained - a view echoed by two colleagues who recently commenced
the course" - Student D.I.B., Yorks.

HE GOT OUT OF A BAD JOB
INTO ONE HE LOVED.

"Completing your course, meant going
from a job I detested to a job that I love, with
unlimited prospects" - Student J.A.O.,
Dublin.

HE MADE FOUR TIMES
AS MUCH MONEY.

"My training with B.I.E.T. quickly
changed my earning capacity and in the next
few years, my earnings increased fourfold" -
Student C.C.P., Bucks.

\ I

r FREE
76 -PAGE BOOK
can put you on the
road to success through
a B I.E T Home Study
Course It's yours for
the asking. without
obligation Post coupon
for your FREE COPY
TODAY

ACT NOW - DISCOVER FOR YOURSELF
It costs no more than a stamp to find out how
we can help you. Tick the subject that interests
you. Then post the coupon (or write). We'll
send you an interesting 76 -page book that will
open up for you a whole new world of
opportunity - and it's FREE.
B.I.E.T, Aldermaston Court, Reading RG7 OF.

Si )

Which of these 165 career
opportunities could earn you £10...

£15 ...even £30 extra a week?
In a job you
really enjoy

Tick or state subject of int t.
Post to address below.

MECHANICAL
Society of
Engineers-
A.M.S.E. (Mech.) 0
Institute of
Engineers &
Technicians
(A.M.I.E.)
CITY & GUILDS
Gen. Mech. Eng. 0
Maintenance Eng. 0
Welding 0
Gen. Diesel Eng. 0
Sheet Metal Work°
Eng. Inspection 0
Eng. Metallurgy 0
ELECTRICAL &
ELECTRONIC
Society of
Engineers-
A.M.S.E. (Elec.) 0
CITY & GUILDS
Gen. Electrical
Engineering
Electrical
Installations 0
Electrical Maths 0
Computer
Electronics
Electronic Eng. 0
Practical Radio
& Electronics
(with kit)
MANAGEMENT &
PRODUCTION
Institute of Cost
& Management
Acctnts.
Computer
Programming 0
Works M'ment.
Work Study
Gen. Production
Eng.
Estimating &
Planning
Storekeeping 0
Management
Skills 0
Quality Control 0

DRAUGHTSMANSHIP
Institute of
Engineering
Designers

General
Draughtsmanship0
Elec. Draughts-
manship 0
Architectural
Draughtsmanship0
Technical
Drawing 0
RADIO & TELE-
COMMUNICATIONS
CITY & GUILDS.
Radio. TV/
Electronics 0
CITY & GUILDS
Telecoms.
Gen. Radio & TV
Eng. 0
Radio Amateurs
Exam 0
Radio Servicing
TV Servicing
Colour TV

AUTOMOBILE &
AERONAUTICAL
Institute of the
Motor Industry 0
A.M.I.I. 0
MAA/IMI 0
CITY & GUILDS
Auto Eng. 0
Gen. Auto Eng. 0
Motor Mechanics 0
Auto Diesel Eng. 0
Garage M'ment.
ARB Aero Engi-
neering Certs.
Gen. Aero Eng. 0

CONSTRUCTIONAL
Society of
Engineers-
A.M.S.E. (C1v.) 0
Institute of Build-
ing-L.I.O.B. 0

A.B.T. Clerk of
Works
Construction
Surveyors Insti-
tute-L.C.S.I.
CITY & GUILDS
General Building
(all branches) 0
Heating & Vent. 0
Inst. Clerk of
Works
Site Surveying 0
Health Engineer-
ing
Road Construc-
tion
Quantities.
Estimates 0
Hydraulics 0
Structural Eng. Ci

GENERAL
Agricultural Eng. 0
Council of Eng.
Institutions 0
Farm Science 0Plastics

Supplementary
courses for Nat.
Certificates.

01

G.C.E.
- choose from
58 '0' & 'A'
level subjects.

Coaching for many
exams. including
C & G

IT PAYS TO BE QUALIFIED!
POST TODAY FOR A BETTER TOMORROW

To B.I.E.T., Dept / 95
Aldermaston Court, Reading R07 4PF Q

NAME
810:k Cao.tals Please
ADDRESS

OTHER SUBJECTS AGE
Accredited by CA CC Member of A.B.C.6

I 95

BRITISH INSTITUTE Of ENGINEERING TECHNOLOGY
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WITWORTH
TRANSFORMERS

MONOCHROME
TV Line out -put transformers

(Discounts to Trade)

ALL ONE PRICE
5.72 EACH V.A.T. & CARRIAGE PAID

(L5.45 PERSONAL SHOPPERS)

USN
UG versions
V75 or C

TV76 or C
TV77
TV78
TV79
TV83
TV84
TV85
TV86

TV 25
TV 25U
TV 28
TV 34
TV 35
TV 35R
TV 38
TV 38R
TV 39
TV 41
TV 45

TV9I TV 48
TV92 TV 61
TV93 TV 65
TV94 TV 66
TV95 or C TV 71
TV% or C TV 75
TV97 TV 76
TV98C TV 78
TV99 or C 81S
TVIOOC 83
TVIOIC 83D
TVIO2C 835
TV103 or D 8355
TVIOS or D or R 85S
TV106 86
TV107 860
TV108 86S
TV I 09 86SS
TVII2C 915
TVII3 9ID
TVII5orCorR 935
TVII8 93D
TV 123
TVI24
From model TV 123 to TVI 39 there have
been two types of transformer fitted.
One has pitch overwind, the other has
plastic moulded overwind.
Please state which type required as
they are not interchangeable.

BAIRD
600 628 662 674
602 630 663 675
604 632 664 676
606 640 665 677
608 642 666 681
610 644 667 682
612 646 668 683
622 648 669 685
624 652 671 687
625 653 672 688
626 661 673
Please quote part No. normally found
on ,x. base plate; 4121, 4123, 4140 or
4142.

DECCA
DR20 DR34
DR2I DM35
DR23 DM36
DR24 DM39C
DR29 DR4 I
DR30 DM45
DM30 DR49C
DR3 I DM55
DR32 DM56
DR33 DR61

DR71
DR95
DR100
DR101
DR121
DRI22
DRI23
DR202
DR303
DR404

DR505
DR606
666TV-SRG
777TV-SRG

MS1700
MS2000
MS2001
MS2400
M52401

SOBELL
T24 ST284 or ds 0 lOdst 033
SC24 ST285 or ds 012 038
TPSI73 ST286 or ds 013 039
TPS180 ST287 or ds 014 047
ST195 or ds ST288 ds 018 048
ST196 or ds ST290ds 019 057
ST I 97ds ST291ds 020 058
SC270 ST297ds 021 063
T278 1000ds 022 064
ST282 1002ds 023 065
51283 1005ds 032 066

MURPHY
V310 V430 V520 V879 or C
V3 10A V430C V530 V923.
V310AD V4300 V530C V929 or L
V310AL V430K V530D V973C
V310CA V440 V539 V979.
V320 V4400 V540 V653X
V330 or D V440K V5400 V659
V330F or L V470 V649D V683
V4I 0 V480 TM2 Chassis V739
V410C V490 V843. V735
V410K V500 V849 V783
V420 V510 V873. V787
V420K V519
"Two types fitted. One has pitch overwind, the other has plastic moulded
overwind. Please state which type required as they are not interchangeable.

V789 V2015SS
V153 V2016S
V159 V20175
V173 V2310
VI79 V2311C
V1910 V2414D
V1913 V2415D
V1914 V24155
V2014 V241555
V20145 V24 I 6D
V2015D V23 I 6S
V20155 V24175

PHILIPS
23TG II la
23TG I I 3a
23TG12Ia
23TG 122a
23TG13Ia
23TG142a
23TG152a
23TG153a
23TG156a
23TG 164a
237G170a
23TG17Ia
23TG 173a
23TG 175a
23TG 176a
23FG632

GI9T210
GI197211
G 197212
0197213
G19T214
Gl9T215
G20T230
G201-232
G207236
G20T238
G20T300
G20T301
G20T302
G20T306
G20T307
G20T308

G23T2 10
G237211
G237212
G24T230
G24T232
G247236
G24T238
G247300
G241301
G24T302
G247306
G241307
G24T308
G24T324

GEC
2000
2001
2010
2012
2013
2014

2015 2022 2043
2017 2023 2044
2018 2032 2047
2019 2033 2048
2020 2038 2063
2021 2039

2064
2065
2066
2082
2083

PYE
I lu Series
12ti
I3u State Pt. No.
I4u required
15u AL2I003 or
20u 772494

V700 or A or0
V710 or A or D State Pt. No.
V720 required-
V830A or CI or 772444 or
LBA 771935

FERGUSON, ULTRA, MARCONI, H.M.V.
ALL MODELS IN STOCK.

(BRC, Jellypots).

ALBA, COSSOR, EKCO, FERRANTI, K.B., PYE. ALL MODELS IN STOCK.

E.H.T. RECTIFIER TRAYS
(MONOCHROME)

THORN B.R.C.
MONOCHROME

980, 981, 982
91 1, 950/1, 960
950/2, 1400 -5 stick
1400 Portable -3 stick
1500 20" 3 stick
1500 24" 5 stick
1580 Portable -2 stick
1590, 1591

ORDER
Ref.

RT I
RT2
RT3
RT3A
RT4
RT5
RTI 6
RTI 7

L3.30
L3.60
L3.90
£3.60
L3.60
L3.90
L3.50
LI.30

E.H.T. RECTIFIER TRAYS (COLOUR)

MAKE
CHASSIS
COLOUR

DECCA CTV I9, CTV25
DECCA CSI910,CS2213
DECCA C51730
GEC Dual & Single std. Valve Type
ITT -KB CVC-I, 2, 3
PHILIPS 08 510-550 Series
PYE 691, 692, 693, 697
PYE 713 CT200
BUSH MURPHY Single std plug-in
BUSH MURPHY Dual standard
THORN BRC 2000
THORN BRC 3000
THORN BRC 8000
THORN BRC 8500
GEC Solid State 90°
PYE CT262 & 266 731 Chassis

£8.00
08.00
£5.80
£6.70
£7.20
L7.20
£6.70
£6.40
£8.00
E9.80
£8.00
C7.10
L4.10
E7.00
£7.80
£7.40

COLOUR TV Line out -put transformers
THORN (BRC)
2000 Chassis
Scan 0/8 Tx.
EHT 0/P Tx.
3000 Chassis
Scan 0/P Tx.
EHT 0/P Tx.
8000 Chassis
8500 Chassis
All £6.80 ea.

GEC
Dual Standard
Single Standard
E7.90 ea.

ITT -KB
CVC I Chassis
CVC2
L7.10 ea.
CVC5 Chassis
£8.10 ea.

PHILIPS
G6 Chassis 0/S
G6 S/S
L8.70 ea.
GB Chassis
L7.90 ea.

BUSH
CTV25 Mk. I &2
£11.50 ea.
CTV25 Mk.3
CTVI62
0.90 ea.
CTVI67 Mk.1 & 2
El 1.50 ea.
CTVI 67 Mk.3
CTVI74D
CTV182.5
CTVI845
CTVI87CS
CTV1945
CTV I 97C
CTVI995
07.10 ea.

DECCA
CTV19 Valve Rec.
CTV25
Primary Coil
03.70 ea.
CTV I9 D/S Tripler
CTV25
CTV25 S/S Tri pier
CSI730
L7.80 ea.
CS1910
CS2213
E7.10 ea.

EKCO
CT102
CT 104
CTI 03
CTI OS
CTI 06
CT 107
CTI 08
CTIO9
CT III
CTI20
CTI21 &IT
CTI22

412.00 ea.

L8.90 ea.

PYE
CT70
CT7I
CT72
CT73
CT78
CT79
CTI52
CTI53
C7154

L12.00 ea.

E8.90 ea.

MURPHY
CVI912 CV2510 Mk.3
CVI916S CV25Il Mk.3
CV22I 0 CV25165
CV2212 CY2610
CV2213 CV26I 1
CV2214 CV26 I 4

L7.90 ea.
CV2510 Mk. 1 & 2
CV2511 Mk. I & 2

£12.00 ea.

Most items listed stocked. Most newer and older models in stock. S.A.E. for quotation
For by -return service contact your nearest depot. Callers welcome.

Tidman Mail Order Ltd., Dept. NA
236 Sandycombe Road,
Richmond, Surrey.
London : 01-948 3702
MON - FRI 9 am to 12.30 pm 1.30 pm to 4.30 pm
SAT 10 am to 12 noon

NO HIDDEN EXTRAS -

Hamond Components (Midland) Ltd., Dept. NA.
89 Meriden Street,
Birmingham 5.
Birmingham: 021-643 2148

PRICES INCLUDE V.A.T. and CARRIAGE


