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DEGCA DE1 SERIES;

KORTING COLOUR SETS



TRANSISTORS,

Type Price ( f)

ETC.

Type Price (E)

Type Price (£)
BF241 0.22
BF244 0.18

Type Price ( 1)
MPSU56 1.26
MPSU55 1.26

Type Price (0
2N3133 0.54
2N3134 0.60

DIODES
Type Price (£)
44113 0.15

LINEAR
INTE-
GRATED

DIGITAL
INTE-
GRATED

ZENER DIODES
400mW 3.0-33V 12p each

1.3W 3.3-100V 18p each
AC107 0.35 BC177 0.20 BF254 0.45 0C26 0.38 2N3232 1.32 AA119 0.09 CIRCUITS CIRCUITS VDR'S, PTC & NTC
AC117 0.24 BC178 0.22 BF255 0.45 0C28 0.65 2N3235 1.10 44129 0.20 Type Price If) Type Price (£) RESISTORS
AC126 0.25 BC178B 0.22 BF256 0.45 0C35 0.59 2N3250 1.02 AA143 0.10 CA3045 1.35 7400 0.20 Type Price ( 1) Type Price l£)
AC127 0.25 BC179 0.20 BF257 0.49 0C36 0.64 2N3254 0.28 AAZ13 0.30 CA3046 0.70 7401 0.20 E295ZZ E2990D/P116-
AC128 0.25 BC1796 0.21 BF258 0.66 0C42 0.55 2N3323 0.48 AAZ17 0.12 CA3065 1.90 7402 0.20 /01 14 P354 all 8
AC141 0.26 BC182L 0.11 BF259 0.93 0C44 0.25 2N3391A 0.23 BA100 0.15 MC1307 P 1.19 7404 0.24 E295ZZ VA1015 50
AC141.K 0.27 BC183 0.11 BF262 0.70 0C45 0.32 2N3501 6.99 BA102 0.25 MC1310P 2.94 7406 0.45 /02 14 VA1026 41
AC142 0.20 BC183K 0.12 BF263 0.70 0070 0.32 2N3702 0.13 BA110U 0.30 MC 7408 0.25 E298CD VA1033 8
AC142K 0.19 BC183L 0.11 BF273 0.16 0071 0.32 2N3703 0.15 BA115 0.12 1327PQ 1.01 7410 0.20 /A258 7 VA1034 8
AC151 0.24 BC1841. 0.13 BF336 0.35 0072 0.32 2N3704 0.15 BA141 0.17 MC1330P 0.76 7411 0.25 E298ED VA1040 8
AC152 0.25 BC186 0.25 BF337 0.35 0073 0.51 2N3705 0.11 BA145 0.17 MC1351P 0.75 7412 0.28 /A258 6 VA1053 8
AC153K 0.28 BC187 0.27 BF458 0.60 0075 0.25 2N3706 0.10 BA148 0.17 MC1352P 0.82 7413 0.50 /A260 6 VA10555 10
AC154 0.20 BC208 0.12 BF459 0.63 0076 0.35 2N3707 0.13 BA154 0.13 MC 7416 0.45 /A262 6 VA1077 12
AC176 0.25 BC212L 0.12 8F596 0.70 0081 0.53 2N3715 2.30 BA155 0.16 1358PQ 1.85 7417 0.30 /A265 6 VA1104 35
AC178 0.27 8C213L 0.12 BF597 0.15 00810 0.57 2N3724 0.72 BA156 0.15 MC1496L 0.87 7420 0.20 /P268 6 VA8650 110
AC187 0.25 BC214L 0.15 8FR39 0.24 OC139 0.76 2N3739 1.18 BA157 0.25 MC3051P 0.58 7425 0.37 E298ZZ
AC187K 0.26 BC238 0.12 BFR41 0.30 0C140 0.80 2N3766 0.99 BAX13 0.06 MFC 7430 0.20 /05 7
AC188 0.25 BC261A 0.28 BFR61 0.30 0C170 0.25 2N3771 1.70 BAX16 0.07 40008 0.43 7440 0.20 /06 6
AC188K 0.26 BC2624 0.18 BFR79 0.24 0C171 0.30 2N3772 1.90 BAY72 0.11 MFC 7441 0.85

RESISTORSAC193K 0.30 BC263B 0.25 BFT43 0.55 0C200 1.30 2N3773 2.90 BB104 0.52 4060A 0.70 7445 1.95
AC194K 0.32 8C267 0.16 BFVV10 0.55 OCP71 0.92 2N3790 4.15 BB1056 0.52 MFC6040 0.91 7447 1.30 Carbon Film (5%) ea

ACY28 0.25 BC268C 0.14 BFVV11 0.55 ON236A 0.65 2N3794 0.20 BB105G 0.45 NE555 0.72 7450 0.20 iW 5.6 0-330k 0 (E12) 1.5p
ACY39 0.68 BC294 0.37 BFVV164, 1.70 ORP12 0.55 2N3819 0.35  8E111013 0.45 NE556 1.34 7451 0.20 4-W 10 0-10M 0 (E24) 1 5p
AD140 0.50 BC300 0.60 BFVV30 1.38 R2008B 2.05 2N3820 0.49 BR100 0.50 PA263 1.90 7454 0.20 1W 10 0-19M 0 (E12) 3p
AD142 0.52 BC301 0.35 BFW59 0.19 R20108 2.95 2N3823 1.45 BY100 0.22 SL414A 1.91 7460 0.20 2W 10 0-10M 0 (E6) 5p
AD143 0.51 BC303 0.60 BFW60 0.20 TIC44 0.29 2N3866 1.70 BY103 0.22 SL901B 3.84 7470 0.33 WIREWOUND (5%)
AD149 0.50 BC307B 0.12 BFW90 0.28 TIC46 0.44 2N3877 0.25 BY126 0.16 SL917B 5.12 7472 0.38 21W 0.22 0-270 0 15p ea
AD161 0.48 BC308A 0.10 BFX16 2.25 TIC47 0.58 2N3904 0.16 BY127 0.17 SN 7473 0.44 5W 10 Q -8.2k 0 13p ea
AD162 0.48 BC309 0.15 BFX29 0.30 T11,294 0.49 2N3905 0.18 BY133 0.23 76001N 1.45 7474 0.48 10W 10 0-25k 0 18p ea
AF114 0.25 BC323 0.68 BFX30 0.35 TIP30A 0.58 2N3906 0.15 BY140 1.40 SN 7475 0.59 CAPACITORSAF115 0.25 BC377 0.22 BFX84 0.25 TIP31A 0.65 2N4032 0.43 BY164 0.55 76003N 2.92 7489 4.32
AF116 0.25 8C441 1.10 BFX85 0.26 TIP32A 0.67 2N4033 0.54 BY176 1.68 SN 7490 0.65 Full range of C280, C296,

AF117 0.20 BC461 1.58 BFX86 0.26 TIP33A 0.99 2N4036 0.52 BY179 0.70 76013N 1.95 7491 1.10 tubular ceramic, pin-up cera-
. . .

AF118 0.50 BCY33 0.38 BFX87 0.28 TIP34A 1.73 2N4046 0.35 BY206 0.31 SN76013 7492 0.75 mic, miniature electrolytics,

AF121 0.32 BCY42 0.16 BFX88 0.24 TIP414 0.80 2N4058 0.17 BYX10 0.15 ND 1.72 7493 0.65 mica, mixed dielectric and

AF124 0.25 BCY71 0.22 BFY18 0.53 TIP42A 0.91 2N4123 0.13 BYZ12 0.30 SN 7494 0.85 TV electrolytics stocked. -
AF125 0.25 BCY88 2.42 BFY40 0.40 TIS43 0.30 2N4124 0.15 FSY11A 0.45 76023N 1.95 7495 0.85 Please see catalogue.

AF126 0.25 BD115 0.65
BD123 0.98

BFY41 0.43
0.25

TIS73 1.36
TIS90 0.23

2N4126 0.20 FSY41A 0.40 SN76023 7496 1.00 MASTHEAD AMPLIFIERS
AF127 0.25 BFY50 2N4236 1.90 0410 0.20 ND 1.72 74100 2.16 Labgear uhf group amplifier
AF139 0.35
AF147 0.35

BD124 0.80
ElD130Y 1.42

BFY51 0.23
BFY52 0.23

11S91 0.23
ZTX109 0.12

2N4248 0.12
2N4284 0.19

0447 0.07 SN .

76033N 2.92
74121 0.60
74122 0.80

complete with mains power

AF149 0.45 BD131 0.45 BFY57 0.32 ZTX300 0.16 2N4286 0.19
0481 0.12 unit CM6001/PU.

AF178 0.55 BD132 0.50 BFY64 0.42 ZTX304 0.22 2N4288 0.13
0490 0.08
0A91 0.07

SN
76227N 1.46

74150 1.44
74151 1.15

orGroups A, B,
pleaseC/Dspecify £12.65

AF179 0.60 BD135 0.40
0.46

BFY72 0.31 ZTX310 0.10
0.12

2N4289 0.20 0A95 0.07 SN 74154 1.66 Labgear CM6030 WB vhf/uhfAF180 0.55 BD136
0.48

BFY90 0.70 ZTX313
0.17

2N4290 0.14 0A200 0.10 76530P 1.05 74164 2.01 ultra wideband amplifierAF181 0.50
AF186 0.40
AF239 0.40

BD137
BD I 38 0.50
BD139 0.55

BLY15A 0.79
BPX25 1.90
BPX29 1.70

ZTX500
ZTX502 0.17
ZTX504 0.42

2N4291 0.18
2N4292 0.20
2N4392 2.84

0,4202 0.10
0A210 0.29

SN
76533N 1.20

74192 2.05
74193 2.30

(channels 1-68). Complete
with mains power unit

AF279 0.84 BD140 0.62
2.19

BPX52 1.90
0.68

ZTX602 0.24
0.86

2N4871 0.24
OAZ237 0.76
S2M1 0.22 76666N 0.90

CM6001/PU £18.95
Labgear CM6019 WB uhfAL100 1.10 BD144

BD145 0.75
BRC4443
BRY39 0.47

2N525
0.23

2N4902 1.30 TV20 1.85 TAA300 1.76 HARD- wideband amplifier (channelsAL102 1.10
BD163 0.67 BRY56 0.40

2N696
2N697 0.15

2N5042 1.05 IN914 0.07 TAA320 0.94 WARE 21-68). Complete with mainsAL103 1.10
AL113 0.95 80183 0.56 BR101 0.47 2N706 0.12

2N5060 0.32
2N 5061 0.35

IN914E 0.06
I N916 0.10

TAA350A 2.02
TAA435 0.85

BASES
Type Price (£)

power unit CM6020/PU £9.85

AU103 2.10 BD222 0.78
0.75

BSX19 0.13 2N706A 0.15
0.35

2N5064 0.45 IN1184 0.92 TAA450 2.70 DIL8 0.16 PATTERN GENERATORS
AU110 1.90
AU113 2.40
BC107 0.12

BD234
80410 1.65
BD519 0.76

BSX20 0.19
8SX76 0.15
BSX82 0.52

2N708
2N744 0.30
2N914 0.19

2N5087 0.32
2N5294 0.35
2N5296 0.57

IN1185 1.10
IN4001 0.05

TAA550 0.55
TAA570 2.02

DIL14 0.16
DIL16 0.18

Labgear CM giving
crosshatch dots, greyscale

BC107A 0.13 80520 0.76 BSY19 0.52 2N916 0.20 2N5298 0.58
IN4002 0.06 TAA611A 1.70

TAA611B 1.85
and blank raster on 625 -lines.

MOUNT-
BC107B 0.14:'
BC108 0.12

BD599 0.75
BDX18 1.45

BSY41 0.22
BSY54 0.50

2N918 0.42
2N930 0.35 0.85

IN4003 0.07
IN4004 0 . 08 TAA6300 4.18

Tuning can be preset for
anywhere in Bands IV and V

BC108B 0.13 BDX32 2.55 BSY56 0.80 2N1164 3.60 2N5 1.90
2N54 0.30

IN4005 0.09 TAA6305 4.18 ING KITS as well as Band III (for relays)

BC109 0.13 80Y18 1.78
BDY20 0.99

BSY65 0.15
BSY78 0.40

2N1304 0.21
2N1305 0.21

2N5458 0.35
IN4006 0.11
IN4007 0.14

TAA661B 1.32
TAA700 4.18

TO -3 0.06
TO -66 0.06

£58.80
Labgear CM6038 DB PocketBC109C 0.14

BF115 0.20 BSY91 0.28 2N1306 0.31
2N5494 0.85 IN4148 0.05 TAA840 2.02 size vhf/uhf generator. Out-

BC113 0.13
BC114 0.20
BC115 0.20
8C116 0.20

BF117 0.45
BF120 0.55
BF121 0.25

BSY95A 0.27
BT106 1.24
8T116 1.20

2N1307 0.22
2N1308 0.26
2N1309 0.36

2N5496 1.05
2N6027 0.65
2N6178 0.71
2N6180 0.92

IN4448 0.10
IN5400 0.15
IN5401 0.17

TAA861A 0.49
TAD100 2.66
TBA120S 0.99

puts as CM6004 PG above but
can be used either on mains

ryor batte £46.60VALVES

BC117 0.20 BF123 0.28 BU105/02 1.95 2N1613 0.34 2SC643A 1 .38
IN5402 0.20
IN5403 0.22

TBA240A 2.97
TBA281 2.28

Type Price (0
DY87 0.39 COLOUR/BAR

BC119 0.29 BF125 0.25 BU108 3.25 2N1711 0.45 2.80 GENERATORS
BC125 0.22 BF127 0.30 BU126 2.99 2N1890 0.45

2SC1172Y
3N140 1.21

IN5404 0.25
IN5405 0.27

TBA480Q 1.90
TBA500 1.99

E891 0.30
ECC82 0.41 Labgear CM6037/DB: Dual

BC126 0.20 BF158 0.25 5U204 1.98 2N1893 0.48
BC132 0.15 BF159 0.27 BU205 1.98 2N2102 0.51 40250 0.60 IN5406 0.30 TBA500Q 2.00 EF80 0.41 standard band generator gives

8 band bars
BC134 0.20 BF150 0.22 BU207 3.00 2N2217 0.38 40327 0.67 IN5407 0.34 TBA510 1.99 EF183 0.53 standard colour

BC135 0.19 BF161 0.45 BU208 3.15 2N2218 0.60 40361 0.48 IS44 0.07 TBA520Q 3.34 EF184 0.53 . greyscale step wedge + red

BC136 0.20 BF162 0.45 BU209 2.55 2N2219 0.50 40362 0.50
40429 0.80

15310 0.45
15920 0.07

TBA530 2.71
TBA530Q 2.71

EH90 0.55
PC86 0.67

raster . centre cross + centre
dot . crosshatch + dot pat-

BC137 0.20 BF163 0.45 BUY77 2.50 2N22214 0.41 40439 2.67 TBA540 3.21 PC88 0.76 tern -+ blank raster. Sync out-
BC138 0.20
BC142 0.30

BF167 0.25
BF173 0.25

BUY78 2.55
BUY79 2.85

2N2222A 0.50
2N2270 0.41 TBA540Q 3.21 PCC89 0.58 put also provided £125.15

MATCHED VHF/UHF CONVERTERSBC143 0.35 BF177 0.30 D4ONI 0.45 2N2369A 0.42 TBA5500 4.10 PCF80 0.47

BC147 0.13 BF178 0.33 E1222 0.55 2N2401 0.60 PAIRS TBA560C ' 4.09 PCF86 0.58 Labgear Televertas for'"
BC148 0.12 BF179 0.33 E5024 0.20 2N2484 0.41 Type Price (£)

TBA PCF801 0.58 le-sDX-ing or single -standard

BC149 0.14 BF180 0.35 ME6001 0.16 2N2570 0.18 AC128/ Diodes can be 560CQ 4.10 PCF802 0.63 receiver use on relay systems.

BC152 0.25 BF181 0.33 ME6002 0.17 2N2646 0.53 AC176 0.52 supplied TBA570 1.17 PCL82 0.50 Type 6022/RA £15.90
BC153 0.20 BF182 0.44 ME8001 0.18 2N2712 0.12 AC141K/ balanced at a TBA641 0.76 PCL84 0.54 OUR NEW CATALOGUE
BC154 0.20 8F183 0.44 MJE340 0.68 2N2894 0.77 AC142K 0.56 suPplement of TBA673 2.28 PCL805/ IS AVAILABLE AT 302
BC157 0.15
BC158 0.13

BF184 0.26
BF185 0.26

MJE341 0.72
MJE370 0.65

2N2904 0.22
2N2904,4,0.26

AC187/
AC188 0.60

5p per device
- e.g. four

TBA700 2.59
TBA720Q 2.45

85 0.58
PCL86 0.58 (refundable).

BC159 0.15 BF194 0.15 MJE520 0.85 2N2905 0.26 AC187K/ balanced TBA750Q 2.33 PFL200 0.74 P. & P.. UK £0.12 per order.

BC161 0.48 BF195 0.15 MJE521 0.95 2N2905A 0.28 AC188K 0.61 0A91 would TBA800 1.75 PL36 0.80 Overseas: At cost.

BC167B 0.15 BF196 0.15 MJE2955 1.20 2N2926G 0.13 AC193K/ be £0.48 per TBA PL84 0.61 Please add VAT at 25% on all

BC168B 0.13 8F197 0.17 MJE3000 1.85 2N2926Y 0.12 AC194K 0.71 set. 810AS 1.75 PL504 0.80 items except test generators
BC169C 0.13 BF198 0.20 MJE3055 0.74 2N29260 0.12 AD161/ TBA920Q 4.23 PL508 0.95 which are at 8%.

BC170 0.15 BF199 0.25 MPF102 0.40 2N2955 1.12 AD162 0.95 TBA990 4.10
TBA990Q 4.10

PL509 1.44 All prices subject to

BC171 0.15 BF200 0.35 MPS65660.21 2N3012 0.91 SC142/ PY81/8000.45 availability.

BC172 0.14 BF218 0.35 MPSA05 0.47 2N3019 0.75 BC143 0.70
TC42700 4.18 PY88 0.52 Giro A/c 23 532 4000.

BC173 0.20 BF222 1.08 MPSA55 0.50 2N3053 0.21 TIS90M/ Variable ZN414 1.25

8C174B 0.26
BC176 0.22

BF224J 0.15
BF240 0.20

MPSUO5 0.66
MPSUO6 0.76

2N3054. 0.55
2N3055 0.60

TIS91M 0.50
Any other tran-

capacitance
diodes can be EAST CORNWALL

sistors can be supplied Please enquire
matched at a matched at a for linear op. COMPONENTS

Tel: Stoke Climsland Telex: 45457 (A/B Mercury supplement of supplement of amps, 709, 710,
(05797) 439 Calgton) 20p per pair. 3p per device. etc. CALLINGTON - CORNWALL



COPYRIGHT
IPC Magazines Limited, 1975. Copyright in

all drawings, photographs and articles
published in Television is fully protected and
reproduction or imitation in whole or in part
is expressly forbidden. All reasonable
precautions are taken by Television to ensure
that the advice and data given to readers are
reliable. We cannot however guarantee it and
we cannot accept legal responsibility for it.
Prices are those current as we go to press.

CORRESPONDENCE
All correspondence regarding advertisements
should be addressed to the Advertisement
Manager, "Television", Fleetway House,
Farringdon Street, London EC4A 4AD. All
other correspondence should be addressed
to the Editor, "Television", at the same
address.

BINDERS AND INDEXES
Binders (£1.90) and Indexes (30p) can be
supplied by the Post Sales Department, IPC
Magazines Ltd., Carlton House, 66-68 Great
Queen Street, London WC2 5DD. Phone
01-242 4477. For further details see page
596. Prices include postaqe and VAT.

BACK NUMBERS
We regret that we are unable to supply back
numbers of Television. Readers are
recommended to enquire at a public library to
see copies. Requests for specific back
numbers of Television can be published in
the C Q Column of Practical Wireless by
writing to the Editor, "Practical Wireless-,
Fleetway House, Farringdon Street, London
EC4A 4AD.

QUERIES
We regret that we cannot answer technical
queries over the telephone nor supply service
sheets. We will endeavour to assist readers
who have queries relating to articles
published in Television, but we cannot offer
advice on modifications to our published
designs nor comment on alternative ways of
using them. All correspondents expecting a
reply should enclose a stamped addressed
envelope.
Requests for advice in dealing with servicing
problems should be directed to our Queries
Service. For details see our regular feature
"Your Problems Solved".

Television
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COLOUR
DEVELOPMENTS

this month

VOL. 25
NO.12

ISSUE 300
OCTOBER

1975

559 Servicing: Then and Now
Comment.

560 Teletopics
News and developments.

564 Korting Colour Receivers: Fault Guide by John Coombes
Common faults and a guide to the more vulnerable circuitry.

567 Ultrasonic Remote Control, Part 2 by A. Wilcox
Constructing and installing the unit in your TV receiver.

572 Basic Transistor Line Output Stage Operation by John A. Reddihough

574 CCTV, Part 19 by Peter Graves
In this, the concluding article of the series, Peter Graves
surveys some recent developments and indulges in a little
crystal -gazing.

577 Servicing Television Receivers by L. Lawry -Johns
The Decca DR1 Series.

580 Inside the Philips Video Cassette Recorder, Part 1 by M. P. Riley
Details of the cassette mechanics and electronics employed
in the N1500 VCR.

586 Improved Performance from the Television Colour Receiver
by F. Greene

A fast video amplifier to improve the contrast, and extra
decoupling on the RGB Board.

587 Switch -Mode Power Supplies by E. Trundle
Solid-state receivers require stabilised power supplies and
a number of approaches using the switch -mode principle have
been adopted in recent colour chassis.

591 Cartoon

592 Ceefax/Oracle Reception Techniques, Part 4 by Steve A. Money,
Page Memory circuits using RAM devices. T.Eng. (CEI)

597 Next Month in Television

598 Long -Distance Television by Roger Bunney
Reports of DX reception and news from abroad.

601 Your Problems Solved
A selection from our Readers' Queries Service.

603 Test Case, No. 154
Can you solve this servicing problem? Plus last month's solution.

Due to pressure on space, we regret that the concluding part of the series
Large Screen TV Oscilloscope has been held over until next month.

OUR NEXT ISSUE DATED NOVEMBER WILL
BE PUBLISHED ON OCTOBER 20
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TV'S AND SPARES TO THE TRADE
MONOCHROME TELEVISIONS

BBC 2 Dual Standard TV's (19", 23") in batches of 10 - £2.00 each. (makes include Bush, Thorn, Philips, Pye/Ekco, Baird). Many
with transistorised tuners.
GEC 2000, Thorn 950 series, Bush 141, Philips Style 70, Baird 600 and 700 series all at £6.00 each.
Thorn 1400, Bush 160/170 series, Philips 210, Pye-Ekco Olympic etc., Baird 673, Push Button - all at £12.50 each.
20" and 24" square screen Dual Standard sets - Thorn, G.E.C. etc., 20" - £15.00, 24" - £16.50.
20" and 24" Single Standard Thorn 1500, G.E.C., Bush Acoustic, 20" - £17.50, 24" - £19.50.

I. Discounts for quantities.
2. All monochrome spares supplied free of charge.
3. All tubes guaranteed.
4. All cabinets very good.
5. All sets "walk and talk".
6. All sets guaranteed complete inside and out.
7. Delivery and VAT extra.

Portable TV 16" Thorn UHF - £15.00 working
- £12.50 untested

COLOUR TELEVISIONS
Colour T.V's 19" and 25".
Makes include Thorn 2000, Bush CTV25, Decca CTV 19/25", Pye-Ekco, Baird 700 and 710 series, Philips G6, GEC 2028.
All sets guaranteed complete inside and out - Cabinets first class and tubes guaranteed -From £65.00 each.
20", 22" Colour Televisions are always available in varying quantities - please telephone for availability and cost.
Please Note: -

1. We deliver anywhere by our own transport.
2. All goods are blanket wrapped in our vans.
3. All orders with half deposit, balance on delivery after inspection.
4. Cheques most welcome.
5. Any quantity supplied.
6. We do not sell rubbish, and we stand by our guarantees.
7. We aim to please.
8. All spares supplied free of charge (Mono only).
N.B. Special arrangements for delivery to North and South Ireland and world-wide exports orders welcomed.

TEST BENCH FACILITIES ALWAYS AVAILABLE

MISCELLANEOUS ITEMS
Large quantities of stereograms - fridges - deep freezers - Hoovermatics, radios etc., - always at hand - prices on request.

Scan Coils
Valves

Tubes

Cabinets

LOPT's

Panels

Slot meters
Speakers

COLOUR
All dual standard £5.00+£1.00 post & packing
All colour valves 40p each plus 5p post and packing
per valve.
19" - £15.00 Post, insurance,
22" - £22.00 packing £5.00
25" - £20.00

19" - £12.00 Post, insurance,
22" - £16.00 packing £5.00
25" - £14.00
All dual standard colour £5.50 plus £1.00 post,
packing. All makes available.
IF, Decoder and Convergence - frame output for all
dual standard models from £7.50+£1.50 post, packing.
All models available.
10p meters - £1.50 each including postage and packing.
6" x 4" 5" Round 8" x 2" 30p each plus 10p postage and packing.

MONO
All makes £2.00 inclusive
All mono valves 10p each plus 2p each
post and packing
19" - £3.00
20" - £4.50 Post, insurance,
23" - £4.00 packing £3.00
24" - £6.00
All cabinets - £5.00 including post,
packing and insurance

All dual standard mono £2.50 plus £1.00
post, packing. All makes available.
IF, Line timebase £3.00 plus
post, packing. All dual standard models
in stock.

PLEASE ALLOW 2 WEEKS DELIVERY. S.A.E. PLEASE FOR ENQUIRIES. ALL STOCK EX -EQUIPMENT.

BARCLAYCARD, ACCESS & PROVIDENT WELCOME

TRADE DISTRIBUTORS
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LINE IT UP WITH A BI-PRE-PAK MARK 2

battery

off

lion
synch.

Holtf-PAELTD.

video
output

Cross hatch generator

* 4 -PATTERN SELECTOR SWITCH
* SIZE 3" x 5-i" x 3" (76 x 133 x 76mm)
* OPERATES FROM 3 SELF-CONTAINED

U.2 TYPE BATTERIES
* FUNCTIONS TO PROFESSIONAL STANDARDS

TV SIGNAL
STRENGTH
METER

As described in this journal. A finely
designed instrument of enormous value to the
TV engineer, etc. Complete kit of guaranteed

parts, and as specified f19.50 + 40p
postage & packing + V.A.T. at 8%.

These TV instruments are two examples of the many
attractive items sold by Bi-Pre-Pak. For catalogue of these
and audio modules, semi -conductor bargains, books, etc.,
send large S.A.E. envelope with 10p stamp.

BI-PRE-PAK LTD
IReg. No. 820919)

Dept. X, 222-224 WEST ROAD
WESTCLIFF-ON-SEA, ESSEX SSO 9DF
Telephone: Southend 10702) 46344

CROSS HATCH
GENERATOR
IN KIT FORM OR READY -BUILT

Based on the design originally published in "TELEVISION" this
unit is invaluable to industrial and home users alike. Improved
circuitry assures reliability and still better accuracy. Generates four
different line patterns to facilitate lining -up, etc., at the turn of the
pattern selector switch. Very compact; self-contained. Robustly built.
Widely used by TV rental and other engineers. In strong re-
inforced fibre -glass case, instructions, but less batteries. INDIS-
PENSABLE FOR COLOUR.

In Kit form £7.93

Ready built and tested £9.93
add 896 for V.A.T. to total value of order plus 30p for postage and
packing (in U.K.)

pmop
um um min im mi mumsI-PRE-PAK

LTD. 222 West Rd.. Westcliff, Essex SSO 9DF

 Please send X -Hatch Generator Kit 0 Built0
O TV Signal Strength Meter

Ifor which I enclose £ inc. V.A.T. & post & packing.

I
I

NAME

ADDRESS

MN MN =I MI= .1

Black/White Televisions

Colour Televisions

MAIL ORDER SERVICES
Working
19" - £9.50
23" - £12.50
20" - £20.00
24" - £24.50
Working
19" - £85.00
22" -£125.00
25" - £130.00

Untested - but guaranteed complete with good tubes
19" - f4.00 Postage packing and
23" - £5.00 insurance £3.50 each
20" - £15.00 Prices include V.A.T.
24" - £19.00 N.B. All tubes guaranteed
Untested - but guaranteed complete with good tubes
19" - £70.00 Postage packing and
22" - £90.00 insurance £9.00 each.
25" - £95.00 Prices include V.A.T.

Thorn 2000, Bush CTV25, Philips G6, GEC2028, Baird 700, Decca CTV25
Portable BBC2 16" Televisions (Monochrome)- Working £19.50 t Postage packing and insurance

Untested £15.00 1 £3.00. Prices include V.A.T.

MAIL ORDER SPARES Special Offer-
BRC 2000 panels, video, convergence, and regulator - only £12.50+£1.50 postage and packing.
Bush CTV 25 Line timebase-tower unit including LOPT and valves Mk. I and II only - £18.00+0.00 postage and packing.
BRC single standard colour 4 button tuners colour and mono - £7.50+£1.00 postage and packing.
UHF Vari-cap tuner units - £6.50+£1.00 postage and packing. KB VC Series LOPT £2.50 including postage and packing.
VHF Vari-cap tuner units - £7.50+£1.00 postage and packing. Bush 125 and 135 IF Panels - £3.50+75p postage and packing.
Pye-Ekco CTV Tripler units - £6.25+75p postage and packing. Thorn 850 IF Panels - £2.50+£1.00 postage and packing.
Philips G8 Tripler units - £7.50+75p postage and packing. GEC 2000 IF Panels - £3.50+£1.00 postage and packing.
EX -EQUIPMENT

Tuners

COLOUR
All dual standard colour push
button - rotary and integrated
models in stock at £4.50+£1.00
postage and packing.

MONO
All VIHF tuners available at £2.00+£1.00
postage and packing.
All UHF tuners for dual standard models in
stock. Push button - £3.50+£1.00 postage
and packing.
Rotary - £2.50+£1.00 postage and packing.
Integrated (UHF & VHF) £4.50+£1.00
postage and packing.

Comprehensive list of capacitors, resistors etc., too numerous to mention. Prices on request.

TRADE DISTRIBUTORS
5 COMMERCIAL STREET, HARROGATE, YORKSHIRE

Telephone: (STD 0423) 3498 and 62347
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TV LINE OUTPUT TRANSFORMERS

ALL MAKES SUPPLIED PROMPTLY by our

RETURN OF POST MAIL ORDER SERVICE

All Lopts at the one price

£6.25 TRADE £6.88 RETAIL V.A.T. INCLUDED)

Except
BUSH MODELS TV53 to TV101.
EKCO MODELS TC208 to TV417.
FERGUSON MODELS 305 to 438, 506 to 546.
FERRANTI MODELS 1084 to 1092.

Postage and Packing 45p COD 50p
HMV MODELS 1876 to 1878, 1890 to 1896, FR 20.
MURPHY MODELS V280 to V330, V420, V440, 653X to 789 OIL -FILLED.
REGENTONE MODELS 10-4 to 10-21, 1718, R2, R3, 191, 192.
RGD 519-621, 710, 711.

ALL AT £3.1 3 +45p P&P

EHT TRAYS SUPPLIED -MONO & COL.
All Lopts N: -1A/ and GUARANTEED for SIX MONTHS

E. J. PAPWORTH AND SON Ltd.,
80 MERTON HIGH ST., LONDON, S.W.19

01-540 3955
01-540 3513

ENGINEERS

YOURSELF FOR A

BETTER JOB
Do you want promotion, a better
job, higher pay? "New Opportuni-
ties" shows you how to get them
through a low-cost home study
course. There are no books to buy
and you can pay -as -you -learn.

I

I
I
I

WITH

This 76 page

howss how!
FREE

MORE PAY!
This helpful 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.

111 IMMI MOUT OUT THIS COUPON II MN =NUMMI
SPO

CHOOSE A BRAND NEW FUTURE HERE!
he address below.

Electrical
Engineering

Electrical Installations
and wiring

Electrical Draughtsmanship
Electrical Mathematics
Electronic Engineering
Computer Electronics
Computer Programming
Colour TV Servicing
C&G Radio, TV and

Electronic Mechanics

To ALDERMASTON COLLEGE
Abo at 0111 London Advsory Whet 4

General Radio and TV
Engineering

Radio Servicing, Maintenance
and Repairs

Transistor Technology
O CITY AND GUILDS

Installations and Wiring
CITY AND GUILDS

Electrical Technicians
O CITY AND GUILDS

Telecommunications
Radio Amateurs' Exam, etc., etc.

Dept ETV05 Reading RG7 APE
Fore St Avenue. Moorgate, London. EC2Y 51.J. Tel: 01-828 2721

DI

NAME (Block CNA& Plum)

ADDRESS

POST CODE

Other subjects Ars
Merited by CA.C.C. Moths, of AB.C.C.

I

I

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 3,1 x37 x 11 CORK BASE
CHANNELS: Group A, Red code 21-33

Please Group B, Yellow code 39-5 I
Specify 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 £5.13 Mains version £7.81

Including VAT & postage.

TRANSISTOR DEVICES LIMITED
6 ORCHARD GDNS., TEIGNMOUTH, DEVON

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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SENDZ COMPONENTS

BC 183B
BT 116
MJE 2021 }

SJE 5451
BDY 55
R 1039
R 2009
R 2029
R 2030
IN 4007
I 53100
AA 116
AA 117
ZW 13
BZY 88C7V5
IN 5337
BF 121
BF 264
BA 182
BC 161
BF 127
BF 180
BF 181
SN 76544
SAA 570
TAA 700
TBA 120A

20 For £1.00
2 For £1.50

5 For £1.00

3

1

1

1

1

20
20
25
25
20
25
20

4

4

For £1.00
For 75p
For 75p
For 75p
For 75p

For £1.00
For £1.00
For £1.00
For £1.00
For £1.00
For £1.00
For £1.00
For £1.00
For £1.00

5 For £1.00
5 For £1.00
5 For £1.00
SFor £1.00'
5 For £1.00
2 For £1.00
2 For £1.00
1 For £1.00
2 For £1.00

EHT Rectifier Sticks X80/150D

COLOUR TV COMPONENTS
MANUFACTURERS DISCARDED

MATERIALS
G8 Varicap V/Resistor Panels
VHF or UHF Varicap Tuners
Line 0/P Panels
Decoder Panels
G8 Type Yoke
Frame Panels

£1.20
£1.20
£1.20
£1.00

50p
75p

PLEASE ADD 25% VAT TO ALL ORDERS

PYE Transistor T/Unit VHF -UHF New £1.50

PHILIPS Transistor UHF Units New £1.50

PYE 4 Push Button UHF T -Unit New £3.50

ECL 1043/05 Varicap Tuners UHF New f3.50

TRIPLERS
25kV 2.5 MA Silicone £1.50

25kV DECCA Selenium £1.30

TS25 11TAZ
G8 Tripler
GEC T25 KCI-5
DECCA 1730

£3.00
£3.00
£3.00
£1.00

1000 + 2000

200 + 200 + 100
200 + 100 + 50 + 100
300 + 300 + 100 + 150
200 + 200 + 100

MFD 35V
325V
325V
325V
350V
350V

20p
30p
40p
40p
70p
50p

100 W/W Resistors
300 Mixed Condensers
300 Mixed Resistors.
40 Mixed Pots
20 Slider Pots

£1.00
-+£1.00

41.00

220 MFD 40V
22 MFD 315V

50V
180 PF 8Kv

400 M 40V
220 M 63V

4700 M 25V
OM 25V

15p Each

20p Each

Money returned if not completely satisfied.

SENDZ COMPONENTS
2 Wood Grange Close, Thorpe Bay, Essex.

Reg. Office only - no personal callers thank you.
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hour
air

Our Aztec PA23 twin engine executive aircraft makes
sure dealers and service engineers get their spares fast and
brings dealers and engineers in touch with our compre-
hensive range of vital electronic components held in stock
for immediate dispatch. Our unique 'Fly -in' programme -
doubled in capacity this year - brings you to the
components or vice -versa!
It's the quickest way to save time all-round. When we say
24 -hour service - we mean it! Our stocks and service will
amaze you for speed, efficiency and technical excellence.

same -day
despatch is as
nearas your
telephone

We are stockists of genuine manufacturers spares for Rank Bush Murphy . CES . Pye
Philips . . . . Pam .. . Ekco ... Ferranti BRC . . . Ferguson . . . Ultra . Marconi .

HMV . .. GEC . . . Sobell . Masteradio . . Stockists of TELEPART SPARES for Decca . . KB
. . . RGD etc. Line output transformers . . . EHT rectifiers tray . . Panels . . . Scan coil
assemblies . . . Frame and sound outputs . . . Dropper sections . . . Entertainment valves . . .

Transistors and integrated circuits . . . Components . . . Cathode ray tubes . . . Meters
Test equipment.

Free
100 page
catalogue
by return

willow vale
ELECTRONICS LTD

`1'/(04sok.r for 5ervite
OLD HALL WORKS, ARBORFIELD ROAD, SHINFIELD,

READING 0734-884444 3 lines
4 THE BROADWAY, HANWELL, LONDON W7

01-567 5400
74 MAXWELTON ROAD, PAISLEY, RENFREW

041-887 4949

eerc

VALVE
BARGAINS

Any 5 60p, 10 90p, 50
£4.00, 100 £7.50. Your
choice from the following
list:
ECC82, ECL80, EB91, EF80,
EF183, EF184, PC86, PC88,
PC97, PC900, PCC84,
PCC89, PCC189, PCF80,
PCF802, PCF805, PCL82,
PCL84, PCL85, PCL805,
PCL86, PFL200, PL36,
PL504, PY33, PY81, PY800,
PY88, EH90, 30FL1, 30FL2,
30PL14.
Colour Valves 30p each
PL508, PL509, PY500/A.

Press 4 Button UHF Tuners
£2.50

AERIAL
BOOSTERS

We make three types of
Aerial Boosters all for set
top fitting, with Co -ax Plugs
and Sockets.

B11 - For Stereo and
Standard VHF Radio.

B12 - For the older VHF
Television, please state
BBC1 and ITV Channels.

B45 - For mono or colour
this covers the complete
UHF band.

All Boosters are complete
with Battery and take
only minutes to fit.

Price £3.90 each

BARGAIN PACKS
All Components in the Bargain Packs are unused and marked.
Pack 1 - Polyester (C2801 Axial Leads Capacitors - 250V/VV

& 400V/W, very good mixed selection from 0 01pF to 2 2pF.
Price 100 £1.25, 1000 £10 (our choice).

Pack 2 - Transistors - any 10 90p, any 100 £8 (your choice).
AC128-AC176-BC113-13C115-13C135-BC153-BC171
- BC172.

Pack 3 - 15 Mixed Plugs, mixed selection of co -ax, din 2-3-5
pins, jack standard - 3.5mm-2.5mm. Price £1.25.

Prices include V.A.T. P. & P. under C1/10p, £1 to £3/15p,
above £3/20p. Overseas at cost. Money back guarantee on all
orders.

ELECTRONIC MAIL ORDER LTD., 62 BRIDGE ST.,
RAMSBOTTOM, BURY, LANCS. Tel. Rams. 3036

TRAIN for SUCCESS
Start training today and make sure you are
qualified to take advantage of the many oppor-
tunities open to the trained man. ICS can
further your technical knowledge and provide
the specialist training so essential to success.

ICS, the world's most experienced home study
college, has helped thousands of ambitious men
to move up into higher paid jobs - they can do
the same for you.

Fill in the coupon below and find out how!
There is a wide range of courses to choose

from, including:
CITY & GUILDS CERTIFICATES
Telecommunications Technicians'
Radio TV Electronics Technicians'
Electrical Installations Technicians'
Electrical Installation Work
Radio Amateurs'

MPT Radio Communications Cert.

EXAMINATION STUDENTS -
GUARANTEED COACHING
UNTIL SUCCESSFUL

TECHNICAL TRAINING
ICS offer a wide choice of non -exam
courses designed to equip you for a better
job in your particular branch of
electronics, including:
Electronic Engineering & Maintenance
Computer Engineering/Programming
Radio, TV & Audio Engineering &

Servicing
Electrical Engineering, Installations &

Contracting

COLOUR TV SERVICING
Technicians trained in TV Servicing are in constant demand. Learn all
the techniques you need to service Colour and Mono TV sets through
new home study course approved by leading manufacturer.

POST THIS COUPON OR TELEPHONE FOR FREE PROSPECTUS

I am interested in

Name

Address

Occupation
Accredited

by CACC

Member of ABCC

Age

To:
International Correspondence School.,
Dept 2500. Intertext House, ,LONDON
SW8 4UJ or phone 01-622 9911 tall hours)

El NO 111111M MIMEO= MI NI NI NI NI El MI
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SERVICING: THEN AND NOW
The TV receiver has always been a relatively elaborate piece of electronic equipment,
certainly so far as domestic items are concerned. It has one great advantage however
when it comes to fault-finding: it is a superb diagnostician of its own ailments. It sits there
and tells you just what's wrong - no sound, no vision, no raster, lack of height or width,
poor linearity or synchronisation, overloading, instability and so on. Simple! And so it
generally was, with the possible exception of the line output stage which has always had a
number of things to go wrong with it and tends to vary somewhat in circuit arrangement
from make to make.

In addition, the valves stood there either shining more or less than they should or not at
all, proclaiming further where next to look for the fault. All this made servicing a fairly
simple matter, though there was always the odd difficult one due to an obscure capacitor,
an unsuspected dry -joint or maybe a switch or valveholder that wasn't behaving correctly.
Most of the time however you could go straight to the trouble spot after a brief
examination.

We are talking about what once was the case! Major changes over the years have
increasingly altered the situation. First came the printed circuit board, which made
component replacement more tricky and gave rise to obscure track faults. Engineers soon
got used to dealing with them however. Next came transistors. They don't glow, so you
have to spend more time, taking voltage and resistance measurements, to find what is - or
isn't - up. But again servicemen soon got the hang of things.

At about this time however diagnosis began to become more of a problem. The
business of powering the transistors from a rectifier fed from a winding on the line output
stage was introduced. Thus failure of the line output stage removed the signals as well and
no sound or raster no longer meant a quick dive into the power supply.

Then in 1967 came colour, and most of us lost ours at the thought of what lay in store
for us. Help was at hand however since again the set provided its own fault diagnosis.
There was either more or less of one or another colour than there should be, or unlocked
colour, a PAL switching defect or no colour at all. Fortunately these faults indicate what
action is required and can usually be settled after checking a few voltages. We have been
lucky that decoders have nearly all been fully solid-state, operating at low voltage, and
thus highly reliable. Convergence problems also proclaim themselves and often show up
on the panel in the form of a burnt out pot. Not too much to confuse us here then.

The next thing to come along was the integrated circuit, clinging to the board with its
multitude of legs and hiding as best it can anything amiss. Once again it's a question of
voltage readings, but there can be temperamental devices that won't yield until
substituted, which is a rather involved procedure.

But wait a minute! We started off with the all valve, hand -wired monochrome set.
Many such fellows are still around and worthy of attention when they fall to some illness.
Gradually however the situation has changed. When we approach a set nowadays we can
no longer tackle it with the certainties of yore. Now we first have to find out what species
it is, then try to clear our minds to work out what we might have to expect. It means a
continuous process of mental reorientation, and the need to keep in the back of our minds
a vast store of basic TV receiver techniques. Not only UK ones either.

So although the TV set is still a fine diagnostician, the problems of deciding where to go
once the symptoms have been assessed is no longer a simple matter. This makes life more
interesting of course: it also makes it far more demanding and means that skill in servicing
is becoming an ever more arduous business. And things are beginning to get a lot worse.

For one thing the number of different species of semiconductor devices lurking here
and there in TV chassis is ever increasing. All have their own problems and some are
decidedly difficult to check with any certainty save by substitution. The big change that is
occurring however is in power supply arrangements. That once simplest of things is
rapidly becoming the most complex. By now most service engineers tackle the simple
series regulators used in mains -battery portables without too much head scratching. But
how many are happy with chopper stabilised circuits, even though they've been around
since 1967? In August we highlighted an even more complex system: Thorn's Syclops
combined line output and regulated power supply circuit. There is no doubt that it will
bring with it its own genre of faults and problems. This month we highlight (see Switch -
Mode Power Supplies, page 587) some more novel power supply arrangements -
including a blocking oscillator system and a pulse -width modulator. As these sorts of
things become more common, life is going to get far more complex for the service
engineer. A blown mains fuse will probably become the most difficult fault to trace!

We have been expected to take on more and more, with new devices and circuits
appearing at an accelerating rate. The knowledge required to deal with all this is
considerable indeed. There can be no doubt on the question as to whether the financial
rewards are commensurate. Don't all shout at once!
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NOTHING BUT GLOOM
The economic troubles in the domestic electronics industry
predicted at the time of the last budget, with its increase in
the VAT rate on radio and television goods to 25%, are now
setting in with a vengeance. A substantial recession in the
industry and trade was, in view of the general economic
situation, quite likely without any help from the chancellor.
The swingeing VAT increase however has turned a trade
downturn into something fast approaching a major crisis.
So far as the trade is concerned we have had similar reports
from every part of the UK: buyers and new renters have
dwindled to insignificant numbers. On the manufacturing
side Pye, Rank and Philips have each closed two plants,
Decca have closed their Battersea colour television plant,
GEC have cut production by 40% since last January whilst
there has been one factory closure and layoffs elsewhere at
Thorn. Even the servicing side, which often benefits when
customers put off acquiring a new set, is suffering: BRW
have cut their service staff by 25%, and there have been 225
redundancies at Loyds.

Worse if anything is the crisis in colour tube
manufacturing (there isn't any monochrome tube
production in the UK now). Pilkingtons, who produce
glassware for Thorn tubes, are closing their plant - said to
be the most modern of its type in Europe - for blowing tube
glass, in turn seriously jeopardising Thorn's colour tube
plant. Both these plants have been making substantial
losses. Meanwhile the government seems to be taking an
inordinate length of time to reach any conclusions about the
trade's claims that Japanese colour tubes, imports of which
have soared, are being dumped in the UK. Whatever the
truth of this, one fact is certain. To be economic, modern
colour tube plant has to operate at high production levels,
and the runs must be large. These conditions cannot be met
when the setmaking industry is in severe recession. The fact
seems to be that there is excess colour tube plant
throughout the world, and whilst the Japanese too have
been suffering from recession nevertheless their total
production levels have remained far higher than anyone
else's.

The 1973 TV boom in the UK was engineered by the
previous government's unwise (to put it mildly) tax/credit
moves. It led to complaints that UK manufacturers were
slow in gearing themselves up to supply the market, and an
all out effort was made to increase production. The
subsequent restrictions and tax increases have left
setmakers with hardly a market at all - since April, UK
colour receiver production has more than halved compared

to 1974, and that was already well down on 1973. We've
suffered many booms and slumps previously as a result of
government stop-go economic policies, but never before has
there been a slump of this severity. Present prospects offer
no hope whatsoever of any improvement, and there are
rumours that at least one major setmaker will pull out.

TELETEXT LATEST
The BBC's Director of Engineering James Redmond
commented recently that "we in the BBC feel that
refinement of the parameters of the transmitted Ceefax
waveform is now complete". This follows extensive testing
throughout the UK and on the continent, at both u.h.f. and
v.h.f. A few minor modifications have been made to the
original specification published in 1974, mainly to bring the
coding system into line with international standards and
with BS4953, and to increase the range of characters
available.

Now that Ceefax/Oracle has been fully tested in service
and the specification virtually finalised a final decision can
and should be made to go ahead with Teletext on a
permanent basis. This is not a development that will call for
any great expenditure: from the broadcast point of view it's
a matter of a few tens of thousands of pounds. The receiver
decoders are expensive at present, mainly because they are
hand made and specialised i.c.s for the application are not
yet available. The point is that having got this far there is
valuable export potential: it would be a great loss to allow
the technique, in which the UK is well ahead of others, to be
taken up and exploited abroad.

VIDEO DISCS
News continues to trickle out on the various video disc
systems under development, though their introduction on
the market still seems some time away. In our last comment
on the subject (August) we made a slip in suggesting that
the RCA disc system used laser scanning. In fact the disc's
groove is tracked by a special sapphire stylus with a built-in
metal electrode which responds to capacitance changes.
The playing time obtained from a 12in disc is half an hour.

SERVICE CHARGES
The RTRA has recently been conducting a survey into TV
servicing charges - those actually made rather than those
recommended. The replies are still being processed but
preliminary results indicate that dealers are charging an
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Videomaster
urge all good electronics

enthusiasts to play the game
The best thing about the Videomaster

Home T.V. Game Mk. is that the sheer
pleasure of building it is immediately followed
by the excitement of playing three fascinating
games.

The famous Videomaster is now
available for you to make. It plugs into any
standard UHF 625 line TV set, and it shouldn't
take you longer than a few hours to build.

POST TODAY TO:

In detail . . . The Videomaster Mk. III has eleven
integrated circuits . . . four transistors . . .

eleven diodes . . . is easy to build . . . with no
alignment necessary because with ready -built
and tested transistorized UHF modulator, is
complete with all parts . . . including fully
drilled and prepared p.c.b. . . . handsome plastic
box . . . control leads . . . complete step by step
assembly instructions . . Runs on a PP7 9 volt
battery . . . and has logic and analogue "state
of the art" circuitry all with National Semiconductors
CMOS devices . . . with full specification.

The cost? Only El 9.95 (+ VAT)

Videomoster Ltd
119 120 Chancery Lane, London WC2A 1QU

Please send me (insert no.) Videomaster Mk. Ill kits at £21.55 ea. inc. VAT. P & P

I enclose my cheque/money order for £
Tick if VHF Modulator required [1] --C1 extra

NAME

ADDRESS

L ALLOW 14 DAYS FOR DELIVERY

4,1

4111D 41=1.110 MIIIM1,11=11111 .11111,

Th
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T.V.TRANSFORMER SUPPLIES
SPECIAL SPARES WHOLESALERS TO THE TV SERVICE ENGINEER

3 Green Parade, Whitton Road, Hounslow, Middx. TVV3 2EN
Telephone 01-898 408310210

SPECIAL OFFER: BT106 Pack of 5 @ 85p each
MAINS DROPPERS each TAA 630 £3.82 TBA 750 £1.24 SN 76013N £1.93 LOPTS COLOUR each
BRC 1400 48p TAA 700 £3.80 TBA 750Q £1.34 TBA 120A 65p BUSH
BRC 1500 48p TAA 840 £1.84 TBA 920 £3.88 CTV 25 Mk. 3 £6.28
BRC 3500 32p TAD 100 £1.85 IBA 920Q £3.90 LOPT'S MONO each CTV 162 £6.28
BRC 8000 44p TBA 4800 £1.84 TBA 990 £3.89 PHILIPS CTV 167 (not Mk 1
BRC 8500 48p TBA 5000 £2.42 TBA 990Q £3.89 170 Series £5.52 or 21 £6.28
PHILIPS 210 (prl 68p TBA 5100 £2.42 TCA 270Q £4.26 210 Series £5.37 CTV 174 £6.26
BUSH colour S/S TBA 520Q £3.07 TCA 160B £2.07 BUSH CTV 182S £7.73
56ohm 68ohm 40p TBA 530 £2.60 TCA 160C £2.23 141 to 178 £5.91 CTV 184S £7.73
PHILIPS G8 31p TBA 5300 £2.62 SAA 570 £1.27 KB Chassis No. CTV 187CS £7.73
GEC 2000 36p TBA 540 £2.99 TAA 611 £1.93 VC2/VC3 £5.52 DECCA
GEC 2028 36p TBA 540Q £3.00 TBA 800 £1.75 VC4NC51 £5.52 CS 2220 £7.74
BUSH 161 ser 34p TBA 550 £4.14 SN 76013ND £1.75 VC52/VC53 £5.52 CS 2225 £7.74

TBA 5500 £4.24 SN 76666 £2.25 VC100 £5.52 CS 2227 £7.74
I.C.'S. each TBA 560C £4.14 RCA 3065 £1.55 VC1 £5.52 CS 2520 £7.74
TAA 350 £1.85 TBA 56000 £4.24 BRC 1330 55p VC11 featherlight £5.69
TAA 300 £1.61 TBA 570 £1.41 MC 1327Q £2.35 GEC 2000/2064 £5.58

25% VAT TO BE ADDED
TAA 310A £1.38
TAA 320 £1.25

TBA 570Q
TBA 673

£1.48
£2.07

76530P
SN 76227N

£2.45
£1.30

BUSH S/S
Printed Cir. £6.44

TAA 350A £1.20 TBA 6900 £2.23 SN 76013N £2.45 PYE P/C
TO ALL ITEMS.

TAA 550 60p TBA 7000 £2.23 SN 76544N £2.29 160 161 150 £5.69 MINIMUM ORDER f3
TAA 570 £2.20 TBA 720AQ £2.38 SN 76003N £2.56 151 155 156 £5.69 POST FREE.

WE HAVE MANY MORE LINES IN STOCK. CAPACITORS, VALVES, EHT TRAYS MONO AND COLOUR. THERMAL
CUT-OUTS. SERVICE AIDS. HEAT SINK COMPOUND. AMBERSIL. ELECTROLUBE. SERVISOL PRODUCTS.

ASK FOR FREE CATALOGUE. STOCK ITEMS SAME DAY DISPATCH.

Learn to understand
electronics
for your hobbies

1. Lerma -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.
111

(21

(3/

BUILD AN OSCILLOSCOPE.
READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS.
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.

M= NM =I =1 INN INN En NMI MIN
Brochure, without obligation to:
BRITISH NATIONAL RADIO 8.
ELECTRONICS SCHOOL, Dept TX 105
P.O. BOX 156, JERSEY, CHANNEL ISLANDS.

NAME

ADDRESS
BLOCK CAPS
PLEASEM. N-----MIMI MI Old MIN IMO Mi.

BENTLEY ACOUSTIC CORPORATION LTD.
The Old Police Station, Gloucester Road. LITTLEHAMPTON, Sussex.

PHONE 6743
ALL PRICES INCLUSIVE OF V.A.T. AT 26%

OB2 0.45
1B3GT 0.59
2D21 0.60
5R4GY 0.94
5U4G 0.50
5V4G 0.59
5Y3GT 0.55
523 0.01
524G 0.55
6/30L2 0.10
6AC7 0.60
6AK5 0.47
6AM8A 0.70
6AN8 0.02
6AQ5 0.53
6AR5 0.10
6AT6 0.53
6AU6 0.40
6AV6 0.53
6BA6 0.41
6BE6 0.41
6BH6 0.75
6036 0.64
68Q7A 0.64
6887 1.20
6BR8 1.25
6BW6 1.00
6BW7 0.65
6BZ6 0.57
6C4 0.47
6CB6A 0.47
6CD6G 1.60
6CG8A 0.0
6CL6 0.76
6CU5 0.11
6DT6A OAS
6E5 1.17
6F1 0.10
6F6G 0.60
6F14 0.0
6F18 0.64
6F23 000
6F24 1.00
6F28 0.70
6H6GT 0.29
6J5GT 0.53

636 0.35
6K7G 0.35
6K8G 0.53
6L6GC 0.60
6L7(M) 0.59
6N7GT 0.70
6Q7G 0.50
6Q7GT 0.50
6R7G 0.70
6SA7 0.55
6SG7 0.52
6V6G 0.30
6V6GT 0.53
6X4 0.47
6X5GT 0.53
766 OAS
7Y4 0.80
9D7 0.70
10F 1 0.811

10E18 0.60
10P 13 0.00
10P 14 2.34
I2A6 0.75
12AC6 0.90
12AD6 0.90
12AE6 0.90
12AT6 0.47
12AU6 0.53
12AV6 0.59
12BA6 0.53
120E6 0.59
12BH7 0.59
1213Y7 0.115

12K5 1.17
12K 7GT

0.50
12K8 0.05
12Q7GT

0.50
19AQ5 0.65
19H1 4.00
20D1 0.10
20L1 1.29
20P4 1.17
25L6G 0.70
25Y5G 0.60

30,15 0.76
30C 15 040
30C17 0.03
30F5 0.75
30FL I 1.10

30FL2 1.10
30E1.14 0.02
301.15 0.12
30L 17 0.76
30P12 0.10
30P I 9/30P4

0.1111

30PL 1 1.00
30PL 13 1.20
30PL14 1.29
35L6GT

0.0
35W4 0.60
3524GT 0.82
50135 1.00
5005 0.70
50L6GT 1.00
85A2 0.75
807 1.17
5763 1.76
AZ31 0.60
AZ41 0.50
DAF96 0.60
DF96 0.65
DK96 0.70
DL96 0.64
DY87/6 0.41
DY802 0.47
E88CC 1.20
E 180F 1.17
EA50 0.40
EABC80

0.45
EAF42 OAS
EAF801 0.10
E091 0.23
EBC41 0.11
EBC8I 0.45
EBF80 0.40
EBF83 0.50
EBF89 0.40

EC92 0.55
ECC33 2.00
ECC35 2.00
ECC40 1.20
ECC8 1 0.40
ECC82 0.39
EC C83 0.39
ECC84 0.40
ECC85 0.47
ECC88 0.55
ECC807 1.41
ECF80 0.50
ECF82 0.50
ECF86 0.01
ECH35 1.60
ECH42 0.95
ECH8I 0.40
ECH83 0.52
EC H 84 0.50
ECL80 0.30
ECL82 0.45
ECL83 012
ECL86 0.47
EF40 0.00
EF41 0.02
EF80 0.30
EF83 1.45

EF86 0.30
EF89 0.35
EF9 I 0.50
EF92 0.60
EF98 0.93
EF 183 0.40
EF 184 0.40
EH 90 0.44
EL34 1.00
ELA I 0.60
EL81 0.70
EL84 0.36
EL506 1.20
EM80 0.53
EMS! 0.76
EM84 0.47
EM87 1.10
EY51 0.50
EY83 0.70

EY87/6 0.40
EY88 0.62
EZ40 0.55
EZ41 0.35
EZ80 0.35
EZ81 0.35
GY501 0.02
GZ32 0.59
GZ34 0.10
HN309 1.76
KT66 2.93
KTW6I 1.76
KTW62 1.76
KTW63 1.17
PARC80

0.45
PC86 0.70
PC88 0.70
PC97 0.42
PC900 0.30
PCC84 0.40
PCC85 0.50
PCC88 0.65
PCC89 0.50
FCC 1890.60
PC F80 0.47
PCF82 0.50
PC F86 0.50
PC F200 1.00
PCF201 1.03
PCF801 0.65
PCF802 0.50
PCF805 033
PCF806 0.60
PCH200 1.00
PCL82 0.45
PCL83 0.50
PCL84 0.50
PCL86 0.55
PCL805 0.70
P1.36 0.70
PL81 0.53
PU3I A 0.60
PL82 0.43
PL83 0.50
PL84 0.50

PL504 0.82
PL508 1.10
P1.509 1.65
PY33/2 0.50
PY81 0.40
PY82 0.40
PY83 0.45
PY88 0.47
PY 500A 1.11
PY800 0.45
PY801 0.45
PZ 30 030
QQUO3/ 10

2.10
R19 0.75
UABC80

0.47
UAF42 0.75
UBC4 I 0.60
UBC8 1 0.60
UBF80 0.47
UBF89 0.47
UC92 0.60
UCC84 0.90
UCC8S 0.53
UCF80 0.90
UCH42 0.88
UCH8I 0.47
UC L83 0.64
UF41 0.02
UF80 0.41
UF85 0.52
UF89 0.47
UL41 0.75
UL84 0.49
U6180 0.60
UY4 I 0.50
UY85 0.50
U25 0.70
U26 0.65
1.3191 0.50
U251 0.94
U404 0.75
U801 010
Z759 335

AU goods are unused and boxed, and subject to the standard 90 -day guarantee.
Terms of business: Cash or cheque with order only. Despatch charges: Orders below £10,
add 25p extra per order. Orders over £10 post free. Same day despatch. Terms of
business availaMe on request. Any parcel insured against damage in transit for only 5p extra
per parcel. Please enclose S.A.E. with any enquiries. Please note: Export orders - minimum
accepted £3.
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average minimum of £4 excluding VAT for an outside call
within five miles, £3 exclusive of VAT for making an
estimate, whether accepted or not, and £4.50 an hour for
work done in their workshops. The largest variation so far
discovered is in the charges made for external calls: the
lowest reported charge was £1.50 and the highest £7.50,
both exclusive of VAT.

CHEAPER TV GAMES
It is understood that the price of TV games could fall
substantially following the development of an integrated
circuit specifically designed for this application. A price of
about £20 for an eight -game unit, including tennis and
football, has been suggested by The Television Sports
Company. In addition to incorporating the logic circuitry
required, the i.c. also provides sound effects, driving the
loudspeaker directly. Games are expected to be available to
the trade by the end of October, in time for the Christmas
trade.

REPLACEMENT FOR THE DIAC
The BR100 diac used to trigger the thyristor in thyristor-
stabilised power supply circuits has proved to be a
somewhat troublesome device. One fault it commonly
causes is intermittent field jitter. Rank are to replace it in
their A823/AV chassis with a 4EX581 trigger diode to
provide improved h.t. stability. The series current limiting
resistor must be 47Q instead of 10Q when a 4EX581 is
used. The device is already used elsewhere in this chassis -
in the over -voltage protection circuit on the timebase panel.
Since the same basic power supply circuit is used in the
Philips G8, Pye 731 and GEC C2110 series solid-state
chassis this change might be a useful dodge for service
engineers to try.

BACKFIRE AERIAL FROM TELERECTION
An interesting new aerial is being added to the Telerection
range (Telerection Products Ltd., Lynch Lane, Weymouth,
Dorset DT4 9DP). This is a backfire type (see Fig. 1) and
features very wide bandwidth with excellent gain. The
principle of the backfire aerial was first put forward by H.
W. Ehrenspeck in the early 1960s, and Telerection have the
licence to produce this type of aerial in the UK. Basically
the aerial consists of a large rear reflector and small front
reflector, with the dipole sitting between the two. The two
reflectors form a cavity resonator. The gain of the basic
assembly is 13dB, and the bandwidth 450-900MHz: there

Rear
rreflector-

Dipole

Front
reflector

11281 1

Fig. 1: Front (left) and side views of the Telerection backfire
aerial. An add-on director chain is also available.

is also an add-on director assembly - with seven directors -
which increases the gain to 15dB. The price of the basic unit
is expected to about £5.50. Telerection worked on
developing and testing the aerial for eighteen months, and a
balun is at present being designed to go with it. The aerial
has been tested by rental organisations, and the makers say
that the polar response makes it a particularly useful array
where ghosting is experienced. With its wide bandwidth, its
use with a rotator would enable a number of transmitters to
be received in suitable locations.

SETMAKERS INCREASE RETAIL INTERESTS
The two largest UK TV setmakers have been consolidating
their positions by making fresh advances into the retail side.
The latest news is that Thorn have bought the J. and F.
Stone chain (about 150 shops) from Great Universal Stores.
They already own the Rumbelows chain =. which is
established mainly in the North and Midlands, while the
Stone chain is mainly in the South - in addition to their
Radio Rentals, DER and Multibroadcast outlets. Earlier
this year the Philips group took charge of the Loyds
(previously Civic) chain of radio and TV shops.

FUSE CODING
If you've seen a fuse given a rating in say AT and wondered
what on earth ampere -turns could have to do with fuses the
answer is they haven't. A stands for Amperes of course, T
for the German Trage, which means surge -resisting. Other
ratings you will come across include AF, Ampere-Flink
(quick -blow), and AMT, Ampere-Mittel-Trage (semi surge -
resisting). This continental system is being increasingly
used.

TRANSMITTER NEWS
The BBC has interchanged the channels used for BBC -1
and BBC -2 transmissions from its Weardale (Durham)
relay station: in future BBC -1 will be on channel 44 and
BBC -2 on channel 51.

The following relay stations are now in operation:
Bedlinog (South Wales) ITV channel 24 (HTV Wales
programmes). Receiving aerial group A.
Belfast (Black Mountain) BBC -1 channel 39, BBC -2
channel 45, ITV channel 49 (Ulster Television
programmes). Receiving aerial group B.
Bolehill (Derbyshire) BBC -1 channel 57, ITV channel 60
(ATV programmes), BBC -2 channel 63. Receiving aerial
group C/D.
Innerleithen (Borders, Scotland) BBC -1 channel 58, ITV
channel 61 (Border Television programmes), BBC -2
channel 64. Receiving aerial group C/D.
Llanelli (South Wales) BBC -Wales channel 39, BBC -2
channel 45. Receiving aerial group E.
Kilmacolm (Strathclyde) ITV channel 24 (Scottish
Television programmes). Receiving aerial group A.
Ripponden (West Yorkshire) BBC -1 channel 58, ITV
channel 61 (Yorkshire Television programmes), BBC -2
channel 64. Receiving aerial group C/D.

All these relay transmissions are vertically polarised.

ITALY ADOPTS PAL
After a ten year debate over which colour system to adopt,
the Italian government has finally decided in favour of the
PAL system. The date of the start of the colour service has
not yet been announced however.
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Korting
Colour Receivers:
Fault Guide

John Coombes

AMONGST the various W. German colour chassis that have
been marketed in the UK one of the most widely distributed
is the Korting 90° chassis. This is a hybrid design using
four valves in the timebases and, like most other W.
German chassis, uses colour -difference c.r.t. drive, with
transistor colour -difference output stages driving the c.r.t.
grids. The more unusual technical features of the chassis
were described in our July 1973 issue, in the Colour
Receiver Insight series of articles. The UK agents for
Korting are Europa Electronics Ltd., Howard Place,
Shelton, Stoke-on-Trent ST1 4N W.

A TAA630 integrated circuit in the decoder takes care of
chrominance signal demodulation, PAL switching, G -Y
matrixing and colour -difference signal preamplification.
Earlier versions used a TAA640 intercarrier sound i.c.
followed by a four transistor audio amplifier. In later
versions the intercarrier sound i.c. is either a TBA480 or
TBA120S, while the audio channel consists of a TBA800
i.c.

Brightness Control Circuit
An unusual feature of the chassis is the brightness

control arrangement. This acts on the c.r.t. grids by setting
the clamping level in the colour -difference output stages.
The control is connected between +250V and -280V lines,
the former being obtained by rectifying the field flyback
pulses and the latter by rectifying line flyback pulses. This
can cause a misleading symptom since if the field timebase
fails there will be no positive supply to the brightness
control and the raster will be blacked out. The idea of the
arrangement is to provide c.r.t. protection, i.e. no vertical
white line if the field timebase fails. It is worth remembering
however that absence of a raster can be due to a fault in the
field timebase.

Chassis Arrangement
There are a number of printed panels and subassemblies

and the simplest way of summarising faults is to deal with
each in turn.

Tuner Unit
A six pushbutton v.h.f./u.h.f. tuner unit incorporating an

AF106 i.f. preamplifier is used. This is ideal for extra gain in
fringe areas. The common fault here is the AF239 r.f.
amplifier transistor T3 going short-circuit or sometimes
open -circuit. In either case the &stilt on the screen is a very
snowy picture.

Power Supply Faults

A common fault is no sound or picture due to one of the
3.15A mains fuses (see Fig. 1) having blown. The usual
cause is that one of the mains filter capacitors C689
(0.2212F), C690 (0.1µF) or C691 (0.22µF) has gone short-
circuit due to a transient spike on the mains. If these
capacitors are found to be all right the cause of the blown
fuse is almost certainly that the h.t. rectifier GL601 (type
BY103) is short-circuit. This is mounted on panel N.

Also mounted on this panel is a 500mA fuse (Si4) which
feeds the valve heaters (PY500A, PL509, PC F802, PCL805).
On early models this fuse would blow for no apparent
reason. On later versions the fuse was changed to an anti -
surge type, stopping the trouble.

Field Timebase
A PCL805 is used for the field timebase circuit (see Fig. 2),

the triode section of the valve being used as a blocking
oscillator. Its anode is fed in the conventional manner from
the boost rail. A tertiary winding on the field output
transformer provides field flyback blanking pulses - these,
along with the line flyback blanking pulses, are amplified by
T302 (BF179C) on the blanking panel (A) and are then
applied to the c.r.t. first anode circuitry. As already
mentioned, the positive supply for the brightness control is
obtained from the field output stage - from the anode of the
pentode section of the PCL805 via the flyback pulse
limiting v.d.r. (R345, type E299DE/P354) which rectifies
the asymmetrical anode waveform, charging its reservoir
capacitor C326 (0.33µF) to 250V.

Field Collapse

Field collapse can be caused by the valve itself of course
but a common cause of this fault is an open -circuit resistor
in the feed from the boost rail to the anode of the triode
section of the PCL805 (where there should be 200V). The
height control is fed via two series connected 3301d2
resistors (R314 and R315) both of which can go open -
circuit. The slider of the 1M52 height control R323 is
connected via another 330k52 resistor R322 to the primary
winding of the blocking oscillator transformer. R322 can
also be the cause of field collapse - sometimes this is
intermittent. We have also encountered field collapse due to
the primary winding of the blocking oscillator transformer
going open -circuit.

Lack of Height with Top Expansion
Lack of height with top expansion has been traced to

R334 (47k52) in the field linearity feedback circuit being
open -circuit.

Preset Brightness Control
There is a preset brightness control (R361, 1MQ)

mounted on this board (G). The track can become dirty,
blacking out the screen. When this occurs the main
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C690.e.
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05A
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32V
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680p
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265V
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U4 Luminance output stage.
0. colour -difference output stages,

245V AGC

Audio output
stage

Fig. 1: Power supply circuits. D501 and R521 protect the audio output transistors.

brightness control cannot be advanced to produce screen
illumination.

Line Timebase Panel
The line timebase (panel H) in this chassis is very

reliable. There are one or two common faults however. The
PCF802 (V401) can stop oscillating resulting in the usual
overheating in the line output stage. Replacing the PCF802
usually cures this fault. It can however be due to short-
circuit turns on the oscillator coil (BV04584). The PL509
(V402) line output valve and PY500A (V404) boost diode
can suffer from low emission.

R314
330k

R315
330k

1E2990D
C317 /P3504
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0.33T
1319
100k

Boost voltage
920V

V301
PCL805

C316
Height 0.1

R322
330k

8V01135

Field sync R310 C311
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0015.1.1
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R316
47k

8312
1M

8313
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C320.

iimiC312
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I --

2

U2

24V
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The h.t. supply for the line timebase goes via a link from
pin 4 on the power supply panel to pin 5 on the line
timebase panel. This suffers from dry -joints, resulting in
loss of raster. The same situation arises when the line
timebase h.t. supply fuse Si5 (1A) on the power supply
panel has blown. The usual cause of this is a faulty
PY500A.

The usual RC drive waveform shaping network is
connected between the pentode anode of the PCF802 and
chassis. The components are C419 (220pF) and R418
(33E2). The PL509 will have a very short life if C419 is
leaky.

Note that there are some unusual features of the width/

°U5

R343
47k

R342
47k

265V

BV01455 Scan unit

and shift circuit

Flyback blanking pulses to panel A

Convergence sawtoothopanel K

6

C 322
.033

R333
V301 47k

8334
47k

8 R335
250k

R328
47k

inearity

R337
390

C323 R327
10T 47k

R340
68

R345
E299DE/P354

C3261 R346
6.33Z 180k

C3271
R361

1M

R707
250k

R352
390k

Preset
brt.htness

Brightness-I
CDA clamps

C757

T °'
J., Hold controls

Convergence parabola
to panel K

C315
012

Top
l in

R326
250k

13301 R55
130103

470

C355
0.11

Tint control

Pulses from
line output

transformer

Ill
Fig. 2: Field timebase and brightness control circuits. In later production R324 is omitted and the blocking oscillator timing
capacitor C312 is changed to 0.015pF.
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cathode 1k2
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1150
BF258 or 130115
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current
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150 T820p
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4.411
1k2 T204
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C206

R215
4k7
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8k2 10047

1k55

R168
18k

R163
47 U4

245V

17271

Fig. 3: The luminance output stage and beam limiter circuits.
In later versions R165, R166, R168 and R169 are omitted
and an AA 117 diode is added between the base and emitter
of T150, cathode to base; also C206 is changed to 220pF and
a 1000 resistor (R2171 is added between the collector of
T204 and the junction of C206113218.

e.h.t. stabilisation circuit. Instead of being connected to
chassis in the conventional manner the v.d.r. (R440) is
connected to a point on the line output transformer where
negative line flyback pulses are present. This gives a steep
control action. There is also a second feedback control
loop which compensates for very short duration e.h.t. load
variations.

Beam Limiter Preset Control
The e.h.t. tripler can be damaged in several ways. One is

incorrect adjustment of the beam limiter preset control
R223 (lk52) which is on board Y. If the tripler is faulty at
the end connected to the c.r.t., i.e. there is a breakdown of
the insulation here, this is likely to be the case. The correct
method of adjusting R223 is as follows. Advance the
contrast and brightness controls to maximum, then reduce
the setting of R223 until the last step of the grey -scale
wedge is completely dark and the second form last wedge is
just visible.

Focus Faults
The focus control network is fed from the tripler. A

defocused picture should direct attention to the 33MS2

2.1V 7.5V 7.5V 12.2V 8.2V 2.1V

* Monochrome

3.2V 3.2V 3.3V 0.2V 0.15V 0. 5V 3.3V
0.1V*

Fig. 4: D.C. voltages at the pins of the TAA630 i.c. in the
decoder. Measured with a valve voltmeter and signal present.

112791

resistor R437 between the tripler and the focus control. The
trouble can also be due to the nut and lock -fit washer
securing the focus control to the panel not making. Check
this because it can result in the focus control (R436, 10M52)
being ruined. The trouble sometimes does not show up until
a week or so after a control has been replaced.

Luminance Output Stage
The luminance output stage (or video output stage as

Korting prefer to call it) is mounted on the c.r.t. tube base
panel (B). It is somewhat unusual (see Fig. 3) in that it
consists of two transistors, T150 which develops the 130V
peak -to -peak c.r.t. cathode drive signal, and the emitter -
follower T151. It is common for these 'transistors to go
open -circuit. This seems to be because of the way in which
they are fitted to the printed board and heatsinks: they are
fitted too tightly, so that when they heat up the expansion
results in a break within the transistor. The more serious
condition is when T151 goes opeh-circuit, since its emitter
voltage is then low and the drive to the c.r.t. cathodes is at
maximum. The same state of affairs arises when T150 goes
short-circuit. The e.h.t. tripler can be ruined due to the
excess c.r.t. current. C161 going short-circuit will have the
same result since the working bias on T150 will be reduced
and the beam limiter action rendered ineffective.

Beam Limiter Panel
The beam current limiter panel (Y) is important since as

we have already mentioned if the preset control is
misadjusted the tripler - also the c.r.t. - can be ruined. The
beam limiting action takes place in the emitter circuit of the
first luminance output transistor T150: excess beam current
raises T150's emitter voltage, thus driving it towards cut off
so that the c.r.t. drive is reduced. An incorrectly set beam
limiter can result in the tripler going short-circuit due to the
excessive load. Another result is the 47kS2 resistor in the
c.r.t. final anode connection burning up. The c.r.t. can be
ruined since if the set is lefi on too long in this condition the
final anode seal breaks.

The two transistors in the beam limiter circuit, T204
(BC158B) and T205 (BC147B), also give trouble. A quick
check is to adjust R223: if the transistors are faulty, the
control will have no effect. Again, the tripler can be ruined.

Decoder Panel
On the decoder panel (F), no colour is a common fault. It

can be caused by the TAA630 i.c. - check the voltages (see
Fig. 4). The trouble can also be due to the capacitors in the
reference oscillator (T737, BC107A) collector tuned circuit
being leaky. These are C788 (100pF) and C787 (150pF).
One can be misled however since no colour can be due
simply to the colour -killer threshold control R876 (501d2)
being incorrectly adjusted. The result may be no colour on
all three u.h.f. channels or just one. The correct adjustment
procedure is to remove the aerial and advance the control
until red, green and blue dots are seen on the snowy picture:
then turn the control anti -clockwise until the dots just
disappear. This gives correct working colour.

The rather unusual ident stage consists of an RC
oscillator (T748, BC147B). If the amplitude control (R883,
25052) in this stage is incorrectly set you can get green and
purple pictures, i.e. incorrect ident. This is sometimes
experienced when a new set is unboxed.
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IMPORTANT
See announcements at the
conclusion of this article

THIS month we complete the circuit description with the
transmitter unit, going on to describe construction and
installation of the system in a television receiver. We conclude
with suggestions on replacing a mechanical tuner by a varicap
unit.

The ultrasonic transmitter
The circuit is quite straightforward and is shown in Fig. 4.

Transistors Tr 11 and Tr 12 form a multivibrator preset by
VR6 to run at 40kHz. The squarewave output at Tr 12
collector is fed to the output switch Tr 13. The result is a
squarewave applied to the transducer, and a continuous
40kHz sound signal emitted when the push switch Si is
depressed.

Transmitter construction
An Ever Ready pocket torch case is used to house the

transmitter, after first removing the bulb -holder assembly and
clear plastic lens.The 44-V flat battery intended for the torch is
retained, but the connections fo it are soldered, and the
battery is inserted contacts downward into the case.

The corners of the printed circuit board, as shown in
Fig. 5, must be suitably shaped so as to fit firmly in the case
on top of the base of the battery. The top part of the case
snaps on, with Si mounted in place of the original slide
switch, and the transducer occupying the space previously
filled by the bulb and holder.

S1

Fig. 4: Circuit of the hand-held transmitter unit.

titceTla,fo0-00:71

N117j

Fig. 5: P.C.B. design and component layout for the ultrasonic
transmitter unit, both shown full size.
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Receiver/control unit construction
The printed circuit board design and component layout are

shown in Fig. 6. Assembly is quite straightforward, the only
component to watch being the mains transformer. This has its
mounting lugs removed and is inserted upside down into the
p.c.b. Care must be taken to install it correctly because, once
fitted, the connection details are obscured.

In the prototype, the printed circuit board was mounted on
short stand-offs on an aluminium base, shaped so as to accept
an insulated front panel (see Fig. 7). The panel is secured by a
nylon nut and bolt at one end, and by the 4BA touch contacts
at the other. The aluminium must be cut away to allow a good
clearance for the touch contacts, and also to provide a
window for the number tube.

Installation in the Receiver
The aluminium base must be connected to the receiver

chassis by a braid or heavy gauge wire, and the live
connection to the receiver side of the set's on/off switch. The
lead from the stabiliser i.c. on the tuner panel to the existing
tuning potentiometers must be removed and rewired to the
potentiometers on the printed circuit board. On some
receivers a tuning range control is fitted between the i.c. and
the potentiometers, and if this is retained it should be adjusted
to near minimum resistance. A low resistance path is required
here to avoid interaction between the potentiometers due to
the change in load condition with their position.

4 BA screws
(touch contacts)

Insulated
front panel

Nylon bolt

i I nted window

04

Aluminium base

Fig. 6: The p.c.b. design
(left) and component layout
(right) for the Receiver/
Control unit, both shown
full size. For details of
connections to the relay
contacts, see text.

Paxoltn

IN118-1

Fig. 7: Arrangement of front panel on the prototype
Receiver/Control unit. The panel itself was made from
material 3mm (kin) thick.

If, when in use, a station is selected having a lower tuning
voltage than that of the one already on, all of the isolating
diodes will be reverse biased until the tuning reservoir
capacitor discharges (via R20) to the new value. If the time
constant here is long there will be an annoying lag between
channel selection and the station actually appearing. A
suitable value for this capacitor would be 0.1µF to 0.5µF.
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If the unit is to be installed in a colour receiver with an
existing varicap tuner, a.f.c. will probably be incorporated.
Under certain conditions the a.f.c. circuit can lock on to the
sound carrier instead of the vision carrier. To avoid this some
means of briefly shorting out the a.f.c., until the tuning voltage
settles, is usually built into the push-button unit. Rank's
solution to the problem is to reduce the a.f.c. holding range by
means of a preset control, and this is the method best
employed with the present unit. The Grundig range of colour
receivers operates without any a.f.c. at all, but it must be
admitted that this range is prone to tuner drift, and would
benefit from a mild a.f.c. circuit.

Standby Connection
The method used to connect the relay contacts to the set

will vary widely, depending on the particular receiver. If it is a
conventional valve receiver one set of contacts could be used
to switch the h.t. line, while the other contacts would switch
the heaters. It is usual to run the heaters at a reduced current
in the standby mode, in order to speed the warm-up time. If
this is done, a dropper of suitable resistance and wattage
should be installed in the set, and wired across the heater
switch contacts. As a guide, a value similar in resistance and
rating to that already existing in the heater line could be used.

In the case of a colour TV the c.r.t. heater will have its own
supply and would need to be switched separately. A 2522.5W
resistor left in series with the heater would reduce the current

VR,

--0.1-

1

4

V1

33V stab in

Tuning
voltage out

240V a c
from on/off

switch

4

3

1 A

RS Number tube

5 7
4 NC

Trigger

3 9

2

1 A

Mul lard ZM10130/1

BRY39

BC107,BC109

TA A 960

suitably for the standby mode. This arrangement is suited
only to solid-state receivers because only two sets of contacts
are available on the relay. If in any doubt regarding the c.r.t.
heater winding (a mistake could prove expensive) it would be
wiser to switch the live lead to the set complete, and tolerate a
longer warm-up time. If any spark suppression capacitors are
felt necessary they should be of 1000V working, and are best
mounted elsewhere on a tag strip.

Sound Mute
Should the standby facility not be required, the relay

contacts could be employed to mute the sound circuitry.
Capacitor C20 could be omitted because a delay would no
longer be necessary. Use in this way is less than ideal
because sound mute would only be obtained with station No.
4's picture displayed (on No. 0). Assuming sound muting
would most often be required during the commercial breaks
or 'New Faces', station No. 4 would be most usefully tuned to
ITV! When the sound needs to be returned the channels can
be flipped through back to the required station.

Transmitter setting up
The preset control VR6 in the transmitter is adjusted for

maximum output from the receiver transducer as measured
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Main PCB

R29

Braid carries

D10
33V stab

R1 -18k 250V HT
-22k 300V HT

R1
15k
lOw

C1
47pF

D1
12\..

C2
0.01pF

R3
4.7k

R2 -27k 250V HT
-33k 300V HT

R2
20k
10w

33V stab

C4
4.7pF

mum

200V HT

IC1
TAA 550

Aerial panel

AGC RF
12V

Tune Osc IF

12V

10k
A.F.C. -
range

Include
if AFC
fitted AFC

Fig. 9: A suitable stripboard
layout for the circuit of
Fig. 8, viewed from the
component side.

R4
4.7

RFgain

R5
2.2k

VR1
4.7k

C3
0.1HF

Stab out
and tuning
voltage in

ELC 1043
tuner

R6
22k

Ir IF

HT

IN1191

Fig. 8: Suggested circuit for
using a varicap tuner in
place of a mechanical tuner.

To aerial
panel

Holes enlarged to
accept tuner frame

All strips linked at
-4 edge (copper side)

To receiver
chassis

To selector
unit chassis

IF

1N1201

* Components list

Resistors:
'Al 15k0 10W W/W R5
*R2 20k0 10W WM R6
R3, R4 4.7k0 R3 - R6
VR 1 4 7k0 horizontal sub -min. preset.

Capacitors:
Cl 47,uF 40V electrolytic
C2 001pF L.V. disc ceramic
C3 0.1pF polyester
C4 4 7pF 35V tantalum

TUNER PANEL

2.2k0
22k0
±5%

Semiconductors:
D1 BZY88C12 12V 400mW zener
IC1 TAA550 33V stabiliser

Miscellaneous:
ELC1043 u.h.f. varicap tuner: Stripboard 85.8 x

96 5 mm (3 3 x 3 8 in), 2.54 mm (0 1 in) matrix:
Aerial isolating panel.

*NOTE - Value varies with receiver h.t. line voltage.
See Fig. 8.
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with an oscilloscope on pin 1 of the i.c. About 3V p -p should
be obtained with both transducers almost touching, reducing
to a few millivolts at normal distance. If an oscilloscope is
not available, D5 can be temporarily disconnected and the
voltage across C19 monitored with a d.c. voltmeter.
Normally VR5 on the receiver will be in the maximum gain
position (fully clockwise), but it has been included in case any
problem is experienced with interference from any source.

Mechanical tuners
Obviously this unit cannot be used with a receiver fitted

with a mechanical tuner. It may well be feasible to modify
such a set to use a varicap tuner, and a suggested circuit for
obtaining the necessary power supplies is given in Fig. 8. A
suitable stripboard layout is shown in Fig. 9. Note that the
values of R1 and R2, the power supply dropping resistors,
depend upon the h.t. rail voltage of the particular receiver
used.

Correction
We regret that two errors occurred in information given

in Part 1 of this article. In Fig. 1 and in the Components
List, the type number of the Silicon Controlled Switches
should have read BRY39. In Fig. 1, the voltage shown
against the SCS anode rail should be 0.9V.

Note
Using the component values specified, a holding current

of about ImA flows through the active SCS. Although
this is within the specified range of the BRY39, it has
been found to give occasional erratic operation of the shift
register. Where readers encounter a similar problem, the
author recommends that R11 should be decreased to
2.2V2. To maintain the correct time -constant, C3 must
then be increased to 0.0471/F.

To supply the extra current to the stabilised 12V rail,
R13 should be changed to 471(52. A 5W component
should be used, mounted on long leads to take the heat
clear of nearby electrolytic capacitors.

Ultrasonic transducers
As our September issue went to press we heard from Hall

Electronics, quoted as a source of the transducers used in this
project, that they would be passing readers' orders to:

L. A. Cole
188 Dyke Road,
Brighton BN15AA

who specialise in handling small orders and are able to offer
the transducers at a price of £3.75 per pair, including postge
and VAT.

Future orders should be sent direct to Messrs. L. A. Cole.
Readers who have already placed orders at the price quoted in
our last issue will be receiving refunds for the balance.
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BASIC TRANSISTOR

LINE OUTPUT STAGE

OPERATION

John A. Reddihough

THE basic essentials of a transistor line output stage are
shown in Fig. 1(a). They comprise: a line output
transformer which provides the d.c. feed to the line output
transistor and serves mainly to generate the high -voltage
pulse from which the e.h.t. is derived, and also in practice
other supplies for various sections of the receiver; the line
output transistor and its parallel efficiency diode which
form a bidirectional switch; a tuning capacitor which
resonates with the line output transformer primary winding
and the scan coils to determine the flyback time; and the
scan coils, with a series capacitor which provides a d.c.
block and also serves to provide slight integration of the
deflection current to compensate for the scan distortion
that would otherwise be present due to the use of flat -
screen, wide deflection angle c.r.t.s. This basic circuit is
widely used in small -screen portable receivers with little
elaboration - some use a pnp output transistor however,
with its collector connected to chassis.

Circuit Variations
Variations to the basic circuit commonly found include:

transposition of the scan coils and the correction capacitor;
connection of the line output transformer primary winding
and its e.h.t. overwinding in series; connection of the
deflection components to a tap on the transformer to obtain
correct matching of the components and conditions in the
stage; use of a boost diode which operates in identical
manner to the arrangement used in valve line output stages,
thereby increasing the effective supply to the stage;
omission of the efficiency diode where the stage is operated
from an h.t. line, the collector -base junction of the line
output transistor then providing the efficiency diode action
without, in doing so, producing scan distortion; addition of
inductors to provide linearity and width adjustment; use of
a pair of series -connected line output transistors in some
large -screen colour chassis; and in colour sets the addition
of line convergence circuitry which is normally connected
in series between the line scan coils and chassis. These
variations on the basic circuit do not alter the basic mode
of operation however.

Resonance
The most important fact to appreciate about the circuit

is that when the transistor and diode are cut off during the
flyback period - when the beam is being rapidly returned
from the right-hand side of the screen to the left-hand side -
the tuning capacitor together with the scan coils and the

primary winding of the line output transformer form a
parallel resonant circuit: the equivalent circuit is shown in
Fig. 1(b). The line output transformer primary winding and
the tuning capacitor as drawn in Fig. 1(a) may look like a
series tuned circuit, but from the signal point of view the
end of the transformer primary winding connected to the
power supply is earthy, giving the equivalent arrangement
shown in Fig. 1(b).

The Flyback Period
Since the operation of the circuit depends mainly upon

what happens during the line flyback period, the simplest
point at which to break into the scanning cycle is at the end
of the forward scan, i.e. with the beam deflected to the
right-hand side of the screen, see Fig. 2. At this point the
line output transistor is suddenly switched off by the
squarewave drive applied to its base. Prior to this action a
linearly increasing current has been flowing in the line
output transformer primary winding and the scan coils, and
as a result magnetic fields have been built up around these
components. When the transistor is switched off these fields
collapse, maintaining a flow of current which rapidly
decays to zero and returns the beam to the centre of the
screen. This flow of current charges the tuning capacitor,
and the voltage at A rises to a high positive value - of the
order of 1- 2k V in large -screen sets, 200V in the case of
mains/battery portable sets.

The energy in the circuit is now stored in the tuning
capacitor which next discharges, reversing the flow of
current in the circuit with the result that the beam is rapidly
deflected to the left-hand side of the screen - see Fig. 3.
When the tuning capacitor has discharged, the voltage at A
has fallen to zero and the circuit energy is once more stored
in the form of magnetic fields around the inductive
components. One half -cycle of oscillation has occurred,
and the flyback is complete.

Energy Recovery: First Part of Forward Scan
The circuit then tries to continue the cycle of oscillation,

i.e. the magnetic fields again collapse, maintaining a current
flow which this time would charge the tuning capacitor
negatively (upper plate). When the voltage at A reaches
about -0.6V however the efficiency diode becomes
forward biased and switches on. This damps the circuit,
preventing further oscillation, but the magnetic fields
continue to collapse and in doing so produce a linearly
decaying current flow which provides the first part of the
forward scan, the beam returning towards the centre of the
screen - see Fig. 4. The diode shorts out the tuning
capacitor but the scan correction capacitor charges during
this period, its right-hand plate becoming positive with

4 Ye supply
(stabilised)

Line output transformer
primary winding

Line output
transistor

Line drive

Lf1_

EHT
rectifier

uy

EHT EHT

overwinding

Scan -correction
capacitor

LOPT
primary '"Ct
winding

(12701

(a) (b)

Fig. 1: (a) Basic elements of a transistor line output stage.
(b) Equivalent parallel tuned circuit during the flyback period
when the transistor and efficiency diode are non -conducting.
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Fig. 2: Conditions during the first half of the flyback - beam moving from the right-hand side towards the centre of the screen.
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3: Conditions during the second half of the flyback - beam moving from the centre towards the left-hand side of the screen.
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Fig. 4: Conditions during the first part of the forward scan - beam moving from the left-hand side towards the centre of the screen.
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Fig. 5: Conditions during the latter part of the forward scan - completion of beam deflection to the right-hand side of the screen.

respect to its left-hand plate, i.e. point A.

Completion of Forward Scan
When the current falls to zero, the diode will switch off.

Shortly before this state of affairs is reached however the
transistor is switched on. In practice this is usually about a
third of the way through the scan. The squarewave applied
to its base drives it rapidly to saturation, clamping the
voltage at point A at a small positive value - the collector -
emitter saturation voltage of the transistor. Current now
flows via the transistor and the primary winding of the line
output transformer, the scan correction capacitor
discharges, and the resultant flow of current in the line scan
coils drives the beam to the right-hand side of the screen -
see Fig. 5.

Efficiency
The transistor is then cut off again, to give the flyback,

and the cycle of events recurs. The efficiency of the circuit
is high since there is negligible resistance present. Energy is
fed into the circuit in the form of the magnetic fields that
build up when the output transistor is switched on. This
action connects the line output transformer primary
winding across the supply, and as a result a linearly
increasing current flows through it. Since the width is

dependent on the supply voltage, this must be stabilised.

Harmonic Tuning
There is another oscillatory action in the circuit during

the flyback period. The considerable leakage inductance
between the primary and the e.h.t. windings of the line
output transformer, and the appreciable self -capacitance
present, form a tuned circuit which is shocked into
oscillation by the flyback pulse. Unless this oscillation is
controlled, it will continue into and modulate the scan. The
technique used to overcome this effect is to tune the leakage
inductance and the associated capacitance to an odd
harmonic of the line flyback oscillation frequency. By doing
this the oscillatory actions present at the beginning of the
scan cancel. Either third or fifth harmonic tuning is used.
Third harmonic tuning also has the effect of increasing the
amplitude of the e.h.t. pulse, and is generally used where a
half -wave e.h.t. rectifier is employed. Fifth harmonic tuning
results in a flat-topped e.h.t. pulse, giving improved e.h.t.
regulation, and is generally used where an e.h.t. tripler is
employed to produce the e.h.t. The tuning is mainly built
into the line output transformer, though an external
variable inductance is commonly found in colour chassis so
that the tuning can be adjusted.

A following article will go into the subject of modern TV
line timebases in greater detail.
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PART 19 Peter GRAVES

IN this article, the last of the present series, we shall be looking at
the future of CCTV equipment and applications. Although
prophesying technical innovations before the invention of the
crystal ball means treading on dangerous ground, some broad
lines of development can be discerned.

First, equipment size. Transistors have reduced cameras to a
more manageable and convenient size while still using the same
tube and deflection components. A camera using a lin vidicon
can now be made small enough to sit in the palm of a hand. For
some purposes (such as the inspection of small pipes) even this is
not small enough and fin vidicons are available. This is probably
the smallest tube size that is practical, but the precision
engineering which is necessary makes them very expensive - say
£500 plus!

Fibre optics

In passing, it should be noted that other techniques are
available to extend the camera's range. Fibre -optic probes,
coupled to the vidicon faceplate and having a lens at the far end,
can be inserted in areas inaccessible to a normal camera. A
typical application is the inspection of the interior of steam
turbines for signs of damage or erosion. With a probe, only a
small inspection plate need be opened, eliminating the costly and
time-consuming exercise of lifting the outer casing that would
otherwise be needed.

Camera tubes of the types discussed in these articles (vidicon,
plumbicon, orthicon, etc.), however small, are still thermionic
devices with all their inherent disadvantages - bulk, heavy power
supplies, high voltages, fragility and inefficiency. Improvements in
integrated circuit fabrication techniques and better materials
make the solid-state pickup device a feasible proposition. Soon it
will be possible to have the entire camera circuitry mounted on a
few 'chips' where the lens will be the biggest part of the camera!

The problem, common to the development of flat -face displays
and cheap TV recorders, is the vast amount of information that
must be handled. A single field from a standard 625 -line picture
can be thought of as being made up of about 120000 discrete
points all of which respond to a number of different levels of
illumination and all of which must be interrogated for the
information they contain (their position and amount of
illumination) once per field.

Solid state

There are at present two contenders for an all solid-state
pickup device and examples of both are available on the
commercial market. These are: Charge coupled devices (CCD's)
and photodiode arrays. The CCD has been described in detail in
this magazine (October, 1974), but the photodiode array may be
a little less familiar. Both are monolithic, that is, formed from a
single slice of semiconductor material, and both use an array of
photodiodes formed on the surface of the slice. The diodes are
reverse biased so that the depletion layer of the diode acts as the
dielectric of a tiny capacitor which charges to the applied voltage.

If the photodiode is left in darkness very little of the charge
leaks away but, if it is exposed to light, electron -hole pairs are
formed in the depletion layer and the capacitor becomes leaky.
The stronger the light, the greater the leak. By reading off the
amount of charge on the capacitor at fixed intervals (recharging it
immediately after) the amount of light that has fallen on it can be
measured. CCD's move the charge from the diodes into a series
of "boxes" formed by depletion layers in the material, themselves
formed by potentials on suitable electrodes. By altering the
potentials on the electrodes the "boxes" together with their
enclosed charges can be shuffled along the material and measured
as they 'fall off the end'. Fig. I shows how this is done.

The diode array must have each individual diode interrogated
in turn. Fig. 2 shows a very small part of a diode array, laid out as
a conventional circuit. The field effect transistors (MF1, MF2,
etc.) can be thought of as high-speed switches, shorting out source
and drain (s and d on MF1) when a suitable bias potential is
applied to the gate terminal (g on MF1). In this case they are
shown as MOSFETs, metal -oxide -silicon field effect transistors,
from the method of manufacture commonly used for this type of
application. Applying bias onto the line marked X (Fig. 2) will
turn on all the FETs along that line (MF 1, MF4, etc.) switching
the diodes (DI, D3, etc.) to the appropriate horizontal bus -bar.

To scan TV line 56 (an arbitrary choice of number) line Y is
turned, on so that all the diodes along TV line 56 (D 1, D2, etc.)
are connected to the output bus. Bias pulses are then applied in
turn to line X, line X + 1, line X + 2 etc., switching each diode
along the line in turn to the output so that the amount of charge
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Fig. 1: Basic arrangement of one type of charge coupled device, the Fairchild CCD201 image sensor. Once each field when the
photogate pulse arrives half the photodiodes discharge into the adjacent shift registers. The action of the vertical clock pulses
then moves the charge packets along the vertical shift registers into the horizontal (output) shift register which is emptied
(read out) between the arrival of each set (line) of charge packets from the vertical shift registers.

v100 ar ays of photodiodes and vertical shift registers

Out put to detector
and preamplifier

0
Vertical clock

pulse inputs
0

Photogate- 0 pulse input

on each diode can be processed as part of the overall image
focused on the diodes. Note that when line X is biased on,
although FETs MF1, MF4, etc. are all turned on, only D 1 is

connected to the output as MF6, etc. are off. When the scan
reaches the end of TV line 56, MF3 is turned off and MF6 is
turned on, lines X, X + 1, X + 2, etc. are again switched in
sequence from left to right. This time diodes D3, D4, etc are
connected to the output rail so TV line 57 is scanned.

At present, it would appear that the CCD has an important
future in the production of high resolution pictures. The diode
array is much more complicated to construct and has not yet
matched the performance of the CCD. However, this sort of
device is used in applications needing only low resolution images.

Displays
It will be apparent that whichever device becomes standard a

great deal 'of auxiliary circuitry will be needed which adds to the
complexity of solid-state pickups and raises problems in the
manufacturing field and of reliability. Similar problems bedevil
flat face displays, the dream of TV development engineers for
many years. Although a practical device, suitable for a full
resolution TV picture, has yet to be demonstrated, there are a
number of promising leads. Electroluminescent displays, using
materials that glow under the influence of electric fields are now
available but the problems of driving the number of points needed
for TV work have not yet been solved. Liquid crystals, or their
new cousin, liquid vapour, displays also show promise but suffer
from the same problems. No clear leader has emerged and it
would be difficult to decide which one to back!

Television recording at present requires complex equipment to
record and play back the amount of information making up even
a short video sequence. Both videodisc, and videotape recorders
require complicated electromechanical servo systems to keep
everything running in exact synchronism. A fortune awaits the

11 00 91

inventor of the cheap, portable video recorder. Once this can
handle colour, CCTV will be a very serious rival to cine film,
overcoming its disadvantages (processing delays, for instance)
and offering many advantages; instant replay, editing, and
reusable tape being a few of them.

On the applications side perhaps the most exciting
developments will be in the direct use of information (using the
word in its widest sense) from the video waveform without the
intervention of a human operator, particularly the recognition of

x X+1

Y

MF3

aft

MF6

Fig. 2: Arrangement of part of a photodiode array.

Video
output

[N114_1
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particular objects or patterns. Equipment that can recognise
events from changes in the video waveform level are already
available.

As a simple example, suppose a camera is looking at some field
of view, somewhere in which a light will appear. It might be desired
to know when the light has appeared and where or, alternatively,
the information could be used to drive the camera's pan and tilt
head to follow the motion of the light if it moves. It is assumed
that the light is brighter than any other part of the field of view. A
suitable auto -target circuit would help here by turning the gain
down, thus reducing the average background level when the light
appears. The light can be detected from the video waveform
(clamped to provide a fixed zero reference level) with a simple
level detector (a Schmitt trigger circuit, for instance). The turn -on
level of the detector is set above the level of the background but
below the level of the light (which would appear as a 'spike' on the

'video waveform) when it is present. The smoothed output from
the detector (typically, it would be turned on for part of a few
lines once a field) operates the Light Present indicator and
initiates whatever action may be necessary.

If the field of view is fixed (i.e. the camera is stationary) then
the position of any point can be deduced from the time taken for
the scanning beam to reach it. Let us take the start of the field
sync pulse as the zero time reference point (any fixed point would
do) and assume the light to be a true point source occurring half-
way along line 214. The scanning beam will take some time (say, t
milliseconds) from the start of the preceding field sync pulse to
reach the point where the light is. If you like, the field sync pulse
starts a clock which runs while the beam is scanning and is turned
off by the light detector output. If the light moves to the right the
time will increase, if the light moves downwards onto the centre of
the next line down then the time taken will increase by one line
period and so on. It will be apparent that the position of any point
on the raster is characterised by a unique time interval from the
start of the field sync pulse. By interpreting this time with suitable
circuitry the position can be obtained in terms of angles from the
horizontal and vertical planes - more useful to a human observer.

Following

If the camera is to follow a moving light then a zero position
must be defined. Typically, this will be the centre of the picture. If
the light is not at the centre then the time taker for the scanning
beam to reach the light will be different from thr time taken for it
to reach the centre of the picture. The amoun of difference is
interpreted as two error signals - one for the hor zontal error and
one for the vertical error, with respect to the centre, zero, point.
The magnitudes and directions of these signals are proportional to
the amount of displacement from the centre and the direction of
displacement from the centre respectively. The error signals are
then used to drive the pan and tilt head to which the camera is
attached, in directions so as to reduce the errors to zero. That is,
to try to drive the camera so that the light is in the centre of the
screen once more. Servo systems using feedback, of which this is
an example, are more complicated than this description suggests
but the basic idea remains the same.

On the same theme - detection of video level changes -
consider a camera used for security purposes and looking at a
fixed scene. Any change in the scene such as an intruder entering
or, unfortunately for outside work, the sun going behind the
clouds, will cause a change in the video signal level, which can be
detected and used to trip an alarm. Monitoring the auto -target
voltage will do the job, in the same way as an a.g.c. line in a radio
indicates changes in signal level. The alarm can ring a bell or
perhaps switch the camera's output onto a main monitor for
further inspection. If only a small area is under surveillance, say a
doorway in a room, then this facility can be added to standard
equipment without disturbing it. A photocell is stack onto the face
of the camera monitor over the area under uurveillance, the
output from the cell is amplified and passed to level detector
circuits which trip the alarm (Fig. 3).

By coupling the video output from a camera to a memory unit
(and equipment using this technique is commercially available)

Photo electric ( p.e.) cell
taped over area of interest

in field of view

P.E.cell
amplifier

Camera
monitor

Set high
level trip

Sets off alarm if average
brightness of area under
p.e. cell rises higher
than preset levelHigh level

trip

Low level
trip

Set low
level trip

Alarm

(N1151

Fig. 3: A simple "add-on" movement detector, which requires
no electrical connection to the television system.
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Fig. 4: Basic arrangement of an image comparator.

comparison circuits can be used to compare successive fields and
detect areas where changes have taken place. These can be
indicated on the monitor with bright -up pulses on the picture
where a change has taken place. This is a valuable tool for
analysis of, for instance, changes in smoke patterns from factory
chimneys.

Comparison circuits can also be used to compare the video
outputs from two cameras and give no output (i.e. a blank screen)
in areas where the pictures are identical but feed the output from
one or other camera to the monitor where they differ. In this way
differences are emphasised. A typical application is illustrated in
Fig. 4, where a comparison article, say a jar of (clear) liquid, is
compared with a jar from the production line and possibly haing
floating, opaque, impurities whose presence is immediately
obvious from the monitor. Level detectors can be used to reject
faulty units. This method is sensitive to changes in patterns,
omissions or extras, and can be used for a variety of applications.

Reading machines

Recognising lights, present or absent, or gross changes in video
level is one thing, recognising and identifying patterns of light and
shade as specific objects without a human operator intervening is
quite another. A lot of work is being done on machines which,
coupled to a camera, will enable letters to be read by processing
the output signal. This is not the place to go deeply into the
method, but it will be appreciated that it is extremely involved.
The successful application will mean the bypassing of the slow,
costly, and error -prone feeding of information into a computer by
a human operator.

The next step is the recognition of objects, you and I have little
trouble in saying: that is a tea cup or even, that is a willow -pattern
tea cup, but to build a machine that will do even the first thing is
immensely difficult, and then it won't be able to recognise a
saucer!

Closed circuit television can extend the range of human vision
in environments from the high vacuum of outer space to
enormous depths under the sea, from near absolute zero to the
interiors of furnaces, unrestricted by the limitations of the visible
spectrum. Its signals can be used to protect, control, and
entertain. Great things are promised for the future!
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SERVICING
TELEVISION
RECEIVERS

L. LAWRY-JOHNS

A little while ago we were asked when we had dealt with the
servicing of the Decca DR 1 series of receivers. Upon look-
ing up the date, we found to our surprise that we had not
"done them" at all. In view of the large group of models
using this chassis we thought we had better rectify the
omission without further delay.

Model Variations
The following models used the original chassis: DR1,

DR2, DR2X, DR3, DR3X, DR121, DR122 and DR123.
The later Models DR20, DR21, DR23 and DR24 used the
same basic design but omitted the second sound i.f. stage
V10 and the EB91 (V14) video d.c. restorer and
interference limiter - the d.c. restorer section was replaced
with a BA130 diode while the interference limiter was
simply removed.

Other differences lie in the type of tuner unit fitted and
the tuning arrangements. The earlier models use valves
throughout, the later ones (DR20 etc.) being up -dated with
a transistor u.h.f. tuner (AF239 r.f. amplifier plus AF139
mixer).

Servicing Aspects
There is very little to worry about in servicing these sets

- no varicap tuner, sensitive control voltages or a.f.c. to be
taken into account when checking for faults.

Although the sets are only a few years old and a large
number are still in use (there would be no point in this article
if this were not so) the differences in the design of more
recent sets make servicing them almost a different art,
though we still use the same equipment.

The layout is of the two -deck variety, with the signal
stages on the upper deck and the timebases and power
supply on the lower. During the first few years the majority
of faults occurred in the power supply and the timebases.
More recently however several common faults have been
developing in the i.f. stages. We will deal with these later.

Power Supply Faults
The mains input is via a plug and socket from the on/off

switch. From this socket the neutral is taken to chassis, the
live to a 1A antisurge fuse (F1) then to the centre of the
right side dropper. The lower sections of the dropper
concern the heater supply to the valves, via a VA1015
thermistor. The upper sections concern the h.t. supply

DECCA DR1 SERIES

which is taken via another fuse (F2) to the BY100 h.t.
rectifier. This incidentally is drawn the wrong way round on
most service sheets, though the fact is unlikely to cause
much confusion as it is so obvious.

Whilst the lower sections of the dropper do not give
much trouble, the same cannot be said for the upper part
which consists of three 1752 sections. The top one goes first
as a rule (thus producing no sound and vision due to lack of
h.t.) and as this is generally followed after a period by the
next one down we replace both with a 3352 RS dropper
section. The first 1752 section doesn't seem to fail so often
(don't ask me why).

If your neon screwdriver (which you keep in your top
pocket except in the summer when you forget it and use
your wet finger because you are too lazy to get the meter
out) lights up on all sections of the dropper and the valves
light up but there is no other sign of life it is likely that the
h.t. fuse F2 has failed.

Now there is usually a reason for this, so it is unwise to
replace the fuse without finding out why it has blown. This
may or may not be easy. Fortunately the power supply to
the upper deck is via a plug and socket, so this can be
removed to see if the meter needle moves from a near short
reading. If a short is still indicated and can be traced via the
several decoupled h.t. lines, all well and good. It could well
be however that the h.t. lines are clear and the fault does not
occur until the line output stage has had time to warm up.
Whilst this condition can be due to several different causes,
we have found it prudent to check the red and black leads
to the line scan coils. These can short to the outer screening
(which connects to chassis). If this is found to have
occurred it is also prudent to check the scan correction
capacitor of whichever system is in use at the time. If the set
is being used on 625 lines for example, check C 137.

Line Timebase
The majority of faults seem to occur in the line timebase

so it is appropriate to spend a little time discussing and
clarifying these.

The line oscillator V16 (ECC82) is a simple
multivibrator which is held in step by V15 (ECL80), the
flywheel line sync discriminator. This circuit does not have
the basic stability enjoyed by the more widely used
sinewave oscillator and the necessity to adjust the line hold
control from time to time should not be regarded as a fault.

Quite often however the adjustment required becomes
more frequent and the picture may exhibit horizontal
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CO
Fig. 1: Circuit diagram of the timebases and power supplies. In the later Models DR20, DR21,
DR23 and DR24, C129, R156 and C131 are omitted, R103 is 1160, C107 50pF, C124
160pF, C126 0 047pF and RI56 (68k0) is added across R 155. Other changes are noted on
the circuit below.
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movement with ghostly streaks of picture content pulling
across. This sort of hanky panky should direct attention to
the ECL80 valve and the associated components, in
particular 8109 (2.2M52) and C109 (2µF).

The ECL80 can also be responsible for an unusual
condition which is usually attributed to defective
smoothing. This is when the picture is swaying from side to
side in a rythmic manner. The clue is that the picture is not
affected vertically, as would be the case if the main
electrolytics were at fault (i.e. there is no rise and fall). The
real cause is poor heater -cathode insulation in the ECL80,
and a new valve will clear the effect.

The ECC82 is no mean hand at causing faults, usually
confined to varying line hold or complete non -operation
which of course results in severe overheating in the output
stage.

It's in the output stage itself however that the majority of
troubles occur. Apart from valve troubles the weak links
are the resistors associated with the width control (mainly
R170 470k52 which changes value and damages the
control), the boost line capacitor CI34, and the line output
transformer which develops shorted turns and poor contact
to the plug in panel connections.

Some suspect resistors are close to the system switch - it
is necessary to remove the panel in order to get at them.

The fault tracing drill is as follows.

Lack of Width
For lack of width first check the PL500 (PL504) and

PY800 valves and the ECC82 if these are in order. Then
check the value of R170 (470k52) and the condition of
R171 (set boost control) which could have a dud spot or be
otherwise damaged if R170 has changed value. Then check
R169 and R146. When R146 goes really high it leaves the
PL500 control grid floating and produces that strange
effect like a rapidly varying hour glass (or wasp waist: what
with waists and belly dancing when a ripple gets into the
oscillator, these articles are becoming positively
pornographic).

On rare occasions C139 (100pF high voltage) will short
and possibly damage the v.d.r. in the width circuit (VDR3).
This component can take a lot of punishment however. It is
often suspected on account of its appearance when the grey
unpainted type is used. In these models the E298ZZ/06
type is mainly used - these are coloured. The paint can
still bubble up however without the component losing its
effectiveness.

If width is still lacking when the valves and components
have been checked there looms large the possibility
(probability) that the line output transformer has shorted
turns. There is not much difficulty in replacing this if the
bottom sockets have not been eroded. Quite often however
a clean up job has to be done on these.

No EHT
No e.h.t. is the condition most likely to be met and in

order to save a lot of time a definite checking procedure
must be followed. The sound is assumed to be in order - if
it isn't the fault is elsewhere (probably the h.t. supply).

First remove the screen from the line output section (two
bolts at the rear and slides at the left side) to reveal the
transformer and valves. Look at the PL500 to see if it is
overheating. If it is, note the degree. If a dull red, only just
visible, the line drive may be present and the fault is
probably in the output stage. A check at the junction of

C123/R146/R149 should show a negative voltage of
something over -25V (this is a low figure and takes into
consideration the damping effect of the overheated PL500).
If this voltage is absent there is no line drive and the PL500
will be far more overheated - in an unmistakable manner.
This would direct attention to the ECC82 and its circuitry.

Assuming that there is some line drive however the next
move is to remove the PY800's top cap. If this brings some
life back to the stage, change the boost capacitor C134
(0.114F, 1k V) as this will be found to have shorted. If taking
the top cap off the PY800 merely stops the PL500 from
overheating but warms up R147 (screen feed now taking
full wack) put the top cap back on and remove the top cap
of the DY87 (or remove the e.h.t. cap from the side of the
tube). Either action will remove the effect of a shorted
DY87. If everything now comes to violent life you are
lucky and only the DY87 needs to be replaced.

If there is no difference, fit new valves in the PL500 and
PY800 positions. If the same conditions are still present
unplug the scan coils to clear these of suspicion. Once in a
while the coils will be found at fault but disconnecting them
will usually make no difference - the e.h.t. cap should be
off the side of the tube however just in case the coils are at
fault, since the sudden return of the undeflected e.h.t. would
cause a nasty burn in the centre of the screen.

Having checked all these points and assuming that there
are no other signs of overheating - such as R161 cooking
due to a defective focus control (R 162), or C139 fizzing
around - one has to conclude that the line output
transformer is defective. Mind you, if you were lucky
enough to have a spare around in the first place it would
have been a matter of minutes to try it, but who has the
right one at the right time?

Now consider the case where the PL500 is badly
overheating to denote lack of line drive. Obviously this
indicates a fault in the oscillator stage and since this is a
simple circuit there should be no trouble in locating the
defect. Usually it is nothing more than a faulty ECC82
valve. There are times when this is not so however and the
voltages may be found to be either very wrong or absent
altogether. Approximately correct voltages are 100V at pin
1 and 75V at pin 6. If these voltages are low, check the
cross -coupling capacitors C116 and C120. Whilst the
anode load resistors R132 and R133 could have changed
value, this doesn't often happen. Total absence of voltage at
either end of these resistors should direct attention to the
feed from R107, which can become open -circuit for no
external reason or be damaged by C105 shorting (which is
unlikely).

If the PL500 is cool check R147 and if necessary C125.
This situation seldom arises however.

Line Hold Troubles
Faulty line hold is a trouble often experienced. The

defect falls into' two main categories. First faults in the
oscillator stage, where the ECC82 or an associated
component can be defective: apart from the ECC82 the
components to suspect are R139 (goes high) or the cross -
couplers previously mentioned. The other faults that can
upset the smooth running of the oscillator lie in the
discriminator stage. The ECL80 can be defective and
should be checked first (after the ECC82). Then check
resistor R109 and the two electrolytics C113 and C109.
Several other components could be at fault, but we haven't
found this to be the case.

CONTINUED NEXT MONTH
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M.P. RILEY

IN the last two issues of Television the basic principles of
helical scan videotape recorders have been outlined together
with some of the more unusual techniques employed. In this
and next month's articles we will concentrate on one
machine; the Philips Video Cassette Recorder. This
particular VTR has been chosen for several reasons, the most
important being that it is the only video cassette recorder on
the market at the time of writing that falls within the domestic
price range. It should be noted at this point that with the
introduction of VAT at 25%, the price of a VCR is over £500.

Front flap ( lifts when
cassette inserted in VC R )

Holding teeth --t.

Tape guide

Vvideo tape

Window flap exposing
tape for capstan etc

Cassette top

Top tape spool

Bottom tape spool

- Tape guide

a'"'4`. Holding arms

Cassette bottom

[N0911

and whether the consumer thinks that this is value for money
remains to be seen.

Many other features of the machine make it an obvious
choice for more detailed examination. A built-in tuner and if.
strip enable 'off air' programmes to be recorded without the
need for a separate colour receiver. A time switch is
incorporated so that material can be recorded while the
operator is away, and the cassette format makes the VCR
very easy to use. In fact it has fewer controls than some
audio cassette recorders.

v

Drive to top spool

Clutch
surfaces

IN

Drive at (A) for rewind

Drive at ( B) for record & playback

Drive at (C) for forward wind

Lower spool drive surfaces

Upper spool drive surface

Upper spool drive shaft

Fig. 1: Constructional details
of the video cassette.
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Three
positions for
single drive

wheel
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f Fig. 2: Principle of the tape
spool drive mechanism.
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The cassette format

The half inch video tape is housed in a cassette (Fig. 1) that
stores the two spools of tape one on top of the other; the tape
passing diagonally from the top spool to the bottom. This
method of housing the tape in the cassette gives rise to a
rather unusual method of providing drive to the two spools
for forward and reverse winding of the tape, and the torque
for record and playback. SiMplified details of the drive
system are shown in Fig. 2, where it can be seen that the two
drive spindles are arranged in the same way as the control
shafts on a dual concentric potentiometer, the centre spindle
engaging in slots in the top spool of tape and the outer spindle
driving the lower spool. Each spool has a large number of
teeth cut into its outer rim which engage with small arms.
preventing the spools from turning when the cassette is
removed from the machine. This action stops the tape from
spilling until the cassette is loaded in the VCR, whereupon the
arms disengage enabling the spools to turn freely.

Tape threading

A small window in the side of the cassette opens, exposing
the tape, as the cassette is loaded into the machine. This
length of tape is then presented to the audio and control track
head stack, the capstan and the pinch roller, Fig. 3. The tape
path is shown by the dotted line and it can be seen that the
capstan and guide -arm assemblies are behind the backing of
the tape. When the VCR is switched on the guide arm moves
in the direction shown by the large arrow, pulling the tape out
of the cassette and wrapping it around the head drum
producing the familiar 180° half wrap. Fig. 4 shows the tape
laced in the machine with the tape transport in the play or
record modes. The pinch roller and audio/control track head
assemblies have now moved forward to provide the required
drive to the tape.

The video signal is recorded on the tape in the conventional
diagonal manner. The main audio track is recorded along the
lower edge of the tape and there is provision on some versions
of the VCR to record a second audio track along the top edge.
The control track is situated just below the second audio
track with a guard band between the two. The complete tape
format is shown in Fig. 5.

Erase head

Tape guide arms

Cassette ----

Video head drum

Audio/control track head

Pinch roller

Capstan

Tape path

1N0931

Fig. 3: Tape path with the machine turned off. The dashed
line indicates the route of the tape.

N 0941

Fig. 4: Tape path with the machine turned on. A loop of tape
has been drawn out of the cassette by the tape guide arms
and wrapped around the video head drum.
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The Record electronics

It is impossible to give a circuit description of a machine
that uses 136 transistors, 67 diodes and 4 i.c.s in the limited
space of two magazine articles; however a detailed
examination of the techniques employed and the signal path
through the VCR is possible. The reader will gather from the
large number of transistors employed in relation to the very
small number of integrated circuits that the production of
videotape recorders for use in the home is very much in its
infancy. The cost, size and electronic complexity of the VCR
can only be reduced with the adoption of i.c. circuit
techniques; but with the rather uncertain future of the market
at this time manufacturers seem to be playing safe by using
well -tried and easily available devices rather than invest in
new custom-made i.c.s.

The VCR can be logically divided into sub -sections, but if
this was attempted for our purposes life would become rather
confusing! I feel the more conventional method of starting at
the beginning and finishing at the end will be an easier way to
tackle the problem. The accompanying photograph gives
you an idea of what lies ahead. Are you sitting comfortably?

There are three main electronic modes in which the VCR
operates: these are Record, Play and E to E modes. The E to
E mode is used when the machine has been stopped but part
of the video electronics is still in use, so as to provide an
output to indicate that the VCR is receiving information. The
E to E mode is the simplest of the three and uses familiar
colour TV principles making a foundation on which we can
build later.

The E to E mode

Tuner and a.f.c.

The u.h.f. aerial input applied to the VCR is first amplified
in a wideband amplifier contained in module U504 (see Fig.
6). The output of this amplifier is fed to a splitter which in turn
feeds the u.h.f./v.h.f. tuner unit and a second wideband
amplifier. This second aerial amplifier then provides the main
signal feed to the colour TV receiver via a second splitter
which combines the output of the VCR with the amplified 'off
air' signal feed. The v.h.f. (don't forget that the VCR is used
throughout the European Economic Community which uses
v.h.f. 625 -line transmissions) and u.h.f. tuner units
incorporate conventional electronic tuning with a rather
interesting a.f.c. system known as PAFT. PAFT stands for
Phase Dependent Automatic Fine Tuning, which adjusts the
tuning control voltage to give maximum rejection at
33.5MHz instead of the widely used maximum gain at
39.5MHz. An a.f.c. system which tunes for maximum
rejection at the sound carrier frequency provides a much
more accurate control voltage for the tuner, and as the VCR

Control track

f
Main audio track Direction of tape

Fig. 5: The cassette tape format.

2nd.audio track

Video track

I N0951

This photograph of the VCR opened up for servicing gives
some idea of the internal complexity.

is designed tooperate unattended on a timer, tuning must be
very accurate and stable if good quality recordings are to be
made.

Two 6MHz sound i.f. signals are phase compared; one is
from the sound i.f. amplifier and the other from the output of
the luminance delay line. The latter signal has undergone a
large amount of attenuation at 33.5MHz due to the rejectors
in the i.f. amplifier, but the signal derived from the sound i.f.
stage has had wideband amplification. Should the tuning
frequency drift then the signal presented to the 33.5MHz
rejector in the luminance i.f. amplifier will change, causing a
phase shift in the signal leaving the rejector, and hence a
change in phase of the 6MHz intercarrier sound produced at
the luminance detector. The i.f. signal applied to the sound
detector does not undergo any attenuation at 33.5MHz and
therefore its phase will not be affected by the change in
frequency of the signal.

The intercarrier signal from the sound if. amplifier is used
as the chopping waveform for a synchronous phase detector
U514, and the output of the luminance detector is used as the
error signal. Any phase difference between these two signals
is detected and the resulting error signal is smoothed and
applied in series with the tuning voltage to correct for the drift
in oscillator frequency. It is easy to see why this particular
method of a.f.c. correction is not employed in the
conventional colour receiver, and a comparison of accuracy
between the two systems is very difficult to produce.

Luminance andSound circuits

Amplification of the i.f. signal at the output of the tuner is
carried out in three stages by the amplifiers U506, U507, and
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U508; module U508 also contains the sound rejector
mentioned earlier, and the sound and luminance detectors. A
take -off point is provided at the third stage of i.f.
amplification, and this signal is fed directly to an a.m.
detector to produce the 6MHz intercarrier sound signal.
After passing through the bandpass filter in module U513
this signal is amplified by the sound i.f. amplifier U515 and
then demodulated in the normal way to produce the audio
signal. At the output of the sound i.f. amplifier a 6MHz take-
off provides the reference signal for the PAFT.

The luminance signal produced by the detector in module
U508 is amplified and then fed to three points within the
VCR. The first is the luminance delay line (1µs) which
compensates for the delay in the chroma processing stages,
the second output is fed to module U512 which extracts the
6MHz intercarrier sound error signal for the PAFT, and the
third output is used to produce a mean level a.g.c. voltage for
the first i.f. amplifier and tuner.

Chroma signal frequency band Y -FM frequency deviation
( lower frequency converted)

Y- FM frequency
band

3

Converted subcarner
0.5625M Hz

4.4 Frequency

[ N0491

Fig. 7: Signal frequency spectrum of the VCR, showing the
chroma information occupying the gap below the luminance
f.m. signal.

We have now regained the luminance and sound signals
from our transmission, we have yet to produce the
4.433MHz chroma signal and a mixed sync signal which is
used to produce clamp pulses and servo drive waveforms. Let
us look first of all at the production of the chroma signal.

Chroma circuits

Unlike the conventional decoder in a colour TV receiver,
the VCR has only to produce the chrominance signal and
need not go to the lengths of producing red, green and blue
signals. This situation arises first because it would be
impossible to fit the three wideband signals into the limited
bandwidth available on the tape. Secondly, as the VCR
produces a u.h.f. output to feed directly to the colour
receiver's aerial socket, it would be pointless to decode the
information and then have to recode it so that a domestic
receiver could accept the signal from the VCR.

A 35MHz chrominance i.f. take -off point is provided at the
output of the i.f. amplifier module U507, and this signal is fed
directly to a detector in module U516. Any 6MHz sound
present in the detected chrominance is then removed by a
series rejector in module U1501 before amplification of the
signal by transistors TS1403, 1404, 1405 and 1406.
Automatic chrominance control is incorporated in the first

stage of amplification using the conventional technique of
half -wave rectifying the colour burst and using the resultant
d.c. voltage to control the gain of the chroma amplifier.
Production of the .subcarrier signal again follows well-known
receiver techniques and needs no explanation.

Sync pulse feeds

The output of the luminance delay line is split into three
separate feeds, one of which goes to the sync separator U67.
The output of this module is fed to a chroma processing stage
(described later under the record mode), the tape servo to
provide a reference for recording, and to a sync clipper
module incorporating transistor TS4110.

This latter stage is a simple emitter -follower which clips the
top and bottom of the mixed sync waveform .providing a
clean, noise -free signal of constant amplitUde. The positive -
going mixed sync output from TS4110 is then fed to the sync
gate TS4100 which inverts the signal and adds it to the output
of the luminance emitter -follower TS4070 and the
chrominance emitter -follower TS4090. By combining all
these three signals in the correct proportions a composite
colour video waveform is produced which is then fed to the
modulator.

A second output from the sync clipper feeds a pulse former
circuit which provides pulses coincident with the line back
porch. These are then fed to the burst gate in the chrominance
decoder, and to the clamp at the input of module TS4070.
Clamping at this point takes place during the line back porch,
the clamp reference potential being black level. This clamping
action biases the emitter -follower TS4070 so that cut-off of
the transistor occurs at black level. Hence the line sync pulses
are removed from the signal producing a non -composite
luminance output to which new sync pulses are added.

The Modulator

The output signals from transistors TS4100, 4090 and
4070 are combined to form the complete colour signal. This is
then added to the modulated audio signal derived from the
f.m. modulator in U505 before being fed to the main u.h.f.
modulator. The output frequency of this modulator can be
preset to lie anywhere between channels 32 and 42, thus
ensuring that the VCR can be used without interfering with
the local u.h.f. TV transmissions.

Now that the signal being received by the machine has
been processed and remodulated onto a new carrier, its
output is recombined with the incoming u.h.f. signals from
module U504 and fed to the colour receiver which has one of
its channel selectors tuned to the output frequency of the
VCR. The user is now able to select any incoming
programme on the VCR tuner, transpose its frequency, and
feed it to the colour receiver. He is also able to view the
programme which is being recorded, or tune to a separate
transmission without disturbing the recording operation of
the machine.

Recording

When the machine is recording a selected programme all
the functions described under the E to E mode take place in
addition to those about to be explained. Let us just recap on
what the machine is required to do during the record mode.

The audio signal must be processed in the same way as in
an audio tape recorder, i.e. be equalised, added to an h.f. bias
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signal and then applied to the audio record head. The video
signal must be passed through an h.f. filter, clamp, and then
be frequency modulated before being applied to the video
record head. The chrominance signal has to be processed and
then added to the luminance f.m. signal.

The Chroma signal

As the VCR has a bandwidth of only 2.7MHz the
chrominance information must be processed in such a way as
to lie in the passband of the machine. It can be seen from Fig.
7 that this is achieved by transposing its frequency from
4.433MHz down to 562.5kHz, fitting below the spectrum of
the luminance f.m. signal. During the playback of the signal
the chroma is converted up in frequency, back to its original
4.433MHz. Incorporated in this system of transposing the
chrominance frequency is a method of automatically
compensating for changes in chroma phase caused by
variations in head to tape speed during recording and
playback. The system works as follows.

Line sync pulses from the sync separator module U67 are
derived from the signal to be recorded, and used as a
reference signal for the phase comparator also in module
U67. The output from the comparator is used to lock an
oscillator running at 562.5kHz (36 times line frequency). To
complete the phase -locked loop the oscillator output is
divided by 36 to produce a line frequency feedback signal for
the phase comparator.

We now have an oscillator running at 562.5kHz which is
directly locked to the line sync information contained in the
signal to be recorded. The output of the oscillator is mixed
with subcarrier derived from a crystal oscillator situated in
the chroma decoder and locked to the colour burst of the
incoming signal. A band-pass filter incorporated in U61 with
the mixer passes the additive products of the mixed signal to
produce a 4.99MHz sine wave. This second frequency is now
directly locked to (a) the line sync information and (b) the
subcarrier frequency of the video signal to be recorded. Any
change in frequency or phase of (a) or (b) will produce a
change in the frequency or phase of the 4.99MHz signal from
U61.

A second mixer in U62 takes the output of the chroma
decoder previously described and the 4.99MHz signal from
U61 and mixes the two signals together. A low-pass filter at
the output of the mixer passes the subtractive products to
produce the final 562.5kHz. This transposed chrominance
signal is derived directly from (1) line sync (2) subcarrier and
(3) the chrominance signal. Any change in phase of these
three signals will result in a phase change of the transposed
chroma frequency. The table below shows the mathematical
sequence used to produce the 562.5kHz chrominance.

Line Sync= 15 .625kHz
36 x line sync= 562.5kHz

Subcarrier = 4.43361875MHz
Subcarrier + 36 times line frequency = 4.9961187MHz

4.9961187MHz - Chrominance frequency = 562. 5kHz

The Luminance signal

The luminance signal is processed in almost exactly the
same way as that of the Sony VTR described in last month's
article. The signal from the luminance delay line in the
receiver section of the VCR is fed directly to a low-pass filter
TS401 where all the frequencies above the passband of the

machine are removed. The signal is then black -level clamped
to set the carrier frequency of the modulator, and white
clipped to prevent over -deviation. After the signal has been
pre -emphasised it is modulated on to a 3M Hz carrier which is
deviated up to 4.4MHz at peak white. The modulated signal
is then limited by a simple two -stage clipper and amplified
before being applied via a rotary transformer to the record
heads. In the record current amplifier the transposed
chrominance signal is added to the f.m. luminance signal. Fig.
8 shows the way in which the f.m. signal acts as the h.f. bias
for the lower frequency chroma information, thus enabling
both signals to be recorded at the same time with minimum
mutual interference.

Tape transfer characteristic

H

-B

Transposed chroma

FM. modulated
luminance acting
as H F bias

+H

N097

Fig. 8: The f.m. luminance signal acts as h.f bias for the
lower frequency chrominance signal on recording.

The A udio signal

Audio recording techniques are very simple when
compared to the electronics of the rest of the machine. The
output from the f.m. detector U515 is fed directly to an
amplifier providing pre -emphasis and audio record level
control. The operator has a choice of manual or automatic
control of the audio signal, but the video signal record level is
preset by the a.g.c. system in the luminance i.f. amplifier and
therefore is completely automatic.

A 60kHz bias signal derived from the erase oscillator
TS455 is added to the audio before it is applied to the record
head K3. A separate audio amplifier TS450 provides the
signal for the 6MHz f.m. modulator in U505. The output of
two simple level circuits TS454 and TS460 can be switched to
a meter to enable the operator to measure the level of either
signal being recorded.

Next month

In next month's issue, we will examine the playback
system of the VCR together with the operation of the servo
system in the Record and Playback modes.
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Improved Performance

from the

"Television"

Colour Receiver

F. Greene

A 26in version of the Television colour receiver, using a Pye
i.f. strip and the stabilised power supply circuit described in
the December 1973 issue (pages 80-2), has been in opera-
tion for some eighteen months. Performance has been
satisfactory but it was felt that there was lack of contrast,
giving poor viewing under high ambient lighting conditions.
There were also stripes at the left-hand side of the screen.

Improving the Contrast
The contrast problem is due basically to inadequate

luminance drive to the RGB board, and is also experienced
with sets fitted with the original i.f. strip. The only way of
overcoming the problem is to add a video amplifier between
the luminance channel on the i.f. board and the luminance
input to the RGB board. The requirements of the amplifier
are quite stringent however - in particular it must be fast
since the correct luminance delay has already been set by
the luminance delay line on the i.f. panel.

The specification is as follows: voltage gain of two
minimum; bandwidth 5MHz; input-output delay 10-20nsec
(10-9sec); rise/fall times 20-30nsec; high input impedance
and low output impedance; operation from a 20V stabilised
rail; output voltage swing of 6V peak -to -peak without the
amplifier saturating (i.e. limiting).

Fast Amplifier Circuit
The circuit developed to meet these requirements is

shown in Fig. 1. It consists of a two -stage amplifier
(Tr 1 /Tr2) using current feedback to determine the gain,
followed by an emitter -follower output buffer stage (Tr3).
PNP and npn transistors were used to ease the biasing
problem and eliminate interstage a.c. coupling: only the

20V from 3A

C2
6.81

Input from 2E Tr3
BC147

i !2E1';,]

Fig. 1: Fast video amplifier circuit. Use a 6 8pF solid
tantalum capacitor (C2) on the board as well as adding one
on the RGB board - see text.

input, from the contrast control slider, is a.c. coupled, the
luminance input circuit on the RGB board incorporating a
coupling capacitor.

Using the component values specified the nominal gain
of the amplifier is three. This guarantees the minimum gain
requirement taking component variations and tolerances
into account. The amplifier was constructed on 0.1in single -
sided tracked Veroboard - apart from keeping lead lengths
to the minimum the layout is not critical. The performance
on bench testing was found to be as follows:

Conditions:

Supply
Capacitive output load
Input voltage
Pulse repetition frequency
Pulse width
Input rise/fall times

Performance:

Output voltage
Rising pulse edge delay
Falling pulse edge delay
Overshoot/undershoot/ringing

20V
25pF
2V peak -to -peak
5MHz
10Onsec
20nsec

5V peak -to -peak
14nsec (50% points)
13nsec (50% points)
Negligible

The amplifier was thus found to meet the requirements. It
was incorporated in the set between the wiper of the
contrast control potentiometer (2E) and the luminance
input on the RGB panel (3C), using coaxial cable for the
signal connections, earthed at each end. Power was taken
from the 20V supply on the RGB board (3A and 3J).

When installed the amplifier gave the desired
improvement in performance, with more than enough
contrast control range and satisfactory picture quality
under high ambient lighting conditions. It has also been
tried out in a set using the original i.f. board, with the same
results.

Striations
The problem of vertical stripes at the left-hand side of the

screen was found to be due to the 750V black -level clamp
pulses on the RGB board being coupled into the 20V rail
and causing ringing. This ringing is superimposed on the
colour signals, amplified and fed to the c.r.t. to give the
stripes observed. A marked improvement was obtained by
using a high -quality solid tantalum electrolytic capacitor
(6.8µF, 35V) to decouple the 20V rail - add from 3A to 3J.
This reduced the amplitude of the ringing considerably,
making the stripes much less noticeable.

* Components list
R1 10k0 Cl 10pF 20V solid tantalum
R2 30k0 C2 6.8,uF 35V solid tantalum
R3 2200 C3 0.1pF 100V ceramic
R4 3300
R5 5600
R6 2700
R7 1k0 Tr1 2N3702
All resistors 10%. Tr2 BC107 or BC147
;W, type TR4 Tr3 BC107 or BC147
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SWIIC111011N
POWER "RIES

UNTIL, a few years ago the power supply was a relatively
insignificant part of a tv receiver, often consisting of only a
handful of components. There was the brute force
arrangement, with a large choke and smoothing capacitor
providing a single h.t. rail from which the entire set was
powered. Slightly more civilised is the multi -filter circuit, in
which several RC filters smooth and isolate several different
h.t. lines which feed various sections of the receiver. Valves
are not fussy devices so far as h.t. supplies are concerned: in
particular the all important line output stage can be stabilised
by means of a v.d.r. circuit.

The valve heaters represent a waste of energy, the
inevitable heat being added to by the customary "hairy"
mains dropper. In early monochrome sets over 100W of heat
was usually dissipated within the cabinet, while hybrid colour
sets could achieve 300W! The problem could have been
resolved, but the old bogey of cost ensured the survival of the
dropper for many years.

Development of Solid -State TV Chassis
The advent in 1967 of the first fully transistorised colour

chassis (Thorn 2000) resulted in power supply circuitry
being rethought. The first colour receiver line output
transistors were low -voltage devices requiring an h.t. line of
around 60V. As with all transistor line output stages the
transistor operates in true class C, and for good e.h.t. regula-
tion - and stable width -a stabilised power supply is required
to cope with the high and variable current demand. In the
2000 chassis a double -wound mains transformer was used,
with separate series regulators of conventional design feeding
the line and field timebases. This is a good but expensive
system. The subsequent single -standard Thorn 3000 chassis
retained low -voltage transistors but used a switch -mode
regulated power supply, the famed chopper circuit.

As high -voltage deflection transistors became available
the norm for solid-state colour receiver h.t. lines became 160-

200V. This eased the current requirements, but the need for
efficiency and stabilisation remained. A different type of
switch -mode power supply, based on the use of a thyristor
(silicon controlled rectifier), was developed to meet this need.
More recently a number of other techniques have been
developed, culminating in the Syclops circuit used in the
Thorn 9000 chassis -a description of the operation of this
was given in the August issue.

Switch -Mode Principle
Imagine you are using a 100W bulb to light a small room.

If you wanted less light than that given off by the bulb several
techniques could be used to reduce the light. You might buy a
transformer to reduce the voltage applied to the bulb. This
would be expensive and bulky however. You might buy a

E. TRUNDLE

large resistor and wire it in series with the bulb. But this would
be wasteful and crude. If you devised a system of switching
the bulb on and off at high frequency, no power would be
wasted. The ratio of the bulb's on time to its off time (the
mark -space ratio) would determine the illumination provided
by the bulb and, more to the point, the size of the bill at the end
of the quarter! This basically is the principle of the switch -

mode power supply. The analogy is by no means exact
however, since the bulb's current, requirement does not vary
and, provided the switching or chopping rate is sufficiently
high, no energy reservoir is required between the switch and
the load (the bulb).

Thyristor Stabilised Supplies
Nearly all current colour receivers use a form of switch -

mode power supply. The most common circuit is the
thyristor one, so we will look at this first. The thyristor may
directly rectify the incoming mains supply, or it may be fed by
a separate full -wave rectifier. In either case the thyristor's
mode of operation is the same.

Rank Circuit
An example of the first approach is the circuit used in the

Rank 90° colour chassis which was introduced in 1969. Fig.
1 shows the circuit. The thyristor 8THY I can conduct only
on positive half -cycles of the mains input waveform and only
when its gate has been made positive with respect to its
cathode. It is a characteristic of the thyristor that once it has
been triggered at its gate it will continue to conduct until its
anode voltage drops below the voltage at its cathode -
regardless of the conditions at its gate. If we can arrange
therefore to apply a positive pulse to the gate at some point
during the latter half of the positive half -cycle of the mains
input, the thyristor will fire and continue to conduct until the
mains waveform drives its anode voltage below the potential
at its cathode-thus reverse biasing it.

The thyristor gate triggering voltage is derived from the
mains input sinewave via the potential divider 8R6, 8R7 and
8RV1. Its timing is incorrect however, so after amplification
and clipping by 8VT1 a delay is introduced by the phase -shift
network 8R10, 8R20 and 8C7. The BR 100 diac 8D3 is a
bidirectional device which conducts at a point called its
breakover voltage. When this is exceeded, it conducts and
conveys a positive triggering pulse via 8C8 to the gate of the
thyristor which thus fires.

The zener diode in 8VT1's emitter circuit compensates
for temperature drift, and the initial working point of
the circuit is set by the "set e.h.t." control 8RV 1.
Compensation for mains voltage variations is effected
directly by 8VT1 since its base current is determined by the
mains voltage.
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AC

LT supplies
via transformer

8SW1 8F2
SA 8L1

circuit
81+11

VA1104

47

8TH8'
BT106

8R6
390k

8R7
9k1

Set E

8VT1
BC147

8610 8R20
68k 68k

802
7-5V

8R11
820

803
BR100

8R12
10

BC8
022

8C7 8R13
0 22 22k

8R9
390k

NAN 11/721

8 Ru.
2k2

8R19 8C91
47k

8R15
F,R

8C10 8R18

147k

8F3
600mA

200V

Fig. 1: Thyristor stabilised power supply circuit used in the Rank A823A V chassis. Thyristor 8THY1 is switched on during the
latter half of each positive -going half cycle of the mains input. The trigger pulse is provided by diac 8D3, under the control of
8VT1 which compensates for variations in the mains input and for variations in the load, the former action occurring since its
base is fed with the mains input, the latter as a result of the feedback via 8R9. The timing of the trigger pulse is controlled by
8VT1 with 8C7I8R1018R20.

The all important h.t. line stabilisation is achieved by
applying feedback to the base of 8VT1 via 8R9. If due to
increased current demand the h.t. voltage falls, 8VT1's base
current also falls, reducing its conduction: consequently 8C7
charges more rapidly via 8R10/8R20, the breakover voltage
of 8D3 is reached sooner and 8THY1 is fired earlier in the
cycle, increasing the output voltage to offset the initial fall.

A conventional filter - 8C9/8R15/8C10 - removes the
ripple on the output line. The arrangement is relatively
simple, but effective. The alternative approach used in
chassis such as the Pye 713 and Philips 320 (monochrome,
this one) is to include a separate full -wave bridge rectifier
between the mains input and the thyristor. In consequence
the anode of the thyristor is fed with a train of 100Hz positive -
going half -cycles, greatly assisting in the smoothing
downstream from the thyristor. The circuit's operating
principle remains the same however. You may also find a
single half -wave rectifier in series with the thyristor, on the
mains side: this is simply to provide the thyristor with a
degree of protection against transients on the mains input.

It is a common fallacy that the thyristor continues to
conduct until the mains waveform drops to zero. As the
thyristor cuts off when its anode voltage falls below its
cathode voltage however this cannot be - see Fig. 2. The
relatively short time interval between tl and t2 is called the
conduction angle and is measured in degrees of the mains
cycle (360° occupies 20msec with a 50Hz mains supply).
During the brief interval when the thyristor is conducting the

(a) OV

1k)

OV

Ic)

OV

t2 t3 (17731

Volt age on 8C9

Thyristor fired at 11.13

Current in 8TH01

Current drawn by receiver

1 2 3

Fig. 2: (a) Duty cycle, or conduction angle, of thyristor
8THY1. (b) Trigger pulses from the diac fire the thyristor at
times tl , t3 etc. (c) During the time ti to t2 the reservoir
capacitor 8C9 has to be charged sufficiently to be able to
supply energy to the receiver until time t3.

entire energy required by the receiver for the whole period
must be passed into the reservoir. The peak current through
the thyristor is thus several times the h.t. current flowing
through 8F3 - see Fig. 2(c).

In all sets using switch -mode power supplies protection
is required against over -voltages due to a fault or mis-
adjustment of the regulating mechanism (see article in the
August 1975 issue). In the Rank chassis in question a voltage
sensing arrangement in the line generator circuit shuts down
the line output stage in the event of the h.t. voltage rising 10%
above normal, thus preventing damage.

Many chassis use thyristor power supply circuits, and
inevitably there are variations in detail.

Chopper Circuits
The chopper technique is by no means new, having been

used for many years in industrial instruments and
professional equipment. It first burst upon an astonished
retail world however in the Thorn 3000 chassis. Sony used a
broadly similar design in their KV130OUB receiver, and the
Berry Vision solid-state chassis uses the same basic
arrangement. The idea is that a transistor in series with the
supply - the chopper transistor - is either fully saturated or
cut off, thus dissipating very little power. Regulation is
effected by varying the ratio of its on/off times. The chopping
occurs at line frequency. The circuit has been described in
detail before in this magazine, for example in the September
1974 issue (pages 514-7), so we do not propose to repeat all
this.

As high -voltage transistors have become more
commonplace in current designs, so the chopper power
supply is being abandoned in favour mainly of thyristor
designs. There are nevertheless many thousands of sets with
chopper supplies in use, and they will require servicing for
many years to come. There are other approaches to h.t.
regulation however.

Blocking Oscillator Circuit
In their 110° colour chassis for example Tandberg use a

novel form of switch -mode supply which could become more
widespread in future. The circuit is shown in Fig. 3. The
incoming mains is rectified by the full -wave bridge rectifier
D976-9, the resulting -280V output being smoothed by
C977 and used to power the blocking oscillator Q977 which
supplies power to the whole of the receiver except for the c.r.t.
heaters. The primary winding of the blocking oscillator
transformer is winding a -d which forms Q977's collector
load. The feedback winding is i-h, which is connected to the
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Fig. 3: Blocking oscillator switch -mode power supply circuit used in Tandberg 110° colour sets. Warning to Australian readers:
a very similar circuit is used in

Degaussing and
CRT heater transformer

circuits

base of Q977 via the limiter resistor R984, capacitor C979
and the speed-up diodes D980/D981. Q977 is either fully
saturated or cut off, so its dissipation is low. The output is a
squarewave of varying mark -space ratio - depending on the
frequency, which is varied to provide the regulation. The
squarewave output is rectified by diodes D984/D987 and
filtered to provide the various supply lines required by the
receiver. The oscillator's high basic frequency ( > 25k Hz)
greatly eases the filtering and accounts for the low values of
the smoothing capacitors. The transformer T975 itself is a
surprisingly small ferrite -cored device.

Stabilisation
The voltage appearing across winding g -h is rectified by

D982, with C975 as its reservoir. This voltage
(approximately 24V) is proportional to the unit's output
voltage .and sets the base current of Q975 whose emitter
voltage is stabilised by zener diode D975. The conduction of
Q975 is thus governed by the unit's output voltage. As this
increases, the collector of Q975 moves in a positive direction.
taking the gate of thyristor Q976 with it.

The regulator's "earth" line is point P8, at Q977's emitter,
but as a result of the presence of R982 there is a sawtooth
ripple voltage present here. The amplitude of the sawtooth is
proportional to Q977's emitter current. This sawtooth
appears at the gate of thyristor Q976, which fires on the
peaks of the sawtooth voltage.

As its gate moves positively, due to the action of Q975, so
a lower amplitude sawtooth voltage - corresponding to less
current in Q977 - is required to fire the thyristor. Each time
Q976 fires it passes a negative pulse from the -280V line via
C982 to the base of Q977, cutting it off early. The output

voltage is thus stabilised against mains voltage and load
current variations. Capacitor C982 is charged to about 4V
by D989 and D990 from winding k -f on the transformer: this
holds the anode of the thyristor at the correct voltage.

Kick -Start Circuit
At switch on the reservoir/smoothing capacitors C983-

C990 present a heavy load to the transformer on the
positive half -cycles of its output, due to the charging
current. Thus C975 will not charge fully via D982, and the
regulator transistor Q975 will not conduct. The negative
half -cycles are not loaded however, and as a result C976 is
charged to about -30V by diode D983. This voltage is
stabilised at -7.5V by zener diode D988. The potential
divider R980, R991 supplies -3V to the gate of thyristor
Q976. This means that the current in Q977 must be very
high (3.7A) before the voltage developed across R982
becomes high enough to fire the thyristor and cut Q977 off.
The feedback voltage from point i on the transformer is still
too small at switch on (due to the loading effect of the
charging filter capacitors) to maintain oscillation however.
Thus we need a starting mechanism to get the circuit going.

At switch on the charge on C982 increases because
winding k -f is so phased that diodes D989 and D990
conduct on the "unloaded" half -cycles of the output. C997
therefore charges through the base -emitter junction of
Q980. As a result Q980 conducts, tending to discharge
C982, which is already being drained by the conducting
thyristor Q976. The net result is that the charge on C982
becomes too low to maintain the thyristor in conduction.
The thyristor is thus held "off" until C997 has charged and
Q980 cuts off. This takes about 100msec, by which time
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the output filter capacitors have charged and the excessive
load has thus been removed. The circuit then operates
normally.

Overload Protection
If a heavy load is presented to any of the outputs from

the unit (a short-circuit line output transistor for example)
the regulator will function as described above but without
Q980 conducting. C982 will eventually discharge through
the thyristor, cutting it off and allowing Q977 to conduct
briefly. C982 will rapidly charge again, switching the
thyristor on for a long period until the charge on C982 has
once more leaked away. The mark -space ratio of the
blocking oscillator's output waveform thus becomes high,
reducing the average current to a safe level. The repetition
frequency in fact falls to about IkHz, and a characteristic
buzz is heard from the oscillator transformer. These
conditions are maintained (even if the load is removed) until
the set is switched off for a few seconds and then switched
on again, allowing the quick -start circuit Q980 to operate
once more.

ITT FT100 Circuit
The regulator circuit used in the ITT 110° Model FT110

is another example of the switch -mode technique and, like
the chopper circuit used in the Thorn 3000 chassis,
operates at line frequency. In this case the regulator is part
of the line timebase, which is logical since both functions

8747 From EHT tripler
33k 47k earth return circuitre---,AA.-t-AAA.,- 0

0724 .I.C721
220p,,

are being carried out at the same frequency. There are five
basic sections of the line timebase: the oscillator, followed
by a pulse -width modulator which varies the mark -space
ratio of the oscillator's output waveform, the line driver
stage, a converter stage which provides the regulated
outputs and also drives the line output stage itself.

The circuit is shown in Fig. 4. The line oscillator is -
unusually -a multivibrator consisting of T702 and T703,
the frequency being determined by the time -constant of
C716, R724 and 8723. There are two power supply feeds,
one from the 28V supply via R719 and R736, and a start-
up feed from the 280V (unregulated) line via R764 and
R769.

Pulse -Width Modulator
The output is coupled by C717 to the pulse -width

modulator, a monostable multivibrator consisting of T705
and T706. This is triggered on by the line pulse at the base
of T705 and remains on for a period determined by the rate
at which C718 discharges into the base of T706. The
discharge rate of this capacitor is governed by the
conduction of the transistors, which in turn depends on the
28V line voltage applied via 8719, R753 and 8732 to the
base of T705. The result is a feedback loop, the power
supply output voltage being monitored and translated into
a mark -space ratio variation of the current pulses flowing
through T706. The action here is similar to that of the
monostable circuit in the Thorn 3000 chassis. Variations in
the mains voltage and hum ripple on the unregulated 280V
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line are compensated for by the link from this line via R768
to the base of T705. The operating point of the circuit is set
by the set h.t. control 8737, the supply to this being
stabilised by the zener diode D706 - if this diode is faulty it
will not be possible to set the h.t. correctly, the likely result
being a small picture.

When the set is first switched on there will be no 28V
supply and the drive pulses to T705 will be low. Current
flows via R752, D705, R740, R737, R735, R760 and
R764 to the 280V rail, the voltage thus established across
R752 compensating for the lack of current through R735,
enabling the circuit to start. When the 28V line has risen
sufficiently D705 will be reverse biased and normal
operation will start.

Converter Stage
The squarewave current flowing in T706 passes through

the base -emitter junction of the driver transistor T707. The
following converter output stage (T712) operates in
precisely the same manner as a conventional line output
circuit, with the ferrite transformer Tr702 providing
various output voltages for use in different sections of the
receiver. A separate winding on this transformer drives the
line output transistor itself. Both the converter and the line
output stage use a BU208 transistor.

Overload Protection
As usual, protection is provided, consisting here of the

transistors T708 and T711. If a fault condition results in
the secondary winding(s) on transformer Tr702 becoming
excessively loaded the current in T712 will increase. The
resulting increased voltage across its emitter resistor R755
is fed via R754 to the base of T711, driving it into
conduction. This in turn switches T708 on, and the two
transistors lock on regardless of the voltage across R755.
In this condition the driver transistor T707 is held
conducting by the current flowing via R743. The converter
stage shuts down due to the absence of drive, and all its
output voltages fall.

An additional result of T708 conducting heavily is that
the line oscillator's supply voltage falls, since C719
discharges. When this voltage falls sufficiently T708 can no
longer hold T711 on and the two transistors switch off
again. The whole cycle repeats at about 400msec intervals
until the overload is removed.

During channel changing the c.r.t. beam current rises to
maximum: the feed from the e.h.t. tripler circuit via R747
prevents the circuit tripping in these circumstances. In the
event of a c.r.t. flashover a negative pulse is applied from
the e.h.t. tripler circuit via R749 to the base of T708 to
operate the trip.

Servicing
From the servicing point of view switch -mode power

supply arrangements are certainly more difficult to deal
with than conventional circuits. There is always the danger
of short-circuits or incorrect operating conditions causing
an over -voltage, with disastrous results. Under no
circumstances should any protection device be over -ridden
or disabled. In the Thorn 3000 chassis for instance
repeated tripping of the mains cut-out is often due to the
over -voltage crowbar trip thyristor W621 being leaky. If
this is suspected, W621 must be replaced: don't disconnect
the crowbar thyristor and switch on since an over -voltage

"Can you convert it to colour?"

may be legitimately firing it.
Another point to remember is that transistor switches

are designed to operate very rapidly in order to minimise
the dissipation within them. Do not therefore connect any
instrument - an oscilloscope with straight -through probe
for example - whose input capacitance is likely to slow the
rise time of the switching waveform. Examples of
vulnerable points are the base of the chopper transistor
VT604 in the Thorn 3000 chassis and the base of the
blocking oscillator transistor Q9.77 in the Tandberg circuit
described earlier.

Dummy -Load Testing
The risk of damage when working on switch-mOde

circuits can be eliminated by disconnecting the power
supply unit's output line(s) and simulating the load by using
a resistor to absorb the energy. Taking the Thorn 3000
chassis as an example, we need to draw about 1.5A at 60V
from the chopper circuit. This suggests a 402, 100W
resistor - best made up from a firebar element. A standard
240V, 1kW element has a resistance of about 602.

A more elegant (and more expensive) way of testing is to
use a variac. The mains can then be slowly "wound up"
while the output currents and voltages are monitored.

One disadvantage of the auto protection used in the
Tandberg circuit is that fault diagnosis is made more
difficult since the set has to be switched off and on again to
reset the trip. This allows only a few milliseconds in which
to diagnose the fault! The dummy -load or variac dodges
can be very useful here. If in doubt, a cold check on all the
semiconductor devices in the power supply circuit will often
reveal the culprit.

In the ITT FT110 and similar designs where the circuit
"pulses" during overload conditions - the Thorn 9000
Syclops circuit is another example - cold d.c. checks for
leakage in vulnerable components should be made. If this
doesn't resolve the problem, progressive load shedding by
disconnecting supply lines until normal operation returns
should reveal the fault area.

Conclusion
Switch -mode power supplies are certainly here to stay,

and as the transformer manufacturers and the purveyors of
large wire -wound resistors slowly go broke we must attack
power units with an oscilloscope probe rather than a neon
screwdriver! The writer vaguely remembers a strange glass
device (PY32 or something) which apparently once formed
the heart of a TV set's power supply. May it rest in peace!
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BOTH television and the cinema film depend upon the
phenomenon of persistence of vision in the human eye to
create the illusion of moving pictures. If the film in the
cinema is projected too slowly an intolerable flicker effect is
produced. To avoid this effect in television the screen is
scanned fifty times a second. The broadcast television
signal contains all of the resulting video information, which
after suitable processing is applied directly to a cathode ray
tube to reproduce the required picture.

In the case of the teletext signals however things are not
as straightforward. The data for a selected page of teletext
information is transmitted as a short burst of signals about
once every thirty seconds or so depending upon the number
of pages in the magazine being broadcast. To present a
stable display on the screen we need once again to apply a
video signal to the picture tube at the rate of fifty scans per
second. In order to produce this continuous video signal for
the display the received data, having been captured and
decoded, must be stored in some form of memory device.

Page memory
Unlike a normal television picture the display of a page

of teletext data follows a rigidly defined layout in which
there are 24 rows each containing 40 spaces where the
characters or symbols may be displayed. Each of these
spaces can contain any one of 150 possible patterns, 96
being alphanumeric symbols whilst the other 64 are used
for graphics. For each space a seven -bit binary coded
number defines which one of the possible patterns is shown
in that space. In a typical displayed page many of the 960
character positions will just be blank spaces but a code
number is still required for each of them to tell the display
control circuits to leave the space blank. For a complete
page of data there will be 960 words of seven bits each,
giving a total of 6720 bits of data which must be stored in
the page memory of the decoder.

St

Data in o-O Data out
Write Read

OV o

S2

N1051

Fig. 17: A
capacitor memory
cell.

Most decoders will have a memory which holds a single
page of data but some more sophisticated models may have
a number of memories so that several pages or perhaps the
complete magazine may be stored at one time. This would
enable the viewer to have an immediate display of a
different page, whereas a viewer with a simple decoder
might have to wait up to half a minute before his newly
selected page appears on the screen. For the moment we
shall deal with the single page memory since the extra
pages of memory will be identical circuits.

Now let us look at the requirements for a single page
memory. Basically it consists of an array of 960 electronic
`pigeonholes' each of which is used to hold a code defining
the pattern to be displayed at one of the character positions
on the screen. Normally each of these pigeonholes would
contain a seven -bit word, but for simplicity let us assume
for the moment that the symbol in the character space can
be defined by a single data bit. This bit may be either 1 or 0
and will correspond to a space which is either white (1) or
black (0).

Each memory cell corresponds to one particular space in
the display on the screen. As each piece of data comes from
the receiver it must be written into the appropriate cell in
the array. Similarly as each space is scanned on the display
the corresponding cell must be interrogated and its contents
read out so that the correct symbol is shown on the screen.
To achieve this an addressing system is needed to obtain
access to the data stored in the array.

The two main types of storage system in common use
are defined by the method used to obtain access to the data
stored in the array. These two types are known as the
Random Access Memory (RAM) and the Sequential
Access Memory. We shall start by examining the action of
the RAM which is the type commonly used for computer
systems.

Dynamic memory cell
Perhaps the simplest form of storage element is a

capacitor. If the capacitor is charged and then disconnected
from the circuit it should, in theory, retain its charge for
ever. Fig. 17 shows how such a simple capacitor cell can be
produced. Let us assume that when the capacitor C is
charged to some voltage V the cell is in the 1 state and
when the capacitor is discharged a 0 state exists. Suppose
we wish to write a data bit into the memory cell. Switch Si
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is closed and connects the capacitor C directly to the input
data line. Whilst Si remains closed capacitor C will charge
or discharge until its voltage is the same as that on the data
input. If switch S 1 is then opened the capacitor will retain
this voltage state since there is no path for current to flow
into or out of the capacitor. To read data out of the cell the
second switch S2 is closed and connects the capacitor to
the output data line.

Unfortunately a large array of discrete capacitors and
mechanical switches is not a very practical proposition for
a teletext page memory when we consider that there must
be more than 6000 cells in the complete array. The
switches can however be replaced by field effect transistors
so that the whole array of cells can be fabricated on an
integrated circuit chip. A typical cell arrangement will be as
shown in Fig. 18. This is the basic structure of the cells used
in the Intel type 1103 random access memory device which
has a total of 1024 such cells. All of these cells plus some
additional control circuits are packed on to a tiny chip of
silicon roughly 3 mm (+ in) square. A photograph of the
chip, taken through a microscope, shows the regular
pattern of the array of memory cells and the complexity of
the circuit.

Let us consider the action of a transistor -capacitor
memory cell. Suppose we wish to write a data bit into the
cell shown in Fig. 18. First of all a voltage is applied to the
Write Select input. This biases the gate of Tr 1 relative to its
source electrode causing the transistor to conduct. When
conducting fully transistor Tr 1 exhibits a very low
resistance between its source and drain terminals, thus
connecting capacitor C directly to the input data line. The
capacitor will then charge or discharge until it has the same
voltage level as the input data signal. When the Write Select
signal is removed Tr 1 turns off effectively disconnecting the
capacitor from the input. The voltage across the capacitor
should now remain steady for a time if no further Write
Select signals are applied.

Chip layout of the Intel 1103
RAM, as viewed through a
microscope.

Data in

Fig. 18:A dynamic
memory cell.

Write
select

Read
select

Ground or
substrate

Data out

iN106!

Transistor Tr3 acts as a source follower stage which is
the f.e.t. equivalent of a valve cathode follower. It presents
a very high input impedance across the capacitor whilst
having a relatively low output impedance to enable it to
drive the output circuits. Transistor Tr2 acts as a switch to
connect the source of Tr3 through to the Data Out line
when a control voltage is applied to the Read Select input.
To read out the data from the cell all we have to do is apply
a control signal to the Read Select input to turn on Tr2,
whereupon the voltage across the capacitor will appear at
the output and can drive a load without seriously affecting
the state of the capacitor.

Selecting the cell
When there is a large number of cells in the memory

array we shall need some simple method of selecting one
particular cell from the array, either to read data from it, or
to write data into it. To simplify the wiring, all of the data
inputs of the cells could be fed from a common data input
line and all of the data outputs could feed into a common
output line. If the cells are effectively in a single row then
each cell will need a separate pair of wires for its Read and
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Fig. 19: Connection arrangements fora 16 -bit memory array.

Write Select inputs. For an array with 1000 cells this would
mean that there would be over 2000 lead -out wires from the
array which is obviously not a practical proposition for an
integrated circuit device.

The number of leads required and the complexity of the
interconnection wiring on the chip can be reduced if the
cells are arranged in a two-dimensional matrix as shown in
Fig. 19. Here the 16 cells have been arranged to form a 4 x 4
matrix. For a 256 -bit array there will be 16 x 16 cells and
1024 bits would need an array of 32 x 32 cells. The input
data lines of the cells in each column are tied together in a
group and the outputs are similarly grouped. Read Select
lines across each row of cells are fed from a common input
and similarly the Write Select lines are also joined together
across each row. Thus by activating one of the Read Select
inputs the whole row of cells associated with that input are
selected. In the same way iata signals are applied to or
taken from a complete column of cells at a time.
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Fig. 20: Overall block diagram of a complete memory

1N108.1

To select one particular cell from the array we merely
have to select the row and column that cross at the desired
cell. Suppose we wish to write into cell number 7 in the
array shown in Fig. 19. First a Write Select input is applied
to the cells in row 2 and then the data input is connected to
the cells in column 3. Although the data is applied to all of
the cells in the column only cell number 7 has its Write
Select activated so it will be the only cell in the column to
have data written into it. To read from a cell a similar
procedure is adopted using the Read Select and data output
lines to determine which cell is selected. To facilitate the
switching of the input and output data signals two
additional rows of transistor gates are added to the basic
array of memory cells.

Currently available memory devices have additional
transistor switches and control circuits included on the chip
to control the cell selection process. Usually the selected cell
is defined by a binary coded address input. For a 1024 -bit
memory like the Intel 1103 this address code consists of ten
bits. Five bits are used to select one of the 32 rows and the
other five bits select one of the 32 columns of the array. An
overall block diagram of a complete memory integrated
circuit is roughly as shown in Fig. 20.

Refreshing the data
Up to now we have assumed a perfect memory cell in

which the capacitor, once charged, will retain its voltage
level indefinitely unless a further write operation is carried
out. In practice it is not possible to produce such a perfect
cell in an integrated circuit. Because of the small size of the
silicon chip the capacitors that can be produced are of quite
low capacitance value whilst at the same time there will be
leakage paths on the silicon chip which will allow the charge
on the capacitor to leak slowly away. After a short time,
usually in the order of milliseconds, the data stored in the
capacitor will have been lost unless some action is taken to
retain it. For teletext use we need a storage time of about
thirty seconds so a method of restoring the data is needed.

To maintain the stored information in a dynamic type cell
array the data in each cell needs to be 'refreshed' from time
to time. A 'refresh' operation involves reading the data from
the cell and then immediately writing it in again. In this way
the charge on the cell capacitor can be restored to the level
it had after the data was first put in. Thus the data is
restored after each refresh cycle and may be retained in the
cell indefinitely. The refresh cycle must of course be carried
out before the charge on the capacitor has fallen to a level at
which the data is lost or unreliable and for most dynamic
memories this involves refreshing each cell at least once
every two or three milliseconds.

If every cell were selected individually to refresh it, the
number of refresh cycles needed would be too great for
practical use so in most memories a whole row of the array
is refreshed at at time. Thus for a 1024 -cell array only 32
refresh cycles would be needed instead of 1024. To simplify
external circuitry, refresh cycles are carried out
automatically every time data is read out from one of the
cells in a row. As shown in Fig. 20 the output data from the
selected row is fed through a set of refresh amplifiers and
then passed via the input gates so that it can be
automatically written back into the selected row of cells.

To refresh all of the data stored in the memory we simply
have to select each of the rows of cells in the array in turn
and carry out a Read operation. When the page of teletext
data is being displayed on the screen it will be necessary to
read data from 40 memory cells in sequence to produce the
characters for one line of the display. If we arrange that the
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characters are stored in successive rows of the memory
array then the whole array can be refreshed as each line of
characters is read out. Since there are 24 lines of characters
per frame the data in the memory array will automatically
be refreshed every millisecond which meets the
requirements of current types of dynamic memory.

Timing
For a dynamic type memory system the timing of the

input and control signals can be relatively critical. In
Fig. 21 is shown the timing sequence for a Write cycle
with an 1103 type memory device.

First a Precharge signal is applied which is used to reset
the internal circuits of the chip and prepare it for a Read or
Write cycle. After this the Address code is set up on the
address inputs to select the cell which is to be written into.
A third signal is Cenable (Chip enable) which is used to
select the chip if more than one memory device is used to
make up a larger memory array.

The Precharge pulse is now removed and after the input
data has become stable the Read/Write line is set to Write,
when the data will be written into the selected cell. During
the Write pulse the Address, C enable and Data inputs must
remain steady but after the end of the Write pulse the
address can be changed ready to select the next cell to be
dealt with.

A similar sequence of events takes place during a Read
cycle as shown in Fig. 22. Here the Read/Write line remains
in the Read condition throughout the cycle. After a short
delay time data will appear at the output and will remain
valid until either the Address or Cenable inputs change.

Intel Corporation have introduced an updated version of
the 1103 which is known as the 1103A. This device does
not require a Precharge signal which makes the timing
sequence much simpler. In all other respects the 1103A is a
direct replacement for the 1103, the Precharge input pin
having no internal connection.

Some dynamic memories make use of multiphase clock
signals but in general these types are now considered to be
obsolete. Most memory systems with dynamic devices are
likely to follow the general pattern of the 1103 type. Typical
Read or Write cycle time periods for dynamic memories are
from 300 nanoseconds to a microsecond.

Static memories
One of the major drawbacks of the dynamic type

memory device is the need to refresh continually the data
stored in its cells. An alternative approach to building a
memory array is to use static cells instead of the dynamic
type. A static cell contains a somewhat more complex
circuit as shown in Fig. 23. Here two transistors, Tr2 and
Tr3, form a flipflop circuit having two stable states.
Transistors Tr 1 and Tr4 act as switches which allow the
cell to be connected to the two data lines operating in
antiphase. When the Select line is energised transistors Tr 1
and Tr4 turn on and connect the cell directly to the data
lines.

To write data into the static cell the two data lines are
driven from the input data signal so that when the cell is
selected it is forced to take up the same logic state as the
input data. The cell will retain this state indefinitely unless a
further write operation is carried out.

When data is to be read out from the cell the input data is
disconnected and the two data lines are used to drive the
output stage of the memory. Now when the cell is joined to

Address

Precharge-\
14

Cenable

Read/write

Data in

Write cycle time

Address
can change

/
Read

Data can change

\ Write / Read

1N109!

Fig. 21: Timing sequence for the Write cycle of the 1103
memory.

Address Dc_ Address must be stable

Precharge-\

Cenable

Data out

Address
can change

/
Access

Read cycle time

0,14 Data
time valid 1N1101

Fig. 22: Timing sequence for the Read cycle of the 1103
memory.

the data lines by applying a select signal the data stored will
be passed to the output stage but the state of the cell itself
will be unaffected.

As in the dynamic memory the static cells form an array
of rows and columns and the addressing process is
virtually the same. Read and Write sequences follow the
same pattern except that in the static memory there is no
Precharge signal and no refreshing is carried out.

A typical static RAM is the 2102 type produced by Intel,
which has 1024 cells and operates with a read or write cycle
time of less than a microsecond.

A practical page memory needs to store seven -bit data
words whereas each memory chip is generally capable of
handling only one bit. Fig. 24 shows how a complete page
memory is built up using 2102 type memory devices. Here
each of the seven data bits is fed into a separate memory
chip but all of the 2102 devices are driven in parallel on the
address and read/write control lines. Thus the same cell in

Fig. 23: A typical
static memory Data

cell.
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Fig. 24: Block diagram of a Page memory using Intel 2102
RAMs.

all seven chips is selected and the seven -bit data word can
be transferred into or out of the memory in one parallel bite.
Gates are included in the data input lines so that the whole
memory can be cleared of data if desired and a further set
of gates at the output allows the memory to drive the
following logic circuits in the decoder.

Address generation
It would be very convenient if the array of cells in the

memory had a 40 x 24 layout to match the 40 -character by
24 -line display format of the page of text.

The address code for such a memory array may be split
conveniently into two parts, one consisting of five bits
which select the row of cells, and the second comprising six
bits which select one of the 40 characters in the row. When
information is being written into the store the cells along a
row must be selected in sequence as the data for each
character arrives so that the data is written into its proper
position along the row. To do this a counter, which is set to
zero at the start of the line of characters, is incremented
each time data for a character is received. The counter will
therefore count up from 0 to 39 as the line of characters is
received and its output can be used to select the cells in the
row in sequence as required.

After the first line of characters has been stored the row
address of the memory must be increased by one to select
the next row of cells. This can easily be done by using the
received Row Address code of the data to drive the row
address of the memory.

When data is being displayed a similar arrangement is
used. Once again a character counter selects the position
along the memory row whilst the row address is derived
from the display control electronics as it scans the lines of
characters on the displayed text.

At the present time specially designed memory devices to
match the teletext format are not available. In order to
produce integrated circuits economically they need to be
manufactured in vast quantities, hence it is unlikely that
special teletext memory devices will become available until
the set makers start mass producing teletext decoders. In
the meantime the readily available memory devices are all
aimed at computer and data processing applications.
Usually these types have a binary number of cells, often in a
square array, and common sizes are 256, 1024 and 4096 -
bit arrays. Some manufacturers also produce 512 and
2048 -bit memories. For a teletext page memory a 1024 -bit
array device is most convenient and since this is a popular
size prices tend to be quite low.

Unfortunately the addressing arrangements for a 1024 -
bit array are not directly compatible with the teletext page
format. An address generation circuit is therefore needed to
convert the character count and row address signals into a
simple binary code address for application to the memory
devices.

Suppose that we are writing the first line of symbols into
the memory. The character count signal can be applied to
the first six bits of the memory address so that as the 40
characters in the line arrive they are loaded into the first 40
cells in the memory array. For the next line of characters
however we need to add 40 to the output of the character
counter so that the data is loaded into cells 41 to 80 in the
memory array. For each successive row of characters a
further 40 must be added to the count signal so that the
data progressively fills the memory. Thus to produce the
address for the memory device we need to add forty times
the row address of the line of characters to the character

0
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count along the line. This can be carried out by using the
circuit shown in Fig. 25.

Here 7483 type binary adder devices are used. These
devices will accept two four -bit binary numbers at their
inputs and produce a binary number at the output which is
equal to the sum of the two input numbers. In this circuit
two stages of addition are used. The first three bits of the
character count (of weights '1', '2'. and '4') are passed
straight through to the memory address lines since this part
of the address remains unaffected if 40 or a multiple of 40 is
added to the total address.

In adders A 1 and A2 the row address is added to the
character count but the row address units are effectively
added to the 8 level of the character count so that a unit
change in the row address gives a change of eight in the
final output address. Thus we have effectively multiplied the
row address by eight and added it to the character count.
To give a total multiplication by 40 we need to add in a
further 32 times the row address and this is done in the
second stage of addition using adders A3 and A4.

Here the units of the row address are added in to the 32
level of the output address, so that for a change of one in
the row address the output address changes by 32. As a
result the final output address will represent the basic
character count plus 40 times (32+8) the row address
input, which will ensure that the character data will be
stored into successive locations throughout the 1024 -cell
array.

In next month's article we shall take a look at the
alternative approach to a page memory using sequential
access type memories.

Television
..kifV14

 THE ITT CVC5 CHASSIS
The ITT CVC5 and its later derivatives the CVC5/8,
CVC7, CVC8 and CVC9 is one of the most widely
encountered colour TV chassis and has been around for
over five years. E. Trundle, who has had wide experience
of these sets and their problems, provides a detailed
survey of faults encountered.

 SYNCHRONOUS DETECTION
With the increasing use of i.c.s in TV i.f. strips synchronous
detection of the vision signal is becoming more
common. The principle and some of the problems are
described and a look taken at similar systems such as
coincidence detection and the phase -locked loop.

 SERVICING FEATURES
John Coombes provides a guide to faults experienced
with a typical imported small -screen monochrome
portable chassis - that used in the Bush Model TV300.

Also further items from George Wilding's Service
Notebook and more on the Decca DR1 series.

 AC THEORY
One of the things many of us never get around to
understanding properly is basic a.c. theory. To help out,
Ian Sinclair has devised a new step-by-step approach
to the subject, relating matters to practical points at
each stage. This new series starts with basic electro-
magnetism and leads up to the spectrum of the colour
TV signal.
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ROGER BunnEy

WITH July there has been a slowing down in Sporadic E conditions.
There were some excellent openings during the early part of the
month but towards the end of the second week the trend was to
fewer stations and less intense openings. Nevertheless several
excellent openings were logged, with the added bonus of enhanced
Tropospheric conditions in Band III and at u.h.f. on July 5th. My
own log is as follows:

1/7/75 DFF (East Germany) ch. E4; SR (Sweden) E3 - both
MS (Meteor Scatter reception); TSS (USSR) R I.2; CST
(Czechoslovakia) R 1: RAI (Italy) IA - all SpE.

2/7/75 TSS RI- SpE.
3/7/75 TSS R 1 ; CST RI; MT (Hungary) R 1 ; RTVE (Spain)

E2, 3, 4; JRT (Yugoslavia) E3, 4; RAI IA; NRK
(Norway) E2; TDF (France) E2 - all SpE. DFF E4 -
MS.

4/7/75 MT R I, 2; SR E2, 3; NRK E2, 3; YLE (Finland) E3:
JRT E3; RTVE E2, 4; RTP (Portugal) E2; WG (West
Germany) E2 - all SpE. DFF E4 - MS.

5/7/75 TSS R I, 2; RTVE E3; NRK E2; RUV (Iceland) E4 - all
SpE. Also good Tropospheric reception from Holland.
Belgium and West Germany at v.h.f. and u.h.f.

6/7/75 RTVE E3 - SpE.
7/7/75 DFF E4- MS.
8/7/75 RTVE E2, 3, 4 - SpE.
9/7/75 TSS R 1 ; RAI IB; plus unidentified signals - all SpE:

Switzerland E2; RTVE E2; DFF E4 - all MS.
10/7/75 TSS R 1 ; TVR (Rumania) R2; RAI IA, B; RTVE E2.

3,4 - all SpE.
11/7/75 SR E2-SpE; RAI IB - MS.
12/7/75 RTVE E2, 4- SpE; DFF E4 - MS.
13/7/75 RTVE E2- MS.
14/7/75 SR E2- MS.
15/7/75 RAI IB- MS.
17/7/75 DFF E4; MT R I ; RAI IB - all MS.
18/7/75 DFF E4 - MS.
19/7/75 RAI IA - SpE.
20/7/75 TSS k I twice; RTVE E4 - SpE; TVP RI- MS.
21/7/75 RTVE E2, 4; SR E2; RAI IB - SpE.
22/7/75 TSS RI, 2; RTVE E2 - SpE.
23/7/75 RTP E2 - MS.
24/7/75 RAI IB - MS; SR E2 - SpE.
25/7/75 TSS RI twice, R2; TVR R2; plus unidentified signals -

all SpE.
26/7/75 SR E2- SpE; CST RI - MS.
27/7/75 SR E2, 3 - SpE; TSS R I; TVP (Poland) R I - both MS.

The SpE opening on July 3rd produced the TDF Bastia ch. F2
transmitter signal floating over the "local" TDF signal from Caen,
North France. It was interesting thatCaen was on 819 lines whilst
Bastia was putting out 625 -line test transmissions. The colour test
card from the latter featured a "flashing" grid insertion at the top
right-hand corner.

The Tropospheric opening during the early morning on the 5th
produced several Dutch and West German transmitters at v.h.f.

The Vienna (Austria) transmitter mast has recently been
replaced by ORF to improve the coverage. The new (right) and
old (left) masts at Kahlenberg are shown here. The v.h.f. aerial
structure was lifted one metre to 123m; the u.h.f. aerial
structure was raised from 65m to 152m. The u.h.f. panels can
just be seen below the circular platform of the old lattice
structure.

Photo courtesy ORF.

and u.h.f. At 0835 a programme was noticed on ch. E46 -a weak
signal. It was also noted at v.h.f. between chs. E5 and E6 - there
were Dutch transmissions at the time on both channels. thus
confirming the in-between signal. The Dutch transmitters were on
test card: the programme seen appears to have been an educational
one from WDR (West Germany). I can find no reason for the rather
unusual frequency, betwixt channels E5 and E6, however. Can
anyone help?

I was very pleased to receive a visit from Peter Vaarkamp
(Holland) on the same day. He was spending several days on
holiday in the UK, taking the opportunity to visit DXers, etc.
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Matters Arising
In the June column we included some comments from Nigel

Hanwell following his recent trip to Chicago. We have since
received a letter from Morrie Goldman, who lives there, clarifying
one or two points. He says that colour on the three v.h.f. network
transmitters is excellent, while the previous comment that WCIU
ch. A26, WFLD ch. A32 and WSNS ch. A44 colour output is better
than network is surprising.

WCIU apparently has modest equipment and facilities and the
colour is below network standard; WFLD has excellent equipment
and the colour is equal to network standard; WSNS colour is at
times below network standard but Morrie suggests that the quality
could be improved by using better lighting techniques. The WM AQ
transmitter is atop the John Hancock Building, along with WBBM
ch. A2, WGN ch. A9, WFLD ch. A32 and WSNS ch. A44. The
Sears Tower currently supports WLS ch. A7 and WTTW ch. All.
Following the construction of several 1,000ft buildings Chicago has
been plagued by ghosting, but the transmissions from atopthe Sears
Tower Building (1,450ft) do not suffer. Those stations not atop
Sears say that the expense of moving would be too great to justify.
Morrie ends with the pertinent comment that the SpE season there
has so far been poor.

News Items
Brunei: The colour TV service opened officially on July 9th.
following on -air testing from March 1st. The service was
established in just nine months, considered to be a world record
where no previous TV service existed. The service is at present
operating from temporary studio facilities in the Radio Brunei
building. The northern part of the state is covered by a single
transmitter: a second transmitter at Seria will cover the south.
Marconi is to supply two 10kW v.h.f. transmitters for this latter
station.
Jordan: The Jordanian TV service is reported to be using test card F
with the identification "Jordan TV".

Transmitter Listings
West Germany: Visselhoevede NDR-1 ch. E7, 20k W e.r.p., vertical
polarisation.
Cyprus:Sina Oros CBC-1 ch. E8 now closed.
France: Le Mans-Mayet ch. E21, 1,000kW; Boulogne -Mont
Lanbert ch. E37, 60kW; Dunkerque -Mont des cats ch. E45,
200kW; Limoges ch. E53, 1,000kW. All these transmitters radiate
TDF-3 with horizontal polarisation. Champagnole-le-Bulay TDF-
2 ch. E61, 80kW (horizontal).
Rumania: Odorhei/Harghita ch. R5 50kW, Heniu ch. R3 up to
5kW, both with horizontal polarisation. The Gheorghieni ch. R5
transmitter is now closed.

From Our Correspondents
Garry Smith (Derby) has pointed out that test pattern

identifications have been changing somewhat this season. On the
5th he noted the CST electronic pattern with the "RS-KH"
identification, the PM5544 test card with "SR Praha" and the
Fubk pattern with "CST 02". He has also noted the "CST
Bratislava" PM5544 pattern less side panels, and the RETMA
card floating about on chs. R I and R2. He suspects (as we do)
that MTV (Hungary) is using this pattern again. Keith Hamer
(Derby) has seen the old monochrome RTVE card with the
identification "tve Valencia" floating over the new electronic
RTVE card. This was on ch. E3. A new identification was
observed at 1258 on the 10th, "TVE-1 Navacerrada Canal 2", on
ch. E3.

The mystery ch. E3 ORF signal has again been seen, with the
Telefunken T05 card, in various parts of the UK. ORF still
comments that its only ch. E3 outlets are relays, but the situation
is unusual since the signal seems to be received quite regularly.
Clive Athowe (Norfolk) noted the signal, and during the period
July 3 -7th experienced good Tropospheric reception from N.

The Telefunken T05 test card, transmitted by Dannenberg
NOR -1.

Checkerboard test pattern used by RTVE, RTP, Rhodesia and
others. This photo was taken by Doug McFadyen (New
Zealand) from a local transmission.

TSS-1 (USSR) Riga caption. Photo courtesy HS Publications.

Germany and Scandinavia. He received twenty Swedish u.h.f.
stations. Highlights included a Danish ch. Ell relay - several
50W relays are listed on this channel - the Swedish
Munnebostrand 400W transmitter on ch. E53 and another 400W
relay on ch. E46.
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Hugh Cocks has commented on strange signals received at his
South Devon location. On July 2nd he noted his semi -local
station Caradon Hill, but not from the usual, correct direction. He
also received Heathfield, Hannington, Dover and Crystal Palace
at high levels from a south easterly direction. All signals had a
"ghostly" appearance and we are wondering whether they could
have been "bounced" off the French coast. Can anyone throw
any light on this?

F. Zarrario (Retford) has received Finland, Austria, Sweden,
Spain, Switzerland, Norway and Yugoslavia during recent
openings, using an old Bush Model TV62. His query regarding
Grunten confirms that he received this W. German (Bavaria)
transmitter as well.

John Lees (Hucclecote) has similarly had considerable success.
He comments that a cold front seems to produce good reception.
The "TB-CCCP" he mentions is from the USSR - it's a news
programme.

George Ridgwell (Harold Wood) has modified a Thorn 950
chassis to switch between positive and negative video and has
seen Tropospheric signals at u.h.f. from WG, NOS (Holland),
Belgium and France. His SpE loggings include Norway, Spain
and Italy.

Nigel Breward (Stoke-on-Trent) has been very active. On June
2nd he received no fewer than nine countries. He logged Budapest
on both the EBU bar pattern (MTV -1 BUDAPEST identification)
and the PM5544 card.

New TV Receiver Techniques
In recent editions of the WTFDA Bulletin Morrie S. Goldman

has been discussing TV receiver developments, with particular
reference to features that will give better DX reception. As with
all signal reception, especially with weak and marginal field
strengths, gain and noise figures are of the utmost importance,
while with the number of channels likely to be present during
good DX conditions in the relatively cramped TV frequency
spectrum (for example the European Band I) selectivity and
freedom from overloading/cross-modulation are similarly
important. Morrie anticipates that varactor tuners will be used in
most receivers at both v.h.f. and u.h.f., with higher Q varicap
diodes and consequent higher gain with lower noise. The use of
f.e.t.s and m.o.s.f.e.t.s in tuners will also add to the higher
gain/lower noise performance and to improved high signal/lower
cross -modulation capability.

Digital channel readout is likely to become popular as a result
of reduced costs due to the economics of large scale production.
One maker has developed a complete v.h.f./u.h.f. tuning package
using light -emitting diodes to give the digital read-out. This is
costed at $30, possibly falling to around $15 with higher
production. Frequency generation is by means of a phase -locked
loop. All this makes keyboard channel selection possible - though
in the UK, with the normal requirement of selection of three-four
channels, the present system of preset buttons is likely to remain
in use. In the US however, the viewer will be able to punch out his
required channel on a small keyboard - for example in selecting
channel A34 he punches first 3 there 4. This is a disadvantage for
the DXer since he will need to punch up each channel in turn:
much better the continuous tuner which enables a quick check to
be made over the whole band. Due to the phase -lock loop the
tuner will always lock exactly to the channel, making it difficult to
fine tune to improve adjacent channel rejection.

Improvements in tuner accuracy from those manufacturers
producing rotary u.h.f. tuners have come as a result of the latest
FCC regulations.

One manufacturer is experimenting with a varactor tuner
whose tuning voltage is varied via an optical coupler. Light from
a small bulb passes through a polarised disc which is mounted on
the tuning shaft: the tuning voltage is obtained from a
phototransistor which senses the incident light from the bulb via
the polarised filter disc.

The i.f. amplifier provides the main gain and selectivity of
course. Where signals are available on adjacent channels the i.f.
response is critical - there must be a full channel bandwidth
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within 3dB for the vision and colour subcarrier, followed by a
very deep notch in the response to avoid adjacent channel
interference. The i.f. response curve of a modern US colour
receiver using conventional i.f. transformers is shown in Fig. 1,
while Fig. 2 shows the vastly improved selectivity of a receiver
using an LC i.f. bandpass filter (Heathkit GR2000). The
arrangement consists of a high Q bandpass filter with
preamplifier and follow-up i.c. amplifier - see circuit shown in
Fig. 3. The filter itself requires no alignment, the only adjustment
being T1 which attenuates spurious signals from the i.c. and gives
correct matching to the following stages.

Other manufacturers are looking elsewhere in the quest for
improved selectivity. Research is proceeding into surface -wave
filters (Mullard in the UK have done much work on this - see for
example the note on page 402, July 1974). In this system the
electromagnetic i.f. signal is converted into an ultrasonic one
which passes through a piece of piezo-electric material, usually
Lithium Niobate. The bandpass characteristic is determined by
the design of the two transducers used - at the input and output,
the latter converting the signal back to an electromagnetic one. A
single unit is used between the tuner and the i.f. strip and the
amount of alignment required is minimal. The cost of a surface -
wave filter is expected to be around $2 once production has built
up.

The LC filter used in the Heathkit set is about 5in long: the
surface -wave filter will be about lin long.

Reception in North America differs somewhat to that in
Europe - for example US u.h.f. tuners do not usually have either
a tuned or untuned r.f. amplifier. Nevertheless what goes on there
is not without implication here. Our grateful thanks to Morrie
Goldman (Chicago) and the WTFDA (Box 163, Deerfield,
Illinois, 60015, USA) for permission to publish these comments.
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Your
PROBLEMSsoled

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 603 and a stamped addressed envelope. We can
deal with only one query at a time. We regret that we cannot supply service
sheets nor answer queries over the telephone.

DECCA CTV25
The fault with this set is loss of line hold. The picture is
broken up into a horizontal basketweave pattern -
multicoloured - which varies with change of scene. I have
changed the line timebase valves and the flywheel sync
diodes without improving matters. The line hold control is
o.k.

We suggest you check the electrolytics in the line
oscillator circuit - C320 (2fi/F) which decouples the slider
of the line hold control and C324 (21/F) the cathode
coupler - resistor R317 (47k2, 1W) in the reference pulse
feedback path, the oscillator feedback capacitor C325
(820pF), and R421 (100kS2) which is in series with the line
hold control and is connected to one of the tagstrips
underneath the line output chassis.

PHILIPS G22K520
There is an occasional intermittent fault on this set. The
symptom is as follows. On switching the set on, instead of
the brightness increasing to normal after about five to ten
minutes' warm-up time the picture is only just visible
though the sound normal. The brightness can be restored
by advancing the c.r.t. first anode potentiometers and
slightly increasing the contrast and brightness control
settings. After a time which varies on different occasions
the brightness returns to normal. Otherwise the picture is
excellent.

This trouble is commonly caused by a faulty zener diode
in the beam limiter circuit. The component concerned is
D5582 on the line scan panel. We suggest you use a 1.3W
type in place of the 400mW device fitted. (Philips G8
chassis.)

DECCA CS2230
When the set is switched on the whole picture has a reddish
or magenta cast. This persists for five to ten minutes, then
the picture corrects itself instantaneously. I am wondering
what action to take over this initial lack of green drive.

First check around the green output transistor (TR216),
looking for dry -joints etc. The miniature presets in the stage
- VR317 which adjusts the drive and VR321 which sets
the bias - are prone to trouble. If the fault persists either
the transistor itself or IC2 (MC 1327) is likely to be faulty.
(Decca 30 series.)

FERGUSON 3816
There is neither sound nor vision on this set. At first the d.c.
fuse kept blowing. By a process of elimination it was found
that the fault lay in the line output section, somewhere after
the boost diode - the boost voltage is down at 11.5V
instead of 25V. By fitting a 5A fuse the set was kept going
long enough to make some voltage and waveform checks.
The line driver transistor base voltage was found to be
correct, but at the collector although the waveform is the
correct shape the amplitude is only about half what it
should be, presumably due to the low boost voltage since
this stage is fed from the boost rail. The h.t. voltages
derived from the line output stage are very low - the c.r.t.
first anode supply is only 15V instead of 300V while the
video supply is 10V instead of 95V. The line driver and
output transistors have been replaced without making any
difference and all diodes and electrolytics in the area have
also been checked.

Disconnect C108, the scan correction capacitor which
feeds the scan coils. If the drain on the h.t. line is still heavy,
suspect the line output transformer of having short-circuit
turns. First however check by substitution the two
capacitors in the collector circuit of the driver transistor -
C101 and C 102. (Thorn 1590 chassis.)

HMV 2715
The trouble with this set is foldover at the bottom of the
raster - about 1 in high.

First ensure that the h.t. line is at about 60V. Then check
C429 (16/iF) in the collector circuit of the field output
transistor, the scan charging capacitors C427 (25/iF) and
C428 (10µF), the driver and output transistors VT423
(BC116A) and VT424 (BD116), and the scan coupling
capacitor C762 (400pF) which is on the convergence
panel. (Thorn 3500 chassis.)

PVE 4OF
There is insufficient width to fill the screen - on the right-
hand side - even with the width control set to maximum.
The output stage valves seem to be overheating, though all
the timebase valves have been replaced without making any
improvement.

The most common cause of the trouble in this chassis is
that the coupling capacitor C111 (0.47pF) between the line
blocking oscillator and the control grid circuit of the line
output valve is leaky.
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GRUNDIG 1510GB
When the set is switched on the sound is o.k. but the screen
remains dark. The brightness and contrast controls do not
produce any effect and with the colour control at zero there
is no monochrome picture. With the colour control at
maximum there is a very dark picture which is negative and
in colour only.

The trouble is that the luminance signal is absent on the
display. Virtually all the luminance channel circuitry is
contained in the TBA970 integrated circuit (IC365), which
could be defective. Check for dry -joints or an open -circuit
connection on the luminance delay line first however, and
ensure that the BF459G luminance output transistor
(Tr375) is functioning - there should be 0.6V at its emitter,
1.2V at its base and 170V at its collector. Before
condemning the TBA970 ensure that the voltage at pin 8 is
about 0.5V or less - this is the beam limiting input.

GEC 2010
We are puzzled by lack of e.h.t. on this set. The line output
transformer and all valves in the line timebase have been
replaced and the valve and c.r.t. voltages all read correct. A
low whistle can be heard and this alters in pitch as the 405 -
line hold control is adjusted. The sound is o.k.

It seems that whilst the line timebase is operating the
output is insufficient. The likelihood is a fault in the line
oscillator circuit. We suggest you check the tuning
capacitors C168 (0.0022fiiF) and C169 (0.003µF), the
feedback coupling capacitor C170 (820pF) and the value
of the common cathode resistor R122 (560Q) in this stage.
If all is o.k. here, check the coupling components between
the line output valve and the transformer - choke L68 and
capacitor C 175 (0.47µF).

ITT CK602
There is a horizontal band of lighter colour right across
the screen. This moves up the screen from bottom to top at
approximately two second intervals. The fault does not
worsen with time and in fact on occasions during an
evening's viewing will clear completely for maybe several
hours. It is always there however when the set is switched
on. The moving line has slowed on occasions and once
froze on the picture, but the norm is movement from
bottom to top in two seconds.

There are several possible causes of this hum bar. These
are, in order of likelihood, the l.t. supply series regulator
transistor T46d (AD161), the l.t. bridge rectifier D52d, the
l.t. reservoir capacitor C262d (500µF), C263d (10µF
tantalum) which smooths the regulator reference voltage,
and the regulator driver transistor T45d (BC170B). The use
of freezer and a hair -dryer might help to narrow the field of
search. (ITT CVC5 chassis.)

GEC C2136
When the set is switched on from cold there is field rolling:
when warm the fault is field slip on camera and channel
changes. There is also intermittent false field lock.
Adjusting the field hold control makes the rolling worse
and the slip better or vice versa.

We suggest you check the field sync pulse
clipper/inverter transistor TR451 (BC147), the field hold
control itself, and the silicon controlled switch field
oscillator SCS451 (BR101). Make sure that the
electrolytics in this area - C455 (47µF) which decouples
the supply and C452 (4.7µF) which decouples the emitter
of TR451 - are doing their job. (GEC C2110 series.)

BUSH CTV25
The trouble with this set is absence of green, and I suspect
the decoder. The clown in the test card centre circle has a
pink coat instead of a green one, though the reds and
greens seem all right. I have checked voltages around the
decoder circuit but everything here seems to be OK.

First ensure that monochrome reproduction is untinted:
many sets of this age have worn tubes, recognisable by
inability to achieve correct grey -scale tracking. Once you
are satisfied on this point, check the G -Y colour -
difference output/clamp valve 6V4 (PCL84) and the
voltages and components in this stage. The trouble is
unlikely to be in the decoder.

FERGUSON 3821
There is a loud click a few seconds after switching on; a
similar click occurs twenty minutes or so after switching off
and removing the mains plug. Replacing the HT2
smoothing electrolytic C38 cured the first click but the
other still occurs. No spark can be seen and the set works
normally otherwise.

We suggest you check the print on the board in the
vicinity of the smoothing electrolytics, looking for hairline
cracks or dry -joints, particularly in the earthing line.
(Thorn 1500 chassis.)

PYE CT203

A new c.r.t. was fitted after the neck of the original one was
accidentally broken. Following reconvergence a good
picture was obtained but after switching off there are bright
spots at the centre of the screen. All earthing strips seem to
be in place and the beam limiter circuit has been checked
over.

Switch -off spot suppression is not generally provided in
colour sets. It is normal for the spots to persist for about
ten seconds, defocusing and spreading out during this time.
Most of the energy is dissipated in the shadowmask. (Pye
697 chassis.)

DECCA CTV19
There is severe but intermittent field jitter on this set, along
with occasional line pulling which shows up in the form of
S-shaped vertical lines. The bending can be straightened by
adjusting the fine tuning, but the vision is then too far off
station resulting in severe patterning. When the field jitter
occurs it is just as severe when the contrast control is set to
minimum. The faults do not show when a test card is being
received. The timebase and i.f. panels have been replaced
but the fault persists.

The cause of the fault is in the sync separator stage
(TR204), which is on the luminance panel. The most likely
component to be defective is the high -value resistor R220
(4.7MQ) which biases the base of TR204. If this is not so,
check the other components in the stage.

KB VV70 VALIANT
When this dual -standard model is switched to 625 -line
operation it is unstable - if vision and sound are obtained,
they remain for about a quarter of an hour and then fade.
New valves have been fitted without improving matters.

First make sure that the earthing of the tuner unit is
adequate. Then turn attention to the small decoupling
capacitors associated with the anode and screen grid
circuits of the i.f. valves. These can be recognised by their
short leads, one of which is earthed - we suggest you
replace them.
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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.

Mild but apparently disconcerting compression at the right-
hand side of the picture was the complaint from a critical
customer. On the assumption that the trouble was simply a
matter requiring some readjustment, the junior technician
was sent off to restore the lost picture geometry equipped
with the field service manual. Some while later a dejected
junior returned, along with the receiver -a Grundig Model
R500E/GB monochrome receiver.

On test in the workshop with a solid test signal applied,
the non -linearity of the line scan was found to be most
definitely apparent while simple readjustments had no
effect. The fault in fact turned out to be one of the most
difficult recently investigated. After checking all preset
adjustments in the line timebase circuit, voltage checks
were made. All these appeared to be reasonably close to the
values given in the manual. The valves and several likely
passive components were then checked, but the distortion
was as bad as ever.

During the tests two effects were noted. First, line sync
tended to be lost when adjustments were made to the preset
controls in an endeavour to improve the linearity. Secondly,
the lock was either lost completely or a false line lock
occurred (an unsteady vertical band down the centre of the
picture) when the channel was changed -for example when
an off -air signal was applied in place of the workshop test
signal.

As with nearly all modern receivers, flywheel line sync is
used, and detailed attention was next directed to this area
since the secondary symptoms suggested trouble here - the
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junior technician who was standing by was no longer
dejected incidentally! The circuit is somewhat unusual:
there is a PCH200 triode-heptode sync separator stage

followed by a balanced double -diode flywheel sync dis-
criminator with quite a complex load circuit involving the
use of a high -resistance potential divider network and a

flywheel sync balance control. The first step was to dis-
connect and measure the forward and reverse resistances of
the flywheel sync discriminator diodes, but both gave
normal readings. The line oscillator itself is of the PCF802
variety, the coil acting as the basic frequency control. It
was found that this could be critically adjusted to give a
fairly steady display, but that the balance control had no
effect whatsoever.

A couple more measurements by the senior technician
revealed the cause of the trouble. What do you think this
was? See next month's Television for the solution and a

further item in the test case series.

SOLUTION TO TEST CASE 153
(Page 547 last month)

It will be recalled that the technician had removed the
line frequency triggering pulses from the PAL switch and
had then discovered that their amplitude was significantly
below the manufacturer's specified 18V (using an
oscilloscope). The amplitude in fact was more like 1V.

The triggering pulses are derived from a winding on the
line output transformer. The winding was checked for
resistance (no actual winding resistance value was quoted
in the manual for comparison) and the continuity was
found to be OK. It was then remembered that a vertical line
of interference sometimes occurred at the left of the picture
- rather like a pulse discharge in the line output
transformer. Pressure was applied to the winding area with
a flat insulated probe while the pulses were being monitored
on the 'scope, and a slight change in their amplitude was
then detected.

There was nothing the technician could do apart from
check the line output transformer by replacement.
Fortunately the replacement could remain in position, for
the trouble was then completely cured. The lesson?
Incorrect ident can be due to a faulty line output
transformer!

Published on approximately the 22nd of each month by IPC Magazines Limited, Fleetway House, Farringdon Street, London EC4A 4AD. Filmsetting by
Pacesetters, London SE1. Printed in England by Carlisle Web Offset, Newtown Trading Estate, Carlisle. Sole Agents for Australia and New Zealand - Gordon
and Gotch (A/sia) Ltd.; South Africa - Central News Agency Ltd. "Television" is sold subject to the following conditions, namely that it shall not, without
the written consent of the Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the
recommended selling price shown on the cover, excluding Eire where the selling price is subject to VAT, and that it shall not be lent, resold, hired out or
otherwise disposed of in a multilated 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.
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TELEVISION CLASSIFIED ADVERTISEMENTS
The pre -paid rate for classified advertisements is 10p a word (minimum 12 words), box number 35p extra. Semi -display
setting £5.50 per single column inch. All cheques, postal orders, etc., to be made payable to TELEVISION and crossed
"Lloyds Bank Ltd." Treasury notes should always be sent registered post. Advertisements, together with remittance,
should be sent to the Classified Advertisement Manager, TELEVISION IPC Magazines Ltd., Fleetway House, Farringdon
Street, London, EC4A 4AD, for insertion in the next available issue. (01-634 4451.)

SERVICE SHEETS

SERVICE SHEETS. SERVICE MANUALS
PRACTICALAN D TECHNICAL BOOKS

COVERING COLOUR & MONO TELEVISIONS, RADIOS, RECORD PLAYERS, TAPE RECORDERS, ETC.

SERVICE SHEETS 50p PLUS SA.E. SERVICE SHEET CATALOGUE 25p

BOOKS
PRICES INCLUDE POSTAGE U.K. ONLY

TV FAULT FINDING BOOK by Data Publications Ltd. £1.05
COLOUR TELEVISION SERVICING by King £4.90
COLOUR TELEVISION THEORY by Hutson £5.40
MAZDA BOOK OF PAL RECEIVER SERVICING by Seal £5.20
NEWNES COLOUR TV SERVICING MANUAL VOL 1 by King £5.40
NEWNES COLOUR TV SERVICING MANUAL VOL 2 by King £5.40
BEGINNERS GUIDE TO COLOUR TELEVISION by King £2.25
COLOUR TELEVISION (PAL SYSTEM)by Patchett f5.25
BEGINNERS GUIDE TO TELEVISION by King £1.95
PAL -D COLOUR RECEIVER Q. & A. by Bohlman £1.85
TELEVISION TIMEBASE CIRCUITS by Banthorpe £1.20
STEREO F.M. RADIO HANDBOOK by Harvey & Bohlman £2.70
UNDERSTANDING ELECTRONIC COMPONENTS by Sinclair £3.50
CREATIVE TAPE RECORDING by Cape! £3.50

(SEND LARGE S.A.E. FOR FREE BOOK LISTS)

COLOUR TV MANUALS
COVERING FOLLOWING MAKES

ALBA, BRC, DECCA, DEFIANT,
DYNATRON, EKCO, FERGUSON,
GEC, HMV, ITT -KB, PYE,
INVICTA, MARCONI, PHILIPS,
RGD, SOBELL, STELLA, ULTRA.

PLEASE SEND S.A.E. FOR QUOTATION

"COMPREHENSIVE TV REPAIR MANUALS"
by McCourt. In 7 Volumes

These unique Books save time and money on repairs and cover
most British and Foreign makes. Price £3.50 per volume plus
35p POST, or complete 7 volumes for only /22-50.

WE STOCK NEW AND SECONDHAND EDITIONS OF "RADIO AND TELEVISION SERVICING" BOOKS.
FROM VOLUME ONE UP TO 1974-75 EDITION. PRICES ON REQUEST.

BACK ISSUES OF FOLLOWING MAGAZINES AVAILABLE, COVER PRICE PLUS 10p POSTAGE:
P. WIRELESS, P. ELECTRONICS, E. ELECTRONICS, TELEVISION, R. CONSTRUCTOR, ELECTRONICS TODAY.

BELL'S TELEVISION SERVICES
190, KINGS ROAD, HARROGATE, N. YORKSHIRE. TEL. HARROGATE (STD 0423) 55885

OPEN TO CALLERS DAILY 9.00 a.m. TO 5.00 p.m. PLEASE INCLUDE AN S.A.E. WITH ENQUIRIES

SERVICE SHEETS, Radio, TV, etc., 10,000
models. Catalogue 24p plus SAE with orders -
enquiries, Telray, 154 Brook Street, Preston
PR I 7HP.

LARGE SUPPLIER OF
SERVICE SHEETS

All at 50p each
(T.V., RADIO, TAPE RECORDERS,

RECORD PLAYERS, TRANSISTORS,
STEREOG RAMS, 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, NW11 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

No Overseas Mail Please

G. T. TECHNICAL INFORMATION SERVICE
10 DRYDEN CHAMBERS, 119 OXFORD ST., LONDON W1 R 1PA

MAIL ORDER ONLY

SERVICE SHEETS SERVICE
For Black and White TV. Radios, Record Players and Tape Recorders 50p.

Please send large Stamped Addressed Envelope.

COLOUR TV MANUALS
We can supply manuals for most makes of Colour Television Receivers.

B.R.C. PYE EKCO PHILIPS ITT/KB SONY G.E.C. HITACHI BAIRD ULTRA INVICTA etc.
Please send a Stamped Addressed Envelope for a prompt reply.

BOOKS BY J. McCOURT
Build yourself -THE COLOUR TV SIGNAL INJECTOR" Manual £1.30

Manual with Printed Circuit £2.05 post paid

THE COMPREHENSIVE BLACK AND WHITE TV REPAIR MANUAL Volumes 1, 2, 3 and 4

THE COMPREHENSIVE COLOUR TV REPAIR MANUAL Volumes 2, 3 and 4
A must for the Repair Man, loaded with Faults and Cures

All at £3.80 oost oaid. Send for Details.

SERVICE SHEETS for Radio, TV, Tape Recorders,
Stereo, etc., with free fault-finding guide, 50p and
S.A.E. Catalogue 20p and S.A.E. Hamilton Radio,
47 Bohemia Road, St. Leonards, Sussex.

50 assorted Service Sheets f1.55 P. & P. 60p
Hamilton, 47 Bohemia Road, St. Leonards, Sussex.

FOR SALE

COMPLETED 22" Project Colour Receiver.
Commercial I.F. Needs setting up only. Offers.
Telephone: Crosskeys 270051 for details.

WANTED

NEW VALVES (pref. BVA) of popular types,
PCL805, PFL200, PL504, etc. Cash waiting,
Bearman, 6 Potters Road, New Barnet, Herts.
Tel: 449 1934-5.

TOP PRICES PAID for NEW
VALVES and TRANSISTORS

Popular T.V. and Radio types

KENSINGTON SUPPLIES (A)
367 Kensington Street, Bradford 8, Yorkshire.
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AERIALS

NEW HIGH GAIN 4 ELEMENT VHF/FM

Stereo or mono!RADIO
AERIAL

Increase volume, quality
and sensitivity
of any VHF/FM Radio
or Hi-Fi. stereo or mono, with
thisgenuine aerialit's a necessityif you want the best out of your
equipment, whether a small radio or expensive stereo. Don't put
up with poorreception any Ionger..Send now, hear for y t urself.
Ideal for the do-it-yourself enthusiast. Supplied
with clamp, instructions and advice. Use inside
or out. FREE with order maps and channel
reference of Radio and TV Transmitters!
Money back refund, send to Dept. TVR 65p carr
219 Mansfield Rd., Nottingham. Best cable 12p yd.

£ A .49
incvat

IMPERIAL TRADING (AERIALS) LTD.
the quality Aerial Specialists

Prices include carriage and VAT. We keep a good
range of Jaybeam Aerials and accessories.
Multibeam High Gain UHF Aerials: MBM 28
£5.80, MBM 48 £9.20, MBM 70 Gp B £10.00, LBM
2 £7.50. Stereobeam High Gain FM Aerials: SBM
4 £6.00, SBM 6 £7.58, FM9S £19.00. Aerial
Rotators: AR 30 E31.25, AR 40 £37.50, CD 44
(75.00 Rotator cable 20p/m. Low loss cable 12p/m.
Standard 8p/m. Cassettes: Low noise, screw fixing
cases C60 35p, C90 55p.

J. & A. TWEEDY (Electronic Supplies) LTD.
79 Chatsworth Rd., Chesterfield, 540 2AP

Tel. Chesterfield 34982

WRIGHT'S AERIALS
UHF aerials: All Jaybeam and Antiference products.
Antiference Trucolour: TC 10 £4.63. TC 18 £6.14.
Antiference Extra Gain: XG8 £9.14, XG14 £16.20,
XG2 1 .21.99. The XG21 has a forward gain of
approx. 21 dB: can any other aerial on the market
even approach this figure? laybeam High Gain:
MBM30 £5.96, MBM48 £7.10, MBM70 £15.34.
MBM88 £16.85. Please state transmitter/channel
group if known. Labgear UHF masthead amps. with
mains power unit: CM6000 (grouped) or CM6019
(wideband) £14.59. Coax: semi air spaced low loss
12p/yd. Prices include VAT and mainland P/P.
Band III arrays for DX -TV, etc. Large SAE for
lists or queries.

3 Cheltenham Rise, Scawsby, Doncaster. S. Yorks.

GENUINE FULL SIZE
18 element TV aerial

ITV
!MCI

4213/W
& Colour

Guaranteed

as used by leading "K., Perfect Pictures.

TV companies Save Hs. We supply
this genuine U.H.F. aerial

for only (2.20. can be fitted
outside or inside. Quality made

technically advanced design. Precis-
ion grid reflector eliminates ghosting.

Complete with clamp. instructions, advice.
Money Back Refund. Wall/Caravan Bracket

25p. Best Cable 12P per yard. Plug 10P &
FREE with order maps 6 channel reference of
Radio & TV Transmitters. Send direct to
Dept PT1 0 219 Mansfield Rd, Nottingham

+ 59p cart

IMPERIAL TRADINGIArnAtstTD.
the quality Aerial Spechotsts

SETS & COMPONENTS

MAKE 1975
A BETTER VIEWING YEAR

Improve your colour and monochrome T.V.
reception with a U.H.F. pre -amplifier of the type
supplied to the trade.
We manufacture amplifiers of the following types:

Group Channel Typical Gain
A 21-34 I8dB
B 39-51 16(113

CID 49-68 14dB
Wide Band 21-68 10dB

Al the above units are supplied complete with an
attractive mains power unit at the competitive price of
£9.75 (U.K. only), V.A.T., post and packing inc.
Trade enquiries welcome. Rh' details of aenals and
aerial accessories send S.A.E.
Order direct from:

IMPACT ELECTRONICS,
Unit 16, Storforth Lane Trading Estate,

Chesterfield, Derbyshire S41 OQQ.

VALVE LIST
ALL VALVES FULLY TESTED

Five valves or over postage paid
Under five valves postage 6p each

DY86/87 15p PC900 Bp PCL85/805 20p
EB9I 12p PCC84 Bp PL36 20p
ECC82 10p PCC85 20p PL504 25p
ECL80 8p PCC89 gP PY32/33 lap
EF80 8p PCC189 PY81/800 15p
EF85 Bp PCC805 IspPY801 20p
EF183 10p PCF80 U191 13p
EF184 10p PCF86 115111: 6F23 15p
EH90 13p PCF805 2Op 6/30L2 lap
EY86/87 13p PCL82 15p 30F5 10p
PC86 15p PCL83 15p 30FLI 20p
PC88 15p PCL84 15p 30PL14

AND MANY MORE AVAILABLE
15p

S. W. ELECTRONICS
114 Burnley Road, Rawtenstall, Rossendale, Lancs.

EX RENTAL
TV's BARGAIN

23" & 19" 3 Channel with U.H.F. Tuner £3.50
19" & 25" Colour from £50.00
19" & 23" tubes guaranteed from £2,00

All sets complete.

EDWARDS & SONS
103 Goldhawk Road, London, W.12.

Telephone: 743 6996.
CALLERS ONLY

VALVES
Radio -TV Industrial Transmitting

2200 Types. 1930 to 1975, many obsolete. List 20p.
S.A.E. for quotation. Postal export service.
We wish to purchase all types of new and boxed
valves. Wholesaler's, Dealer's, etc., stocks purchased.

COX RADIO (SUSSEX) LTD.
The Parade, East Wittering, Sussex

West Wittering 2023

Electronically Tested TV Valves
DY86/7 I5p PC97 15p
ECC82 15p PC L$6 15p
EF183 15p PCF802 15p
EF184 15p PCL82 10p
PFL200 18p PCL84 10p
EY86 15p PCL805/85 18p
PC86 15p PL504 18p
PC88 I5p 30PL I 15p

Colour Types
PL508 30p PL509 40p PY500/A 35p

Many others available, please send list of types required
with s.a.e. for quotation. All valves subject to availability.

P. & P. 6p per valve, over 10 3p per valve.
Orders over £5 post free.

Mail order only

L & D. COMPONENTS LTD.,
71 Westbury Ave., London N22 6SA.

TURN YOUR SURPLUS capacitors, transistors.
etc., into cash. Contact Coles -Harding & Co.,
P.O. Box 5, Frome, Somerset. Immediate cash
settlement.

VALVE BARGAINS
ANY 1-12p, 5-50p, 10-90p, 50-E3.30

ECC82, ECH84, EH90, DY86/7, EF80, EF183,
EF184, PC86, PC88, PCF80, PCF802, PCL82,
PCL84, PCL85/805, PCL86, PY8 I, PY800,
PY88, PL36, PL504, 6F28, 30PL14.

COLOUR VALVES 25p EACH

PY500/A, PL508, PL509.
Postage & Packing 15p. no VAT.

VELCO ELECTRONICS
9 Mandeville Terrace, Hawkshaw, Via Bury, Lanes.

MAINS DROPPERS
3731-97-26-16852 50p.
25-35-97-59-3052 50p.
14-26-97-16052 50p.
14-26-97-17312 50p.
15 -I9 -20-70-63-28-63S2 50p.

Post free. C.W.O.
Durham Supplies

367 Kensington Street, Bradford, 8, Yorkshire

250 New Resistors, well assorted, -I-2 Watts,
Carbon -Hi -Stab Oxide, etc. £1.50 post free.
Whitsam Electrical, 33 Drayton Green Road,
London, WI3.

MISCELLANEOUS

INDESIT WASHING Machine service Manuals.
Diagrams, faults. Complete with spare parts order
forms. Send £2.50. Marchant, Domestic Services,
Shotton, Clwyd, N. Wales.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS
Please insert the advertisement below in the next available issue of Television for

insertions. I enclose Cheque/P.O. for £
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd and made payable to Television)

NAME

ADDRESS

Send to: Classified Advertisement Manger.
TELEVISION, Fleetwey House,
Fardnedoe Street, London, EC4A 4AD.
Telephone 01-634 4481.
Rate
10p per word, minimum 12 words. Box No. 35p extra.

Company registered In England. Registered No. 53828. Registered Office: Tower House. 8/14 Southampton Street, London, WC2E 90X.
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LOWEST COST IC SOCKETS. Use Solder -
con IC socket pins for 8 to 40 pin DIL's,
50p for strip of 100 pins, £1.50 for 3 x 100,
£4 for 1,000, 10p P. & P. for orders under £2.
Add 8% VAT. Instructions supplied - send
SAE for sample. SINTEL, 53d Aston Street,
Oxford. Tel: 0865 43203.

EDUCATIONAL

TELEVISION
TRAINING

16 MONTHS' full-time practical and
theoretical training course in Radio & TV
Servicing (Mono & Colour) for beginners
with GCE (or equivalent) in Maths. and
English.

13 WEEKS' full-time Colour TV Servicing
course. Includes 100 hours practical
training. Mono revision if necessary. Good
electronics background essential.

NEXT SESSION commences on January
5th.

PROSPECTUS FROM:
London Electronics College, Dept. TT10,
20 Penywern Road, London SW5 9SU.
Tel. 01-373 8721.

MAIL ORDER
PROTECTION

SCHEME
The Publishers of Television are members
of the Periodical Publishers Association
which has given an undertaking to the
Director General of Fair Trading to refund
moneys sent by readers in response to mail
order advertisements, placed by mail order
traders, who fail to supply goods or refund
moneys owing to liquidation or bankruptcy.
This arrangern,ent does not apply to any
failure to supply goods advertised in a

catalogue or in a direct mail solicitation.

In the unhappy event of the failure of a
mail order trader, readers are advised to
lodge a claim with Television within three
months of the date of the appearance of
the advertisement, providing proof of pay-
ment. Claims lodged after this period will
be considered at the Publisher's discretion.
Since all refunds are made by the magazine
voluntarily and at its own expense, this
undertaking enables you to respond to our
mail order advertisers with the fullest
confidence.

For the purpose of this scheme, mail order
advertising is defined as: -

'Direct response advertisements, display or
postal bargains where cash had to be sent
in advance of goods being delivered.'
Classified and catalogue mail order
advertising are excluded.

COLOUR TV's
Bush 25" tube Many other makes.

Working sets from £45.
GEC 19" tube Plenty of non -workers.

Odd colour TV cabinets
Baird 25" tube available to callers only.

Large variety of B/W TV's in stock, working
and non -working at competitive prices. Untested sets from
50p to callers.
Trade welcome, open all week except Wednesday p.m. and
Sunday. S.a.e. with all enquiries please.

COLORCARE TV
1532 Pershore Road: Stirchley

BIRMINGHAM B30 2NW. Tel. 021-458 2208
(Main A-13 I road from Citl centre)

SOUTHERN VALVE COMPANY
P.O. Box 144, BARNET, Herts.

Telephone: 01-440 8641 Moil order only. Most Wading makes.
ALL NEW & BOXED VALVES (subject to availability)

AZ31
DY86, 7
DY802
61341

72p
40p
46p
2 I p

EM84
EY5 I
EY86( 7
EZ40/ I

49p
52p
40p
59p

PCL83
PCL84
PCL85
PCL805

55p
52p
64p
64p

UCC85
UC H42
UCH8 I
UCL82

Sip44p
80p
46p
46p

JOLT
30L15 86p
30L 17 80p
30P 12 asp

ECC8 I
ECC 82

39p
37p

EZ80
EZ8 I

38p
33p

PCL86
PCL200

55p
£1.25

UCL83
UF41

80p
3OPLI30F19 92p

ECC8J
ECC85
ECC88

37p

12p

GY501
GZ30
PC86

87p
49p
70p

PD500
PFL200
PL36

£1.85
alp
67p

UF89
UL4 I

(i

48p

30I3
30PL 14
30PLI5

ECH42
ECH81
ECH83

ior,
40P
90p

PC88
pcPC90097

70p
44p
54p

PL8 I
PL8 I A
PL82

55p
60p
42p

jUyt.:45

U25
U26 iilD

30P4MR 99p

ECH84
5574

PCC84 44p PL83 51p U191 80p
ECL80
EC L82
EC L83

SIPi4
PCC8S
PCC88
PCC89

48p
69p
55p

PL84
PL500
PL504

51p
83p
83p

6/30L2

W

80p
75p

8013

We offer return of
post'service.

ECL86 46p PCCI8S 58p PL508 92p 86F28 75p
EF80 33p PC F80 44p PL509 £1.66 6V6 52p
EF85
EF86

'3!IF.P

PCF82
PC F86

55p
64p

PL519
PL802

£3.10
£1.72 210111

75p
Items M stock at time
of going to press but

EF89 PC F200 98p PY33 57p 20P4 3ip subject to possible market
EFI83EFI84PCF802
EH90

4lpP
62p

PCF801

PC F805

55p
57p
86p

PY8 1/3
PY88
PY800

4Ip
45p
45p

30C1
30CI5
30C 17

44pp

88p

fluctuations if
unavoidable.

51.34
EL 41

90P
64p

PC F806
PC F808

60p
87p

PY801
PY500

45pf 1.0486p30F530C18

5184 36p PC H200 86p PY500A £1.04 30FLI
27:111i

Post free over f 10

EL90/1 48p PCL82 4Ip UBF89 44p 30FL2

One valve post 6p. each extra valve 5p. (maximum 35p) LISTS s.a.e. please.

TELEVISION TUBE

SHOP

NEW TUBES AT CUT PRICES

A28 -14W Equivalent £15.00
A31-20 £19.50
A47-11W/A47-18W £11.00
A47 -26W £13.50
AW47-91/CME1903 £9.50
AW59-91/CME2303 £12.00
CME1201/A31-18W £13.50
CME1202/A31-181W £13.50
CME1220/A31-120W £14.95
CME1420/A34-100W £15.50
CME1520/A38-160W £16.50
CME1601/A40-11W £12.50
CME1602/A40-12W £13.50
CME1713/A44-120 £17.50
CME1906/A47-13W £12.50*
CME1905/CME1907 £9.50*
CME1908/A47-14W £9.50
CME2013/A50-120 f12.95
CME2306/A59-13W £13.50*
CME2308/A59-15W £12.00
CME2313/A59-23W £16.00
CME2413/A61-120W £16.50
TSD217/TSD282 £7.50

JAPANESE/USA TUBES
9AGP4 Equivalent £15.00
190AB4 7,, £14.00
240AB4A £9.50
230DB4/CT468 9" £15.00
280TB4 11" £11.95
CT507 11" £16.50
310DMB4 12-1" £11.50
310DGB4 21+" £11.50
340AB4 14" £15.50
340RB4 14" £15.50

*Types marked thus are fully rebuilt.

NEW COLOUR TUBES
A49-191X/120X £45.00
A56 -120X £60.00
A63 -120X £68.00
A66 -120X £75.00

NEW SCRATCHED COLOUR
TUBES
20", 22", 26" from £35.

All tubes guaranteed for 12 months.

Carriage/insurance £1 mono,
£1.50 colour. (Northern Ireland £2.50).

Add 25% VAT to all prices.

TELEVISION TUBE SHOP
46/48 BATTERSEA BRIDGE RD.,

LONDON, SW 11. Tel. 228 6859.

WE GIVE GREEN SHIELD STAMPS
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GIVE YOUR

TELEVISION
HER SOUND

-exclusive tuner constructional design

Our TV tuner receives the signal from the TV aerial and
produces an audio signal which can be fed into your hi-fi

equipment. The result is not only high quality sound
but also a high quality video signal which can be fed back into

your set to improve picture quality. The tuner consists
of a printed circuit board which can be either mounted in a

small cabinet or installed in existing
equipment. Full details in this issue.

We've also got a feature on
progress in multiphonic organs
and a resistor survey.

WirelessWorld
OCTOBER ISSUE 35p
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REBUILT TUBES!
YOU'RE SAFE WHEN YOU

BUY FROM RE -VIEW!

HERE IS WHAT YOU PAY:

MONO
9", 11", 13".

14", 16" /6.50
19" £5.50
21" 16.50
23" £7.50

RIMBAND & TWIN PANEL
19" £7.50
20" £8.50
23" £9.50
24" £10.50
Carriage £1.00

COLOUR
19" £26.00
22" £29.00
25" £32.00
26" £35.00
Exchange Basis

(carriage -ins. £2.00)
Guarantee 1 year

Cash or cheque with order,
or cash on delivery

Add V.A.T. to all orders

RE -VIEW ELECTRONIC TUBES
237 LONDON ROAD,

WEST CROYDON, SURREY
Tel. 01-689 7735

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

PHILIP H. BEARMAN
(VALVE SPECIALISTS) .M.

SUPPLIERS TO
H GOVT. Etc.

NEW valves by Mullard, Mazda, Telefunken, Tungsram
IMMEDIATE POSTAL DESPATCH, LISTS SAE., DISCOUNT PRICES

PRICES FROM SEPT. 1975 (INCL. V.A.T. @ CURRENT RATE)

DY86/7 46p PCC84 52p PD500 f 1.80 6F23 £1.09 ENQUIRIES
DY802 48p PCC89 60p PFL200 85p 6F28 92p

ECC8 I 44p PCC 189 67p PL36 92p 20P4 £1.00 WELCOMED

ECC82 48p PCF80 57p PL84 69p 30C1 57p ON
EC L80 69p PC F86 72p PL504 98p 30C 17 f 1.09

EF80 42p PCF200 99P PL509 f1.67 30FL I 94p OUR

EFI83 65p PCF801 60p PL802 f 1.72 30FL2 94p VAST
EFI84 65p PC F802 75p PY81 46p 30L15 £1.13

EF190 64P PC F805 £1.10 PY800 52p 30L17 £1.04 RANGE

EY5 I 76p PC F808 £1.10 PY801 52p 30P12 £1.09

EY86/7 40p PCH200 f1.10 PY500(A) £1.13 30PL I £1.13

GY501 8Ip PCL82 52p U25 90p 30PL13 £1.25 BY 100/127 etc.

PC86 83p PCL83 60p U26 92p 30PL14 £1.42 all 19p each

PC88 83p PCL84 53p 6/30L2 99p 30PL 15 £1.25 with IOW

PC97 48p PCL805/85 69p 6BW7 85p ETC.. ETC. resistor.

PCL86 67p

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

Overseas Post a Cost. U.K. Post 6er per valve under £8.00 (max 40p)

(Adjacent to Post Office) 6 POTTERS RD., NEW BARNET
STOP PRESS. PC92'96, HERTS. Tel: 499/1934-5 any time.
PL95, Pl 14 atonable!

STOP PRESS,
EY500A £1.13

EL509 £1.67

REBUILT COLOUR TUBES
ALL SIZES AVAILABLE

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

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

N.G.T. ELECTRONICS LTD.
20, Southbridge Road, Croydon, Surrey

Telephone: 01-681 7848/9

PHILIP H. BEARMAN
6 POTTERS ROAD, NEW BARNET, HERTS.

Tel: 01-449 1934/5

We offer one of the finest ranges of new or rebuilt tubes in the country; tubes
tested before despatch and usually ex stock and despatched daily securely
packed. Deliveries arranged World Wide, prices on application.

COLOUR TUBES. Guaranteed.
Carriage £2.30 extra

MONO TUBES. 2 year guarantee in most cases.
Carriage f I extra

17" A44/271X £62.00 11" A28/14W £15.00
18" 470ERB22 £55.00 12" CME1201 112.50
19" A49/I 1X and 12" MW31/74 £3.50

A49/120X £62.00 12" A31-120 £15.00
20" 51OCKB22 £58.00 CMEI220
22" A55/14X £58.00 14" Types except 110° £5.13
22" A56/120X £58.00 340ZB4 £15.00
25" A63/1IX and 17" 110° except A44/120W £6.35

A63/120X £80.00 19" A47/14W £12.50
26" A66/120X £75.00 20" A50/120W £15.00

23" A59/15W £12.50
Also 110° Types 23" A59/23W £17.00

sames prices 140X. 24" A61/120W £19.00

Occasional seconds available cheaper, enquiries welcomed.
Prices include VAT.

All prices subject to alteration due to circumstances beyond our control.
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COLOUR, UHF & TELEVISION SPARES

CROSS HATCH UNIT KIT, NEW AERIAL INPUT TYPE, INCLUDES
T.V. SYNC AND UHF MODULATOR. BATTERY OPERATED. CAN
BE USED FOR ANY SET £11.00 + 45p pp T.V. PROJECT CROSS
HATCH KIT £3.60 pp 20p. DEM-MODELS ON VIEW.
"TELEVISION" CONSTRUCTOR'S SIGNAL STRENGTH METER.
WORKING DEMONSTRATION MODELS ON SHOW. ALL
PARTS AVAILABLE PHILIPS G8 SU1RPLUS VIS. SELECT.
PANEL 25p, VIS. GAIN PANEL 25p, MULLARD ELC 1043 NEW
VARICAP TUNER £4.20 pp 25p, etc. FULL KIT £16.30 pp 50p.
CRT REACTIVATOR PROJECT FULL KIT £17.48 pp 50p MAINS
TRANSFORMER FOR ABOVE £4.00 pp 50p.*
"TELEVISION" CONSTRUCTOR'S COLOUR SET PROJECT.
NEW MARK II DEMONSTRATION MODEL WITH LATEST
IMPROVEMENTS. TWO SETS WORKING AND ON VIEW AT
172 WEST END LANE, N.W.6. TREMENDOUS RELIABILITY
SUCCESS OVER 2 YEARS. CALL, PHONE OR WRITE FOR
UP-TO-DATE COLOUR LISTS.
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 £12.80 p.p. 50p. Also DECODER
panel checked and tested on colour, full details, £14.00 p.p. 55p.
"FIVE in ONE" PANEL replaces Tuner IF, Decoder, RGB, and sound
boards of original project. Tested on colour, with all data. £25.00 p.p. 80p.
MAINS TRANSFORMER 280W, for "Television" Colour Set. In
successful use for over a year in completed sets £11.50 p.p. 90p.
P.C. BOARDS. Convergence 3 for £2.75 p.p. 45p. Time Base £1.25,
Power £1.50 p.p. 40p. R.G.B. Varicap, C.R.T. Base 75p p.p. 25p.
PACKS (Incl. p.p.). No. 2 £4.62, No. 5 £1.05, No. 9 49p, No. 12 37p,
No. 13 49p, No. 14 £11.00, No. 15 £2.48, No. 16 f 10.55, No. 17 £3.25,
No. 19 £2.70, No. 21 £9.75, No. 22 £2.20, C.R.T. Shields £2.10 p.p. 75p,
Pack No. 23 £3.05. Pack No. 24 £1.40. ELC1043 £4.20 p.p. 25p. AE Isol
30p, TAA55050p p.p. 10p. New type Audio Unit £2.60 p.p. 20p.
PACK No. 18, Components £8.00 p.p. 45p, also "add-on" Stabiliser Unit
Kit for either 40V or 20V £2.80 p.p. 25p.
Fine & Line Blanking Mod. Kit 30p, Beam Limited Mod. Kit £1.30.
Line Osc. Coil 50p. 500 ohm Contrast 25p, 100 ohm W.W.  25p,
250 ohm 25W 32p, Al Slide Switches (Break before make) 3 for 48p.
Ident Coil 50p. p.p. 12p. 100 + 200 + 200uF 350V £1.00 p.p. 25p.
G.E.C. 2040 decoder panels suitable for DL20, crystal, indent coil,
etc., £3.50. Field/line T.B. panel £1.00 p.p. 50p.
PYE 697 Line T.B. for "Television" set parts £1.50 p.p. 45p.
MULLARD AT1023/05 convergence yoke. New £2.50 p.p. 45p.
MULLARD DLIE delay line. New f 1.25 p.p. 30p.
PHILIPS G6 single standard convergence panel, incl. 16 controls, switches
wtc., and circuits £3.75 p.p. 45p, or incl. Yoke £5.00. PHILIPS G8 decoder
panel part complete £2.50 p.p. 45p. Field and Line Osc. Panels for spares
75p p.p. 35p.
VARICAP/VARACTOR ELC 1043 UHF tuner £4.20 p.p. 25p. Varicap
tuners salvaged VHF or UHF £1.50 p.p. 25p. Control units, 3PSN £1.25,
4PSN £1.80, 5PSN £2.30 p.p. 20p.
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 £4.20 p.p. 45p. Integrated tuners BUSH, DECCA
6 position pushbutton or PHILIPS Rotary £4.50 p.p. 60p.
MURPHY 600/700 series UHF conversion kits in cabinet plinth assembly,
can be used as separate UHF receiver £5.50 p.p. 75p.
PHILIPS 625 I.F. panel incl. cct 50p p.p. 40p.
FIREBALL TUNERS Ferg., HMV, Marconi, New £1.00 p.p. 25p.
TURRET TUNERS, KB "Featherlight" VC11, Philips 170 series, GEC
2010 £2.50. PYE-PAM, Invicta, Miniature, increm. £1.00 p.p. 45p.
TBA "Q" I.C.s. 520, 530, 540, £2.70, 550, 560C, 920, 990 £3.80 p.p. 15p.
LINE OUTPUT TRANSFORMERS. New guar. p.p. 50p.

BUSH 105 to 186SS, etc .f5.60
DECCA DR 95, 101/606, DRI

2, 3. 121/123, 20/24, 2000 £5.40
EKCO, FERR. 418, 1093 series £5.40
FERG., HMV, MARCONI,
PHILCO, ULTRA, THORN

850.900, 950, 1400, 1500 series £4.90
GEC 302 to 456, 2000 series £5.40
KB VC 1/9 51, 52.53, 100, 200 £5.40
MURPHY 849 to 2417, etc. £5.60
P/SCOTT 960, COSSOR 1964 f4.90
PHILIPS 19TG 121 to 19TG156 £5.40
PHILIPS 19TG 170, 210, 300 £5.40
PYE 1 I U, 20, 30, 40, 67, 169,

368. 569, 769 series £5.40
PAM, INVICTA, EKCO,
FERR ANTI equivalents £5.40
SOBEL 1000 series £5.40
STELLA 1043/2149 £5.40

SPECIAL OFFERS
BUSH TV53/86 f 1.00
BUSH TV95/99 £2.50
EKCO 380 to 390 £1.00
EKCO 407/417 £1.00
FERR. 1057 to 1068 £1.00
FERR. 1084/1092 £1.00
FERG. 506 to 546 £1.00
EIMV 1890 to 1896 £1.00
KB/RGD 003, VC II £2.75
P/SC OTT 1419 to
1725, 733 to 738 £1.00
REG 10-6, 10-17 £1.00
REG 191/2, 17-18 £1.00
RGD 519 to 620 £1.00
PHILCO 1010/21 £1.00
PHILIPS 1768 £2.90
SOBELL 195/282/8 £2.50

COLOUR LOPTS p.p. 55p
BUSH CTV 182 Ser. £6.60
GEC 2028, 2040 £7.85
PYE 697 P.C.£8.50
MULLARD AT2055 £3.90

THORN 850 Time Base Panel. Dual Standard 50p p.p. 45p.
MULLARD Scan Coils Type AT1030 for all standard mono 110°
models. Philips, Stella, Pye. Ek co, Ferranti, Invicta £2.00 p.p. 45p.
PHILIPS G8 Tripler (1174 ) £5.00. GEC 2040 series £1.75 p.p. 45p.

CALLERS WELCOME AT SHOP PREMISES

MANOR SUPPLIES
172 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, N.W.11.
PLEASE ADD 25% VAT TO ALL PRICES (EXCEPT* 8%)

"I
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.

MADE IT MYSELF"

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 pave the way to 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 modern 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 its 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 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 versatile Multi -
meter that we teach you how to use.
All included in the course AT NO
EXTRA CHARGE! And this is a
course anyone can afford.

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 background 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
transistor radio. And after the course
you can go on to acquire high-
powered technical qualifications,
because our 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 gate-
way 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

To. ALDERMASTON COLLEGE
I mu]

DEPT CTVI 0 READING RG7 4PF
Also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y 5EJ. Tel:, 01-628 2721
Yes, I'd like to know more about your course. Please send
me free details - plus your big, 76 -page book that tells
about all your courses.

NAME

ADDRESS

POST CODE BIET
HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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LINE OUTPUT (No Extra for Carriage)

(DISCOUNT TO TRADE)

MONO TRANSFORMER
TRANSFORMERS VAT 4 25%TV TOTAL

£6.50ea

1.63
£8.13

SAVE PRECIOUS TIME! BUSH, MURPHY, BAIRD, and various other Transformers are complete with EHT valveholder
SAVE PRECIOUS LIFE! Our Plastic Encased Overwinds, self extinguishing grade, afford extra safety

BUSH
TV102C N11.28 TV183 or D
TV103 or D TV134 TV183S
TV105 or D TV135 or R TVI 83SS
TV105R TV138 or R TVI 85S
P/106 TV139 TV186 or D
TV107 TV141 TV186S
N108 TV145 TV186SS
TV109 P/148 TV191D
TVII 2C W161 TV191S
TV113 TV165 TVI 93D
TV115orC TV166 TV193S
TV11 5R TV171 TV198
TV118 TV175 TV307
N123 W176 TV313
N124 W178 TV315
TV125 or U TV181 or S

DECCA
DR1 DM35 DRI 23
DR2 DM36 DR202
DM3 DM39 DR303
DR3 DR41 DR404
DR20 DM45 DR505
DR21 DR49 DR606
DR23 DM55 666W-SRG
DR24 DM56 777W-SRG
DR29 DR61 MS1700
DR30 DR71 MS2000
DR31 DR95 MS2001
0R32 DR100 MS2400
DR33 DR101 MS2401
DR34 DR121 MS2404

DR122 MS2420

MURPHY
V843 .

all models to
V979

V153
V159
V173
V179
V1910
V1913
V1914
V2014 or S
V2015D

, V2015S
V2015SS
V2016S

PHILIPS
17TG100u 197G170a .. 217G106u
17TG102u all models to 217G107u
17TG106u 19TG179a 217G109u
17TG200u G19T210a
17TG300u G19T211a 237G111a ...
17TG320u G19T212a all models to

G19T214a 23TG164a
1 9TG108u .. G19T215a
all models to 237G170a ...
1 9TG164a G20T230a .. all models to

all models to 23TG176a
G207328

G24T230a ...
21TG100u all models to
21TG1O2u 0241329

PYE
11u 40F 58 64 81 93 99 161
31F 43F 59 68 83 94 150 170
32F 48 60 75 84 95/4 151 170/1
36 49 61 76 85 96 155 171
37 50 .62 77 86 97 156 171/1
39F 53 63 80 92 98 160

GEC
BT454
BT455
BT455DST

2000DST ...
all models to
2044

2047...
all models to
2084

2104 or /1
2105 or/1

KB -ITT
By Chassis:
VC1 VC52

VC52/1
VC3 VC100
VC4 VC100/2
VC11 VC200
VC51 VC300
Or quote model

No

V2017S
V2019
V2023
V2027
V2310
V2311C
V241 4D
V2415D
V2415S
V2415SS
V2416D
V2416S
V2417S
V2419
V2423

PLEASE QUOTE PART NO.
NORMALLY FOUND ON TX. BASE

PLATE; 4121,4123,4140 OR 4142.
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

SOBELL
ST196 or OS
STI 97
ST290
ST297

10000S ...
all models to
1102.

THORN GROUP '

Ferguson, H.M.V. Marconi, Ultra

By Chassis: -
800, 850, 900, 950/1, 950/2,
950/3, 960, 970, 980, 981,
1400, 1500, 1500 (24-1,
1580, 1590, 1591.

Or quote model No.

INDESIT

20EGB
24EGB

MOST OTHER MAKES AND MODELS STOCKED, SAE PLEASE

E.H.T. RECTIFIER TRAYS
(MONOCHROME) COLOUR TV LINE OUTPUT TRANSFORMERS

(Price on application, SAE please)
THORN B.R.C.
MONOCHROME

ORDER
Ref.

980, 981, 982
911, 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

RT1
RT2
RT3
RT3A
RT4
RT5
RT16
RT17

£3.86
 [4.20
£4.56
E4.20
£4.20
£4.56
£4.20
£1.52

- . -

DECCA
CTV19, CTV25
(Valve EHT Rec.l
Pri. Coil only

CTVI9, CTV25
ID/S EHT Tripler)

CTV19, CTV25
(S/S EHT Tripler)

CS1730
CS1830
CS1910
CS2000
CS2030
CS2211

BUSH
CTV25 Mk. 1 & 2
CTV25 Mk. 3
CTVI 62
CTVI 67 Mk. 1 & 2
CTVI 67 Mk. 3
CTVI 74D
CTV182S
CTVI84S
CTV187CS
CTVI 94S
CTV197C
CTV199S
CTV1026

PYE
CT70
CT71
CT72
CT73
CT78
CT79
CT152
CT153
CT154
CT200
CT201
CT202
CT203
CT205
CT2 12
CT2 1 6
CT2 1 8
4212/H

MURPHY
CV1912'
CVI 916S
CV2210
CV2212
CV22 1 3
CV2214
CV2510 Mk. 1 & 2
CV2510 Mk. 3
CV2511 Mk. 1 &2
CV2511 Mk. 3
CV2516S
CV2610
CV2611
CV2614

EKCO
CT102
CT103
CT104
CT105
CT1O6
CTI 07
CT108
CT109
CTI 1

CT120
CT121
CT122
CT252
CT253
CT254
CT255
CT262
CT266

E.H.T. RECTIFIER TRAYS (COLOUR)

MAKE
CHASSIS
COLOUR

DECCA
DECCA
DECCA
GEC
ITT -KB
PHILIPS
PYE
PYE
BUSH MURPHY
BUSH MURPHY
THORN BRC
THORN BRC
THORN BRC
THORN BRC
GEC
PYE

RECTIFIER PRICES

CTV19, CTV25
CS1910,CS2213
CS1730
Dual &Single std. Valve Type

' CVC-1, 2,3
G8 510-550 Series
691, 692, 693, 697
713 CT200
Single std plug-in
Dual standard
2000
3000
8000.
8500
Solid State 90°
CT262 & 266 731 Chassis

INCLUDE V.A.T. & CARRIAGE

E9.36
E9.36
£6.80
£7.90
£8.40
E8.40
£7.90
£7.50
£9.36

£11.40
£9.36
£8.30
£5.00
£8.20
£9.90
£8.66

CS2213
CS2220
CS2225'
CS2227
CS2230
CS2233
CS2236
CS2520
CS2611
CS2630
CS2631

THORN IBRC)
2000 Chassis
Scan 0/P Tx.
EHT 0/P Tx.

3000 Chassis
Scan 0/P Tx.
EHT 0/P Tx.

8000 Chassis

8500 Chassis

GEC
Dual Standard
Single Standard
90° Single Std.

PHILIPS
G6 Chassis D/S
G6 Chassis S/S
G8 Chassis
K70 Chassis

KB -ITT
CVC I
CVC2
CVC5
CVC8

All items new and guaranteed. Good stocks normally available.
Contact your nearest depot for service by -return. Callers welcome. Please phone before calling.

Tidman Mail Order Ltd., (Dept. NA.) Hamond Components (Midland) Ltd., (Dept. NA.)
236 Sandycombe Road, 80-90 Meriden Street,
Richmond, Surrey. Birmingham B5 5LR.
Phone: 01-948 3702 Phone: 021-643 2148
MON-FRI 9 am to 12.3Q pm 1.30 pm to 4.30 pm MON -FRI 9 am to 1 pm 2 pm to 5.30 pm
SAT 10 am to 12 noon SAT 9 am to 12 noon

iv


