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also:
SERVICING THE PHILIPS 210 CHASSIS  LUMINANCE
CIRCUITS  LINE OUTPUT STAGE HARMONIC TUNING



BENTLEY ACOUSTIC
CORPORATION LTD.
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS Telephone 01-722 9090

SAVE POSTAL COSTS! CASH AND CARRY BY CALLERS WELCOME

60032 4/8
E0033 31/0
611034 2916
EC040 9/6
EC081 3/9
60082 4/6
ECC83 4/8
80084 5/6
80085 5/6
ECC86 8/-

8E184 6/-
EFP60 10/-
E1190 7/6
EL32 3/8
EL33 12/-
EL34 9/6
EL37 17/3
EL41 10/3
EL42 9/9
EL81 81-

1W4/350 5/6
1W4/500 8/-
KT2 5/-
KT8 34/8
KT41 19/6
KT44 201-
KT61 12/-
KT63 4/-
8166 17/8
KT74 12/6

PCL83 9/-
PCL84 7/6
P0L85 9/-
PCL86 8/6
PCL88 15/-
PEN36C

15/-
PEN45 7/-
PEN45DD

12/-

R16 3411
R17 17.8
1118 9/6
2(19 6/6
R20 11/9
R52 7/6
R834 7/6
0242 12/6
8261 3/8
TH4B 10/-

1/18/20 10/-
U19 84/6
U22 7/9
1325 13/-

14;3331 -9

U33 29/6
1735 16/8
1137 84/11
U45 15/6

ECC88 E1.83 6/9 KT76 12/6 PEN413 9/- T13233 71- U47 18/-
042 5/9 6AU6 611/20 9/0 .12AT7 3/9 3021.14 12/6 A2134 10/- 1/696 7/- ECC189 9/6 EL84 4/9 KT88 29/- PEN453DD TP2620 8/9 U49 11/9
OB2 81- 6AV6 5/6 61N7GT 6/6. 12Ali6 4/9 301,1 8/3 A3042 15/- DI.33 6/- 80080412/8 EL85 7/8 KTW6I 8/6 19/6 UABC80 8/- U80 5/6
024 418 61180 2/8 621 12/- 12AU7 4/8 30L15 13/9 AC21'EN DL35 4/9 EC080727/- EL86 8/- KTW62 10/- PENA4 19/13 UAF42 9/0 1752 4/9
1A3 4/6 613A6 4/8 6225 12/- P2AV6 5/6 30L17 15/6

1/ 016 11101
519 801'80 6/6 EL91 0/6 KTE 63 5/9 PEN/DD UB41 6/8 1776 4/9

1215 5/- 613E6 419 6226 12/- I2AX7 4/6 3024 12/- AC2P61 D9 4 5/9 8(1E82 8/6 EL95 5/8 L63 3/9 4020 17/8 115041 8/6 U78 4/8
1A7GT 7/8
105 4/9
ID! 6/9

68116 7/6
61336 816
613Q5 4/9

61.98 25/-
FQ7 8/6
61)70 6/-

12AY7 9/9
12BA6 6/-
128E6 519

302431R
17/6

301'12 1319

DD 19/6
AC8PEN 4/9
AC/PEN (5)

1/L96 7/-
1/1.810 9/6
DM70 6/-

80E86 9/-
ECF804

42/-

EM71 14/-
EBRO 71-
133181 7/6

L1152 6/6
11309 9/-
12319 15/-

PF1,20712/8
21.33 19/6
PL36 9/6

UB081 71--
UBF80 5/9
Ul3F89 8/9

U107 18/3
U191 12/8
U151 14/6

1E6 9/6 68Q7A 7/- 687 11/- 128117 8/- 301'19 12/- 19/6 D5171 7/6 ECH21 12/6 EMS+ 6/6 11339 15/- PL81 7/3 UBL21 9/- 1'281 8/-IFD1 6/6 6E117 818 6870 7/- 12E1 17/- 30PLI 15/- AC/PEN (7) DW4/3508/6 ECH35 5/9 111185 11/- L1329 616 P L81A 10/6 U092 5/8 11282 8/-
12139 4/8 6B88 8/- 6SA76T 7/- 12.171IT 818 31121.12-15/13 19/6 DW4/5008/6 E01142 10/- 13187 7/8 31E1400 14/9 PL82 6/6 UCC84 8/- 17301 11/-
106 8/- 61087 16/6 6407002 8/6 1.285 10/- 30PL14 15/- AC/TH1 DY86 5/9 80E181 519 EY51 7/6 11113L4 12/6 PL83 6/6 U0085 8/9 E329 14/6
11150T 7/- 6BW6 12/9 6407 81- 121(761' 5/9 30PLI5 15/- 10/- 12Y87 5/9 E01193 8/- EY81 7/- MDLD6 7/6 PL84 0/8 UCF80 8/8 17403 6/6
1L4 2/6 6BW7 11/- 64117 31- 12Q7GT 4/6 35 A3 9/- AC/TP 19/6 13802 24/- ECG/34 7/8 8183 8/8 111515 1 4 4/- P1.302 12/- UCI121 9/- 0404 7/6ILD3 51- 13/3Z6 6/- 64J7 616 128A76T 35A5 15/- AC/VP2.10/6 8832 24/- ECL80 6/8 E V84 7/6 SIX 40 1216 P1.500 13/- U01142 13/- U801 19/6
1LN6 13/- 606 3/9 688701 4/6 35D0 12/6 AL60 15/6 E88CC 12/- ECL82 0/- 8186 6/6 X78 40/3 PL304 13/8 111.3381 8/6 U4020 6/9
1N5GT 7/9 6C9 1418 68Q701 7/6 12807 4/- 35L6GT 8/6 ARP3 7/- E180F 17/6 ECL83 9/- 8187 6/6 N108 27/10 PL508 27/10 UCL82 7/- VP4E 10/6
185 5/6 601360 19/6 61740T 12/- 12807 3/- 35W4 4/6 AT P4 2/3 81148 10/6 E01,64 12/- EY88 7/6 N308 17/6 PL509 28/9 UC1.83 10/- VPI3C 7/-
184 4/9 6CH6 6/- gum 71_ 128137 8/- 3513 10/- All 8/- 8450 1/6 ECLR5 11/- EY91 3/- N339 95/- PL802 15/- U241 10/- VP41 7/6
101 4/8 60E6 8/6 6V60 318 12837 4/6 35040T 4/9 AZ31 9/8 13470 13/- ECL86 8/- EZ35 5/- 961 2/6 PM84 7/9 17F42. 9/- VR75 24/-
1134 5/9 6CW4 12/- 6X4 4/8 129E7 4/9 35Z3GT 6/- AZ41 7/6 E413080 6/- ECLL800 F.Z40 7/6 PABC80 7/3 PX4 14/- UF80 8/9 VR105 5/-
rua 6/9 8133 7/6 68501 5/- 128Q70T7/13 50110 618 1636 6/6 E AC91 3/- 80/- 6141 8/6 PC86 10/3 PY32 10/- UF85 6/9 V14150 5/-
2D21 5/6 6136 3/- 6Y70 12/8 14137 9/6 5005 6/8 31L63 10/- EAF42 8/9 EF22 12/8 EZ80 4/6 PC88 10/3 PY33 10/- uF86 9/ - VT61A 7/-
3A4 3/6 8F1 8/9 7B6 10/9 1487 15/- 50013004313 CL33 18/6 81134 7/6 EF36 3/6 EZ81 4/9 PC95 8/8 PY80 6/- UM 6/9 VU111 7/3
3A5 10/- 628 12/6 7B7 7/- 18 12/6 50L6GT 9/- CVII 10/6 81141 4/6 EF37A 7/- 8890 413 PC97 8/6 PY81 5/3 UL4I 10/6 VIY120 12/-
3107 5/- 11F60 4/- 706 6/- 19AQ5 4/9 72 6/6 CY1C 106 E11.91 2/3 8239 5/- 2W4/50013111 P0900 8/8 PY82 5/- 111,46 12/6 VU120Al2/-
3130 8/9 6212 3/8 728 12/6 19H1 40/- 85A2 8/6 CY31 716 E BC41 9/6 EF40 8/9 FW4/800 PCC84 6/8 PY83 5/9 111,84 6/6 V1.1133 7/-
3Q4 6/6
3Q3GT 6/-
394 5/9

6F13 8/6
6215 10/-
6F18 7/6

7H7 5/6
7R7 12/-
7V7 5/-

20D1 13/-
20D4 20/5
20E2 14/-

85A3 8/-
90AG 87/6
90AV 67/6

1383 5-
1377 2/2
DAC32

811081 5/9
E BC90 4/-
88091 5/6

EF41 10/-
6242 8/6
EF54 10/-

10/-
0130 7/-
0232 9/-

PCC85 6/6
PCC88 9/9
PCC89 9/6

PY88 8/9
PY301 12/6
PY800 7/6

1.73180 6/6
URIC 10/6
1JU5 7/-

W76 5/9
W101 26/2
W107 7/-

3V4 5/9 6223 13/8 7Y4 6/6 20E1 13/- 9000 34/- DAF91 4/3 811E80 6/9 8E73 6/6 0233 12/6 PC0189 10/6 PY801 6/9 UU8 14/- W729 10/-
511.40Y 819 8F24 11/9 9BW6 7/- 2021 17/6 900V we DAF96 616 81,283 11/- EF80 4/8 07.34 10/- PCF80 6/8 PZ30 9/6 1/U9 7/3 841 10/-
51740 4/9 6225 18/- 9137 9/- 2023 18/- 9001 16/- DC090 10/- EBF98 6/3 EF83 9/6 0 237 14/8 PCF82 6/8 QQV03/10 U1112 4/9 X61 6/9
5V4k1 7/6 6228 14/- 10C1 12/6 2024 18/6 150E2 14/8 DD 170;96 121/6- 8E85 5/3 HARM/8;- PCF84 8/- 27/6 UY1N 9/- 165 5/-
51313T 6/6 6F32 3/- 1002 10/- 2025 18/- 15003 5/9

96343 8E0114E321

EF86 6/8 11E4WD PCF86 9/- Q875/20 UY21 9/6 X66 7/6
523 8/- 6060 2/8 10DI 8/- 25L6GT 6/6 301 20/- 26//69 81'89 5/- 19/6 PC2801 7/- 10/6 UY41 7/- X101 30/6
534a 7/- 611601 1/9 10132 14/7 25Y5 6/- 302 18/6

DD229901 EEcC7504 46;9-

EF91 3/3 11 L42DD8/- PCF802 9/- 99150/15 UY85 5/9 X E3 25
6/30L2 32/8 6350 3/9 1021 15/- 25Y50 8/6 303 15/- E0297 10/- ECM 12/6 EF92 2/6 ITN 309 27/4 PC1'80511/6 9/6 U10 9/- XFY12 9/6
6A80 5/6 636 8/- 10F9 9/- 25840 6/- 305 16/6 111163 6/- 8080 133/- EF97 10/- HVR2 8/9 PC280611/6 0'04/7 8/- 1712/14 7/6 X 111.5 9/6
6AC7 3/- 6370 4/9 10E18 91- 2585 V-- 308 13/- 10H76 4/8 8092 6/6 8298 10/6 HVR2A 8/9 PC280812/13 3(10 15/- U16 15/- Z329 18/-
6A05 8/8 6J70T 6/6 1OLD1110/- 252611 8/8 807 1119 DH77 4/- ECM 15/6 8E183 6/- 1W3 5/6 PCL82 7/- R11 19/6 1117 6/- 2759 45/ -
6AK5 5/- 613713 2/- 101'13 13/- 3003 6/8 956 2/- DH81 10/9 All goods are new and subject to the standard 90 -day guarantee. We do not handle manufacturers'
6AK6 6/- 6K70T 4/6 10214 12/6 30C15 13/- 1821 10/6 1311101 26/- seconds, nor rejects, which are often described as "new and tested" but have a limited and un-
6AL5 2/8 8L1 19/6 12A6 8/6 30017 16/- 5763 10/- 131110717/11 reliable life. Business hours Mon. -Fri. 9-5.30 p.m. Oats. 9-1 p.m.
6AM6 3/8 6L86T 7/9 12AC6 71- 30018 11/6. 6060 5/6 LIK32 7/3 Terms of business. Cash with order only. Poet/packing 6d. per item. Orders over 25 post/
65.Q15 5/6 M0T 19/6 12AD8 6/- 30F5 18/- 7193 10/6 DK40 101- packing free. Same day despatch by first class mail. Any parcel insured against damage in transit
BARS 20/- 6L18 6/- 12AE6 716 302E1 15/- 7475 4/- DIC91 5/6 for only ed. extra. Complete catalogue of valves, transistors and components with conditions of
6AT3 4/- 6119 19/- 12AT6 4/6 30E1.12 18/- A1834 20/- DK92 9/- sale, price 10d. post free. No enquiries answered unless S.A.E. enclosed for reply.

17in.-£11.10.0 TWO-YEAR GUARANTEE
19in. SLIMLINE

SOBELL-24 Gns. EX -RENTAL TELEVISIONS

FREE ILLUSTRATED
LIST OF TELEVISIONS -..,..-

-R.17"-19.-21"-23" -. -____
::--..,WIDE RANGE OF MODELS

SIZES AND PRICES
DEMONSTRATIONS DAILY 1,

.. 0 #
TWO-YEAR GUARANTEED

'TUBES 100% REGUNNED
Slim Line Tubes Ilia 17" and 19" 99/6,
21" and 23" 119 6.
Normal Tubes 70n and 90° 17" 89/6.

Sias

81
21" 109/6. 14" and other sizes 69/6.

COCKTAIL'STEREOGRAM CABINET £25
Polished walnut veneer with

. elegant glass fronted cocktail
..........:.i0.5,V:,...' --""--"" compartment, padded. Position

for two 10in. elliptical speakers.
... = .'"..".4..' :,..-

Record storage space. Height
354in.. width 52fin., depth 144in.
Legs I gn. extra.

,,(1i ma immmmemimmam
Speakers 6/6: 2"-7.51I. 23"-3.5

in 0. P. & P. 2/6. Aces Mics. 35/-
Standard: Stick Mic. 2gns. P. &
P. 3/6. Asstd. Condensers: I Ob.
for 50. P. & P. 716. Asstd.
Resistors: I0/- for 50. P. & P.
4/6. Asstd. Controls: 10/- for
25. P. & P. 7/6. Transistors:
Mallard matched output kit 9/.
00810-2 0031's. P. & P. FREE.

Ferrite Rods 3,6: 6" , 1" complete with LW/MW Coils. P. & P. FREE.
TRANSISTOR CASES 19/6. Cloth covered, many colours. Size 94" x 64"
x 3}" P. & P. 4.'6. Similar cases in plastic 7/6.

TRANSISTOR RECORD PLAYER CABINETS 19/6. Dim. I I" x 144" x
54". P & P.7/6.
SINGLE PLAYER CABINETS 19/6. P. & P. 7/6.
STRIP LIGHT TUBES 3/9 each. 11" (284 mm). 230/240 volts, 30 watts. Ideal
for cocctail cabinets, illuminating Pictures, diffused lighting etc. 6 for LI.
P. & P. free.

DUKE & CO. (LONDON) LTD.
621/3 Rorriford Road, London, EI2 Tel. 01-47860062/3

TT" "VIDEOCHROME
FOR BRILLIANCE

CASH
OR

CHEQUE
WITH
ORDER

99 T.V.
TUBES

& DEFINITION

COMPARE

OUR

PRICES

I 7"-E4-15-0
19"-E5-5-0

21"-£6-10-0
23"-117-10-0

TRADE SUPPLIED
ALL TUBES PRECISION REBUILT AT OUR
OWN FACTORY BY SKILLED CRAFTSMEN
WHO HAVE BEEN REBUILDING TUBES
FOR OVER 10 YEARS  EACH TUBE
BENCH AND SET TESTED TO A VERY HIGH

STANDARD BEFORE DISPATCH

PRICES FOR TWIN PANEL TUBES
AVAILABLE ON REQUEST

2 YEARS GUARANTEE  FREE
DELIVERY ANYWHERE IN THE U.K.

VIDEOCHROME TUBES LTD.
25 BELLEVUE AVENUE,

RAMSGATE, KENT. Tel. THANET 52914
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NEW RANGE U.H.F. - TV - AERIALS
All U.H.F. aerials now tilted with
tilting bracket and 4 clement grid
reflectors.
Loft Mounting Arrays. 7 element, 3716.
11 element, 451-. 14 element, 5216.
18 element. 601-. Wall Mounting with
Cranked Arm. 7 element, 60/-. 11
element. 67/-. 14 element. 751, 18
element. 82/6. Mast Mounting with
2 in. clamp. 7 element. 42/6. 11
element, 55/-. 14 element. 62/-. 18
element. 70/-. Chimney Mounting
Arrays. Complete. 7 element. 72/6.
11 element, 80/-. 14 element. 87/6.
18 element, 95/-. Complete assembly
instructions with every unit. Low Loss
Cable. 1/6 yd. U.H.F. Preamps from
75/-. State clearly channel number
required on all orders.

BBC - ITV AERIALS
BBC (Band 1). Tele-
scopic loft, 25/-. External
S/D, 30/-. "H". S2 15s.
ITV (Band 3). 3 element
loft array. 30/-. 5
element, 40/, 7 element.
50/, Wall mounting.
3 element. 47/6. 5 ele-
ment. 5216.
Combined BBC I ITV
Loft 1+3. 401.. 1+5.
501-. 1+7, 60/-. Wall
Mounting 1+3, 57/6.
1+5, 67/6. Chimney
1+3, 67/6. 1+5. 75/-.
VHF transistor preamps,
75/-.

COMBINED BBC -1 - ITV - BBC -2
AERIALS. 1+3+9. 70/, 1+5+9,
80/. 1+5+14, 90/-. 1+7+14. 100/-.
Loft mounting only.
F.M. (Band 2). Loft S/D. 151-. "H".
3216. 3 element, 55/-. External units
available. Co -ax. cable. 8d. yd. Co -ax.
plugs, 1/4. Outlet boxes, 5/.. Diplexer
Crossover Boxes, 13/6. C.W.O. or
C.O.D. P. & P. 6/-. Send 6d. stamps
for illustrated lists.

Callers welcomed. Open all day Saturdays.

K.V.A. ELECTRONICS (Dept.P.T.)
40-41 Monarch Parade. London Rd..

Mitcham. Surrey. 01.648 4884.

Learn at home...
First Class Radio
and TV

to;

Cores
%Pet

-(6,//

After brief, intensely interesting study -
undertaken at home in your spare time -
YOU can secure a recognised qualifi-
cation or extend your knowledge of
Radio and TV. Let us show you how.
FREE GUIDE
The New Free Guide contains 120 pages
of information of the greatest import-
ance to both the. amateur and the
man employed in the radio industry.
Chambers College provides first rate
postal courses for Radio Amateurs'
Exam., R.T.E.B. Servicing Cert.. C. & C.
Telecoms., A.M.I.E.R.E. Guide also
gives details of range of certificate
courses in Radio TV Servicing. Elec-
tronics and other branches of engineer-
ing, together with particulars of our
remarkable terms of
Satisfaction or refund of tee
Write now for your copy of this valuable
Publication. It may well prove to be the
turning point in your career.
founded INS One, Iwo's
CHAMBERS COLLEGE
(Dept. 944V) College House.
29131 Wright* Lane, Kensington, London, W.8.

TRADER SERVICE SHEETS
5/- each plus postage

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

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

OAKFIELD ENTERPRISES
LIMITED

30 CRAVEN STREET, STRAND
LONDON WC2

Make Model Radio/TV

970 List now
available at 2/ -
plus postage

From

If list is required
indicate with X

Address

enclose remittance of
(and a stamped addressed envelope)

s.a.e. with enquiries please
MAIL ORDER ONLY (February PT)

VALVES SAME DAY SERVICE
NEW! TESTED! GUARANTEED!

SETS re't"..r.',174i158.1.211;1i61),Acm.-r,r46,-,m6D,1.49tr D279/ !:

OZ4 4/8 12EROT 7/8 DE91 5/9 EF184 5/6 PCL8I 8/9 URF80 5/9
A71:T 718 128870T6/6 DE92 8/8 EH90 8/3 PCL82 7/- URF89 8/

11150T 79 19806017/6 DE96 7/3 EL33 8/9 PCL83 10/- 0092 6/-
N5OT 7/9 20F2 13/8 DL35 6/- EL34 9/6 PCL84 7/6 1/CC84 7/
115 511 2011 11/9 DL92 5/9 EL41 11/ - PCL85 9/- 00085 7/
83 4/8 20P4 18/6 DL94 8L84 4/9 PCL86 8/8 01,1480 7/
T4 2/9 25L6GT 5/- DL96 7/3 EL90 4/8 PENA4 12/6 001442 12/-

384 5/9 251140T11 DY813 5/9 EL500 12 /6 PFL20011 /9 001181 8/
3V4 8/- 3001 8/6 DY87 EM80 7/8 PL36 9/9 0CL82 7/
5Y3OT 6/9 30015 18/- EARC80 6/6 EM81 7/8 PL81 7/9 UCL83 11/
MG 7/8 30017 18/- EAF42 10/- E5184 6/9 PL82 6/8 01-41 10/
6/30L2 12/- 30CI8 14/- EB91 2/3 EMB7 7/8 PL83 13/8 0E80 7/-
6A1,15 2/8 30E5 18/- EBC33 8/- EY51 7/8 PL84 8/8 U P83 8/9
6AM6 2/9 30FL1 13/9 EBC41 9/6 EY86 13/6 PL500 13/- UF89 6/9
6AQ5 4/8
BATE 4/-

30E112 14/6
30E114 14/0

EBF80 8/9
EBF89 6/3

EMI) 8/-
8/41 8/-

8PL504 183/18

PL508
10/900L414

6AU6 4/8 SOLI 6/6 E0081 8/9 EZ80 4/6 PM84 7/6 UL84 7/-
613A6 4/8 30L15 14/- ECC82 4/9 EZ81 4/9 P825 10/6 05184 6/6
611E6 4/9 30L17 15/6 ECC83 7/- 0Z32 8/9 PY32 10/- IlY41 7/6
61326 8,6 3014 12/- ECC83 5/- (4Z34 9/9 FY33 10/- 0187 5/9
611W6 18/- 30112 13/9 ECC91 8/- ET61 8/9 PYal 5/3 Vi'4B 10/-
6E13 3/6 30P19 12/- ECC804 12/- E166 16/- PY82 5/8 W119 7/-
6E14 9/- 30PLI 13/9 ECF80 8/8 N78 17/6 FY83 5/9 577 2/9
6F23 14/3 30PL13 15/6 ECF82 5/9 PABC80 7/- PY88 8/9
6F25 18/- 30PL14 15/6 ECH35 8/- P088 10/3 PyRoo 7/6 Transistors
636 3/- 33L6GT 8/13 ECH-12 13/6 PC88 10/3 P1801 819 Atc:10277 8/6
8K7G 2/8 35W4 4/8 ECH8I 519 P098 8/6 819 6/6 1 918
6E80 2/9 35Z4GT 5/- 801183 8/3 PC97 8/6 R20 12/6 A15140 7/6
61.18 6/-
681,770T 4/3

6063 12/6
AC/14P2 10/-

ECH84 7/6
ECL80

PC900 7/6
PCC84 6/6

025 13/-
026 12/-

1115 8//--AFE1

6160 3/3 AZ31 9/6 ECL82 8/9 PCC85 6/- 1147 13/6 AF117 3/3
6V6GT 8/8 B729 12/13 ECL83 8/13 PCC88 9/- 049 13/6 AF125 8/6
6X4 4/8 CCH35 18/6 ECL86 8/- PC089 10/6 U78 4/3 AF127 8/6
13)45GT 5/9 CL33 18/6 EF37A 8/8 PCCI89 11/6 U191 12/6 0044 2/3
7B7 V- CY31 6/9 EF39 4/9 PCF80 6/6 0193 8/8 0045 2/8
706 8/9 DAC32 7/8 EF41 10/9 PCF82 8/8 0271 14/6 01.71 2/6
10F1 14/- DAF91 4/8 EF80 4/6 PCF86 11/13 U301 10/6 0072 2/6
10518 7/- DAF96 7/3 EF85 5/8 PCF200 13/6 t1329 14/6 0075 2/6
10P13 15/8 DF33 7/9 EF86 6,3 P05800 13/6 U801 19/8 0081 218
12AT7 3/9 DF91 2/9 EF89 151 PCF801 6/9 1JABC80 8/6 OC81D 2/8
12AU8 4/9 131,96 7/3 EF91 2/9 PCF802 9/- IJA1442 10/3 0082 2/3
12AU7 4/9 DH77 4/- EF94 4/6 PCF805 14/- 0841 8/8 00820 2/6
12AX7 4/9 DK32 7/6 EF183 5/9 P01108 14/9 UBC41 9/- 0C170 2/6

READERS RADIO
85 TORQUAY GARDENS, REDBRIDGE, ILFORD,

ESSEX. Tel. 01-550 7441
Postage on 1 valve 9d. extra. On 2 valves or more, postage 04. per

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

REBUILT TUBES!
YOU'RE

SAFE

WHEN YOU

BUY FROM

RE -VIEW!

HERE IS WHAT YOU PAY:
I2in. E4.15.0 I9in. £5.15.0
I4in. .. ES. 0.0 21 in. 0. 5.0
I5in. E5. 5.0 23in. 18.10.0
I7in. £5. 5.0 I 9in. Twin Panel E7.10.0

23in. Twin Panel E10. 0.0
Cash or cheque with order, or cash on delivery

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

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

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

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

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

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

Tel. 01-689/7735

A
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Please note: Components are sold in packs, quantities per pack
are shown under each heading. Prices are per piece of each
value.

TUBULAR CAPACITORS
(3's:

001
0022
0033
0047

01
022
033
.047

400v.
600v.
600/ I 500v.
600/1500v.
400v.
600v.
600v.
600v.

.1 600v.
22 600v.

47 600v.
01 000v.
022 000v.
-047 000v.
 I 000v.
22 000v.
-47 000v.
00I 500v.

8d.
8d.
8d.
8d.
8d.
8d.
9d.
9d.

10d.
I/8d.
2/3d.
I/Id.
I/1d.
I/6d.
I/6d.
2/3d.
3/3d.
I/6d.

WIRE -WOUND RESISTORS
(3's)

10 watt rating, suitable for mains
dropper sections.
I Ohm I/9d.
10 Ohms I/9d.
13 OP

I/9d.
25 10 I/9d.
33 11 I/9d.
50 $1 I/9d.
87 99 I/9d.
100 ,, I/9d.
150 Pt I/9d.
220 ., I/9d.
330 ,, I/9d.
I K I/9d.
2-2K I/9d.
3-3K I/9d.
4.7K I/9d.

PULSE CERAMICS (3's) 12KV
100pf 22pf 1/Id.
120pf 47pf I/Id.
180pf 68pf I/Id.
250pf I/Id.
Tubula- type for use in Scan
correction circuits and Line
Outputs.

CERAMICS (6's)
500pf
680pf
820pf
I000pf
1500pf
3000pf
S000pf

8d.
8d.
8d.
8d.
8d.
8d.
8d.

RECTIFIERS
Silicon Mains (3's)
Westinghouse SIOAR2
BY127 Mullard
BY105 Mazda
BY327

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

CONTACT COOLED FULL
WAVE

75ma I2/8d.
100ma 13/8d.
150ma 16/8d.

CO -AXIAL PLUGS
Bakelite top
Egen metal
Single point (car radio)

10d.
I/4d.
2/0d.

SLIDER PRE-SETS (3's)
100K I/6d.
I Meg I/6d.
2.2 Meg I/6d.

JACK PLUGS
Chrome standard
Standard
3.5mm. metal

4'0d.
3/0d.
3/0d.

DIN PLUGS (3's)
3 -pin
5 -pin
Sockets

1/I0d.
2/2d.
I/0d.

BIAS ELECTROLYTICS (3's)
25mfd 25v. I/4d
50mfd 25v. I/6d.
100mfd 25v. I/9d.

250mfd 25v. 2/8d.
500mfd 25v. 2/8d.
I 000mfd 12v. 5/0d.
I 000mfd 30v. 4/9d.
2000mfd 25v. 6/0d.
2500mfd 30v. 8/0d
3000mfd 30v. 8/6d.
5000mfd 30v. 9/3d.
25mfd 50v. I/7d.
50mfd 50v. I/10d
100mfd 50v. 2/3d.
250mfd 50v. 3/4d.
500mfd 50v. 4/0d.
2000mfd 50v. 8/0d.
2500mfd 50v. 9/6d.

SMOOTHING
ELECTROLYTICS

Wire ended, 450v. working.
I mfd
2mfd
4mfd
8mfd
l6mfd
32mfd
50mfd
8/8mfd
8/I6mfd
16/I6mfd
16/32mfd
32/32mfd
50/50mfd
50/50/50mfd

I/3d.
I/4d.
2/0d.
2/4d.
3/0d.
4/2d.
4/8d.
3/6d.
4/8d.
4/6d.
5/0d.
4/9d.
7/0d.
8/0d.

CANNED ELECTROLYTICS
00/200mfd

I 00/400mfd
200/200mfd
200/200/100mfd
200/400/32mfd
100/300/100/16
I 00/400/32mfd
100/400/64/16

0/6d.
4/0d.
5/0d.
8/6d.
5/6d.
6/6d.
5/6d.
B/6d.

SKELETON
25K
50K
100K
250K
500K
I meg
2 meg
500K
680K
I meg

PRE-SETS (3's)
Vertical

OD

Hogzontal

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

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

CARBON FILM RESISTORS
4 watt and I watt.

The following values are packed in
cartons of six of each value. Price
2/6d. per carton.
10 ohm 1.2K 150K
12 I.5K 180K
IS 1.8K 220K
18 2-2K 270K
22 2.7K 330K
27 3.3K 390K
33 3.9K 430K
39 4.3K 470K
43 4.7K 560K
47 5.6K 680K
56 6.8K 820K
68 ,, 13-2K I M
82 10K 1.2M
100 I2K 1.5M
120 15K 1.8M
150 18K 2.2M
180 22K 2.7M
220 27K 3.3M
270 33K 3.9M
330 39K 4.3M
390 43K 4-7M
430 47K 5-6M
470 56K 6.8M
560 68K 8-2M
680 82K 10M
820 100K
1K 120K I5M
All the above values are available in
both 1 watt and I watt versions.
*Special for Philips TV's:

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

WE ARE THE SERVICE DEPARTMENT WHOLESALERS
Remember... WE ONLY SUPPLY SERVICE DEPTS. and can
therefore carry large stocks, and also we know and understand
your problems regarding getting the right spares QUICKLY
and the RIGHT PRICE. HOT-LINE ORDERS: 01/567 5400.

SUB -MINIATURE
ELECTROLYT CS (3's)

I mfd 8v.
2mfd 8v.
4mfd 8v.
5mfd 8v.
8mfd 8v.
lOmfd 8v.
16mfd 8v.
25mfd 8v.
32mfd 8v.
50mfd Bv.
100mfd 8v.
200mfd 8v.

/6d.
/6d.
/6d.
/6d.
/6d.
/6d.
/6d.
/6d.
/6d.
/8d.
/8d.

2/0d.

TH ERMISTORS (3's)
Miniature
TH I

I /6d.
2/4d.

RADIO/TV GLASS
FUSES

I amp, 1.5 amp, 2 amp, 3 amp.
Per dozen 3/0d.

MAINS FUSES
2 amp, 3 amp, 5 amp, 13 amp.
Per dozen 5/0d.

TERMINAL STRIPS
2 amp 2/3d.
5 amp 2/10d.
15 amp 5/9d.

DOUBLE DIODE RECTIFIERS
(3's)

Bush/Murphy/BRC etc.
Line/frame timebases etc.
3 leg
4 leg
5 leg

6/3d.
6/3d.
6/3d.

VOLUME CONTROLS
Standard spindle with flat.
Double pole switch 4/0d.
Without switch 3/0d.

(One per pack)
5K, 10K, 25K, 50K, 100K, 250K, 500K,

I meg, 2 meg.

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

ALL MAKES SUPPLIED

EXCHANGE UNITS OR
NEW REPLACEMENTS

Catalogue
WILLOW VALE,
The Service Dept.

Wholesalers,
4 The Broadway, Hanwell,

London, W.7.
01-567 5400

HOT-LINE ORDERS
RECORD PLAYER CARTRIDGES
ACOS: GP67/2g. High gain general purpose Mono I6/8d.

GP91/5C. Stereo -compatible replacement 22/0d.
GP9I/3SC. High gain version of above 22/0d.
GP94/1SS. Stereo cartridge 37/9d.

GENERAL PURPOSE REPLACEMENT FOR TC8's etc.
High gain, plenty of output (lap.) 19/I0d.
Stereo version 37/9d.

SERVISOL AND ELECTROLUBE
PRODUCTS (Nett trade)

Servisol aerosol can
Electrolube 2AX aerosol
Servisol Freezit
Electrolube No. I Snorkel
Electrolube 2G X Grease
Servisol Aero-Clene for tape heads
Servisol Aero-Duster

12/6d. nett
14/0d. nett
9/6d. nett

18/0d. nett
8/4d. nett

I0/6d. nett
I0/6d. nett

REPLACEMENT
STYLI

TC8 4/6d.

GC8 4/6d.

RADIO AND TELEVISION VALVES
British made valves normally supplied.
DY86/7 9/I EY136/7 9/1
DY802 9/I EZ80 10/10
EABC80 12/8 EZ8I 8/2
EB9I 8/2 EZ90 9/3
EBC90 10/10 GZ34 3/7
EBF80 10/10 GY501 5/9
EBF89 10/10 PC86 2/6
ECC8 I 0/0 PC88 2/8
ECC82 0/0 PC97 9/I
ECC83 0/0 PC900 2/8
ECC804 5/4 PCC84 0/0
ECH8I 4/6 PCC88 6/8
ECH84 2/8 PCC89 3/7
ECL80 9/6 PCCI89 3/7
ECL82 2/8 PCC806 5/9
ECL83 3/4 PCF80 1/4
ECL84 1/4 PCF86 3/7
ECL86 2/8 PCF87 8/I
EF80 9/6 PCF80 I 3/7
EF85 2/8 PCF802 3/7
EF86 6/4 PCF805 14/11
EF89 10/10 PCF806 13/7
EFI83 12/8 PCF808 14/11
EF184 12/8 PCL82 11/4
EH90 13/7 PCL83 13/4
EL34 10/0 PCL84 11/4
EY51 13/7 PCL85 11/4

PCL86
PD500
PFL200
PL36
PL8I
PLO IA
PL82
PL83
PL84
PL302
PL504
PL508
PL509
PY33
PY81
PY800
PY801
PY82
PY83
PY500
UABC80
UCH81
UCL82
UCL83
UL4 I
UL84
UY85

ALL MAZDA/BRIMAR TYPES IN STOCK.

11/4
31/7
15/9
13/7
11/4
14/6

10/10
13/8
6/7

13/7
18/1
20/4
31/7
12/2
9/0
9/0
9/0
8/4

13/7
20/4
13/7
13/7
12/8
14/6
14/6
12/8
9/0

TRADE & SERVICE ENGINEERS ONLY
Cash with order. 10% MAY BE DEDUCTED FROM THE ADVERTISED
PRICES EXCEPT FOR NETT ITEMS, OR C.O.D.
All orders must exceed 50/0d. in value otherwise postage and packing
will be charged at 5/0d. per invoice. Components must be ordered
in multiples as packed.
SEE WHAT YOU SAVE AT WILLOW VALE, THE SERVICE
DEPT. WHOLESALERS, 4 THE BROADWAY, HANWELL,
LONDON, W.7. 01-567/5400-2971.
Send 1/6d in loose stamps for our comprehensive catalogues listing
valves, components, tubes, transistors, mikes, aerials, Line output
transformers. BY RETURN SERVICE ANYWHERE.
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WISHFUL THINKING
HERE we are, taking the first steps into the
brand new year of 1970, the start of a new
decade. How is it going to turn out for us
enthusiasts of television?

Although many of the signs point to
obvious trends and developments it is more
fun to ponder on what we would like to see
rather than what we expect to happen. So
here is a short starter list to get things going.

To set makers: we hope that the develop-
ment costs of getting colour TV production
lines moving have still left enough in the
sock to think about producing one or two
true portables. So far it has been left to a
competitor from Japan to make the running.
Surely such a product would be worth
while from the sales point of view.

To the BBC and ITA: hats off to the
engineering divisions of both organisations,
nothing here but unstinted praise. The
programme planners are another story. In
our naive way we still think that BBC -1,
BBC -2 and ITA should provide alternative
services. What happens more often than
not is throat cutting competition in which
the viewer suffers. As an example, most
viewers have their own preferences for
certain types of programme-be it comedy,
drama, current affairs, etc.-yet we have the
common instances of even BBC -1 and BBC -2
showing similar types of programme simul-
taneously so that viewers preferring that kind
of entertainment have their quota cut by half.
More co-ordination, that's what we want.

To the Government: two simple requests-
ease off the HP restrictions and the crippling
deposits on colour TV hire.

To retailers: if you have no colour sets,
get 'em. If you have them, read the con-
vergence instructions in the manuals and
place the sets where people can see a decent
picture.

To readers: No complaints here, we'd just
like to see more of you !

W. N. STEVENS, Editor
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COLOUR TV DELIVERIES BUILDING UP

Although deliveries during September of 17,000
colour television sets, compared with 10,000 last
year, show the first indication of the expected
increase in deliveries to the trade, the effect of the
poor first half -year still leaves deliveries 13% down
on the first nine months as a whole compared with
1968, according to the Economic and Statistical
Division of BREMA.

Monochrome deliveries are maintaining a rate at
an overall level just below that of last year,
although figures for the third quarter (347,000) are
16% below the same period in 1968 (414,000).

There have been reports of shortages of colour
TV sets in various parts of the country. Production
at present is estimated to be running at about 6,000
sets a week and is expected to rise. Many setmakers
however are complaining of a shortage of essential
components-a general complaint in Europe and
the USA at present.

JAPANESE COLOUR TV PRODUCTION

There was a sharp increase -70% up during
1969 compared to the previous year-in colour TV
set production in Japan, and it is expected that
total for the year will rise to four million. As a
result of this all main Japanese tube producers are at
present planning to increase their production of
colour tubes.

NEW AEROSOLS

Electrolube Ltd. has introduced a new silicone grease,
Electrolube SG -4, in 12oz. aerosol form. It is heat -
resistant and highly water-repellent and applications
include moisture -proofing electrical systems, prevent-
ing corona discharge and protecting insulation against
such discharge. Each aerosol costs 9s. 9d.

A range of five new aerosols has been introduced
by Altham Electronics Ltd., Victoria Mill, Pollard
Street, Manchester 4. EHT Seela is a waterproof,
heat -resistant insulator with dielectric strength in
excess of 20 kV, for use with e.h.t. transformers and
h.t. circuits generally, to prevent shorting after solder-
ing on printed circuits and as a core locking com-
pound. It is also useful for weatherproofing TV
aerial feeder connections and as an anti -rust, anti -
tarnishing agent. Trade price is 10s. 6d. Kontact
Kleena is a highly penetrating cleaning and degreas-
ing agent with anti -static properties, trade price 7s.
Freeza is an instant cooling spray for locating inter-
mittent component faults and protecting transistors

when soldering, trade price 9s. 6d. Dusta removes
dirt from inaccessible places in electronic and electro-
mechanical equipment, trade price 9s. 6d. Golden
Disc is an anti -static gramophone record cleaner,
trade price 5s. 3d.

VIDEOCASSETTE PLAYER FROM SONY

Sony are planning to introduce a new videocassette
player which will reproduce videocassette recorded
programmes in colour or black -and -white with high
fidelity sound. It is hoped to introduce the player
late this year at a retail price in the range $265-280
in Japan and about $350 for export. The playback
time is about 90 minutes using magnetic tape that
can be re-recorded some 100 times. A separate
adapter is planned to enable broadcasts to be
recorded off -air. The cassette can be stopped and
removed in mid -programme. Sony envisage com-
mercial firms providing recordings on the " pay -TV"
principle. For this the cassette would have a built-in
counter to record the number of times the cassette
is played. The export price of the off -air recording
adaptor would be about $100. The horizontal
resolution is about 300 lines on monochrome and
200 lines on colour.

FRENCH COMPETITOR TO THE
SHADOWMASK TUBE?
Following their previous acquisition of Societe
France-Coulers which is developing a new grill -type
colour tube as a rival to the shadowmask tube,
Thomson-CSF is to acquire control of CIFTE, a
black -and -white tube manufacturer. Plans are under
consideration to produce the new colour tube at the
rate of 250,000 a year. The tube has been under
study in the USSR, where over 1,000 of the new
tubes have been produced at a pilot plant.

NEW FROM BELLING -LEE
The Harrier transistorised broadband amplifier is
announced by Belling and Lee Ltd., Gt. Cambridge
Road, Enfield, Middx. The amplifier provides six
outlets at a nominal gain of 6dB each from a single
aerial input and covers Bands I, II, III, IV and V.
Belling and Lee have also introduced a new range of
coaxial cables for TV line distribtltion systems.

The new broadband amplifier uses silicon planar
transistors which are less prone to cross -modulation
than the germanium transistors used in earlier
designs. Cross -modulation has become more notice-
able since the introduction of the additional u.h.f.
channels.
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NEWS FROM THE BBC

The approximate service area of
the Waltham u.h.f. transmitter is
shown in the accompanying map.
The BBC -2 service is on channel
64, horizontally polarised. Use a
group C aerial. Maximum vision
e.r.p. is 250kW. BBC -I will be
on channel 58 and ITA on
channel 61.

BBC -2 from Bilsdale, York-
shire, started on November 24th
on channel 26 with horizontal
polarisation. The other channels
assigned to the station are 23, 29
and 33, and a group A aerial
should be used.

BBC -2 from Mendip started on
December 1st on channel 64
(group C aerial) with horizontal
polarisation. The other channels
assigned to this transmitter are
54, 58 and 61. A relay station at
Ilchester Crescent serves South
Bristol, transmitting on channel
46 with vertical . polarisation
(group B aerial). The other
channels assigned to this station
are 40, 43 and 50. A further
relay station to serve Bath will
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open shortly.
It is planned to start transmitting BBC -1 on u.h.f.

from the relay stations at High Wycombe, Hertford,
Guildford and Tunbridge Wells in early 1970,
followed by Reigate and Hemel Hempstead.

The BBC -1 colour u.h.f. service from Black Hill,
Central Scotland, started on December 13th on
channel 40 with horizontal polarisation.

COLOUR TUBE TYPE RATIONALISATION

Following the merging of the Mazda and RCA colour
tube production interests in the UK into Thorn
Colour Tubes Ltd., the sale of RCA colour tubes
in the UK has now been discontinued and all tubes
made by Thorn Colour Tubes for domestic receivers
will be sold under the Mazda brand name. At the
time of the merger the RCA range consisted of nine
types and the Mazda range of four types, with RCA
using Pro Electron nomenclature (A63 -16X etc.) and
Mazda their own nomenclature (CTA2550 etc.). This
combined range of 13 types has now been reduced
to four and the Mazda nomenclature discontinued.
The new range is as follows: A49 -11X 19in. Rim I:
replaces A49 -15X, A49 -18X, CTA1950. A49 -191X
19in. Rim III: replaces A49 -120X, A49 -200X,
CTA1951. A55 -14X 22in. Rim III: replaces
A55 -141X, CTA2250. A63 -11X 25in. Rim I: replaces
A63 -13X, A63 -16X, A63 -17X, CTA2550.

GDS 700V 6A TRANSISTOR

GDS (Sales) Ltd. announce that they can now supply
the Motorola MJ9000 power transistor which
features 700V Vces and 325V Vceo ratings, 1.1p.sec
maximum fall time and 2V maximum Vsat, both
measured at 6A collector current. The transistor
is capable of carrying up to 10A continuous /c. Also
announced is the Motorola MJ8400 which is rated

at 1400V Vces and 600V Vceo, with 1.1p.sec maxi-
mum fall time at 3A. Both transistors are ideally
suited for use in c.r.t. deflection systems including
colour TV and radar displays.

CASSETTE VIDEOTAPE RECORDER

The development of a casette videotape recorder
capable of recording and playing back through a
TV receiver both black -and -white and colour pro-
gramme material is being undertaken by the Philips
group in co-operation with Sony and Grundig. A
prototype has been built and a tentative date of
some time in 1972 suggested for the availability of
the recorder in the shops. It is intended that the
machine will be about the size of current sound
recorders while the cassettes will be roughly the size
of a paperback book.

LATEST ITA TRANSMITTERS

The ITA u.h.f. transmitters at Rowridge and Dover,
both transmitting Southern Television programmes,
are now in operation. Dover is on channel 66 (group
C aerial horizontally polarised) and Rowridge on
channel 27 (group A aerial horizontally polarised).

Scottish Television is now being transmitted from
Black Hill on channel 43 (group B aerial horizontally
polarised).

The Aviemore, Inverness, relay station was taken
into service on November 29th. It is transmitting on
channel 10 with horizontal polarisation.

MULLARD DATA BOOK
We heir from Mullard that stocks of their 1969
Pocket Data Book are now exhausted. It is there-
fore regretted that no further orders can be accepted.
Preparations for the 1970 edition are in hand and a
further announcement will be made in due course.
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HARMONNICTUNING
MENTION third harmonic tuning to most people
and they invariably squirm internally. It seems,
understandably perhaps, that the difficulty of fol-
lowing the basic operation of a line output stage
is enough. Add the seeming complexity of harmonic
tuning and the already strained understanding
breaks down. However we should not flinch from
trying to clarify this apparently obscure matter,
which actually is not so difficult as it appears to be.
The basic problem arises out of the construction
of the line output transformer, and once the prob-
lems involved here are appreciated the whole matter
becomes reasonably clear.

The Characteristics of the Line
Output Transformer

The positions of the main winding and the e.h.t.
overwinding have on the modern line output trans-
former changed from being on the same limb as
each other to being on separate limbs on the
transformer core. This change has been made to
provide better control of the leakage inductance
that is present because these two windings are not
the same physical size: all the magnetic flux that
is produced cannot link them both. This leakage
inductance also has stray capacitance which is
present as if it physically existed. The leakage
inductance and stray capacitance are indicated by
L and C in the approximate equivalent circuit of
the transformer shown in Fig. 1. The e.h.t. over-
winding in this circuit is LI and the main winding
L2. The leakage inductance L is represented in
the position shown because the overwind is made
narrow in comparison to the main winding and
the 'leakage flux is therefore in series with the
overwind.

The main winding representation L2 also includes
the line deflection coils and any width or linearity
circuitry between the two. All this has a stray
capacitance C2 across it and this will also include

Anode
of line
output
valve O

c. Li

TC
C>

Fig. 1: Equivalent circuit of
the line output transformer.
L1 represents the e.h.t. over-
winding and L2 the main
winding, i.e. primary and

Cl secondary autotransformer
wound, and also the coils
and any inductive com-
ponents used between them.
L is the leakage inductance
between the main winding
and the e.h.t. overwinding.

some physical capacitance. Cl represents the load
capacitance which includes that of the e.h.t. rectifier,
any e.h.t. smoothing and the c.r.t. capacitance.

Operation of the Line Output Stage
During the scan time when the line output valve

is conducting a current is built up in L2. As soon
as the line output valve conduction ceases, a large
half -sinusoid of voltage is induced into L2 and
Ll-this is the flyback pulse. This pulse is rectified
to provide the e.h.t. and is also the essence of the
efficiency diode operation.

Now none of this flyback pulse is originated in
L because it does not physically exist as a winding
and cannot therefore have a voltage induced into
it. However the pulse is sent into L as a shock
potential from LI and L2 so that L and C are sent
into a damped oscillation. If this oscillation is
not sufficiently damped it will continue into the
next scan period causing ringing on the left-hand
edge of the raster. This is because some of the
oscillation would inevitably appear across the main
winding L2 and therefore in the deflection coils.

C2 incidentally controls the rate al which the
flyback pulse is originally produced and is therefore
the limiting factor 'on flyback time.

The ringing effect is reduced to a minimum by
arranging the circuit so that the frequency of
oscillation of LC is an odd harmonic of the flyback
pulse frequency. When this is done the oscillation
voltage will be at the zero point at the beginning
of the next line scan period.

Third Harmonic Tuning
Third harmonic tuning is adopted because this

harmonic gives additional benefits. Fig. 2 shows
how the voltages in the windings of the transformer
add to produce the e.h.t pulse for rectification.
The oscillation voltage of LC-because of the
winding directions-begins in antiphase to the
flyback pulse across the overwinding and as a result
the e.h.t. pulse actually 'produced has as shown
a higher maximum value, resulting in a higher e.h.t.
voltage.

The voltage across the main winding however is
modified in a different way-see Fig. 3. This voltage
is in fact the voltage at the anode of the line
output valve and it can be seen that the resultant
here is smaller that the original. This is because
in this case the oscillation voltage begins in the

same phase. This lower anode voltage means that
the power developed by the valve can be increased
proportionately and 'this is important with modern



199

/ --% EHT pulse
(levoltage across C1)

Line flyback
Period

Original
pulse aross

e.ht.
overwinding

3rd harmonic
oscillation

voltage
across L

Time

Original
voltage
across
main

winding
1,Resultant

voltage
across main

winding

3rd harmonic
oscillation
voltage
across L

Time

Fig. 2: Resultant e.h.t. voltage pulse Fig. 3: Resultant voltage across the main
obtained with third harmonic tuning. winding with third harmonic tuning.

picture tubes of 110 -degree scanning angles where
greater scanning power is required.

Third harmonic tuning in this kind of valve
stage leads therefore to greater scanning power
being available and to a larger e.h.t. voltage.

To accomplish third harmonic tuning of L and
C-the manufacturer's problem and not the service-
man's-the position of the overwind can be varied,
thus varying L. Neither L nor C exists physically
so that fine tuning of the freauency can only be
achieved by external components on the other wind-
ings. The position giving best tuning has been
found to be with the main winding and the e.h.t.
overwinding on separate limbs. Dual -standard
receivers employing different flyback times on the
two standards include a coupling coil between the
windings which can be switched in and out of
circuit. This changes the value of L as appropriate
to give the correct third harmonic tuning frequency.

k._Linepeflryib4ick

Original
voltage
across- eht

overwinding

Resultant
eht,
pulse

5th harmonic
oscillation

voltage
across L

Time

Fig. 4: E.H.T. pulse formation with
fifth harmonic tuning.

Practical Circuits
Some receivers using 93 -degree picture tubes used

third harmonic tuning but the real use has been
with the modern cult of wide-angle tubes.

It is very difficult to see into the designer's mind
when considering the line output stage in many
receivers. There always seem to be so many more
components than are really necessary, and because
the essential features of third harmonic tuning are
within the windings of the line output transformer
itself one can glean little about this from practical
circuit diagrams.

However, because there is so little information
available on the precise function of every compo-
nent within a line output stage a practical circuit
example (from the Bush TV125 series) is given in
Fig. 5 with the function of each component described
in Table 1. This should help readers in determining

Table 1 : Line output stage components (see Fig. 5).

Component Function Component Function

V4 Line output pentode R40 Damping on I.o.p.t. primary tuning
V5 E.H.T. rectifier diode R43 Smoothing resistor on boost h.t. line
V6 Efficiency (boost) diode R44 Line linearity coil damping

R46 V5 heater swamp resistor for 625 lines
L1 Anti -parasitic r.f. choke
L2 Width control T1 Line output transformer
L3
L4
L5 }

Line linearity control

Line deflection coils
winding

1- 4 Secondary, feeding line deflection coils
L8
L9 } Anti -parasitic r.f. chokes

5- 8 Primary, with boost overwind
7- 9 E.H.T. overwind

10-11 Coupling coil for 3rd harmonic tuning on
C19 V4 screen decoupling 625 lines
C23
C24

1I Boost reservoir capacitors
12-13 E.H.T. rectifier heater winding

C29 Secondary tuning of I.o.p.t. S2 Part of standards switching
C30 Additional tuning of I.o.p.t. secondary on

625
Section D Changes secondary coil tapping to

maintain correct match on 625 lines
C31 L.o.p.t. primary tuning Section C 405 position: connects additional S -cor-
C33
C34

Coupling capacitor-anode V4 to I.o.p.t. rection capacitor in feed to
deflection coils

C35 S -correction capacitors 625 position: connects additional coil in
C36 Additional S -correction for 405 circuit to adjust leakage
C42 Boost smoothing capacitor inductance for 3rd harmonic

R28 V4 screen dropper tuning
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Fig. 5: Circuit of the line output stage used in the Bush TV125 series of receivers.

the function of components in similar dual -standard
output stages.

E.H.T. Multipliers
With the use of e.h.t.multipliers increasing in

receivers - particularly in colour receivers - the
demands on the line output stage have also changed.
Consider the use of an e.b.t. voltage tripler circuit
producing an e.h.t. of 25kV for a 9hadowmask tube.
The pulse driving the tripler circuit must have a
peak amplitude of about 8.5kV. We are therefore
dealing with an e.b.t. pulse only half the amplitude
of that encountered in the conventional receiver
circuit. This reduction means that the overwind
producing the pulse can be made with lighter insula-
tion and can therefore be laid on to the main
winding producing a tight coupling. The leakage
inductance is then much smaller and the need for
third harmonic tuning-to prevent ringing on the
raster-is eliminated.

Unfortunately this system gives poor e.h.t. regu-
lation with changes in c.r.t. beam current, because
of the large current/short time pulse drawn from
the primary capacitance during flyback. The result
of this poor regulation is to give changes in scan
amplitude when the beam current changes. So once
more the overwind finds itself on a separate limb to
the main winding. The leakage inductance is again
increased and so some kind of harmonic tuning
must be used to prevent raster ringing.

We have seen though that third harmonic tuning
gives a high -peaked e.h.t pulse. This would defeat
the object of moving the winding because the more
peaked the pulse the poorer the regulation, and
although the regulation obtained with a mono-
chrome tube-when using a diode rectifier-is
acceptable it is not with the higher beam currents
of the shadowmask tube. It should also be remem-
bered that the peak permissible anode voltage on a
25kV shadowmask tube is only 27.5kV, which means
that the e.h.t regulation must be better than 10%.

Fifth Harmonic Tuning
Fifth harmonic tuning matches both the problem

of regulation and the need for harmonic tuning.
Fig. 4 shows the resultant e.h.t. pulse shape with
this form of tuning (the equivalent circuit of Fig. 1

still applies). It can be seen that the top of the
pulse is much flatter and the regulation is therefore
better. The condition to prevent raster ringing is
still observed, with the oscillation voltage being
at zero at the end of flyback time.

Summary
Third harmonic tuning reduces the power dissipa-

tion of the line output valve and increases the
effective e.h.t. voltage-both important factors with
the use of 110 -degree picture tubes.

-continued on page 215
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DX

THE latest reception period has shown a quite
unexpected improvement over last month, not as
was anticipated in Tropospheric results but strangely
enough in SpE.

I will deal with the Trops first. The promise of
even better reception in November was not forth-
coming after the good openings in October. The
stable weather conditions did not persist and in fact
deteriorated seriously with gale force winds, rain,
etc. The results of this were that for all intents and
purposes Trop reception was nil.

The slight F2 activity noted last month in the
way of USA paging stations and USSR forward
scatter signals has fizzled -out too except for some
slight USSR signals on the 9th and 12th November.

SpE however offered pleasant surprises. The early
part of the month was rather poor but things
improved after the first week, conditions building up
during the rest of November to reach towards
the end. The best reception here was of TV2
Finland Ch.E2 on the 25th and 29th. The signal
on test card on the 25th was of exceptional strength
and clarity, but even more interesting for me is that
this was the first signal from Finland in 1969. I
recall that Finnish reception is often rather unusual:
some three to four years ago after no signs of it
suddenly it appeared at great strength at mid -winter
in January. So for those DXers who have not yet
had it remember it can be a winter signal.

Now to the current log of SpE reception here for
the period 1-30/11/69.

1/11/69
6/11/69
8/11/69

10/11/69
12/11/69

13/11/69
14/11/69
15/11/69
17/11/69
18/11/69
19/11/69

20/11/69
25/11/69
26/11/69
27/11/69
28/11/69

29/11/69

Sweden E4.
West Germany E4.
USSR R1, Sweden E4.
Sweden E4.
Czechoslovakia R1 and R2, West Ger-
many E2 and E4, Sweden E4 and
Poland Rl.
Czechoslovakia R1 and Poland Rl.
Czechoslovakia Rl.
Italy IB.
Italy IB.
USSR R1 and Italy IB.
Czechoslovakia R1 and West Germany
E4.
Sweden E4 and West Germany E4.
Finland E2.
West Germany E2.
West Germany E2, Sweden E2 and E4.
USSR R1, Czechoslovakia R1 and
Poland Rl.
Finland E2, West Germany E2 and E4,
Holland E4 (bursts of short -skip SpE).

CHARLES RAFAREL

A MONTHLY FEATURE FOR DX ENTHUSIASTS
30/11/69 Sweden E2, West Germany E2 and

Belgium E2 (bursts of short -skip SpE).

We have further news that Rumania is at times
using the EBU " black rectangle" type test card and
also a TVR caption during the programmes. 1 hope
that this information will help in identifying some
DXers' unidentified signals.

There was very large sun -spot and solar flare
activity reported from the Athens observatory on
18 -19th during the Apollo 12 shot. This should have
produced some noticeable SpE results during the
following 48 hours but nothing exceptional was noted
here. I am wondering if other DXers had better
luck? Likewise the predicted Leonid meteor
showers of 15 -17th did not produce any significant
results. (The next periods are the Geminids 9 -14th
December and the Ursids 20th -22nd December, so
I will be hopefully watching for something here.)

There is a new Swedish u.h.f. station operating on
Ch.24, location as yet unknown. It appears that
the Swedish u.h.f. chain is rapidly being expanded
and more should follow soon.

We also have some news of Swiss TV from
P. Beard of Folkestone who has been there on
business. 1 quote what he says about Swiss colour
TV: " Many of the programmes put out in colour
by SBC are relays of the West German ZDF 2nd
chain as the Swiss are not yet fully equipped studio-
wise for their own colour." In this context he goes
on to say: " On occasions I noticed that the lest
card put out originated in West Germany so this
could lead to some misidentification should we
receive SBC before their network is complete." lit
looks as if we must be careful here if we receive
West German test cards on u.h.f. or Bands 1/111
as it is just possible that the station is in fact in
Switzerland. Or perhaps I am being too optimistic!

Nemesis u.h.f.-wise is about to overtake me here
in my area. Whilst I write these lines and send
them to the Editor on 1st December the dreaded
ITV transmitter is due to go on test on Ch. 27, soon
to be followed by BBC -1 on Ch.31, both from
Rowridge. All the horrible details next month!

READERS' REPORTS
D. Boniface of Ripon, Yorks, reports reception

of a " TB" caption on Ch.R2. This is a new one
to me and it poses the interesting question as to
whether it could be of Bulgarian origin. His log
for the Tropospheric opening about the lath October
is really excellent, so comprehensive that I am going
to give it in full except for the BBC/ITA stations.
France: Lille F8a, Brest Ch.21, Nancy Ch.29, Metz
Ch.34 and Reims Ch.46.
Holland: Smilde E6 and Ch.47, Markelo E7, Lopik
Ch.27, Goes Chs.29 and 32 and Wieringemeer Chs.39
and 45.

-continued on page 207
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Worksho

by VIVIAN CAPEL
AT ONE time a can of carbon tetrachloride or a
similar volatile switch cleaner could be found in
every workshop. These have largely been super-
seded by more sophisticated aerosol preparations
but there are still uses to which carbon tet. can be
put which have nothing to do with switch cleaning
so that a can is still a useful thing to have in the
workshop if obtainable.

Increasing Friction
With most mechanisms the object is to reduce

friction as much as possible to prevent wear and
to facilitate easy operation. This, however, is not
always so. An example is the automatic -brake trip
mechanism on record -playing equipment. Here a
degree of friction is required to move the trip lever
which cannot be directly coupled. Lack of friction
caused by oil or grease getting on the friction sur-
face or the surface becoming polished with use can
cause failure of the mechanism to trip.

An application of carbon tet. to the surfaces will
greatly increase the friction. This it does by com-
pletely removing all traces of grease and oil even if
these cannot be seen. Various other metal -to -metal
friction surfaces which may be encountered in auto -
changers and similar mechanisms can be treated in
this way.

Where it is necessary to clean out old and dirty
oil or grease from bearings and pivots carbon tet.
is very effective in leaving the surfaces clean and
dry for the fresh lubricant.

Welding Plastic
One characteristic of carbon tet. which many

engineers have found disastrous is its ability to dis-
solve certain types of plastic material. More than
one plastic cabinet has been ruined by attempts to
clean it with this liquid!

This same property can however be turned to
advantage. Where a cabinet is cracked or broken
a strong and invisible weld can be made with its
use. The carbon tet. should be applied with a camel -
haired painting brush (see Fig. 1) to both edges to
be joined. Care must be taken to avoid getting any
surplus liquid on the outside of the case where it
will show, but there is no need to be particular
over the inside. The trick is to apply it in such a
way that there is plenty on the inside edge but only
the minimum on the outside, remembering that
when the edges are brought together some liquid will
squeeze out.

The easiest way of doing this is to approach the
work from the inside so that the point of the brush
which carries the minimum amount of liquid is
toward the outside. Application should be done as
quickly as possible as the carbon tet. dries very
rapidly, after which the surfaces can be brought
together. It is essential that they are positioned cor-
rectly the first time otherwise a messy joint will
result.

Slight pressure can be used to make the surfaces
combine but as they are soft too much pressure
could make them deform. The weld will be dry in
a few minutes, but if it is to be subject to any
stress or strain leave it for an hour or more so that
the plastic can thoroughly harden.

On very thin cabinets where the .jointing edge is
narrow and therefore rather weak it can be rein-
forced on the inside. To do this apply some carbon
tet. on the inside surface along the length of the
weld after it has set. The softened plastic can then
be worked or kneaded with a screwdriver blade (see
Fig. 2) into a ridge, using material from both sides
of the weld. When it is dry the ridge will add
considerably to the strength of the join. If carried
out carefully and in the manner described the join
will be almost imperceptible from the front.

The knack of good jointing comes with experience
so it is a good idea to practise on some old broken
plastic parts if they are available.

Screw Plugs in Plastic
Damaged plastic cabinets, fittings and c.r.t. masks

are often encountered but are not always the result
of a fracture. Fixing screws which are tapped into
the plastics are sometimes found to be loose
because the threads in the plastic material have been
stripped. Overtightening is usually the cause of this.

The screws generally employed are of the self -
tapping variety but of a special type somewhat
different from the normal metal self -tappers: ordi-
nary bolts are also used, the threads being cut in the
fixing hole before insertion of the bolt.

The proper remedy is to drill out the hole so
that a screw or bolt of the next size up can be
tapped in. However it is not always convenient to
do this. A suitable screw of the special self -tapping
type of the right gauge and length may not be
available, or it may be difficult to drill the hole in
the required position. Furthermore a larger screw
may not pass through the part to be fixed, so the
hole in this would also have to be enlarged.

An alternative treatment is to plug the existing
hole and use the original screw. This can be done
with a short length of systoflex sleeving (see Fig. 3)
cut just to fit the hole. The gauge is not too
critical as it is not necessary to fit the hole perfectly.
The secret is to slit the sleeving up one side before
inserting it in the hole. When the screw is then
screwed home the sleeve will expand and open out
to fit into the contours of the hole and allow the
screw to make a tight fit. The screw can be
tightened well but as before it should not be over-
tightened.

Slipping Cord Drives
This is another problem involving friction. It is

quite a common fault to find that the pointer or
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Fig. 1: Applying carbon tetrachloride to a surface to be
welded using a camel -haired brush held so that it faces the
inside, non -visible surface of the case being repaired.
Fig. 2: Working up a ridge on the inside surface with a
screwdriver blade to reinforce the weld. Fig. 3: Inserting
systoflex sleeving to plug a screw hole that has stripped
threads. Note slit side. Fig. 4: Simple wire pointer with
red p.v.c. covering taken from p.v.c. cable. A single twist
of the drive cord will hold the pointer firm yet allow it to
be easily slid along for calibration.

gang capacitor moves but slowly when the tuning
knob is rotated or in some cases comes to a com-
plete stop at some point on the scale. The trouble
is due to insufficient grip being exercised by the
drive spindle on the drive cord, thus being unable
to overcome the friction of the pulleys and gang. It
could be that this friction is excessive and this
probability can be quickly dealt with by applying a
few drops of oil to the gang bearings and also to
the pulley wheels.

If trouble is still experienced the tension of the
drive cord should be checked. Over a period the
cord will stretch and while this will be taken up
by the tension spring in the drum of the gang
capacitor the point is eventually reached' where it
cannot take up any more slack. The next step then
is to examine the spring. It should be pulled well
out from its anchoring point. If it appears almost
closed the cord has stretched and needs shortening.
Care must be taken not to shorten it too much.
Tying a couple of knots in it near where it is tied
to the spring will generally do the trick.

Even when the tension is good it may well be
found that slipping is taking place. This may be
due to the drive spindle becoming polished or the
drive cord slippery, perhaps because of having
collected some oil at some time. Replacing the
cord will probably cure this but there is an easier
way. Obtain some rosin as used by string instrument
players to treat their bows. This can be bought at
any music shop. Break a small flake off the block
and powder it with a screwdriver blade. This

should then be rubbed along the affected part of the
cord. Providing the tension is good a positive
non -slipping drive will result.

Fitting Cord Drives
Another tip involving cord drives concerns fitting

them. Difficulty is often encountered when trying
to run a complicated drive because the cord jumps
off pulleys and drums while it is being fed over
the next part of its run. This is especially so if the
drive consists of wire rather than cord, since this
is springy.

First of all pull the part already done taut. This
means turning the gang capacitor to one extremity
of its travel. The cord or wire can then be
retained in its position by putting a dab of wax on
the last pulley. After this the next part of the run
can be carried out without having to worry about
the previous part. It is not necessary to remove
every trace of wax when the job is complete, only
the surplus.

Actually a lump of wax is a useful thing to have
in the workshop for cord drives, sealing aerial
coils on ferrite rods, coil cores and many other
uses. A wax of medium hardness when at room
temperature is the best as the sealed cores etc.
can then be readjusted if necessary later. A hard
wax such as sealing wax is unsuitable as it needs
heat to soften it and damage to components can
result by such application.

If no supply is to hand a small quantity can
sometimes be obtained by scraping some off a
wax capacitor.

Scale Pointers
Scale pointers vary in size, shape and mounting

methods. A common type consists of just a length
of stiff wire bent into shape with a horizontal
section around which the cord is twisted. A lost or
damaged pointer can be replaced by one made up
according to this pattern (see Fig. 4). These have
the advantage of being easily slid along the drive
cord so that if calibration must be carried out
with the chassis in position in the cabinet because
the scale is mounted in the cabinet such a pointer
can be moved to its correct position without much
difficulty.

Red is a favourite colour for the pointer and if
one has to be made up or if the old one has lost
some of its colouring a nice effect can be obtained
by stripping off a length of p.v.c. insulation from a
red mains cable conductor and fitting it over the
pointer. Warming the pointer and p.v.c. may make
this operation a little easier.

TO BE CONTINUED

VIDEOSCOPE TUBE

A reader tells us he has a limited number of DG7-32
oscilloscope tubes available at £6 each plus
postage, and also one Mumetal shield. Requests
addressed to The Editor, Practical Television,
Fleetway House, Farringdon Street, London, E.C.4,
will be forwarded.
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A DETAILED LOOK AT COLOUR TV RECEIVER LUMINANCE CIRCUITS
ON both colour and monochrome reception colour
TV receiver luminance stages basically fulfil normal
video requirements but with the following essential
differences. (1) The video output amplitude must be
greater than for black -and -white receivers, i.e. in the
region of 100V or 140V including sync pulse content.
(2) A delay line is incorporated to ensure coincident
Y and colour -difference registration or overlay at the
tube face. (3) As the lumen efficiencies of the red,
green and blue shadowmask tube phosphors differ
the drive to the three cathodes must be proportioned
so that their combined effect produces a white raster.
(4) Brilliance control is achieved by varying the
luminance output pentode anode current, either by
varying its screen grid potential or its control grid
bias. (5) Beam limiters are usually incorporated to
prevent excessive signal strength or over -advanced
brilliance control settings causing excessive e.h.t.
beam currents. (6) Flyback blanking is generally
achieved in the cathode circuit of the luminance out-
put pentode by means of a transistor which cuts off
the cathode current during these periods. (7) Wave -
traps are included to reject the chrominance sub -
carrier and are sometimes rendered ineffective on
monochrome to preserve video h.f. response.

Philips G6 Chassis
Now to look in detail at two representative lumin-

ance circuits to see how these requirements are met
in practice. The first example, shown in Fig. 1, is
from the Philips range. Following current mono-
chrome and colour practice this uses a phase-splitter
Trl immediately following the v.h.f./u.h.f. vision
detector. The positive -going output from the detector
diode is applied to Trl base, the 405 output being
developed in similar phase across the 68012 emitter
resistor R6. The 625 collector load is rather more
involved, consisting of a series combination of R4
and LI which is in parallel with a series circuit com-
prising the luminance delay line, R3, a 6MHz tuned
circuit, two matching coils and R5.

The delay line delays the wideband luminance
signal by 0.85µsec to ensure registration at the screen
with the relatively narrowband colour -difference
signals, the value of  R3 being selected to take up
variations in delay line impedance. The 6MHz tuned
circuit both prevents the intercarrier sound signal
intruding into the output stage and provides signal
coupling to the sound i.f. amplifier. The matching
coils L4 and L5 in conjunction with the shunt
capacitor C2 and series resistor R5 present a generally
constant impedance to all luminance frequencies.

It will be seen that although the 405 output is d.c.
coupled to the grid of the PFL200 luminance output
pentode the 625 output is a.c. coupled. Diode DI
however reinserts the d.c. component on 625 and as
its anode is returned to the slider of RI3 in the
valve's cathode lead the brilliance level is equalised
on both systems. The cathode potential is stabilised
by a zener diode to maintain constant d.c. operating
conditions which are particularly important in lumin-
ance stages.

Luminance Response
The anode load of the PFL200 comprises a series -

parallel LCR combination designed to maintain an
overall linear response over the video luminance
ranges. As in monochrome receivers the h.f. response
is preserved by the inclusion of compensating coils
(L2 and L3) while the response towards 1.f. is main-
tained by a 50µF capacitor C4 in parallel with the
two 1.5k0 resistors R15 and R16. From high to
medium frequencies the reactance of this capacitor
is so low that it virtually short-circuits the resistors
as far as the signal is concerned, but at low fre-
quencies when its reactance rises to become com-
parable to or greater than their sum value the total
load impedance rises proportionally. At very low
frequencies this rise in load impedance is offset by C3
not fully decoupling the screen grid to give an overall
linear response.

Grey -scale Tracking
As mentioned earlier it is necessary to proportion

the three cathode drives from the luminance output
stage-this is done in conjunction with varying c.r.t.
first anode voltages-to produce a net white raster.
Adjustment of such drives must not affect the c.r.t.
d.c. working voltages so the drive potentiometers,
arranged as rheostats, are connected between the
luminance pentode anode and the junction of a fixed
potential divider so that at blanking level the voltages
at these two points are equal. In this Philips chassis
resistors R20, R21 and R22 constitute the potential
divider, the drive controls being connected between
the pentode anode (via L3, R19) and the junction of
R20 and R21 with the sliders feeding the appropriate
cathodes.

On colour reception the red drive control is shorted
out by switch SI so that the full output amplitude is
applied to the red cathode. On monochrome when
SI switches over the red drive is reduced according
to the control setting and the blue drive is increased
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Fig. 1: Complete circuit of the luminance stages in the Philips G6 colour chassis.

to produce a white more closely resembling that seen
on monochrome receivers. This switch is relay -
operated by the anode current of a PCC85 triode,
termed " auto. white shift ", whose grid is d.c. con-
nected by a v.d.r. to the anode of the PCC85 colour -
killer triode (see Fig. 2). When colour bursts are
present the anode voltage of the colour -killer triode
rises and as this is directly coupled to the grid of the
relay triode the latter is driven into grid current
raising the anode current sufficiently to operate the
relay. The result of all this is that on colour recep-
tion white is reproduced as closely conforming to
Illuminant D while on monochrome a slightly blue -
white is obtained.

The small picofarad-value capacitors shunted from
one end of each drive control (Fig. 1) to the slider
maintain h.f. response at optimum irrespective of
control setting and brilliance is varied by adjusting

OORel+230V +250VRay
15M 12k Coil

1/2 PCC 8 5
Colour -killer

triode

1/2 PCC85
White -shift

triode

Input
from
a.c.c. gcamp. 1M

1.8M
Turn -on bias

to chroma stage

10

-120V stabilised

Fig. 2: The auto. white shift circuit used in the Philips G6
chassis (see also Fig. 1 above). On colour reception the
burst signal is detected by a separate a.c.c. demodulator
and amplified by an a. c. c. amplifier stage which also
controls the colour -killer triode. This in turn also controls

as shown here the auto. white shift circuit.

G -Y
B -V

360-760V
( Grey -scale

tracking )

A

the screen grid voltage since this directly varies anode
current and therefore anode voltage.

Flyback Suppression
Flyback suppression in these models is achieved

by applying high -amplitude negative -going pulses to
the three c.r.t. first anodes. These pulses must be of
high amplitude since first anode voltage variations
produce a smaller effect on beam current than do
equivalent changes in grid or cathode voltage. For
this reason it is necessary to be able to vary the
first anode voltage from 360-760V to achieve optimum
grey -scale tracking. Line flyback pulses of sufficient
amplitude (-600V) are directly tapped from the line
output transformer but the field flyback pulses need
amplification, clipping and shaping by a separate
triode circuit before being applied to the tube first
anodes.

GEC-Sobell Circuit
The second example of luminance circuitry is from

the GEC-Sobell-Masteradio range of models and
incorporates the more usual luminance pentode
cathode flyback blanking. The circuit, Fig. 3, also
shows the c.r.t. beam limiting arrangement used in
this model. There are two luminance stages between
the vision detector and the PL802 output stage, a
transistor phase-splitter coupled to an emitter -
follower, the latter driving both the luminance pen-
tode and a transistor video clipper which in turn
feeds a conventional PCF80 sync separator.

Tr 1 is the video phase-splitter, again with positive -
going input from the v.h.f./u.h.f. vision detector and
resulting in the 405 output being developed in similar
phase across the 5600 emitter resistor while the 625
output with phase reversed is developed across the
1k collector resistor. A 5k potentiometer shunted
across this emitter resistor taps off the required degree
of drive for an a.g.c. sampling transistor and thereby
sets the sensitivity on 625. On 625 the a.g.c. is
proportional to sync pulse amplitude but on 405 it is
related to the back -porch amplitude. A feed is there-
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Fig. 3: The luminance circuits of the GEC- HT+ 270V

Sobell dual -standard colour chassis. The
beam limiting arrangement used here will
probably be increasingly widely used with
the increased use of silicon trebler e.h.t.

rectifier circuits.
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fore also taken from the collector to provide a
405 -video signal from which the back -porch signal
amplitude can be gauged. The video load on 625
is a 1 k resistor with output fed via the usual delay
line to the system switch.

High-level Contrast Control
A.C. coupling is employed to the second stage,

Tr2, on both systems, the output being tapped from
its emitter and taken to the luminance pentode grid
via the high-level contrast control R2. High-level
contrast control was first used in Pye monochrome
receivers in the form of a potentiometer shunted
directly across the video pentode anode load and
was later employed in many Bush -Murphy models.
This method cannot be followed exactly in colour
receivers due to the necessity for maintaining constant
grey -scale tracking so the high-level contrast control
is placed in the grid circuit of the luminance pentode
where it enables the required degree of signal ampli-
tude to be tapped off. High-level control has the
advantages that contrast variations do not affect
chroma signal strength, sound strength, sync separator
input or the degree of a.g.c. applied to the controlled
stages while as the signal is at maximum up to the
control point valve, transistor and circuit noise is

swamped
Tr3 is a video clipper driving a conventional valve

sync separator with the signal developed across its
collector load and in this way frees the video -
luminance circuitry from the input capacitance and
loading unavoidably imposed by this valve.

Signal Feeds
The cl-roma signal is taken from Trl emitter via

a 6MHz rejector while a 4.43MHz trap in series
with the emitter load introduces negative feedback
to remove this frequency from the luminance infor-
mation developed across the collector load. The
signal from the emitter -follower Tr2 is developed
across the contrast control R2 and capacitively fed
via Cl t3 the luminance pentode PL802 grid with
d.c. restoration effected by diode D1 whose anode is
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23

returned to the slider of the brilliance control. Wave -
traps in the cathode lead of the pentode are for
6MHz intercarrier rejection on 625 and 3.5MHz dot
rejection on 405, the latter trap being shorted out
on u.h.f. The cathode lead is then returned via an
1852 resistor and a BC108 transistor to chassis.

Flyback Blanking
This transistor is fully conductive or bottomed

during line scan by heavy forward bias applied to
its base by R11 from the h.t. rail, resulting in only
0.45V being measurable across its emitter -collector
leads. Negative -going flyback pulses then reverse bias
the transistor during these periods to cut off the
transistor and valve current. When the pentode
anode current ceases its anode voltage rises to almost
h.t. rail level and the c.r.t. cathode voltages are
similarly raised to momentarily black -out the tube.
Diode D2 protects the transistor by conducting on
pulse peaks thereby limiting their amplitude which
might otherwise exceed the maximum permissible
reverse base -emitter voltage.

Shaping the Response
At high and medium frequencies the pentode anode

load comprises R6, R7 and L1 since the top of R7
is "earth" to signals at these frequencies due to the
low reactance of C4 to the h.t. rail and C3 to chassis.
(The h.t. rail is earthy to all signals except those of
very low frequency by virtue of the various h.t.
smoothing and decoupling capacitors.)

The pentode screen is decoupled by CS (4p,F) and
C6 (5kpF). At high frequencies their combined value
offers a low reactance and thereby eliminates negative
feedback at this point. However at lower frequen-
cies this is no longer so and a degree of negative
feedback is introduced due to the screen voltage vary-
ing with the grid signal voltage but in opposite
phase. Similarly at lower frequencies the reactance
of C3 and C4 rises above their low h.f. values and
R8 is then no longer "shorted" to signals, thereby
raising the total impedance of the video load
(at l.f.).
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Selection of decoupling component values in this
way can tailor the 1.f. response as peaking coils
can tailor the h.f. response to produce the required
overall shape. These capacitors and associated
resistors must therefore not be regarded as pure
decouplers: they play a vital part in determining

response.

CRT Drive Adjustments
The luminance output is d.c. coupled to the

potential divider R24 -R29 via L2 and following
general practice the red gun is driven at full ampli-
tude, the degree of green and blue drive being
adjustable by tapping points on the potential divider
for optimum grey -scale tracking.

Beam Limiting
In the previous circuit, brilliance control was

effected by varying the pentode screen grid voltage
but in this model it is achieved by varying the
control grid bias by means of a potentiometer linked
to a transistor beam limiter which is used to ensure
that excessive signal strength or brilliance control
settings cannot cause excessive tube beam currents.
The sensing point of the e.h.t. consumption is the
potential, normally about 2.8-2-9V, developed across
a 1052 resistor in the cathode lead of the PL509 line
output pentode.

The beam limiter Tr5 is normally held non-
conductive as its base is linked by a resistor to this
point giving a base -chassis potential of 2.7V while
the emitter is also held at 2.7V by the associated
resistor network and the setting of the 5000
potentiometer in its emitter lead. Thus with both
base and emitter at the same potential to chassis
there is no forward bias and the transistor is cut-off.

The brilliance control R17 is connected at one
end to a negative 1.t. supply and at the other end
via a limiting resistor to the junction of R18 and
R19 which feeds the transistor collector. On normal
e.h.t. current demand the transistor is biased off and
imposes no loading on the circuit. If the e.h.t.
demand is excessive however the voltage developed
across the PL509 cathode resistor rises above the
normal value and forward biases the transistor which
conducts, increasing the current drain through R19
to lower the positive potential at the brilliance
control. This increases the effective negative bias
applied to the luminance pentode control grid thus
reducing the luminance pentode current and raising
its anode voltage to bias back the shadowmask
tube.

Beam limiting is also used in the Philips chassis
(later versions) but operates via the a.g.c. circuitry.
The arrangement shown in Fig. 3 is widely used but
uncommon in one respect: in most chassis the e.h.t.
current is sampled at the grid of the e.h.t. stabilising
triode. However the GEC chassis uses a low -
impedance soid-state voltage trebler e.h.t. system
with v.d.r. stabilisation, a stabilising triode not being
necessary with this system.

Other Makes
The BRC fully -transistorised models employing

RGB video drive have no separate luminance output
stage as such. Instead the Y and colour -difference

signals are matrixed in three separate video output
stages which modulate the tube from the cathodes
only. This leaves the grids free for brilliance stabili-
sation and flyback suppression. Apart from this how-
ever and a few minor modifications the two examples
of luminance output stages described are representa-
tive of those used in other models.

In conclusion mention should be made of the
arrangements used in some models to switch out or
render ineffective the chroma wavetrap in the
luminance circuitry to maintain video h.f. response
unimpaired on monochrome. These arrangements
were described in an earlier article in this series, see
the November 1969 issue of PRACTICAL TELEVISION.

Servicing
Servicing of luminance circuits presents little more

difficulty than conventional video circuits, complete
signal loss, reduced gain or impaired resolution being
generally due to stock monochrome faults, e.g. burnt
up resistors due to pentode short-circuits, dried
electrolytics, value change in current -carrying
resistors, printed circuit disconnections and the odd
transistor failure.

The main additional possibility of impaired reso-
lution is a disconnected or open -circuit picofarad-
value capacitor associated with one of the drive
controls, but this could soon be localised by observa-
tion of individual gun definition.

SERIES TO BE CONTINUED

NEW SETS
There has been a lull in the introduction of new
models following the releases during the Trade
Shows last August and summarised in our December
issue. However we now have details of the Marconi-
phone models fitted with the new BRC/Thorn 1500
single -standard monochrome chassis. These are the
20in. Model 4800 at £68, the 24in. Model 4801 at
£74 14s. and the 17in. portable Model 4803 at
£63 12s.

DX -TV -continued from page 201
Beigmin: Wavre E8 and E10, Genk Ch.44, Riviere
Ch.52 (our first report on this one I think).
Denmark: Sydjaelland E6 and Vestjaelland E10.
Norway: Oslo E6 and Bergen E9.
Sweden: Uddevalla Ch.30.
Eire: Dublin B7 and IH.
W. Germany: Koblenz E6, Grosser Feldberg E8,
Hamburg E9 and Chs.30 and 40, Harz West E10,
Harz Wald El 1, Eutin Ch.21, Bremen Ch.22, Lubeck
Chs.23 and 33, Lingen Ch.24, Minden Ch.26, Dussel-
dorf Ch.29, Eiderstedt Ch.31, Ostfriesland Chs.33 and
43, Niebull Ch.34, Kiel Chs.35 and 55, Flensburg
Ch.39, Schleswig Ch.45, Cuxhaven Ch.48, Bungsburg
Ch.50 and Aurich Ch.53. I make that 48 stations
which is really most commendable. For good
measure he had 10 British u.h.f. stations as well.

Our colour DX expert P. Beard of Folkestone sent
a further CDX report for October. He notes good
colour from Holland again Chs.29, 31 and 32, also
colour from West Germany on Chs.28, 30 and 35
plus black -and -white on Chs.23, 27, 29, 32, 34, 35,
43 and 50.
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LAST month we investigated the chroma channel of
a PAL decoder. We saw that the Y signal, sync
and colour bursts are deleted in the chroma amplifier
stages, leaving pure chroma at the input to the PAL
delay line circuitry. However, the bursts (about
10Hz of the otherwise suppressed subcarrier, trans-
mitted -during the line sync back porch period) are
very important parts of the composite signal and
in the PAL system have two prime functions. One,
they phase the subcarrier generator signal, and two
they identify the lines which have a -V component
and those which have a +V component. In practice
they are also used for other purposes such as operat-
ing the colour killer in the chroma channel, the
4.43MHz notch filter in the Y channel (some models
only) and the a.c.c. (again, some models only).

The Burst Channel
Figure 1 shows the area in which we are at the

moment interested. In the first stage of the chroma
channel a tuned circuit resonated to the subcarrier
frequency (4.43MHz) is often included. This effec-
tively " highlights" the bursts, so to speak, and
passes them on to the burst gate. Figure 2 recalls
the nature of the composite signal, showing a burst
on the back porch following the line sync pulse.
Figure 3 shows a line sync pulse with its associated
burst, the picture information (or most of it) having
been deleted, while Figure 4 shows the location of
the burst on the porch in better detail as the result
of X -expansion at the oscilloscope.

The burst gate stage is commonly a transistor -used
as a switch and normally biased to the " off" posi-
tion. It is turned on once each line by a gating
pulse which is often derived from the line output
stage and is carefully timed to occur only for the
duration of the burst. Some sets incorporate a
special burst gate generator stage, the gating pulses
then being derived more accurately from the line
sync pulses
a simple transistor

actually on
stage

the Y signal.
might be

For example,
arranged to

To PAL delay
line circuitry
(see part 7)

Chrome
amps.From detector

via high-pass
filter

(see part 5) 7.8
ripples

kHz d

Burst Phase Subcarrier
gate detector GeniBuffer To

chroma

Gating*
pulse

Control

Sample

DC

443MHz
(

(PAL)
detectors
see part7)

Fig. 1: Block diagram of the burst channe , subcarrier
generator and phasing arrangements.

" trigger" during each positive -going line sync pulse,
resulting in pulses at the collector of the stage which
after processing and timing are highly suitable for
working the burst gate. It must be stressed that
the gate timing is of paramount importance, for if
the gate is operated (i.e. switched on) before or after
the burst period the subcarrier generator will run
wild at worst or fail to phase correctly at least.
A typical gating pulse is shown in Fig. 5, while the
burst signal at the output of the gate is shown in
Fig. 6.

Subcarrier Generation
Before we deal with the phase detector (Fig. 1)

let us look at the subcarrier generator/buffer section
of the block diagram. This commonly consists of
two stages, the subcarrier generator proper and a
following amplifier stage in emitter -follower mode
which, owing to its relatively high input impedance,
has minimal shunting effect on the generator while
delivering the subcarrier signal at low impedance.
The subcarrier is conveyed to the V and U detectors
through the PAL alternate line switch (about which
more anon) and the 90 -degree phase shifter (see
Part 7 last month).

The subcarrier signal is generated by a fairly simple
oscillator, circuit whose frequency is controlled
pretty accurately by a crystal. However in spite of
the fairly tight crystal control the phase of the
locally -generated subcarrier can differ from that of
the transmitter's subcarrier, and since very accurate
phasing is essential for correct chroma demodulation
a scheme of automatic frequency/phase correction
is essential in colour sets. This is where the bursts
come in. These come from the transmitter's sub -
carrier generator so that they reflect very accurately
(in fact, perfectly) the frequency and phase of the
real subcarrier otherwise suppressed at the trans-
mitter. Thus if the locally -generated subcarrier (in
the set) is locked in frequency and hence phase by
the bursts perfect recreation of the suppressed sub -
carrier is achieved.

Phase Detector
The phase detector stage plays a major role in

this respect. It consists essentially of a pair of
diodes in a discriminator circuit, the circuit receiving
both the bursts from the burst gate and a sample
of the locally -generated 4.43MHz signal from the
buffer (Fig. 1). Now a characteristic of such a
circuit is that when the two signals applied to it
are correctly phased the diodes are effectively " in
balance" and no external current flows. However
should the phase of the two signals tend to vary,
i.e. become unbalanced, a current flows in one
direction or the other depending on the relative
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Fig. 2: Composite colour signal, showing the burst signal
on the back porch of the line sync pulse.

Fig. 3: Line sync pulse with its associated burst; most of the
picture information has been deleted.

Fig. 4. Position of the burst on the sync pulse back porch
shown in detail as a result of 'scope X expansion.

phasing and a d.c. potential is developed across
a load resistor. The polarity of the potential depends
on which way (plus or minus) the phase of the
locally -generated subcarrier signal differs from that
of the processed bursts, while the magnitude of the
potential depends on the angle of phase difference.
The potential thus provides a control for keeping
the phase of the locally generated subcarrier signal
accurate.

Fig. 5: Typical burst -gating pulse.

Fig. 6: Burst signal at the burst gate output.

Actual control of the oscillator phase is achieved
by a capacitance -diode, sometimes called a varicap,
connected in series with the oscillator's crystal. The
varicap diode is a junction diode designed to exploit
the capacitance which exists across the depletion
layer of a reverse -biased pn junction. All junction
diodes in reverse conduction exhibit capacitance
between their leadouts but the varicap is designed
for the least loss, giving a reasonable value of
Q (i.e., goodness).

Although a crystal controls the frequency of an
oscillator within close limits (frequency being depen-
dent on crystal cut and accuracy on temperature and
other factors) it is possible to vary the frequency
and hence phase within a narrow margin by regu-
lating the capacitance associated with the crystal, and
this is what the varicap does. A pair of varicaps is
sometimes employed, the two being in series with the
d.c. reverse -bias which is applied at their junction.
To get the oscillator running nominally at the correct
frequency an adjustable d.c. potential (from a
potentiometer) is fed to the varicap system in reverse -
bias direction through the phase discriminator. Phase
control is then achieved by the plus or minus
potential produced by the discriminator (or phase
detector) itself. The nature of the subcarrier at
the buffer output is shown in Fig. 7.

Filter -derived Subcarrier
At this juncture it is noteworthy that instead of

the conventional phase -locked oscillator system we
have just looked at some sets are taking up an idea
that was originated with the US NTSC system.
This is to use a narrow -band crystal filter into
which amplified burst signals are fed. Owing to
the very high -Q value of the filter each burst causes
a " ringing" waveform and each train of bursts is
sustained for the whole of one line period with the
amplitude of the output signal holding constant
to within 1 % over the 64p.sec period. This scheme
avoids the subcarrier generator/buffer department
and has the advantage of the subcarrier disappearing
completely when the set is presented with a black-
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Fig. 7: The regenerated subcarrier at the output
buffer stage indicated in Fig. 1.

and -white transmission, that is when the transmission
is devoid of colour bursts. Moreover the PAL
alternating V phases are more easily identified line -
by -line.

The Swinging Burst Signal
Let us now take up the subject of V phase identi-

fication. When the V phase swings line -by-line from
negative to positive, back to negative and so on, the
 chroma detector must be phased to match the V
signal input on each line. If for example the
 detector is phased for +V when the input is
-V then colours complementary to those seen by
the camera will be displayed by the receiver. It
is imperative therefore that the V detector PAL -
switch receives information to tell it what V phase
is being transmitted so that it can organise itself
accordingly and thus switch in correct V phase
synchronism line -by-line.

This information is carried by the bursts and is
in addition to the information which we have just
considered for locking the phase of the subcarrier
generator signal. This additional or PAL -switch
synchronising information is added to the bursts
merely by causing their phase to change 45 degrees
line -by-line at the transmitter in synchronism with
the 180 -degree line -by-line change of the V chroma
signal. The idea can be quickly appreciated by
studying Fig. 8. The top set of vectors shows the
 chroma on the positive phase and the bottom

-180

45° s,

+V signal

Line N

-180

Line N +1

-V signal

Fig. 8: Showing how the burst signal swings +45 degrees
either side of the U axis line -by-line in synchronism with

the V chroma signal phase alternations.

of the

 0 U signal

 O U signal

Fig. 9: The nature of the ripple signal at the output of the
phase detector as a result of the swinging bursts.

set on the negative phase; these two sets of vectors
can thus represent respectively the signal on one
line (line N) and the signal on the next line (line
N+1). The signal on line N+2 will of course
be the same as on line N.

The U chroma signal always remains fixed in
phase (since this signal is not phase-alternated-
only the V chroma signal is) and the phase swing
of the bursts line -by-line is relative to the U chroma.
At line N the burst is +45 degrees and at line
N+1 -45 degrees. The bursts thus swing line -by
line by plus and minus 45 degrees.

It is often asked how the bursts, since they are
swinging in this way, can possibly phase -lock the sub-
carrier generator signal. The answer to this-given
to avoid a spate of correspondence on the subject!-
is that the bursts as such do not phase -lock the
subcarrier oscillator. It is the potential produced
by the phase detector which does the locking, and
since the bursts are swinging equally either side of the
U chroma datum the mean level of the phase
detector's potential corresponds to the correct sub -
carrier phase. In other words the potential produced
by the phase detector is the same as that which it
would produce-from the phase -locking point of
view-if the bursts held steady along the U chroma
axis. The fact that the bursts are swinging equally
either side thus has no adverse influence on their
phase locking attributes.

However the phase detector itself is sensitive to
the swings since they effectively represent phase modu-
lation on the burst carrier. The waveform in Fig. 9
shows the sort of signal due to the swinging bursts
that is produced by the phase detector. The d.c. for
the subcarrier generator control is the mean of this
signal and can thus be considered as being steady.

Now the signal-of the type shown in Fig. 9-
from the phase detector is commonly called "ripple",
and having in mind the way in which it is geared to
the V chroma phase alternations (Fig. 8) at the trans-
mitter is is not difficult to realise how it can identify
the phase of the V signal line -by-line at the V
detector. The V detector phasing is switched line -
by -line by alternating the phase of either the sub -
carrier signal or the V signal fed to it (there are two
signals fed to each chroma detector as we saw last
month). The PAL -switch performs this operation
and we shall be looking at the signals associated with
this in a subsequent article. For now it is sufficient
to know that the ripple signal is used to synchronise
the PAL -switch (operated at line frequency) after
processing. It also produces the colour killer bias.
bias (sometimes) for operating the subcarrier trap in
the Y channel, and is generally used for a.c.c. pur-
poses. I shall be going into these aspects of the
ripple signal next month.

-continued on page 233
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RECEIVERS using the 210 chassis include the
G19T210A, G23T210A, G19T211A, G23T211A,
G19T212A, G23T212A, GI9T213A and G19T'214A.
The differences are in tube size and cabinet presenta-
tion. These receivers are dual -standard models with
a hybrid circuit of nine valves, eleven transistors and
seven diodes. Four of the transistors are used in
the integrated v.h.f./u.h.f. tuner unit which features
six push buttons any one of which can be set up to
any channel on 625 or 405 or v.h.f. relay on 625.
Apart from these buttons there are two other con-
trols on the front of the cabinet, brilliance and
volume, the latter featuring a "pull on, push off "
switch.

The receiver is adequately protected by fuses and
drop -out resistors. The fuses consist of a 1.5A
mains supply cartridge, a similar lA in the solenoid
switching circuit, and a thermal spring -off device on
the right side of the dropper, this being designed
to divorce the h.t. rectifier from the h.t. supply
circuit in the event of R1542 becoming overheated.

In addition to these protective devices there are
two safety resistors, R1547 and R2145. These are

LWY-JOHNSARJHS
PHILIPS 210 CHASSIS

of a special type which fuse readily when their rating
is exceeded. The spacing of R2145 from the panel
(about ;-in.) must be observed.

There is also a spark gap protector wired on
the c.r.t. base connector.

Servicing Notes
When replacing drop-off resistors do not wrap the

wires round the connecting tag. Merely present
the wire to the tag and solder so that in the event
of any subsequent overheating the resistor will again
drop out.

In the event of all the push buttons being found
pushed in they may be released by depressing the
third button from the top (BBC -2) farther in. Do
not attempt to alter the rear setting of these buttons
when the button to be altered is depressed (selected).

It is important to note that the dropper sections
are in different circuits and are at different potentials.
This can be misleading if the circuit is not to hand
when servicing in the field. It is essential to study
the circuit and understand the function of each
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Fig. 1: Rear view of a typical receiver in this series, the Philips Model G19T210A.
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BRC 1400 CHASSIS
This was covered in our December 1969/January
1970 issues. We have since learnt that the value of
the smoothing section R135 of the mains ballast
resistor was incorrectly shown in the service
manual and on our circuit diagram. It should be
1.7k11 not 1.5k1. Also we have some additional
models that were fitted with this chassis. These are
the HMV 2640, Marconiphone 46196 and
46206, and the Ultra 6655.

section as this is probably the first part of the
receiver which will require attention.

Viewing from the rear, the left -side section is
R1541. This is at a.c. mains potential and is between
the 1.5A fuse and the input to both diodes (h.t. and
heater circuit rectifiers). The value of this is 3011.

The second section from the left is R1545. This
is the heater circuit dropper and the potential here
is negative d.c. This is the section most likely to
be found open -circuit. When it is no heater current
can flow and the set will be dead except for the
presence of h.t. at all parts. Shunting a 12552
section across R1545 will restore normal conditions.
The replacement section must be adequately rated
and securely wired as well as soldered.

The third section is R1544 which is an h.t. smooth-
ing resistor and is at positive d.c. potential. Its
value is most important since it controls the supply
to the transistors. Damage will be caused by the
accidental connection or a resistor of less than the
specified 2.85k0 (or 2K85) value across the tags of
this resistor if it is suspected of being open-circuit-
or rather if it is found to be open -circuit. The two
right -side sections are the more normal smoothing
resistors of 14852 (R1543) and 11852 (R1542) respec-
tively, these again being at positive d.c. potential.

To sum up: when trouble is experienced in the
supply circuits, whether heater or h.t. or both, con-
centrate on the outer sections and have a clear idea
of the function of each section and its value. Bear
in mind that if the heaters are not alight it is the
second section from the left that is most likely to be
at fault and that the value of this is 12552.

Weak Print
Another common cause of trouble in these

receivers, at least in the writer's experience, is breaks
in the printed tracks where or near where the

Heater leads

L500

R5015

Base View of 05003 Holder

di c5005 15028

4111'411. . -.RA^-"- -.11
at/ tallIMA

`81.0

F5011

(wits)

Fig. 4: Line output transformer assembly.

L5027

003

Coil Resistances Location

He Value (A) Tags

L5020 <1 A -B

15021 <1 B -C

15022 0-E1

15023 2.8 E -F

L 5024 3.8 G -H

1 5025 25 H-.1

L5026 6.7 2-1(

L5027 370 It -L

15028 <1 1.1-N

+12V

R3482
1k1k

R3483
I I

R3488 1
3485

R3486 I

R34-88 R3482 Tr34950
3.9k I I R3487

Tuner
a.g.c.

R3483
10k

8C108
Tr 3495

R3486
330

C3481

From a.g.c. amp.
(Tr2189) Junction

R2118/X2192

R3487
6.8k

R34851C3481
2.2k 10kp

(TUner)

Fig. 5: A.G.C. inverter stage fitted in receivers using a
tuner unit with germanium transistors.

component leads are soldered. It would appear that
vibration can cause any relatively heavy component
such as a fairly large capacitor to break away from
the print underneath. This can lead to the appear-
ance of varying fault symptoms, some of which can
be quite misleading. The most recent example of
this was when one of these receivers showed
symptoms of pronounced vision buzz on sound
accompanied by a hum bar on the picture, which
also showed flyback lines and weak field lock. An
open -circuit smoother was suspected but slight move-
ment of the upstanding C2074 at
the rear centre (in the a.g.c. amplifier circuit) cleared
the symptoms completely. Resoldering the under-
side connection with a short length of wire along
the track completely cured the trouble (shades of
small transistor radios with their edge -type volume
controls breaking away from their flimsy tracks
inside).

Cross -modulation
Quite often it will be found that a newly installed

receiver will show signs of sound -on -vision and/or
vision -on -sound. The maker's suggestion is to fit
a 12k12 resistor from the junction of R2111 and
R2115 to tag 7 of the system switch. A convenient
mounting point is to the unused points between the
contrast and horizontal hold controls. The effect
is to place the 12k12 resistor across R2141 when
switched to 405. Other suggestions are to wire a
10pF capacitor from tag 10 of the system switch
to chassis in order to stabilise T2183, and to fit a
4jLF capacitor across R3483 to more thoroughly
decouple the a.g.c. at the inverter where this is
fitted (with a germanium tuner).

DC Resistances
Loudspeaker 311; system switching solenoids L1591

and L1592 3312 each; field output transformer L1606
911, L1607 26011, L1608 110011; audio output L1611
280E2, L1612 0.512; field coils L1661 and L1662 2011
each; line coils L1663 and L1664 4.51/ total; line

linearity coil L5030 0.511.

CONTINUED NEXT MONTH
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BOOK REVIEW
SERVICING WITH THE OSCILLOSCOPE,
by Gordon J. King. Published by Butterworth &
Co. Ltd., London. 176 pages, 81 by 51in. Price
28s. Hard covers.
THIS Boox, based on a series of articles that
appeared in Electrical & Radio Trading, has its
emphasis on television receiver servicing. With the
added complications of colour, it is inevitable that
the professional engineer comes to find his oscillo-
scope the most useful tool at his command. There
are indeed a number of tests that can be made in
no other way except an inspection of the colour
television waveform.

The idea that the scope is simply a means of
portraying what other test gear can register is quite
firmly scotched by Gordon King who is at great
pains to stress the instrument's versatility. Lavishly
illustrated with photographs taken directly from the
screen while undertaking tests-no specially rigged
demonstrations for this strictly practical author-
and augmented by line drawings of specimen hook-
ups and some circuitry, the ten packed chapters
should prove of immense value to professional and
amateur alike.

An introductory chapter lays the ground, explain-
ing oscilloscope functions and facilities and
emphasising some of the limitations, leading directly
to a second chapter on general applications. After
this we begin specialising: Chapter 3 deals with
video waveforms, Chapter 4 with synchronising
waveforms and Chapter 5 with timebase waveforms.
In all cases the fault condition is displayed and
details of the test methods and interpretations are
given with meticulous care. It is almost as if the
author had determined to write a treatise for his
favourite nephew; as readable as a friendly letter.

Chapters follow on tests for hum, distortion and
response, leading to alignment procedures and then
to colour television waveforms. For those who have
only read desultorily about colour and resolve to
meet that hurdle " when the time comes" Chapter 8
is a reminder that the time is here. Much can be
learned about colour TV techniques in reading
about tests made on the receivers.

The final chapters will also be of intense interest
to the modern -minded, discussing quite deeply the
principles and tests of stereo radio and high-fidelity
equipment. Once again some very revealing traces
are illustrated. This is not just another book on the
oscilloscope: the author is that rare bird-a prac-
tical man who can pass on his knowledge in an
interesting way. I have no hesitation in recom-
mending Servicing with the Oscilloscope. H.M.

LINE OUTPUT STAGE TUNING
-continued from page 200

The increasing use of voltage multipliers for e.h.t.
derivation means lower peak voltages on the line
output transformer. Fifth harmonic tuning used
in these cases gives better e.h.t. regulation at the
expense of extra power dissipation in the line output
stage. This is allowable with the -development of
higher dissipation pentodes such as the PL509 (pa
max=30W) but is a problem inhibiting the wider
use of transistor line output stages at present.

NEXT MONTH IN

Practical
TELEVISION

BUILD THIS 625 -LINE RECEIVER

Now that all programmes are available in most
areas on 625 lines, u.h.f., readers' thoughts will
be turning to single -standard sets to obtain
optimum performance with the improved quality
of the u.h.f. transmissions. Next month we start
to give details of a suitable design for the
constructor. Effective black -level clamping is
used and for safety the design features a power
pack built around a double -wound mains
transformer. To enable the set to be built at a
reasonable price surplus items have been used
wherever possible.

FAULT-FINDING PITFALLS

TV fault diagnosis is not as simple as it might
first seem and there are many traps for the
unwary. Next month Vivian Capel provides a
detailed guide to the numerous pitfalls which
wait to trap the professional engineer and
amateur experimenter alike.

CIRCUIT NOTES

There are many ingenious circuit ideas tucked
away in TV receiver circuits and these seldom
receive attention in modern service manuals.
Next month we shall be starting a new series
highlighting novel and useful circuit dodges,
with the intention not only of helping those
puzzled by an unusual feature but also of
presenting interesting ideas for the constructor
to try.

PLUS ALL THE REGULAR FEATURES

ORDER YOUR COPY ON THE FORM BELOW

TO
(Name of Newsagent)

Please reserve'deliver the MARCH issue
of PRACTICAL TELEVISION (3/-), on sale
FEBRUARY 20th, and continue every month

until further notice.

NAME

ADDRESS
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THIS instrument has been specially designed for the
service engineer. It provides clear and rapid readings
of capacitance values, leakage conditions if any, and
changes of capacitance and leakage with applied volt-
age, thus revealing at once the more subtle faults
in defective capacitors which often give rise to per-
plexing symptoms in equipment coming into the
workshop for repair. This capacitor tester is not
intended to be a precision laboratory unit for exact-
ing research and development, although it may cer-
tainly be used for virtually all amateur design work
and several professional projects too. It provides
clear assessments whether or not the capacitance
values of components in the 5% or worse tolerance
classes lie correctly within the nominal ranges,
whether or not these capacitance values are stable
with respect to applied voltage, and whether or not
the insulation is intact.

A very large range extending from about 50pF to
1000p.F is covered in only four subranges. Each
range theoretically commences. from zero capacitance
and is calibrated numerically from 0.05 to 1000.
The range switch selects the capacitance units repre-
sented by these numerical values, namely 1000pF,
0.01p,F, 0.1µ,F or 1µF respective:y.

SCALE LAW ADOPTED
The calibrated potentiometer VR1 is not used as

a variable resistor in one bridge arm but as a poten-
tiometer in one bridge branch, with fixed limiting
resistors R2 and R3 at the respective ends of the
track. This produces an approximately logarithmic
scale law extending over more than four usable
decades with a linear -track potentiometer. The actual
departure from the logarithmic law is such that the
decade falling into the centre of the potentiometer
track is nearly linear and thus gives nearly as good
resolution as an ordinary linear bridge. The scale law
described is ideal for making the checks and measure-
ments on capacitors required in equipment servicing.

A given unknown capacitor gives a balance reading
somewhere in all ranges for which a thousand times
the range unit value is at least as great as the actual
capacitance value. In practice this means that all
practical capacitors of any type and any capacitance
value from zero or a few picofarads up to a thousand
microfarads give a clear balance reading somewhere
within the highest range, so that an approximate
capacitance determination can be made at once with-
out range searching. If this first balance reading does
not lie in the scale -centre or higher, i.e. if the actual
capacitance of the component being tested is less
than about 511F, the range switch may now be
switched to lower ranges to bring the balance point
to the scale -centre decade (5 to 50 capacitance units)
where final readings can be taken with optimum
accuracy virtually equivalent to a conventional linear
bridge. Thus all capacitance values from 5000pF
to 501.LF can be brought into this centre decade by
suitable range selection and only small capacitances
from 50 to 5000pF must be measured in lower
decades, or large canaritances from 50 to 1000/.1.F
measured in higher decades, in each case subject to
somewhat poorer resolution. However, the type of
bridge excitation and balance detection used in this
circuit give extremely clear and sharp dips of the
meter reading throughout the entire range from
50pF to 1000p.F.

CAPACITOR

TESTER
MARTIN L. MICHAELIS, M. A.

If the amplifier gain control VR3 is set to give
about 20% full scale meter deflection at any arbitrary
balance point taken in any range with any test capa-
citor it will not require readjustment for most other
measurements throughout the coverage of this instru-
ment. For optimum search operation however the
gain control may be adjusted initially to give half-
scale meter deflection somewhere off -balance in the
selected range, then sweeping the calibrated potentio-
meter rapidly to locate the approximate sector con-
taining the balance point (sharp dip of meter
reading), and finally moving slowly into this balance
sector, increasing the gain progressively to maintain
at least 20% f.s.d. meter reading.

Note that if insufficient amplifier gain is used the
meter will dip right to zero as the true balance point
is approached, and will remain at zero for a consider-
ab'e sector containing the true balance point before
it rises again on the other side. On the other hand
if excessive amplifier gain is used the meter reading
may not dip at all, staying put at about 80% f.s.d.,
or it will dip weakly and erratically (often several
closely spaced dips in rapid succession) in the region
greater than half -scale deflection. These incorrect
gain settings can be recognised at once according
to the following criteria. Switch to the highest range
and locate the balance dip with any or no capacitor
connected. The gain setting is too low if the meter
dips below 20% f.s.d., and too high if it does not
dip below 40% f.s.d. It should dip to about 20%
f.s.d. for sharpest balance readings.

APPLIED VOLTAGES
The bridge is operated with an a.c. input voltage

whose fundamental frequency is the 50Hz mains fre-
quency and whose peak amplitude is restricted to
about 4V by DI and D2. These zener diodes serve
a much more important function than mere voltage
limiting however, as will become clear later.

A pair of capacitors form an a.c. voltage divider
in one bridge branch in each range, e.g. Cl and C8
in the highest range. The capacitance ratio is about
10:1 in each range. Thus the applied a.c. voltage
across the test capacitor is roughly 7.5V peak -to -peak
when the balance reading lies near the zero end of
the scale, dropping to about 80mV peak -to -peak
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when the balance point lies near
of the scale, regardless of range.

Electrolytics are measured in the top -end region
of the scale so that their capacitance readings are
actually taken with vanishingly small applied alternat-
ing voltages. Many conventional commercial bridges
measure large-scale electrolytics under similar condi-
tions, without making any further provision for
proper d.c. polarisation. It is maintained that satis-
factory capacitance readings can be obtained for
electrolytics in an ordinary a.c. bridge without any
form of d.c. polarisation provided the applied altern-
ating voltage is kept sufficiently small.

Having read this on the face of it surprising asser-
tion in various sources of information the author
tested its validity in the course of designing the
instrument published here. It was found that healthy,
properly formed electrolytics invariably gave correct
capacitance readings with pure applied a.c. not
greater than 1-2V peak -to -peak without any form
of d.c. polarisation. However, many electrolytics
which had been stored for lengthy periods and whose
dielectric had deteriorated gave quite erratic readings
under these conditions. When these capacitors were
then charged up to even a fraction of the nominal
d.c. working voltage, discharged again, and
remeasured with pure a.c. the correct readings were
obtained in a stable manner. A few samples still
gave somewhat erratic readings of capacitance under
pure a.c. conditions. These showed rapid re -deteriora-
tion of the dielectric when returned to the shelf for
further storage, whereas healthy samples maintain
their reformed dielectric for at least a week.

From these observations it may be concluded that
d.c. polarisation is not essential for capacitance
measurements of healthy electrolytics in a conven-
tional a.c. bridge, but facilities for simultaneous
variable d.c. polarisation provide valuable criteria
for assessing the extent of temporary or permanent
damage to the dielectric through prolonged storage,
dryout in consequence of excessive heat developed
in equipment, or other adverse influences.

the 1000 units end

DC POLAR/SAT/ON
S2B provides in positions 1 to 4 four respective

d.c. polarising voltages of about 3, 10, 50 and 150V

which are applied simultaneously during capacitance
measurements in the highest range (1µF scale unit)
only. In the other three capacitance ranges no d.c.
polarisation is applied to the test capacitor but S2
must be set to any one of the voltage positions
because its other wafer connects the meter to the
balance amplifier in these positions, or to the leak -
test circuit in the fifth position.

Thus range 2 extends from zero to 100p,F without
d.c. polarisation while range 1 extends from zero to
1000p,F with selectable d.c. polarisation. Both are
suitable for measuring the capacitance values of small
to fairly large electrolytics. If such a component in
a piece of television equipment is suspect, e.g. an
h.t. decoupling electrolytic, disconnect and discharge
it. First switch the tester to range 2 (no d.c. polarisa-
tion). Then connect the suspected electrolytic to the
tester and take a capacitance reading. Now switch
to range 1 (with d.c. polarisation) after first having
selected 3V polarisation. Take a new capacitance
reading. Repeat up to all polarisation voltages within
the nominal working voltage range of the electro-
lytic capacitor. Then discharge the capacitor and
remeasure in range 2 (no d.c. polarisation).

If there are any significant mutual differences
between any of these readings the condition of the
dielectric has permanently deteriorated and it is wise
to replace the electrolytic even if it shows no obvious
leakage fault. In particular, serious deterioration
may be assumed if the final a.c. capacitance reading
differs significantly from the polarised capacitance
readings. Electrolytics failing the test described may
well be the cause of a number of elusive intermittent
faults whose symptoms when they appear suggest
faulty electrolytics but when no obvious faults can be
found in the electrolytics during the long spells of
normal performance of the "faulty" equipment.

REVERSE POLAR/SAT/ON
As a matter of interest the behaviour of healthy

electrolytics with reverse d.c. polarisation was also
briefly studied, by connecting the electrolytic the
wrong way round to the Cx terminals and taking
readings in capacitance range 1 and in the leakage
test function. It was found that a healthy electro-
lytic gives at most slight leakage and quite normal
stable capacitance readings up to some 3 to 10%
of nominal forward value reverse polarisation, whilst
at some voltage around this limit the component
reverts abruptly to a short-circuit. Even when oper-
ated for quite considerable periods with the resulting
sustained short-circuit current, subsequent correct -
sense polarisation immediately restores a good stable
dielectric and correct capacitance, passing the tests
described above.

Permanent damage through reverse polarisation
short-circuit current seems to be a function of the
total reverse charge passed, i.e. the extent of the
resulting electrolysis. Excessive reverse currents can
also produce overheating and may burst the casing
explosively. Brief reverse polarisation short-circuit
currents of reasonable magnitude usually do no per-
manent damage to an electrolytic.

However it is not permissible to exploit the basic
ability of an electrolytic to function up to about
3-10% of nominal working voltage with reverse
polarisation since breakdown may take place sud-
denly and without warning anywhere in this range.
Recently the author was consulted by a company
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which was having trouble with certain modules in
their marketed equipment. These worked well when
new but more than 50% failed after less than 100
working hours, always a certain electrolytic giving
trouble. Often this electrolytic was not damaged or
destroyed but merely caused the circuit to "stick"
in certain states and, once jumped over again by
artificial means, correct operation was restored for
long periods before the next "sticking" breakdown
occurred. These modules were basically slow time -
bases and careful investigation carried out by the
author revealed that the electrolytic in question, an
8p.F 350V type, was normally swept between about
zero and +200V by a sawtooth waveform of correct
polarisation polarity, but the flyback always went
to about -12V reverse polarisation to overcome the
silicon threshold voltages of a diode and base -emitter
junction of a transistor connected in series to trigger

°Zvi561

1kp
CS

C6
0.01

121314

C7
0.1
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S1A

resistance leakage fault. Thus it is necessary .

include series resistance such that the meter current
is not excessive (i.e. not much greater than full-scale
deflection) in the event of the test capacitor being
a dead short-circuit. This series resistance brings
two new problems. First of all any actual leakage
current causes a voltage drop across it, so that the
effective capacitor voltage for which the leakage cur-
rent reading is taken is significantly less than the
applied source voltage. And secondly the finite series
resistance can lead to embarrassingly long time -
constants. The meter will always give an initial
reading due to the charging current, decaying away
exponentially to zero as the capacitor reaches full
charge. If there is no leakage the meter reading
will drop to zero; otherwise it will decay exponen-
tially to the leakage current which then persists
indefinitely.

BRIDGE SECTION

TI

5142
()Bleck

RI 3.3k

RI7
4.7k

BC107

15
R19

150 4.7k

BALANCE AMPLIFIER
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2...0-10
1 F

032 Rim
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1.2..

50 V 1. Test
3.._10V (DC)

.150V

5_..Vac leakiest

Fig. 1: Circuit diagram of the capacitor tester.

flyback termination. Occasionally the reverse polar-
isation was unable to reach - 1.2V before breakdown
of the electrolytic insulation so that the flyback whs
not terminated, the circuit stuck in the low state
and recharge could not commence. The author
advised this client to use a small microfoil capacitor
instead of an electrolytic in this position and there
has been no trouble since.

LEAKAGE TESTS
The purpose of a capacitor leakage test is to

measure the leakage current flowing as steady d.c.
through the capacitor when a certain d.c. voltage is
sustained across the capacitor. The basic circuit for
this purpose consists of the capacitor, a milliammeter
and a d.c. voltage source connected in series, but
there are a number of refinements necessary to derive
a practical circuit.

The basic circuit can lead to destruction of the
meter if the capacitor possesses a short-circuit or low -

MNr-
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RR R12
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R13
270k

MIMI OM MEI
0 0 I

C9 CIO CII 2500
32 32 32 50nA
3500 3500 350V

VR2
MOS
lin

Mains
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The voltage drop problem is less serious because
the errors it introduces can easily be reduced to
within normally acceptable tolerance limits, but the
time -constant problem is very important because if
suitable remedies are not devised it can prolong the
time required for taking a leakage current reading
beyond all reasonable limits. In practice we must
await the elapse of a period equal to at least five
times the circuit time-corstant before a capacitor
may be considered as fully charged (residual charge
deficit less than 1%).

We are using a lmA meter and test voltages up
to 150V, so that the series resistance would have
to be about 100k12 to avoid meter damage in case
of short-circuit faults. A 100µ,F electrolytic would
give a time -constant of 10 seconds in this circuit, so
that significant charging current would persist
through the meter for 50 seconds before a leakage
current reading could be assessed. For a 100014.F
electrolytic we would have to wait nearly 10 minutes
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* components list
Resistors:
R1 3.3k 0
R2 10k n 1%
R3 1k n 1%
R4 470 II 1W
R5 10k 12 2W
R6 10k 0 2W
R7 3.9k n 1W
R8 820 0
R9 270
R10 1k SI
R11 5.6k 0 2W
R12 4.7k 0 2W
R13 270k 0 1W
R14 27k
R15 180k 0
R16 100k 0
R17 4.7k

Miscellaneous:
Fl
LP1
S1, S2
S3
Sk1 , Sk2

Sk3
T1, T2

R18
R19
R20
R21
R22
R23
R24

4.7k a
1k SI 1W
180k
100k 0
4.7k 12
4.7k 0
5612

R25 330 SZ

R26 470 i2 1W
R27 2.2k 12
R28 47k
All IW and 10% unless
otherwise stated
VR1 100k 0 lin.

(substantial
size)

VR2 250k SZ lin.
VR3 10k 0 log.

Mains fuse, 0.5A medium delay
Panel mounting neon pilot lamp, 220V a.c.
Each 2 -pole 5 -way paxolin
Double -pole toggle mains switch
Insulated wanderplug sockets, Sk1 red,
Sk2 black
Three -pin mains connector
Two identical miniature output trans-
formers, typically 8k apt 0/100mW, see
text

T3 Small mains transformer, 250V 20mA,
6.3V 1A, 4V 1A typical, see text

Meter, 1mA f.s.d. moving -coil, Ri less than 150 SI
(any smaller value usable)
1 scale with large pointer knob approx. 4 in.
diameter, 4 pointer knobs, material for cabinet,
solder, wire, tags, bolts etc.

Capacitors:
C1 10µF 500V paper
C2 1µF 500V paper
C3 0.1µF 500V paper
C4 0.01µF 500V paper
C5 See text. Value 1000pF with strays.

820pF ceramic in prototype
C6 0.01µF 500V paper
C7 0.1µF 500V paper
C8 11J.F 500V paper
C1 -C8 should be best available quality and trimmed

for accurate capacitance ratios (see text)
C9 32µF 250V el.
C10 32µF 350V el.
C11 32µF 350V el.
C9 -C11 any values 16-50µF suitable-use highest

value for C11 if unequal values used
C12 0.15µF 500V paper (or greater up to 0.5µF)
C13 500µF 25V el.
C14 1.5µF 100V microfoil (2µF 25V el. usable,

+ve to Tr1 base)
C15 50µF 15V el.
C16 1.5µF 100V microfoil (2µF 25V el. usable,

+ve to Tr1 collector)
C17 10µF 15V el.
C18 500µF 25V el.
C19 500µF 25V el.
C20 50µF 25V el.

Semiconductors:
Tr1-Tr3
D1, D2
D3

D4
D5, D6

D7, D8

BC107 or similar (13100-500)
3.9V (approx.) zeners, 25mA or greater
Selenium or silicon h.t. rectifier, 250V a.c.,
greater than 50mA d.c.
As D1, D2
Small silicon I.t. rectifiers, typically 24V
a.c., 250mA d.c.
Any small silicon signal diodes

before being able to take a leakage current reading.
If we consider 5 seconds to be the maximum charging
delay still acceptable, we see that the 1001(12 circuit
as it stands is acceptable only for determining the
leakage currents of capacitors up to 10µF. For
small capacitances there is no problem, the meter
just giving a brief kick and then immediately reading
zero or any leakage current present.

To obtain quick leakage current readings for any
capacitance value, even for several thousand micro -
farads, a system of temporary manual source voltage
boost has been adopted. Suppose we wish to
measure the leakage current with a sustained voltage
V across the capacitor. If we start by applying a
source of voltage of n x V volts, where n is a large
factor, say 5 or more, the capacitor will not take five
times the circuit time -constant but only a fraction 1/n
(approximately) of the circuit time -constant to reach
the desired charge voltage V. Thus after a very
short time we can cut back the charging source
voltage from n x V to V, whereupon the meter
drops back immediately to the leakage current.

The practical circuit based on this principle oper-
ates as follows. R13 and VR2 form a voltage source
with mean impedance 1001(11 and continuously vari-
able from zero to about 150V. SI and S2 must both
be set to the fifth position marked "leak". This
connects the meter in series with the Cx terminals

and a limiting resistor R14 across the source voltage
between VR2 slider and chassis. Maximum possible
charging or short-circuit current can flow when VR2
slider is at the top of the track. R13 limits this
current to just over lmA so that the meter is fully
safeguarded in this mode even if R14 were omitted.

However, let us assume for a moment that R14
is omitted and that a healthy capacitor of substantial
size connected to the Cx terminals has now charged
up to the voltage selected at VR2 slider or some
large fraction thereof. If VR2 is now suddenly turned
back to zero so that the slider is at the chassis end
of the track the meter is left connected as a short-
circuit across the charged capacitor. Thus the pointer
slams back hard against the zero end stop, the large
current surge can burn out the meter coil and the
bottom end of the track of VR2 may also be burnt
out. These dangers are obviated by including R14
which restricts the maximum possible discharge cur-
rent to about 6mA. Most of this is taken up by
D4 in the forward direction operating as an ordinary
diode with some 600mV silicon threshold, so that
the actual reverse meter current is restricted to some
60% of the normal 1 mA f.s.d. rating. It would
appear to be satisfactory on first sight to use an
ordinary silicon rectifier diode for D4, but this still
fails to protect the meter in case an already charged
capacitor is connected to the Cx terminals inadvert-
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ently with incorrect polarity. The meter is protected
in this case also when D4 is a zener diode. R10 is
needed to convert the meter to a 1V f.s.d. voltmeter
and for proper operation of D4 in both its func-
tions. For balance detection in the C -measurement
function we actually need a 3V f.s.d. voltmeter,
and R27 here provides the necessary additional series
resistance.

LEAKAGE READINGS
To take a leakage reading for a small -value capa-

citor set VR2 to zero, connect the capacitor to the
Cx terminals, turn up VR2 to the desired test
voltage and take a reading. For all capacitance
values up to 10p.F a leakage current reading is
obtained at once or within 5 seconds. The meter
reads the leakage current directly on its normal
scale of lmA f.s.d. Adequate accuracy in relation
to the voltage drops is given for purposes of general
assessment as long as the leakage current is less
than 0.5mA so that the meter reading remains
in the bottom half of the scale. The smaller the
reading the more accurate it is in this respect.

We are concerned chiefly with non -electrolytic
capacitors when measuring capacitances up to 10p.F.
With the maximum available test voltage of 150V a
leakage current reading of half -scale, viz. 0.5mA,
implies a leakage resistance of 300k11 which may
be considered as fully defective insulation for a non -
electrolytic capacitor. If the half -scale reading is
obtained or exceeded with smaller test voltages this
implies even smaller leakage resistance and thus all
the more reason for discarding the capacitor in

greater than half
scale for a test voltage within the nominal voltage
of the capacitor is always a clear indication of
defective insulation in a non -electrolytic capacitor.

At the other extreme, a leakage current of
0.01mA is clearly detectable with the meter and
if this is obtained with the 150V test voltage it
implies a leakage resistance of 15Ma This is the
very minimum value which may be classed as sound
for a non -electrolytic capacitor. Thus a really good
non -electrolytic capacitor should give no detect-
able leakage current reading whatsoever for any
test voltage within its nominal range. Note that
non-electrolytics tend to be destroyed if test volt-
ages greater than the maximum nominal working
voltage are applied. Some modern microfoil capaci-
tors are rated for only 60V or 100V, and special
ceramic types giving very large capacitances in
extremely small volumes are rated for only 25V.
Do not rely on the self -healing properties of micro -
foil capacitors since these are often dubious once
voltages well above the nominal limit are applied!

LEAKAGE OF ELECTROLYTICS
Contrary to the behaviour of non-electrolytics,

electrolytics normally suffer no damage if attempts
are made to apply excessive voltage of correct
polarity, or reverse voltage, provided the circuit
resistance is high enough to limit the current to a
small value if and when temporary breakdown
takes place. A breakdown current of lmA is
normally harmless for several minutes in all except
microminiature electrolytics. Thus it is hardly likely
that low -voltage electrolytics can be damaged in
the leak test with this instrument, even if VR2

is turned up to the full 150V and/or the electrolytic
is inadvertently connected to the Cx terminals with
incorrect polarity. In these cases the meter reading
will stay put at some large value indicating high
leakage under the given conditions, but the capacitor
will still be found to be intact provided proper
operating conditions are restored without undue
delay.

Whenever we are unable to 'take direct leakage
readings as described above due to high -capacitance
values giving large charging time -constants, we are
almost invariably dealing with electrolytics and the
fact that these normally tolerate temporary excess
voltage breakdown under conditions of current
limiting makes the boost method described below
eminently suitable for quick assessment of their
leakage current without any significant danger of
possible destruction.

To explain the operating procedure let us con-
sider as a typical example the leakage current deter-
mination for a 1,000µF 6V electrolytic. Even good
electrolytics, especially high -capacitance ones, may
show quite large leakage currents up to lmA and
more when operated close to the maximum nominal
voltage. This is not to be considered as a fault
although its absence is a feature of really good
electrolytics. For normal purposes it is better to
use test voltages of 30 to 50% maximum nominal
rating for assessing the dielectric condition of an
electrolytic capacitor.

Under these conditions the performance should
be similar to that of non-electrolytics, i.e. good
electrolytics should show little or no detectable
leakage current. Values up to 0.25mA may be
acceptable-particularly for very large capacitance
values-but readings of 0.5mA and greater are
grounds for rejection. Thus an appropriate test
voltage for our example is 3V. The time -constant
in seconds is roughly a tenth of the capacitance
in microfarads as a general rule for this instrument,
so that we expect a charging time -constant of about
100 seconds. If we want to get a reading within
five seconds, i.e. a twentieth of the time -constant,
we must use a voltage boost factor of 20, i.e.
use a starting voltage of 60V. Thus first set VR2
to zero, connect the 1,000p.F 6V electrolytic and
then advance VR2 to 60V. The meter will move
at once to full scale, and after about 5 seconds
it will have dropped by 1/20th of the initial reading,
indicating that 1/20th of the charging process to
60V has been completed, i.e. that the capacitor is
now charged to the desired 3V. Now turn down
VR2 so that the meter pointer drops without delay
until the meter reading is exactly zero. The reading
against the scale of VR2 is now about 3V. i.e. the
voltage to which the electrolytic has actually been
charged. Now watch the meter pointer for a few
seconds. If it stays put at zero there is no signifi-
cant leakage. If it commences to rise there is
leakage present. Next decide the maximum accept-
able leakage current for the intended application,
say 100p.A. Carefully turn up VR2 again through
a small angle to the point where the meter now
reads the chosen acceptance limit of 100p.A. Again
watch the pointer for a few seconds. If it drops
the actual leakage current is less than 100p.A. If
it rises the actual leakage current is more than
100iu.A and the capacitor must be discarded for the
envisaged application.
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Fig. 2: Front panel layout and details of the controls and ranges.

It is permissible to skip the zero reading and go
directly to the acceptance limit test from the initial
boost voltage setting. With this method it is pos-
sible to obtain an assessment whether the actual
leakage current is smaller or greater than a chosen
limit within a few seconds even for the largest -value
electrolytics likely to be encountered. Suitable test
voltages are 3V for nominal 6V electrolytics, 6V
for 12V rating, increasing roughly proportionally
up to 150V for 450/550V electrolytics. Leakage
currents exceeding 0.5mA under these conditions
are normally grounds for suspicion or rejection.

Thirty per cent of nominal rating is an adequate
voltage for reforming the dielectric of any electro-
lytic so that samples showing excessive leakage may
be left connected at this setting for a while. If no
significant improvement is evident after a few
minutes the dubious capacitors should be discarded
or at least not used in equipment required to give
reliable performance.

CAPACITOR FAULTS SUMMARY
Leakage tests are indispensable in conjunction

with bridge capacitance measurements because it is
not possible to detect all common capacitor faults
encountered during equipment servicing if relying on
either a leakage test or a capacitance measurement
alone. Normally it is advisable to commence with a
leakage test and only if this is satisfactory to pro-
ceed to a capacitance measurement.

Apart from obvious short-circuit faults (very high
leakage test readings) or open -circuit faults (very
low or zero capacitance readings) a number of
more subtle fault conditions can arise. These con-
sist almost entirely of various forms of unstable
conditions in the dielectric. If such instability is
present in the dielectric of an electrolytic capacitor
it is detected by erratic capacitance readings in the

a.c. bridge without additional d.c. polarisation, per-
sisting even after temporary d.c. polarisation, so that
proper capacitance readings are obtained only when
d.c. polarisation is also applied. Such faults in elec-
trolytics need not be accompanied by excessive
leakage current and thus may not even be indicated
during the leakage test.

An unstable dielectric-often puncture damage
caused by brief application of excess voltage at
some earlier time-in a non -electrolytic capacitor
normally does not affect the stability of capacitance
readings, which are correct under pure a.c. and
polarised conditions, nor need this fault be evident
in the leakage current test at very low test voltages.
It is usually revealed by a sudden abrupt appearance
of high leakage current at some test voltage well
below the nominal rating.

Small decoupling capacitors in the i.f. strips of
TV receivers have been known to develop this type of
fault, probably through surge voltages arising before
the valves have warmed up and drawn current, or
through temporary short-circuits inside the valves or
at the valveholder pins through careless application
of meter test prods. The damaged capacitors may
give quite correct capacitance readings in a bridge,
and negligible leakage current readings with test
voltages up to about 50V (nominal rating 250-
500V), so that simple testers pass them as in order
and a lot of tame may be lost looking for other non-
existent causes of the short-circuit known to be
present from voltage measurements at the valve pins
of the running receiver. In fact a capacitor with
this kind of fault possesses a voltage -threshold leak
which normally becomes apparent well below 150V.
Thus all capacitors whose nominal rating exceeds
150V should be subjected to a leakage test at 150V.

CONTINUES NEXT MONTH
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TRANSISTORS IN TIMEBASES

PART 6 THE THYRISTOR IN TV

COLOUR television receiver design is bringing into
prominence several devices which have not pre-
viously played a part in television receiver opera-
tion. Amongst these the thyristor will probably be
of considerable importance.

The thyristor-which is also known as the silicon
controlled rectifier (s.c.r.)-is a three -junction, three -
terminal semiconductor rectifier which blocks flow
of current in both directions but can be triggered so
that current flows in the forward direction while still
being blocked in the reverse direction. Thus it
behaves as a switched rectifier. The main power
connections are made to the anode and cathode
terminals, just as with a normal rectifier, but a trig-
ger signal can be applied to the third gate electrode.

The thyristor is switched into conduction when
both the gate and the anode are positive with res-
pect to the cathode. If the anode goes negative
with respect to the cathode the thyristor switches
off. In the triggered state the characteristics are
similar to those of an ordinary silicon rectifier diode.
The trigger signal is a small current pulse and when
the device is switched on it remains on until the load
current is reduced to nearly zero when it auto-
matically switches off. The great advantage of the
device is that an alteration of the triggering time
with respect to the input waveform gives control
over the power delivered to the load circuit.

HOW THE THYRISTOR WORKS
Now to how it works, which can be simply

explained with the aid of Fig. 1. This shows at (a)
the basic four -layer, three -junction pnpn structure.
Fig. 1 (b) and (c) show how this basic four -layer
structure can be regarded as two transistors, an npn
one and pnp one, so arranged that the collector of

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

Fig. 1 (a) Basic pnpn thyristor arrangement with gate
connection. At (b) and (c) are shown the two -transistor

analogy. (d) Circuit symbol.

H.W.HELLVER
one drives the base of the other and with the gate
terminal connected to the base of the npn transistor
and the collector of the pnp one-it is the connec-
tion for base drive that starts the operation however.

Let us consider three possible operating conditions.
The first condition is where the anode is negative
with respect to the cathode-forgetting the gate for
the moment. In this condition junctions A and C
-see Fig. 1 (a)-are reverse biased and no current
flows through the thyristor.

The second condition is where the anode is posi-
tive with respect to the cathode and the gate is at
cathode potential. In this condition junctions A and
C are forward biased but junction B is reverse biased
-or, to look at it from the analogy of the two
transistors shown in Fig. 1 (c), Tr2 is without base
bias and is thus off-so that again no current flows.
However if the voltage across the device is great
enough avalanching across junction B will occur and
current will then flow through it.

The interesting condition however is the third,
with the anode positive with respect to the cathode
and the gate also positive to the cathode. Tr2
emitter junction is thus forward biased so that this
"transistor" conducts, feeding current to Trl base
so that this second "transistor" also conducts. The
point to note here is that when Tr 1 conducts it feeds
current to Tr2 base: thus both "transistors" are con-
ducting and the thyristor continues to conduct even
if the gate bias is removed. Hence all that is needed
to switch the thyristor on is a brief pulse at the gate.
The thyristor then remains on until the operating
conditions approach our first condition-anode nega-
tive with respect to cathode-when the device
switches off.

The advantage of the thyristor will now be appa-
rent. If we use it as the mains h.t. rectifier the point
during the positive input a.c. waveform at which it
conducts can be controlled to give us control over
the mean d.c. output. If, then, we can control the
timing of the triggering pulse, we can achieve stabi-
lisation of the output.

THYRISTOR CHARACTERISTICS

Before we look at some practical circuits let's take
a brief look at the electrical characteristics of the
thyristor, borrowing from information published by
Texas Instruments Ltd. for our facts. The electri-
cal characteristics are shown in Fig. 2. The curve
shown at (a) looks very much like the curve of a
zener diode except that the forward conducting
state is not quite so steep and the reverse avalanche
breakdown curve is also more rounded than we
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would expect to find with a zener diode. Looking
now at the application of a sinusoidal waveform and
its effect-Fig. 2 (b)-we see that as the voltage
increases in the forward direction no load current
flows until the trigger pulse is applied to the gate. At
this point, B, current flows through the thyristor and
follows the shape of the applied waveform through
what is left of the positive half -cycle. During the
negative half -cycle there is virtually no current flow
(except for a small reverse leakage current) so that
from C and D and back to A the voltage across the
thyristor follows the applied input but the current
from the device is negligible. Clearly by varying
the position of B on the time scale the proportion
of the forward half -cycle used to provide current
is also varied and control of the mean rectified d.c.
thus achieved.

In Fig. 1 we saw the thyristor as a pnp and an npn
transistor coupled together with, as (b) brings out, a
common collector junction B. In our third operating
condition, with the anode and gate positive with
respect to the cathode, junction A is forward
biased (i.e. positive on the p side), junction B
reverse biased (the anode is more positive than
the gate), and junction C forward biased. So A
is biased as Trl emitter junction, C as Tr2
emitter junction while B is the reversed -biased
collector junction for both "transistors". Let's con-
centrate on the currents passing through junction
B.

As junction B is reverse biased there will be a
small leakage current /co. The current through
junction A is equal to the main current through
the device, I, which is also the current through
the load. Because this current also flows through
junction B the effective current at this point will
be a1! (al is the forward current gain of the pnp
transistor Tr1). But I also flows through junction
C and we therefore also have a collector current
through junction B equal to a21, where cY2 is the
gain of Tr2. So the total current through B is
/co+ ain-a2/.

The total current at any point through such a
series circuit must be I. So we can express the
statement that the total current I equals the sum of
the above three currents in another way:

1=
leo

1 -(al a2)

If the sum within the brackets of the lower line
is small, I will be small-somewhere near the
leakage current. The s.c.r. then has a high impedance
or in other words the reverse -biased junction B
blocks the applied voltage. If the sum of the two
as approaches unity however the current through
B goes up, and when unity is reached this current
suddenly rises to the upper limit determined by the
external load. If this change in a value- is sudden
the device changes from the high -impedance block-
ing state to a hard -on conducting state.

TRIGGERING

To increase a rapidly a small current can be fed
to the base of Tr2 to increase its emitter current.
This takes advantage of one of the features of a
silicon transistor-its gain is small with low emitter
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Fig. 2 (a) Basic thyristor characteristics. (b) Operation
of the thyristor as a rectifier.

current but rises quickly as emitter current is
increased. If we feed a small triggering current It
into the base of the npn transistor it will be ampli-
fied, appearing at the collector as It/32 where /32 is
the common -emitter current gain of Tr2. When
this current flows into the base of Trl it is ampli-
fied again, becoming /02[31 at the collector. When
$2$l is greater than unity the system is regenerative
and the thyristor triggers, but the actual values of
depend on the trigger current. A small current
between trigger gate and cathode will set things
going.

If there is no trigger but the applied voltage is
steadily increased the leakage current /co rises until
a point is reached where the a sum is sufficiently
great to instigate triggering. This is the so-called
"self-breakover" (see Fig. 2(a)) point. The other
way round, with reverse voltage applied, the device
acts a single pn junction and the voltage it can
handle is limited by the avalanche breakdown of
the junctions.

APPLICATIONS

Applications of the thyristor include lighting
circuits where solid-state dimmers are an obvious
development. Whereas earlier dimmers had to use
fairly heavy wirewound variable resistors dissipating
a lot of heat as they handled the unwanted power,
the thyristor, with its ability to handle from full
power down to about 10 per cent and its rapid
switching action, simply prevents the power from
being developed through the load circuitry so that
there is no heat loss-and no wastage. Thyristors
selling at less than £5 can be used to control lighting
circuits with a full -power rating of as much as
600W. It is an incidental bonus of the thyristor
that it aids colour television viewing since this needs
some adjustment of room lighting intensity for best
conditions.

Speed control of motors, temperature control of
heating elements and the more efficient use of flood
lamps are among other uses the thyristor has found.
But as far as we are concerned its prime importance
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Fig. 3 (right): Mullard stabil-
ised thyristor power supply
circuit for all -transistor colour

receivers.

Fig. 4 (below left): Block
schematic diagram to show
the basic feed paths in the
circuit shown in Fig. 3.

Fig. 5 (below right): Diac
characteristic curve. As can
be seen the device is bi-
directional, conducting in
either direction once the
breakover voltage has been

reached.
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is its great help to the designer of a colour TV set
who wants a regulated power supply without heat
and current losses but with excellent stability.

THYRISTOR POWER SUPPLY CIRCUITS

To return then to the practical side of things, a
thyristor power supply circuit for an all -transistor
colour receiver as suggested by Mullard Ltd. will
provide an h.t. of 200V from a 220V a.c. mains
input without a transformer, and the output can be
stabilised against both mains supply variations and
load changes by a simple control circuit. An all -
transistor receiver requires a stabilised h.t. line
because of the mode of operation of the line output
stage where the transistors are used as switches
being driven, as we have seen in previous parts, from
fully off to hard on and vice -versa rapidly to avoid
excessive dissipation. With this mode of operation it
is not possible to use the type of e.h.t. stabilisation
used with valved line output stages, using a v.d.r. in
a feedback loop, and to avoid variations in picture
width, called "breathing", it is necessary to operate
the line output stage from a stabilised h.t. line.

The complete Mullard circuit is shown in Fig. 3.
The output is stabilised by altering the triggering
time of the thyristor as the mains input voltage or
load current vary. The basic idea is shown in
simplified block diagram form in Fig. 4, where the
a.c. input is applied to the thyristor (SCR) in series
with the load L, and a trigger circuit fed with the
mains signal and a reference signal fed back from
the output is used. In the complete circuit we see

Mains
input

Output

Fig. 6: Transistor -controlled thyristor power supply, with
stabilisation, by Rank -Bush -Murphy.

yet another device, the diac, which is used to control
the triggering. The diac is a three -layer (pnp) device
which is thus equivalent to a pair of diodes con-
nected back-to-back. It therefore blocks current in
either direction. However when the ,'oltage across
it reaches a certain level, the breakover voltage,
avalanching occurs across the junction which is
reverse biased and the device then conducts. The
characteristic is shown in Fig. 5, and it will be
appreciated from the foregoing that as Fig. 5 shows
the device is bidirectional, conducting in the forward
direction when the forward breakover voltage is
reached and in the reverse direction when the reverse
breakover voltage is reached. In Fig. 3 the Mullard
diac type BRIO() is used, this having a nominal
breakover voltage of 32V. The basic triggering
action is as follows: on switching on C2 charges via
R5 from the a.c. mains. When the voltage across
it reaches the breakover voltage of the diac, the diac
conducts, discharging C2 and feeding a current pulse
via C3 to the gate of the thyristor SCR which is thus
also switched on and feeds current to the load.

STABILISATION

Stabilisation is achieved by transistor Trl which
as can be seen is connected across the charging
capacitor C2 and is thus used to control its rate of
charge. The transistor is biased by the network R2,
R3 and VR1 across the mains and the d.c. feedback
via R4 from the output. Thus the base bias of Trl
varies with changes in the mains input voltage and

-continued on page 233
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Weak Line Sync
A TENDENCY for vertical lines near the top of the

' picture to quiver-especially noticeable on the test
card-was the fault in a v.h.f.-only 19in. Marconi -
phone receiver. Very careful adjustment of the line
hold control would just remove the symptom, but it
reappeared as set temperature increased.

The trouble of course was weak line sync and
though this particular effect is not usually due to a
defective valve we nevertheless tried a new EF80
sync separator, ECC804 blocking oscillator and
PCL84 video pentode. As field lock was good the last
valve was a remote possibility, but we be
certain before getting involved in time-consuming
voltage and component checks which generally
involve removing the chassis or printed circuit
panels. It is a good rule never to remove a chassis,
particularly in an oldish set, if this can possibly be
avoided.

Valve replacement produced negligible improve-
ment so having the service manual to hand we com-
menced checking sync separator voltages. These
were almost exactly as specified. We next noticed
that the sync feed to the ECC804 was by a 25pF
capacitor and shunted it with a 100pF capacitor
which happened to be the smallest we had in the
component kit. Line quiver immediately stopped
and the range of the line hold control greatly
increased.

It is usually possible to improve or strengthen line
hold by increasing the value of the sync feed
capacitor, but this is generally at the expense of
field interlace. Especially in direct -sync circuits
where there is no a.f.c. discriminator between the
sync separator and line oscillator the coupling
capacitor can feed line pulses back to the field
generator to upset interlace, and on more than one
occasion we have found really bad line pairing to
be due to an oversize line sync coupling capacitor
having been fitted in a misguided attempt to improve
the line sync when the real fault was completely
different.

Sync feed capacitors must therefore be kept to
specified value. If it seems necessary to raise their
value you can be sure a fault exists elsewhere.
Fortunately in our case on snipping out the original
and fitting an exact replacement the weak line hold
completely vanished.

Bush -Murphy VHF Tuners
THERE must be many tens of thousands of Bush-
Murphy models with v.h.f. permeability push-button
tuners and over the years they have proved to be
extremely reliable units. Tuning on both bands is
effected by a long nylon core with several copper
sections which moves through the in -line r.f. and
oscillator coils, switch contacts only being operated
when Bands are changed by station selection.

On rare occasions and generally only after per-
sistent misuse this nylon rod fractures and renders
the tuner completely inoperable. If you come across
one of these models and find it impossible to tune to
a station you will know the nylon rod is broken.

To replace it first completely remove the tuner
from the cabinet-a particularly  simple operation
since only a, few screws and no unsoldering is
involved, all connections to the main chassis being
by plugs and sockets. On removing the top cover
it will be found that partly dismantling the unit from
one side will permit the broken sections to be shaken
out, while a replacement which costs only a few
shillings can be fitted almost as quickly. No spec:al
tools are required but when reassembling and before
tightening the s'de securing screws make sure that
the sliding switch contacts can move fully under the
fixed contacts on both Bands.

The only other trouble experienced with these
tuners-as with all types-is poor contact on the
Band switch. After brushing or blowing out all
surface dust, lightly scrape the sliding contacts to
remove ingrained dirt and oxidisation. A hard plas-
tic trimmer screwdriver is ideal for this purpose since
it will not cause scratches. To expose all the sliding
contact area it is usually necessary to hokl the switch
in a midway position between Bands I and III.
Avoid putting pressure on the fixed contacts and
after spraying with proprietary cleaning fluid operate
the switch several times and finally apply a thin
smear of contact lubricant.

Dark Picture
THE report was a very dark picture on a KB 11 in.
Featherlight portable. This proved to be due to
inability to sufficiently increase the brightness level-
on no -signal the screen was completely black. In
all monochrome receivers the brilliance is varied
either by holding the c.r.t. cathode voltage constant
and varying the grid voltage or vice versa.

In older models with the video pentode directly
coupled to the c.r.t. cathode the most common cause
of inability to raise the brilliance level to its full
value was the video pentode passing less than normal
anode current. This could be due to failing valve
emission or an increase in valve bias brought about
by a decrease in the value of the resistor often con-
nected from h.t. to the valve's cathode to stabilise
the cathode voltage. The cathode bias resistor itself
seldom increases in value.

However in this modern receiver a.c. coupling is
employed from the. video pentode to the c.r.t. cathode.
After removing the light plastic cabinet-only two
screws are involved-we first checked the cathode
and grid voltages of the c.r.t. as obviously either
the former was too high or the latter too low. To
identify positively the c.r.t. base connections I find
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SERVICE ACTION : NO EHT
(Conventional valved receivers)

Check by drawing an arc at the c.r.t. anode. Usually
it is unnecessary to remove the anode connector:
inserting a long thin screwdriver blade under the
plastic cover will enable an arc of adequate length
to be heard.
(a) Having established zero or very low e.h.t., if a
large arc can be drawn from the e.h.t. rectifier
anode replace this valve. Where solid-state triplers
are used (as in BRC models) the most common
cause of failure is breakdown of one of the "stick"
rectifiers, usually very evident by the sparking and
characteristic odour. The remedy is to replace the
complete plug-in tripler unit.
(b) When valve replacement fails to restore e.h.t.,
remove the c.r.t. anode connector in case a short
or heavy leak exists inside the tube from the final
anode to a chassis connected point.
(c) If still no e.h.t., check rectifier valveholder and
connections.

No arcs obtainable at e.h.t. or line output valve
anodes
(a) If line output valve anode overheats, replace
line generator.
(b) Should this fail to restore results check and
concentrate on the generator stage.
(c) If the pentode screen grid winding glows,
replace the boost rectifier (possible internal
disconnection or short-circuit across heater).
(d) Check that miniature Barkhausen chokes-
usually mounted on top -cap connectors-are not
open -circuit.

Only small arcs obtainable
(a) Replace line output pentode.
(b) Replace e.h.t. rectifier (in case of internal
short-circuit).
(c) Replace boost rectifier.
(d) Check h.t. rail voltage, especially if a valve or
old type metal h.t. rectifier is employed.
(e) Remove boost rectifier top cap. If longer arcs
can then be drawn, the boost reservoir capacitor is
short-circuit.
(f) Check for ample screen grid voltage.
(g) Check for shorting third harmonic tuning and
other capacitors shunted across the line output
transformer.
(h) Disconnect scan coil feed in case of winding
short-circuit.
(i) Check boost reservoir capacitor is not open -
circuit or disconnected.
(j) Compare winding resistance values of line
output transformer with published figures. Note
however that because of wire variations slight
reductions from the values given must not be
regarded as a certain indication of a partial short-
circuit. Similarly, nearly correct resistance readings
do not necessarily imply a perfect winding since
even one or two shorting turns will seriously
affect the transformer action. Resistance reductions
are only fully conclusive as a fault indication when
the disparity exceeds the makers' tolerance limits.

it best to remove the connector and locate the small
spline from which the electrode numbering com-
mences and continues in a clockwise direction. There
was normal cathode voltage on pin 7 but the grid
voltage on pin 2 was virtually non-existent.

There were several components that could be at
fault, an open -circuit feed resistor, short-circuit
decoupling capacitor or even the brilliance control
itself. We first checked that there was no short-
circuit from the c.r.t. grid to chassis caused by a
defective decoupler. There was no short-circuit
present so we went straight to the brilliance control
to make sure that it was being supplied with ade-
quate voltage from the boost rail There was no
voltage present and on referring to the circuit dia-
gram we found that the only possible cause was the
3.91\40 resistor (R176, page 23, October PRACTICAL
TELEVISION) feeding the top of the control from the
boost rail. This was found to be completely open -
circuit and on replacing it we obtained normal
brilliance control.

On occasion-and in any type of set --we come
across the opposite type of fault, i.e. inability to
fully black out the raster so that what should be
totally black areas have a "milky" appearance.
Where the c.r.t. is d.c. coupled excessive video pen-
tode anode current will make it necessary to reduce
the brilliance control setting below its normal
position. When turning the control to minimum
still fails to kill the raster the fault is generally due
to interelectrode leakage in the tube. However
before condemning it make quite sure that the values
of all the resistors associated with the brilliance con-
trol have not changed.

Dropper Resistors
PROBABLY the most commonly used components in
TV servicing are wire -wound resistors used as
replacement h.t. surge limiters or As sections of
heater droppers, and it is worthwhile mentioning
several important points about this usage.

In most cases surge limiters and heater circuit
droppers are wound on the same former and as the
tag connections become heavily oxidised after years
of service I find it best to use the testmeter on a.c.
and tap along each section till the break is located.
If an ohmmeter is used with the set cold this con-
tact oxidisation often proves to be almost an insula-
tor to the small meter current unless each tag is
scraped, but the high a.c. voltage always pierces the
worst surface deposit.

A second point is that the resistor winding may
be in two separate sections and when the wire is
heavily coated what could be assumed to be an.
open -circuit section may be the dividing space
between them.

Most surge limiters are of course placed between
the "live" a.c. supply and the rectifier anode, but in
many Bush and Murphy receivers the surge limiters
are placed between the rectifier cathode and the
reservoir capacitor and are linked with other resis-
tors which provide feeds at various voltage levels to
the smoothing electrolytics. Thus the surge limiter
plus smoothing resistor sections in these models will
carry d.c. and be electrically isolated from the heater
dropper section(s) wound on the same former. Fig. 1
shows the complete dropper circuitry of the Bush
TV141 series.
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Fig. 1: In most receivers the mains dropper resistor is a multi -tapped power type with one or more sections in series with
the heater chain and the rest acting as h.t. surge limiters. This is not always the case, however. In the example shown here,
used on the Bush TV141 series, the heater circuit and surge limiting/smoothing sections are electrically separate, though
wound on the same former.

As almost the entire UK is now on 240V a.c.
mains supplies the heater dropper resistor is untapped,
although it must be added that this receiver will
operate to design performance on actual voltages
between 220 and 255V a.c. However if the receiver
is to be habitually operated on less than 220V a.c.
a simple modification kit is available to ensure that
the valves are operated in accordance with manu-
facturers' requirements. This emphasises that it is
almost as harmful constantly to operate valves just
under as over normal voltages.

In the circuit the la? section of 3R57 is the surge
limiter supplying the reservoir capacitor 3C43
(300µF) the other sections being smoothing resistors
feeding the various h.t. outputs. An interesting point
with this circuit is that if either of the rectifiers goes
short-circuit the electrolytics will still be protected
from a.c.

When soldering in replacement sections on a mul-
tiple resistor it is generally necessary to use high
melting point solder, particularly if the tag connec-
tions are above the component and therefore subject
to rising heat. Most normal soldering irons are
ineffectual with h.m.p. solder and it is usually neces-
sary to revert to a solid type for this purpose, but
in any event make sure that the replacement leads
first make good mechanical connection on to well -
scraped contacts.

On occasion the value of an open -circuit wire -
wound type gets completely burnt off and if the
manual is not to hand this presents a problem. My
practice is to lightly scrape the insulating layer from
the centre of the component and measure the
ohmage, if any, from this point to either end. In
most cases it will be found that continuity is pre-

* served to one end and by doubling its value a very
close approximation to the original value can be
made.

Philips Style 70
THERE was field collapse on one of these receivers
but, most unusually, the horizontal line on the screen
was displaced well below the normal midway posi-
tion. At first we assumed that the set owner had
been misadjusting the presets and shuffle plates in a
misguided effort to restore vertical amplitude, but
on removing the back we found the paint seal on
the latter to be unbroken.

We then noticed a distinct smell of component
overheating, but inspection of the resistors on the
timebase panel showed that they were all running
normally warm. On next touching the field output
transformer mounted at the rear of the panel we
found it distinctly hot and rapidly switched off.
We then found what amounted to a dead short-cir-
cuit between the transformer primary tag leading to
the PCL85 pentode anode and chassis, and on remov-
ing the three -pin plug to which it is attached from the
top of the timebase panel we found that the short
remained.

Clearly the short-circuit was in the transformer
itself, either from primary to earthed core or from
primary to earthed secondary. We then realised
that the latter was the case, the displaced horizontal
line being caused by the flow of h.t. from the primary
via the secondary to the scan coils.

On removing the transformer from the chassis
we confirmed this and also found that by moving the
primary lead -out wire we could occasionally remove
the short-circuit. As is always the case the secondary
was wound on top of the primary; but the primary
lead -out wire was taken out between the two for
extra strength and its insulation had broken down.

We found we were able to fully extract the shorting
lead -out wire and were able to secure it to the outside
of the transformer with insulation tape. On refitting
the transformer we obtained normal height and this
continued on test for some time at normal tempera-
ture. The set has been back in service for several
weeks and given complete satisfaction.

TO BE CONTINUED

FILM SHOW
The annual Practical Television/Practical Wireless
Film Show will be held this year at Caxton Hall,
Caxton Street, London S.W.1 (Great Hall Site) on
Friday March 6th, 1970 at 7.15 p.m. for 7.30 p.m.
The title of the film this year is Something Big in
Microcircuits and the lecture will be given by Ian
Nicholson of Mullard Ltd.
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THE DIPOLE
"We are working to establish a tutorial tradition in
the American film such as exists in architecture,
music, medicine and law," said George Stevens Jr.,
Director of the American Film Institute, when he
recently announced the establishment of a centre for
advanced film studies at Greystone, a lush estate in
Beverly Hills, California. " The 55 rooms of the
mansion will be refurbished to accommodate projec-
tion facilities, film study rooms, sound recording and
mixing facilities. There will be a library and a full
range of 16mm. and 35mm. equipment, also pro-
vision to use motion -picture stages as required' was
the caption beneath an aerial photograph of yet
another grandiose American College of Art.

Almost every University in the USA already has
its own motion -picture school, a division which usu-
ally includes electronic aids and television. It is in
the last two categories that such a school can become
a useful part of a University. But with many of the
great Hollywood studios now closed the career pos-
sibilities for a young potential D. W. Griffiths, Fritz
Lang or David Lean seem improbable. But what
about the admission requirements? It has been
announced that although it is expected that "as many
applicants for fellowship of this academy will be
University-trained film graduates, no previous aca-
demic degree is required for admission. Ideally,
Fellowship candidates should have achieved a basic
level of technical proficiency and already demon-
strated their talents in one or more areas of film
making."

At this point one must note that a very large
proportion of television programmes pumped out
from hundreds of American stations at all hours of
the day and night originate from colour motion -pic-
ture film, not from videotape. To this huge output
must be added immense footages of advertising com-
mercials, the standard of which is distinctly below
that made by the highly professional TV advertising
specialists in London. Of course, American humour
and TV taste may differ from ours. Nevertheless
the possible eminence of graduates in feature film
making is a mirage in the USA just as it is in
Britain. By 1975 it is not improbable that both
nations will be over -run by hopeful students of all
the arts!

THE BBTA

This is another set of initials for us to remember,
standing for the British Bureau of Television Adver-
tising. This organisation has published a 32 -page

booklet about the history of television. Puck's
Promise, a name based on the character in Mid-
summer Night's Dream who promised to put a
girdle round the earth in forty minutes-this flight of
fancy of 350 years ago (and lasting that time) is now
virtually reduced by the astronauts to four seconds
and is already regarded by us all with complacency.

By 1929 the BBC was achieving low -definition tele-
vision pictures using an early Baird mechanical sys-
tem, transmitted from the 2L0 mast then on the
roof of Selfridge's store. Baird reported to the Post-
master -General in 1931 that 1,000 "Baird Tele-
visors" had been sold at 25 guineas each but that
about ten times as many people had built their own
sets.

ELECTRONIC NOSTALGIA -1931

Progress was rapid. The Baird system (240 lines
and 25 sequential fields per second) using an inter-
mediate film delay system was in competition with
the Marconi -EMI system (405 lines and 50 fields a
second, interlaced) at the Alexandra Palace television
studio and transmitter. Of course the 405 -line sys-
tem was adopted and the BBC's public transmissions,
the first service in the world, commenced in 1936.

How awful those early pictures were, particularly
the flickery sequentially -scanned pictures of the
Baird system. The then Baird Company was a small
organisation which accomplished a great deal in a
short time. EMI, spending about £100,000 a year on
research and with a formidable team headed by
Schoenberg and Blumlein, devoted their energies
mainly to the studio side and the development of the
Iconoscope TV camera, forerunner of the
whilst Marconis developed the transmitter side. The
Baird Company had plenty of know-how on
mechanical television devices and this eventually led
to the establishment of Cinema Television Ltd. which
concentrated on big -screen television projection and
also high -quality telecine apparatus. This resulted
years later in the excellent Cintel flying -spot film
telecine equipment now under the wing of the Rank
Organisation.

THE NIPKOW SAGA

It is difficult today to visualise what faced the
pioneers whose most reliable early television efforts
were restricted by mechanical devices and whizzing
Nipkow discs. Still more difficult is it for us to
understand the faith that was then placed in the use
of an intermediate studio film. Taking down from
my bookcase Television Today-Practice and Prin-
ciples Clearly Explained, published by George
Newnes Ltd. in 1932, I became engrossed in the
many articles written by eminent specialists such as
Capt. A. G. D. West (Chief Engineer of Baird Tele-
vision), H. J. Barton Chapple, Dr. Alfred Graden-
witz (Fernseh Television), F. J. Camm (Practical
Wireless), L. M. Myers (Marconi) and others. In
an article on The Arrival of High -definition Tele-
vision Capt. West referred to three methods of high -
definition scanning then considered practical: the
studio spotlight scanner; the intermediate film appa-
ratus and the electronic image camera "each of
which is capable of transmitting an equally good
high -definition picture in its respective sphere of use-
fulness." The most important contribution to pro-
gress at that time was apparently the ultra -sensitive
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photoelectric cell "which converts light variations
into variations of electric current, used on cinema
projectors for reproducing sound on film." They had
in fact only just replaced the selenium cell.

EARLY SCANNING SYSTEMS

Capt. West then described spotlight scanning, in
which the beam from a high -intensity arc traverses
the scene (and the persons therein) with a spot of
light moving in parallel lines until the subject is
completely scanned. This had previously been
achieved with a 30 line picture at 121 fields per
second but, due to more intense light and more
sensitive photocells, reached 180 lines at 25 fields a
second.

The intermediate film process comprised a cine
camera used to photograph both picture and sound
on film which was immediately developed, fixed and
washed within a period of ten to thirty seconds and
used as a completed negative of picture and sound
for transmission, using a continuous motion -film
telecine.

The third method was the electronic -image camera,
later known as the Farnsworth image dissector, an
early method of controlling (by electrostatic and
magnetic methods) the motions of electrons from an
image displayed within the tube by a lens. The
Farnsworth camera was insensitive; that was the
trouble at that time.

FERNSEH-AG TV SYSTEM

Baird were not the only television development
company interested in the use of film as an inter-
mediate system for television camera work. Fernseh
A.G. of Darmstadt, Germany, were rapidly develop-
ing a number of different methods, of which this
was one. Television Today (1932 vintage) included
diagrams of two alternative cine camera and film
systems, one somewhat on the same lines as Baird's
but a second one using a continuous loop of blank
motion -picture film which was coated with a photo-
graphic emulsion, exposed in the cine camera,
developed, washed and fixed then scanned for trans-
mission. It continued with another washing, emul-
sion removal, fi:m again dried, resensitised and its
loop course through this elaborate contraption con-
tinued. Time from exposure to transmission was
about 45 seconds. Time between removal of the
emulsion until the film, resensitised, can be run
through the camera again is about three minutes.
The total length of the loop was about 164 ft. using

ft standard perforated films running through the

An early TV system devised by Baird with intermittent film
11.0.4

which is scanned by a Nipkow
disc in conjunction with a

lamp and photoelectric cell.
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apparatus at about half normal speed.
These very early developments were brought to

my mind when listening recently to a British Kine-
matography Sound and Television Society lecture in
which Dr. Schreiber of the Fernseh Company
described " The New Fernseh W.R.B. Colour TV
Camera ". It brought home to me the extent of
the technological progress that had been made by
Fernseh.

It is interesting and worthwhile to take a look
back at historical milestones. I am not suggesting
that we should return to crystals with cat's whiskers
or 1912 type Marconi magnetic detectors (with soft
iron wire loops transported by clockwork driven
motors). Crystal control and magnetic recording
are both very much with us today, after being for-
gotten in their original form.

SPECIAL EFFECTS

There must be many ingenious audio-visual devices
of fifty years or so ago which failed to achieve
success then but might be the germ of an idea
which could be redeveloped. Take the magic lantern
projectors of seventy-five years or more ago as
demonstrated at the London Polytechnic. Using
double or triple lanterns and limelight illuminants,
lecturers achieved delicate dissolving effects from
slide -to -slide added to which supplementary back-
ground scenes and moving effects could be intro-
duced with the third lantern. These were the
bi-unial or tri-unial lanterns, magnificently ornate
with their shining brass and polished mahogany, and
were the beginning of special effects for the cinema
and television.

A few weeks ago Charley's Aunt, that old theatrical
chestnut farce, appeared on BBC -1 with Danny La
Rue as the pseudo aunt and Coral Browne as the
real one. Produced by Cedric Messina and directed
by John Gorrie, this was given an entirely new look
with the phoney Auntie looking quite real, glamorous
and full of charm, instead of the part being played
like a pantomime dame. There was a lengthy scene
in a car travelling along a road, with Coral Browne
and Elaine Taylor conversing and, of course, the
attractive scenery passing by. The moving back-
ground was so good that I wondered which of the
BBC's special effects methods had been used : elec-
tronic overlay; electronic inlay; rear projection of
film on a screen; ditto with front projection; film
travelling matte; Dunning process or what? All
are systems which might give the desired effect in
a studio with the two actresses sat comfortably in
a stationary car (which would be manually rocked).

To my surprise the BBC informed me that the
scene was shot " for real ", with a film camera car
actually running by the side of the car which was
seen in the television picture, and that it had been
filmed (16mm.) on a smooth road near Oxford. The
dialogue sound was post -synchronised afterwards by
the actresses watching themselves on a screen. At
one time-long before talkies-this was the only way
of obtaining this kind of scene in a moving vehicle.
This was achieved in 1906, when the Sheffield Photo
Company made a film of a convict's escape from
a moving railway train (Manchester, Sheffield and
Lincolnshire Railway) in The Life of Charles Peace.
That was a milestone, too, exhibited in travelling
fair kinematograph side shows for many years and
now in the archives of the British Film Institute.
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Getting started with

ENS°31-C/

PART 4

TV
I.R.SINCLAIR

THE task of the video amplifier in the CCTV camera
is to receive the signal from the target of the vidicon
and amplify it sufficiently to drive a cable of 750
impedance with a video waveform of IV peak -to -
peak video plus, if composite syncs are used, another
0.3V of sync pulse. is of course no reason
why the amateur should be lumbered with these
standards, but it is decidedly useful to work to them
because of the possibility of using any professional
equipment which may come on to the surplus mar-
ket.

The output current at the target of a vidicon under
average scene conditions, correctly illuminated, is

about 0.2p.A. In addition to this the capacitance of
+ve

47k Lt L2 and L3 are
treble boost inductors.
Final values adjusted
to give best response
with minimum ringing.
Values are approx.

3mH

100k

L2

Fig. 1: Valve video input stage.

+240V

560k

+40V
(variable)

47kp

C is a low -value
capacitor chosen
with R to give a
boost at high

frequencies

-22V

AF117

R

220

+ve

Fig. 2: Transistor video input stage.

the target to earth, with some allowance for stray
capacitance, is about l5pF. If, using a valve ampli-
fier, we have a load resistor of 2k0 so as to obtain a
-3bB point at 5MHz the signal voltage at the start
of the amplifier would be only 0.4µV. This is about
thirty times less than the noise voltage in a low -noise
resistor of 21(11 at room temperature, although the
effect of noise on a picture signal is not so bad as the
bare noise comparison suggests. Clearly however
a low -value load resistor is out of the question when
a voltage amplifier is to be used.

A load of about 2201c12 gives a signal output of
401LV. This is much more reasonable though still
perilously near the noise level. So obviously the first
stage of any video amplifier must use low -noise high -
stability resistors and a low -noise amplifier, cascode
preferably if valves are to be used. The -3dB
point for a 220kS2 load is 53kHz so massive boosting
of the higher frequencies is required later in the
amplifier to compensate for this.

A typical valve input circuit is shown in Fig. 1.

This is essentially the cascode stage as used in most
v.h.f. TV tuners but for CCTV camera work special
quality valves such as the Mullard E88CC perform
better than their receiving -valve equivalents (ECC88,
etc.).

An input stage using a transistor is shown in Fig.
2. A silicon npn transistor is used connected as
an emitter -follower so that the impedance presented
to the target is not too low. As the transistor acts

-9V

AF118

470j.
MOM

25

T++ve

Fig. 3: Transistor video amplifier incorporating frequency
correction for wide bandwidth.
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(a) (b) (c)
Approx: CR = 1where W = 2711c fc= freq. of correction

When more than one correcting circuit is used, staggered values
of fc should be used

Fig. 4: Frequency correction arrangements. (a) Selective
emitter decoupling. (b) Selective coupling. (c) Negative

feedback compensation.

as a current amplifier the effect of the impedance on
the frequency response at the target is less but the
voltage at the output will be no more than the
voltage determined by the load impedance at the
input and will still require voltage amplification,
though the problem of voltage amplification while
preserving frequency response is made easier by the
low output impedance of the emitter -follower. The
following voltage amplifier is a completely conven-
tional pnp stage.

A transistor circuit in which some frequency co
rection is made in the earlier stages is shown in Fig.
3. This amplifier has a very wide bandwidth and
is particularly suitable for non -interlaced scanning
where the monitor can cope with bandwidths of
12MHz.

Frequency Correction Circuits
Typical frequency correction circuits are shown in

Fig. 4. The use of cathode or emitter resistors
which are decoupled only at the higher frequencies
is popular but they cannot be used when a negative
feedback loop encloses the stage. Selective coupling
in which a coupling resistor is bypassed by a capaci-
tor of low value is also used (b), with the same care
needed regarding feedback loops. Frequently both
methods are used together, as in the circuit used in
the Pye Lynx camera, one stage correcting the middle
video at about 500kHz and the other correcting in
the 4-5MHz region. Note that the use of a current -
amplifier first stage eases the problems of the load
resistor.

Ll and L2 are
RF chokes.

L3 is wound
to resonate
at the desired
frequency.

C1 2 - 4p
C2 5-50p
X Crystal
whose 3rd
overtone
( or higher)

is in the band
desired.

Actual values
depend on
frequency
range used

Fig. 5: Simple oscillator! modulator circuit.

Suggested values for
5MHz bandwidth

Cl.470p C2 lkp C3 2kp

Fig. 6: Equalising

Gain and Noise
When a valve amplifier is used it is extremely diffi-

cult to obtain a good signal-to-noise ratio at high
gain unless specialised valves of the Nuvistor (RCA
trade mark) type are used. Transistor amplifiers are
rather better in this respect since a silicon first stage
can give current amplification of about 60 times,
converting the 0.24,LA target signal to a 12µA signal
(if the emitter load permits) at an expense in fre-
quency response which depends on the input impe-
dance of the transistor. This current signal, fed
into another transistor whose output is taken as a
voltage signal across a collector load, is sufficient
to give a voltage output of IV with only one more
stage of voltage amplification. From this point of
view transistor amplifiers are clearly preferable.

circuit.

RF Outputs and Equalising
If the video signal is to be fed to a commercial TV

set instead of to a monitor it may be more con-
venient to use a modulated r.f. output rather than to
try to modify the receiver to work at video frequency
only. The r.f. used should preferably be as far as
possible removed from the locally received broad-
cast frequencies to avoid interference with nearby
sets. Comparatively simple oscillator and modulator
circuits can be used, as in Fig. 5, because large
modulation depths are not needed. Care must be
taken to avoid overloading the r.f. circuits of the
receiver; an attenuator fitted in a screened box at
the receiver is usually needed. For video band-
widths of up to 5MHz Band I frequencies can be
used but for higher bandwidths Band III frequencies
are better. It is wise to avoid Band IV and V
(BBC -2) frequencies because of the difficulties of
avoiding interference. The 45MHz channel 1 should
also be avoided because of its closeness to the i.f.
of most receivers.

Unless conventional signals of fairly small band-
width are being used several modifications will be
required to the receiver. These will be dealt with in
the next part.

Note that in 405 -line working the modulation is
positive with the sync tips at zero r.f. amplitude.
In 625 operation negative modulation is used with
the sync tips at maximum r.f. amplitude. In receivers
the detector diode is switched in polarity or the final
i.f. transformer connections are switched to preserve
the same sense of video signal to the video amplifier
of the receiver.

If the video output from a camera is to be fed
to the monitor by a long cable some equalisation of
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LAWSON BRAND NEW TELEVISION TUBES
SPECIFICATION: The Lawson range of new television tubes are designed to give superb
performance. coupled with maximum reliability and very long life. All tubes are the products of

Britain's major C.R.T. manufacturers, and each tube is an exact replacement. Tubes are produced
to the original specifications but incorporate the very latest design improvements such as: High
Brightness Maximum Contrast Silver Activated Screens, Micro -Fine Aluminising, Precision Aligned
Gun Jigging, together with Ultra Hard R.F. High Vacuum Techniques.

DIRECT REPLACEMENTS FOR MULLARD-MAZDA BR I MAR GEC, ETC.

A47 -II VV (P) MVV53/20 T914 CME 1901 21C2P4
A47 -13W (T) MW53/80 C19/10A CMEI902 2 I DKP4
A47 -14W AW-47-97 C19/10AP (T) CME1903 23SP4
A47- I 7W (P) AW-53-80 C 1 9/AK CMEI905 171K
A47- I 8W (P) AW53-88 C21/IA CMEI906 (T) 172K
A59 -I I W (P) AW53-89 C2 I /7A CME 1 908 173K
A59 -I 2W (P) AW59-90 C2 1 /AA CME2 1 01 212K
A59 -13W (T) AW59-9 1 C21 /AF CME2 1 04 7205A
A59 -I 4W (T) C17/IA C2 I /KM CME2301 7405A
A59 -15W C 1 7/4A C21/5M CME2302 7406A
A59- I 6W (T) C17/5A C21 /TM CME2303 7502A
AW36-80 C I7/7A C23/7A CME2305 (P) 7503A
AW43-80 C17/AA C23/ 10A CME2306 (T) 7504A
AW43-88 C17/AF C23/AK CME2308 7601A
AW43-89 C17/FM C23/AKT (T) CRM I 73 7701A
AW47-90 C17/HM CME 1 402 CRM2 12 CRMI21
AW47-9 I CI7/SM CME 1 702 CRM2 I I MW3 1 -74
MW43-69 MW/53-80 CME 1703 I7ARP4
MW43-64 T908 CME 1705 I 7ASP4
MW43-80 T91 I CME 1706 I 7AYP4

LAWSON TUBES
STATION ESTATE, MALVERN

Offices
18 CHURCHDOWN ROAD,
MALVERN, WORCS. MALVERN 2100

2
YEARS'
FULL REPLACEMENT
GUARANTEE

Complete tube fitting instructions
are supplied with each tube.

FOR YOUR INFORMATION
Experience of supplying CRTs over
many years has shown us that when a
customer requires a new CRT he
means Immediately. We at Lawsons
are geared to give a by -return service.
Tubes are sent fully insured by

passenger train. Goods or Road
Services are not used delivery taking
far too long for customer satisfaction.

Carr.
Insur.

12-14" Types E4.10.0 10/-
16-17" L5.19.0 12/6

19" E6.19.0 12/6

21" L7.19.0 12/6

19" Panorama E8.10.0 12/6

23" Mono L9.10.0 15/-

23" Panorama E11.10.0 15/-

19" Twin panel E9.17.6 15/-

23" Twin panel £12.10.0 15/-

A REVOLUTIONARY NEW PRODUCT

cuts out plugs

SAFEST & QUICKEST
WAY TO CONNECT
ELECTRICAL EQUIP-
MENT TO THE MAINS

No plugs-no sockets-no risk of bare wires.
To connect anything electrical, from an
oscilloscope to an electric drill, simply open
the fuse housing, depress the keys, insert the
wires and close the housing. A neon light on
the front of the Keynector glows to indicate
proper connection. Multi -parallel connec-
tions can be made up to 13 amps. Keys are
colour coded and lettered LEN for quick
identification. The Keynector casing is in
two-tone plastic and measures 5 in. x 3 in. x
I f in. Please write for further details.

E. B. INSTRUMENTS
DIVISION OF ELECTRONIC BROKERS LTD.
49-53 PANCRAS ROAD, LONDON, N.W.I.

Tel.: 01-837 7781

NEW VALVES
Guaranteed and Tested
24 HOUR SERVICE

1R5 5/6 ECC83 4/9 PCL84 71g
185 4/8 ECC85 5/- PCL85 81-
1T4 2/9 ECH35 6/6 PCL86 6/_
364 6/0 ECH81 5/9 PFL200 11/3
1V4 5/9 ECL80 6/6 PL36 9/6
6/30L2 11/6 ECL82 6/3 PL81 7/9
iiAQS 4/3 ECL83 8/8 PL82 5/3
IIV6C, 3/- ECL86 7/6 P1,83 61_
251.80T 4/6 EF37A 8/- PL84 8/9
30FL1 18/8 EF39 4/8 PL500 1818
30FL12 14/8 EF80 4/6 PL504 18/-
301'4 11/6 EF85 4/9 PY32 10/_
30P19 11/6 EF86 6/3 PY33 10/
30PL1 18/6 EF89 4/9 PY81 Sr
30PL13 14/11 EF183 5/6 PY82 8/
CC1195 lai- EF184 5/3 PY83 5/'
CL33 17/6 EH90 6/- PY88 6/6
DAC32 6/9 EL33 8/3 PY800 613

DAF91 4/8 EL41 10/9 PY801 8/,i
DAF96 7/- EL84 4/9 519 8/.
DF39 7/6 EYSI 6/9 U25 1216
DF91 2/9 EY86 5/9 U26 1116
DF96 7/- EZ80 3/9 U191 18/:
DK32 6/9 EZ81 4/6 U193 8/.
1)591 5/6 KT61 8/8 1;251 14/-
0596 7/- KT66 15/9 U301 10/-
DI35 4/9 N78 14/6 U329 141-
111,92 5/9 l'ABC80 6/9 UABC80 61-
DL94 15/9 PC86 10/8 UBC41 8/8
DL96 7/ - PC88 10/3 UBF89 6/3
DY86 4/9 PC97 8/3 UCC85 7/3
DY87 4/9 PC900 71- UCH81 6/-
EABC80 5/9 PCC84 618 UCL82 6/9
EBC33 7/9 PCC89 8/11 UF41 10/6
EBC41 9/3 PCF80 5111 UF89 6/-
EBF80 8/- PCF801 6/6 UL41 10/3
EBF89 5/9 PCF802 0/- UL84 6/3
ECC81 3/6 PCL82 6/9 UY41 7/-
ECC82 4/- PCL83 9/9 UY85 5/8

Postage on 1 valv 9d. extra. On 2 valves or more
postage 6d. per valve extra. Any parcel Insured against

damage In transit 6d. extra.
Office address, no callers.

GERALD BERNARD
83 OSBALDESTON ROAD

STOKE NEWINGTON
LONDON, N.16

All Motorists
are keen to
cut costs
2,973,00W

Do Something About It
They read Practical Motorist for
some or all of the following reasons:
 To keep their cars in as good a
condition as a good garage can  To
keep their cars in a better condition
than a mediocre garage can  To save
up to four fifths of the garage bills
 To guard against defects that keep
running expenses up and resale
value down  To save their own necks
-they trust nobody but themselves
with servicing and maintenance

PRACTICAL
MOTORIST

the most widely read motoring
monthly

START CUTTING COSTS
PLACE A REGULAR ORDER

TODAY 2/6
National Readership Survey July '68

to June '69
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the signal will be necessary because the cable losses
are greater at high video frequencies than at low.
The equalisation takes the form of a high -frequency
boosting stage, preferably at the output to the cable.
If a camera is to be used permanently with a long
cable this can be done by using the existing high -
frequency correction. If different cable lengths are
to be used at different times a corrective stage with
switched compensation should be used. The actual
values of the time -constants used in the circuit of
Fig. 6 depend of course on the video bandwidth
used.

Equalisation is not needed when r.f. carriers are
used because the difference between the lowest and
the highest frequencies carried by the cable is not so
great. Cable losses may be high however, of the
order of 6dB per 100ft. of cable, and this loss may
call for the use of repeater amplifiers at intervals.

NEXT MONTH: MONITORS FOR CCTV

WAVEFORMS IN COLOUR RECEIVERS
-continued from page 210

To conclude this article let us have another look
at the filter -derived subcarrier system, especially rela-
tive to the swinging bursts. This is sometimes called
a passive subcarrier generator because no active
oscillator is employed. A simple crystal filter circuit
is adopted of the kind found in the i.f. channel of
some communications sets. When properly neutral-
ised a filter like this with a quartz crystal exhibits
an incredibly high value of Q, often approaching
10 x 10g. Thus when bursts are passed into it all
the sideband components of the signal (these,
incidentally, can be considered as being produced by
a carrier-the bursts at 443MHz-modulated by a
squarewave at line frequency) are deleted, leaving
only the carrier at 4.43MHz at a constant amplitude.
It is this signal which then constitutes the subcarrier
for the V and U chroma detectors.

However, with the PAL system the problem of
the swinging bursts has to be resolved. This does
not arise with the NTSC system of course since the
bursts in this system are held in constant phase and
all is well provided the filter has a sufficiently high
Q value to remove all the sidebands. One way of
getting over the PAL problem is to incorporate a
switch (see Fig. 10) between the burst gate and the
crystal filter to introduce a 90 -degree phase shifter
on alternate lines, in this way presenting the filter
with a burst signal from which the " swing" has been

a, removed. This is not a difficult practical problem
and the 90 -degree phase shifter switch can be
operated from the same switching circuit that oper-
ates the PAL V detector switch. The phase shifter
has the effect of shifting the position of the now
non -swinging bursts by 45 degrees from the U

H Burst
gate

1410

90 phase
shifter

Line -by-line
switch

Fig. 10: How the ripple is removed from the burst signal
when a passive subcarrier regenerator is used.

chroma axis, but this is of little moment since
simple rephasing at the chroma detectors will neutral-
ise the error.

Ripple is produced by the alternate -line switching
of the 90 -degree phase shifter (this being at 7.8kHz
since it takes two lines) and can be detected to
provide the ident signal for V chroma phasing.
When the ident is correct the 7.8kHz sideband signals
add together and when incorrect they cancel out
so that phasing is automatically correct. More will
be said about this next month.

CONTINUED NEXT MONTH

TRANSISTORS IN TIMEBASES
-continued from page 224

the feedback voltage applied to it. Its current varies
accordingly and this adjusts the current available for
C2 to charge, altering its charge rate and hence the
triggering time for the diac. As a result the trans-
sistor stabilises against both mains variations and
output load changes. The zener diode D1 com-
pensates for the effect of temperature on the emitter
current of Trl.

Another stabilised thyristor power supply circuit,
used in Rank -Bush -Murphy models, is shown in
simplified form in Fig. 6. Here the transistor Trl
is used to trigger the thyristor. The mains input
is fed via the phase shift network RI, CI and the
diode D1 to the base of Trl, which is also fed with
a feedback signal from the potential divider R4, R5
across the output. Its emitter voltage is held con-
stant by the zener diode D3. The clipped mains
waveform appearing at Trl collector is used to
trigger the thyristor. The circuit R2, R3, C3 and D2
modifies the conduction time of the thyristor if the
mains input voltage varies. Supply

Fig. 7: Possible circuit for
using a thyristor in the line

output stage.

SCR

+ve

Line

Line transformer
output

drive
waveform

As the thyristor is such an efficient switch there
have been suggestions at various times for using it
in the line output stage to control the output current.
One suggested circuit is shown in Fig. 7. Because
the gate is much less efficient as a means of switching
off a thyristor than of switching it on, cathode con-
trol rather than gate triggering is used. In the cir-
cuit shown the gate is held at a positive potential and
a transistor is connected in series with the cathode.
The drive waveform is applied to the base of the
transistor and when this is driven into conduction
the thyristor cathode is effectively grounded so that
it switches on.

TO BE CONTINUED
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GEC BT1748
After this set has been switched on for about

15 seconds the anode of the boost diode becomes
red hot. I have tried a new valve but the fault
persists.-E. Lawrenson (Lancashire).

Remove the e.h.t. rectifier valve from its posi-
tion and switch on the receiver again. If the boost
diode still glows red hot check the boost capacitor
and the line output valve. If it does not glow
replace the rectifier with a new one.

If all these are OK try to get a spark from the
anode top cap of the line output valve. If there
is none check the screen grid volts on the valve
and the bias on the control grid. If all these are
OK then there is either a short circuit from the
cathode of the boost diode to chassis or the line
output transformer has gone faulty.

Try not to run the boost diode too long when
making these tests, otherwise it will have to be
replaced again.

EKCO T354
The screen is not illuminated. When the set is

switched on all the valves light up and the sound,
which is perfect, comes on. When the line whistle
comes on it sounds normal but within three seconds
a beat -note is superimposed on it. When the line
whistle first comes on the e.h.t. rectifier heater lights
up but when the beat -note appears it goes out. The
spark from the e.h.t. winding on the line output
transformer is less than in. at any time after
switching on.

I have tested the 0191, U26, PL36, 30PL13 and
the h.t. rectifier. The 30FL1 was replaced as it
was useless.-A. Coxhall (Middlesex).

There may be a short on the e.h.t. lead or in
the c.r.t. and if this is the case disconnecting the
e.h.t. lead will relight the U26. Alternatively sus-
pect a faulty boost capacitor or open -circuit U26
heater winding on the line output transformer.

FERGUSON 3647
I am having trouble with the picture height

(BBC -1 and BBC -2). Adjusting the preset potentio-
meter R104-the height control-brings the picture

YOUR
PROBLEMS
SOLVED

Whilst we are always pleased to assist readers with their technical
difficulties, we regret that we are unable to supply service date or
provide instructions for modifying equipment. We cannot supply
alternative details for constructional articles which appear in these
pages. WE CANNOT UNDERTAKE TO ANSWER QUERIES OVER
THE TELEPHONE. The coupon from page 237 must be attached to
all Queries, and a stamped and addressed envelope must be enclosed.

back to normal size, but in a week's time it reduces
in size so that there is about lin. gap at the top
and bottom of the screen. I then have to constantly
readjust R104. I have changed V9 but this has
not changed anything.-D. Allen (Gloucestershire).

Your Ferguson, as you have observed from the
circuit numbers you quoted, uses the BRC chassis
series 1400.

Generally when the height begins to fail in this
way on a receiver it is either the field oscillator
or the field output valve dying or the boost capacitor
beginning to break down and changing value in
the process. Try these. The boost capacitor is
C105 (0-22p.F).

If these are OK check the value of the height
control potentiometer and its series resistor R103
(330kS2) and the cathode components C81 and R102.

We presume that the raster width is not also
changing. If it were the line output valve would be
suspect-therefore reducing the boost voltage.

FERGUSON 36479
The fault is lack of width but only on BBC -2.

I have changed the PFL200 but without any
improvement. Both BBC -1 and ITV channels are
OK.-A. McMillan (Surrey).

The lack of width on 625 can only be caused
by a fault within the line output stage itself. First
check the 625 S -correction capacitor and its asso-
ciated switching (C96-0.1i.cF). If this is not at
fault check the line stabilising v.d.r. (Z2) and its
smoothing capacitor C108. Check that the boost
volts on 625 are 690V. If they are not check R60
(6201d2).

PYE 23UF
The picture has shrunk top and bottom approxi-

mately lfin. and the linearity controls R79, R82,
R84 are set for maximum height and amplitude.
I have tried substituting new valves for V9 (PCL84)
and V18 (PY800) but to no avail. The fault is
evident on Band I (405 lines) and I cannot check
if it exists on 625 lines as there is no workable
signal in this area.-R. Purdy (Brighton).

Check for change in value of R83 (1.2M12) in
series with the hold control.
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MURPHY V530
After the set has been on for about half -an -hour

the picture jumps up and down intermittently about
lin. After about 15 minutes it is perfect for the
rest of the evening's viewing. The controls on the
set are adjusted correctly and I get a good strong
signal and a picture free from interference. - E.
McKone (Sussex).

Check for excessive h.t. due to the mains tap
being incorrectly set and look around the 30P12 and
6/30L2 in the field scan amplifier. These are on
the upper chassis to the right of the tube as viewed
from the rear.

FERGUSON 406T
After this set has been operating for about half -an -

hour the picture disappears leaving a brilliant raster
with normal sound.-I. Nagill (N. Ireland).

The trouble is associated with the coils near the
PCL84 video amplifier. Clean off and resolder the
wire ends of the double -wound coil to the right of the
valve and the single coil above it.

PHILIPS 1768U
There is sound but no raster. I have changed or

substituted the following components: (capacitor and
resistor values as shown in Newnes Radio and Tele-
vision Servicing 1957-58) PY81, PL36, EY86, PY82
(2), boost capacitor C57 (0.039µF) and C63 (0.018µF).
The line timebase seems to be working as I can hear
the 10kHz whistle fairly loudly and it fluctuates when
I rotate the line hold control.

The EY86 does not light up at all. The h.t. rail
voltage is OK and I have checked all through the
receiver and timebases. The voltages on the valves
are all near perfect including the screen -grid voltage
on the PL36. The only discrepancy is that the boost
voltage and the first anode voltage on pin 10 of the
tube base are nowhere near 480-500V as stated in
the service data.

I have checked the tube volts on the base while
rotating the brilliance control and voltage is as service
data states -0-170V dependent on the setting of the
control. I have removed the anode e.h.t. lead to see
if valve EY86 would light up but to no avail.-
F. Malpass (Staffordshire).

This symptom certainly appears to be caused by
shorting turns in the line output transformer. How-
ever before you contemplate changing this make sure
that all the associated components are in good order.
You at least know that the generator itself is work-
ing, so you can concentrate on the output stage. Your
letter implies that you have already checked many
components in this area. Low boost volts is a by-
product of transformer trouble, incidentally.

MURPHY V280
Can you say how to replace the U25 e.h.t. rectifier

valve in this receiver. It appears to be inside the
line output transformer canister.-L. Barnard
(Lancashire).

Usually it is necessary to replace the whole trans-
former but some readers have managed to open
up the canister, drain off the oil and replace the
valve, making an air -tight seal again afterwards.

ULTRA BERMUDA 6628
I have recently fitted a u.h.f. aerial. When

I use the 625 -line switch on the side of the set
and tune in the picture is very snowy and blurred.
After ten minutes to half -an -hour it becomes a
beautiful picture which may last about an hour.
After this time it becomes slightly snowy again.
Recently I have replaced the following valves:
PL500, PY801, EF183, EF184 and PCF808. The
PL500 was necessary as the picture went narrow.-
J. Cunningham (Lancashire).

Your Ultra Bermuda uses the Thorn 900 chassis
and UHFT2 valved tuner. This is almost certainly
what is at fault from the way you have described
the trouble.

Unfortunately apart from changing the valves-
PC88 and PC86-we would not recommend any
work on this tuner because of the dangers involved
in upsetting component positions and therefore the
tuning circuits. It should be returned to the service
depot through an Ultra dealer.

Before doing this however you should check that
the mains voltage tapping is correct, that the h.t.
voltage is right and that the connections out of
the tuner and the aerial input are firm. It might
also be advisable to try another receiver on your
u.h.f. aerial if this is possible. All this is of course
to be done after the tuner valves have been changed.

PYE V510
The picture height has

a bright line across the
L. Bowker (Sheffield).

Check the PCL82 field
of the right-hand printed

failed and there is just
tube about lin. wide.-

output valve at the top
panel.

REGENTONE Ten -17
On switching on, the field timebase takes some

minutes before the picture becomes stable and field
hold is liable to become lost for brief periods (10
seconds) after the set has been operating satisfactorily
for periods of 30 minutes or so. The picture expands
and contracts regularly in the vertical direction
making it very difficult to read printed matter on the
screen. The period of this motion is about one
second and it is most pronounced at the bottom of
the screen. The field linearity controls do not pro-
vide enough adjustment to obtain a satisfactory
picture-it is always cramped at the bottom. The
picture tends to defocus on peak -white levels.-
L. Dore (Lancashire).

Some of your trouble could be caused by excessive
hum (mains ripple) in the field timebase circuits. The
pulsating picture is in fact the symptom of high
residual hum in the set beating with the now
asynchronous working at the transmitters. At one
time the field sync used to be locked to the 50Hz
mains grid. This is no longer the case so residual
hum in the set shows as the picture ripple symptom.
You might have to improve the set's smoothing or
some of the ripple might be caused due to a heater -
cathode failure (or leakage) in one (or more) of the
field or vision valves. Test this possibility. Weak
field valves and low h.t. voltage (or e.h.t.) could be
responsible for the non -linearity and defocusing
symptoms.
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FERGUSON 3639
The sound is perfect but there is no vision. R25,

R26 and R27 get too hot, R25 melting solder on the
printed circuit board. I have changed V4 and V5
without success and I wonder if capacitor C24 could
be shorting.-M. Collyer (Middlesex).

A short in C24 could encourage the overheating as
mentioned but we feel that VS is taking excessive
current for some other reason. A C24 short-circuit
would not totally remove vision anyway. The vision
i.f. stage could be oscillating, this being rectified by
W2 and reflecting a positive potential on VS control
grid. Alternatively, you could have a short between
L7 and L8. Check along these lines if C24 is OK
which we feel it is.

BUSH TV105
There are three images in the horizontal plane.

The line and field hold controls seem to operate satis-
factorily but the picture will not settle into one image
horizontally. I have had all the valves checked and
those that were below par have been replaced.-S.
Byfield (Birmingham).

Try interchanging the two ECC82 valves. Adjust
the preset line hold (compression trimmer) if neces-
sary. If still defective replace capacitor C72 (0005µF)
-observe voltage rating-on the panel to the left of
the line output screened section. It is toward the
front end of this board.

COSSOR CT1972A
The inside core of the u.h.f. tuner has fractured.

Can you say how this can be removed for examina-
tion?-B. Harrell (Lancashire).

First remove the u.h.f. tuner from its mounting and
then remove the detachable side cover from the tuner
without damaging the copper foil. This will give
you access to the broken core, the locking com-
pound of which should be softened with a little
methylated spiiit before attempting to remove it.

EKCO T436
About three months ago the picture suddenly

started coming in by about 2in. each side of the
screen with the set adjusted for normal viewing. The
sound remained completely unaffected and the picture
quality and strength remained good. The picture has
remained like this up to the time of writing.

The following effects have been noted: on turning
up the brilliance the picture slowly starts to fill the
screen completely, and with the brilliance at maxi-
mum a picture can still be discerned at the edges of
the screen while the centre of the screen is a uniform
light grey. Flyback lines are not noticeable. It was
also found that turning up the brilliance increased
the height of the picture to the same extent as the
width although no excessive shrinking of the picture
in the vertical plane had been observed when the
fault developed.

When the brilliance was set at maximum and the
contrast turned down to minimum a fair picture
entirely filled the screen with a grey. patch in the
middle of the picture. Choice of channel also affected
the picture width-BBC-1 widening it slightly.-A.
Troup (Scotland).

Try replacing the PL36 line output valve located
at the lower end of the right-hand chassis.

BUSH T57
Recently a 2in. gap has appeared at the top of

the screen and the height adjustment will not correct
this. I have tried changing several valves which
might appear to be suspect but without effecting any
improvement.-H. Nagle (Surrey).

There is a resistor across one half of the field
coils in your receiver and this, if faulty, might
cause the effect. It is more likely however that the
set-up needs adjustment. Because it is a bit unusual
for this model we tabulate it below (all adjustments
should be made on a test card).
Centring Picture: Set the height control so that the
raster edges are within the mask. Adjustment of the
lever at the rear of the focus unit will be required
to centre the picture. Move the lever in a horizontal
direction to achieve a vertical displacement of the
picture. To alter in a horizontal direction, a
vertical movement is needed.
Squaring Picture: To square up the picture in the
mask adjust the deflection coil assembly by rotating
it on the picture tube neck until the edges of the
raster are parallel to the sides of the mask. The
knurled screw under the coils must be released to
enable the coils to be moved.
Field Form (TC1): This should be adjusted for best
overall linearity. It may be necessary to recentre
the raster as above after adjustment.
Picture Height: Adjust picture height (VR3) until
the bottom and top of the picture are coincident
with the edges of the mask.
Focus: Focusing may now be necessary. This is
achieved using the lever on the left of the focus
housing. Adjust optimum focus in the central
area of the test card.

If this set-up fails to centre the raster sufficiently
and the resistor mentioned above is OK it would
be suspected that a d.c. potential is somehow gettingon to the field coils. This might possibly be by
leakage in the field output transformer-although
this is extremely unusual.

AMBASSADOR TV2OCC
The first sign of a fault was the fuse blowing.

When I tested the set I saw the bottom section of
the voltage dropper get red hot very quickly.
According to the service sheet this part of the
dropper is connected to MR2. I cannot obtain a
spare metal rectifier so could you say if there is an
alternative to this component.-G. Whitfield
(Lincolnshire).

A silicon diode of the BY100 type can be used
to replace the h.t. rectifier. However the rectifiermay not be at fault (it usually gives off an
obnoxious smell if it is) and the h.t. line should be
checked for faults.

FERRANTI 17T6
The picture trembles all the time and after a

short while it begins to slip. When locked it remains
OK for a short period of time then the rolling
starts again. I have replaced all the valves without
success.-H. Close (N. Ireland).

We suggest you replace the 0.05p.F sync coupling
capacitor from pin 7 of the video amplifier. Check
the components associated with the EB91 interlace
diode and the resistors associated with the height and
hold controls. The blocking oscillator transformer
T1 may be faulty.
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PYE V110
I was given this receiver with a "no picture "

symptom. On inspection I found that the EY86
was not lighting up and there was lack of e.h.t.
EY86, PL81, PY81 and the screen feed resistor on
the PL81 were replaced with no improvement. As a
last resort a new line output transformer was tried.
The e.h.t. returned and EY86 lit up. The resulting
picture was lacking in width however with no control
of brilliance. This was traced to a faulty brilliance
control and on replacing the potentiometer the bril-
liance varied normally.

The h.t. measures 250V. Removing the width
sleeve on the deflection coil still leaves a narrow
raster which is also accompanied by cramping on
the right side of the screen.-D. Jhalera (London,
N.W.6).

You may possibly have fitted the incorrect line
output transformer since two types have been fitted
to this particular receiver. You can overcome your
troubles by fitting a pulse capacitor of somewhere
between 20 and 120pF between the top caps of the
PY81 and PL81.

FERGUSON FR20
The picture with test cards and normal pro-

grammes shows no evidence of ghosting or overshoot
but sudden movements of the camera as occur
during outside broadcasts cause multiple ghost

images both in and out of phase. This is particularly
noticeable in the televising of football matches when
the centre line of the playing field for example shows
normal when the camera is stationary but on fast
panning these multiple images occur and disappear
again as the camera stops moving.

What puzzles me particularly is that when the
camera pans to the left the images occur to the left
of the true image i.e. against the left to right move-
ment of the electron beam.-K. Madge (Hertford-
shire).

There are two reasons for this effect. One is
microphony in some camera systems-especially on
some outside versions-and the other is related to
the persistence of the target area of the camera and
picture tube in the set. The effect is not uncommon
and it is hardly likely to be due to a fault in your
set.

QUERIES COUPON

This coupon is available until January 23,
1970, and must accompany all Queries sent
in accordance with the notice on page 234.

PRACTICAL TELEVISION, FEBRUARY 1970
IIMIMMINIIII/MMO=IIIM=11M11111/2111111MIMMIMIN

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

"7 Picture definition on a Thorn 850 chassis was: significantly below normal but by carefully
adjusting the fine tuner it was possible to optimise
the picture which was then almost normal. The
sound was not unduly affected by the fault and
both line and field locks remained good even when
the picture definition was very low.

It was concluded that the vision i.f. channel was
misaligned, possibly due to a change in the value of
a fixed capacitor across an i.f. winding or rejector
coil since the tuning slugs had not been altered by
unskilled hands. However a visual check of the
overall i.f. channel alignment failed to reveal the
defect.

It was later found that by altering the position
of the surplus coaxial lead at the rear of the set the
symptom could be reduced or worsened; but a
check of signal strength at the aerial-with a signal
strength meter and different set-indicated that all

was well here. Finally the tuner valves were re-
placed but the symptom remained.

What would be a likely cause of this trouble?
See next month's PRACTICAL TELEVISION for the
solution to this problem and for a further test
item in the Test Case series.

SOLUTION TO TEST CASE 86
Page 188 (last month)

Hanover bars (or blinds) often occur in PAL -D
sets when the PAL delay line matrix is misaligned.
The adder and subtractor matrix network receives
chroma signals direct and via the PAL delay line.
For correct operation of this part of the circuit the
delayed signal must be of amplitude equal to that
of the direct signal and to obtain this condition the
majority of colour sets embody a preset resistor (or
preset resistor and variable inductor and/or capa-
citor). If the delayed signal amplitude is below that
of the direct signal, or vice versa, Hanover bars will
mar the picture significantly even when there is no
phase distortion on the signal or in the system.

The delay line is generally driven by a driver
stage to provide the gain necessary to combat the
losses in the line relative to the direct unattenuated
signal, and the idea is to adjust the preset very
carefully until the bars fade away. It is desirable
though to check the adjustment with the service
manual. The intermittent effect referred to in Test
Case 86 would indicate trouble in the PAL delay
line driver or in a component associated with the
matrix.

Published approximately on the 22nd of each month by IPC Magazines Limited, Fleetway House, Farringdon Street, London, E.C.I. Printed in England by Fleetway
Printers, 17 Sumner Street, London, S.E.I. Sole Agents for Australia and New Zealand-Gordon and Gotch (A/sia) Ltd.; South Africa-Central News Agency Ltd.;

 Rhodesia, Malawi and Zambia-Kingstons Lcd.; East Africa-Stationery and Office Supplies Ltd. Subscription Rate (including postage): for one year to any part of the
world, E2 Is. Od. "Practical Television" is sold subject to the following conditions, namely, that it shall not, without the written consent of the Publishers first being
given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent,
resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade, or affixed to or as part of any publication or advertising,
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The pre -paid rate for classified advertisements is 4/- per line (minimum order 12/-), box number 1/- extra.
Semi -display setting £2 10s. Od. per single column inch. All cheques, postal orders, etc., to be made
payable to PRACTICAL TELEVISION and crossed "Lloyds Bank Ltd." Treasury notesshould always be
sent registered post. Advertisements, together with remittance, should be sent to the Classified Advertisement
Manager, PRACTICAL TELEVISION IPC Magazines Ltd., Fleetway House, Farringdon Street, London,
EC4, for insertion in the next available issue.

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

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

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

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

TRAIN FOR SUCCESS
WITH ICS

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

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

ICS, DEPT. 560, INTERTEXT HOUSE,
STEWARTS ROAD, LONDON, SW8.

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

SERVICE SHEETS

SERVICE SHEETS. Radio, T.V., 5,000
models. List 1/6 S.A.E. enquiries. TEL -
RAY, 11 Maudland Bank, Preston.

SERVICE SHEETS (1925-1969) for
Televisions, Radios, Transistors, Tape
Recorders, Record Players, etc., by return
post, with Free Fault -Finding Guide
Prices from 1/-. Over 8,000 models
available. Please send S.A.E. with all
orders/enquiries. Hamilton Radio, 54
London Road, Bexhill, Sussex.

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

LARGE SUPPLIER
OF

SERVICE SHEETS
(T.V., RADIO,

TAPE RECORDERS,
RECORD PLAYERS,

TRANSISTORS,
STEREOGRAMS,
RADIOGRAMS,
CAR RADIOS)

FREE. Fault Tracing Guide or
TV list on request.

10/- each, plus large S.A.E.
(Uncrossed P.O.s please, returned
if service sheets not available.)

C. CARAN NA
71 BEAUFORT PARK

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

model number/alternative.
Mail order only

WANTED

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

WANTED new valves, television, radio-
grams, transistors, etc. STAN WILLETTS
37 High Street, West Bromwich, Staffs.
Tel: WES 0186.

WANTED: -Technical information on
regunning C.R.T.'S, also experimental
T/V Aerials. Box 82.

TELEVISIONS, Radios, New Valves etc.
Always wanted. G -ban T/V Services,
84 Oldbury Rd., Worcester.

WANTED QUALITY Test -Meter, small
OSC, Scope, AF/RF GEN. McCallion,
9 Benview St., Glasgow, N.W.

FOR SALE

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

FOR SALE, 15 vols. Newnes Radio & TV
Servicing. Pre 1953 to 1967. Mint con-
dition, £3 per vol. for complete set or will
consider reasonable offers. Lelyveld
"Clairvaux" 2, New Road, Chalfont St.
Giles, Bucks.

MISCELLANEOUS

TELEKINESIS (fantastic Russian Ex-
periments); E -Waves (thought influencing
matter); hyperspace, UFOs etc. Did you
see us on T.V.? Send S.A.E.: Para -
physical Laboratory, Downton, Wilts.

AERIALS

BAKER AND BAINES
ALL AERIALS AVAILABLE-Engineered to
a high standard. Specials and DX made to
order. BBC dipole 30/, H 42/, 3 etc 89/,
4 ele 120/-. ITA 3 ele 26/-. 5 ele 34/-, 8 ele
47/6, 11 ele 57/6, 13 etc 7I/-. ITA double 8
112/-, 11 ele I40/-, 13 ele 159/-. Combined
BBC/ITA D + 5 45/-, D + 8 52/-. H +5 69/,
X +5 75/-. BBC2-ITV2 8 ele 29/-. 14 ele 37/-.
18 ele 54/-, 22 ele 63/-, double 22 ele 142/-.
FM dipole 21/-, H 38/-, 3 ele 651-. All aerials
suitable loft mounting where space permits.
Special high gain loft BBCl/ITA for confined
space with pole, joist bracket and swivel joint
37/-. Co -ax low loss 1/3 per yard-Ultra low
loss 2/3 per yard. Co -ax plugs 1/4. Band 1/III
diplexers 8/3. 1/II/III triplexers 13/6. Feed
BBCI-ITA-BBC2 all down the same co -ax
using pair matched UHF/VHF diplexers, 21/3
pair. Chimney lashings 15/-, 19/-. 5 ft.
cranked arm pole 10/4. 3 ft. arm 6/3. 16 ft. x
2 inch poles 59/-. Clamps, couplers, etc.
ISTigAna715b/600sters BBC2 97/6. Combined BBCl/

ALL CATHODE RAY TUBES Brand New
not rejuvenated (full 2 years guarantee) at
sensible prices 14' £6, 17' £6, 19' £7.15.0, 21'
£7.15.0, 23' £9. Twin Panel 19' £12. 23'
£15.7.6. Rimguatd 19' 110.9.0. 23' £13.14.0.
S.A.E. for full details please.
MOST TELEVISION VALVES AVAILABLE
Brand New for extra performance. 3 months
guarantee. 15 % off standard price. SAE will
bring full lists.
Carriage: Aerials paid. Accessories --accord-
ing to weight. TV Tubes 12/6. Insurance 5/ -
extra. Valves 9d.

11 Dale Crescent, Tuplon.
Chesterfield.

SETS Et COMPONENTS

BOB'S BARGAINS. 10 assorted your
choice 14/6. 100 assorted 1.5-10-0. PC F80
PCC84 PL81 PL36 PY81 PCL82 PCL83
EF85 U191 U301 30F5 30P12 PY33
PY32 PY82 EB91 ECL80 ECC82 EBF80
EBF89 6BW7. The following valves only
at 12/6 per doz. EF80 EY86. All valves
tested. 3 BY100 type rec. with surge res.
9/- p. & p. 6d. New 25k ohm w.w. controls
2/- p. & p. 6d. EKCO U25 type plastic
I.o.p.t. housings 12/6 p. & p. 2/-.
Mail Order Only. 2 St. James St.,
Rawtenstall, Rossendale, Lancs.
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SETS Et COMPONENTS (continued)

REBUILT AND NEW TUBES -TWO YEARS GUARANTEE
RE -BUILT BRAND NEW A FEW SAMPLE TYPES, REMEMBER WE STOCK EVERY

TUBE

17" @, E4 14 6 ES 10 0
CME1702, AW43-80, CR M173, MW43-B0, M W43-69.,
CRM 172*, AW43-88, AW43.89, CMEI705, CM E I 703, C I 7AF,
C I7SM etc.

19" @ E4 17 6 E5 19 0 CMEI903, CMEI902, CMEI 901, AW47-90, AW47-9 I, A47 -I 4W
CI9AH, C19AF, C19A.

21" @ E6 5 0 E8 10 0 CME2I01, AW53-88, AW53-89, CRM2I I*, CRM2I2*, MW53-
20*, MW53-80*.

23" (ile E6 5 0 E8 19 0 CME2303, CME2301, AW59-90, AW59-9 I.

* NEW ONLY. NO REBUILDS
TWIN
PANELS 19"in A47-

CMEI3W f1906 £10 I 0 23" CME2306 n
AS9/13W E13} I 0

EVERY TUBE IN STOCK INCLUDING I1", 12", 16" PORTABLES, PANORAMA & RMGUARDS Philips Tvetteand KB Featherlight etc. TERMS: CASH WITH ORDER. CARRIAGE ANYWHERE IN GT. BRITAIN 9/- per Tube
COMPARE OUR PRICES

WILLOW VALE ELECTRONICS LTD., The Service Dept. Wholesalers, 4 The Broadway, Hanwell. London, W.7

WITWORTH
TRANSFORMERS LTD.

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

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

TELEVISION LINE
OUTPUT

TRANSFORMERS
PRACTICALLY ANY MAKE OR MODEL

SUPPLIED OR REWOUND

EKCO, FERRANTI, DYNATRON
Replacement cases 16/- each, please state
model.

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

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

BY 103 TYPE 6 for 10/ -
RECTIFIERS

SUPER SILICON TV etc., 1200 PIV
800 MA 4/6 or complete with instructions,
resistor, condenser 6/-, 400 PIV. HW
6 amp 6/-, CONTACT COOLED,
14RA1282/FC101 5/-, ECI 12/6. EC2. 12,6
30v. 250mA FW 5/-, FCI 16 7/6 FIN TYPES.
Equivs. for RM4 5/-, 14A97 13/6, I4A86
I4A100 5/-, RM3 2/-. CHARGER RECT.
FW 12 volt IA 5/, 4 amp 10/6. CHARGER
TRANSFORMER 12/6/2 volt 4 amp 21,6,
2A 16/6, IA I3/-, all plus 3/- p & p.
LINE O.P. TRANS: All 30/- each.
Peto Scott 1920, 1726, 1729, 1730, Murphy
V350 and V230, Philips I446U/45 and
1746U/45 with EYSI.
TRANSISTORS AFI78 11/8, AFI86 I0/-,
8E181 7/-, 0C45 2/..
MULTIMETERS from 32/-.
Stamped envelope for full latest selection
and bargain offers in CHEAP METERS,
RADIOS, BABY ALARMS, INTER-
COMS,WALKIE-TALKIES,SINCLAIR.
Under LI P. & P. 6d., LI to L3 L/6d. C.O.D.
3/6d. extra.

MAIL ORDER ONLY UK ONLY

DURHAM SUPPLIES
367 KENSINGTON ST., BRADFORD 8, YORK

150 NEW ASSORTED Capacitors, Re-
sistors, Silvered Mica, Ceramic, etc.
Carbon, Hystab, Vitreous 4-20 watt, 15/-.
Post Free. WHITSAM ELECTRICAL, 33
Drayton Green Road, West Ealing,
London, W.13.

LOOK ! Nearly every type in stock now ! !

NEW TELEVISION TUBES !
TWO YEAR FULL REPLACEMENT GUARANTEE

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

19" Er 23" TYPES
Large stocks by Cathodeon Et other leading manufacturers so why buy

ordinary rebuilds?
Special offer ! 19" rebuilds, 2 year guarantee f5 10s. !

12" £3 0 0 (not 110°) 14" to 16" (not 110°) £4 15 0
17" £5 15 6 19" 1901 Et 19AH £7 10 0
Other 19" mono tubes -all £6 17 6. Carriage all 12/-. All 21" mono
tubes -£7 15 0, 23" mono tubes £9 10 0. Carriage 15/-
RIMBANDS, 19" £8 10 0; 23" £11 10 0 Carriage
TWIN PANELS, 19" £9 17 6; 23" £12 10 0 20/ -

Bulk enquiries welcomed, special terms.

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

6 POTTERS ROAD, NEW BARNET, HERTS.
Closed Thurs Et Sat afternoons TEL. 449/1934 Robophone Er 7873

NEW BVA VALVES! Huge range by return postal service well known to the trade.
Brief list of television types herewith, full list S.A.E.
DY86/7 8/- PCF86 12/3 PY82 7/- 20L1 19/6
EB91 5/- PCF801/2 12/3 PY800/1 8/3 20P4 20/-
ECC82 8/6 PCF805 13/- R19 13/- 30C15 13/9
ECL80 8/- PCF808 13/6 U25 15/- 30C17 15/9
EF80 8/- PCL82 10/3 U26 15/- 30F5 16/6
EF85 8/3 PCL83 12/3 U37 15/- 30FL1 12/9
EF183/4 11/3 PCL84 10/3 U191 14/6 30L15 15/3
EH90 10/2 PCL85 10/6 U193 8/3

301_17 14/6
EY51 7/6 PCL86 10/3 U251 17/3 30P12 15/6EY86/7 7/9 PL36/8 12/9 U301 17/-

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

30P4MR 20/-

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

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

PCC89 12/3 PL504 17/- 6CD6G 28/- 30PL14 18/6
PCF80 10/3 PY81 8/3 6F23 15/6 etc., etc.

POST FREE OVER £3 -LATEST ENCAPSULATED BY 100 & 33 ohm res, 4/-I

TSt JEEB ES EL PI SAT R eAt Tc E PHILIP H. BEARMAN
Tel. 449/1934 & 7873 (Suppliers to HM Govt. etc.)

(Robophone) 6 Potters Road, New Barnet, Herts.

CALLERS
WELCOME

Closed Thursday &
Saturday afternoons
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SETS Et COMPONENTS (continued)

TELEVISION TUBE SHOP

ALL THE LATEST NEW TUBES
AT REDUCED PRICES

A28 -14W Ell. 0.0
A47 -I IW E9.19.6
A47 -13W E11.15.0
A47 -14W. E7.12.6
A59-1IW L12.19.6
A59 -13W E14.15.0
A59 -15W E9.10.0
A59 -16W £14.15.0
AW21-I I E10.10.0
AW36-20, 21 E5.12.6
AW36-80 E5. 7.6
AW43-80 E6. 7.6
AW43-88, 43-89 E6.12.6
AW47-90, 91 £7.10.0
AW53-80 E8.17.6
AW53-88, 53-89 E8. 5.0
AW59-90, 59-91 E8.15.0
CI7BM, FM, HM E6. 7.6
CI7LM, PM, SM £6.12.6
C2IHM, SM, TM £8.17.6
CME1201 £12.10.0
CMEI101 El 1.19.6
CME1601 E10. 5.0
CMEI702, 1703 E6.12.6
CMEI705 E7. 7.0
CME1901, 1903 £7.10.0
CME2I01, 2104 E8. 5.0

2302 E8.15.0
CME2306 EI4.15.0
CRM93 E5.10.0
CRMI24 E5.10.0
CRMI41, 2, 3, 4 E5. 2.6
CRMI71, 2, 3 E6. 7.6
CRM2I I, 212 £8.17.6
MW36-24, 44 15. 2.6
MW43-64, 69 E6. 7.6
MW43-80 E6. 7.6
MW53-20 E8.17.6
MW53-80 E8.17.6
7405A E6.12.6
TSD217, 282 £1 1.10.0

All tubes tested before despatch and
guaranteed for 12 months.

Re -processed tubes also available at
reduced prices.

CARRIAGE 10/-, via B.R.S. or 16/- via
passenger train. Add 2/6 for Compre-
hensive insurance.

Midland Stockists:-
Amateur Electronics,
518/520 Alum Rock Road,
Birmingham 8

TELEVISION TUBE SHOP

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

WE GIVE GREEN SHIELD
STAMPS

BARGAIN PARCELS
ANY 1-2/-, 5-9/-, 100-£5 10/-.

FROM THE LIST BELOW

ECC82, ECC83, ECL80, EF80, EF85
EF183, EBF80, EBF89, EB91, EY86,
PCC84, PCC89, PLF80, PCF82, PCF86,
PCL82, PCL83, PCL84, PL36, PL81,
PL82, PL83, PY32, PY33, PY81, PY82,
PY800, PY801, U26, U191, 6-30LZ,
30FLI, 30F5, 30PLI, 30P4.
BY 100 TYPE RECTIFIERS WITH

SURGE RESISTORS 2s. 6d. each

U.H.F. AERIAL BOOSTERS
TRANSISTORISED, CAVITY TUNED,
HIGH -GAIN, ALL U.H.F. CHANNELS'
COMPLETE WITH BATTERY AND
LEAD 69/- ALL GOODS ARE RETURN-
ABLE WITHIN 7 DAYS IF NOT SATIS-
FIED. P. Er P. 1/-

VELCO ELECTRONICS
62 Bridge St., Ramsbottom, via Bury,

Lancs.

R & R RADIO
51 Burnley Road, Rawtenstall

Rossen dale, Lents
Tel.: Rossendale 3152

VALVES BOXED, TESTED &
GUARANTEED

EF80
EBF89
ECC82
ECL80
EF80
EF85
EY86
EZ40
EBC4I

3-
3//6
3/-
3/-
1/6
3/-
4/-
4/6
4/6

PCC84
PCF80
PCF82
PCL82
PCL83
PL36
PL81
PL83
PY33

3/-
3/-
3/6
4/-
4/-
5/-
4/-
4/-
5/-

PY81 3/6
PY2 3/-
U1981 4/6
6F23 5/-
30F5 2/6
30L IS 5/-
30P12 4/6
30C15 5/-
50CD6G 7/6

Transistor Audio Pack, 20339A. 2G38I A,
26371 B, 10/- each, post 6d.

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

OVER SIX POST PAID.

TOWERBY LTD
For Line Outputs and Deflector Coils

We have the Country's largest stock of Manu-
facturer's Original (or Authorised Replacement;
Line Output Transformers for many "difficult'
makes, including Ambassador, Baird, Cossor,
D acca, Dynatron, Ekco, Ferguson, G.E.C.,
H.M.V., K.B., Masteradio, Peto-Scott,
Philips, Regentone, RGD, Sobel!, Ultra,
etc. Also deflector coils output and oscillator
transformers, inc. Alba. Bush, Murphy.
Examples, L.O.P.T. Murphy 350/410/540/659/
759, .1471-; Bush TV80, TV95, TV96, 147/-;
Cossor 950 77/6; Ferguson 306/308 79/6;
Philips 1768U L.O.P.T. assembly 135/-; Ultra
1984-200c 101/3.
Rewind most L.O.P.T. 90/-.

SPECIAL OFFER
E kco improved type for Models T221, 231, 310
all at 45/-; Ferranti 14T4 series inserts 25/-;
Philco 1019/1011 52/6. Terms: C.W.O. or
C.O.D. (3/6) post/packing 6/-; 2 or more
L.O.P.T.s post/packing free.
All enquiries answered but regret no lists
available. Same day delivery on most types.

TOWERBY LTD
MAIL ORDER DIVISION OF T.C.S. LTD.

70 STREATHAM HILL, LONDON, SW1.
Tel: 01-674 2185.

TO HELP THE HOME CONSTRUCTOR
Heathkit now make available our surplus
Resistors, Capacitors, etc., at Bargain
Prices. Send for lists. E. Moyle, Daystrom
Ltd., Gloucester.

TOP PRICES PAID
for new valves and components

Write:

KENSINGTON SUPPLIES,.
(A), 367 Kensington Street,

Bradford 8, Yorks.

EX N.E.V. C.C.T.V. Camera and Monitor
Circuits, S.A.E. for list. LOWE, 35 Hensley
Point, Hackney, London, E.9.

Please mention

PRACTICAL
TELEVISION

when replying to

ADVERTISEMENTS

PADGETTS RADIO STORE
OLD TOWN HALL,

LIVERSEDGE, YORKS.
NEW TELEPHONE NUMBER
Telephone: Heckmondwike 4286

lap. Multi Test Meter. 81ae Specifications,
sensitivity 1000 ohm per volt AC/DC. DC voltage
0-12v. 0-120v. 0-1200w AC voltage 0-12v, 0-120v.
0-1200v. DC current 0-1MA 120tdA. Resistance 0-
200 ohm. 80, poet paid.

New 12in. Speakers with built-in Tweeter, 3 ohm and
15 ohm -6 watts maz, 28/6. Poet paid.

Speakers removed trom TV Sets.
Bin. Round. 8/-, P/p 3/-. 6 for 24/- post paid.
fizein., 8/-, P/p 3/-. 6 for 24/. post paid.
Sin. Round. 8/-. P/p 3/, 6 for 24/- post paid.
7141n., 6/-, P/p 3/... 6 for 84/- poet paid.
8121in., Slot speakers 5/-, P/p 3/-. 6 for 80/- post
paid.
Sabin., 6/6. P/p 3/6.

Reclaimed TV Tubes with sit months' guarantee
171n. types AW43/90, AW43/88 40/-. MW43/69 80/-.
141n. types, 17/, All tubes 12/- carriage.

TV Tubes as above with alight scratch on face £1,
carriage 12/-.

Speaker Output Transformers removed from TV
3 ohm, secondary, 6 for 10/- post paid.

Untested. TV 171n. square boo type, 50/-, carriage
15/. Passenger train double rate.

Top Grade Mylar Tapes. 710. standard, 11/6. Long
play, 14/-. 71n. Double play, 19/13. 510. Standard
7/9, bin. Long play, 10/- plus poet on any tape 1/9.

lap Earpieces, small or large, 1/11 poet paid.
Magnetic, 8 ohm.

Silicon Rectifiers, 500 MA 800 Ply, 2/8 post paid.
24/- dozen poet paid.

G. P. Diodes, 3/6 dozen poet paid.
VALVE LIST

Ez. Equipment, 8 months' guarantee
Single Valve. Post 7d., over 3 Valves D. A p. paid.
A RP12 1/6 PCL83 5/- 6BW7 2/6
EB91 9d. PT 36 5/- BK7 119
EF85 8/- PL81 4/- BU4 6/-
ESP80 8/- PY33 6/- 6P28 5/-
ECC81 8/- PY81 1/8 10P13 2/6
ECC82 8/- PY82 1/6 185BT 8/6
ECCEI3 4/- IWO 5/- 20D1 8/-
EF50 1/- 0191 5/- 20P1 5/-
EP91 9d. 0281 6/- SOPS 8/6
EY86 5/- 11282 8/. 80PL1 6/-
1(136 5/- 13301 6/- 30P12 5/.
PCC84 2/- U929 5/- 901,15 8/6
pcpari 2/. U251 301,1.1 6/-
PCL82 4/- 6118 1/8 6/30L2 5/-
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BRAND NEW LINE OUTPUT TRANSFORMERS
BUSH TV53 to TUG69 30,-.
DECCA DM1, DM3C, DM4C (70°) 78/-.
DYNATRON TV30, TV35 48;6, TV36 70/-.
EKCO T231, T284, TC267, T283, T293, T311, T326, T327, T330 48/6. TMB272 68.6. T344, T344F, T345, TP347,

T348, T348F, TC347, TC349, TC356, T368, T370, TC369, T371, T372, TP373, TC374, T377A, T393, T394, 433, 434,
435, 436, 437 all at 70/-. 503, 504, 505, 506 95/-.
FERGUSON 306T, 308T 48/6 each. 406T, 4081, 416, 436, 506, 508, 516, 518, 536, 546, 604, 606, 608, 616, 619, 636,

646, 648, 725, 726, 727, 3600, 3601, 3602, 3604, 3611, 3612, 3614, 3617, 3618, 3619, 3620, 3621, 3622, 3623, 3624, 3625,
3626, 3627, 3629 65/-.

FERRANTI T1001, 11002, T1002/1, T1004, 11005 48/6. 11023, 11024, 11027, T1027F, TP1026, T1071, T1072,
T1121, TC1122, T1123, TC1124, T1125, TC1126 71*. 1154, 1155 95/-.

G.E.C. BT302, BT304 62/6.
H.M.V. 1865, 1869 48,6. 1870, 1872, 1874, 1876, 1890, 1892, 1894, 1896 65/-.
PILOT P1450, 452, 455, 650, PT651, P60A, P61 82/6.
PHILCO 1019, 1020, 2021 82/6. 1029, 1030, 1935, 1936 1040, 1050, 1960 82/6.
PYE V200, V400, 200LB, 210, 220, 300F, 300S, 310, 210S, 410 70/-. PYE 11U P/No. AL21003 70/-.

Please state part No.
ULTRA 1770, 2170, 1772, 1782, 2172, 1771, 2171, 1775, 2175, 1774, 2174, 1773, 2137, 1980c, 1984c, 100c, 200c, 2380,

2384, 1984, 1985, 1986, 1980, 1980a, 1780, 2180, 2181, 2183, 2182, 1871, 1783 78',

LINE OUTPUT TRANSFORMER INSERTS
EMERSON E700, E701, E704, E707, E708, E709, E710, E711, Portarama 32/6.
FERGUSON 204T, 2051, 206T, 2141, 235T, 236T, 244T, 245T, 246T 30/-.
FERRANTI 1472, 14TC, 14T3F, 1474, 14T4F, 1475, 1476, 17K3, 17K3F, 1773, 17T3F, 17K4F, 17K6, 17SK6, 1714

17T4F, 1775, 17T6, 21K6, 21K6V 32;6.
INVICTA T118, T119, 112040;-.
K.B. PV40, MV100, OF100, PV100, NV40, NF70, OV30, QV10, QV30 32/6 pair.
PETO SCOTT 1416, 1418, 1419, 1422, 1423, 1716, 1719, 1720, 1922, 1923, 1724, 1725 29/6.
PYE V4, VT7 CTM4, TCM7 40/-.
REGENTONE 10-4, 10-6, 1021, 17-18, 10-12 30 -. T176, TT7, 191, 192 32'6.
R.G.D. Deep 17, The 17, 590, 600, 606, 611, 710, 723 32j6.
Guarantee. Post and Package 4/6. C.O.D. 6/-.
All new components inserts are guaranteed for three months from the date of invoice subject to the breakdown

being due to faulty manufacture or materials.
S.A.E. all enquiries.

D. & B. TELEVISION (Wimbledon) LTD.
80 MERTON HIGH STREET, S.W.19

01-540 3513 01-540 3955

A NEW "KING TELEBOOSTER"
THE M4
DUAL BAND
V.H.F. UNIT

the name you
can depend on.

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

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

* Very low noise third generation passivated
transistor.

* Fitted fly lead . . . installed in seconds.
* Quality Case 34-" x 3-k" x 11" Cork base.

Specify Band 1 channel when ordering.
THE NEW UM4 UHF "COLOURBOOSTER"
Channels:- Group "A" Red Spot. "B" Yellow Spot,
"C" Green Spot. Prices: Both types: -75/- Battery
Model OR £5.17.6 Self Contained Mains Model.

PiP 2/6d.

TRANSISTOR DEVICES LIMITED
Bridge House, Newton Abbot, South Devon

Literature on request.

UHF, COLOUR AND TELEVISION SPARES
COLOUR. Leading Brit. makers surplus time base units incl. frame alp. hoe o/p
and EHT franks. 25.0.0,(8 valves 22.10.0 extra), 1,4, 10/-.
UHF/685 conversion kits and tuners at reduced prices. Lists available.
UHF integrated transistd. 6 position push button toner., leading Brit. maker
surplus, 24.10.0, UHF/VHF transistd. IF panels 23.10.0 incl. circuits. p.p. 4/6.
MURPHY 600/700 series UHF conversion kits in cabinet plinth assy, can be
used as separate UHF receiver 28.10.9, P.p. 10/-.
SOBELL/GEC dual 405/625 IF amp. and o/p chassis incl. circuit 32.8 ULTRA
1480C to 2389 625 IF amp. chassis and switch incl. circuits 25/- p.p. 4/6.
UHF TUNERS Transistd. incl. circuit, 50/- p.p. 416.
TV SIGNAL BOOSTER UNITS Sens. gain all stations. PYE/LABOEAR traus'd.
BBC1/ITA or UHF Battery "plug In," 75/. UHF Mains "plug in," 97/6.
FIREBALL TUNERS Used/good cond. 30/- PUSH BUTTON TUNERS
For Ultra 1984, ROD 612, 619, REG 17/18, 192. Used/good cond. 30/- Plessey,
Ekco, Ferranti, incl. valves 58/6 p.p. 4/6.
TURRET TUNERS PETO SCOTT 960, COSSOR 1964, DECCA DR 95, 101/606
50/- CYLDON C 20/- MOO 283/330 25/- KB Featherlight, Philips 191'0170
Series, Sobell 1010 35/- P.p. 4/6. Large selection ch. coils.
LINE OUTPUT TRAMIEL Popular types available .trand new replacements
fully guar. A selection which can be supplied. p.p. 01, C.O.D. 3/6.
PHILIPS 17T0100 range, STELLA 101111029 70/
BUSH TV53 to 69 .. . 32/8
EKCO 221 to 331 (U25 or U26 types) .. 42/6
FERRANTI 1001 to 1019 (U25 or U26 types) 42/6
ERCO 342 to 394, FERRANTI 1021 to 1065 75/-
EKCO/FERRANTI 418, 1093, etc. .. .. 62/6
DECCADM17,3,4(70.)DR95.101/606 .. 78/8
FERG 305 to 436, 42/6; 505 to 727
FERO HMV MARCONI ULTRA PHILCO
3600, 2600,4600, 6600, 1100 ranges, Jellypot 55/ -
KB QVP20, Q20/1, 30/1, RVIO, 20. 30, 8V20 45/-
MARCONI VT157 to 172 .. .. 55/ -
GEC 302 to 346, 45/a; 448, 2000 series .. 89/6
HMV 1865/9, 1870. 42/6: 1890 to 1924 .. 55/-
PYE VT17, CS. CTM, CW17, 17/21, 17/8,
110 to 510, 700, 830, 1111 to 40F 62/6
PAM INVICTA equiv. LPOTS to above Pye 62/6
PETO SCOTT 1419 to 1725, 351a; 733 to 738 78/6
SOBELL/MoMICH TP8I73, 180, T29, 24, 178
278, SC24, 270, MP17, 18, M72, 74.. .. 95/-
TP8781, T279. SC34, 370, MP27, M75, 76, 93 65/-
195 282 1000 762, 3000 series 89/6
PMLCO 1010 to 1021, 45/s; 1029 to 1060 55/ -
ULTRA 1770 to 2384, PILOT PT450 to 650 72/6 Ultra 1770 1780 range 35/ -
SCAN COILS, Frame 0/P, frame/line osc. trans. mains dropper, contfols, etc.
NEW SCAN COILS 110° types surplus special offer, PYE, EKCO, ULTRA, KB.
PILOT, MURPHY, 30/a FRAME 0/P TRANS, SOBELL 1716. pp. 4)6.
ENQUIRIES invited, quotatione given, C.O.D. despatch available.

LOPT Inserts pp. 21 351 -
Alba 655, 656 35/ -
Bush TV32, 96, 43 45/-
Cossor 933 to 950 35/..
Ekco TP308 38/6
Emerson 700 range 351 -
Ferguson 203 to 246 35' -
Ferranti 14T5 to 21116 85/ -
KB NF70, OV30, PV40
PVE20, Q1710, 20. 30 SS/-
KB/ROD Featherlight 50/-
RB/ROD VC1, 2, 3, 4 35/-
PETO SCOTT 733/738 35/-
Philo° 1961 series 35/ -
Philips 17T0100 rant, 35/ -
Pre VT4, VT7 42/6
ROD D17, 590 to 619 351-
REG 10-9. 10-17 to 182 35/ -

MANOR SUPPLIES
64 OOLDERS MANOR DRIVE, LONDON, N.W.11
Callers: 589b HIGH ROAD (or. Granville Road) N. Finchler N.12.

FILL 9118 (01-445 9118)



VALUABLE NEW HANDBOOKff TO AMBITIOUS

TKEE ENGINEERS
Have you had your copy of "Engineering Opportnnitie".?

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

On SATISFACTION or
REFUND of FEE' terms

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

WHICH OF THESE IS
YOUR PET SUBJECT ?

TELEVISION ENG.
Advanced Television Eng.-
Gen. Television Eng.-Tele-
vision Servicing and Main-
tenance.

ELECTRONIC ENG.
Advanced Electronic Eng.
Gen. Electronic Eng.-
Applied Electronics-
Practical Electronics-
Radar Te:11.-Frequency
Modulation-Transistors.
MECHANICAL ENG.
Advanced Mechanical ;ing
Gen. Mechanical Eng.-
Maintenance Eng.-Diesel
Eng.-Press Tool Design-
Sheet Metal Work-
Welding-Eng. Pattern
Making-Inspection-
Draughtsmanship-
Metallurgy-
Production Eng.

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

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

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

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

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

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

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

164 PAGES OF EXPERT
CAREER -GUIDANCE

PRACTICAL

EQUIPMENT
Polo Practical and Theore-
tic Course for beginners in
TV, Radio. Electronics etc.
A .M.I.E.R.E. City S Guilds
Radio Antateurs' Exam.

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

Television & Radio Servicing
Practical Electronics

Electronics Engineering
Automation

INCLUDING

TOOLS

The specialist Lie, -
ironies Division of
B.I.E.T.
NOW offers you a
real laboratory train-
ing at home with
practical equipment.
Ask for details.

B.I.E.T.

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

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS
INCLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT,
INSTRUMENT TECHNOLOGY, WORKS STUDY, MATHE-
MATICS. ETC.
Which qualification would increase your earning power?
B.Sc. (Eng.), A.M.S.E., C.Eng., A.M.I.E.R.E., R.T.E.B., A.M.I.P.E.,
A.M.I.M.I., A.M.I.E.D., A.R.I.B.A., A.I.O.B., P.M.G., A.R.I.C.S., M.R.S.H.,
A.M.I.Mun.E., CITY & GUILDS, GEN. CERT. OF EDUCATION, ETC.

British Institute of Engineering Technology
445A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

POST COUPON
TO B.I.E.T., 145A ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE

Please send me a FREE copy of "ENGINEERING
OPPORTUNITIES." I am interested in (state subject,
exam., or career).

NAME
ADDRESS

WRITE IF YOU PREFER NOT TO CUT THIS PAGE

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD


