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RST EXPRESS MAIL ORDER SERVICE
(Open Daily to Callers Mon. -Fri. 9 a.m.-5.30 p.m., Sat. 9 a.m.-I p.m. 2.30 p.m. -5 p.m.)

SPECIAL OFFER!
NEW MULLARD TV TUBES TYPE AW 43-88 at £4-0-0

RE -CONDITIONED TUBES FROM STOCK:

12"-£4-0-0
14"-£4-0-0
17"-E4-5-0
19"-£6-0-0

19" TWI PANEL £9-I0-0
21" MONO £6-I0-0
23" MONO L6-10-0
23" TWIN PANEL £10- 0-0

ANY TYPE OF NEW TUBE SUPPLIED ... PRICES ON APPLICATION

CARRIAGE ON ALL TUBES 12/6 EACH

RST RENOWNED FOR OUR UNBEATABLE SERVICE

(ALL ORDERS DESPATCHED THE SAME DAY AS RECEIVED)

VALVES AS PER LIST:-
DAF91 418 EBC41 9/9 11E41 10/- ET51 762/- 113,j1;18669 10,6 PL36 10 9 i i 9! 13.9 8 o K Jo. 2 301 17 16

DAF96 7/6 EBF80 7/6 EF80 4/6 EY86 9.6 1 sol .):0:1' 6 - 6K81,r 3 30F5 17

0F91 EBF89 6/6 EF85 7/- EZ40 9/- PC186 :11//9- 1.1:V2 8 6 I ABC80 6/6 5Z!0

74,6 ::;1t6i

7 9 :10F1.1 15
DF96
DK91

7'8
6

El3L31
130081

27/8
8/-

EF86
EF89

6/6
5/6

EZ41
EZ80

9/6
5/6

PCF200
PCF201

16/-
15/6

PL84
PL5193

7
29

l'AF42
111041

10/6
9/3

13301:2
OATO 28/6- 11'111:11'; N

DK92 9'- ECC82 5/9 EF91 3/6 EDO 516 PCF800 15/- PL509 29 - 1'(1142 10/8 6BA6 5,- OSL7GT 6- 301.4 226
0296 7;9 E0083 6/8 EF98 15/- GY501 15/- PCF801 9/9 PL802 16:6 001161 7/- 6BE6 51- 69270T 5.6 :,O P19 15
131.94 8/9 ECC85 5/- EF183 6/8 0232 10/- PCF802 9/9 PY32 10/9 UCL82 7/6 61136 9/- 6V6G 4 6 ,11pLi 16/-
D1,96 E01135 11/6 EF184 7/- GZ34 11/- PCF8O6 18/- PY33 10,9 UCL83 10/- 613E7 17/- 624 4 6 :0111.13 18/6
DY86 81- ECH42 13/- EL33 12/8 KT61 22/6 PCH200 12/6 PY81 5-9 UL41 12/- 613138 MO 6254; 4 6 561L14 15/-
DY87 46 ECH81 5/9 21.34 10/8 KT66 80/- pCL82 7/9 PY82 5'8 UL84 7/- 613W6 14/6 727 7 6 35W4 4/6
DY8O2 12/6 ECL80 71- 21.41 11/- KT88 841- POL83 10/3 PY83 7,- UU8 21/- OBW7 13/- 705 22 6 5005 61
I4ABC80 6/6 ECL82 7/- EL42 11/8 PC86 11/6 PCL84 8/8 PY500 18/6 UY41 8/8 604 5/- 71'6 15 500060 31
81F42 10/- ECL83 10/8 EL84

Pl1g97
11/6 PCL85 9/3 PY800 9/6 UYO5 6/8 60060 24/- 7117 6 6 sO 7 6

EAF806 17/6 ECL86 9/- EL95 1;9- 8/9 P01.86 9/8 PY801 9/6 0A2457.6 7;8,74 807 9

EB91 3/- ECLL800 80/- EM81 12/6 PC900 8 6 P1)500 29/- 219 7'9 OB2 1631/8- TF'21136 75
211033 8/6 EF37 A 7/- 2284 7/6 PC084 6 6 1'F1.290 14;-- 025 15 6 5 R4G li 10/6 6260 1011 14 9 ,6., 6 15

EF39 8/- P0069 10 6 126 15.6 .-.1:4(4 5/6 6271; 8'- :OH i , 15 ,-,79 3 57 6

Postage First Class 9d. per Value (Orders Over £5 Free)

Transistors as per List:
221302 4;- A0129 7/8 AD161 7/6 AFT19 22;6 111:1411 5/- B1195 5/- NKT217 814 ()At!! I 10 - 12 0 , I I"19 5 -

:221303 4/3 AC187 5/- AD162 7/- AFZ11 81- 114177 4/- 13E196 5/6 NKT224 4/9 0A1200 00114031 4/6 008:1 4/6
92130-I
221305

4/9
5,-

A0188
A0Y17

8/-
8/-

AF114
AF115

6/6
519

41212
20107

10/-
3/-

110160
liCY31

12/6
8/9

B1197
131X12

5/6
5/6

NKT274
NKT277

4/9
4/9

OAZ208
042210

6,6
6/6

0042
01244

5/-
4- (0K001414

4/9
718

222147 16/8 ACY18 4/- AF116 6/6 130108 3/- BOY331 10/- BFX35 19/6 NKT403 9/9 042242. 0045 3/3 00122 10
222169 14/- ACY19 5/- AF117 4/6 110109 8/- B0Y33 5/- BFX88 5/- NKT404 12/6 042246 4/6 0071 31- 00123 10
222389 A 5/- ACY20 5/- AF118 IL- BC113 9/- BCY34 5/- 21Y24 9/- NKT713 7/8 0016 10/- 0072 000E113400

222696 6/3 ACY21 4/6 AF119 4/- BC115 8/8 23)121 19/- BFY50 5/- 2KT777 7/8 001964/-600745
75/6--

222926
223055
223705
223819

EU-
14/6
4/-
8/-

ACY22
ACY27
ACY28
ACY39

4/-
5/-
4/-
9/6

41124
AF125
AF126
AF127

5/-
5/-
5/-
418

2E116
BC118
110121
BC122

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

1311123
110124
21115
B1117

22/8
12/-

5/6
10/-

IIFY515/-
BF153
28227
1313X60

44/1_6

10/-
18/8

00AA510

0A70
0A71

131
1/6

0020023

0021

2'4,1-6
192/6_

761/8-

000E7776

(ORR'

5'-

15/6:

00141
00169

201;.1:

15/-
6/-
5/-

AAZI2 5/- ACY40 3/- AF139 6/- BC125 13/8 B1167 5/- BBY51 10/- 0A79 I/I-9 gCO2151 D 0 172 11/7-

AAZ13 8/- ACY41 5/- AF178 9/8 20126 18/- BF173 6/- BY100 4/- 0A81 2I- 0128 12/6 0081 5/- 00200 516
411107
60126

5/6
41-

411444
AD140

7/6
11/-

AF179
AF180

11/-
12/-

110140
BC147

51/-
8/9

2110!
21184

7/6
718

BYZ11
BYZ12

9/-
8/-

0490
0A200 112/6-

000209 182/6 009141 I4) 41- 00201
OCP71

8/6
19/6

AE197 5/- AD149 12/- AF181 8/- 20148 2/9 21185 6/- NKT213 8/4 0A292A ://6 0035 101- 0081 M 5 ORP12 12/8
A I '1.2, 4/6 AF186 91- 111194 3/6 0082 5 ISM 2/6

(Postage Free on all Transistors)

All Valves and Transistors Brand New and Fully Guaranteed

Send S.A.E. for Lists of Valves, Tubes, Transistors. 6,000 Types Listed

RST 16 WELLFIELD RD., LONDON, S.W.16
MEANS SERVICE Phone: 01-769 0199
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Colour Television Theory:
PAL -System Principles and
Receiver Circuitry

Geoffrey H. Hudson
This book provides a comprehensive course
of study in colour television engineering
starting with basic principles. The approach
is largely descriptive, unmathematical, and
built around many diagrams, and particular
attention is paid to those aspects of the
subject which give most difficulty. It is
therefore absolutely ideal for those who need
to master the subject as a direct requirement
for job performance, or as part of a college
course, being written with the City and
Guilds courses 48, 434 and 433 in mind;
also short training courses, the HNC, and
degree courses which have colour television
options.
272 pp. 94 x 74, Illus. 150 line, 5 half tone,
9 colour. SBN 07 094259 5, 48s. approx.

McGraw-Hill  Maidenhead  Berks
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FISHER CONTROLS LTO.
SREARLEV WORKS.
LUDDENDENFOOT.
HALIFAX. YORKSHIRE.

OR YOUR RADIO STOCKIST

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

1111111111.MMEIMIIIIIIMMMEIMMIENI
London Computer Operators Training Centre,
B10 Oxford House, 9/15 Oxford Street, London W.1.
Telephone: (01) 437 9906.
127/131 The Piazza, Dept. B10, Piccadilly Plaza, Manchester 1.
Telephone: (061) 236 2935.
Please send me your free illustrated brochure on exclusive
Eduputer "hands on" training for computer operating.

Name

Address

Tel:
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ELECTRONICS,2NI6CS,

P.O. BOX
AYLESBURY, BUCKS.

SEND S.A.E. FOR LISTS
GUARANTEE

Satisfaction or money
refunded.

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

AZ31 10/- ECF80/2 9/6 EL803 171-PCC86 8/6 P Y 83 10/- UL41 11/6 6A85 6/0 '6E/17 6/6, /8 807 6/6 128E6 6/6 30P18 71-
AZ50
0BL1

111/-
16/-

ECF86
1401135

11/-
18/6

BL821
111L80

11/-
15/-

P0048
P0089

14/-
18/3

PY88
PY600

8/8
110/-

UL84
1188014

ll/-9/-71-6AR6
6680

6/0 6E77
611W6

7/-
18/-

8817
6817

7/6
6/6

128117
12887

6/6
10/-

58819
80811

16/-
1516CBL31 17/- 801142 18/3 1684 16/- PCC189 18/3 8280 16/- UY41 8/- 670 18/- 681 14/- 6211.741T 6/6 1215 10/- 80PL13 18/-CY31 71- ECH81 10/3 111471 1.11/0 PCF80 10/8 QQV02-6 48/- UY85 6/9 6AT6 9/- 611.5 8/- 68N70T 6/- 12170T 7/- 308114 17/-DAF91 8/3 ECH83 8/- 2880 3/- PCF82 10/6 QQV08-10 U29 15/- 6AU8 6/9 61430 6/- 66Q7 8/- 12Q70 5/- 35A3 10/-DAF96

DF91
8/3
9/-

BCH84
ECL80

9/6
8/-

11181
2884

8/6
7/6

PCF84
PCF86

9/6
18/8 V03-12 1--21618/ U26 1U 19

15/-
14/6

6AV6
6BA6

6/-
916

6811
61(12

6/6

41

6887 716
8/6

12807
12807

11/-
7/-

39A5
SOBS

11/-
18/-DF96 9/- ECL82 9/9 2887 11/- PCF200/1 16/6 819 13/- U193 8/8 613E6 18/- 6813 7/-6 661840T 18/8 12887 5/- 3505 7/-DE91

DK96
11/6
11/8

ECL83
ECL86

ll/6
9/9

EN91
EY51

6/6
8/-

PCF801
PCF802

18/3
18/8

820
8 119150A

16/-
16/-

U801
W729

17/-
11/-

613136
613J6

8/8
8/6

6814
6815

18/-
11/-

6118
113/60T

7/-
6/6

128.17
12817

5/-
81-

MOM
35L80T

131-
9/6DL92 7/6 ECL L800 80/- EY80 9/- PCF805 18/- TT21 48/- Z799 84/6 611117A 10/- 6818 8/- 6X4 5/- 12131701' 8/- 39W4 9/-DL94 7/6 8839 10/6 EY81 8/- PCF806 18/8 TT22 50/- 022 6/6 6BL8 7/- 6F22 6/6 6X50T 6/6 128870T 8/- 95Z3 11/-DL96 9/8 2880 8/- BY83 116- PCF808 18/6 U18/20 13/6 0A3 9/- 6BN5 8/6 6823 16/6 618 11/- 1213Q7 8/- 30Z40 5/-DM70 6/6 8F83 10/- BY86 8/- PC11200 14/- U20 18/6 082 6/6 613516 8/- 6824 13/6 6Y60 111/- 12887 6/6 357.50T 7/6DY86/7 8/- EF85 8/3 2Y87 8/6 PCL82 10/3 U25 16/- OB3 10/- 613Q5 6/- 6825 16/- 7Y4 18/- 1487 16/- 5025 13/-DY802 8/6 8886 13/8 EY88 8/6 PCL83 18/8 1126 15/- 003 7/- 613117 16/- 6826 7/- 9BW0 8/6 20D1 9/- SOBS 7/-155L

E8800
661-
8/-

8889'
EF91

8/ -
8/6

EZ35
2240

5/8
9/-

PCL84
PCL85

10/8
10/6

U31
1237 9% - -30 30QD43

0/6
8/-

61311.8
611W6

19/-
16/6

6828
8829

141-
6/6

1002
18D1

10/-
81-

2011
20P1

80/-
10/-

5005
50L6GT

7/-
8/-E130L

8180F
ICABC80

90/-
19/-
1016

8F92
EF93
EF94

10/-
9/6

16/6

8E41
1=80
EZ81

9/-
6/6
5/6

PCL86
PD500
PFL200

10/8
80/6
14/0

1160
1162
U76

6/-
6/-
5/-

384
3V4
511.40Y

7/-
8/-

11/-

6BW7
6BX6
613Z6

UM
6/-
6/6

6830
634
6J5GT

7/-
9/6
6/-

10D2
1081
1089

3/-
18/-
10/-

20P3
2084
90P5

12/-
80/-
80/-

83A1
8522
90AV

18/-
7/6

48/-EAF42 10/- 82'95 18/6 2290 61- PL86 12/9 U78 5/- 5U4G 6/- 604 6/- 637 8/6 10818 8/- 25045 9/- 9001 111/-EB033 11/- 88183 11/8 06100 100/- PL88 18/ - U191 15/- ISIT4GB 7/6 8090T 7/- 6160T 10/- 10L1 8/- 251 60T 7/6 900V 85/-EBC41 9/6 EF184 7/- 08501 16/- PL81 10/8 U201 7/- 9V40 3/- (10D(10 28/- 617 6/6 10LD11 11/- 25240 6/- 807 9/6
EBC81 6/6 11280F 48/- GZ80 7/6 PL81A 18/6 U281 8/- 6Y3GT 6/- 60A4 6/6 6180 6/- 10P18 11/- 25260T 10/- 811A 80/-EBC90 9/6 EF800 80/- GZ31 6/ - PL82 7/8 U282 8/- 5Z3 9/- 11027 10/8 6128 101- 10P14 20/- 3025 8/- 812A 66/-EBF80 8/- EF804 90/- GM 9/6 PL83 10/3 U301 11/6 524CIT 8/- 6CBC 6/6 6825 15/- 12AB5 10/- 302E3 8/- 813 75/-EBF83 8/- EF811 16/- 0233 16/- PL84 8/8 U403 10/- 6/80L2 16/- 6CD6GA 88/- 6LOOT 9/- 12206 7/6 30015 16/- 866A 14/-EBF89 8/- BL34 10/6 137.34 11/- PL500 16/6 U404 6AB4 6/6 6007 9/- 6L7 6/6 12AD6 7/6 30017 16/- 5642 18/-8891 6/3 ELM 9/6 HH90 6/6 PL504 17/- 25801 80/- (12842 9/6 6016 11/- 6L18 6/- 12.819 8/- 30018 15/- 6080 87/6

EC86
1088

10/-
18/-
13/-

2141
EL42
ELS/

ll/-
11/6
10/ -

8192
11194
KT66

7/-
8/-

87/8

PL505
PL608
PL509

139/-
80/-
30/9

UABC80
IIBF89
UBC41

10/6
81-
9/9

6.807
6AH6
6278

7/6
10/-

6/9

601'8
6CW4
60Y5

10/-
12/6
8/-

BLD20
6/470T
6P1

6/6
7/-

18/-

12AQIS
12AT6
12AU6

8/-
6/-

16/-
3085
80811

17/-
15/-

6146
661476B

30/-
47/6
6/68090 6/- ELM 8/3 KT88 33/- PL802 17/8 U0086 9/8 OAKS 6/- (1CY7 12/- 6P20 IV- 12AV6 6/- 50812 18/6 6360 2 5-EC92 6/6 BUSS 8/6 /478 31I- PL805 17/8 UCH42 18/9 6.816 WO 68286Q7 am 12AV7 9/- 30FL13 10/- 6999 42/-EC(13 9/6 8L86 8/6 PABC80 8/ - PY33 18/0 U01181 10/9 6213 8/630FL1460066

138/1-6

11.2A2AXY77

15/6 7199 16/-&GCB/
80082/3
ECC84/5

8/-
8/6
8/6

EL90
2L91

6/6
6/-

PC -86/8
PC95

10/8
7/3

PY80
PY81
PY800

6/6
8/3
8/3

UCL82
UCL83
UF41/2

10/3
12/8
11/-

6AL6
6A255
6A1d6

Sie

4/6

6DK6
61(Q6B

8/6
18/-

61170
682

7/_7/6

8/- 12B4A
168//6-

10/-
30L1
30L15

7/-
17/-

7360
7686

86/-
25/-

ECC88 11/- EL95 7/- PC97 8/8 PY801 8/8 11880/5 7/6 (1.9415 6/0 8084 16/- 61842 11/- 12186 6/6 30117 17/- 9002 6/6
8880C 18/6 2L360 88/-POC84 9/3 PY82 7/-UF89 8/8 6AQ6 10/- 61128 11/- 62327 7/6 12BA7 6/6 30812 16/- 9003 10/-

SEMICONDUCTORS
BRAND NEW  MANUFACTURERS' MARKINGS  NO REMARKED DEVICES

2N388A 18/6 2202193A 10/- 283055 15/- 2E3854 6/6 2E5176 9/- 40315 9/6 AF106 8/6 BC117 7/9 BCY54 6/6 BF238 6/6 B8X20 8/62N404 4/6 282194A 4/6 2543133 6/- 220384A 5/6 285232A 6/- 40316 12/8 AF114 6/- BC118 6/6 BCY58 4/6 SF257 9/6 88821 7/62E696 4/- 2202217 6/6 283134 6/- 2243855 5/6 2675245 18/6 40317 9/6 AP115 6/- BC121 4/- BCY69 4/6 BP22A 9/6 B8X26 9/-28697 4/- 2E2218 6/6 2613135 6/- 2N3855A 2/45246 18/6 40319 13/6 AF116 5/- BC122 4/- BCY60 19/ 6 BF111.2 4/6 B8X27 9/628698 6/- 282219 6/6 2/48136 5/- 2/43856 6/- 2205249 13/6 40320 9/6 AF117 8/- BC125 11/- BYC70 4/- BFX13 4/6 18X28 6/62N699 18/6 2E2220 5/- 2143340 19/6 2613856A 7/- 285249A 18/6 40323 8/6 AF118 18/- BC126 11/- BCY71 8/8 BF129 7/- B8160 18/628706 8/6 2E2221 6/- 2E3349 86/- 283858 6/- 2N5265 65/- 40324 11/6 AF119 4/- BC134 11/6 BCY72 BFX43 7/8 B8X61 18/62N708A 8/6 282222 6/- 283360 7/6 2116858A 6/- 285266 55/- 40326 19/6 AF124 4/6 80140 7/8 BYZ10 5/6 BFX44 7/6 B8%76 4/6261708 3/- 2N2287 81/6 2E3391 4/- 2133859 6/6 2615267 58/8 40329 7/- AF126 4/- BC147 8/8 BCZ11 7/6 BFX88 18/6 B8X77 6/62N709 18/6 2E2297 6/- 283391A 6/- 2N3859A I/O 2N5305 7/5 40344 7/- AF126 4/- BC148 3/- 50116 28/6 BFX84 6/- B8178 6/62N718 6/- 282368 1316 2/43392 4/- 2103860 6/- 285306 8/- 40347 8/6 AF127 8/6 13C149 8/6 BD121 18/- BFX85 7/- BBY10 6/628718A 6/- 282360 3/8 283393 4/- 283866 80/- 2145307 7/6 40348 18/6 AF139 7/6 BC152 3/6 BD123 16/6 131,1036 6/- BBY11 6/62/4726 6/- 2N2369A 4/- 2613394 4/- 283877 8/- 2E5308 7/6 40360 11/- AF178 9/- BC157 41- BD124 18/- BFX87 6/- B8Y24 8/-28727 6/- 2N2410 8/6 283402 4/6 283877A 8/- 2E5309 18/6 40361 11/6 AF179 9/ - 130168 3/6 BD131 19/6 BPX88 6/- BSY25 3/-28914 3/6 2E2483 6/6 2E3403 4/6 283900 7/6 2225310 8/6 40362 13/6 AF180 10/11 BC159 4/- BD182 19/ BFX89 18/6 1181/26 8/6222916 8/6 2102484 8/6 2N3404 716 22139002 8/- 285854 6/6 40370 7/6 AF181 8/6 BC160 111/6 BDY10 87/66 BFY10 6/6 B8Y27 8/62N918 6/- 2N2039 4/6 2E3405 9/- 2613901 19/6 2N0350 6/6 40406 14/6 AF186 13/4 BC167 $1- BDY11 37/6 BFY11 8/6 B8Y28 8/628929 4/6 2N2540 4/6 283414 6/6 2N3903 7/- 2E5356 6/6 40408 12/6 AF239 8/0 BC168B 8/9 BDY17 87/6 BFY17 4/6 BBY29 8/62E930 5/6 282613 7/- 2 03415 5/6 2143904 7/- 2E5365 9/6 40467 16/6 AF279 9/6 501680 8/- BDY18 49/6 BFY18 6/6 BRIM 6/-2N987 10/6 282614 6/- 283416 7/6 283905 7/6 2E5366 6/6 40467A 14/6 AF280 18/6 BC169B 8/9 BDY19 62/6 BFY19 8/6 B8Y36 5/-281181 6/6 2142646 11/6 2E3417 7/6 283906 7/6 2E5367 11/6 40468A 14/6 AFZ11 6/0 801690 3/- BDY20 80/6 BFY20 18/6 1313837 5/-281182 6/6 2N2698 6/6 2E3439 98/- 284068 5/6 285407 7/6 AC107 6/- .513Y26 130170 3/6 BDY148 19/6 BFY21 8/6 BEIY38 4/62131302 3/6 2E2711 6/- 2148440 19/6 2N4009 6/- 28005 1.6/- A0117 12/- ASY27 7/6 BC171 816 BDY60 86/- BFY24 9/- 1381(89 4/62141303 3/6 282712 6/- 2/03670 17/6 2N4060 5/- 28020 37/6 AC126 4/- A8Y28 5/6 BC172 8/6 BDY61 86/- BFY25 5/- 1313840 6/62N1304 4/6 2612713 6/6 2N3072 17/6 2/44061 4/6 28102 8/6 AC127 5/- A8Y29 6/6 BC175 5/0 BDY62 27/6 BFY26 4/- BBY61 6/62N1305 4/6 282714 6/- 2/03605 6/6 2214062 4/8 28103 6/6 A0128 4/- A8Y86 8/- BC182 4/6 BF115 51- BFY29 10/- BBY59 6/62N1306 6/- 282865 18/6 2N3606 6/6 2E4244 9/8 28104 6/6 AC154 4/6 A8Y50 5/- 50183 4/6 BF117 9/6 111,1/30 10/- B8Y58 7/6281307 5/- 2E2904 71- 2E3607 4/8 284245 8/6 28501 5/6 AC176 51- ABY51 6/6 110184 4/6 BF163 7/- BFY41 10/- BBYO4 8/-281308 6/- 2N2904A 8/- 2203662 7/6 2E4254 8/6 28502 6/6 AC187 18/6 ASY63 5/- 501821 4/- BF167 11/- BPY43 18/8 BBY66 13/-281809 6/- 2/42905 8/- 2213663 7/6 2N4255 8/6 28503 6/6 AC188 7/6 A13864 5/- BC183L 3/6 BF173 6/6 BFY60 4/6 B114Y78 9/6281507
281618

6/6
5/-

282905A
282906

9/-
ei-

2E3702
2N8703

8/6
4/6

2514284
2E4285

8/6
8/6

35683
3N128

37/6
18/6

ACY17
acyut

6/6
5/ -

ABY62
ABY63

5/-
3/6

BC1841
BC187

4/-
6/8

BFI77
BF178

6/6
7/-

BEY51
BFY62

4/6
4/6

BSY79
B8Y82

9/-
10/6281631 8/6 2N2906A 6/6 2E3704 4/6 2E4286 8/6 3E140 19/6 ACY19 5/- A8Y72 5/- 802121 4/6 BFI79 14/6 BPY53 4/6 B8Y90 11/82E1632 8/6 2N2907 8/- 2/03705 4/- 2E4287 3N141 19/6 ACY20 6/- .68883 6/- 802131 5/4 BF180 71- BFY56A 11/6 131195A 8/62N1087 8/6 21429023 8/6 2143706 4/6 2104288 8/6 322142 19/6 ACT21 6/- ABY86 6/6 BCY10 5/6 BP181 616 BFY76 6/- BBW41 8/82/41838 7/6 282924 3/6 2E3707 4/- 2E4289 8/6 88143 17/6 ACY22 4/- 28220 7/6 BCY12 5/6 BF184 5/- BFY76 816 118W70 5/62101639 7/8 2632925 8/6 2/43708 8/6 2E4290 8/6 3/4152 101/6 ACY28 4/- 28221 8/6 SCY30 5/6 BF185 8/6 BFY77 11/6 D16P1 7/62N1701 88/6 2E2926 2148709 8/8 2E4291 8/6 R.C.A.: ACY40 4/- AUY10 30/- WYK 6/6 BF194 4/6 BFY90 18/6 D16P2 8/-2N1711 6/- Green 8/9 2618710 4/- 2N4292 8/6 40060 18/6 ACY41 5/- B0107 8/- Boyss 7/6 BF191 5/6 BFW58 6/6 D161.9 7/6281889 6/6 Yellow 8/6 283711 4/- 2206027 10/6 40250 10/- ACY44 8/- BC108 8/ - BCY33 4/- BF196 8/6 BFW59 6/- D16P4 8/-

281893 8/6 Orange 2/6 2613713 30/- 2225028 11/6 40251 19/6 AD140 3/- BC109 8/- BCY114 4/6 BF197 6/4 Bi6w60 GET102 6I-
2612147
2132148
2N2160

14/6
18/6
11/6

2E3011
283014
2E3053

6/-
6/6
6/6

288714
2013819
283823

36/-
7/-

98/6

2215029
2N5030
2E5172
285174

9/6
8/6
3/-

10/6

40309
40310
40311
40812

8/-
11/6
91

18/6

AD149
AD160
AD161

11/6
18/6

7/6

BC113
BC114
50116
BC118

5/6
7/6
6/6

18/6

BCY88
BCY39
BCY40
BCY42

4/6
8/6
7/6
3/-

BF198

11=
B F225

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

BPX25

:PPYX1909

GET113
GET114

0GEBTT111198

4/-
4/-

44//--2N2198 9/6 2N3004 11/-2E3820 66-2N9175 1016 40314 9/6 AD162 7/6 BC116A 7/6 BCY43 3/-88237 6/6 B8 X19 3/6 GET120 10/6

ADD 5d. PER ITEM FOR POST AND PACKING FOR ORDERS
UNDER 24 PIECES.

TERMS, CASH WITH ORDER ONLY. POST & PACKING
PAYABLE ON ORDERS UP TO L6, AFTER THAT FREE
EXCEPT C.R.T.'s.
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SEMICONDUCTORS
continued

STYLII
ACOS Sapphire Diamond

GET873 2/8 NKT773 6/- GP59 2/6 7/6
GET880 6/- NKT781 8/- GP65 2/6 7/6
0131`887
0ET889
0ET890

4/-
4/6
4/6

NKT10339 6/8
NKT10419 6/-
NKT10439 7/6

GP67 2/6
GP73-I 6/6

7/6
9/6

0ET896 4/6 NKT10519 6/6 G P73-2 6/6 9/6
0ET897 4/6 NKT20329 9/6 GP79 . 2/6 7/6
GET898 4/8 NKT80111 GP81-I 26 76
MAT100
MAT101
MAT120
MAT121

8/-
6/-
(1/-
13/-

15/6
NKT80112

19/6
NKT80113

GP91-I 6/6

GP9I-2 6/6
GP9I-3 6/6

9/6
96
9/6

MJ400
M.T420

21/8
22/6 NKT8021122/6

GP9 1-ISc 6/6
GP91-3Sc 6/6

9/6
9/6

51.1421
MJ430

28/6
20/6

18/6
NKT80212 HGP37 2/6 7/6

14J440 19/- 18/6
MJ480 19/8 NKT80213 B.S.R.
96,1481
MJ490
96J491

26/-
20/-
27/6

1803
NKT80214

18/6

BSR CI (ST3) . 6/6
BSR TC8H 2/6

9/6
7/6

MJ1800 48/8 NKT80216 BSR TC8M . 2/6 7/6
MJE340 12/6 18/6 BSR ST8 6/6 9/6
96111520 17/6 NKT80216 BSR ST9 6/6 9/6M.12521
MPF102
PLPF103

17/8
8/6
7/6

18/6
0020 15/-
0022 10/-

BSR STIO -
BSR XIM 6/6

9/-
9/6

111PF104 7/6 0023 10/- BSR X I H 6/6 9/6
MPF105 7/6 0024 11/8 BSR X3M 66 9/6
MP83638 8/6 0025 10/- BSR X3H 6/6 9/6NKT0013
NKT124
NKT125

9/6
8/6
5/8

0026 8/6
0028 12/6
0029 15/-

BSR X5H 6/6
BSR X4H 6/6

9/6
9/6

NKT126 6/6 0035 8/-
NKT128
NICT135

6/6
6/6

0036 12/6
0941 4/8 COLLARO

NKT137 8/6 0042 5/- Collaro Studio '0' .. 2/6 7/6
NKT210 6/- 0044 4/- Collaro-Ronett TX88 2/6 7/6
NKT211 8/- 0045 2/6 Collel SKI 2/6 7/6NKT212
NKT213
NKT214

6/-
6/-
4/6

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

..
Dual CDS2/CDS3 (6N2) 6/6
Dual CDS/320 (DN3) 6/6

9/6
9/6

NKT216 4/6 0072 2/8 ELAC KST9 (PE10) 66 96
NKT216 7/6 0074 6/8 ELAC KST9 (PEIB) 6/6 9/6
NKT217 8/13 0075 4/8 ERSMB 6/6 9/6NKT219
NKT223
NKT224

61-
6/6
5/-

0076 4/6
0077 5/6
0078 5/-

ER5MX 2/6
ER5 SB 6/6

7/6
9/6

NKT225 4/8 0081 4/- ER60 Stereo .. 6/6 9/6
N96T229 6/- OC81D 4/-
NKT237 7/- 0083 5/-
NKT238
NKT240

5/-
5/6

0084 5/-
00139 8/8

NKT241 6/6 0C140 6/6
NKT242
NKT243

4/-
19/6

00169 4/8
00170 6/- CARTRIDGES

NKT244
NKT245

8/8
4/-

00171 6/-
00200 8/6

NKT261 4/- 00201 9/8 Inc. P.T.
NKT264 6/- 00202 9/8 ACOS each
NKT271
NKT272
NKT274
NKT276

4/-
4/-
4/-
4/-

00203 6/6
00204 8/8
00205 8/6
00207 12/8

GP79
GP91-ISC - I

2- II

12/6
21/-
17/9

NKT281 4/- OCP71 8/6 12- 49 .. 15/6
NKT401 17/6 P346A 9/6 50-500 .. . 13/6
NKT402 18/- T1834 12/8 GP91-2SC As aboveNKT403
NKT404
NKT405

15/-
12/6
16/-

T1843 8/-
T1S44 2/6
T1845 8/6

GP91-35C
Suitable to replace TC8, etc.

As above

NKT406 12/8 T1846 8/8 GP92 26/5
NKT451 12/6 T1847 8/6 GP93-1 24/9
NKT452 12/8 T1848 8/6 GP94-1 31/-
NKT463
NKT603F
NKT613F

9/6
6/6
6/6

T1849 8/8
T1850 4/8
T1851 8/8

G P94-5
GP95

36/-
24/9

NKT674F 6/- T1852 8/8 GP96 31/6
NKT677F 6/- T1853 6/- Acos 104 I- 10 41/10
NKr713 5/- T1860 6/- 11- 25 39/9
NKT717
NKT734

8/6
5/6

T1861 6/6
T1P29A 18/6
T1P30A 15/-

25- 50
51-499

38/3
35/5

NKT736 7/- T1P31A 16/6

GARRARD Sapphire Diamond
EV26 Stereo 2/6 7/6
GC2 2/6 7/6
GCB .. 2/6 7/6
GCEI2 2/6 7/6
GCS10/1 2/6 7/6
GCS10/2 2/6 7/6
S 1-2-3 6/6 9/6
TSI .. 6/6 9/6
TS2 66 9/6
TS3 6/6 9/6

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

PERPETU UM EBNER
PEI88 6/6 9/6

PHILIPS
AG3016 2/6 7/6
AG3063 2/6 7/6
AG 3306 6/6 96
AG 3310/3306 6/6 9/6
AG3400 2/6 7/6

RONETTE BINOFLUID
2/6 7/6

DC284.. .. 2/6 7/6
SONOTONE

2T .. 6/6 9/6
3T .. 6/6 9/6
8T4A .. 6/6 9/6
9TA .. 6/6 9/6
9TA/HC 6/6 9/6
19T . 2/6 7/6
20T .. . . 7/6

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

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

Type New Budget

2

Type New
A

Budget
2

MW36-20 4/10/- A50-120W/R 096E2013 10/17/-
MWS6-21 4/10/- AW63-80 8/18/8 6/5/-
MW43-69Z CR14171 AW53-88 096E2101 8/18/8 6/5/-

CRM172 13/12/- 4/19/6 AW59-90
MW43-80Z CRM173 8/12/- 4/12/6 AW59-91 CME2303 9/11/8 7/4/-
AW43-80Z CME1702 6/12/- 4/12/6 A59 -15W CME2301

CME1703 6/12/- 4/12/6 CME2302
09621706 6/12/- 4/12/6 CME2303 9/11/8 7/4/-
C17AA 8/12/- 4/12/6 A59 -11W CME2305
Cl7AF 8/12/- 4/12/6 A59 -13W CME2306 18/18/- 10/19/6

AW43-88 096E1705 6/12/- 4/12/6 A59 -16W CME2306 18/18/- 10/19/6
AW47-90 A09 -23W CME2305 12/12/- 10/10/-
AW47-91 A47 14W 7/18/4 5/7/6 A69-23W/R 12/12/- 10/10/-
A47 14W CM.E1901 7/18/4 5/7/6 PORTABLE SET TUBES

CME1902 7/18/4 5/7/6 TSD217 6/15/-

A47 13W
A47 -11W

CME1903
Cl9AH
09691906
CME1905

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

5/7/6
5/7/6

8/10/-
7/-/-

TSD282
A28 -14W 9/8/4

6/16/-
Not

supplied
A47 -26W CME1902 8/17/8 7/16/- CME1601 7/15/-
A47-26Wilt CME1913R 9/6/8 Ch1E1602 8/-/-

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

B.S.R.
X3M .. S/S
X3H .. S/S
X596 .. S/S
X5H .. S/S
SX5M .. S/S
SX5H S/S
SX5M D/S
SX5H .. D/S
X4N D/S

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

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

Inc. P.T
each

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

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

25/-
35/10
35/10

TRANSISTORISED UHF TUNER UNITS
NEW AND GUARANTEED FOR 3 MONTHS

Complete with Aerial Socket and wires for Radio and Allied TV sets
but can be used for most makes.
Continuo. Tuning, 90/-; Push Button, 100/-.

PLUGS
Jack Plugs and Sockets Co -Axial Plugs
Standard Plugs 8/10 Belling Lee (or similar type) 1/8
Standard Sockets 2/6 Add 6d. per dos. p. & p.

DE BANKS MAGNETIC RECORDING TAPES
POLYESTER
Length Spool Size in. Pries

Standard Play
600 ft. 5 10/-
850 ft. 12/81200 ft.14/-7'2

Long Play
210 ft. 3 5/6
450 ft. 4 8/6
900 ft. 5 141-

1200 ft. 5f 17/-
1800 ft. 77 20/ -
Double Play
1200 ft. 5 17/6
1800 ft. 51 28/-
2400 ft. 7 261 -

EMPTY TAPE REELS CASSETTES
3 in. 1/6 Boxed in Plastic Library Packs
4 In. 1/10 C60 10/6
5 In. 2/8 C90 12/6
51 In. 8/6 0120 17/6
7 In. 2/7 P. & P. 1/6 on all orders.
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REBUILT AND NEW TUBES -TWO YEARS GUARANTEE

RE -BUILT BRAND NEW A FEW SAMPLE TYPES, REMEMBER WE STOCK EVERY
TUBE

sex

17" @ E4 14 6 E5 10 0
CME1702, AW43-80, C RM 173, M W43-80, M W43-69*,
CRMI72M., AW43-88, AW43-89, CME I 705, CME 1703, C 17AF,
CI7S etc.

p.

; 00
e4W --

19" @ E4 17 6 £5 19 0
CME I
Cl9AH, C

903,
19AF,ICI9
CME902,A. CME190 I, AW47-90, AW47-91, A47 -14W a

l& )-j
0

21" @ L7 5 0 E8 10 0 CME2I01, AW53-88, AW53-89, CRM2I1*, CRM212*, MW53-
20*, M W53-805.

M0
Ill P.

23" @ E7 5 0 E8 19 0 CME2303, CME2301, AW59-90, AWS9-91.
Z lo 0

WI2
i . 1 -

ALL PRICES ARE NETT.  NEW ONLY. NO REBUILDS 0
TWIN aIf CME1906
PANELS

l
0 7 A47 -13W } £10 I 0 23" ZI9E/M } E14 I 0

0... err

i6-.

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

11"

CARBON FILM RESISTORS
.4 watt and I watt.

The following values are packed in

SUB -MINIATURE
ELECTROLYTICS (3's)

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

cartons of six of each value. Price
2/6d. per carton.
10 ohm I.2K 150K
12 11-8K.5K 180K

220K15
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

I mfd
2m
4mfd
5mfd
8mfd
lOmfd
16mfd
25mfd
32mfd
50mfd
100mfd
200mfd

Bfd

8v.v.
Etv.
8v.
8v.
8v.
8v.
8v.
8v. I/10d.
8v. 1/10d.
8v. 1/10d.
8v.

/8d.
/13d./8d.(3's)
/8d.
/8d.
/8d.
/8d.
/8d.

2/3d.

TUBULAR CAPACITORS

.001 400v. 9d.
-0022 600v. 9d.
0033 600/1500v. 9d.
0047 600/1500v. 9d.

01 400v. 10d.
.022 600v. I Id.
'033 600v. I Id.
'047 600v. I Id.
'1 600v. 1/-d.
-22 600v. 2/-d.

BIAS ELECTROLYTICS (3's)
25mfd 25v. I/6d.
50mfd 25v. I /8d.
100mfd 25v. I/11d.
250mfd 25v. 310d.
500mfd 25v. 3/8d.
1000mfd I2v. 6/0d.
1000mfd 30v. 5/9d.
2000mfd 25v. 7/0d.
2500mfd 30v. 9/0d.
3000mfd 9/6d.
5000mfd

30v.
30v. 10/0d.

56 6-8K 820K
68 8-2K IM
82 10K 1.2M
100 I2K I.5M
120 15K 1.8M

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

47
01
-022
'047
-1

600v. 2/I0d.
000v. I/Id.
000v. I/Id.
000v. 1/8d.
000v. I/8d.

25mfd 50v. I/8d.
50mfd 50v. 2/0d.
100mfd 50v. 2/6d.
250mfd 50v. 3/8d.
500mfd 50v. 4/6d.

150 I8K 2.2M
180 22K 2.,-7,M, RECTIFIERS

.22
47

000v. 2/8d.
000v. 3/8d.

2000mfd 50v. 9/0d.
2500mfd 50v. 10/6d.

220 27K ',-,r,,,
270 33K f.,',,,'''

Silicon Mains (3's)
Westinghouse SIOAR2 6/6d.

001 500v. I/6d' SMOOTHING
330 39K 4,,-_,'2
390 43K

7-,'L''

430 47K '''''
470 56K 613M

BY127 MallardELECTROLYTICS5/3d.
BY105 Mazda 7/0d.
BY327 5/6d.

WIRE -WOUND RESISTORS
(3's)

10 watt rating, suitable for mains
dropper

Wire ended, 450v. working.
I mfd I/6d.
2mfd I/6d.

560 68K 8.2M
680 82K IOM
820 WOK I2M
1K 120K 15M
All the above values are available in
both .I. watt and 1 watt versions.
"Special for Philips TV's:

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

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

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

sections.
1 Ohm
10 Ohms
13
25 "
33

50
37 "
100 "

/9d.
/9d.
/9d
/9d.
/9d.
/9d.
/9d.
/9d

4mfd 2/3d.
8mfd 2/6d.
16mfd 3/0d.
32mfd
50mfd 5/

4/6d.
0d.

8/8mfd 4/0d.
8/I6mfd 5/0d.
16/16mfd
16/32mfd

5/0d.
5/0d.

f 150
220

/9d.
/9d.

/9d.

32/32mfd 5/0d.
50/50mfd 8/Od.
50/50/50mfd 10/0d.LO PT. I K2K

,,4.7K

/9d.
/9d.
9d.

/9d.

CANNED ELECTROLYTICS
100/200mfd
I 00/400mfd
200/200mfd

2/6d.
6/6d.
6/0d.LINE OUTPUT

TRANSFORMERS New VALVES
200/200/100mfd
200/400/32mfd
100/300/100/16
100/400/32mfd
100/400/64/16 21/0d.

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

.

ALL MAKES SUPPLIED

EXCHANGE UNITS AND
NEW REPLACEMENTS

EVERY MAKE SUPPLIED

331 plus 130/0
plus quantity
discounts 6%

NCKELETON PRVE;StiEcla'iS (3's)

50K
100K
250K "
500K
1 meg

2 meg,,500K Horizontal
680K

1 meg

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

(EXCEPT MURPHY OIL -FILLED)

REWIND SERVICE FOR
OBSOLETE MODELS

TRADE & SERVICE ENGINEERS ONLY SUPPLIED
Cash with order. 10% MAY BE DEDUCTED FROM THE ADVERTISED
PRICES EXCEPT FOR NETT ITEMS, C.O.D., OR TUBES
All orders must exceed 50/0d. in value otherwise postage andpackingp
will be charged at 5/Od. 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,

FRAME OUTPUT, SOUND OUTPUT AND
LONDON, W.7. 01-567 540012971, 01.579 3582.
Send 2/6d in loose stamps for our comprehensive catalogues listing
valves, components, tubes, transistors, mikes, aerials, Line output
transformers. BY RETURN SERVICE ANYWHERE.

MAINS TRANSFORMERS REWOUND Tel: 01-567 5400/2971 HOT-LINE ORDERS
TRADE ONLY
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SERVICING-CONSTRUCTION.COLOUR.DEVELOPMENTS
NOVEMBER 1910

GETTING GOING WITH COLOUR

About eighteen months ago Charles Curran,
Director -General of the BBC, predicted that the
Corporation would be in considerable financial
difficulties if there were not two million colour
television licences by 1974. It now looks as though
this target will be reached by the end of 1972-two
years ahead of schedule-and if nothing drastic
occurs to upset this rate of progress we should be
approaching the four million mark by the end of
1974.

Even so we are still a long way from the progress
being made in other major industrial countries
such as Germany where, after launching colour
television in parallel with the UK, over a million
receivers a year are currently being produced-
three times the UK rate. In Japan production is
over six million colour receivers a year!

One of the main obstacles preventing our
home industry achieving production rates at these
levels is surely the Government restraint on
consumer spending. The new Chancellor must be
persuaded to relax the controls-gradually-
while production capacity is being built up. This
would be of considerable help in withstanding
pressures from imports and would also enable us
to capitalise on the export opportunities which the
advent of PAL single -standard receivers present.

At the risk of being accused of raising an old
bogey, it should be stressed that action on this
front should not be long delayed. Already many
UK manufacturers find it uneconomical to produce
their own transistor portable radio receivers.
Tape recorders and audio equipment from over-
seas have made considerable inroads in the UK
market. And judging from a tour round the recent
trade shows it seems that before long we are going
to see a steady and possibly considerable influx of
foreign portable television receivers on the UK
market. We spoke to several manufacturers about
this and the response was usually on the lines
"we don't think it would pay us to make them".
It sounded like an epitaph.

Unless those in power heed these words and
what they imply there may come a day when
a second line will be added: "Here lie the remains
of the UK radio and television industry"!

THIS MONTH
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WORLD'S FIRST AUTOMATIC COLOUR CAMERA

Marconi introduced at the International Broad-
casting Convention (on which a report will appear
in our next issue) the first automatic colour TV
camera which eliminates the lengthy manual align-
ment and colour balancing routines. These are
replaced by a fully automatic, computer -controlled
correction system which operates at the touch of a
button. The sensitivity of this three -tube camera,
the Marconi Mark VIII, is in normal operation
comparable with most monochrome cameras and is
claimed to be at least twice as high as current colour
cameras. It has a standard light operating figure
of 750 lux (75ft.-candles) but usable pictures can be
obtained at as low a figure as 50 lux.

While only three tubes are used-to give minimum
size and weight-the camera, with its automatic
registration and equalised colour lag, gives a perform-
ance of the standard previously associated with four -
tube types. The camera is designed to use new
versions of the English Electric Leddicon lead -oxide
camera tube but can also be fitted with the Philips
Plumbicon tube. The tube deflection coils are con-
structed in the form of printed circuits on cylindrical
glass tubes to provide optimum accuracy and
stability in the registration of the pictures from the
three tubes. A push-button control on the c.c.u.
or control panel provides complete and fully auto-
matic alignment of the pictures from the three tubes
while accurate colour balancing of the three output
signals is initiated by a second push-button to pro-
vide a true white and thus ensure maximum colour
fidelity over the full colour spectrum.

Amongst several new introductions by EMI at the
IBC was a new three -tube colour camera, the 2005,
which has been developed from the internationally
successful 2001 and incorporates auto -centering (see
Teletopics, July 1970) as a standard facility. Other
features include effective built-in bias lighting to
reduce lag at low -light levels, mixed viewfinder feed
for superimposing external pictures over the camera
picture and electronic field -of -view indication on the
viewfinder. The camera has a " stand-by" mode
including remote capping which extends tube life and
exempts tube/hour charges on hired tubes. An
integral diascope for camera alignment is available.

NEW SHADOWMASK TUBE
Mullard have introduced the first 26in. shadowmask
tube to appear in the UK, type A66 -120X. It is a
protected type with supersquare presentation and is
basically a larger version of the Mullard 22in.
shadowmask tube introduced last year. The deflec-

tion angle is 92°, overall length 20fin., and e.h.t.
required 25kV.

TRADE IMPROVEMENT CONTINUES . . .

The rising trend of colour set deliveries to the trade
continued during July when 40,000 sets were
delivered. Monochrome set deliveries jumped
abruptly during July to 150,000, reversing the mild
downward tendency of previous months.

BUT MANY SETS FAULTY

The RTRA is at present making an enquiry into the
delivery of faulty new sets to dealers. This is the
outcome of a report from a large dealer who found
that out of 1,500 monochrome sets delivered 19%
were faulty on arrival whilst out of 200 colour sets
27% were faulty. This seems to be an extraordinary
state of affairs. With an ever increasing number
of foreign sets appearing on the market the UK
setmakers will be in serious trouble-like the car
makers or worse since TV sets can be more easily
transported-if they can't devise means of improving
their assembly and test methods.

New sets this month are listed in our Radio and
TV Show report on a later page.

BATC REACHES 21

Our congratulations to the British Amateur Tele-
vision Club which came of age at its recent two-day
CAT -70 conference at Churchill College, Cambridge.
The Club was started by Michael Barlow in, 1949 and
now has over 1,000 members many of whom have
risen to senior positions in professional television.
On -air transmissions on the 70cm. Band started in
the early fifties with flying -spot scanners and a few
iconoscopes as the signal generating units. Members
later started to build vidicon cameras and to move
into colour. The Club now faces its most serious
challenge with the threat of commercial interests in
the communications field taking over part or all of
its frequency allocation.

WHAT'S NEW?
Solda-Mop from Servisol for desoldering electrical
connections and electronic joints quickly, safely and
efficiently. Solda-Mop has a 150cm. specially im-
pregnated wick in a plastic dispenser. The wick
is placed on the defective joint and the soldering
iron then applied, the molten solder being drawn
up the wick to leave the joint ready for resoldering.
Priced at 14/-d., Servisol Ltd., Cooper's Buildings,
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Church Street, Liverpool LI 3AG.
Eagle aerials have introduced a new fringe aerial

called the Trombone consisting of two eighteen -
element Yagi arrays on a common beam with
common mounting. Eagle Electronics Ltd., Heath
Hayes, Cannock, Staffs.

Motorola have introduced an integrated circuit
tuning indicator, type IMC1335. In conjunction with
a miniature lamb bulb, it is intended for aiding the
fine tuning of f.m. radio sets and colour TV receivers.
The i.c. is fed with the signal from a phase -sensitive
detector such as the ratio detector in an f.m. sound
channel.

EMI Electronics have produced a 48 -page publica-
tion describing their " packaged system" approach to
educational TV installations. Copies of the booklet
" Closed-circuit Educational Television Packaged
Systems" are available free of charge from, EMI
Television Equipment Division, Blyth Road, Hayes,
M iddx.

CERAMIC TV BANDPASS FILTERS

We understand that the Mullard Research Labora-
tories are also working on the "surface -wave " type
of i.f. filters for TV receivers that we mentioned last
month. Their experimental models consist of a small
strip of piezoelectric ceramic about x +in. with
input and output electrodes. The electrodes are
formed by photolithography and each consists of
an array of interleaved gold fingers laid down on the
surface of the ceramic strip. The electric field set
up by the input electrode when a signal is applied
to it results in an acoustic surface waft which is
picked up by the output electrode and converted back
into an electric signal. According to the size and
shape of the electrodes some frequencies will rein-
force whilst others will cancel, giving a bandpass
characteristic with centre frequency determined by
the separation between the individual electrode
fingers. The experimental models have a slightly
narrower bandwidth than predicted, while the inser-
tion loss is greater than with conventional filters.
However, one aim is to combine the filter with input
and output amplifier chips in a single dual in -line
i.c. encapsulation.

LINSTEAD CCTV CAMERA

The inexpensive CCTV camera developed by
Mullard, which we described last month, is being
marketed by Linstead Electronics, Roslyn Works,
Roslyn Road, London, N15 5JB (it is not available
from Mullard Ltd.). The camera provides an output
suitable, for feeding a standard professional 'TV
monitor, consisting of a composite video -frequency
signal with sync pulse and picture information to
CCIR standards. Terminated by 7512 it can also be
used with a standard 405- or 625 -line TV receiver
but where such a receiver is to be used as a monitor
special precautions must be taken to ensure that the
receiver is isolated from the mains. Suitable trans-
formers are being made available by Linstead for
this application. The camera is available as a work-
ing instrument or in kit form. Comprehensive
information, including full assembly instructions, is
supplied with each kit. The basic kit less tube and
lens is available at £45 each net, the complete kit
with lens and tube is available at £70, whilst a fully

The Linstead closed-circuit TV camera.

constructed and tested
£99 17s 6d.

camera is available at

NEW ITA STATIONS

The ITA has now brought into service its Divis
Northern Ireland u.h.f. transmitter. The station
carries Ulster Television programmes and is on
channel 24. A group A receiving aerial mounted
for horizontal polarisation is required. The e.r.p.
is 500kW.

The ITA has also brought into operation the first
of its three main u.h.f. transmitters for Anglia Tele-
vision. This is the Tacolneston transmitter which
is operating on channel 59 (receiving aerial group C)
with horizontal polarisation and an e.r.p. of 250kW.
The second station at Sudbury is expected to be
operating shortly on channel 41 (receiving aerial
group B) with horizontal polarisation and an e.r.p.
of 250kW, whilst the third station at Sandy Heath
is expected to be in service early in 1971 on channel
24 (receiving aerial group A) with horizontal polarisa-
tion and an e.r.p. of 1,000kW.

INDEPENDENT GROUPS DEVELOP TV SETS

News from two independent groups one of whom
has developed a colour set and the other a mono-
chrome monitor.

The colour set has been developed by CTC Elec-
tronics and is classed as a professional television
receiver, fitted with a square 26in. tube. The " Jet
Set " is intended primarily for the educational and
similar markets but at £338 could make inroads into
the domestic market. The set is claimed to have a
world lead in that 50% of its circuitry is incorporated
in eight integrated circuits. An electronic tuner is
used and a double -wound mains transformer fitted.
The set is for single -standard operation, and also
features a digital clock on the front control panel.

The monochrome monitor has been developed by
a group called Cotron who hope to be able to sell
it at £155. It features a black -level clamp and
regulated power supply and uses silicon transistors
throughout with a selenium e.h.t. rectifier. The
modular construction is on three printed boards with
quick -release fasteners. The preproduction units are
fitted with 1 lin. or 15in. c.r.t.s and operate on the
625/50 or 525/60 line/field standards. The centre
resolution is 800 lines with corner resolution of 625
lines. The h.f. response to 8MHz is ± 1dB and less
than -3dB at 10MHz.
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SURPLUS

THE Murphy conversion unit is available from Manor
Supplies and is a complete u.h.f. receiver, sound and
vision, which may be used to convert almost any
405 -line set to 625. It is mounted in a cabinet plinth
assembly designed to be screwed to the underside of
the receiver cabinet. This makes it ideal for con-
versions in which it is desired to keep the original
cabinet and general appearance of the set unchanged.
It can also be used to convert many of the earlier
"convertible" models where difficulty has been
experienced in obtaining the exact conversion kit
required. The overall size of the unit is approxi-
mately 24 x 7 X 3 in. excluding the control knobs,
which are both for tuning and are marked "fast"
and " slow ". A horizontal scale is provided marked
with the channel numbers from 21 to 68 and an
octal plug provides all the necessary connections to
the rest of the receiver.

Access to Unit
When the unit has been fitted to the receiver,

access may be readily obtained by removing the four
feet on the underside and the screws underneath
them. The bottom panel can then be removed.
Removing a further screw enables the vision i.f.
panel to be swung out. There are in fact two
printed panels, one for the vision i.f. strip and the
other for the video amplifier and sound i.f.

Circuit Description
The aerial signal is passed to a conventional two -

valve u.h.f. tuner and then to a three -stage high -gain
vision i.f. amplifier. A.G.C. is applied to the first
two stages ensuring a wide range of control. As in
conventional practice, the sound i.f. signal is passed
through this amplifier, though at an attenuated level,
to provide the intercarrier sound signal at the vision
detector. The video output of the detector, along
with the 6MHz intercarrier signal, is directly coupled
to the 6F28 video amplifier. The video output is
taken via the 6MHz rejector L213 to the appropriate
pin on the output plug. The 6MHz signal is passed
via a bandpass transformer to the amplifier -limiter
V7 (EF184) and to the usual ratio detector.

Setting -up and Testing
Later I will describe the construction of an add-on

unit to provide black -level stabilisation. It is useful
however to be able to connect the Murphy unit as
it stands to the receiver as this facilitates testing
the unit itself and the timebases. To do this an

CONVERSION

UNITDAV....
octal socket as shown in Fig. 1 is connected to the
set to take the connections from the unit.

Next the mains dropper of the set should be
changed to the correct value. This is done by
adding up the heater voltages of the valves in the
Murphy unit, plus those which remain in the original
set, subtracting this from the mains voltage and
dividing by 0.3 to get an answer in ohms.

When the line oscillator has been set to the correct
frequency a picture of sorts should be resolvable
and it will then be necessary, unless the set is of the
convertible type, to make the usual modifications to
the timebases to obtain correct width, height and
so on.

In many cases it will also be worthwhile to build
a new audio amplifier, as those fitted to most com-
mercial TV sets are not exactly Hi-Fi!

Add-on Unit
The next step is to provide d.c. restoration and a

gated a.g.c. system in order to stabilise the black -level
of the picture. This could be done exactly as
described in my article in the May issue for the GEC
i.f. panel, but in the Murphy circuit the video ampli-
fier is directly coupled both to the vision detector
and to the output socket, and by using a somewhat
different approach it is possible to design the black -
level clamping unit as an add-on circuit without
the need for any modifications to the Murphy circuit
at all.

The circuit of the add-on unit is shown in Fig. 3
and uses two valves, an EB91 and an ECC82. It
would be possible to use two semiconductor diodes
in place of the EB9I but both of the functions

To CRT cathode and sync sep

To HT+
210 V

CRT
Heater

To
AGC
line

6

0.5
330k

2 (not used)

Main
receiver
chassis

Octal socket

To heaters
of timebases,

audio amp etc

To audio
amp

Fig. 1: Socket connections for initial testing.
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Video to R301
sync sep 10k

V9

V8

Socket 'C' 8
7

45

4

5

AGC

HT 210V

1

Video

2

(N.C.)

R302
39k

VR1
50k

C302
005

I

V8A
EB91

Brill.1

V9A/
ECC82'

2*

R xi C301 R305
303 TO.) 15k
33k 1W

R 3
304
10M

R310
220k

C30705
0A81

R307 AGC
12k

1.4

C305
V8B -01

C303
R306 1kp
220k max

1 50k
R309
10k

VR2

Contrast
C304 C306

0.5 R308
33k 0.1

V9B

 HT+
210V

R C308
110A81 312

1M I0.1

R311

1k

AGC

Via CRT To audio Via timebase etc
heater amplifier heaters to
to chassis mains dropper

Video to
CRT cathode

Fig. 3: Circuit of the add-on unit which forms a link between the Murphy unit and the rest of the set.

involved require a very high reverse resistance which
cannot be cheaply achieved with semiconductors. I
therefore decided to use the valve, which must be in
nearly everyone's spares box in any case. 0A81
diodes are used for the a.g.c. rectifiers, but another
EB91 may be used here if desired.

DC Restorer
The circuit is basically in two sections. The first

is the d.c. restoring section, V8A and V9A, the pur-
pose of which is to clamp the tips of the sync pulses
to a constant level ready for feeding the composite
signal to the c.r.t. This function is carried out by
the diode V8A and the capacitor C302. (The com-
ponents in the tuner unit are numbered RI, R2 etc.,
those in the i.f. strip R201, R202 and those in the
add-on unit R301, 8302 etc.) The value of C302
may seem very small for coupling the vision signal,
but as it is feeding into a very high impedance the
time -constant is still long enough. Increasing the
value of C302 merely means that the black level
takes a second or two to settle down after adjusting
the contrast or tuning.

Video Cathode -follower
Since the d.c. restorer must operate into a high

impedance it is followed by a cathode -follower V9A
which then feeds the tube. The operation of the
circuit is such that the less current there is in the
c.r.t. the more there is in V9A. To keep this current
to a reasonable level and thus prolong the life of
the valve, the c.r.t. grid should be returned direct to
chassis (except for any field blanking circuits) and
brightness control effected by carrying the bias on
the cathode of V8A. Resistors R302 and R303
limit the range of the control, avoiding c.r.t. overdrive
and also making adjustment less critical. The values
may however need alteration to provide a good range
since the brightness depends also on the voltages
applied to first and final anodes of the c.r.t.

V8A can momentarily clip the sync pulses if the
brightness control is suddenly turned up. To avoid
a momentary loss of sync, the sync separator is fed
direct from the video amplifier instead of from the
cathode -follower.

Gated AGC Circuit
The second section of the add-on unit is the black-.

level a.g.c. system, using V8B and V9B. The gating
diode V8B cathode is biased by the contrast control.
This bias is such that only the sync pulse tips, which
are the most positive portion of the signal appearing
at the video amplifier anode, can pass through the
diode. A signal is thus developed across R306 which
is a measure of the difference between the bias set
by the contrast control and the peak signal ampli-
tude on the anode of the video output valve. This
" error signal " is amplified by V9B and fed to the
0A81 rectifiers which produce the a.g.c. voltage, the
output being filtered by C308. 8312 provides a dis-
charge path for this capacitor. The a.g.c. potential
is fed to the first two i.f. amplifier stages via pin
6 of the connecting plug.

High -frequency components of the vision signal
or noise can pass the interelectrode capacitance of
V8B even when it is reverse biased. This would
result in a permanent output from the a.g.c. unit
which would restrict the maximum gain available
and also the maximum contrast which can be had.
These effects are removed by C303 which bypasses
the stray high -frequency signals without affecting the
normal a.g.c. action.

Construction
The black -level clamping unit may be built either

on a small subchassis or by clearing away part of
the redundant circuitry of the original receiver. It
should be kept away from circuits such as the line
output stage which produce large pulse radiations,
and the wiring around the grid of V9A should be
kept short as it is a high -impedance circuit. Stray
pickup on the grid of V9B has been minimised by
keeping its grid leak resistor to a low value.

This is a very well-built conversion kit and the
fact that it is single -standard and does not need
any modifications means thit a very straightforward
yet good quality conversion is possible, while usually
the set's original cabinet can be retained with the
conversion kit mounted underneath.
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CHARLES RAFAREL

ONCE again I have to report adverse SpE conditions.
They have not been really bad, the best I can say
is that they have been mediocre and I have had
to work pretty hard to get some DX every day.
Normally my DXing on weekdays is between 07.00
and 09.00, with sometimes a chance to look around
between 13.00 and 14.00 plus an evening session
from 17.00 onwards. At other times I am at
business, though I have longer periods of course
at weekends and during public holidays. I point
this out in case any DX friends think I am viewing
for 24 hours a day! I only wish I was!! I get
many reports from other DXers of their reception
at other times than these and often regret that I
was miles from home at the time. That's the way
it goes!

DX -TV is always a challenge. It is mot only
poor conditions but the limited time available that
work against us. I am sure many of us find that
evening DXing presents its problems of identifica-
tion in the absence of test cards. I know nothing
more infuriating than a strong long -duration pro-
gramme-usually a concert with no speech-which
fades out just as a caption might have appeared!
It happens to all of us and often means that whilst
we have patiently waited we have missed some-
thing on another channel. The only solution to
this would appear to be to use several sets at the
same time each tuned to a different channel. I
do this myself but alas I do not have enough sets
to cover all channels, and even if I did I would
be severely criticised for filling the house with
them!

The 1970 SpE season must be nearly over now.
I doubt if we shall get any further startling openings
this year, but one never knows. Here is my SpE
log for the period 1/8/70 to 31/8/70:

1/8/70 USSR RI.
2/8/70 USSR RI, Czechoslovakia R1, Poland RI.
3/8/70 Czechoslovakia RI, Norway E2.
4/8/70 USSR RI, Czechoslovakia R1, Poland R1

and R2.
5/8/70 USSR R 1, Czechoslovakia RI, Spain E2.
6/8/70 USSR RI, Czechoslovakia R1, Poland

RI, Austria E2a, Norway E2, Spain E3.
7/8/70 USSR RI, Czechoslovakia RI, Poland RI.
8/8/70 USSR RI, Spain E3.
9/8/70 USSR RI, test card Poland or Hungary

R1, Czechoslovakia RI, Sweden E2.
10/8/70 USSR R1, test card Poland or Hungary

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

The Jordanian test card.

11/8/70 USSR RI, Czechoslovakia
R1 and R2, Sweden E2.

12/8/70 USSR R1 and R2, Czechoslovakia R1
(two stations see below), Poland RI and
R2, Norway E2 and E4, Sweden E2.

13/8/70 USSR R1, Czechoslovakia RI, Sweden
E2 and E4, Denmark E4, Spain E2.

14 / 8 / 70 USSR R1, Czechoslovakia RI.
15/8/70 USSR RI, test card Poland or Hungary

RI, Czechoslovakia RI.
16/8/70 Czechoslovakia R1, Spain E2.
17/8/70 USSR RI, Poland Rl.
18/8/70 USSR RI and R2, Czechoslovakia RI.
19/8/70 USSR Rl.
20/8/70 USSR R1, Czechoslovakia RI, Norway

E2 and E4, Sweden E2.
21/8/70 USSR RI, Czechoslovakia RI, Hungary

R1, Poland R1 and R2, Austria E2a,
Switzerland E2.

22/8/70 Italy IA, Switzerland E2, West Germany
E4, Sweden E2.

23/8/70 USSR RI.
24 / 8 / 70 USSR R1, Austria E2a.
25 / 8 / 70 USSR RI, Czechoslovakia RI.
26/8/70 USSR RI, Czechoslovakia R1, Austria

E2a.
27/8/70 Czechoslovakia RI, Austria E2a, Spain

E2.
28/8/70 Czechoslovakia RI, Austria E2a.
29/8/70 USSR RI.
30/8/70 Czechoslovakia RI, Austria E2a.
31/8/70 Czechoslovakia Rl.

Czechoslovakia: A number of us have seen a small
checkerboard of black, white and grey squares on
Rl. I first saw this pattern as early as 1964 and
identified it as Czechoslovakia. It is now with
us again and I am sure it is still Czechoslovakia.
It was floating with the Czechoslovakian test card on
12/8/70 as noted above and it looks as if this
is the second Czechoslovakian station on Rl. At
other times it has been alone and very strong.

Denmark: Now I know why this country seems
to have been missing this year until I got it on
13/8/70: it is at times using an electronic type
card similar to Holland. Keith Hamer of Derby
has been of great help here. He reported the

-continued on pace 84

R1, Poland
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K.C.BRANKSOME
RECENT articles have dealt with the basic principles
of R-Y signal phase reversal on alternate lines in
the PAL colour system, and the techniques used in
receivers to carry out the necessary R-Y phase
switching on alternate lines of the picture. It is
time that we took a closer look at the reasons for
R-Y signal inversion on alternate lines, the way
in which this enables the B-Y and R-Y colour -
difference signals to be separated in the receiver
prior to detection, and the practical methods used
to carry all this out. We shall be going right up
to the demodulation of the colour -difference signals.

But first let us set the scene. The chroma signal,
which is transmitted in addition to the basic black -
and -white (luminance) signal, consists of a sybcarrier
modulated in quadrature by two colour -difference
signals. Modulated in quadrature means simply that
the two colour -difference signals are modulated with
a 90° phase difference so that they are present
together but can be easily separated, in the same
manner as the left and right signals in a stereo record
track. The technique actually used at the trans-
mitter is that each colour -difference signal modulates
a separate carrier, the two carriers being at the same
frequency but with a 90° phase difference between
them: -the two sets of signals are then added
together. We shall see later how they are separated
again. The two colour -difference signals transmitted
are B-Y and R-Y. Three colour -difference signals
are required to produce a full -colour picture but the
third can be obtained in the receiver by combining
the R-Y, B-Y and Y (luminance) signals in
certain proportions.

The B-Y and R-Y signals are reduced in ampli-
tude prior to application to the transmitter's modu-
lation circuits in order to avoid the overmodulation
that would otherwise occur if two full -amplitude
signals were applied at the same time. The R-Y

Chroma
input

U

64p sec
delay
line

(a)

U

U +V

u+v

signal is reduced to 0.877 and the B-Y signal to
0.493 of its full strength. Adjusting the gains of
the R-Y and B-Y amplifiers in the receiver
enables the signals to be simply restored to their
correct levels. It is conventional to refer to the
amplitude -reduced R-Y signal as the V signal and
the amplitude -reduced B-Y signal as the U signal,
and it will simplify matters if we stick to V and U
for the colour -difference signals in this article.

PAL Delay -line System
Now the basic way in which the PAL system

differs from the original NTSC colour system is that
in the PAL system the V signal is transmitted with
reversed phase on alternate lines, i.e. if on one line
it is transmitted as +V on the next it will be -V
and so on.

In the PAL -D system so far used by all setmakers
in this country a one -line duration (64p.sec) delay
line is used in the receiver to process the chroma
signal, which if U+V on one line will be U-V on
the next, and it is with this part of the receiver that
we are mainly concerned in this article.

The basic arrangement for U and V signal separa-
tion is shown in block schematic form in Fig. 1(a).
The chroma signal is fed direct to add and subtract
networks and also to the delay line. The output
from the delay line, which consists of the chroma
signal delayed in time by 64µsec, is also fed to the
add and subtract networks. Thus the add and sub-
tract networks are fed with the chroma signal as it
is on successive pairs of lines. This, as we shall see.
has two results, (a) separation of the U and V
signals and (b) cancellation of spurious phase errors
in the chroma signal (these can occur in the trans-
mission path for various reasons).

Signal Separation
Figure 1 (b) shows what happens in this arrange-

ment when we have a line with a +V signal. But
first one important difference from the arrangement
depicted in (a). We can add two voltages, but to
subtract two voltages it is necessary to invert the
phase of one of them and then to add them. This
is the arrangement shown in the bottom part of
Fig. 1(b) and (c). All right, so in (b) we've got
U+V at the input, and this is fed to both add
circuits. Now the previous line would have been
U-V, and this is what we get at the output from
the delay line. Obviously if this is added to U+V
the Vs cancel and we get 2U from the top part of
the circuit. In the lower section a 180° phase shift
is incorporated which changes the delayed signal to
-U+V. In this case the Us cancel to give us 2V.
Simple!

2U

-V

U -V
U V

U

U+V

U

I-0-
I

20

U+VV V
++

DLDL

180°
shift

180°
shift

-U+V U -U-V

2V)
( b)

18. 2V
(c)

1-ig. 1: Principle of operation of the chroma delay -line circuit in a PAL -D receiver.
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u+v

HT

-U+V
-U+V(delayed)

U+V
2V

11

2U

U-V(delayed1
U+V

Fig. 2: Commonly used PAL delay line circuit.

Now let's see what happens when as shown at (c)
we've got at the input a line with - V. Here U -Vis fed to the addition circuits and the delay line
output from the previous line is U+V. At the top
the Vs again cancel to give us 2U. At the bottom
our 180° shifter gives us -U-V, so the Us again
cancel but this time we get -2V. How this signalis inverted to give us the correct V (R-Y) output
from the V synchronous detector on every line was
described in the two articles mentioned at thebeginning.

Practical Circuit
Next let's see how all this is carried out in practice.

Fig. 2 shows the basic circuit used in the vast
majority of UK colour sets, both dual- and single -standard. The circuit consists basically ,of a driver
stage Trl, which drives the 64p.sec delay line from itscollector and also provides an emitter -follower
direct signal feed, and a centre -tapped transformer
T1 which carries out both the addition processesand, as it is centre -tapped, provides the 180° phase -change feature. This is the basic circuit as used
with the original Milliard DL1 delay line. Circuitsusing the later DL1E and DL20 delay lines look
slightly different but only because in these the trans-
former T1 is built into the delay line assembly. The
circuit action remains the same.

Let's see what happens on a line with a +V signal.
At the base of Trl we have U+ V, and by emitter -follower action this appears at the emitter of Trland is fed to the centre tap on Tl, appearing at
each end of Tl. As there is a 180° phase changebetween the base and collector of a transistor, weshall have -U-V at Trl collector, but this willnot appear at the output of the delay line until thenext line. On our line the output from the delayline will be -U+V, i.e. the U-V signal from the
previous line phase changed by Trl. So at the topof Ti we've got (-U+V)+(U+V), i.e. 2V. The-U+V signal undergoes' a further 180° phase
change before appearing at the bottom of Tl, so at
the lower end of Tl we've got (U-V)+(U +V), i.e.
2U. On the following line with U-V at the baseof Trl we get U-V at each end of T1 plus -U- V
delayed signal at the top and U + V delayed signal
at the bottom. The result is 2U again at the bottombut -2V at the top, which is phase changed by the
PAL switch in the decoder as described in the arti-
cles previously mentioned.

Potentiometer VR in Fig. 2 enables the amplitudeof the direct and indirect signals to be equalised in
amplitude, while in many circuits a further adjust-

ment is provided so that the phase of the two sets of
signals can be accurately matched (see for example
Technichart No. 1, page 397, June 1970 issue).

Phase -error Cancellation
So we've seen how the U and V signals are separ-

ated by the 64psec delay line circuit. How is thecircuit used to cancel phase errors in transmission,
the original purpose of going to all this trouble? To
see how this works let's take an example. Supposethe correct chroma signal at a particular point is Ain Fig. 3(a). This signal is a combination of pro-portions of +V and +U. But suppose that a
spurious phase shift means that what we actually
receive is signal B, i.e. there has been a phase change
of 10° towards the V axis. If we demodulated this
signal we would get a redder shade than the correct
one. Now on the next line the V component of
the signal is inverted to -V in the PAL system,
which places the signal in the next quadrant as
shown in Fig. 3(13). Here A' is the signal we should
receive but because of the 10° phase lag B' is what
we actually get. Here the shift is towards the U
axis.

Now if we stick to the correct signals for a moment
and invert A', as we do in the delay line circuit,then add it to A, the result is 2A (or rather the
delay line circuit does rather more than this as
we have seen, providing us with the separate U
and V components that go to make up A).

Returning now to the phase shifted signal B,
this is as we have seen received as B' on the follow-
ing line. Now if we keep the U component of B'constant but invert its V component we get the
signal shown as B" in Fig. 3(c): the polarity of the
original 10° phase 'error has been reversed! So if
we take a direct and one -line delayed signal afterinversion we get B and B", with complementaryphase errors. Adding the two together gives usthe correct signal A. This is the basic PAL phase -
error -cancelling action. A small price has to be
paid: there is a slight loss of amplitude, resulting in
a loss of saturation, but this is far less objectionable
than a change to an incorrect colour.

All this takes place in the various adding and
phase -shifting arrangements in the delay line cir-
cuit, so that the outputs it provides are not only
separated U and V signals but phase-corrected Uand V outputs.

Colour -difference Signals
We've talked about +V and -V signals on suc-

ceeding lines because the phase of the V signal is
inverted on succeeding lines. It's worth looking just
a bit closer into this however because we don't

A

-U270°

(b) (c)

Fig. 3: Principle of phase -error cancellation in the PAL
system.
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+V
10

9

8

7
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5

4

3

2

-U 270°
1

OV

Fig. 4: Principle of synchronous detec-
tion: two synchronous detectors con-
ducting on the V and U axes will
separate the 7 -volt U and 4 -volt V
signals which together form the

composite signal
represented by

B the phasor AB.

1 2 3

180° Volts
-V

90°

4 5 6 8 9 10+U

necessarily get +U and +V or -V on successive
lines. We might get -U and +V, -V on succeed-
ing lines. 'The point to remember is that these are
colour -difference signals and that they can be positive
or negative at any particular time, that is if we
want for example to change from white to red at
the c.r.t. what we have to do is to increase the R
beam so that we need a positive -going R-Y colour -
difference signal (we are talking about detected and
amplitude -adjusted signals now, and taking for the
sake of this example colour -difference as opposed to
RGB c.r.t. drive) while pulling back the blue and
green beams, i.e. negative -going B-Y and G-Y
signals are required. What all this means is that
the phase of the combined U and V signal is con-
tinuously moving around the whole four quadrants
in Fig. 3 with, and this is the point in PAL, the V
component phase changed on alternate lines.

Synchronous Detectors
Following the delay line circuitry are the syn-

chronous detectors (in some receivers preamplifiers
are interposed). Since we have signals with no
carrier (it will be remembered that suppressed -
carrier transmission is used for the chroma signal
in the NTSC and PAL systems) locally generated
carriers are fed to the synchronous detectors in
addition to the U and V signals. The carriers have
a 90° phase difference between them so that the U
synchronous detector operates on the U axis and
the V synchronous detector operates on the V axis
to provide accurately decoded B-Y and R-Y
colour -difference signals.

The principle of synchronous detection is shown
in Fig. 4. The phasor AB represents the received
signal. If the square of which this is the diagonal
is completed, it will be seen that this phasor as it is
called represents the addition of +7V U and +4V

Low-pass titter
tuned to 4.4314Hz

U or V
input

R

470 Local
carrier
input

470

Output to
colour -

difference
preamplifier

Fig. 5: Diode bridge synchronous detector. The resistors R
bias the diodes so that they conduct only on the tips of the

sinewave carrier.

V signals. These are the signals that have been
quadrature modulated to give AB. Now we have
seen that these signals are separated in the PAL
system in the delay -line circuitry, but the syn-
chronous detectors themselves can fulfil this func-
tion and do so in the NTSC system. Separating the
signals prior to detection in the PAL system im-
proves the cross -talk performance, i.e. reduces inter-
ference between the signals. It also improves the
rejection of luminance signal components in the
chroma channel and the signal-to-noise ratio. How-
ever, to get back to synchronous detector operation,
if the V (R-Y) synchronous detector is switched on
briefly at 0° it will see the 4V V signal, i.e. provide
an output of 4V, while if 90° later the U (B-Y)
synchronous detector is switched on it will see the
7V U signal. In this way the phasor AB is
separated into the original 4V and 7V signals.

There are various synchronous detector arrange-
ments, the diode bridge circuit (Fig. 5) being perhaps
the most widely used type when discrete components
are used-in the latest chassis using a fair sprinkling
of i.c.s synchronous detection is commonly done
in the chroma i.c. Synchronous detectors act in the
manner of switches, being opened and closed at sub -
carrier frequency to sample once or twice each sub -
carrier cycle the amplitude of the chroma signal at
that instant. Since with quadrature modulation the V
signal is at zero when the U signal is at maximum
amplitude and vice versa, if the synchronous
detectors are opened at the correct points in each
cycle-the V detector at 0° and 180°, i.e. the V
axis, and the U detector at 90° and 270°, i.e. the U
axis-they provide accurately demodulated U and
V video output signals. The local carrier signal
provides the switching action, the detector diodes
being switched on at the tips of the local oscillator
sinewave signal. A low-pass filter in the demodu-
lator's output circuit removes subcarrier (4.43MHz)
components from the output. We shall be taking a
closer look at practical synchronous detector circuits
and their operation next month.

AN INTERESTING COLOUR FAULT
A new Pye colour receiver was brought in with
a no brilliance fault. Normal d.c. tests quickly
proved that the e.h.t. and all the tube voltages
were normal, except for the voltages at the three
control grids. The readings obtained here were
some 30V negative instead of the correct approxi-
mately 60V positive. The sound (fully transistorised)
was perfectly normal. The three triode clamps, one
on each grid, were checked and found to be all
right-except for the mysterious negative anode
voltage readings. A new colour -difference amplifier
panel was then tried, but with the same results.

Use of a 'scope would have helped locate the
source of the trouble but one doesn't expect to
have to use a 'scope for a simple no brilliance fault.
After careful thought I decided to check the main
smoothing capacitor, and found that this was open -
circuit. The effect of the, ripple on the h.t. line
was to turn the three claknps into rectifiers, thus
producing negative voltages at their anodes. As
the type of colour -difference output stage used in
this model-employing a PCL84 with the triode as
clamp-is commonly used, the same effect may be
encountered with other models.-R.N.
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IN
SERVICING
Itelevision
receivers

The Line Timebase
Let us start here by repeating a little of what has

already been said. The receiver we are dealing
with mainly is the 40F. This has a flywheel line
sync circuit, as have the later 67 and 368 series,
using the PCL85 triode as a phase splitter. If
therefore the trouble is an unlookable picture in a
horizontal sense, meaning that the picture can be
made to hover around its locking point but cannot
be securely locked, first check the PCL85 valve.
This can save a lot of time. The line oscillator
is an ECC82 (V20) used as blocking oscillator with
a control stage. The 36 series did not use an
ECC82 in this position, the line oscillator in these
being the triode of the PCL85 with no flywheel
circuit and feedback from line output transformer
and screen grid of the PL500 (see Fig. 7).

If trouble is experienced with the line hold in
the 40F and later models and this is not line sync
weakness, check the ECC82 and associated com-
ponents, including R140. Note whether the trouble
is common to both 405 and 625 or is confined to
one standard. We say this because the controls
can become faulty. To digress a moment, it may
be said that the controls do tend to give their
quota of trouble in these and many other receivers,
the main offenders being the small presets (burning
out) and the long sliders (changing value).

As far as the 36 series is concerned, line hold
troubles can be traced to the PCL85 and also the
line output circuit, and the PL500 (PL504) should
not be above suspicion. The components from the
screen circuit (C110) and the feedback R147 and
C119 network may also require attention. One
of the other weak links in the 36 series is the 8p.F
capacitor C117, which tends to short to chassis
thus blowing the fuse or rather more confusingly
causing the surge limiter R67 to go open -circuit.

Lack of Width
Lack of width is a very frequent source of trouble

and although in most cases a new PL504 puts things
right this is not always so. The preset width
slider controls tend to change value and the PY88
can also loose emission. Other items to check
are the correction capacitors, C122 or C123,
depending upon which system is in use.

Vertical rulings (striations) down the left side
of the screen should direct attention to R159, the
damping resistor across the linearity coil. It does
have to dissipate a certain amount of heat and

L. LAWRY-JOHNS

PYE 40F AND RELATED MODELS-cont.

tends to go high -value thereby giving rise to
vertical rulings.

Inoperative Line Timebase
By inoperative line timebase we mean that the

timebase is not producing any e.h.t. and there is no
line whistle when switched to 405. The PL504 may
be overheating, as may the PY88. The immediate
and probably correct conclusion is that the oscillator
is not working and thus there is no drive to the
output stage. The immediate suspect of course is
the line oscillator, V20 ECC82 (or the PCL85 in the
36 series). Check this and associated components.

There are times however when the oscillator is
working and drive is applied to the output stage but
overheating (to a lesser degree) still takes place. In
this case check the PL504 and the PY88 (yes, a faulty
efficiency diode can cause the output valve to over-
heat) and remove the top cap from the DY87. An
internal short in this latter valve can cause the output
stage to be overloaded, and removing the top cap
will prove whether or not this is the case. Another
quick check is to take off the PY88 top cap. If this
restores timebase working the boost line capacitor
C118 has shorted.

If these checks are without positive result and the
system switch is working (sometimes it doesn't),
check the components associated with the line output
transformer and then brood over the probability that
the transformer itself is at fault.

When swinging the panel down and up take notice
of the proximity of the e.h.t. lead to the PCL85. It
is often left touching this valve with the result that
the lead is soon melted, arcs to the valve and destroys
it. This precaution applies to any receiver with a
vertical panel.

Power Supply Circuits
The 40F series has one feature which is not com-

mon to any of the others. This is the provision of
an autotrartsformer in the mains input instead of the
more usual dropper. A transformer imposes more
strain upon a rectifier than a resistor -dropped input
and the failure of a rectifier or its associated capaci-
tor is not unusual. Such a breakdown in the h.t.
supply will of course blow the fuse and a meter check
across the rectifier will (most often) show a short.
If it seems in order check the mains input filter capa-
citor C64 by disconnecting it. A meter check will
not always show a short across this capacitor even
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Fig. 8: Power supply circuits

if it is at fault and disconnecting it is the best way
of proving the point.

A different set of conditions arises when the heater
circuit rectifier shorts (D11). This causes a.c. to be
applied to the heater line thus over -running the
valves and causing loss of sound and vision due to
the supply shorting to chassis through C63. If there-
fore there are no signals, check the heater glow of
the valves and tube and if tins is excessive change
the heater circuit rectifier. The foregoing applies
equally to all models of course as rectifiers can fail
whatever their mode of supply.
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C67
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24
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of the Pye 36, 37 series.

If all valves light up with no other sign of life
it is fair to assume that the supply to D12 is open.
This should focus attention upon the 6f/, 6W surge
resistor R69A which may well be found open -circuit.
This particular value is only found in the 40F series.
Other models have different supply arrangements but
this is easily sorted out by the number of tags on the
mains dropper on the upper left side; it takes a
matter of moments to run along the tags to find
which section is open -circuited, using an a.c. volt-
meter or neon.

If the valves do not light up and the sections of
the dropper are all intact, check the supply through
the valve heaters, remembering that the PL504 is the
first heater in the circuit, not the PY88.

Video Stage
The detected signals from the 0A90 diode (D2)

are passed via the switching to the video amplifier
section of the PFL200. This valve does not now
give a great deal of trouble although it is often
responsible for weak contrast, poor sync and a pic-
ture which is marred by heavy shading. If the valve
is not responsible for these troubles the associated
components should be checked, particularly the
electrolytics C69 and C70 The back to front resis-
tance of the detector diode should also be checked

Fig. 9: 67 chassis power circuits.
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Fig. 10: Layout of the 368 main chassis, shown in the lowered position.

as this can produce similar symptoms, but without
the shading.

A misleading symptom is slight shading of the
picture with severe pulling in the horizontal sense,
leading one to suspect a video fault (which it could

o-cp-o-eF1
SW1

1A I

Delay

SW5

L2)T1 SW3
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be). Before getting too deep into this one check the
setting of the preset contrast control. If too far
advanced this can produce the symptoms described.

We hasten to point out that the video circuit of
the 36 and 40F is a great deal different to that

Tuner
Chassis

Fig. 11: Power circuits, 368 chassis. Input
selector: both sockets to A for 230-250V a.c.;
one socket to B and one to C for 200-210V a.c.
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TELEUISIEM
HOLOGRAPHY
In so far as holography is a method of storing
visual information it is akin to photography or
videotape recording. By its nature however
holography is essentially three-dimensional,
holding out the possibility of 3-D TV. Holo-
graphic recording is based on the interference
patterns obtained when a coherent direct light
beam and a coherent light beam reflected from
the object being recorded interact. It has already
made its first appearance in TV engineering-as
a storage technique used in the RCA Selecta-
vision videocassette system.

BAND III PREAMP
Following our Band IV/V preamplifier feature
last July many readers wrote asking about a
preamplifier for Band III reception. Here is our
answer, a broadband aerial amplifier giving
12-14dB gain over the whole of Band III.
Full constructional details will be included.

SYNCHRONOUS DETECTORS
Synchronous detectors play a vital part in a

colour TV receiver. They are not entirely new:
the a.f.c. discriminators used in flywheel
line sync circuits are basically synchronous
detectors. However a number of at first sight
rather unusual circuit arrangements are used for
synchronous detection of the colour -difference
and burst signals in colour receivers. The need
for synchronous detectors and their mode of
operation will be described in detail.

SERVICING TV RECEIVERS
Next month Les will be dealing with the Baird/
Radio Rentals 620-640 series.

PLUS ALL THE REGULAR FEATURES

ORDER YOUR COPY ON THE FORM BELOW

TO
(Name of Newsagent)

Please reserve/deliver the DECEMBER issue
of TELEVISION(316), on sale NOVEMBER 23rd,
and continue every month until further

notice.

NAME

ADDRESS

of the later 67 and 368 series, and these differ from
each other. A video phase-splitter is used in both
these later series, which also use high-level contrast
controls. The moral is to use the correct circuit in
each case and not to rely too much upon one's
memory!

The IF Stages
In nine cases out of ten the faults which occur

on the small i.f. panel can be traced by taking
voltage readings. The readings on the circuit dia-
gram apply to the 36 and 40F series. The later
models use a completely different circuit with oppo-
site supply polarity (see Fig. 4 and table beneath).

Where the voltage readings indicate a faulty
transistor it may be found that the original is not
available. For example the BF164 is replaced by a
BF167 and the BF158 and BF159 are replaced by
the BF184 and BF185. If in doubt, transistor
replacement should be left to an experienced person
because of the possibility of damage resulting to
the associated circuitry. (The BF158 and BF159
are at present in stock at A. Marshall and Sons Ltd.)

The rule is to study the circuit thoroughly, noting
the function of each stage and the voltages to be
expected. If weak contrast is the fault check the
video stage first and ensure that the contrast control
is functioning over its whole range.

Removing Tuner Et Control
Assemblies

Lower the main panel. Pull off the volume and
brightness knobs. Remove the two top nuts and
the single nut securing the base of the tuner panel.
Remove the single nut securing the volume and
brightness panel and withdraw both assemblies from
the cabinet.

The whole assembly can be completely discon-
nected from the timebase panel by unplugging the
flyleads, and the i.f. panel removed from the tuner
by taking out the two self -tapping screws.

Chassis Removal
Carry out removal as above. Unplug the e.h.t.

connector, deflection coils input connector and c.r.t.
base connector. Unplug the focus lead and c.r.t. coat-
ing earthing lead from the spark protection assembly.
Release spark protection assembly from beneath the
c.r.t. coating earthing braid. Unplug the leads from
sound output transformer to the take -off tags on
the main printed panel.

Raise the chassis (approximately to the half -way
position) until the slots in the cabinet hinge brackets
permit the chassis to be withdrawn. Withdraw
chassis, tuner and control panel assemblies from
cabinet.

Removing the CRT
Carry out procedures as above then lay the cabi-

net face down on a soft surface, supporting the
cabinet edges so as to clear the tube face from the
surface. Remove the deflection coils. Remove the
four nuts and washers securing the c.r.t. clamping
straps to the cabinet, at the same time removing the
coating earthing lead. Lift out the tube. Unclip the
flanges of the protective guard from the tube strap,
at the same time releasing the tube earthing braid.



TUNER UNITS -2

The ultimate performance of a colour set-indeed
any TV set-depends on the efficiency of the front-
end. It is really the most important part of the set.
Moreover, it must include the aerial and the feeder
connecting the aerial to the r.f. amplifier. The front-
end in fact is a proper integration of the aerial system
and the tuner and for the best results the integration
as a whole must be engineered to provide a satis-
factory overall performance. I shall be returning to
the problems which can occur due to unsatisfactory
integration later, but first let us follow the tuner
circuits detailed last month.

It will be recalled that we examined the circuits
of u.h.f. only and all -hand (u.h.f. integrated with
v.h.f.) tuners. The need for a tuner to respond to
v.h.f. channels is progressively diminishing as more
and more areas of the country are receiving u.h.f.
signals in three channels, giving BBC -1, BBC -2 and
ITV in both monochrome and colour. All the signals
are of course colour -encoded, but the colour multi-
plex is ignored by monochrome only sets (and by
colour ones when the colour control is turned down)
which thus display the programme in black -and -
white. It is always convenient to keep in mind that
a colour set is really nothing more than a fully-
fledged monochrome set with extra circuits to process
the colour multiplex in such a way as to shade the
monochrome display in colour. The whole of the
picture definition is provided by the monochrome
part of the composite signal.

Electronic Tuning
One of the latest front-end advances in this country

is the so-called " electronic tuner". In the tuners so
far considered resonance over the channels is
achieved by some form of mechanical tuning or coil
switching arrangement, the latter on the v.h.f.
channels. It will be recalled that a capacitor tuning -
gang is adopted in all the u.h.f. tuners to resonate
the various quarter -wave line tuning sections, some
with four sections and at least one with three. The
electronic tuner is also based on quarter -wave lines
but instead of being resonated over the channels by

20

to

Max
Typ

f  500kHz
Tamb  25*C

A0

04
-t S

fo
3 S 7 k Sala

tb VR (V)

Fig. 1: The capacitance/reverse bias characteristic of a
Mullard variable -capacitance diode.

RECEUER
11 CIRCUITS

GORDON J. KING
variable capacitors capacitance -diodes are used.

The first British sets to adopt this kind of tuner
are those fitted with the Philips G8 colour chassis.
Now since the need for mechanical couplings between
the gang and the channel tuning control or push-
buttons on the front panel is eliminated with elec-
tronic tuning, the u.h.f. tuner module can with this
system be located almost anywhere in the cabinet
or on the chassis. The actual tuning in this system
is accomplished by circuit feeds which vary the
potential across the capacitance diodes. The control
section is thus connected to the tuner proper through
a flexible cable system.

Varicap Diodes
Channel selection on the Philips chassis is accom-

plished by a group of six push -buttons and the
required channels are resonated initially by preset
potentiometers which merely regulate the potential
(i.e. bias) applied to the capacitance -diodes so that
they reflect the capacitance required for tuning when
the appropriate button is pressed. It was mentioned
last month that capacitance -diodes are sometimes
used in the capacitor -gang type of u.h.f. tuner for
automatic frequency control (a.f.c.). Such diodes
exhibit capacitance when reverse biased, and since
the depletion layer at the junction widens as the
reverse bias is increased, it follows that the capacit-
ance across the diode decreases with increase in
reverse bias. If the diode is forward biased of
course it merely short-circuits the tuned line.

All junction diodes exhibit this capacitance effect
but capacitance -diodes (which are in fact junction
diodes) are designed to exploit this characteristic.
One problem has been in keeping the " dielectric"
losses low so that the Q -value of the tuned circuit
is maintained sufficiently high at u.h.f. Another has
been in securing sufficient capacitance change to
swing the tuning over the whole of Bands IV and V
or at least over the 00, channels which have been
allocated for television broadcasting.

The voltage/capacitance characteristic of a
Mullard capacitance -diode is shown in Fig. 1. This
particular type (BB105) is intended for use in u.h.f.
tuners and is supplied to manufacturers in matched
triplets or quadruplets to ensure good tracking from
0.5 to 28V. The typical curve reveals that with a
reverse bias of 0.5V the capacitance is 20pF, drop-
ping to about 5pF when the bias is increased to
10V. It is noteworthy that the actual range of
quarter -wave line resonance provided by a given
capacitance swing is somewhat geared to the
impedance of the line which in turn is geared to
the physical dimensions: It is thus possible to
secure the required swing from a capacitor of given
capacitance range by adjusting the parameters of
the tuning line accordingly. There are other con-
siderations, though, related to Q -value and band-
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Fig. 2: The capacitance -diode tuner unit used in
Philips G8 single -standard colour chassis.

width. Readers interested in the design of quarter -
wave tuning lines should refer to my article entitled
Coaxial Resonators in the June 1967 issue of
PRACTICAL TELEVISION.

the

Philips Circuit
The overall appearance of the Philips u.h.f.

tuner is shown in Fig. 2. The unit with the six
preset potentiometers (right) and the control section
with the six push -buttons (centre) are separate, and
the whole system is connected to the main chassis
via a six -pin socket termination. Thus the preset
adjustments can be made accessible at, the rear of
the set, and an advantage so far as the user is
concerned lies in the ease by which the channels
can be changed. And since there are no mechanical
couplings to the selector buttons, merely switch con-
tacts, only a very small amount of pressure is re-
quired to operate them.

The tuner circuit features two transistors, a BF262
r.f. amplifier and a BF263 self -oscillating mixer,
both npn types. There are four quarter -wave tuning
lines with preset capacitors for trimming and each
one has its own capacitance -diode. The local
oscillator feedback circuit also employs a small
coupling line from the main tuned line and there is

r
+ve control I

potential

Aerial isolation
and static
discharge
circuit

also a separate capacitance -diode CD5 in this circuit
(making five capacitance -diodes in all). As in the
other u.h.f. tuners looked at last month, both transis-
tors are in the common -base mode, with the input
signal applied to the emitte,r, and a very interesting
aspect of the design is that the a.f.c. potential,
derived from a separate phase discriminator picking
up signal from the i.f. channel, is applied simul-
taneously to all the capacitance -diodes, not just to
the oscillator tuning diode. This of course enhances
the tracking in the event of tuning drift.

It is not intended to show the circuit as a whole
since the d.c. parts of it are very similar to those
of the tuners depicted last month. The signal parts,
however, are certainly worth investigating- and these
are shown in Fig. 3. Aerial signal is passed through
a high-pass filter and thence to a coupling L1B from
where it is resonated by line L1A in conjunction
with capacitance -diode CD1. The amplified signal
is developed across line L2 resonated by capaci-
tance -diode CD2, and a .bandpass coupling is
formed in association with line L3 and capacitance -
diode CD3. The signal is coupled from a suitable
impedance point on L3 to the emitter of the self -
oscillating mixer Tr2.

The main oscillator tuning is by line L4A in
conjunction with capacitance -diode CD4, feedback
being by line L4B. A degree of oscillator "control"
is also provided by capacitance -diode CD5, which
acts to equalise the oscillator voltage over the tuning
range. All the capacitance -diodes are in receipt of
the control potential, more about which below. The
i.f. signal appears at the collector of the self -oscillat-
ing mixer and this is resonated and coupled to the
i.f. channel through the associated filter network,
which is after the style of a pi filter.

Control Circuits
For the capacitance -diodes to operate correctly

they must be reverse -biased and this reverse bias
must be variable over the required swing. They
should also receive an automatic control potential
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Fig. 3: Skeleton circuit of the Philips capacitance -diode tuner unit.
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Fig. 4: Basic control arrangement used with the Philips
capacitance -diode tuner.

from the a.f.c. discriminator, going more or less
positive depending on which way the carrier tends
to slip along the response characteristic due to
tuning drift.

It will be seen that each capacitance -diode in
Fig. 3 has its anode side in d.c. connection with
the chassis with the exception of CDS which from
the d.c. point of view can be regarded as being in
series with CD4. In order to reverse bias the diodes
a positive potential has to be applied to their
cathodes. The control potential is thus nominally
positive with respect to chassis and is fed to CD1
via RI, to CD2 and CD3 via R2 and to CD4 etc.,
via R3. It will be appreciated therefore that by
adjusting the control potential in a positive direc-
tion the capacitance of each diode will decrease, and
that provided the voltage swing is correct the tuner
will resonate from the lowest to the highest fre-
quency channel in Bands IV and V.

Figure 4 shows the basic circuit of the control
section. Only two of the preset potentiometers and
two associated press -button switches are shown.
A positive supply from the stabilised power unit
in the receiver is fed to the circuit via R1 and RZ
in conjunction with the filter capacitors Cl and C2.
P1 and P2 are the first two preset potentiometers
for channel adjustment and S1 and S2 the related
press -button switches. When, say, SI is closed, the
potential set by P1 (note that all the presets are
connected in parallel with the supply) is fed via R3
and R5 to the control potential input at the top
left of the tuner circuit in Fig. 3. Each preset is
initially adjusted in turn to give the required channel
at the press of the associated switch.

It will be seen that R2 is also a preset. This is
for establishing the correct potential across the pre-
sets Pl, P2, etc. so that the full tuning range can
be achieved.

The a.f.c. unit is also included in Fig. 4. I shall
be dealing with this and similar circuits later in the
series, but it is noteworthy that in this circuit the

d - drain
Meal g - gate
input s - source RF

input

RF Osc
,Bias

Fig. 5 (left): Basic f.e.t. u.h.f. amplifier
Fig. 6 (right): Basic f.e.t. u.h.f mixer circuit.
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control potential just described passes through the
loads of the discriminator in such a way that the
potential is regulated slightly by the a.f.c. circuit in
the event of mistuning. The a.f.c. switch removes
the auto control for accurate initial preadjustment.

It must be pointed out that although Philips is
the first UK set maker so far as I am aware to intro-
duce a production model using capacitance -diode
tuning, many European sets-including some models
imported into the UK-have been employing the
scheme for some time now. As already mentioned
one of the problems has been in obtaining sufficient
tuning range, and some of the early European
models imported into the UK were unable to cover
the channels at the band extremes.

F ET Circuits
So far in this country bipolar transistors have been

used exclusively for tuner applications. However,
there seems every likelihood that before very long
we shall see the advent of the first British TV tuner
employing field effect transistors. The f.e.t. is already
rivalling the bipolar transistor in f.m. front -ends at
v.h.f., but the problems are a little more involved
at Band IV and V frequencies. Suitable devices
are nevertheless becoming available and a survey
such as this would be incomplete without some small
reference to them.

A very basic f.e.t. u.h.f. amplifier circuit with input
and output tuning lines is shown in Fig. 5. The
supply circuits are not shown but are simply con-
nected via suitable hold -off chokes. The f.e.t. shown
is an n -channel junction -gate type and as the p -type
gate must be reverse biased the negative
required for the gate can be connected direct to the
gate via a choke designed to block u.h.f. A.G.C.
bias can also be applied at this point, f.e.t.s provid-
ing very good a.g.c. action. The transistor is shown
connected in the common- or grounded -gate mode,
which corresponds to the bipolar transistor common -
base connection.

Figure 6 shows the circuit of a similarly basic
mixer stage, again employing tuning lines. The
oscillator circuit generally uses a bipolar transistor
but the tuning line and capacitor section of this is
included in the circuit. This time the f.e.t. is shown
connected in the common -source mode, with input
to the gate and the output taken from the drain
electrode.

F.E.T.s. have several advantages over ordinary
bipolar transistors in u.h.f. tuners which are required
to work under conditions of wide dynamic range in
terms of signal field. They are generally less easily
overloaded than bipolar devices, and this means they
can handle a multiplicity of signals in the early
stages, which are of relatively poor selectivity, with-
out running easily into intermodulation and cross -
modulation difficulties. Their high input impedance
in the common -source or -drain configurations allows
the use of tuned input circuits without the complica-
tions arising from the low input impedance
(especially at the emitter) of bipolar r.f. amplifiers.
They have remarkably good noise figures and tem-
perature effects are negligible. The square -law
transfer characteristic in mixer service ensures low
distortion and low noise along with very low third -
order harmonic distortion and hence crossmodula-
tion.

TO BE CONTINUED
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THIS constructional feature illustrates the principles
of a.c. amplification with i.c. operational amplifiers.
In a previous feature (see PRACTICAL TELEVISION,
August 1970) we introduced i.c. operational ampli-
fiers in a general way and discussed in particular
their outstanding performance for accurate d.c.
amplification. The main justification of using the
same operational amplifiers for an essentially a.c.
circuit-as in the present feature-is the possibility
of accurate d.c. component transfer too, an important
function for a preamplifier circuit intended primarily
for use in conjunction with oscilloscopes.

Sensitivity
The other advantages of the i.c. operational ampli-

fier over conventional circuits for this purpose are
the high open -loop gain, the high degree of immunity
with respect to battery voltage changes, the very low
current drain permitting economical prolonged opera-
tion with very small internal batteries, and the
resulting undetectably low intrinsic hum level even
when the deflection sensitivity of the Videoscope
MV3 has been boosted with this preamplifier by
the maximum available factor of 200 to give a
sensitivity of 0.5mV/cm. With this maximum sensi-
tivity an r.m.s. signal of about 0.8mV-the level
normally obtained from a small moving -coil tape
recorder microphone when speaking at normal
conversation loudness right across a room-gives
a full screen height display on the Video.:;.ope MV3
when its own gain controls are set to maximum
(100mV/cm. deflection sensitivity at the Y -input).

Random Noise
The only disadvantage of an i.c. operational ampli-

fier over a conventional preamplifier with selected
transistors is its larger self -generated noise level. This
noise produces a random broadening of the timebase
trace in the absence of a wanted signal. Since no
particular frequency is given preference in a normal
noise spectrum its display cannot be syhchronised
and the appearance is that of grass growing on the
undeflected timebase trace. (Since the trace is green
on most common oscilloscopes the effect is often
called " grass ".) Even though grass may be very
perceptible in a given case in the absence of any
wanted signal, it tends to be much reduced subjec-
tively as soon as a definite signal is present. The
human eye has a strong capacity for rejecting random
patterns such as grass in favour of any constant
pattern which may be present. Tests have shown
that input waveforms are reasonably clearly observ-
able even when their peak -to -peak amplitude is
barely greater than that of the grass, whereas any
definite frequency background interference such as
mains hum interferes with the proper display of
wanted waveforms many times larger. Thus while
neither noise nor hum are desirable in a highly
sensitive oscilloscope preamplifier it is much more
important to avoid hum. The only simple, straight-
forward way to satisfy this condition is to use a
preamplifier with self-contained batteries and a metal
case as in the present design.

Random noise (grass) is a function of bandwidth
and input impedance as well as circuit type. Band-
width and input impedance are limitations it is
impossible to improve upon even with the very best
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circuit devices-except by reducing the temperature.
This basic noise is due to thermal agitation of
electrons. The power generated by this thermal
noise, i.e. the mean square noise voltage divided by
the value in ohms of the effective resistance across
which it appears, is equal to 4kT Watts per Hz of
bandwidth where k is Boltzmann's constant expressed
in Watts/ °C and T is the absolute temperature. For
rough-and-ready assessments of this basic thermal
noise it is useful to remember that at room tempera-
ture (about 300° Absolute) the peak -peak noise
voltage developed across a 1M11 resistor in a band-
width of 1MHz is about 0.3mV.

Noise in Practical Devices
This noise level is a physically inevitable minimum

regardless of actual circuit device and can be reduced
only by lowering the temperature. Very large reduc-
tions of temperature are necessary to give a useful
improvement because the mean square noise voltage
is proportional to the absolute temperature. Thus to
halve the thermal noise voltage we must quarter the
temperature, i.e. go from room temperature to
75° Absolute which is nearly -200°C (liquid air,
liquid nitrogen). Hence the drastic cooling methods
adopted for the input stages of ground -station satel-
lite communications receivers. Even then, and with
the best available circuit devices, the noise level on
many full -bandwidth television pictures relayed by
satellites is at present barely acceptable.

In simple practical amplifier circuits of the kind
featured in this article most of the random noise
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is generated by means other than the physically
inevitable thermal impedance - bandwidth value.
Carbon resistors for example generate noise through
random fluctuation of micro -granule contact resist-
ance, especially when d.c. is flowing through them.
All multi -electrode active devices such as valves and
transistors produce noise due to random fluctuations
of current distribution between the electrodes.
Balanced input stages using the differential amplifier
principle as in i.c. operational amplifiers (this is
essential to provide accurate d.c. performance)
inherently produce at least two to three times as
much noise voltage as a single -ended input stage
because the thermal noise components at the two
differential inputs IP and IP do not, being random,
cancel but add quadratically. There is in addition
the current distribution noise between the two
sections of the difference amplifier input.

Noise Performance
Since all these noise contributions are of similar

character we can express the noise performance of a
practical circuit in terms of the number of decibels
by which its noise factor is greater than the basic
thermal figure for the pure input impedance and
bandwidth concerned. With the preamplifier
described in this article the theoretical equivalent
thermal input noise level would be about 0.2mV in
the 1MS2/350kHz setting but we actually obtain
some 2mV. Thus the noise figure of this amplifier
is about 20dB. The best circuits with optimum
noise matching achieve figures of 4 to 6dB in

practice (without supercooling) so that this pre-
amplifier actually generates a noise voltage amplitude
some five times greater than the simple practical
noise -matched circuit. This is however very accept-
able for the intended applications.

Noise Matching
In principle it would be readily possible to reduce

the noise figure to well below 20dB with the same
operational amplifier because a large part of the
actual noise in the liMf2/3501cHz broadband setting
is due to lack of noise matching. The noise factor
has to be accepted however due to conflicting
demands. Noise matching is obtained when the
equivalent noise impedance of the signal source
is equal to the actual amplifier input impedance. The
best possible signal-to-noise ratio is then obtained
with any signal e.m.f. from the signal source and
the given amplifier. It is immediately clear from
this that a resistive voltage divider at an amplifier
input impairs the signal-to-noise ratio because it
divides the wanted signal voltage by the impedance
step-up factor but the equivalent noise factor is
changed only by the square root of the impedance
step-up factor. Consequently if a resistive N:1
voltage divider is used at an amplifier input the
signal-to-noise ratio with a low -impedance signal
source is poorer by a factor %/ N compared to the
value if the same signal is fed straight into the
amplifier.

Some form of resistive voltage divider is on the
other hand essential at the input of any amplifier
intended for general oscilloscope applications in order
to satisfy impedance and frequency -compensation
demands and -often more important-to protect the
amplifier. The test leads or probe will be used to
prod about inside television equipment carrying high
signal and line voltages even at intentional test
points, and any directly -coupled amplifier input would
suffer early destruction.

Input Circuit
This discussion of noise considerations puts us in

a proper position to understand the actual input
circuit used (see Fig. 1). For reasons discussed in
Part 2 next month it is feasible to give the opera-
tional amplifier an input impedance of 100k0 as
seen at the junction of R4 and C3. Larger values
are impracticable yet 1001d2 is insufficient for general
oscilloscope work. Hence R2 has been added as
the top end of an input divider to provide the
standard input impedance of 1MS2 at Skl. Cl and
C2 are used to augment the total input capacitance
to 40pF at Sk 1 to match the standard 10M12/49F
signal prObe of the Videoscope MV3. Thus this
signal probe (see Fig. 2) may be transferred to the
preamplifier input if the higher impedance it offers
is required. The preamplifier then cancels the signal
voltage loss otherwise produced if the signal probe
is connected directly to the Videoscope MV3.

R2 in conjunction with D1 and D2 provide surge
and excess voltage input protection. R2 restricts
the surge current which can flow through Dl and
D2 to a safe value, D1 and D2 restricting the
maximum voltage appearing at the operational ampli-
fier input to 1.2V peak -peak under all circumstances
-even whilst C3 is charging to large d.c. potentials
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TABLE 1 : Oscilloscope Preamplifier

Technical Specifications

GAIN
SWITCH
SETTING

(S3)

NOISE
TRACE

BROADENING
WITH

VIDEOSCOPE
MV3 AT

MAX GAIN

DIRECT INPUT
WITH 10:1/10M12
VIDEOSCOPE
PROBE TO

MV3
INPUT W

INPUT N
OUTPUT N

INPUT W
OUTPUT N

INPUT N
OUTPUT W

INPUT W
OUTPUT W

OUTPUT N OUTPUT W

3dB BANDWIDTH 20 kHz 30 kHz 40 kHz 250 kHz 30 kHz 250 kHz

6dB BANDWIDTH 30 kHz 50 kHz 60 kHz 350 kHz 50 kHz 350 kHz

1 INVISIBLE

VOLTAGE GAIN
(Prod tip to
Videoscope Y -Input)

x20 x2 x10 x1 x0-2 x0.1

MAX ACCEPTABLE
INPUT VOLTAGE

500 mV
P -P

5V
P -P

500 mV
P -P

5V
P -P

50V
P -P

50V
P -P

INPUT SENSITIVITY
with Videoscope
MV3 at max gain

5mV/cm 50mV/cm 10mV/cm 100mV/cm 500mV/cm 1V/cm

2
SLIGHT
AGITATION
(0.1 cm
P -P)

VOLTAGE GAIN
(Prod tip to
Videoscope Y -Input

x100 x10 x50 x5 x1 x0 -5

MAX ACCEPTABLE
INPUT VOLTAGE

100mV
P -P

1V
p -p

100mV
P -P

1V
P -P

1OV
P -P

1OV
P -P

INPUT SENSITIVITY
with Videoscope
MV3 at max gain

1mV/cm 10mV/cm 2mV/cm 20mV/cm 100mV/cm 200mV/cm

3 0.2 cm
p -p

VOLTAGE GAIN
(Prod tip to
Videoscope Y -Input)

x 200 x 20 x100 x10

i

x 2 x1

MAX ACCEPTABLE
INPUT VOLTAGE

50mV
P -P

500mV
P -P

50mV
P -P

500mV
P -P

5V
P -P

5V
P -P

INPUT SENSITIVITY
with Videoscope
MV 3 at max gain

0.5mV/cm 5mV/cm 1mV/cm 10mV/cm 50mV/cm 100mV/cm

Self -generated hum
invisible in all settings

MAX OUTPUT
VOLTAGE

10V
p -p

10V
p -p

5V
p -p

5V
p -p

10V
p -p

5V
p -p

Current Drain
Battery Life
Noise Level

Input N (narrow band)

Input W (wideband)

Input W (wideband)
with VIDEOSCOPE
10:1 PROBE
Output N (narrowband)
Output W (wideband)

THUS ALWAYS SUFFICIENT OUTPUT VOLTAGE FOR FULL SCREEN AMPLITUDE WITH VIDEOSCOPE
COARSE GAIN SWITCH "X1"AND ANY SETTING OF FINE GAIN CONTROL
(RANGE 0-5V TO 5V FULL SCREEN p -p, 5cm). THUS WHEN USING PREAMPLIFIER
ALWAYS SET VIDEOSCOPE COARSE GAIN SWITCH TO -X1" (NEVER USE "X10" SETTING)
ALWAYS USE FINE GAIN CONTROL ON VIDEOSCOPE

3.6mA per battery (fresh batteries, 9V on load).
At least 48 hours non-stop without rest, 60-80 hours intermittent.
About five times theoretical thermal agitation voltage for input impedance and bandwidth
(see text).

Impedance 100k f2
Maximum non-destructive AC and/or DC input = 100V p -p for any gain setting.
Maximum blocked DC component in AC mode = ±100V.
Impedance 1M12 in parallel with 40 pF.
Maximum non-destructive AC and/or DC input = 750V p -p.
Maximum blocked DC component in AC mode = ± 350V.
Impedance at probe tip 10MC2 in parallel with 4 pF.
Maximum non-destructive AC and/or DC input = 1 kV p -p.
Maximum blocked DC component in AC mode = ±750V.
Impedance 3kS2 in parallel with 2200 pF. Short-circuit tolerated indefinitely without damage.
Impedance 1k f2
Cable length to Videoscope not critical, but should not exceed 2 yards coaxial.
Short-circuit tolerated indefinitely without damage.

Use as AF/RF Headphones, any impedance low or high, to output N or W.
Signal Tracer Test leads (AF) or demodulator probe (modulated RF or IF) to input N or W.

Demodulator probe also usable when oscilloscope connected to output.
Headphones may be connected to one output, oscilloscope to other.

N.B. If using with STROBE -TRIGGER TIMEBASE UNIT connect this preamplifier to the strobe -trigger unit, not between latter and Videoscope.
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Fig. 1: Circuit diagram of the integrated circuit oscilloscope preamplifier.

in the a.c. setting when the test prod is touched on
to a point carrying a d.c. potential much greater
than the signal component.

R3 gives direct access to the amplifier since the
value of R3 is small compared with 100k12 and thus
negligible in this respect. Nevertheless R3 suffices
to maintain surge protection up to +100V at Sk2
in conjunction with Dl and D2. C18, which is also
the bottom -section frequency -compensation capacitor
for the 'broadband network at Skl, restricts the
bandwidth at 'Sk2 to about 30kHz, i.e. for audio
applications. The theoretical thermal noise level at
Sk2 is about 30µV and the actual thermal and addi-
tional noise level here some 100p,V, representing
a noise figure of about 10dB which is only 4 to 6dB
poorer than special low -noise circuits. This illustrates
the improvement in signal-to-noise ratio obtained by
restricting the bandwidth and impedance. We thus
have two separate inputs Skl and Sk2 providing
different compromises between noise, bandwidth
and impedance.

AC/DC Switch
The entire preamplifier is d.c.-coupled from either

input to either output when S2 is closed. In this
setting a d.c. component accompanying the a.c.
signal is transferred through the amplifier with the
same gain factor as the a.c. component, i.e. the
bandwidth extends right down to zero frequency
and arbitrarily slow changes of the input voltage
are amplified correctly. Thus if used in conjunc-
tion with any d.c.-coupled oscilloscope this pre-
amplifier maintains full d.c. characteristics right
down to the fractional millivolt input voltages
involved with the maximum deflection sensitivities
it provides. This is the outstanding feature offered
by the operational amplifier design. VR1 is the
common manual control to cancel d.c. offset or
to set it to any desired value. It is normally set
so that the d.c. potential at either output socket is

100

Batteries

R32 Outputt
2.7k

R33
2.2k

Sk5
C17

2200p

Output W
Sk4

R34 Earth
CI6 2.2k Sk 6

Too

exactly zero when the inputs are open -circuit or
without impressed signal. If a d.c.-coupled oscillo-
scope is used VR1 functions as vernier vertical shift
control.

Whenever the d.c. and a.c. components are grossly
different set S2 to a.c. so that C3 blocks the d.c.
component of the input signal. If the d.c. com-
ponent is much greater than the a.c. component it is
not possible to use a d.c.-coupled oscilloscope any-
way because the trace would jump off the screen
before the deflection sensitivity had been increased
sufficiently to display the a.c. component properly.
If the d.c. component is much smaller than the a.c.
component it is really immaterial whether an a.c.-
or d.c.-coupled oscilloscope is used or which setting
of S2 is taken.

The Videoscope MV3
The Videoscope MV3 as published (See PRACTICAL

TELEVISION, April -July 1969) is a purely a.c.-coupled
oscilloscope. As such the undefleoted timebase trace
position, regardless of where it is placed on the
screen with the oscilloscope Y -shift control, repre-
sents the absolute d.c. potential, i.e. d.c. component,
of any input signal and all other absolute potentials
on any displayed waveform are depicted correctly
in relation thereto and the selected deflection sensi-
tivity. Thus it is in many respects a more versatile
approach to use a separate d.c. meter and an a.c.
oscilloscope rather than a straight d.c.-coupled
oscilloscope, because the former permits greater
latitude in selecting relative ranges. It is merely
rather inconvenient to have to keep changing over
between the d.c. meter and the oscilloscope test
leads. The preamplifier described in this article
overcomes this difficulty by using common test leads
or signal probe for both functions. The i.c. milli -
voltmeter described last month can be connected
to one output of the preamplifier (giving further
increased effective input impedance), and the Video-



76

* components list
Semiconductors:
IC1 MC1709CG Dl -D4 Any small silicon
IC2 MC1709CG signal diode, e.g. BAY20,
(Motorola) 0A200
Resistors: Capacitors:
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25

lom
im
10k f2
100k Cl
100k Cl
220k Cl
220k a
10k LI
68
68 0
15k0
15k Cl
2.2M Cl

1.5k Cl
270 Cl
270 Cl
27k Cl
2.2k Cl
470 Cl
47k Cl
2.2k Cl
2.2k 0
15k f2
24k SZ
47k Cl

R26 15k 0
R27 1.5k 0
R28 270
R29 270 a
R30 100 a
R31 100 0
R32 2.7k 0
R33 2.2k 0
R34 2.2k Cl
All +W 10%
VR1 5k Cl lin.
with knob

Cl 6-30pF ceramic trimmer
C2 22pF 250V ceramic
C3 0.1µF 500V microfoil
C4 1001AF 15V electro
C5 10014F 15V electro
C6 lv.F 100V microfoil
C7 0.1µF 250V microfoil
C8 560pF 250V ceramic
C9 100tLF 15V electro
C10 100µF 15V electro
C11 22pF 250V ceramic
C12 470pF 250V ceramic
C13 270pF 250V ceramic
C14 10pF 250V ceramic
C15 1001AF 15V electro
C16 1001LF 15V electro
C17 2200pF 250V microfoil
C18 390pF 500V ceramic

Miscellaneous:
81, B2 Miniature 9V batteries

with connectors
S1 D.P.S.T. toggle

switch
S2 S. P.S.T. toggle switch
S3 3 -pole, 3 -way, with

knob
Sk1, Sk4 Coaxial sockets
Sk2, Sk5 Wanderplug sockets,

red, insulated
Sk3, Sk6 Wanderplug sockets,

black, insulated
Metal case, panel approximately
4 x 6 in., about 3 in. deep.
Material for printed circuit, bolts,
tags, etc.

scope MV3 simultaneously to the other (see Fig. 2(e)).
S2 must of course be set to d.c.

Output Voltage Swing
Although its primary purpose is to boost the

deflection sensitivity of an oscilloscope, a scope
preamplifier should be able to handle large signal
voltage swings, especially at the output, without clip-
ping or other forms of distortion. This then makes
it unnecessary to repeatedly insert and remove the
preamplifier whilst checking through a television
receiver or other piece of equipment giving grossly
different signal amplitudes at various test points. In
other words for optimum convenience in use a
scope preamplifier should provide a large range of
overlap with the sensitivities and signal swings already
obtainable with the given oscilloscope without a
preamplifier.

The range of overlap should be such that the full
range of any vernier gain control of the oscilloscope
can be used without incurring voltage overload
before reaching full screen amplitude for any pro-

vided coarse gain setting of the preamplifier. The
preamplifier described fully satisfies these conditions
in relation to the Videoscope MV3 and since the
gain and sensitivity characteristics of this oscillo-
scope are quite typical the preamplifier will be found
equally convenient when used in conjunction with
most other oscilloscopes.

Since the vernier gain control of the oscilloscope
remains fully usable only a coarse gain switch has
been provided on the preamplifier. Three positions
of this switch S3 were found to suffice for all normal
requirements in conjunction with the various com-
binations of inputs and outputs. Table 1 gives a
comprehensive summary of actual performance in
all possible arrangements with the Videoscope MV3.

Ratings
The voltage gain figures specified in Table 1 are

always the net gains from the input test prod (or prod
of the signal probe if used) to the input socket of the
oscilloscope. Any attenuation factor of a signal
probe is thus included. The maximum acceptable
input voltage is the maximum signal amplitude at
the prod of the test lead or signal probe which can
be handled without distortion right through to the
preamplifier output. The maximum output voltage is
the corresponding signal amplitude produced at the
output of the preamplifier. It is seen that this output
swing is independent of the input or gain setting
employed, as it must be to satisfy the range overlap
discussed above.

The input sensitivity specifications refer to the test
lead or signal probe prod and the maximum gain
setting of the Videoscope MV3. The range overlap
condition permits full utilisation of the 10:1 vernier
gain control of the Videoscope MV3 with all gain set-
tings and input/output combinations of the preamp-
lifier so that in each instance the specified input
sensitivities can be reduced continuously by a factor
of up to ten. The Videoscope MV3 possesses in
addition to its 10:1 vernier gain control only a two -
position coarse gain switch with the positions x 1
and x 10V/cm. Always use the x 1 setting in con-
junction with the preamplifier. The x 10 setting
may be used only when the test leads or signal
probe are connected directly to the oscilloscope since
the preamplifier output swing is insufficient to pro-
duce full -screen deflection without voltage overload
in this insensitive setting which is provided for
scoping very large signal voltages not requiring a
preamplifier.

The grass amplitude is about 2mm. peak -peak with
the most sensitive available setting of this preampli-
fier and maximum gain of the Videoscope MV3,
giving a deflection sensitivity of 0.5mV/cm. As
previously mentioned, the minimum observable signal
amplitude is about equal to the grass amplitude so
that audio -frequency waveforms down to some 50
microvolts r.m.s. can be resolved with this equip-
ment combination. The inherent hum level is low
enough to exploit this sensitivity and the sync circuits
-of the Videoscope and especially of the strobe -
trigger timebase unit (see PRACTICAL TELEVISION
April -July 1970)-are able to lock such small signals
even in the presence of noise.

Improved synchronisation- is obtained by using
the narrowband output Sk5 to feed the external sync
input of the Videoscope MV3 or of the strobe -trigger
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Fig. 2: Typical applications: see text for instructions on use and possible variations.

timebase unit even when taking a broadband Y
signal via the wideband output Sk4 of the preampli-
fier. This avoids an unnecessary noise level in the
sync circuits.

Maximum Inputs
The maximum a.c. and d.c. voltages (non-destruc-

tive signal levels) are specified below Table 1. These
maximum voltages of course produce heavy distor-
tion in the preamplifier but lead to no damage. If
only the d.c. component is excessive in this sense
switch S2 to a.c. whereupon the distortion vanishes
after a few seconds when C3 has charged up to and
blocks the high d.c. component. If distortion per-
sists C3 is leaking and must be replaced with a better
component. Even very slight leakage in C3 can
give trouble in the highest gain settings so the impor-
tance of using a very good quality capacitor for C3
cannot be over emphasised.

Coarse Gain Switch S3
The discussion of the partly conflicting require-

ments between which a satisfactory compromise has
to be struck has already revealed a number of essen-
tial conditions regarding the form and positioning
of the gain control in the preamplifier. The band-
width problems associated with a continuously -
variable gain control have been completely avoided
by dispensing with such a gain control. The existing
vernier gain control of the oscilloscope remains fully
usable and it is merely necessary to switch the pre-
amplifier gain in coarse steps in order to reduce
grass when the highest bandwidth -impedance pro-

duct (input/output combination) is not required, e.g.
when displaying audio or the low frequencies involved
with simple field and line pulse waveforms in tele-
vision equipment.

The gain switch cannot be placed at the amplifier
input because it would impair the signal-to-noise
ratio at low gain settings, thus defeating its purpose.
Substantial gain must be provided ahead of the gain
switch so that the gain switching is effected at low
impedance and at signal levels well above the thermal
noise levels generated in the switching network. The
ideal place for the gain switch on this consideration
alone would be at the amplifier output 'but this is not
possible because it would restrict the maximum
undistorted output swing at low gain settings and thus
violate the range overlap condition, restricting the
usable range of the oscilloscope vernier gain control.

Consequently the preamplifier must possess two
stages and the gain switch must be placed between
them. Exhaustive tests showed that S3 must provide
10:1 step variation to cater for all practical needs,
giving a total gain variation range of 200:1 in con-
junction with the attenuation ratios of the available
input/output combinations. A factor of 5: 1 is pro-
vided as a simple resistive Voltage divider with S3A
between the two amplifier stages and the remaining
factor of 2:1 has been provided by switching the
negative feedback ratio of the second stage IC2 with
S3B at the same time correcting the frequency com-
pensation with S3C. This arrangement was found to
give the best noise performance and independence of
bandwidth and gain switch setting.

CONCLUDED NEXT MONTH
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showtimesin
THE radio and TV shows this year again took place
in London during the traditional period at the end
of August and as usual were for the trade only. Next
year's shows are to be held at the end of May: the
aim is to give the trade more time between the
exhibitions and the peak selling period which occurs
during the later months of the year.

The main features of interest in the television field
this year were the large increase in the number of
small -screen portable models on the market and the
introduction of a number of electronically -tuned (by
means of varicap diodes) models -led as noted in
Teletopics last month by Philips.

Portable Models
The portables are single -standard, transistorised

models with tube sizes from 41 to 14in. and are
for I2V battery or a.c. mains operation. Examples
are the Alba T10 "Starlight ", a 10in. portable at £75;
the Toshiba 11TBB (shown by Hanimex), an 1 lin.
model at £79 10s. Od.; an 1 lin. portable, the "Eleven
Plus " Model T544, from Ekco at £75 18s. Od.; the
Sharp 12in. Model SU66H at £79 19s. Od., and a 9in.
version at £72 19s. Od. expected to be available early
next year; the Standard 12in. Model TWU65 at
£77 4s. 6d.; and the Teleton TX12 12in. model at £79.
A 13in. portable from Teleton retails at £83 and gives
up to 1W audio output.

Several models can in addition be used with an
internal battery. Examples are the Sony I lin. Model
110UK at £85 15s. Od. and the National 9in. Model
TR449G at f89 5s. Od. The rechargeable battery in
this set gives 31 hours' viewing, takes 10 hours to
recharge and is said to have a life of more than 500
hours.

A 9in. model from Nivico (Denham & Morley (Over-
seas) Ltd.) features a dark, concave screen, telescopic
rod aerial and phones socket, and has a recommended
price of £79 15s. Od. Crown were showing a 14in.

Typical of the new portables -the A/ba T10 "Starlight".

model at about £85 with a 0-60 minute timeswitch for
turning the set off. The Crown 9in. Model 9TV-305
was shown at £75 15s. Od., while their 4fin. Model
5TV-204 at £85 15s. Od. also incorporates a two -band
radio. Both these models operate from the mains, dry
cells or a 12V car battery. An old brand name that
is due to enter the lists shortly with 12 and 14in. mains/
battery portable sets is Elizabethan, the former at £75
and the latter at £80.

Other New Sets
Amongst the colour sets on show this year were the

first 26in. models. These included the Decca Model
CS2611, a consolette at £350 in teak and £355 5s. Od.
in walnut, the Bush Model CT197C at £349 19s. Od and
a Dynatron consolette at £395. Decca were also show-
ing a 22in. consolette, the CS2211, and a 17in. mono-
chrome transportable, the MS1700, with 17in. squared-
screen tube.

New monochrome ranges were shown by the GEC-
Sobell and Rank -Bush -Murphy groups. The Sobel'
1043 and 1044 are 20 and 24tn. dual -standard models
at £85 and £92 respectively. Single -standard versions
are the 1047 and 1048 at £74 and £82. The GEC
models are the 20in. 2082 and 24in. 2083, single -standard
sets at £78 and £86 respectively. From Bush come
the 20in. Model TV191 and 24in. Model TV193. The
former is £83 19s. Od. in the dual -standard version and
£74 19s. Od. in the single -standard version, while the
latter is £93 10s. Od. in the dual -standard version and
£84 10s. Od. in the single -standard version. Murphy
showed the 20in. Model V2017 ranging in price from
£74 19s. Od. to £85 10s. Od. depending on whether dual -
or single -standard and on the finish -either painted or
sapele. BRC showed a number of new introductions
fitted with their 1500 chassis. These included the
Ferguson 3807, 3809 and 3810, HMV 2807, Marconi -
phone 4807 and Ultra 6807 and 6810.

One fact we noticed repeatedly was the improved
linearity of modern receivers -both horizontal and
vertical linearity seem much better than a few years
ago. How much is due to improvements in picture
tubes and how much to circuit design is a matter for
conjecture. Perhaps set designers have found that it
now costs no more -perhaps less -to obtain a good
picture than a "fair " one.

An interesting import from Russia was shown under
the Rigonda brand name. The Temp 7 is a 23in. mono-
chrome single -standard set at £70 7s. 6d. Although the
cabinet design is perhaps a year or two behind current
British receivers, the set has a few unusual features.
The circuitry is fed via a double -wound mains trans-
former which gives complete isolation between the
mains and the chassis. This means that tape recorders
can safely be connected to the set to enable recordings
to be made of the sound channel and a tape output
socket is fitted as standard. Another unusual feature
is a socket for earpiece with, a loudspeaker muting
switch. Variable bass and treble tone controls and
twin loudspeakers are also included.

Push -buttons
Tuning has always been a problem in TV, right from

the days of fine-tuning mechanisms in turret tuners.
With the advent of transmissions at u.h.f. the problem
became much worse while the introduction of colour
complicated matters even further (for black -and -white
sets too). Most makers soon gave up the idea of
continuous tuning on u.h.f. and went over to push-
buttons, but the mechanical difficulties in obtaining
reset accuracy were quite severe; and drift in the
tuned circuits was not always as low as it could have
been. The mechanical systems adopted worked well
for the most part but considerable pressure was needed
to operate the buttons -enough sometimes to result in
moving table models a few inches backwards!
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An improvement is offered in this respect by the
electronic tuning technique-first used in the Philips
Model 520 (incorrectly quoted as 250 last month in
Teletopics). With this the tuning buttons merely
operate switches which select different bias potentials
for the variable capacitance diodes in the tuner unit
tuned circuits. The technique is fully described in
Part 2 of Colour Receiver Circuits elsewhere in this
issue. Philips call this type of tuning "Selectronic",
and it is also featured in three new Ekco models, the
22in. CT109 colour receiver at £303 (fitted with the 691
chassis) and two single -standard monochrome models,
the 20in. T540 at £81.12s.0d. and 24in. T541 at
£89.18s.0d.

Electronic tuning is also featured in a new ITT -KB
single -standard colour model, the CK600, which is
fitted with a new hybrid chassis, the CVC5.

UHF Distribution
On the distribution side Labgear showed a u.h.f.

distribution amplifier and a six -way u.h.f. splitter unit.
The amplifier-type CM6005/DA-has its own internal
mains -operated power supply and eight output sockets.
Six of these supply signals at +6dB relative to the
input; a seventh socket marked "full output" gives the
full amplifier gain and will supply six more outputs
via the six -way splitter; the eighth socket marked
"auxiliary" is intended to feed a similar amplifier in
cascade.

Labgear also showed a new preamplifier covering
Bands I, II, III, IV and V-40MHz to 860MHz. This
model, the CM6007/SB, is intended for use at the set -
end of the downlead and is priced at -£7.15s.0d.

One of Teleton's new inexpensive CCTV systems, com-
prising a 920 camera, standard lens, 9 in. monitor, tripod

and cable.

The Labgear CM6010IRG colour pattern generator.

Educational TV
Decca have established a name for themselves in

educational TV and showed quite a few new items.
A 26in. colour receiver for schools, the CSS2621, was
exhibited together with the similar CSS2621/AL which
has extra facilities for audio and video line signals.
Also unveiled were two off -air colour receiver units, the
RU3913 and RU3911, fitted with internal monitor loud-
speakers and six video outputs adjustable to 11/V p -p
including sync pulses into 7511, and a.f. output of 1mW
into 60011. Another unit, similar in appearance, gives.
TV sound coverage only.

Test Equipment
A number of new items of test gear were seen this

year. From Grundig the FG5 PAL colour generator
at £210.8s.0d. provides a number of test signals for
colour TV receivers including the standard PAL colour
bars. Other test patterns include black -and -white
squares in chess -board formation; an electronically pro-
duced circle which may be superimposed on a cross-
hatch pattern if required; horizontal bars; vertical bars;
grey scale; and blank red, green, blue, and grey rasters.
The FG5 also produces special signals for checking the
synchronous detectors and the PAL delay line circuit.
The signals are such that adjustments may be performed
by analysing the display on the colour c.r.t., although
an oscilloscope may also be used of course. A sound
carrier may be switched on and off as necessary, and
1kHz modulation is available.

Other new instruments from Grundig include multi -
meters, millivoltmeters, a distortion -factor analyser, a
TV wobbulator, and a frequency counter.

A new colour generator from Labgear, the CM6010/
RG, is of the gated rainbow type. The price is £75
net trade and the generator produces dots, crosshatch,
blank raster, and two colour -patterns, one of which is
used to check the PAL delay line circuit and the other
to adjust the demodulators. The unit operates on 625
lines with the output pretuned' to channel 37 (a non -
allocated channel between Bands IV and V).

Rank -Bush -Murphy showed two colour generators,
one being a portable type and one a bench model. The
generators are of Italian origin and are marketed in this
country by Howard Industries, though RBM are licensed
to distribute them to RBM dealers. The portable
Model EP872 gives red, green and blue rasters, grey
scale, crosshatch, and colour bars. There is no provi-
sion for sound signals. The r.f. output is nominally
5mV at 540MHz into 7511 (a 30011 output is also
available). The bench Model EP684R is similar but
the output is continuously variable in frequency from
41MHz to 900MHz. The output amplitude is also
variable. Sound signals may be added when required
and modulated with a 1kHz tone (50kHz deviation).
Composite video signals are available from both
generators. The prices are £175 for the EP684R and
£135 for the EP872.
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2/eV
FLASHOVER
PROTECTION

E.J. HOARE
Ir is probably well known that all modern picture
tubes are prone to the occasional internal flashover.
An arc occurs between the final anode and some
part of the grid structure, and the e.h.t. energy is
discharged direct on to one of the c.r.t. electrodes.
It does not need much imagination to foresee the
kind of damage that this can do to components in
the external circuit-particularly transistors. In
a properly designed receiver however no damage
occurs and in many cases the average viewer will
be quite unaware that anything untoward has
happened. The single sharp "crack" and the
momentary blacking out of the picture will be
masked by the noise and entertainment value of
the programme itself.

The fact that present day fully -transistorised
colour receivers are largely free from flashover
troubles has not come about by chance or some
fortuitous set of special circumstances. It is the
result of a great deal of care, experience and testing
on the part of the setmakers and the manufacturers
of cathode-ray tubes. Flashover problems can be
very subtle and complicated, and protection has to
be built into the receiver as part of the basic
design. Unfortunately, as we shall see later, it is
impossible to be absolutely sure that the protection
is adequate in all cases. A few of the unexplained
failures of transistors that occur from time to time
are undoubtedly caused by flashover effects. A tran-
sistor may fail at the first discharge, or after the
cumulative damage caused by several discharges
spread perhaps over quite a long period of time.
This knowledge may not be very helpful to the
turlucky service engineer trying to diagnose a fault,
but at least it may be of interest to him to know
what is happening.

An important point to emphasise is that any
reader of TELEVISION who is going to build a
receiver incorporating semiconductors must include
a number of very important precautions against
flashover effects. If he does not he stands the chance
of blowing up several transistors or diodes, and this
can be highly expensive and frustrating. A line
output transistor for example is not a cheap device.

Let us take a look at the subject of flashover
problems and see what needs to be done to reduce
the risks.

Causes of Flashovers
In spite of all the scientific investigations carried

out over a period of many years there is still no

PART 1

clearly established theory to explain the mechanism
of flashover. At one time it was thought that small
particles of dirt or other impurities left behind on
the gun structure or on the inside of the tube neck
were responsible for initiating an arc. When these
foreign bodies were evaporated by successive dis-
charges no more flashovers occurred. This seemed
to tie up with the well known fact that flashover is
more frequent in new tubes, gradually dying away
during the life of the tube.

The generally accepted theory now is that the
electrostatic forces around the gun assembly cause
small particles of matter to be pulled off the struc-
ture. When these hit an electrode they release
sufficient energy to initiate an arc discharge. If
this theory is correct it seems likely that flashover
problems are here to stay, because it is very difficult
to see how the effect can be prevented in tubes with
high values of e.h.t. on the figal anode. The electro-
static forces are considerable.

CRT Flashover Circuit
The key to all the problems of protecting the

external circuits and their components lies in having
a clear understanding of the paths that the flash-
over discharge currents may take. It is then possible
to foresee the kind of damage that may occur and
to devise means of preventing it.

The most important path of all involves the tube
electrodes and the circuits which provide drive
voltages and d.c. operating potentials. Fig. 1

shows in highly diagrammatic form a normal picture
tube arrangement before any flashover occurs: Fig.
2 shows what happens at the instant of flashover.
Bear in mind that a typical colour c.r.t. has an
e.h.t. smoothing capacitor of about 2,000pF. This

K G Al A A3*
Any electrode

AC drive
and

DC feed
circuits

Conductive
coatings form
a capacitor
of 1000-2500p

EHT
20kV

Glass

Fig. 1 (left): A highly diagrammatic and simplified
representation of a c.r.t. drive and feed circuit with no

flashover protection.
Fig. 2 (right): The circuit of Fig. 1 at the instant of
flashover between the final anode and one of the

electrodes.
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Colour
CRT

Grey scale Focus I
Fig. 3: How much damage would be caused by a flashover to each electrode in turn ? Answer, one transformer, four
high -voltage power transistors, one low-level transistor, eight diodes (one a 6kV type), six potentiometers and several

miscellaneous components!

is not a separate component but consists of the
capacitance between the conductive aquadag coat-
ings on the inside and outside of the glass envelope
of the tube. This capacitor is charged up to about
25,000V, and the amount of stored energy is very
large. Remember also that an electric arc has
virtually no resistance.

Damage due to Flashovers
You can now see why it is that 25kV can appear

across the external circuit with sufficient energy to
do an awful lot of damage. Just to emphasise the
point a bit more, Fig. 3 shows an ordinary tran-
sistorised luminance plus colour -difference drive
circuit for a colour c.r.t. and arrangements for pro-
viding the necessary d.c. operating potentials. If
you want to frighten yourself, add up how much
it would cost to repair the damage if a series of
flashovers occurred which placed 25kV on each
electrode in turn. None of the semiconductors
would survive for a start.

Of course in practice this would never happen. It
is true that a flashover can strike any of the elec-
trodes, including the heaters, but in any particular
tube only one or two of the electrodes will be
afflicted. Furthermore it is only fair to say that
most tubes flashover very seldom. It is the odd
rogue that for no apparent reason goes on banging
away at intervals and tots up quite a high score.
Fortunately its record in the flashover stakes bears
no relation to its performance in terms of picture
quality or life.

Circuit Protection
The damage we have just been discussing can

usually be prevented quite simply and cheaply by
the application of a few techniques Which are
fundamental to the problem of circuit protection.
They are based on the following three principles:
(1) Bypass the flashover current so that the smallest
possible amount of energy is applied to the external
circuits. (2) Add sufficient impedance between the
flashover path and the external circuit to prevent
the residual energy from damaging any components
such as transistors or diodes. (3) Study the earth
return paths to make sure that no voltages induced
in them are coupled to other sensitive circuits.

Items (1) and (2) are illustrated in Fig. 4. This

is the basic circuit technique Which should be
applied to every c.r.t. electrode in both monochrome
and colour receivers if semiconductor devices are
present. It is also good practice in circuits where
only valves are used, because although they stand
up to flashover treatment surprisingly well the
associated capacitors are more prone to damage.
In Fig. 4 the flashover energy is bypassed via the
sparkgap. With all the electrodes except the focus
electrode of a colour tube, which operates at about
5kV, this gap will be designed to break down at a
d.c. potential of about 2kV. At the instant when
the arc occurs a short-circuit path is thus provided
in parallel with the external circuit.

The sparkgap on its own however is not enough.
There is a very slight delay-of the order of less
than 1p.sec-after the application of the flashover
surge before the sparkgap breaks down. During
this very brief interval sufficient energy could be
transferred to the external circuit to do some
damage. The blocking resistor R prevents this and
also helps the build-up across the gap of the voltage
that causes it to fire. The output capacitance C
of the circuits connected to R combines with R
itself to form a low-pass filter. Thus any surge
currents which do get past R tend to be bypassed
quite effectively by C. If an extra capacitor can be
added at this point, so much the better.

Sparkgaps
Now that we have established the right approach

to the problems of circuit protection, let us see how
to apply it in practice and what other problems
arise.

VI
output
stage -r

I Spar kgap Path of
flashover current

4
Printed sparkgaps

Slots

Copper
Printed and

pierced sparkgaps

Fig. 4 (left): The basic protection technique which should
be applied to each electrode of the c.r.t.

Fig. 5 (right): Sparkgaps can be made very simply in a
printed board.
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6: (a) The equivalent circuit of a flashover path at
instant of discharge. (b) The waveform of the

flashover current.

We heed to connect sparkgaps with a d.c. break-
down voltage of 2kV to every electrode of the
picture tube. The only exception is the focus elec-
trode of a colour c.r.t. where a 7-8kV gap is needed
because the electrode normally has a d.c. operating
potential of about 5kV.

There are a number of different types of com-
mercially produced low -voltage sparkgaps available.
One of these is a combined capacitor and sparkgap
known as a Cap -Gap. Another one consists of two
wires spaced the correct distance apart in a simple
plastic ring moulding. There are others. Whatever
form the gaps may take the basic requirement is
quite straightforward: for a 2kV gap you need an
air spacing of about 0.5mm. and for 8kV the spacing
should be 6.0nun.

The simplest and cheapest way of making sparkgaps
is of course to print them on a copper -clad board.
Fig. 5 shows the kind of pattern that can be used.
Note that sharp corners must be avoided-particularly
at 5kV-because these will cause unreliable opera-
tion of the gap due to corona discharges. It is also
good practice to make a slot in the board with a
width equal to the size of the desired gap, but
appreciably longer. This avoids the possibility of
the gap being bridged by tracking along the sur-
face or by the usual accumulation of dust.

Although the copper foil on a printed board is
quite thin it is capable of standing up to a very
large number of discharges without being eroded.
These simple sparkgaps therefore work very well,
and if you are making your own TV receiver you
can quite easily cut the appropriate slots or grooves
with a sharp knife.

Ringtrap Tube Bases
In commercially produced monochrome receivers

the problem of sparkgap protection has been solved
very neatly by the " ringtrap" base. A wire ring
is fitted into a groove in the c.r.t. base cap so that
it is accurately located about 0.5mm. from each
pin. When this ring is connected to earth a sparkgap
is formed to each electrode via the c.r.t. pins.

Left: Ringtrap type tube
base to provide flashover
protection for a mono-
chrome tube. The wire
ring forms a sparkgap to
each tube pin. (Photo-
graph courtesy of Mullard
Ltd.)

Unfortunately this technique is not very appro-
priate for use in colour receivers because the focus
electrode needs a larger sparkgap. A further snag
is that there are no unused pins, so it is difficult to
bring out a connection from the ring for earthing
purposes.

Flashover Currents
Figure 6(a) is a simplified equivalent circuit of a

c.r.t. at the instant of flashover. C is the e.h.t.
smoothing capacitance, L the total inductance of the
discharge path including the earthy connection to
the external tube coating, and R the total resistance
of this path. The combination of L and C forms
a series tuned circuit with a resonant frequency of
a few MHz damped by R. When the sparkgap
breaks down the discharge current will take the form
of a damped oscillation as shown in Fig. 6(b). In
a typical case this oscillation dies away in about
1p.sec.

The important thing to note about this circuit is
the very large current that can flow. In modern
picture tubes with e.h.t. capacitances of 1,000-2,000pF
charged up to 20-25kV, the peak flashover currents
can be in the range 500-1,000A. Yes, 500-1,000A!
With currents of this magnitude it does not need
much impedance in, say, an apparently innocent
earth connection to cause quite a large voltage to
appear suddenly: certainly enough to blow up a
transistor. In the case of the picture tube earthing
however the results can be quite surprising.

Flashover Voltages
Even a straight piece of copper wire being used

as an earth connection has some inductance. It is
very small, but in the context of flashover problems
it is important. The reason is this: the voltage drop
along the wire is equal to L(di/dt) where L is the
inductance in henries and the term di/dt is the rate of
change of current in amperes per second. L is of
the order of -tp.H and di/dt is a bit over 1010A/sec.
So if you take the basic protection circuit of Fig.
7(a) and the equivalent circuit of Fig. 7(b), you find
that in the case of a colour tube with 25kV on its
final anode the voltage drops along the earth lead
can be 8kV! If this lead is unnecessarily long, and
perhaps coiled up a bit as well, the voltage drop
can be considerably higher still.

What happens is that at the instant of flashover
the e.h.t. voltage is divided proportionately between
the inductance of the path inside the c.r.t. (Lt) and
the inductance of the earth connection to the outer
Any electrode About Lt

25kV
CRT Anode

External About
8kV Le

Lt - Inductance of path
inside the CRT

Le - Inductance of external
path- mostly in the
earth connection to
the aquadag

(a) (b)

Fig. 7: (a) The basic protection circuit. (b) The equivalent
circuit of the flashover path of (a). The e.h.t. voltage is

divided between the two inductances.
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Fig. 8: (a) This shows a video output stage connected to a c.r.t. Normal flashover precautions have been built in but
the external tube coating has been connected back to the receiver earth. 8kV is thus applied to the collector circuit with
disastrous results. (b) A happier result. The receiver earth is connected to the earthy side of the sparkgap. This point
stays at approximately earth potential and the external coating of the tube takes up an instantaneous potential of -8kV.
Thus no flashover voltage is applied to the output transistor collector. (c) Complete flashover protection for the external

circuits around a colour c.r.t.

aquadag coating (Le). The voltage drop across the
circuit resistance is comparatively small. Now if
this earth lead has 8-10kV across it we must obviously
give careful thought to the problem of connecting
it to the external circuit. Which end of it do we
join to chassis?

Earthing the CRT
In the past the aquadag coating on the outside of

the tube has usually been connected to the chassis
via a coil spring or a flat contact. Let us see what
happens if we do the same thing here. The voltages
present at the instant of flashover are shown in Fig.
8(a). Imagine connecting 8kV to a video output
stage transistor, even if it does have a resistor in
between!

The correct method of connection is shown in
Fig. 8(b). Once the sparkgap breaks down no high
flashover voltages are applied to the external circuit
and all is well. But take careful note of the fact
that the outer coating of the picture tube has a
surge voltage of - 8kV, i.e. 8kV below chassis earth.
This has some important implications that we will
discuss later.

Complete Protection
We have now established the basic technique of

sparkgap protection for the circuits connected to
the picture tube. This must be applied to each elec-
trode including the heaters. The only remaining
problem is how much impedance can be connected
in series with each one.

If the impedance is too high we get good circuit
protection but the performance may suffer as a
result of the voltage drop or the restriction in band-

width. Conversely if we err the other way the
performance is not affected but the protection may
be inadequate. The following list is based on
Mullard recommendations and should serve as a
reliable guide for both monochrome and colour
c.r.t.s.

Cathodes 1.51d2
Grids 10kS2
A 1 221d2
Focus

For cathode luminance
or RGB drive

electrode 0.1M11 (colour), 22k0 (monochrome)

The heaters are usually supplied from a high -
impedance source-either a series heater chain or
a transformer-so although it is not practicable to
add extra series resistance the protection is usually
adequate.

Figure 8(c) shows the circuit of a colour c.r.t. with
its associated feed components. The series resistors
and the sparkgaps should be mounted as closely
as possible to the c.r.t. base connections. The lead
from the earthy side of the sparkgaps to the outer
coating of the tube should be as short as possible,
and preferably made from braided copper to give
a low -impedance path. It must also be soldered
securely so that there is no possibility of it falling
off. The resistors have to stand up to a fair old
bang when the tube flashes over, so it pays to choose
the right type. Generally speaking it will be found
that carbon composition resistors are better than
carbon film ones for this application. If in doubt
use 1W types. Finally, remember that there must
be only one earth lead to the chassis, and that this
must be connected directly to the earthy side of the
sparkgaps. Keep it short.

TO BE CONTINUED
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TV BOOKS
PRINCIPLES OF TELEVISION RECEPTION, by
W. Wharton, C.Eng., F.LKE., and D. Howorth,
B.Sc.Tech., C.Eng., M.LE.E., published by Sir Isaac
Pitman & Sons Ltd., 296 pages, 40s.

PRINCIPLES OF COLOUR TELEVISION SYS-
TEMS, by C. R. G. Reed, M.A., C.Eng., M.I.E.E.,
published by Sir Isaac Pitman & Sons Ltd., 196
pages, 50s.

COLOUR TELEVISION Volume 2, PAL, SECAM
and other systems, by P. S. Carnt, B.Sc.(Earg.),
A.C.G.L, C.Eng., F.I.E.E., and G. B. Townsend,
Ph.D., B.Sc., C.Eng, F.Inst.P., A.K.C.,
F.LEE., F.R.T.S, F.B.R.S.T.S., published by Bilk
Books Ltd., 276 pages, 75s.

PAL COLOUR TELEVISION, by Boris Townsend,
published by the Cambridge University Press in
association with the I.E.E., 227 pages, 60s.

A good collection of books here for anyone want-
ing to delve into the principles rather than the
strictly practical aspects of television-though this is
not to say that a good grasp of the principles is
anything other than very helpful in understanding
the practical side. The Principles of Television
Reception can certainly claim to be comprehensive,
giving practical circuitry, both valve and transistor,
throughout in addition to a clear explanation of
principles taking in both colour and monochrome.
At 40s. it represents good value considering the
way in which book prices have increased since it
was first published, just over three years ago. We
have certainly found the book handy, having
referred to it on numerous occasions and usually
being able to fmd just what we needed to know. One
criticism, perhaps rather carping, is that much of the
circuitry shown appears to belong rather more to
the realm of good -quality monitors rather than every-
day commercial models with their compromises and
short-cuts. In particular the colour circuitry seems
to bear little relationship to that actually found in
commercial receivers.

Colour Television Volume 2 by Carnt and
Townsend is of course the complement to their
well-known book (Volume 1) published in 1961
which gave a very detailed account of the NTSC
colour system. This new book brings us up to date.
with PAL, SECAM and a passing glance at other
systems. In spite of being Volume 2 it is self-
contained, starting with an introductory chapter on
the principles of the NTSC system. Practical colour
receiver circuitry is illustrated.

Principles of Colour Television Systems sticks, as
its title suggests, to a reasonably detailed account of
colour television principles, covering NTSC," PAL
and SECAM. It puts over the facts clearly and
seems to be aimed at students in including test
problems where appropriate. There is hardly any
circuitry, so that this is a book primarily for those
interested in the generation of colour signals, system
parameters, encoding and decoding principles and
the basic problems of transmitting a colour signal.
A criticism of this and the previous book is the
inclusion of extensive sections on SECAM: these

must be of largely academic interest to UK readers.
PAL Colour Television takes us almost racily

through almost every aspect of PAL, from cameras
and studio practice to transmission and reception-
and a brief potted history. This is a book of rather
broader scope than the other two on colour. For
example it outlines the design of modern colour
television cameras, describes the complex pattern of
control and monitoring which the signals- undergo
in the studio, and discusses the production of colour
programmes and the design of videotape recorders
in addition to the expected sections on reception.
It even rather unexpectedly told us how an Eidophor
works. Ti.

RANK -ARENA
Rank -Bush -Murphy propose to become the majority
shareholder in a new company, Rank -Arena, regis-
tered in Denmark. The Danish firm making radio,
high fidelity equipment and TV sets under the Arena
brand name ran into production difficulties following
a fire which destroyed their factory last May. Rank
will be assisting in rebuilding the factory for the new
joint concern. This will give the Rank Organisation
a further brand name following their recent intro-
duction of equipment under the Dansette brand
name.

DX -TV
-continued from page 59

original type G card followed by the new one,
again reverting to the G card-so now we know!
I have seen this card on a few occasions and
marked my log ?West Germany and it was not
until 13/8/70 that I positively identified it. I am
glad to say I did at least query it. If only test
cards would carry some identification!

Austria: M. J. Dalby of Stroud reports that he has
seen this card in vivid technicolour so it is in fact
a colour card.

Jordan: This month we publish the Jordanian
TV test card. This is not completely impossible for
SpE under good conditions. It is on channel E3
from Amman with reasonable power, so we have
a hope for 1971. The other Jordanian station on
E6 alas need not concern us! We are indebted
to Roy Shepperd for this photo and details.

By the time you read this I will, all being well,
be on my yearly tour to "them furrin parts".
This time to ORTF, TVE and RTP lands then on
to Morocco. I hope to see Spanish and Portugese
TV as locals-I have not seen much of them this
year over here-and I hope to be able to report
what Moroccan TV is like.

I had a startling telephone call from A. Thynne
of Birmingham on 24/8/70 with a report of his
reception of the Austrian test card on channel E5.
This is either Vienna Kahlenberg or Pfaender, either
of which would be a truly magnficent achievement:
our congratulations to him! This opens up new
trop prospects. You will recall that R. Bunney
and myself had Rigi Switzerland earlier this year
on channel E6, so who is going to be the first
to get into Italy in Band Ill?
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Modifications to the
CONSTRUCTOR'S

8251Ine Receiver
KEITH CUMMINS

FOLLOWING the recent series of articles (March -July)
on the constructor's 625 -line receiver there have
been the expected queries from readers. Over a
period of time it has been possible to analyse these
to see whether they follow a particular pattern or
are random and unrelated. Those falling into the
second category have of course to be examined
individually in order to provide appropriate advice,
while problems which recur with different con-
structors indicate that a common cause should be
sought.

Line Timebase Troubles
An analysis of the queries to date indicates that

some small troubles have been recurrent in the line
timebase, the remainder of the receiver having proved
generally trouble -free. In summary the line time -
base difficulties reported have been (1) inadequate
width, (2) foldover at the left-hand side of the
screen, (3) striations (i.e. vertical lines) at the left-
hand side of the screen and (4) a sideways jitter at
the top of the picture sometimes accompanied by
a ticking from the line output transformer.

As mentioned in previous issues it has been found
that some line output transformers have their 625 -
and 405 -line output tags reversed so that it is
necessary to transfer the connection from tag 3
on the transformer tag panel to the one beneath it
(see Fig. 4, April 1970 issue). This however has
proved to be an incomplete answer to the line
timebase problems in some cases while in others
the connections were correct to begin with. If in
any doubt as to the correct connection, the one
showing the least resistance to the PL36 anode con -

To tag 7 on line
To R38 R53 output transformer

22k 1,2W
C44

To line
transformer
(c, hole A)

R39

C45

(a)

(b)

Fig. 1: (a) Line timebase modification. C44 and C45 are
500V ceramic capacitors. (b) Modified tagstrip layout to

incorporate the extra components.

nection is the right one. Make sure that the
receiver cannot be accidentally switched on while
taking this measurement-both for your sake and
that of the Avo!

Displaced Picture
Tests carried out on the prototype have shown

that under certain adverse tolerance conditions it
is possible for the optimum line hold control setting
to coincide with a picture position displaced too
far to the left within the raster. This condition
indicates that the video information is commencing
prior to the start of the horizontal scan. In order
to correct this condition it might seem necessary
to advance the phase of the line sync pulses. The
same effect however can be achieved by retarding
the phase of the reference pulse fed back to the
flywheel sync discriminator circuit from tag 7
on the line output transformer, and this approach
to the problem is much easier to implement.

Jitter and Striations
The horizontal jitter at the top of the picture was

found to be the result of dynamic unbalance in
the. line a.f.c. discriminator which consequently pro-
duced a ripple at 25Hz, the result of the differing
field sync waveforms on odd and even fields. The
problem is simply resolved by changing the a.c.
balance point of the bridge.

Because of the incorrect raster phasing, striations
which appear at the extreme left are apparent on
the picture instead of being lost in a blank part
of the raster. Tuning the transformer however
can reduce these striations and a capacitor (C45)
has been added for this purpose. When the basic
modifications had been carried out it was found
possible to increase the line a.f.c. loop time -constant,
thus improving the line timebase noise immunity.

Modification Data
The complete modification information is shown

in Fig. 1. The network C45, R53 and C44 is inter-
posed between the line output transformer (tag 7)
and the a.f.c. discriminator circuit. R53 and C44
form the phase -shifting network to correct the
phasing of the raster. C45 tunes the line output
transformer to reduce striation, and by reducing the
e.h.t. enables less scanning power to be used.
Increasing C25 in value to 2,200pF corrects the
dynamic unbalance in the a.f.c. discriminator cir-
cuit, whilst increasing C26 to 0.022µF improves the
noise immunity.

It is recommended that these modifications be
carried out in full or not at all. Even where no
apparent problem exists it is probably best to
carry out the modifications in order to bring the
receiver up-to-date in its final form.

THAT ELUSIVE IF STRIP
Good news for anyone who may have been put off
building the constructors' 625 -line receiver by the
shortage of the surplus i.f. strips used in the proto-
type receiver: Manor Supplies have now obtained a
large consignment of these i.f. strips. 'Phone 01-794
8751 for quotation and latest delivery situation.
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PROBLEMSYOUR
SOLVED

MURPHY V.310A
This set is working perfectly except that when

initially switched on the sound comes on first in the
normal way but when the line output stage starts
working the sound disappears for a couple of
seconds, subsequently returning followed by the
picture. Is this a fault condition developing?-
W. H. Knowles (Leeds).

It is normal for the sound to fade out during the
warm up period in this model. This is due to the
a.g.c. system becoming locked out until the line
timebase gets working properly.

GEC 2029 COLOUR RECEIVER
The picture takes about a minute to appear after

switching on and when it comes on there are broad
bands of red, blue and yellow. These appear as
double lines about tin. in width all over the screen
and it is about five minutes before they disperse to
give a reasonably satisfactory picture-on colour or
black -and -white. Once the set is really warmed up
the performance is good. Also, the colour control
seems to be faulty. When touching it the colour
goes.-F. E. Garner (Pudsey).

The warm-up fault appears to be the adjustment
of the colour killer and burst phase discriminator
circuit. Check the latter first. With colour bars
being displayed, remove the aerial lead and replace
it again. The colour should lock instantly. If it does
not, adjust the stibcarrier oscillator frequency
control ("SET SC OSC FREQ ") very slowly in
one direction or the other until the colour does lock.
Slow movement is necessary because of the time -
constant of the circuit. Repeat removal and replace-
ment of the aerial lead. If necessary adjust the
control farther in the same direction and check
again. Repeat until the colour locks instantly. If
patterning still appears on monochrome or if there
is now a general colour haze of noise on the picture,
advance the colour killer threshold control slightly.
This should be done on colour reception. Turn the
control until the colour just disappears, then bring
the control back- by as small a movement as pos-
sible to get colour. Monochrome should then be
OK. The two controls are on the decoder board,
the "SET SC OSC FREQ " control in the left-hand
corner at the back of the set (P302) and the killer
threshold control (P304) just beside it to the right.

4,Requests for advice in dealing with servicing
problems must be accompanied by a 2s.

postal order (made out to IPC Magazines Ltd.)
the query coupon from page 90 and a stamped,
addressed envelope. We can deal with only one
query at a time. We regret that we cannot supply
service sheets or answer queries over the telephone.

PHILIPS 19TG122A
There is a double image, side -by -side and over-

lapping. When the line hold control is moved the
images move together and then the picture breaks
up. By advancing the brilliance control a picture
can be obtained, but with no contrast. Sound is
OK.-E. A. Brown (Liverpool).

Replace the ECL80 line oscillator valve and check
the associated components. The ECL80 concerned
is the one on the bottom of the timebase panel.

BUSH TV115R
The picture was shrinking all the way round and

the h.t. was low. The h.t. rectifier was therefore
replaced, using a silicon type with the appropriate
safety components. The result was a 230V h.t.
voltage. The PL36, PY800, PCF80 video amplifier,
PL84 field output valve and PL36 screen feed resistor
have been replaced. This gave a clear, full-sized
picture. After an hour the set was switched over
to 625 and the raster, picture and sound disappeared,
with a smell of burning I switched off, changed to
405, and switched on again. This time there were
two pictures side by side, with very bad linearity. On
switching to 625 the raster, picture and sound dis-
appeared again. The tuner push buttons and system
changeover switch have been cleaned with switch
cleaner.-S. Vantara (Uxbridge).

The h.t. output at the rectifier is low; it should be
more like 260V. This fact suggests that the line
output stage is drawing too much current. This is
likely to be due to insufficient line drive, indicating
that the ECC82 line oscillator may be losing
emission. Check the valve and that the voltages
are 116V at pin 6 and 176V at pin 1.

INVICTA 7301
Three pictures appeared on 405, but adjusting the

405 line hold control corrected matters. Then on
switching to 625 three pictures again appeared and
only adjusting the 405 line hold control had any
effect, and the width was then reduced to two thirds.
-E. Butler (London N.1).

The system switch does not appear to be operat-
ing correctly. Check this and the hold controls.
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NEW LINE OUTPUT TRANSFORMERS
ALBA 655, 656, 717, 721 75/-. 890-895, 1090, 1135, 1195, 1235, 1395, 1435 118/-.
BAIRD. Prices on request. From model 600 quote part no. normally found on TX base plate.
BUSH TV53 to TUG69 40/-. TV91 to TV139 95/-. TV141 to TV176 Rewind 90/-.
COSSOR 904 to 957 Rewind 90/-. CT1700U to CT2378A 118/-.
DECCA DM1, DM3C, (90°) 78/-. DM4C (70°) 78/-. DR1, DR2, DR121 90/-.
DEFIANT 7P20 to 7609 Rewind 96/-.
DYNATRON TV30, TV35 56/6. TV36 70/-.
EKCO T231, T284, TC267, T283, T293, T311, T326, T327, T330 55/6. 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 55/6 each. 406T, 408T, 416, 436, 438, 506, 508, 516, 518, 536, 546, 604, 606, 608, 616, 619, 636,
646, 648, 725, 726. 727, 3600, 3601, 3602, 3604, 3611, 3612, 3614, 3617, 3618, 3619, 3620, 3621, 3622, 3623, 3624, 3625,
3626, 3627, 3629 80/-.

FERRANTI T1001, T1002, T1002/1, T1004, T1005 55/-. T1023, T1024, T1027, T1027F, TP1026, T1071, T1072, T1121, TC1122,
TC1124, T1125, TC1126 70/-. 1154, 1155 95/-.

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

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

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

TV115, TV115R, TV115c, 123, 125, 128, 55/-. Complete with heater windings. TV75, TV85 55/,
DECCA DR95, DR100, DR101, DR202, DR303, DR404, DR505, DR606 55/-.
EMERSON E700, E701, E704, E707, E709, E710, E711, Portarama 37/6.
FERGUSON 204T, 205T, 206T, 214T, 235T, 2361, 244T, 245T, 246T 40/-.
FERRANTI 14T2, 14TC, 14T3F, 1474, 14T4F, 1475, 1476, 17K3, 17K3F, 1773, 17T3F, 17K4F, 17K6, 17SK6, 17T4, 17T4F,

17T5, 1776, 21 K6, 21 K6V, 37/6.
INVICTA 1118, T119, T120 50/-.
KB PV40, MV100, OF100, PV100, NV40, NF70, OV30, QV10, QV30 40/- pair.
PETO SCOTT 1416, 1418, 1419, 1422, 1423, 1716, 1719, 1720, 1922, 1723, 1724, 1725 29/6.
PYE V4, VT7, CTM4, TCM7 50/-.
REGENTONE 10-4, 10-6, 1021, 17-18, 10-12 35/-. 1176, TT7, 191, 192 37/6.
R.G.D. Deep 17, The 17, 590, 600, 606, 611, 710, 723 35/-.
Guarantee. Post and Package 4/6. C.O.D. 6/-.

NEW REPLACEMENT L/OP/TX.

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

OPEN (SKELETON) PRESETS
Open type controls with mounting lugs to suit printed circuit boards.
Vertical Mounting .. .. 2/6 each
K Ohms 5, 10, 25, 100, 150, 250, 500, 680.
M Ohms. 1, 2, 2.5.
Horizontal Mounting .. .. 2/6 each
K Ohms 100, 250, 500, 680.
M Ohms I, 2.2, 3.3.
NEW ROTARY TRANSISTORISED UHF TUNERS, E6 10s. P.P. 4/6.
BRAND NEW VHF TUNER. Uses PC97-PCF805.

Less valves 45/-. P.P. 4/6
SCAN COILS MURPHY 470, 480, 490, 500 90/.
SCAN COILS DECCA DR I etc. .. 90/, P.P. 4/6.
SCAN COILS 850 FERGUSON 90/-.
IRON DUST CORES 8/- Dozen. P.P. 6d.
Dimensions: L.5' dia. 6mm (normal thread), hexagon centre hole.
Trimming Tool for adjusting 6mm cores as above I/- Each, P.P. 4d.
10 -oz. tin Switch Cleaner 9/-. Aerosol Switch Cleaner 17/6.
REPLACEMENT DROPPERS
Philips Type 30+125+2.85 12/6.
Ferguson, 1-4.M.V., Marconi, Ultra 800 & 850 Series (Convertible)
37 + 31 + 97 + 26 + 168. 12/6. P.P. I Id.
As above 850 Series (Dual Standard) 14 + 26 + 97 + 173 12/6 each.
P.P. I/-.
E.H.T. CAPACITORS
Single O.B.A. Stud Mounting. 001 of 20kV .
High Voltage Pulse Ceramics.
10, 15, 22, 33, 68, 82, 100, 120, 140, 155, 180,
REPLACEMENT CONTROLS
Philips 5k, S.P. Model Nos.: LIG, 30T, 411,
50T, ST425A, 426, 431, 13RLI61, 13RL265 .

T.V. CANNED ELECTROLYTICS
64-100. 450v. 22/6 each. P.P. 2/6.
100-200. 275v. 18/. each. P.P. 2/6.

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

220, 250pf. 1/6. P.P. 6d.

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

T.V. CANNED ELECTROLYTICS
100-200.350v. 22/6 each. P.P. 2/6. 150-100-100-100-150.
100 200 . 320v. 39/9 each. P.P. 2/6.

300v. 22/6 each. P.P. 2/6. 200. 350v. 15/- each. P.P. 2/6.
100-300-100.16. 200-200-100.

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

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

POWER RESISTOR SECTIONS
These wirewound sections enable you to build up any Mains Dropper
to your requirements. A central 2B A. hole is provided for mounting.
Ohms 7, 9, 10, 12, 14, 17-5, 20. All at .7A .. .. .. 3/10 each.
Ohms 22, 25, 28, 30, 33, 36. All at .7A .. .. .. 4/9 each.
Ohms 40, 47, 52, 56, 60, 63, 66, 75, 87, 100 at .3A... .. 3/10 each.
Ohms 120, 140, 160, 180, 200, 220, 250, 270 at .3A... .. 4/9 each.
Ohms 300, 350, 400, 470, 560, all at 12A. .. .. .. 3/ 0 each.
Ohms 726 at 15A. .. .. .. .. .. .. 4/9 each.
K Ohms, I K ohm at IA. .. .. .. .. .. 3/10 each.
K. Ohms, 2 (.07A) .. .. .. .. .. .. 4/9 each.

Postage each section 6d.
PARTS FOR THE CONSTRUCTOR 625 RECEIVER

.. 35/-. P.P. 4/6.
L.3 Scan Coils .. .. .. 90/, P.P. 4/6.
T.3 Line Output TX .. .. 80/, P.P. 4/6.
T.4 Audio Output .. .. .. 21/-. P.P. 2/6.
Electrolytic 100+100+ 300+16 .. 27/, P.P. I/-.
D1 to D4 .. .. .. 6/- each. P.P. 6d.
D5, D8, DI0, DI I, D13 . 2/6 each. P.P. 6d.
D9, D12 .. .. . 2/7 each. P.P. 6d.
C35, Pulse Ceramic 1/6 each. P.P. 6d.
BSX 21 .. .. .. 9/-. P.P. 6d.
AC 127 .. .. . 6/6. P.P. 6d.
27 Way Tag Strip 5/6 for 3. P.P. 1/-.
VAI015 Thermistor 3/6 each. P.P. 6d.
Fuse Carriers 20mm. . 5/9 each. P.P. 6d.
S.W.I switch .. .. .. 8/3 each. P.P. 6d.
Ceramic valveholders B9A .. .. 1/6 each. P.P. 6d.
Ceramic valveholders Octal .. . 1/7 each. P.P. 6d.
E.298E DA258 E29822/06 .. 3/- each.
3 Ohm Elliptical speaker .. 34/10 Inc. 6/10 tax. P.P. 3/6.
Complete set of 9 Potentiometers . 43/8. P.P. 4/6.

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

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

Dept. "R" D. & B. TELEVISION (Wimbledon) LTD.
80 MERTON HIGH STREET, S.W.I9

01-540 3513 01-540 3955
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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
0A2 5/9 6B80 2/6 6Q7 8/6 12AV6 5/6 30L17 15/6 AC2PEN
OB2 8/- 6BA6 4/6 6Q70 6/- 12A11.7 4/6 3054MR 19/6
OZ4 4/6 6BA6 4/9 6117 11/- 12AY7 9/9 17/6 ACIPEN/
1A3 4/8 613116 7/8 6B70 7/- 12BA6 6/- 30512 18/9 DD 19/6
1A6 5/- 66.76 8/6 68A70T 7/- 1213E6 5/9 30P19/30P4 AC6PEN7/6
1A7OT 7/8 613115 4/9 68A7M 7/- 12/3117 6/- 121- AC/PEN (7)
106 4/9 6BQ7A 7/- 88C70T 6/6 12E1 17/- 30PL1 18/9 19/8
1D6 7/6 6BR7 15/9 68070T 6/- 12J70T 6/6 3051,12 7/8 AC/TH1
1136 9/6 6BR8 12/6 68137 8/- 12K5 10/- 30PL13 15/6 10/-
15131 6/6 6B87 251- 88J7 6/6 12K70T 6/9 SOPL14 15/- AC/TP 19/6
1FD9 4/8 6BW6 14/8 681170T 4/6 12Q70T 5/- 305116 15/- AL60 15/6
106 6/- 6BW7 18/- 68N70T 4/6 128A7GT 3116.3 10/- ARP3 7/-
11150T 7/- 6/326 6/- 1311Q76T 7/6 8- 315A5 15/- ATP4 2/8
11.4 2/606 8/9 6U40T 12/- 12807 5/1- 35D5 12/6 AZ1 8/-
1LD6 6/- 609 14/6 6070 10/6 12867 4/6 35L60T 8/6 AZ31 9/6
ILN6 8/- 6C1360 28/- 61,60 8/6 128117 8/- 15W4 4/6 AZ41 10/6
1N5OT 7/9 6CH6 7/- °VOGT 6/6 12837 4/6 3523 10/- B36 6/6
185 5/6 6CL6 8/6 6X4 4/8 128K7 4/9 36Z4GT 4/9 B319 6/8
184 4/9 6CW4 18/- 6X6GT 6/- 128Q70T8/- 35250T 6/- CL33 18/8
185 4/8 6133 7/6 6Y60 8/- 14117 9/8 50135 7/- CV6 10/6
1U4 5/9 6D6 3/- 6Y70 18/8 1487 15/- 1005 6/8 CY1C 10/8
2D21 8/6 6F1 12/6 7B6 10/9 19AQ5 4/9 50CD6048/8 CY31 7/6
3A4 4/- 656 12/6 7B7 7/- 19)11 40/- 50L6GT 9/- D63 5/-
gAs 10/- 6560 6/- 706 6/- 20D1 18/- 72 6/6 D77 2/8
3137 5/- 6512 8/8 758 12/6 20134 20/5 85A2 8/6 DAC32 7/-
3136 8/9 6513 8/6 7H7 5/6 90E2 14/- 85A3 8/- DAF91 4/8
3Q4 7/6 6516 10/- 7117 18/- 20L1 20/- 90A0 67/6 DAF96 6/6
3Q6GT 6/- 8518 7/6 7V7 5/- 20P1 17/6 90AV 67/6 DCC90 10/-
384 5/9 6523 14/8 9Bw8 71- 20P3 18/- 9000 114/- D134 10/6
3V4 6/8 6524 18/6 9D7 15/6 2054 18/6 90CV 88/6 DF33 7/9
5R40Y 10/6 6526 18/- 1001 25/- SOPS 20/- 90C1 16/- DF91 2/9
6040 6/6 6518 14/- 1002 10/- 25.4130 5/9 150B2 14/6 DF96 6/8
5V40 7/6 6532 5/- 10131 8/- 25L00 5/9 15002 5/9 DF97 10/-
SY30T 5/8 611130T 8/- 10D2 14/7 95Y5 6/- 301 20/- 1)1163 6/-
523 9/- 6350 8/9 1051 15/- 25Y50 8/6 302 16/8 131176 5/-
5740 7/- 636 8/- 1059 9/- 25240 6/- 303 1,5/- D1377 4/-
6/30L2 12/- 6370 4/9 10518 7/- 2525 8/- 305 16/6 131181 10/9
13A813 6/6 6370T 6/6 1OLD11 10/- 25280 8/6 306 18/- DH101 25/-
6AC7 8/- 6K70 2/- 10513 18/- 3001 6/6 807 11/8 DH107
6A05 4/- 6K70T 4/6 10P14 20/- 50015 18/- 956 2/- 17/11
OAKS 6/- 8K80 4/- 10518 6/6 30C17 16/- 1821 10/6 DK32 7/3
8AK6 6/- 6L1 19/6 12A6 12/6 30018 12/9 5763 10/- DB40 10/
6AL6 MOOT 7/9 12A06 7/8 3055 16/- 6080 5/6 DK91 5/6
81.318 3/8 6L70T 12/8 l2AD6 7/6 30511 13/9 7193 10/6 DK92 9/-
6AQ5 5/6 6L18 6/- 12AE6 12/6 SOFL2 15/- 7476 14/- DK96 7/-
6.41113 20/- 6L19 27/6 12AT6 4/6 305112 16/- A1834 20/- DL33 6/-
6AT6 4/- 6LD20 9/6 12AT7 8/9 305114 14/6 A2134 19/6 DL35 4/9
SAU6 5/- 6N70T 6/6 12AUB 4/9 3011 8/8 A3042 15/- DL92 5/9
6AV6 5/6 6P28 25/- 12AU7 4/6 SOL15 18/9 AC044 28/6 DL94 6/8

DL96 7/-
DL810 9/6
DM70 6/-
D5171 7/8
DW4/3607/6
DW4/5007/6
DY86/7 6/9
DY802 9/6
E8OF 24/-
E835 24/-
E88CC 12/-
El8OF 19/-
E182CC 22/6
E1148 10/8
EA60 1/8
EA76 18/-
EABC80 8/6
EAC91 8/-
EAF42 10/-
EB34 8/-
EB41 4/8
EB91 2/8
EBC41 9/8
EBC81 6/6
EBC90 4/-
EBC91 5/6
EBF80 6/9
EBF83 8/-
EBF89 8/8
EBL91 12/-
EC53 12/6
EC54 10/-
11070 4/9
ECM 12/8
11088 121-
E092 6/6
ECC31 16/8
ECC32 4/6
ECC33 81/6
ECC40 11/-
ECC81 8/9

180082 4/6 EL42 10/6 KT74 12/6 PCL86 8/8 RI7 17/6 U18/20 15/-
ECC83 4/6 EL81 10/- KT76 12/6 PC1,88 15/- R18 10/- U19 84/6
ECC84 6/8 EL83 7/6 KT88 84/- PEN36C15/- 1119 7/6 U22 719

L84 4/
KTW61 PEN45 71- RIO 11/9 026 111/-

EBCCOC8865 8/-5/8 ERL86 8/-9 18/6 PEN4SDD 1152 7/8 U26 11/9
ECC88 7/- EL86 8/- KTW6212/6 16/- RK34 7/6 031 6/-
ECC189 9/6 EL9I 4/6 KTW63 6/- PEN46 4/- 8P42 12/6 U93 29/6
E0080412/- EL95 5/8 L63 8/9 PEN453DD 8561 6/6 1136 16/6
ECC80727/- EM80 7/6 LN152 7/- 19/8 TH4B 10/- U37 84/11
ECF80 6/6 EM81 7/6 LN309 10/- PENA4 18/6 TH233 19/6 U45 15/6
ECF82 8/6 EM84 8/8 LN319 18/9 PEN/DD TP2630 18/6 047 18/-
ECF86 9/- RM87 7/6 LN339 18/9 4020 17/6 UABC80 6/6 U49 11/9
20580442/- RIM 7/6 L2329 8/6 PFL20011/9 IJAF42 10/8 U50 5/6
E01121 12/6 EY81 M8162 12/6 PL33 7/8 UB41 6/6 U59 5/8
ECH35 5/9 EY83 11/- 21E140014/9 PL36 9/6 UBC41 9/- U76 4/9
ECH42 12/9 EY84 10/- MEIL4 12/8 PL81 9/6 UBC81 7/- U78 4/8
ECH81 6/9 EY86/7 6/6 51/1113612/8 51.81A 10/6 UBF80 5/9 0107 18/3
ECH83 8/- EY88 8/6 MX40 12/6 PL82 6/6 UBF89 6/9 0191 12/6
1101184 7/8 EY91 8/- N78 40/6 PL83 6/8 UBL21 9/- 1/251 14/6
ECL80 7/- EZ35 5/- N108 27/10 PL84 6/6 UC92 5/6 U281 8/-
ECL82 8/6 EZ40 7/6 N308 17/8 PL302 12/- UCC84 8/- U282 8/-
ECL83 9/- EZ41 8/6 N339 25/- PL500 18/- UCC85 7/8 U301 11/-
ECL84 12/- E280 4/6 P61 10/6 PL504 18/8 UCF80 8/8 U329 14/8
ECL85 11/- EZ81 4/9 PABC80 7/8 PL505 28/9 UCH21 9/- U403 6/6
ECL86 8/- EZ90 4/8 PC86 10/8 PL508 27/10 UCH42 12/- 11404 7/8
E529 12/6 FW4/500 PC88 10/8 PL509 28/9 00/181 6/8 U801 19/8
EF36 8/6 15/- PC95 8/8 PL802 15/- UCL82 04020 7/8

FW4/800 P97 8/6 PM84 7/9 UCL83 10/- VP13C 7/-EEF397A 571/:

15/- P900 7/6 PX4 28/6 UF41 10/- VP93 5/-
EF40 10/- 0230 7/- PC084 6/8 PX25 28/6 UF42 9/- VP41 7/6
EF41 10/- 0Z32 9/- POC85 6/6 PY32/3 10/- UF80 6/9 VR75 24/-
EF42 8/6 0233 12/6 PC088 9/9 PY80 6/- UF85 6/9 VR105 81-
E554 12/6 0234 10/- PCC89 9/6 PY81 5/8 UF86 9/- VR150 6/-
EF73 8/6 0Z37 14/6 PCC189 10/6 PY82 5/3 UF89 6/9 VT61A 7/-
EF80 4/6 HABC80 8/6 PC0805 18/9 PY83 5/9 UL41 10/6 VU111 7/8
EF83 9/8 111.23005/- PCF80 6/6 PY88 6/9 UL46 12/6 VUI20 121-
EF86 5/8 HI.41DD PCF82 6/8 PY301 12/6 UL84 6/6 VU120Al2/-
EF86 8/8 19/6 PCF84 8/- PY500 21/6 UM80 6/6 VU133 7/-
EF89 5/- 111,42009/- PCF86 10/- PY800 7/8 URIC 10/6 W76 6/9
EF91 8/8 HN309 67/4 PCF20018/8 PY801 6/9 UU5 7/8 W101 28/2
EF92 2/6 141/112 10/8 PCF801 7/- PZ30 9/8 UU8 21/- W107 8/-
EF97 10/- HVR2A10/6 PCF802 9/- QQV03/10 UU9 7/6 W729 12/-
EF98 10/6 1W3 21/- PCF80512/9 24/- UU12 4/9 X41 10/-
EF183 6/- 1W4/350 7/6 PCF806 11/6 Q875/20 UY1N 9/- X61 5/9
EF184 6/- 1 W5/500 7/6 P0580814/6 12/6 UY21 9/6 X65 10/-
EFP60 10/- KT2 5/- PCH20012/8 Q8I50/15 UY41 7/6 X66 10/-
E1190 7/6 KT8 84/8 PCL82 7/8 12/8 UY85 6/9 X101 80/6
EL.32 3/6 KT41 19/8 PCL83 10/- QVG4/712/11 U10 9/- XE3 25
EL34 10/8 KT44 20/- PCL84 7/6 R10 15/- 012/14 7/6 XFY12 9/8
EL37 17/S KT63 5/- PCL805/85 R11 19/6 U16 15/- XH1.5 9/6
EL41 11/- KT66 17/8 9/- R18 84/11 U17 6/- Z329 16/ -

All goods are new and subject to the maker's guarantee We do not handle manufacturers' seconds
nor rejects, which are often described as 'new and tested" but have a limited and unreliable life,
Business hours Mom-Pri. 9-5.30 p.m. Oats. 9-1 p.m.
Terms of business. Cash with order only. Post/packing 6d. per item. Orders over 25 post/packing
free. Same day despatch by fleet class mail. Any parcel insured against damage in transit for only
6d. extra. Complete catalogue of valves, transistors and components with conditions of sale, price
1/- post tree. No enquiries answered unless S.A.E. enclosed for reply.

SEMICONDUCTORS BRAND NEW GUARANTEED
DIODES 2N3054 11/- AF117 5/- BF194 4/6
18914 1/6 2N8056 15/- 25118 12/13 BF196 5/6
1E4007 4/6 283570 25/- A5139 7/6 BF1913 8/6
18920 8/8 2N3/371 27/6 A5239 8/6 BFI97 8/6
18940 1/6 2113572 17)8 AUY10 801- 85200 10/6
AA119 2/6 2N3702 2/6 BC107 8/- B5Y60 4/6
AAZ13 4/- 2N3703 2/6 BC108 8/- BEY51 4/6
AAZI6 2/6 2E3704 8/8 BC109 8/- BFY52 4/6
BA.110 7/- 2N3707 8/- BC140 7/6 MJ480 19/6
13A115 1/6 2114068 8/6 BC148 9/- MJ481 25/-
BA141 13/- 2/15172 8/- BC149 8/6 M3490 20/-
BA142 6/6 282905 8/- BC154 8/6 213491 27/6
BA144 1/6 2/12926 2/9 BC168 8/6 MPF103 7/6
11&1415 5/- 2N3393 4/- BC169C 8/- 1455104 7/6
BA154
BAX13

4/6
1/6

2113819
283866

71-
80/-

BC182L
BC212L

II/6
8/6

X55105 7/6
T18134 12/6

BAY38 8/9 2N3903 7/- BCY71 8/6 T1643 81-
BY126 3/- 2E3904 7/- BD116 22/6 T1861 8/-
BY127
BY140

8/8
20/-

2113905
21(3906

7/6
7/8

BD121
BD123

18/-
16/6

T1662 71-
TI890 6/6

BY184
BYZ13
0A91
02200
0A202

11/6
5/-
1/6
21-
2/-

2/14058
284286
2114289
2/15172
28006

816
8/6
8/6
3/-

15/-

BD124
BD1S1
BD132
BDY17
BDY19

12/6
19/6
19/6
37/6
62/6

INTEGRATED
CIRCUITS
CA3012 18/-
CA3018 17/-

TRANBISTORS 28020 37/6 BDY20 22/6 CA3048 41/-
(New Types) 3/1140 15/8 BDYS8 19/6 CA3052 88/-
2N718A 6/- 38141 14/6 BF115 51- MC1709CL 191-
2N918 6/- 40361 9/6 B51158 4/6 TAA310 25/-
28'1711 5/- 40862 11/6 BF159 5/- TAD100 89/6
2N1893 8/6 40467A 11/6 BF167 5/- TAD110 89/6
2112218 6/6 40468A 7/- BF173 6/6
2N2219,A 6/6 AC127 6/- BF178 12/6 DATA SHEETS
2112287 21/6 AC128 4/- BF179 14/6 R.C.A. 2/ -
2N2297 6/- AC176 5/- BF180 7/- Motorola 1/-
2N3053 5/8 A5116 5/- BF184 6/6 Mullard 1/ -

Many more semiconductor, and associated components in stock. Please send 6/6 for
comprehensive catalogue and price lists. Post and packing 1/8 per order (U.K. only).

iTIVIETE A. MARSHALL & SONS Ltd. TEE,21

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

DON'T BE CAUGHT OUT!
Colour Television is already here, but 1970 is
a big year for colour television with a number
of single standard colour sets coming on to
the market, engineers with a knowledge of
colour television will obviously be in great
demand.

SO DON'T DELAY
We have developed a colour television course geared
for the service engineer which will enable him to tackle
any problem in colour television

The course consists of 10 lessons on colour mix-
ing, Pal colour system, colour receivers, de-
coders, IF circuits, time -bases, convergence,
waveforms, set-up procedures, test equipment,
fault finding, typical circuits. Fee for complete
course 10 gns. Write for details without obligation to:

DAYLIN ELECTRONICS
(Dept. A) 32 Parkstone Drive
SOUTHEND ESSEX
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TOP RANK TV134U
The original defect was loss of channel 9 sound

after 30-40 minutes operation. This loss of sound
was preceded for a minute or two by rising and
falling volume, picture OK throughout. The tuner
and standards contacts have been cleaned and a
new PCF806 fitted, with vast improvement on v.h.f.
Now Southern ITV sound and vision (never seen
or heard before) can be received, but with a weak
Southern ITV picture there is good channel 9 sound
and with a Channel 9 picture only a loud hum. In
spite of careful fine tuning no trace of channel 9
sound is obtainable while the channel 9 picture
remains on the screen. BBC -1 sound and vision are
excellent.-R. E. Baker (Reigate).

Your first action should be to ensure that the
PC900 r.f. amplifier valve is up to standard. Then
check the 121(12 resistor which is the oscillator anode
load of the PCF806 frequency changer. If this is
in order check the 221d2 screen feed resistor to pin 7
of the PCF806.

ALBA T877
The volume rises at irregular intervals while the

background noise increases and a sound similar to
a microphone being handled, occasionally increasing
to a medium -pitched tone, is heard. The volume
control does not decrease the volume of any of
these noises.-W. T. Swinchatt (Chessington).

A rather unusual volume control circuit is used
in this set, a negative bias voltage from the line
output valve grid circuit being fed via the volume
control to the grid of the EF80 sound i.f. amplifier.
The fault causing the peculiar noises may therefore
be in the i.f. or a.f. stages. The first thing to check
with this type of fault is that the valves are seating
correctly and the pin connections clean. Then check
the valves themselves. If these are OK check around
this area for a burnt resistor or dry -joint. Check
the 0.1p.F capacitor which smooths the volume con-
trol negative bias line, also C36 (100pF) the i.f.
filter capacitor and C39 in the interference limiter
circuit.

FERGUSON 3625
ITV on channel 8 can no longer be received,

after having been troublesome for quite a while:
there is a blank screen and no sound. The BBC
channels however are OK, and more distant ITV
channels can be received though of course with a
poor picture. All aerial leads etc. have been
checked.-G. Hicks (Coventry).

The trouble is that the channel 8 coil biscuits
are not contacting the leaves on the strip. Clean
the biscuit studs and gently prise the contact strip
inwards with a screwdriver blade (at each end) to
improve the contact.

KB OV30
I have serviced this New Queen model, replacing

the e.h.t. rectifier, boost diode and line output valve
which was being fed with h.t. through an arc. An
R20 e.h.t. rectifier has been fitted. With careful
adjustment of the brilliance and contrast controls
I can get quite a good picture but the slightest
alteration to either control causes the picture to

either black out if the controls are turned back or
balloon and disappear when turned forward.-A. H.
Hicks (Southampton).

The original model was fitted with an R19 e.h.t.
rectifier which has a 2.552 resistor in series with its
heater supply. Check this resistor. If you keep
the R20 in, short out the resistor in the heater
supply.

SOBELL SC270
The picture keeps rolling on ITV though it is

OK on BBC. The sound is good on ITV but bad
on BBC and noisy-W. G. Luney (Belfast).

The usual reason for bad sync on one channel
but not the other is that the signal strength is poor,
perhaps due to an inadequate aerial. Also check
that the h.t. voltage to the tuner is about 200V.
If low check the two PY82 h.t. rectifiers. The poor
sound on BBC is almost certainly due to poor tuner
contacts. The tuner can be dismantled and cleaned.
At the same time check that there is sufficient
pressure on the contacts.

EKCO CT102 COLOUR RECEIVER
There are five broad vertical green stripes across

the picture, evenly spaced. The fault is most notic-
able on grey -blue backgrounds, but affects all
colours.-H. Ellveney (Nottingham).

Check the BC147 or BC107 transistor in position
VT28-this is the flyback suppression transistor in
the cathode lead of the PL802 luminance output
valve on the colour -difference amplifier panel. Also
suspect a faulty line linearity choke (L39) which
can be shorted as a quick check.

STELLA ST8514U
Only the sound was working when I received this

set. A picture was obtained by fitting a new EY51,
but faces are elongated and I don't seem to be able
to cure this. Also there is a PY33 in the PY32
position.-G. R. Topping (Morecambe).

A PY33 is the correct replacement for the PY32.
If the picture is of full width but too long, check
the height setting, the cathode bias electrolytic of
the front right ECL80, the ECL80 valves and asso-
ciated components. If width is lacking, check the
PL81.

BUSH TV166U
On 405 lines the picture loses contrast when a

scene with mainly white background comes on. As
this happens line pairing occurs and sometimes the
lines overlap intermittently. The vertical field hold
becomes more critical and lines with black content
tend to be displaced to the right. The PFL200 video
amplifier and sync separator has been replaced, and
the feed resistor 2R41 to the sync separator grid
seems OK. The voltage at the sync separator control
grid is rather low at -12.5V however. There is
plenty of picture signal.-A. R. Twort (Gillingham).

We suggest you check the 0.1p.F sync feed capa-
citor 2C46 in series with 2R41, and also 2C39 0.22p.F
which smooths the a.g.c. feed taken from the sync
separator grid.
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HMV 2644
Sync has been lost on this receiver. When it is

switched on all I get is a series of multiple images
side -by -side which roll as well. The picture nearly
locks for a second or two when the line hold control
is adjusted, then breaks up altogether with neither
line nor field lock. The EF80 sync separator has
been checked and is OK.-.1. P. Shelley (Chester -k -
Street).

The fault is almost certainly in the sync separator
section of the receiver, which is fitted with the
Thorn/BRC 980 chassis. Check the 0.1p,F coupling
capacitor C25 to the grid of the sync separator
(pin 2), the screen feed resistor R33 56ka and
decoupler C23 0.47/AF (pin 8) and the anode load
resistor R36 68kg (pin 7).

BUSH TV105
After switching on and warming up a consider-

able sissing noise is heard from the speaker along
with the sound, while the raster is broken up by line
tearing and sometimes finishes up with a very dark
screen apart from a vertical 2in. strip which is
normal and bright on the extreme right of the
picture. Interference in the form of varying sym-
metrical patterns is also caused on another set. I
can see no signs of a short anywhere. The timebase
whistle remains steady and is variable with the hold
control RV6, and the tube voltages seem to be

normal. After about five minutes the trouble
quietens down and a picture is obtained though not
very good and with little contrast.-F. Hazard
(London W5).

Ensure that the external conductive coating of the
c.r.t. is well bonded to the chassis. Check the line
output stage generally for any signs of discharge.
Also check the EY86 base which often becomes
decomposed, and the top cap connection.

FERGUSON 406T
Every time the set is switched on the field bold

has to be adjusted and afterwards the field jumps
and then settles down every few minutes. There
is very little contrast control.-C. Smith (Man-
chester).

First replace the PCL82 field timebase valve. Then
check the video amplifier PCL84, the video stage
components and the EF80 vision i.f. valves for
grid -cathode leakage.r

I
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QUERIES COUPON
This coupon is available until November 23,
1970, and must accompany all Queries sent
in accordance with the notice on page 86.

Don't forget the 2/- postal order!

TELEVISION, NOVEMBER, 1970
%NM NM ME Mi\

96 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.

9A KB receiver of the WV series was suffering
from bad distortion on the f.m. sound of the

III 625 -line standard yet the quality of the sound
reproduction was perfectly normal on the 405 -line
standard. The symptom was also accompanied by
buzz on sound changing with picture content (i.e.
intercarrier buzz). Since the intercarrier signal is
obtained from a tuned circuit following the vision
detector it was felt that either this tuned circuit or
the intercarrier channel, was misaligned, but an align-
ment check proved that this was not the case.

The two diodes of the f.m. ratio detector were
then carefully checked but each had low forward
resistance and very high reverse resistance. The
quality of the picture on the 625 -line standard was

very good, so it was assumed that the alignment of
the vision i.f. channel was correct.

What factor was overlooked and what are the
possible causes of 625 -line sound distortion, assum-
ing that there is no abnormal distortion on the
405 -line standard? See next month's "Television"
for the solution to this problem and for a further
item in the Test Case series.

SOLUTION TO TEST CASE 95
Page 40 (last month)

The video amplifier is a common cause of the
symptom described last month when, as in this
instance, there is partial d.c. coupling to the tube.
It will be recalled, however, that the valve was
replaced with only a slight improvement and with
diminishing bandwith. A further test would have
indicated that the video anode load resistor was
overheating and that its value was rising with tem-
perature. As the value of this component not only
affects the gain and bandwidth of the video channel
but also in this type of circuit the d.c. biasing con-
ditions of the picture tube, the display changed in
mean brightness level as well as in definition-the
rising value causing a fall in definition.

The trouble was completely solved by replacing
the resistor with one of higher wattage rating. It
is noteworthy that the valve itself can suffer through
excessive screen grid dissipation as a result of too
low anode potential caused by the increase in value
of the anode load resistor.

Published approximately on the 22nd of each month by IPC Magazines Limited, Fleetway House, Farringdon Street, London, E.C.4. Printed in England by Fleetway
Printers, 17 Sumner Street. London, S.E.I. Sole Agents for Australia and New Zealand-Gordon and Gotch (Aisle) Ltd.; South Africa-Central News Agency Ltd.;
Rhodesia and Zambia-Kingstons Ltd.; East Africa-Stationery and Office Supplies Ltd. Subscription Rate (including postage): for one year to any part of the
world. C2 5s. Od..(C2.25). "Television" is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been
given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent,
resold. hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade, or affixed to or as part of any publication or advertising.
literary or pictorial matter whatsoever.
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Learn at home...
First Class Radio
and TV Coyrses

C Pet \\

cote)
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. 6 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 rotund of fait
Write now for your copy of this valuable
publication. It may well prove to be the
turning point in your career.
F HIS Over 159.000
CHAMBERS COLLEGE
(Memo. National Inst. of Engineering)
Aldermaston Court, Dept. 944V,
Aldermaston, Reading. RG7 4PF.

NEW RANGE - TV - AERIALS
All U.H.F. aerials now fitted with tilting
bracket and 4 element grid reflectors.
Loft Mounting Arrays: 7 element,451.;
11 element, 52/6; 14 element. 60/.;
18 element, 70/-. Wall Mounting with
Cranked Arm: 7 element, 651.; II
element, 751.; 14 element, 82/6; 18
element, 90/-. Chimney Mounting Arrays.
Complete: 7 element. 80/-; 11 element.
87/6; 14 element. 95/-; 18 element. 105/-.
Complete assembly instructions with every
aerial. Low loss co -axial cable. 1/8 yd.
King Teleboosters - Labgear U.H.F.
Boosters from 75/ -.Belling Lee ' Con-
cord' all Band V.H.F./U.H.F. mains
operated pre -amp., 37.10.0. State clearly
channel number required on all orders.
P.p.: Aerials. 8/-: accessories. 3/-.
C.W.O. or C.O.D.

BBC - ITV - FM AERIALS
BBC (Band 1): Loft. 25 / -;
wall S/13. 3216: 'H' array.
60 /-. ITV (Band 31: 5

clement loft array, 451-;
7 element. 55/-; wall
mounting, 5 element. 65/-.
Combined BBC/ITV: Loft
1+5. 55/-; 1+7, 67/6;
wall mounting 1+5. 77/6:
chimney mounting 1+5.
90/-. Pee -amps from 75/ -
Combined BBCII1TV / BBC2
Aerials: 1+5+9. 80/-;
1+5+14, 90/-; 1+7+14,
100/-. Available loft only.

EM Radio: Loft S/D. 19/6; 'H', 38/6;
3 element array, 57/6. Standard co -axial
cable. 11- yd. Co -ax plugs, 1/8. Outlet
boxes. 6/-. Diplexer crossover boxes.
17/6. P.p.: Aerials. 8/-; accessories. 3/-;
C.W.O. or C.O.D. (min. C.O.D charge
3/6). 1/- for fully illustrated lists.

CALLERS WELCOMED.
OPEN ALL DAY SATURDAY.

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

London Road. Mitcham. Surrey
01-648 4884

NEW VALVES
Guaranteed and Tested
24 HOUR SERVICE

1R8 5/6 ECC81 8/6 PCF802 819
185 4/8 ECC82 4/- PCF805 12/9
1T4 2/9 ECC83 4/9 PCF806 11/-
384 5/9 E('F80 5/9 PCL82 6/9
3V4 6/6 ECF82 5/9 PCL83 10/6
6/30L2 11/6 ECH35 5/6 PC1.84 7/-
6AQ5 5/- ECH81 5/9 PCL85 8/6
61,25 12/- ECL80 7/- PCL86 8/-
25L6GT 4/6 ECL82 6/8 PFL200 11/6
30018 12/9 ECL86 7/8 PL36 9/8
30FL1 12/8 EF39 4/6 PL81 9/8
30L15 12/9 EF80 4/6 P1.82 6/9
30P4 12/- EF85 5/9 PL83 6/8
30P19 12/- EF86 6/8 P1.84 el-
30PL1 12/3 EF89 4/9 PL500 19/9
30PL13 14/- EF91 2/6 PL504 13/ .
30PL14 13/6 EF183 5/8 PY32 10/-
35Z4(3T 9/6 EF184 8/- PY33 10/-
CCH35 18/- EH90 7/3 PY81 5/-
DAC32 6/9 EL33 9/8 PY82 5/-
DAF91 4/8 EL84 4/9 PY88 6/6
DAF96 7/- E5134 13/9 PY800 7/-
DF33 7/6 EY61 7/- PY801 7/-
DF91 9/9 EY86 6/8 R19 6/8
DF96 71- EZ80 4/8 U25 111/9
131(32 6/9 EZ81 4/6 U28 11/6
1)1(91 5/6 KT61 9/8 U191 12/-
13E92 8/8 KT68 16/8 U251 14/-
1)10/6 7/8 N78 17/- U329 14/-
DL35 4/9 PC86 9/9 UABC80 61-
D1.92 6/9 PC88 9/9 UBF89 6/3
D1.94 8/6 PC97 7/6 UCC85 7/8
DL96 7/8 PC900 7/- UCH81 6/6
DY86 6/8 PCC84 6/8 UCL82 6/9
DY87 5/8 PCC89 9/3 UF89 6/-
EABC80 6/3 PCC189 9/6 111.84 6/8
EB91 2/- PCF80 5/11 UY41 7/-
EBC33 7/9 PCF86 9/- uY86 5/8
EBF89 6/- PCF801 6/8 777 8/9

Postage on 1 valve 9d. extra. On 2 valves or more.
postage 64. per valve extra. Any parcel insured against

damage in transit 64. extra.
Office address, no callers.

GERALD BERNARD
83 OSBALDESTON ROAD

STOKE NEWINGTON
LONDON, N.16

DIMMASWITCH

This is an attractive dimmer unit which
fits in place of the normal modern light
switch. The ivory mounting plate
matches modern fittings and the control
knob is bright chrome. An ON/OFF
switch is incorporated to control 40-600
watts of all lights except fluorescents at
mains voltages from 200-250V, 50 Hz.
Competitive products sell at L4 19 6d-
our price is £3 4s. We also offer at
E2 14s. a complete kit of parts with
instructions enabling you to build this
dimmer yourself.
The circuit uses a miniature RCA triac
and a diac triggering device to give
complete reliability. Radio interference
suppression is included.
Post and Packing I/6d. extra.
Please send Cash with Order to: -

DEXTER & COMPANY
ULVER HOUSE, 19 KING STREET

CHESTER CHI 2AH
Tel: Chester 25883

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

're
your
ear a

resent
The 1971 edition of the
PRACTICAL MOTORIST
ANNUAL is on sale Monday,
October 12. Its 144 pages of
authoritative and lavishly
illustrated articles cover every
aspect of car maintenance,
overhauls, preservation,
accessories and holiday
motoring-as well as advice on
driving safely through adverse
conditions such as fog and floods.
PRACTICAL MOTORIST
ANNUAL 1971 is an ideal
reference book for every family
motorist-and truly excellent
value for only 5/-.

PRACTICAL
MOTORIST
ANNUAL1971
A UNIQUE REFERENCE BOOK
FOR EVERY CAR OWNER
ON SALE 12th OCTOBER Si-
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TELEVISION CLASSIFIED ADVERTISEMENTS
The pre -paid rate for classified advertisements is 4/- per line (minimum order 12/-), box number 1/- extra.
Semi -display setting £2 10s. Od. per single column inch. All cheques, postal orders, etc., to be made
payable to TELEVISION and crossed "Lloyds Bank Ltd." Treasury notes should always be sent registered
post. Advertisements, together with remittance, should be sent to the Classified Advertisement Manager,
TELEVISION IPC Magazines Ltd., Fleetway House, Farringdon Street, London, EC4, for insertion in
the next available issue.

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. & Else.).
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, T/V
servicing and maintenance. T.T.E.B., City
& Guilds, etc., highly informative 120 -page
Guide-FREE. CHAMBERS COLLEGE,
(Dept. 858K), Aldermaston Court, Reading
RG7 4PF.

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 I32 -page Hand-
book-FREE. Please state subject.
BRITISH INSTITUTE OF ENGINEER-
ING TECHNOLOGY (Dept. 172K),
Aldermaston Court, Aldermaston, Berks.

TRAIN FOR SUCCESS
WITH ICS

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

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

ICS, DEPT. 560, INTERTEXT HOUSE,
STEWARTS ROAD, LONDON S.W.8.

WANTED

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

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

WANTED

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

WANTED Bulk Purchase of scrap and
redundant TVs. CASH ON COLLEC-
TION. Immediate Clearance. G. A.
Morley, T.V. Disposal Co.. 61B Shakes-
peare Road, Telephone Bedford 61876.

WANTED ! TV fully modified for DX
reception. A. G, Fairey, 35 Plains Avenue.
Maidstone, Kent.

FOR SALE

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

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

LOWLINE CONSOLE 19" Fully Dual -
Standard needs U.H.F. Tuner only £18.
19" Ferguson £13. Delivered London. M.
J. Long, 19 Totternhoe Close, Kenton,
Middx.

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

INTEGRATED CIRCUIT
AUDIO AMPLIFIER

KIT

Power output: 3 Watts R.M.S. per
channel. Sensitivity: 160 my. input
for 3 watts output. Output load: 7.5
to 15. Frequency response: -15 Hz
to 50 KHz (3db down). Treble cut
and boost: -18db to +12 db. Bass
cut and boost: -14 db to +12 db.
Noise level: -80 db max. (referred to
3 watts output). Hum: -70 db max.
(referred to 3 watts output). Cross-
talk: -40 db. Distortion at 3 watts
output 1 % max. (Total harmonic).
Price of kit of parts and full con-
structional details £15.

TELEVISION CITY
Dept. T1, 50 Richmond Road,
Kingston-upon-Thames, Surrey. Tel.
01-546 3961 (100 yds. from Station).
Daily 9.30-5.30; Friday 9.30-7;
Closed Monday.

SERVICE SHEETS

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

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

1 970 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 (November T)

SERVICE SHEETS
(1 925 -1 970 ) for Radios, Televisions,
Transistors, Radiograms, Car Radios,
Tape Recorders, Record Players, etc. By

return post, with

FREE FAULT FINDING GUIDE

PRICES FROM 1/ -

Over 8,000 models available.
Catalogue 2/6

Please send stamped addressed envelope
with all orders and enquiries.

Hamilton Radio
54 London Road, Bexhill, Sussex.

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

LARGE SUPPLIER
OF

SERVICE SHEETS
(T.V., RADIO,

TAPE RECORDERS,
RECORD PLAYERS,

TRANSISTORS,
STEREOGRAMS,
RADIOGRAMS,
CAR RADIOS)

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

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

available.)

C. CARANNA
71 BEAUFORT PARK

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

model number/alternative.
Mail order only.

RADIO, TELEVISION over 3,000 models.
JOHN GILBERT TELEVISION, lb
Shepherds Bush Road, London, W.6.
SHE 8441.

RADIO & TV SERVICE SHEETS 4/-
s.a.e., Service manuals 12/6 each. P.P. 116.
State make and model no. to: Bell's
Television Service, Albert Place, Starbeck,
Harrogate, Yorks.

AERIALS

BAKER AND BAINES
UHF Aerials EEC and ITV 623 Colour

10 ale 42/-, 14 ale 47/-, 18 ale 65/, 22 ale 75/-i
Double 22 ale 160/-.
BBC Aerial.: Dipole 35/, X 43/-, H 48/-.
ITA Aerials: 5 ale 39/-, 8 ale 54/-, II ale 66/-,
double 5 array 96/..
Combination Aerial.: Dipole plus 5 54/-,
H plus 5 82/-, X plus 590/-. Special Loft Dipole
plus 5 42/-.
Diplexers - Triplexers - Matched Diplexers
UHF - VHF.
Poles, Lashings, Clamps, Couplers, etc. Co -Ax
1/3 and 2/3.
Postage paid inland on Aerials only. Please state
channels when ordering. SAE for full lists.

II Dale Cr..,, Tupton, Chesterfield

MISCELLANEOUS

ENAMELLED COPPER WIRE
S.W.G. Per }lb. reel Per Ilb. reel
18-22 11/3d 16/6d
23-30 11 /9d 17/6d
31-35 12/3d I8/6d
36-40 15/0d 24/0d
41-44 17/9d 29/6d
Orders despatched by return of post. Please

add 1/- per item P. 8. P.
Supplied by:

BANNER TRANSFORMERS
84 Old Lansdowne Road,

West Didsbury, Manchester, 20
TRADE ENQUIRIES INVITED

SETS & COMPONENTS

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

SETS & COMPONENTS (continued)

NEW BVA VALVES I
Brief list of television ty

Huge range by return postal service well known to the trade.
pas herewith, full list S.A.E. All types ex stock I

DY86/7 8/- PCF86 12/3 PY82 7/- 20L1 19/6
EB91 6/- PCF801 /2 12/3 PY800/1 8/3 20P4 20/-
ECC82 8/6 PCF805 13/- R19 13/- 30C15 13/9
ECL80 8/- PCF808 13/6 U25 15/- 30C17 16/9
EF80 8/- PCL82 10/3 U26 15/- 30F5 16/6
EF85 8/3 PCL83 12/3 U37 16/- 30FL1 12/9
EF183/4 11/3 PCL84 10/3 U191 14/6 30L15 16/3
EH90 10/3 PCL86 10/6 U193 8/3 30L17 14/6
EY51 7/6 PCL86 10/3 U251 17/3

30P12 16/8EY86/7 7/9 PL36/8 12/9 U301 17/-
PC86/8 10/3 PLB1 10/3 U801 24/- 30PL1 12/9

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 PL604 17/- 6CD6G 28/- 30PL14 18/6

PCF80 10/3 PY81 8/3 6F23 15/6 etc. Trade prices
POST FREE OVER £3 -LATEST BY100/127 type Fr 33 ohm 10 watt res, 4/-I

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

LOOK ! Nearly every type in stock now ! !

NEW TELEVISION TUBES !
TWO YEAR FULL REPLACEMENT GUARANTEE

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

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

ordinary rebuilds? Colour Rebuilds £39 to £45
Special offer! 19" rebuilds, 2 year guarantee £5 10s.1 23" £7 10 0.

12" £3 0 0 (not 110°) 20" Mullard. 14" to 16" (not 110°) £4 15 0
17" £5 17 6 A50/120W £10 17 0 19" 1901 Et 19AH £7 10 0
Other 19' mono tubes -all £6 17 6. Carriage all 12/-. All 21" mono
tubes -£7 17 6, 23" mono tubes £9 10 0. Carriage 15/-
RIMBANDS, 19' £8 10 0; 23" £11 10 0 Carriage
TWIN PANELS, 19" £9 17 6; 23" £14 0 0 20/ -

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

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

6 POTTERS ROAD, NEW BARNET, HERTS.
Closed Thurs & Sat afternoons TEL. 449/1934 (Robophone)

WITWORTH
TRANSFORMERS LTD.

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

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 £I-0-Od. each, please state
model.

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

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

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

100 £5 1 Os. Od., post paid.
EF85, EF80, EB91, EBF89, ECL80,
EF183, EY86, PCF80, PCC84, PL36,
PY81, PCL82, PCL83, PCC89, PY33.
PY82, PY800, PY801, PY88, PCL84,
30F5 6BW7, PY801.

BOB'S,
2 St. James Street, Rewtenstall

Rossendale, Lancs.
Mail order ONLY.

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

TELEVISION TUBE SHOP

BRAND NEW TUBES AT
REDUCED PRICES

A28-I4W 111. 0.0
A31 -18W E12.10.0
A47 -I I W £9.19.6
A47-I3W EII.15.0
A47 -14W /7.12.6
A47 -26W E10.15.0
A50-120WR E12.10.0
A59 -I IW £12.19.6
A59-I3W E15.10.0
A59 -15W E9.19.6
A59 -16W £14.15.0
A59 -23W E14.15.0
A6 I -120WR £15.10.0
AW21-I 1 £10.10.0
AW36-20, 21 E5.12.6
AW36-80 E5. 7.6
AW43-80 E6.17.6
AW43-88, 43-89 £6.12.6
AW47-90, 91 E7.10.0
AW53-80 E8.17.6
AW53-88, 53-89 £8. 5.0
AW59-90, 59-91 E9.10.0
CI7LM, PM, SM £6.12.6
CME 1201 £12.10.0
CMEI101 LI 1.19.6
CMEI601 £10. 5.0
CME1602 E12. 0.0
CMEI702, 1703 £6.12.6
CME 1705 E7.12.6
CMEI901, 1903 /7.10.0
CME2013 E12.10.0
CME2101, 2104 ES. 5.0
CME230 I, 2302 £8.15.0
CME2306 E15.10.0
CME 2413 /15.10.0
CRM93 £5.10.0
CRMI24 £5.10.0
CRMI41, 2, 3, 4 £5.12.6
CRMI71, 2, 3 E6. 7.6
CRM2I I, 212 £8.17.6
MW36-24, 44 E5. 2.6
MW43-64, 69 E6. 7.6
MW43-80 16.17.6
MW53-20 £8.17.6
MW53-80 E8.17.6
7405A /6.12.6
TSD2I 7, 282 E14. 0.0

All tubes tested before despatch and
guaranteed for 12 months.

Fully rebuilt tubes available -prices on
request.

CARRIAGE & INSURANCE 15/ -

COLOUR TUBES
(Carriage & Insurance 40/-)

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

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

WE GIVE GREEN SHIELD
STAMPS

R & R RADIO
51 Burnley Road, Rawtenstall

Rossendale, Lancs.
Tel.: R o dale 3152

VALVES BOXED, TESTED &
GUARANTEED

EF80 3/- PCC84 3/- PY82 3/-
EBF89 3/6 PCF80 3/- U191 4/6
ECC82 3/- PCF82 3/6 30F5 2/6
ECL80 3/- PCL82 4/- 30L15 3/-
EF80 1/6 PCL83 4/- 30P12 4/6
EF85 3/- PL36 5/- 30CI5 5/-
EY86 4/- PL83 4/-
E Z40 4/6 PY33 5/-
E13C41 4/6 PY8I 3/6

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

GRAINGER & YOUNG
TV Services & Electronics

VERY HIGH GRADE REPLACEMENT
TUBES 2 YEARS GUARANTEE d

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

19" AW47-90
AW47-91
A4714 -W

CME 1901 4 17 0
CME 1902
CME 1903

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

A47-11 W CME 1913

2V AW53-88 CME 2101 6 15 0
AW53-89 CME 2104

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

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

A59-23WR CME 2313

Carriage and Ins.: Great Britain 15/ -

Standard sound output transformers
replacement for most TVs 10/- plus

2/6 p.p.

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

White
8 Elements 27/-

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

Please state channels required

TERMS -CASH WITH ORDER

Phone Enquiries MBRO 43859

42 Borough Rd., Middlesbrough,
Teesside.

NEW! Continuous range high -gain pre -
Amplifier, 40-900 MHz! Television, Radio,
Stereo, all Bands, all Channels, VHF, UHF,
Colour! Precision made, built-in power
unit, totally enclosed, neat case. Fixed in
seconds back of set, no mods, aerial
connection only. Superb value at E7.12.6d.
post paid to any address in U.K. Send
S.A.E. for leaflet: Johnsons (Radio), St.
Martins Gate, Worcester, WR1 2DT.

T.V. SPARES
OIL FILLED MURPHY LOPT's U26
type. Model number not known. 25/ -
each + 4/6 p.p.

PUSH BUTTON V.H.F. TUNERS-
FERGUSON Piano key type. Less
valves PC97 and PCC89. 50/- each +
4/6 p.p.

BAIRD V.H.F. TUNERS, Uses PC97
and 30C18 valves. Fits 620 to 650 series
models, complete with all coils, supplied
less valves. 55/- each + 4/6 p.p.

BRC 850 series I.F. panels, ideal for
replacement parts, components, I.F.

transformers and coils. Supplied less
valves and vidio (PCL84) section. 35/ -
each + 4/6 p.p.

U.H.F. TUNERS. Few only, to clear.
Supplied less slow motion drive and
mounting brackets and valves PC86,
PC88 type. 35/- each + 4/6 p.p.

BRC 850 SERIES TIME BASE PANELS.
Complete and unused in maker's un-
opened cartons. 45/- each + 4/6 p.p.

G.E.C. CRYSTAL 13' I.F. Panels, the
ideal I.F. panel for "portable" TV builders.
Complete and unused, 55/- each + 4/6
p.p. Complete circuit available for this
receiver at 7/6 each (only supplied if
you purchase panel).

WILLOW VALE
ELECTRONICS LTD.,

4 & 6 The Broadway,
Hanwell, London, W.7.

Terms cash with order or C.O.D. 4/6 extra

S.A.E. all enquiries. Catalogue 2/6.

TOWERBY LTD
For Lin* Outputs and Deflector Coils

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

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

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

70 STREATHAM HILL, LONDON, SW2.
Tel: 01.674 2185.
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SETS & COMPONENTS (continued)

WILLOW VALE IN THE WEST COUNTRY!
RADIO AND TELEVISION VALVES SMALL SELECTION
British made valves normally supplied. EVERY TYPE IN STOCK
DY86/7
DY802
EABC80
EB9I
EBC90
EBF80
EBF89
ECC8I
ECC82
ECC83
ECC804
ECH8I
ECH84
ECL80
ECL82
ECL83
ECL84
ECL86
EF80
EF85
EF86
EF89
EFI83
EF184
EH90
EL34
EY5 I

0/-
9/I
2/8
8/2
0/10
0/10
0/10
0/-
0/-
0/-
5/4
4/6
2/8
9/6
2/8
3/4
1/4
2/8
9/6
2/8
6/4
0/10
2/8
2/8
3/7
0/-
3/7

EY86/7
EZ80
EZ81
EZ90
GZ34
GY501
PC86
PC88
PC97
PC900
PCC84
PCC88
PCC89
PCCI89
PCC806
PCF80
PCF86
PCF87
PCF801
PCF802
PCF805
PCF806
PCF808
PCL82
PCL83
PCL84
PCL85

I0/- PCL86 11/4
10/10 PD500 31/7
8/2 PFL200 15/9
9/3 PL36 16/4
3/7 PL81 13/7
5/9 PL8IA 14/6
4/6 PL82 10/10
4/6 PL83 13/8
0/10 PL84 12/8
2/8 PL302 13/7
0- PL504 20
6//8 PL508 20//-4
3/7 PL509 31/7
3/7 PY33 12/2
5/9 PY8I 10/10
1/4 PY800 10/10
3/7 PY801 10/10
8/1 PY82 8/4
3/7 PY83 13/7
3/7 PY500 20/4
4/11 UABC80 3/7
3/7 UCH8I 3/7
4/11 UCL82 2/8
1/4 UCL83 4/6
3/4 UL4I 4/6
3/7 ULB4 2/8
2/8 UY85 9/ -

ALL MAZDA/BRIMAR TYPES IN STOCK.

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

EVERYTHING FOR THE SERVICE
ENGINEER AT:

WILLOW VALE'S NEW BRANCH
42, West End, Street, Somerset.
Telephone: (Street) 04544/2597

AHHHIHHHIHN.4.

FULL RANGE OF BRAND NEW CRTs
e.g. New I9in. at L549 -0d nett

Full range of Capacitors, resistors, diodes,
transistors, Servisol, Electrolube, Multicore solders,

etc.

NEW TUBES --TWO YEARS GUARANTEE

BRAND
NEW

ES 10 0

A FEW SAMPLE TYPES, REMEMBER WE STOCK EVERY
TUBE

CMEI702, AW43-80, CRMI73, MW43-80, MW43-69*,
CRMI72*, AW43-88, AW43-89, CMEI705, CMEI703,
C I7AF, CI7SM etc.

E5 19 0 CMEI903, CMEI902, CMEI901, AW47-90, AW47-91,
A47-I4W, C I 9AH, C I9AF, C I9A.

10 0

1.8 19 0

CME2I01, AW53-88, AW53-89, CRM2I1*, CRM2I2*,
MW53-20*, MW53-80*.

CME2303, CME230I, AW59-90, AW59-91.

ALL PRICES
ARE NETT. CARRIAGE I2/6d. per tube.

TWN iy CMI906
PANELSI A47-E 1.1I3W10 I 0 23 As

ICME230A59/23WN.A.r 0

SOUTHERN VALVE COMPANY
NEW I (Mostly BVA Valves)

DY86/7 7/6 PCF80 (small) 8/- PY800/1 7/- 30L15 12/6
DY802 9/- PCF86 10/6 U25 12/6 30L17 14/6
EB91 3/- PCF801/2 9/9 U26 11/6 30P12 12/6
ECC82 7/6 PCF805 10/- U191 12/6 30PL1 12/6
ECL80 7/6 PCF808 12/6 U193 7/6 30P4 M R 17/-
EF80 5/- PCL82/4 7/6 U251 12/6 30P19 11/6
EF183/4 7/6 PCL83 10/6 6/30L2 11/6 30PL13 14/6
EH90 9/- PCL85 9/- 6BW7 12/6 30PL14 14/6
EY51 7/- PCL805 9/- 6C06G 19/- NOTE
EY86/7 7/6 PL36 10/6 6F23 13/6 BY127 (BY100)
PC86/8 10/- PL81 7/9 20L1 19/- with 33 ohm res
PC97 8/- PL84 10/- 20P4 15/- 10 watt is 3/111
PCC84 8/9 PL500/4 12/6 30C15 12/- Valve data books
PCF80 (large) 8/6 PY81 7/- 30FL1/2 12/- 4/ -

POSTAGE 6d. per valve, £3 and over, post free.
44 Earls Court Road, London, W.B. (Mail order only)

AERIAL BOOSTERS 59/- EACH
We make four types of transistorized aerial

pre -amplifiers. These take only seconds to
install.
I. L45 625 TELEVISION (U.H.F.).
2. L12 405 TELEVISION (V.H.F.).

Please state channel numbers.
3. LI I V.H.F. F.M. RADIO.
4. LI0 WIDEBAND RADIO.

This covers M/W and S/W to 20 MHz.
PRICE EACH

L45,1.12 and LI 159/-; LIO 39/,
S.A.E. FOR DETAILS

MONEY BACK GUARANTEE

VALVE BARGAINS

Any I.2/-, 5-9/-, 10.14/-.

EB9I, EBF89, ECC82, EY86, ECL80, EF80,
EF85, EFI83, EF184, PCC84, PCC89, PCC 189,
PC97, PCF80, PCF86, PCF800, PCL82, PCL83,
PCL84, PCL85, PL36, PL8I, PL83, PY32,
PY33, PY8I, PYB2, PY800, PY801, 30FL I ,
30F5, 30L15, 30C15, 6F23, 6-30LZ.

TESTED, GUARANTEED AND BOXED
Valves 4/- each.

BY100 TYPE RECTIFIERS with Surge -
resistor on bracket, 2/6 each.

VELCO ELECTRON ICS
62 Bridge Street, Ramsbottom, Bury, Lancs. Tel. 3036

TOP PRICES PAID
for new valves and components

Write:

KENSINGTON SUPPLIES,
(A), 367 Kensington Street,

Bradford 8, Yorks.

GREATEST TUBE OFFER EVER
all with 12 months guarantee.

we can supply all types of tubes
including:

Twin Panel or Panorama: any size up to 19".
/6.10.0; 23^ /8.10.0.

And we Regun Colour Tubes:
19" C28.10.0, 22" [33, 25" 107.10.0.

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

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

THRIFTYS
Green Lane Farm, Green Lane,

Chemington, Surrey.

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

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

SAFE

WHEN YOU

BUY FROM

RE -VIEW!

HERE IS WHAT YOU PAY:
I2in. .. L4.15.0 I9in. L5.15.0
I4in. £5. 0.0 2lin. £7. 5.0
15in. .. LS. 5.0 23in. 1.8.10.0
I7in. f5. 5.0 I9in. Twin Panel L7.10.0

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

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

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

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

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

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

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

Tel. 01-689/7735

PADGETTS RADIO STORE
OLD TOWN HALL, LIVERSEDGE, YORK

Tel. Heckmondwike 4285
Amplifier Units Type A1413. Complete with 5Z4 and 6V6GT
Valves 230/250 Volt 50 cycles Transformer Clean Condition
Untested 25/- Carriage B.R.S. 15/-.
Airmileage Units. Complete with 24 Volt Motor and Gears, etc.
Less Relay. Clean Condition. Untested 15/- Carriage B.R.S. 15/-.
Panel with Two Miniature Relays and One Carpenter Relay with
Base Ex Units 7/6 post paid.
Panels of Resistors and Condensers Ex Equipment 8/- Per Doz.
Post Paid.
AW 43/80 Tubes. Reclaimed with 6 month guarantee 25/-.
Carriage 15/-.
AW 43/88 Tube. Reclaimed with 6 month guarantee £2. Plus
carriage 15/-. MW 43/69 30/-. Plus carriage 15/,
Speakers P.M. All 3 Ohm perfect condition ex T.V. Sets. Postage
and packing on any Speaker 4/, 5" Round 3/-, 6 x 4 3/-, 7 x 4
5/-, Slot Speaker 8 x 21 3/-.
Special Offer Bush 17" T.V. Sets Series 75, 12 Channel Complete
and Tested with good tube £6/10/0. P1 us carriage and Insurance
passenger train G.B. only 35/-. Cabinet condition fair.
Complete untested 17" T.V. Sets 12 Channel 50/-. Carriage £1.
Top Grade Mylar Tapes. r Long Play 14/-. 7. Standard 11/6.
5' Long Play 10/-. 5" Standard 7/9. Post and packing on any
Tape 1/9.

3 months' guarantee. Single Valves
ARP12 1/6 PCL85 5/- U191 4/-
EB91 9d. PCL84 4/- 6F23 4-
EBF89 3/- PCL82 4/- 688 1//6
ECC82 3/- PCF86 4/- 68W7 2/6
ECL80 1/6 PCL83 3/- 6U4 4/-
EFI83 3/- PL36 5/- 20D1 3/-
EF184 3/- PL81 4/- 20P1 5/-
EY86 4/- PY81 1/6 20P3 2/6
PCC84 2/- PY800 3/6 30PL I 5-
PCF80 2/- PY82 1/6 30P12 4//6
PCC89 3/- PY33 5/- 30F5 2/9

EX -RENTAL TELEVISIONS

TWO-YEAR GUARANTEE

FREE ILLUSTRATED LIST OF
TELEVISIONS

17" SLIMLINE 405 only
LI I 10 0

19" SLIMLINE 405/625
39 gns.

17"-IY-21^-23"
WIDE RANGE OF MODELS,

SIZES AND PRICES

DEMONSTRATIONS DAILY
Carriage and Insurance 30/ -

TWO -YEAR GUARANTEED TUBES 100% REG UN NED
Slim Line Tubes 110" 17" and 19" 109/6, 21" and 23" 129/6.
Normal Tubes 713" and 90. 17' 99/6, 21" 119/6, 14" 79/6.

SPEAKERS 10/-, 2*" ea 4^ Ion
3" x 5- ea 7" x 4" 312, 6^ x 3"

30. BRAND NEW. P. & P. 2/-.

Transistor.: Mullard matched output
kit 7/6, 0081 D-2 °Cals. P. & P.
FREE. AF 117, AFI 14, 0C44, 0C45,
0071; 2/6 each.
Ferrite, Rods 3/6: 6' and 7" complete
with LW/MW Coils. P. & P. FREE.
Transistor Cases 4 for LI.
SIZE. 91 x 61 x 31 P. & P. 9/6.

PRESS BUTTON SWITCHING
UNITS
Banks of 4 Buttons 3/6.
Banks of 6 Buttons 5/6.
P. & P. 1/..

STEREO RECORD PLAYER
CABINET WITH

MATCHING EXTERNAL
SPEAKER CABINET

LS 19 6

Cloth covered two tone blue/
black. Size 141" x 24" 81"
P. & P. 10/6.

DUKE & CO. (LONDON) LTD.
621 /3 Romford Road, London, E 12 Tel. 01-478 6001/20

VALVES SAME DAY SERVICE
NEW! TESTED I GUARANTEED!

SETS 11t5, 180, 1T4, 384, 3174. DAF91, DF91. DK91, DL92, DL94.
Bet of 4 for 18/6. DA796, DF96, DK96, 01.98, 4 for tin-.

1.370T 7/8
HISGT 7,3
MGT 7/9

1R8 5/9
185 4/2
1T4 2/9

84 619
3V4 6/9

513lIT

25U4GT11/11
3001 6/6
30015 18/-
30017 161-
30018 12/8
3075 1619
3071,1 12/9
303%1214/6
3071,1414/6

DL94 6/9
DL98 7/3
D786 5/9
DY87 6/9
&ABCS° 6/6
EAF42 101-
5B91 2/3
EBC33 8/-
EBC41 10/8

112134 14/6
EX80 8/8
BK81 8/8
51184 6/9
BK87 7/6
5761 7/8
5Y88 6/6
5Z40 8/-
EZ41 8/-

PCL85 9/-
PCL88 8/8
PCL88 14/8
PCL80015/6
PENA4 8/6
PFL20011/9
P1.36 9/9
PL81 9/8
PL81A 10/8

UE780 6/9
UBF89 6/9
UCC84 7/-
UCC136 7/3
00780 7/3
00/342 12/6
UV1181 8/8
U01.82 7/-
UCL83 11/-

Z413 7/6 801,1 6/6 EBF80 8/9 13380 4/8 P1.82 6/- C741 10/6
6/30L2 121- 30L16 18/- EBF89 6/8 5581 4/9 PL83 6/6 0785 6/9
20118 46/- 301,17 16/6 ECC81 8/9 0532 8/9 PL84 6/6 IIF89 8/9

6AL6 sit 3074 18/- ECC82 4/9 0724 9/9 71,600 18/- 111,41 121-
6A/16 2/9 30712 18/9 E00133 7/- KT41 15/6 PL504 18/6 U1,44 201-
6.41:16 6/2 30719 18/- E0080 6/9 %Te1 9/9 PL508 118/6 UL84 7/-
6AT8 4/8 30PL1 12/9 50080418/- KT66 16/9 PM84 7/6 UX80 5/-
615.48 4/8 30PL13 14/6 ECF80 6/- LN329 14/8 PIC26 111/6 02(84 4/6
613E6 4/9 301%1414/- E0F82 6/- N78 17/6 PY82 10/- U741 7/8
6B.16 8/6 351.8GT 8/9 50535 6/- P81 10/- PY313 10/- UY86 5/9
6C50 4/9 35W4 4/6 1101342 12/9 PABC80 2/- P781 6/8 VP4B 15/6
6CD60 22/- 36Z40T 5/- E01181 6/9 PC88 10/3 PY82 6/8 W119 7/-
8F14 91- 807 9/- 501183 8/3 PC88 10/3 PY83 6/9 Z77 4/8
8F23 14/8 6083 12/6 ECH84 7/6 PC96 8/6 PY88 8/9
035 12/6 AC/7P215/8 501.80 7/- PC97 8/- 7Y800 7/6 Transistors
6K70 2/8 AZ31 9/6 ECLI32 6/9 PC900 7/6 PY801 71 AC107 8/8
8580 8/- 21349 18/- 501.86 8/- 70084 6/6 519 616 AC127 2/6
68317/31` 4/8 B729 12/6 EF37A 6/6 PC086 6/- 1120 12/- AD140 7/6
6V8G 8/8 CCH36 18/6 EF39 4/9 PCC88 9/ 8U2150A AF115 11/-
8V80T 6/6 01.33 18/6 EF41 11/9 PCC89 9/6 12/6 AF116 8/-
8X4 4/9 CY31 8/9 5780 4/6 700189 9/9 U25 18/- AF117 4/-
6E50T 6/9 DAC32 7/3 EF136 6/8 PCC805 191 028 12/- AF125 816
10718 7/- DA591 4/3 EF86 6/8 PCF80 6/6 U47 18/6 AF127 9/6
101.111 12/- DAF96 7/3 EF89 5/3 PC782 6/6 049 12/- 0028 5/-
12AT7 8/9 DF93 7/9 EF91 2/9 PCF86 9/6 078 4/9 0C44 8/6
12AU7 4/9 DF91 2/9 EF183 6/9 PC7800 18/6 U191 12/6 0046 2/6
12AX7 4/9 D796 7/8 EF184 6/6 P07801 6/9 0193 8/6 0071 2/6
12K8GT 7/8 01177 4/6 2530 8/6 PC7802 9/- 0291 14/6 0072 2/8
19E66017/6 DK32 7/6 EL33 9/9 P07806 18/6 0301 10/6 0075 2/6
160132 18/6 DK91 5/9 EL34 9/6 P0F806 11/3 0329 14/6 0081 2/6
20F2 13/8 0592 8/8 41 11/- 7CF808 14/6 0801 00810 2/6
3073 11/9 D596 7/8 lL84 419 P01.22 7/8 UABC80 11/8 0082 2/6
20P4 18/6 131.35 5/- EL90 5/8 P01.83 10/9 UA742 10/8 00820 2/6
25L6GT 5/- DL92 6/9 ELMO 12/8 PCL84 7/6 UBC41 10/6 00170 4/6

READERS RADIO
85 TORQUAY GARDENS, REDBRIDGE, ILFORD,

ESSEX. Tel. 01-550 7441
Postage on 1 valve 9d. extra. On 2 valves or more, postage 6d. per

valve extra. Any Parcel Thsured against Damage In Transit 8d. extra



LAWSON BRAND NEW TELEVISION TUBES

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

IDIRECT REPLACEMENTS FOR MULLARD-MAZDA BRIMAR GEC, ETC.

A47 -I I W (P) MW53/20(M) C2 1 /AA (M) CME2104 (M) 7504A (M)
A47/ I 3W (T) MW53/80(M) C21 /AF (M) CME2301 (M) 7601A (M)
A47- I 4W (M) AW47-97 (M) C21/KM (M) CME2302 (M) 7701A (M)
A47 -17W (P) AW53-80 (M) C2 I /SM (M) CME2303 (M) CRM121 (M)
A47/ 1 8W (P) AW53-88 (M) C23/7A (M) CME2305 (P) MW3I-74 (M)
A59 -I I W (P) AW53-89 (M) C23/I OA (M) CME2306 (T) A50 -120W1 R
A59 -12W (P) AW59-90 M) C23/AK (M) CME2308 (M) (P)
A59 -13W (T) AW59-91 M) C23/AKT (T) CRM 173 (NI)
A59 -14W (T) C17/IA M CMEI 402 (M) CRM2 1 2 (M)
A59 -15W (M) C17/5A (M CMEI702 (M) CRM2 1 I (M)
A59 -16W (T) C17/7A (M CME 1 703 (M) 23SP4 (M)
AW36-80 (M) C17/AA (M) CME 1 705 (M ) 171K (M)
AW43/80 (M) C I 7/AF (M) CMEI706 (M) 172K (M)
AW43-88 (M) C17/FM (M) CME 1 901 (M) 173K (M)
AW43-89 (M) C17/ SM (M) CME 1 902 (M) 212K (M)
AW47-90 (M) MW/53-80(M) CMEI903 (M) 7205A (M)
AW47-91 (M) C19/ I OAP (T) CME1905 (P) 7405A (M)
MW43-69 (M) C19/AK (M) CMEI906 (T) 7406A (M)
MW43-64 (M) C21/IA (M) CME I 908 M) 7502A (M)
MW43-80 (M) C2 I /7A (M) CME2 I 01 (M) 7503A (M)

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

2
YEARS' GUARANTEE
FULL TUBE FITTING
INSTRUCTIONS

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

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

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

CRTS are completely rebuilt from selected glass,

are direct replacements and guaranteed for two
years.

Brand
New

Tubes

Red
Label

Rebuilt
Carr.
Ins.

12-14" mono (M) L4.10.0 £4. 0.0 10/-

16-17" L5.19.0 L4.12.6 12/6

19" It L6.19.0 L4.17.6

21" L7.19.0 L6.10.0 15/--

23" PO L9.10.0 L6.12.6 15/-

19" Panorama (P) 01.10.0 15/-

23" Panorama (P) CI 1.10.0 tt
19" Twin Panel (T) £9.17.6 tt
23" Twin Panel (T) £13.10.0 Pt

20" Panorama (P) £10.15.0 PP

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

KING . .

the name you
can depend on.

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

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

 Very low noise third generation passivated
transistor.

 Fitted fly lead ... installed in seconds.
* Quality Case 31" x 31" x 11" Cork base.

Specify Band I channel when ordering.

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

P/P 2/6d.

TRANSISTOR DEVICES LIMITED
Bridge House, NEWTON ABBOT, Devon.

Literature on request.

UHF, COLOUR AND TELEVISION SPARES
COLOUR Leading Brit. makers surplus T.B. units incl. frame line, EHT. 27.10.0
(less valves £5.0.0) p.p.10/-. SCAN COILS 70/- CONY COILS 55/. p.p. 4/6.
INTEGRATED T RANSISTD. DECODER UNIT including circuits 27/- p.p '2/-.
UHF/625 conversion kits and tuners at reduced prices. Lists available.
UHF integrated transistd. 6 position push button tuners, leading Brit. maker
surplus, 24.10.0. p.p. 4/6.
MURPHY 600/700 series UHF conversion kits in cabinet plinth aver, eon be
used as separate UHF receiver 57.10.0, P.P. 10/.. 625 IF amplifier Incl. 5 valves
and circuit 68/8, p.p. 6/..
SOBELL/GEC dual 400/625 IF amp. and o/p chassis Incl. circuit 82;8 ULTRA
1980C to 2384 626 IF amp. chassis and switch Incl. circuits 261-, p.p. 4/8.
UHF TUNERS valve type 68/8, transistd. incl. 8/M drive or P.B. 55.5.0, p.p. 4/6.
TV SIGNAL BOOSTER UNITS Sens. gain all stations. PYE/LABOEAR truned.
BB OITA or I IMF Battery "plus in", 75/- UHF Masthead incl. power unit 29.15.0.
FIREBALL TUNERS. Ferg., HMV, Marconi new 37/6, others salvaged 18/8
PUSH BUTTON. Plessey. Ekco incl. valves 58/8. RGD812 )used) 30/- p.p. 4/6. '

TURRET TUNERS PETO SCOTT 960. COSSOR 1964, DECCA DR 95, 101/606
38/8 CYLDON C 20/- EKCO 263/330 26/- AB dual standard suitable Ferguson,
KB, Baird etc. 25/-. Pye CTM 17 25/-, P.P. 4/8. Large selection ch. coils.
LINE OUTPUT TRANSFS. Popular types available, brand new replacements fully
guar. A selection which can be supplied, P.p. 4/6, C.O.D. 3/6.
PHILIPS 17T(1100 range, STELLA 1011/1029
BUSH TV53 to 69 32/8. 95 to 135 ..

70/ -
90/- LOFT Inserts PP. 21-

EKCO 221 to 331 (U25 or U26 types) .. 42/6 Alba 855, 668 85/ -
FERRANTI 1001 to 1010 (U23 or 026 types) 42/8 Bush TV32, 46, 48 .. 46/-
EKCO 342 to 394 FERRANTI 1021 to 1065
EKCO/FERRANTI 418, 1093, etc. . .

75/-
02/8 Cossor 938 to 950 .. 86/-

DECCA DM17, 3, 4 (70') DR95, 101/606 .. 78/8 Ekco TP8OS 35/ -
FERG 303 to 436, 42/8; 505 to 727 55/- Emerson 700 range .. 35/ -
FERG HMV MARCONI ULTRA PRIMO
3000,2600, 4600, 6600, 1100 ranges, Jellypot 75/ -

Ferguson 203 to 248 .. 36/ -

KB QVP20, QV20/1 to 8V20 Ferranti 14T5 to 21K11.. 85/ -
KB PVP 20 VCI to VC11 .. 78/- KB, NF70, OV80, PV40,
MARCONI VT157 to 172 .. 55/ - PVP20, QV10, 20, 80 .. 35/.GEC 302 to 346, 45/-; 448, 2000 series ..
HMV 1865/9. 1870, 42/13; 1890 to 1924

98/8
55/- KB/RGD Featherlight.. 60/-

PYE CTM/CW series (print circuit) 17/21, KB/ROD VC1, 2, 8, 4 .. 26/.
17/S. 110 to 510, 700, 830, 11U to 40F .. 82/6 PETO SCOTT 788/738.. 35/-
PAM INVICTA equiv. LOFTS to above Pye
PETO SCOTT 1419 to 1725, 35/-; 733 to 738

82/8
50/- Philco 1961, 1080 series 36/ -

SOBELL/McMICH TPS173, 180, T23, 24, 178 Philips 17TG100 range.. 86I-
278, SC24, 270, MP17. 18, 1172, 74 .. 451- P7e. VT4, VT7 4218
T P44781, T279, SC34, 370, MP27, 1175, 76, 93 66/-
192, 282, 1000, 762, 3000 series 913/8
PHILO° 1010 to 1021

ROD 017, 690 to 819 ..
REG 10-4. 10-17 to 192

86/.
861 -

ULTRA 1770 to '2384, PILOT PT450 to 650 72/6 Ultra 1770, 1780 range 86/ -

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

(Neu W. Hampstead tube stn; 28, 59, 159 Bag Routes) 01.794 8761

MAIL ORDER: 64 GOLDERS MANOR DRIVE, LONDON, S.W.!'
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In just 2 minutes,find out how
you can qualify for promotion
or a better job in Engineering .. .
That's how long it will take you to fill in the coupon below. Mail it to
B.I.E.T. and we'll send you full details and a free book. B.I.E.T. has
successfully trained thousands of men at home - equipped them for
higher pay and better, more interesting jobs. We can do as much for
YOU. A low-cost B.I.E.T. Home Study Course gets results fast -
makes learning easier and something you look forward to. There are
no books to buy and you can pay -as -you -learn on 'SATISFACTION
- OR REFUND OF FEE' terms. If you'd like to know how just a
few hours a week of your spare time, doing something constructive
and enjoyable, could put you out in front, post the coupon today.
No obligation.

-WHICH SUBJECT WOULD INTEREST YOU?
Mechanical
A.M.S.E. (Meek.)
Inst. of Engineers
Mechanical Eng.
Maintenance Eng.
Welding
General Diesel Eng.
Sheet Metal Work
Eng. Inspection
Eng. Metallurgy
C. & G. Eng. Crafts
C. & G. Fabrication

Draughtsmanship

Gen. Draughtsmanship
Dic & l'ress Tools

Draughtsmanship
Lp & Tool Design
I ksign of Elec. Machines
Technical Drawing
Building

Electrical & Electronic
A.M.S.E. (Elec.)
C. & G. Elec. Eng.
General Elec. Eng.
Installations & Wiring
Electrical Maths.
Electrical Science
Computer Electronics
Electronic Eng.

Radio& Telccomms.
C. & G. "Felccomms.
C. & G. Radio Servicing
Radio Amateurs' Exam.
Radio Operators' Cert.
Radio & TV Engineering
Radio Servicing
Practical Television
TV Servicing
Colour "IV
Practical Radio &

Electronics (with kit)

Auto & Acro
A.M.I.51.1.
MAA IMI Diploma
C. & G. Auto Eng.
General Auto Eng.
Motor Mechanics
A.R.B. Certs.
Gen. Acro Eng.

Management &
Production

Computer Programming
Inst. of Marketing
A.C.W.A.
Works Management
Work Study
Production Eng.
Storekeeping
Estimating
Personnel Management
Quality Control
Electronic Data

Processing
Numerical Control
Planning Engineering
Materials Handling
Operational Research
Metrication

Constructional
A.M.S.E. (Civ.)
C. & G. Structural
Road Engineering
Civil Engineering
Building
Air Conditioning
I leafing & Ventilating
Carpentry & Joinery
Clerk of Works
Building Drawing
Surveying
Painting and

Decorating.
Architecture
Builders' Quantities

General
C.E.I.
Petroleum Tech.
Practical Maths.
Refrigerator

Servicing.
Rubber Technology
Sales Engineer
Timber Trade
Farm Science
Agricultural Eng.
General Plastics

General Certificate
of Education

Choose from 42
'0' and 'A' Level
subjects including:
English
Chemistry
General Science
Geology
Physics
Afathematics
Technical Drawing
French
German
Russiart
Spanish
Biologr
B.LE:T. and its
associated schools
have recorded well
over 10,000 G.C.E.
successes at '0' and
'A' level.
WE COVER A WIDE
RANGE OF TECHNICAL
AND PROFESSIONAL
EXAMINATIONS.

Over 3,000 of our Students
have obtained City & Guilds
Certificates. Thousands of
other exam successes.

(Write if you prefer not to cut this page)

BIET

THEY DID IT-SO COULD YOU
"My income has almost trebled ... my life is
fuller and happier." - Case History G/321.

"In addition to having my salary doubled,
my future is assured." - Case History H/493.

"A turning point in my career - you have
almost doubled my standard of living." -
Case History K/662.

"Completing your Course meant going from
a job I detested to a job I love." - Case
History B/461.

FIND OUT FOR YOURSELF
These letters - and there are many more on
file at Aldermaston Court - speak of the
rewards that come to the man who has
given himself the specialised know-how
employers seek. There's no surer way of
getting ahead or of opening up new oppor-
tunities for yourself. It will cost you a stamp
to find out how we can help you.

7peo
Why not do the thing that really interests you?
Without losing a day's pay, you could quietly
turn yourself into something of an expert.
Complete the coupon (or write if you prefer
not to cut the page). We'll send you full
details and a FREE illustrated book. No
obligation and nobody will call on you ... but
it could be the best thing you ever did.

BRITISH INSTITUTE Of

ENGINEERING TECHNOLOGY

Dept D257, Aldermaston
Court, Reading RG7 4PF.

POST THIS COUPON TODAY
mumNo on mumumo:

B.I.E.T., Dept D257, Aldermaston Court, Reading RG7 4PF'
Please send me book and details of your Courses in

Name Age
Address

Occupation

I

EL LET- IN ASSOCIATION WITH THE SCHOOL OF CAREERS -ALDERMASTON COURT, BERKSHIRE


