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Nearest tube Chalk Farm SPECIALISTS IN NEW VALVES AND TRANSISTORS
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0Z4GT 4/3|6VEG 3/8 30018 89 DM 6/ LOLN) 88 PYSO 53| UCU8s  6/8] AAL20 31| BCLIS 5/-
5/6(8X3GT 5/ [30F5 119 DMTL 7/8 BECLs2 ae 8'3| PYXL 53| UCFS0 8/3)ACI07 3/~ BUI13 5/-
39| 786 10/3[30FLL 15/-[DYX7  5/8 ECLR3 @ PCY? 29/ Pyr: 5 -HUTCH21 ~-|ACLI3 &6/~ BCL1S 5~
298|787 7/ ($IFLIZ 18/~ oce: 23 KCL94 12/ PCS00 83 1'Y83 56| UCH42 93] ACL2G 2/ BC1IR 78
58706 6/ [30FLI3 8- EdaF 21 ECL% 11 rCOsS4 6/ PYSS 873 BCY10 11:8
4/8(7R7 12/-[39FL1412°8 | B3l 2}/- ECL8s 8/ reess  6/8 PYSOO  6/8 BCY12 10/~
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5/8|10C1  12/8 30P4VR EAF42 8/3 E¥36  3.8| PCFR0  8/6|R19 66 23
8/8(10Cc2  10/- 17/8| ER34 718 BF37A 7/ PCFS2 8/ | TYBSF 12/2 2i-
4/9| 10F1 15/-[30P12 13/ |EB 4/8| BEIMa 5i/- PCFRY  8/-(U10 8/ /-
5V4G 7 8[10F18 7/8(30P19 12/ |EBui 2/3 EFi0 89 PCEFRG6  8/8|Ul2/14 76 28
5Y3GT 5/6|10LD1110/-|30PLI 15/~ EBCIL 88 L1 9 PCF301 7/-|Ul6 15/~ 9/8 2/-
573 8/-| t0P13 12/-|30PL13 15/~ 5/8 BF42 38 PCHRU2 8/- | U18/20 10/ 8'6 2/8
#/a0L2 12/8|10P14 12/6/30PL14 15/~ 5/8|EF50 2/8 PUF8N3 8/9| UL 34/8 5/ 2/6
RALT 3/-|12AC8 7/-|30PL15 15/ 8/-|EFRO  4/8 rCIrso611/8| U22 79 10/8 3/-
BAQ5 4/9[12AD8  8/-|35LAGT 5/9 6/3| EFs3 96 PCL8L  8/-|U25 13/- 7/ 3/~
BATE 4/-|12AE6  7/8]35W1 4/8| EBL21 11/- | EF85 5/3 /8| PCL&2  7/-| U26 11/8 14/ 2i-
HALUB 5 -| I2AT6  4/8|35ZIGT 4/9| EC33  12/8 EFRG 8/ (:Z33 12/ PCLR3 8/8|U31 6/- | UYIN 8/-|ACY2% 4/-|BY236 =
5AVE 5:¢|12\Uh 7Z5GT 8/ 4/8] IR0 4/9|G%34 10/~ PCL8&4  7/8|U33 29/ | UY21 9/8|AD140  7/6|(BY23R 2/8
ARAR 4/-| 12AV6 4 103 LF9L 8/3/GZ37  14/8 PCL%5  8/3/ U35 18/6 | UY4l 6/8| ANI4Y  8/-| BYZI2 2'3
ABES 4/31 12BA6 / 10/3 | EF42 2/8| HABCR0 8/-| PCLR6  8/3 U37 34/11 UY85 5/6/AFll4 4/-|BYZ13 2-
6BH6 7 8| 12BE6 5/3|85A2 8/8|ECA2 8/8 EI'95 4/8] HN300 27/4| PEN5 7/- U45 158 VP4B 10/8\AFIl5 3/~ | GET103 3/-
sBJ6 8/812RHT7  8/-(90C1 16/- | ECC31 15/ EFO7 1 HVR2 8/8 PENI3DD U786 4:9'VR105 5/- AF1l6 3/-|GETI13 4/8
GBQ7A 7/-[12J7GT 6/8[15082 14/6| BCCH 9/¢ KFox  10/8| HVR2A 8/8 12/- Uisl 12‘6\\'}{!50 5/~ AF117 3/8
BBR7 8'6(12K5 10/ %07 11/9 | ECt'ST  3/9|EFI83 5/8| KTl 18/6 PEN46 4/-|U2al  18/-| VU1l 73 ARILY 3 2/8
[i1::8.] 8/-| 12K7GT §/9(5763 10/~ ECCS2 46| EFIRt  5/9 KT44 20/ PRL20012/- | U282 8/ | Win7 T\ 3 ! 34
ABW6E 12/8/12Q7GT 4/8 7475 4/-|ECCR3 4 6 EFS04 205/ KTdl 12/~ PL33 10/ t°301  11/-| w729 13/~ AFI2T & A 1/9, 4/-
6BW7 11/- 1437 15/-| AC2PEN 58| F 8/6 KT63 4/- PL36 9/6| 1T304 76| X41 107~ | AFIT8 10/~ OASD 28 4/4
09 11/-|19AQ3 4/ DD 19/ §/-|F 3/8| KT66 17/3|PL33 19/9|Usnl  17/8/X66 78 AKFIRO 9/8 VA9 1/8 4'8
606G 19/8[19HL  40/- | AC6PEN 4/8 - 12/- | KT88 28/-1PLS1L 7/3|L'4!)'.Zﬂ 6/9| V63 5/ AI'Z12 6 -1 0AD5 19 48
SUHS 8/-|20D1 13/-|AC/TP 19/ ECCOL 3/ 9/8 KTWiH1 8/8 PLRIA 10/8| CABCS0 59| Transivtors | ASY2Y 8/8| 0A182 2/-|OCP71 27/6
6F1 8,0/20D1  20/5 AZ31 8/9| ECC184 9/3 8/6 KTW6210/-| PL82 8/8 UAI42 D6 and divdes BAILS  2/8/0A200 1/- ATION 7,9
6F18 7/8[20F2 14/-| AZ41 7/8 ECI'RO - 6/6 93| KTW63 58| PL33 8/6/ UB4L 88 2N404  6/- BAI29 2/6 0A202 2/- MATIOl 88
6F23 12/3(20L1 13/-|CL33 18/8 BECFS2 8/8 9/9(MHDI 8/3 PL84 6/3 UBUL4L 7/8 2)Nu207 4/8| BAL#0 2/~ 0OC22 5/~ MATI20 7.9
ARTE 3.9/20P1  17/8|CY31 7/8 ECF86 9 8/ MIlLD6 7/6 PL500 12/ URCRL 7 3R0A /3 BU1OT 41— 0023 §5/— MATLt 88
AK7G 2/-|20P3 18/-|DAF96 8/ ECFR04 42/ 8/9/ MK'T4 19/ PL304 12/6 UBF80 59
GK8G  3/-120P4 18/8/DI96 6 - | EUF80512/6 4/6 N78 38/4 PL509 28/8 UBF89 8/9
SLBGT 7/9!20P5 18/-| DF9T 0 - ECH21 12/8 7/8 PABCR0 7/3 PM84  7/8 UBL2L 9 All goods are new first quality manufacture only and
SL1S 5/-/25Y5G  8/8/DK40 10/ |ECH33 5§/8 . subject to makers' full guarantee. We do not handle
6L19 19/-|2524G @/- DK92 7/ ECH42 8/8| Termsof husiness:—Cash with order only. No C.0.D. manufacturers’ seconds or rejects which are often
6Q7G 6/- 25Z6GT 8'6IDK96 7/ | ECHRI 5/3| Postage/Packing 6d. per item. Orders over £5 post described a8 ““new and tested’” but which have a
free. Any parcel insured against damage in transit { limited and unreliable life. Complete catalogue of
Wae require tor prompt cash settlement all types of [for only 6d. extra. Business hours: Mon.—¥ri. | over 1,000 valves actually in stock with reeistors,
sbove goods, loose or boxed, bwt MUST be new. 9 2.m.—3.30 p.m. Sats. Y a.m.—1 p.m. No enquiries ¢rndensers, transformers, microphones, speakers.
Offers made by return. anawered nnless 8.A.E. is enclosed for replv. metal rectifters with termes of buriness. 10d., post«free.

T.V.
TUBES

T.V.

s “YIDEOCHROME”

FOR BRILLIANCE & DEFINITION

COMPARE
OUR
PRICES

17"—£4-15-0
19"—£5-5-0
21"—£6-10-0
23'—£7-10-0
TRADE SUPPLIED

ALL TUBES PRECISION REBUILT AT OUR
OWN FACTORY BY SKILLED CRAFTSMEN
WHO HAVE BEEN REBUILDING TUBES
FOR OVER 10 YEARS @ EACH TUBE
BENCH AND SET TESTED TO A VERY
HIGH STANDARD BEFORE DISPATCH
__ PRICES FOR TWIN PANEL TUBES __

AVAILABLE ON REQUEST

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

VIDEOCHROME TUBES LTD.

25 BELLEVUE AVENUE,
RAMSGATE, KENT. Tel. THANET 52914

17in.—£11.10.0
19in.-—SLIMLINE
FERGUSON——24 Gns.

FREE ILLUSTRATED
LIST OF TELEVISIONS
17"=—19"—21"—23"
Carr. Ins. 30/-.

WIDE RANGE OF MODELS
SIZES AND PRICES
DEMONSTRATIONS DAILY

TWO-YEAR GUARANTEED
REGUNNED TUBES

70° & 90° 14in.—69/6 17in.—

89/6 21in.—99/6. 110

17in., 19in., & 2lin.—99/6.

23° (not bonded)—119/6.

Exchanged Bowls. Carr. 10/6

COCKTAIL/STEREOGRAM CABINET £25

Polished walnut veneer
with elegant glass fronted
cocktail compartment,
padded position for two
| 10in. elliptical speakers.
¥ Record storage space.
i Height 35%in., Width
52%in., Depth  I44in.
Legs | gn. extra,
TRANSISTOR
SPEAIERS 6/6
2” 75 ohms. 24" 35 ohms.
P. & P. 2/6.

10/- for 5O P. & P. 7/6.
10/~ for 25 P. & P. 7/6.

TWO-YEAR GUARANTEE
EX-RENTAL TELEVISIONS

ASSORTED CONDENSERS
ASSORTED CONTROLS .
TRANSISTOR CASES 19/6. Cloth covered, many colours. Size

94" x 64" < 33”. P. & P. 4/6. Similar cases in plastic 7/6.
TRANSISTOR RECORD PLAYER CABINETS
117 % 1447 - 547 and 14" x 157~ 54”. P. & P. 5/6.

DUKE & CO. (LONDON) LTD.
621/3 ROMFORD ROAD, E.12 01-478 6001-2-3

19/6.
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ENGINEERS TEST EQUIPMENT
AND ACCESSORIES

MULTIMETERS. Complete range of
high precision instruments.

TRANSISTOR CHECKERS. For
use with PNP. NPN. Transistor IF and
RF Resistors, Diodes, Rectifiers.

RESISTORSUBSTITUTION BOX.
CAPACITANCE SUBSTITUTION
BOX.

ADJUSTABLE AC, DC, CON-
VERTER. TEST LEAD KITS, etc.

We also stock large range of MICRO-
PHONES, AUDIO UNITS, RE-
CORDING TAPES, INTERCOMS
TELEPHONE AMPLIFIERS CAR
RADIOS, TV SPARES, etc.

Send s.a.e. for illustrated brochures
and price list.

D. WEBB Wholesalers

61-63 Clifton Street, Hull, E. Yorkshire.
Telephone 36016

In just 15 months,
the Army could set you up for life!

Think it over. In just 15 months, you could
have completed an Army course in electronics.
You’d have trained with the most modern
equipment and now you’d be handling it as
though it was second nature. You’d be earning
nearly £ 14 a week—with all your food and )
accommodation thrown in. And you’d be looking
forward—in about eight months time—to
promotion to corporal and the pay rise that goes
with it. It’s a great life all right. And if you’re
between 17-23 it’s wide open to you.

Get the full facts by filling in the coupon or
calling at your local Army Careers Information
Office (address from any Post Office).

REBUILT TUBES

YOU’'RE
SAFE

RE-VIEW!

HERE IS WHAT YOU PAY:

WHENYOU
BUY FROM

= L=

12in, 00 00 £€4.15.0  17in, £5. 5.0

14in, 00 00 £€5. 0.0  19in, £5.15.0

I5in. 0o 00 £5. 5.0 2lin, 00 £7. 5.0
23in, .. a0 £8.10.0

Cash or cheque with order, or cash on delivery.

Discount for Trade the facts Seﬁ

% Each tube is rebuilt with a completely new gun assembly M71094305
and the correct voltage heater, off the coupon I
% Each tube comes to you with a guarantee card covering it I
for two years against all but breakage. I
% Each tube is delivered free anywhere in the U.K. and in- I
sured on the journey. NAME. c..ciuiineninnrentenninieitiressnetenesrestnssaaessssnesasanssaesans st asns snianan,

TO: ARMY CAREERS MP6(A),
P LANSDOWNE HOUSE, BERKELEY SQUARE, LONDON W.1I.
A PLEASE SEND ME THE LATEST FREE ARMY LEAFLET,

Y% Each tube is rebuilt with experlence and know-how, I ADDRESS.......ooo ittt ettt et e e et e et s seeeene I
We were amongst the very first to pioneer the technique I
of rebuilding television tubes. l TOWN e : I
COUNTY ..o e DATE OF BIRTH........coeeeeeeerenns
RE-VIEW ELECTRONIC TUBES |
237 London Road, West Croydon, Surrey. l

{(Fou muat be o resident in the U.K., aged 15 for N z I
Junior Entry, J7 of over for the Reqular Army.) I

l 7 /4 1
— :

Tel. 01689/7735

A
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‘Here are basic circuits and full instructions to enable
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RADIO.TELEVISION&
ELECTRIGAL REPAIRS

AMAZING ‘KNOW HOW’ BOOK
Brings You RIGHT UP TO DATE!

5 7 6 REVISED AND ENLARGED—this essential handbook for the enthusiast, handy-

man or professional repairer, is packed with detailed information and easy-to~
follow instructions on how to service radio and TV sets (including all-transistor and

PAGES U.H.F. circuits), audio equipment and domestic appliances of every kind. Shows
OVIR every step in fault tracing and the use of modern test gear, from simple meters to
complex oscilloscopes. Also provides practical guidance on household electrical

installation work. 576 pages. Over 470 illustrations. Mammoth value—Special

Library Edition, superbly bound in Leathercloth, 50/-, or on easy terms: 13/- down

ILLUSTRATIONS and 3 monthly instalments of 14/- (total credit price 55/-). But first accept 7 Days’

Home Trial Offer—without obligation!
COVERS ALL THE !.ATEST TECHNICAL ADVANCES!
U.H.F. TELEVISION WATER HEATING

All you should know about
water heaters and how to

FAULT FINDING

This grand book is invaluable for tracing
faults in radio and TV sets (both valve and
transistor circuits). Deals fully with tools and
bench work—shows how to make the best

you to service modern scts—get perfect 625-line

reception. ;?f;t)ae:-lfe::ltwwn;r;inndg :::g t&zx; use of test instruments, Tells everything you
N q : : want to know—from how to carry out pre-
Gettlng the best from ;;)gzr'\fg(}s?IRES andSEACE Timinary tests to how to align tuned circuits.

RADIO AND TELEVISION SETS

‘How to make adjustments and repairs in order to
get the best possible performance from any set,

Servicing DOMESTIC
AUDIO EQUIPMENT

How to locate and rectify faults in hi-fi

HOW TO
MAINTAIN AND

All you need to know about
DOMESTIC INSTALLATIONS .

Learn from these helpful pages
how to carry out modifications
and extensions — with efficiency
and safety! Complete guidance on
lighting and power circuits, prac-
tical wiring work, safety regula-
tions, cables, earthing, fuses. etc.
Also Fluorescent Lighting, Time
Switches and Thermostats,
Junction Boxes for Lead-covered Cables

Floor Polishers.

H PP PPRPPPPPPP PP PP Bl

ONE GREAT VOLUME covers:

Current, Voltage and Resistance, Colls, Capacitors and Tuning,
Valves, Tubes and Transistors, Radio Components, Receiver Design
Principles, Transistor-Radio Circuits, Valve-Radio Circuits, Valve-
Televislon Circuits, Transistor-Television Circuits, Colour-Tele-
vision Systems, Audlo Amplifier Circuits, Audio Equipment and
Gramophones, Tape Recorders, Radio and Television Aerials, Tools
and Bench Work, Test Instruments and Their Use, Fault Tracing
and Circuit Testing, Alignment of Tuned Circuits, Television Fault
Tracing, Interference Suppression, Domestic Power Supply Circuits,
Electrical Wiring Work, Fluorescent Lighting, Thermostats and
Time Switches, Motor Repair and Rewinding, Small Appliances,
Space and Water Heaters, Electric Cookers, Washing, Drying and
Ironing Machines, Electric Refrigerators, Suction Cleaners and

dododedododododo ke dododododododododododododododododo o dodo ke Il

REPAIR DOMESTIC APPLIANCES

From irons, toasters, hair dryers, etc. to cookers,
washing machines and refrigerators. Also covers the
repair and rewinding of small motors,

SPECIAL SECTION
“ON COLOUR TELEVISION

Explains clearly
and concisely the
principles  of
all the main-
colour systems,

8 days.

equipment (mono or stereo), record players,
tape recorders, etc,

ACT NOW!

Simply complete form, indicating method of
payment preferred, and post without delay.
Offer applies in U.K. only. Hurry, make
sure of your copy NOW!

| SEND NO MONEY NOW! |

To: Dept. AGA Odhams Books, Basted, Sevenoaks, Kent.,

PP PPIPPPPPPPPPPPPIPPRPPIP PP 0 l WITHOUT OBLIGATION piease send me, on 7 Days’ Home Trial, Radio,
Television and Electrical Repairs. Within 8 days I will either (a) send the Cash Price
l of 50/- (plus charge for postage and packing), or (b) send a down payment of 13/-
(plus postage charge), followed by 3 monthly payments of 14/- (Total Credit Price
55/-). Alternatively, I will return volume iri good condition, postage paid, within

Cross out words NOT applicable below:
I wish to pay by CASH/TERMS. 1 am (a) houseowner; (b) tenant in house or flat;
(c) temporary resident; () single; (¢) married; (f) over 21; (g) under 21,

!

I PLEASE SIGN HERE
I Your Signature

|

BLOCK LETTERS BELOW
NAME (Mr./Mrs./Miss)

(Or, if you are under 21, signature of parent or guardian)

Full Postal

I ADDRESS.

dodododododododododododododododododode

l AGA/HF/CC
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Progress of P.TV.

ANY readers may be surprised to know that
M Practical Television first came on the scene

as early as 1933 when, in the December 9th
issue of Practical Wireless, it was contained as a
supplement. 1t continued to appear monthly until
September 1934 when it was launched as a magazine
in its own right under the title of Practical Tele-
vision and Short-Wave Review. It continued under
its own banner for a year and then reverted to a
weekly supplement in Practical Wireless until
September 1940 when that periodical changed from
weekly to monthly publication. A year later, due
to wartime circumstances, P.W, was reduced in page
size and although Practical Television was still incor-
porated in the title of the joint magazine very little
TV news, naturally, can be found in those war-time
issues,

After the war, however, with the re-opening of
the television service Practical Television became a
reality again in the form of a monthly supplement
in the parent magazine, starting in 1949, although
many articles of TV interest had been appearing in
P.W., dealing mainly with those celebrated green-
eyed monsters using war-surplus units.

By April 1950 the time was judged right for
setting P.T. on its own feet again and from that
date it has appeared regularly each month in the
familiar format. This brings us up to date in this
thumbnail history, and to the notice at the foot of
this column. With the growing complexity of
modern circuitry more space was needed to display
diagrams; this is only cne of the advantages readers
will derive from next month on.

W. N. Stevens—Editor

From the next (April) issue, on sale March 21,
PRACTICAL TELEVISION will appear in a
brand-new attractive format, with an increased
page size. In order to carry out these improve-
ments it has been necessary to increase the price
to 3s. We are sure readers will like the improve-
ments and will understand the reasons for the
increase in price.

MARCH 1969
VOL. 19 No. 6
issue 222
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BBC’s ADVANCED FIELD-STORE TV STANDARDS
CONVERTER

RECENTLY we reported the BBC’s sound-in-vision system and
since then we have had revealed to us the latest world “first”
from the BBC Engineering Research Dept., their Advanced field-

store TV standards converter. This is an all-electronic equipment
for converting US 525-line, 60 fields NTSC signals to the UK
(and most of W. Europe) 625-line, 50 fields PAL standard. Simple
line conversion systems merely repeat a line every so often in
order to increase their number, but the Advanced converter creates
a completely new set of 625 lines by adding successive pairs of
lines together in certain proportions. Subsequently one field in
every 6 is omitted to achieve field conversion. The quality of the
resuits is éxceptional, and in comparison with earlier equipment
the Advanced converter gives a picture of the correct dimensions
and sufficiently stable to be able to be mixed with locally generated
signals, giving production staff full flexibility in programme editing.
The equipment uses over 6,000 transistors and banks of field- and
line-frequency delay lines, and has suffered only minor faults at
a rate of one per month since its first use during the Olympic
Games in Mexico. World orders approaching 100 are anticipated
at a price running to six figures per unit.

GRANADA’S TV CENTRE CONTROL
- £ 0% HC

HE television centre control system has been installed by Marconi

at the Manchester TV Centre of Granada Television in contracts
totalling £1 million in value. 1t is now in operation, enabling per-
sonnel in a single control suite to select, assemble and distribute the
whole station’s output. Programmes for local transmission, or
for other programme companies, can now be handled with an
efficiency which was impossible to achieve by previous techniques.

Key to this unified method of controlling a television centre is
an elaborate Marconi switching system, like a miniature telephone
exchange. This handles all the signals which control the operation
of tape recorders, telecine machines, etc, and also all the pro-
gramme signals.

This photograph shows the control suite. The operator on the
right controls the station output to the network, and the operators
on the left are concerned with the assembly of individual pro-
grammes including advertisement and continuity insertions for local
transmission.

AERIALS VACATION SCHOOL

HE 1EE Electronics Division
is organising a vacation
school on aerials. This will be
held at the University of Birm-
ingham from the 7th to 19th July
1969.
It is expected that the school

will prove attractive to the
younger graduate entering the
field of aerials whether in

research, development or applica-
tion. The course has also been
designed as a refresher course
for the more experienced person
and as an introductory course for
those transferring to aerial work
from other fields.

- The course will commence with
a survey of basic concepts and
theoretical methods. This will be
followed by accounts of recent
work on: wideband dipoles and
frequency - independent aerials,
linear. circular and planar arrays
and beam-scanning microwave
aperture aerials and feeds, travel-
ling wave tubes.

Also. lectures will be arranged
on the following topics: synthetic
aperture techniques. self focusing
arrays, within-pulse  scanning,
holography. satellite - communi-
cation earth-station aerials.

SOVIET VTR

A NEW video-tape recorder
designed by Soviet engineers:
weighs no more than 88 lb. and
is built around semiconductor
units and miniaturised parts.

The video-tape recorder may
follow and ** memorise ” instan-
taneous processes which the
human eye is unable to trace
(for instance, instantaneous
chemical reactions). It makes it
possible to trace such phenomena
to the minutest detail. For this
purpose the recorded tape must
be screened in slow motion.
Phenomena occurring in the
course of material treatment can
be studied in this way.

It is hoped to use the video-
tape recorder in the future to
relay films from one cinema
centre in each residential area to
the screens of TV sets.
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EMI COLOUR TV
MARKETING IN USA

LECTRIC and Musical

Industries Ltd. (EMI) and
International Video Corporation
(I.V.C)) have announced a joint
marketing agreement Wwhereby
1.V.C. will sell EMI colour tele-
vision cameras and broadcast
equipment in the U.S.A.

The two companies will intro-
duce a 3-tube colour television
camera for broadcast use;
developed by EMI for the U.S.A.
market. This new camera will
be priced in the U.S.A. at about
72,000 dollars. The EMI 4-tube
camera type 2001, currently in
extensive use in Europe and
United Kingdom, will also be
marketed by L.V.C. in the U.S.A.
The cameras will be shown at the
National Association of Broad-
casters Convention in Washing-
ton D.C. next month.

SENIOR BBC ENGINEERING

APPOINTMENTS
HE following new BBC
appointments and changes

of organization took effect on 1
February 1969:—

Mr. G. G. Gouriet, CEng,
FIEE, became Chief Engineer,
Research and Development, and
co-ordinates the work of the
Research and Designs Depart-
ments.

Mr. D. R. Morse, CEng. FIEE,
became Chief Engineer, Capital
Projects, and co-ordinates the
work of the Building Depart-
ment and the two Planning and
Installation Departments (Studios
and Transmitters).

Mr. Gouriet will be succeeded
as Head of Research Department
by R. D. A. Maurice, OBE,
Dr-Ing ESE. CEng, FIEE at pre-
sent Head of Designs Depart-
ment. Dr. Maurice joined the
BBC Research Department in
1939 and after some years in the
Receiver and Measurements Sec-
tion he transferred to the Tele-
vision Group and became Head
of the Group in 1958. He was
appointed Assistant Head of
Research Department in 1961
and Head of Designs Department
in March 1968.

DON'T FORGET THE
FILMSHOW—SEE PAGE 271
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J-BEAM’S MULTIBEAMS
VIEWERS in whf. fringe areas will soon be seeing a new aerial

shape with the introduction of the Multibeam high-gain range
of aerials by J-Beam Aerials Litd. The distinctive feature of the
new aerials is the design of the director elements (see photo). These
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The MBMA46 u.h.f. aerial.

are in groups of four in a modified X-formation simulating the
director arrangement in a four-square stacked array but with the
advantage of simplified, single-boom mounting. The system has
been in use for some time on the Continent, but J-Beam have found
that their Parabeam skeleton-slot radiator and reflector are well
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The gain-curve o the Multibeam ...BM38 u.h.f. aerial.

suited to use with this type of director arrangement. Correct
matching to the feeder is by means of an inverse balun. The range
consists of four models, the MBM38, MBM46. 2MBM46 (two
MBM46s side-by-side) and the 4MBM46 (four MBM46s in four-
square stacked array).

ITA’'s ANNUAL HANDBOOK
’I‘HE ITA annual handbook for 1969 contains much useful ref-
erence material on the structure and technical operations of Inde-

pendent Television in the UK. This seventh edition gives fresh
details of the extensive plans for the 1TV colour service on 625-line
u.h.f. which is expected to begin initially from four main stations
by late 1969 or early 1970. New maps show the estimated service
area for the first seven main u.h.f, stations. Details are also given
of the first 26 main stations, expected to be in service before the
end of 1971, and of the first 12 relay stations which are likely
to be in service by the end of 1970. Advice is provided on the
reception of u.h.f. transmissions and colour, and field-strength maps
for the ITA network of some 40 v.h.f. transmitting stations are
included with an account of developments in each of the regions.

There are condensed details of the facilities and operation of
the 15 independent television programme companies and ITN, with
information on a number of new studio centres now being pre-
pared for 625-line colour operation. Staff lists of ITA and pro-
gramme company personnel are a useful feature.

With 236 pages “ ITV 1969—A Guide to Independent Television ™
is published by the 1TA at 10s 6d.
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ERIALS for television are in reality deriva-
A tions of the fundamental Hertzian dipole or

the quarter-wave Marconi aerials. However,
they differ from the ordinary radio or broadcast
aerials in that they are self-tuned to the frequency
of the transmitting station. Let us first consider
the Hertzian dipole aerial. A dipole is funda-
mentally a half-wavelength rod. For television
purposes this takes the form of a copper or
aluminium tube of about # to %in. diameter split
into two in the centre to form two quarter-wave
aerials. The feeder is connected at this point
which has a typical characteristic impedance of
75-8012.

DIPOLE CHARACTERISTICS

The voltage and current waves on such a
system are shown in Fig. 1. It will be seen that
there is a current anti-node (point of high ampli-
tude) and a voltage node (point of low amplitude)
at the aerial centre, giving an impedance at this
point of typically 75-80Q. The impedance at the
aerial ends may be 32000 or a ratio of 1:40.
Such an aerial is connected to the television set
via a concentric feeder such as a coaxial cable
having an impedance of 75Q. The aerial will then

%N

N
PO\

Dipole

Fig. 1: Voltage/current char-
acteristics of a half-wave
dipole.

Fig. 2: Feeder connection to
the centre gap in a half-wave
dipole.
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be correctly terminated with minimum standing
waves on the feeder.

Figure 2 shows a dipole aerial with its feeder
connected. The total length of the aerial is 1A
(wavelength), A Band 1 aerial. for instance for
London with a vision frequency of 45Mc/s, will
have a length of 468/45=10ft. 4in. A Band III
aerial, for example for Mendlesham on a vision
frequency of 204:75Mc/s, will have a length of
468/204-75=2ft. 3in. approximately.

DIRECTIVITY

The polar diagram for a dipole aerial is a
figure-of-eight form, the maximum pick up being
at right-angles to the plane of the aerial. If the
transmitter aerial is horizontal the receiver aerial
should be likewise (i.e. horizontal polarisation)
and if the transmitter aerial is vertical the receiver
aerial should also be in this plane (i.e. vertical
polarisation).  Figure 3 shows the polar diagram
of a dipole aerial. From this polar diagram it will

Transmitter

—
Radiation

Fig. 3: Figure-of-eight dipole polar diagram.

be seen that the aerial is sensitive to signals
arriving from the transmitter and also from the
opposite direction. These signals from the oppo-
site direction may be in the form of noise, for
example from passing traffic, or from another
station. Thus the signal-to-noise ratio of this
system could be poor when sited in areas of poor
signal strength.

REFLECTOR -

The situation can be much improved by adding
a reflector element to the dipole. Figure 4
illustrates a simple dipole aerial with reflector.,
Adding a reflector improves the forward gain and
narrows the angle of pick up, reducing the pick up
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Fig. 5: The effect on the polar
diagr.m of a dipole of adding a
reflector element is to produce a
. . cardioid polar response as shown
Fig. 4: Dipole plus here.  This has good directional
reflector H aerial, characteristics.

of unwanted signals.
dipole-plus-reflctor
Fig. 5.

The passing television signal from the trans-
mitter induces a voltage on the main dipole aerial
rod. A quarter of a cycle later (90°) a voltage
is induced on the reflector since the reflector is
spaced a quarter wavelength behind the dipole. A
current flows in the reflector lagging 90° behind
the cause producing it (i.e., the reflector voltage).
As a result the reflector re-radiates. the resultant
field now lagging 270° on the main dipole voltage.
A phase lag of 270° may be considered as a 90°
phase lead. By the time the re-radiated wave has
passed through the 90° or quarter-A space between
the reflector element and the dipole the energy
will be in phase and will add to the initial signal
induced on the dipole. Director elements have a
similar action though their effect on the dipole
is less pronounced as the spacings are different.
We shall look further into the action of the direc-
‘tor elements later.

The polar diagram of a
combination is shown in

FOLDED DIPOLE

The reflector element has a transformer coup-
ling effect on the dipole and this reaction has the
effect of lowering the characteristic impedance, i.e.
the terminating impedance of the dipole. This
causes a mis match between the aerial and the
75 feeder. The spacing between the reflector
and dipole has a great influence on this; for
instance it the reflector spacing is very much less

1 A |
i 3 |
| Lt
(- , ).
3000
impedance
Fe:eiler :

Fig. 6: The folded dipole.

PRACTICAL TELEVISION 247

than a quarter wavelength the termination impe-
dance may fall to as low a value as 10¢.

To combat these effects and to make it possible
to add further parasitic elements in the quest for
increased aerial gain, bandwidth and directivity, the
folded dipole was developed. This is in effect two
dipoles connected in parallel. We now have a system
in which the centre impedance of the aerial is
about 300Q or four times the impedance of the
single dipole. Judicious adjustment of reflector and
director elements will bring this down to 75Q
to match the feeder. Fig. 6 shows a practical form
of folded dipole. The aerial rod is a full wave-
length long overall and is usually made of #in.
aluminium tubing. Spacing ‘between the itwo
dipoles is typically 2in.

MISMATCH EFFECTS

If there is a serious mismatch between the
feeder and the aerial, standing waves will be set
up on the feeder due to reflections caused by
the mismatch. We will discuss feeders and the
affects of matching and balancing later in this
series. Reflections in the feeder will cause a tele-
vision picture to have ghost images. These are
a ghost of the picture image displaced to the right
(because the cathode-ray tube spot travels from
left to right in building up the line structure of
the picture). 1f the feeder is less than 100ft. these
effects are usually negligible. However, if longer
feeders are mismatched the images become blurred
and as the length increases a distinct ghosting is
observed.

YAGI ARRAY

Adding reflectors and director elements to the
aerial system makes the aerial system into a Yagi
array. The general form is shown in Fig. 7.
The director rods are usually spaced )\ in front
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E dipole
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{Feeder

Fig. 7: Yagi array with three directors.

of the dipole for Bands 1 and Ill. but this is not
critical. The length of the director element is
0-43A, but if the directors are cut progressively
shorter in the direction of radiation the bandwidth
may be broadened.

ELEMENT DIMENSIONS

The dimensions of a television aerial are not
critical since the aerial must pick up both sound

Yy . @TTEE wdhe A
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Retlector Directors
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12-06~—-—| Transmitter
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Radiation
Folded
dipole LL

Fig. 8: Typical five-element Yagi array, ™

P

and vision signals. Some manufacturers cut their
aerials to the vision frequency whilst others favour
cutting the length midway between vision and
sound.

Dipole length in feet may be calculated from
the formula 468/f, where f is the frequency in
Mc/s. From this the length of a dipole for the
London transmitter at Crystal Palace works out at:
vision frequency 45Mc/s, dipole length 10ft. 4in.;
sound frequency 41:5Mc/s, dipole length 11ft. 3in.;
midway between sound and vision, 43-5Mc/s, 10ft.
8in.

Figure 8 shows a typical five-element Yagi array
for television reception on Band Ili. The lengths
of the various elements are given below calculated
for the Mendlesham ITA transmitter whose vision
frequency is 204'75Mcfs and sound 20125Mc/s.
Thus cut to a frequency of 203Mc/s (about mid-
way between vision and sound) the length of the
reflector element is 2ft, 3in., the length of the
dipole 2ft. 3in. (full length folded 4ft. 6in.) the
first director 2ft (0-43A), second director 1ft. 114in.
and the third director 1ft. 1lin. The director
lengths are a half inch shorter in the direction of
radiation to improve the bandwidth. The reflector
spacing is 0-23A, the reaction of this on the main
dipole giving a closer match to the 75Q feeder.

MARCONI AERIAL
Figure 9 shows the
arrangement of a
quarter-wave Marconi
aerial  with  earth
counterpoise. This is
primarily for use as a
loft  aerial  where
space may be limited.
This aerial is elec-
trically hailf the
height of the dipole,
its surge or charac-

Screen

Feeder

teristic impedance td

being 40Q. This in- Fig. 9:  seri
g. 9: Marconi aerial,

verted-T  form  of

aerial should be used in areas of good signal
strength only and should be set up with its
counterpoise earth rod set at right-angles to the
direction of the transmitter.

FRINGE AERIAL

For fringe area reception it may be necessary
to arrange matters so that the maximum forward
gain is available from the aerial system while
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Fig. 10: Fringe aerial for maximum front-to-back pick-up ratio
giving minimum interference.
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Fig. 11: Plan details of the fringe aerial,

taking extra precautions to minimise as far as
practicable intereference pick up. An aerial
system suitable for this may take the form shown
in Fig. 10, consisting of a seven-element aerial with
a folded dipole, three reflectors located on a para-
bolic curve of which
the dipole is at the
focus (this arrange-

ment narrows the
angle of pick-up)
and director ele-
ments. Figure 11
gives the general
plan of the system.
By careful adjust-

ment of the spacing
of the reflectors the
aerial impedance
can be made a good
approximation to 75 to match the feeder,

INVERTED-V AERIAL

Another type of loft aerial is shown in Fig. 12.
This is the inverted-V aerial and is really a dipole
shaped to form an inverted-V. This type of aerial
is primarily intended as a loft aerial and should
be used only in areas of good signal strength.

Next month we will give practical details of a
Band 1 and Band 111 loft aerial for fringe-area
working. We shall also discuss aerial feeders and
the balance-to-unbalance (Balun) quarter-wave
matching line.

TO BE CONTINUED

Fig. 12: Inverted-V aerial.
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ANY of the circuits in a colour receiver
M are basically similar to those in a mono-

chrome one. It may be helpful to list
these and to mention briefly any points of differ-
ence and their importance in colour working.

U.H.F. tuners need to have good frequency
stability in order that the colour subcarrier comes
at the right point on the i.f. response. Alterna-
tively a.f.c. can be used to ensure accurate tuning,
and this is in fact used on a number of models.
Servicing u.h.f. tuners needs special skills and
equipment and should not normally be attempted.
Even taking the cover off can be enough to dis-
turb the alignment, and as a general policy it is
best to leave well alone and to return any faulty
tuners to the setmaker’s service department. If a
fault is suspected check it by substituting a tuner
from a working receiver. The requirements of
v.h.f. tuners are the same as in those fitted in
monochrome receivers, and the problems are the
same also.

The i.f. circuits use well-established techniques
and there are only minor differences in the shape
of the passband. The attenuation of the sound
carrier at the luminance and chrominance detectors
(often combined) is usually greater than in mono-
chrome receivers. and should be —30 to —40dB
referred to 'the peak of the passband. The shape
of the response must be smooth and well con-
trolled near the colour subcarrier at 35-07Mc/s.
and is commonly 3-6dB down when a simple detec-
tor is used for both luminance and chrominance.
This falling response is usually compensated in
the chrominance channel by a high-pass filter. This
flattens out the response by restoring part of the
upper chrominance sideband, and makes r.f. tuning
less critical for the viewer.

There tends to be more variety in the a.g.c.
circuits than we have been accustomed to in the
past because mean-level a.g.c. will produce dis-
turbing shifts of black level on a colour picture.
The usual arrangement is sync-tip detection on
625-line operation, but gated circurts may also be
encountered. Servicing a colour i.f. strip presents
very few problems. If realignment is necessary,
for example. because you have changed a coil, do
it with special care and follow the instructions in
the service manual.

Luminance Channel

In the luminance channel a delay line of about
700nS is impedance matched to the detector, and
matched again to the output stage. A puzzling
loss of signal can sometimes be traced to this line
being open-circuit.

The luminance output stage is very similar to the
video amplifier in a monochrome receiver. The
main point of difference is the provision of two
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potentiometers in the anode circuit returned to a
reference d.c. potential of about 180V. These are
used for adjusting the drive to the green and blue
cathodes of the c.r.t. in the correct proportions
for good grey-scale tracking. Any fault in the
circuitry will be seen best on either 405- or 625-
line monochrome pictures. The presence of colour
information will only confuse the issue.

Field Timebase

There are no special performance requirements
except that more scan energy is needed because the
volume of the magnetic field in the deflection coils
is larger for a colour c.r.t. Note the connections
to the raster correction and field convergence cir-
cuits, because any fault in the output stage will
affect these also, and vice-versa.

Line Timebase

The line oscillator in a colour receiver needs to
be a flywheel-type of good performance. The
reason for this is partly to get good synchronisa-
tion of the picture and also to ensure accurate
timing of the flyback pulses which are used to
carry out important gating functions in the decoder
burst processing and clamp circuits. Faults in the
line sync or output stage will cause corresponding
defects in the colour performance of the receiver.

However the most common causes of trouble
in the line timebase are failures of various kinds in
the line output stage itself, resulting in loss of
scan or e.h.t. These faults are often difficult to
diagnose in monochrome receivers and are corres-
pondingly harder to find in colour receivers where
it is necessary to switch off before removing the
screening can in order to avoid any possible dan-
gers from X-ray radiation (if an eh.t. voltage-
tripler circuit is used this hazard does not normally
arise). It is in this kind of situation that a syste-
matic approach based on a knowledge of how the
circuit works pays handsome dividends.

Fortunately there are a few invaluable signposts
that make life a lot easier than might otherwise
be the case. Broadly speaking a conventional line
output stage can be divided into two parts. The
output transformer primary winding, the boost
diode and output valves provide the scan; while
the overwind and e.h.t. circuits process some of
the primary energy to give the focus voltage and
e.h.t. It is therefore quite common to find that
the primary circuits are working normally but
there is a complete absence of e.h.t. The converse
does not apply however: if the primary is faulty
the e.h.t. will also be affected because the supply
of energy to the overwind will have been reduced.
An understanding of this basic fact is the first step
in line output stage fault-finding.

e
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Fig. 19: Very much simplified circuit of a colour receiver

line output stage. The focus voltage is sometimes
obtained from a tapped v.d.r. connected across the e.h.t.

Most colour receiver line output stages can be
simplified to the basic circuit shown in Fig. 19
where linearity controls, switching, third-harmonic
tuning capacitors and chokes, convergence circuits,
raster correction and centring components, etc. have
all been omitted in the interests of clarity. This
diagram helps to illustrate the point we have just
been making. that the e.h.t. circuits are dependent
upon the proper working of the primary, but not
necessarily vice versa. It should be borne in mind
of course that a drastic e.h.t. fault such as a
short-circuit will mop up so much energy that
the scan current in the primary will be affected.

Although we cannot draw up a plan of cam-
paign for tackling each and every fault in all the
different designs of line output stage we can never-
theless pick out the more important signposts which
will provide useful information in nearly all cases.
Here they are: (1) boost voltage; (2) mean h.t.
current: (3) third-harmonic tuning.

Of these the first item to check is the boost
voltage—usually of the order of 600 to 1.000 V—
because it can provide some very clear-cut informa-
tion. For example if the boost voltage is correct
we can safely assume that the whole transformer
circuit is operating correctly and that there is no
short-circuit on the e.h.t. This one measurement
if correct immediately clears up suspicion about
three-quarters of the line output stage. If on the
other hand the voltage is low we need further
information in order to narrow down the field.
This can often be obtained by measuring the mean
h.t. current drain through the output stage.
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A low mean current suggests a valve fault, which
can be checked by substitution. No current
implies an open-circuit winding or fuse. or a valve
cut-off. This can be checked with a multirange
meter. A high mean current is usually caused by
shorted turns or an internal short-circuit in a valve.

The more common faults and their effects on
boost voltage and mean current are listed in Table
5. In addition to these it is useful to bear in mind
that capacitors with high pulse voltages across
them tend to go short- or open-circuit. This often
produces the same effect as a short-circuited or
open-circuited primary winding and will affect the
boost voltage, depending upon the function of the
capacitor.

The third-harmonic tuning of the transformer
can also provide useful information occasionally.
Typical waveforms are illustrated in Fig. 20. If
the tuning is normal for a particular design of
line output transformer we can deduce that: (1)
the load on the transformer is approximately
correct; (2) no scanning or e.h.t. winding is short-
or open-circuit. This is in most cases a cross
check on the boost voltage measurement but it
will also provide a more sensitive indication of
a short-circuited turn in the transformer windings
or a fault in a third-harmonic tuning choke.

Reverting to Tabie 5 it is clear that in most
cases it will be useful to measure the boost voltage
and h.t. current drain as a matter of routine
together with the screen voltage of the output valve
(unless there is no h.t. current flow). These three
measurements assessed in combination will often
give a fairly clear indication of what kind of fault
is present and which part of the circuit should be
investigated more closely. Of almost equal impor-
tance is the fact that they will tell you which cir-
cuits are operating correctly. This not only helps
to take some of the confusion out of the problem
but also saves wasting time on irrelevant issues.

The results of measurements made on previous
occasions will be found even more useful in line
output stage servicing than in most other circuits.
It is recommended that you take particular care
to build up your own list of faults and measure-
ments because these will provide an invaluable

Primary
winding

Overwind

Theoretically correct

Poor 3rd harmonic tuning

Fig. 20: Line output transformer primary and overwind wave-

forms show whether the third harmonic tuning is correct. Any

deviation indicates a change of energy, capacitive or inductive
Joading.
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Table 5: Routine measurements on a line output stage for no raster condition, (Measuremerits should be assessed in

combination)

Basic causes: No scan current and/or no e.h.t.
Likely faults: Inadequate h.t.—e.h.t.—oscillator drive.

Likely causes: Faulty valves—transformer windings—components generally.

Check (1): Boost Voltage

Low

(a) Primary winding scanning faulty
or

{b) Excessive e.h.t. load

(a)
s/c or o/c output valve o: boost diode

No oscillator drive
s/c or o/c primary windings

(b)
s/c e.h.t. diode or heater

s/c or heavily conducting shunt stabiliser

Normal
Scanning OK

C.R.T. electrode voltage faulty

Focus voltage low Low e.h.t.

Focus diode (if used) Overwind o/c

E.H.T. diode low emission—
o/c anode—o/c heater

Focus potentiometer network

Shunt stabiliser cut off or
low emission

Check (2): Mean h.t. current

Ncrmal
Scanning OK

Low
Partial or complete discontinuity

Scan and e.h.t. low
o/c or low emission output valve or
boost diode

o/c winding or deftection coils

E.H.T. or focus voltage low

Check e.h.t. diode and focus network

High (at or near h.t.)
Partial or complete s/c

s/c output valve, boost diode, e.h.t. diode
or shunt stabiliser

No oscillator drive

s/c windings

Check (3): Screen voltage of output valve

Normal
Anode current correct

Low
Anode current low

Drive OK
Primary OK
E.H.T. load OK

Anode circuit probably o/c

Check boost diode and anode winding Check e.h.t. diode

High (at or near h.t.)
Valve cut off or low emission

Measure control grid and cathode voltages

Change valve

means of interpreting the results of routine checks.

Convergence Circuits

Although the convergence circuits use techniques
which have no counterpart in monochrome
receivers there is no particular difficulty in fault
diagnosis. Indeed you might even regard the pro-
cess as easy. There is only one qualification. You
ruist know the function of each control and exactly
what effect it has on the picture. Then when a
fault occurs it is a simple matter to isolate the
cause.

First check whether the fault is in the horizontal
or the vertical convergence circuits, or both
together (see Part 2 of this series). Does it occur
on 405-line operation or 625 lines or both? Does
it affect blue or red-green or both together?

If a whole group of controls is affected the fault
must lie in the common feed to these circuits. 1f
it is confined to a single convergence function check
each control in turn to find the faulty one. There
is only a comparatively small number of com-
ponents in a convergence nctwork and the
systematic approach outlined above should reduce
the field of uncertainty to a current or pulse feed.
a particular system switch contact or the choice of

two or three components. It all depends upon
intelligent use of a circuit diagram and knowing
how the particular model ought to behave.

Take clamp diodes for example. Some receivers
are fitted with so-called clamping diodes which do
not actually clamp but rather control the amount
of d.c. in the convergence coils so that the con-
vergence in the centre of the picture stays unchanged
when horizontal parabola controls are operated.
This makes the adjustment of dynamic convergence
much easier. It is not unknown for these diodes,
or transistors connected as diodes. to develop a
fault. When this happens the convergence in the
centre of the picture will not stay constant when
the controls are operated and this immediately
gives you an important clue. A fault which might
otherwise be somewhat obscure can be diagnosed
in a minute or two by a sharp-eyed service engineer
who knows what to look for.

In the very small proportion of difficult cases
a scope can be used to compare the voltage and
current waveforms with those in a known good
receiver step by step. Start at the current or pulse
source in the line or field timebase and work

~ —continued on page 260




o

cathode rays

-

K. T.WILSON

3

E use the words * cathode rays™ with great
familiarity nowadays and the cathode-ray
tube is an everyday object: yet few under-

stand just what is meant by cathode rays and
fewer still appreciate what an immense discovery
was marked by the first reported observations of
cathode rays. It revolutionised our ideas of the
structure of materials and of electricity and started
a completely new science, atomic physics. In this
article we trace some of the steps in the discovery
and use of cathode rays which have led to the
familiar devices of our time.

In the middle of the last century all substances
were thought to be made up of atoms which were
thought of as small particles of pure substance
which could join up in large numbers to form the
materials familiar to us. When all the atoms of
a substance are identical we term the substance an
element and the chemists know that all other
substances are made up out of different elements
joined together; no new substances can be made
from a single element. From the chemical
evidence then available atoms were thought to be
the simplest possible units of material, incapable
of being split up into anything else.

At the same time the science of electricity had
been making rapid progress. The conduction of
electricity through a large number of solid sub-
stances had been known for a long time and
Michael Faraday had investigated the conduction
of electricity through liquids in 1833, an investiga-
tion which had resulted in Faraday’s Law of
Electrolysis and the discovery of the technique of
electroplating. Practically nothing. however, was
known about the conduction of electricity through
gases, and several physicists began to turn their
attention to this problem. Their early efforts met
with complete failure: electrical instruments of
that day were totally incapable of detecting the
minute currents which flow in air between two
plates with a voltage applied: even today the
currents are too small to detect with normal
apparatus such as a microammeter.

Early Experiments

In the middle of the last century, however, a
number of physicists (Geissler, Plucker, Hittorf)
had the idea of reducing the pressure of gas while
testing for conductivity. If a tube is constructed
(Fig. 1) with an electrode (platinum in early tubes)
sealed at each end and a T-arm connected so that
air can be pumped out of the tube a voltage can

be applied to the gas inside the tube as the
pressure becomes less.

This type of tube. the Geissler tube, is still
obtainable and is used in teaching the elementary
teatures of cathode rays. Before pumping starts
the 6kV across the tube has no effect; the pressure
inside the tube is the pressure of the atmosphere,
enough to hold up a column of mercury 760mm.
{about 30in.) high, and measured in terms of this
height of mercury. At a pressure of about Smm.
of mercury, however, long sparks begin to pass
between the electrodes and as the pressure con-
tinues to drop these broaden out and become less
spark-like so that at a pressure of 2mm. the space
between the electrodes is filled by a glowing
column of conducting gas. An increase of current
through this gas causes a drop of voltage and so
a ballast resistor must be used in series to prevent
excessive currents from flowing.

Cathode Anode

Tube, ~—Stem

To vacuum pump
Fig. 1: The Geissler tube.

At this pressure tubes of this type may be
sealed off and used for decorative lighting; they
are used in the familiar illuminated signs. To
improve colour the tube may be filled with a gas
other than air before pumping (gases such as
neon, xenon, carbon dioxide) to give the tubes
used as “ architectural lighting.” Such lights and
illuminated signs need a high voltage supply and
a ballast choke and, by law, one switch for the
high voltage supply must be outside the building
for the use of firemen.

Coming back to the Geissler tube. however, the
glow becomes rather fainter as the pressure drops
and at O-1lmm. it breaks up into definite regions—
a blue glow round the cathode, a dark space,
another glow, another dark space and then a
column of narrow pink bands of glowing gas all
the way to the anode. As the pressure is reduced
still further, the dark spaces and the cathode glow
increase in size until at about 0-01lmm. of mer-
cury the glow round the cathode has spread over
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the whole tube and is very faint. At this stage
the walls of the tube glow green due, as we now
know, to bombardment by “cathode rays ”. At
still lower pressures the walls of the tube still
appear green, though no glow can be detected
inside; finally all the effects disappear as the pres-
sure reaches 0-0001mm.

It was noticed early on that when the glass
glowed the glow did not extend over all the glass
and a region round the anode did not glow. The
theory was put forward that the glow was caused
by something coming from the cathode of the
tube and did not appear in the anode region
because the glass there was shadowed by the
anode electrode. This was tested by the famous
*“ Maltese Cross experiment ” in which a piece of
metal in the shape of a Maltese Cross was placed
in a tube between cathode and anode (Fig. 2).

Shadow

Cathode

Tube

1

Cross Anode

Fig. 2: The "Maltese Cross" experiment.

When the pressure in this tube reached 0-0tmm.
the shadow of the cross could be seen faintly
on the glass. This confirmed that whatever was
present in the tube came from the cathode and
cast sharp shadows in the same way as rays of
light; the phenomenon was therefore called
“cathode rays . This discovery aroused intense
interest because all gases seemed to give identical
effects, and this seemed to point to somethjng
which was common to all substances. For the
first time researchers began to suspect that the
atom might consist of smaller parts.

In 1858, Plucker found that the green glow on
the glass could be moved around (using the tubce
of Fig. 3) by moving a magnet near it. As a wire

Cathode Tube Screen

Anode

S Bright spot
Fig. 3: A magnet deflects the cathode rays.

carrying a current also moves in the field of a
magnet this suggested that cathode rays were a
form of electric current. Experiments were carried
out on the effect of cathode rays on substances
and a large variety of substances, mainly mineral
samples, were discovered to glow brightly when
struck by the rays. The ingredients of the minerals
were isolated and used as phosphors to coat the
glass of discharge-tubes so as to make the effects
of the cathode rays more obvious; the same
substances are still used as phosphors today and
one, zinc sulphide, is the basis of the phosphors
still used in modern monochrome c.r.t.s.
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The cathode rays had other effects cn sub-
stances. A small block of metal could be made
white-hot when struck by them proving that the
rays carried energy. An even more striking experi-
ment was the “Paddle-wheel experiment > (Fig. 4)

Cathode Anode

Supports

Tube

Paddle
whee|

Fig. 4: The paddle-wheel experiment.

in which cathode rays were forced to pass en to
the plates of a miniature paddle-wheel within a
discharge tube. The energy of the rays was
enough to cause the paddles to turn showing that
the rays exerted mechanical force. The heating
of substances by electron beams is now used
extensively (see Electron Beams at Work,
PracTicAL TV, November 1966); and though the
mechanical force of an electron beam has never
been used for any practical purpose the paddle-
wheel experiment made history because it sug-
gested that the cathode rays might in fact be a
stream of moving particles.

The physicist Perrin (1895) argued that, if this
was true, the particles must each carry some small
electric charge. This was proved (Fig. 5) by

Cathode Tube

Magnef&

Negatively charged
rod deflects the

Charge
via chain

leaves still turther| makes
showing that the leaves Electroscope
original charge part

was negative,

Positively charged rod causes leaves to collapse
Fig. 5: Proving that electrons carry a negative charge.

deflecting the rays in a discharge tube (using a
magnet) so that the rays hit an electrode connected
to an electroscope. An electroscope is a type of
electrostatic voltmeter capable of detecting small
amounts of charge by the voltage which appears
when the electroscope is charged up. This proved
that the particles carried charge and the fact that
a positive charge was required to neutralise the
charge on the electroscope showed that the charge
on the particles must be negative. This had been
suspected from earlier experiments by Goldstein
(1876) which showed that negative electrodes
repelled the cathode rays and positive electrodes
attracted them (Fig. 6).

By the end of the nineteenth century crude forms
of cathode-ray tubes could be made. The source
of the cathode rays was still the electrical dis-
charge through gas but the use of a fluorescent
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Fig. 6: Detlection by charged plates.
screen and the wuse of deflector plates was
established. This was no production item, how-

ever. but a costly hand-made tool of scientific
research as incomprehensible and useless to the
average man as today's huge and costly linear
accelerators seem to many people today.

At Cambridge in the 1890s J. J. Thomson was
making a series of measurements with a view to
discovering what kind of particle this was whose
flow had been called cathode rays. There seemed
no way of measuring either the weight of the
particles or the amount of charge carried by them
but. in an ingenious experiment. Thomson found
that the ratio of electric charge to weight could
be measured.

The beam of cathode rays from a gas discharge
tube (Fig. 7) was deflected by a magnetic field

Cathode Tube Plate @Coil
\ —t—
_ﬂ —
Pl
Coil Plate Anode

Fig. 7: The Thomson experiment. Prof. Thomson was awarded
the Nobel Prize for Physics in 13906.
whose strength could be measured. The beam was
then deflected back by adding an electric field
(applying a voltage to the deflector plates). When
the two fields balanced in this way the speed of
the particles of cathode rays was given by the
ratio of the electric field to the magnetic field,
E/B. This gave a speed for the particles of about
one million metres per second (about 615 m.p.h.).
With the electric field switched off. he then
measured the radius of the curve through which
the beam bent. The ratio of charge to weight was
then given by E/rB* where r was the radius. The
ratio proved to be 105 units of charge per gram

of weight. )
The ratio of charge to weight was so high com-
pared to the charge to weight ratios which

chemists had discovered for ions in solution that
the particle must have had either very low weight
or very high charge. Thomson thought that the
charge on one particle was probably the same
amount as the unit of charge which appeared on
one jon in solution and that the weight of the
cathode-ray particle was very low, about 1/1840th
the weight of the lighest known atom (hydrogen).

This meant that atoms could be split and that
smaller particles existed; Thomson looked on this
particle. which had so much electric charge com-
pared to its weight, as a unit of electricity and
called it the clectron after the Greek word mean-
ing amber since the earliest ever description of
static electricity had been from an ancient Greek
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writer describing what happened when a rod of
amber was rubbed with the fur of an animal.

Thomson's hunch about the size of the charge
on the electron was not completely confirmed until
1908 when Millikan measured the charge in an
ingenious experiment. His apparatus is represented
diagrammatically in Fig. 8. Small drops of oil

Oil sprayer Qil drop
.

Casing

(not evacuated)
Plate

Telescope

Fig. 8: The Millikan experiment. Prof. Millikan was awarded
the Nobel Prize for Physics in 1923.

could be sprayed into a space between two plates
connected to a power supply. By the action of
spraying, the oil drops obtained a charge which
was very small because of the very small size of
the drops. Millikan reasoned that the charge on
the drops was due to a whole number of electrons
on each of them and that this number would
change constantly if a radioactive material were
present. By measuring the different rates of rise
and fall of an oil drop between charged plates as
the drop gained and lost electrons he showed that
the gains and losses were always multiples of a
fixed quantity, just as walls are made of different
numbers of bricks. and that the fixed quantity was
the charge on the electron, 480 pico-units of
charge per electron (a pico=1/million million).

This work established both the charge and the
weight of the electron and also that it was a par-
ticle obtainable from all materials. Studies of
radioactive materials showed that electrons could
be given off from such substances also and physi-
cists began to look around for other sources of
clectrons. It was known that the action of heating
a substance causes increased vibration of its atoms
and it was argued that heating might be continued
to such an extent that the atoms themselves would
disintegrate and part with their electrons. This
heating however would have to be carried out in a
vacuum otherwise the electrons would simply
collide with the atoms of air all around, lose their
energy and return.

Electron Emission

Langmuir and Richardson were the men next
involved in the experiments which followed—heat-
ing wires of material close to an anode all encased
in an evacuated bulb, with a high voltage applied
between the wire and anode and a meter in series

to discover if any current flowed (Fig. 9). Most
wires mc;lted with no deflection on the meter.
and curiously no one remembered an effect

noticed many vears earlier. Edison in 1882 had
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HT+ noticed that if he in-
serted an additional
wire into an electric
light bulb he could
pass current to it if
It were positive to
the filament. He re-
ported the  effect,
called the Edison
effect. and then he
and everyone else
forgot it. He had
been looking for a

Anode

Filament

method of stopping
electric  light bulbs
""" from blacking with

age and was not
particularly interested
in his other discovery!
Wires of tungsten
as used in electric light bulbs were suitable,
however, and currents were observed on the
anode meter. The diode had arrived!

Development of CRTs

This new source of electrons was soon
exploited to make the valves which were soon
being widely used for transmitters and it was not
long before the principle was being applied to
cathode-ray tubes. A typical cathode-ray tube
of the 1910-1920 period is illustrated in Fig. 10.

First anode Final anode

LT battery

Fig. 9: An early diode.

. Y-plates X-plates *
Filament (Horizontal  (Vertical
deflection) deflection) Screen

Fig. 10: An early cathode-ray tube.

The electrons are obtained by heating a thoriated-
tungsten filament (which gave off electrons at a
lower temperature than tungsten alone) and
formed into a beam by accelerating them to the
first anode which was pierced with a hole which
determined the beam diameter. Normally this
beam would spread out so that the spot on the
screen would be fairly large, but the tubes were
pumped to a poor vacuum and the effect of the
remaining gas was to focus the beam to some
extent.

It was with such a tube that the true inventor
of television as we know it, Alexander Campbell-
Swinton, designed his television system of 1910.
He foresaw that the need for rapid scanning
together with perfect synchronisation ruled,out all
mechanical methods for high definition work and
realised that the cathode-ray tube was the perfect
medium for the receiver. He went as far in his
patent as to describe how a modified type of
cathode-ray tube would be required as the pickup
device in the camera, a remarkable prophecy of
what was eventually to come. As is the case with
all men ahead of their time his work was neg-
lected and forgotten.

It was not until the 1930s that the form of
cathode-ray tube recognisable to us emerged. Gas
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focused tubes were unreliable and had a short
life since the pressure of gas within the tube
varied with temperature and with the statg of the
seals of glass to metal. Better vacuum pumps
enabled us to make high-vacuum c.r.ts which
then had to be focused by some other means;
thus magnetic and electrostatic focusing systems
started to be used. The tungsten ** hairpin” fila-
ment gave way to the indirectly-heated oxide
cathode used in valves, emitting electrons at a
temperature less than half that used for tungsten.
Nevertheless the cathode-ray tube was still an
instrument of research, not a mass-produced item.

The start of public television broadcasting
changed all this. There was now a market for
cathode-ray tubes of large size (oddly enough, the
9in. and 12in. sizes were more popular after the
war, due to a glass shortage), magnetically
focused and deflected since this was more con-
venient than electrostatic deflection. Though the
war stopped production of TV tubes large tubes
were required for radar purposes and small elec-
trostatically focused and deflected tubes (such as
the VCRY7) were made in huge numbers both for
radar and for oscilloscope purposes.

Post-War Developments

The development of the television c.r.t. after
the war was very rapid. Early tubes had a short
life due to a burning effect in the centre of the
screen. This was found to be due to ions, large
portions of atoms which travelled from the
cathode to the screen but which were hardly
deflected by the deflection coils due to their large
weight. One solution was to tilt the electron gun
so that both ions and “electrons struck the walls
of the tube: the electron beam could then be
deflected back to the correct direction by a small
magnet, the ion-trap magnet. It was found also
that a thin layer of aluminium behind the screen
phosphor had the effect of increasing the light
output of the tube (by reflecting light which would
normally have been absorbed into the tube) and
cutting down the effects of ions. The aluminised
screen was useful only if accelerating voltages
were high, over SkV: but such voltages were
already common and higher values of e.h.t. were
being used. By the early fifties such a triode tube
using permanent magnet focus. 50° deflection and
an aluminised screen was the last word in tele-
vision.

It is interesting to enumerate the changes since:
wide-angle tubes of 70°, then 90°, then 110° were
introduced and with them came correction mag-
nets round the rim of the tube to try to correct
the defects of wide-angle scanning: electrostatic
tocusing, cutting out another expensive com-
ponent, arrived in the early sixties: the efficiency
of phosphors has improved immensely, and the
triode tube is now unknown.

Shall we see any further changes in tubes for
monochrome television now that colour is here?
It was widely predicted several years ago that
tube design was fixed. yet that prediction was
blown sky high by the arrival of small tubes for
portable sets. All the same there is every indica-
tion that the days of large changes in monochrome
tubes are past and only small improvements can
now be expected.
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Part 9 by Gordon |. King

PbWER SUPPLY TESTS—Cont.

N Part 8 we concentrated on tests in the series-
Iconnected heater chain and before going on to

tests in the h.t. and e.h.t. circuits we must briefly
consider two different heater systems. First there
is the system which employs a rectifier in the series
chain instead of the conventional dropper resistor
to set the heater current; and second there is the
original mains-transformer-derived heater circuit
which, with the coming of colour sets and hybrid
and fully-transistorized models, is again becoming

popular.

Rectifier Voltage Dropping

The series chain with a rectifier is shown in
Fig. 1. It will be noticed that the rectifier is one
of the latest silicon devices with a very low for-
ward resistance. This means that it can pass high
currents (when suitably heat-sinked) without getting
unduly hot (nowhere near as hot as a mains
dropper, for instance!). The series heater chain
is designed so that it together with the series
rectifier passes a current that matches that required
by the heater of each valve (and tube) in the
chain. How this happens may not be immediately
obvious from the above statement that the series
rectifier possesses a very low forward resistance.
assuming that this resistance takes the place of
that of the mains dropper. In reality this is not
true, for the circuit works by virtue of the heaters
receiving pulses of current on every positive half-
cycle of mains input instead of on both positive
and negative half-cycles as is usually the case. The
heating power of the mains supply is equal to 0-707
times the peak value, so it is obvious that if only
one half-cycle of mains current is utilised per cycle
the heating power for a given peak value is going
to be less. Thus the mains dropper and its
attendant heating problems are avoided.

The mains input end of the chain is connected
to the usual two-pole on/off switch and mains fuse,
while it is not uncommon to find a voltage regu-
lating adjustment as provided by the flying lead
and the two 47 resistors in Fig. 1. With the
resistors short-circuited, the chain is designed to
yield the required value of heater current from
200-210V a.c.,, while adjustment is made by the
addition of one 47Q resistor for 220-230V supplies
and the two resistors of that value for 240-250V

supplies. Sometimes the cathode side of the heater
chain rectifier is connected to the anode of the
h.t. rectifier.

When checking this type of circuit it is desirable
first to disconnect the heater circuit from the
cathode of the heater rectifier and the anode of
the h.t. rectifier (if connected at this point) and
measure chain continuity between chassis and the
disconnected end of the chain. If continuity is
indicated by this test, then lack of heater current
would be caused either by open-circuit of one of
the voltage regulating resistors or failure of the
heater chain rectifier, assuming that the on/off
switch and fuse are in good order. It is not very
often that the rectifier fails, and the most common
cause of lack of It. current in this type of circuit
is heater open-circuit or failure of one of the
voltage regulating resistors.

When testing in this circuit, however, it should
not be forgotten that the heater current no longer
comprises true 50c/s a.c., but is in the form of a
pulsating d.c. so that it is possible to measure a
d.c. potential between the chassis and the start
of the heater chain. If it is attempted to measure
the overall chain voltage with an a.c. meter a
true reading will not be obtained since the meter

On /ot switch

ToHT rectiﬁert
'

250 230

Fig. 1: A series-connected heater chain controlled by a series
BY114 silicon rectifier.

will almost certainly be scaled in terms of r.m.s.
voltage as derived from a sinewave of not
excessive distortion. 1t should also be understood
that the application of d.c. voltage to the muains
input will severely over-run all the heaters because
the heater current would then be limited only
by the forward resistance of the rectifier which
as we have already noted is very low. Sets with
this kind of heater circuit are therefore suitable
only for use on a.c. mains inputs in spite of the
heaters being connected in series and the lack
of a mains transformer.

Mains Transformers

Although very popular during the first few years
of television after the war, very few monochrome
sets currently in use embody mains transformers.
in almost all of them the heaters of the valves
and picture tube are powered by being in a series
circuit of some kind across the mains supply, as
this and last month’s article have illustrated. A
very small minority of KB models however kept
to the transformer idea well after other makers
had changed over to the so-called a.c./d.c. tech-
nique, and some of these are almost certainly still
in service. There is also at present the Decca
“ Professional 23 ” which uses a mains transformer.
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Not all sets using mains transformers had a
separate h.t. winding, for the a.c. supply for the
hit. rectifier was derived from across the primary
winding which served essentially to activate the
heater supply secondary winding or windings. It
was not uncommon, though, for the voltage
adjustment tappings on the mains primary wind-
ing to be arranged to provide an autotransformer
effect for the h.t. supply. In all cases, however,
the heater windings were isolated from the direct
mains supply.

The valve heaters—sometimes with the heater
of the picture tube—are all connected in paraillel
in this type of set (though not in the Decca
Professional 23 just mentioned). This results in
an addition of currents, the voltage being equal
to that of each valve. Thus while the heaters are
probably rated at 63V 0-3A the heater winding
is called upon to deliver 0-3A times the number
of heaters—20 heaters adding up to 6A. but still
at 6:3V. This is the direct opposite of the series
chain system where the voltages add up and the
current remains as per heater rating—typically
0-3A.

Testing Parallel-connected
Heaters

A big testing advantage of the parallel-con-
nected system is that failure of the heater of one
valve does not cause all the others to de-energise.
Thus if one heater is unlit—all the others glowing
normally—there is a 90 per cent chance that the
heater is open-circuit and at the simplest it is
just a matter of changing that one valve to prove
the possibility. The remaining 10 per cent of
causes of the symptom lie in badly soldered con-
nections in the heater supply link or to the heater
tags of the valveholder, an open-circuit decoupling
choke when fitted or poor connections between the
heater pins of the unlit valve and the heater
sockets of its holder, a possibility which can be
proved easily by wriggling the valve in its socket
(if it lights when so disturbed cleaning the pins
with fine emery paper will clear the trouble in
most cases).

If the heaters of a parallel system appear to be
under- or over-run (dim or too bright) the on-load
heater voltage should be measured with a fairly
accurate a.c. voltmeter, and for optimum per-
formance of the set and maximum life of the
valves the voltage should be very close to the
specified heater rating. It is noteworthy that
premature valve failure is caused as equally by the
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heater being under-run as over-run, and in the
former case the performance of the set will also
suffer generally, exhibiting such symptoms as low
sensitivity, insufficient width and/for height, poor
scan linearity and so forth. It is really surprising
how often the heater power is overlooked when
investigating a symptom of this kind:

The importance of this will develop with colour
sets, for it is not unusual for these—indeed, almost
all models to date—to feature mains transformers
with a separate secondary winding for at least
supplying power for the internally connected three
heaters of the three-gun colour picture tube. These
heaters are usually connected in parallel so that
the winding has to deliver 6-3V at an ampere or
so. We will return to the power sections of colour
sets later, but for the time being let us have a
look at the tests that can be applied to the h.t.
circuits of the popular type of monochrome set.

HT Circuits

The type of circuit which is now found in the
majority of sets is shown in Fig. 2. This uses the
latest silicon semiconductor rectifier, which is fed
from the live a.c. line through a surge limiting
resistor of 2002 to its “anode’, indicated by the
arrow-head of the rectifier symbol. The reservoir
capacitor is Cl, with C2 as the smoothing filter
in  conjunction with RIl. Similar smoothing
filters (capacitor-resistor combinations) are also
likely to be found in the h.t. feeds to other parts
of the circuit. That in Fig. 2 supplies the h.t.
voltage for the audio sections, while others mizht
be used for the line and field timebases and the
i.f. channels.

The capacitor across the .rectifier is now a
common feature, its purpose being to reduce the
possibility of damage to the rectifier by very
peaky transients and to minimise modulation hum
troubles.

In the event of the heaters working all right
but lack of h.t. supply the first test should be for
a.c. voltage at the anode of the rectifier, shown by
Test 1 in Fig. 2. If voltage here is absent then
the test should be made at the input of the surge
limiter, as shown by the dotted line arrow of
Test 1. If the heaters are alight there is virtually
nothing (excepting a broken connecllon) that could
prevent the presence of a.c. voltage at the bottom
of the surge limiter. A common trouble is open-
circuit of the surge limiter resistor: but since this
acts also as a safety device on the h.t. sup-ly
its failure could well indicate a short somewhere
on the h.t. circuits, most

Smoothed
HT to
Sound
circuits

C2
100

TEST 3

HT. supply to likely across Cl the
therc?'[g%?::'“g Teservoir capacitor or
the rectifier itself.

Before replacing this

component therefore it
1S wise to check the
insulation resistance of
the h.t. line feed—Test 2.

The rectifier—after be-
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use / Fig. 2: Testing the h.t. supply

L circuits.
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the test meter is basically an ohmmeter which
when connected with the battery positive terminal
to the rectifier cathode will normally show a very
high resistance (a) and a very low resistance the
other way round (b). If a low resistance is given
at both (a) and (b) then the rectifier is shorting
and needs to be replaced. A high resistance read-
ing both ways would signify an open-circuit but
this would not cause overheating or failure of the
surge limiter, although the possibility of a short
occurring  initially—leading to  open-circuit—
should not be dismissed. The rectifier shunt
capacitor should also be checked for insulation
resistance.

If a.c. is present on the rectifier anode. a d.c.
voltage test should be made at its cathode, Test 4.
Toe voltage here should be fairly closely matched
to the a.c. rms. voltage at the anode. If the
voltage is significantly low, however (say 150V),
the trouble could be caused either by an abnor-
mally high load current due to a fault elsewhere
in the set or open-circuit of the reservoir capacitor.
The former would almost certainly show up as
severe overheating of the surge limiter and/or the
smoothing resistor R1, and owing to the low for-
ward resistance of the silicon type of rectifier the
current would have to be exceedingly high to resilt
in a significant voltage drop across the rectifier
itself! Nevertheless many older sets still use the
metal type of h.t. rectifier and such a voltage
drop across these is not uncommon with heavy
load currents.

It is noteworthy that open-circuit of the
reservoir capacitor will produce very high rinple
currents through R1 and the smoothing capacitor
C2, and this is often sufficient to overheat R
giving the false impression that poor insulation
exists in C2 or elsewhere on the h.t. c¢'reuit!

In sets with selenivm (metal) h.t. rectifiers a
d.c. voltage at the cathode below the r.ms. a.c.
voltage at the anode invariably denotes rectifier
wear, the trouble and its resulting symptoms—such
as Tow width, poor brightness. low sensi‘ivitv, bad
linearity and so forth—clearing completely on
replacing the component.

If necessary tests have to be made in the other
smoothed and filtered sections of the h.t. circuit:
a leaky or shorting soothing capacitor is usually
indicated by an overheating associated smoothing
resistor.

Boost HT Testing

The biggest h.t. testing ambiguity occurs in
connect’'on with the boosted h.t. circuits and the
e.h.t. circuits—first the boosted h.t. circuits. The
boosted h.t. is derived from the action of the line
output stage, the resulting extra potential from
this source being added to the basic h.t. line volt-
age giving the boosted supply across the boost
reservoir capacitor as shown in Fig. 3.

Here it will be seen that the boost reservoir
capacitor is connected between the top of the line
output transformer (LOT) and the ordinary h.t.
plus line and that the actual boosted potential
occurs at the LOT end relative to chassis. In
many receivers, however, using the desaturated
line output transformer technique, the boost
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Fig. 3: Basic line output stage circuit showing the derivation
of the boost supply and, from two semiconductor rectifiers, the
e.h.t. supply.

reservoir capacitor(s) is connected between the pri-
mary and secondary windings of the LOT.

While it does not need a meter of particularly
high sensitivity (see Part 8) to measure the boost
voltage accurately across the boost (reservoir)
capacitor, this line is rarely fed direct to the
various circuit sections which call for a higher-
than-normal h.t. supply: it is more usually fed
through very high-value resistors, decoupled with
capacitors. A typical example is the feed to the
first anode of the pi~tire tube. which is invariably
through a resistor of several megohms. Now since
the first anode of the picture tube reoresents an
easy-to-get-at test point many technicians dart
straight to this point for the first boosted h.t.
voltage test and are often disappointed at the low
voltage reading they achisve!

This is often caused not by boosted h.t. supply
trouble but by the test meter shunting the high-
resistance feed circuit. What happens is that the
test meter causes the current in the high-value
feed resistor to rise substantially above the normal
(first anode for examvle) current handled by the
resistor, with a significant rise in voltage drop
across it reflected in the lower-than-correct voltage
reading. As was shown in Part &, the higher the
sensitivity (ohms/volt value) of the meter the less
the reading error,

Boost Feeds

It is the general practice these days for the
boosted supply to feed the focus electrode of the
picture tube (as well as the first anode) and the
field timebase generator valve, as shown in Fig. 4.
Notice here the high-value resistors in the focus
potential-divider and in the anode circuit of the
field generator.
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Fig. 4: Uses made of the boost h.t. supply.

The correct voltage reading at the anode of the
generator is possible only by using a valve-volt-
meter or equivalent transistorized instrument. How-
ever it is desirable not to take the reading from
the working anode of a timebase for this means
very little: the best place to check the boosted
potential is from the reservoir capacitor, using
a 20,000 ohms/volt (or more) test meter as shown
by Test 5 in Figs. 3 and 4.

The voltage-dependent resistor (v.d.r.) forming a
potential-divider to chassis from the boosted h.t.
line in conjunction with the 220kQ resistor in
Fig. 4 provides the generator with a degree of
regulation. This is because the v.d.r. decreases
in resistance as the voltage across it rises. Should
the boosted h.t. voltage drop for some reason or
other this will increase the resistance of the v.d.r.

TELEVISION 259

oy |

Gt

2 4 ]
% 3 daelias]

Fig. 5: E.H.T. testing voltage multiplier by Salford Electrical
Instruments Ltd.

thereby adjusting the potential-divider ratio to hold
the voltage at the tapping point (to the height con-
trol) fairly constant and in this way retaining a
constant amplitude of field scan.

EHT Tests

There is only one accurate way of checking the
e.h.t. voltage, and that is with an e.h.t. voltmeter
or ordinary 20,000 ohms/volt testmeter (or elec-
tronic testmeter—such as a valve-voltmeter or
transistorized equivalent) to which has been con-
nected a high-voltage probe. Such a probe acts
as an extra series resistance which enlarges the
full-scale reading of the instrument. The trend
now with colour sets coming into being with their
25,000 volts e.h.t. potential is to enlarge the read-
ing to 25kV fs.d., and provided one has a meter
of 20,000 ohms/volt sensitivity there are several
e.h.t. probes which can be used successfully. This
is far better than trying to test the magnitude of
the e.h.t. voltage by arcing. Moreover with the
coming of semiconductor e.ht. rectifiers (such as
the two series-connected X80/150Fs in Fig. 3)
sparking or arcing can encourage junction collapse
due to transient effects; it can also cause the
transistors (or some of them) in hybrid sets to
fail. Thus the days of testing e.h.t. voltage by the
old spark method are now expiring.

Most sets today have a reguiating device for
the boosted h.t. and e.h.t. voltage in the form of

B8Y100
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Fig. 6: Power supply circuits for a colour receiver, developed by Mullard,
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a kind of “a.g.c.” system in the line output stage.
This uses a v.d.r. to rectify the pulse signal
coupled in from a tapping on the LOT, the
resulting d.c. voltage, rising and falling with
decreasing and increasing e.h.t. loads, being used
to control the effective *“ gain” of the line output
valve so as to counteract the effect of the load
changes. A preset adjustment is often provided
which needs to be set accurately by a meter read-
ing the boosted h.t. voltage or e.h.t. voltage.
Colour sets have a similar preset for adjusting
the e.h.t. voltage, for if this rises above the 25kV
limit the tube can radiate dangerous X-rays. It
is bad practice to delve into the e.h.t. section of
a colour set when it is active for fear of X-ray
hazards. And spark tests are definitely * out”™
on colour sets! Fig. 5 shows an eh.t. voltage
ixtension probe by Salford Electrical Instruments
td.

Colour Receiver Supplies

Finally a word or two about colour set power
sections. Figure 6 shows such a circuit developed
by Mullard engineers and already adopted by
some setmakers, in which the heaters of the valves
(not the picture tube) are connected in series,
with a 140Q dropper, across the double-pole
switch in the mains supply source. This is, of
course, identical to the type of heater circuit
explained in Part 8 but with fewer heaters, not
only because the tube heater is missing from the
chain but also because most of the stages in the
set employ transistors—this, in common with most
commercial counterparts, being of a hybrid design.

It will be seen that one side of the mains input
(this should be the neutral side) is connected to
chassis in the ordinary way, but that a mains trans-
former is used for supplying power to the colour
tube heaters and for deriving, via a bridge rectifier
and smoothing system, power for the transistors,
yielding three outputs, two plus potentials at 15
and 20V and a minus potential at 20V. It is
interesting to observe exactly how this is achieved.

Degaussing Circuit

The h.t. supply for the valved parts of the set
is obtained by a pair of parallel-connected silicon
power diodes or rectifiers each with a 2-7( limiter
and a parallel capacitor between them. The nega-
tive temperature coefficient resistor (thermistor)
ensures a gradual build-up of the h.t. potential
while the 1'3H choke atfords better smoothing
facitities than a resistor at high currents. The net-
work of positive temperature coeflicient thermistor,
voltage-dependent resistor and ordinary resistor in
the degaussing circuit provides automatic degauss-
ing immediately the set is switched on, by passing
a high initial current through the degaussing coil
which swiftly falls by the controlling action of the
network of components just mentioned. Future
articles in these pages will describe the action in
greater detail and to investigate the system here
would be to go beyond the present brief of set
testing.

Next month we shall swing back to see how
best we can test sets with flywheel-controlled line
synchronising.

TO BE CONTINUED
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steadily along the network adjusting each control
of the faulty receiver in turn to see if you can
get the same waveform as in the good receiver.
This procedure should quickly isolate the cause
of the trouble,

Grey-scale Tracking

If you suspect a fault in the grey-scale tracking
arrangements, kill the colour, or switch to a
405-line signal, and inspect the monochrome pic-
ture. If you can see any colour ar all it can only
be due to errors of purity, convergence. or grey
scale. Purity errors show up as stationary patches
of spurious colour—mostly near the edges of the
screen. Misconvergence causes colour fringing on
picture outlines. A faulty grey scale can be spotted
immediately because either the dark-grey areas of
the picture or the highlights will be coloured instead
of being neutral. In some cases both are wrong,
together with all the half tones in between.
Occasionally you find that the whites and dark
greys are correct but the mid greys are coloured.
This is an example of a true tracking error and is
usually caused by difference in crt. gun
characteristics.

The first thing to do is to try setting up the grey
scale by the normal procedure (see Part 3 in this
series). It may just be a simple maladjustment
caused by ageing of carbon potentiometers or
resistors or a change of h.t. potential. If a fault
exists it will now be obvious which end of the drive
is affected: highlights or near black level.

The highlights are controlled by potentiometers
which adjust the a.c. drives to the three c.r.t.
cathodes in the correct proportions to give a white-
light output. Measuring a few voltages and resist-
ances with a multirange meter will soon disclose
the culprit.

Simi'arly the near black areas of the picture are
adjusted by three potentiometers which are used
to get the same black level at each gun: ie. coin-
cident cut-offs. If this state of affairs can not be
achieved it is usually caused by a fault in the
potentiometer networks between the boost h.t.
and chassis. Bear in mind however that a d.c.
error on other tube electrodes will have the same
effect as maladjustment of the potentiometers.
For instance a failure of one of the three colour-
difference output clamps on the prids of the c.r.t.
will upset the grey scale. It will also of course
distort the colour performance, and herein lies
a useful clue.

This is yet another example of the value of
observation and deduction. However if you simply
look at whatever picture you happen to have dis-
played at the time you may be missing vital
evidence. Think carefully and ask yoursel{ what
you ought to be looking for and what picture
conditions will show the effect most clearly. Do
you want a colour picture or a monochrome one?
Which controls should be adjusted in order to pro-
vide more information to form the basis for further
deduction?

TO BE CONTINUED
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HE complete circuit of the general-purpose
T tritch was shown in Fig. 2. The heart of

the circuit is the ring-of-three counter using
transistors Tr4 to Tr9. This ring comprises three
bistable multivibrators. Each of these bistable
multivibrators will remain indefinitely in either
one of two states, with the left transistor Tr4.
Tr6 or Tr8 conducting or the right transistor
Tr3, Tr7 or Tr9 conducting. A disturbance from
an external source is required to change the
circuit from one of these stable states to the
other. Whichever transistor of each pair is con-
ducting holds the other one cut off because the
two bases are connected via crossed-over voltage
dividers from the respective collectors. The small-
value capacitors between opposite base and col-
lector in each combination speed-up the switch-
over between the two states when a switching pulse
arrives.

All the left-hand emitters are coupled together
via a common emitter network R8. RY, R10 while
all the right-hand emitters are coupled together
via the common emitter resistors R29, R30. The
net resistance of the latter is about one half that
of the former network. The condition for equal
emitter potentials of all six transistors, which
must be satisfied for every stable state possible for
the circuit as a whole, is therefore that always one
left-hand and two right-hand transistors must be
conducting. Which particular left-hand transistor
is conducting immediately after switch-on is
decided by chance or slight circuit asymmetries
due to component tolerances.

CIRCUIT SWITCHING

To make the circuit switch over into another
state a negative pulse is applied briefly to the left-
hand emitter line of sufficient amplitude to cut
off whichever left-hand transistor i1s at the time
conducting. For the duration of this input pulse
none of the left-hand transistors are conducting
but all three right-hand transistors are. The right-
hand partner of the left-hand transistor just cut off
produces a sharp positive flank at its collector as
it switches on and this is passed on by the inter-

— e ——————— .-

PART 2

stage capacitor C6, C9 or C2 to the base of the
left-hand transistor in the next bistable multi-
vibrator. Provided the differentiated pulse passed
on via C6, C9 or C2 persists longer than the
input pulse applied to the left-hand emitter line,
the left-hand transistor next to the one previously
conducting will switch on and remain conducting.
The conducting left-hand transistor thus moves
cyclically one step round the ring in the sense of
rotation dictated by the sense of connection of
C6, C9, C2, for every input pulse. It comes
round to the original position on every third input
pulse.

INPUT FREQUENCY

The actual input frequency is immaterial and
may even be quite irregular. Thus the circuit
will cope with any input frequency from virtually
zero up to about 16kc/s and will thus function at
television field or line frequencies without modi-
fication. Each Ileft-hand transistor conducts for
one input pulse interval and remains cut off for
the next two, whereas each right-hand transistor
is cut off for one input pulse interval and remains
conducting for the next two. The relationships
were shown in Fig. 1 in terms of the nominal
waveforms.

INPUT MATCHING CIRCUIT

The input pulses must rise to at least +3V in

not more than half a microsecond and must
remain above +2V for at least 10usec. There is
no other restriction. Thus brief rectangular

pulses or even symmetrical square waves from a
multivibrator are just as satisfactory as the pips
depicted for the input trigger waveform in Fig,
1. Waveforms with a slower rise time will not
fire the circuit but can be converted to a satis-
factory form simply by being passed through a
Schmitt trigger stage. Thus any waveform what-
soever is suitable as the basic trigger waveform.
C3 and R4 produce the input differentiation
necessary to ensure that the pulse at Tr3 emitter is
always shorter than the interstage pulse duration
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Photograph of the completed tritch module.

via C6, C9, C2. Otherwise the switching would
be erratic or absent instead of cyclic. D1 holds
off negative spikes from the differentiation pro-
cess. An amplified inverted (now negative) pulse
appears across the collector load R7. The values
of R7 and R6 are chosen so that Tr2 saturates for
input pulse amplitudes slightly above the thres-
hold.  The circuit will thus accept any larger
input amplitude within reasonable limits without
calling for a gain control.

EMITTER-FOLLOWER

Tr3 is an emitter-follower. When it is briefly
switched on by each input pulse the impedance
between its emitter and chassis is very small. This
must not appreciably disturb the ratio of the res-
pective common-emitter line loads otherwise
erratic performance or even sustained self-oscilla-
tion is possible. R9 must thus be much smaller
than R8 so that Tr3 is called upon to develop
quite high pulse power since the voltage across
R10 must remain adequate in spite of the drop
across R8 and the combined drop across R8 and
R10 also sends current through R9. Hence Tr3
iIs operated as an emitter-follower. An OC7I
with as high a current gain as possible should
preferably be selected for this paosition.

OUTPUT STAGES

Tr10-Tr1l, Tr12-Tr13 and Trl4-Tr15 comprise
three identical Darlington pairs as output stages.
This gives a very low output impedance of about
102 so that considerable pulse currents can be
drawn from PI, P2, P3, e.g. for feeding svnchronis-
ing solenoids directly. The product of Cla-c and
R33, R36 or R39 determines the duration of the
output pulse. Change the value of CI for obtain-
ing other pulse durations. The value shown gives
a time constant (width at I/e of peak amplitude)
of about 0-3msec. This is probably suitable for
most field sequential systems although longer
pulses may sometimes be required in which case
make Cl proportionately larger. About 500pF
will probably be satisfactory for most line sequen-
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tial experiments, Diodes D2, D3,
and D4 hold off the differentiated
spikes of the unwanted polarity.

BOOST AMPLIFIERS

The circuit (Fig. 2) also shows
three optional output boost ampli-
fiers, Trla-Trlc. Without these

i amplifiers a maximum oulput
pulse amplitude of about +25V
peak is obtainable at PI. P2 and
P3. With these boost amplifiers
the maximum output amplitude
becomes about +10V. Since the
output impedance is about 10 in
either case we can obtain a maxi-
mum current of 125mA in the
former case or A in the latter
case, through a maiched 1042 load.
In either case a smooth control
from zero to maximum available
ouiput is possible with VRI, VR2.
VR3. When the boost amplifiers

are used note that maximum output 1S
obiained just before the slider of VRI, VR2 or

VR3 reaches the end of the track to which R14,

R20 or R26 is connected because Trl saturates

at this point and there is a slight drop over the
last part of the tracks of the preset potentiometers.

When not using the boost amplifiers, ie. if a

maximum available output of +2:5V 125mA is
sufficient for the particular application, take Cl
straight to the slider of each corresponding preset
potentiometer. omitting Trl, R1, R2 and R3.

With the boost amplifiers an output pulse is
produced whenever the respective left-hand tran-
sistor of the ring counter cuts off. Without the
boost amplifiers the output appears when the
respective left-hand transistor cuts on. This simply
amounts to a 120° phase advance in the ring, ie.
one input pulse interval, and is thus without signi-
ficance for the overall performance.

ALIGNMENT

The circuit is not critical. It will normally work
with any good specimens of OC71 transistors and
+10% tolerance resistors. If performance is still
unsatisfactory after attention to the adjustment
of R10. R29 and R30 values described below
suspect that the components used in the ring are
too far off match. Wherever possible select
resistors of closer tolerance than +10% in the
ring and select six OC71s whose current gains are as
nearly equal as possible, checking with a transistor
tester. This is not essential but it makes the
circuit stable over a wider temperature range which
may be an important consideration when incor-
porating the module in converted monochrome
TV receivers fitted with many valves.

The input matching circuit and
stages are uncritical.

After completing construction according to Fig.
3, find out which changed total resistance value
for R29+R30 makes the circuit cease to switch
cyclically at the one extreme. or burst into
sustained self-oscillation at the other extreme.

the output
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Fig. 3: Layout details of the tritch printed board. See also Fig. 4.
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Fig. 4: Connections to points A, B, C, D and £ with and without
optional amplitiers.

Multiply these two limit values together and take
the square root. Select two resistors for R29 and
R30 such that their sum is as closely as possible
equal to the determined square-root value. This
gives optimum stability over the widest possible
temperature range. If the determined square-root
value comes out at much less than 1802 select
the next higher preferred value for RI0O and
determine the new square-root value for R29+
R30. Conversely take the next lower preferred
value for R10 if the square-root value for R29+
R30 comes out much greater than 180(.

The best way to check whether the circuit is
performing correctly for purposes of adjustment

and alignment is as follows. Set an oscilloscope
to the external trigger mode and feed the trigger
input socket of the oscilloscope from P1. Now
touch the Y amplifier signal probe to P4 and
adjust the timebase speed so that three pulses are
seen, one at the left, one at the centre and one
at the right of the screen. Now touch the signal
probe on to Pl. Only the pulse at the left of
the screen should appear. Then touch the signal
probe on to P2. Only the pulse at the centre of
the screen should appear. Finally touch the signal
probe on to P3. Only the pulse at the right of
the screen should now appear. If switching is
erratic all three pulses (maybe flickering or with
different intensities) will appear in all cases: none
will appear if the circuit is not switching at all.

FINAL CHECK

Finally check the waveforms at the junction of
R2, R3. These should be squarewaves with 2:1
symmetry ratio. Make sure that all outputs as
well as the waveforms at the junctions of R2,
R3 disanpear completely when the input pulse
feed is disconnected. This checks that the circuit
is not oscillating of its own accord. If it is found
to be oscillating without an input the value of
R29+R30 is incorrect. Correct as already
described in the section on alignment,




that a substantial proportion make reference

to a valve, rectifier or resistor that overheats,
especially where line faults are concerned.
Naturally readers want to know the most effective
action to take since the longer the set is on
during tests the greater the possibility of doing
damage to the valves and associated components
(if most tests are made with the set switched off
it will generally be found to be all the more
difficult to localise the defect).
" What then is the professional's way of clearing
this type of fault? Taking line faults first, since
they so often cause the line output valve and
boost rectifier to overheat, the first thing is to
fully note all symptoms. For example, does a
fairly normal raster appear then increasingly
reduce in width as the line output valve overheats;
is line whistle present; is there slight but insuffi-
cient a.c. at the anode of the e.h.t. rectifier; and
if the line output valve gets extremely hot is it
the screen winding that glows or the actual anode?
Consideration of these points will reduce the
number of possible causes.

ﬁ SURVEY of readers’ TV fault queries shows

Line output valve overheating

If for example the valve screen runs red hot,
there is almost certain to be zero voltage on the
anode, which in turn is generally a result of the
boost rectifier having an internal disconnection to
its anode or cathode. A secondary possibility is
that a miniature top-cap mounted b.k. choke is
open-circuit,  On the other hand if the pentode
starts to glow cherry red fairly soon after being
switched on it can be taken as certain that the
valve has no grid input or drive. Line output
pentodes are never given fixed bias but develop
the required negative grid potential from the
modified sawtooth input so that absence of input
means zero bias. Complete lack of input is often
due to a line generator failing to oscillate, so
the best first move is to replace this valve.

Replacing line timebase valves

However, a word of warning is necessary before
making valve replacements in the line circuit, If,
for example, a new cold line generator is fitted
to an already warmed-up receiver, even if it
proves to cure the complaint it will cause the
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pentode to tun with zero bias till it begins to
oscillate when the sudden onset of operation in
the pentode can often instigate interelectrode
sparking due to the rapid reduction of anode
current from a highly inductive source.

If a cold boost rectifier is fitted to a fully
warmed-up receiver absence of anode voltage to
the pentode will certainly run the screen red-hot
till the rectifier passes current. The high heater-
cathode insulation of boost rectifiers generally
extends their warming-up time by 50 seconds
over ordinary valves so that here again great
stress will be put on the pentode and inter-
electrode sparking can occur wunless the ser is
allowed to cool down between each valve
replacement. This is a time consuming procedure,
but highly important.

Line generator circuits

Line generator circuits vary widely, but can
generally be divided into four categories. (1) A
double-triode or triode-pentode multivibrator as
the line generator, with the line output valve
purely a power amplifier controlled by the oscil-
lator output. (2) A triode blocking oscillator
feeding the line output stage. (3) A sinewave
pentode oscillator with the line output valve
again being used as purely a power amplifier,
but with additional circuitry to shape the sine-
wave to the required waveform (used in modern
GEC/Sobell, K-B/RGD and Alba monochrome
receivers and most colour receivers). {4) A triode
which in conjunction with the line output valve
provides the multivibrator action. Failure of the
latter valve will also therefore prevent line
generation. This system is used mainly in older
405-only models.

Faulty self-oscillating timebase

Identification of the system employed and
generator valve therefore becomes the first move.
In systems (1), (2) and (3) the line output valve
has no effect on line frequency—only on line
amplitude. In older models using system (4) the
complementary oscillator valve is usually the
triode section of an ECL80, PCF80 or similar
triode-pentode type. To assist in localising this
valve when the service manual is not to hand,
follow the line hold control wiring and look for
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the essential cross-connected capacitors from
triode anode to line output valve grid and from
a tapping on the line output transformer or
the screen of the line output valve to the triode
grid. A cross-coupling capacitor from a tapping
on the line output transformer will be of the
high working voltage, disc-ceramic type possibly
mounted on the line output transformer frame.
Should replacement of this valve fail to provoke
oscillation, remove the top cap of the boost
rectifier—in these older models it will almost
certainly be a PY8l—and note if oscillation of
some sort develops. If it does this is a sure
indication that the boost reservoir capacitor is
short-circuit, for normally of course this action
removes h.t. from the pentode anode. This
capacitor will be a fairly sizeable. high working
voltage type mounted close to the line output
transformer and making a resistance test from
the PL81 anode lead should soon locate it.

If tests prove that this boost capacitor is not
short-circuit it may be worth while to shunt
another across it in case it is open-circuit, although
normally such a fault should not prevent oscilla-
tion but only restrict and distort the line_scan.
However, it must be considered a possibility.
Next remove the e.h.t rectifier in case an internal
short-circuit is loading the line output transformer
too heavily to permit oscillation.

Should the tests and replacements so far
suggested fail to restore line generation and there-
fore stop the line output valve grossly overheating.
the fault will probably be a component defect or
wiring dlsconnectxon in the triode circuit. If
anode voltage is present check for solder blobs
shorting the grid circuit in printed-circuit receivers
and check that the vital feedback capacitors are
in order and not dry-jointed. Only very rarely
are the line output transformers or scan coils at
fault, for it usually requires an extremely heavy
short-circuit across these windings to completely
prevent oscillation.

Testing generator stages for oscillation

As the line output valve plays no part in the
production of the line oscillation but only in its
amplification in methods (1), (2) and (3), complete
lack of grid drive in these cases can be caused
by the triode, double triode or triode-pentode
line generator stage or more rarely by a break

G.R.WILDING

in the feed circuit to the line output valve grid.

To check if an oscillator valve is working, test
for the presence of negative voltage on the grid
which will tend to vary as the line hold control
Is swung from one extreme to the other. In almost
all instances this voltage will not be present thus
showing that the defect is in the oscillator stage
itself and not in the feed to the line output valve.
Don’t forget however that absence of this voltage
will result in lower anode and screen voltages
than are indicated in the service manual due to
the resulting increased anode and screen currents.

Multivibrator faults

The multivibrator type generator, whether
double-triode or triode-pentode, is generally a
trouble-free stage and having few components and
no transformer it is a simple matter to change
all ““possibles™ to thus quickly restore operation.
With circuits of this type it is possible to check
most resistors without having to isolate them,
but the small value capacitors, which may be
open-circuit, value reduced, or have a leak that
only shows up in use are difficult to test with
any degree of certainty.  When in doubt replace-
ment is the best procedure, especially in cases
of intermittency or when oscillation occurs but
gradually or spasmodically changes frequency.

Multivibrators can of course be of two types:
(a) as previously described with cross-connected
capacitors from each valve grid to the other’s
anode (or occasionally screen in the case of a
triode-pentode); (b) with one valve anode capaci-
tively coupled to the other valve grid but with
a common cathode resistor (see Fig. 1) to provide
the second feedback link. This cathode resistor
must only be shunted by a small capacitor as of
course full decoupling would reduce the common
impedance to an insufficient value. This common
cathode resistor method is widely used in Bush
receivers, employing a PCF80 valve. A short-
circuit across this cathode resistor will of course
prevent oscillation.

Blocking and sinewave oscillators

With the blocking and sinewave oscillators
employing transformers there is always the possi-
bility that a break or partial short-circuit can
develop in one of the windings to prevent oscil-

LVE & COMPONENT
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Fig. 1: Basic line circuits of a modern dual-standard receiver (Bush-Murphy) using a triode-pentode multivibrator of the
cathode-coupled variety as the generator stage. A short-circuit in the 560pF cathode capacitor will prevent oscillation by
shorting the 1kQ common cathode resistor.

lIation although generally these transformers prove
very reliable in practice. The most usual indica-
tion of a transformer partial short-circuit or
leakage from either winding to core is sudden
change or intermittent variation in locking position
on the line hold control.

Excessive screen grid voltage

After complete failure of the line generator
causing the line output anode to run red-hot
the most common cause of overheating is marked
over-running of the valve due to (a) excessive
screen grid voltage or (b) inadequate drive or
bias. The first of course is very common and
is due to the screen feed resistor reducing in
value through continual use. If any carbon
fesd resistor is discoloured it is certain to have
had a value reduction and should be immediately
replaced. The value of line output valve screen
feed resistors varies widely so that usually the
manual must be consulted to determine the exact
value, which tends to average 2-2-2-7kf).

Inadequate drive or bias

Inadequate drive and thereby inadequate bias
is often caused by a low-emisston line generator,
possibly the ECC82 double-triode being the most
common offender: but it must not be overlooked
that a wrongly set or defective v.d.r. width regu-
lating circuit, almost universally used in dual-
standard receivers, could also be the cause. The
setting of these controls is very important for
correct running of the line output valve. and
several makers issue a *“drill ” for their optimum
adjustment. GEC for instance stipulate that the

HT+
. Test point
2 ‘ = Boost line
Boost
R reservoir
Line capacitor.
drive

- | |
@

VDR

Z

Fig. 2: Basic v.d.r. self-compensating width system (GEC).

The circuit operates by rectifying the line pulse sample across

the v.d.r. to increase PL500 bias if the line scan amplitude tends

to increase. The "'set boost’” width contro/ produces optimum

width when the voltage at the test point is 770V. C2 couples

the line pulses to the v.d.r. and R4 sets the operating point of the
stabilisation circuit.
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width control potentiometer. termed the *set
boost ” in this usage. should be adjusted to give a
boost rail voltage of 770V at a designated test
point. If the line linearity sleeve is correctly set
the width should then be correct. Once the width
is set in tais manner it is self-compensating for
mains voltage variations. Boost rail limits at the
test point are 750-790V and the makers emphasize
that damage can be done to the output valve if
these values are exceeded.

VDR width stabiliser circuits

The basic features of the v.d.r. width stabilizer
are shown in Fig. 2. This circuit with minor
variations is used in most current reccivers. A
v.d.r. (voltage-dependent resistor) functions as a
typs of rectifier to non-symmetrical inputs, and
when fed with a sample line pulse via a capacitor
connected from the line output transfcrmer pro-
duces a bias that offsets any change in mains
voltage variatons. It should also be mentioned thut
inserting widih/linearity sleeves too far in scan
coil assemblies can result in some overloading of
the line output valve which can thus shorten its
life and can also result in the scanning coils
overheating.

Leaky couplers

As the line output valve grid is usually capaci-
tively fed from a fairly high voltage point a
leak ‘in this feed capacitor would naturally reduce
the effective valve bias, but such failures are
extremely rare. The most recent instance the
writer encountered was in a 17in. (405-only) GEC
receiver and the complementary symptom to over-
heating of the PL36 was insuficient width which
progressively reduced with time. Slight leaks in
such grid canacitors are extremely hard to detect
in use since the s'ight positive leakage is swamped
by the negalive autobias voltage develored by the
pentode grid. although naturally this positive
leakage reduces the intended negative grid poten-
tial. Possibly the simplest way of measuring for
a slight leak of megohm value is simply to
connect one end of the capacitor to the h.t. rail
or any convenient point and with a voltmeter of
high internal resistance check for any voltags at
the free end. For example a me:er of 5,000 ohms/
volt on the 200V range has a total resisiance
of 1MQ. If placed in series with a 200V d.c.
supply an indication of say 5V would show a
c~pacitor leakage of closely 40M€. The greater
the meter resistance. the higher a resistive leak
it will indicate. If the line output valve is removed
and a shorting link or equivalent value heater
resistor placed across the valveholder heater pins
to maintain continuity, then the capacitor can
be tested in situ on temporarily rreventing opera-
tion of the line generater. This latter is most
easily done bv short-circuiting the line generator
grid to chassis,

Quick line drive checking

The practice of removing the line output valve
but maintaining the heater chain intact with a
shorting link or resistcr is of value when investi-
gating complete lack of input to prevent damaging
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the valve. With line output valve hecater vollages
tending to average about 20-25V, a 50(). 10W
resistor will maintain a close to normal heater-
circuit current.

Onset of oscillation by the line generator can
always be detected by the appearance of negative
voltage at the valve grid and its feed to the line
outout stage by an a.c. voltage at the pentode
grid.

EHT shorts

On occasion it may be found that the anode of
the e.h.t. rectifier is running red-hot thus indicating
a near short-circuit across the e.h.t. output. In
many instances on removing the anode can to the
c.rt. the fault wiii go thus proving that the
crt. has an internal short-circuit. In fact as
the e.h.t. voltage is so high the tube need only
have a heavy leak from anode to any earthy
point to grossly over-run the e.h.t. rectifier. Some
older models had a high working voltage capaci-
tor connecied across the eh.t. output; this
commonly - broke down but there are few such
receivers in use to-day.

Should removal of the c.r.t. anode cap fail to
remove the e.h.t. short-circuit the only possible
conclusion is that the transformer winding feeding
the rectifier heater is shorting to the transformer
core. Usually before the insulation of this winding
completely breaks down it will have caused inter-
mittent sparking or arcing across. Fortunately
this is one line transformer fault that can always
be remedied and only necessitates rewinding the
few heater turns with a new length of e.h.t. wire.
Usually the e.h.t. wire is wound on an insulating
ring or former mounted on the core. but if as
often happens the replacement e.h.t. wire is too
thick to permit the required number cf turns to
be rewound back on this former it can be removed
and the fresh wire directly wound on the core.

In the many Thorn receivers that usz miniaiure
stick rectifiers and h.w.v. caracitors in an e.h.t.
trebling arrangement anv failure of individual
components is rectified by changing the entire
unit which simply clips on to the top of the
jelly-pot transformer. However, there are several
varieties of this clip-on unit and a'though al' look
verv similar and wi!l interchange. to maint in
correct e h.t. voltage for each particular moedel.
e.g. 19'n. or 23in, the appropriate type must
always be used.

CONTINUED NEXT MONTH
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HEN do engineers become artists or con-
W versely artists become engineers? Or

when do their vocations mix? These
questions are almost unanswerable without para-
meters or some terms of reference laying down
exactly their characteristics for qualification as an
artist, be he (or she) an actor, dress designer,
sculptor or musician, or an artist in water colours
or oils. A skilled photographer can now make
accurate colour records on film for stills or motion
pictures. He can choose the exact moment for
exposure(s) because he is both an engineer and
an artist, with the logic of an engineer tempered
by the emotion of an artist.

Such new blends of thought are more clearly
illustrated in colour television than any technical
development for years. Just as a skilled musician
can orchestrate on a_big scale his interpretation of
the top line melody, bar by bar, so can the
engineer-artist arrange his colour lighting patterns.
delicately painting the scenery. the actors or the
orchestra itself with colour designs from various
light sources. How can he recreate such a pre-
meditated kaleidoscope of colour with complete
technical control?

I feel sure that Frederic Bentham, whose
virtuosity on a Strand lighting console is famous
all over the world, would say: “Elementary, my
dear Tconos! It's recorded on a magnetic tape.
Just recall the colour designs by pressing buttons,
bar by bar, as necessary.”” Taking no notice of
me whatever, as he changed from his Dr. Jekyll
engineering-logic-frown to his Mr. Hyde artistic
emotional psvchedelic trance, as he bent over the
mystic 240-memory. six-manual IDM keyboard
and commenced his colour recital searching
feverishlv for the 7-colour *“Lost Chord”. T will
stop pulling his leg as he approaches pedal notes.

Portraiture—1958

I will quote from a paragraph I wrote in
PracricaL TELEVISION in the Anril issue. 1958 not
long after the ITA had started and TWW's
Pontcanna Studios in Cardiff were in operation:

“The successful television engineer who is on
the staff of a television programme company must,
in many jobs, be an artist and a showman as well.
Not enough attention is paid by studio camera-
men and lighting engineers to the elements of
picture composition and lighting. There have
recently been some horrifying examples of
unflattering television portraiture on both ITA and
BBC. This Is Your Life has been running quite

a long time but there have been occasions when
the cameras have treated the “victims” of this
programme and their friends most unkindly,
turning good-looking people into lined and ugly
ghosts of themselves . . . Engineers and producers
should be given a course in the principles of
portraiture, pictorial composition and lighting.”

That was written in Underneath the Dipole
long before the arrival of the u.h.f. aerial, 623
lines and colour. Eleven years later it is pleasant
to write that the BBC have extended their tech-
nical courses in a very logical manner. integrating
the training of lighting engineers, designers of sets
and costumes, vision mixers and make-up artists.
Their close collaboration is obvious to viewers
able to see their combined efforts in colour. All
these departments make important contributions,
plus many others, such as directors, producers,
writers, graphics designers, and not forgetting the
engineering types who tweak the pictures into
shape, BBC credits usually come on the screen
at the end of each studio stage colour programme
item and the names of Sam Barclay, Geoffrey
Shaw. Bob Wright, Peter Catlett, Denis Channon,
and Jim Purdy deserve special mention for their
superb artistic contributions.

Colour progress

The quality of BBC colour improves week by
week—not just year by vyear. Soon, in the
London area at any rate, we will be seeing colour
on ITA and T have already seen a videotaped
ATV programme Tom Jones in superb colour,
reproduced on a closed-circuit monitor. It has

Then . .. ..

e
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1924: [conos filming in the days of the silent film with a Moy
camera.
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been transmitted in the UK in black-and-white
but for world export has been - transferred to
colour film, many copies having already been
exported on 16mm. film as well as 35mm. It
will certainly be shown again in a few months
time—in colour.

Progress in colour filming has been made on
both 35 and 16mm. gauges by the BBC, who have
now overcome the difficult problems of cutting
from interiors to exteriors without abrupt quality
changes. The sharp difference in colour balance
between the two sources—videotape and film—
is smoothed out with magic electronic circuitry
evolved by the BBC research department, who
are now entitled to be regarded as artists in their
own right.

The Borderers

A splendid example of such interior to exterior
sequences is The Borderers, a thrilling historical
series of the skirmishes north of Carlisle. Scottish
scenery has made a delightful background to the
series which has become a kind of mediaeval
cowboy romp around the stone walls and castles
on each side of the Scots-English border. The
horses, the swords and the skirmishes give a
welcome change of background from the cinema-
type Westerns with their waxed moustached sheriffs
and trigger-happy bandit gangs leaning on the
saloon counters. “ Horse Operas” they called these
in Hollywood about twenty years ago. In this
day and age expensive, glossier, larger and more
violent cowboy films for the cinema are shot in
Spain. no doubt called musically *“Fandango
Cavallo.™ 1 suppose we can look upon The
Borderers as a “* Scottish-opera bouffe equestrioso ”
(North of the border) or “Carlisle cantata
bravura  (South of the border).

My BBC friends have told me that this odd
but exciting border horseplay has had a lot of
teething troubles in its making, both artistic and
technical. Putting on my horse vet’s hat and
looking in the mouth of this BBC gift horse 1
declare it to be sound and healthy!

.....and Now!

1969: Iconos at a Marconi Mk IV TV camera during a recent
visit to Westward Television, Plymouth.
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The export market

The export market for many of these British-
made videotaped series has been expanding
rapidly, both for colour telecine and black-and-
white. A far greater export field is reached at
present by supplying copies of TV series photo-
graphed on film and released on both 35mm.
andfor 16mm. gauges. Still further expansion is
likely to be made with the Vidtronics and other
systems for transferring from. videotape to film,
35mm. or 16mm. 1 can imagine those Scottish
cowboys having a great appeal to television
viewers in Texas, where everyone has a colour
set. Mind you their NTSC 525-line colour
receivers are not quite so reliable as the PAL 625-
line ones we have in Britain. The Campbell
tartan might suddenly take the colour patterns of
the Gordons or the Stuarts clan! " Never twice
the same colour!”—Remember?

Our expanding exports to America have not
been confined to films and tapes. The British
equipment products have gained much favour
with all the big networks, with large orders for
colour television cameras from EMI and Marconi
as well as for black-and-white TV. There is
preference towards the four-tube camera (R. G,
B plus luminance) for studio and interior usage,
but the smaller three-tube camera is most popular
for outside broadcasts. Big British advances have
been made in transferring from tape to film too.
The British Rank Taylor Hobson television zoom
lenses are very widely used.

There are problems about exporting telecine
equipment of the flying-spot type to the USA and
other countries whose electrical mains supplies
are on 60c/s. For the UK and all countries on
50c/s mains flying-spot telecine has many advant-
ages. particularly in the field of colour TV. Nearly
all BBC. ITA AND ITV organisations use a large
proportion of flying-spot machines for films and
slides. They have become even more popular
with the approach of colour on three u.h.f.
channels. Nevertheless Rank Cintel have a large
export order book, with half a million pounds’
worth of flying-spot machines for Scandinavia.

E. A. R. Herren, Managing Director of Pine-
wood' Studios, recently referred to the advances
being made in British film studios with new
equipment and new electronic techniques suitable
for films and/or television, compared with those
in Hollywood. “They were so far ahead at the
end of the war that they let themselves go,” he
said, adding dryly, “and we quietly took over.
Now they'll be back in with both feet. 1 look
forward to a great race for the benefit of
technical excellence all round. There's no harm
in good successful competition.”

1 must say that 1 liked the “curtain’ lines to
the interview Mr. Herren gave to the trade press:
“We have the knowhow, the talent and the
brains. But we don't have the bottomless well
of dough the Americans have. The Americans
open their cheque books; we open our minds.”




Workshop

by VIVIAN GAPEL

VER a period of vears the professional
Oservice engineer picks up many hints and tips

which are the result of observation and his
own experience. These may involve short cuts
in diagnosis and repair or those making routine
jobs easier. Also in his storehouse of accumulated
experience will be the many pitfalls to avoid.
These rarely get into the technical books and
so the amateur or beginner must go through the
long and laborious task of finding out for him-
self. In this new series however we shall be
presenting hints to make work on the bench and
elsewhere much easier for the novice as well as
perhaps providing a useful tip or two for the
professional.

Diagnosing Faulty Transistors

When fault finding in faulty transistorised equip-
ment the transistors themselves will obviously
come under suspicion. The * correct” way of
testing. after taking voltage measurements, is to
remove the suspected transistor and check it on
a transistor tester or fit a substitute. Sometimes
however the lead-out wires of the original transis-
tor are very short and inaccessible so that fitting
a heatsink is difficult if not impossible and the
act of unsoldering and freeing the wires often
leads to damage to the transistor which subse-
quently may be found not to have been the cause
of the fault.

In many cases it will be found that there is no
need to unsolder the original. A replacement
transistor can be connected across the print in
parallel with the suspected one. To avoid damag-
ing the original, just hold the iron on the print
long enough to tack the wires of the substitute
in place; a tidv joint does not matter at his
juncture. It will also help if the joint can be
made at some point on the print away from
where the wires of the original are soldered.

In many cases it will not even matter whether
the substitute is of exactly the same tvpe as the
suspected transistor, as long as it is of the same
class ie. r.f, af.. or power type. It will of
course be essential to use a pnp type across a
pno one and an npn onc across one of this type.
While this procedure can be followed with small
power-output types such as those used in the output
stages of battery portable radios it is not wise
for higher power applications where one of the
correct type should be used after removing the
original. In most cases though bridging across
the transistor in this way will get the equipment
working if in fact the suspected one was faulty.

The exception to this practice is if the original
transistor has gone short-circuit. In this case a
parallel substitute will have no effect. but a
short-circuit transistor should be easily recognised
from the original voltage checks.

Replacing Transistors

Our next hint follows logically on the last one.
If a transistor is proved faulty then it will have
to be replaced properly by one of the correct
type. This is not always as easy as it sounds.
First of all the old transistor must be removed,
which is quite straightforward if we know it is
defective as there is no need to take precautions
to avoid further damage. The holes must then
be cleared in the print and then the three wires
(or four in the case of those transistors having
a screen) must then be introduced into the holes.
It is this latter operation which sometimes proves
difficult.  Especially in small personal portable
radios, the holes are sometimes obscured by a
forest of other components. When trying to” get
the second or third wire in the first one will often
slip out.  If we solder each wire as we go we
will probably find that the wires are of the
incorrect length and will afterwards need to be
unsoldered and pushed through farther. Cutting
all the wires to the approximately right length
to start with is not much help either, as this
then brings the body of the transistor close to the
panel and makes it difficult to insert the remaining
wires.

One simple method of overcoming these diffi-
culties is to cut all of the wires at slightly
different lengths. As there are about 2in. of
wire to the majority of transistors one wire can
be left at the full length, the next cut to 1din.
and the third to lin. The longest is first inserted
mnto its appropriate hole in the panel and because
they are shorter there will be no fouling of other
components by the remaining wires. When the
first one is pushed in the second longest is then
introduced into its hole. By this time at least
half-an-inch  of wire will be through the first
hole so there will be little likelihood of the first
wire slipping out.

Lastly the third wire is inserted into its hole.
In the same way the second as well as the first
wires will be retained and will not escape. With
all three wires in place the transistor can be
pushed home into its correct position and all the
wires will thus slide through their holes until the
correct length remains above the panel.  Before
cutting to size on the other side of the panel the
wires should be soldered. The surplus length of
wire will help to conduct some of the heat away
from the transistor although a heatsink should
also be used: also if the wires are cut before
soldering there is the possibility of the shortened
wires slipping out of their holes. Trim the wires
to length after soldering.

Removing Solder from Printed
Circuits

One of the essential processes in replacing a
transistor or any other component on a printed
circuit is to clear out the holes so that the wire
ends or terminal posts can be introduced. and to
remove any excess solder. It is true that wires
can be introduced into the holes in the print with
solder still covering them by keeping the solder
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molten with the iron but this is rather clumsy
and damage can result to the print itself.

The best way of removing solder from print is
undoubtedly the use of a solder pump. There
are a number of these on the market at present
and in most cases they consist of a soldering
iron with a hollow bit and an airline leading to
a footpump. Operation of the pump causes
suction in the bit which draws up the molten
solder away trom the print and deposits it in a
reservoir which can later be emptied. A number
of these devices were given a workshop test and
one of the most effective was also one of the
cheapest and simplest. This was the Picard
Solder Pump, which operates something like a
spring-loaded bicycle pump. The solder is
melted with an ordinary soldering iron, the nozzle
of the pump introduced into the solder and then
a button on the pump depressed. This releases
the spring which causes the handle to fly out and
suck up the solder into the pump. Because the
nozzle is made of Teflon rather than metal it
does not cool the molten solder which therefore
does not solidify.

The professional engineer or the amateur who
does a lot of work on printed circuits will find
this instrument invaluable. The amateur with
only an occasional need may however seek an
alternative  method of solder removal from
printed circuits.

One method - which has been advocated by
makers of printed circuits is first of all to melt
the solder with a soldering iron and then to
remove the excess by means of a wire brush.
This is quite effective but rather messy. It is easy
wita this technigue to spread the solder over the
surface of the print and cause numerous short-
circuits some of which may not be noticed and
can be intermittent in nature leading to a whole
lot of trouble later.

A dodge which has been found guite successful
is to make use of the capillary attraction of
copper braid for solder. The braid can be
obtained from old lengths of coax cable and can
be removed from the cable and cut up into three-
or four-inch lengths ready for use. These can
be flattened but not stretched.

When it is necessary to remove excess solder
from the print the solder is first made molten
with the soldering iron and then the end of one
of the lengths of braid is introduced. The braid
will become tinned with the solder which will
creep along its length. The process is much
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Using copper braiding to absorb solder

slower than the use of a solder pump but can
be hurried somewhat by pushing or pulling the
length of braid through the pool of solder rather
than waiting for it to creep along. It is surprising
the amount of solder than can be taken up in
this way. When the braid is fully tinned 1t is
discarded and another length used.

Temporary Component Bridging

During the course of servicing it is often
necessary to bridge a suspected component with
a substitute as a test of its goodness. Suspected
open-circuit capacitors in particular are frequently
checked in this way. These may be tacked on
to the tags or print by means of a quick joint,
but each time this means switching off the
receiver, using the soldering iron and then
switching on again, only to reverse the process
if the test proves negalive.

In order to save time the wire ends of the
component can often be used as prods with a
press contact being made to the appropriate part
of the circuit. The snag with this is that contact
is not always very good and any extra pressure
in order to achieve good contact results in the
wires buckling. It is difficult too to make contact
with bcth wires at the same time at the correct
places without either coming adrift.

A simple solution to this problem is to form
a hook at the end of each wire by bending the
wire back on itself. These can then be hooked
around the wires of the original component:
contact is maintained by gently pulling the wires
so that the wires will not bend -or slip off as they
can do when used as a prod. The component can
often be left hanging by its hooked wire ends
while other tests are made.

TO BE CONTINUED
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About colour TV, covering the
setting-up procedureand dealingin
detail with degaussing, purity, con-
vergence and grey-scale tracking
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Entitled “It’s the Tube that makes
the Colour” and describing the

manufacture of Mullard “Colour-
Screen” TV picture tubes.
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during the interval.
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now to: FILM SHOW, Practical
Television, Tower House, South-
ampton Street, London, W.C.2.
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FLYING SPeT

ONSTRUCTION falls into three main parts:

(1) Modification of two TV sets for use as

scanning and display units. (2) Building the
photomultiplier bias unit and video amplifier.
(3) Construction of a suitable power supply unit.
All the equipment has been designed for maxi-
mum simplicity and virtually no special setting up
adjustments are needed. It is probably best to
assemble the power supply unit first so that power
is available at each stage of construction.

Video amplifier

The video amplifier consists of three pentode
amplifier stages driven from the photomultiplier
which is mounted on the same chassis. Fig. 6
shows the circuit. The photomultiplier tube con-
sists of a series of electrodes each maintained
positive with respect to the one before it. The
cathode has a photosensitive coating which emits
electrons when light falls on it. These are
attracted to the next electrode (dynode) from which
on average several more electrons are emitted for
each one striking it. These fall upon the next
dynode and so on giving possible multiplication
of over a million times at the anode. With such
gain the biasing voltages supplied to the dynodes
must be regulated to maintain a stable output.

The Z77 was chosen for the video stages because
it is widely available and because of its gain and
noise factor. This valve and many of the other
components can be found on an old i.f. chassis
(the author found such a chassis very convenient
for building the amplifier on). The physical layout
is not critical but particular attention should be
paid to screening: the vertical dotted lines in
Fig. 6 show the parts of the circuit to be screened
from each other. The usual constructional tech-
niques regarding heater wiring, etc.. should be
employed. The 931A photomultiplier bias is
derived from addition of the 300V h.t. line and a
450V negative line.

Trouble can be experienced from afterglow; that
is the phosphor on the scanning tube may continue
to glow some time after the spot has passed it
causing smearing of the image the photocell
“sees”. This is equivalent to integration of the
waveform within the amplifier and can be
corrected by differentiation: there is a degree of
differentiation across V1 which would compensate
for this effect in most cases.

Simple test

. The output is negatively modulated, that is zero
illumination produces maximum output voltage.
A very simple “go-no-go” test is to connect the
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output of the video amplifier to a voltmeter
switched to the 200V range and strike a match in
front of the phototube cathode: a significant drop
in voltage should be noticed.

Modifications to the sets

As direct connections have to be made to the
television chassis first check that they are not
live. Wire the mains leads to a three pin plug
making sure that there is no direct connection
between the chassis and the “live” lead.

In both the scanner and display unit the drive
to the tube from the set’s video amplifier stage
must be removed. In nearly all sets the tube is
cathode modulated and it is an easy matter to
locate the cathode lead. This is easily distinguish-
able since it is generally the longest lead to the
tube base, very often yellow in colour, and running
from the tube base to the video output valve. It
is frequently terminated in a small plug which fits
into a socket near this valve. The cathode pin
on most octal based tubes is pin 8 whilst on BI12A
bases it is pin 1l. If in doubt consult the manu-
facturer’s data. To check that the tube is cathode
modulated obtain a picture on the screen, measure
the d.c. bias present on the cathode, disconnect the
cathode pin and place a d.c. bias on the cathode
from your own power supply unit: a raster free
from any detail should be obtained. Provided the
cathode is kept positive with respect to the grid
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A scanned negative reproduced as a "positive print” on the
display unit.
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The only modification required to the scanner is
to isolate the cathode and bias it suitably from
your own power unit. The tube cathode in the dis-
play unit is fed from the output of the video
amplifier via a potentiometer. It is advisable to make
arrangements to display the actual picture trans-
mitted by the BBC (or 1TV) so that quick checks
can be made on the synchronisation of both
rasters. It is probably best to fit both the cathodes
with flying leads and plugs so that the cathodes
can be switched from operation from the external
inputs (video amplifier and bias supply) to opera-
tion from the sets’ own internal video signals. An
ordinary changeover switch is not recommended
since there may be enough leakage across it to
display faintly the transmitted picture at all times.
The set up is shown in Fig. 7.

With the power supply
unit the constructor is
free to do as his spares

Aerial connected

heaters. Good smoothing is necessary to obtain
pictures free from hum bars (vertical black bars).

Setting up and operating

The electrical layout is shown in Fig. 7. Initially
the sets should be connected for normal operation
(cathodes connected to the internal video amplifiers)
and tuned for best BBC picture. Both sets can
be fed from one domestic television aerial using
a star network (see Fig. 8) which is suitable in
areas where the signal is strong enough to permit
a 6dB loss. The scanner is then set up to display a
plain raster synchronised to the BBC signals by
leaving it tuned to the BBC and reconnecting the
cathode lead to the bias from the power unit.
Varying this bias varies the brightness of the
raster.

Transparency = Aerial connected

box dictates bearing in

mind that the required cear T
voltages are:  0-450V

negative with respect to

earth (for the photo- —@ >
multiplier basis) atv’lOmA b‘o_lfsov T

and stabilised. 300V posi- ias from )

tive with respectp 1o  Power supply

earth, stabilised and at e

approximately S0mA, LY

for the video amplifier
h.t. 0-150V positive with
respect to earth for

Sets internal video amplifier output

H Display Unit
E +ve
; 0ufput:<
ﬁ_: Video j\j_
amplifier —ve
Lt
500k

Fig. 7: Biasing the scanner and display units.
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el COMPONENTS LIST
All feeders are lo (. Resistors:
A
754 coax. recener R1-R10 39kQ IW 5% R19  6-8kQ 2W
R11 2:2kQ3W  R20 180Q 1W
= R12 100kQ R21 56k AW
S R13 4-7kQ 2W R22 220k AW
aerial R14 2:2kQ 3W R23 3:3kQ TW
o R15 1800 W R24 4-7kQ 2W
receiver"8” R16 56kQ AW R25 56kQ AW
, R17 470kQ 1W  R26 1009 1W
R18 2-2kQ) 3W R27 47kQ 2W
Fig. 8: Star network for feeding two sets. VR1 250k{} log. carbon pot
VR2 20k w.w. pot

F'he photomultiplier unit is then placed opposite
the screen so that the light from the screen falls
on the cathode (a clearly visible opening in the
internal structure) and the video amplifier con-
nected to the display unit as shown in Fig. 7.
Extraneous light should be excluded from the
vicinity of the phototube (a little daylight is per-
missible but electric lighting will introduce hum
bars on the display screen).

The video amplifier and display set can now be
switched on and a hand waved in front of or a
piece of tape stuck to the scanning screen should
be visible as a shadow on the display screen. If
the picture streaks the photomultiplier voltage
should be reduced. If it tends to go negative
reduce the video gain and/or the photomultiplier
bias voltage. Contrast can be increased by increas-
ing the video gain. the photomultiplier bias or the
brightness of the scanning raster. The author made
up a crude test card on a piece of glass plate which
was placed in front of the scanning screen.

Transparencies may be displayed using the set-
up shown in Fig. 9. L1 focuses the image of the

Scanner

Fig. 9: Lens system suitable for
use when scanning trans-
parencies.

screen so that it covers the transparency and L2
focuses the image so that it covers as much of the
photomultiplier cathode as possible.

Fig. 10: Simple phase
inverter stage.

HT+ 300V

Output
> to
display
Input unit
from
video 1M%
amplifier <

o]
o

Capacitors:
C1 1uF 350V paper

C2  8uF 350V electrolytic
C3  0-001uF 400V mica
C4  1uF 350V paper
C5 0-01uF 150V paper
C6  0-1uF 350V paper
Cc7 8uF 350V electrolytic
C8 0-001uF 400V mica
C9  1uF 350V paper
C10 0-25uF 350V paper
C11  8uF 350V electrolytic
C12 0-001uF 400V mica
C13 0-1uF 150V paper
C14 1.F 350V paper
Valves:

V1-V3 277 (EF91)
Photomulitiplier 931 A with base
(equivalents 1P21, 27M1)

The experimentor may want to televise ljve
subjects. This can be done by reflecting the raster
off the subject on to the photomultiplier. It is very
easy to display photographic negatives as posi-
tives by inverting the phase of the video signal
from the video amplifier. This can be done using
the phase inverter stage shown in Fig. 10. It is
run from the video amplifier power supply and is
connected between the output of the video ampli-
fier and the display unit. The author used half a
12AT7 for VI and a small silicon diode for DI to
provide d.c. restoration. A normal output is avail-
able between C and B and an inverted output
between A and B.

There are many experiments that can be done
with this simple equipment. For example the
amateur can easily transmit u.h.f. vision signals to
compatible equipment since no sync signals need
be transmitted and the video output could be used
to modulate the screen of a 435Mc/s power ampli-
fier with no need for black-level clamps. sync
adders. etc.




No. 155 DEFIANT 9A61U SERIES

—continued

Sound Instability

The method of returning the loudspeaker and
the PCLS82 triode cathode pin 8 to chassis is worthy
of close study. Whilst there is nothing wrong
with using the braiding of screened cable as u
chassis return. to return several points, output and
audio, via one clip can be a source of trouble.

Therefore when faced with a positive feedback
howl. try bonding the screened cables direct to
chassis. i.e. do not rely on SKI/3.

Sound Distortion

Check the PCL82. its bias resistor (390¢).
capacitor 113 0-01uF and resistor 177 (5-6M<).

AGC Faults

Faults in the contrast circuit are likely to cause
some headaches. Normally loss of gain with an
overall grey picture can be rectified by valve
replacemen( or locating faulty resistors in the
video stage. On occasions, however. the fault will
be found to be due to a heavy negative voltage
on the a.gc. line which the contrast control will
not back off. When this is encountered much
lime can often be saved by checking the resistor
146 (100kQ)) from pin | of the PCL&4 to chassis.
When this resistor goes high the a.g.c. applied to
the controlied valves is excessive. causing severe
loss of gain.

The opposite effect may be encountered. where
the a.g.c. voltage is very low. This causes over-

by L. Lawry-Johns

loading. resulting in a negative picture. Quite often
this is due to nothing more than a faulty valve,
say the PCCI189 or the EFI83. and these should be
checked.

If these and the PCLS84 are in order and the
trouble is definitely in the a.gc. line. check
capacitor 126 (0-47uF) which may be found either
leaky or a complete short. Check the other
capacitors and the small M3 rectifier if necessary.

Defective Resistors

These and other earlier Plessey designs are
particularly prone to give trouble due to resistors
changing value. This occurs mainly in the video
stage although in the series under discussion the
sync separator stage is also affected.

In the video stage it is the I8k() resistor which
changes value and causes a heavy current flow.
This in turn atfects the associated resistors. This
fault should not be confused with the *“ cook-up ™
which results from an internal short in the PCIL.84.
This does not affect the 18k{) resistor but cer-
tainly affects the 2:2kQ resistor and the detector
diode. Replacement of the PCL84 and the
damaged resistors will only restore a picture on
one channel or rather standard if the diode which
was in use when the fault occurred is also
replaced.

In the sync separator stage the 100k resistor
(322) changes value and causes initially a ioss of
sync. Then as the current increases 331 also goes
down leaving an almost dead short before the fuse

L1~ cki§ Jommon HT = =
T30V Fo2 Y
5 6 2
~T4 v0 5K 4 500mA , Biue b
wa 620 . 200- 200-
23 oy 210v 220v 250V
e i < 0 £ F 4 )
T tappin = HT-to \
i e eser C6058 Bratance C603A ikp AW AN AN AN
¢ i ese Focus | 1400 B ans® U130 3 3 13 14 16 50 0 T 50,
R615 — ———p — ==
T+ w210.REDE, via RE14 REOI 23014
) AV Yhrown :
SK4 "D 51’7 £93 &
R Sk 4 UHE  VHE j JRoma i
g e nt -surz= 0
. vi? v lvs e R v vVl VE VIO VB M3 o oo
Y (L( Ml /15 V13 i NN e I = i
- '_zs1'°'{aL? C"isjgv.s:.v.dof' 3 5%("*45415_(: EEED B i
Ceot Sk2/7 sw2ly ka3 TTITTTTTT 028 5423 5411 5K3 21 b
: 2kp) ki) 152 €50 i
€230 o o1 g
4 Too7| o3[
Srih kp 2kp v/‘

Fig. 5: Power supply circuits and heater chain.
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Fig. 7: Picture tube circuitry.

fails or the resistors disintegrate. Again this should
not be confused with the effects caused by a faulty
ECH84 (V6). The writer has not as yet found
an internally shorted ECH84 but there is no reason
why it shouldn’t happen.

Tuner Units

The v.h.f. tuner uses a PCCI89 r.f. amplifier
and a PCF801 frequency changer. It is of the
turret type with clip-in coil biscuits which makes
conversion to v.h.f. relay operation a simple
matter.

The u.h.f. tuner is of the valved type with a
PC88 r.f. amplifier and a PC86 oscillator-mixer.

Fig. 6: Circuit diagram of the timebase circuits.

VALVE VOLTAGES
The readings in the following table were taken
on 240V a.c. with a medium strength locked signal,
average contrast and the boost voltage set to
860V on 405 using a 20,000Q/volt meter.

Valve Anode V Screen V | Cathode V
V1 .. 190 120 0-3
V2 .. 210 210 3
V3A 135 200 6
V3B .. ~ 35 — 17
v4 .. 220 140 05
V5A 80 — —
V5B .. 220 180 13
V6A .. 11 23 —
V6B .. 100 — —
V7A .. 80 175 59
V7B 165 —_ 5-9
V8 —_ 210 —_—
V10A 100 — —
Vv10B 218 228 21

The output if. is fed for extra amplification to
the v.h.f. tuner mixer which then acts as an if.
amplifier. It can therefore be seen that a fault
in the u.h.f. tuner will affect u.h.f. only whereas
a fault in the PCF801 stage or supply will affect
both v.hf. and u.h.f. On some models the u.h.f.
signal passes through both valves in the v.h.f.
tuner unit.

continued on page 278




March, 1969

PRACTICAL TELEVISION

Ta CRT anode
and preset Focus

R373
To CHMEC Via 27k
SK2/1

‘;Jsm/e

50
lhl’“’f' k31

By
oW

ooV 3
HE)
. b H ——
-L : Wl Seies :
\ LSy 3% H
g 339< 38072 405 625 H
ol 2o H . i b
” i R407 RJGS' 0+47 g :
C3a7 [ 220k y i
b w378 ol \ K3,
R76 4 1509
B 56k
S 77,0363 = : i
- e DC/PTS4 :
L ecHes 5 2 O } |
M
2, 388
| ) ke
N
oy - L0 | 625 n
loriz. orz. R400| RA0S
2ok g > Hotd' Hold wm | M
R361 R362
R390 R368
150k 120k Y50k SRS 100k
100K — 7397 R396
7346 405 cars
. §70 oM 680K
iz 2 w2t g
625
R385
_]_ RIBS  RISO
T 120k _ R40)
3 ;l 18k
[+D)]
Z

Defiant 9A61U series of receivers.

V3B anode
via SK5

625 405
Fig. 8: Layout of the timebase printed panel, . Vert. Horiz, Horiz, ’
viewed from the component side. H;'?;; s;elg :;Jledg s:%? CoRg;f"ast‘ .
C32° R
312 R354 -JR R392 0-’VW\:-0R406
c319 367 380 e
G I R0, NUED R
R317 R Raze N0 RN L340 .L RA00 R40 e
RI16 o w €363 RBSH C38 T
0% 8o .-ll—o R376 R397
R310 s VIO 7o R339 o s R
._| €352 03
o 50 - —i== "l C387 caoa
e caa 1z V7 7
RI07 o308 o RIS R3S0  R362 60
R337 c348 /e oA Of R386
caoey 327’"" --"—- o? 4 850 F cassyy
I R325 RJZG R336 ..AM,..O €394
D305 e | e R385 LI
R313 caza €335 c347 0-—";/\3/%/\3/—0
€304 R323 %maa e R373 .__CW‘I
——— 0p SWW-e
o T8, . R346 RI72 &g
A Ve 70 -/e R333 c3aa S
o O & ra e o] F— 43
NI P e i
—AVN—e
—wwn~e Abs v g
€301 R331 —
V0 Ga €356 c382

277

HT+ To ——
frem €356 | /501 To

5 FS2 L620 J\ Via csoz 3% SK¥b grid of
skyal  sK3/B kp CRT.

r———



Practical

TELEVISION

—Watch out for our first
NEW Large — Page issue!
THE VIDEOSCOPE MV3

For colour receiver and videotape equip-
ment servicing an oscilloscope with good
bandwidth is an essential piece of test
equipment. This new P.TV design fully
meets the requirements and will be an
invaluable aid to modern practical TV
work.

UNDERSTANDING COLOUR FAULTS

The first requirement in tackling the

chroma and tube-drive sections of a

colour receiver is an understanding of
colour faults. Is the fault due to dis-
tortion, phase errors, low gain in one
channel or the complete absence of one
of the colour signals (or all)? Next
month we start to analyse colour faults
and how to pinpoint their causes quickly.

AERIAL DESIGN
Constructional details of a Band /Il
aerial for loft or outdoor use with a
combined downlead. Also how to make
a simple balun.

FLYWHEEL SYNC CIRCUITS
Most sets today use flywheel line syn-
chronisation. Commonly used circuits are
explained along  with  fault-finding
techniques and off-screen illustrations of
the effects of flywheel sync faults.

PLUS ALL THE REGULAR FEATURES

ORDER YOUR COPY ON THE FORM BELOW

(Name of Newsagent)

Please reserve/deliver the APRIL issue of
PRACTICAL TELEVISION (3/-), on sale March
21st, and continue every month until further
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SERVICING TV RECEIVERS
—continued from page 276.

Loss of gain on v.h.f. only, producing a grainy
picture particularly on Band I}, would suggest a
low-emission PCCI8Y. Complete loss of signals
is more often due to a faulty PCF801. When all
signals are lost or are weak do not omit to check
the EF183 common i.f. amplifier.

Width Setting

The width control should be adjusted with zero
beam current and nominal mains input to obtain
a boost rail voltage of 855V measured between
the junction of resistors 406 and 407 and chassis
(socket 3, pin 19 on the timebase circuit board).

Further adjustment for correct picture width
may be made with the width control. provided that
after such adjustment the boost voltage is within
the limits 830-880V (otherwise damage to the line
output stage may result).

Picture Rotation & Linearity Sleeve

Loosen the scanning coils clamping screw and
rotate the coils until the picture is straight. The
coils must be seated as close to the tube flare as
possible.  Take care to avoid displacing the
linearity sleeve. The inner face of the linearity
sleeve moulded support frame should be exactly
sz in. from the outer face of the moulded scan
coil former.

Oscillator Adjustm nt

Trimming tool should be % in. wide. & in.
thick and approximately 1 in. long. Remove
channel selector and fine tuning kniobs and insert
tool in hole on the chassis and tuner unit to adjust
frequency of whichever coil is in the circuit.

Contrast Balance

Apply test card modulation to aerial inputs
(405 and 625) and connect an oscilloscope to the
picture-tube cathode. Switch to 625 lines and set
contrast control for 20V p-p at picture-tube
cathode. Switch to 405 lines and adjust preset
contrast balance control (107) for 20V p-p at
picture-tube cathode.

AM Rejection

If necessary adjust preset control
eliminate buzz on 625-standard sound.

190 to

DC Resistances

TI pri. 3401, sec. 5-20), SK2/5, SK2/10 and field
coils disconnected. T2 pri. 410€, sec. 44, SK1/5.
SKI1/6 and speaker disconnected. T3 VIITC to
B 200}, B to A 42, A tol 116, 1 to 2 1. 3 to
11 122, 11 to 9 112, 9 to 10 1-7€). Line coils
(disconnected) 7-3Q2 red-blue, field coils 220 white-
black.

NEXT MONTH: THORN 950/960 CHASSIS
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E have to report the continuation of the
awful DX conditions both SpE and Trops.
Sooner or later, however, we must reach
the nadir and happier days DXwise will return.

To give a fair assessment of what results have
been like 1 am going to give a combined log
by myself, R. Bunney and M. Opie. all resident
in this South of England area, as I feel that
this will give fuller coverage. For myself the
most significant opening was on Christmas morn-
ing when USSR was m for nearly an hour on
Channel RI with test cards. There were two of
them, displaced by about a third of the width
to the right. There was something a little curious
about the right-hand card. It did not appear to
have the usual “Tablitza 0249" on its left-hand
side but something else which was not
decipherable due to the overlap of the two cards.
Did anyone else note this?

SpE log for period 14/12/68 to 13/1/69:

14/12/68 Holland E4 (unusual SpE). E.

Germany E4, Sweden E4.

16/12/68 E. Germany E4.

17/12/68 E. Germany E4.

19/12/68 Norway E4.

21/12/68 Spain E2, Hungary/Poland R1.

=

22/12/68 E. Germany E4.

23/12/68 Czechoslovakia R1. Hungary/Poland
R1, E. Germany E4.

25/12/68 USSR R1 (two cards as above).

29/12/68 Norway E2. Switzerland E4.

3/1j69 Spain E2.

6/1/69 E. Germany E4.

7/1/69 Sweden E2.

8/1/69 E. Germany E4.

10/1/69. E. Germany E4.

The Tropospherics have been very poor in this
area but I see from readers’ reports from other
areas. notably in the Midlands and the North.
that DXers have been having quite a ball with
wh.f. reception from Sweden! Down here the
best day was 3/12/68 with a lot of French u.h.f..
even a new one Bourges Ch. 26 and still even
more of an event these days an unidentified
W. German on Ch. 26 on colour bars as well,
Elsewhere 13/12/68 was the day!

The USSR forward scatter network continues
to be active nearly every day. Two Venus space
shots have been launched but 1 do not think
that these were connected with the speech
channels.

USA paging stations are reported by D. Kelly
of NI. and R. Bunney, so they too are still
around.

Norway Gulen Ch. E2 is now up to 30kW and

A MONTHLY FEATURE
FOR DX ENTHUSIASTS

by Charles Rafarel

#

W. Germany Hessclberg Ch. 32 up to 250kW.
There is a new W. German. Wesel/Niederheim
Ch. 35, 500kW horizontal. E. Germany is now
using at least three types of test card: (a) black
bar with DDR plus a row of small unreadable
letters and DFF on it; (b) black bar with DFF
Berlin on it; (¢) the same but with a white circle.
In addition to our information that there is no
nationwide TV service in Greece, E. Evans has
kindly given us some news of TV in the Athens
area. It seems that there are two TV stations
(alas in Band III). the National Broadcasting
Institute (experimental commercial) on Ch. ES
0-25kW and Greek Armed Forces TV (irregular)
on E10, 100kW.

We have news of what I can only describe
as a horror system. Details are available in the
USA of a relay attachment for TV sets which
operates from the video output to activate a
cinecamera to record what appears on the screen.
The idea is to leave the set running on a certain
channel in the absence of the owner so that
if and when a SpE burst arrives the results of
the opening arc recorded for later examination
and presumably claimed as a success by the
7DXer! Ingenious. yes. but I ask you is it really
DX? Any comments?

A comment here for would-be colour DXers.
1 hear that DX reception in colour can be very
tricky. The maximum signal is essential—a weak
one will produce only a black-and-white image
—and even a comparatively strong one will give
no colour if the aerial is even slightly oft the
transmitter direction.

The best reports this time cover uh.f. L
Beckett of Buckingham reports reception on
13/12/68 of Sweden Goteborg Ch. 30 and
Uddevalla Ch. 23. and in Band 11l Denmark
Aalborg Ch. E5. On the same date but further
north a new DXer Bruce Thomas of Castleford.
Yorks had quite a fantastic u.h.f. log with Sweden
Uddevalla Ch. 23, Goteborg Ch. 30, Orebro
Ch. 48 and Ch. 27 ? location, W. Germany Bremen
Ch. 22, Cuxhaven Ch. 24, Bremen Ch. 32, Niebull
Ch. 34, Osnabruck Ch. 39 and Hamburg Ch. 40.
Holland Lopik Ch. 27 and Wieringermeer Ch. 39.
also France Lille Ch. 21. In Band Il he had
Denmark ES. E7 and E10. Norway E6 and E9.
Sweden E7. and in Band 1 (Trops again
apparently) Sweden E3 and E4. Norway E4 and
the EBU card on E4. W. Germany.

Another new rcporter to us is C. Hayden of
Winchester. This past season he had Finland
E2. W. Germany E2, Spain E2 and E4. Holland
E4. Norway E2, Belgium E2 and France F2. F8
F10 and Ch. 21 Lille and Brest following new
aerial arrays with rotator motor.

The above reports are most heartening indeed
for uwh.f. DX. In some cases the distances are
pushing up to 700 miles. Gone are the days
when we thought of the limit as about 200/250!:
u.h.f. seems to be better than Band 111!
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LAWSON BRAND NEW TELEVISION TUBES
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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.

ECT REPLACEMENTS FOR MULLARD-MAZDA BRIMAR GEC, ET.
DIREC M CEC.ETC. | FOR YOUR INFORMATION
A4T-1IW (P} AW.47-97 C19/10A CME 1902 21DKP4 Experience of supplying CRTs over
A447.|iw () ﬁa-ssaaégo g:gﬂo'éw (T) 2”5:382 %;?P«t many years has shown us that when a
A47-14W - M K :
A4T-1TW (P) AW53.89 C21/1A CMEI906 (T) | 172K customer requires a new CRT he
1 d ly. W L
A47-18W (P) AWS59-90 C21/7A CME1908 173K means immediately. Weat Lawsons
A59-1 I\\;VV (;) év;//5|9A9I (é%”ﬁé\ ng%:gl 21(2)KA are geared to give a by-return service.
A59-12W (P) | 7205, ;
AS9-13W (T) | C17/4A C21/KM CME2301 7405A Tubes are sent f”“)'d insured .bz
AS59-14W (T) CI17/5A C21/SM CME2302 7406A passenger train. Goods or Bf't's
AS59-15W @ g:;ﬂﬁ; g%;g:l gmgzggg ® 7282A Road Services are not used delivery
A59-16W (T) ME2 7503A :
AW36.80 CI7/AF €23/10A CME2306 (T) | 7504A taking far too long for customer
AW43-80 CI7/FM C23/AK CME2308 7601A satisfaction.
AW43-88 CI7/HM C23/AKT (T) | CRMI73 7701A
AW43-89 C:;ﬁ” gmg;g% SEMZI% CRMI2{
AW47-90 CI7/PM M M2l MW31-74 ”
AW47-9] MW/53-80 CMEI703 17ARP4 '2, Types £4.10.0
MW43-69 7908 CMEI705 17ASP4 14” Types £4.10.0
MW 4364 911 CMEI706 17AYP4 177 Types £5.19.0
MW43-80 T914 CMEI90i 21C2P4 19” Types £6.19.0  Carr.
21” Types £7.15.0 and
LAWSON TUBES YEARS’ 23” Types £9.10.0  Ins.
FULL REPLACEMENT 19” Panorama £8.10.0 (P) 10/-
STATION ESTATE, MALVERN 2 -9
GUARANTEE 23” Panorama £11.10.0 (P)
Offices Lo . 19” Twin Panel £9.17.6 (T)
Complete tube fitting instructions il
18 CHURCHDOWN ROAD, supplied 23” Twin Panel £12.10.0 (T)
MALVERN, WORCS. MALYERN 200
VALVE NEW!TESTED! GUARANTEED! “NORTH STAR?”
sETs 1R5, 185, 1T4, 384, 3V:(, DAI:‘QI, DF91, DK91, DLY2, DLY4 LOOK NORTH FOR QUALITY AND
Set of 4 for 17/6. DAF96, DF96, DK96, DL96, d for 86/~ RELIABILITY
OZ4 4/6|12AT7 3/8|DF33 7/8|EF41 8/6)PCC8R  9/9 R19 68 H el
iarur 7iel1zAUS :48 Dot %29 v g;g 325?29 1% o 12/2 Fully rebuilt television tubes—all types
1H5GT 7/3 / —|EFRS 3C 'H21! 9,
0 ek, el R daee By D T I
LG e~ ) g H5E - = v “
186 4/3/19BG6G17/6|DK32  7/6{EF91  3/8|PCFS6  9/3|U47  13/8 Look North—buy “North Star
1T4 2/9|2012  13/6| DK91 b/6| EF94 4/9 PCF800 18/6|U49 13/8 9// 1 2” 14” 1 7”
384 5/9|20L1 16/9|DK92 9/3|EF183 /—|PCF801 7/-{Ub52 4/8 ’ » ]
3V4 5/9(20P3 11/9/DK96  7/~EF184 5/9|PCF802 9/8|U78 3/6 1 6” 1 9”
504G 4/6(20P4  18/6|DL356 5/-|EHYO 6/6(PCF805 9/~|U191  12/8 T Tt st
5Y3GT 5/925U4GT11/6|DL92  5/9|EL33  8/9|PCF50611/6/U301  13/8 217 .
BZ4G 7/6{30C1 6/8(DL94 5/8|EL34 9/6| PCF80810/6[U801 18/ o
6/30L2 12/6(30C15 "~ 13/~|DL6 7/-|EL41 9/6|PCL82 7/-|UABCS0 8/3 23 ..........................
GALH 2/8(30C18  9/-|DYS86 5/9|ELB4 4/9|PCL83 9/-|UAF42 9!8 ”
e Talme ORI, SREIe  SoEcLet meicse g6 | | 197 Panorama .
6AQS 4/9(30FL > BLY5 -|PC ”
GA%; 45- 30FL12 14/6|[EAF42 8/9|EMS0  5/8|PCL86  8/8|UBCSI 74- 23”7 Panorama ..................
GAUT6 4/9|30FL14 10/6{EBY1 2/3(EM81 6/9| PENA4 12/6|UBF80 6/ 25” Panorama
HBAG 4/8[30L1 6/~ EBC33 7/6|EM84 6/8| PEN36C15/-|UBF89 6/9 PARSRR R
6BE6  4/3]30L15 14/-|EBC41 8/3|EM87  7/6|PFL20012/—|UCo2  5/— *19” Twin Panel
6RI6 7/-130L17 18/-|EBF80 6/~|EY51 7/—-|PL36 9/6|UCCRY  7/9 o o .
6BW6 13/-[30P4  12/-|[EBFS9 6/3|EYS6  €/3|PL81  7/3[UCCH5 /8 23”7 Twin Panel
64 '2/9[30P12 11/8|ECCS1 3/8|EZ40  7/8[PL&2  6/6|UCF80 8/3
ihir wetels sl gwn i gelucns b
8114 - E .
6173 1g/g gg;k{g }g;s ggccg; g/,e gégé g;g g}:ggg }g;a g(;kg‘z X 6 *N.B. Twin Panel tubes cannot be SUCCQSSfU“y
GK7( - /= CL83 H H .
s 3;3 BLEGT % ECGots 1%6 KTol 1%’9 PLo0s }glﬁ vl ejs rebuilt to our stringent standards—these types
6LiN - o - - (0 UYFS!
6VaG 3/6|35Z24GT 5/- ECF82 6/9|ME140015/-|PM84 7;9 UF89 6/3 the,refore are brand EW:
GV6GT 8/6(6063  12/6|ECH35 6/—|N78  14/9|PX25 10/6|UL4L  9/6 Carriage and Insurance 10/-
6X4 3/6(AZ31 9/—-|ECH42 10/6| PABC80 7/-|PY32 10/-|UL44 i~ E
HICT R, BORGHR SRRGE  pelnd wgui o e
7B6 8 — ) J .
v iGes 18l morsn 6/9|PCO6  8/6|PY82] S5/-(UY4l 7/~ Cash or Cheque with order—state tube type
6 8/8(CY31 6/9|ECL82 6/9|PC97 8/6|PY83 5/91UY8H 5/9 required
nd, SSDASR ZHE porow sue, S8 08
10¥1 15/~ ] - 32 -
30113 15;0 DAF98 8/-{EF39  $/9|PCCS5 6/6/PY801 /9777 3/6 Two Years Guarantee
READERS RADIO “NORTH STAR” TUBE SUPPLY Co
*y
85 TORQUAY GARDENS, REDBRIDGE P.0. Box 17, "HIGH RIGG",
ILFORD, ESSEX. Tel. 01-550 7441 CARR BANK, OTLEY, YORKSHIRE
Postage on 1 valve 9d. extra. On 2 valves or more, postage 6d. per
valve extra. Any Parcel Insured against Damage in Transit 6d. extra,




FERGUSON 317T

Accidentally 1 inserted a PCC84 in the V2
socket instead of the PCF80. The valve sparked
inside and since then the picture is very weak and
the contrast control seems to make very little
difference, There doesn’t appear to be any
resistor burnt in the tuner.—S. R. Woodcock
(London, N.10.).

We assume that you have replaced the affected
PCC84. If so then it is likely that the h.t. feed
resistor to the PCF80 valve overheated and
changed in value. Check all h.t. feeds on this
valve; also if necessary the associated ceramic
bypass capacitors.

STELLA ST1007U

I am getting sound-on-vision on BBC. The ITV
is OK. 1 cannot adjust the fine tuner any further
as it is at the end of its travel.—T. Brimelow
(Lancs).

The PCF80 could have an influence upon the
tuning drift. However since it is confined to
BBC we would suggest you remove the channnel
switch knob and retune the oscillator coil as
indicated in the manual.

KB KV003

After recent servicing 1 found that movement
of the v.h.f. aerial plug gave rise to picture
unsteadiness and upon inspection discovered
that a small resistor and a capacitor on the v.h.f.
aerial input panel were cracked.

The resistor is between the aerial centre pin
and earth and the capacitor is between the centre
pin and the core of the feeder to the tuner.

I shall be glad if you can let me know the
value of these components so that I may replace
them.—M. Trangmar (Kent).

The resistor is for static discharge and is
2MQ or thereabouts, while the capacitor is a
mains isolator and should not have a value

exceeding 0-005uF and should have a 1,000V
d.c. rating or 250V a.c. rating. Make sure that
the proper replacement is used here.

Whilst we are always pleased to assist readers with their technica
difficulties, we regret that we are unable to supply diagrams or provide
instructions for modifying surplus equipment.
alternative details for constructional articles which appear in these

ages.
‘;HgE TELEPHONE. The coupon from page 283 must be attached to
all Queries, and a stamped and addressed envelope must be enclosed.

We cannot supply

WE CANNOT UNDERTAKE TO ANSWER QUERIES OVER

EKCO TC267/1

1 have recently been troubled by flashing white
dashes which start on the left-hand side of the
screen and extend across about two-thirds of the
screen. If I run this set with the contrast control
advanced and the brilliance reduced the flashing
is reduced. If I advance the brilliance control the
flashing then takes a inore definite form in a
continual zig-zag white flashing at about two-
thirds of the distance across the screen extend-
ing from the top to bottoin accompanied by
picture distortion in the form of line tearing.

1 have changed the U301 and 20P4 and main
smoothing capacitors and made visual checks for
shorts in the h.t., etc., but have been unable to
eliminate this fault.—W. Dale (Hants).

A frequent cause of your trouble is a defec-
tive line output transformer in which case the
casing holding the e.h.t. rectifier will have been
badly burned or buckled. Check also that the
line linearity choke has not slipped down its
former to touch the chassis.

BUSH Tv22

Is a PL36 line output valve a satisfactory sub-
stitute for a PL38? I require the valve for this
set and have found that PL38 valves are rather
difficult to obtain these days and are very expen-
sive.—J. W. Perryman (Warwickshire).

A PL36 will not function in place of a PL38
in a Bush TV22. PL38 valves are offered for
sale by advertisers in each issue of PRACTICAL
TELEVISION.

DECCA DM4/C

The top half of the picture fills the screen with
the bottom half of the picture superimposed on it.—
J. Grayson (Sheffield).

The valves to check are on the right of the
centre screened section.

On early models check the ECL80 valves, on
later check also the PCL82. Check associated
components, capacitors, etc., and the field deflec-
tion coils.
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BUSH TV24C

The trouble is that when I first switch the set
on the sound comes on as it should do, but as
soon as the e.h.t. strikes and the picture comes
on the sound disappears and a low-toned hum
occurs. This eventually subsides and the sound
comes back to normal after about 20 minutes.
This only happens on ITV, not on BBC. After
switching on first time the fault that I have
described can be rectified by tuning with the
tuning knob until 1 get good quality sound and
vision, but after the 20 minutes the picture has
patterned and is off tune.

All this has happened over a period of six
months in which the time taken for the sound to
come back to normal increased.—C. Stanley
(Staffordshire).

Check the heating time of the valve heaters,
i.e., how long before 300mA is being drawn. If
this is much delayed. change the thermistor;
VAI005 or CZI1. If the heating time is normal
either change the tuner unit or increase the ven-
tilation efliciency.

DECCA DM4C

The picture is rather pale. When I tested the
h.t. voltage I found it to be 230V 90mA d.c. on
radio but it dropped to 175V 200mA on vision.

I changed the two PY32 rectifiers for one
BY100 but the voltage remained about the same.
—G. Hathway (Bristol).

The rather low h.t. voltage does seem to
indicate something is amiss in the h.t. supply but
the current consumption of 200mA cannot be
regarded as excessive.

Check the video amplifier circuit, valve EF80
and associated resistors and the 500pF capacitor.
Also check the tube emission and voltage
supplies.

FERGUSON 306T

The picture ballooned on turning the brilliance
control. I changed valves EY86, PL81 and PYS8I.
This cured the trouble until recently. Now the
picture contracts from the sides and stretches in
height when the brilliance control is advanced.
This occurs about an hour after the set is switched
on.—A. French (London, W.6.).

We would suggest you replace the 47kQ resistor
in the PCF80 line oscillator stage and the asso-
ciated 0:001uF capacitor which couples to the
PL81 grid circuit from this resistor. Check the
PY32 (PY33 is the replacement type).

RGD DEEP 17

Recently the picture went blank. No raster could
be discerned. This happened after several weeks of
trouble with the top of the picture elongating. 1
have renewed valves PCF80, PL81, PYS81, PY32,
PCLS82 also one resistor in V11 (EF80) circuit.
The result is very poor sound and still a blank
screen with no raster—H. Horner (Hampshire).

First check the h.t. voltage. If this is normal
check the operation of the line timebase, whistle,
line drive, screen feed to PL8I. boost line capa-
citor, etc. If the timebase is working but there is
no e.h.t. at the tube, check the e.h.t. rectifier.
Check voltages throughout the set.

TELEVISION March, 1969
KB LFT50
There is a faint picture on the screen but

moving the brightness control does not alter
anything. 1 have checked 6U4GT—6CD6G—8D3
and RI12 all in the e.h.t. can. At the line output
transformer end of the R12 there is a nice long
blue spark but at the other end the spark can
hardly be noticed—R. Copley (Y orks).

_ The tube appears to be at fault with an open-
circuit grid. A high pulse voltage applied between
the grid and the cathode (tube base off) may weld
up the electrode but this must be carefully done
and is not always successful.

BUSH TV62

There is no raster. The sound
broken by a popping noise.
valves PL81, PY81 and EY86.

The PCF80 seems to be running rather hot.
Prior to the above fault when the picture and
sound were good the picture and sound would go
off together and by switching to and from another
channel would come back again.—T. Edwards
(Sussex).

Check the main electrolytic capacitors in the
front end of the right-side chassis. The PCF80
on the left-side (rear) is the video amplifier. It
may overheat due to lack of decoupling in the
if. stage if the above-mentioned electrolytics do
not prove responsible for this fault.

PHILIPS 2168U

The trouble started with the picture breaking
into a raster of lines irregular in length, with a
black band down each side of the screen. The
sound remained very good.

I changed valves PL36, PY81, EY86 and after
three days of fiddling with the controls I achieved
a picture. The only thing is now that the picture
occasionally shows a spike in the centre of the
screen with the original fault returning for a few
seconds. When this occurs with the aerial re-
moved there is no line whistle apparent. The
height control is set at its maximum and there
is a gap of iin. at the bottom and top of the
screen.—T. Sullivan (Kent).

Check the resistors associated with the height
control circuit to the boost line. Check the focus
control and the decoupling capacitor to the h.t.
line.

Also check the ECL80 next to the PL36 and
look for sparks inside the PL36 and PYS].
Replace as necessary. The line output transformer
could be at fault.

REGENTONE 192

After about an hour the picture suddenly dis-
appears leaving a raster with a ragged modula-
tion but no evidence of a picture. At the same
time the sound increases in intensity. If the
contrast is turned down the picture returns to
normal and if the set is turned off for a few
minutes the picture also returns to normal—D.
Jones (Manchester 20).

Check V4 EF184 and V5 PCLS84.

If these are not at fault (proved by replace-
ment). check C37 (pin 8 of V4 to chassis) which
is a 0-:00luF, and the alignment of IFT2,

is good but
I have changed
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PYE CTM17

The raster is adjusted to just fill the screen but
on BBC-1 a dark vertical strip appears on the
left-hand side of the screen. The width of this
varies from programme to programme and is
usually between % and lin. By increasing the
brightnesss the line scanning can be seen to still
start at the edge of the screen.

This is presumably caused by the line oscillator
triggering early, and results in the loss of a
corresponding strip from the right-hand side of
the picture. The flyback sometimes appears as a
fold-over at the right-hand edge.

I have a circuit diagram and have tried re-
placing the relevant valves, but to no avail.—
J. W. Attwood (Southampton).

We advise you to check the 005uF boost
capacitor mounted on the line output trans-
former behind the PYS8I. Alternatively your
trouble can be due to ghosting caused by a fault
in the aerial system,
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EKCO T330

I am giving this set to a blind person. Could
you tell me if there is a fairly simple way to
remove the tube and wuse the set for sound
only.—E. S. Giles (Surrey).

To render the tube inoperative set the voltage
selector to 250V and short pins 1 and 12 of
the c.r.t. base across to preserve the continuity
of the valve heater chain. Remove the U26
e.h.t. rectifier or just remove the e.h.t. connection
if the tube is to be taken out completely.

=
| QUERIES COUPON

| This coupon is available until MARCH 21, 1969, and
| must accompany all Queries sent in accordance with the
notice on page 281,

PRACTICAL TELEVISION, MARCH 1969

TEST GASE §

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

A Bush TV 141 was originally found to have

a faulty line output transformer, and signs
° indicated the possibility of overheating. A
replacement transformer was fitted and a good
picture was restored with no apparent malfunc-
tioning of the line timebase. The set was returned
to the customer, but after a couple of weeks of
operation it was returned with exactly the same
symiptom.

A further transformer was fitted, but this time
the set was allowed to run under observation in
the workshop, and it was soon noticed that the
line output valve was running very hot—with the
anode almost red hot. The set was switched off
and the temperature of the line output rransformer
was checked roughly with a finger. This. too,
appeared to be running much warmer than is
wusual with this model.

What was the possible cause of this trouble,
and how could the service technician ensure that
the replacement transformer would not fail in
exactly the same way again? See next month's
PracTical. TELEVISION for the solution and for
a further item in the Test Case series.

16

SOLUTION TO TEST CASE 75
Page 236 (iast month).

The line output stage is very critical of line
drive frequency, and although an oscillator run-
ning at the wrong frequency will give almost
normal negative voltage at the control grid of the
line output valve, the anode side of the output
valve with its transformer will fail to load
properly. Thus while the grid voltage will appear
normal the pulse amplitude at the anode of the
e.h.t. rectifier (and of course the e.h.t. voltage
itself) will be very low—as described in last
month’s symptom,

Normally the line whistle can be heard on 405
lines. especially when the line hold control is
adjusted with the aerial disconnected, thereby
allowing the line oscillator to run free (no sync
control), and since the whistle was not audible
the enthusiast should have referred back to the
oscillator after making sure that the output stage
components were without obvious defect.

In the Bush TVIO8 a 250pF compression
trimmer is located between the anode of one and
the grid of the other of the two line oscillator
triodes, and the trouble was eventually located
to a fault in this, causing it to go almost com-
pletely open-circuit thereby stepping up the drive
frequency well out of loading range of the output
transformer.

Published on or about the 22nd of each month by IPC MAGAZINES LIMITED, Tower House, Southampton Street, London,

W.C.2 at the recommended maximum price shown on the cover.

Printed in England by Fleetway Printers, 17 Sumner Street,

London, S.E.1. Sole Agents for Australia and New Zealand: Gordon & Gotch (A/sia) Ltd. Subscription rate including postage

for one year:.To any part of the World £1 15s,
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The pre-paid rate for classified advertisements is 4/- per line (minimum order 12/-), box number 1/- extra.
Semi-displayed setting £2 10s. 0d. per single column inch. All cheques, postal orders, etc., to be made
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sent registered post. Advertisements, together with remittance, should be sent to the Advertisement Manager,
PRACTICAL TELEVISION George Newnes Ltd., 15/17 Long Acre, London, WC2, for insertion in the

next available issue.

SITUATIONS VACANT

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, Russell Street, Reading.

RING-TURNER TECHNICIANS

The Engineers Agency Licensed by
Hounslow Borough Council

BENCH ENGINEERS and
SERVICE ENGINEERS. EALING,
WEMBLEY. Practical experience more
important than paper qualifications but
training will be given particularly in colour
T.V. Starting salaries £20-£21 p.w.

T.V.

SENIOR T.V. SERVICE ENGINEERS
to organise and control own servicing.
Minimum 5 yrs. experience. Clean driving

licence. EALING. £1,500 p.a.
T.V. PROJECT ENGINEERS and
SYSTEMS INSTALLATION

ENGINEERS for closed circuit television.
Experience required in non-domestic T.V.
and audio systems. FELTHAM. Nego-
tiable salary.

ELECTRONIC TESTERS. TWICKEN-
HAM, FELTHAM, SOUTHALL.
CLOSE-CIRCUIT T.V. DEVELOP-
MENT ENGINEER, FELTHAM.

For these and other electronic vacancies
ring (01-560 6788), write or call with your
career resumé.

RING-TURNER TECHNICIANS

551 London Road, Isleworth, Middlesex.

ENGINEERS. A TECHNICAL CERTIFI-
CATE or qualification will bring you
security and much better pay. Elem, and
adv, private postal courses for C. Eng.,
AM.LE.R.E., AMS.E. (Mech. & Elec.).
City & Guilds, AAM.ILM.L,, A1.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.

TECHNICAL TRAINING

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

EDUCATIONAL

TV and RADIO, AMILERE, City &
Guilds, R.T.E.B., Certs., etc, on “Satisfac-
tion or Refund of Fee” terms. Thousands
of passes. For full details of exams and
home training courses (including practical
equipment) in all branches of Radio, TV,
Electronics, etc., write for 132-page Hand-
book—FREE. Please state subject.

BRITISH INSTITUTE OF ENGINEER-
ING TECHNOLOGY (Dept. 172K),
Aldermaston Court, Aldermaston, Berks.

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

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 Ccourses
incl. Closed circuit TV, Numerical
control & Computers. Also self-
build kit courses—valve and
transistor.

Write for FREE prospectus and find out
how ICS can help you in your career.
ICS, DEPT. 560, INTERTEXT HOUSE,
LONDON, SWII.

WANTED

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

DAMAGED AVO Meters, Models 7 and 8.
Also damaged Meggers, any quantity, send
for packinginstructions. HUGGETTS Ltd.
2/4 Pawsons Road, West Croydon.

WANTED—Popular Brand New Valves—
R.H.S., Stamford House, 538 Great Horton
Road, Bradford 7.

NEW VALVES WANTED. Popular TV
and Radio types. Best cash price by return.
DURHAM SUPPLIES. 367A Kensing=-
ton Street, Bradford 8, Yorkshire,

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

WANTED

(continued)

£4 OFFERED for 64/65 Newnes Radio &
T.V. Servicing. Small quantity of popular
new T.V. valves wanted, give details and
price please. BURTT, 93 Oldham Street,
Warrington, Lancs.

WANTED. Service Manual (not sheet)
for Murphy V290 CA or complete chassis
in working order. Price to Frederick
Brown, 45 Crouch Street, Colchester.

FOR SALE
VALVE CARTONS at keen prices. Send
1/- for sample and list. J. & A. BOX-

MAKERS, 75a Godwin Street, Bradford 1.

“RADIO AND T.V. SERVICING” by
J. P. Hawker, 4 Vols., 1958/9; 1959/60;
1965/6; 1966/7. New cond., £3 each.
Mrs., M. Brown, 20 Fitzharry's Road,
Abingdon, Berkshire.

OSCILLOSCOPE, C/R. Ex-Govt. Good
runner. 8 knobs. £10. Pacy, 113 Cranston
Road, S.E.23.

TOP TRADE DISCOUNTS FOR
ALL

COMPONENTS
VALVES
TUBES
TRANSISTORS

Free Trade Catalogue
Engineers & Service Dealers Only
WILLOW VALE,

THE SERVICE DEPT.
WHOLESALERS,

4 The Broadway, Hanwell,
London, W.7
01-567 5400/2971

AERIALS
TV AERIALS
Band I, H. Mast Fitting 00 « E1L IS 0
Band Ill. 5 Ele Mast Fitting .. .. £L 10 ©
Band V/lil. S/D and 4-Array .. . EL IS5 O
Band tV, 10 Ele Array 00 .. £0 10 O
Band IV, I8 Ele Array 0o . £218 6

Lashing Kits from 10/-; Poles, Co-ax 9d., Grade
“A’1/6, Plugs 7d.

P. & P. 7/6, C.W.0, S.ALE, for list.
TELEINDUSTRIES LTD,
BREAKSPEAR ROAD, RUISLIP, Middx.
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MISCELLANEOUS

CONVERT ANY T.V. Into an Oscilloscope.
Instructions £1. REDMOND, P.O. Box
38397, Los Angeles, California 90038.

UFO DETECTOR CIRCUITS, data, 10s.
(refundable).  Paraphysical Laboratory
(UFO Observatory), Downton, Wilts,

SETS & COMPONENTS

150 NEW ASSORTED Capacitors, Re-
sistors, Silvered Mica, Ceramic, elc.
Carbon, Hystab, Vitreous, 3-20 watt, 12/6.
Post Free. WHITSAM ELECTRICAL, 33
Drayton Green Road, West Ealing,
London, W.13.

VALVE BARGAINS

ANY 5—9/-, 10—14/-, 100—£5-10.
FROM THE LIST BELOW

£CC82, ECC83, ECL80, EF80, EBF89,
EF91, EB91, EF85, EF184, EF183,
EY86, PCC84, PCF80, PCL82, PCL83,
PCL84, PL36, PL81, PL82, PL83,
pPY32, PY33, PY81, PY82, PY800,
30PL14, U26, U191, 6-30L2, 30FL1,
30P4, 30P12, 30PL1, 30F5, 20L1,
10F1, 20D1.
P.&P. 1/,
MANY OTHER TYPES OF TV VALVES
IN STOCK.

3 BY100 TYPE RECTIFIERS 10/-

VELCO ELECTRONICS

62 Bridge St., Ramsbottom, via Bury,
Lancs.

QUALITY NEW VALVES

Orders value £2 or more—less 5°%.

DYS6 813 | EZ80 4/6 | PFL200 12/9
ECC82 5/- | EZ&1 4/9 | PL36 10/~
ECC(83 5/3 | PCr6 10/3 | PLR) 8/~
ECL30 8/9 | PCss 10/3 | PL84 8/9
ECL82 8/8 | PCST 8/~ | PL500 13/9
EF85 5/8 | PCC84 7/8 | PYS82 5/8
LIRS 8/6 | PCF8O 6/— | PYA3 6/8
Erisd 8/3 | PCL&2 713 | PYROO -
EL84 4/9 | PCL83 10/- | PY80L -
EY51 716 | PCL3S 8/6 | 30P19 13/8
EY86 /8 | PCL86 8/6 | 30PLI3 16/8

VALVE OFFER

Minimum six—your selection—no discount

EBS1 2/- | PCC189 8/8 | PYS88 68
EF80 4/8 | PCFs6 8/- | U2s 12/8
EFRY 4/8 | PCF801 71— | UCLS3 8/9
EF183 5/- | PCL84 71— | BASE 1/9
PCC89 8/9 | PY81 5/3 | 30L1L5 12/8

All valves guaranteed six months. Orders 5/- and
over post paid—under add 8d. Full lists components
on request,

J. R. HARTLEY (T3)
78B High Street, Bridgnorth,
Shropshire.

SETS & COMPONENTS

{continued)

SETS & COMPONENTS

(continued)

WITWORTH
TRANSFORMERS LTD.

Dept. P.T., 26 All Saints Road,
North Kensington, W.11
Telephone: 01-229 9071. 9 a.m. ¢ill 5 p.m,

TELEVISION LINE
OUTPUT

TRANSFORMERS

PRACTICALLY ANY MAKE OR MODEL
SUPPLIED OR REWOUND

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

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

C.0.D. orders will be charged és.
Transformers fully guaranteed.

TOWERBY LTD

For Line Outputs and Deflector Coils

(98

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,
Decca, Dynatron, Ekco, Ferguson, G.E.C.,
H.M.V.,, KB., Masteradio, Peto-Scott,
Philips, Regentone, RGD, Sobell, Ultra,
ete. Also deflector coils output and oscillator
transformers, inc. ba, Bush, urphy.
Examples, L.O.P.T. Murphy 310/350/410/540/
659/759, 117/-; Bush TV80 117/-, TV22 & 24,
78/6; Cossor 950 77/6; Ferguson 306/308 79/6;
Philips 1768U L.O.P.T. assembly 122/6; Ultra
1984-200¢c 101/3.

Rewind most L.O.P.T. 90/-.

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

TOWERBY LTD

MAIL ORDER DIVISION OF T.C.S. LTD. -~
70 STREATHAM HILL, LONDON, SW2,

Tel: 01-674 2185,

BY!00 TYPE 6 for 10/-
SUPER SILICON RECTIFIERS
TV etc., 1200 PIV, 800 MA 5/- or complete
with instructions, resistor, condenser 6/6,
400 PIV.HW. 6 Amp 6/-, 200 PIV.HW
6 amp 6/-, contact cooled, |4RA1282/FCI0I
7/6, 18RD2281/FCI24FW 13/6, ECI 12/6,

2 or more

EC2 12/6, 30v. 250mA. FW 7/6, 250v
100mA FW Grundig 12/6, FCllé 7/6
FIN Types.

Equivs for RM4 9/6, 14A97 13/6, 14A86 10/6,
14A 100 10/6, RM3 3/-.
F.W. 12 volt IA 5/, 2A 7/-, 4 amp 10/6.
CHARGER TRANSFORMER 4 Amp 12/6/2
volt 21/6. Plus 3/- P. & P.
LINE O.P. TRANS; All 30/- each.
Cossor 948, KB Queen, Peto Scott 1920,
1726, 1729, 1730, Murphy V350 and V230,
Philips 1446U/45 and 1746U/45 with EY5L.
MULTIMETERS from 32/-.
Stamped envelope for full latest selection
and bargain offers in CHEAP METERS,
RADIOS, BABY ALARMS, INTER-
COMS, WALKIE-TALKIES, SINCLAIR
& EAGLE. Under £1 P. & P76d., £l to £3
1/6d. No C.O.D.

MAIL ORDER ONLY

DURHAM SUPPLIES

367A KENSINGTON ST., BRADFORD 8, YORKS.

TELEVISION TUBE SHOP

ALL THE LATEST NEW TUBES
AT REDUCED PRICES

A28-14W .. ...... vovo.. E1L0.0
AMT-IIW £19.19.6
A7-13W ..l £10.18.6
AT-14W ...l £7.12.6
AS9-1IW ... ... ..., £12.19.6
AS9-13W ...l £13.10.0
A59-I5W .. ...l £9.10.0
A59-16W ...l £13.10.0
AW2I-11 ....... boaon0g £10.10.0
AW36-20,21 ............ £5.12.6
AW36-80 ............. . £5.76
AWA43-80 ............. . £6.7.6
AWA43-88,43-89......... . £6.12.6
AWA47-90,91 ............ £7.10.0
AWS53-80 .............. £8.12.6
AWS53-88,53-89. ........ . £8.5.0
AWS59-90,59-91.......... £8.15.0
CI7BM, FM, HM .. ...... £6. 7.6
CI7LM,PM,SM ......... . £6.12.6
C2IHM,SM,TM .......... £7.17.6
CME 1201 .............. £12.10.0
CMEI60) ... ........... £10. 5.0
CMEI702, 1703 .......... £6.12.6
CMEI705 .............. £7. 7.0
CMEI901, 1903 ...... . £7.10.0
CME2101,2104 .......... £8. 5.0
CME2301, 2302 .......... £8.15.0
CME2306 .............. £13.10.0
CRM93.................. £5.10.0
CRMI24 ................ £5.10.0
CRM141,2,3,4 .......... £5. 2.6
CRMI71,2,3 ............ £6. 7.6
CRM211,212 ............ £8.17.6
MW36-24,44 .......... £5. 2.6
MW43-64,69 .......... £6. 7.6
MW43-80 .............. £6. 7.6
MW53-20 .............. £8.17.6
MW53-80 .............. £8.17.6
F405A . ... ... ...l £6.12.6
TSD217,282 ............ £10.10.0

All tubes tested before despatch and
guaranteed for 12 months.
Re-processed tubes also available at
reduced prices.

CARRIAGE 10/-, via B.R.S. or 15/- via
passenger train. Add 2/6 for Compre-

hensive insurance.

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

TELEVISION TUBE SHOP

48 BATTERSEA BRIDGE ROAD
LONDON S.W.11. BAT 6859

WE GIVE GREEN SHIELD
STAMPS
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LOOK ! Nearly every type in stock now !!
NEW TELEVISION TUBES!

TWO YEAR FULL REPLACEMENT GUARANTEE

SEE THE DIFFERENCE A NEW TUBE CAN MAKE TO YOUR
VIEWING—LATEST SCREENING TECHNIQUES INCLUDING
TINTED SCREENS ON 19” & 23” TYPES
Large stocks by Cathodeon & other leading manufacturers so
why buy ordinary rebuilds ? Colour tubes available!

12" €3 0 0 (not 110°) 14” t0 16” (not 110°) £4 15 0
177 £56 15 6 19”7 1901 & 19AH £7 10 0O
Other 19" mono tubes—all £6 17 6. Carriage all 12/-. Most
21" mono tubes—£7 15.0 23” mono tubes £9 10 0. Carriage 15/-.
RIMBANDS, 19” £8 10 0; 23" £11 100 Carriage
TWIN PANELS, 197 £917 6; 23" £12100 20/-

LOOK ! BVA VALVES

Vast selection available.
Slightly dearer than most
valves but worth the extra

cost! SAE for lists.
For example:—PY81/800,
EF80, PL84 8/3, PL81,

PCF80, PCL82, 4, 5 10/3,
PCC89, PCL83,PCF8612/3
PL36, 30 P19, 30FLI 12/9
PFL200,U25,U26 14/9 etc.
Also introductory offer post
paid, LATEST higher rating
BY100 & 33 ohmres, 4/-
Also lists smoothing con-
densers etc.

Bulk enquiries welcomed, special terms.

PHILIP H. BEARM

(Suppliers to H.M. Govt. etc.),

6 POTTERS ROAD, NEW BARN
Closed Thurs & Sat afternoons TEL. 449/1934 & 7873

AN
ET, HERTS.

(Robophone Service)

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

R &R RADIO

51 Burnley Road, Rawtenstall
Rossendale, Lancs
Tel.: Rossendale 3152

VALVES BOXED, TESTED &

BARGAIN PARCELS
10—13/-, 20—24/-, 100—£5 FROM

BOB’S BARGAINS. 10 assorted your
choice 14/6. 100 assorted £5-10-0. PCF80
PCC84 PL81 PL36 PY81 PCL82 PCL83
EF85 UI91 U301 30F5 30PI2 PY33
PY32 PY82 EB91 ECL80 ECC82 EBFS80
EBF89 6BW7. The following valves only
at 12/6 per doz. EF80 EY86. All valves
tested. 3 BY 100 type rec. with surge res.
9/- p. & p. 6d. New 25k ohm w.w. controls
2/- p. & p. 6d. EKCO U25 type plastic
L.o.p.t. housings 12/6 p. & p. 2/-.
Mail Order Only. 2 St. James St.,
Rawtenstall, Rossendale, Lancs.

GUARANTEED

THE FOLLOWING LIST:— EBCH! 415 | PCCe4 31 prez 3~

- —
ECC82, ECL8O, EBF89, EF80, EF85, foies 36 | beres 36 | oo &8
ECC82 3/— PCLB2 4/- 30FS 2/6
EF91, EB91, EYB6, PCC84, PCF80, FCCAZ - | PELE2 4- | 2008, ¥
PCL82, PCL83, PL36, PL81, PL82, ECL80 3/- PCL84 5/— 30P12 4/6
PL83, PY33, PY81. PY82, 6-30L2 R0 Y6 [ PRS 3- | 39515 ¥
30FL1, 30F5, 10F1. EFI83  3/6 PL82  4/6 30PLI4  5/6
i | R g | oo e

S. ASHWORTH EZ40 46 | PYBI 36

PY800 3/6

9 MANDEVILLE TERRACE,
HAWKSHAW, VIA BURY, LANCS.

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

THIS MONTH'S SCOOP|
CRM 141, CRM 142, CRM 153
NEW BOXED MAZDA
57/6d. (cCarr. & ins. 12/6d)
TELEVISION TUBE SHOP
48 Battersea Bridge Road, S.W.11

OVER SIX POST PAID.

TELEVISION TUBES

Large stocks of television tubes, London’s leading wholesale suppliers, all tubes complete
Terms: Cash with order, s.a.e. all enquiries.

CME1705 etc.
19in. types. AW47/80, AW47/91, CME1801, CME1903, CME1902, C19AH
21in. types. AW53/88, AW53/89, CME2101, CME2303

MW53/80, AW53/80, MW53/20, CRM211/2
types. AW59/90, AW59/91, CME2301, CME2303
Twin Panel. CME2306, A59-16W
Panorama. ASY/TTW el .. ... . ... i i i i
18in. Twin Panel. A47-13W, CME1906 etc.
18in. Panorama. A47/11W etc.
Many other types in stock including G.E.C. and Brimar types.
Large stocks of valves, transistors and components. Electrolube, Servisol switch clean

WILLOW VALE ELECTRONICS LTD.

23in.
23in.
23in.

CATALOGUE TRADE ONLY. S.A.E. Pleas

14in. types. AW36/20, AW36/21, AW36/80, MW36/24, CRM141, CRM144, CME1402 etc.
17in. types. MW43/80, AW43/80, CRM173, CME1702, MW43/69, CRM172, AW43/88, AW43/89, CME1703,

Carriage and Packing 12/6d. per British Road Services.

The Service Dept. Wholesalers, 4, The Broadway, Hanwell, London, W.7 Tel: 01-567 2971/5400

with guarantee card. By return despatch

4 17

er, Multicore solder. Service Tools etc.

e
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SERVICE SHEETS

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

BY 100s, 3/9 each; 3 for 10/-, with Free
Surge Resistors, Lesmar, 15 Conholt Road,
Andover, Hants.

RADIO, TELEVISION over 3,000 models.
JOHN GILBERT TELEVISION, 1b
Shepherds Bush Road, London W.6.
SHE 8441.

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

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

C. & A.

SUPPLIERS
SERVICE SHEETS
(T.V., RADIO,

TAPE RECORDERS,
RECORD PLAYERS
TRANSISTORS,
STEREOGRAMS,
RADIOGRAMS)

Only 5/- each, plus S.A.E.
(Uncrossed P.0O.'s please, returned
if service sheets not available.)
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.

BRAND NEW LINE OUTPUT TRANSFORMERS

ALBA 655, 565, 77/6.

DYNATRON TV30, TV35 48/6, TV36 70/-.

EKCO T231, 7284, TC267, T283,T293, T311, 7326, T327, T33048/6. TMB272
68/6. T344, T344F, T345, TP347, T348, T348F, TC347, TC349, TC356,
T368, T370, TC369, T371, T372, TP373, TC374, T377A, T380, T380F,
T381, T382, TC386, T393, T394, all at 70/-.

FERGUSON 306T, 308T 48/6 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 65/-.

FERRANTI T1001, T1002, T1002/1, T1004, T1005 48/6. T1023, T1024,
T1027, T1027F, TP1026, T1057, T1057F, T1058, T1061, T1063, T1063F,
T1068, T1068F, T1071, T1072 70/-.

G.E.C. BT302, BT304 62/6.

H.M.V. 1865, 1869 48/6. 1870, 1872, 1874, 1876, 1890, 1892, 1894, 1896
65/-.

PILOT PT450, 452, 455, 650, PT651, P60A, P61 82/6.

PHILCO 1962, 1967, 1967M, 1019, 1020, 1021 82/6. 1029, 1030, 1035,
1036, 1040. 1050, 1060 82/6.

PYE V200, V400, 200LB, 210 220, 300F, 300S, 310, 210S, 410 60/-.

Please state part No.

ULTRA 1770, 2170, 1772, 1782, 2172, 1771, 2171, 1775, 2175, 1774,
2174, 1773, 2137, 1980c, 1984¢, 100¢, 200c, 2380, 2384, 1984, 1985,
1986, 1980, 1980a, 1780, 2180, 2181, 2183, 2182, 1871, 1783 78/-.

LINE OUTPUT TRANSFORMER INSERTS

BUSH TV53, TV56, T57, TV57, TUGS8, M59, TUGS9, TV62, TV63, TVES6,
TV67, TUG68, M69, TUGE9, 27/6.

EMERSON E700, E701, E704, E707, E708, E709, E710, E711, Portarama 32/6.

FERGUSON 204T, 205T, 206T, 214T, 235T, 236T, 244T, 245T, 246T 30/-.

FERRANTI 1472, 14TC, 14T3F, 14T4, 14T4F, 1475, 1476, 17K3, 17K3F,
1773, 17T3F, 17K4F, 17K6, 17SK6, 17T4, 17T4F, 17T5, 1776, J1KS,
21K6V 32/6.

INVICTA T118, T119, T120 40/-.

K.B. PV40, MV100, OF100, PV100, NV40, NF70, OV30, QV10, QV30 32/6 pair.

PETO SCOTT 1416, 1418, 1419, 1422, 1423, 1716, 1719, 1720, 1922, 1723,
1724, 1725 29/6.

PYE V4, V7, VT4, VT7, CTM4, TCM7 40/-.

REGENTONE 10-4, 10-6, 1917, 1021 30/-. T176, TT7, 191, 192 32/6.

R.G.D. Deep 17, The 17, 600, 590 32/6.

Guarantee. Post and Package 4/6. C.0.D. 6/-.

All new components inserts and guaranteed for three months from the date of

invoice subject to the breakdown being due to fauity manufacture or materials.

D. & B. TELEVISION (Wimbledon) LTD
80 MERTON HIGH STREET, S.W.19
01-540 3513 01-540 3955

Please mention

PRACTICAL
TELEVISION

when replying to

ADVERTISEMENTS

TRADER SERVICE SHEETS

5/- each plus postage

We can supply Trader Service Sheets and Manufacturer’s
Manuals for most makes and types of Radios and
Television and Tape Recorders

Please complete order form Make | Model

for your Service Sheet to }

be sent by return. To:

Radio|TV

OAKFIELD |

ENTERPRISES \

LIMITED 1968 List If list is required
available at indicate with X ‘

30 Craven Street 2/- plus postage

Strand

London WC2

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

I enclose remittance of............... .
(and a stamped, addressed envelope)
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Learn at home...

First Class Radio

and TV Co\rses

7. ey
(’ /'bf/- Q “
\ Oaf@//

S,

S

After brief, intensely interesting study
—undertaken at home in your spare time
YOWU can secure a recognised qualification
or extend your knowledge of Radioand TV.
Let us show you how.

FREE GUIDE X

The New Free Guide contains 120 pages of
information of the greatest importance to
both the amateur and the man employed in
the radio industry. Chambers College pro-
vides first rate postal courses for Radio
Amateurs’ Exam., R.T.E.B. Servicing Cert.,
C. & C. Telecoms., A.M.L.E.R.E. Guide also
gives details of range of certificate courses
in Radio/TV Servicing. Electronics and other
branches of engineering, together with
particulars of our remarkable terms of
‘Satisfaction or Refund of Fee’.

Write now for your copy of this valuable
publication. It may well prove to be the
turning point in your career.

Founded 1885—Over

150,000 successes

CHAMBERS COLLEGE
(Incorp. National Inst. of Engineering)
(Dept. 844V), I4E8 Holborn, London,

SERVICE DEPT. CLEARANCE
BY LARGE RENTAL ORGANISATION
Space required. All must go!

BRAND NEW TELEVISION SCAN
COILS
To fit all §10° (43-88) tubes £2-0-0

BRAND NEW LINE OUTPUT
TRANSFORMERS
To fit Cossor 948 & 950 series T.V.s.
These transformers will also fit K.B. models
QV20, RVIO, QV20/l, Queen, Crown,
simple wiring diagram supplied — £2-0-0

FIREBALL TUNERS, used but good,
why repair when a replacement |s£'oala

6d. PREPAYMENT SLOTMETERS,
good working order, variable ;;Ret{?(;-%

P.P. all items §/- c.w.0. only
RAINBOW RENTALS (Northern)
Television Rental Specialists
CORONATION MILLS, COTTAM
AVENUE, BRADFORD 7,
YORKSHIRE.

PRACTICAL TELEVISION

PADGETTS RADIO STORE
OLD TOWN HALL,
LIVERSEDGE, YORKS.

Telephone: Cleckheaton 2868

Indicator Unit Type 26, Size 12x9x%in. with outer
cage, fiited with 24in. C.R.T. type CV1526, 9 B7G
valves, clean condition, but not tested, 32/6, P/p 10/-

New 12in. Speakers with built-in Tweeter, 3 ohm or
15 ohm—6 watt max, 28/6, Post paid.

Fireball Taners. Removed tiom TV sets, not tested
less valves. B/, P/p 2/6.

Perspex Implosion Screens. Removed from TV sets
14in. and 17in., 6 for 12/-. Post paid.

Speaker output. Transformer removed from TV.
3 obm, Secondary 6 for 10/-, Post paid.

Reclaimed TV Tubes with six months' guarantee
17in. types AW43/88, AW43/80, 40/-. MW 43/69 30/-
14in. types, 17/=, All tubes 12/- carriage.

Speakers removed from TV Sets. All PM and 3 ohms
8in. round and 8x5in., 8/6. Post and packing 3/6.
8in Round, 8/-, P/p 3/-. 6 for 24/-, post paid.

6x4in, 3/-, P/p 3/-. 6 for 24/- post paid.

7xd4in., 5/=, P/p 3/-. 6 for 34/- post paid.

§in. Round, 8/~, P/p 3/-. 6 for 24/- post paid.

Slot Speakers, 8x2§in., 5/-, P/p 3/-. 6 for 30/ post
paid.

Unlisted. 12 channel 14in. TV Sets, 20/-, carriage 15/-
Pagsenger train, double rate.

Untested. Pye K.B., R.0.G. Ekco 17in. TV sets.

Bush 17in. TV sets, 50/- each, carriage 15/-. Pas-
senger train, double rate.

VALVE LIST
Ex. Equipment, 3 months’ guarantee

Single Valvea Post 7d., over 3 Valves p. & p. paid*®
10T1, EF80, EB91, ECL80, EF50, PY82, PZ30, 2093,
All at 10/~ per dozen, post paid.

ARPI2  1/8 | PCL82 4/ | 6B8 1/8
EB91 8d. | PCL83 5/- | 6BWY 2/6
EF85 3/~ | prsg 5~ | 6K7 1/9
EBF80  §/- | .o . | 6Us 5/-
ECC81 3/~ /- | 6ve 1/9
ECC82 8/- | PY33 5/- | sp2s 5/-

EF50 1/- | PZ30 5/~ | 20D1 3/-
EF80 1/6 | U2s 5/- | 20P1 b/-
EF9l 9d. U191 5/~ | 20P3 2/6
EY51 2/6 | U281 5/- | 30PL1 b/~
EY86 b/- | U282 5/- | 30P12 5/
KT38 6/~ | U301 b/~ | 30F5 2/6
PCC84 2/- | U329 5/- | 30FL1 5/-
PCF80 2/- | U251 5/- | 6/30L2 5/=

Please mention

PRACTICAL
TELEVISION

when replying to

ADVERTISEMENTS

March, 1969
NEW VALVES

Guaranteed Set Tested
24 HOUR SERVICE

1R5 4/9 | ECC85 4/9 | PCL83 8/9
185 4/3 | ECH35 5/6 | PCL84 =
1T4 2/9 | ECH42 9/9 | PCL83 -
384 5/9 | ECH81 5/3 | PCL86 /-
EAEY 5/8 | ECL80 6/3 | PFL200 12/-
6AQ5 4/6 | ECL82 6/3 | PL36 9/3
6L18 6/~ | ECLS83 8/9 | PL81 -
30C18 /! ECL86 ?7/8 | PL82 5/9
30FL1 12/3 | EF39 3/8 | PL83 )~
30FL12 14/3 | EF80 4/9 | PL84 -
30FL11 10/8 | EFA5 b/- | PL500 19/~
30P4 11/8 | EF86 6/3 | PL504 12/6
30P19 11/6 | EF89 4/9 | PY32 10/-
30PL1 12/3 | EFI83 5/9 | PY33 10/~
30PL13 ;14/3 | EF184 5/6 | PY81 5/-
CCH35 EL33 8/3 | PY82 4/9
CL33 18/6 | EL4L 8/3 | PY83 5/3
DAC32 EL84 4/6 | PY88 6/—
DAF91 4/, EY51 8/8 | PY800 /6
DAF96  §/11 | EY88 8/~ | PYROL /6
DF33 / EZ80 3/9 | R19 3
DF9L / EZ381 4/8 | U2 12/8
DF96 5/11 | KT6L u26 11/8
DK32 8/9 | KT66 15/9 1 U191 12/8
DK91 4/9 | N78 14/6 | UABC8O 5/9
DK 8/6 | PABC8O 6/9 | UBC4 18
DL35 4/9 | PC86 9/3 | UBF89 /3
DL92 5/9 | PCss 9/3 19
DL94 5/6 | PC97 71U /-
DL96 8/6 | PC900 8/- | UCF80 /=
DYB6 5/8 | PCCss 5/9 | UCH42 /6
DY87 5/8 | pPccso 8/9 | UCHSL /=
EABC80 5/8 | PCC189 9/8 | UCL82 /8
EBC41L 8/- | PCF80 8/3 | UF41 18
EBF80 5/9 | PCF82 5/9 | UFsp 5/11
EBF89 5/9 | PCF801 8/9 | UL41 8/9
ECC81 3/9 | PCF805 8/9 | UL84 5/9
ECC82 4/3 | PCF808 10/3 | UY4l 6/8
ECcCs3 4/9 | PCL82 6/6 | UYss 5/8

Postage on 1 valve 9d. extra. On 2 valves or
more, postage 6d. 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

NEWRANGE BBC 2 RERIAS

| U.H. aerials now fitted with
tilting bracket and 4 element grid
reflectors,
Loft Mounting Arrays, 7 element,
37/6. 11 element, 45/-, 14 element,
52/6. 18 element, 60/-, Wall Mount-
ing with Cranked Arm. 7 element,
60/-. 11 element, 67/-. 14 element,
75/-. 18 element, 82/6. Mast Mount:
ing with 2in. clamp. 7 element, 42/6.
11 element, 55/-. 14 element, 62/-.
18 element, 70/-. Chimney Mounting
Arrays, Complete. 7 eclement, 72/6.
11 clement, 80/-. 14 element, 87/6,
18 element. 95/.. Complete assembly
instructions with every unit. Low Lass
Cable, 1/6 yd.  U.H.F. Preamps from
75/-.  State clearly channel number
required on all orders.

BC-ITV AERIALS
BBC (Band 1). Tele-
scopic loft, 25/-." External
b - “H™, £2,15.0.

ITV (Band 3). 3 element
toft array, 30/-.
clement, 40/-. 7 element,
50/-. Wall  mounting.
3 element,647/6. 5 ele-

14
50/-. 147, 60/{-. Wwali
Mounting 143 §
1+5.  67/6.  Chimney
143, 67/6. 1+5, 75/-.
VHF transistor preamps,

75/-.
COMBINED BBC1 - ITV - BBC2
AERIALS. 14349, 70/-. 1+549,
80/-. 145414, 90/-. 14+7+14, 100/-.
Loft mounting only.
F.M. (Band 2). Loft S/D, 15/-, “H",
32/6. 3 element, 55/-. External units
available. Cg-ax. cable, 8d. yd. Co-ax.
plugs, 1/4. Outlet boxes, §/-. Diplexer
Crossover Boxes. 13/6. C.W.O. or
C.O.D. P, & P. 6/-. Send 6d. stamps
for illustrated lists.

Caller welcomed. Open all day S

aturdays.
K.V.A. ELECTRONICS (pept.p.1.)

40-41 Monarch Parade, London Rd,,
Mitcham, Surrey. 01.648 4884.




March, 1969 PRACTICAL TELEVISION il

Quite a clever girl is our Emma. She reacts to light
and dodges obstacles. Give her the run of your
home—she’s a pet with a difference.

Who is Emma? Well, briefly, she's a practical
development from our Bionics Series planned to put
you a jump ahead in more ways than one. Her
anatomy will be revealed in full detail, so don’t miss
meeting her.

Also PHOTOGRAPHIC TIMER

Reliable, accurate and costing little to build, this unit is mainly
intended for photographic work, but can be used for many other
applications. Timing range is variable from 0-1 seconds up to two-
and-a-half minutes, with an accuracy of better than 50%.

Lizw i TP I5FGE..

SIRANY ARIR - PRSTRERAPRIC VIR

MARCH ISSUE
OUT NOW — 3s.

BBC2 KITS AND TECEVISION SPARES || |

THF/825. Mudify your set to BBE2 1SS to bk 1aodels covered, Seleetion of
manufieturers cony ersion Kitgand timers at reduced prices. Lists availsble

SPECIAL OFFERS: Leading Brit. muker dual 4035/625 transstd. 6 postn
push bultnn tuners £5-5-0, 405 transistd, LF panels £2-15-0 incl. circuits
p.p. 4 6. FERGUSON 625 [F amp. chassis incl. cireuit, 28/~ p.p. 4.
SOBELL/GEC daal 40:/625 [F amp. amnd o p chassis nel. vircnit 42,8, ULTRA
1980C tu 2384 #25 IF amp. chassis and ssiteh mel. cirenits 25,-, p.p. + 0

UBF TUNERS. Transistd., inch circuit. 50/-, PYE/EKCO valve type 58/6

p.p. 4/6.

TV SIGNAL BOOSTER UNITS. Sene. guin all stutions, PVE/LAI
BBCHITA or UHF Battery ~“plug i, 75/= UHP Mais ~plug
Masthead 95 -, Post froe!

FIREBALL TUNERS. New 588, 1sed/good condition 30/-. PUSH
BUTTON TUNERS. For Sohwll 250, RGD 612, 619, REG 17/18, 192 Used 'waod
condition 30/-. TURRET TUNERS. New PYE 13 ch. CTM range incremental

35

THE KING TELEBOOSTER !

LAR trans'd
97/86. LHI

incl. valv CYLDON C. 20/-, p.p. 4/6. Many others available. Larze -

gelection channel enils,

LINE OUTPUT TRANSFS. Popular types available, brand new exact replice THE ORIGINAL VHF DUAL BAND TUNABLE
wents fully guar, A sclection which can be aapplied. p.p. 46, €.0.10., 3/6.

PHILIPS 17T4100 riuge, STELLA 1011/1026 700 1 oupyoo PRE-AMPLIFIER

EKCO 221 to 831 (1125 types) . . 428 userts p.p. 81l the best of 1t Kind wvaitable. Lutont low-noise transistor and printed

FERRANTI 1001 to 1011 (1725 types, . 42/6|Alba 855, 856 5, Boosts Band 1 and 11 shnultaneously without switching. Two
EKCOQ/FERRANTI (126 Ly pes) 700 /00° 58/6Bush TV32, 38, 43 45/ ers it ote.  Can produce good viewing out of alinost nothing I
EKCO 342 t« 7, FERRANTI 1021 to 1055 70/ |Bush TV53 to 68 30/~ fringe area,  ldeal for DX work.
FERRANTI 1057 to Los& 75/~ Cossor 945 to 850 35/ Guaranteel gain: Stinnnum 15dB Band 1, 14dB Band 115
T DMIC, DMK (70%) 78/8|Ekco TP308 38/8 Chinuels: Red spot. Band 1, and 3, i) Band 3.
38, 42/8: 400 to 727 . .. 55/~ Emerson 700 range 35/ Yellow spot, Band b, 3.1 aml 11 Band
¥ERG, HMV, MARCONI, ULTRA PHILC Ferguson 203 to 246 35/~ Power: Setf-cantuained 9v PP4 battery, 13ma.
3600, 2600, 4600, 6600, 1100 rauges Jellypot 55/ Ferranti 14T4 to 1775 20/- Plastie case 3% X 35 X 2in, brown, with cork base.
KB QU P20, QV20/1, 3071, RVLY (, 8V20 55/ Ferranti 14T6 to 21K8 35/ - Retail price, £3.15.8, complete with battery O self-c mtained Tmalns
KB LFT50, 60, 10, MV30. 50, 60 .. . 20/-|KB NF70, OV30, PV40 version, retail price £5.17.8.
NI, V o, 160, 161, 163, 164 .. 55/ PVP20, QV10, 20, 30 35/ Spevity ehannels, ane Band I, one Band TIL
o Jees models . .8 s\ﬁg/mn i;;az&eﬂizgm 50/~ '
4, 187076, 42/8, 1800 to 1 95/ /RGD WV05/627 35/ .

PYE VTI7, U317, CTM17, CWI7, 17 I‘PETO SCOTT 733 35/ “THE KING TWIN OUTLET TELEBOOSTER
17/8 110 tu 514, 700 A/DY, 118 (AL2I003) . 62 6| Philco1961,1918t01080 35 fives TWO PROG > e sume time—two BBC or 2 18 or e
;gmu, xsxgvxc:rm equiv. ll,OPTrl Lo above Pye gglo ;hiu“;- 171"16 ;oo range sg/‘—; f,',”,;v,,‘ }‘,,‘,,),}U',,‘J ‘l,(’.f.i‘?,f"f :;S":]ﬂ- e e time e BECor

0 SCOTT 1419 to 1725 - oo o ve VT4, VT 4 Gives at least 2 four times boast on the aerial signal streugth. Lach set j-
PRILCO 1960/2161, 85/~, Loy to 1060 . 58/6 RGD D17, 500 to 619 35/~ assured of sqial - usually hetber reception to that when connected by itecl!
SOBELL TPS1~0, 821, 34, 270, 370 ranges 65/~ REG 10-4'10-17, 182 35/- Lo the aerial ’
ULTRA 1770 1 1484 ¢, PILOT PT450 to 650 62/8/ Ultra 1770, 1780 range 35/~ Channels und volour codes as abuve,
SCAN COILS, Frame O/P, frae/line osc. trana., mains dropper, controls, cte. Retail price £4.4.0 complete with battery or £6.6.0 for sclf-contained mains
SALVAGED COMPONENTS. Large selection for popular models, clean service- version.

able condition, turrets, t formers, ete, ENQUIRIES invited, quotatione

given, C.0.D. despatch

MANO R SUPPLIES TRANSISTOR DEVICES LTD.

64 GOLDERS MANOR DRIVE, LONDON, N.W.11 BRIDGE HOUSE, NEWTON ABBOT, Devon

Callers: 580 HIGH ROAD (nr. Granville Road), N. Finchley, N.12. Tel. Newtou Abbot 2457 Send for literature
HIL 9118 (DAY) SPE 4032 (EVG).
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VALUABLE NEW HANDBOOK

FRE

TO AMB!

ENGINEERS

TIOUS

Have you had your copy of ‘‘Engineering Opportunities”?

The new edition of “ENGINEERING OPPOR-
TUNITIES™ is now available- —without charge—
to all who arc anxious tor a worthwhile post in
Engincering. Frank, informative and completely
up to dalte, the new “ENGINEERING OPPOR-
TUNITIES” should be in the hands of every
person engaged in any branch of the Engineering
industry, irrespective of age, experience or training.

On ‘SATISFACTION OR
REFUND OF FEE’ terms

This remarkuable book gives dclails of examina-
tions and courses in every branch of Engineering,
Building, etc., outlines the openings available and
describes our Speciul Appointments Department.
WHICH OF THESE IS YOUR

PET SUBJECT?

TELEVISION ENG.
Advanced Television Eng.-

RADIO ENG.
Advanced Radio—Gen

Gen. Television Eng.—Tele-
vision Servicing and Main-
tenance.

ELECTRONIC ENG.
Advanced Electronic Eng.—
Gen. Liectronic Eng.—
Applied Llectronics—
Practical Electronics—
Rodar Tech—Frequency
Modulation—Transistors.

MECHANICAL ENG
Advanced Mechanical Eng.—
Gen. Mechanical Eng.—
Maintenance Eng.—Diesel
Eng.—Press Tool Design—
Sheet Metal Work—
Welding—Eng. Pattern
Muhing—Inspection—

Radio—Radio Servicing—
Telecomimunications-
Sound Recording—Auto-
mation—Practical Radio—
Radio Amateurs' Exam

ELECTRICAL ENG.
Advanced Llectrical Eng.—
Gen. Electrical Eng.—
Installations— Draughts-
manship—Iluminating
Eng.—Refrigeration—
Elem. Electrical Science—
Electrical Supply—DMining
Electrical Eng.

CIVIL ENG.

Advanced Civil Eng.—
Municipal Eng.—Structural
Eng.—Sanitary Eng.—

THIS BOOK TELLS YOU

J HOW to get a better paid, more
interesting job.

Y HHOW to qualify for rapid
proviotion.

J HOW 10 put some letters after
your name and become a key
man . . . quickly and easily.

Y HOW 10 benefit from our free g
Advisory and Appointments Dept.

Y HOW you can 1ake adramage of a %}étgﬂx
the chances you are now niissing. g ?[}
Y OV, irrespective of your age, 0?

educauon or experience, YOU
can succeed in any branch of
Engineering.

132 PAGES OF EXPERT
CAREER - GUIDANCE
PRACTICAL  INCLUDING
EQUIPMENT TOOLS

Basic Practleal and The Specialist
Theoretic Courses for  Efocrronics

bexinners In TV.

Radio, Electronics, D“ ision of

etc, AM.LE.R.E.City BLLT.
NOW offers you
a real lahoratory

& Guilds, Radio
training at home

Amsateurs’ Exam
R.T.E.B. Certiticate

with practical
equipment.

P.AM.G. Certlficate
Ask for details.

Practical Radi
B.I.E.T.

m

Television & Radio
Bervicing

Practical Electropics
Electronlcs

ENGINEERING 'obPOHTumwés f

Engineering E-
Automation o G 7
You arc bound to benefit from reading

“ENGINEERING OPPORTUNITIES”, send
foryourcopy now-—FREEand without obligation.

March, 1969

POST COUPON NOW!

e

TR

GUILDS, GEN. CERT. OF EDUCAT[ON ETC.

BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY
445A ALDERMASTON COURT, ALDERMASTON, Berks.

IS THE LEADING INST

WRITE IF YOU PREFER NOT TO CUT THIS PAGE |

UTE OF ITS KIND IN THE WORLD

r nanship— Road Eng.— draulics—

NrereSiiayenship MiningSizater Suppty— | To BAET. 4454 Aldermaston Cour, |

Production Eng. Petrol Tech. 1 Aldermaston, Berkshire. 1

WE HAVE A WIDE RANGE OF COURSES IN | . I

OTHER SUBJECTS INCLUDING CHEMICAL | OPrORTUNITIES" T am ontrennd i e oo 1

ENG., AERO ENG., MANAGEMENT 1 cxam., or career). I

INSTRUMENT TECHNOLOGY, WORK 1 i

STUDY, MATHEMATICS, ETC. I NAME 1

WHICH QUALIFICATION WOULD INCREASE | ~~ — ~~ 7 "7 rrrrrrrsrerreeeens 1

YOUR EARNING POWER? I |

AMIERE, BSc. (Eg), AMSE, RTEB, AMIPE, | ADDRESS. ... I

AMIMI, ARLBA., ALOB. PMG., ARILCS.

M.RS.H, A.M.LED., A.M.LMunE., C.ENG., ASTY R : :
| |
| ]
|

THE B.LE.T.

o I sy R B ] BN B T g—



